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A War Memorial for
American Engineers

Approximately seventy-five members of the American
National Societies of Civil, Mining, Mechanical and
Electrical Engineers died in service abroad during the
World War. No memorial to these engineers has been
set up. A unique and fitting possibility was discovered
during the summer.

While Dr. Edward Dean Adams, member of the
American Society of Civil Engineers and the American
Institute of Electrical Engineers, was in Belgium last
June as delegate of several American Engineering So-
cieties to the celebration of the five hundredth anni-
versary of the University of Louvain, he learned that
the new Louvain Library building being given by
Americans lacked two important features, a clock and
a carillon for its tower. No Belgian tower is complete
without them. For centuries the bells of the "singing
towers" of the "Low Countries" have inspired, enter-
tained and educated the people. America's beautiful
gift must be complete when dedicated next May or June.

Dr. Adams at once saw the opportunity for a pecul-
iarly acceptable expression of good will from American
engineers to their Belgian friends, and for a beautiful,
perpetual memorial to American Engineers who had
given their lives outside their country in the great war.
He secured the privilege of providing the clock and the
carillon as gifts from American engineering societies.
The time is short, but sufficient for prompt action.
Approval of the project has been given by the Joint
Conference Committee, composed of the Presidents and
the Secretaries of the Founder Societies. The fund of
$80,000 has been underwritten. This will provide a
clock with four faces, a three -octave carillon of thirty-
six bells, installed and guaranteed for ten years, and
an ample endowment for perpetual operation and
maintenance.

The tower is square and the four clock faces will
typify the four Founder Societies. On an inside wall
of the tower tablets to the American engineers who made
the supreme sacrifice may be erected.

An opportunity is now offered to each member of
these societies and of the families of the deceased to
contribute to this joint fund any amounts, from five
dollars up, which they may choose, by sending checks,
drafts, or post -office money orders to United Engineer-
ing Society, at 29 West 39th Street, New York, before
February 1, 1928. The names of all subscribers will be
engrossed in a beautiful memorial volume to be de-

posited in the Library. A copy of this book will be
placed in the office of each Society.

Here is both privilege and patriotic obligation for-
tunately reserved for American engineers to place the
crown upon a beautiful permanent contribution to
European higher learning, including the engineering and
scientific branches. The project has grown out of the
greatest relief enterprise connected with the war,
organized and administered under the masterful
leadership of American engineers. It is fitting that
American engineers should put the finishing touches to
this gift of peace.

COMMITTEE ON WAR MEMORIAL TO AMERICAN ENGINEERS

George W. Fuller
Arthur S. Dwight
Charles M. Schwab
Arthur W. Berresford
George Gibbs
Edward Dean Adams

Chairman

Representing the Civil Engineers
Representing the Mining Engineers
Representing the Mechanical Engineers
Representing the Electrical Engineers
Representing United Engineering Society
Representing Engineering Foundation

Following is a list of members of the Institute who
died abroad while in the service of the United States, or
of her Allies, together with their last business affiliation:

Anderson, E. G., H. L. Doherty Co., 60 Wall Street, New York,
N. Y. "Died July 15, 18 in a hospital in France as a result of
wounds."

Bishop, Remsen, The Electrical Department, Ford Motor
Company, Detroit, Michigan. "Killed in action, June 1918."

Brooks, H. N., Consulting Engineer, 1390 Old Colony Bldg.,
Chicago, Illinois. "May 1918. Died recently in France of
pneumonia."

Carr, Lucien, 3rd, The Hartford Electric Light Co., Hartford,
Connecticut. "Died of influenza in France, November 11,
1918."

Day, R. F., Day & Zimmerman, Philadelphia, Pa. cffiilled at
Clermond-Ferrond, France, September 25, 1918."

Donohue, J. J., The Utah Power and Light Co., Salt Lake
City, Utah. "Killed in an airplane accident in France, June
26, 1918."

Duffy, F. J., The D. L. & W. R. R. Cp., Scranton. Pa,
"Killed in action, France, August 17, 1918."

Macindoe, G., Canterbury College, Christchurch, N. Z.
"Killed in action in Belgium, October 4, 1917."

Moore, C. J., Oklahoma A. & M. College, Stillwater, Okla.
"Wounded in action at Fromerville, France, on October 16.
Died on October 18, 1918."

Thompson, A. R., The Pacific Gas & Electric Co., San Fran-
cisco, Calif. "Killed in auto accident in France, September
17, 1918."

Shanks, D. A., Howick, Quebec, Canada. "Reported missing
on September 21, 1918-a month later he was reported dead."

The Institute would be glad to receive information
concerning engineers not included in the above list, who
died abroad, whether members or non-members of an
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engineering society. Other engineering societies are
making similar efforts to obtain information regarding
engineers who died in service abroad.

FORM OF SUBSCRIPTION
To THE COMMITTEE ON WAR MEMORIAL

TO AMERICAN ENGINEERS,
29 West 39th Street, New York

I (or we) subscribe $ to the fund of the Founder
Societies for giving to the University of Louvain the clock and the
carillon for the tower of its Library as a memorial to the American
Engineers who died abroad in the service of their country or its
allies in the World War. I (or we) will make payment before
February 1, 1928.

(Signature)

(Address).

Date

Checks, drafts or post -office money orders should be
made payable to United Engineering Society. These
gifts being for educational purposes, may be deducted
from Federal income tax returns.

Some Leaders
of the A. I. E. E.

GEORGE ANSON HAMILTON, a Charter Member of the
Institute, its first Vice -President (1884-86) and its
National Treasurer since 1895, was born in Cleveland,
Ohio, December 30, 1843. While still a mere boy, he
evidenced great interest in electricity and its applica-
tion, building a telegraph line (on a very modest scale)
at Limaville, 0., he, himself, setting the poles, affixing
the insulators and even devising a lathe with which to
make his own apparatus. This same episode had much
to do with determining his career. In 1861 he became
a messenger at Salem, 0., but two months later was
made manager of the Atlantic & Great Western Rail-
road office at Ravenna, to which point the line had just
been completed. Illness in 1863 forced him to with-
draw, but upon his recovery he went to Pittsburgh
as operator and manager of the Inland Company.
In 1865 he removed to Franklin, Pa., to become mana-
ger of the United States Telegraph Company's office;
but he returned to Pittsburgh in 1866, and as chief
operator and circuit manager, he remained there until
1873 when his company was absorbed by the rapidly
growing Western Union. Opportunity was now offered
for experimental work and he accepted a position as
assistant to Professor Moses G. Farmer, of Boston,
engaged in the manufacture of general electrical
apparatus and machinery. This work gave him
valuable practical knowledge of mechanics, and he also
participated in many important experiments and
investigations not only in the field of telegraphy but
other electrical developments of the time. His dili-
gence and success attracted attention and in 1875 he
was called to New York to assume new duties as assis-
tant electrician to the Western Union Company.
Much of the two years following was spent in company
with Mr. Gerritt Smith, in establishing and maintain-

ing the first quadruplex telegraph circuits to be put
into operation. He was also with Mr. Smith the first
to introduce the system in England, and upon his
return to America, carried out experiments preliminary
to establishing the Wheatstone high-speed automatic
system in this country. On the repair expedition of
Key West -Havana cables in 1876, Mr. Hamilton was
appointed chief electrician. To him also may be
attributed many of the arrangements made for appara-
tus improvements introduced by the Western Union
Company. In fact it was to afford his, inventive genius
a field of broader scope and application that he later
joined the Western Electric . Company in response to
an urgent invitation from that Company's officers.
Here he was given the supervision and care of the
company's department for the production of fine
electrical instruments, and here he remained until his
retirement in 1909. Mr. Hamilton is a member of the
British Institution of Electrical Engineers, la Societe
Francaise des Electriciens, and la Societe Francaise
de Physique, la Societe Belge d'Astronomie.

Foreign Research Laboratory
For Short -Circuit Tests

The lack of facilities for the practical testing of large
oil switches has been discussed frequently in this
country as well as abroad but there has been no suit-
able testing laboratory available of the necessary size.
The Berlin Municipal Electricity Works, have made a
strenuous effort to establish suitable testing facilities.
A committee of leading men in the electrical industry
under the chairmanship of General Director Coninx
of Nurnberg, and with the special cooperation of
Director Peucker of Berlin, has drawn up regulations
for a cooperative plan. Almost all of the more impor-
tant firms in this field have promised their cooperation.

A company "Versuchsanstalt fur Kurzschlusswir-
kungen" was formed last summer, for which Prof.
Matthias was selected as temporary manager. The
association is to work in close cooperation with the
Studiengesellschaft fur Hochstspannungsanlagen, which
is similarly organized. It will surpass any other
installations in peak load, and by the erection of
several test stands and rapid exchangeability of the test
objects as well as by suitable switching, will permit an
intensive and multiple utilization of the arrangements
for research with smaller loads. With such multiple
use, the measuring arrangements will be suitable for
the most varied problems, for example, for the measure-
ment of sudden pressure impacts, accelerations, heat-
ing, amounts of gas and the like. These arrangements
are available for all investigations. Depending on the
amount of capital subscribed, the Institute will give
individual members of the association a certain time for
development work or acceptance tests of individual
interest. The rest of the time will be spent on investi-
gations of general interest.



Abridgment of

Railway Inclined Catenary Standardized Design
BY 0. M. JORSTADI

Associate, A. 1. E. E.

Synopsis.-A description is given of a new method of overhead
contact design, the "ideal inclined catenary". This is based on an
originally discovered tension and weight relation formula.
proof of the formula is given and other characteristics of the design
are mathematically analyzed.

A number of railroads now using inclined catenary is listed and

data on the weights and tensions of their overhead constructions are
given for comparison purposes with the "ideal."

The necessity of making a definite selection of a proper contact
wire tension in any inclined catenary design is indicated and that
this, together with the use of the design formula, leads to standardiza-
tion of overhead systems is pointed out.

ARAILROAD track alinement is made up of a suc-
cession of tangents and curves. The overhead
contact system in an electrification must be

designed to follow the alinement so that the current
collector of the car or locomotive will always make
contact in a satisfactory manner.

Many types of overhead contact systems have
been designed and applied on the many electrified
railroads throughout the world. On tangent sections
they are practically all similar in one respect, i. e., their
catenary hangers are vertical. The curve construc-
tions, however, generally speaking, may be divided
into two classes, one with hangers vertical as on tan-
gent and the other with hangers inclined across the
track. The vertical hanger type is called, by some,
the polyhedral type and by others the chord type, as
the catenary construction is pulled into a series of
straight lines or chords over the track by pull -offs
from a back -bone or pull -off posts. The inclined
hanger type pulls the contact wire into a position over
the curved track by inclining the hangers and thus
causing them to function as combined pull -offs and
hangers. Back -bones and pull -offs, except on the
sharper curves, are usually omitted in the inclined
catenary construction.

Chord construction is an adaptation of tangent
construction to curves. Likewise, the more usual
inclined construction has heretofore been the result of
displacing the messenger of the correlated tangent con-
struction laterally. In the United States, both types
are in general use with inclined catenary the most com-
mon on main line electrifications. In other countries,
however, the chord type has been the most favored.
The following is a partial list of users of inclined cate-
nary in this and other countries:

The New York, New Haven and Hartford Railroad
Co.

New York, Westchester and Boston Ry.,
Boston and Maine Railroad.
Pennsylvania Railroad,
Norfolk and Western Ry.,
1. General Engineering Dept., Westinghouse Elec. & Mfg.

Company, East Pittsburgh, Pa.
Presented at the Summer Convention of the A. I. E. E., Detroit,

Mich., June 20-24, 1927. Complete paper contains four appen-
dixes of mathematical proof. Copies upon r( quest

Virginian Ry.,
Detroit, Toledo and Ironton Railroad.
Chicago, North Shore and Milwaukee Railroad Co.,
Canadian National Rys.,
Lancaster, Morecambe and Heysham Railroad in

England,
Midi Railroad in France.
This list indicates that the inclined catenary is a

practicable construction and that in every electrifica-
tion of the immediate future it will in all probability
come up for consideration. It also strongly indicates
that an inclined catenary of some description will be a
future standard overhead.

The good qualities of the inclined construction may
be partially summarized as follows: It is artistic and
makes a strong appeal to the esthetic sense. It is
economical of material in that it employs two wire
members to do the work of the usual three or four in
the chord type. It has inherent automatic tension
characteristics and above all it supplies a contact line
that approaches most closely the ideal desired, i. e.,
uniform flexibility. The greatest obstacle in the way
of its more general use has been the comparative com-
plexity of methods of design.

As stated above, the present forms of inclined
catenary curve construction were developed from the
correlated tangent construction and consequently
acquired similar tensions and sags for similar lengths
of spans. In the design of the tangent construction,
there has been no fixed rule for determining the relative
values of the various factors of design, tension, weight,
sag, etc., of messenger and contact. The object sought
was a maximum span with sags selected to keep the
contact wire from being displaced by wind and leaving
the collector. Such requirements resulted in a great
variety of tangent catenary designs, each one depending
on local and special conditions. The resulting related
inclined catenary curve constructions were not entirely
satisfactory from the designer's standpoint as there was
difficulty in securing proper alinements but they were
made operative and were usually a great improvement
over previous chord constructions, particularly on multi-
track sections.

There is now available, however, the discovered
formula,

1307

T,/T =147,,,/Wo (1)
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which provides a basis for a simplified and precise
design of inclined catenary. In the formula, Wt, =
weight of contact wire in lb. (kg.) per linear ft., T, =
tension of contact wire in lb., W,,, = weight of messen-
ger wire in lb. (kg.) per linear ft., and T, = tension of
messenger wire in lb. In this design, the contact wire
is practically parallel to the center line of track and all
hangers in any given curve are parallel, 2. e., they make
the same angle with the vertical. Also it must be noted
that it is the combination of the weight and tension
relation indicated by the formula and the approximate
parallelism of contact wire with center line of the
curved track that provides what may be called an ideal
inclined catenary. With one of the two conditions
absent, an ideal inclined catenary is not secured.

It should also be noted that this ideal combination
of conditions can be secured only at some one selected
design temperature. A change in temperature tends
to modify both of the combination factors in a con-
struction, as T,/T, does not usually stay constant
over a range of temperature and the contact wire dis-
torts either vertically or horizontally with the least

FIG. 1-SHOWING INCLINED CATENARY IN PERSPECTIVE

change in temperature. This variation of tension with
temperature is, however, a characteristic of all non-
automatic catenary constructions.

Also, any loss .in weight of the contact wire after
construction due to wear by collector causes a departure
from the ideal design conditions. The loss in weight
of contact is accompanied by a corresponding loss in
tension and thus the formula is apparently satisfied.
The loss in weight of contact wire, however, causes the
tension of messenger to decrease due to its decreased
load. This causes the messenger to rise, pulling up
the contact wire at the middle of span with consequent
distortion from its original position of parallelism to
center line of track. Distortion due to loss of weight
with wear, however, is common to all contact systems.

A demonstration of the truth of the formula may be
made as follows. Fig. 1 is a sketch in perspective of the
usual inclined catenary. Here a is the contact wire, b the
messenger and c, c, the inclined hangers. Fig. 2 is a
plan view of an ideal inclined catenary span with zero
length of shortest hangers. The contact wire a is a

parabola and the curve f, the projection of the messen-
ger on the horizontal plane of contact wire, is also a
parabola.! The two parabolas are tangent at their
vertices.

The ideal contact line or wire is defined as the wire
under tension which lies in a horizontal plane and has
the form of a parabola whose horizontal sag for a given
scan and curve is equal to the middle ordinate of the
circular arc of the same span. For the usual spans and
usual degrees of curvature there is practically no differ-
ence in the tensions or positions of the wire in the form
of a parabola or an arc of a circle.'

FIG. 2-PLAN VIEW OF IDEAL INCLINED CATENARY
CONSTRUCTION

A I - A2 Fig. 2 is a vertical plane through the mes-
senger and contact parallel to the principal axis B1 B2
of the contact parabola. In Fig. 3 the triangle g h i is
a projection horizontally on the vertical plane Al - A2
of Fig. 2 of the inclined catenary construction.

In Fig. 3:
g h = horizontal sag of contact parabola,
g 2 = hanger in the plane of projection,
h i = sag of messenger.

.9

FIG. 3-PROJECTION HORIZONTALLY OF IDEAL INCLINED
CATENARY CONSTRUCTION ON VERTICAL PLANE Al A2 OF
FIG. 2

Fig. 4 is a projection similar to Fig. 3 but with the
following additional construction:

g h is extended horizontally to o,
i o is dropped vertically from i to o,
a vertical is constructed through g,

m is extended horizontally from i to meet vertical
at m,

the diagonal 2 h is extended to meet vertical at k.
In the triangle m i g of Fig. 4, i g has the slope of

the hanger and if its length is assumed to represent the
2. See Appendix I.
3. See Appendix IV.
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force on the hanger due to the dead load of contact
wire and horizontal load caused by tension in contact
wire then the latter two forces are represented respec-
tively by the other two sides of the force triangle m g
and m i.

Likewise in triangle m i k of Fig. 4, i k has the slope
of the messenger and as m i represents the horizontal
load on the messenger due to tension in contact, the
other two sides of the triangle will represent the other

m

V

FIG. 4-PROJECTION OF FIG. 3 WITH ADDITIONAL CONSTRUCTION
LINES

two forces on the messenger, m k the total dead load
acting vertically and i k the resultant load on messenger
acting in the direction of slope of messenger.

Therefore
mk = W, + Wm, weight of contact plus weight of

messenger, and since m g = W, = weight of contact
(2)

then
g k = Wm = weight of messenger (3)

and
g k/m g = Wni/Wc (4)

The two triangles in the Fig. 4, g h k and h o i, are
similar since their corresponding angles are equal.

Therefore

But
g hlh o = g k/i o

i o = mg, by construction

(5)

(6)
Therefore

g o = g k/mg from 5 and 6 (7)
Also

g h/h o = T,/T, see Appendix III
Therefore

Tm/Tc = Wm/Wc (axiomatic from (4), (7) and (8)) (9)
It has thus been demonstrated that the ideal inclined

catenary construction with zero length of shortest
hanger is a true construction and that the relation of
weights and tensions of members is as given in the
formula.

The usual inclined catenary, however, has a shortest
hanger of some length. If the contact line of such usual
catenary is ideals,4 it also has parallel hangers and the
formula will also show the relation of its weights and
tensions.

4. Nee previous definition.

(8)

This can be demonstrated by considering Fig. 5.
On Fig. 5, g h i is the g h i of Fig. 3; g s p h is another
figure showing the projection of the more usual inclined
catenary with shortest hanger hp of some length.
The only difference between the ideal inclined catenary
g h i and the usual inclined catenary illustrated is in the
length of hangers. The other factors in the two are
identical, weight of contact, tension of contact, weight
of messenger and tension of messenger. Consequently,
the usual inclined catenary with ideal contact line and
parallel hangers will be in agreement with the formula.
And conversely, if weights and tension are chosen in
accordance with the formula, an ideal inclined catenary
results if the contact line is made ideal.

In demonstrating the formula it has been assumed
that the hangers were without weight. Practically,
they will have some weight, this usually approximating
five per cent of contact and messenger weight. This
weight will have an effect on the actual slope and sag in
practical construction and must be provided for. If
the hanger weight is included by prorating it and in-
cluding with contact and messenger weights, the ratio
of weights and consequently of tensions in the formula
is not changed so that if a basic contact tension is
selected, the messenger tension will be fixed regardless
of whether hanger weights are considered or not.
Therefore, in preliminary determination or selection of
messenger tension, hanger weights can be safely
ignored.

In determining slopes of hangers and slopes of messen-
ger and sag of messenger, however, the weights of hang-
ers must be taken into consideration. Such considera-
tion, however, will not destroy the value of the formula
in practical applications as the distortion due to the
hanger weights in the extreme case, i. e., the case where
the shortest hanger is assumed to have zero length, is
practically negligible.

4

FIG. 5-PROJECTION OF FIG. 3 WITH PROJECTION OF INCLINED
CATENARY WITH LENGTHENED HANGERS

To assist in applying the formula in design work the
nomogram in Fig. 6 is given. By its use the tensions
for various messengers of different weights can be
quickly and accurately determined. Likewise, the
effect on messenger tension of changes in contact
characteristics in the preliminary design can be readily
determined. The index lines show that a four naught
(106-sq. mm.) copper contact wire weighing 0.641 lb.
per ft. (0.956 kg. per m.) tensioned to 2500 lb. (1135 kg.)
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from the tangent to the body of the curve. This section
of the overhead is somewhat similar to a spiraled section
of the running track. With an inclined catenary
designed according to formula, transition design is
greatly simplified as the selection of hangers of suitably
varying angle and length becomes a relatively simple
process by means of the diagram of Fig. 7.

Usually a simple design is economical and results in
lowest cost for the duty performed. It is not proposed
to demonstrate with mathematical exactness that the
formula design of inclined catenary results in lowest
over-all construction costs. The following analysis
would indicate, however, that this is practically true.

Assuming equally good design of supporting struc-
tures, the combination of minimum loads consistent
with minimum dimensions of catenary structure, both
vertical and horizontal, should result in minimum sup-
porting. structures. If a messenger tension greater
than that demanded by formula is selected by the
designer, there will of course be a greater side load on
the structures than if the formula were followed, since
the side load varies directly as total wire tension. The
dimensions may be reduced vertically somewhat but
probably will not be reduced horizontally because of the
distortion of the contact wire from .the position parallel
to center line of track.

If a messenger tension less than that of formula is
selected in order to diminish the side load, the vertical
and horizontal dimensions of catenary and of support-
ing structure will be increased as the sag is increased
and although there may be a smaller effective side load,
overcoming the distortion of the contact and messenger
will require additional pull -offs and other changes
such as auxiliary back -bones or more frequent supports
with the probable net result of increased cost.

One of the greatest economic advantages of designing
according to the formula is the resultant easy erection
of the wires. All parts fit together naturally and there
are minimum secondary stresses. The construction
can be handled like a truss with members designed and
connected properly, as compared to a truss in which
members are not of proper length and in which the loads
are carried eccentrically by the members. Cables are
of course much more flexible than truss members and
hence can be more easily pulled into connection with
other members but nevertheless secondary stresses and
distortion result with inexact design and must be pro-
vided for in the original design or as later experience
dictates. With the inclined designed as per formula,
the parts fit and come together easily so that the time
and labor of erection and later maintenance become a
minimum.

Design based on the formula also makes variations of
the simple inclined catenary relatively easy. Double
catenary, either with double contact or messenger or
both, and staggered catenary on curve and tangent are
examples of such variations. Furthermore, as is often
desirable, if a stretch of chord construction is required,

it can he readily introduced without complications
between sect ions of inclined catenary.

The formula would appear to handicap design in that
it selects but one messenger tension value and thus
fixes the dimensions of the catenary on tangent as well
as on curve after the other three factors, contact
weight, contact tension, and messenger weight, are
settled upon. There should be no objection to the
limitations imposed if a reasonable construction results.
If the resulting construction is not considered reason-
ble, it is still possible to change the other factors of
design such as contact material and tension as well as
messenger material and resulting tension in order to
better satisfy tangent conditions.

The result of following this method of design will
be the eventual selection of several contact weight and
tension conditions as standards so that for similar
service on comparable lines there will be available a
suitable standard. Such a condition should enable
sound comparisons to be readily made of  operating
conditions on such lines.

Assuming that a contact wire of a given weight and
tension relation is installed as tentative standard prac-
tise, the inclined catenary construction has an inherent
tendency to maintain this relation of weight and tension
constant for a given temperature over a period of years,
as the operating slope of hangers and position of contact
wire over track depend on such relation being kept
constant. The tension of the contact wire is a much
more important design factor in any inclined catenary
than in chord construction. It is in fact the basic or
starting factor. In the chord type of construction the
tension of the contact wire may vary over a wide range
and not produce any noticeable effect on the shape of
the construction. Two lines or sections of chord con-
struction may appear exactly alike and yet have very
different contact tensions and hence different collecting
characteristics. This is not so of inclined catenary
constructions. If they are otherwise alike, their contact
tensions are also alike and consequently their collecting
characteristics will be alike and they will stay alike with
similar temperatures. True operating comparisons
can then be made of such overheads under the same
or differing services with the gradual result of con-
tinually improving the standards. The economic
result of such a condition should be very satisfactory.
It would only be a matter of time before the most
economically designed and operated line or lines for
certain conditions would be found.

It is interesting and valuable to use the formulaas a check on already existing and operating inclined
catenaries. Investigation shows that practically alllines heretofore installed depart more or less from this
criterion, some more than fifty per cent. This mightindicate one of two conditions. Either the formulaapplication is not practically necessary and inclinedcatenary is very adaptable or present inclined catenary
construction designs are subject to refinement.
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Data showing the departure from the formula on
certain important lines already installed are as follows:

Canadian National Railways. From data which
appeared in the Railway Age, May 2, 1925, in article,
"New Catenary Construction on the Canadian
National," and elsewhere, the following values were
secured:

Wm = 0.745 lb.,
We = 0.641 lb.,
T, = 2400 lb.,
T, = 3600 lb.

T, as per formula should be 2790 lb. Hence, tension
used is 30 per cent higher.

Pennsylvania Railroad. Philadelphia to Paoli Elec-
trification. From data in The Electric Journal, Febru-
ary, 1916:

Wm = 0.510 lb.,
We = 0.509 + 0.320 = 0.829 lb.,
T, = 3000 + 1000 = 4000 lb.,
T, = 3500 lb.

T according to formula, should be 2470 lb. Hence,
tension used is 42 per cent higher.

New York, Westchester, and Boston Railway. Data in
Sidney Withington's article, Journal of Franklin Insti-
tute, Dec., 1914, are as follows:

W,,, = 0.810 lb.,
We = 0.641 + 0.558 = 1.199 lb.,
T. = 4900 lb.,
T, = 3500 lb.

T., according to formula, is 2370 lb. Hence, tension
used is 107 per cent higher.

N. Y., N. H. & H. R. R. Danbury Branch. From
page 313 of Electric Railway Journal for August 29,
1925:

Wm = 0.668 lb.,
W, = 0.641 + 0.641 = 1.282 lb.,
T, = 1600 + 1815 = 3415 lb.,
Tm = 3900 lb.

T., according to formula, should be 1785 lb. Hence,
tension used is 118 per cent higher.

Midi Railway of France. From data on page 175 of
Le Genie Civil, August 25, 1923, the following informa-
tion is obtained :

Wm = 0.65 kg.,
We = 0.89 + 0.89 = 1.78 kg.,
T,, = 700 kg. + 700 kg. = 1400 kg.,
Tm = 1350 kg.

According to formula, T. should be 510 kg. Hence,
tension used is approximately 164 per cent higher.

A number of lines has been designed in accordance
with the formula and several have been constructed and
are in process of construction. Model spans have also
been built. The results indicate that the formula is
a very satisfactory and practical guide. The usual

inclined catenary is a practical though somewhat
empirical design. The design based on the discovered
formula is proposed as an improvement as it is both
practical and scientific.

The formula gives an exact statement of the relations
of the various design factors involved. It is just as
true as the equation of the parabola and to question a
design based on it is comparable to questioning the use
of the parabola formula in the design of the usual
catenary.

The simplicity of the discovered formula indicates
that the ideal inclined catenary construction with its
two parabolas and connecting parallel hangers is a
special shape which is closely allied to other geometrical
shapes, the cone, the cylinder, and the sphere. And
just as these are inherently best suited for certain
mechanical purposes, the ideal inclined catenary shape

FIG. 9-SKETCH USED IN PROOF THAT TRACE OF ELEMENTARY
HANGERS IS A PARABOLA

is especially adapted for railway overhead construction
on curves. It fits the track alinement perfectly.

Tc =
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a =
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c =d=
Wch

h =

s =
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The Relation Between Frequency and Spark -Over

Voltage in a Sphere -Gap Voltmeter
BY L. E. REUKEMA1
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Synopsis.-The standard instrument for measuring crest values
of high alternating voltages at 60 cycles is the sphere -gap voltmeter,
which measures a voltage by the distance which it will flash between
spheres. In much of the high -voltage research, however, very high
frequencies are used. For measuring the voltages used in these
high -frequency tests, the sphere -gap voltmeter is used, the assumption
being made that its calibration at high frequency is but little, if any,
different from that at 60 cycles.

In the endeavor to make the sphere-gap a standard for measuring
peak values of voltage at high frequencies, as it is at present a
standard at commercial frequencies, experimental data were ob-
tained from which calibration curves for the sphere -gap voltmeter
were plotted for frequencies ranging from 28,000 to 425,000 cycles
per sec. for standard conditions of temperature and pressure.
These curves cover a voltage range from about 10,000 to 50,000 volts,
the source of the high -frequency voltage being a Poulsen arc with
variable inductance and capacity in its a -c. circuit. The results
show no appreciable change in voltage required to flash across a
given gap as the frequency increases until a frequency of about
20,000 cycles is reached, then a gradual decrease in required voltage
as the frequency increases from 20,000 to 60,000 cycles, after which
a single curve holds for all frequencies at least up to 425,000 cycles
per sec., the highest frequency tested. The theory shows that this

curve should hold up to a frequency of about 6,000,000 cycles for a
one -cm. gap, after which a further decrease should be found. At
and above 60,000 cycles per sec., the voltage required to flash across a
one -in. gap is 13 per cent lower than the voltage required at 60 cycles,
provided only the ions occurring naturally in the atmosphere are
available to start the ionization which produces the flashover.

In the course of the investigation it was noted that flooding the
spheres with ultraviolet light decreased the voltage required to
flash across a given gap at high frequency by about 3.5 per cent,
whereas no such effect is found at commercial frequencies. There-
fore a complete set of calibration curves for the frequency range
covered was also obtained for the spheres flooded with ultraviolet
light.

The results are explained by showing that at high frequency a
space charge of positive ions will accumulate between the spheres,
this space charge distorting the potential gradient sufficiently to
allow a spark to pass, even though the average gradient between
spheres is considerably lower than is necessary at 60 cycles. The
space charge depends on the rate at which ions are added to the
field by ionization and the rate at which they are lost by diffusion
and mutual repulsion, the terminal condition reached when the rate
of gain equals the rate of loss determining the voltage at which flash-
over will take place at any given frequency.

ONE of the prime requisites in all high -voltage
research is to be able to measure accurately the
voltages employed, and, since it is the peak value

of the voltage wave which ruptures insulation, it is
especially important to be able to determine this peak
value. For such measurements at commercial fre-
quencies, that is, 25 to 60 cycles, the sphere-gap volt-
meter, which measures a voltage by the distance which
it will /flash between spheres, is now the standard
instrument. For much of the research in high -voltage
phenomena, however, very high -frequency power is
used. The sphere -gap voltmeter is the accepted means
of measuring such voltages, the assumption being made
that the calibration of the instrument is little, if any,
different at high frequency from that at 60 cycles. To
test the correctness of this assumption was the first
object of this research.

In the course of taking the experimental data to
determine the relation of frequency to spark -over volt-
age between spheres, an interesting and important fact
was noted, namely, that exposing the spheres to the
action of ultraviolet light has a very pronounced
effect on the voltage necessary to flash across a given
gap. At 60 cycles, the action of ultraviolet light on the
spheres is merely to increase the accuracy of the

i. Asst. Professor of Electrical Engineering, University of
California, Berkeley, Calif.

Presented at the Pacific Coast Convention of the A. I. E. E.,
Del Monte, Calif., Sept. 13-16, 1927 . Complete copies upon request.

sphere -gap as a voltmeter, but the average voltage
required to spark across a gap is neither increased nor
decreased to a noticeable extent. At high frequencies,
however, a pronounced lowering of the voltage required
for a given gap manifests itself whenever a source of
ultraviolet light plays upon the spheres. The investi-
gation of this phenomenon, discovered many years ago
by Hertz, but apparently overlooked by engineers,
constituted the second object of our research.

In any investigation of physical phenomena, the value
of the experimental data is considerably enhanced if a
rational explanation of the results accompanies them.
Such an explanation, on the basis of the fundamental
physical principles known concerning electrical dis-
charges through gases, together with an attempt to
correlate the newly discovered phenomena with already
existing knowledge on the subject, is the third object
of the research.

PREVIOUS INVESTIGATIONS

On June 24, 1914, at the A. I. E. E. convention at
Detroit, F. W. Peek, jr., discussed the effect of fre-
quency on spark -over voltage between spheres as one
of a number of related investigations carried on, at
the General Electric high-tension laboratory, under his
direction. He compared a 1000 -cycle curve with a
60 -cycle curve and found no difference with spark -over
voltage plotted as a function of the gap. A 40,000 -
cycle curve, however, lies below the 60 -cycle curve for

1314
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its entire length, the percentage differences increasing
as the voltage increases, from about 11 per cent at
11,000 volts to 16 per cent at 25,000 volts, high fre-
quency. He attributes the decrease in required voltage
at high frequency to rough spots on the spheres, as no
special care was taken to polish them.

At this same convention, Professors Harris J. Ryan
and J. Cameron Clark of Stanford University reported
the results of an investigation which they had conducted
on the relation of frequency to spark -over voltage,
presenting curves of voltage as a function of spark -
over distance at three frequencies, 123,000 cycles,
255,000 cycles, and 612,500 cycles. Ryan and Clark
drew a single curve through the mean of all points,
compared this curve with a 25 -cycle curve located by
Fortescue and Chubb, and found their own curve to
lie almost uniformly 4500 volts below the 25 -cycle
curve, at least within the range from 20,000 to 50,000
volts. Ryan and Clark used seven -in. spheres, how-
ever, while Chubb and Fortescue used spheres 25, 37.5,
and 50 cm. in diameter. To determine whether this
difference in voltage might possibly be due to a differ-
ence in the size of the spheres used, the writer compared
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FIG. 1-DIAGRAM OF CONNECTIONS FOR CALIBRATING SPHERE
GAP AT HIGH FREQUENCY AND HIGH VOLTAGE

the curve of Ryan and Clark, changed to standard
conditions of temperature and pressure, with a curve for
seven -in. spheres calculated from Peek's formula for
spark -over voltage for spheres of any size. In this com-
parison, the high -frequency curve veers away from the
60 -cycle curve more gradually, but at about 50,000
volts the high -frequency curve lies 6500 volts or about
13 per cent below the 60 -cycle curve.

Alexanderson also investigated the problem to a
slight extent in 1914 with his 100,000 -cycle sine -wave
alternator, and found that a three -in. gap between
five -in. spheres breaks down at about 100,000 volts.
He does not definitely state that the high frequency used
was 100,000 cycles, nor does he say whether or not one
of the spheres was grounded. If it was grounded, as
is probable, this shows about a 14 per cent lowering of
required voltage at high frequency. Alexanderson
used highly polished spheres.

Since the amount of data on the relation of frequency
to spark -over voltage by all experimenters combined is
rather meager and some of it conflicting, the present
investigation was conducted in the hope of clearing up
the question, and thus making the sphere -gap a stand-
ard means of measuring high -frequency voltages, as it
is at present a standard for 60 cycles.

THE PRESENT INVESTIGATION

The generation of voltages ranging up to 50,000 volts
at frequencies of 60 to 500 cycles presented no difficulty,
as generators and transformers for these frequencies
were available. A diagram of the set-up for the tests
is shown in Fig. 1. For the higher frequencies, a two -
kw. Poulsen arc, generously loaned to us by the Federal
Telegraph Co., was the source of power. For the a -c.
circuit of the arc, we constructed a large air condenser
and 24 inductance coils, of open design so as to with-
stand the high voltages induced, and with a minimum
ratio of resistance to inductance, so as to obtain a
maximum , induced voltage. The inductance coils
and the condenser are connected in series across the
arc, the leading reactance of the condenser neutralizing
the lagging reactance of the inductance coils, so that
only the high -frequency resistance of the circuit limits
the flow of current. The voltage built up across the
coils and that across the condenser neutralize each
other, so that either one may be over a hundred times as
large as the d -c. voltage impressed across the arc. The
high voltage between the condenser plates is impressed
across the sphere -gap voltmeter. By varying the
distance between the condenser plates and the number
of inductance coils used, the frequency may be varied
over a range from 28,000 cycles to about 450,000
cycles per sec. according to the formula

1
f = 2/ LC

where f is frequency in cycles per sec., L is inductance in
henrys, and C is capacity in farads.

To measure the voltage impressed between the
spheres, three condensers in series to break up the volt-
age were .used, a gold -leaf electroscope reading the
voltage drop across the middle condenser. The electro-
scope reads effective values of voltage, whereas it is
peak value which causes a flashover; therefore the wave
forms of the low -frequency voltages, over the entire
range of voltages used, were photographed with an
oscillograph and the oscillograms analyzed mathemati-
cally to determine the ratios of effective to maximum
voltages for this range. The voltage waves from the
Poulsen arc were investigated with a sensitive wave -
meter, and all harmonics found to be negligible, so that
they may be assumed to be pure sine waves within
a very small fraction of one per cent.

DESCRIPTION OF APPARATUS

The sphere -gap voltmeter was constructed according
to A. I. E. E. specifications. The spheres are of brass,
6.25 cm. in diameter and accurately turned. The
lower sphere is movable in a vertical direction, and the
gap may be readily read to a thousandth of an inch.
Neither sphere was grounded.

Since the high -frequency voltage obtainable from a
E

Poulsen arc equals
R c, in which E is the
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voltage across the a -c. terminals of the arc, R is the
resistance of the a -c. circuit, L is the inductance of the
coils, and C is the capacity of the condenser, a high
ratio of inductance to resistance is necessary in the coils
in order to induce the large voltages desired. The
resistance of the coils at high frequency is many times
that at 60 cycles, due to both skin effect and to eddy-
current loss in the copper caused by the magnetic flux
of the coil cutting the turns. The coils used were
designed to make this high -frequency resistance a
minimum, using formulas developed by C. L. Fortescue
and published in the Sept., 1923 issue of the Journal
of the British Institution of Electrical Engineers.
Twenty-four coils were constructed, 30 in. in outer
diameter and 12 in. in inner diameter, containing eight
layers of three turns each, turns being mounted on
wooden pegs and spaced one in. apart. The smallest
high -frequency. resistance for this size of coil is obtained
by using No. 9 B & S gage wire.

The condenser plates used measured seven by eight ft.
and were constructed of galvanized iron nailed to
wooden frames, with quarters of copper float balls
soldered to the four corners and with metal connectors
soldered to the sides to. receive the connections from
the inductance coils. To prevent stray electrostatic
flux from these condenser plates from spreading out
into the voltage measuring apparatus, grounded shields
of fine -mesh chicken wire, stretched on pipe frames,
were hung on both sides of the condenser.

In parallel with the sphere -gap were three air con-
densers in series, the middle one of the three having a
much larger capacity than that of the two outer ones.
These condensers divide the voltage between them in
inverse ratio to their capacities, so that the voltage
drop across the middle one was about two per cent of
the total voltage impressed across the sphere -gap.
This voltage drop across the middle condenser was
measured by means of a gold -leaf electroscope, con-
nected in parallel with the condenser.

The electroscope consists of a nickeled steel case with
glass front and back, down the center of which extends
a nickeled brass rod carrying the gold leaf. To prevent
possible external flux from penetrating the interior of
the electroscope, the glass front and back were threaded
both horizontally and vertically with fine wires. The
rod bearing the gold leaf is insulated from the case by
sulphur. A protractor was arranged to turn on an
axis in line with the point of connection of the gold
leaf, a line peep -sight directly in front of the protractor
and a frame carrying a fine hair about four in. behind
the protractor turning with the latter as an integral
part. This makes it possible to read the deflections of
the gold leaf to the tenth of a degree, which compares
favorably with the accuracy of the sphere -gap itself.

Whenever a spark takes place between the spheres, a
short circuit is produced across the transformer in the
case of the low frequency and across the Poulsen arc
in the case of the high frequency. To prevent the burn-

ing and pitting of the spheres which would otherwise
result from such short circuits, water -tube resistances
were placed in both high-tension legs of the transformer
circuit, and a one-µ f. condenser successfully limited
the flow of current from the high -frequency circuit.
The voltage drops in the water -tube resistances and in
the current -limiting condenser occurred before the
voltage was impressed on the sphere -gap and measuring
condensers and therefore were in no sense a source of
error in the measurements.

The source of ultraviolet light with which the spheres
were flooded was an open arc light, ordinarily used for
oscillographic work, which was placed about four ft.
from the spheres with the light concentrated on them.

PROCEDURE

As the sphere -gap voltmeter is a standard instrument
for the measurement of high voltage at 60 cycles, the
electroscope was calibrated by reading its deflections
for spark-overs'between the spheres for voltages ranging
from about 7000 to 55,000 volts effective, the voltage
being varied by varying the field of the alternator.
Since the object of the research is to compare the high-
frequency voltage corresponding to a given gap with
that required at 60 cycles, this method eliminated the
errors which would have crept in if the electroscope had
been calibrated with direct current and the capacities of
the condensers measured. The readings of the sphere-
gap were reduced to standard conditions, 760 -mm.
pressure and 25 deg. cent., as adopted by the A. I. E. E.,
and were also corrected for wave form, since the sphere-
gap measures crest values and the electroscope effective
values of voltage. Although the generator supplying
the 60 -cycle power produced a practically pure sine
wave, the voltage drops within the transformers due to
the harmonics of the exciting currents and the distortion
due to the internal capacity of the 50,000 -volt trans-
former produced a slight change in wave form, which
necessitated the mathematical analysis of the voltage
wave on the high-tension side of the transformer, for
the range of voltages used in the test. Oscillograms of
these waves at six representative values of voltage were
analyzed, and the ratio of maximum to effective value
of the actual waves compared to this ratio for a pure
sine wave. The corrective value averaged about 0.8
per cent and in no case was larger than 1.8 per cent.

The electroscope and measuring condensers having
been calibrated for a given setting of the condensers,
high -frequency runs were taken, reading electroscope
deflections as a function of distances between spheres
for the maximum range of voltages obtainable at any
one frequency. Temperatures and barometric pres-
sures were recorded, so that the gap readings might
later be reduced to those for standard conditions. The
voltages were varied by changing the d -c. voltage im-
pressed on the Poulsen arc, the length of the arc -gap,
and the strength of the magnetic deflecting field so as
to give steady operation. Frequencies were varied by
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changing the number of inductance coils used and the
distance between the main condenser plates. Fre-
quencies were calculated from the wavelength readings
of a wave meter. Runs averaging approximately 100
readings each were taken for frequencies ranging from
28,170 to 425,500 cycles, both with the spheres flooded
with ultraviolet light and without. Runs at 133
cycles, 250 cycles, and 500 cycles were also compared
with those for 60 cycles. In order to be sure that the
particular setting of the measuring condensers was not
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a source of error, runs were taken for several different
settings, each setting requiring a separate electroscope
calibration. The surfaces of the spheres were kept
highly polished at all times, by polishing them with a
power buffer at least once and usually several times
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during each run, and by hand with a soft towel after
each spark -over.

To obtain a reading, the distance between spheres was
made slightly greater than could be flashed across by
the voltage impressed, then the spheres were slowly
moved together by turning the control wheel until
the spark occurred, at the same time keeping the peep -

sight of the protractor arrangement trained on the
deflected gold leaf, so that the voltage at the instant of
flashover could be read accurately. The spheres were
always moved together at least a full turn of the control
wheel before a flash took place, so as to avoid any error
due to lost motion in the control wheel. In case the
voltage at the instant of flashover was unsteady, the
reading was thrown out. Care was taken to bring the
voltage from the Poulsen arc up to the maximum
possible with the d -c. voltage impressed before taking a
reading, so as to eliminate errors due to surges.

DATA AND CURVES

The publishing of the 50 pages of data secured would
serve no useful purpose, since the curves show the results
obtained. Moreover, of the many pages of curves
plotted, only three are included in this paper. Fig. 2
is included to show approximately the accuracy with
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which the points fall on the various curves, and the
very evident difference between the voltage necessary
to flash across a given gap when the spheres are flooded
with ultraviolet light and when they are not. The
fact that all points do not fall accurately on the curve
when ultraviolet light is flooding the spheres is due to
a slight unsteadiness which is inherent in the Poulsen
arc, not to any inaccuracy of the sphere -gap itself.
Using ultraviolet light, 60 -cycle curves always repeat
themselves accurately, no point falling more than a
quarter per cent off the curve. When ultraviolet light
is not used, any point may be as much as two per cent
off the curve.

Figs. 3 and 4 show the final results of the test, the
one when the spheres are flooded with ultraviolet light,
the other when the spheres are not so flooded.

THEORETICAL EXPLANATION OF THE RESULTS

Mechanism of the Spark. Before considering the
phenomena of electric discharge through gases, it may
be advisak le to recall certain fundamental concepts
of the constitution of matter. All matter is composed
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of molecules in continuous motion, the temperature of
any substance being merely a function of the energy of
motion of its molecules. In a gas, such as our atmosphere,
the molecules are relatively far apart, and the continual
collisions of molecules with each other and with the
walls of the containing vessel give rise to the pressure
of the gas. The average distance traveled by a mole-
cule before colliding with another molecule is known as
its mean free path. All molecules, in turn, are com-
posed of atoms, different combinations of the 92 kinds
of atoms producing the millions of varieties of mole-
cules. The atoms are composed of a central nucleus
with a positive electric charge and of particles of nega-
tive electricity, called electrons, which travel around
the nucleus in precessing elliptic or circular orbits at
enormously high speeds, the electrical attraction of the
positive nucleus for the negative electrons balancing
the centrifugal force produced by these speeds. An
atom thus may be compared to a solar system, its
volume being mostly empty space. The number of
planetary electrons in a neutral atom is always equal
to the number of equivalent positive charges of the
nucleus.

It is possible for an atom to lose an electron, however,
in which case it is called a positive ion, since the loss of
a particle of negative electricity leaves the rest of the
atom positively charged. Similarly, a free electron is
able to attach itself to most atoms. When this hap-
pens, the atom with its extra electron is called a nega-
tive ion. An ion, whether positive or negative, behaves
like an ordinary molecule, as long as it is not in an elec-
tric field. As soon as an electric field is produced, however,
the ion adds to its haphazard molecular motion a motion
in the direction of the field, toward the positive electrode
if a negative ion, toward the negative electrode if a
positive ion. If this motion takes place in a vacuum,
so that the mean free path of the ion is large, a com-
paratively small voltage drop, about 16 volts for air, is
sufficient to give the ion such a high velocity that it is
able to knock an electron out of a molecule with which
it collides. This potential is known as the ionizing
potential of the molecule, that is, the potential neces-
sary to knock out one of its electrons and thus make an
ion of it. As the pressure of the gas increases, however,
the mean free path decreases until at atmospheric pres-
sure the air molecule has a mean free path of only about
0.000004 in. In such a short distance it does not have
the chance to acquire the ionizing speed except at very
high potential gradients.

Whenever a molecule is ionized, the electron which is
knocked out of it also feels the force of any electric field
in which it finds itself. As an electron weighs only
about one sixty -thousandth part as much as an oxygen
molecule, however, and since the acceleration which an
object undergoes in a given field is inversely propor-
tional to the square root of its mass, its acceleration is
evidently about 240 times that of an ionized oxygen
molecule. Moreover, due to its increased speed and

its much smaller size, its mean free path is four times
the square root of two or 5.66 times that of the mole-
cule. The electron, therefore, will attain a velocity
many hundreds of times that attained by an ion in
the same field. Moreover, because of its smaller
weight, as compared with that of a molecule, the elec-
tron cannot lose more than a small fraction of its
energy in an ordinary collision with a molecule. Thus
it gradually accumulates velocity until the average
amount it loses per collision equals that gained between
collisions, the terminal velocity being a function of

E
d ' where E is potential gradient and d is density of

the air. If the amount of energy represented by this
terminal velocity is as great or greater than the energy
necessary to ionize a molecule, such an ionization may
take place, the probability of the ionization increasing
rapidly with increase in velocity, up to velocities far
beyond any which would be given the electron in air
by an electric field.

Now let us consider the mechanism of the electric
spark between two electrodes with a potential gradient
between them. Even though this potential gradient
is far greater than that necessary to ionize the air
molecules, no spark will take place unless there are
either ions or electrons present to start the ionization.
A few ions per cubic centimeter are practically always
present in the air, however, and new ones are being
formed, mainly by the action of the penetrating
radiation recently investigated by Millikan and by
radioactivity, at the rate of about 12 per sec. per cu.
cm. The electron starts to ionize at a considerably
smaller potential gradient than does the ion, and even
though it ionizes only once for every thousand colli-
sions, an electron would increase to approximately
485,000,000 in moving one cm. For instance, the mean
free path of the electron in air at atmospheric pressure is
about 0.00005 cm. If it ionizes once in a thousand
collisions, it would ionize about 20 times per cm. The
rate of increase in the number of electrons, due to ioni-
zation by electrons alone, is given by the equation

n = no ea"
where n is the number of electrons after the initial
electrons have moved a distance x in the direction of
the force, no is the number of electrons at x = 0, a is
the number of ionizations per centimeter, and e is equal
to 2.71828, the base of the Napierian logarithm. Since
in our assumption a equals twenty, n equals one, and
x equals one,

n = -20e = 485,122,000.
However, one coulomb of electricity equals

6,280,000,000,000,000,000 electrons, so that this enor-
mous number of electrons would have to be formed
per second to have just one ampere of current pass.
Moreover, as fast as these electrons are produced by
ionization, they are swept into the positive electrode,



Dee. 1927 REUKEMA: FREQUENCY AND SPARK -OVER VOLTAGE 1319

leaving only the small number spontaneously formed
by radiation or by radioactivity to carry on the work.
Evidently, therefore, ionization by electrons alone will
not produce a spark.

For each electron set free by collision, however,
there is also produced a positive ion, which is attracted
in the opposite direction from that taken by the elec-
trons. If the potential gradient is sufficient to allow
positive ions to ionize air molecules by collision, or to
knock electrons out of the negative sphere, the number
of electrons produced, immediately increases enor-
mously. Suppose that only one in a thousand of the
positive ions produced were able to ionize and that
this ionization took place close to the negative elec-
trode, where the potential gradient would be greatest.
Then one electron, with the help of the electrons which
it sets free by collision, produces 485,000,000 positive
ions while moving one cm. Of these positive ions,
485,000, each ionizing once, then produce 485,000 new
electrons, which, starting close to the negative electrode,
each produce 485,000,000 positive ions in moving one
cm., or a total of 235,000,000,000,000. One one -
thousandths of these, or 235,000,000,000, produce
235,000,000,000 more electrons close to the negative
electrode, which in turn produce 485,000,000 times
235,000,000,000 electrons, and so on, all of this happen-
ing in a very small fraction of a second. The process
is thus cumulative, the number of ions and electrons

 increasing at an enormous rate, and resulting in a
flashover between the electrodes. Note that ioniza-
tion by both electrons and positive ions is essential,
and that, since the electron ionizes at a lower potential
gradient than does the positive ion, the probability of
ionization by the latter is the factor which determines
the potential gradient necessary to produce a spark
between the electrodes. This potential gradient has
been found to be 30,000 volts per cm. under standard
conditions of temperature and pressure.

The reason for the increased accuracy of the sphere -
gap at low frequencies when ultraviolet light shines on
the spheres is now easily understood. The action of the
ultraviolet light is to liberate electrons from the
spheres, a phenomenon which has been named the
photoelectric effect. Thus, when the spheres are
flooded with ultraviolet light, there is always a large
number of electrons in the space between the spheres
to start the ionization, and the instant the potential
gradient reaches a value of 30,000 volts per cm., a
spark takes place. When, on the other hand, the small
number of ions found naturally in the air must be
depended upon to start the ionization, there may be no
ions available at the instant the potential gradient
reaches the required value. This is especially true in
the sphere -gap voltmeter, in which the potential
gradient gradually increases as the spheres are moved
together. The gradient, before it has reached the value
required for ionization by collision, simply sweeps into
the spheres whatever ions are present, so that when the

potential gradient does reach 30,000 volts per cm., the
diffusion, into the space between electrodes, of ions
from the outer space must be depended upon to
start the ionization. This may take an appreciable
part of a second or even more, during which time the
spheres are being moved closer together, with the result
that a higher potential gradient seems to be required to
flash across the gap than actually is required. Thus,
the determination of a voltage by means of a sphere -
gap voltmeter, which is not subject to the action of
ultraviolet light, may be one or two per cent in error.

EFFECT OF HIGH FREQUENCY

To understand the effect of high frequency on the
voltage required to spark across a given gap, we must
consider such phenomena as the mobility of ions, their
diffusion, and the variation of potential gradient by
space charge. The effect of the attachment of electrons
to molecules and the recombination of electrons with
positive ions to form neutral molecules is negligible in
the high electric fields used. The mobility of an ion is
the velocity with which it moves in an electric field.
The mobility constant is the velocity in centimeters per
second attained by an ion, at 760 -mm. pressure and
0 deg. cent., per volt per centimeter of field acting upon
it. This constant for positive ions in air is 1.32; for
negative ions, 1.8. In high fields, the mobility is
nearly independent of temperature, so that the error
would be small if one neglected to correct gas ion
mobilities for temperatures above 200 deg. K. The
mobility of electrons does not vary directly with poten-
tial gradient, so that for electrons there is really no such
thing as a mobility constant. The mobility is a func-

tion of , however, where E is potential gradient in

volts per cm. and p is pressure. According to a curve
for electron mobility in nitrogen in a paper by Compton
in the Physical Review of 1923, an electron in nitrogen
at atmospheric pressure would attain a velocity of
13,800,000 cm. per sec. under the action of a potential
gradient of 30,000 volts per cm., or it would be swept

1
across a gap of one cm. in 13,800,000 sec. For air,

instead of nitrogen, the figures would not differ greatly.
A positive ion, under the same conditions in air, would
attain a velocity of 30,000 times 1.32 or 39,600 cm. per
sec. If the field were an alternating one, the velocity
would vary as the voltage varied. For a pure sine
wave of 30,000 volts per cm. effective value, the dis-
tance traveled by an electron in one sec. in the direction
of the force would be 12,160,000 cm.; by a positive ion,
35,650 cm. Evidently at 60 cycles both ions and
electrons would practically all be swept out of the field
every half -cycle, so that until the potential gradient
has reached 30,000 volts per cm., there could be no
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Methods Used in Investigating Corona Loss
By Means of the Cathode Ray Oscillograph

BY W. L. LLOYD, Jr'. and E. C. STARR!
Associate, A. I. E. E. Non-member

Synopsis.-Methods of employing the cathode ray oscillograph
for investigation of corona loss are described. By deflecting the ray
of cathode particles (electrons) in one direction within the tube by a
voltage proportional to the applied voltage, and in a transverse
direction by a voltage proportional to the current, a closed figure
representative of the loss, is thrown upon the screen. Methods of
obtaining photographic records of these figures and of calculating
therefrom accurate values of the power expended are given. The
instrument used is well adapted for this work. Power measurements
of 0.1 watt can be measured with an accuracy of 1 per cent.

From the volt-ampere cydograms the characteristics of the positive
and negative loss on the a -c. wave are readily observed. The
instantaneous voltage of which the loss starts and the instanta-
neous values of the combined corona and capacity currents can
be accurately determined.

Measurements of the corona starting point and loss on various
conductors check the laws of corona established by Mr. Peek in 1910.
The formulas of "critical disruptive gradients" and "visual dis-

ruptive gradients" were closely checked. The loss was found to
follow a quadratic above the visual critical corona voltage, e. For
cables and roughened conductors the excess loss below e. due to
surface irregularities approximately follows the probability law.
For smooth, polished conductors the loss suddenly jumps from zero to
a definite value at e. and then follows the quadratic.

The practical effect of the condition of the conductor surface is
forcibly brought out by the following data measured on a 336,400-
cir. mil cable at 63.5 in. spacing to neutral plane:

Voltage between
lines (three

phase)

Sixty -cycle loss in kw. per mile of conductor

Smooth Rough Mutilated

258 kv. (elf.) 49
220 " " 18 29.4
205 " " 0 17.0 38.0
180 " " 0 0
132 " 0 0 4.7

INTRODUCTION

THIS paper describes in detail the methods used in an
investigation of corona loss with the low -voltage
cathode ray oscillograph. The work, which has

been under way for several years in the High Voltage
Engineering Laboratory at Pittsfield, Mass., is a
continuation of the investigation of corona started by
Mr. F. W. Peek, Jr. in 1910.2 It is hoped that this
detailed description of the methods employed in using
the cathode ray oscillograph and making the laboratory
measurements will be of assistance to other investiga-
tors. A discussion of the results and the conclusions
are given in Mr. Peek's paper, Law of Corona-IV.3

In studying the corona discharge, it is highly desirable
to make use of an instrument having no power -factor
limitations. It is also desirable that the instrument be
capable of accurate indications when the current and
power involved are small and the voltage high. The
low -voltage cathode ray oscillograph is such an in-
strument.

THE CATHODE RAY OSCILLOGRAPH

This instrument depends for its operation upon a jet,
or ray, of cathode particles (electrons) moving at
high velocity within an evacuated tube and impinging
upon a fluorescent screen. The electrons are dis-

1. Both of the General Electric Co., Pittsfield, Mass.
2. F. W. Peek, Jr., Law of Corona and Dielectric Strength of

Air, I, TRANS. A. I. E. E., Vol: XXX, pp. 1889-1965.
3. F. W. Peek, Jr., Law of Corona and Dielectric Strength of

Air, IV.
Presented at the Summer Convention of the A. I. E. E., Detroit,

Mich., June 21-24, 1927. Complete copies upon request.

charged from an incandescent filament (the hot
cathode). Under the action of a strong electric field,
the electrons are rapidly accelerated toward the anode.
A small hole in the anode permits certain of the elec-
trons to pass along the axis of the tube in a narrow beam.
This beam or ray of cathode particles, which subse-
quently passes between two pairs of metallic plates
upon which voltages can be impressed, can be deflected
from its normal course by transverse electrostatic
or electromagnetic fields, or by a combination of such
fields, and thereby made to trace definite figures on the
flourescent screen which becomes luminous at the point
at which the electrons strike. These figures are
representative of the electrical phenomena taking place
within the circuit being investigated, and can be
accurately interpreted when the various tube and
circuit constants are known. The figures are accurately
traced irrespective of the frequency of voltage or current
producing the deflections of the electron beam, for this
beam has practically no mass and hence no natural
period, at least within the limit of the higher radio
frequencies.'

Photographic Records. Although not strongly lumi-
nous, the figure traced on the screen of the tube can be
photographed. A sharp image can be obtained by
using a lens but the length of exposure required is verygreat (3 min. or longer). Consequently this methodis not desirable when a large number of records isto be taken.

4. For a more detailed discussion of this device, see articleby J. B. Johnson, Bell System Technical Journal, November,
1922, p. 142.

1322



Dec. 1927 LLOYD AND STARR: CORONA LOSS 1323

ri

1

An accurate but somewhat blurred image can be
obtained with a comparatively short exposure by
operating the tube in a darkened room or box and
placing the emulsion side of a photographic film
directly in contact with the end of the tube. The
exposure required is about Vio to Yi second for a
straight "line image, and about 1A second, for other
figures. The exposures are made by bringing the
filament of the tube up to the proper temperature and
then closing the anode circuit for the required length of
time.

CORONA Loss MEASUREMENTS

Volt-Ampere Cyclograms. The most satisfactory
arrangement for studying corona losses by means of
the cathode ray tube has been found in this investiga-
tion to be that shown diagrammatiCally in Fig. 2. A

Shield

TrPgeig

I
Loading Capacitance

Deflector Plates

....mALANstro-o-
RI R2

Stepp
Transformer

Supply

FIG. 2-DIAGRAM OF CONNECTIONS FOR A STUDY OF CORONA
BY MEANS OF THE CATHODE RAY OSCILLOGRAPH

specimen of the conductor to be studied was suspended
vertically at a uniform spacing from a broad, vertical
metal plate having a length of about 20 ft. This
plate was composed of three sections of equal width.
The end sections, each five feet in length, were grounded
and the middle section, which was insulated from the
other two, was grounded through the variable non -
inductive resistance, R3. The function of the end
sections was to intercept the corona discharges from
the ends of the conductor and leave a uniform section
exposed to the active plate.

Although this ground plate, which served as a part
of the neutral plane, was 5 ft. wide, it was rather narrow
relative to some of the spacings used in the tests. In
the near vicinity of the set-up, there were several othei
grounded objects (principally a metal wall) which were,
in effect, extensions of the ground plate. Consequently
the active section of the plate was only a part of the

practically infinite neutral plane, and therefore inter-
cepted only a fraction of the flux emanating from the
conductor. The relative amount of flux intercepted
became less as the spacing was increased. The object
of this work, however, was to study the critical voltage,
the mechanism of the discharge, and the relative rather
than the absolute value of the losses. For this purpose,
the set-up was found to be entirely satisfactory.

The step-up and potential transformers were iden-
tical, and were rated 10-kv-a., 25 -cycle, 200/100,000 -
volt. These transformers were capable of delivering
150,000 volts intermittently without injury and when
operated at 60 cycles without high flux density in the
core. Voltage control was obtained by means of
variable resistances in series with the low -voltage
winding of the step-up transformer. Resistances are
very flexible and give practically no wave distortion
when used in connection with a load of constant
impedance, as in these tests. A constant -impedance
load, consisting of high -voltage condensers of a total
capacity of about 0.00125 ,u f., was shunted across the
high -voltage winding. This was a load several times as
great as that imposed by the exciting kv-a. of the
transformers plus the maximum corona loss obtained.
The function of this capacitance was to smooth out the
voltage wave impressed on the conductor. It ac-
complished this by supplying the magnetizing current
of the transformers and by providing a heavy sinu-
soidal current to minimize the disturbing influence of the
non -sinusoidal corona currents.

A resistance potentiometer consisting of two non -
inductive variable resistances, RI and R2, was shunted
across the low -voltage winding of the potential trans-
former and provided a means of obtaining a voltage of
the desired value across the deflector plates of the
cathode ray tube. The voltage thus obtained was
for any particular setting of R, and Rtz proportional to
and in phase with the voltage impressed on the corona
conductor.5

The voltage drop across R3 was proportional to and in
phase with the current flowing to ground from the
middle section of the test conductor and was impressed
across the remaining pair of deflector plates.

Since the corona phenomena are re -occurring, the
figures traced on the screen of the oscillograph tube
under the above conditions are stationary and are
accurately indicative of the instantaneous relationships
between voltage and current. When no corona exists,
both the current and voltage waves are sinusoidal and
90 degrees out of phase as dry air is practically a perfect
dielectric. The figure traced on the screen is then a
pure ellipse. With the connections as shown in Fig. 2,
the abscissas of the ellipse are proportional to voltage
and the ordinates proportional to current. The cyclo-

5. The phase angle and ratio errors of a high -voltage trans-
former when operating at low core densities on no load as a step
down transformer are very slight and, for this investigation,
can be neglected.
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gram in Fig. 3A illustrates this condition. The indi-
vidual axes were obtained by grounding one pair of
deflector plates at a time and thus obtaining each
separate deflection independent of the other. When
corona is present on the test conductor, the voltage
remains sinusoidal but the current wave is badly dis-
torted. An individual discharge takes place during
each half -cycle of voltage, near the crest of the wave if
the impressed voltage is only a few per cent above the
critical disruptive value. These discharges appeared
on the screen of the tube as an irregular "hump" on
each half of the figure. The circuit employed was such

A

B

FIG. 3-VOLT-AMPERE CYCLOGRAMS

A-Below corona starting voltage
B-Just above corona starting voltage

Conductor; No. 00, polished
Spacing; 63.5 in. to neutral
Voltage; 91.0 kv. (eff.) to neutral

that the lower right hand hump represented the dis-
charge during the time that the conductor was negative.
The upper left hand hump represented the positive
discharge. The cyclogram in Fig. 3B illustrates this
condition for a voltage slightly in excess of the visual
critical value.

As noted above, a permanent record of the figure
traced by the electrons on the screen of the tube
was most easily obtained by placing a "super speed"
photographic film in contact with the end of the tube.
The film was first placed in position in the dark box
containing the tube. The tube was then moved ahead

by means of an adjusting screw and forced into contact
with the film. The filament of the tube was heated to
the proper temperature, the required current having
been determined previously by means of the filament
ammeter and visual inspection of the figure on the
screen. The desired voltage was then impressed on the
test wire. One pair of deflector plates was grounded

FIG. 4-VOLT-AMPERE CYCLOGRAM OF I EAVY

Conductor; No. 00 polished conductor
Spacing; 21.5 in. to neutral
Voltage; 150 kv. (eff.) to neutral

CORONA

and the anode circuit closed for approximately Yi
second. The first pair of plates was then connected in
circuit and the other pair grounded and another %-
sec. exposure made. Both pairs of plates were then
connected in circuit and an exposure of about
sec. was made. In this way a record of the figure

rdin7tes

Proportional to Complex Current

cyclogram Abscissae
proportional to known
Sinusoidal Voltage. 0

E- Known Voltage.
I-Derived Current.

FIG. 5-GRAPHICAL ANALYSIS OF THE VOLT-AMPERE CYCLO-
GRAM SHOWN IN FIG. 4

Cyclogram abscissas proportional to known sinusoidal voltage. Ordi-
nates proportional to complex current

E-Known voltage
I-Derived current

and both axes was obtained. The film was developed
in the usual manner.

In order that the voltage drop across R3 be pro-
portional to and in phase with the current flowing to
ground from the middle section of the ground plate,
it was essential that there be relatively no capacitance
or inductance in this part of the circuit. Since the
ground capacity of the active section of the ground
plate was approximately 4.9 X 10-4 µ f. and was, in
effect, shunted across R3, the value of this resistance,

1

.'
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which was non -inductive, was kept less than 100,000
ohms. Consequently the maximum phase -angle error
introduced was less than one degree.

A grounded network was placed above the bushings
of the transformers to shield out stray fields which
otherwise would have reached the effective section of
the ground plate.

Most of the work was done at 60 cycles but some
measurements were made at 420 cycles. Practically
the same test circuit was used in both cases. At normal
frequency, even with the loading capacitance removed,
the system drew a leading current, but at 420 cycles the
impedance of the step-up transformer was so increased
and the impedance of the high -side load so decreased
that the system drew a lagging current. It was neces-
sary, then, in order to reduce the current drawn from the
supply lines to a minimum, to remove the extra capaci-

FIG. 6-CORONA DISCHARGE CHARACTERISTICS AS INDICATED
BY THE VOLT-AMPERE CYCLOGRAM

Ei Proportional to instantaneous disruptive voltage
'max Proportional to maximum current
/( max) Approximately proportional to maximum conductor charging

current

tance from the high side and shunt a large capacitance
across the low side of the step-up transformer.

The sources of power for all of the tests, both 60 and
420 cycles, were sine -wave alternators of large capacity.

Analysis of Cyclograms. Since the abscissas of the
cyclograms are proporjional to instantaneous voltage,
and the ordinates proportional to instantaneous current,
if the wave shape of one of the two quantities is known
the other can be plotted with time as abscissa and the
unknown quantity as ordinate. Fig. 5 illustrates a case
in which the horizontal deflection was produced by a
known sinusoidal voltage (a voltage proportional to and
in phase with the voltage of the test conductor) and
hence the current wave, in both magnitude and phase,
was readily derived, as shown, from the cyclogram.
The original cyclogram from which Fig. 5 was taken is
given in Fig. 4.

As well as giving an indication of the wave form of
the current in the corona discharge, the cyclograms
also provide an accurate means of determining the
instantaneous voltages, positive and negative, at which
corona forms on the conductor. In Fig. 6, E i (pos.)
and E; (neg.) represent these voltages.

Since the discharges fade out very gradually, the
cyclograms give no definite indications of the exact
stopping points. It is evident, however, that the
discharges do not persist far beyond the crests of the

voltage waves. As brought out later, the stroboscope
verified this point.

The maximum charging current of the conductor
due merely to the normal conductor capacitance
and the maximum rate of change of voltage for that
particular maximum voltage is represented (approxi-
mately) by /, (max).

The maximum currents occurring during the dis-
charge are represented by La. (pos.) and L az (neg.).

The rotation of the cathode beam in generating this
general type of cyclogram is, as viewed normally,
counter clockwise.

STROBOSCOPIC OBSERVATIONS

In order to obtain an approximate check on some of
the discharge characteristics disclosed by the cathode
ray tube, a stroboscope, or synchronous shutter, was
used to permit visual inspection, in a darkened room,
of the corona discharge from a polished conductor at
any point on the voltage wave. These observations
checked the instantaneous disruptive voltages very
closely, and indicated definitely that the discharges
terminate shortly after the passing of the voltage crests.
The corona "sparks" are most intense when they first
appear. The illumination then gradually fades out and
disappears at a point 10 to 25 deg. beyond the voltage
crest.

POWER CALCULATIONS

When taken by means of the circuit shown in Fig. 2,
the cyclograms obtained are volt-ampere curves, the
horizontal deflections being practically proportional
to and in phase with the sinusoidal line voltage to
ground and the vertical deflections practically pro-
portional to and in phase with the complex current
flowing between the conductor and ground plate.
The average power represented by the cyclogram can
then be calculated by either a polar coordinate or rec-
tangular coordinate method as described in detail in
the unabridged paper.

Volt -Coulomb Cyclograms. The corona phenomena
can be studied from a somewhat different angle if the
resistance, R3, in Fig. 2 is replaced by a capacitance Ca,
or by a parallel combination of capacitance and high
resistance C3'. The ordinates of the cyclograms
obtained are then proportional to the instantaneous
charges induced on the ground plate by the voltage on
the conductor.

If pure capacitance is used, the figure will drift over
the screen of the tube due to the accumulation of a
negative charge on the deflector plate connected to
C8. Since in the case of 60 -cycle corona on conductors
at relatively close spacings, the positive and negative
discharges are of unequal magnitudes, C3 will accumu-
late a positive or an additional negative charge which
will cause further drifting of the figure. In the case of a
small conductor (0.015 -in. diam.) at a fairly close
spacing (7.5 in. to neutral) it was found that at about
15.0 kv. to neutral the positive excess was just sufficient
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to compensate for the negative charge acquired from
the electron stream within the tube. Consequently the
figure would remain stationary near the center of the
screen and could be photographed when the line and
anode voltages were properly manipulated.

When a high resistance is shunted across C3 to pro-
vide a leakage path for the excess positive or negative
component, the figure remains stationary at all voltages
and can be photographed in the usual manner.

This type of cyclogram has been employed in other
corona investigations, notably those of Dr. Ryan, and
provides a convenient means of studying the phenomena
from the standpoint of the charge and discharge of
"space condensers," but is not so convenient as the
first type for power calculation purposes."

POWER LOSS DATA
By means of the first method described above

(i. e. the volt-ampere cyclograms), loss measurements
were made on several solid conductors of various sizes
under different conditions of spacing and surface
regularity, and also on a large, concentric-strand cable.
Typical data are given in Tables I and II and on the
accompanying curves.

TABLE I
Conductor: -0.365 in. diam., polished.

Spacing: -63.5 in. to neutral.
Length: -10.0 ft.

Temp.: = 20 deg. cent. Bar. 28.77 in. hg. & = 0.977
Tube anode potential = 290.0 volts.
Ec = 87.0 kv. eff.

Kv. (eff.)
to

neutral
R3

ohms

Power loss (watts)

Meas. Calc.*

87.0
91.0

100.0
115.0
130.0
149.5

,11,067
11,067
11,067
11,067
11,067
11,067

3.51
7.45

11.8
25.3
43.2
69.7

2.65
7.22

12.6
25.1
41.8
70.0

*Values calculated by means of Peek's formula (large wires) multiplied
by 0.374 (mo = 1.00)

TABLE II
Conductor 0.365 in. diam., polished.

Spacing: -21.5 in. to neutral.
Length: -10.0 ft.

Temp. = 18 deg. cent. Bar. = 28.47 in. hg., 5 = 0.99
Tube anode potential = 290.0 volts.
Ec: Increasing voltage = 77.0 kv. (eff.); Decreasing voltage = 75.0

kv. (eff.).
(elf.)

to
neutral

R3

(Ohms)

Power loss (watts)

Meas. Calc.*

75.0 5040 8.57 15.1
85.0 5040 35.4 31.5
90.0 5040 42.3 42.0

100.0 5040 70.3 67.5
115.0 5040 118.0 117.
130.0 5040 177. 180.
150.0 5040 283. 285.

*Values calculated by means of Peek's formula (large wires) multiplied
by 0.73. (md = 1.00)

Fig. 10 gives the 60 -cycle loss characteristic of a
very small, smooth wire (0.015 in. in diameter) at a

6. Ryan and Henline, The Hysteresis Character of Corona
Formation, A. I. E. E. TRANSACTIONS, Vol. XLIII, 1924, p. 1118.

rather close spacing (7.5 in. to neutral), and at volt-
ages up to the arc -over value. It will be noted that the
curve of square root of power against line voltage is very
nearly a straight line for a considerable distance above
the point marked e,, indicating that in this region the loss
followed a quadratic law quite closely. Near the upper
end this curve turns up rapidly, indicating that the loss
increased at a higher rate just preceding arc -over. Dirt
and oxide on this conductor had practically no effect on
the loss above e,. The effective diameter of the con-
ductor was probably sufficiently increased by the foreign
matter to compensate for the irregular surface.

Figs. 11 and 12 give the 60 -cycle loss characteristics of
a large, solid conductor (0.365 in. diameter), both
polished and rough, at two spacings (63.5 in. and 21.5
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FIG. 10 -OBSERVED CORONA LOSS, MEASURED BY MEANS OF
THE CATHODE RAY OSCILLOGRAPH
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Length: 10.0 ft.
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in. to neutral). The curve for the roughened conductor
in Fig. 11 was plotted from the data given in Table I,
and the curve for the polished conductor in Fig. 12 was
plotted from the data given in Table II. No loss
whatsoever could be detected from the polished con-
ductor until the visual critical voltage was reached.
At this point it suddenly jumped to a definite value and
then, with further increase of voltage, followed a
quadratic law very closely. It will be noted that for
this conductor at the closer spacing two critical
voltages are indicated, one for increasing voltage and a
different one for decreasing voltage. This character-
istic seemed quite definite in the case of large polished
conductors at small spacings, and was probably an effect
of the space charge created by the uniform corona
envelope. The roughened conductor gave a loss at
much lower voltages than the polished, and a greater
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loss at the higher voltages. In this case, the loss ap-
parently followed no definite law and was very sensitive
to accidental surface conditions until well above the
starting voltage, when the curve became a quadratic .
The excess loss above the quadratic due to surface
irregularities gave a typical probability curve.

Loss measurements were made on a 336,400-cir. mil
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FIG. 11-OBSERVED CORONA Loss, MEASURED BY MEANS OF
THE CATHODE RAY OSCILLOGRAPH

Conductor: 0.365. In. diameter
° smooth surface
+ rough surface

neutral: 63.5 in.
Length: 10.0 ft.
Frequency -60 cycles
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A. C. S. R. (aluminum conductor steel reinforced)
cable with the surface in three different conditions,
namely, smooth, rough and mutilated. A smooth,
clean cable spaced 63.5 in. to neutral gave no loss below
119.0 kv. to neutral and closely followed the quadratic,
for mo = 0.85, above 125 kv. This value of mo was
about the average obtained with this conductor at the
21.5 -in. and 63.5 -in. spacings. In the case of the
roughened conductor, the outside strands were scratched
as if the cable had been dragged over rough ground,
and were covered with spots of dirt and oxide. The
loss started at a lower voltage (89 per cent of the former
starting value) and was higher over the entire range.
The outside strands of the mutilated conductor were
in a condition such as would be produced by dragging
the cable over hard sharp rocks. The loss started
at a very low voltage, (53 per cent of the starting value
for the smooth conductor), and was of greater magni-
tude than in the other two en..ses.

It was found that the curve obtained by subtracting
the quadratic from the loss curve of the mutilated con-
ductor was a typical probability curve. Extrapolation
of the curves for the three conditions beyond 150 kv.,
(up to which voltage the measurements were taken),
showed them to come approximately together at 185 kv.

The loss from the smooth cable had much the same
characteristics as that from the roughened solid con-
ductor. The surface irregularities in the former
en -se due to stranding and in the latter case due to
burrs and scratches caused the loss to begin below
the "visual critical voltage," e0, (for a smooth conductor
of the same diameter), but not so low as the critical
disruptive voltage, eo. The quadratic seemed to apply
when the true critical voltage, e5, was approached. As
was mentioned in connection with the solid conductors,
the loss from the cables at voltages below e,, was very
sensitive to changes in surface condition. When the
strands were badly scratched, the loss started at a
relatively low voltage, far below the value of eo for
the smooth cable, and was of considerable magnitude at
voltages too low to cause any discharge from the
undamaged conductor.

It is of interest to study the data obtained with the
above three specimens of cable and the following
conclusions are of particular interest:

1. At e corresponding to a three-phase line voltage
of 258,000 volts, the loss from the smooth cable was 49
kw. per mile of conductor.

2. At 220,000 volts, three-phase, the loss from the
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FIG. 12-OBSERVED CORONA Loss, MEASURED BY MEANS OF
THE CATHODE RAY OSCILLOGRAPH

Conductor: 0.365 in. diameter
 smooth surface

± rough surface
Spacing to neutral: 21.5 in.
Length: 10.0 ft.
Frequency -60 cycles

smooth cable was 18.0 kw. per mile and from the rough
cable was 29.4 kw. per mile.

3. At 205,000 volts, three-phase, there was no loss
from the smooth cable; 17.0 kw. per mile loss from the
rough cable, and 38.0 kw. per mile loss from the muti-
lated cable.

4. At 132,000 volts, three-phase, the loss from the
mutilated cable was 4.7 kw. per mile of conductor.
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5. At sea level, and in fair weather, the smooth cable
would operate at 205,000 volts, and the rough cable at
180,000 volts, three-phase, without corona loss. Corona
would still be present on the mutilated cable at 130,000
volts, three-phase.

From the above data, it is evident that a great deal of
care should be exercised in stringing the lines in order to
keep them as free as possible from burrs and scratches.
It is also evident that small changes in the surface
condition of the conductor produce large changes in the
magnitude of the loss near the critical voltage. The
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FIG. 13-OBSERVED CORONA. LOSS-MEASURED BY MEANS OF
THE CATHODE RAY OSCILLOGRAPH

Comparison of losses at 420 cycles and 60 cycles
Conductor: 0.365 in. diam.. polished surface

Spacing to neutral: ( -2-) ; ° = 21.5 in.

p = 63.5 in.
Length: 10.0 ft.

deviation of the loss curve from a quadratic below
ee seems to follow the probability law and, since the
loss below ee is determined by the size, projection, and
number of irregular "spots" on the conductor, it is
reasonable that this law should apply, at least
approximately.

It seems that the best general practise is not to at-
tempt to design the line for a given amount of corona
loss, but to so choose the conductor and spacing that
the dielectric strength of air (i. e., 30 kv. per cm. max.
under standard atmospheric conditions) multiplied. by
the irregularity factor of that conductor is not exceeded
at the conductor surface for the highest operating
voltages. Recent developments in the manufacture
of cables having large diameters relative to their
effective cross sectional areas make it economically
possible to design and construct corona -free lines.

The irregularity factor is determined by actual
measurement on a specimen of the given conductor or
a similar conductor which has been installed and well
weathered under the particular conditions involved.

Radio interference, and interference with successful
carrier -current communication on the line itself are
gaining importance as factors making the elimination
of corona an important matter.

Loss at Higher Frequency. Fig. 13 gives the loss
characteristics of a large solid conductor, polished, at
420 cycles in comparison with the same at 60 cycles.
The ratio of losses at the closer spacing was about 3
and at the greater spacing was about 3.5. The conduc-
tion component of the loss was apparently considerably
greater at the small than at the large spacing and
probably accounted for the difference in ratios. These
curves are quadratics with the same critical voltages
as the 60 -cycle curves on the same conductor.

COMPARISON WITH RESULTS OF PREVIOUS
INVESTIGATIONS

The quadratic law, which was established by Mr.
Peek in 1910, was closely checked for voltages above
the "visual critical" value (e.). Below this voltage, the
deviation from a quadratic of the loss curves for cables
and roughened solid conductors was found to follow
the probability law closely.

In order to obtain absolute values, it is necessary to
correct the loss data obtained in these tests because the
ground plate did not intercept all the electrostatic flux
emanating from the conductor. The correction varies
with the spacing. For any given spacing, however,
the percentage of flux intercepted by the plate is ap-
proximately constant regardless of the voltage.

The correction is readily obtained by comparing the
calculated charging current of the conductor with the
measured values. In this manner it was found that
at a spacing of 63.5 in. to neutral, about 44 per cent of
the total current was measured, and at a spacing of
21.5 in. to neutral, about 78 per cent was measured.
The uncorrected measured loss at the greater spacing
was about 38 per cent of the value calculated by
means of Peek's formula and, at the smaller spacing
was about 70 per cent of the calculated value.

The formulas for critical disruptive gradients and
particularly the visual critical gradients as determined
by Mr. Peek's early work were closely checked.

Over the entire range of conductors tested, a remark-
ably close agreement exists between the observed and
calculated values of et,. There is also a fairly close
agreement between the observed and calculated values
of ed.7 In the case of the roughened solid conductors
the loss actually started at voltages well above the ed
of the same conductor in a polished condition. The
same may be said regarding the roughened cable. For
the mutilated cable, however, ee is lower than ed (ed = eoin the case of large conductors such as this). This

7. ed = Disruptive critical voltage in Peek's formula. eapractically equals eo for conductors of a diameter greater thanabout 0.15 inches. See "Dielectric Phenomena in High Voltage
Engineering," by F. W. Peek, Jr., pp. 117-152.
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condition is largely accounted for by the presence pn the
cable of numerous sharp projections which produced
flux concentrations and consequently, local discharges
at relatively low voltages.

CHARACTERISTICS OF THE CORONA DISCHARGE

Typical cyclograms showing the discharge character-
istics under different conditions are given in Figs. 3B,
4 and 14. It will be noted that for polished conductors
(Figs. 4 and 14 left side) the individual discharges,
particularly the negative, form very suddenly, and the
current waves contain abrupt distortions. In the case
of roughened conductors (Fig. 14 right side) and cables
the individual discharges form much more gradually
and the current wave distortions are much less abrupt.

_I ',IL
T ,

e c i t,

lici;$) 10,o Ilk

SUP.FACE CONDITIONS
Pe LI: n:9  R. o UGH

FIG. 14-COMPARATIVE CYCLOGRAMS SHOWING THE INFLU-
ENCE OF CONDUCTOR SURFACE CONDITION UPON CORONA
DISCHARGE CHARACTERISTICS.

Conductor: solid, 0.365 in. diem.
Spacing to neutral: 63.5 in.

Fig. 14 illustrates the influence of surface conditions
upon the magnitude and character of the discharge.

The decrease of instantaneous disruptive voltage
with increasing line voltage is shown in Fig. 14.

SUMMARY

The low -voltage cathode ray oscillograph is well
adapted to investigations of phenomena involving small
currents of complex wave shape. This instrument was
used in a study of the volt-ampere characteristics of
the corona discharge. The circuit employed was such
that the figures traced on the screen of the tube were
volt-ampere cyclograms. These cyclograms were
photographed by placing the film directly against the
end of the tube and the power expenditure represented
was calculated by a method which was in effect the
same as that of transcribing the polar figures to rectan-
gular coordinates and integrating the power wave in
the usual manner. The results were converted to watts

by means of the tube calibration data which were
obtained by impressing definite voltages across the
deflector plates and measuring the resulting deflections.

The cyclograms give accurate indications of the
structural nature and characteristics of the corona
discharge.

Some of these characteristics were checked visually
by means of the stroboscope.

The following conclusions were 'drawn regarding the
power loss and starting v.oltage:

1. Above the "visual critical voltage," e as given
in Mr. Peek's early work, the loss -voltage relation is
a quadratic.

2. For polished solid conductors the loss suddenly
jumps from zero to a definite value at e and then
follows a quadratic.

3. For cables and roughened solid conductors the
excess loss above or below that given by the quadratic
law approximately follows the probability law below
ey. This excess loss may be either positive or negative,
or both.

4. The critical disruptive gradients and particularly
the visual critical gradients as determined in Mr.
Peek's early work were closely checked.

5. The loss near the starting voltage is greatly
affected by the regularity and condition of the conductor.
surface.

The characteristics of the discharge are briefly as
follows:

1. For polished solid conductors the individual
discharges, particularly the negative, start suddenly
and are accompanied by heavy rushes of current.

2: For roughened solid conductors or cables the
individual discharges start gradually and the current
waves contain no sharp breaks.

3. The instantaneous disruptive voltages decrease
with increasing line voltage.

4. The individual discharges stop near the crests of
the voltage waves.

Acknowledgment is made of the assistance of Mr.
T. M. Hotchkiss, and others of the staff of the High
Voltage Engineering Laboratory.

Many new buildings throughout the country are now
equipped with the new type of elevators which are so
completely electrified that they operate at high speed
and in the service of the tallest buildings practically
without the aid of operators. New York has several
such buildings and now they are appearing in other
parts of the land. Omaha's newest office structure is
in the list. When a patron steps on the car at the
bottom level, the operator merely presses a button
representing the floor at which the passenger wishes to
alight. Motors start the car, slow it down, stop it at
the designated floor, open and close the doors and carry
the car on its way.
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Synchronous Condensers
BY P. L. ALGER,

otn bor. A. I. E. E.

Synopsls.-T he paper reviews the general characteristics of large
synchronous condensers, with particular reference to the possibilities
of greater standardization in condenser specifications. Particular
emphasis is placed on the question of the ratio of lagging to leading
kv-a. capacity, and it is concluded that about 60 per teal lagging
capacity is normal, while any important increase in this ratio
requires special design of greater size and cost. Attention is

called to the advantage to be gained by the use itt. reactors in place of
such oversized eondenserS, where extra lagging rapacity ix needed.
Separate sections of the paper are devoted to starling and stability
characteristics, and to recent improvements in the design of syn-
chronous condensers. Finally, the use of asynchronous condensers
is discussed and found to be unde.si rabic.

* * s *

I. OBJECT OF PAPER
THE large amounts of leading kv-a. required by

modern power systems are most economically
provided by means of synchronous condensers,

and so the numbers and unit sizes of these machines
have steadily increased in recent years. Thus, in 1925
two 40,000-kv-a., and this year, the first of three 50,000-
kv-a. condensers were placed in service on the Pacific
Coast, while upwards of 35 others of sizes above 1000
kv-a. were built in the United States during 1926.
Their continually increasing importance makes it de-
sirable to simplify and standardize specifications for
them as much as possible by eliminating unnecessary
restrictions on their design.
II. PRINCIPAL CHARACTERISTICS OF SYNCHRONOUS

CONDENSERS

The outstanding advantage of the 'synchronous con-
denser from an operating point of view, as compared
with other means of supplying corrective kv-a., is the
flexibility of its control. Once the machine is con-
nected to the system, the reactive kv-a. it supplies can
be varied continuously over the entire range from 50
per cent or more lagging to full leading kv-a., by simple
adjustment of its field current. The adjustment can
readily be made fully automatic, and so any desired
condition, such as constancy of voltage or of power fac-
tor at a given point on the system, can be maintained.2
This ease of adjustment also enables machines of very
large size to be put on or taken off the system without
appreciable disturbance. Thus, the economic advan-
tages of large sizes can be fully realized with syn-
chronous condensers.

Also, from the manufacturer's viewpoint, the syn-
chronous condenser has an outstanding advantage over
other rotating machines due to the fact that it neither
drives nor is driven by any other apparatus. This
permits a single, most economical, speed to be used for

1. A -c. Engineering Dept., General Electric Co., Schenec-
tady, N. Y.

2. Woodruff, "Principles of Electric Power Transmission,"
p. 153.

Presented at the Pacific Coast Convention of the A. I. E. E.,
Del Monte, Calif., September 13-16, 1927. Complete copies upon
request.

any given size, which, in turn, greatly helps standardiza-
tion. Besides, the torque required being merely that
to hold the rotor in step, the usual stability limitations
of synchronous machines are lifted, and consequently
very high current loadings can be employed. All these
things contribute to the attainment of low costs. On
the other hand, the low initial cost of the condenser
itself and the small amount of associated equipment
required combine to make the operating cost of the
power losses an abnormally high proportion of the
whole. On this account, special emphasis is placed
on the attainment of low losses in synchronous con-
densers, and this factor tends to increase the initial
cost.

III. POSSIBILITIES OF STANDARDI7ATION
OF CONDENSER DESIGN

Ideal conditions for standardization, combined with
progress, exist when specifications are so drawn as to
impose the least possible number of fixed requirements,
and when contracts are awarded on the basis of the best
performance on the non -fixed requirements. In this
way, each manufacturer is given maximum freedom for
the use of his available developments and for the play
of his initiative. When more requirements than those
absolutely necessary are laid down, all manufacturers
are forced to do some things in the same way, with
consequent inconvenience and increased developmental
costs for some of them. Synchronous condensers much
more nearly approach this ideal condition than most
other types of rotating machines, and yet it seems that
further progress in this direction can be made.

Aside from the restrictions imposed by the system
frequency and by the method of rating employed, there
are four variables that the purchaser may specify in
describing a synchronous condenser. These are:

1. Leading kv-a. capacity, or rating,
2. Number of poles, or speed,
3. Voltage,
4. Ratio of lagging to leading kv-a. capacity.
The first of these is the fundamental variable that

determines the size of the machine, so that the only
possibility of standardization here is in the limitation
of the number of ratings called for. Present practise

1330
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in this respect is quite satisfactory, as the list of usual
ratings given in the first column of Table I has incre-
ments of at least 20 per cent, and intermediate ratings
are seldom called for.

It is not desirable for the purchaser to specify the
speed, as this limits the manufacturer's possibilities, and
usually handicaps one more than another. The natural
desire to improve his designs, and the economic urge of
competition will cause each manufacturer to select the
most economical speed for each machine, and the ulti-
mate user has, therefore, nothing to gain by insisting
on any particular value for it. As high-speed machines
are lighter and more efficient than low -speed machines
up to the points at which mechanical stresses and wind-
age losses become limiting, it follows that synchronous
condensers are normally built for high speeds. At the
present time the speeds listed in Table I are customary,
but the ratings at which the speed is changed vary
slightly among different manufacturers. Usually, ma-
chines are guaranteed for 25 per cent overspeed.

Sometimes condensers are placed in substations in
residential districts where quiet operation is essential,
and this has been thought to require machines of lower
than standard speeds. However, it is possible to so
enclose a high-speed condenser as to make it satis-
factorily quiet at less cost, and with better performance
than can be obtained by using a speed below standard.

For large sizes, it is often economical to use a com-
pletely closed system of ventilation with water coolers,
as described in Section VIII. Jf this is not desired, it is
still possible to reduce the noise to a very small amount
by using a standard enclosed machine with the addition
of an air discharge chimmey on top. Felt -covered
baffles can be so placed in this chimmey as to practically
eliminate the high pitched part of the noise without
impeding the air flow to an important extent.

The voltage situation is not so simple as that of the
speed, as there are so many different system voltages
employed. However, the recent conferences on the
subject, at New York and Niagara Falls, (culminating
in the new N. E. L. A. table of preferred standard volt-
ages), give promise of some improvement. Also, as
synchronous condensers are frequently provided with
their own transformers or are fed from special tertiary
transformer windings, it is often possible to choose the
voltage that gives the most economical design. If the
condenser voltage is too high, excessive insulation costs
and extra losses due to the large slots required will
result; while if it is too low, excessive costs for the high
current -carrying capacity and extra losses due to eddy
currents in the massive conductors will arise. Hence,
there is a most economical voltage for every rating,
values of which are indicated in the third column of
Table I.

The remaining variable is the ratio of lagging to
leading kv-a. capacity. When a condenser is to be
used solely for power -factor correction, to compensate
for the lagging kv-a. of an industrial load, the lagging

kv-a. capacity is of no direct interest, and so, in these
cases, it is rightly left for the manufacturer to settle.
As a value of the ratio not far from 0.5 gives the most
economical design for leading power -factor operation,
this is the value characteristic of most standard con-
densers. However, when condensers are to be used for
voltage regulation, a considerable lagging kv-a. capac-
ity is useful to hold the voltage down at light loads,
and so, purchasers frequently specify a value of unity
for this ratio. This imposes a considerable handicap
on the designer and requires a special machine so that
it is desirable to find some other way to obtain the
desired results. It is worth while to study this question

TABLE I
MOST ECONOMICAL SPEEDS AND VOLTAGES OF LARGE

SYNCHRONOUS CONDENSERS

liv-a rating 60 cycle, r. p. m. Voltage

500 1,200 2,400/4,150
750 1,200 2,400/4,150

1,000 1,200 2,400/4,150

1,500 1,200 2,400/4,150
2,000 900 2,400/4,150
3,000 900 2,400/4,150

4,000 900 2,400/4,150
5,000 900 6,900 or 11,500
7,500 900 6,900 or 11,500

10,000 900 6,900 or 11,500
15,000 720 or 900 11,500 or 13,800
20,000 720 11,500 or 13.800

25,000 600 or 720 11,500 or 13,800
30,000 600 13,800
40,000 600 13,800

50,000 600 13,800

at some length; so the effects on design of varying this
lag/lead ratio will first be described, and then methods
of securing the desired operating results with normal
condensers will be considered.

IV. LAGGING KV-A. CAPACITY SECURED BY CHANGES
IN CONDENSER DESIGN

The line current of a synchronous condenser is always
equal to the difference between the voltage induced by
its field and the impressed voltage divided by its syn-
chronous reactance and corrected for saturation.
Over -excitation of the field produces a leading current,
and under -excitation produces a lagging current. The
maximum possible lagging current occurs with zero
field current, and is therefore equal to the line voltage
divided by the synchronous reactance. While stable
operation with a small reversed field excitation is
possible, the trouble of providing for this reversal and
the attendant increased likelihood of the condenser's
falling out of synchronism make it inadvisable. For
our purposes, therefore, the ratio of maximum lagging
to normal leading kv-a. capacity of a synchronous con-
denser may be taken equal to the reciprocal of the per
cent synchronous reactance, or to:
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Per cent maximum lagging kv-a. =
100

= 100 Y. (1)

As lagging kv-a. are supplied when the field is under-
excited, under this condition the saturation of the
magnetic circuit is slight and may be neglected. On the
other hand, the leading kv-a. are supplied when the field
is over -excited, a condition in which saturation of the
magnetic circuit is pronounced.

If the ratio of the actual field excitation to the no-
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load air -gap excitation is represented by F, the per cent
leading kv-a. is determined by the equation:
Per cent leading kv-a. < 100 (F - 1) Y, (2)

Without saturation, the inequality sign becomes an
equality sign, so that (2) reduces to (1), if F is made
equal to zero. Adding (1) and (2), the sum of the lead-
ing and lagging kv-a. is found to be,
Per cent (leading + lagging kv-a.) < 100 F Y.

rated field current
= 100

S. C. field current (3)

Equation (3) indicates that the sum of the leading
and lagging kv-a. capacities of a given machine is
nearly independent of the no-load excitation. At full
leading kv-a., (2) becomes equal to unity, so that the
relation between F and Y. is found to be,
No-load air -gap field current 1 Y.

Full -load field current F < 1 + Y. (4)

Equations (1), (2), and (3) are plotted in Fig. 1 as
functions of Y.. The dotted curves show the ideal
conditions in the absence of saturation, while the solid
curves show the actual conditions for a particular
7500-kv-a., 900 -rev. per. min. condenser with different
lengths of air -gap but with constant field excitation.

The figure clearly indicates the sacrifice in leading kv-a.
capacity necessary to secure greater lagging kv-a. If
instead of merely varying the air -gap, keeping the same
stator, the entire design is changed to always keep the
current carrying capacity of the stator winding just
adequate for the maximum kv-a., slightly greater out-
put can be obtained. For example, at a 100 per cent
ratio of lagging to leading kv-a., a complete redesign will
enable 83 per cent of normal leading kv-a. to be ob-
tained as compared with only 75 per cent when the air -
gap alone is changed. The more extensive changes,
however, make the machine more special and require
additional developmental charges, so that they are not
always of economic advantage.

These results may be summarized by the statement
that a synchronous condenser of a given size and cost
may be designed to give any one of the four following
combinations of leading and lagging kv-a. capacities:
Standard 100% leading, 50% lagging
Semi -standard 90% leading, 65% lagging
Semi -standard 75% leading, 75% lagging
Special 83% leading, 83% lagging

The increase in air-gap length required to give greater
lagging kv-a. capacity increases the excitation loss
under leading kv-a. operation, so that the efficiency of a
condenser is thereby lowered. On the other hand, if
the air -gap is made so small that the lagging kv-a.
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capacity is reduced below about 0.4 of the leading capac-
ity, the tooth frequency iron losses are increased so
much that the efficiency is again lowered. Thus, as
shown by the curves of Fig. 2, the least losses for leading
kv-a. operation with a given size of machine are secured
when the ratio of lagging to leading capacity is not
far from 0.6.

We, therefore, conclude that it is desirable to keep
the value of Y. between 0.5 and 0.6 for a standard line
of synchronous condensers. Wide departures from
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this range increase both costs and losses and so cannot
be considered standard, and keeping closely to it will
greatly facilitate standardization and, will tend to
further reduce costs and improve performance.

V. OTHER METHODS OF SECURING LAGGING KV-A.
CAPACITY

There are four principal methods of securing lagging
kv-a. capacity without departing from normal con-
denser designs:

1. By reconnection of the condenser windings,
2. By raising the condenser voltage by means .of

transformer taps,
3. By use of reactors, and
4. By reduction of the system voltage.
The simplest general method of reconnection is to

divide each phase in halves and connect unlike halves
in series for lagging power -factor operation. On three
phase, this is equivalent to increasing the voltage in
the ratio of 2/ -V T, and so it raises the lagging capacity
to 4 /3 of its normal value. However, unless rather
complicated internal connections are made, the scheme
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considerably increases the short-circuit core losses.4 In
special cases, it is possible to change the number of
circuits, and it is always possible to bring out taps
from the winding in such a way that some of the arma-
ture coils can be cut out, with similar effects. These
schemes, however, all involve rather expensive switch-
ing arrangements and they are not conveniently adapt-
able to automatic operation; also, they all result in
increased losses per kv-a. so from this viewpoint they
are not attractive. Some of the methods are desira-
ble for use in special cases, such as when a single
machine is to be operated at different times on circuits

4. Reference No. 6 and Q. Graham, M. M. F. Wave of Poly-
phase Windings, JOURNAL A. I. E. E., February 1927, p. 118.

of different frequencies, but they cannot be recom-
mended for standard practise. At best, it is not practi-
cable to double the lagging kv-a. capacity of a condenser
by such means, so that they cannot completely solve
the problem.

The recent developments in tap changing trans-
formers5 at first sight give promise of a solution by
enabling the voltage to be varied at will over a wide
range, without opening the circuit. However, on
closer scrutiny, this possibility, too, is seen to be chimeri-
cal. In the first place, the tap changing apparatus is
quite expensive, and the cost of the condenser is con-
siderably increased by the necessity for insulating it
for the highest voltage used. These extra costs alone
are about the same as the extra cost of making the
original condenser good for full -lagging capacity, and,
in the second place, the losses in lagging power -factor
operation are considerably increased by this arrange-
ment as compared with the latter scheme.

In Fig. 3 there are shown curves of leading and
lagging kv-a. capacity and, per cent losses as functions
of the impressed voltage, for the same 7500-kv-a., 900 -
rev. per min., 11,000 -volt condenser used in the previous
figures. A voltage of about 130 per cent is required to
give 90 per cent of rated kv-a. in lagging operation, at
which point the losses are 2.2 per cent as compared
with only 1.6 per cent for the oversized condenser built
with a large enough air -gap to give the same lagging
capacity (Fig. 2 at Y. = 1.55). The curves show that
no appreciable increase in leading kv-a. capacity can be
secured by reducing the voltage, so that there is no
incidental gain from this source to offset the disadvan-
tages in lagging operation. We conclude, therefore,
that the voltage regulation scheme is not of value for our
purpose.

There remains the scheme of supplementing the de-
ficient lagging kv-a. capacity of the standard syn-
chronous condenser by the addition of parallel -
connected reactors. As high -voltage air core reactors
can now be built at costs per kv-a. which are about
half those of synchronous condensers and with total
losses of only about 1 per cent, this idea looks promising.
The obvious objection to it is that it requires additional
apparatus with suitable control and extra floor space.
Furthermore, unless the reactors are to be thrown on
the line all in one unit, expensive sectionalizing switches
are required. Thus, the complete equipment is more
expensive than a single oversized condenser designed
for full lagging capacity.

In the long run, however, the capital cost of the re-
actor scheme may prove to be the lower, for lagging
kv-a. are principally required when a system is lightly
loaded, in order to keep down the no-load voltage.
Over a period of time, as the system load increases, the
times of light load become shorter, and the minimum

5. A. Palme, Application and Design of Load Ratio -Control
Equipment, presented at the Regional Meeting of District No. I
of the A. I. E. E., Pittsfield, Mass., May 25-28, 1927.
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load becomes greater, so that less lagging kv-a. are
required, and the demand comes to be for leading kv-a.
capacity to hold the voltage up during overloads.
Hence in some cases, it should be economical to install
reactors alone when a transmission line is first built,
later to add standard condensers, and finally to take the
reactors away altogether for use at some other place,
or for sale.

From the point of view of power losses, too, the
reactor scheme may be attractive. Fig. 4 shows the
total losses in per cent of kv-a. output for the combina-
tion of the standard 7500-kv-a. condenser used in the
previous figures with sufficient air-core reactors to give
a total of 100 per cent lagging capacity; together with a
similar curve for a larger condenser built with a suf-
ficient air -gap to give it 7500 kv-a. capacity on both
leading and lagging operation.

All these methods of securing extra lagging capacity
involve extra cost and losses, so that it is desirable to
avoid the difficulties by merely reducing the system
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A. Special synchronous condenser with 100 per cent lagging kv-a.
capacity

B. Standard synchronous condenser with 52 per cent lagging kv-a.
capacity and 48 per cent kv-a. of reactors
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voltage. This reduces the leading kv-a. supplied by the
transmission line capacity, and increases the lagging
kv-a. due to the line reactance, thus greatly decreasing
the lagging requirements. The voltage reduction may
be made temporarily during a time of light load. In
general, a system design that gives permanently large
lagging kv-a. requirements is not the most economical.

VI. METHODS OF STARTING SYNCHRONOUS
CONDENSERS -

It is standard practise to provide synchronous con-
densers with amortisseur windings and to start them
from a low -voltage transformer tap or from an auto -

transformer. This method of starting is readily adapt-
able to automatic operation, and the equipment re-
quired costs less than a starting motor with its control

and the necessary synchronizing apparatus. Unless a
source of low voltage for I he starting motor is already
available, an extra transformer must be provided for it,
and in this case the cost is very much greater; also,
automatic operation with a starting motor is more
difficult. The only apparent advantage of a starting
motor is the possibility of securing a lower reactive com-
ponent of the initial starting current by its means.

As the starting kv-a. required by a standard con-
denser is only about 30 per cent of normal, and this can
be reduced to about 20 per cent by adding oil pressures
starting equipment, it does not seem that the use of a
starting motor is ever necessary on this account. How-
ever, in rare cases it may be desirable occasionally to
use a condenser for line charging or for testing a trans-
mission line, and a starting motor will then be necessary.
If a condenser is to be operated on unbalanced voltages
or under other conditions where a very low -resistance
amortisseur winding is needed, the condenser's starting
characteristics will be poor and a starting motor will
be desirable.

In order to keep down the induced field voltage, it is
customary to short circuit the field through a resistor
during the starting period. The condenser will then
come up to full speed on the tap voltage, and field is
applied before it is thrown over to full voltage. When
the change to full voltage is made, the field current being
kept constant, the kv-a. drawn from the line will change
suddenly by an amount depending on the value of field
current used. Let T represent the ratio of tap to line
voltage, Y, the ratio of lagging to leading kv-a. capacity,
and E the ratio of the field current during synchronizing
to the no-load field current. Then the leading kv-a.,
drawn from the line on the tap, are represented by:

T (E - T) Y
and the leading kv-a. on full voltage are:

(E - 1) Y
For minimum shock to the system, these two must be

equal, whence we find the best value of field current to
use on synchronizing is:

E = T 1 (5)
which gives leading kv-a. equal to T Y,.

As a standard condenser usually has a no-load field
current equal to about one-third of its full -load field
current, and as the tap voltage used for starting is
usually not over 30 per cent, equation (5) shows that the
best value of field current for synchronizing is a little
less than 40 per cent of its rated value.

In practise it is convenient for the operator to deter-
mine the best value of field current by taking two V
curves on the condenser, one at full voltage and one on
the starting tap, reading the current input on the line
side of the compensator. Then, as indicated in Fig. 5, it
is a simple matter to prolong the leading branches of the
two V curves until they intersect, and this will give the
desired field current. The magnetizing kv-a. of the
compensator are usually large enough to make the de-
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termination by readings on the low side of the com-
pensator considerably in error, as indicated by the
dotted line in Fig. 5.

VII. STABILITY OF SYNCHRONOUS CONDENSERS

There are two aspects of the stability question as it
relates to synchronous condensers, the first dealing
with the stabilizing effect of a condenser on the system
voltage, and the second dealing with the ability of the
condenser to stay in synchronism during system dis-
turbances. These will be considered in turn.

A dead system load, made up of lamps, resistors,
reactors and so forth, is characterized by a constant
ratio between its voltage and current. If the voltage
rises or falls, the current does likewise in an equal
ratio, without change of power factor. A live load,
made up of synchronous and induction motors, is
characterized by a constant kilowatt demand, indepen-
dent of voltage, so that in this case the power com-
ponent of current rises if the voltage falls, and vice
versa. With a dead load, therefore, a fall in voltage
results in a decrease in line drop, while with a live load
a fall in voltage gives an increased line drop. The
former is always a stable, and the latter may be an
unstable condition.

For good system stability, it is necessary to counter -
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act the effects of a live load by adding equipment that
will give a rapid decrease in the line drop whenever the
voltage falls. A static condenser is of no use for this
purpose, as the current falls with the voltage, and thus
the voltage rise it produces falls also, increasing the
instability. An induction voltage regulator can be
used, but its effect is secured by the action of its control
mechanism, and so is not immediate: On the other
hand, a synchronous condenser fulfills the desired con-
ditions, as it gives an increased leading current when the
voltage falls, and vice versa. The action in this case
is immediate, as the field excitation is always equal to

the sum of the values required to produce the voltage
and the armature current, and any decrease in one
results in an equivalent increase in the other. This
property of the synchronous condenser is of the greatest
importance in problems of system stability.

A standard synchronous condenser with about 50
per cent lagging kv-a. capacity has a pull-out torque
of about 175 per cent of its rated kv-a., with full excita-
tion. At no-load, the pull-out torque is reduced to
about 75 per cent, and even with zero field current,
corresponding to full lagging kv-a., it still has a pull-out
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torque of about 20 per cent of its rating. A condenser
designed for 100 per cent lagging capacity has corre-
sponding pull-out torque values of about 225, 125, and
30 per cent. A standard condenser of 5000 kv-a., or
above, also has a value of W R2 equal to:

( 1000
2

)
W R2 = (6 to 8) (kv-a.) lb. ft. squared

rev. per min.
(6)

The familiar equation for the torque required to
produce angular acceleration in a rotating mass can
now be applied to determine what rate of change of
frequency can occur without the condenser falling out
of synchronism. This equation is:

WR2 dw - torque, (7)
g dt

where the moment of inertia in pound -feet -seconds
squared is:

W R2 7 (kv-a.)
1000 \

\ 32.2 rev. per min.

approximately, (8)

the angular acceleration in radians per sec. squared is:

dw
dt

-w dw df
wdt

-w fdt

2 7r

60
(rev. per min.)

fd
fdt (9)
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and the torque in foot-pounds is:

)Torque = (0.2 to 1.75) 7040 (kv-a.
(10)

rev. per min.

Substituting these expressions in (7), we find the
allowable rate of change of frequency for a standard
condenser to be:

d f
- 0.06 for zero field excitationf d t

= 0.23 for no-load excitation
= 0.55 for full -load excitation (11)

This means that the frequency could be changed 55
per cent per sec. without causing a standard condenser
operating at rated field excitation to fall out of step,
provided the voltages at its terminals were held absolutely
constant and balanced. In practise, a system distur-
bance usually both lowers and unbalances the voltage,
so the actually allowable rate of frequency change is
much less.

The torque developed varies as the square of the
voltage with no field excitation (full lagging operation),
and just a little faster than the first power of the
voltage at normal excitation (full leading operation).
If one line terminal is opened, the condenser operates
single-phase, and has a pull-out torque about 70 per
cent of its value at the same voltage three-phase. If,
however, the voltage between two terminals falls very
far, corresponding to a short circuit between lines, the
short-circuited phase acts as a generator feeding power
to the fault, and the pull-out torque is reduced still more.
Also, the existence of reactance in the lines and trans-
formers may greatly reduce the pull-out torque.
On the whole, therefore, taking into account these
factors and remembering that the maximum torque of
a synchronous machine is not fully available, due to the
hunting that always occurs on disturbances, it is prob-
able that not more than 10 per cent of the rate of fre-
quency change given by (11) is permissible.

Our conclusion is that a condenser operating at rated
field current will stay in step during system distur-
bances if the frequency does not change more rapidly
than 5 per cent per sec.; and at zero field current it will
stay in step during frequency changes up to per cent
per sec. If it falls out of step when the field excitation
is very small, the condenser will behave like an induc-
tion motor and will come right back into step after
the disturbance is over, while at large excitations, it will
come to rest and must be restarted, hence, the lessened
stability of a condenser at reduced excitations is not of
particular importance. On the basis of these figures, it
seems that standard condensers have ample synchroniz-
ing power for ordinary applications and that no weight
need be attached to this factor in writing condenser
specifications.

VIII. RECENT IMPROVEMENTS IN CONDENSER DESIGN

Designers are always striving to make more efficient,
cooler, and more reliable machines without increasing
the cost, and the results of their efforts should at inter-
vals be recorded. There are several recent improve-
ments in condenser design that seem worth presentation
here.

The design of amortisseur windings, especially the end
rings, has always presented a serious problem on large
high-speed machines, as the support of the projecting
bars and rings has proved mechanically difficult.
Furthermore, the presence of a complete end ring has
been very inconvenient in taking down and reas-
sembling the poles. By simply omitting any end -ring
connection between poles, the amortisseur winding bars
can be shortened, and the ring segment placed close to

FIG . 7-ROTOR OF 7.500-KV-A., 900-RE PER MIN.
SYNCHRONOUS CONDENSER

Showing open amortisseur winding and finned field coils

the pole piece punchings. The expansion of the bars due
to heating during starting is taken care of by leaving asmall axial clearance between the rings and the pole
pieces. This gives a very happy solution to the
problem, as it avoids all mechanical difficulties and
dangers from overheating of the exposed bars, and
greatly facilitates assembly. Most advances in the
art bring complications in their train, and it is there-
fore extremely pleasant to be able to record one that
simplifies the design instead. Fig. 7 illustrates this
construction.

Another recent improvement in rotor design consists
of the addition of fins to the ends of the field winding,also illustrated in Fig. 7. These fins are made by
simply projecting every second or third turn of the fieldcoil during winding. They give an increased area for
cooling on the ends, where it is most effective, and soreduce the field temperature.

In the design of the stator, improvements have takenthe form of simpler and stronger mechanical construc-tion by the use of steel plates welded together instead
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of castings, and in improved arrangements for ventila-
tion. Fig. 8 shows a 10 -pole, 20,000-kv-a., 720 rev. per
min., 11,000 -volt, synchronous condenser recently built.

The welded frame is much lighter than an equivalent
casting, and is more easily modified to meet special
requirements.

The number of cubic feet of ventilating air passing
through an open machine is so great that astonishing
amounts of dirt can collect on the windings in a short
time. For every kilowatt of loss, a machine requires
about 100 cu. ft. of cooling air per min., or, on the basis
of 8000 hrs. of operation annually, about 50,000,000
cu. ft. each year.

The air found in ordinary buildings usually contains
between 0.02 and 0.2 lb. of dust per 1,000,000 cu. ft.,6
and we may take 0.03 as representing reasonably good
conditions. If 10 per cent of the dust in the ventilating
air is deposited as it passes through the machine,. then
0.15 lb. are deposited annually for each kilowatt of
loss. Most large condensers have sufficient cooling
air to provide for losses equal to 3 per cent of the rating

FIG. 8-20,000-Kv-A., 720-REV. PER MIN., 11,000 -VOLT
SYNCHRONOUS CONDENSER

Showing steel plate frame

so that this means about 4% lb. dirt per 1,000 kv-a.
of rating. On a 50,000-kv-a. condenser, this gives a
total of over 200 lb. of dirt deposited annually.

The presence of dirt on the windings and in the air
ducts increases, of course, both the temperature rise and
the fire risk, so that the use of a closed system of venti-
lation prevents deterioration of the insulation and
provides valuable insurance. These advantages suffi-
ciently explain why the 50,000-kv-a. condensers re-
cently built have been provided with closed system
ventilation and water coolers. There is no doubt that
an increasing percentage of large machines will be built
in'this way in the future.

Last, but not least, steady reductions in the losses
of synchronous condensers have been going on. In
Fig. 6, the usually guaranteed losses of standard con-
densers of voltages and speeds as given in Table I are
shown in comparison with those existing four years ago.
Of course, considerable variations from the curve values
occur due to the special conditions in each case; never -

6. Margaret Ingels, "How Dusty is Air," Jl. Am. Soc. of
Heating and Ventilating Engineers, Vol. 31, Aug., 1925, pp. 415-
418.

theless, the curve can be relied upon for preliminary
calculations of the cost of condenser losses in projected
installations.

IX. ASYNCHRONOUS CONDENSERS

Asynchronous condensers, made by exciting a slip -
ring induction machine from a direct -connected, a -c.
exciter, are sometimes used abroad. They have the
advantages of affording a large lagging kv-a. capacity,
and of remaining in step through severe system dis-
turbances. They require a distributed rotor winding,
however, which results in a large extra cost and much
lower efficiency. With the short time settings of pro-
tective relays generally used in this country, the
extra stability is of no importance, and so their dis-
advantages mentioned far outweigh their advantages.

Finally the important advantage of synchronous
condensers in stabilizing the voltage, discussed in
section VII, is lost with the simplest form of asynchro-
nous condenser, which has its a -c. exciter fed from a
transformer connected to the main lines. For, in such
a machine, the exciting current decreases proportionally
to the line voltage, and so the leading current decreases
also, making the apparatus equivalent to a static
condenser only. This defect can be overcome by pro-
viding an auxiliary motor -driven synchronous generator
to feed the exciter, at some extra expense, when the
machine becomes equivalent to an unsaturated syn-
chronous condenser.

X. CONCLUSIONS

From this discussion, several fairly definite conclu-
sions can be drawn. These may be listed as follows:

1. The most economical speeds and voltages for
synchronous condensers are approximately those listed
in Table I. If quiet operation is important, it should be
secured by enclosing features rather than by resorting
to lower speeds.

2. Standard synchronous condensers have ratios of
lagging to leading kv-a. capacity of approximately 0.5.
To require a ratio of unity means an increase in size of
about 25 per cent above standard, together with a slight
sacrifice in efficiency.

3. To obtain greater lagging kv-a. capacity, recon-
nection or variable voltage operation of synchronous
condensers is not generally desirable, but may be justi-
fied in special cases.

4. The use of reactors to supplement the lagging
kv-a. capacity of standard synchronous condensers
offers many advantages, and may be generally prefer-
able to the use of special condensers with large lagging
capacities.

5. The standard method of starting synchronous
condensers as induction machines on reduced voltage
is preferable to the use of a starting motor. If espe-
cially low starting kv-a. are desired, oil pressure starting
equipment should be provided.

6. The least disturbance on synchronizing will take
place when the field current at changeover from the tap
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to lull Voltage is made equal to ( 7' ) tunes the no-
lo:ol lick! current, or, roughly, .10 per cent of the rated
field current of a standard condenser.

7. Present standard condensers have adequate
synchronizing power, and should stay in step on system
disturbances in which the frequency does not change
faster than 5 per cent per sec. at rated excitation, or one-
half per cent per sec. at zero excitation.

8. The use of asynchronous condensers presents no
important advantages over the usual synchronous
condensers, and is accompanied by a sacrifice in cost
and losses.

The author wishes to express his appreciation of the
assistance given him by Messrs. L. W. Riggs and 0. A.
Gustafson in the preparation of this paper.
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Research
Annual Report of the Committee on Research *

To the Board of Directors:

1. THE TRAINING OF RESEARCH WORKERS
There is, perhaps no more important problem at

this time than that of the training of research workers
and engineers. The popular appreciation of research
is increasing. This is good because the chief stimulus
of research is a certain state of mind akin to, but more
than, curiosity and inquisitiveness which without doubt
can be developed in the proper atmosphere. It was a
similar state of mind, a dissatisfaction, a desire to go
where others had not gone and see what others had not
seen that actuated our pioneer ancestors and resulted in
America. It would thus seem that the right material
should be available; but more than material and popular
appreciation is required to create -the necessary state
of mind. Are our colleges doing their part? As was
pointed out in the report of this Committee last year,
indications are that they are not. As a gage on the
research in electrical engineering at colleges, Dr. F. E.
Terman, of Stanford University, has made a statistical
study of research papers presented by college professors
and their students. The following is quoted from his
report which appeared in the April 22, 1927 of Science:

"The summary of this survey shows that the electrical

*Committee on Research:
John B. Whitehead, Chairman
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Edward Bennett, B. Gherardi,
V. Bush, V. Karapetoff,
E. H. Colpitts, A. E. Kennelly.
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E. W. Rice, Jr.,
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Clayton H. Sharp,
C. E. Skinner,
Harold B. Smith,
R. W. Sorensen.
I. E. E., Detroit,

engineering schools of our country produce about one-
eighth of the electrical and radio research that is re-
ported in the pages of the national engineering societies.
This represents about eleven articles a year. Of these
eleven articles coming from the colleges each year,
approximately seven come from four universities.
There is a total of several hundred. Apparently not
over a dozen technical schools are making much effort,
if any, in the way of research. Over half of the uni-
versity research in electrical engineering is the work of
eight men.

This is the situation, and it now remains to consider
the consequences of this condition. University re-
search in electrical engineering is primarily significant
as an indication of the situation which exists today in
the education of electrical engineers. The laboratories
of the big electrical companies make technical progress
assured even without university research, but the
country's supply of technically trained young men can
come only from the university."

These facts are disconcerting. In correcting this
condition, it must be kept in mind that true research
workers are more than mere readers of instruments
and collectors of data and cannot be turned out
mechanically.

It is not a mere matter of money and apparatus;
atmosphere and inspiration are necessary. These must
be supplied. There is, perhaps, something still to be
done by the industry in further recognition of the
research worker in a monetary way.

2. ACTIVE RESEARCH
This Committee serves as the Advisory Committee

on Electrical Engineering to the National Research
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Council. At the request of that Council, the Com-
mittee on Research has been instrumental in establish-
ing in the National Research Council, a Committee on
Electrical Insulation. This has given work of a definite
character to the Committee on Research and a small
group of its members has been active in this connection.

The Committee on Insulation, largely made up of
members of the Committee on Research, has already
made two reports; the second of which is a compre-
hensive review of the literature and present information
on the subject of dielectric absorption, and has sug-
gested channels for further research in this field. As a
result, a number of researches are now under way in
different universities; one of these, in Johns Hopkins
University, is of special interest on the present occasion,
as it is being supported by a generous fund guaranteed
by Engineering Foundation.

A third report of this Committee on Dielectric
Strength of Solid and Liquid Dielectrics is being pre-
sented at this meeting.

Research on cable insulation, under the auspices of
the N. E. L. A., is under way in several colleges. Part
of this work-Influence of Residual Air and Moisture
on Impregnated Paper Insulation-has already been
presented to the Institute by Doctor Whitehead.

3. STIMULATION OF RESEARCH

All divisions of electrical engineering offer wide oppor-
tunity for experimental study, development, and
research. It is the special duty of our Committee to
encourage and stimulate research, to keep in touch with
the results accomplished, and to see to it that the
members of the Institute and others interested are
informed.

To do this, the Committee asks its members to report
on all matters of the following natures that come fo their
attention:

1. New experimental work about to be undertaken
Information assists in co-ordination and often preveni s
duplication.

2. Important results of completed research. In-
formation is necessary for our annual report.

3. Suggestions of important problems for research.
The Committee has frequent opportunities for sug-
gesting promising problems for experimental attack.

4. Any method or occasion which suggests itself for
obtaining important research papers for the Institute.

President Chesney has done much to stimulate re-
search in his inspiring talks at our various Sections in the
United States and Canada. While he has pointed out
clearly the necessity of pure research and adequate
support of our colleges, he has not let us forget that the
work cannot go on by research alone. Combined with
this research spirit of adventure, there must be the
spirit of cooperation .and willingness of standardization
at the proper time. Strange as it may seem, research
and standardization must go together if the maximum
prosperity is to be attained. It is well, in closing, to

place the engineer by quoting from President Chesney's
Chicago talk:

"The electrical engineer's hopes and aspirations turn
him to the future. His spirit is essentially the spirit
of progress, and, while he reveres the accomplishments
of the past in which figures of men were more con-
spicuous than events, the changing conditions of
modern day civilization still leave him the embodiment
of progress. Complacent satisfaction with things as
they are has ever been foreign to his nature; he is con-
stantly striving for improvement."

F. W. PEEK, Acting Chairman.

SYNCHRONOUS MACHINES-HP
Torque -Angle Characteristics Under

Transient Conditions
BY R. E. DOHERTY and C. A. NICKLE

Associate, A. I. E. E. Associate, A. I. E. E.

This is the third part of a series of papers on the sub-
ject of synchronous machines. The first two were

I. An Extension of Blondel's Two -Reaction Theory,
II. Steady State Power -Angle Characteristics.
The present paper deals with the power -angle, or

torque -angle, characteristics under transient conditions,
namely,

A. Cyclic variation of impressed torque,
B. Sudden angular displacement,
C. Synchronizing out of phase.
It is shown, as in Fig. 6, that although the slope of

the torque -angle characteristic (which is an important
factor in the determination of the resonant frequency)
under the oscillatory condition is greater over a large
range of values of the average angle 5' than under
steady operation, nevertheless in the range of normal
operation, i. e., from 5' = 0 to 5' = 25 deg., the two
slopes, in the case of salient -pole machines, are practi-
cally the same. Hence, it is only in rather rare, special
cases that a correction in the slope for the oscillatory
condition is necessary. For such cases, equation 27
gives the correction.

Referring to condition B, Fig. 13 shows the steady
state torque -angle characteristic and also the character-
istics for the condition of sudden angular displacement,
the latter occurring from various given points on the
steady state curve. The slopes indicated by dotted
line segments in Fig. 6 merely correspond to parts of
the complete characteristics shown in Fig. 13. The
latter are calculated from equation 46.

It is fairly well known that synchronizing out of
phase gives rise to much larger torque than would
exist at the same angular displacement under steady
operation. The difference between these two torques
is shown in Fig. 17 for a steam turbine type generator.
The steady state torque is calculated from equation 26;
the transient torque from equation 61.

*Synopsis of paper presented at the Winter Convention of the
A. I. E. E. New York N. Y., Feb. 7-11, 1927. Complete copies
upon request.



High -Voltage Oil Cirolit Breakers for
ransmission Networks
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THE standards of the American Institute of Electri-
cal Engineers define an oil circuit breaker as a
"device (other than a fuse) constructed primarily

for the interruption, in oil, of a circuit under infrequent
abnormal conditions." Common usage, however, has
sanctioned the use of the term "circuit breaker" as
applying to a device for the regular and usual inter-
ruption of an energized circuit as distinguished from a
switch used only for opening circuits which are de-
energized or not carrying load. This paper will con-
sider only high -voltage oil circuit breakers, the term
"high voltage" being taken as applying to potentials
of 25,000 volts or above.

The fundamental purpose of a high -voltage trans-
mission network is to deliver power with a maximum of
reliability at a minimum expense.

The high -voltage oil circuit breaker is an integral
part of a transmission network. It is purchased not to
demonstrate whether or not it will fail under operating
conditions, but to insure service under both normal and
abnormal conditions.

In every paper on transmission line stability
presented before the Institute during the last five years,
the importance of fast and accurate switching has been
emphasized. The present paper proposes to outline in
a general way how present day high -voltage oil circuit
breakers fulfill some of the operating requirements of
transmission networks.

It may be said that oil circuit breakers are in use
today only because no better substitute has been
developed. In them, the function of the oil is to in-
sulate the contacts one from another and from the tank
or ground. Mineral oils with a relatively high flash
point are the only insulating mediums thus far available.
It must be noted, however, that during the time of
arcing the oil is a decided detriment to the breaker. It
becomes volatilized and builds up excessive pressures
in the container, and it becomes ionized and forms a
conducting path which aids rather than hinders the arc.
If it were possible to so construct a breaker, it would
be better to separate the contacts the required distance
and then introduce the oil at the zero point on the
voltage wave. This is not a practical possibility and it
is therefore necessary to have the contacts immersed in
oil at all times.

Many substitutes for oil have been proposed and tried
with varying degrees of success, and of these a high

1. Assistant Engineer, Division of Hydroelectric and Trans-
mission Engineering, Pacific Gas and Electric Co., San Francisco
Calif.

Presented at the Pacific Coast Convention of the A. I. E. E.,
Del Monte, Calif., Sept. 13-16, 1927.

vacuum seems to offer the greatest possibility of an
ultimate solution to the problem.' A one-half inch
travel of contacts in a high vacuum is equivalent to a
great many inches of travel under oil, and many possi-
bilities present themselves. The practical application
of the knowledge is a real problem. An exceptionally
high vacuum must be continually maintained under
service conditions, and means must be developed for
moving the breaker contacts the necessary inch or so
within this vacuum before the switch can be made ready
for general application. Of the other alternatives to oil,
mostly hydrocarbons, which have been tried, none so
far has been able to supplant the petroleum derivatives
except for very special uses and even then only to a
limited extent.

From the foregoing it is seen that there is no im-
mediate prospect of using any current interrupting
device for the control of high -voltage transmission
networks other than the oil circuit breaker using a
mineral oil as the insulating medium. It must therefore
be the foundation upon which to base the immediate
developments to secure improvements which will
better fit it for the duties it must perform. That im-
provements are necessary and urgently needed is ob-
vious to all operating men.3

The object of an oil circuit breaker is to interrupt
current. For the purpose of this discusssion the charac-
teristics of the interruption may be divided into two
general groups, which may each be further subdivided
for special consideration as follows:

I Characteristics influenced by the operation of the
oil circuit breaker.

a. Speed of break
b. Current (to a limited extent) to be

interrupted.
II Characteristics dependent upon the connected

circuit.
a. Power factor,
b. Recovery voltage,
c. Phase balancing,
d. Growth and decay of current values,
e. Resonance.

The subheading, I -a, may be still further sub-
divided for a study of the manner in which the speed
of break is controlled:

2. Vacuum Switching Experiments at California Institute of
Technology, R. W. Sorensen and H. E. Mendenhall, A. I. E. E.
JOURNAL, December, 1926, p. 1203.

3. A. I. E. E. TRANS., Vol. 43, 1924, pp. 656-657. and Elec.
World, Feb. 5, 1927, p. 302.

1340
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I -a. Speed of break.
1. Speeding up moving parts by,

a. Spring retracted contacts,
b. Accelerating springs,
c. Quick break contacts,
d. Explosion chamber contacts.

2. Multiple breaks.
The manner in which the speed of break is affected

by the several methods listed above will be considered
as exemplified in present day operating practise.

a. Spring retracted contacts were first used exten-
sively on oil immersed fuses which were in reality oil
circuit breakers with a fuse as the tripping mechanism.
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They were developed and used in Europe prior to 1904
and have been thoroughly described in the technical
journals of the time.' Letters patent covering this
type of apparatus were granted in the United States in
1905.5 This type of equipment is doubly interesting
at the present time because the surviving examples
represent at the same time the highest contact speed and
the smallest physical dimensions of commercial current
interrupting devices for use on high -voltage circuits.
The speed of break attained in a 1 M -ampere, oil filled
spring retracted fuse with 7 -lb. (3.17 kg.) pull is ap-
proximately 40 ft. per sec. (13.1 m. per sec.). An
example of its performance with 1600 ohms resistance
in series is given in Fig. 1 and with 300 ohms series
resistance in Fig. 2. Both tests were made in the short-
circuited phase to ground connection of a grounded Y
110-kv. circuit.

b. Accelerating springs are used at present on most
of the high -voltage oil circuit breakers. They may be
compression or tension springs or both, and in some
cases both types may be found in the same breaker.
Such springs are for the most part extended or com-
pressed, (depending upon the type), by the final action of
the closing mechanism of the breaker and serve both as a

4. Elektrolech. Misch., Juno 9, 1904, F. Collischonn.
5. Patent No. 781,347 to Christian Kramer, Jan. 31, 1905.

damping agent on the closing stroke and for acceleration
of the contacts on opening. In certain cases, the con-
tacts themselves serve such a purpose, as for instance in
the Westinghouse butt contacts, which are spring -
supported or the condit contacts which are of laminated
leaf copper type. The effect of these contacts can
be seen clearly in the accelerated travel of the moving
member, which slows down again after the contacts
part. See Fig. 6.

There are two major objections to the accelerating
springs in general use. First, their effect is minor so
far as a reasonable amount of speed in concerned, the
maximum recorded being about one-half ft. per sec.
(15.2 cm. per sec.) ; and second, they absorb energy at a
time on the closing stroke when it cannot well be spared
from most types of closing mechanisms. If greatly
strengthened, they give rise to uncertain closing and hair
trigger adjustments, already too much condemned by
operating engineers to require further discussion.
Suffice it to say that present day breakers require
too many critical adjustments, and development must
be toward a reduction in their number rather than any
tendency to make them more critical.

c. Quick break contacts usually take the form of
auxiliary contacts and serve two purposes,-first, to
increase the separation betwen contacts in a given
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time, i. e., to reduce the time of arcing, and second,
to preserve the main contact surface by breaking the
arc on replaceable auxiliary contacts.

From an operating standpoint the time and energy
required to operate the quick breaks is an advantage
to the oil circuit breaker, gained at the expense of the
system on which it operates. This comes about by
reason of the fact that all varieties of quick break
contacts now available delay the opening time until the
contacts have traveled a sufficient distance to bring the
quick break into action. Figs. 3 and 4 show the speed
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time curve of a Pacific Electric Manufacturing Com-
pany, 110-kv., 400 -ampere, six -break, oil circuit breaker
with contacts arranged as shown in Fig. 5. In this
case, the main contacts part after 3 or 4 in. (7.5 or 10
cm.) of travel from the closed position, whereas the
arcing contacts do not part until 8 or 10 in., (20 or
25 cm.) of travel has been obtained. This requires
0.075 sec. or more than 4 cycles on a 60 -cycle system.
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Fig. 6 shows the speed-time curve for a Westinghouse
Type G-2, 187-kv. oil circuit breaker of the type used on
a 220-kv. grounded Y system in which the quick break
contacts have the form shown in Fig. 7. With this
breaker, the main contacts part about 1% in., (4 cm.)
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FIG. 5-DETAILS OF CONTACTS, PACIFIC ELECTRIC OIL CIRCUIT
BREAKER

from the closed position and the quick break auxiliary
contacts about 10 in. (25 cm.) from the closed position.
This requires about 0.25 sec. or 15 cycles on a 60 -cycle
system. The speed obtained on the quick break con-
tacts themselves is about twice that of the main con-
tacts so that the arc when started is extended at about
three times the main contact speed.

d. Increased contact speed may also be gained
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oil circuit breaker manufactured by the General ElectricCompany, and may be found in the high interrupting
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capacity breakers of the General Electric Company in
the United States, and its affiliated companies, notably
the A. E. G., in Europe. The principle of the explosion
chamber contact is illustrated in Fig. 8 and is too well
known to require any extended description here.

In this type of contact the speed of break is obtained
by virtue of the gas pressure in the contact chamber
acting on the rod as a piston. The gas pressure is
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generated by the arc acting on the oil within the ex-
plosion chamber and depends upon the clearance be-
tween the contact rod and the explosion pot entrance
bushing and the amount of oil volatilized. The amount
of oil volatilized depends upon the current in the arc
and the time of arcing. This means that high currents
will cause increased contact speed over lower currents.

Fig. 9 shows the speed-time curve of a General
Electric F H K 0-36-33C, 115-kv., oil circuit breaker at
no-load, and Fig. 10 shows the speed-time curves for
the same breaker when interrupting 300 amperes of
line charging current. In this type of contact the
clearances are determined by the maximum amount of
current to be interrupted and the maximum speed the
contact member is permitted to attain. In the example
given above, the maximum speed was 5.5 ft. per sec.

(1.8 m. per sec.) while in the extensive Canton tests6
the contact speeds were between 6 and 7 ft. per sec.
(2 and 2.3 m. per sec.). The contact speeds attained
at the Alabama Power Company tests7 on explosion
chamber breakers were between 4.75 and 6.6 ft. (1.56
and 2.16 m. per sec.). This type of breaker obtains
increased contact speed at the expense of the oil in the
circuit breaker.

The breakers thus far considered have all been of the
two -break type, and the total length of arc in all makes
is approximately the same. The contact speeds are
also of the same order and range from 3.5 ft. (1.15 m.)
per sec. to somewhat less than 7 ft. (2.3 m.) per sec.
In order to better appreciate what these speeds repre-
sent, it may be well to convert them to mi. per hr.,
a term universally familiar to all. Thus we see that
3.5 ft. (1.15 m.) per sec. is only 2.4 mi. (3.86 km.) per
hr., 5 ft. (1.64 m.) per sec. is 3.41 mi. (5.5 km.) per hr.
and 10 ft. (3.28 m.) per sec., 6.82 mi. (11 km.) per hr.
which is only slightly above the speed of a brisk walk.
Present day high-speed d -c. circuit breakers have a
speed of approximately 200 ft. (65.6 m.) per sec.

Speed of contact travel is the only feature of the
breaker which may be varied to reduce the time of
arcing, and when it is considered that it is at present
usual to ask for interrupting capacities of a million kv-a.
or more, it would seem logical to greatly increase the
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speed of contact travel. The effect of increased con-
tact speed will be discussed later.

Under the heading I -a, Speed of break, there still
remains the consideration of the second subdivision,
Multiple breaks. By common usage the term multiple
break has been considered to apply to circuit breakers
employing more than two simultaneous breaks in series

6. JOURNAL A. I. E. E. July, 1927, p. 698, Tests on Oil Circuit
Breakers, by Sporn and St. Clair.

7. J. D. Hilliard, Circuit Breaker Testa at Bessemer, Ala.,
TRANS. A. I. E. E., 1924, p. 636.
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to interrupt the circuit. American manufacturers of
this type of breaker are the Condit Electric Manu-
facturing Company (Brown Boveri type) the Kelman
Electric and Manufacturing Company and the Pacific
Electric Manufacturing Company. The Brown Boveri
switch tested at Cantons was an imported breaker, but
almost identical with the American built breakers of the
same design. This was a type A F 24/1A, 150-kv.
breaker with ten breaks in series per pole. It had a
contact speed of from 1.7 to 2.2 ft. (0.56 to 0.72 m.) per
sec. and a contact travel of a little less than one foot,
(0.3 m.).

The Pacific Electric breaker has six breaks in series
per pole, the contacts rotating to make a horizontal
break. The speed-time characteristics of this breaker
with a solenoid operating mechanism are shown in
Fig. 4. The most recent switches of this company are
equipped with a motor -wound spring -type operator
which has increased its speed of operation to give a
contact travel of approximately 15 ft. (5 m.) per sec.
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with speed-time characteristic curves of the same
shapeas shown in Fig. 4.

Kelman breakers also employ a six -break contact
which is controlled through a pantograph mechanism to
make a horizontal linear break. The breaker is sole-
noid operated, and has a contact travel of approximately
3.2 ft. (1 m.) per sec.

The importance of speed in clearing trouble in a high -
voltage transmission network cannot be too strongly
emphasized. As systems grow in size and the amounts
of power available at a fault increase, it becomes more
and more necessary to isolate the fault in the shortest
possible time. With the large amounts of power avail-
able, great damage is done in a very short space of time

8. Sporn and St. Clair., Tests on Oil Circuit Breakers, JOUR-
NAL A. I. E. E., July, 1927, p. 698.

and the very existence of the network depends upon the
quickness and accuracy of the switching.

Relays have been developed and applied to line pro-
tection to such an extent that it is now practicable to
relay a line so that troubles causing a flashover can be
cleared before material damage is done to the line
insulators or conductor more than 90 per cent of the
time. Relays are now in operation which will close
their contacts selectively on grounds on one of a pair of
parallel lines in a definite direction on both ends of
that line in considerably less time than is required for
any available high -voltage oil circuit breaker to open
its contacts after the trip coil has been energized.

It will be shown later that the time required to open
the contacts of a present day high -voltage oil circuit
breaker is roughly one-half the total time required to
clear the average case of trouble. Exception to this is
made in the case of the breakers with explosion chamber
type contacts where the time is greater or less dependent
upon the particular design and the current to be inter-
rupted. It is therefore evident that the time consumed
by the relays in discriminating between circuits and
starting the necessary operations to trip the switch is
approximately only one-third of the total time required
to clear the circuit. The balance of the time is taken
by the oil circuit breaker itself in completing the inter-
ruption and is unnecessarily long. That increased
speed is desirable seems to be universally accepted.
The best method of achieving this increased speed
seems very much debated. From an operating stand-
point, however obtained, higher interrupting speeds
would benefit both the breaker itself and the system of
which it was a part.

LIMITATION OF CURRENT

In the foregoing outline under subheading (b) as a
characteristic of the circuit interruption influenced by
the oil circuit breaker was given the limitation of the
current to be interrupted.

In such breakers as have this feature incorporated,
it is usually accomplished by the insertion of resistance
into the circuit before the final rupture takes place.
European breakers use this feature much more often
than those manufactured in America, one reason being
that the greater proportion of European oil circuit
breakers are multiple contact and lend themselves
particularly well to such treatment.

The mechanical design of high -voltage oil circuit
breakers is not yet advanced to a point where the
resistance feature can be added without reducing the
mechanical reliability of the breaker below a safe
minimum in many cases.

However, low -voltage circuits for heavy duty are,
customarily equipped with external reactors to reduce
the duty on the oil circuit breaker and are considered
sound practise even though they entail a continuous
loss often for the sole purpose of protecting the oil
circuit breaker momentarily during trouble.
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The expense and operating difficulties attending the
use of external reactors for high -voltage work has pro-
hibited their use for 60 kv. or above, except in a few

isolated cases. The mechanical difficulties attending
their use internally on a two break oil circuit breaker
have. likewise prohibited their use in that direction in
this country.
CHARACTERISTICS DEPENDENT UPON THE CONNECTED

CIRCUIT

As subheadings under those characteristics over which
the oil circuit breaker has no control are grouped:
(a) power factor, (b) recovery voltage, together with
others to be considered later.

Because of the fact that the current in an a -c. circuit
is broken at or near the zero of the current wave the
duty on the breaker is least at unity power factor since

reasonably good and operating practise has determined
also that by far the major portion of high tension net-
work troubles are from conductor to ground.

In practise, therefore, the power factor of the circuit,
while important, is not vital to an oil circuit breaker
with any reasonable margin of safety except in special
cases which will be considered later. Coupled with
power factor is recovery voltage usually defined as the
voltage across the oil circuit breaker contacts in the
first half cycle after the circuit is interrupted.

The only thing definitely established regarding
recovery voltage on an operating network is that it is
not the simple vector relation of normal voltages that a
single generator gives on test. All of the transient
characteristics of the connected equipment influence
it sometimes for several cycles after the arc has cleared.

FIG. 11-INTERRUPTION OF SINGLE-PHASE GROUND ON PIT LINE NO. 1 (SYSTEM CONNECTED)

Vaca -Dixon Substation-July 9, 1926
Y -B P contacts open

El. 1-Position indicator
El. 2-Arc volts B phase
El. 3-B phase current
El. 4 -50 -cycle timing

the voltage across the contacts is also zero at that time.
With a decrease in power factor two things happen:

First: The voltage available to strike across the gap
and reestablish the arc is higher being a maximum at or
near zero power factor since the voltage is a maximum
when the current is zero at that time.

Second: Since the character of the circuit interrupted
determines the character of the voltage wave across the
contacts, the arc voltage on inductive circuits has the
characteristic horns as discussed in many texts.9

These horns for metallic electrodes under oil are very
sharp, frequently too sharp to be recorded satisfactorily
on the commercial oscillograph and are often equal to
or slightly greater than the nominal circuit voltage at
the time of interruption.

Contrary to the usual idea, system stability tests have
demonstrated that in practise the power factor of a
ground on a high-tension network may have been

9. Alternating Current Phenomena, C. P. Steinmetz, Pages
353-357.

PHASE BALANCING AND GROWTH AND DECAY OF
CURRENT VALUES

In low -voltage networks and particularly in oil circuit
breaker tests on a single generator .the current to be
interrupted begins to decrease after the first half cycle
of short circuit. It is therefore, as a rule, easier for the
oil circuit breaker to clear the circuit several cycles
after the short circuit is applied.

Most troubles on such generators and networks are
between phases so that such tests represent a practical
operating condition.

High -voltage network troubles are more often from
wire to ground; on the sy tem of the Pacific Gas and
Electric Company for instance, on 60 kv. and above,
over 95 per cent of all line trouble is from phase to
ground. For such conditions the initial short circuit
current may be only a fraction of the final value to be
interrupted.

Fig. 11 gives an oscillograph record of a wire to ground
short circuit on one of two parallel 220-kv. lines with the
system in normal operation cleared by relay in the
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usual way, leaving the second line in service. The
current in this case increased for some 5 or 6 cycles and
was then practically constant until interrupted. This
is due to the so-called phase balancing action and in
some cases has given as high as a 2 to 1 ratio between
initial and maximum amperes. The same thing takes
place if the several phases of an oil circuit breaker do
not interrupt the circuit simultaneously although this
trouble is largely eliminated from present day oil
circuit breakers.")

RESONANCE

Of all the phenomena occurring during the interrup-
tion of a high-tension circuit as part of an operating
network, there remains the one probably the least
understood,-resonance. At the instant the contacts
part, an arc is established. It has a so-called negative
resistance due to the fact that the initial stream of
ions and electrons under the influence of a high potential

This has an immediate and practical application in
high-tension oil circuit breaker practise because on
every line that is cleared in trouble to ground at least
two phases at one end must interrupt charging current
which may or may not be the nominal charging current
of that line.

In Fig. 11 was given a record of the interruption of
a single-phase 220-kv. ground of some 2430 amperes.

Fig. 12 gives the record of the same oil circuit breaker
on the same 202-mi. line interrupting 156 amperes of
charging current at 220 kv.

The length of arc, slightly under 19 in. per contact,
was the same, the contact burning the same so far as
visual inspection could determine, and the deterioration
of the oil the same. Figs. 13 and 14 give these plotted
in the form of curves.

It is to be noted that after the first two cycles the
current builds up at the natural period of the line to
values much in excess of the normal 60 -cycle charging

FIG. 12-PIT LINE CHARGING CURRENT INTERRUPTION AT 220 Kv.

X-A-phase
El. 1-Position
El. 2-C phase
El. 3-A phase
El. 4 -50 -cycle

Vaca--Dixon
contacts open
indicator
current
current
timing

Substation-June 26, 1926
Y -B phase Z -C phase

El. 5-B phase current
El. 6-Arc volts B phase
El. 7-Arc watts B phase
El. 8 -50 -cycle timing

gradient cause additional ions and electrons by collision.
This in effect increases the area of the arc and decreases
the resistance.

At the start of the break there is a relatively low
potential across the arc and the effect of arc voltage is
scarcely noticeable. As the contacts part the voltage
across the arc increases and the current growth for each
cycle is determined more and more by the character-
istics of the connected circuits frequently differing
greatly from the system frequency.

This ability of the arc to convert from one frequency
to another is wellknown in communication but is little
appreciated by transmission engineers and practically
no data on the effect of series arcs in a circuit containing
capacity and reactance are available.""

10. Practical Aspects of System Stability, R. Wilkins, A. I. E. E.
TRANS., Vol. XLV, 1926, p. 41, (Fig. 7).

current, the speed of current growth being greater for
short sections of line since the characteristics change
for them.

In practise such records have been taken for several
makes of 110-kv. oil circuit breakers for identical con-
ditions using the several methods of increasing contact
speed from two break breakers with a speed of less than
4 ft. per sec. per contact to 6 -break breakers with a speed
of 15 ft. per sec. per contact and a range of arcing time
from 12 cycles on the slower speed to 2 cycles on the
higher speed.

The total arc length increases for a given duty on
most types as the speed increases at some rate less than
the speed increase, i. e., a 6 -break oil circuit breaker has
a greater total arc length, but a much shorter length per

11. C. P. Steinmetz, Frequency Conversion by third Class Con-ductor, A. I. E. E. TRANS., Vol. XLII, 1923, p. 470.
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contact than a two -break oil circuit breaker for the same
duty.

The important point often overlooked is that the high-
speed breaker clears the disturbance in much less time
with much less damage both to the system and to the
breaker.

There is no virtue in making an elaborate contact
arrangement and then slowing the whole mechanism
down to the same total speed as a simple one break
breaker. But a breaker which will clear a given trouble
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FIG. 13-SINGLE-PHASE GROUND ON PIT LINE NO. 1
Equipped with rotating release arcing tips. Breaker tripped out by

station relays. Line connected to System, at Vaca-Dixon Substation-
July 9, 1926

in one or two cycles is a much more satisfactory piece
of apparatus than one requiring 15 cycles, provided it
can be properly relayed and made to stay together.

CONCLUSIONS

Throughout this paper the viewpoint on controversial
subjects has been from the practical side; that is to
say, from the position of the operating man rather than
the manufacturer. This as is it should be, for design
must meet the requirements of the operating man who
purchases and uses the apparatus.

The primary assumption has been made that the
function of a transmission network is to deliver power
with a maximum of reliability at a minimum expense.
The oil circuit breaker is an integral part of the network
and has a particular and very important function to
perform.

Engineers engaged in the design of transmission
networks must now plan the network to operate in such
a manner that it will not overstep the capacities of the
oil circuit breakers installed. These capacities are
not definitely known and therefore large factors of
safety must be allowed and unnecessary expense
incurred.

This is especially true in very high -voltage trans-
mission lines, where both carrying capacity and stability
are greatly improved if the lines can be broken up into
sections by switching stations and only a relatively small
section isolated to clear up trouble. Such a plan is
not generally carried out because of the operating
limitations and great cost of high -voltage oil circuit
breakers. The oil circuit breaker is therefore the
limiting feature to the securing of the best possible

operating results in electric transmission developments
involving many millions of dollars.

With the increase in transmission voltage and the
large concentrations of power, there has come a new set
of problems not previously encountered. The problems
of transmission line stability and continuity of service
are of the utmost importance because outages render
large blocks of power unproductive of revenue and
may cause financial loss to consumers dependent upon
continuous service. The position which the oil circuit
breakers hold in these problems is becoming more gen-
erally realized, their faults and shortcomings recognized
and most important of all, their economic relation to the
rest of the development is being clarified. This has
taken time, for engineers and operators have formed the
habit of uncdtisciously basing their decision around oil
circuit breaker limitations. They had to be on the
safe side, and what would have been the best solution
of a problem may have been discarded in place of a plan
less favorable from economic or operating results, but
more sure of success because the circuit breakers could
not be considered as highly reliable pieces of apparatus
to guarantee the carrying out of the most desirable plan.

Certain fundamental requirements may be set down
as essential in an oil circuit breaker for use on high -
voltage transmission networks. To meet these re-
quirements with present day knowledge of oil circuit
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Equipped with rotating release arcing tips at Vaca-Dixon Substation,
June 26, 1926
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breaker design requires a composite breaker embodying
the strong points to be found in the designs of the several
manufacturers. Briefly, these requirements are:

1. The total operating time for a complete "open -
close -open" cycle of operations at rated current, and
voltage shall not be more than 0.2 sec.

2. The arcing time shall approach as close as possible
to the ideal of one-half cycle.

3. The energy for the switch operator shall be stored
and available for instantaneous release. The mecha-
nism should not have a power demand in excess of one
kw.
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linalier shall he earable of completing 100
normal °v et ai ing cycles before any inspections or ad-
justments :ue necessary. t If requirements 1 and 2
are met successfully, t here should he no trouble in
reaching 1000. 

5. The breaker shall be so designed that it can be
installed, adjusted and maintained by the average
mechanic without especial training in oil circuit breaker
technique.

The growing knowledge of the important part played
by the oil circuit breaker in a transmissiion network is
stimulating investigations on the part of the operating
companies to satisfy themselves as to the best circuit
breaker for use on a given system. As has been
previously stated, it is economically unfeasible for each
manufacturer to maintain equipment for -the testing of
oil circuit breakers with a rating of 2,000,000 or more
kv-a. at 220,000 volts. Also these tests at the manu-
facturers' plants are not conclusive for it is impossible
to duplicate the conditions met on an extensive, inter-
connected transmission network, where recovery
voltage, resonance, surges, etc., are variable and
indeterminate.

The only way in which it is now possible for an operat-
ing company to satisfy itself of the suitability of any
theory of circuit breaker design, is to conduct carefully
supervised tests on its own system. This requires a

tnaXiiiiuiiif1'1111':t)'., hut if reliable ervii.e Is the
utlimate po;tl, all equipment must be tried :le found not
wanting. Competitive designs and theories, coupled
with a wide range in price quotations, all in the face of a
positive refusal to give any guarantles on performance,
make the selection of an oil circuit breaker for a given
installation extremely difficult. 1're>i'iit day knowledge
must be amplified by further test data.

It is entirely possible that the oil circuit breaker as
now known, may not be the ultimate device for opening
a -c. circuits. They are used today because they are the
only devices which have been developed to the point
where a reasonable dependence may be placed on their
operation.

The immediate problem is to combine in one oil
circuit breaker all of the good features now available in
the designs of the several manufacturers. By so doing
it will be possible to approach the operating require-
ments set down previously, and secure a breaker
superior in performance to any now offered. Along
with this must go continued research, looking toward
the development of a device for the interruption of a
high -voltage, alternating -current circuit which will be
as dependable in its operation as is the transformer and
generator. Pending this time, oil circuit breakers must
be purchased and used with a full knowledge of their
limitations.

Iron and Steel Industry
Annual Report of Committee on Applications to Iron and

Steel Production*
To the Board of Directors:

The importance of electricity to the production of iron
and steel has reached such magnitude that this Com-
mittee believes that all engineers should be informed as
to the situation so as to be prepared to apply it success-
fully in all its fields of application. To this end, the
Committee would outline the extent to which electricity
is being applied in this industry.

LIGHTING

Perhaps the first application was that to lighting.
The arcs were replaced by incandescent lamps and now
illumination is receiving much attention as to the proper
lighting of various jobs and work spaces. Proper
illumination is now credited with increase in both

*Committee on Applications to Iron and Steel Production
A. G. Pierce, Chairman, 1239 Guardian Building. Cleveland. Ohio
A. C. Bunker, S. L. Henderson, J. W. Speer,
A. C. Cummins, R. H. Keil, G. E. Stoltz,
F. B. Crosby, W. C. Kennedy, T. S. Towle,
J. H. Hall, A. G. Place, J. D. Wright.

F. 0. Schnure.

Presented at the Summer Convention of the A. I. E. E. at
Detroit, Mich., June 20-24, 1927.

production and safety. Steel mills, however, are not
yet lighted as they should be, and increased emphasis
should be placed on this phase of their work by electrical
engineers.

HEATING
The use of electricity for heating has increased with

the installation during the past year of over 25 melting
furnaces. These range from Y4 ton to 25 tons, and are
of the arc type. The time of melt has been reduced
considerably. The increase of production has also been
greatly influenced by furnace design. The removable
roof type of furnace appears to be the trend in design.

Resistor type furnaces are being used for annealing
and for heat treating of alloy steels. Laboratory fur-
naces have been used in the steel mills for many years.

Several years ago electrical heating was applied to
rolls in sheet and tin mills to increase production during
the first turn after a shut down or a roll change. This
use is apparently well grounded since a report by the
A. I. & S. E. E. states that 168 roll heaters are in usein 19 plants. Electrical heating devices have been
used in crane cabs and offices for many years.
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MAIN ROLL DRIVES

During 1926 nearly 150 main roll drives were pur-
chased, all of which were electrically operated. Of

these only six were a -c., the rest were d -c., ranging from

230 to 900 volts. Of a special interest is the 8000-h. p.,
700 -volt reversing, d -c. motor drive for the 54 -in.
blooming mill in a Pittsburgh mill. Large motors for
such drives have become common. Individual motor
drives on tandem strip mills are also of interest because
of their increased use. While the use of d -c. motors
has predominated, a few induction motors have been
installed with speed control; also, a few large syn-
chronous motors have been applied with apparent
success on their particular mills. Undoubtedly, the
use of synchronous motors for mill drive will increase.

To reduction of labor and the actual improvement in
the steel produced is due the importance of the electri-
fication of steel mills. Electric drives in steel mills
permit the mill designer to produce a mill that will do
things heretofore impossible.

AUXILIARY MILL DRIVES

In connection with the installation of many new main
mill drives, auxiliary drives have come in for much
attention, with the idea of giving closer control of these
auxiliaries with fewer operators. Automatic control
of screw -downs, tables, transfer cars and drag-overs,
together with furnace doors and pit covers, has increased
with resultant efficiency, the ratio of steel production
to men employed.

The A. I. & S. E. E. has completed its specifications
for auxiliary and mill motors and one motor manu-
facturer has announced motors built according to these
new specifications.

Alternating current is gaining some ground applied to
auxiliary drives, but direct current is apparently very
well grounded in the steel mill electrical man's scheme
of operations.

WELDING

Electric welding can be mentioned briefly because it
is used extensively for repair work, and indications are
that in the future building construction will be in-
fluenced by this process.

Perhaps the most important application of electric
welding is its use for the building up of large machines
by welding plates. These welded structures are to
replace castings. The ease with which complicated as
well as simple structures can be made, together with
their lightness and strength, is making this innovation
one of importance and one which gives promise of
rapidly increasing use.

SAFETY

Because of the wide -spread use of electricity in mills,
the various electrical departments appear to be leaders
in safety programs and the elimination of all hazards as
well as those electrical. This may be because of the
peculiar nature of electrical hazards, and the extensive

steps taken by power companies and electricity users to
eliminate these hazards and to take care of unfortunate
victims. The prominent place of steel mill electrical
men in the promotion of safety should be recognized.

MEASUREMENTS AND INSTRUMENTS

The metering of electric power has been practised
from the first, and its convenience has caused its more
extensive use in the mills in order to determine not only
the total power costs, but also the detailed operating
costs down to individual machines and drives. Even
auxiliary drive controllers are being specified to include
permanent shunts for convenient metering. This
permits proper distribution of costs for different

processes.
Electricity also plays an important part in other than

power measurements, such as tachometers and pyrom-
eters for speed and temperature determinations. The
metering of gases is done also readily with great con-
venience by electrical means.

By the increased use of electrical power measurements
attention has been called to economies that are possible.
These economies are watched by all departments and
stimulate effort by department heads to make savings
heretofore uncontemplated. Furthermore, these mea-
surements and economies stimulate improvement of
design to effect even greater economies.

CONCLUSION

In conclusion, it may be noted that there is con-
siderable activity in the rebuilding of steel mills so as
to produce more steel at a lower cost. The old steam
drives are replaced by electric drives, most of which are
for direct current.

The transmission of electric power at high voltages,
together with the ease with which it can be converted
for convenient application, has caused the use of
electricity to drive out steam. Its use is now amply
safe -guarded and engineers and operators are more
skilled in its application and use. The ease with which
a few mill operators can control a large number of
motors through remote. control devices further demon-
strates the superiority of the electric drive This
rapidly increasing use of electric power demands the
closest attention of electrical engineers.

The improvement in engineering that is apparent
today gives a certainty of predetermination of results
which is not only gratifying to the engineer, but of
greatest value to the executive.

About 23,000 acres in Mc Curtain County, Okla-
homa, are to be covered by a lake to be created by the
building of four dams on the Mountain Fork River,
where a paper pulp industry is developing. On the
Colorado River in Texas, near Kingsland, and between
Austin and Lampasas, six power dams are to be erected
to impound water enough to generate 122,000 horse
power of electrical energy.



The Space Charge That Surrounds a Conductor
in Corona

BY JOSEPH S. CARROLL'
Associate, A. I. N. IC.

Synopsis.-A qualitative analysis of the nature of the space
charge created about a conductor in corona, particularly with respect
to relative magnitudes and polarities, rather than actual quantitative
measurement, is described here. This work teas the principal work
on corona during the past year in the Ryan High -Voltage Laboratory.

In tests with the arrangements of a wire and a plane, and of a wire
and a cylinder, a decided rectifying effect was discernible in the space
about the conductor in corona, in that that region was built up to a
unidirectional potential above ground, the magnitude and polarity
of this potential depending on the voltage applied. In both of these
set-ups, this net rectification, which is evidently caused by some
differential action entering into the ionization process, was of a
positive sign at the start of corona, but changed over to negative as the
voltage was raised.

In a test made on two 1.1 -in. diameter, parallel concentric strand
copper conductors, 10 ft. apart, the space between them was found to
have assumed a potential above ground when the conductors were in

and JOSEPH T. LUSIGNAN2
Associate, A. I. H. E.

corona, the sign of this charge being negative at first, and then
positive as the voltage increased. Tests were also carried out on a
single brush, and on a rod fitted with "artificial" brushes.

In a corona -loss curve taken on the two cable conductors it was
found that at the same voltage at which the sign of the rectified space
charge had reversed, there was a "break" in the curve. This
"break" corresponded to the point above which Peek's quadratic law
of corona holds, and below which he has suggested the entrance of a
probability relation.

A final field test was made at a span of the 220-kv. Pit River Linea
of the Pacific Gas and Electric Co., in order to ascertain the magni-
tude and polarity of the charge built up about a high -voltage line in
service. A negative polarity was found to be present as far down as
30 ft. below the conductors. Although the voltage was raised to
260 kv., the charge remained negative, indicating that the line at its
normal 220-kv. potential was operating at a point on the corona -
loss curve appreciably below that where the break occurs in the curve.

GENERAL EXPERIMENTAL STUDY OF SPACE CHARGE
THE continuation of the study of the nature of the

space charge that surrounds a conductor in corona
was made during the past year in the Ryan High-

Voltage Laboratory by attacking the problem from
several different angles.?

One of the simplest cases giving evidence of the
presence of a space charge is in the time-honored set-up

the center of a cylinder. If the cylinder
is connected to ground through a condenser and a d -c.
galvanometer is shunted across the condenser and then
alternating voltage is applied to the wire at the center
of the cylinder, the galvanometer will indicate, in the
usual set-up, the presence of a unidirectional current
as soon as corona appears on the wire3. If the gal-
vanometer shows a deflection, it indicates that some of
the space charge that is planted about the conductor
is getting over to the cylinder. Since the sign of the
charge leaving the conductor reverses each time the
voltage reverses, the deflection of the galvanometer
indicates that charges of only one sign get over to the
cylinder or that more of one sign than the other gets
over. With the ordinary set-up, this unidirectional
current is usually from the cylinder to ground at first
but as the voltage is raised the galvanometer indicates a
reversal of current. The reason for this will be taken
up later.

If the wire and cylinder be replaced by a wire and
neutral plane, the circuit connections being the same as

1. Assistant Professor of Electrical Engineering, Stanford
University.

2. Fellow in Electrical Engineering, Stanford University.
7. See Bibliography for reference.
Presented at the Pacific Coast Convention of A. I. E. E.,

Del Monte, Calif., Sept. 13-16, 1927.

those described in the use of the cylinder, the results
obtained will be similar.

A little more as to the nature of the space charge can
be learned by the set-up shown in Fig. 1. This method
has been used by several others in the past and is not
given here as anything new, but only to complete the
story." If, for example, the plate is made positive
with respect to the wire mesh, part of the negative ions
arriving at the wire mesh will be drawn through to the
plate where they will give up their charge which will
then produce a deflection of the galvanometer. The
relative amount of the space charge arriving at the
neutral plane can be observed under different conditions
with respect to voltage, size of wire, distance of wire from

Wire

Wire Mesh Screen
High

Voltageitutuw
rural

plate, etc. A great deal of work has been done along
this line by Mr. Willis.4 A characteristic plot of results
that were obtained by the authors using the method
just described is given in Fig. 2. The curves show
that the positive ions reach the neutral plane at a lower
applied voltage on the wire than do the negative ions.
The number of negative ions reaching the neutral
plane, however, increases more rapidly with an increase
in applied voltage than does the number of positive ions.If it were not for the fact that a single brush from a
point has almost the same characteristic curves as those

1350
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in Fig. 2, except with reverse polarity, it might not be so
difficult to offer an explanation for the form of these
two curves. If high -voltage direct current is applied

to the wire instead of alternating current, and the corona
current plotted against the applied voltage with the
wire positive and then with the wire negative, the results
will not differ much in form from those shown in Fig. 2.°
Three of the factors that help to determine the form of
these curves are the mobilities of the ions, their rate
of manufacture and the amount that their presence
disturbs the normal field.

One of the most important things is lacking in the
results obtained by means of the set-up shown in Fig. 1
and that is the time element. In other words, what is
the wave form of the current produced by the arrival of
this space charge at the neutral plane? Since the action
is cyclic, it was a comparatively easy matter to deter-
mine the form of this wave. The set-up shown in
Fig. 3 was evolved. The principle made use of here is
very simple: If a charged electroscope is brought near
to a conductor in corona, it will be discharged, of
course, by the attraction of the ions which will neutralize
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FIG. 2-CURVES SHOWINGITHE AMOUNT OF POSITIVE AND
NEGATIVE CHARGE ARRIVING AT THE NEUTRAL PLANE IN
RELATION TO THE APPLIED VOLTAGE. A No. 14 POLISHED
COPPER WIRE 5.5 IN. FROM NEUTRAL PLANE.

its charge. Now suppose instead of exposing the
electroscope continuously; a synchronous shutter be
provided that will expose it for only a certain portion
of the cycle. If the rate of discharge of the electro-
scope be noted as the shutter is operated at different
phase angles with respect to the applied voltage, the
determination of the wave form can be made. This
synchronous shutter arrangement was obtained by
means of a four -pole synchronous motor driving a
12 -in. aluminum disk with two radial slots 3.5 in. long
and five deg. wide; see Fig. 3. This disk rotated under
a metal plate in which there was a slot the same size
as those in the disk and the position of the disk was
such that the slot in the plate and a slot in the disk
came in line once each cycle.. When these slots coin-
cided, the plate of the charged electroscope could draw
through some of the ions that arrived at the metal

plate, thereby discharging the electroscope. The rate
of the discharge of the electroscope is a measure of the
relative number of ions arriving at the neutral plane at
that instant. The phase angle of the motor driving the
disk was changed by means of a phase shifter and in
this way the action over a complete cycle could be
observed with the electroscope charged positively and
then with it charged negatively. The electroscope
was charged after each reading by means of a well -
insulated switch, Si. A 1050-kv-a., 60 -cycle, sine wave
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generator was used in this work. Towdetermine-the
phase position of the synchronous disk with respect to
the applied voltage, a contactor C was arranged on the
disk so that it closed a circuit at the instant when the
slot in the disk and the slot in the plate lined up. With
switch No. 2 closed in the A position, a click could be
heard in the phones when the contactor closed the
circuit. By shifting the phase angle of the revolving
disk, a position on the phase shifter could be found
where there was no click, which indicated the zero
point of the voltage wave. Since the motor used could
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FIG. 4-CURVES SHOWING THE RELATIVE AMOUNT 'OF
CHARGE ARRIVING AT THE NEUTRAL PLANE AT THE VARIOUS
PHASES OF THE VOLTAGE CYCLE. A No. 14 POLISHED COPPER
WIRE 5.5 IN. FROM THE NEUTRAL PLANE

come into step with the disk in one of two phase
positions, 180 deg. apart, it was necessary to be certain
that this phase was the same each time the motor was
started up. To do this, switch No. 2 was closed in B
position and with the phase shifter at the same angle
each time the motor was made to come into step so that
the d -c. voltmeter read positive.
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The results obtained by this method are qualitative
only but they give additional information that cannot
be secured otherwise. Curves shown in Figs. 4, 5 and 6
were obtained by means of this set-up and will be dis-
cussed later.

Since the field about a wire above a neutral plane is
not symmetrical, it was decided to find out what the

80 120 160 200 240 280 320 360
PHASE ANGLE

FIG. 5-THE SAME AS FIG. 4 EXCEPT THE WIRE HAD BEEN
OUT IN THE WEATHER FOR TWO YEARS WHICH HAD OXIDIZED
ITS SURFACE

effect on the form of the curves would be of a uniform
radial field. The metal plate was replaced, therefore,
by a 15 -in. diameter metal cylinder having in it a slot
which occupied the same position over the disk as the
slot of the metal plate.  The data for the curves shown
in Figs. 7, 8 and 9 were then taken.

The curves of Figs. 4 to 9 show that, except for magni-
tude, there is very little difference in the form of the
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FIG. 6-THE SAME AS FIG. 4 EXCEPT A No. 10 POLISHED
ALUMINUM WIRE WAS USED; ITS DISTANCE FROM THE NEUTRAL
PLANE WAS 10 IN.

positive and negative halves of the wave. A very
important thing to note is the arrival of the charge at
the neutral plane or cylinder sometime after the voltage
on the wire has reversed.

There are two fields involved in the drive of the ions
across the space, that of the wire itself and that due to
the space charge, and the results have shown the latter
field to be of considerable importance. In Figs. 4, 5

and 6, the positive charge continues to arrive at the
grounded plate even after the voltage on the wire has
reversed and reached its negative crest. This is also
true for the negative charge and may be attributed to
the diffused state of the ions caused by the unsym-
metrical field between wire and plane. In the case of
the cylinder where the field is radial, there is little or no
time when there are ions of both signs present at the

FIG.

0 40 80 120 160
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7-THE SAME AS IN FIG. 4 EXCEPT FOR A No. 16

200 240 280 320

POLISHED COPPER WIRE AT THE CENTER OF A 15 -IN. CYLINDER

same instant during the cycle. Figs. 4 and 5 show
the difference between a polished wire and one covered
with oxide. The positive and negative charges seem
to come in at approximately the same voltages with
the oxidized wire. An enameled wire was tried also
and the curves were similar to those for the oxidized
wire. Had taken at a little higher voltage
with the polished wire, the negative charge would have

120 160 200 240 280 320
PHASE ANGLE

FIG. 8-CONDUCTORS OF DIFFERENT DIAMETERS AT THE
CENTER OF A 15 -IN. CYLINDER. APPLIED VOLTAGE HELD
CONSTANT FOR ALL THREE AT 70 KV.

exceeded the positive as it did in the case shown in
Fig. 6.

(Since the scale used for plotting the flow of charge
was dependent upon the rate of fall of the leaf of the
electroscope, which in turn was dependent upon the
position and calibration of the electroscope, the only
quantitative comparison of curves that can be made is:Fig. 4 with respect to Fig. 5 and Fig. 7 with respect toFig. 8.)
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It was found that curves obtained with a polished
copper wire were practically identical with those secured
with a polished aluminum wire of the same size under
similar conditions.

In Fig. 9, with the kenotron in the wire circuit, the
increase in the flow of charge is to be noted as the
voltage on the wire goes over its crest having the same
sign as the charge. This increase in the flow of charge
is due only to the increase in the field driving the ions
across.

Various attempts have been made to compute the
movement of ions with conductors in corona. In
order to do this, some have assumed varying mobilities
for the ions which in our opinion is not justifiable until
more data concerning the nature of this space charge
are available.

If the distance from the wire to the grounded plane or
cylinder be made sufficient, charges of both signs will
not get across, but in no case in our tests was the
distance so great that none of the charge of either sign
got over when corona was present on the conductor.

v6

120 160 MMM 320
PHASE ANGLE

360

FIG. 9-SAME AS IN FIG. 7 EXCEPT VOLTAGE WAS APPLIED
TO THE WIRE THROUGH A KENOTRON

In fact, charges were found 30 ft. out from a conductor
of a 220-kv. commercial power line on which there was
but slight corona. This test will be discussed more
fully later.

For a limited space about a conductor in corona, the
sign of the charge is reversed at each reversal of voltage.
Beyond this space, charges of only one sign appear,
which fact is undoubtedly due to a differential effect
of the alternating charge near the conductor. The
polarity of this charge is not the same for all conditions.
In general, with an unpolished conductor out in the
open, such as a transmission cable, the charge is negative
at the first appearance of corona but as the voltage is
raised it changes over to positive. If the wire is highly
polished and near the neutral plane, however, the charge
is positive at first and then negative. If the distance to
the ground electrode is relatively great, the actual flow
of rectified current to supply this outer charge is very
small. In some cases, however, the potentials built up
by the charges are fairly great.

If in the case of the wire and cylinder some method
is used to neutralize or balance out the charging current
from the cylinder to ground that would flow if corona
were not present, the current that remains is commonly
called the corona current. The latter is made up of two
elements; namely, the ions that actually reach the
cylinder and the bound charge that is drawn to the
cylinder by the ions that leave the wire but do not get
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across. The question arose here as to what percentage
of this current was due to the ions that arrived at the
cylinder. The set-up in Fig. 10 was used to obtain the
corona current. Below the corona starting voltage, a
position was found on the potentiometer control such
that there was no deflection of the cathode ray. This
point, once found, would be the same for all voltages,
so that when corona came in, the deflection of the
cathode ray would be due to the voltage across the con-
denser, caused by the corona current only. The value
of this voltage was determined from the amount of
deflection of the cathode ray, and with the capacitance
of the condenser known, the average
current was computed. The set-up in Fig. 11 was
next used to determine the current produced by the
ions actually reaching the cylinder. The principle is
the same as that shown in Fig. 1. In this case, however,
it was necessary to trap all the ions reaching the center
section of the cylinder; therefore, a wire cylinder of
Y1 -in. mesh was fitted inside of the sheet metal cylinder
with eighth -in. hard rubber strips separating the two.
The main difficulty with this set-up was involved in
completely separating the positive and negative ions.
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With the a -c. voltage held constant on the wire, which
was in corona, the d -c. voltage applied to the sheet
metal cylinder was increased in steps from zero to
1000 volts and galvanometer readings were taken
for each voltage. It was hoped that a plot of these
values would give a saturation curve indicating a com-
plete separation of the positive and negative ions, but
this was not found possible in this case. A wire screen
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with smaller mesh was also tried but was even less
effective. Using the average value of the current,
however, as read by means of the galvanometer, when
there was 1000 -volt direct current on the metal cylinder,
it was found in the case of the 0.219 -in. brass rod with
voltages above 50 kv., at least 70 per cent of the ions
that left the wire reached the cylinder before they were
drawn back to the wire by the reversal of voltage or
were neutralized by the outgoing ions of the opposite
sign. With a little modification in this set-up, there is
no reason why a complete determination of this ratio
could not be made.

Since the corona on a transmission conductor is
made up largely, if not entirely, of brushes, a point
was placed on the side of the 0.219-in. brass rod in the
cylinder and the corona current studied with set-up
of Fig. 11. At the first appearance of corona at 11 kv.,
the charge arriving at the cylinder was negative and
remained negative until the positive began to get across
at 40 kv. From 40 kv. to 48 kv., there was more posi-
tive than negative reaching the cylinder but from 48 kv.
up to the flashover voltage the amount of the negative
exceeded the positive. The point used was a piece of
fine wire 1/16 in. long. The rod was then tried with
two such points and it was found that the negative
charge arriving at the cylinder always exceeded the
positive, although it decreased slightly from 43 kv. to
45 kv.

SPACE CHARGE SURROUNDING TRANSMISSION
CONDUCTORS

The ionization about transmission conductors was
next studied. Two concentric strand copper cables
1.1 in. in diameter and 50 ft. long were strung up in the
laboratory parallel to each other and 10 ft. apart with a
clearance of at least 20 ft. in all directions. A No. 16
wire was supported parallel to, and midway between,
the two conductors. Hard rubber rods were used for
insulators on this test wire and a lead from it was
brought out at right angles to the plane of the two large
conductors. An electroscope was connected between
the test wire and ground and voltage was then applied
to the two conductors. Below the corona voltage, the
test wire was adjusted so that the electroscope showed
no voltage on it due to position in the electrostatic
field which indicated that it was in the neutral plane.
The voltage was raised and at the first appearance of
corona at 160 kv. between lines the electroscope showed
a negative charge on the test wire. The negative
potential increased on this wire as the applied voltage
was raised until at 280 kv. between lines it was ap-
proximately 3000 volts. As the applied voltage was
further raised, the potential on this test wire started to
fall, slowly at first, then more rapidly, until at 300 kv.
between lines it reached zero and then began to build
up positive. At 500 kv. between lines the test wire had
a positive potential of approximately 15,000 volts
above ground. It was necessary to parallel the electro-

scope with a condenser to obtain the d -c. charge on the
test wire when the applied voltage on the conductors
was above 300 kv. Another test that was made with
this set-up was to short-circuit the electroscope until
the voltage had been taken off the large conductors
and then the short circuit was removed. When this
was done at 280 kv. the test wire accumulated sufficient
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FIG. 12-CORONA Loss CURVE FOR A 1.1 -IN. CONCENTRIC
STRAND COPPER CONDUCTOR. DISTANCE BETWEEN CON-
DUCTORS, 10 ft. INSULATOR LOSSES ARE NOT INCLUDED

negative charge to raise potential of the test wire several
hundred volts. The same thing was tried at 400 kv.
In this case, the potential on the test wire was over a
thousand volts positive. These potentials were due
to the persistence of the charge about the conductors
after the source of ionization had been removed. In
some cases, charges were found to build up potentials
of a few hundred volts on the test wire as long as fifteen
minutes after the voltage had been removed from the
conductors.

A corona loss curve was then taken and is shown inFig. 12. It is rather interesting to note that at 300 kv.
between lines there is a break in the loss curve, and it is
at this point that the potential of the charge about the
conductors changes over from negative to positive.
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FIG. 13

Above this point, Peek's quadratic law seems to hold,but below, it does not, and it is in this lower region thatPeek has suggested a probability law.6
Since the corona on these transmission cables ap-peared to be made up of individual brushes, it wasdecided to study the characteristics of a single brush.The set-up shown in Fig. 13 was used. An observerin the insulated screen cage at high voltage took all the
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necessary data. With this arrangement, the capaci-
tance of the metal point is practically zero, so that the
only current flow to and from the point is corona
current. The simple connection of the condenser and
galvanometer was the first one used. At the start of
corona from the point which appeared as a soft glow,

FIG. 14-CORONA CURRENT CYCLOGRAM OF A BRUSH FROM

A SINGLE POINT. VOLTAGE 100 Kv. 100,000 -OHM SHUNT
FOR CURRENT DEFLECTORS AND 9400 -OHM SHUNT FOR TIMING

VOLTAGE

the galvanometer indicated a flow of negative current
which increased until at 112 kv. the galvanometer
deflection was two divisions. At this voltage, purplish
streamers began to shoot out which considerably in-
creased the luminosity of the brush. At 132 kv. the
galvanometer had fallen to zero and at 140 kv. the
current was positive, giving a deflection of two divisions.
By this time the purple streamers had greatly increased
and at 172 kv. the discharge was a large, well -developed
brush giving a reading on the galvanometer of 10
divisions positive. The condenser and galvanometer
were then replaced by the cathode ray tube. A
100,000 -ohm resistance connected between the points
A and B gave sufficient voltage drop to obtain a good
deflection of the cathode ray that was proportional
to the current. This current deflection was opened out
into a current cyclogram by applying a sine wave volt-
age to the other pair of deflector plates. This sine wave
voltage was obtained from a 2300 -volt exciting winding
connected to the high -voltage end of the secondary.
This voltage had been tested and found to be a sine
wave in phase with the secondary voltage. In order to
put the important changes of current intensity in an
advantageous position on the cyclogram for analysis,
the phase angle of this timing voltage was shifted 90
deg. by means of a condenser. In the cyclograms
shown in Figs. 14 and 15, the corona current appears
to be a maximum shortly before the timing voltage
impressed on the tube is zero, but due to the 90 -deg.
shift it can be seen that the maximum of the corona
current is approximately 25 deg. ahead of the maximum
of the voltage applied to the point. The form of these
corona cyclograms would be altered slightly if they were
changed over to a uniform time axis instead of the
sinusoidal timing wave. The direction of rotation of
the spot that traced these curves was carefully checked,
as was also the polarity of the cathode ray tube deflec-
tors. In Fig. 14, the positive and negative halves of
the current wave are smooth and are practically the
same. In Fig. 15 the negative side is still smooth but

the positive side shows a sudden pulse of current. It
was difficult to get the exact form of this pulse because
the rapid movement of the spot did not leave a very
distinct trace. Simultaneous with the appearance of
this pulse of positive current, as the form changed from
that shown in Fig. 14 to the one shown in Fig. 15, was
the appearance of the long purple streamers. When a
half -in. brass sphere was put over the end of the point,
breaks appeared in the negative half of the current wave
but they were not so prominent as those on the positive
side. Time nor space does not permit much more to be
said about these tests with the single brush. More
work is to be done along these lines and a complete
report will no doubt be made later.

Current cyclograms were taken on the 1.1 -in. trans-
mission conductor previously mentioned with the
charging current balanced out. While they were not
so clear cut as those of the brush from the single point,
they had the same general form. If all the brushes on
the transmission conductor came in at the same voltage,
the result, of course, would be practically the same as
the brush from the single point except for magnitude.
This is very nearly the case when voltage is not far
above the corona starting voltage when there are only
a few brushes present. Since this is within the econom-
ical range, the region we are most interested in, the
authors believe that much can be learned about the
mechanism of corona about the transmission line by
the study of the brush from a single point. It is also
their belief that results obtained from polished smooth
surface conductors, especially if they are mounted near a
neutral plane, are not applicable to transmission lines
out in the open.

TESTS MADE UNDER A 220-Kv. TRANSMISSION LINE

In order to tie in the results obtained in the laboratory
with those of actual operating conditions, the authors

FIG. 15-SAME AS FIG. 14 EXCEPT 130 Kv. AND 40,000
OHMS FOR CURRENT SHUNT AND 4900 OHMS FOR TIMING VOLT-
AGE SHUNT

went to the 220-kv. lines of the Pacific Gas and Electric
Co. at the Vaca-Dixon substation. The section under
which the tests were made was that of a three-phase, 220-
kv. line with 0.9 -in. rope lay copper conductors in the hori-
zontal configuration. The separation of the conductors
was about 14 ft. and they were approximately 63 ft. above
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the ground. At right angles to these conductors and
30 ft. under them, an exploring wire 33 ft. long was
supported by hard rubber rods on long cotton cords.
A lead was brought down from the exploring wire and
connected to one side of a gold leaf electroscope the
other side of which was connected to ground. In order
to reduce the a -c. voltage due to position, the electro-
scope was paralleled by a 0.05 µ f. condenser the leakage
of which was negligible. At first, a d -c. potential of
400 volts was applied to the wire which at the same time
charged the condenser. The d -c. source was then
removed and the rate of decrease of voltage on the
condenser was observed by the fall of the leaf of the
electroscope. With a positive charge on the wire, the
voltage of the condenser dropped from 400 to 375
volts in three min. With the wire charged negative,
there was no decrease in the condenser voltage for the
same length of time. It was obvious then that there
were only negative ions present in the vicinity of the
exploring wire. This was the condition that was ex-
pected to be found in view of the results obtained in the
previous laboratory tests. With no charge on the wire,
the set-up was left untouched for an hour. At the end
of this time the wire had picked up sufficient charge to
raise the voltage on the condenser to 305 volts. The
charge on the condenser was tested and found to be
negative. It was observed that when a rather strong
breeze was blowing, the ionization about the wire
decreased considerably. This was to be expected with
distances from the conductor as great as these.

The voltage was then taken off the section of line
above the set-up and the exploring wire was raised until
it was within 15 ft. of the conductors. The voltage
was then supplied to this section of the line by means of
a 40,000-kv-a. synchronous condenser driven by an
induction motor. In this way the voltage applied to
the line could be varied. Observations were made at
three different voltages, 220 kv., 240 kv. and 260 kv.
The main purpose of this test was to see if the normal
operating voltage was near the value where the residual
charge in the atmosphere about the conductor changed
from negative to positive. At 260 kv. there was no
evidence of any positive charge in the near vicinity
of the exploring wire which was 15 ft. from the conduc-
tors. The amount of negative charge was found to be
slightly greater than it was at 220 kv. with the exploring
wire 30 ft. below the conductors.
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SUMMARY AND CONCLUSIONS

In the ionization process about a conductor or elec-

trode in corona, there is a net rectifying action present
whereby more charges of one sign assert themselves
than of the other, so that the surrounding space is built
up to a unidirectional potential above ground.
Whether it is a case of the charges of the predominating
sign being created more rapidly, or whether they endure
longer than the others without being "wiped out"
by recombination or return to the conducting circuit
of the set-up, is not known, as it is apparently a part of
the mechanism of ionization involved. It is probably
determined by the mobilities of the ions, their rate of
manufacture, and the amount that their presence dis-
turbs the normal field.

For a given test arrangement, the magnitude and
polarity of this rectified charge is dependent on the
applied voltage. For the case of a polished wire and a
grounded plane or cylinder, the sign of this charge is
first positive, but soon drops to zero and then increases
negatively as the voltage is raised. By placing a small
"artificial" brush on the wire, it was possible to detect
a slight negative rectification at the start of corona from
it. The sign soon reversed, though, to positive as the
voltage increased, and then to negative once more where
it remained until flashover.

In a test with a single point projecting from a small
sphere, the rectified space charge built up was first
negative and then positive. The same was found to be
true in the space between two 1.1-in. diameter cable
conductors strung up in the laboratory. This would be
expected since the corona on the surfaces of the stranded
conductors would be, in reality, a mass of small single
brushes, so that as a whole they would assume the
characteristics of a single brush.

The fact that at the same voltage on the cable con-
ductors at which the rectification of the charge reversed
its polarity from negative to positive, there is a distinct
"break" in the corresponding corona loss curve, proved
of considerable interest. Since it is at this point that
Peek's quadratic law relation begins to hold, it would
seem from these tests that there is some governing
factor contributed coincident with positive rectification
to cause the ionization process to vary quadratically
with respect to applied voltage. It is this upper portion
of the curve that Dr. Ryan has referred to as that of
"stable brush pattern." The lower portion he has
called that of "unstable brush pattern," and it is here
that Peek has suggested the entrance of a probability .relation.

In the field test made on the 220-kv. Pit River Line
of the Pacific Gas and Electric Company, which
normally shows slight visible and audible signs of
corona, it was apparent that the line was being operated
at a point well below the "break" in the corona loss
curve, as the space about the conductors was found to be
charged negatively even when the voltage had been
raised 20 per cent above the normal line voltage.
Although the potential of the rectified charge is appre-
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ciable, the actual magnitude of the current necessary
to supply it is negligible compared to the alternating
space charge current itself.
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A NOTE ON THE UNBALANCING FACTOR
OF THREE-PHASE SYSTEMS

BY A. PEN-TUNG SAH
Material & Process Eng. Dept. Westinghouse Elec. & Mfg. Co.

In an article appearing in the A. I. E. E. JOURNAL for
March 1927, Prof. A. E. Kennelly gave the following
analytic expressions for computing the forward (positive -
phase or direct sequence) and backward (negative -phase
or reverse sequence) components of a dissymmetric
three-phase vector triangle.

d2 _E b2 c2 2s
(A) d2 =

6 V3

e2 =
a2 + b2 + c2 2s

6 - V3
in which a, b, and c are the lengths of the vectors forming
the triangle and s its area; d and e being the magnitudes

2)

A

FIG. 1 2

of the forward and backward components respectively.
In deriving expressions (A), he started from the
relations-

(B) d2 - Amt A,2 Am2 - A.,
2 e2= 2

where A. is the r. m. s. of the sides of the given triangle
A B C and A, the side length of an equilateral triangle

having the same area. Judging from the fact that
Prof. Kennelly did not state how (B) could be derived,
this must be either self-evident or very simply derivable
from his geometrical construction of the forward and
backward components. However, the present writer
has failed to see this and it will be shown in the follow-
ing that the relations (A) can be very simply obtained
from an alternative method of geometrical construction
of the components.

It is well known that the following constructions
for the components hold:

Let A B C be the given vector triangle. Construct
an equilateral triangle A B D externally on the side
A B as in Fig. 1. Then the magnitude of the forward
component is given by C D/ N/ 3. If we construct the
triangle A B D' internally as in Fig. 2, we get C D'/
,a as the magnitude of the backward component.
The lengths C D and C D' are readily computed.
From Fig. 1 by the law of cosines, we have -
3 d2 = c D2 = b2 c2 2 b c cos (60° + L B A C)

1
= b2 c2 -2 b c[

2
cos z BAC

- sin z BAC]
2

1As-2bcsin L BAC =Areaof ABAC=s and

2 bccos L BAC =b2 c2 - a2,

1
3 d2 = b2 + c2 - (b2 + c2 - a2) + 2 -\/ s or

a2 b2 c2 2s
d2 - -

6 -V 3

which is the first equation in (A).
Similarly,

3 e2 = C D'2 = b2 + c2 -2 b c cos (60°- z B A C)

= 1)2 c2 - 2 b c cos z BAC+ 23 sin L BAC]

1
b2 e2 (b2 e2 a2) _ 2 s/ 33s

a2 + b2 + c2 2s
i. e., e2 =

6

which is the second one of the relations (A).
In passing it should be noted that the constructions

herein given do not give the correct phase relation of the
components. To get the correct phase relation the
line C D has to be rotated through an angle 30 deg.
counter clockwise and C D' through 30 deg. clockwise
in order to get the respective positions of the forward
and backward components. The unbalancing factor is
by definition e/d.
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Lightning Protection I'or the Oil Industry
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Synopsis.--7-Building safe storage for the products of the oil
industry is quite a different problem from making the storage already
in 'use safe ,fro fires started by lightning. The latter problem is dis-
cussed with some principles to be observed. Details of construction
are so varied that it is difficult to give general rules. A record of
several hundred installations over a period of about three years is
given.

Work with small models in the laboratory has been successful in

sonic eases. It is unwise to rely too much on work of this kind,
however.

Since the seat of the charge under a storm cloud is largely On pipe
lines, tanks, and other metal parts in the oil fields, lightning devices
should be hecurcly attached to these structures. A network of pipe
lines at or near the surface makes a better ground for towers than a
single shaft driven vertically downward to permanent moisture.

LIGHTNING PROTECTION FOR OIL STORAGE
ANY problem connected with lightning is difficult on

account of the magnitude of the quantities in-
volved. Because of the inflammability of hydro-

carbons, the complexity of the operations, the great
haste, and vast extent of the oil industry, any problem
bearing on fire prevention in the petroleum field pre-
sents great difficulty. When we associate the two in
an attempt to design protection against lightning for
the oil industry, the problem is very complex and its
solution will not be simple nor easily attained. Any
hope of success in such an undertaking must rest on
first-hand knowledge of the conditions under which
fires most frequently occur, knowledge of details of
construction, the varieties of construction used by
different companies, special hazards arising from daily
operations, and the effects of corrosion.

There are two distinct phases to consider; first, to
design an oil tank which will be inherently safe against
lightning; and second, to design a system which will offer
a high degree of protection for the storage tanks in
actual use today throughout the oil industry.

The solution of the first is easy and is probably exact.
Theory and practise both indicate that the modern all-

FIG. I-SHOWING THE EFFECTS ON METAL SHEETS NAILED
TO WOOD DECKS CAUSED BY TEMPERATURE CHANGES AND BY
FILLING AND EMPTYING THE TANK. IN MANY CASES THE
EFFECTS OF CORROSION ARE JUST AS BAD

steel, gas -tight tank is the best type of construction.
The solution of the second problem is difficult and at
best will result in an approximation, but for the present
it is the more important. There are millions of dollars
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invested in unsafe storage tanks and the aim is to give
this property the highest possible degree of protection
and at a reasonable cost. It is the purpose of this paper
to discuss the design and construction of protective
devices for oil storage tanks now in use.

Oil is stored in various containers. The most com-
mon are steel tanks, spaced on 300 -ft. centers, usually

FIG. 2-A MINOR DISCHARGE BETWEEN THE ROOFING
MATERIAL AND THE VERTICAL STEEL SHELL AT THE EAVES OF A
TANK WHICH IS NOT VAPOR -TIGHT MAY BE THE CAUSE OF A FIRE

about 115 ft. in diameter, 30 ft. high, and' having a
capacity of 55,000 barrels. Although the tendency is
definitely toward the use of steel decks for such tanks,
a large number still have wooden roofs or decks,
covered with sheets of galvanized iron or vapor-
resisting paper and waterproofed fabric. In some
localities, corrosion is so bad that steel decks last less
than two years and only a wooden deck can be used.
This is particularly true where the sulphur content of
the crude oil is high. In California and also in the mid-
continent field there are a number of earthern reservoirs
most of which are lined with reinforced concrete and
covered with wood decks similar to those used on tanks.
Some of these are circular, having a radius of 250 ft.
or more, while others are ovals of radius 300 or 400 ft.
and length 600 to 1500 ft. The capacities run from
500,000 to 5,000,000 barrels.

It is common practise throughout the oil fields to
gage and sample the oil from hatches on the deck.
There are generally from one to four such gaging
hatches per tank and there are several designs with
various methods of closing but few of which can be
considered gas tight.

If this brief description properly defined the problem,
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much could be done in an experimental way with
models. Unfortunately, however, there is a great mass
of detail which seriously complicates the problem.
Other tank fittings and arrangements of pipes vary so
widely from one company to another than it is necessary
to examine the design and installation of each company,
and frequently of each tank, for appliances which are
liable to give rise to sparks during electrical storms.
Special hazards introduced by the location and charac-
ter of structures near oil storage complicate the prob-

Fm. 3-CROSS-SECTION OF THE EAVES CONSTRUCTION WHICH
IS FLEXIBLE AND VAPOR TIGHT. IT IS COMPOSED OF HEAT
INSULATION, USUALLY HAIR FELT, AND ROOFING FABRICS

lem still further and discount any scheme of protection
which is based entirely on the behavior of models of
isolated miniature tanks and devices in the laboratory.

While the main lightning discharge is so powerful that
it is liable to cause fires under any conditions, it is not
necessary that an oil container receive a direct light-
ning discharge in order to cause a fire. Some years ago
when little or no precaution was taken in the refineries
against escaping gases, it was not uncommon to have a
number of fires resulting from a single lightning flash
in the vicinity of the refinery. Under such conditions,
only a small spark is necessary to cause a fire, and it is
well known that such sparks due to the surge of electric
quantity across the earth's surface or to induction have
caused fires at a considerable distance from the point
which received the main discharge from the cloud. To
illustrate, one large company erected a tower about
120 ft. high in one of its tank farms. A few weeks later
the tower was struck and two tanks were fired, one tank
about 200 ft. away and the other tank about 900 ft.
from the tower. The disastrous fire at Monterey,
California in 1924 was caused by lightning setting fire
to a tank when the main discharge was received by a
tree 780 ft. away. The reservoir fire at Coalinga in
1924 was caused by lightning although the actual flash
was seen to strike on or near a pipe line about a quarter
of a mile from the reservoir. The great reservoir fires
at San Luis Obispo and at Brea, California in April 1926
were unquestionably caused by lightning. It is not

known whether the latter fires were caused by direct
hits or by minor sparks which accompanied the light-
ning discharge. The reservoir fire at Bakersfield a few
weeks later was reported to have been caused by a
direct strike of lightning which tore a hole in the deck.
This reservoir was a simple earthern pit without rein-
forced concrete lining and it contained fuel oil.

It is impossible to say what percentage of oil fires have
been caused by direct hits and what percentage by small
sparks or secondary effects, but from the available data,
it is reasonable to conclude that a large majority was
caused by secondary lightning discharges.

Evidently, in the daily handling of large quantities of
inflammable material and in the storage of such material
in containers that are not actually gas tight, there is
great danger that small sparks, which always accompany
lightning discharges, may cause a fire even though the
main discharge be several thousand feet away. Sparks
caused by the surge over surfaces of varying resistance
or along several paths of different impedance, when the
earth's charge disappears at the instant of a lightning
flash, are most certainly the cause of a majority of the
fires and explosions in the oil fields.

In a general way, there are three conditions to fulfill
for the prevention of fires on oil property set by minor
discharges:

1. With the exception of one breathing vent, the
containers must be kept closed,

2. Isolated pieces of metal in or near the vapor
space must be grounded and all loose joints between
metal parts must be eliminated to prevent the possi-
bility of sparks,

3. The vulnerable areas should be enclosed by a
Faraday cage or network, completely enclosing the
non-metallic parts and securely grounded.

FIG. 4-A WINCH Box ON THE DECK. THE COVER IS NOT
VAPOR TIGHT

When it is realized that all this must be done at small
cost, without cleaning the tanks, and fre quently when
the tanks are filled with oil, the magnitude of the
problem is apparent.

The design and construction of a suitable network or
cage is the most important thing to be discussed here.
Such a network was first designed and applied to
wooden roofed tanks which had be en covered with heat
insulation and had been made vapor tight with flexible
materials to prevent evaporation losses.
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If a network of wires is placed under the heat insu-
lation and roofing material, the wires would have to be
very close together to prevent sparks between and
below the plane of the wires, in or near the metallic
fittings on the deck. There is danger also that when
under storm conditions the charge on the deck is
suddenly released by a lightning discharge, the roofing
material may be punctured. This is particularly
likely to happen at the edges of tank fittings or at the
eaves where shallow pools of water may collect directly

FIG. 5-AN OVER -SHOT FILLING PIPE PASSING THROUGH A
LARGE HATCH ON THE DECK

over the angle irons of the tank. If some material such
as poultry netting is used there is great danger of sparks
at the mechanical junctions where the netting is at-
tached to the tank and at the edges of the strips of
netting since all junctions must be purely mechanical.
If a network of small mesh wire is placed directly over
the roof and resting on it, there is the same danger of
sparks occurring and, in addition, it would be again
particularly difficult to deal with tank fittings where
gases escape during changes of temperature of the vapor
space or during the time the tank is being filled. Since
only mechanical junctions are permissible, and these are
very likely to spark during high -potential discharges,
it is important that such junctions are not in a region
where there is an explosive mixture of gases.

This factor, as well as the high cost of installing a
network of small mesh and the danger that it would be
damaged by workmen on the tank, made it necessary
to consider a network of wires raised some distance
above the deck. If wires' were stretched across the
deck it is necessary first of all that they be high enough
so men can work under them. Since the purpose of the
system of wires is to reduce the charge which may
collect on the deck under storm conditions, and to
provide a low -resistance path to ground when a light-
ning discharge occurs, the network must be grounded
in a satisfactory manner. It should be securely
attached to the tank itself and additional precaution
should be taken to protect the eaves of the tank, since
it is well known that most of the fires start there. The
most obvious design then was a system of wires extend-
ing radially from a central wooden post at the peak of
the deck to a cable supported above the eaves. This
cable would have to be about 7 ft. above the eaves and
supported preferably by metallic members attached to
the tank as securely as possible without welding. It

was necessary then to determine how far apart such
wires should be and, if possible, to measure the degree of
protection that such a distribution of conductors would
offer, or at least find the ratio of the charge on the
elevated conductors to the charge on the tank roof when
a charged cloud was overhead.

Preliminary tests were made on a wooden platform
about 12 by 20 ft. covered with hair felt and saturated
paper similar to the construction for vapor tight tank
roofs. This deck was set up 2 ft. above the floor in a
large room with a system of four parallel No. 4 copper
wires arranged 6% ft. above the deck. The spacing of
these parallel conductors was varied during the course
of the experiments from a few feet up to the entire
length of the deck. Above these parallel wires was a
cloud of poultry netting, 10 by 24 ft. suspended from the
ceiling by cotton tape. This netting was connected to
one terminal of a large transformer; the other terminal
was connected to the parallel wires over the deck. At
one edge of the roofing platform, this grid was dropped
vertically downward to the deck and grounded. The
surface resistivity of the saturated paper on the deck
was quite high when the surface was dry, being about
100,000 ohms per cm. This was reduced by a large factor
when the paper was wet.
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FIG. 6-EQUIPOTENTIAL LINES IN THE CURRENT SHEET.
THE FRACTION OF THE CURRENT WHICH FLOWED TO THE GRID(a a a) INDICATES THE AAIOUNT OF SCREENING PRODUCED BYTHE GRID IN THE ELECTROSTATIC CASE

A number of methods were tried for determining 'thepotentials at points in the field between the deck andthe poultry netting, particular attention being given;tothe region between the deck and the plane of the grid.
None of the methods tried was considered satisfactory.However, equipotential surfaces were plotted and it wasestimated, from the shape of these equipotentialsurfaces, that the amount of protection given lwasabout 75 per cent.

The equipotential lines in a current sheet can be
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easily studied and this gives a simple method for getting
the required information. Accordingly, apparatus was
set up to represent the cloud, a parallel grid and the
earth in cross-section and the work carried out in a small
horizontal glass tray. Referring to Fig. 6 C C is the
cloud, D D the deck or plane to be protected and a a a
is the grid; that is, the points of intersection of the wires
with the vertical plane perpendicular to the wires.
The tray had a plate glass bottom about 24 by 36 cm.
and contained dilute salt solution to a depth of about
0.3 cm. The cloud (C C) was a bar of brass and formed
one terminal for the current sheet in the tray. The
protecting wires (a a a) were small pointed brass rods
screwed into a horizontal bar supported above the
water. These rods were all adjusted in length so that
they just touched the glass tray. The bar holding these
rods was connected to the bar (D D) representing the
deck and these together formed the other terminal.
Using low voltage, 500 cycles, equipotential lines as
shown in Fig. 6 were obtained by using a telephone
receiver and exploring points.

When D D was moved downward to the new position
D' D' the equipotential surface dropped down as indi-
cated in the figure. In order to get some idea of the
screening action of the grid, the bar holding the points
(a a a) was disconnected from D D and the currents which
flowed from C C to the grid and to the deck (D D) were
measured. These currents were measured for a number
of different positions of the cloud C C and of the deck.
Also the spacings of the points a a a were changed.
The ratio of the current flowing to a a a and to D D
was taken to be the value of the protection offered to
the plane D D by the wires (a a a). This ratio was
practically independent of the position of C C so long
as C C was more than three times the spacing of a a a.
It depended very much, however, upon the spacing
between the wires (a a a) and the distance from these
wires to the plane (D D). So long as the bar (C C) was
some distance away from the grid the ratio of the spac-
ing of the grid to the elevation above D D determined
the amount of protection.

Maxwell calculated the screening effect of a grating
of equally spaced parallel wires on a plane surface
parallel to the grating. This is the simplest case and
is probably the only one that has been solved mathe-
matically. The formula derived by Maxwell2 gives
the density of charge induced on the lower plane when
the grating is interposed. The density of this charge
is to that induced if the grating were removed as

1 : 1 +
b1 b2

a (b1 b2)

where b1 is the distance from the grating to the lower
plane, b2 the distance from the grating to the upper
plane and a is a function of the spacing of the wires
given by the following expression:

2. "Elpetrieity and Magnetism," Volume I, Article 203.

a = - a
log ( 2 sin -ac2 r

Spacing of wires Height of wires Calculated protection

3 ft.
5 ft.
7 ft.
3 ft.
5 ft.
7 ft.

10 ft.

7 ft.
7 ft.
7 ft.

10 ft.
10 ft.
10 ft.
10 ft.

86 per cent
75 per cent
66 per cent
90 per cent
81 per cent
73 per cent
65 per cent

A large number of readings were made then with the
current sheet to get values indicated for the protection
offered by a grid. The percentages were all from 1 to
6 per cent higher than those calculated. While the
experimental method is probably not capable of great
accuracy, it did indicate a procedure for studying cases
which are too complicated for mathematical solution..

The experiment with the current sheet is so simple'
and the results obtained were apparently so satisfactory

7-CROSS-SECTION OF A TANK PROTECTED BY A SYSTEM
OF PARALLEL WIRES 7 FT. OR MORE ABOVE THE DECK. THE
ACTUAL MODEL IN USE WAS 2 PER CENT OF THE DIAMETER
OF A 55,000 BARREL TANK

that it was decided to study the cross -sections of details
on a much larger scale. A large piece of plate glass
40 by 60 in. was used as a tray. A cross-section of a
storage tank was inserted at the base of the tray over
which was arranged a cross-section of the proposed
network. The currents flowing to the cross-section
of the deck and to the grid were again measured. In
this case, the deck was receiving 13 per cent of the
total current.

The records of tank fires show that in a large majority
of cases, the fires start at the eaves of the tank.
Accordingly, a large model of the eaves construction
was made and the proposed plan for the grid installed in
cross-section. Fig. 8 shows the reproduction of the
equipotential lines traced for the eaves construction.
It was not found possible with this arrangement to
trace equipotential lines under the grid when the wires
are placed very close together on the vertical bracket
(v v). This model was made to scale, on the supposition
that the cable at the top of the bracket was to be in-
stalled 7 ft. above the eaves and extend outward beyond
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the eaves, about 3 ft. It is evident that a network mustnot only cover the deck but it must enclose it. Whilea fairly large spacing of the wires is probably satisfac-tory over the deck, the region over and around the
eaves should be protected with a wire net of smallmesh.

Since an actual installation gives a cage which ismuch more effective than a system of parallel wires,

FIG. 8-EQUIFrOTENTIAL LINES AT THE EAVES OF A TANK
PROTECTED BY A SYSTEM OF WIRES. THE PROTECTION IS
INCREASED BY PLACING WIRES CLOSE TOGETHER ON THE
VERTICAL BRACKET V V

which this last model represented, it was necessary to
build a model and devise a method for getting the
effectiveness of a miniature network. So a tank model
was made to be tested for the three-dimensional case.
The tank was built of a wooden frame on the scale of 1
to 40 for the 55,000 barrel tank. Galvanized iron was
used for the tank and a system of radial wires applied
to scale according to the proposed scheme. The cloud
consisted of one -in. mesh wire screening, 5 ft. by 10 ft.
A vibration galvanometer was used merely as a sensitive
a -c. ammeter to measure the charging current to the
capacities formed by the network and the roof. Charg-
ing currents are proportional respectively to the capac-
ities and to the charges that collect on the network
and the roof. The results obtained this way were
checked by using a ballistic galvanometer for com-
paring capacities. The ratio of the deflections gives
directly the ratio of the charges desired. Measure-
ments with the vibration galvanometer gave 96.8 per
cent of the charge on the network. The ballistic galva-

nometer gave 98.4. This is the ratio of the charge
which collects on the shell of the tank mode and the
network to the charge which co'lects on the insulated
metal tank top under the network.

Some tests in the field have been made to get an
approximate idea of the efficiency of this network as
actually installed on a tank. The attempts to measure
the effect directly indicate that the efficiency is greater
than 90 per cent. A more accurate result cannot be
given on account of the difficulty of measurement and
the crudeness of the apparatus used. The method
consisted in measuring simultaneously the quantities
of electricity discharged, at the time of the lightning
flash, from a section of the network itself and similar
conductors protected by the network. An improve-
ment of this method will in all probability yield valu-
able information concerning the size of mesh necessary
to reduce secondary effects to an even greater safety.

The ratio of the spacing of the radial wires composing
the network to the elevation above the deck has a maxi-
mum value of five to seven over surfaces which are poor
electrical conductors. The minimum value of the
spacing was 18 in. at the eaves. Certainly this spacing
of wires is too great unless conditions are very favorable.It is of the greatest importance to eliminate poorly

FIG. 9-DOUBLE ANGLE -IRON BRACKETS ON THE TOP RIN GOF THE TANKS HOLD THE PERIPHERAL CABLE TO WHICH THERADIAL WIRES ARE ATTACHED

connected or isolated pieces of metal wherever possible.When this is not possible, it is necessary to use a screenof small mesh. The smaller the mesh the more com-plete the protection but the smaller the mesh the greaterthe cost and in most cases the greater the difficulty ofapplication. Since most fires start at the eaves of thetanks it is advisable to increase the protection at thispoint. While the spacing of wires over the tank
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proper may be satisfactory the spacing in the vicinity
of the eaves should not be greater than 1 ft. Welded
mesh wire with a 4 -in. spacing should be installed on the
steel brackets. This mesh wire should be 6 ft. wide and
should extend completely around the tank at the eaves.
The lower edge of this mesh should be at least one ft.
below level of the angle iron on top of the tank shell.
Above this width of welded mesh, No. 12 wires should
be installed one ft. apart on the brackets and on the
radial wires over the eaves.

If economy were not an important consideration
many special problems and difficulties could be avoided
by using a network of sufficiently small mesh. A grid
of wires may reduce effects to a very small fraction but
this may not be enough if the structure to be protected
is fundamentally bad, or when operating conditions are
such that fires may be easily started. A large quantity
of gas is given out when crude oil is pumped into a
tank and a lightning discharge near the tank at this
time is very dangerous regardless of the protective
devices. When oil is pumped out of a tank the air
entering makes an explosive mixture and a very small
spark will destroy the tank.

The over -shot pipe which passes through an open
hatch is still in daily use in some places and may
occAsionally be used in emergencies by the most careful
oil men. A surge along this pipe line is likely to cause
a spark where the pipe passes through the tank roof and
of course such a spark would ignite any vapors present.

In most cases the breathing vent is installed on the
deck. These vents, fitted with fine mesh screens, are
usually low but in some cases extend 5 ft. or 6 ft above
the deck, and, in one case, over 20 ft. This extension
was made so that if the vapors catch fire the flames will
be high enough above the deck to prevent setting fire
to the roofing materials. Probably the most satis-
factory solution here is to avoid anything over 4 ft.
high and to install a net of 2 -in. mesh wire on top of the
grid composing the main network.

A large number of special problems have been con-
sidered during the past three years. Much experi-
mental work has been done with models of tanks, of
reservoirs, of gas collecting systems, and other construc-
tion details, using various types of electrical discharges.
In some cases. the results of work seemed to be definite
and conclusive but in the majority of cases such experi-
ments were unsatisfactory. Several investigators have
made use of small models and unquestionably much of
value has been learned in this way. However, one thing
brought out very clearly during the course of this study
was that the greatest care must be exercised in the
interpretation of results in laboratory tests on models.
It is quite possible to make a device or small model
and apparently prove it satisfactory when experience
under actual conditions shows it is not. Even though
the models, cloud elevations, and voltage are reduced to
a convenient scale, there are some factors which cannot
be so reduced and, what is just as important, there are

always conditions in actual practise which are quite
impossible to simulate. Unfortunately, it takes several
years to accumulate information in the field which
could be obtained in a few weeks in the laboratory.
But if the field record is from a large number of appli-
cations and the time includes sufficient number of severe
storms the information is, of course, of prime value.

The network essentially as previously described has
been installed on about 800 tanks during the past three
years. These tanks are well distributed from Pennsyl-
vania and New York, through Louisiana, Texas,
Oklahoma, Kansas to California. The first and the
largest number of installations was made in the mid-
continent fields where the damages from lightning in the
past have been very heavy. In a group where there
are over 100 protected tanks, one tank was fired by
lightning just two years ago. There have been no
losses in this group since. In an equal period of time,
including nearly the same number of storms, prior to

FIG. 10-WATER SEAL FOR THE EAVES OF A LARGE RESERVOIR
IN COURSE OF CONSTRUCTION. THE TROUGH IS CONCRETE

REINFORCED WITH WELDED MESH WIRE. SHEETS OF ZINC
ARE NAILED TO THE DECK AND BENT DOWNWARD INTO THE
TROUGH. THE WOOD DECK IS THEN COVERED WITH ROOFING
PAPER

the installation of the networks, nine tanks in this
group were fired by lightning.

Several other fires have occurred on protected tanks,
but always on tanks which, on account of operating
conditions, were particularly susceptible, and which
could not properly be considered to have a fair degree
of protection. In two cases the hatches were open and
the tanks were being filled with Oklahoma crude when
the tanks received a direct lightning discharge. In
two other cases the heat insulation and vapor tight
roof had been installed over loose metal sheets. The
oil had just been pumped out of these tanks leaving a
mixture which exploded when struck by lightning, blow-
ing the entire roof off the tanks. It is too much to
expect a simple inexpensive network to protect tanks
containing explosive mixtures and so constructed that
there are numerous air -gaps between disconnected pieces
of metal. Only one fire has occurred with conditions
under which the network should have been effective.
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In all other cases, the fires were due to changing con-ditions during the process of normal operation of mov-ing the oil or due to causes otherwise avoidable. Elimi-nating those cases where for some reason the tanks were
open, the reduction in the number of fires for a periodof two and a half years amounts to over 90 per cent.It is definitely known that some of these fires werestarted by primary discharges and it is probable thatall were started in this way. Certainly some of thefires could have been prevented if towers had been usedto protect the tanks from direct lightning dischargesalthough in several cases recently reported, no firewas started when a direct lightning discharge wasreceived by the network.

The large ground reservoirs presented new difficulties,but the enormous value concentrated into a relatively
small space, justified greater expense in building a pro-tective system. The cooperation of several of the
California companies in working out details of construc-tion, and their excellent scheme for reducing the oxygencontent in the vapor space of the large reservoirs, by

FIG. 11-CONSTRUCTION ON THE EMBANKMENT OF A LARGE
RESERVOIR SHOWING THE PERIPHERAL CABLE, GRID AND, INTHE BACKGROUND, A STEEL TOWER

the introduction of flue gases, made possible a degree
of protection of the highest order.

A million and a half barrels of oil may be stored under
one roof, half underground, on about 10 acres which
otherwise would require 30 tanks on at least 50 acres.These reservoirs usually have a lining of concretereinforced with 6 by 6 -in. welded mesh wire No. 6.The mesh is 10 ft. wide, lapped 6 in. on each strip
and fastened together with short pieces of soft wire.
This mesh wire is carried up to the eaves and is coveredwith concrete. The bottom of the reservoir usually
contains several in. of water and above this the depthsof oil may be as much as 30 ft. A number of pipe linesmay lead into this reservoir, the main lines beingusually 16- or 18 -in. pipe. Surrounding the reservoir
there is usually a three of four in. water line with fire
hydrants, 300 or 400 ft. apart. Such pipe lines formthe best means for grounding lightning devices.

The record of some appliances which have been in
use for a number of years suggested that a peripheral

cable grounded at frequent intervals is probably the
most satisfactory and economical protection for the
eaves of the ground reservoirs. If this is supplemented
by a number of steel towers arranged around the reser-
voir, a high degree of protection should be obtained
against primary lightning discharges. A grid of wires
over, the entire deck would raise the charge under a
storm cloud, above the deck and provide a path for the
surge which otherwise would go over the deck when the
cloud discharged.

Accordingly, telegraph poles were installed 40 ft.
apart on the top of the embankment of the reservoirsabout 12 ft. out from the eaves. These poles are 12
ft. above ground and are listed about 2 ft. outward fromthe reservoir. A 3/ -in. stranded steel cable is supportednear the top of these poles and extends completely
around the reservoir. One or more guy wires, extend-
ing from each pole, are connected to this peripheralcable the guy wires serving the double purpose of
mechanically strengthening the system and affordinggood grounding connection. These grounds consistof metallic screw anchors and are all connected togetherby an underground copper cable which, in turn, isgrounded to all of the pipe lines in the vicinity of thereservoir.

A detail map of an area that has been developed by anoil company shows a maze of pipe lines of many sizes,steel tanks, ground reservoirs and, in many cases,.stills and steel towers if the storage is near a refinery.
Evidently the charge on the earth under a storm cloudis distributed over these conductors and, when the cloudis discharged, surges travel along pipe lines and overwet ground toward the point where the lightning strikes.If this view is correct, towers, cables, and grids should besecurely attached to tanks and to pipe lines on or nearthe surface. When a tower in this area receives alightning discharge the charge on the earth's surfacewould collect principally on pipe lines and travel in asurge toward the tower.

A number of simple resistance measurements weremade in the oil fields of Oklahoma, Texas, Louisianaand a number of places in California which indicatedthat the pipe lines were quite satisfactory for groundinglightning devices. In several locations resistancemeasurements were taken on the casing of water wellsfrom 50 to 300 ft. deep. From these points it wasestablished that pipe lines were well grounded and fromthe latter a number of tanks were found to make goodcontact with the earth. Although several hundredmeasurements have been made, in no case has it beenfound that the resistance of a pipe line to ground,or of asteel tank amounted to more than half an ohm.It is sometimes considered necessary to sink a shaft 50ft. or more, to permanent water, to establish a goodground for lightning  towers. Surely this can do noharm, but it is doubtful if there is information whichindicates that it is necessary.
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As Affected by Transformer Ratio Control
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Synopsis.-Operating characteristics of interconnected systems

in which voltage is maintained constant by varying field of the
generators is compared with operating characteristics, when, in
addition to the control of generator field, transformers equipped with

ratio control are employed. The use of transformers with variable
ratio introduces a flexibility in operation which permits the division
of wattless currents between generating stations independent of
voltage held at the generator busses.

A comparison is made of the use of synchronous condensers for
the purpose of improving regulation as compared with the use of
transformers equipped with ratio control.

The elementary conditions which govern the current distribution
in a loop, L, are determined in terms of impedance characteristics
of the net -work. The equipment necessary to control the current
distribution and at the same time maintain good regulation in the
loop are indicated.

THE steady and rapid growth of the use of variable
ratio transformers in connection with intercon-
nected central stations makes it of interest to

state the fundamental characteristics of apparatus in
systems which make these equipments desirable.
In a paper2 before the Institute two years ago, Mr. Al-
brecht indicated their field and compared their charac-
teristics with induction regulators and synchronous
condensers. The purpose of the present paper is to
focus attention on a few of these characteristics in order
to indicate how quantitative values may be obtained.

The various kinds of voltage control now being used
on power systems are:

1. Voltage control by means of generator field current,
2. Synchronous condensers or phase modifiers by

means of which the power factor in transmission lines
is improved and thus better regulation obtained,

3. Voltage ratio control, either by means of trans-
formers or induction regulators.

The above methods of voltage control will be con-
sidered in connection with specific, typical cases, al-
though in the most practical instances it is admitted
that the problem is more complicated than the assump-
tions of this paper imply. The principles as outlined
here, however, are applicable, with proper modifica-
tions, to the more complicated ones. The four typical
cases to be discussed are:

1. Where two generating systems are connected
by means of transmission line and power may flow in
either direction,

2. Where two generating systems are connected
by means of transmission line but one-way flow of
power only is required,

3. A generating system with a synchronous condenser
floating on the end of the line,

4. Transmission line loop.

1. Transformer Engineering Dept., General Electric Co.,
Schenectady, N. Y.

2. H. C. Albrecht, Transformer Tap Changing Under Load,
A. I. E. E. TRANS., Vol. 44, 1925, p. 581.

Presented at the Regional Meeting of District No. 1 of the
A. I. E. E., Pittsfield, Mass., May 2548, 1927. ;Complete copies
upon request.

CASE I: TWO-WAY FLOW OF POWER OVER TRANSMIS-

SION LINE CONNECTING Two STATIONS

With two central stations connected together by
means of an interconnecting transmission line (Fig. 1)
the operation of the system involves the control of :

1. The division of energy between the two stations,
2. The division of wattless kilovolt -amperes,
3. The voltage at the two busses.
The controls available are (a) throttle control,

(b) field control, (c) voltage ratio control. It is evident
that the division of energy between the two stations
is not determined by the electrical characteristics but
by the characteristics of the prime mover and the
throttle control. Field control at the two stations
does not affect the energy flow, but determines for each
load demand the voltages on the two busses, together
with the division of reactive kilovolt -ampere between
the stations. But field control cannot independently
determine the bus voltages and division of reactive
kilovolt -ampere. Either can be controlled, but not
both simultaneously; thus the field control may be
used to hold the bus voltages equal and constant for
all loads, under which condition the division of re-
active kilovolt -ampere between the stations is deter-
minable but uncontrollable. Conversely, by means of
field adjustments it is possible to control the division
of reactive kilovolt -ampere between -the stations or
what amounts to the same thing, the power factor in
the line, but when this is done, voltage control on the
two busses is sacrificed. The voltage of one point on
the system may be held constant, but the other bus
voltage will vary through a range which is equal to the
regulation drop between the two busses.

In order to control, independently of each other, the
three characteristics, namely, energy division, reactive
kilovolt -ampere division, and voltage at both busses, it
is necessary to introduce a third independent control.
This is readily accomplished by introducing variable
voltage ratio between the two busses variable under
load.

Thus, by means of the insertion of variable ratio
between the two busses, it becomes possible to maintain
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both bus voltages constant at all loads, which meansthat the regulation drop between the two busses is
zero, and at the same time, to obtain any desired di-
vision of current between the two stations. With the
flexibility of operation thus obtained, the bus voltageof the two stations may be maintained constant, and
at the same time the division of current between
stations may be adjusted so as to obtain either

A. Maximum electrical efficiency,
B. Maximum economy in operation,
C. Maximum utilization of apparatus.
Although all three of the above are desirable aims,

it is rarely possible to obtain them simultaneously.
For example operating for maximum electrical
efficiency is simultaneous with operation for maxi-
mum economy only when the cost of energy de-
livered by station A to the load is equal to the cost of
energy delivered by station B to the load. With
equal energy cost, the division of current to obtain
maximum efficiency depends entirely upon the relative
losses in the two branches.

When the cost of energy in branch A and branch B,
including the transmission line, differ materially,
maximum economy is secured by shifting a portion of
the load kilowatts from the station in which the cost of
energy is greatest to the other station. This results in a
reduction in efficiency but an increase in economy.
As the division of reactive kilovolt -ampere for maxi-
mum economy is not affected to as great an extent by
cost of energy, the currents flowing in the two branches
for maximum economy are no longer in phase with the
load.

Division of current, to obtain maximum economy
in operation, is the desirable operating condition for
fractional loads but when the total load demand is
equal to, or approaches the full kilovolt -ampere of the
system, the rating limitations of the apparatus and
line may demand considerable departures from di-
vision of currents as determined by the consideration
of maximum economy. In order to deliver a maximum

Station A Station B

Transmission Line

Load

FIG. 1-ELEMENTARY DIAGRAM OF INTERCONNECTED SYSTEMS

output, the division of current must be such as to ob-
tain the maximum utilization of the apparatus.

It is a relatively simple matter to obtain a measure
of the extent to which the use of ratio control increases
the maximum load which a given system can deliver
to a given point without sacrificing constant voltage
at the two busses. This may be done by determining
quantitatively the limitation which exists when the
system is operated in which only throttle and generator
field control are employed.

Voltage Relations. ' We shall assume that the load to
be delivered may be concentrated on either bus of the
two stations A and 13, Fig. 1, and that it is desired to
maintain voltages of busses A and 13 constant and
independent of the load demand.

Assuming that the flow of power will sometimes be
in one direction and sometimes reversed, the regulation
drop in the transmission line and interconnecting
transformers should be zero. Therefore, equating

FIG. 2-VOLTAGE RELATIONS IN INTERCONNECTED SYSTEMS
0 A-Equals voltage of bus near load,
O B-Equals voltage of bus far from load.
o -Equals phase angle of current in transmission Lino

the expression for regulation to zero, we have ap-
proximately:

R) cos 0 - I R) sin 0 = 0
from which

tan 0 - % I R
% I R

(1)

From this formula it is evident that the maintenance
of the two busses at constant voltage at all loads
involves the operation of the transmission line at a
leading power factor cos 0 the value of which is de-
termined from the ratio of resistance and reactance of
the line.

A more exact solution can be obtained graphically
by plotting the vector diagram of the transmissionline voltages, Fig. 2. The premises of the problem
make the three voltages an isosceles triangle 0 A B in
which the impedance drop of the line is the base A Band the sides are the bus voltages of the two stations.
From this diagram we may write:

sin a -
200

% I Z

tan (0 - a) = %R
% I X

(2)

(3)

where
0 A = Voltage of bus near load,
0 B = Voltage of bus far from load,
2 a = Phase angle between voltages 0 A & 0 B,
0 = Phase angle of current in transmission line atload end,

/ R & % I X = Line constants including step-upand step-down transformers.
These equations are plotted in Fig. 4 by means ofwhich it is possible to determine readily the phase
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angle 0 of current in the interconnecting transmission
line when the per cent impedance drop and the ratio of
resistance to reactance is known.

Current Relations. The corresponding current
relations can be easily derived from the vector
diagram, Fig. 3, showing the current relations in

terms of the power factor of the load being de-
livered and the power factor of the transmission
line. In this it is assumed that the currents sup-
plied by the two systems to the load are equal,

A

FIG. 3-CURRENT RELATIONS IN INTERCONNECTED SYSTEMS

0 B-Equals current in transmission line,
B A-Equals curredt at Station "A",
0 A-Equals load current
Load power factor cos 95 equals 95 per cent
Angle of lead in transmission line e equals 20 deg.

under which condition the triangle of current 0 B A is
isosceles where 0 A is the load current lagging an angle
4) behind the voltage, 0 B is the current delivered by
the transmission line at the angle 0, and B A is the
current delivered by the local bus. A measure of the
effectiveness of the transmission line and distant
station in helping out the local station is determined
by the ratio 0 C / 0 B, the point C being determined
by making C A and B A equal to each other. This
ratio, which may be called the transmission utility
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factor, can be expressed mathematically by the equa-
tion derived directly from Fig. 3.

T, = 0 C/O B = 2 cos (0 + 4)) - 1 (4)

This equation is plotted in Fig. 5, from which for
various values of phase angles of currents in the trans-

mission line and for various power factors of load, the
transmission utility factor can be determined.

By means of Figs. 4 and 5 it is possible to determine
the resulting transmission utility factor, when the trans-
mission line constants are known, for any power factor
of load. The curves show exactly how much is sacri-
ficed in order to obtain constant potential on the two
busses.

Rating of Transmission Line Less than Generating
Stations. In the preceding analysis it was assumed
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FIG. 5-TRANSMISSION UTILITY FACTOR OF TRANSMISSION
SYSTEM AND DISTANT GENERATOR; f = 1.0
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FIG. 6-TRANSMISSION UTILITY FACTOR OF TRANSMISSION
SYSTEM AND DISTANT GENERATOR; f = 0.8

that the kilovolt -ampere rating of the transmission
line was equal to the kilovolt -ampere rating of
the generating stations, and for that reason the
current in the transmission line and the current
in the local generating station were made equal
to each other. It may be, however, that the kilo-
volt -ampere rating of the transmission line is less than
the rating of the stations, and for that reason, it becomes
desirable to consider the case in which the division of
load between the two stations is unequal. It is de-
sirable, therefore, to have utility factor curves for
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arious ratios of current in transmission line to current
in generator nearest to the load. Let

Current in Transmission Line
Current in Generator nearest to Load

The curves, Figs. 6, 6 and 7, correspond to values ofF = 1, F = 0.8 and F = 0.5, respectively.
It is of interest to note that in all of these cases,

Figs. 5, 6 and 7, that a transmission utility of 100 per
cent is obtainable only when the currents in the trans-
mission line and in the generators of both stations are
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0
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FIG. 7-TRANSMISSION UTILITY FACTOR OF TRANSMISSION
SYSTEM AND DISTANT GENERATOR; f = 0.5

all in phase with the load current, no matter what the
power factor of the load may be, and thus it is evident
that the maintenance of constant potential on the two
busses cannot be obtained under the conditions assumed
without sacrificing the utility factor.
CASE II: ONE-WAY FLOW OF POWER-LINE DROP
IN INTERCONNECTING LINE MAINTAINED CONSTANT

In case I, a two-way flow of power was assumed; con-
sequently it was necessary to equate the line drop
to zero. If the flow of power is in one direction only,
it is sufficient that the line drop be maintained constantat all loads. A typical case is to assume 10 per centline drop. For these assumptions, Fig. 8 has been
determined giving the relations between the trans-
mission line constants and phase angle of current in
the transmission line. Fig. 8 is to be used in conjunc-
tion with transmission economy curves, Figs. 5, 6 and 7.

EXAMPLE FOR CASES I AND II
Transmission utility factors are determined in the

following examples, in which constant voltage is main-
tained at two busses, by field control alone.3

3. It should not be inferred that all of the assumed operating
conditions in the above examples represent good practise. They
are merely cited to show the inherent difficulty of operating
with field control alone. In the first example where a trans-
mission factor of 18 per cent is obtained, the power factor
in the generator is so poor, about 15 per cent lagging, that
it is doubtful whether the generator could deliver its full kilo-
volt -ampere.

Two stations, A and /I, 14 miles apart, interconnected
by a 66-kv. transmission line, have a rating of 80,000
kv-a. At this load, the line characteristics including
step-up and step-down transformers are:

Per Cent

Reactance drop = 32.5
Resistance drop = 7.5
Impedance drop = 33.5

r /x = 0.23
Power factor of load = 85

To determine the value of using ratio control in con-
nection with the above conditions, it is first necessary to
examine the operating conditions or limitations which
exist if the two station busses are maintained at con-
stant potential by means of generator field control only,
that is, without employing ratio control or other voltage
regulating devices. These conditions impose upon the
system the necessity of maintaining the current in the
transmission line at a definite phase angle, the values
of which, as determined from Figs. 4 and 5, are:
For two-way flow of power (Fig. 4) 0 = 22 -deg. leading
For one-way flow of power (Fig. 8) 0 = 4 -deg. leading

The values of transmission utility factor for various
conditions of operation as determined from Figs. 5, 6,
and 7 are given in column 4 of the accompanying table.
This value is a measure of the usefulness of the distant
station under the conditions assumed. It means that
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FIG. 8-RELATION BETWEEN TRANSMISSION LINE CHARACTERIS-
TICS AND PHASE ANGLE FOR 10 PER CENT LINE DROP

although in each case the distant generator and trans-mission line are loaded to the rated kilovolt-ampere ofthe line, they are effective only to the extent indicatedby the percentages given in column 4.

CASE III. COMPARISON OF SYNCHRONOUS CONDENSERS
WITH TRANSFORMER RATIO CONTROL EQUIPMENT
Comparison of Ratings. When used for thepurpose of enabling the system to hold bus volt-
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CASE I: TWO-WAY FLOW OF POWER
Equal Ratings, Transmission Line Rating =

80,000 Kv-a.

1 2 3 4

Rating station
A and B

Ratio transmission
line rating to station

ratings

Transmission
Utility Factor

With field
control

only
per cent

With ratio
control

only
per cent

Fig. 5 80,000 kv-a. 1 18 100

Fig. 6 100,000 " 0.8 30 Si

Fig. 7 160,000 " 0 . 5 42

CASE II: ONE-WAY FLOW OF POWER
Station B and Transmission Line Rating = 80,000 kv-a.

2 3 4

Rating
Station A

Ratio transmission
line rating to station

ratings

Transmission
utility factor

With field
control

only
per cent

With ratio
control

only
per cent

Fig. 5 80,000 kv-a. 1 62 100
Fig. 6 100,000 " 0 . 8 66 4t

Fig. 7 160,000 " 0.5 72

ages at both ends of the line constant and inde-
pendent of load changes, the synchronous condenser
must compensate for the regulation of the line and inter-
connecting transformers. The condenser floating on
the end of the line takes an additional wattless load
the value of which, expressed in per cent of transmission
line rating, is to be determined. The regulation due
to the addition of the condenser load must be made
equal and opposite to the regulation due to load.
Hence

% I X
[% (Kv-a.), % (Kv-a.),']

100 = % R (11)

where
% (Kv-a.),

%

= Rated leading kilovolt -ampere of con-
denser,

= Rated lagging kilovolt -ampere of con-
denser,

% IX = Per cent reactance drop of line without
condenser,

%R = Per cent regulation of line without
condenser,

from which the condenser rating can be determined
when the regulation of the line, without condenser,
is known.

The rating of load ratio control equipment for the
same duty is:

% (Kv-a.)Rc =
(AR

2

Combining equations (11) and (12)

i%I X
1/2 [ (Kv-a.), % (Kv-a.),1 J 100

= % (Kv-a.)Rc

(12)

(13)

which means that line reactance determines the rela-
tive size of condenser and ratio control apparatus for
the same performance.

In equations (12) and (13) the fraction M is inserted
assuming that the ratio control equipment has equal
plus and minus ranges. This is generally, but not
always, the case.

These equations determine the sum of the leading
and lagging ratings of the condenser. They also show
that as far as voltage control is concerned, it is im-
material how much of the sum is lagging and how
much is leading.

Assuming that the first cost per kilovolt -ampere of
ratio control equipment is appreciably less than the cost
per kilovolt -ampere of synchronous condenser, it be-
comes evident from equation (13) that the first cost of
ratio control equipment is inherently much less than
the synchronous condenser.

Increased Output of System Due to Condenser. The
costs of the two equipments are not directly comparable
owing to the fact that the use of the condenser increases

FIG. 9-CURRENT DIAGRAM SHOWING EFFECT OF SYNCHRONOUS
CONDENSER ON TRANSMISSION LINE CURRENTS

the output of the system. The amount can be deter-
mined from Fig. 9. As the maximum load is increased
by the condenser current, the energy remaining con-
stant, we can write:

(Kv-a.)L cos 4) = (Kv-a.) T cos 0
or

(Kv-a.)L = (Kv-a.)T
cos 4)

cos 0

where

(14)

(Kv-a.)T = rating of generating plant,
(Kv-a.)L = Kv-a. delivered to load,

which means that the ratio of the power factor of the
load to the power factor of the line determines the
increase in kilovolt -ampere of system on account of the
condenser.

Perhaps the best way of obtaining an equable cost
comparison between the use of a condenser and ratio
control equipment is to determine the extra cost
involved when ratio control is used to increase the
system kilovolt -ampere by the ratio cos 0/cos 4).
Ordinarily this merely involves providing the generators
and interconnecting transformers with a correspond-
ingly greater current carrying capacity. The increase
in current in the overhead transmission line does not
necessarily involve an increase in copper since the only
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practical effect of the increased current is greater line
losses and increased regulation drop. An exception
to this should be noted in the case of underground
cables where the consideration of operating tempera-
tures may make it undesirable to increase the maximum
current. In this case the saving in cable equipment
secured by employing the synchronous condensers
may more than off -set its greater first cost.

Saving in Line Losses Obtained by Means of Syn-
chronous Condenser. Consideration must also be given
to the fact that the synchronous condenser, by im-
proving the power factor of the line currents, decreases
the copper losses in the line. The ratio of line copper
losses with and without using the condenser is given
by the expression:

Loss ratio =
i COS 4) )2

cos o (15)

Improving, by condenser, the power factor from 80
per cent to 95 per cent, for example, reduces the line
loss 25 per cent. Where poor power factor of load is
combined with inherently large line losses, the saving
in losses at full load due to the use of condensers is
considerable.

The actual saving in loss, however, is less than may

FIG. 10-CURRENT DIAGRAM FOR FRACTIONAL LOADS
SHOWING EFFECT OF SYNCHRONOUS CONDENSER WITH MAXIMUNI
LAGGING CURRENT EQUAL TO MAXIMUM LEADING CURRENT

be inferred from the above, on account of the fact that
under usual operating conditions the load factor is
considerably less than unity. At fractional loads, the
saving in losses resulting from the condenser is very
much reduced, and at light loads, when condensers is
operating lagging, the line losses are actually increased
by the condenser. It is reasonable to expect, therefore,
that under normal conditions of load, the actual net
saving in line losses is much less than the value ob-
tained for full load conditions.

From this it appears that the saving in line losses is
very much affected by (a) the load factor and (b) the
ratio of leading and lagging rating of the synchronous
condenser.

Losses in Condenser vs. Losses in Ratio Control
Apparatus. Furthermore, the net line losses saved by
condenser are off -set partially by the fact that the
transformer ratio control apparatus is inherently
considerably more efficient than synchronous con-
densers, for several reasons:

1. On account of the smaller kilovolt-ampere rating
of transformers,

2. OnIaccount of the inherently higher efficiency
of transformers,

3. On account of the fact that in transformer ratio
control, both the core and copper losses may be variable.
The core loss varies from maximum to minimum when
voltage ratio is shifted from maximum value to unity
and the copper losses vary from maximum to minimum
with changes in load.

To form a correct comparison between the two
equipments, the actual values of the various losses just
cited must be carefully estimated and capitalized.

EXAMPLE ILLUSTRATING CASE III
Assuming the following conditions:

Per Cent

Line reactance drop 29
Line resistance drop 7
Power factor of load 86

it is desired to compare the use of ratio control equip-
ment with a synchronous condenser when used to
maintain voltage at both ends of line constant. Under
these conditions the line regulation without the con-
denser is 22.7 per cent. By equation (12) the rating of
ratio control equipment necessary to maintain voltage
constant is 11.3 per cent of the kilovolt-ampere of the
load.

By equation 03) the rating of the condenser is
per cent (kv-a.), + per cent (kv-a.),' = 70 per cent

The synchronous condenser performance depends
upon the ratio of the leading and lagging rating of the
condenser. Assuming equal leading and lagging rat-
ings, in other words, per cent (kv-a.), = per cent
(kv-a.),' = 35 per cent, current relations are obtained
as shown in Fig. 10. At full load the addition of the
condenser brings the line power factor up to 99 per cent.
The ratio of line power factor to load power factor is
1.14, which means that the system. rating has been
increased by 14 per cent, equation (14). The full load
line losses by equation (15) are 77 per cent of what
they would be without the condenser. The triangle

B D in Fig. 10 gives the current relations for full
load; 0 C is the condenser current at no load; and the
line C D B is the locus of the line current as the load
increases from no-load to full load. At the intersect D
corresponding to half load for Fig. 10, the condenser is
not contributing. For less than half load the condenser
is increasing the line losses, and for loads greater than
half load the line losses are decreased by the condenser.

The current diagram, Fig. 11, corresponds to the
assumption that the leading rating of the condenser is46.5 per cent and the lagging rating is 23.5 per cent.
The chief difference between Figs. 10 and 11 is the
position of the intersect D, which now occurs at 33 percent load. It is evident that operation, in accordance
with the assumption upon which Fig.11 is based, means
a greater saving in line losses for a given load factor
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than operation in accordance with conditions assumed
for Fig. 10.

CASE IV. TRANSMISSION LINE LOOP

Under cases I and II it. was shown that by the help of

one voltage control equipment constant voltage can be
maintained at two points and at the same time any
desired current relation obtained. The principle can
be extended to any number of stations operating on a
line so that with N stations and N - 1 voltage control
equipments it is possible to maintain the bus voltage
constant at N stations and at the same time secure any

FIG. 11-CURRENT DIAGRAM FOR FRACTIONAL LOAD, SHOW-
ING THE EFFECT OF SYNCHRONOUS CONDENSER WITH MAXIMUM
LAGGING CURRENT 50 PER CENT OF MAXIMUM LEADING
CURRENT

desired division of current in each portion of the line.
At each station voltage control may be inserted

between high and low voltage of the power transformers
as shown in Fig. 12, or the variable voltage may be
inserted in series with the line as shown in Fig. 13. In
the former ease the over-all regulation of the line is
unaffected, whereas in the latter ease the variable
voltage being inserted in the line itself, not only the
station bus voltage but also the line voltage, is affected.

\.®

13

Flo. 12-TRANSMISSION LINE LOOP PROVIDED WITH IN -PHASE
AND QUADRATURE VOLTAGE CONTROL

When the two ends of the lines a and b, in either
Fig. 12 or 13, are connected together forming a loop,
it is desirable to know whether complete current
flexibility is still obtainable. It is evident for example,
that if the currents in the four portions of the line, in
Figs. 12 and 13, are to be independently variable, a
variable voltage exists between a and b which is the
resultant of the impedance drops in the four lines.
This voltage (e) varies in value and in phase from time
to time depending upon how much the currents are

changing in the line. We may write for the voltage
between a and b for Fig. 12

e = I1Z1 ± 12 Z2 ± 13 Z3 ± 14 Z4
where

II 12 T3 14 are the currents desired in the lines;
Z1 Z2 Z3 Z4 are the corresponding line impedances.
For Fig. 13 the expression becomes:
e = I1Z1 + 12 Z2 ± 13 Z3 ± 14 Z4 - e2- e3- e4

where
e2, e3, e4 are the control voltages inserted in the line at
stations 2, 3 and 4.

If the loop is formed by connecting a and b without
inserting any control equipment, the voltage (e), as
given in the above equations, is short-circuited and a
circulating current flows throughout the loop, the value
of which is given by the expression,

I = e/(Z1-1- Z2 + Z3 + Z4)
The line currents have now become

/1 + lc
12 +
13 + Ic
I4 +I

It is evident that the desired currents, II, /2, /3, I can

FIG. 13-TRANSMISSION LINE LOOP PROVIDED WITH IN -PHASE
AND QUADRATURE VOLTAGE CONTROL

be obtained only in the remote coincidence that these
currents happen to be of such values as to make the
resultant voltage (e) zero. The alternative is to intro-
duce into the line a voltage which is always equal and
opposite to (e). Therefore, if the ends a and b are to be
connected without interfering with current flexibility,reit
is necessary to bridge the points a and b with a voltage
which is equal to, and in phase with, the vector sum of
the impedance drops in the lines.

The insertion of such a low impedance voltage bridge
between points a and b in which the voltage and also
the phase angle are independently controllable can be
accomplished by two ratio control equipments, one
providing the proper in -phase voltage and the other
providing the proper quadrature voltage. (See note
following.)

In general, a transmission line loop in which a maxi-
mum current flexibility is desired together with N points
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maintained at constant potential, requires N voltage
ratio controls and one quadrature control.

Although two independent controls, consisting of an
in -phase and a quadrature control, are necessary to
obtain complete flexibility, nevertheless, under particu-
lar conditions of load variation, one ratio control equip-
ment is sufficient for loop control.'

For example, when the currents II, /2, I3, I4 vary
during the load cycle in such a manner that the resultant
voltage (e) changes in value but not in phase, it is then
only necessary to determine the phase angle of (e) with
reference to the line voltage, and to design loop control
equipment having this angle.

Loop control may be needed to prevent excessive
current flowing in portions of circuit as, for example,
when underground cables are used having a limited
current rating, or it may be desired in order to be able
at all loads to obtain a minimum of energy loss in the
loop. In the latter case the exact setting of the control
equipment can be calculated readily.

Current Distribution with Reference to Obtaining
Minimum Energy Losses in Loop. At the end of this
paper, equations are developed which give the condition
for current distribution so as to obtain minimum energy
losses in the loop. These equations show that the
criterion for minimum losses is the condition that the
vector sum of the resistance voltage drops around the
loop should be zero. This criterion can always be met
by means of two control equipments if they are so
adjusted as to allow a circulating current to flow
through the loop in accordance with

Ric+ ErI=0
where

is the circulating current,
R is the total resistance of the loop,
Zr I is the vector sum of the resistance drops (not

including the drop due to circulating current).
To obtain this current distribution, the control equip-
ments must introduce the following voltages into the
line: An in -phase voltage equal to

e = 51x1 52x2 53x3 + etc.

and a quadrature voltage equal to

j e =i1 x1 + i2 x2 + i3 x3 + etc.

An important particular case is when the ratio of
resistance to reactance in each portion of the line is
equal; that is, when

4. Loop control can also be obtained by means of two poly-
phase inductive regulators, the series windings being mounted
in the line and connected in series with each other. Each
regulator inserts in the line a constant voltage with phase angle
variable from zero to 360 deg. By adjusting their phase
angles, the combined voltage introduced into the line can be
made any desired value and any angle.

X2 X3 X
r - r2 - r3

where R and X are the total resistance and reactance
of the loop. Then

r, r2 r3X X2 = R X xa = X

When these values are substituted in the equations for
e and j e, they reduce to the following simple form:

je --RX

e= jr R
But by the conditions of the problem Ei r = 0 and

r .= 0. It therefore follows that both e and j e
are zero. The important conclusion follows that
when the ratios of resistance to reactance in each
portion of the loop are all equal to each other, the
currents distribute in the loop so as to obtain minimum
copper loss, when the loop is closed without voltage
inserted. Loop control equipment is therefore neces-
sary only by virtue of the fact that the various portions
of line have different ratios of resistance to reactance.

Acknowledgment is hereby made to Raymond
Bailey, P. J. Walton, W. W. Lewis, H. 0. Woods and
M. B. Mallett for their assistance in the preparation
of this paper.

An appendix with equations to find the current
distribution in a loop with reference to obtaining
minimum energy losses in a loop is included in the
complete paper.
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abridgment of

A Theory of Imperfect Solid Dielectrics
BY MICHEL G. MALTI1

Associate,

Synopsis.-This paper covers Chapters VII, VIII and IX of a
thesis presented by the author to the Faculty of the Graduate School
of Cornell University, for the degree of Doctor of Philosophy.

In this thesis a summary is made of the experimental facts
regarding the anomalous behavior of solid insulating materials
under varying conditions of potential, time, temperature, frequency,
humidity, ionizing radiations and various other factors.

A bibliography containing about 400 articles dealing with experi-
mental and theoretical research is appended to the thesis. These
articles are chronologically arranged and numbered.

Five tables are given, including references to experimental
research done on (a) dielectric resistivity, (b) dielectric charge and
discharge, (c) dielectric constant, (d) dielectric strength, (e) dielectric
energy loss.

A. I. E. E.

Hypotheses are here established which account, in a general way,
for the observed behavior of solid dielectrics. Definitions of the
resistivity, permittivity, electric charge and electric strength of

solid dielectrics under both continuous and alternating potentials

are submitted. Terms are introduced and defined: e. g., the "(i - t) -
characteristic," the "electrization curve," and the "hystero-viscosity
loop."

The various energy losses occurring in dielectrics are traced to
their sources and subdivided into hysteresis, viscosity and resistance
losses. Methods are devised for separating the total dissipated
energy into its three component parts.

Finally, the classical theory is shown to apply to imperfect solid
dielectrics if the submitted definitions and terms be adopted.

* * * * *

Part II. Definitions of Terms
A. THE RESITIVITY p OF SOLID DIELECTRICS

1. Resistivity at Continuous Potential.
The resistance R of a solid dielectric with a continuous

applied potential will be defined as:

R = Limit (E - 2 E)/I,
t

The notations used in equation (1) may be visualized
by referring to Fig. 4.

From equation the resistivity
p = R a/d = - 2 E)/I,l(ald) (2)

di

d, -f- 1

+ I

+ 1

(1)

+ I
+ I
+ I

FIG. 2-DECREASE IN THE SPARKING DISTANCE OF A GAS DUE
TO PLACING A SOLID DIELECTRIC NEAR THE ANODE

For continuous potentials, and within the same
potential range, p will be constant. However, p will
assume lower values as higher ranges of potential are
reached until at the breakdown potential p becomes
practically zero. The resistivity defined by equation
(2) is easily measured because all the quantities on the
right hand side are determinable. En is the only factor
which seems difficult to measure. Its value, however,
may be experimentally determined as was done in

1. Instructor in Electrical Engineering, Cornell University,
Ithaca, N. Y.

Presented at the Regional Meeting of District No. 1 of the
A. I. E. E., Pittsfield, Mass., May 26-28, 1927. Complete copies
upon request.

(53-15) and (2-25) by first impressing E for a time tr)
then suddenly decreasing E to such a value that it
becomes zero. This new value of E at which it = 0
is the value of 2 E, while (53-15) shows that if this is
done, R, (at least in the case of quartz and iceland spar),
is not only independent of E, within certain limits, but
is also independent of the time t.
2. Resistivity at Alternating Potentials.

The value of p can thus be experimentally determined
when continuous potentials are used. With alternating
potentials, the conduction current cannot be experi-
mentally separated from the charging current. The
method generally adopted of measuring the power
dissipated in a condenser and taking p of such a value
that W = I2 R, is physically erroneous because of the
fact that the energy dissipated is largely a hysteresis
loss, and the 12 R loss forms but a very small percentage
of the total dissipated energy (see 2/82, 94-12 and
17-15).

Two questions arise in regard to the resistivity when
alternating potentials are used :

a. What conception must be formed of p with
alternating potentials?

b. If p is a function of the potential range, what
value of p must be adopted when alternating potentials
assume instantaneous values which fall within more
than one potential range?

The answer to the first question is that the concept
of p with alternating potentials should not differ from
that of p with continuous potentials.

The answer to the second question would lead to a
definition of an effective resistance which, although
having no physical basis when the potential gradient
exceeds the initial range, leads to an approximate
determination of the true 12 R loss when alternating
potentials are used. Thus, let ti,_ / 2, . . . be the
times at which the sinusoidal voltage wave (Fig. 3)

137:3
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Writ = J (i1N)' RN d t = RN f (i,N)2d t
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where i- rA ir N are the conduction currents,
RA, RR, . RN are the resistances and W 1, W 2W are the energy losses that would be obtained at
continuous potentials lying within the ranges A,
B . . N.

The value of the first integrand in equation (3) will
then be

11

W = RA f [(IrA V2) sin co t]2dt
O

sin 2 co tt]
= (IrA2 RA) [ ti -

2 co (4a)

The other integrands in equation (3) cannot be so
easily evaluated because, according to the eighth
hypothesis, we cannot assert that the conduction
currents Ir,3 . . . I rN are sinusoidal. However, if we
should follow the procedure adopted in obtaining
equation (4a), the error will be only in the deviation
of the current from the sinusoidal value. This error,
for potential gradients lying well below the rupturing
gradient G,, cannot be very large. We shall therefore
evaluate the remaining integrands as was done in the
case of the first and obtain:

sin2 co t2 - sin2 co t 1(4b)Wr2 = rB2 RIO [(t2 t1) -
2 co

sin 2 w t-sin 2 cot-i](4n)
WrN= arN2 RN)[(t.- t.1)-

2 w

Therefore the total energy dissipated per of a
cycle is:

Wr = (Wri + Wr2 + + Wm) (5)
But with actual conducting materials the energy loss
due to the passage of a current of effective value
for a period of time T/4 is:

WrN = 1 rt,12 RN T/4
from which

RN = 4 147,,,II,N2 T (6)

rt.sisiance of Li thelcci Fir at sititi?sindal
butt ittittl havinv instantaneous valtics %%461.11 c\ lend
nye:. murk. I 11:111 urte ial range, rimy bi.analkwuniv
dt.lincd ;I:,

-- 4 11",, /,:l' 17,

where IV, are 11Hincd by equations 4
At. voltages whose ainplitudvs do not exceed tltt

initial potential range, equation (4a) for I.1" of a cyclo
becbmes:

= ,A? R '1' 4 (8)
Therefore, the resistance of a slab of dielectric at such

FIG. 3-A SINE WAVE OF VOLTAGE

alternating potentials is equal to that obtained by using
a continuous potential of a magnitude equal to the
effective value of the alternating potential.

It must be remembered that IrA in equation (8) is

IT

FIG. 4-THE (i - 1) -CHARACTERISTIC OF A SOLID DIELECTRIC

not the effective value of the alternating current, flow-
ing through the condenser, as measured with an a -c.
ammeter. It actually corresponds to I, in equation (1);i. e., it is the true conduction current read at a time tr
on a d -c. instrument, when a continuous potential of a
magnitude equal to the effective value of the alter-
nating potential is applied to the condenser.
B. ELECTRIC CHARGE AND DISCHARGE OF SOLID

DIELECTRICS
1. The Charge with Continuous Potentials.

a. Definition: If, for a definite temperature, hu-
midity, and continuous potential, current readings be
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taken, at various intervals of time, for a circuit with
R, L, and C, then, upon plotting those readings, Fig.
4 will be obtained.

The charge acquired by the dielectric in the interval
of time t = (t2 - t1) will be defined thus:

12 i2

Q = f (i - Ir) d t = f ic d t (9)
11 t1

In equation (9), i is the current measured at any
instant and /r is the leaky current represented by

0
Im

FIG. 5-VARIOUS SHAPES OF THE (i - 0 -CHARACTERISTICS OF
SOLID DIELECTRICS

the constant value which it assumes after a time tr;
see equation (1).

b. Remarks on Fig. 4.
1. The value of the charge Q, expressed by equation

(9), can be graphically represented by that part of the
shaded area in Fig. 4, included between t1 and t2. It
will be noted that Q is a function not only of the magni-
tude, t = t2 - ti, of the time interval, but also of the
actual values of the limits t1 and 12. For the extreme
ease where ti = 1, and t2 > tr, the charge is zero because
i - /, = 0.

2. The time t corresponding to the maximum
value i., is solely a function of the constants R, L and C
of the circuit. It can be reduced to a minimum by
making L 0.

3. The actual value in, is a function of the dielectric
material, the applied voltage gradient, temperature and
various other factors.

4. The character of that section of the curve which
extends from t, to tr is an indication of the relative num-
ber of the three types of the electrons present in the
dielectric as well as the degree of viscosity of the elec-
trons belonging to the second order. Indeed, the
curve is a function of the rate of growth of the polari-
zation e. m. f. which forms on the boundary surface
between the plates and the dielectric. This is best
illustrated by Fig. 5, where curves are drawn for
various materials possessing the same dielectric resis-
tivity but having different (i - - characteristics.

Curve a represents the (i - - characteristic of an
ideal condenser. The ascending and descending por-
tions of the curve are identical. The descending part

of the curve is a reproduction of the inverted ascending
portion. Moreover, owing to the perfect elasticity of
the ether, in, is just a point on the curve. Again the
final current becomes zero because a perfect condenser
is devoid of any conductivity.

Curve b  stands for a condenser whose dielectric
is rich in highly elastic electrons; the portion of the
curve beyond tm is very steep, showing that each of the
viscous electrons possesses, to a more or less extent, the
same degree of viscosity. That the value of in, extends
for a certain length along the curve, is an indication of
the existence of viscous electrons, because it shows that
the polarization took some time before approaching
its steady final value.

Curve c drawn for a condenser whose electrons have
varying degrees of viscosity as indicated by the gentle
slope of the curve and the time it takes for the polari-
zation to be complete.

Curve d shows that although the electrons are very
highly viscous, as indicated by the time required for the
first point of inflection to occur, there exists very
little difference in their degrees of viscosity. The
very steep descent of the curve, as soon as the polariza-
tion attains its final value, is an indication of this latter
fact.

5. While, in general, a dielectric which possesses
the characteristic Curve b (Fig. 4) within a certain
potential or temperature range, may be expected to
exhibit a similar characteristic at other ranges, it must
not be inferred that this always holds true. Indeed
the behavior of a dielectric is a very complicated func-
tion of its internal structure. Therefore, it is very

.:
t t2 t t

FIG. 6 --'THE RESULTANT CHARGING CURRENT DUE TO SUCCES-
SIVELY INCREASING POTENTIALS IMPRESSED UPON A DIELECTRIC

likely that the same dielectric will exhibit the various
characteristics represented by Curves b, c and d, at
different potential ranges. This will be in strict con-
formity with the hypotheses laid down in Part I.
2. The Charge with Alternating Potentials.

a. Some Laws and Corollaries: The (i -0 -char-
acteristic represented by Fig. 4 is true for steady con-
tinuous potentials. With alternating potentials the
shape of the current- -time curve is further complicated
by the fact that e is a function of time.

Before formulating a definition of charge with alter-
nating potentials we shall cite the laws of charge and
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discharge established in 2/89, taking the liberty to
introduce such changes in them as have been necessi-
tated by more recent researches.

Law 1. Within the initial potential range and for
the same conditions of temperature, humidity, etc.,
the value of i, = (i /,.) for a dielectric atone and the
same instant of time (t), after impressing the potential,
is proportional to the applied potential E. Thus, if i,
and i,' are the charging currents measured at an in-
stant t after impressing voltages E and E', respectively,
and if E and E' are both less than the upper limit EA of
the initial potential range A, then

E/E' = iclic' (10)
Law 2. The charging current i due to successively

increasing potentials impressed at successive instants
on a condenser, is equal to the sum of the charging
currents that would be produced by each potential
acting alone, provided none of these potentials exceeds
the upper limit EA of the initial potential range. Thus,

\

01.

FIG. 7-THE CHARGE AND DISCHARGE CURRENTS OF A SOLID
DIELECTRIC

let E1, E2, E3 . . . . En be successively impressed
on a condenser at times t1 < t2 < t3 . . . . < t and
let E1 < E2 < E3 < . . . . < En < EA, then

+ ic2 ic3  + icn (11)
In order to visualize this law, imagine a circuit of

such a small inductance that the time t,, Fig. 4, may
be neglected. The voltages E1, E2 . . . . En applied
at times t_ ly -t 2 . to will give rise to the currents

i2 . . in; Fig. 6. Then the charging currents
ice icn will be:

ici = it - Irl
ic2 = i2 (12)

icn = in - Inn
and the instantaneous value of the total charging
current i = _ci i.2 .  ± icn will be represented
by the dotted curve.

Corollary 1. As is pointed out by Curie (2/89), one
consequence of Law 2 is that the charging current
curve is identical with that for the discharge current
curve, but of opposite sign. The discharging of a con-

denser at short circuit is indeed equivalent to intro-
ducing into the circuit a voltage (- E), equal in
magnitude, but opposite in direction, to that of the im-
pressed voltage. If acting alone, this newly introduced
voltage would cause a charging current identical in
shape with, but opposite in sign to, the original charg-
ing current as is shown in Fig. 7.

Unfortunately this law does not apply to potentials
higher than the upper limit of the initial potential
range. (See references in hypothesis 7, Part I). This
accounts for the limitation introduced in formulating
the law and for the statement made in the eighth
hypothesis.

Corollary 2. Up to a certain time t, the total charge
acquired by a condenser, due to successively increasing
potentials, is equal to the sum of the charges that
would be acquired if each of the potentials were acting
alone. Thus, if ici, ie2 . . . . i, be the charging currents
due to potentials E1 < E2 < . . . . < . . . . < EA,
impressed at times ti < t2 < . . . . < t,, then the total
charge Q acquired by the condenser from ti to t > t.is Q = Q1 + Q2 . . + Qn or

Q = f icl d t f ic2 d t . . . . + f icnd t (13)
11 12 In

Law 3. The value of the charging current i, due to a
continuous potential E applied to a condenser for
more than an infinitesimally short interval, (i. e., an
interval sufficiently long to cause a displacement
of the elastic electrons but not of the viscous electrons),
is proportional to the interval of time through which
the potential acts.

This is a very specious law; it will always remain
as a hypothesis because it does not lend itself to experi-
mental verification. Its plausibility will be evident,
however, if we admit the hypotheses postulated inPart I. Indeed, if viscous electrons require some time
to attain their final displacement, one would naturally
expect the time element to enter as a necessary factor
in determining the value of ic.

b. The Equations for the Charging Current and
Charge Acquired with Alternating Potentials. Letthe potentials E1, < E2, < . . . < En be com-
prised between the limits 0 and Ern, and let t1 < t2 <
. . . > t = T/4 be the times at which these potentials
are applied. Let En, be the amplitude and T the
period of the sinusoidal applied potential whose equa-tion is

then
e = En sin co t

El = E., sin co ti

(14)

(15)

En = En, sin co to
According to the first law expressed by equation (10),the value of the charging currents it, and i measuredat the same instant, t, after impressing E. and E. respec-tively, is
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ic./ic. ----- E./E. = [Em sin co tu/Em sin co tv]

= sin w to/sin w tv (16)

and for the particular case where t. = T/4 equation
(16) becomes

= Eu/Em = sin co tu/1

whence
ir. = (sin w t.) icm (17)

In what follows, two notations for time, t and T,
will be adopted in order to differentiate between time
me cured along the abscissa of the voltage curve,
(Fig. 8A), and that measured along the abscissa of the
(i - t) characteristic, (Fig. 8B). Therefore, t will be
used for voltage variation and r for charging -current
variation with time.

Let

i'm =fer- 4

)
(18)

be the function expressing the value of the charging
current due to a continuous potential (of magnitude
(Em) equal to the maximum value of the alternating

A

FIG. 8

B

A-A SINE WAVE OF POTENETIAL
B-THE CHARGING CURRENTS DUE TO TWO INSTANTANEOUS

VALUES OF AN ALTERNATING POTENTIAL

potential) which is impressed on the condenser at time

t =
4

. Then the function expressing the value of

the charging current for any other continuous potential
of magnitude E = E. sin w t impressed on the con-
denser at a time t and acting through an angle d (w t)
will be, by equation (17) and law 3,

= f (r - t) (sin w d (co t) (19)

and the total current at any time T > t due to all the
instantaneous voltages from 0 to T each of which acts
for an interval d (w t), will be:

7

is = f f (T - t) (sin w t) d (w t) (20)

and the charge Q acquired during Yi of a cycle is
T/4 T/4 T/4

Q= i.dr = - t) (sin co d (co 0 r

(21)
The same reasoning can be extended to potentials

with instantaneous values exceeding the initial poten-

tial range. Referring to Fig. 4, let t1, t2 . . to

be the times at which the sinusoidal voltage assumes
instantaneous values e1, e2 . . . en, so that e1 = EA,
e2 = EB, . . . en = EN, where EA, EB, . . . E are
the upper potential limits of the potential ranges A, B,

. . N, respectively. Let A (7- - t1), fB (r - t2)
. . . fN (T - tu) be the functions expressing the
variations of r1i) -c2, icn with T at continuous
voltages EA, EB, . . . EN. Then, by analogy with
equation (21), the value of is at any time, T, according
to the corrections indicated, equation (20a) will

become:

icA

icII

CN

7

f= A (r - t) (sin

o
it

f= A (7- - t) (sin

0

T

tf fB (r - t) (sin

11

wt)d(wt)

o d (ct) +

cot)d(cot).

= A (7- - t) (sin w t) d (w t) 4-

o
12

fB (r - t) (sin w t) d (w t) +f
it

fN (r - (sin co d (co 0

i(N -1)

0 <T <t1

tl T t2

. -1 < r <tn

The charge acquired by the condenser will be:
T/4

Q = f acNdT
0

(20a)

(21 a)

where iCN is expressed by equation (20a).
c. Discussion of Equations (21) and (21a). In

equation (21) the function f (r - t) is that portion of
the curve shown in Fig. 4 and extending from tm to tr.
It should be determined at a continuous voltage equal
to the amplitude E. of the alternating potential. This
function will vary with the material of the dielectric,
the temperature and humidity of the specimen, and
the physical condition of the dielectric.

Equation (21) comprises the essence of the cause for
the decrease of charge with the frequency of the
applied potential. Indeed, the mere inspection of
equation (21) shows that the value of Q is a function of
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the upper limit -4-* The higher the frequency, the

smaller is T and consequently the smaller the valueof the integrand. In equation (21a), the values of A,
. . . i,N substituted from equation (20a) contain

fA (r - 1), Ai (r - t) . . . fN -t). These functionsshould be determined at continuous potentials of
magnitudes equal to EA, ED EN.
C. THE "DIELECTRIC PERMITTIVITY') K OF SOLID

DIELECTRICS
Imagine two condensers, No. I and No. II, of the samephysical dimensions. Let the space between theplates of condenser No. I and condenser No. II befilled with a solid dielectric and vacuum, respectively.Let the charges acquired by condensers No. I andNo. II, when each is submitted to the same potential,be Qi and Qii. Then the dielectric permittivity will be:

K = (11/Qii (22)
For continuous potentials:

K1

Sr

ic d t

0

ic' d t

equation (9)
1r

ie1 d t

equation (9)
(23)

E K cc/d

For alternating potentials, where no instantaneous
value exceeds the upper limit of the initial potential
range:

K1 - T/4
equation (21) eq. (21)

(24)eq. (45)
ic' (cos w t) d

0

and for alternating potentials, where instantaneous
values do exceed the upper limit of the initial potential
range:

K3 = equation (21a)
T/4

ic' (cos w t) d t

eq. (21a)
eq. (45) (25)

0

The denominators in equations (23), (24), and (25)
can be very easily computed; see Part III. The
numerators are defined by equation (9) with the limits
changed from 0 to t, and by equations (21) and (21a)
respectively.

The definitions given above take account of all the
factors which influence K; see discussions of equations
(21) and (21a). Moreover, the values of K, determined
from these equations will be different for the same
material if f and G be changed. The "dielectric
constant" is thus a very inappropriate term. A better
appellation, "dielectric coefficient," has been suggested.
This new name is here replaced by the more descriptive

and shorter one, permittivity, adopted by some text
books. The writer regrets that he has never met
with this term in reading the literature.
E. THE ENERGY DISSIPATED IN SOLID DIELECTRICS
1. Causes of Energy Dissipation.

The energy dissipated in solid dielectrics may be
due to one or all of the following three clauses:

a. The resistance of a dielectric to the flow of
current,

b. Dielectric hysteresis,
c. Dielectric viscosity.
No successful attempt has been made, so far, to

separate the total energy loss into its three component
parts. Moreover, the three sources of energy loss
are not clearly defined. It will be our object, there-
fore, (1) to investigate the sources of these losses
in the light of the established hypotheses; (2) to intro-
duce definitions of the three types of energy loss;and (3) to devise means for the separation of the
total energy dissipated into its three component parts.
2. Sources of Energy Loss with Alternating Potentials.

In view of the hypotheses established in Part I
we shall consider separately the behavior of the
three types of electrons in a dielectric subjected to
alternating potentials.

a. Perfectly Elastic Electrons. When an alternating
potential is applied to a dielectric, all the electrons
are displaced from their neutral position of equilibrium.
Those that are perfectly elastic will be displaced by adistance which may or may not be proportional, atevery instant, to the instantaneous value of the im-
pressed voltage. However, for this type of electrons,the same relation between the distance by which the
electron is displaced and the instantaneous value ofthe applied potential exists no matter whether thisdistance be measured at increasing or decreasingvalues of potential. If 5 is plotted as ordinate andEm sin CO t as abscissa, we get the curves shown in
Fig. 11B.

Whether the curve is of the form (A) or (B) willdepend entirely upon the characteristics of the individ-ual electron. The interesting fact to remember isthat the curve closes on itself and therefore no energyis lost.
b. Perfectly Viscous Electrons. The displacementof the viscous electrons gives a very different curvefrom the ones shown in Fig. 11B. Here the electrondisplays no elasticity; consequently, it continues tocreep in the same direction irrespective of the instan-taneous value of the impressed potential, providedthat value maintains the same sign. As soon as thepolarity of the applied voltage changes, the directionof creepage reverses. The distance covered by thecreeping electron is at any instant directly proportionalboth to the instantaneous value of the applied potentialand to the time through which that instantaneousvalue acts. We thus have for the displacement due to
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any potential = E. sin w t and acting for an instant
A t

AS = h E. sin WI At
and for the total displacement attained during a
time from 0 to t:

St = hEm Csin co t d t =
- hEm

w
cos w t (31)

0

This curve is plotted in Fig. 11c. It can be best
visualized by shifting the origin 0 to the point 0'.
The existence of w in the denominator of equation (31)
shows that (51is a function of the period of the impressed
potential .

c. Slightly Elastic or Partially Viscous Electrons.

e

-e

A

+e

A-A SINE WAVE OF VOLTAGE
B-VARIATION IN THE DISPLACEMENT OF A PERFECTLY

ELASTIC ELECTRON WITH VOLTAGE
C-VARIATION IN THE DISPLACEMENT OP A PERFECTLY

VISCOUS ELECTRON WITH VOLTAGE

In the case of the partially viscous electrons, the
elasticity of their bonds furnishes them with enough
resilience to rebound whenever the impressed potential
suffers a decrease. The distance by which they rebound
is a function of their elasticity, the value of the im-
pressed voltage and the decrease suffered by that
potential. The curve given in Fig. 12 is representative
of one type of such a hysteresis loop. For other types
of loops, the reader is referred to the very interesting
work (54-21) wherein several loops are plotted with
charge as abscissa against applied potential as ordinates.

d. The Hystero-Viscosity Loop. The hystero-vis-

cosity loop (Fig. 12) may be determined for any
dielectric as follows:

A continuous potential -gradient G1 is impressed
on the dielectric for a time tri and the charge Qi, (see
Fig. 4), acquired by the dielectric during the interval
tr, is measured. The charge density DI will then be:

DI = QI/a (32)

The gradient is next raised to G2, the charge Q2
acquired in the time 0 to tr2 is measured and D2 com-
puted. This process is repeated until the maximum
gradient G., for which the loop is required, has been
attained. We thus obtain the curve 0 a (Fig. 12)
which we shall call the "electrization curve" in analogy
to the "magnetization curve."

Just as in the magnetization curve, the permeability
at any field intensity is µ = B/H, so here, the absolute
permittivity K' of a dielectric at any voltage gradient
G is:

(33)K' = D/G
The voltage gradient is next lowered to a value Gn < G..
If G. is low enough, i. e., if En < 2 E3, a current will
flow in the reverse direction for a time tn at which
time its value becomes-szero This reverse current is

FIG. 12-A HYSTERO-VISCOSITY LOOP

due to the fact that, the polarization potential being
in excess of the new impressed potential, some of the
elastic electrons rebound to their original position,
thereby allowing a part of the charge on the plates to
recombine. Moreover, the recombined charge in the
dielectric is exactly equal to the released charge. If
we measure this recombined charge and subtract its
value from Q we obtain the charge Q which remains in
the condenser at the gradient G. D. will then be
Q. /a. By a similar process we may compute D,1 at
G--1 . . . and Do at G = 0.

As the time element is of importance in determining
this loop, ample time should be allowed for the viscous
electrons to readjust themselves to each new state.
Therefore, the time consumed in determining the curve
a h should be at least equal to that spent in ascertaining
the curve 0 a. Moreover, the short circuit (at G = 0)
should last long enough to allow all electrons which
possess any degree of elasticity at all to rebound
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to their normal position. This time cannot be fixed
for it depends upon the type of material experimented
on.

The length of the line 0 b represents the residual
charge due to purely viscous electrons. These elec-
trons, being utterly devoid of resilience, need a coercive
force in the opposite direction to move them to their
original neutral position.

The polarity of the applied potential is now reversed
at the point b, and the density of charge D, corre-
sponding to any gradient G, measured, as indicated
above, until the negative maximum gradient (- G,,) is
attained. We thus obtain the curve b c. The curve
c d is obtained similarly to the curve a b by successively
increasing the potential from (- Gm) to zero.

Finally the curve d a is plotted from data observed,
as described above, by successively increasing the
potential from zero to Gm.
3. Definitions and Separation of Dielectric Losses.

a. The Resistance Loss (Wr). The loss per unit
volume, per cycle due to the resistance of a dielectric to
the passage of current, at alternating potentials, shall be
defined as follows:

1. For potentials whose amplitudes exceed the
upper limit EA of the initial potential range A,

Wfl = 4 (equation 5)/V Joules/cm.3 (34a)
2. For potentials whose amplitudes do not exceed

the upper limit EA of the initial potential range A,
W,. = 4 (equation 8)/V Joules/cm.' (34b)

b. The Total Loss (WD) dissipated per unit volume
per cycle shall be defined as the total loss, measured by
known methods, divided by the volume of the dielec-
tric, divided by the number of cycles made during the
time of running the test.
WD = (Measured Loss per cycle)/V Joules/cm.3 (35)

For the same amplitude of applied potential, WD
will decrease as the frequency is increased, until a
frequency f' is reached beyond which the loss per
cycle is constant and independent of the frequency.
This particular value of WD will be defined as:
WD f = (Measured constant loss per cycle) /V Joules/cm.3

c. The Loss due to Hysteresis (Wh) : The hysteresis
loss per unit volume per cycle at any frequency shall
be defined as follows:

1. For potentials whose amplitudes exceed the
upper limit EA of the initial potential range A,
W. = (equation (36)) - (equation (34a)) Joules/cm.

(37a)
2. For potentials whose amplitudes do not

exceed the upper limit EA of the initial potential
range A,
Wh = (equation (36)) - (equation (34b)) Joules/cm.3

(37b)
d. The Losses due to Viscosity (WV) : Enegry

dissipated per unit volume per cycle due to viscosity
shall be defined as:
WV = (equation (35)) - (equation (36)) Joules/cm.3 (38)

It must be remembered that the above equations hold
true only under constant conditions of voltage gradient,
temperature, humidity, etc. The only factors here
eliminated are time and frequency.

NOTATIONS
Symbol Quantity Units

a Area Cm2.
c Chemical composition of a dielectric
C Capacitance (Pormittance) Farads
c (Subscript) charge
d Thickness Cm.
d (Subscript) discharge
Dc, Dd Charge and discharge density Coulombs/cm.2
E Voltage (Continuous or effective)

Voltse Voltage, instantaneous
f Frequency Cycles/sec.
G Voltage gradient Volts/cm.
H Humidity = Per cent
I Current, continuous or effective . l Amperes
i Current, instantaneous
K Dielectric constant (Permittance) ..Numeral
M Material of electrodes

Refractive index; any number
p Physical condition of a dielectric
P Mechanical pressure on a dielectric . kg./cm.3
p (Subscript) Polarization thus Ep =

polarization e. m. f
Charge
Discharge
Resistance Ohms
Ionizing radiations
Shape of electrodes
Elastance = i/C Darafs.
(Subscript) strength thus G. = dielectric

strength
t, Time Sec.
T Temperature Deg. Abs.
U Current density Amps. /cm.2

Volume Cu. cm.
W Energy Watt -sec.
W' Energy density watt. sec/cu. cm.p Resistivity mho/cm.3

7 Conductivity ohm/cm.3
Elasticity Darafs.

0 d, Angles Deg.
co 2 7r f (Angular velocity) radians/sec.
A, B, . . S (Subscripts) Limits of ranges
A, B . . S (Not subscripts) Ranges.

Q.
Qd
R

S

} Coulombs

COLOR BY WIRE
It has been reported that a new invention at the

Massachusetts Institute of Technology makes possible
the matching of colors by wire or radio. Exact re-
productions of any shade can be made without the
possibility of visual error, thus advancing the industries
from dependence upon the human eye.

The color specimen is placed in a holder close to a
high -power electric lamp. Light is alternately reflected
from it and from a block of magnesium carbonate, the
whitest of the world's substances, and variation of
reflection from these two surfaces is registered by a
photoelectric cell and transmitted in electrical impulses
by either wire or radio.-Interstate News, Nov. 1, 1927,
Indianapolis, Ind.
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Printing Telegraphs on Non -Loaded Ocean
Cables

BY HERBERT ANGEL
Associate, A. I. E. E.

Synopsis.-This paper discusses the application of printing
telegraphs to ocean cable operation. Reference is made to various
improvements in apparatus and operation, tending toward increased
output, and the effect of the application of these improvements from
the laying of the first cable to the present time. Telegraph codes and
their relation to speed and their applicability to printer operation are
also discussed.

Transmission methods, shaping of the signals, variable lag and
the effect of earth currents are also described in the paper. Manual,
semi -automatic and full automatic operation of long ocean cables are

covered briefly. The characteristics and advantages of regenerative
repeaters are pointed out and the operation of printers on cables

described.

HISTORY

SINCE the laying of the first successful ocean cable
between Heart's Content, Newfoundland, and
Valentia, Ireland, cable engineers have worked to

increase the output or speed by improving the terminal
apparatus and by the use of more efficient operating
methods.

The progress made in cable operation since the early
cables were laid will be more readily appreciated if we
note the various steps of increased output of a given
cable, laid approximately 50 years ago and which is
still in service.

The original speed or output of this type cable when
operated with the mirror galvanometer was about 70
letters per minute. By the use of the siphon recorder
this speed was increased to 80 letters per minute or
13.3 words per minute. With the application of the
duplex principle, by which two messages are sent at the
same time, one in each direction, the output was practi-
cally doubled to 160 letters per minute. Then followed
the introduction of the automatic transmitter raising it
to about 220 letters per minute. The addition of the
magnifier further increased the output to about 300
letters per minute. With printer operation the output
of this cable has been increased to something like 375
letters per minute.

From this review, it will be seen that the original
output of this cable of 70 letters per minute has been
increased over 500 per cent, all of which has been
brought about by the development of transmitting and
receiving apparatus.

OBJECT OF PRINTER OPERATION ON OCEAN CABLES

There were at least two objects in view in applying a
printing telegraph system to ocean cables. One being
to further increase the output of the cable and the other
to make the operation wholly automatic.

Up to the time of introduction of the cable printer,
cable operation might be considered as semi -automatic;

1. Telegraph Engineer, Western Union Telegraph Co., 195
Broadway, New York, N. Y.

Presented at the Summer Convention of the A. I. E. E., Detroit,
Mich., June 21-24, 19J7. Complete copies upon request.

that is, while the transmission was automatic the re-
ception was not, as it was necessary that the siphon
recorder signals be manually translated by skilled opera-
tors, whereas with printer operation the signals are
translated mechanically and printed on a page or tape
as may be desired.

PROBLEM OF TRANSMISSION

Before discussing the actual work of the printing
system it may be well to consider first the problem of
transmission. This being fundamental it should be
clearly understood in order to more fully appreciate
what follows. In all systems of wire communication
a necessary element is the code of signals or telegraphic
alphabet to be used for transmitting the message.

In this discussion the term code may be interpreted
as a series of predetermined combinations of one or
more electrical impulses or time units. These code
combinations must be transmitted over the cable and
translated into the letters of the alphabet at the
receiving end. The selection of the code, (for
there are several kinds), determines the number of
letters or words per minute which can be transmitted
over a cable. The reason for this being that different
codes have different time unit lengths. Not only do
different codes vary in time unit length, but a particular
code may in itself have combinations of variable time
unit lengths.

For example, the international Morse code has an
average length of about eight and one-half time units
per combination or character, some of the combinations
containing only four units and some twenty units. In
the cable Morse code, which also has combinations of
variable length, the average time unit length is 3.7
units. Such codes may be classed as non -uniform
codes. Then there are the uniform codes in which each
combination is of equal length such as the Baudot
code of five time units and the Cook code of three
units, so that we have at least four kinds of codes
available for transmitting intelligence over the cable.

The next logical step is to determine the best code to
use for the work to be undertaken. For this purpose
reference will be made to the code used on the cable

1381
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selected for this comparison and the speed at which the
cable is operated. The speed of a cable is usually
referred to in terms of the number of letters that can
be transmitted and recorded in one minute. This is
determined in practise by finding the highest rate of
speed or frequency at which alternating current, or, as
termed in cable practise, reversals of current can be
transmitted over the cable and that will arrive at the
receiving end with sufficient amplitude to properly
operate or deflect the delicate recording instrument.
This rate of speed is termed the working fundamental
frequency. It does not, however, mean it to be the
maximum frequency of the cable which is probably
much greater.

With the code originally used on this particular cable
as a basis, it can be determined which code should be
used for printer operation, bearing in mind that the
printer must necessarily yield an output as good as, or
preferably better than the cable Morse code.

CODES

Previous to the installation of the printer, this partic-
ular cable was being operated at the rate of 150 letters
per minute using the cable Morse code of 3.7 units.
This means that the maximum number of time units
that can in practise be transmitted over this cable is
150 X 3.7 = 555 units, which reduced to terms of

555
fundamental frequency is

60 X 2 or 4.6 cycles per

second. The output in letters per minute for any stated
code is found by dividing the known speed of a given
cable in time units per minute, by the figure represent-
ing the average number of units of the code under
consideration.

Applying this formula to the particular cable just
mentioned, the speed of which was 555 time units per
minute, the output in letters per minute for the different
codes would be:

International
(Two -current
non -uniform code)

Cable Morse
(Three -current
non -uniform code)

Baudot
(Two -current
uniform code)

Cooke
(Three -current
uniform code)

555
8.5

555

3.7

555
5

555
3

- 65.3 letters per minute

= 150 letters per m nute

= 111 letters per minute

= 185 letters per minute

Of the four codes available for printer operation, it
is obvious that the International code gives too low an
output and may therefore be eliminated for this reason
and also because a non -uniform code requires a more
complex printer mechanism than does a uniform code.
The Cable Morse, or three -current code, may also be
eliminated because of its non -uniformity.

This leaves two codes for consideration, the Baudot

five -unit and the Cooke three -unit. The five -unit
code was chosen for the first experiment.

The question may arise as to why the longer code of
the two was selected if increased output is to be a
factor in the development of a printing system. The
answer is that while both the Baudot five -unit code
and the Cooke three -unit code are uniform so far as
their unit lengths are concerned, there is still another
important difference. The Baudot is a two -current
code while the Cooke is a three -current code. The
two -current code is made up of positive and negative
impulses and the three -current code of positive, negative
and zero impulses. The two -current code is more
desirable for printer operation than the three -current
code because it makes for greater simplicity of
mechanism.

A further and important reason for selecting the two-
current Baudot code of five units is that it is adaptable
to a method of transmission, discussed later in the
paper, which permits the actual doubling of the number
of letters per minute shown in the above table of
speeds. In this case, we have the apparent paradox
of the longer code giving a higher output than the
shorter code. The three -current code is not adaptable
to this method of transmission.

Notwithstanding these differences, however, both the
Baudot and Cooke codes were tried out in actual service
for purposes of comparison.

The first cable printer experiment with the five -unit
code was tried over an ocean cable previous to the
outbreak of the World War. The results of this ex-
periment were considered satisfactory but a continua-
tion of the test was interrupted due to the war's out-
break and the investigation was then confined to the
laboratory. The second ocean cable experiment was
tried out in 1916, this was with the three -unit code.
The results of this experiment were also considered
satisfactory and this system was operated under regular
traffic conditions between Ireland and Newfoundland
during 1919 and 1920. Later the investigation led
back to the five -unit code which was also operated
between Ireland and Newfoundland and has been in
continuous operation for several years.

PRINCIPLE OF OCEAN CABLE PRINTING TELEGRAPH
SYSTEM

A printing telegraph system applied to an ocean cable
does not necessarily introduce new features with respect
to the actual operation of the cable itself. It merely
provides an organization of apparatus for transmitting
the signals representing the letters of the alphabet and
for causing them to be automatically translated into
printed characters at the receiving end of the cable.
Heretofore, this translation has been the work of the
skilled operator.

BASIS OF THE SYSTEM

The basis of the cable printing telegraph system is a
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selective sending and receiving apparatus synchronously
operated.

The sending apparatus includes a perforating machine
resembling a typewriter keyboard which is used by the
operator for preparing the message on a strip of paper
tape, a constant -speed distributor or transmitter,
driven by. a tuning or driving fork, combined so as to
select and transmit in proper sequence the code or
letter combinations set up in the strip of tape.

The receiving apparatus includes a constant -speed
distributor, also driven by a fork, and an automatic
typewriter or printer, combined to select automatically
the received signals or letters and cause them to operate

t the type bars of the automatic printer.
In Fig. 1 is shown schematically a single channel

printing system. In the transmitter at the upper left
of the figure, T is the perforated strip of tape which

I feeds continuously through the transmitter at a con-
stant speed.

The five reciprocating pins or rods U P of the trans-
mitter are operated seriatem by the five cams on the
cam shaft C S. When a pin finds a hole in the tape it
rises through the tape and rocks the pole -changer P C
to its marking contact M C. The absence of a hole
causes it to be rocked to its spacing contact S C. The
pins U P which rise one after another are slightly
staggered to compensate for the moving tape. The
pole -changer operates a transmitting relay A, through
circuit C T, which in turn operates the regular cable
sending -on relays B that transmit into the cable through
the sending condenser K. At the receiving end of the
cable in the cross circuit of the duplex bridge are located
the magnifier and cable relay. These instruments are
comparatively sensitive to small currents, the magnifier
requiring only five or six microamperes to operate it
and the relay something in the order of 50 to 80 micro-
amperes to give a good working signal. The contacts
of the relay are shown connected to two local relays C
which operate into the printer circuit.

From here the circuit extends through C X and C W
into the two control relays C R' and C R2 and the printer
relay P R of the printer circuit, returning to the battery
source at C Z.

The two control relays C R', C R2 control the fork
through magnet Ft and keep it vibrating in synchronism
and in phase with the distant transmitter. The driving
fork in turn operates a step-by-step distributor through
its contacts F T' and F M' and the distributor magnet.
The magnet rotates a cam shaft containing a series of
cams, C, which raise the levers Al to A6 in sequence.
These in turn close the selecting contacts 1 to 5 of the
printer selecting magnets.

This arrangement of sending and receiving apparatus,
operating synchronously, causes the five selecting con-
tacts of the receiving apparatus to function in step with
the five reciprocating pins of the transmitter, so that
an impulse transmitted through the medium of any one
pin of the transmitter will be received on the corre-

sponding selecting contact of the receiving distributor.
Mounted on the shaft with the five cams referred to is
a sixth cam, the purpose of which is to cause the
printer to function after the five selecting cams have
completed their cycle.

If we keep in mind the fact that the transmitter
and receiving distributor are running in exact step, it
will be quite simple to follow the train of events which
occur to bring about the printing of any given character.
We shall assume that the tape is being fed into the
transmitter and that the holes for the letter 0 are just
passing over the transmitter pins. In this case, the
fourth and fifth pins become operative and rock the
pole -changer to its marking contact M C for a two-unit
time length. The marking sending -on relay then
operates and transmits negative or selecting current
to the cable which in turn deflects the magnifier at
the receiving end and correspondingly the cable relay
to its marking contact for two units of time.

In this case the local marking relay, the control relay
C R' and printer relay P R are operated by the cable
relay and therefore move their tongues to their marking
contacts M. The control relay C R2 moves its tongue
to its spacing contact because its winding is in opposite
direction to that of relay C R'. Neglecting the opera-
tion of the intermediate control relays we pass on to the
printer relay P R which as stated was operated to its
marking contact by the cable relay. From here the
current path is through the selecting contacts 4 and 5 of
the distributor, which correspondingly closed in step
with the pins of the transmitter, causing the operation
of selecting magnets 4 and 5 of the printer which control
the 0 type bar.

The current which operates the selecting magnets has
its source from the middle point of the potentiometer
R' R2, condenser K' fork time F and contact F M
(when closed), resistance R S2, tongue T of printer relay
P R, contact M, resistance R S, to the common connec-
tion of the upper distributor contacts C C, thence
through the corresponding lower springs of the fourth
and fifth selecting contacts to their associated printer
selector magnets 4 and 5.

While the above description disclosei in simple form
the operation of a one -channel printer system as applied
to ocean cables, it does not attempt to describe the
operation in its entirety.

There are at least two features in connection with this
cable printing system which may be considered as out-
standing and to which reference should be made.

One feature is the relatively low fundamental line
frequency required for a given output in words per
minute as compared with so-called five -unit single -
channel printing systems used in land -line operation.
The reason for this is what may be called "continuous
transmission"-that is, the five -unit code impulses of the
cable printing system are transmitted successively with-
out any additional intervening impulses being sent
between the fifth and first impulse. Up to the time
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that the cable printer wasdeveloped, the land -line single -
channel systems transmitted seven impulses per
revolution of the distributor. This lengthened the co(le
to seven time units, five units being used for the code
and two iunits for synchronizing and overlapping time
between ;the fifth and first impulses. The difference

yield an output hel ler (Ilan the shorter cable Morse
rode. Ibis is hroupld about, in 1 he following manner:

Referring to the paragraph 111-1(1( ( 'mks, it was shown
that the practical fundamental frequency of the cable
in question was 4.6 cycles per second or 555 half waves
per minute. Also that these waves or signals in cable
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FIG. 1-SCHEMATIC DIAGRAM OF CABLE PRINTER CIRCUITS

between 5 and 7 units gives the cable printing system
about 1.5 times more letters at any given frequency.

The other feature was earlier referred to in this paper
as a method of transmission by which it becomes pos-
sible to double the output of a five -unit code printer
system. That is to say, the five -unit code is made to

Morse operation must be of sufficient amplitude to
properly operate the delicate cable relay. Further it
was shown that at the above frequency the cable Morse
yielded 150 letters per minute and the five -unit code 111
letters per minute.

Heretofore, it has been the practise in cable work,
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to increase the speed of transmission only to such a point
that the attenuation of the arrival signals does not
decrease the amplitude below that required to properly
operate the delicate receiving relay. In this method of
transmission when applying printer operation to long
cables, increased speed is brought about by taking
advantage of the attenuation.2

This is accomplished by increasing the rate of trans-
mission to practically twice the rate of the cable Morse
speed. In this case the fundamental waves or alterna-
tions are attenuated to such an extent that they are
practically undiscernable at the receiving end of the
cable and, of course, cease to deflect the cable relay.

P\

vlvvv

FIG. 2- OSCILLOGRAM OF CABLE PRINTER SIGNALS

To all intents and purposes these waves arrive as zero
impulses similar to zero impulses as employed in cable
Morse code operation. A wave of two -unit length,
however, will now arrive with the same amplitude and
duration as a single wave in cable Morse operation.

It will be understood from this then that a single
wave or a series of alternating waves will arrive at the
distant end of the cable as zero waves and that the
cable relay will now be deflected only by a wave two or
more units in length. In the case of the non -arrival of

' the single waves, a local impulse or wave producer is
employed to fill in the missing impulses and to recon-
struct or regenerate the received signals so that they

' resemble the original transmitted signal.3
This wave producer forms a part of the printer

regenerative circuit. It is shown theoretically in
Fig. 1 at F, F T, F R, F S and F P to potentiometer
RI R2. This circuit is through an auxiliary winding
of the printer relay which reverses the relay tongue to
its opposite contact when the cable relay is deflected to
the "no -man's land" or zero position and automatically
fills in locally the reversal waves which fail to arrive.

The transmitted, received, and regenerated singals are
shown in Fig. 2, in which are depicted the combinations
ofhimpulses or waves for the characters S 0 G.

A = the signals from the contacts of the transmitter.
B = the signals from the contacts of the cable local

2. This principle was first suggested by K. Gulstad in 1898,
and was applied to the operation of comparatively short sections
of cable.

3. In 1913 Walter Judd and Benjamin Davies, of England,
invented a method for doing this and were the first to apply this
principle to long ocean cables.

Ri

relays showing a straight zero line where the
single waves are missing.

C = the signals from the cable local relays (B signals)
picked off by the regenerating action of the
printer apparatus and the missing impulses
filled in.

D = the B and C signals reassembled and re-
generated into their original shape as at A.

A cable printing system has now been shown, employ-
ing a five -unit two -current code by which can be trans-
mitted over this particular cable practically twice as
many impulses as ' can be sent with the three -current
cable Morse system; namely, 555 X 2 or 1110 impulses
per minute. Correspondingly a greater number of

1110
letters per minute are transmitted, viz., -5 or 222

letters, as compared with 150 letters obtained with the
cable Morse code.

The Cooke three -current code and the cable Morse
three -current code cannot be used in the manner just
described because a zero current element forms part of
these codes. Hence, there would be no way to dif-
ferentiate between the zero forming part of the code
and the zero resulting from the suppression of the single
waves.

As already stated in the earlier part of this paper,
the printing system was successfully operated over an
ocean cable between Ireland and Newfoundland. This

RELAYS OPERATED
by CABLE RELAY

T

C SEGMENTS

PECEMERATMC
RELAYS

A,cA WA RELAYS

FIG. 2A -SCHEMATIC DIAGRAM OF ROTARY REPEATER FOR
CABLE MORSE CODE OPERATION

was not, however, the final solution of printer applica-
tion to ocean cables. The next problem was to extend
the system so that it would operate directly between the
two terminals of a cable circuit, as between London and
New York.

This problem was met, and the solution provided, by
the development of the regenerative repeater. A
regenerative repeater consists of apparatus which, to all
intents and purposes, functions similarly to the printing
system which we have just discussed.

It must be capable of mending, as it were, or recon-
structing the more or less distorted signals received at
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the end of a land line or cable and retransmitting them
into the next section as new or regenerated signals.

There are at least two kinds of regenerative repeaters,
one known as the rotary, and the other, as the fork
repeater. Such a repeater consists of synchronous ap-
paratus arranged to pick out the best portion of the
arrival signal and reconstruct it so that it is identical
with its original shape.

This type of repeater permits direct operation be-
tween terminals separated by great distances. As an
example of its efficiency, a direct circuit with printer
operation was successfully worked between London and
San Francisco. This circuit was about 7400 mi. in
length including 2600 miles of submarine cable and
4800 miles of open line. There were 21 repeat-
ers in the circuit, five being regenerators between New
York and London and the remainder being stand -

such a direct bearing on the operation of printing
telegraphs over ocean cables that it necessarily becomes
of primary importance. Much has been written about
this particular subject, and cable engineers have
devoted. considerable time towards improving the defi-
nition of cable signals. The recent new type of per-
malloy loaded cable developed by the Western Electric
Company is a radical departure in cable design and has
considerably increased the cable output above that of
the best cables of the standard type.

Reception of cable signals in its final analysis simmers
down to "signal shape."

As an illustration of the relative difference between
the shape of the transmitted and received signals, a
group of signals is shown in Fig. 4, in which A represents
the transmitted signals and B, the received signals.
It is this difference between the sent and received

r----------
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FIG. 3-MAP OF LONDON-SAN

and land line repeaters. Fig. 3 shows the magnitude
of the London -San Francisco circuit.

REGENERATIVE REPEATERS

Regenerative repeaters have been in use on the
Western Union cable circuits for a number of years and
practically all of its old type ocean cables are operated
as direct through circuits between London and New
York.

In addition to the type of regenerator disclosed in
Fig. 1 in connection with the printer, another type of
regenerator is shown in Fig. 2A. Here the regenerator
is shown as adapted for cable code. The segments C
pick up a portion of the received signal from the relays
R and RI and transmit it into the biased pick-up
relays via brush B R and ring S. These relays in turn
operate the biased regenerating relays via A, B, C, D,
E, segments C', ring S and the windings of the pick-up
relays. The regenerative relays transmit the new
signal into line L.

RECEPTION OF SIGNALS OVER OCEAN CABLES

The quality or definition of the received signals has

BRITISH
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40,1. 'CN?c, 4).

LEGEND

 UNIVERSAL REPEATERS
REGENERATIVE REPEATERSe TERMINALS

-----LAND LINES
OCEAN CABLES

FRANCISCO CIRCUIT

signals which must be corrected for automatic working.
In the discussion of the reception of cable signals, at

least four characteristic effects met with in every day
working are referred to, namely:

1. The "swaying effect" caused by earth currents.
2. The "falling-away effect" of certain signals due

to the charging up process of the cable and its associated
condensers.

3. The "wandering zero effect."
4. The "variable lag effect."
The latter two effects are the result of a condition in

the cable brought about by the transmission of impulses
having variable lengths.

To illustrate the means for counteracting these differ-
ent effects, a schematic diagram of a cable circuit as
used for printer operation is represented in Fig. 5 in
which, M is the Heurtley hot wire magnifier and C R,
the cable relay.'

4. There are at least three types of cable relays; the Drum
relay of S. G. Brown, England, Gold Wire Relay of A. Muirhead,
England, Antenna Relay of Eastern Telegraph Company,
England.
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In the figure it is shown that the cable is operated
with unshunted sending and receiving condensers.
The condensers serve the purpose of preventing, to a
certain extent, the flow of the relatively low -frequency
earth currents which are more or less prevalent in
transatlantic cables.

The inductance shunt in Fig. 5 serves a two -fold
purpose. It helps to improve the definition of the
received signal and to counteract the effect of "wander-
ing zero." The correction or shaping circuit in Fig. 5

A

2CRO -

FIG. 4-SHOWING DIFFERENCE BETWEEN SENT AND RECEIVED
SIGNALS

is for counteracting the "falling away effect" of the
arrival signals as they are passed into the cable relay
and for transforming the curved waves into square -
topped signals.5

In Fig. 6 is shown a group of signals in which A
represents the original transmitted signals and B, the
received signals as they pass into the cable relay from
the magnifier. For the purpose of illustrating the
"wandering zero effect" and the "falling -away effect"
upon these signals, a zero line has been drawn through
the curves to show how the zero portions of the curves
have wandered from true zero at X, XI.

Record C shows the signals from the contacts of the
cable local relays before the correction has been ap-
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FIG. 5-SCHEMATIC DIAGRAM OF CABLE CIRCUIT

plied. Record D shows the signals with the correction
circuit applied, and illustrates how it has upheld the
current waves and straightened out the zero waves.

VARIABLE LAG

Variable lag is only troublesome in connection with
the reception of cable signals in their relation to syn-

5. This method of signal shaping was invented by S. G.
Brown, of England.

chronous automatic operation. In ordinary siphon
recorder operation, it is not apparent. Its effect is to
shift or displace the arrived signal so that it does not
arrive in the exact location assigned to it on the re-
ceiving distributor. As a matter of fact, in extreme
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FIG. 6-SHOWING UNCORRECTED AND CORRECTED SIGNALS

cases it has been found that the signals are displaced
about 35 per cent of their unit length. Variable lag is
the result of irregular or non -uniform transmission.
A regular or uniform transmission is one in which
continuous alternations or reversals of current of
equal amplitude and duration are sent into the cable,
and if the alternate half waves be free from bias or
other defects, the electrical condition of the cable
remains constant and the waves arrive in exact phase
with the corresponding segments of the receiving dis-
tributor. Any deviation from this kind of transmission
produces a variable condition in the cable, and the effects
of shifting lag become evident, resulting in the wave
crests appearing at indefinite points on the receiving
distributor.

The difference between arrival signals composed of
alternating or equal length signals and unequal length
signals, is shown in the groups of signals in Fig. 7 in
which A and B represent the sent and received alter-
nating or equal length signals and C and D the sent and
received signals of unequal length. It is obvious that
the unequal length signals arrive in a somewhat dis-
orderly shape, as indicated in D at X, where some of the
waves have failed to cross the zero line and others
failed to reach the zero line.

To counteract or correct the shifting effect of cable
signals, several methods are employed. One method,
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FIG. 7-SHOWING SIGNALS OF EQUAL AND UNEQUAL LENGTH

used in all synchronous telegraph systems is to shorten
the length of the receiving segments with respect to the
sending segments. To illustrate this method of lag
correction, two developed distributor rings are shown
in Fig. 8. In this case a single transmitted time unit
or half wave occupies a segment of 72 deg. of the
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sending distributor face plate, which is shown cut into
five equal segments. From the figure it is obvious that
the wave A must shift forward or backward approxi-
mately 50 per cent of its length before it will encroach
upon the receiving segments I? S' or I? S. While this
counteracts the effect of the variable lag, it does not
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Pie. 8-THEORETICAL DIAGRAM SHOWING THE BEST POSITION
OF THE RECEIVING SEGMENTS WITH RESPECT TO THE TRANS-

MITTED WAVE

eliminate it. It must be dealt with at the transmission
end of the circuit.

With this in mind, there have been devised various
ways for transmitting cable signals, the object being to
approach as nearly as possible an alternating current
form of transmission. A modification of this method of
transmission known as the "suppressed transmission,"

NC GATNC
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FIG. 9-TRANSMITTING CONNECTIONS FOR SUPPRESSED TRANS-
MISSION. EARTHING METHOD

was developed; whereby the code characters are trans-
mitted in the form of broken alternating waves or
reversals.

This is by far the best form of cable transmission yet
presented and keeps the cable in an even state, coun-
teracting or reducing so far as pOssible the variable
lag. It is not being used at present on account of its

-

FIG. 10-SHOWING DIFFERENCE BETWEEN STANDARD AND
SUPPRESSED TRANSMISSION. EARTHING METHOD

apparent limitations, as to speed of operation, but
further investigations are being made with it.
OPERATION OF SUPPRESSED TRANSMISSION-EARTHING

METHOD

In Fig. 9 is shown a schematic diagram of one of
several methods used for this kind of transmission.
The transmitting circuit is so arranged that if two or
any greater number of unit impulses of like polarity
come in succession, only the first unit is sent into the
cable and the cable is then earthed for the remainder
ofITthe successive units. For example, in the figure, it

is assumed that, the tape is feeding towards the heft
until hole 1 is presented to oscillating pin A.

pin A rises through the !ape, contacts C are
closed energizing relay U via U, b', G, II, I, R, K,
in a right direction. The closing of contacts ( (,'
causes the latch magnet M to be deenergized through
the contacts of relay R. This causes the latch I) G
of latch magnet M to fall into the path of the oscillating
lever 0 A connected to pin A. As oscillating pin A is

-11
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Fici. 11-TRANSMITTING CONNECTIONS FOR
TRANSMISSION. INSULATING METIIOD

SUPPRESSED

withdrawn from the hole number 1, it is prevented from
further rising by the engagement of the oscillating lever
0 A with the latch DG as shown.

At the moment contacts, C, C closed, transmitting
relay T R closed via E, C, C, F, L, M and transmitted
one time unit of negative current to the cable, then

A

FIG. 12-SHOWING DIFFERENCE BETWEEN STANDARD AND
SUPPRESSED TRANSMISSION. INSULATING METHOD

when contacts C, C opened, transmitting relay T R
returned to its upper contact and earthed the cable for
the remaining units, 2, 3, 4, 5. The action of oscillating
pin B is identically the same as that of A; in this case,
however, one positive unit is transmitted by trans-
mitting relay T RI via FI, Cl, CI, 0, P, Q and the cable
earthed for the remaining units 7, 8, 9, 10.

Fig. 10 illustrates the suppressed earthing method
CONTACT

A -.POSITIVE ;CONTACT

C

FIG. 13-SHOWING RECEIVED SIGNALS PRODUCED BY DIF-
FERENT METHODS OF TRANSMISSION

of transmission in which A represents signals trans-
mitted as blocks and B the signals with all but the first
unit suppressed and the cable earthed during the time
of suppression.

SUPPRESSED TRANSMISSION-INSULATING METHOD
Another form of transmission tried out to counteract

the variable lag effect is a "suppressed transmission"
in which the cable is insulated instead of being earthed,6

6. First tried by Mr. Pierre Picard in 1898.
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Fig. 11 depicts a simplified form of the transmitting
circuit used for this kind of transmission. Depressing
K operates relay IV and raising K operates relay R2.
The condenser C is adjusted to hold either relay closed
for the duration of one time unit only, then when the
relay tongue returns to its contact S the cable is in-
sulated for the remaining length of the signal.

Fig. 12 illustrates the suppressed insulating method
of transmission in which A represents the standard
block signals and B the suppressed signals with all but
the first unit suppressed and the cable insulated during
the time of suppression.

Among other forms of transmission suggested were
the unbroken or continuous alternating current trans-
mission' employing three amplitudes, and curbed
transmission.

To illustrate the characteristic cable effects on the
received signals produced by some of the transmitting
methods four groups of received signals are shown in
Fig. 13 in which A represents received signals from
block transmission, B curbed transmission, C suppressed
transmission earthing method, and D, suppressed
transmission insulating method. The zero line running
through the signals shows in the eases of A, B and D
that some of the wave crests which should have arrived
on a negative contact have actually drifted to a positive
contact and vice versa as indicated at X. In the case
of C, all of the wave crests arrived on their respective
contacts.

SHUNTED CONDENSERS

In discussing the various methods of transmission
and the reception of cable signals, the cable circuit
represented in Fig. 5, shows the cable to be operated
with unshunted sending and receiving condensers.
The reason, as already stated, for using unshunted
condensers is to prevent the flow of the low -frequency
earth currents, more or less prevalent in transatlantic
cables. So far as signal shape is concerned, it seems
to be generally accepted that signal shape is better when
the condensers are shunted.

Abridgment of
GRAPHICAL DETERMINATION OF
MAGNETIC FIELDS THEORETICAL

CONSIDERATIONS
BY A. R. STEVENSON, JR.* AND R. H. PARK*

Associate, A. I. E. E. Non-member

Three papers on the general subject, "Graphical
Determination of Magnetic Fields," are being presented
simultaneously to cover three phases of the subject:

all else remaining the same as in the other method.
7. This method of transmission was suggested by General

G. 0. Squier.
*Both of the Engineering General Department, General

Electric Company, Schnectady, N. Y.
Synopsis of paper presented at the Winter Convention of the

A. I. E. E., New York, N. Y., February 7-11, 1927. Complete
copies upon request.

1. Theoretical Considerations, 2. Comparison of Cal-
culations and Tests, by E. E. Johnson and C. H. Green,
3. Practical Applications to Salient -Pole Synchronous
Machine Design, by R. W. Wieseman. In the complete
paper, which is the first of this series, the authors
have reviewed the history of the subject, have briefly
stated the ordinary rules for plotting magnetic flux in
air and in current -carrying copper, have developed
additional rules for checking the accuracy of field plots,
and have given theoretical methods for mathematically
calculating the distribution of field in certain cases
commonly encountered in practise.

The authors have called attention to the great value
of the mathematical work by the German engineer,
Rogowski, and the graphical methods by the French
engineer, Lehmann. These German and French ar-
ticles contain the only extensive practical applications
of the plotting of magnetic fields in current -carrying
regions with which the present authors are familiar.
Since it is much more difficult to plot fields in current -
carrying regions, and since the majority of readers are
less familiar with this phase of the subject, the greater
part of the first paper, "Theoretical Considerations,"
is devoted to a study of such fields. As special
examples, the mathematical solutions for the magnetic
field between the poles of a salient -pole alternator and
the magnetic field in a circular conductor in a circular
slot are given in Parts I and III, respectively, of this
first paper. Part II of the first paper contains a set
of theorems which deal with various questions which
have arisen while studying this subject-such as the
proof that there is no refraction of the lines of force at a
copper -air boundary, but a change of curvature when a
line of force crosses such a boundary; and a general law
for checking any field plot by the relation of the mag-
netic intensity and its rate of change to the current
density and the radius of curvature of the magnetic
field. The first two appendixes contain practical rules
for the free -hand plotting of flux distribution in both
air and copper; Appendix C contains an interesting
discussion of the conception of vector potential, showing
how easily it can be applied to the solution of practical
problems.

The three papers in this group should be considered
as one complete whole and the reader will find very
interesting a comparison between the mathematical
plots given in this paper on "Theoretical Considera-
tions" and the experimentally determined plots in the
second paper on "Comparison of Calculations and
Tests," and the practical uses for these methods in the
design of machinery given in "Practical Applications to
Salient -Pole Synchronous Machine Design."

In the early days of the design of electrical machinery,
magnetic distributions were largely a matter of guess-
work, but in these days of more severe competition and
closer refinement of design, an accurate knowledge of the
magnetic distribution is a necessary fundamental of the
greatest importance in determining the best designs.
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The Law of Corona and Dielectric Strength
of Air IV

The Mechanism of Corona Formation and Loss
BY F. W. PEEK

Fellow. A. I. E. E.

Synopsis. ---The mechanisms of coronet and corona loss have been
studied with the cathode-ray oscillograph. 11 lull voltage power of the
order of 0.1 watt can be measured with an accuracy of 1 per cent with
this instrument. The measurements show that the loss follows the
quadratic law above the visual critical voltage.

On polished wires there is no loss until the visual critical voltage is
reached. The loss then starts quite suddenly and takes a finite value
on the quadratic curve. On cables and imperfect conductors there is a
loss below the visual critical voltage on brushes at local "rough"
spots. The loss due to these irregularities can be represented by the
probability law. This is quite in accord with former work.

In practise it is important not to mutilate the conductors in
stringing. The really important factor in design is the irregularity
factor, m,, for weathered conductors. No line should be operated
with a corona loss under fair weather conditions. It is not necessary
from the economic standpoint since large diameters can be obtained
with special types of conductors.

The visual critical corona voltage can be calculated with great

accuracy. :Is the applied a -c. voltage is increased above the visual
critical value, the instantaneous critical voltage becomes lower and
lower until finally corona starts at the zero point of the wave. Thia
occurs when the applied voltage is twice the visual critical voltage.
At still higher voltage, corona starts below zero or on the falling wave.
The tiff, el is as if the instantaneous critical voltage is reduced by an
amount approximately equal to the excess of the applied voltage
above the visual critical voltage. Thus when the excess is equal to the
visual critical voltage the instantaneous voltage is zero. This
occurs when the applied voltage is tu'ice the visual critical voltage.
The reason for this is clearly shown as well as many other interesting
facts.

Artificial corona was readily produced with all of the char-
acteristics of real corona after the mechanism was determined.

The quadratic law wins to be the rational expression for the loss.
Details of measurements are given in the supplemental paper on

measurements by Starr and Lloyd, "Methods Used in an Investiga-
tion of Corona Loss by Means of the Cathode Ray Oscillograph."

INTRODUCTION

THIS paper records the continuation of an investiga-
tion started in 1910, first reported to the Institute
in 19112 and from time to time thereafter as

seemed desirable.
At this time the results of a study with the cathode

ray oscillograph are given. This instrument, not avail-
able in a very practical form when the investigation was
started, has now made it possible to obtain a very good
picture of the mechanism of corona formation and loss
as well as to measure small losses. The instrument
used was of the Western Electric hot cathode type.
Probably the first work on corona with the cathode
ray oscillograph was done by Prof. H. J. Ryan who has
added considerably to our knowledge of this subject.'

RESUME AND CONCLUSIONS

The cathode ray oscillograph used in the investigation
described in this paper offers a means of studying the
mechanism of corona loss as well as a means of measur-
ing accurately small low power factor losses.

This investigation clearly shows the mechanism of
corona loss. It was found that the corona loss follows
the quadratic law above the visual critical voltage.

. Consulting Engineer, General Electric Co., Pittsfield,
Mass.

2. Peek, Law of Corona and Dielectric Strength of Air-I,
TRANSACTIONS, A. I. E. E., 1911, Vol. 30, pp. 1889-1988.

3. Ryan and Henline, Hysteresis Character of Corona Forma-
tion, TRANSACTIONS, A. I. E. E., 1924, Vol. 33, p. 1118.

Presented at the Summer Convention of the A. I. E. E., Detroit,
Mich., June 20-24, 1927. Complete copies upon request.

Below this voltage there is no loss on polished con-
ductors but loss may occur on an imperfect conductor
due to local corona at surface irregularities caused by
abrasions, dirt, etc. A weathered cable has the
characteristic of a dirty wire and may approximate
the quadratic down to the disruptive critical voltage.
The operating voltage should be below the disruptive
critical voltage for the weathered conductor. The
losses due to chance irregularities near the critical
voltage are closely approximated by the probability
law. This quite confirms the results of the former
investigations.

The measured visual critical corona voltages check
the calculated values very closely.

The cathode ray oscillograms show quite clearly how
the corona loss occurs. As the applied voltage is in-
creased above the visual critical voltage, corona starts
at a lower and lower instantaneous value of voltage on
the a -c. wave. The instantaneous value of starting
voltage on the a -c. wave is decreased by an amount
approximately equal to the excess of the applied
voltage above the visual critical voltage. For
instance, when the applied voltage is twice the
visual critical voltage, corona starts at the zero point
of the voltage wave on each half -cycle. Thus the excess
of the applied voltage above et, is

2e - e = et,
The critical voltage is then decreased by this amount
or reduced to

1390
e - et, = 0
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The reason for this is quite evident. After corona
starts, a tube of corona surrounds the conductor and
is charged through the "corona arcs" up to the maxi-
mum of the wave when the arcs go out or corona stops.
This corona tube or "space" charge increases quite
suddenly to a finite diameter at the start and then more
gradually as the maximum of the wave is approached.
This charge caused by the excess voltage returns
towards the conductor with the falling wave and adds
to the charge caused by the applied voltage on the
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FIG. 1-ARRANGEMENT OF VERTICAL PLATE AND CONDUCTOR
FOR A STUDY OF CORONA BY MEANS OF THE CATHODE RAY

OSCILLOGRAPH

next half -cycle. When the sum of these charges is
sufficient to cause the breakdown gradient, corona
starts at an instantaneous voltage less than the visual
critical voltage. With the start of corona there is a
sudden rush of current. When twice the visual critical
voltage is applied, the excess voltage is equal to the
critical voltage. The charge due to this excess voltage
is then suffidient to cause corona without any additional
charge. Corona thus starts on the following half -cycles
on the zero of the wave as shown above. If the applied
voltage is further increased, corona starts below the
zero of the wave or on the falling voltage.

Corona characteristics can be producdd artificially
by means of condensers. For example, take two con-
densers and place a gap in series with a resistance
across one of them. If voltage is applied and gradually
increased, capacity current flows until the gap breaks
down. There is a sudden rush of current. The spark,
which represents the corona, continues'to the maximum
of the voltage wave when it stops. This leaves an
excess charge on one condenser which adds to the charge
caused by the line voltage on the next half -cycle. The

gap breaks down at lower and lower instantaneous
voltage as the applied voltage is increased and becomes
zero when the applied voltage is twice the initial start-
ing voltage as in the ease of corona.

It is shown that the loss is caused by the charging
of the space condenser through the "resistance" of the
corona arc or by the motion of the charge through the
field and that the quadratic is the rational form for the
loss to take.

The formation of corona current is much faster on
the negative than on the positive wave.

The results are of practical as well as theoretical

importance. For instance, Fig. 7 shows very decidedly
the importance of using care in stringing conductors.

METHODS OF TESTS

The cathode ray oscillograph was connected as shown
in Fig. 1. With this arrangement the field across one
pair of plates is proportional to the voltage while that
across the other pair is proportional to the current.
When voltage is applied across a capacity load, an
ellipse is described, as shown in Fig. 2, the abscissas
being proportional to the instantaneous volt4ges and
the ordinates to the instantaneous current. These
figures are recorded photographically. The voltage
deflections to the left are positive while those to the
right are negative. Positive currents cause deflections
above the horizontal axis and negative currents below
the axis. If the voltage wave is known, the voltage and
current waves can be plotted as shown in Fig. 8.
Power is easily obtained by measurements of the
instantaneous voltage and current and by simple
calculations as follows:

Each figure is divided into an integral number of
equal -time sections and the product of the mean

FIG. 2-CYCLOGRAM OF CAPACITY CURRENT BEFORE THE START
OF CORONA

ordinate by the mean abscissa is obtained for each
section. The average of all such products is then
multiplied by the circuit calibration constants, volts
and amperes per unit deflection of the cathode beam.
The result is expressed in watts. This is equivalent to
transcribing the figures to rectangular coordinates and
then integrating the power wave in the usual manner.
Power of the order of 0.1 watts can be measured with an
accuracy of about 1.0 per cent.

The general arrangement for corona measurements
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is shown in Fig. 1. The measurements were usually
made between a single wire and a plane. Precautions
were taken to eliminate the end effect by making the
measurements on about 10 ft. of wire in the central
part of the plane. Precautions were also taken to guard
against stray fields and to prevent phase angle dis-
placement errors.

Since they are very completely covered in the
supplemental paper, it is not necessary to go into
further details here regarding the measurements.'

The assistance of Messrs. W. L. Lloyd, E. C. Starr,
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FIG. 3-OBSERVED CORONA Loss
Measured by means of the cathode ray oscillograph

Conductor: 0.0382 cm. diam. smooth
Spacing: 161 cm. to neutral
Length: 305. cm.

T. M. Hotchkiss and other members of the High
Voltage Engineering Laboratory Staff in carrying on
this investigation, is acknowledged. Mr. Starr's work
in making the measurements was especially valuable.

EARLY WORK AND LAWS FOR DETERMINING LOSS AND
CRITICAL OR STARTING VOLTAGE

The following brief statement of laws established
in the first paper of the series should be of assistance
in comparing the earlier work with the present.

The several laws of corona are as follows:
The visual critical voltage or the voltage at which

corona first starts:

eD = g, r log, -r kv. to neutral (crest)

0.3
go = 30 S (1 +

5 r
kv. per cm. (crest)

3.92 b
= 273 + t

4. Lloyd and Starr, Corona Loss Measurements by Means of
the Cathode Ray Oscillograph, Summer Convention of the
A. I. E. E., Detroit, Mich., June 20-24, 1927.

W here
r - radius in cm.,
s spacing in cm.,

- temp. (leg. cent.,
b = barometric pressure cm.,

The power loss is:

241
p = (.1 +`25) r s (e - e,)2 1 0 5 kw. per km. of one

conductor

eo = go in, r d log, -r- effective kv. to neutral

go = 21.1
For small conductors:

1
=gob

( 0.30

Sr \ 1 230 r2 1 > r loge

mo = irregularity factor

8

r
This has been referred to as the quadratic law and

states that the loss increases as the square of the excess
voltage above the disruptive critical voltage, eo. The
quadratic law obtains when a plot between V p and e
gives a straight line. The disruptive critical voltage,
eo, is lower than e and, in fact, corresponds to a gradient
of go = 30 kv. per cm. or the strength of air in a uniform

8 r-
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FIG. 4-OBSERVED CORONA Loss
Measured by means of the cathode ray oscillograph

Conductor: 0.520 cm. diam. polished
Spacing: 161. cm. to neutral
Length: 305. cm.
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field. In the early work it was stated that with apolished conductor, no loss would be expected belowthe visual critical voltage ev. It was further stated that
the loss should then start quite suddenly and follow thequadratic law. For rough conductors the loss should
be expected below e due to the surface irregularities.This should follow because abrasions, dirt and otherchance irregularities cause high local stress and thuslocal corona and loss below et,. Since local corona iscaused by chance conditions, it is difficult to predeter-mine. It was shown that this loss followed the proba-bility law.
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CORONA Loss MEASUREMENTS BY THE CATHODE RAY

OSCILLOGRAPH

Power Loss and the Quadratic Law. In Fig. 3A,
measurements made by the cathode-ray oscillograph
are plotted between loss p, and voltage e, for a small
wire. The / p is plotted with e in Fig. 3B where
the resulting straight line is the test of the quadratic.
The loss starts suddenly at ei, and follows the straight
line. The extension of this line cuts the axis at eo
or ed. Between eo and ev there is very little loss for this
relatively smooth wire. This curve is a check on the
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FIG. 5 --CRITICAL DISRUPTIVE GRADIENT

1.0

quadratic law for voltages up to ten times the starting
voltage.

Fig. 4 shows that a larger polished wire also follows
the quadratic law above e or that

p = k (e - e0)2.
The Disruptive Critical Voltage and Visual Critical

Voltage. The disruptive critical voltage ed or eo is due to
a gradient of 30 kv. per cm. at the conductor and is the
voltage used in the quadratic, for large conductors;
ed is used for small conductors. The gradient go cor-
responds to the strength of air. Quoting from the first
paper, "With perfect conductors loss does not start
at the voltage eo, at which the disruptive gradient is
reached at the conductor surface, but only after the
disruptive strength of air has been exceeded over
an appreciable distance from the conductor, that is, at a
higher voltage e With such conductors there would
be no loss until e, were reached. The loss would then
suddenly take nearly the definite value calculated for
this applied voltage by the equation."3 With the
usual imperfect conductors there is loss below G due
to tufts of visual corona at local irregularities. Any
appreciable corona loss is thus always accompanied by
visual corona. For a dirty or mutilated wire, loss
occurs at local brushes below the true G for the wire.
These local losses below or near the critical voltage are
difficult to predetermine because they are caused by
chance conditions. This is generally not of great
practical importance as it is desirable to operate below
e0. The loss on new wires decreases after operation as
the irregularities are burned off. The local irregularity
loss then becomes insignificant compared to those
caused by dew, frost, rain, etc.

Values of g, and gd or go determined by the cathode
ray oscillograph are the plotted points in Fig. 5. The
drawn curves are the calculated values. The check is
very good.

Loss Near the Critical Voltage and the Effect of the
Condition of the Conductor Surface. In Fig. 6, loss
curves are plotted for a rough and for a highly polished
wire both directly between p and e and between N/ p

and e. The curve between the -N/ p arid e shows that
the loss follows the quadratic law. For the polished
wire there is no loss until et, is reached. At that voltage
the loss suddenly takes a definite value on the quadratic
curve. With the rough wire there is loss below e,
due to local brushes at irregularities. The loss on the
rough wire is in excess of the loss on the smooth wire
up to about twice e,. As determined in the early work,
this excess loss follows the probability curve

e_h(e, - e)2

Fig. 7 shows loss curves near eo for smooth, rough
and mutilated conductors. The excess loss for the
mutilated conductor is shown by the dotted line.
The ratio between eo for the rough and polished wires
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FIG. 6-OBSERVED CORONA L088

Measured by means of the cathode ray osclllograph
Conductor: 0.928 cm. diam. smooth (1)

mutilated (2)
Spacing: 161. cm. to neutral
Length: 305. cm.

gives the irregularity factor mo. After operation or
weathering, the loss at eo becomes quite small.

The measurements by the cathode ray oscillograph
are thus quite in agreement with laws formulated in the
former work as follows:,

a. At the visual critical voltage and above, corona
loss follows the quadratic law over a wide voltage range,
Or

p = k (e - e0)2

5. (a) Peek, Law of Corona and Dielectric Strength of Air,
TRANS. or THE A. I. E. E., Vol. 30, pp. 1889-1988. (b) Peek,
"Dielectric Phenomena in High Voltage Engineering," McGraw-
Hill.
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b. There is no loss below et, for polished wires.
c. For roughened wires, there is a loss below ev at

spots due to local corona. The critical voltage, eo, is
then decreased by a factor mo. This irregularity loss
follows the probability curve. For the ordinary
weathered cable, the loss is generally not far from the
quadratic down to o.

d. eo, ed and e,, check former measurements.
The loss as affected by various factors will be more

critically studied later in connection with the cyclo-grams. In the curves in Figs. 3, 4 and 6, the loss is not
reduced to the equivalent of parallel wires. This can
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FIG. 7-OBSERVED CORONA LOSS

Measured by means of the cathode ray oscillograph
Conductor: A. C. S. R. Cable

Aluminum -30 strands, 336,400 cm.
Steel -7 strands
Diam. 0.741 in.

Length: 10.0 ft.
Spacing to neutral: 63.5 in.

1 Clean and smooth
2 Rough
3 Badly mutilated

be done by a correction factor. The loss is somewhat
less than that for parallel wires due to the fact that the
ground plate from which current was taken was not of
infinite_ extent. Part of the flux went to this plate and
part to the equivalent of an infinite plane. The loss
may be corrected so that it corresponds to one of two
parallel wires of the given length by multiplying by
the proper factor.

THE MECHANISM OF CORONA OR How CORONA FORMS
The Critical Voltage or Breakdown. The cathode ray

oscillograph gives a very good picture of the mechanism
of corona formation from instant to instant during the
a -c. wave. Some exceedingly interesting facts have
been observed. For instance, as the applied voltage is
increased above the visual critical voltage, e,,, corona
starts at a lower and lower instantaneous voltage on
the wave. The instantaneous value of the starting

voltage on the a -c. wave actually becomes zero when the
applied voltage is approximately 2e and finally crosses
zero at higher applied voltages.

The visual critical corona voltage or the a -c. voltage
at which corona starts when a low voltage is applied
and gradually increased, is very sharp and definite
and can be determined with accuracy. The formula
for calculating this voltage is given above and seems
to check well with the present tests. When the voltage
is increased above the visual voltage and then reduced,
the corona stops at the same voltage at which it started.

Loss occurs when the voltage is above the critical
voltage. A study of the instantaneous corona at volt-
ages in excess of the critical voltage is thus important
to an understanding of the mechanism of corona loss.
Fig. 8 shows a set of cyclograms taken on a wire. The
top figure was made just at the start of corona at et,,
and represents capacity current with a slight corona
hump at the maximum of the voltage. The ordinates
give current, while the abscissas give voltage. Follow -

67o 6 of( /

" 4(1°

012,0NA CYCLOCM-A M S F

WAVES OF VOLTAGE AND C. 12 P -ENT
TOANSCOI ED MTO RIC-061GuL662, CoOrtO.NATeS

f'mn.cm.017.3.. Du.
lawn....r c 6o .

FIG. 8-VARIATION OF INSTANTANEOUS CORONA STARTING
VOLTAGE WITH APPLIED VOLTAGE

ing the X axis to the left, it will be noted that a sudden
increase of current or hump starts just before the
maximum voltage is reached, and at an instantaneous
voltage not far from e0. At the maximum voltage, the
corona hump disappears. The curve is then ap-
proximately the capacity ellipse, altered somewhat by
the motion of the space charge, until corona starts
again on the next half cycle. The polar diagrams have
been translated to the usual rectangular co-ordinates atthe right. The corona hump is well shown in these
figures. It will be noted that the corona starts at a
lower and lower instantaneous voltage as the applied
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voltage is increased until in the last figure the in-
'

stantaneous starting voltage on the a -c. wave ei is
almost zero. At a still higher voltage, ei passes

through zero or becomes negative. Referring to

Fig. 11A, when the voltage is gradually increased,
corona starts at the maximum of the wave when the
visual critical voltage ei, is reached. This voltage is

I very definite. When a higher voltage, e, is applied
as in Fig. 11B, corona starts during the first half -

e

te 0,1
Len.. I

FIG. 10-COMPARATIVE CYCLOGRAMS SHOWING THE INFLUENCE

OF CONDUCTOR SURFACE CONDITION UPON CORONA DISCHARGE

CHARACTERISTICS

Conductor: A. C. S. R. Cable. 0.741 in. diam.
336,400 cm. cross-section area
Spacing: 83.5 in. to neutral

cycle at the instantaneous voltage e. The charge
on the conductor is then qt, or the flux is O.. et, is the
voltage necessary to produce the flux or the charge
required to cause the breakdown gradient g,,. In this
particular example, assume that the wire at the start
is negative. After corona begins, the positive ions are
attracted to it and discharged. The repelled ions
become in effect a charged cylinder, of varying diameter,
surrounding the conductor. The stress between the
conductor and this charged cylinder, or "space charge,"
now remains more or less constant with increasing
voltage or just high enough to maintain the corona
charging arcs; see Fig. 15. The stress is limited by the
breakdown gradient of the air, go. Corona continues to
form and to increase the outer cylinder until the maxi-
mum voltage is reached or slightly passed, when it
stops. At this instant, the stress between the wire
and the corona cylinder is just below the breakdown
value. With decreasing voltage, the stress between
the wire and the space charge decreases and somewhere
on the descending wave becomes zero. This leaves for
the instant the total flux on the space charge. The
conductor and the space charge are then at the same
potential. This occurs at e - e on the descending
wave. If there were no drop in the corona, this con-
dition would occur at the maximum of the wave. With
reversal of the voltage, the space charge, in effect, adds

to the charge on the conductor. When the sum of
these two charges becomes, in effect, equal to g, so as to
cause a gradient g near the conductor surface, break-
down occurs. Then, if the charge due to the voltage
is qi, and that due to the space charge is g, breakdown
occurs when

gi + g. = g,
or in terms of flux

%Pi + IP. = 1/..

In Fig. 11B, the voltage has been increased above
G. It is seen that corona starts at the reduced instan-
taneous voltage ei on the second or + half -cycle. This
is the voltage necessary to produce the flux C. The
effect is as if the charge g, produced by the excess in the
voltage above et, on the first half-cycle were added
directly to the charge on the conductor in the next half -
cycle so that corona starts when the sum of these be-
comes q. In other words, corona starts at the in-
stantaneous voltage G on the first half-cycle that the
voltage is applied. On the next and following half -
cycle it starts on the wave at a lower instantaneous
voltage, ei. Fig. 12 shows this graphically.

In Fig. 12A, flux just sufficient to start corona at
voltage G is shown leaving the conductor. Corona
"arcs" are about to form, suddenly increasing the volt-
age across increased capacity and causing the sudden
increase in current shown in Fig. 8. Fig. 12B shows the
conditions at the maximum of the voltage wave.
The outer cylinder has been charged through the
corona "arcs." The stress at the conductor is still
sufficient to maintain corona and there is considerable
flux from the corona cylinder. The space charge
cylinder has been fully charged and the "arcs" die out as
the voltage starts to fall. Fig. 12c shows the point
on the decreasing wave where all the flux is on the space

e -e, Eecess al crest vamp Ahmed,

Corona Starts on

Second Hell -cycle

Voltage at AO
C010111 just Slade/

Excess Voltage Above q.-(4-0

A

Fast Start

FIG. 11-MECHANISM OF CORONA

Second Start

charge and there is no voltage between the conductor
and the space charge. In Fig. 12D, corona is starting on
the second half -cycle at the reduced voltage ei. The
same flux is attached to the conductor as caused by the
voltage e, in Fig. 12A. The flux is caused partly by
ei and partly by the space charge. It is thus not
necessary for ei to be so great as et, to cause the break-
down gradient.

The reduction in instantaneous critical voltages is
approximately equal to the excess of the applied
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voltage above ey. Thus, if e is the applied voltage,
e - er, G- ei

or

PEEK: THE LAW OF CORONA AND

ei = 2e, - e.
This equation states that the instantaneous startingvoltage, eO is zero when the applied voltage is 2eor that when the space charge is in effect q,, no ad-

ditional charge is needed to start corona. Instanta-

ey

Corona
Charging

Arcs

11

FIG. 12-MECHANISM OF CORONA
A. Just at start of corona. Flux from conductor onlyB. Just before corona stops at crest of voltage wave. Flux fromconductor and space charge
C. After corona stops. Flux from space charge onlyD. Just at second start of corona. Flux from space charge adding toconductor charge
Center figures. Schematic diagram of corona discharge circuit

neous voltages, e are plotted with applied voltages inFig. 13. Note that e, is zero at approximately 2e,.
If the above rule held over a wide range of voltage,

it would be found that
e e, = 2e, = constant

As a matter of fact, as would be expected, the testsshow that e e, is not constant, but approximately so,
near the critical voltage. Actually, the effect is as if the
total space charge were not effective in reducing the
critical voltage, but that

ei = e,- (e - e,) a
where a is a leakage factor and is less than unity. Fig.
14 shows this for several different wires. If the total
charge were effective, the curves would be parallel to the

DIELECTRIC STRENGTH OF AIR-IV Journal A. I. E. E.

x axis. At 420 cycles, as would be expected, the leakage
is not appreciable.

It is stated above that the stress at the conductor
after corona starts does not increase with increasing
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FIG. 13-VARIATION OF INSTANTANEOUS VOLTAGE OF CORONA
FORMATION WITH LINE VOLTAGE

Conciuctor: Solid -smooth surface. 0.015 in. diameter
Spacing to neutral: 63.5 in.

voltage but remains at a value just sufficient to keep theair broken down and to supply the outer cylinder orspace charge. This is illustrated by the test curves inFig. 15. The voltage was measured between the
conductor and small wires placed at different points inspace. It will be noted that the voltage between thesepoints increases directly with increasing voltage until

 Negative e, -1-
240 Pobitive e, 

80
ai

00 40 80 120 160 200
e - KILOVOLTS MAXIMUM APPLIED

FIG. 14-VARIATION OF ei e WITH LINE VOLTAGE
e = Instantaneous disruptive corona voltagee = Nlaximtun lino voltage to neutral
Conductor:

1 0.454 cm. radius polished
2 0.260 cm. radius polished
3 0.019 cm. radius smooth

Spacing: 161. cm. to neutral

the critical voltage is reached, after which the voltageremains more or less constant.
Artificial Corona. The mechanism of the coronabreakdown can be illustrated with condensers. For thesake of simplicity, take two condensers as in Fig. 16.Shunt one of these with a gap set to spark at voltageel and of such characteristics that it never short-circuitscl. This gap thus has a. valve action sparking when avoltage e1 is impressed across it but not short-circuiting
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c1. On the first half -cycle, the spark, which represents
the corona, starts at the instantaneous line voltage
et,, because e is the total applied voltage that causes
the breakdown voltage e1 on cl. At that instant the
voltage across c2 is et, - e1. With increasing line volt-
age, the voltage across c1 does not rise above e1 because
of the arc. The excess voltage is placed across c2.
When the maximum of the wave is reached, the current
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FIG. 16-EXPLORATION OF STATIC FIELD SURROUNDING A
CONDUCTOR

X = Distance from conductor center to equipotential surface
Ex = Voltage across space X
Conductor: solid copper. polished

0.927 cm. diameter
Spacing: 161. cm. to neutral
Critical disruptive corona voltage -86.8 kv.

stops and the arc goes out. At a voltage e - G on the
falling quarter of the wave, the total voltage is on c2.
Finally, on the + half of the -wave, the voltage across
the gap again becomes e1 and the spark again starts.
This occurs at the instantaneous line voltage et. This is
lower than the instantaneous voltage G at which corona
started on the first half -wave, by the amount that e
exceeded en because an excess charge, (e - e) c, on c,,
adds to the charge due to the line voltage, or

e - = - e1
et = - e

This is the relation arrived at for corona on wires and
as in the case of -corona, the spark starts at zero in-
stantaneous line voltage when the applied voltage is
twice the critical voltage. The- above holds whatever
A similar voltage relation holds if the gap is permitted to
short-circuit the condenser except that the gap must
then be set at double voltage. The voltage relations
are followed out for several half -cycles in Fig. 16.
The arrows on the condensers show the relation of the
fluxes at different parts of the wave. In one instance
it will be noted that all of the flux is attached to the
"space charge" or condenser c2.

Compare Fig. 16 with Fig. 12, where the same rela-
tions are shown for actual corona and space charge.

The cyclograms in Fig. 18 show how closely artificial
corona agrees with actual corona.

The Power Loss. The mechanism has so far been
described up to the point where the charge of the ionized
the relation between the capacities of the condensers, or
whether one gap is used or several gaps are used to

breakdown successively. The actual corona loss

relation would be more nearly approached with a suc-
cessive breakdown of gaps with increasing voltage.
space of the first half-cycle in effect adds to the charge
on the conductor of the next half -cycle and breakdown
occurs when the sum of these two charges is in effect
equal to q, or causes a stress ge,. In this particular case,
the start was made with the wire (-). The returning
charge was then also (- ). Following the new break,
this was cancelled by a ( ) charge while a ( -I-) charge
was repelled from the conductor. The space charge
cylinder moves out with increasing voltage and is
charged through the corona arcs until the wave reaches
maximum. The arcs then die out or corona stops. The
sudden increase of current at the critical voltage is
caused by a sudden increase of voltage across the in-
creased capacity. Part of the energy in the "space
charge" field is returned to the circuit and part of the
energy is not returned or is returned at the wrong part
of the wave and is lost. When the conductors are far
apart, the main part of the loss occurs in the space
between the conductor and corona cylinder. Where
the conductors are close together, or the voltage is
approaching the spark -over voltage, a conduction loss
is also caused by ions migrating to the opposite con-
ductor. The measurements show that over a very
wide range of conditions the loss follows the quadratic law

p = k1 (e - eo)2
An examination of the mechanism makes this appear
the rational form for the loss to take. This seems so
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FIG. 16-OPERATION OF SINGLE -GAP, FIXED -CAPACITANCE
ARTIFICIAL CORONA CIRCUIT

for the following reasons: The space charge is propor-
tional to (e - eo) C. Energy is required to move this
charge through the field or through the voltage from the
conductor to the corona cylinder. The voltage be-
tween the conductor and the space charge or corona
cylinder is proportional to (e - eo) and, in fact, appears
to equal (e - e0) for the higher frequencies and very
large spacings. The energy may be considered as
being lost in the resistance of the corona arcs charging
and discharging the corona cylinder. The loss is thus

w = (e - eo) - eo) k C = (e - eo)2 k C
or the power

p = 4fCk (e - e0)2
The above relation checks the measured values for
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large spacings at 60 cycles and for all spacings at 420
cycles. When the frequency is low or when the spacing
is small, ions must pass from conductor to conductor.
This is equivalent to a leakage loss or loss in a resistance
intermittently placed from conductor to conductor.
Then

p = k2 (f + a) C (e - e0)2
wherein the factors a and k are an integral part of the

B

C

FIG. 18-ARTIFICIAL CORONA
A-Just above critical voltage
B-Considerably above critical voltage
C-Over twice critical voltage-corona starting "below zero"

equation and were originally determined empirically
in the quadratic law. The part of the energy in the
space charge that is returned to the circuit at the
proper part of the wave is not lost but gives the extra
capacity effect of corona.

There is no loss at e0 because breakdown does not
take place until the voltage e, is reached. There is then
a sudden break over a finite distance from the con-

ductor and the loss falls on the quadratic curve with e
as the disruptive critical voltage. The stress between
the conductor and the corona cylinder is not reduced to
zero when corona starts but has a value approximately
equal to go or gd at the conductor and decreases outward
to the corona cylinder along approximately the same
curve that obtained just before corona started. Be-
yond the corona cylinder, the average stress must he
higher or the curve flatter to maintain the voltage
proportional to e0 across the portion that is not ionized.

It might be expected at first glance that the disrup-
tive critical voltage should be ev rather than eo, since
loss does not start on polished conductors until ev is
reached. A more critical examination, however, shows
that following the initial break controlled by g,,, the
strength of air becomes go. Thus, although gv controls
the start of the loss, after the initial break occurs and
corona extends out, the controlling gradient is go. This
follows up to the maximum of the voltage wave when
corona stops. gv is required to cause the next start, etc.

Th121'
' H13,...tive Interval , , .

Negative Interval '

10 ....
1,101, ...

i 0 8
,

z 0.6

30 50 70 90 110 130 150
KILOVOLTS TO NEUTRAL (EFFECTIVE)

FIG. 19-EFFECTIVE CORONA CURRENT DURING DISRUPTIVE
INTERVAL

Conductor: 0.927 cm. diameter, polished
Spacing to neutral: 101. cm.
Length: 305. cm.

It is interesting that when the applied voltage is zero,all of the energy is on the space charge and is

(e - ev)2
2 Ci

For a polished wire the instantaneous corona startis extremely rapid on the negative half of the wave,while on the positive half it is more gradual. The starton the negative half is so rapid that oscillations arereadily produced. The effect of the conductor surfaceis shown very well in Fig. 10. A cable acts very muchlike a dirty wire.
An examination of the power curves shows a dif-

ference for (-) and (+) corona. There is not, however,
any great difference in the actual loss on the different
half -cycles.

Figs. 13 and 14 show a slight difference in the in-stantaneous starting voltages.
The corona at 420 cycles follows the quadratic law.

C C2



Heating of Windings Determined from Tests of
Short Duration

BY JOHN BASTAI AND FRANK FABINGERI

Synopsis.-This paper describes the calculation of the "hot

spot" temperature rise in an electric machine from data obtained

by a load test of short duration. The chief difference between this

method and those previously used is that a simple exponential
curve for the heating has usually been assumed, while the present
method endeavors to follow more closely the actual conditions.

INTRODUCTION

THE heating of electrical machines and apparatus
under operating conditions restricts the output
to certain limits, and for this reason, considerable

study has been given to this subject. Notwithstanding
the fact that it has been demonstrated several times
recently that the heating curve of a normal electrical
machine does not follow a simple exponential law, it is
found that in electrotechnical practise, the old methods
are still being used although they do not give results
that check the actual measurements for the complete
curves.

As a proof of this variation, the rules for making
such a calculation from the "Rules and Standards of the
Czechoslovakian Electrotechnical Association 1923,"

p. 425, will be followed in determining the hot -spot
temperature rise of a current transformer constructed
by the Ceskomorayska-Kolben Company, Prague,
Czechoslovakia.

The auxiliary line to the left of vertical axis of Fig. 1

d9
is obtained by plotting the slope -dt of the tempera-

ture -rise curve against temperature rise. The auxiliary

4 6
T me Hours

FIG. 1

line of the curve should be a straight line
follows the simple exponential formula

0 = 0, (1 - E-141)

32

24 cr

16

a
E

8 12

if the curve

1. Both of the Ceskomorayska-Kolben Co., Prague,
slovakia.

Czeoho-

This figure is derived by the application of the rule
and is a proof that the final temperature rise cannot
be accurately determined by applying the older methods
because the auxiliary line differs substantially from a
straight line. Likewise, the failure of the rule to give
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correct results for rotating electric machines is shown
in Fig. 2, which is the heating curve of the stator
winding of an induction motor, built by the same
company. Again, the auxiliary line cannot be used
because of its deviation from a straight line.

DERIVATION OF FORMULA FOR TEMPERATURE RISE

OF AN INDUCTION MOTOR

A formula for the hot -spot temperature rise of this
induction motor will now be derived. Fig. 3 shows one
coil of the stator. The parts of the coil imbedded in
the slots transmit the heat to the surrounding iron which
is however, also, heated by its own losses.. Therefore
the slot portions of the coils are not cooled as effectually
as the ends, which are more favorably situated in the
cooling air. Since the ends of the coils are usually
cooler than the parts imbedded in the slots, there will

be a flow of heat toward the ends. The distribution of
the temperature along the coil, assuming a symmetrical
ventilation, will be represented by a curve, the maxi-
mum point being located inside the machine and the
minimum in the ends of the coils. (See Fig. 4, a -b.)
The problem may be simplified by the assumption
that the temperatures of the slot and end sections are
uniform, being Od for the slot and B,, in the end sections.

1399
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(Fig. 4c). Then the flow of heat is due to the difference
in temperatures. Let Q he the quantity of heat in
watts passing in one second between two equal cross-
sections of 8 sq. cm. located "a" centimeters apart, andwith a heat conductivity X.
Then

XS
Q = a (0,1 - Oh)

The heat from the slot section flows in both directions
to the ends of the coils and the cross-section S is there-
fore equal to twice the area of the copper in all the stator
slots. The distance flow of the heat must now be

a=160

11"

90 290!

470

+ -190

FIG 3

determined. The cross -sections, through which there
is no heat flow, are located approximately in the middle
of the imbedded part in the slots and in the center ofthe end portions or heads of the coils. These cross-
sections are indicated in Fig. 4c by interrupted lines,and the distance a between them is also shown in this
figure. The outline drawing of the coil Fig. 3 also shows
the points between which the heat flow takes place.

The further derivation of the equations for heat
transfer requires the introduction of the following
notation:
00

Om

Oh

Od

am
ah
ad

Cm
Ch

Cd

S
X

a

Q,
Qh

= Temperature of the surrounding medium.
= Temperature rise of the iron.
= Temperature rise of the heads of the windings.
= Temperature rise of the slot portion of the

windings.
= Dissipation constant of iron.
= Dissipation constant of heads of the windings.
= Dissipation constant of the slot portion of the

windings.
= Thermal capacity of the iron.
= Thermal capacity of the heads of the windings.
= Thermal capacity of the slot portion of the

windings.
Double total area of copper in all stator slots.
Thermal conductivity of copper in watts.

= Distance between the characteristic sections
of the windings.
Iron loss in watts.

= Copper loss in heads of winding in watts.

Qa - Copper loss in slot portion of winding in watts.
The equations for the dynamic balance of heat for all

three parts of the stator will now be derived:

d Od X S
(Od - Oh) (1)Qs = + (Oa - 0.) a

X 8 d Oh
Qh a (0d- 0h) Cht +ah 0' (2)

d 0,,,
Qm + ad (Od-

0m) C"' d
am Om (3)

These simultaneous differential equations lead to
three relations for Od, Oh and Om as functions of time t.
The integrals of these relations give heating curves
which differ substantially from ideal exponential curves.
The determination in advance of the final temperature
of the individual parts requires two points on each heat-
ing curve. One of these points marks the beginning
and is common to all curves; the second set of points
may be obtained from test continuing until reasonable
temperature rises are attained, for instance, for 40
minutes. The test can then be stopped, as it will be
possible to draw tangents to the curves, the slope of

d
which will express the relations dt 

a)

b)

c) 9d

. _I L _ a
FIG. 4

At the time t = cc each part of the stator reaches itshighest temperature and the derivatives become zeroand are eliminated from the equations.
The solutions of the equations then give the highest

temperature rise for the three parts:

eh-
Qh

XS
Oda

ah
a

X S

Om - Qm ± ad ed

am ad

(4a)

(4b)



Dec. 1927 BASTA AND FABINGER: HEATING DETERMINED FROM SHORT -TIME TESTS 1401

Qd (am + ad) Iah Qh2S(am + ad) +

Qm ad (ah + X:

am + d)
X S ah + ad am (ah XaS

(4c)

It is obvious that the calculation of the hottest spot
temperature rise is now reduced to the determination
of the values of the a constants. For this purpose the
starting parts of the heating curves may be used.
(See Fig. 5).

The evaluation of equations 1, 2 and 3 for t = o
results in values for the thermal capacities of the three
parts of the stator.
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Cd -

Ch = A A

Qm

Qd

Ad

Qh

Am

2 3

(5)

(6)

(7)

where
Ad = slope of the tangent to the heating curve for

the windings in the slot at the starting point.
Am = corresponding value for the heating curve of

the iron.
A h = corresponding value for the heating curve for

the heads of end portions of the windings.

Knowing these values, it is now possible to determine
the values of the dissipation constants ad, am and ah
from the short time heating test data. In the time
t1 the temperature rises 0 dl Ohl and Oml, have been
attained. Using a mirror, the tangents are drawn to
the heating curves for t = t, and the slopes of these
tangents Bd B1, and Bm are evaluated.

The equations 1, 2 and 3 for t = t1 will then be:

S
Qd = CdBd ad (0 - 0 mi)

Xa
(0d1 Ohl) (8)

XS
Qh a

(Odl- Ohl) = ChBh ah Ohl (9)

Qm + ad (61 di- emi) = Cm Bm + am Omi (10)

The solution of these equations determines the
values of a.

The process just explained requires the measurement
of the temperature rises of the iron, of the ends of the
windings, and of the slot portions of the windings during
a test at a certain load. The temperatures of the iron
and of the ends of the windings are obtained by ther-
mometers or by temperature detectors suitably placed.
There is an error introduced if the readings of ther-
mometers on the ends are taken directly, since the bulb
touches only the outside of the insulation. The cor-
rections for the actual temperature of the windings
are investigated in Appendix I.

The temperatures of the windings in the slots can be
directly measured only by temperature detectors located
between the upper and lower half coils. When the
machines do not have temperature detectors in the
slots, it is possible to determine the temperature of the
copper in the slot Od from the temperature 0, ascertained
from measured resistance and from the temperature of

the ends Oh. The derivation of Od from the measured
values of Oh and 0, is outlined in the Appendix II.

The formula
lh Oh + ld Od = 1 08 (11)

derived in Appendix II demonstrates that the tempera-
ture rise ascertained from resistance measurements is a
mean value of the temperature rise of the heads of the
windings, and that of the windings in the slots.

EXAMPLE OF CALCULATIONS AND VERIFICATION BY
TEST RESULTS

Fig. 5 shows the heating curves of a three-phase
induction motor, designed for a continuous rating of
80 amperes at 500 volts. The motor is of open con-
struction and symmetrically ventilated. The heating
test, however, was made with a current of 200 amperes
at 275 volts, and the temperature rises are higher than
those corresponding to the normal rating.

The losses during this test were:
In iron Qm = 270 watts

200)2
In stator copper = 1500 (TO = 9400 watts
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The copper losses are distributed between the end
and slot portions of the stator windings in the rat io t o
their lengths:

58(i, = 9700 X
132 = 4130 watts

74
Qh = 9700 X

132 = 5270 watts

Length of coil in the slot /d = 58 cm.
Length of coil in the head lh = 74 cm.
Length of total coil = 132 cm.

These values are obtained from Fig. 3, on which
dimensions are given in millimeters.

The curve for 0d in Fig. 5 is obtained from the curves
for Oh and 0, by the use of the following formula derived
from (11)

1 lh
Od = 0 - Oh (12)/d /d

The beginnings of the heating curves during the first
40 minutes will now be used in an attempt to check
the final temperatures. The slopes of the curves at
zero time on Fig. 5 are:

Ad = 3.75
Ah = 2.0
Am = 1 . 0

But 40 minutes later the following temperature rises
were attained:

Odi = 42 deg. cent.
Ohl = 28 deg. cent.
0,,,I = 17.4 deg. cent.

The slopes of the tangents at this time are
Bd = 1 . 6
Bh = 1.13
Bm = 0.69

The value of
as

is now required.a

The thermal conductivity X of copper is approxi-
mately 3 . 4.

The double cross-section of copper in all the stator
slots is

S = 2 x 72 X 6.33 X 2 X 16
= 29200 sq. mm.
= 292 sq. cm.

a = 16 cm. from Fig. 3.
XS 3.4X292
a 16

= 62
Thus, all the values necessary for the evaluation have

been determined.
Substituting in equations 5, 6, 7

4130
1Cd3.75== 100

5270
2

26:35

2711
C,,,

1

270

Further substitution in 8, 9, 10 gives the following
results:

4130 = 1100 x 1.6 + ad (42 - 17.4) + 62 (42 - 28)
a,, = 61

5270 + 62 (42 - 28) = 2635 X 1.13 + ah X 28
ah = 113

270 + 61 (42 - 17.4) = 270 X 0.69 + an, X 17..1
a,,, = 91

By the aid of these values, equation (4c) may be
evaluated

4130 (91 + 61) (113 + 62) +
5270 x 62 (91 + 61) + 270 X 61 (113 + 62)Od =
(91 + 61) x 62 x 113 + 61 X 91 X (113 + 62)

= 80 deg. cent.
By using Od = 80 deg. in (4a) and (4b):

5270 + 62 X 80
113 + 62

= 58.5 deg. cent.
270 + 61 x 80

Om=
91 + 61

= 34 deg. cent.
The following tabulation compares the calculated

final temperature rises with the values ascertained by
test measurements.

Temperature
rise

Od

9h

Om

Oh

Measured Calculated
deg. cent.

Difference

dog. cent. Dog. cent. Per cent

85 80
56 58
35 34

-5 -5.9
+2 +3.5
-1 -2.86

Appendix I
The thermal potential 0 in the insulation can be

expressed:
0 = 760 q s

where
q = losses in coil in watts per sq. cm. of coil surface.

and
s = thickness of coil insulation in centimeters.
The machine has 90 kg. of copper in the stator,

which is equal to about 10,000 cu. cm. The copper
loss is approximately 1500 watts, and the loss per cu.
cm. is 0.15 watts.

The slot dimensions are 1.2 cm. wide and 4.6 cm.
deep, giving a circumference:

0 = 2 (1.2 + 4.6)
= 11.6 cm.

In a length of coil at the head of the machine of 1 cm.,
the radiating surface for a coil is 11.6 sq. cm. The
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cross-section of the copper is 2 sq. cm. and the quantity
per cm. length is therefore 2 cu. cm. The heat generated
in this amount of copper is

2 X 0.15 = 0.3 watts
The loss per unit of radiating surface is:

0 . 3
q = 11.6 - 0.0259 watts per square cm.

The thickness of the insulation is s = 0.1 cm., and
the thermal potential, assuming all the heat to pass
through the insulation, is

0 = 760 X 0.0259 x 0.1
= 1.97 deg.

This represents an error of about 4 per cent if the
mean temperature rise of the heads is 50 deg. cent.

APPENDIX II DERIVATION OF FORMULA 11 FOR
TEMPERATURES BY RESISTANCE

The expression for the resistance of the entire coil
can be determined by adding the resistance of the parts
of the coil which are exposed to the air and the resist-
ance of the imbedded portions; or the resistance of the
entire coil may be used. In either ease the influence
of the temperatures of the various parts must be taken
into account.

If the accuracy of a first approximation is allowable,
the expression derived is:

30

/ + a 0
where So = the specific conductivity of copper at the
original temperature.

a = temperature coefficient per deg. cent
0 = temperature rise -deg. cent

The coil dimensions may be represented as follows:

S
-2 = cross-section of copper

/d =
14 =

Let Rh =
and Rd =
iron.

Then

and

length of imbedded part in the iron.
length of heads of coils
mean resistance of winding at heads
mean resistance of winding imbedded in

1 + a Oh 214
rch -

Bo S

Rd =
So S

R = Rh + Rd

2
=

(50 S[(I + a Oh) lh + (1 + a Od) ld]

The measured resistance of the entire coil gives a
mean temperature rise 0, and a second expression for R
may be derived from it, namely:

/ + a Od 21d

DETERMINED FROM SHORT -TIME TESTS

R =
2(1

+ a 08)1

Equating the two values of R gives:

2

So S 1(1
+ a Oh) /h + (/ + a Od) /d]

2

Simplifying:

1403

S
(1 + 0,0 1

lh Oh + ld ed = 1 08 (11)
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LARGE POWER WORKS UNDER
CONSTRUCTION IN SWITZERLAND
Great developments are going on in the realm of the

Grimsel, leading from Meiringen to Gletsch (Rhone
Glacier). Here, for a number of years, engineers and
workmen have been busily engaged in the construction
of the Oberhasli Power Works, more generally known
as the Grimsel Works.

For this project the River Aare, discharged by the
Unter and the Oberaar Glaciers, is utilized to Innert-
kirchen, near Meiringen, in three stages. The total
fall amounts to some 4175 ft. Two reservoir lakes at
Gelmar and on the Grimsel will have an effective
capacity of 113,000,000 m.3 The drainage area of the
lakes comprises 111 km.2

The Aare is dammed at the Grimsel by two concrete
walls, 100 m. and 30 m. high. The surface of the
Grimsel Lake amounts roughly to 2.5 km.2, the effective
capacity to 100,000,000 m.3 The Gelmar Lake is
raised 30 m. by damming, and a lake of 0.6-km.2 surface
and 13,000,000 m.3 effective capacity is formed. The
connecting tunnel between the two lakes is 5.25 km.
long, and its diameter 2 m. The conduit from Gelmar
Lake to the power station is formed by an armoured
pressure shaft of two 2.2 m. diameter. The Handeck
Power Station will contain four vertical -shaft units,
each of 25,000 h. p. The current is transmitted under
a pressure of 50,000 volts by means of cables into the
valley. The transformation to 150,000 volts is effected
in an outdoor substation at Innertkirchen.

There are three power stations, located at Handeck,
Boden, and Innertkirchen, respectively. The Handeck
Power Station will generate a constant yearly output of
223,000,000 kw -hr.; after completion of the two lower
stages, the aggregate constant yearly output measured
at Innertkirchen under 150,000 volts can be raised to
538,000,000 kw -hr. It is also possible to provide
further storage ponds and utilize further streams in the
Oberhasli region.

The project was launched by the Bernische Kraf t-
werken (Bernese Power Works).



The Electric Arc and its Function in the
Welding Processes

BY P. ALEXANDER,
Member, A. I. E. E.

Synopsis.-The subject of this paper is a phenomenon of great
interest and very great complexity. The electric arc is a tool of
extreme power and flexibility. The electric arc can be used to melt
the most refractory substances, cut the armor plates of battleships or
weld together the ends of wires no thicker than a human hair. It is
a wonderful tool that makes or breaks almost anything. It may
unite the most indifferent elements such as nitrogen and oxygen, or
break the molecule into its constituent atoms.

In this paper we shall discuss only one type of application of the
electric arc; namely, the application of the arc to the welding of
metals, but even in these limits the field is very wide.

The electric arc was discovered by H. Davy who in 1810 was
experimenting with the sparking between two horizontally disposed
carbon pencils. The density of the current was such that on short
circuit the tips of the carbon pencils were heated to incandescence.
When the electrodes were separated the electric current continued
to flow across the air -gap between the carbon pencils. The air -gap
was bridged by some sort of an extremely bright band which under
action of the accending currents of hot air was bent upwards and
formed a bow or an "arc." This is the origin of the term, the
"electric arc."

For many years the electric arc was used only as a source of light.
It was only years later that the electric arc was applied for the
purpose of melting and welding metals together. In 1881 de
Meritens for the first time used a small carbon arc for melting and
welding the lead terminals of storage batteries. The more extensive
application of the carbon arc was done by Bernardos.

ew

This process was modified by Dr. Zerener of Berlin, Germany,
who shortly prior to 1890 invented a process of welding with a flaming
arc. In this process two carbon electrodes are disposed to form a
"V". The arc is drawn between the two electrodes and caused to
impinge upon the metal to be welded by being forced down by a
powerful electromagnet. This arrangement caused the arc to act
in a similar manner to the flame of an oxyacetylene flame. The
energy developed in this arc is only partly transmitted into the
weld and the efficiency of the method is very low.

The third type arc welding known now as a metallic arc process
was discovered about 1890 by H. Slawianoff.

This engineer conceived the idea of producing steel ingots by
an electrical casting process. Metal was deposited from a steel rod
into a mold, an electric arc being maintained between the rod and the
metal of the mold. Means were provided whereby the metal rod
could be fed forward as it was consumed and a solenoid arrangement
was provided for maintaining the arc length substantially constant.
The ingots obtained under such conditions proved to be sound
and free from shrinkage pipes. However, the cost of electrical energy
in Russia in those days was very high and the process was com-
mercially uneconomical.

The information obtained by Slawianoff in this work led to the
application by him of the metallic arc to the uniting together of
metal plates, the repairing of cracked and broken machines, etc.

Thanks to the work of Slawianoff we now possess a method of
welding with metallic electrodes which at present is by far the most
used of all arc welding processes.

ELECTRIC ARC
THE metallic welding arc is a phenomenon of great

complexity. It is a combination of three distinct
features; namely, conduction of the electric cur-

rent, melting of the plate and deposition of the metal
from the rapidly melting electrode. The first feature in
itself is a complicated phenomenon, which can be under-
stood better if we consider it after reviewing the ac-
cepted ideas on electric conduction in solid conductors
and in vacuum tubes.

The electric current flowing through the solid con-
ductor has been demonstrated by the experiments of
Talman and Stewart to consist wholly of electrons.
The positive ions form a rigid frame -work and partici-
pate only in the vibratory movements due to the
thermal agitation. The whole space is occupied by
the spheres of action of the atomic forces. And be-
tween atoms there is a continual exchange of the
electrons. At any instant there is a number of
electrons in transition from one atom to another.
These dartings from one atomic system into another are
especially numerous in good conductors, and the elec-
trons which during that short flight do not belong to
any atomic system are termed free electrons. In the

1. Thomson Research Laboratory, G. E. Co., Lynn, Mass.
Presented at a meeting of the Lynn Section, A. I. E. E.,

Lynn, Mass., May 18, 1927.

absence of an electromotive force, these movements
are equally distributed in all possible directions, and
the resultant of those elementary currents is zero.
When a difference of potential is, however, impressed
on t he conductor, these disorderly migrations acquire a
certain orientation so that more electrons will be
moving in the direct'on of the positive pole.

An idea of the number of moving electrons may be
obtained if we will try to visualize the number 1.6 X
1019 which represents the number of electrode dartings
during one second through the cross-section of the con-
ductor when it is carry'ng a current of one ampere.
However great this number may seem, it is not the
total number of electronic dartings but only a difference
between those directed towards the positive and neg-
ative poles.

The conduction through the space not occupied by
the solid conductor is electronic only in case of ex-
tremely high vacuum. In this case the electrons shoot
from the cathode in straight lines across the empty
space between the comparatively few molecules pres-
ent which in extremely high vacuum can be in the order
of a hundred million per cubic centimeter. Since the
molecules themselves are mostly an empty space with a
few specks representing the central nuclei and outer
electrons, the high speed electrons can also shoot
through them without being stopped or deviated.

1404
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When the cathode is cold the voltages necessary
to produce such electronic currents would be of the
order of millions of volts and the obtained currents
expressed in milliamperes. In other words, for
most purposes a space not occupied by either solid
or gas of sufficient density is an insulator. There
will not be any change in conductivity if a gas in a
perfectly neutral state be introduced between the elec-

trodes. The distances between the gaseous molecules,
even if their number is incre. sed to several billion of
billions per cubic centimeter, are relatively so great that
there cannot be any exchange of electrons as in solid
conductors between the atoms and the space remains
non -conducting. This, however, will cease to be so if
the molecules acquire electrical charges.

Under usual conditions gases are subjected to various
ionizing radiations such as the radioactivity of the earth,
ultra violet rays and the electrons emission from the
hot bodies and flames. In atmospheric air these factors
determine a generation of two to three ions per second
per cubic centimeter. However small the degree of
ionization may be, the gas will always contain a few
ions and free electrons. If an electron moving under
the influence of applied difference of potentials with
sufficient velocity encounters or passes very near one
of the outer orbital electrons of an atom, the repulsive
forces between them may be such as to detach the
otbita' electron from the atomic system, which then
remains with a unit positive charge. The removed
electron may either repeat the same process with the
next molecule or attach itself to it, thereby communicat-
ing a negative charge. This removal or attachment of
one extra electron to the neutral molecules is called
ionization.

Electrons so produced and ionized atoms or mole-
cules will also start moving in the direction of
the electric force and if the potential gradient
is sufficient, will acquire such velocity that their
impact on neutral molecules will ionize these.
This process of cumulative ionization in a very short
time will produce a sufficient number of carriers to
transm t from one electrode to another a considerable
current. Under certa n special conditions, the highly
ionized gas column may acquire an e ectric conductiv-
ity comparable with that of a good solid conductor.
It might seem strange that a gaseous column can be
almost as good a conductor as a copper rod, yet if
we remember that the conduction depends only on
the number of suitable carriers and on the velocity with
which they can move this apparent paradox disappears.
Now to pass from conduction through ionized gas to
arc conduction, we shall consider the effect of the tem-
perature of the cathode. When the cathode is brought
up by some means to a high temperature the electrons
will be ejected from its surface into the gas in great
numbers. These free electrons can be considered as
ions and the gas containing such electrons as an ionized
gas. The voltage necessary to move these free electrons

towards the anode can be comparatively low. If the
gas is at a very low pressure, the electrons will move in
straight lines between the molecules. Only a very few
of these electrons will be stopped or deflected by colli-
sion with molecules. In this case the current will be
purely electronic. However, when the molecules are
present in larger numbers the electrons (if moving with
sufficient velocity) will ionize the gaseous molecules and
the current will be carried by ionized molecules as well

as by the electrons.
The method of producing the intense initial ioniza-

tion in the case of an electric arc is by taking advan-
tage of the above described property of certain materials
to emit electrons at ' high temperatures. To draw
the arc between the two electrodes, they are brought in
contact and a current of sufficient magnitude is passed
across the contact. The resistance of the contact,
especially just before the moment of separation
of the electrodes, is high enough to cause rapid
heating of the tips of the electrodes to incan-
descence, with the result that numerous electrons are
projected into the surrounding gas, so that at the
moment of separation of the electrodes, the gas con-
tains large numbers of free electrons which under the
action of the established electrostatic field will move
and impinge on the gaseous molecules.

Since the separation of the electrodes is done gradu-
ally, even with comparatively low voltages the potential
gradient during the first moment will be sufficient
to give the necessary acceleration to the free electrons
which at the end of their free path will possess energy to
ionize the gaseous molecules. The ionized molecules
and electrons will move and impinge on the next neutral
molecules but unless the potential gradient is sufficiently
high, they will not acquire at the end of their free path
a sufficient velocity and consequently will be unable
to ionize the next set of molecules; therefore, the
ionization will not continue. Since the distance
between the electrodes continued to increase and
the potential gradient to decrease, the current, after
reaching certain magnitude, will fall to a lower value and
finally stop altogether. But if the potential gradient
during the separation of the electrodes be sufficient, the
number of carriers will increase very rapidly until an
appreciable current will flow between the electrodes
which will produce rapid heating of gas. At higher
temperatures the ionization occurs much more readily,
so that as soon as the appreciable current flows, the
ionization is more pronounced which again causes
the current to increase. As soon as the cathode spot on
the electrode is brought to a high temperature, a large
volume of metallic vapor is sent into the stream which
is easily ionized andwill conduct practically the whole
current. This is the arc conduction.

Since the drawing of the arc is done at a low tempera-
ture and the maintaining of the arc at high tempera-
tures, the voltages necessary to strike the arc are
always much higher than those used to maintain the arc.
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This feature is taken advantage of in the design of a
number of commercial welding generators which
produce a high voltage only on open circuit. As soon as
the arc is drawn, the voltage across the brushes auto-
matically falls to a value only slightly higher than that
of the voltage across the arc.

Since high temperature is essential to maintain easy
ionization, any factor tending to cool off the electrodes
or the arc stream will influence greatly the stability of
the arc. If the temperature of the arc falls, the ioniza-
tion of the materials in the arc stream does not take
place as readily, so that the agent producing ionization
must be more active. In other words, the speed with
which the electrons and ions impinge on the neutral
molecules must be higher which necessitates a high
potential gradient; that is, higher arc voltage. One of
the most powerful methods of cooling the arc core is by
surrounding it with hydrogen, which at high tempera-
ture dissociates into the atomic state and absorbs large
amounts of energy.

ATOMIC HYDROGEN PROCESS

This phenomenon of dissociation of molecular hydro-
gen at high temperatures into the atomic state was
discovered by Dr. I. Langmuir2 during his studies of the
laws of heat losses from a heated tungsten filament in
hydrogen at low pressures. Dr. Langmuir observed
that above certain temperatures, the heat losses instead
of being proportional to 1.9th power of the absolute tem-
perature, are proportional to a much higher power which
increases with temperature.

The following studies of this phenomena established
that these abnormally high losses are due to the dissocia-
tion of molecular hydrogen into the atomic state.
Step by step Dr. Langmuir discovered the temperatures
of dissociation, degree of concentration of the produced
atomic hydrogen, the energy absorbed by the dissocia-
tion, the chemical properties of the atomic hydrogen
and the thermic effects produced by recombination of
the atoms into molecules.

The atomic hydrogen possesses many remarkable
properties which have been studied in the last few years
by several investigators. Many chemical reactions
impossible with molecular hydrogen take place when
that gas is in the atomic state. The most stable
oxides can be reduced into the metallic state. Sub-
stances which are usually considered as the most
refractory materials can be melted by the flames of
atomic hydrogen. And certain hydrogen compounds
which formerly could be produced in very small con-
centrations, now may be obtained in 100 per cent
concentrations. There are two methods of producing
atomic hydrogen.

One discovered by Dr. Langmuir :s by increasing the
speed of the thermal agitation of hydrogen molecules
until the forces between the two atoms composing the

2. Flames of Atomic Hydrogen, General Electric I?eriew,
March, 1926.

molecule are not sufficient to hold them together. They
spring apart and by doing so absorb large amounts of
energy from the source producing that thermal agita-
tion. In this method all molecules subjected to the
high temperature are being acted upon simultaneously.
This is (if we can use such a term here) a "mass
production."

The other way of disrupting the hydrogen molecule
is by hitting it with a heavy atom, moving with high
velocity. In this method the hydrogen molecules are
dissociated one by one and only when shot with a
swiftly moving atom. Using again a shop term, we can
call it "piece work." However, Dr. Langmuir
developed the first method which permits the produc-
tion of atomic hydrogen in high concentration, which
permits the use of atomic hydrogen not only as a
special chemical regent but also as one of the most
remarkable agents for transmission of thermal energy.
To accomplish this, it was necessary to produce the
atomic hydrogen not inside of a vacuum container, but
in the open air. The method adopted by Dr. Langmuir
consists in blowing a stream of molecular hydrogen
through an electric arc maintained between two tung-
sten electrodes.

The temperature of the arc core is sufficient to
produce complete dissociation of the whole mass of the
gaseous layer in contact with it. The produced atomic
hydrogen diffuses rapidly away from the arc core and
recombines in the cooler regions into the molecular state,
forming an extremely hot flame of a single gas which
burns without oxygen. The evolved heat, of course, is
the energy previously absorbed from the arc. It was
found that the heat of formation of molecular hydrogen
is equal to 98,000 calories. In other words, when the
atomic hydrogen recombines to produce one cubic foot
of molecular hydrogen (measured at N. T. P.), the
amount of heat produced is 455 B. t. u This quantity
is greater than that obtained by the combustion
of one cubic foot of molecular hydrogen in oxygen.
In the last case the amount of evolved heat will be only
316 B. t. u.

The greatest advantage of the atomic hydrogen
resides not in the amount of energy transmitted but in
the high potential at which that energy is delivered.
In other words, the remarkable property of the atomic
hydrogen is the temperature o its flame. Dr. Lang-
muir's calculations show that this temperature is at
least 3717 deg. cent. One of the experimental con-
firmations of these conclusions is the fact that tungsten,
the metal with the highest known melting point, can be
melted in the atomic hydrogen flame but not in any
other flame.

The importance of the temperature of the flame can
be illustrated by the comparison of two combustible
gases; one of which is acetylene and another is propane.
The amount of energy produced by combustion of one
cubic foot of acetylene is 1456 B. t. u. The corre-
sponding value for propane is 2465 B. t. u.
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In spite of much lower heat capacity of acetylene,
(,1 the temperature of its flame (about 3000 deg. cent.) is

its. I higher than that of propane (about 2100 deg. cent.) and
tp the result of it is that the welding with that gas is much

I faster than with the latter.
One of the practical applications of the atomic

hydrogen flame is for welding of metals. In this field
it has received lately numerous applications on account
of its two properties especially valuable for welding
work; namely, the extremely high temperature of the
flame and the reducing properties of the gas forming
that flame.

As a welding tool the atomic hydrogen torch must be
compared with the oxyacetylene torch. It has
similar characteristics in that the most of the energy is
produced in a comparatively small inner cone or fan

,.. i., where extremely high temperature is attained. This
inner hot zone is surrounded by the flame of reducing
gas with temperatures gradually falling to that of the
outer mantle of the flame where the recombined

ri molecular hydrogen is burning in contact with the air.
itThe temperature of that part of the flame is something
like 1000 deg. cent.

1
This gradual change of emperatures gives an extreme

E flexibility to the atomic hydrogen torch. It insures a
if perfect control of speed of welding and of the tempera-

ture of the molten metal in the weld. This last factor
is of a paramount importance for welding in hydrogen

r atmosphere. This gas is only slightly soluble in
molten iron :ust above the melting point. But with a
rise of temperature its solubility increases very rapidly.
When the molten iron is overheated, it will absorb at
least 15 times its own volume of gas (measured at

i N. T. P.). During the solidification most of that gas
will be precipitated out and unless special precautions
are taken, will form numerous blow holes.

However, if the welder follows the right technic by
forming only a shallow pool of molten metal which
insures a low temperature of the molten iron, hydrogen
will be prevented from going into solution and the re-
sulting weld will be perfectly free from gas pockets.

The atomic hydrogen torch embodies in itself all
the necessary conditions not only to transmit from
the arc into the plate any desired amount of energy, but
also to do it at a very high speed. The high speed of
recombination of the atomic hydrogen into the molec-
ular state is determined by the steep gradient of tem-
peratures and also by the catalytic action of the metal
in the weld.

This recombination of the atomic hydrogen at the
surface of the liquid metal in the weld to a certain ex-
tent replaces he oxidation reaction always present
when the welding is done in air. This reaction supplies
the necessary auxiliary heat to keep the surface of the
solidifying metal in the molten state long enough to
permit the absorbed gases to escape freely.

The a -c. arcs used in the atomic hydrogen process
are usually two or three centimeters in length bent in a
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shape of a fan between two tungsten electrodes placed to
form a "V". The voltage drops at the surface of the
electrodes, which correspond to anode and cathode
drops in d -c. arcs, are equal to about 18 volts each.
With the usual arcs of about 100 volts, the 36 -volt drop
at the surface of the electrodes, therefore, represents
one-third of the total arc voltage, so that two-thirds
of the energy absorbed in the dissociation of hydrogen
into atomic state comes from the long arc core. The
usual arc voltage is about 100 volts and the open, circuit
voltage of the welding circuit is seldom less than three
or four times that value. The energy absorbed by the
weld, of course, is that which comes from the arc; the
atomic hydrogen plays the role only of an exceptionally
efficient transmitter.

The energy evolved by burning the molecular hy-
drogen in contact with the air, serves only to raise
slightly the temperature of the plate outside the weld
but does not affect appreciably the weld itself. Most
of that energy is radiated into surrounding space.

THE SHIELDED ARC PROCESS

While the work on atomic hydrogen was proceeding
in the Schenectady Laboratory, the writer was engaged
in the Lynn Laboratory on the development of an im-
proved method of the arc welding with metallic and
carbon electrodes.

Since the accepted explanation of brittleness in arc
welds was the presence in the weld of oxides and ni-
trides of iron, the first experiments were conducted on
welding in gases other than those composing the atmos-
pheric air. The first experiments were conducted on
welding in carbon dioxide, superheated steam and illu-
minating gas. Then, without any knowledge of Dr.
Langmuir's experiments with atomic hydrogen, the
writer came to the conclusion that it is hydrogen which
must give the desired results. The experiments im-
mediately confirmed this view. The welds produced
in that gas proved to be perfect y ductile and to possess
a high tensile strength. Furthermore, it was found
that the apparent resistance of the welding arc in hy-
drogen is more than twice that of the same arc in air.
Because of the desirability of rapid deposition of
the metal, the welding arc must have a definite
short length. The increase of the apparent resistance
of the arc without increase in length is most welcome as
it makes the arc almost twice as efficient as a device for
the transformation of the electrical energy into the
thermal form.

The anode and ca hode voltage drops of an iron
welding arc of 100 amperes maintained in hydrogen
atmosphere were found to be each equal to 16 volts.
The voltage drop across the arc stream for an arc of
IA inch does not exceed 5 volts, SD that the total volt-
age across the arc of inch in length is 37 volts. The
usual arc voltage of the welding arcs of the same length
and current intensity maintained in air is about 18 volts.

This abnormal apparent resistance of the. arc in
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hydrogen, the writer at that time attributed to an xe-
ceptionally high coefficient of heat conductivity of that
gas. Indeed the heat conductivity of air is 0.5 X 10
and that of hydrogen is 3.17 X 10-5 calories per centi-
meter per second per deg. cent. In other words, it
was thought that the high voltage of the arc is due to a
mere cooling of the arc by hydrogen in its molecular
form.

At a later date, to check up this assumpeon, the
writer repeated the same experiments with the arcs in
hel um. This gas has also an exceptionally high
coefficient of heat conductivity which is even slightly
higher than that of hydrogen; namely, 3.39 X 10-6.
The experiments, however, showed that the arc voltage
in that gas is lower even than in air. Since the coeffi-
cients of diffusion of hydrogen and helium are about
the same and the temperature of the arc core in both
cases probably does not differ materially, the only
explanation of difference in the arc voltages was
that the hydrogen, being a diatomic gas, was dissociated
into the atomic state while the helium, being a monatomic
gas, remained unchanged by the extreme temperature
of the arc.

These experiments have an interest only as illustra-
tion of various ways of investigation. The quantative
determination of the amount of atomic hydrogen pro-
duced cannot be based on such experiments. They
only demonstrate the fact of the dissociation of hydro-
gen into the atomic state and that it affects very
markedly the anode and cathode fall.

These two quantities are determined by the con-
centration of the ions of one sign at the surface of the
electrodes. If .the production of the ions of the other
sign in the first gaseous layers next to the electrode
is slowed down, the electrostatic charges of the incoming
ions will determine a very steep potential gradient.
The dissociation of hydrogen into the atomic state cools
off the surface of the anode and cathode and, therefore,
reduces there, the speed of ionization and emission of
thermions. The role of atomic hydrogen in the shielded
arc process can be compared with the most effective
means of cooling the electrodes.

Of course, the atomic hydrogen produced undoubt-
edly affects also the quality of the weld, making it more
free from oxides. This last action, however, is not as
important as that which increased the efficiency of the
arc, since in the shielded arc process, the weld is fully
protected by a large volume of the molecular hydrogen
which at the high temperature of the arc is also one of
the most energetic reducing agents.

THE DEPOSITION OF METAL
The transfer of the metal from the electrode to the

plate can be either purely ionic or mechanical. In
the first case the metal is rapidly vaporized from the
electrode, enters the arc and after being ionized is moved
across the arc to the surface of the positive crater where
it regains its state of neutral atoms and condenses as

a vapor on the surface of the crater. The speed of
motion of gaseous ions is very high so that large quanti-
ties of metal can be transferred from the electrode to the
weld in a very short time. The hypothesis of transfer
of the metal in the state of vapor has been advanced by
Professor Slocum." This type of metal transfer is
observed only with long arcs.

The writer's experiments indicated that the tempera-
ture of the anode is the determining factor in the ionic
transfer of the metal in the welding arc. If an arc of
125 amperes and 60 volts be maintained in hydrogen
between a cold plate and -in. Armco pure iron elec-
trode, the transfer of metal will be mostly mechanical.
The tip of the electrode will be liquified and the large
drops of metal will be periodically falling down on the
plate. The vapor stream from the negative electrode
will enter the arc, but there will not be appreciable
condensation of that vapor on the plate If, however,
the positive crater be allowed to establish itself
on the plate and the temperature of the molten metal
in the crater rises above a certain limit, then the arc
will become very stable and practically the total amount
of metal will pass through the arc in a state of
ionized vapor. The speed of "vapor deposition"
of meta' is about the same as that which would be with
the short arcs of the same current density when practi-
cally the total amount of metal is passing through
the arc in the liquid state. However, in usual practise,
the arc length is so short that the intense radiations
from the positive crater affect not only the surface of the
negative crater but also the whole tip of the electrode to a
considerable length. This results in rapid melting of
the tip of the electrode which is in more or less plastic
state to a distance of three or four millimeters from the
negative crater. This condition determines an en-
tirely different mode of transfer of metal across the arc.
The wire used as electrodes always contains a large
amount of occluded gases. The actual volume of
occluded gases depends on the method of manufactur-
ing of the wire and in certain instances may reach many
times the volume of the metal.

The amount of gas which the metal can hold in the
occluded state depends on the temperature. At the
temperature of red heat, most of the gases are expelled
from the metal. Since the tip of the electrode is in
molten state, it is mechanically the weakest point and
the gases escape in that direction which results in
periodical rupture of the liquid surface of the tip of the
electrode and projection of it into the direction of the
positive crater. If the arc is very short, this ruptured
part of the tip of the electrode short-circuits the arc.
In other words, it bridges the tip of the electrode with
the positive crater. As soon as the globule touches the
liquid surface, another set of forces comes into play;
namely, the surface tension of the molten metal. Now
the globule is pulled towards the liquid by the surface

3. The Welding Arc. Welding Engineer, January, 1921.
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tension and so breaks the contact with the electrode.
If the f me of transfer was short, the temperature of the
ionized gases was not affected appreciably so that the
arc can be readily restarted. The experimental proof
of this mechanism of transfer of molten metal across the
welding arc was furnished by many investigators
amongst whom we must name Prof. Hudson4 who ad-
vocates the theory of liquid transfer of metal deter-
mined by the expulsion of the gases, and Mr. 0. H.
Eschholz5 who demonstrated that even without the
explosive action of gases, the metal can be transferred
through the action of the forces of the surface tension.
However, the writer is of the opinion that both types of
forces are responsible for the transfer of the metal in the
short welding arc.

PHYSICS AND CHEMISTRY OF THE CRATER

In the case of arc welding with a metallic electrode,
the positive crater is established on the plate itself.
This is the most efficient method of transmitting the
energy of the arc into the plate. In this case not only
the metal is subjected to the radiations from the nega-
tive crater and the arc core, but it is also the subject
of the most terrible bombardment by the electrons and
ions rapidly moving towards the anode. The velocity
of gaseous ions in the arc core is not definitely known
but it may be expected to be very high. Further-
more, the condensation of the gaseous ions on the
liquid surface of the crater is accompanied by the
evolution of the latent heat of evaporation of electrons
and gaseous atoms. This last factor explains the
difference in the calorific effects at the anode and
cathode of the arc in spite of the fact that the anode
and cathode potential drops, as in the case of the iron
arc in hydrogen, are the same. The surface of the
metal is heated so rapidly that the heat has no time to
be conducted away through the thickness of the metal.
Therefore, the metal around the foot of the arc core
is liquefied and forms a shallow molten pool. The
metal in this molten pool is a subject of several actions.
First, the rapidly falling metallic globules splash the
molten metal so that the surface of the crater is con-
tinually swept by the waves running from the center of
the crater to the periphery. Secondly, the molten
metal, being free to move, is repulsed from the foot of the
arc by the electromagnetic interaction of the currents
carried by those parts of the arc and moves towards
the edges of the molten pool, forming a sort of a shallow
cup or a crater.

The absorption and evolution of gases in different
parts of the crater is a factor of paramount importance.
The accurate tests conducted by Dr. Baraduc-Muller,6
who was experimenting with the masses of molten steel

4. A Theory of Metallic Arc Welding, Journal of Am. Welding
Society, October, 1919.

5. Metal Deposition in Arc Welding, Electrical World,
June, 1920.

6. The Gases Occluded in Liquid Steel, Iron and Steel
Institute Carnegie Scholarship, Memoir, 1909.

weighing 11,000 pounds, demonstrated that molten
steel may hold in solution very large amounts of gases.
For instance, the volumes of hydrogen, carbon monoxide
and nitrogen occluded in one cubic foot of molten
Bessemer steel are respectively equal to thirteen, eight
and five cubic feet (measured at N. T. P.).

The writer's experiments with hydrogen, helium,
argon, carbon monoxide and nitrogen oceuded in the
molten part of the crater gave about the same figures
and indicated that these gases are precipitated out from
the molten steel when it is still fluid. The observation
of the large craters of the powerful arcs burning in
different gases reveals that all these gases are absorbed
in the hot part of the crater and evolved in a form of a
stream bubbles coming to the surface of the molten
metal in cooler parts of the crater.

This continual process of absorption and evolution of
gases is equivalent to an energetic washing of the
molten metal with hot gas. The occluded gases may
react with the metal and form nitrides, oxides, hydrides
or may simply be held in solution and be partly pre-
cipitated out during the solidification. At any rate the
large amounts of absorbed and later evolved gases have
a very great bearing on the soundness of the deposited
metal and the number of blow holes which it may
contain.

When the arc is maintained in air, the fundamental
chemical reaction in the crater of the arc is oxidation.
Oxygen of the air coming in contact with the molten
metal reacts almost instantaneously and forms Fe 0
which is gradually dissolved in the mass of the metal.
The excess of that oxide floats on the surface :n a form
of a slag and being further oxidized during the freezing
of the metal to Fe3 04. The oxidation or burning of
the surface layer of the molten metal in the arc crater
has a determining influence on the number of gas
inclusions in the weld metal. As has been demon-
strated by the writer's experiments on welding arcs in
argon -oxygen mixtures,7 the amount of heat produced
by the oxidation reaction is sufficient to maintain the
surface of the freezing metal near the edge of the
crater in molten state long enough to allow all the gases
to escape freely and leave the weld metal free from
blow holes.

When the deposition of the metal is done in reducing
or neutral atmosphere, this reaction is suppressed and
unless special precautions are taken, the weld metal
will contain numerous blow holes.

It may be pointed out here that in the atomic hy-
drogen process, the recombination of the atomic
hydrogen into the molecular form at the surface of the
weld metal provides a source of large amount of energy.
In this way the atomic hydrogen process not only
suppresses the deleterious action of oxidation but also
provides means to replace the important and desirable
influence of that reaction by a new reaction which takes

7. Oxidation of the Arc Crater, Journal of Am. Welding
Society, December, 1926.
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place of the old one. In the shielded arc process,
other means are used to assure the prompt expulsion of
the occluded gases.

WELDING IN MIXED GASES
The development of the shielded arc process ex-

tended also to the making of welds in mixtures of
hydrogen and carbon monoxide according to the ideas
of Prof. E. Thomson.

The tests demonstrated that the metal deposited in
that atmosphere possessed about the same ductility
as those produced in pure hydrogen. Furthermore, it
was found that the arc in water gas is much more stable
than in hydrogen and does not necessitate the open
circuit voltage even for welding with comparatively
low currents, higher than used for standard work of
welding in air.

Other tests were made with various gaseous mixtures.
In conjunction with Professor Thomson the author
found that not only various mixtures of hydrogen and
carbon monoxide could be used for welding work, but
that certain organic liquids such as methanol and
denatured ethyl alcohol when vaporized will serve the
same purpose as the pure hydrogen.

Working in conjunction with Dr. Langmuir, the
author also carried out a series of tests which demon-
strated that for certain purposes nitrogen mixed with
certain amounts of hydrogen gives welds of superior
quality. It should be mentioned here also that the
mixture of hydrogen with argon was suggested to the
writer by Mr. P. K. Devers.

The work conducted on welding in various gases re-
sulted in the development ofpractical means of producing
these gases easily and at a low cost from various organic
and inorganic compounds such as alcohols, ammonia, pro-
pane, etc. Since these compounds are liquids or liquefied
gases, the question of storage and transportation has
also been solved. This can be made clear if we con-
sider that one gallon of methanol will give on vapor-
ization and dissociation in the arc over 240 cubic
feet of gas. The development of welding in alcohol
vapors should be especially emphasized as one of the
most practical solutions found in this laboratory of the
problem of storage and cost of the most suitable gas for
welding by the shielded arc process which is water gas.

When instead of pure hydrogen, the shielding gas-
eous atmosphere is provided by the gaseous mixture of
carbon dioxide with propane or the vapors of alcohol,
the function of the arc is not only to liberate sufficient
amount of energy to melt the metal but also by dissoci-
ating the gaseous raw materials, produces a suitable
mixture of hydrogen with carbon monoxide. The
electric arc here becomes not merely a source of heat
but also a chemical laboratory.

If we try to visualize all that is happening in the small
space occupied by the arc, all the different chemical
reactions, transformation of electrical energy into ther-
mal form, absorption and evolution of gases and the
deposition of metal, one begins to wonder how it is

possible for the welder to take care of all these com-
plicated factors. The answer is that they take care of
themselves. If the conditions are regulated rightly,
all these processes are entirely automatic and the
man has to watch only the needle -of the meter.

After going through this description of the atomic t
hydrogen and the shielded arc processes, one may
ask, "What is the purpose of this development? What
is all this for? Is it easier to use a combination of the
electric arc with the gas instead of using each of these
factors singly?"

The answer to the last question is "no." Of course,
the combination of several factors necessitates better
technique and more accurate adjustment of all the
conditions. But what is complicated today will be a
simple thing tomorrow.

It is simpler to make a lamp with the tungsten
filament in the vacuum than a combination of the same
filament and the gas. But who wants now the older
and simpler type of the incandescent lamp? The pres-
ent arc welding processes are all right and give excellent
results in every field of their applications. But so
did the rivet thirty years ago.

There was a time when no one dreamed of using
anything but pure wrought iron. Then there came an
age of iron -carbon alloys; that is, of steel. And now
we are entering the era of alloy steels. Most of those
steels contain such easily oxidizable elements as
chromium. And unless the weld is protected by a re-
ducing atmosphere, the results on welding such mate-
rials are not satisfactory. It is in this field that the
new processes probably will find their best applications.

The electric arc and the gas flame will, in the future,
replace rivet cutting tools and the foundry mold.
Amongst innumerable fields of applications, there will
be demand for every kind of welding and cutting
processes. The described processes will not replace
any of the existing processes but simply assume their
place of usefulness amongst the older brothers and do
the job which cannot be done without their help.

STANDARD GRADES FOR CRUDE
RUBBER

The Rubber Division of the Department of Com-
merce, in a circular recently issued, announced adoption
by the Rubber Association of America of a new set of
official type samples of crude rubber to serve as a basis
for transactions between sellers of rubber and American
rubber manufacturers.

These samples are said to be identical with the new
type samples recently adopted by the Rubber Trade
Association of New York except that they also include
packing specifications.

It is the feeling of officials of the Department thatuniform international grades of rubber would be forthe good of the entire industry throughout the worldas well as in the interest of American trade. Thedescription of new American type samples was issuedin detail.



The Interpolar Fields of Saturated Magnetic
Circuits

BY TH. LEHMANN'
Non-member

Synopsis .-I n this note, the question of the effect of assuming
infinite permeability in the iron on the accuracy of calculations of the

interpolar fields in electric machines is studied.
One can do this very easily by replacing the saturated by non -

saturated poles, covered by an infinitely thin sheet of current giving
the same tangential component of the field along the surface of the

iron. The field produced by this sheet of current, then, represents
the difference between the exterior fields of the saturated circuit and
of the non -saturated circuit.

In addition to this indirect method of estimating the influence of

saturation, the sketch of the field between the poles and in the air -gap

can also be directly developed by determining with the aid of the
differential field, the point of indifference of the saturated circuit.
A comparison of sketches obtained in this way shows that, for the

same useful flux, the interpolar fields are almost the same in both
cases. From these sketches and others which will appear shortly
in the Revue Generale de l'Electricite, it is evident that the sketches
and functional curves given by Messrs. Stevenson and Park, and
Wieseman, in their very valuable work, can still be used even though

the poles are saturated.

INTRODUCTION

SUPPLEMENTING my discussion of the very
interesting papers presented by Messrs. Stevenson
and Park, and Wieseman, at the last Mid -Winter

Convention of the A. I. E. E., I should like to show
briefly how, from the sketches of lines of force given
by these authors, the distribution of the interpolar
field can be obtained when the poles' or the teeth are
saturated.

I have chosen for this the magnetic circuit of a d -c.
dynamo - which has open armature slots. First, by
assuming that the iron has infinite permeability, the
sketch in Fig. 1 is obtained with four lines of no work,
or gradients, which outside of the coil become lines of
equipotential. This process of development is well
known. In this case, the area of the coil has first been
subdivided into four equal parts, and the last one of
these, at the top, into eighths and sixteenths, etc.,
which makes it possible to see at a glance that each
gradient2 encloses that fraction of the total area which
corresponds to its order. This is not sufficient, how-
ever, to obtain the exact position of the point of indif-
ference toward which the gradients converge and
where the field is zero. It is necessary to make sure at
the same time that the reluctances RI, R2, R3 . . . of
the parts of the same tube from one pole to the other are
proportional to the ampere -turns I n1, I n2, I n3 . . .

enclosed by the gradients which cut off these portions
of the tubes; otherwise the distance of the point
of indifference from the side of the coil might vary from
1 to 2.

It is therefore necessary to check the relations
R1 : R2 = I n1 : I n2, etc., as has already been shown
under a different title in the Revue Generale de l'Elec-
tricite of September 22, 1923, p. 397.

When a portion of the tube is situated completely
within the current -carrying region, the ampere -turns

1. Consulting Engineer, Urmatt (bas -Rhin) France.
2. Called "lines of no work" by Stevenson and Park.
3. Called "kernel" by Stevenson and Park.

I n1 included between the gradients which cut off that
portion, are counted from the point of indifference to the
line of force which forms the median of the portion of
the tube under consideration. But if the portion of
the tube falls partly in the interior and partly outside
of the current -carrying region, it is preferable to count
the ampere -turns I ni from the point of indifference
to the first boundary line of the tube and add to that

FIG. 1-SKETCH OF INTERPOLAR FIELD OF NON -SATURATED

D -C. DYNAMO

value half ampere -turns contained in the portion of the
tube itself.

Whenever the conductors in the portion of the tube
form a rectangular section abutting against the two
limiting lines of force, this reduction is applied, no
matter what the thickness of the section, in the direction
of the lines of force.

But when the eddy section does not cover the whole
width of the tube from one line of force to the other, but
only a fraction (n/m) of this width, it can be shown that

1411
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it is necessary to deduct the ampere conductors confined
in an elementary tube having the width (n/2 m).
For example, one should deduct :N of an eddy section
that covers transversely only /8 of the width of the
tube, regardless of the length of the section.

Finally, in the case where the contour of the coil
cuts the tube obliquely, we can employ this same
method by using judgment in replacing the oblique
eddy zone of the tube by a rectangle of the same area,
but of proportions so as to touch the non -turbulent
zone as little as possible.

The magnetic field outside the field coil is Laplacian,
and can be determined by subdivision into tubes of
unit reluctance (curvilinear square tubes), according
to the usual method. The sketch is commenced by
full lines which are subdivided only in the regions where satisfy the relation:
estimation of the elementary tubes would not be
sufficiently accurate otherwise. I am inclined to think
that it is not advisable to commence the sketch with

FIG. 2-ISOMETRIC SKETCH OF ADDITIONAL FIELD CAUSED BY
SATURATION OF POLES

Assumed to be generated by an equivalent current sheet.

too fine a subdivision, which uselessly increases the
necessary sketching and renders the localization of
errors more difficult. The larger subdivision has also
the advantage that, in rectifying the errors, account
can more easily be taken of the effect of local retouching
on the rest of the sketch which has already been traced.

THE ADDITIONAL INTERPOLAR FIELD CAUSED BY THE
SATURATION OF THE POLES

Fig. 1 represents a sketch obtained in this manner.
Now, assume that the pole is saturated in such a manner
that, for the same useful armature flux, the pole core
absorbs one-third of the total field pole m. m.f. 4 7r i n,

so that the difference of potential caused by the satura-
tion of the pole will be

4 7r i n
v -

where the current i per turn is now in C. G. S. units.
In Fig. 2, let us mark between the base and the top of
the pole the points 0.125 v1, 0.25 v1, 0.5 v,, and 0.75 v,,
calculated with the aid of the lines of flux in Fig. 1,
and retouched as follows wherever necessary.

It has been shown in Sections III and IV of the
mentioned article, that the field outside the iron will
remain unchanged if the saturated core is replaced
by a non -saturated core covered with an infinitely thin
sheet of current. The current j per unit length must

v
47rj =

in such a way that at the height x of the pole measured
from its base, one will have:

x

vz = 47r jdx

where vz designates the superficial potential at this
point caused by saturation. This equivalence, it is
.well understood, cannot be extended to the field in the
interior of the iron, in which we are not interested here.

On account of this, the problem can be considered as
follows. We can consider the interpolar field as result-
ing from the superposition of fields generated by the
actual current in the field pole coil and by the counter-
magnetomotive force of a sheet of current correspond-
ing to the actual saturation, assuming in both cases that
the iron is infinitely permeable. It is sufficient, there-
fore, to superpose on the sketch of Fig. 1, which was
obtained for µ = o in the iron using the field current
which would be required for the saturated pole, another
field produced by the sheet of current, also calculated
for µ = co in the iron. The sum of these two fields
will give us the actual resulting field in the interpolar
space and in the air -gap when the core of the field pole
is saturated. If the field spider or yoke is also
saturated, the sheet of current would naturally be
prolonged along its surface.

The sketch corresponding to the sheet of current is
very easy to secure because it is entirely Laplacian
and the starting points of the equipotential planes
0.75 v1, 0.5 v I . . . are known in advance, and in ad-
dition, the lines of force in the air -gap near the neutral
zone differ only slightly from those of Fig. 1. Gen-
erally, such a sketch requires only a few minutes.

But this is not all. We gain, at the same time, a
method of predetermining the kernel, or point of
indifference, when the pole is saturated.
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UTILIZATION OF THE DI1, bRENCE FIELD FOR THE PRE-

DETERMINATION OF THE POINT OF INDIFFERENCE

Since only equal and opposite fields annul each other,

it is only necessary to search for the neighborhood
where the gradients have the same direction and where
the fields in Figs. 1 and 2 have the same intensity.
Since the point of indifference must be in the interior
of the coil, we notice immediately, when superposing
Figs. 1 and 2, for example, against a window pane, that
the gradients of Fig. 1 are tangent to the potential lines

FIG. 3-SKETCH OF INTERPOLAR FIELD OF DYNAMO SHOWN

IN FIG. 1, WHEN POLE IS SATURATED

The point of indifference has been moved toward the interior of the field
coil. The ampere -turns on the left of the gradients issuing from the
points are consumed in the pole; and those to the right of these gradients
are absorbed by the air -gap.

in Fig. 2 in the narrow slice which has been cross -
sectioned vertically; see Fig. 1. The tangency con-
tinues far enough so that it is well to mark off a slice
by the two gradients of Fig. 1, which coincide with only
slight deviation with the potential lines of Fig. 2. It
is only necessary now to compare the intensities of the
fields. In Fig. 2, we see that the potential line on which
the new point of indifference should be found is located
in the square, the bases of which have a difference of
potential v1/8, and the lines of force a length of 1.95 cm.
Assuming that the current density io. is 1/4 r C. G. S.
units the magnetomotive force of the whole field coil
will be, for the scale of Fig. 1, 51 C. G. S. units, and that
of the fictitious sheet of current 51/3 C. G. S. units, so
that in the square tube under consideration in Fig. 2,
the field H expressed in C. G. S. units is:

51 1 1
H = . . = 1.10 C. G. S. units

If one compares in Fig. 1 the curvilinear sector formed
by the gradients, which embrace the fourth and the
eighth part of the section of the coil, to a circular sector,
the radius of such a circular sector must be, according

2H
to a well-known relation, r = 4 r io

and remember-

ing that io =
1

4
C. G. S. units is the assumed currentr

density, we then have:
r = 2 . 1 .10 = 2.20 cm.

and since the center of the equivalent circular sector
falls one mm. behind the point of indifference, of Fig. 1,
the new point of indifference will be found 2.10 cm.
distance from the old one on the curved line bisecting
the small cross -sectioned slice of Fig. 1.

DIRECT DEVELOPMENT OF THE INTERPOLAR SKETCH

WHEN THE POLES ARE SATURATED

Since we now know the point of indifference when the
pole is saturated, we can easily develop the sketch of
the interpolar field shown in Fig. 3, by dividing the area
of the coil in the ratio 1:3 by a line which starts from the
lower left corner of the coil. In this particular case,
the point of indifference will be to the left of this line,
and it is evident that the gradient which starts from
the point v1 of the pole core must be a little further to the
right than the dividing line. The curve of this gradient

FIG. 4-LINES OF FORCE AND GRADIENTS WHEN
ARMATURE TEETH ARE SATURATED

The ampere -turns to the left of the gradients starting from the points ut
are absorbed by the polo; and the ampere -turns to the right by the air -
gap and the armature teeth.

POLES AND

will be given to us by the condition that on both sides
of it the tubes of the same parameter must join without
discontinuity, which makes it necessary to move the
horizontal dotted lines which divide the coil in aliquot
fractions sideways from this gradient until the proper
concordance is obtained. The gradients which start
from the pole core are easy to trace, since they join
the points v1, 0.5 v1, 0.25 v1, and 0.125 v1, with the point
of indifference.
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Unfortunately, the same line of force was not taken
as the starting point in Figs. 1 and 3, but one can,
nevertheless, recognize that the total interpolar flux
is slightly weaker for the saturated pole than for the
non -saturated pole for the same useful flux (in spite of
the fact that there were 50 per cent more ampere -turns
in Fig. 3); but the difference is not more than 1 per cent
of the useful flux.

CASE WHERE POLES AND ARMATURE TEETH ARE
SATURATED

In Fig. 4, the case has also been treated where the
pole absorbs a third of the total ampere -turns, while
the armature teeth consume 23 per cent of the ampere-
turns consumed in the air-gap, as is indicated by the
numbers 0.125 vo and 0.105 vo, noted alongside the
first tooth. The general appearance of the lines of
force is, so to speak, the same as in Fig. 3, but the
interpolar leakage flux is larger, since the ampere -turns
necessary for the armature and the air-gap have become
larger for the same useful flux.

GENERALIZATION FROM THE SUPERPOSITION PROCESS
OF SECTION II

Finally, it may be asked if one could not also obtain
the point of indifference of Fig. 1 with the aid of the air
field due to the field coils, for example? This is, in
fact, possible, as we will soon show in the Revue Generale
de l'Eleetricite. Thus, we are led to the following
statement. The difference field between two interpolar
fields generated by the same coil and the same currents
along a given contour is always a Laplacian field,
whether the contour is formed by saturated mediums or
not, and even though the contour is simply imagined
in an entirely air medium.

This principle is especially serviceable when it is
necessary to determine the resulting field generated
by several coils, as in the case of a d -c. dynamo having
commutation poles, for example. The resulting fields
in the slots when the teeth are highly saturated can be
determined very well by this method. It is necessary
to plate the walls of the teeth with sheets of current,
giving the same tangential potential gradient along the
teeth walls as the resultant field.

The principle of superposition of Section II can also be
applied to space. It is sufficient to make 4 r times the
vector of the density j of the superficial currents (in
C. G. S. units) equal to the negative of the vectorial
product of the normal exterior unit vector n and the
field vector H at the exterior surface, as shown by the
equation:

4 r j = - [n, H]

CONCLUSIONS

Summing up, it may be said that the interpolar
sketches developed on the assumption that it = cc, in
the iron are generally sufficiently exact for all practical
purposes, provided the interpolar flux is obtained

from the number of field ampere -turns necessary for
the air -gap and the armature.

When only the poles are saturated, the necessary
correction is hardly ever more than 1 per cent of the
useful flux, for the same potential difference between the
pole tips.

But one can also develop directly the sketch in the
air -gap, in the interpolar space, and in the slots, when
the magnetic circuit is saturated. It is then advanta-
geous to determine the additional Laplacian field caused
by the saturation, which makes it possible to find the
exact position of the points of indifference. As soon
as these points are known, sketching the field presents
practically no further difficulty.

The author wishes to express his gratitude to A. R.
Stevenson, Jr., for translating this paper.

PROSPECTIVE LEGISLATION FOR 70th
CONGRESS

The long session of the 70th Congress convenes on
Monday, December 5th. A survey of important
legislative matters which will come before this Congress,
according to the leaders, shows that there are many
items of interest to the engineer. These include
flood control, railway consolidation, provisions for the
public building program, the assembling of public
works functions in the Department of the Interior,
the important engineering projects such as Boulder
Dam, Columbia River Basin projects, Muscle Shoals,
and River and

Other subjects of indirect interest to engineers which
are said to be slated for early consideration are tax
reduction, farm relief, national defense measures,
including the extensions for Navy construction, and of
course, the regular annual appropriation measures
carrying many items of engineering interest.

Deficiency appropriations which were not acted upon
by the last session and which have caused some branches
of the Government considerable embarassment since
the beginning of the fiscal year will receive specialattention.

GERMANY PRODUCES NEW ALLOY
Production of "Aldrey," a new aluminum alloy,

developed for electric power lines and said to have
tensile strength that does not interfere with its electrical
conductivity, has begun in Germany and productionlicenses have been granted for both Germany andAustria, the American Consul at Frankfort-on -Main,
has reported to the Department of Commerce.

The claims for the new alloy state that it was
developed especially for electric power lines for which itis suitable because of its tensile strength and electricalconductivity.

The production of this alloy is the result of a studied
economic policy in Germany to divest the industriesof the country of dependence upon primary foreignmaterials.



Abridgment of

Tandem System of Handling Short -Haul Toll Calls
In and About Los Angeles

BY F. D. WHEELOCK' and E. JACOBSEN2
Associate, A. I. E. E. Associate, A. I. E. E.

INTRODUCTION

IN telephone practise there are, broadly considered,
two distinct methods of completing telephone calls
between central offices, one by means of direct

trunking and the other by means of tandem trunking.
The fundamental difference between these two methods
may be best obtained by referring to Fig. 1. It will be
noted that direct trunking, as the name implies, re-
quires a separate group of trunks from any one office to

every other office, whereas tandem trunking provides
for a single group of trunks from each office to a central-
ized point, known as the tandem center or office, at
which are means for switching together any desired

DIRECT TRUNKING

30 Groups of Trunks

Local Offices

TANDEM TRUNKING

-Local Offices

__Tandem
Center

6 Groups of Trunks

1-TRUNKING PLANS

amount of tandem switching is done automatically.
The first tandem trunking system to employ on a
large scale, apparatus for switching which is under the
control of dials located at the various operators'
positions tributary to the tandem office, was recently
installed at Los Angeles to handle the short -haul toll
traffic within a radius of approximately 40 mi. This
system is known as a dial tandem system.

It is the purpose of this paper to describe the Los
Angeles dial tandem system. It should not be inferred
that a system similar to the one installed in Los Angeles
should necessarily be regarded as suitable for other
large cities, as there were certain conditions in this
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combination of trunks. Under the direct trunking
plan, 30 groups of trunks are required to interconnect
completely the six offices illustrated, while under the
tandem trunking arrangement only six groups are
necessary. The tandem trunking plan has the ad-
vantage that the trunk groups are comparatively large
and therefore can be used more efficiently. It is
obvious that the advantages of tandem trunking become
very marked as the number of offices to be intercon-
nected increases.

A great many tandem systems are in operation today
where the switching at the tandem office is done manu-
ally. There are a few installations where a moderate

1. Southern California Telephone Co., 940 S. Olive St.,
Los Angeles, Calif.

2. American Telephone & Telegraph Co., 195 Broadway,
New York, N. Y.

Presented at the Pacific Coast
Del Monte, Calif., September
upon request.

Convention of the A. I. E. E.,
13-16, 1927. Complete copies

Fla. 2

area which made this type of installation particularly
desirable.

CONSIDERATION WHICH LED TO THE INSTALLATION OF
THE DIAL TANDEM SYSTEM

The abnormal demands for telephone service between
cities and communities have more than kept pace with
the growth in population. The facilities at times have
been taxed to the limit and a few years ago it became
evident that new methods of handling the short -haul
toll traffic must be devised. The toll board method is
adequate for long distance .toll traffic, but a faster
method was required for moving the unprecedented
increase in short -haul traffic.

The requirements for a more rapid and adequate
method for handling the short -haul toll traffic have
caused the telephone company to focus its efforts on
furnishing short -haul toll service comparable to local
service, and in 1923 a study was made of the application

1415
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of:tandem systems for handling the station -to -station
traffic around Los Angeles. Step-by-step tandem and
straightforward manual tandem systems were studied,
both proving to be more economical and faster than the
toll board method, the former being more economical
than the latter. Decision to proceed with the Los
Angeles tandem system project was made as soon as the
results of the study were determined; and the engi-
neering work for specific installations was started
immediately.

In 1924, switchboard position equipment was placed
in service in various Los Angeles central offices to care
for the necessary manual services for dial stations which
provided a practical means for handling short -haul toll
calls originating from dial stations. In the same year
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equipment was installed in all manual offices in order
that dial stations could complete calls to manual sta-
tions in the same manner as calls to dial stations. This
equipment is known as call indicator equipment and
employs decimal switches and a bank of numbered
lamps to record and display before an operator the
number of the desired station. The operating features
that these manual service positions and call indicator
equipment provided, materially aided in reaching the
decision to adopt the dial tandem system.

The Los Angeles dial tandem system was gradually
placed in service, starting March 30, 1926. It is
designed to handle all of the short -haul toll traffic in-
cluded within a maximum radius of approximately 40
mi. from the tandem center, except that which trans-
mission and other considerations have prevented.

IIling Subs.

Called Subs.

Fig. 4 indicates the routes and miles of cable and
open -wire circuits between exchanges.

In June, 1927, the system was expanded to handle
number service between exchanges within the metro-
politan area, and in addition, to handle about 95 per
cent of the number service between exchanges in the
outlying area.

Under present conditions, the longest through con-
nection practicable to establish over the tandem sys-
tem is 55.7 mi. from office to office.

DESCRIPTION OF THE TANDEM SYSTEM

In general, the tandem system provides for a number
of tandem trunks from the various offices in the tandem
area terminating on first selectors of the step-by-step
type located at the tandem center. Each level of the
first selectors is wired to a group of second selectors on
which are terminated completing trunks to the various
offices served by the system. It will be noted that the
use of first and second selectors will theoretically permit

OutlyinkOff ice

Dial

Tandem Center

Tandem Selectors

Inccming Repeator 1" uuf (UR Pulse Repeators

OG. TK.

GompositeInd Phantom

Pulse Repeators

Straight Forward Trunk

180 levels Reserved

Local Dial Offices
Ju 2^, 34 Conn.

a-C)
11_71.7 Called

Subs.

Local Manual Oftas

Call Indicator

0-0
Called Subs

FIG. 5-EQUIPMENT ARRANGEMENT, SCHEMATIC DIAGRAM

of reaching 100 different points, although practically
this is somewhat limited because the first and zero
levels of the first selectors are reserved for testing and
special calls. As the system grows, third selectors can
be introduced which will provide sufficient codes to care

E for the ultimate requirements. Two groups of first
and second selectors are provided, one to handle calls
from the outlying points to subscribers in Los Angeles,
the other for calls from Los Angeles to subscribers in the
outlying offices.

A subscriber in an outlying office desiring a Los
Angeles number, see Fig. 5, will pass to his local op-
erator the desired number as listed in the Los Angeles
city directory. The local operator will then select an
idle trunk to the tandem center and dial the number.
If the call is to a dial system office, the first and second
selectors at the tandem point will respond to the first
two digits pulled by the operator to select the desired
office. The remaining four or five digits, as the ease
may be, will be repeated on through the selectors and
connectors at the terminating office to reach the proper
called subscriber's line. If the called station is busy,
a busy signal will be given to the originating operator.
If the station is idle, the subscriber's bell will be rung
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automatically and upon the answer of the called party
the supervisory cord lamp at the originating position
will be extinguished as an indication to her that the
called station has answered. The operation of the
supervisory lamp by the called subscriber's switch
hook provides the originating operator with complete
supervision and a visual means for timing the call.
After the completion of conversation, the calling and
called parties will restore the receivers to the hooks,
thereby causing the supervisory lamps on both cords to
be lighted. The originating operator will then com-
plete the timing, remove the answering cord from the
subscriber's jack and the calling cord from the trunk
to the tandem system which will cause the automatic
release of all switches involved in setting up the con-
nection. If the call is to a manual office, see Fig. 5,
the connection will be established exactly the same way

code to select a trunk to the desired outlying office.
As soon as the trunk is seized, a signal will be displayed

on the trunk before an incoming position. The in-
coming operator at the outlying office, upon answering

the call, will automatically place a momentary tone on
the connection which will indicate to the first operator
that the incoming operator is ready to receive the
desired number. The incoming operator, upon re-
ceiving the number, will complete the call to the desired
subscriber by selecting the proper line jack in the
manual switchboard multiple. As in the description
of previous calls, the local operator in this case will
also have complete supervision over both the calling
and called subscribers.

The equipment required at an outlying office to
provide the above described operating features consists
in providing a sufficient number of tandem and com-
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except that the desired number will be displayed on one
of the call indicator positions in the terminating manual
office. The call indicator operator will complete the
call in the same manner as she would a local call. The
supervision obtained by the originating operator is the
same as that described above for a call to a dial system
subscriber. On calls from a manual office in Los
Angeles to one of the outlying points, the functioni
performed by the subscriber and the local operator will
be generally the same as that described above. On
calls from a Los Angeles dial system office to an
outlying office, the subscriber will first dial zero to
reach his local operator after which the call will proceed
in the same manner as described above for a call
originating in a manual office. If the outlying point is
a dial system office, the call will be completed in the
same manner as described for a call from an outlying
office to a dial system office in Los Angeles. If the call
is for a manual outlying office, however, it will be
completed by a straightforward operation; that is,
the operator in Los Angeles will first dial the proper

FIG. 9

pleting trunks with their associated terminal equipment
to handle the peak load of the traffic. The operator's
cord circuits are modified so that her position dial can
be associated "with any cord; or in cases where the
volume of traffic is relatively small, a cheaper arrange-
ment, consisting of the provision of a dial cord, would
be installed. It would be well to mention here that no
equipment of this nature was required for the Los
Angeles manual offices: These switchboards had
already been modified for dialing and for call indicator
operation in order to provide a suitable method for
completing calls to and from dial system offices in the
local metropolitan exchange area: If these modifica-
tions had not been made, the economies of the machine
switching in preference to manual straightforward
tandem operation might be questionable.

The floor plan layout of the tandem equipment at
Los Angeles is shown in Fig. 9. On the left-hand side
are the first and second selectors, pulse repeaters, dis-
tributing frame and outgoing secondary switches for
completing calls to and from the more distant points; on
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the right-hand side the first and second selectors and
pulse repeaters for completing calls to and from the
nearby points are served by the tandem system. The
first group, as noted on the sketch, is designated for con-
venience as the long -haul system and the second group
as the short -haul system. These terms are merely
equipment group designations and it should not be
inferred that the two groups are provided for handling
two types of traffic. A total of 2500 trunks terminates
at the tandem office and 4000 selectors are required to
do the switching.

The group of switches designated short -haul system
performs the same functions as the group designated
long -haul system except that it provides for the comple-
tion of calls to and from certain of the neighboring
points to Los Angeles. The purpose of providing the
so-called short -haul group is to permit of the use of
small gage conductors on trunks which carry a relatively
high volume of traffic between Los Angeles and outlying
offices within approximately a 10-mi. radius. As an illus-
tration of the economy of this arrangement, it would be
necessary, if all calls to Pasadena were completed through
a single group of tandem switches, to provide approxi-
mately 150 -16 -gage conductors in order that calls from
Santa Ana, for example, would receive satisfactory trans-
mission, although such calls are relatively few as com-
pared with the total volume of traffic to Pasadena. By
providing a separate group of selectors, known as the
short -haul system, 20 conductors of 16 gage would be
required on the long -haul system, whereas the remain-
ing 130 trunks to Pasadena from the selectors of the
short -haul system are of 19 gage and entirely satisfac-
tory for the transmission requirements of the calls which
it handles. The annual charges on 16-gage conductors
per mile are approximately two times those for 19-gage.

A description of the selectors employed in the tandem
system at Los Angeles is not required as they are of the
well-known standard step-by-step type and are wired
together in accordance with standard practises except
that a cross -connecting frame is provided between
selectors in order that the system will lend itself readily
to expansion or other necessary rearrangement which
may be brought about by future changes in traffic
conditions.

The power for operating the various selectors, pulse
repeaters and out -trunk secondary switches is obtained
from the power plant of a standard step-by-step dial
system central office located in the same building as
the tandem equipment. At a number of the outlying
offices it was necessary to add cells to the battery in
order to raise the voltage to 48, which is required for the
proper operation of the circuits.

The pulse repeaters which are used on both the in-
coming and outgoing trunks from the tandem and out-
lying offices to repeat dial impulses from one section
of the circuit to another are new both with respect to
circuits and to the association of various pieces of
apparatus required in circuits. The relays of the pulse

luurnul .1. I. E. IS.

repeater are mounted on a removable base and covered
as a protection against (lust in the same manner a:i
standard equipment. The associated composite and
repealing coils are shown mounted directly above the
repeater relay equipment. It is the usual practise in
engineering toll telephone equipment to mount the
composite and repeating coils together with their
associated condensers on separate frames and wire this
apparatus to test jacks on the toll testboard. Sueh an
arrangement will provide a rapid means for replacing
defective apparatus which may have rendered an
expensive toll line inoperative. It was decided in the
engineering of this installation to forego some of
this flexibility since the toll lines involved did not
exceed approximately 40 mi. It was, therefore,
practical to associate the composite and repeating coils
on the same frames as the relays, an arrangement which
effects considerable economy in floor space, mounting
racks and cabling, and also facilitates maintenance.
The results of the operation of the tandem system with
respect to maintenance, apparently justify our engi-
neering decision in this respect.

In cases where large groups of trunks were required
to handle traffic, such as between Long Beach and
Los Angeles, considerable economy was effected by the
use of outgoing trunk secondary switches. These
switches perform the same function as the standard
primary and secondary line switch arrangement em-
ployed in step-by-step dial system offices, the theory of
which has been described in previous papers. Of
course, in the case of the tandem system, the economies
are somewhat more marked, due to the fact that the
trunks involved are considerably more expensive than
the trunks which are saved by the use of secondary line
switches in local step-by-step office practises.

Where phantom trunks are not used, the pulse re-
peaters are the same as those employed between local
Los Angeles offices.

Referring now to the operating features of the princi-
pal circuits involved in completing a call through the
tandem system, see Fig. 11 which illustrates a typical
circuit at an outlying manual office used in a call to a
Los Angeles dial system subscriber. Particular at-
tention will be given to a description of the novel
dialing and signaling arrangement for phantom trunks
and to the pulse correcting device of the incoming
pulse repeater circuit.

When a calling subscriber in an outlying office lifts
his receiver to originate a call, a circuit is closed from
battery through the line relay on the contacts of the
station switchhook. The resultant operation of the
line relay closes a circuit to light the line lamp appearing
before the operator who answers the call by inserting
a plug of an answering cord into the subscriber's jack
associated with the lighted line lamp. This closes a
circuit by way of the sleeve of the answering cord to
the cutoff relay in the line circuit, causing it to operate
and disconnect the line relay from the subscriber's
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line, opening the lamp circuit, and extinguishing the
line lamp. Battery is fed from the cord circuit re-
peating coil to the subscriber's set to energize his
transmitter, and the calling supervisory lamp is under
the control of the station switchhook.

The operator then obtains the desired number from
the calling subscriber and if the number is in a local
dial system office in Los Angeles she will select an idle
trunk to the Los Angeles tandem office and insert therein
the other end of the cord which she has used to answer
the calling subscriber. Plugging into the outgoing trunk
jack closes the circuit of the sleeve relay in the trunk
to battery on the sleeve of the calling cord. The
resultant operation of the sleeve relay, designated S L
on the sketch, closes a circuit from ground through the
winding of the S relay to battery on the ring conductor
of the trunk. Relay S operates and locks on its own
front contact, closing a circuit to operate the P relay and
apply battery to the midpoint of the differential winding
of the C X relay. Relay S also applies battery to the

This application makes possible the use of phantomed
trunks from the outlying points to the tandem center
with accompanying economies in outside plant.

These trunks, as shown in Fig. 12, are provided with
phantom coils and simplified composite sets, through
which the four metallic leads of the phantom group are
brought out to duplex relays. All of this apparatus is
interposed on these trunks between the regular out -
dialing trunks, already described, and the incoming
pulse repeaters at the tandem center.

Referring to the diagram, the action of an out -trunk
circuit when picked up by an operator is to furnish
battery instead of ground to the lead designated S on
the particular channel selected. The resultant battery
flow passes to the midpoint of the differential winding
of the duplex relay and there divides in equal parts, one
part passing by way of one-half of the differential
winding over the line to the distant relay at the tandem
center and the other part passing through the other
winding and through an artificial network of electrical
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FIG. 11-OUTLYING OFFICE SIMPLIFIED CIRCUITS

winding of the A relay which does not operate at this
time.

The operator in dialing pulls the dial off normal,
closing its off -normal contacts and operating the dial
relay to associate the dial with the calling cord. The
operation of this relay disconnects the repeating coil
from that end of the cord and connects ground through
the pulsing contacts of the dial to the tip conductor and
ground through the off -normal contacts to the ring
conductor of the cord. This latter application provides
an operating ground for the A relay in the trunk, whose
principal function is to connect the P relay to the tip
conductor so as to prepare it to receive the pulses from
the dial. The P relay repeats the pulses to a relay,
corresponding to the C X relay of the trunk, in the
incoming repeater at the tandem center, at the same
time not affecting the C X relay in the trunk, which is
used to receive a signal upon the answer of the called
party and so extinguish the lighted supervisory lamp in
the calling cord.

This two-way signaling feature, i. e., pulsing in one
direction and supervising in the other, over a single wire,
is accomplished by an application to telephone signaling
circuits of the familiar duplex principle of telegraphy.

Artificial Line

To Others

CX Relays

To Tandem

characteristics similar to the line attached to the other
winding. These two current flows, being equal in
strength, produce equal magmetomotive forces opposite
in direction which have no effect upon the relay.
That part of the current, however, which has passed
over the line flows through the two windings of the
distant duplex relay to ground through its associated
artificial line and through the two windings of the relay
in an aiding direction, operating this relay to actuate
the repeater circuit and so pick up an incoming selector.
Pulses from the operator's dial, therefore, will control
this distant duplex relay, which in turn sets up the
connection through the tandem system in the usual
way.

On the answer of the called party, the incoming pulse
repeater furnishes battery instead of ground to the lead
designated S, which flows in opposite directions through
the duplex relay windings, one part through the
artificial line and the other over the line, through the
two windings of the duplex relay at the outlying point.
The operation of this relay retires the operator's
supervisory lamp in the calling cord, indicating to her
that the called party has answered.

At the completion of conversation, the hang-up of the
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called station causes the incoming selector to remove
battery from the duplex circuit, releasing the C X
relay which lights the supervisory lamp associated with
the calling cord as a disconnect signal. The disconnect
of the operator removes the battery from the lead S,
thereby releasing the distant duplex relay, which in
turn releases the switch train.

A similar operation takes place when the phantom
channel, designated "Trunk 2," in Fig. 12, is selected by
an operator. The signaling, however, is done over the
second wire of the first metallic pair. For the other

Trunk 1

S

Trunk 2

Signaling Circuit Trunk 1

Signaling Circuit Trunk 2

Ground Potential Neutralizing Winding

Signaling Circuit Trunk 3

Ground Potential Neutralizing Circuit

FIG. 12-PHANTOM TRUNK GROUP

Composite sets and phantom coils. Relays compensated for ground
potential difference, simplified circuit.

side circuit, designated "Trunk 3," the signaling is done
over one of the wires of the other metallic pair. This,
it will be observed, utilizes but three wires of the four
in the phantom group, allowing the use of the fourth to
overcome any effect on the signaling relays which might
be occasioned by current flow due to adverse ground
potentials. This is accomplished by adding to each of
the duplex relays a third winding, all connected in
series by means of the fourth lead. Any ground
potential difference between the two ends of the circuit
which might cause current to flow through the differen-
tial windings of the duplex relays will be neutralized in
effect by a similar current flowing through the com-
pensating windings over the fourth wire.

The incoming pulse repeaters into which the duplex-
composite circuits work have embodied in them a
means for correcting for the distortion of dial pulses
due to line characteristics. The use of this feature in
the incoming repeaters makes it feasible to provide
reliable service over longer trunks than has heretofore
been practicable and so embrace in the system as many
towns within the wide range of the tandem area as
are economically warranted.

When the trunk is selected by an operator at an out-
lying point, the C X relay of the incoming repeater at
the tandem center shown in Fig. 13 is energized, as has
been explained. This relay operates the A relay of the
incoming repeater directly on its front contact, closing a
circuit to operate a "slow operate" relay C and a
"slow release" relay B in series. The latter relay

closes a circuit to operate the K relay which locks,
operated on its own front contact through a back
contact of the J relay. The K relay also closes a circuit
to operate the H relay which opens the original operat-
ing circuit of the K relay and closes on the contacts
designated P, a bridge across the inside terminals of
the repeating coil consisting of resistance F and relay E
in series.

Current from the first selector of the tandem train
flows through this bridge operating the A relay of the
first selector in the usual way. Relay E is not affected
by this current flow since it is polarized to operate on a
current in the reverse direction.

At the first pulse from the operator's dial at the
outlying point, the circuit operating the C X relay is
opened, causing the release of that relay. The A relay
in turn is released, opening the circuit through the C
and B relays. The former releases, and being slow to
operate, remains released during the train of pulses
following, while the latter, being slow to release, remains
operated during this time. On its other back contact,
the relay A grounds the condenser A through the resis-
tance B.

On the opening of the circuit at the first pulse,
nothing occurs in the repeater to affect the condition
of the associated first selector. On the closure of the
circuit at the end of the first pulse, a pulse of measured
length is sent to operate the first selector as follows:

The operation of the C X relay closes the circuit to
the A relay which connects the discharged condenser
A to battery through the winding of relay J. On the
short surge of charging current the relay J momentarily
operates, opening the locking circuit of the K relay,
causing it to release, and open the contacts designated P
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FIG. 13-INCOMING PULSE REPEATER

With pulse corrector simplified circuit
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to start the first pulse to the selector. The release of
the K relay also opens the circuit to the winding of the
H relay which, when released, establishes the original
operating circuit of the K relay, which operates to close
the P contacts completing the pulse and to lock through
the now restored back contact of the J relay.

The length of the pulse to the first selector is deter-
mined by the release and operate time of the H and K
relays, respectively, thus correcting for any distortion
of dial pulses due to line characteristic.

Succeeding pulses of the first digit and following
digits are repeated in like manner to the selectors of
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the tandem train of switches, and through an outgoing
trunk repeater to the switch train of the local office,
to select in the manner well known in step-by-step
practise, the terminal of the called line.

Upon the' answer of the called subscriber, the battery
flow from the tandem switch train to the incoming
repeater is reversed, operating the polarized relay E.
The midpoint of the differential winding of the C X
relay is thereby changed from ground to battery,
causing, as previously outlined, the operation of the
C X relay in the outgoing trunk at the outlying office
and the subsequent extinguishing of the calling super-
visory lamp.

At the completion of conversation the current flow
through the E relay again reverses, causing the release
of the relay and lighting of the distant supervisory lamp
as a disconnect signal. The disconnection by the opera-
tor releases the C X and A relays, opening the circuit to
release the B and K relays. The opening of contact P
of the K relay restores the switches of the tandem train.

Where the trunks outgoing from the tandem office
terminate in local manual offices equipped with call
indicator completing positions, a pulse repeater is

Operators Tel. Set and ToneApparatus

Ground Potential

Neutralizing Winding

FIG. 14-COMPLETE TRUNK, SIMPLIFIED CIRCUIT

provided to repeat the decimal pulses directly to the
call indicator display apparatus. This appagatus is
substantially the same as that in use in panel dial system
offices which has been described in early papers on the
panel system.'

Trunks outgoing to manual offices not equipped with
call indicator are operated by what is known as the
straightforward trunking method. This method em-
braces most of the offices in the outlying towns which
connect to the tandem system, and a simplified diagram
of one of the types of trunk circuits is shown on Fig. 14.

When the trunk is selected at the tandem point, the
outgoing repeater sends battery over one of the wires
of the phantom trunk group, in a manner similar to
that already described for the outgoing trunks, to cause
the relay C X to operate, lighting the guard lamp
through a chain of relays to appraise the operator of a
waiting incoming call. The operator answers by
operating the talking key on the completing trunk,
bringing into play apparatus in her telephone circuit

3. Paper by Craft, Morehouse and Charlesworth, A. I. E. E.
TRANS., Vol. XLII, 1923, p. 187.

which sends a momentary tone to the calling operator,
to advise her that the completing operator is ready to
receive the call. She then plugs the completing cord
into the multiple jack of the line desired.

The sleeve circuits of the cord and line are closed,
operating the cut-off relay in the line to remove the
associated line relay and setting in operation the
machine ringing apparatus in the cord.

When the called subscriber answers, machine ringing
is tripped and the circuit closed through to the repeating
coil in the cord. Battery through the repeating coil
flows over the line to energize the station transmitter
and operates the series supervisory relay S. This relay
in operating places battery on the midpoint .of the
differential winding of the C X relay, causing the C X
relay in the outgoing repeater to operate, and by means
of a reversing relay, reverse the battery flow through the
tandem switch train to the incoming repeater. As
already described, this results in retiring thp calling
supervisory lamp at the originating office.

At the completion of conversation the hang-up of the
calling party lights the calling supervisory lamp as a
disconnect signal and the called party's hang-up lights
the other supervisory lamp. The disconnect of the
originating operator releases the tandem switch train,
in turn releasing the outgoing trunk and lighting the
disconnect lamp through the back contact of the now
restored C X relay at the completing position.

PLACING THE TANDEM SYSTEM IN OPERATION

With the introduction of the dial tandem service came
many interesting problems. As in most cases where
communities are joined together by new communica-
tion methods, the various interests and general view-
points of those concerned present an interesting and
difficult problem to solve on a mutually satisfactory
and equitable basis. The area includes 12 connecting
companies which were using five different makes of
equipment. The two larger of these included one ex-
change of 28,000 stations and another of more than
13,000 stations, both of which originated a large amount
of toll traffic in proportion to their size, In addition
to providing new equipment and rearranging existing
equipment at the outlying points, it was necessary to
instruct the local operating force at each place in the
proper operation and maintenance of their equipment
in order to obtain the desired service results.

In order to acquaint the operators with the tandem
system, a number of bulletin cards with the names and
codes of offices was prepared and placed on each posi-
tion handling tandem calls. Information and instruc-
tions as to whether the tandem code together with the
subscriber's number or only the code should be dialed
in passing the order to the completing operator, also
were included. Very little educational work was re-
quired in the training of the operators in Los Angeles as
they were already accustomed to dialing. The straight-
forward completing feature of the tandem system was
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quite like the manual straightforward tandem system
already in operation. Considerable training was done
in the outlying offices, however, as many of the opera-
tors were not accustomed to dialing and in some cases
were not familiar with the requirements in the proper
handling of short -haul toll traffic. A brief description of
the tandem method of operation was prepared for each
outlying town, which was discussed with the super-
visory officials who presented the problem to their
forces. The questions and answers presented in these
conferences resulted in a knowledge of the system as well
as the details of the operators' work being known to the
operating forces before service was started. In estab-
lishing the many routes which were made effective with
the opening of the tandem system, it was essential that
means be provided so that customers might easily obtain
telephone numbers in other exchanges and the neces-
sary routines were established to accomplish this.

A series of tests of equipment was made at the out-
lying offices where limits were severe. These tests in-
cluded dialing and signaling from minimum to maxi-
mum limits with respect to line leakage and line balance
resistance, relay adjustments, and voltage variation.
The amount of cross -talk and audible interference from
dialing and signaling was determined. On open -wire
routes, particular attention was directed to line leakage
and balance of composite sets located at the cable junc-
tion. When placed in service, each cut-over operation
was limited to trunks in one direction only and, as far as
possible, but one office was brought in at a time.
Thus, the change from the toll board to the dial tandem
method was carried out in an orderly manner with the
least possible confusion to and reaction on service.
In some cases, a few trunks only were placed in operat-
ing condition several days before actual service was
established over the route in order to give the operators
preliminary training during their regular work. Main-
tenance routines and practises were issued sufficiently
in advance of the cut -over so that practically no difficul-
ties were experienced in equipment failures. Very
close cooperation was necessary between the equipment
and traffic engineers and the cut -over field forces of the
Traffic and Plant Maintenance Departments. The
schedule of cuts was thoroughly coordinated and the
people who were finally charged with the responsibility
of operating and maintaining the system were well
trained.

It was originally planned to cut-over all the offices
involved during May, 1926, and in addition, to intro-
duce number service to other points within a 40-mi.
radius of Los Angeles. With the completion of the
installation at the tandem office in March, it was found
possible to start service earlier to most of the offices
handling a comparatively large volume of the traffic.
A sequence cut, therefore, was planned which would
permit the tandem system to carry the traffic gradually,
avoiding any too abrupt change in operation or labor
requirements in the various offices. The actual cut-

over of the initial equipment comprised a period of
nearly two months. Following this, other exchanges
have been given the service from time to time, tem-
porary equipment being replaced with permanent, so
that there now remain only six points originally planned
for the tandem system that are not actually receiving
its full benefit. These exchanges are Arcadia, Covina,
Pomona, Redondo, Sunland, and Torrance. The most
recent cut -over of magnitude in this connection was in
June, 1927, when Pasadena was changed from manual
to dial operation. At this time a tandem center was
established serving Pasadena exchange with direct
connections to four Los Angeles offices and to the fol-
lowing outlying exchanges: Alhambra, Arcadia, Cres-
centa, Glendale, Monrovia and Sierra Madre.

-

SOUTHEAST ENGLAND ELECTRICITY
SCHEME

The southeast England electricity scheme, 1927, pre-
pared by the electricity commissioners, is now in the
hands of the central electricity board, the official super-
power company, which is to generate electricity and dis-
tribute it wholesale throughout Great Britain. The
board will consider any changes which interested par-
ties may wish to suggest and will then take the neces-
sary steps to make the scheme a -reality. - This is the
second program of the sort prepared by the electricity
commissioners: the first one, having to do with Scot-
land, was simpler, as it was only involved in the two
industrial districts of Glasgow and Edinburgh.

The growth of output in Great Britain for the four
years up to and including 1924-25 disclosed an increase
of approximately 11.5 per cent a year in the total num-
ber of kilowatt-hours sold by central light and power
stations. A detailed examination of the official statis-
tics for each of the stations in the area resulted in
adopting a higher average rate of increase of 16.9 per
cent a year on the recorded output for 1925-26 for the
first eight years. The kilowatt-hours sold to consumers
within the area of the scheme amounted to 1,282,000,000
in 1925-26, and on the assumed rate of growth will
reach a total of 3,019,000,000 in 1933-34, equivalent to
265 kilowatt-hours per person of population at the last
census, the estimated maximum simultaneous demand
on the generating stations operated for the central
board being 1,424,000 kilowatts.

The commissioners have adopted for the southeast
England area an average rate of increase of 20.4 per
cent for the years between 1933-34 and 1940-41. It is
estimated that the kilowatt-hours sold to consumers in
1940-41 will reach a total of 4,855,000,000, equivalent
to 426 kilowatt-hours per person, and that the maximum
simultaneous demand on the generating stations op-
erated for the central board will be 2,191,000 kilo-
watts.

The area under consideration in this scheme is about
8828 square miles in extent. -Cam merce Reports.
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Static Stability Limits and the Intermediate
Condenser Station

BY C. F. WAGNER*
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THE development in power transmission has been
in the direction of delivering increased amounts
of power per circuit over greater distances. This

trend raises two fundamentally important questions:
1. What constitute the output limitations of the

alternating current system of power transmission, and
2. How close to these limits is it feasible to operate

transmission systems?
During the past few years, investigations have been

under way to find the answers to these questions.
Stability has been recognized as the outstanding output
limitation of power systems utilizing synchronous
machines of the types now in use. There have been a
number of proposals for increasing the stability limits
of power systems. The use of lower system frequency
and the reduction of the series impedance of the system
are obviously of value in increasing the stability
limits. Recently, the latter method, by decreasing the
machine impedance, has been adopted in a number of
transmission undertakings. Of course, raising the trans-
mission voltage has been considered, but it is rela-
tively expensive and does not avoid the "distance
limitation" in lines approaching the quarter wave
resonant length. This effect becomes important for
distances considerably below the theoretical value
because of the impedance of terminal equipment.

One proposal of greater promise than any of those
mentioned in the previous paragraph is the use of the
intermediate synchronous condenser station. In 1921
Mr. F. G. Baum presented an important paper de-
voting a considerable part of it to the use of intermediate
condenser stations, which he advocated as a method of
making technically feasible the transmission of 60 -
cycle power to substantially unlimited distances.

Since the early proposals to utilize the intermediate
condenser station to increase the stability limits of
transmission systems, the entire subject has received a
very great deal of attention before the Institute and in
the technical press. During 1924, Messrs. Evans and
Bergvall presented the results of tests made during the
previous year, giving experimental verification of the
increases in stability limits possible by the inter-
mediate condenser. The tests were made on a minia-
ture power system and showed improvements as great
as 42 per cent. In the bibliography is listed a number
of technical papers published in America dealing with
the intermediate condenser station problem.

*Both of Westinghouse Elec. & Mfg. Co., East Pittsburgh, Pa.
Presented at the Pacific Coast Convention of the A. I. E. E.,

Del Monte, Calif., September 13-16,1927. Complete copies upon
request.

and R. D. EVANS*
Member, A. I. E. E.

It is desirable at the outset to point out the limitations
of the investigations. The present paper is confined
to static limits. Static limits are important because
they may be approached under emergency conditions
even though the system is designed to operate well
below these limits normally. It is recognized that
stability limits under transient conditions occur for
smaller values of transmitted power. The authors
presented a step-by-step method applicable for the
determination of the transient limits of transmission
systems including intermediate condensers. It may be
pointed out that static limits are best investigated by
the application of a criterion obtained on the basis of
small transients.

GENERAL REPRESENTATION OF SYSTEMS

In general, the solution of any physical problem is

reached by the solution of equations, the number of
these equations being equal to the number of unknown
quantities in the problem. This is also true for a -c.
networks with fixed constants. Because of the linear
nature of the first and second laws of Kirchhoff,
which alone are necessary for a solution, the simul-
taneous equations are always linear, with constant
coefficients. The solution for the terminal currents in
terms of the terminal voltages of an n terminal network
can always be reduced to the following form*

Ia = Yaa Ea - Yab Eb - Yne En - Y an En

Ib = Yba Ea + Y bbEb YbcE.....- Ybn En
In = - Yna Ea - YnbEt - Ya, Ec. Y, Ea

in which the coefficients Yaa, Y bb Ynn are termed
self admittances, and the coefficients Yab, - Y ,any etc., are
termed mutual admittances. It can be shown that
Ymn is equal to Yam. The network is then completely
defined so far as the terminal conditions are concerned

by n self admittances and -2 (n - 1) mutual admit-

tances. A two terminal network will reduce to a net-
work of two self admittances and one mutual admit-
tance, a three -terminal network will reduce to a network
of three self admittances, and three mutual admittances.
The physical significance of these notions may be
illustrated by considering in more detail a three terminal
network. The equations for this case are

*Complex quantities will be designated in this paper by a
bold face roman type. The conjugate will be designated by
old English type. Italic type indicates absolute value.
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Io = Y aaEa -Y Eb Yca Ee
lb = - Yab Ea + Ybb E,, - Ybc
1c = - Yca Ea - Eb Ye, E,

Now, referring to Fig. 3 it will be seen that the above
equations represent the solution of the network
indicated.

DISCUSSION OF THE ASSUMPTIONS INVOLVED

The general method described in the previous section
is the only one available for analytical calculation of
stability limits of power system networks. Trans-
formers, reactors and lines may be represented in the
usual manner by general networks with constant
impedance and admittance branches. The accuracy
of the general method depends upon the justification of
the following approximations:

1. Synchronous machines may be represented by a
source of voltage and a series impedance.

2. Loads may be represented by shunt admittances
alone or in combination with synchronous machines.

TWO -MACHINE PROBLEM

The problem involving two sources of synchronous
a -c. voltages have been termed the "Two Machine

(2)

FIG. 3-ADMITTANCE DIAGRAM REPRESENTING GENERAL CASE
FOR A THREE -TERMINAL NETWORK

Problem." The solution given here represents the
general case for any two synchronous machines con-
nected to networks in which the load can be represented
by pure admittances or shaft loads on the synchronous
machines. These machines may be operating as two
generators; as one generator and one motor, or as one
generator and a condenser. The current at the termi-
nals of the machines can always be expressed in terms of
the internal voltages by the following equations:

la = Y aaEa - Yab Eb
(9)

I I, = -Y abEa Ybb Eb

in which currents in the positive sense are taken as
flowing out of the machine and into the network, la
and Ib are line currents and Ea and Eb are star voltages
which are considered as being secured rigidly to the
rotor so that their time rates of change are determined
by the time rates of change of their rotors.

The real and reactive components of power output
of the two generators are:

j Q = 3 E 31
= :3 y E 2 -IE Yo, E lb

PG j Qb = 3 Eb3b
- 3 Yab,, Eb + 3 VGGEb2

or in terms of their line to line voltages:

Pa + j Q11 = EA2 Yob EA 113

PG + j Qb = YablA Ell + YU, EB2
Let

EA = EA ei "
E1 = EB ei4B

Yab = YaG Ei4'1

Yaa = Yaa eid'7
Ybb = Ybb .48 j

then

Pa + j Qa = Y. EA2 e-i4n
Yab EA EB ej(''' -t)

Pb Qb = Yab EA EB e -"B -0A -4i)

Ybb EB2 E-14'8

and since ei° = cos 0 j sin 0

Pa = Yaa EA2 COS 4)7

- ab EA EB cos ( - 4B- 4)1)
Pb = - Yab EA ES cos (OA - 4)B + 01)

Ybb EB2 COS l)8

(10)

(12)

(13)

These equations define the electrical output at a
and at b. The mechanical input will be designated by
P,a and Pob in which input as for a generator will be
considered positive and input as for a motor having a
shaft load as negative. The difference between the
input and output of say a turbine -generator set is thus
expressed by Pga Pa. This can be converted to
acceleration of the rotor by means of equation (8), so

2 (p
that aA or

d

dAt2 , is equal to

aA

CYB

d2

d t2

180 f
Wa (Pia - Pa)

180f 180f
Pga- Wa Yaa EA2 cos (kiW.

180 f
Wa Yab E A EB COS (OA (t13 (PI)

d2 )B 180f
d t2 Wb (Pgb Pb)

180 f 180f
Ybb EB2 COS 08Wb

(14)

180 f
Wb a

Y b EA EB COS (OA- + 01) (15)
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These expressions determine the rate of change in the
absolute position of the voltage vectors. In the final
analysis, however, it is the variation of the difference in
angle between the two voltages, the phase angle differ-
ence, that is really important. So long as the phase
difference between the two voltages does not exceed a
certain value the actual changes in their position in
space is unimportant.

Let
-irk B = (16)

d2 d2 din d2 (1)13

d t2 d t2 d t2

From equations (14) and (15)

= 180 f
Poa Pgb

Wa Wb

- aA - aB = a (17)

YbbEB2

Wb
COS 03

170. EA2-
Wa

cos 4)1 Yo, EA EB

1

Wb
) cos 01 cos cl)

1

Tira
1

Wb 1
\ sin 4)i sin d

for stable operation. Another disturbance suggests
itself in decreasing the network load by changing the
network constants. The latter two involve a change in
frequency or governor setting to determine the final
steady state operating conditions. For this reason the
change in angular position constituting the disturbing
factor will be selected.

The criterion for stability shall be that the system
return to its original position after a slight displacement
of the angle between the machines. Let 4)o be the
steady state angle and 0 the departure of 4) from this
angle, then

ck = ± 0 (20)

A 4) is then equal to 0 for small value of 0 and
d2 d2 6
d t2 d t2

Since the acceleration is zero for

= 4)o, everything being balanced for this particular
value, then A a = a for small values of a.

Equation (19) may now be written

2

d t2

1 1

Wb
= 180 f EaE b [ -

W
- cos 4)i sin ca

Wb
) sin 4) cos 00 .(18) 0 (21)

This equation completely determines the oscillation
between the machines resulting from a disturbance for
the given circuit conditions, voltages, inertias, and gover-
nor settings. Circuit conditions, inertia of machines,
shaft loads of motors and prime mover inputs of
generators can be assumed constant, the last named
because of the relatively sluggish action of governors.
The voltages appearing in the equations are machine
voltages which are assumed constant in magnitude.
The above equation can be solved by elliptic func-
tions or by step-by-step methods. For small variations
from the mean angle the following method may be used

d a
A a - A

d

= 180f Yab Ea Eb[- (
W

1
1

Wb

)
COS 01 sin 4,

a

1 1-) sin ci) cos 4)] A ci)
Wb

(19)

It is interesting to note that only the mutual admit-
tance enters this equation, the two self impedances
disappearing because they are not associated with terms
that vary with the angle.

In analyzing the conditions for stable operation at
a given operating point several criteria suggest them-
selves. One of the rotors can be displaced forcibly
from its position of equilibrium and the relations
analyzed to determine whether it will return to its orig-
inal position. An increment of load could be placed on
the shaft of one unit and the conditions investigated

This has the same form as the simple differential
equation

d2 0

d t2 =K0 (22)

which is the equation for simple harmonic motion so
long as K is negative. The condition then that the
motion resulting from a disturbance be oscillatory and
not continue with increasing angle and finally pull out
is that the coefficient of 0 be negative; then for any small
displacement 0 the rotors will always return to their
original relative position. Since the quantity 180 f
Yab EaEb is positive the condition for stable operation
reduces to the relation that

1 1

Wa  Wb ) sin 4), cos 4)0

1
1

Wa
) cos 4)1 sin 4)0 < 0 (23)

The limiting condition is reached for that value of (Po
for which

1 1

Wa  Wb

or for

) sin c/), cos 0.

( 1

Wa Wb

1
cos cki sin 00 = 0

Wb Wa
tan 4), = tan 0,Wb- (24)
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It can be seen from this that the limiting angle is a
function of the inertia of the two machines and of the
argument of the complex number representing the
mutual admittance Yo,. This result is contrary to the
previously accepted theory which neglected the in-
fluence of the relative values of the inertia.

For
W,, =

tan 4)0 = - tan 4),
o = - n 7r

where n is any integral'number.
For W =

(1) 0 = 1 + M r
For Wa = W

4o = 7r/2- (25)

For those cases usually met in practise in which a is the
sending end and b the receiving end of a transmission
system

n = 0 and m = 1, so that
for

= = - (26)
and for

Wb = 00,00 = r (27)
These general considerations perhaps, may, be seen

more clearly by analyzing the expressions for as and
ab in the light of the power circle diagrams. Consider
machine a as a generator and machine b as a motor
connected by a simple impedance Z. The motor shall
be loaded by a shaft load of essentially constant power.
(see Fig. 8). The coefficients for this case will then be:

1 1 1
Yaa = Yab = Ybb -R±jX- Zelo = Z e

so that equations (12) become

P. +
1Qa = - EA2 Ei,r - EA EB ej(4'+'`) (28)

1 1
Pb + Qb = EA EB .ej( +#) EB2 efil'

(29)

Reversing the positive reference of current flow at B

PRIME
MOVER

GENERATOR

IMPEDANCE

MOTOR

FIG. 8-SIMPLE POWER SYSTEM

SHAFT
LOAD

to correspond to the more usual practise the power
expression for B becomes:

1
EA EB ei( -4'14)PO, + Qb1 = + EB2 eilk

(30)

Equations (28) and (29) can be plotted in the usual

form of power circle diagrams shown in Fig. 9. The
point a, being the center of the sending -end circle, is
determined by the first term in equation (28); the second
term may be drawn with a as center and radius equal to
the absolute value of the second term. For ch = 0 the
line will lie along o a. This line constitutes the refer-
ence line. For other values of 4) the particular angle is

Sending End
Circle

FIG. 9-POWER CIRCLE DIAGRAM FOR THE SIMPLE POWER
SYSTEM SHOWN IN FIG. 8

measured from this line, positive angles rotating the
vector counter -clockwise. The receiver circle is plotted
in a similar manner with center at b determined by the
last term of equation (30). Positive angles are mea-
sured in clockwise rotation from b o. Now suppose
the systems were operating at the point c on the send-
ing end circle which corresponds to d on the receiving
circle. The governor would be set for the power corre-
sponding to c and the power, or torque since speed
changes so slightly, on the motor would correspond to
point d. Any slight instantaneous change in the
operating angle would change the operating points to c'
and d'. Since the governor setting and motor torque
are constant the increased power output at the genera-
tor end tends to slow up the rotor of the generator and
speed up the rotor of the motor and thus reestablish
the original operating angle. This is an inherently
stable operating position. The acceleration at either
end varies directly as the excess of output over input
and inversely as the inertia of the rotor. The actual
rate of change, the resultant acceleration, of the angle
is a resultant of the effects at the two ends. Both
effects act in the same direction up to the angle corre-
sponding to maximum power at the receiver, (point of
vertical tangency), i. e., up to this point a small incre-
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ment in angle produces retardation of the rotor at the
generator or sending end and acceleration of the rotor
of the motor but both effects tend to decrease the angle
and to this extent act in the same direction. Slightly
beyond this point an increment in angle produces
retardation of the rotor at the receiving end. Both

ends are now retardation. The resultant effect on the
system depends upon which of the two retardations is
the greater and these in turn are dependent upon the
relative inertias of the two machines. For equal
inertias and angles less than r/2, the generator will
retard faster than the motor for positive increments
in angle. When the angle is 7r/2 the retardation are
equal but within the range of line angle, >G to 7r/2,

while both ends retard the generator retards sufficiently
rapidly to maintain synchronism. The system as a
whole will retard, reducing the frequency, but this will
be taken care of by the automatic governors.

When the inertia of the generator is infinite the
acceleration of the generator for any finite change in
power is zero, so that the acceleration or retardation of
the angle is determined entirely by that of the motor
rotor. For positive increments in angle the accelera-
tion of the motor rotor is positive up to the point where
the line angle reaches beyond which it becomes

negative. The stability of the system for this condi-
tion is coincident with the condition of maximum power
at the receiver (d" in Fig. 9) and the line angle is the
argument of the complex number representing the
admittance Yab. When the inertia of the motor rotor
is infinite the limit is determined for similar reasons by
the condition of maximum power at the generator.
This corresponds to a line angle of r - the operating
points of which are indicated by c"' and d'" in Fig. 9.
It is interesting to note in this connection that it is not
only possible theoretically to operate beyond the point
of maximum power of the receiving circle diagram such
as discussed for conditions when the inertia of the rotor
of generator is other than infinite, but it is possible to
operate beyond an angle of r/2, when the inertia at the
receiving end is greater than that at the generator.
While this is the condition usually met in practise it is
not being advocated here to operate a system within
that zone.

It follows from the above discussion that while the
point of maximum power might be a stable operating
point this method might give a result which would
indicate that for the maximum angle at which it is
possible to operate, the stability limit is lower than the
maximum power, (i. e., that the power at say d" ' is
lower that at d"). But to arrive at this operating point
it is necessary with slowly increasing load to pass
through the point of maximum power of the circle
diagram. In such case the system reaches a maximum
power limit before a stability limit. These ideas are
merely being developed here to insure a clearer con-
ception of static stability. Some of these operating

conditions which are here shown to be stable were
heretofore considered inherently unstable.

PRACTICAL CALCULATION OF STATIC STABILITY

The most general case in which the problem can be
reduced to a single synchronous machine at each end
is worked out in the unabridged paper together with an
illustrative example.
STABILITY LIMIT OF 220- AND 110-Kv. TRANSMISSION

SYSTEMS

The methods which have just been described have
been applied to the calculation of the stability limits of
60 -cycle, 220-kv. transmission systems of various
lengths. Fig. 15 shows the stability limits for systems
with generator and step-up transformer at one end and
step-down transformer and synchronous motor at the
other end, the generator and motor being identical in
electrical and mechanical characteristics, and the
voltage being maintained at 220 kv. on the high voltage
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FIG. 15-STABILITY LIMIT OF 220-Kv. SYSTEMS HAVING
IDENTICAL GENERATORS AND MOTORS

3 -phase, 60 -cycle, 795,000-cir. mils aluminum condenser, steel reinforced
29 -ft. equivalent spacing

side of the transformers. Fig. 16 shows the stability
limits for the same lines fed into an infinite bus at the
receiving end, that is, the voltage at the receiving end
is maintained constant at 220 kv. and the inertia of the
apparatus at the receiving end is assumed to be in-
finitely large. In both cases the generator reactance in
per cent was based upon the delivered power.

The curves of Figs. 15 and 16 may be used in estimat-
ing the static stability of systems by considering how
the particular system approaches either of these con-
ditions upon which the calculations were based. These
curves will also be found useful in comparing the relative
effects of generator reactance and length of line upon the
stability limits. It should be borne in mind that these
results do not indicate the value at which it is desirable
to operate the system but rather that they represent



1428 WAGNER AND EVANS: STATIC STABILITY LIMITS Journal A. I. E. E.

the very limit of power which can be transmitted and
that the system should be so designed that even during
emergency conditions these values should not be
approached.

Figs. 17 and 18 show similar static power limits for a
typical single -circuit, 110-kv. system. The assumptions
as to load were identical.

FOUR -MACHINE PROBLEM

A large percentage of the problems met in practise
can be reduced to the equivalent of a two generator
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FIG. 16-STABILITY LIMIT OF 220-Kv. SYSTEM WITH INFINITE
Bus AT RECEIVER

3 -phase, 60 -cycle, 795,000-cir. mils aluminum condenser, steel reinforced,
29 -ft. equivalent spacing
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FIG. 17-STABILITY LIMITS OF 110-Kv. SYSTEMS HAVING
IDENTICAL GENERATORS AND MOTORS

3 -phase, 60 -cycle, 4-0 copper, 13 -ft. equivalent spacing

problem- a synchronous generator at the sending end
and a synchronous motor or generator supplying a
local load at the receiving end. There exist, however,
a large number of problems which can not be so simpli-
fied. A particular case, and one with which this paper
is largely concerned is that of ascertaining the effect
of an intermediate condenser station in improving
the stability limit. This type of problem has been
termed "the three -machine problem," because, in the

general case it involves three sources of synchronous
e. m. fs. The solution of this problem immediately
permits of the solution of a large number of problems
previously considered too involved or complicated.
The number that may be so solved are fewer than those
that may be solved by the two -machine problem.
There still remain a large number of problems which lie
beyond the scope of either the two- or three -machine
problem. The solution of some of these, inherently
involve the addition of another source of synchronous
e. m. f., requiring the solution of the "four -machine
problem." A particular case of this type and one with
which this paper is concerned, is that of a transmission
system with two intermediate condenser stations.

The circuit conditions for the "four -machine"
problem referred to previously are completely defined by
the following equations:

la = Yaa Ea - YabEb Yac Ec Y ad Ed
b =

I =
I d =

-Y b. Ea
- Yea Ea
- Yda Ea

Ybb Eb

- Y cb Eb
- Y db Eb

Y bc Ec

Ycc Ec

Y dc Ec

Y bd Ed

Y cd Ed

Y dd Ed

(45)
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FIG. 18-STABILITY LIMIT OF 110-Kv. SYSTEMS WITH INFINITE
Bus AT RECEIVER

3 -phase, 60 -cycle, 4-0 copper, 13 -ft. equivalent spacing

in which the Ia, lb, I, and Id are line currents and
E., Eb, Ec, and Ed the voltages to neutral. As shown in
the Appendix I the necessary conditions which must
be fulfilled so that the system remains in synchronism
are

c > 0
b > 0

a b- 9 c> 0 (46)
A - b > 0

a2 - 3 b > 0
in which a, b, c, and A, defined in the Appendix, are
functions of the circuit constants, system voltages and
inertias of the machines.

All of these conditions must be fulfilled simul-
taneously. The failure of any one is sufficient proof of
instability. In problems of a given type one of them
will be found to fail before the others and after establish-
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ing the particular one, it will be necessary to consider
only this one condition.

The problem involving two intermediate condensers
with synchronous machines at each end of the line has
been chosen for discussion because of its important
bearing on long distance power transmission. The
condensers were assumed to have zero impedance and
the resistance and charging current were neglected.
Theoretical analysis of this case indicated that the c
condition was the limiting one. It further showed that
the stability limit occurred when the angle between
any two adjacent machine voltages became equal to
r /2. This conclusion is independent of the inertia of
the machines, of the magnitude of machine voltages, and
of the location of the condensers.

THREE -MACHINE PROBLEM

The problem involving three synchronous machines
is a special case of the four-machine problem. A
detailed treatment of this problem is given in the un-
abridged paper. An important application of the three -
machine problem is for the case of one intermediate
condenser station, the discussion of which follows in
the next section.

STABILITY LIMITS WITH INTERMEDIATE CONDENSER

STATIONS

An important application of the theory and methods
developed is for the determination of the stability
limits of transmission systems with synchronous con-
denser stations located at intermediate points along the
transmission line. This is of particular interest at this
time because of its bearing on long distance power
transmission. The problems involving one and two
intermediate synchronous condensers are special cases
of the three- and four -machine problems in which power
input and output of the intermediate machines, except
for losses, are made equal to zero.

Three general questions arise as to the intermediate
condenser station under static conditions, namely,
location, voltages to be maintained, and condenser
characteristics.

Location of one intermediate condenser for a sym-
metrical system is clearly at the midpoint of the series
impedance of the system regardless of the characteristics
of the condenser station itself. With two intermediate
condensers the answer is less simple. With zero im-
pedance on a symmetrical system the condensers should
be located so as to divide the system into three equal
sections. With finite condenser impedance the middle
section should be of relatively less impedance than the
end sections. With finite impedance condensers the
variations from the best theoretical location will have
relatively little effect on the stability limit, consequently
power system layout need not be handicapped by a
requirement to obtain the theoretically best location
of condensers at intermediate points.

In regard to the voltages to be maintained there is,
undoubtedly, an advantage in maintaining them at as

high values as permissible without reduction of voltages
at other points. Practically, this means that the volt-
age at condenser stations should be maintained on the
high voltage line at the highest permissible value.

With respect to the characteristics of a condenser this
subject can best be discussed by showing the results of
calculations. The first case considered is that of one
intermediate condenser located between the sending and
receiving ends of 220-kv. transmission systems of

various lengths. The sum of generator and trans-
former reactances was assumed in every case to be

12.5 per cent on 100,000 kv-a., and their resistances were
neglected. The voltage was assumed to be maintained
at 220 kv. on the high -voltage side of the transformers at
the generating, receiving, and intermediate condenser
stations. The best simple approximation of most of

the receiving systems met in practise is the assumption
of infinite capacity of the receiving end; that is, zero
machine impedance and infinite inertia. It was shown
in the discussion of the three -machine problem that
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FIG. 22-STABILITY LIMIT OF 220-Kv. LINES OF VARIOUS

LENGTHS WITH ONE INTERMEDIATE CONDENSER STATION

3 -phase, 60 -cycle, 795,000-cir. mils aluminum condenser, steel reinforced,
29 -ft. equivalent spacing, generator and transformer reactance, 12.5 per
cent based on 100,000 kv-a. infinite bus and inertia at receiver

when the inertia of one machine was infinite, static
stability limits were independent of the inertia of the
other two machines. In Fig. 22 are shown the results
of calculations of the stability limits of transmission
lines of various lengths plotted as a function of the
reactance of the condenser and its transformer. In
addition, the condenser capacity required at the
stability limit is shown by the dotted lines. In estimat-
ing the stability limits of particular systems it will be
found convenient to make use of the curves showing
condenser capacity required at the stability limit in
order to convert the impedance base from 100,000
kv-a. to the base corresponding to the capacity con-
sidered. At the right of Fig. 22 the following data
are plotted:

1. The stability limit of systems with condensers
having the extremely high impedance of 10,000 per cent.
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This corresponds to the condition of an essentially
constant current condenser.

2. The stability limit of systems with variable
capacity static condensers located at the same points as
synchronous condensers. In this case the condenser
capacity was made variable to maintain the trans-
mission voltage constant at 220 kv.

3. The static stability limit of the line alone, that is,
without any apparatus at the intermediate points.

Similar. calculations were made for the 350 -mile line
with two intermediate condenser stations instead of
one with the results shown in Fig. 25.
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SUMMARY

The principal features of this paper may be summar-
ized as follows:

For static stability calculations, power systems
may be represented by a network with constant

300x

Lc; 200

ta_

0
L.,

100

-Mv-a

Mw.

0 20 40 60 80 100 od
PER CENT CONDENSER AND TRANSFORMER
REACTANCE AT EACH STATION BASED ON 100.000

Kv-a
200 400 600 800

CONDENSER Mv-a

FIG. 25-VARIATION OF STABILITY LIMIT OF A 350 -MI., 220 -Ks-.
LINE WITH CONDENSER IMPEDANCE

ooz9.3
ado
,r)

350-mi. line, 220-kv., 3 -phase, 60 -cycle, 795,000-cir. mils aluminum
condenser, steel reinforced, 29 -ft. equivalent spacing, generator and trans-
former reactance 12.5 per cent based on 100,000 kv-a. Infinite bus and
inertia at receiver

impedance and admittance branches with as many
terminals as the number of synchronous machines
requiring individual consideration. This method is
justified because, as developed in the paper, loads may
be represented by the equivalent constant admittances
and synchronous machines may be replaced by their
equivalent impedances.

A criterion for static stability of systems is presented
together with formulas for the calculation of the two-,
three- and four -machine cases.

It is shown that the maximum angle between ma-
chines for which synchronism can be maintained is, in
general, somewhat dependent upon the inertia of the
synchronous machines. Under some conditions syn-
chronism can be maintained between two machines
operating at angles greater than 7112. The delivered
power corresponding to definite excitation of machines

will, in general, be a maximum for a smaller angle than
the maximum stable angle. While the investigations
have shown that synchronism can be maintained in
regions heretofore considered inherently unstable,
operation in such regions is held to be inadvisable.

There are a number of generalizations which may be
made as to the limiting stable condition.

For the two -machine problem the limiting angle is
(a) 7r/2 when the inertias are equal, and (b) is greater
or less than 7r/2 when the inertia of the receiving
apparatus is greater or less than the inertia of the sup-
ply apparatus, respectively, and (c) is equal to 7r/2 and
independent of inertia when resistance is negligible.

The limiting stable angle with one or two inter-
mediate condensers of zero impedance and system
resistance negligible is 7r/2 between adjacent sources of
e. m. f. With finite -impedance condensers on a sym-
metrical system with resistance negligible the limiting
angle is independent of the inertia of any of the
machines.

The results of calculations of the stability of practical
transmission lines indicate that large increases in static
limits are obtainable with intermediate condensers.
Small variation from the theoretically best location has
relatively little influence on the stability limit. The
improvement in stability due to an intermediate con-
denser is of course larger with low values of machine
impedance but even a high -impedance condenser of
the synchronous type will show marked advantage
over static condensers which are unsuitable for this
application.

RAILROAD YARD LIGHTING
In a report on railroad yard lighting recently pre-

sented at the annual convention of the Illuminating
Engineering Society it was stated that prior to the
development of a satisfactory system of electric light-
ing, night operations in railroad yards were carried on
by the aid of hand lanterns. The hazards to the work-
men and the equipment were very great. Men were
injured, cars and contents damaged, material was stolen
and all work materially slowed up. Studies made for
devising means of expediting cars through the yards
have led to the lighting of the entire trackage by systems
of general illumination. The results were reported as
very gratifying and showed an economy and efficiency
in operating conditions, richly rewarding the railroads
for the small expenditure necessary.

The study went into detail on all the different varie-
ties of yard layout and kinds of work needed and dis-
cussed the lighting arrangement and the intensities
required to meet the various specifications. The need
of proper servicing, which applies to all lighting, was
emphasized to avoid losses due to accumulated dirt and
the effect of slowness in replacing burned out lamps.
All lighting systems are arranged to avoid confusion
with switching signals.



Electric Welding
Report of the Committee on Electric Welding*

To the Board of Directors:

It is the object of this report to give to the members
of the Institute an idea of the commercial importance of
Electric Arc Welding.

In such a report as this, the subject falls into two
main divisions: Electric Arc Welding, in which the heat
for doing the work comes from an arc drawn between the
work and an electrode; and Resistance Welding, in
which the heat comes from the electric resistance to the
passage of a large alternating current across the abutting
edges of the parts to be joined.

Electric Arc Welding is done by the carbon arc process
and the metallic arc process. In the carbon arc process
direct current is used and the arc is drawn from the work
to a carbon electrode. In the metallic arc process either
direct or alternating current may be used, but direct
current is generally preferred and the arc is drawn
between the work and a metallic rod, which melts
into the work.

The carbon arc process was first used, on acommercial
scale, fifteen or twenty years ago for the repair of steel
castings. It has come to be accepted as the standard
method of repair for minor defects in such castings.
Practically all the steel foundries use this process and
most of the 600,000 tons of steel castings made in this
country each year have minor defects repaired by the
carbon arc welding process.

LOCOMOTIVE BOILER REPAIRS

The metallic arc first came into commercial impor-
tance in 1914 in the repair of marine engine parts on
some interned German ships. Since that time, this
process, has been used by the railroads to an increasing
extent for the repair of machinery of all sorts.

At the present time, it is safe to say that the locomo-
tive which drew the train that brought you to this
Convention had all the flues welded in the works that
built the locomotive in the first place, and that the
boiler has had some repairs by the metallic welding
process made on it in the repair shops of the road
owning the engine. The fact that locomotive boiler
repairs are so frequently made is very striking evidence
of just what the process can do, for electric welds will
stand up in a boiler of a locomotive carrying 200 to 250
lb. of steam and traveling over the rails at 60 mi. or
more per hour. Electric welding is used for the repair
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of many parts of the locomotive beside the boiler. It
is used for building up worn treads on driving wheels,
worn guide bars, repairing broken frames, and for the
repair of many other parts of the locomotive.

Mr. Wanamaker, one of the members of your Electric
Welding Committee and Director' of Welding for the
Rock Island Systems has stated that the use of welding
has enabled them to make repairs so much more
promptly that they are able to get the same service
with 20 locomotives less than would have been neces-
sary with the old methods of repair.

To put it another way, welding has enabled the Rock
Island System to reduce the investment in locomotives
by over $1,000,000 without decreasing the number
of engines available for service. This is in addition to
the savings effected by the use of welding over the
older methods of making the same repairs.

I quote from a letter from Mr. Wanamaker;
"The latest estimate states that the railroads of

this country now have invested approximately
$4,000,000 in arc welding equipment, covering
some 3500 welding equipments which are saving
the railroads approximately $1,000,000 per month,
or $12,000,000 per year. It is possible that the
indirect savings will be greatly in excess of this
figure. However, it is not the policy of railroads
to assign a value to the indirect savings.

"The use of electric arc welders for battered
rail ends and special work rail is just now be-
ginning to take strong root. I, personally, feel
that the intelligent use of the electric arc welder
has paid probably the greatest net return ever
secured from any investment made in railway
equipment, and I am somewhat at a loss as to why
its use has not been more strongly furthered and
fostered by the A. I. E. E."

Mr. Churchward, another member of your Com-
mittee, has a number of photographs showing the
repair of an 8000 -lb. bronze propeller by the addition
of about 1000 lb. of bronze at a great saving in cost; he
also has some photographs of the building up of the
copper collector rings of a 1000 -kw. rotary.

As important in repair and replacement work as is
the use of electric welding, recent experience shows that
its greatest field is as a new method of manufacture of
new products.

It is clear that if a welded joint in steel can be
made equal in strength to the plates to be joined,
great economies in production can be obtained.

Following will be found a number of examples of
construction on a large scale, in which welding has
replaced riveting and the older methods of joining
steel plates.
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SHIPBUILDING

So far as we know, the first all -welded vessel was
built in Ashtabula, Ohio, about 1914, for use on the
Lakes. This was a boat. or 50 ft. long, used as a
fishing boat. It has been in satisfactory service ever
since it was built. On one occasion, a year or so after
it was built, the plates near the waterline were bent by
smashing through ice on the Lake, but no joint opened
up.

Mr. Owens, one of the members of your Committee
on Arc Welding says:

"A welding research and development program
which was started by the Navy Department at its
Norfolk Yard in 1918, under the direction of Mr.
James W. Owens, until in 1926, he became affili-
ated with the Newport News Shipbuilding and
Dry Dock Company, as its Director of Welding,
has resulted in securing the confidence of the Navy
in welding, with the result that it is now being
used extensively in new construction and repair
of naval ships. Its battle towing targets, which are
45 -ton structures and of /8 -in., and 1 -in.
plate material, are now completely metal arc
welded, 15 such targets being constructed to date.
The shell deck and two water -tight bulk -heads
of a pontoon for a 100 -ton derrick have been
completely welded. It is being extensively used
in the construction of the light cruisers recently
authorized by Congress, and an estimated saving
of $250,000 is being secured by its use in the
modernization of its capital ships.

"The Coast Guard Cutter Northern which
was recently launched at this yard, has
its deck and superstructure very largely metal arc
welded. Its rudder is completely welded and
four seams at the waterline are welded in addition
to being riveted in the usual manner, so as to
enable the hull to more effectively resist ice pres-
sure in Arctic service. Practically all oil, gas, and
fresh and salt water tanks of ships being built at
this yard, together with their piping systems, are
being welded, and steps have been taken to com-
pletely weld all of the ventilating system ducts.
During 1926 a total of 165 welded tanks was built
and it is becoming standard practise to weld deck
beams directly to bulkheads with or without the
use of plate collars. Two completely welded
condenser shells for merchant ships have recently
been completed, together with the exhaust pipes
for several ships."

WELDING STRUCTURAL STEEL FOR BUILDINGS

The steel frames for a number of buildings have
been made by the arc welding process. In 1925 a
three-story garage building, having a ground area of
about 75 by 150 ft., was erected by the Wellman -
Seaver -Morgan Company of Cleveland in Canton, Ohio.
Although this was the first building arc welded by this

firm, no difficulty was experienced in I he erection, and
they report a saving of 25 per cent in cost of erection, as
compared with the cost of the same building riveted.

The largest building erected by arc welding to date
has been that erected by the Westinghouse Electric &
Manufacturing Company of Sharon, Pa. Mr. A. M.
Candy, a member of your Welding Committee, was in
general charge of the work and has written a very com-
plete and valuable paper describing the work.

The building at the Sharon, Pa., Works of the
Westinghouse Electric & Manufacturing Company is
70 by 220 ft., by 80 ft. high and required 790 tons of
metal.

The following are some extracts from his paper:
"That arc welded joints can be constructed in

such manner as to develop fully the ultimate
strength of the structural members connected.

"That a steel I-beam of given section and length
will sustain a far greater load if fixed at its ends by
a suitably designed arc welded joint than if sup-
ported by standard riveted connections consisting
of top and bottom angles. A 9 -in. standard
I-beam framed between rigid upright columns 8 ft.
apart by means of specially designed welded con-
nections sustained a load 25 per cent greater than
a beam of the same size and length framed between
columns by means of riveted top and bottom
angles in. thick.

"A plate girder, assembled by welding and con-
sisting of nothing but sheared plates has a far
greater strength than a riveted plate and angle
girder of the same weight, due to the better distri-
bution of the steel in the cross section. A 15 -in.
plate girder, assembled by welding and simply
supported on a 14 -ft. span, developed more than
50 per cent greater strength than a riveted plate and
angle girder of the same depth and the same
weight.

"The prevailing impression among the witnesses
was that these tests demonstrated the superiority of
welded connections to riveted connections in every
case where direct comparisons were made, and
brought out two general facts:

"1. That complete continuity of lines of beams
can be obtained in welded construction, whereas
it is well known that this cannot be done in riveted
construction.

"2. That in a welded building it will be possible
to make every joint develop full strength of the
main members, whereas in a riveted building many
joints are weaker than the members due to the
weakening effects of the rivet holes and the weak-
ness of steel angles which have to be used for
transmitting tension between two members at
right angles to each other.

"It was proved that a welded plate girder was
50 per cent stronger than the riveted girder of
relative depth, length and weight.
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"An Olsen testing machine, capable of applying
40,000 lb., was used."

In 1924 near Toronto, Canada, a highway bridge
nearly 700 ft. long was erected by arc welding.

The American Welding Society has an active com-
mittee on Structural Steel Welding, the chairman of
which is Mr. James H. Edwards, of the American
Bridge Company. This committee is collecting data
and making extensive tests to provide structurals
engineers with the fundamental information necessary
to properly design an arc welded structure. The work
of this committee is to provide the structural engineers
with the information as to how long a weld and how
thick a weld to use to give a strength of joint equal to
the strength of the members being joined.

PIPE LINES

The carbon arc has been used for the manufacture of
f almost 90 mi. of pipe nearly six feet in diameter, for

supplying water to Oakland, California, and the other
Bay Cities in the vicinity.

Following are some quotations from a paper read by
J. F. Lincoln, March 17th, 1927:

"As an illustration, The Mokelumne River pipe
line which was made arc welded, is 90 mi. lOng and
contains 78,000 tons of steel. If this same pipe
line with the same strength of joint and the same
ability to carry water had been made riveted, it
would have required 128,000 tons of steel to accom-
plish the purpose, and the cost would be at least
$3,000,000 more.

"The best illustration of the economic advan-
tages of the above ideas are shown in the Moke-
lumne River Pipe Line, which brings the water
supply a distance of 90 mi. to the East Bay Munici-
pal Utility District in California. This line runs
from the Mokelumne River to Oakland and supplies
the water for all of the Bay Cities, with the excep-
tion of San Francisco. This job required, for the
manufacture of the pipe, 78,000 tons of steel,
the thickness of this steel being % in., % in.,
lA in., % in. and % in., depending upon the
part of the line in which the pipe was to be placed.
It was manufactured in two lines-the first running
from the San Juaquin River to Oakland and the
second, from the Mokelumne River to the San
Juaquin River.

"The first section of this, running from the
San Juaquin River to Oakland, is at the present
time completed and has been under pressure now
for a considerable period. Because of the newness
of arc welding, the engineers determined not to
proceed with the second section of this pipe line
until after the first section had been completed.
They have, within the last sixty days, let the
contracts for the second section, the specifications
remaining identical in every particular with those
of the first, thus showing the complete success of
this method of construction.
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"It is also interesting to note that, in spite of the
fact that no such work as this had ever before been
attempted, insofar as thickness of plate, diameter
of pipe, etc., were concerned, the first 40 mi. were
completed more than one month ahead of time,
and this in the face of the fact that the building
for the manufacture of this pipe had to be con-
structed, machines designed and built, and the
whole plant put into operation.

"The second section of this line, which is to be
done in the same time as the first, will undoubtedly
beat its schedule by many months.

"The description of this line and of the problems
involved, as concerns welding, can probably best
be explained from the specifications which were
drawn for it and under which the pipe was manu-
factured. The specifications covering the welding
machines provided that the welding shall be done
with an automatic electric welding machine,
designed specifically for the work covered by those
specifications. This machine comprised among
other necessary parts, a traveling carriage for
carrying the carbon electrode, arranged to move,
at a controlled rate, along a tract located inside
of the pipe above the bottom seam, and water-
cooled mandrels located on the outside and inside
of the pipe and extending along this seam through-
out its length.

"Next, the method of testing was specified as
follows:

"Hydrostatic Test of Pipe Specimens. After
each section of the pipe has been welded, it shall be
subjected to a hydrostatic test under internal
pressure sufficient to develop a tensile stress of
20,250 lb. per sq. in. of plate, and while under this
stress, shall be hammered vigorously on both sides
of the weld with a 10 -lb. hammer not more than
once in every foot of pipe section. The pressure
shall then be increased sufficiently to produce a
tensile stress of 23,000 lb. per sq. in. of plate and
so held until the efficiency of the seams can be
determined by inspection. In the event of failure
of the pipe section under this test, the contractor
shall have the right to re -weld the pipe if prac-
ticable and re -submit it for test.

"Rejection. Any section of pipe that does not
conform to these specifications may be rejected.

"It is claimed, in connection with this, that it is
probably the most severe test that was ever put
on any pipe made by any process, and it is only
necessary to say that possibly no other method
of manufacturing large pipe now known could pass
the specifications for test as outlined in these
specifications. As a matter of fact, there are a
number of cases where the test pressures were
carried up so high and so far beyond the statement
in the specifications, that a permanent set was
actually put in the steel of the pipe. In one case



1434 ELECTRIC WELDIN(l Journal A. 1. K. K.!
that came to the author's attention the diameter
was increased by more than three inches because
the pressure that was used in testing went con-
siderably beyond the elastic limit of the steel."

USE OF WELDING TO REPLACE CASTINGS

Due to the fact that rolled steel has three or four
times the tensile strength of cast iron, and at the same
time costs from one-third to one-fourth as much per
pound, it is possible to make many structures from
rolled steel shapes by arc welding to replace cast iron
at a very great saving in cost.

For instance, a certain cast iron bed plate weighed
560 lb., and at 5.5 cents per lb., cost $30.80. The
cost of machining this was 90 cents, making a total
cost of $31.70.

The corresponding base of angle iron welded up
(with bosses welded in) weighed 233 lb., cost $6.38
for material and $1.07 for cutting off, welding, and
drilling, or a total of $7.45. In addition, the welded
base will stand any abuse that can be given to it, while
cast iron bases break if not carefully handled

One of the first welded products we happened to
know about was a compensator. can. This can was
formerly made of cast iron, very heavy, very expensive,
and liable to leaks which made it necessary to reject
part of those the foundry delivered. The arc welded
can, for the same purpose, looked better, weighed less
than 20 per cent of the old cast iron can, and cost less
than 10 per cent.

The General Electric and Westinghouse Companies
are using arc welding to an increasing extent in the
manufacture of their product, though the process can
be and no doubt will be used to a much greater extent
in the future.

A paper by Mr. Warner, in the March issue of the
American Welding Society Journal, gives an account
of some of the work being done by the General Electric
Company at the present time.

The Company with which your Chairman is con-
nected has brought out a book "Arc -Welding, the New
Age in Iron and Steel," in which there are hundreds of
illustrations of structure of all kinds built by Electric
Arc Welding.

This process makes possible the manufacture of
many structures that are both better and cheaper than
the same structures were when made of cast iron.

RESISTANCE WELDING

This process was invented by Elihu Thompson, in
the early days of electric development, and at the
present time is used for the production of some millions
of feet of tubing every month. Practically all of the
tubing used in automobiles and in the construction of
bedsteads, is made by this process.

As you all known, a million dollars is a small sum
when talking about automobile products, and as this

process is used to a greater or less extent in the con-
struction of all cars, we can be sure that the cost of the
car you drive would be noticeably greater if it were not
for the saving in cost of construction made possible by
this process. The all -steel automobile body is coming
into use and thousands of these bodies are made every
year in which the seams are welded by this process.

The following is quoted from a letter from Mr. H. W.
Tol?ey, one of the members of your Committee and in
charge of work of this kind at the Pittsfield Works of the
General Electric Company:

"Our large spot welders are used in regular pro-
duction for thicknesses of steel ranging from two
pieces of VI in., two pieces of in., up to two
pieces of IA in., making a maximum total thickness
of 1 in. This method has replaced to a very large
degree the former practise of riveting.

"Spot welding is also used throughout the plant
for a variety of purposes where it is desired to join
various parts of equipment together in a strong
and effective manner at a reasonable cost.

"Resistance line welding has been found to be of
especial value wherever it can be applied in mass
production to structures composed of sheet material
of suitable shape and in thicknesses up to and in-
cluding two pieces of Y8 in. stock.

"All factors entering into the several types of
resistance welding, including butt welding, spot
welding and line welding, are under perfect control
so that after correct settings have been obtained for
current, pressure, speed, etc., the results can be
duplicated with unerring regularity as long as the
characteristics of metal remain the same. The
material is brought to precisely the right tempera-
ture and strong, reliable welds uniform in character
and appearance are assumed. The fact that no
hood or eye protection through the use of colored
glass is required, is also a distinct advantage."

J. C. LINCOLN, Chairman.

Discussion
J. D. Noyes: I should like to ask Mr. Lincoln if the committee

has come to a conclusion as to the comparison or disadvantages
between alternating current and direct current.

E. C. Crittenden: Recently there has come to my attention
a field in which it appears that some companies are finding
other methods better than electric welding. Mr. Wanamaker
in the report, says, with regard to railroad practise, "The use
of electric arc welders for battered rail ends and special work
rail is just now beginning to take strong root." I understand
also that the street railways are using are welders in putting
up crossings and other special work, but for the regular rails,
the straight-away welding, they are finding other methods
better.

It appears to me that probably the difficulty arises from the
fact that they are using the old method of connecting rails
with only a slight modification for welding. Two rails abutting,
end to end, are held together by two fish -plates. The two
plates are clamped on the sides of the rails and then welded
around the edges. This method has the effect of stiffening
that part of tb.e rail and in service, the rails often break at the
end of the welded and stiffened portion, presumably because



)ec. 1927 ELECTRIC wELDING 1435

.he stresses are localized there. I believe some companies have
abandoned arc welding of rails because they get such breakage.
[s there available any electrical welding method which will
avoid this difficulty?

F. W. Funk: Mention has been made in the report of
several buildings that have been electrically welded. We have
n Youngstown a welding company which erected a steel -frame
building which was entirely welded; that is, there were no holes
punched or drilled-no bolts used in temporary construction.
It was a 100 per cent welded building. I think that is quite
am advance because if we have to punch structural shapes, it
Asets the saving.

Electric welding is coming into use for very heavy plate work
and tank work. One concern which manufactures very large
oil tanks for use in the oil fields is going into the electrical
welding of heavy plate tanks. It is probable that the process
will be an automatic welding process.

Another company is producing thousands of tons of complicated
rolled shapes each year which are either seam- or lamp -welded,
used principally, I think, in floor beams and roof members.
I mention this concern particularly because it has done a great
deal in the development of automatic welding machines.

I think Mr. Lincoln is entirely correct in saying that in new
construction lies the greatest field for electric welding.

J. J. Shoemaker: I should like to ask Mr. Lincoln if this
method of welding is approved by the insurance companies for
boiler repairs?

J. V. B. Duer: I think some of these questions that have
been discussed are important. The question of workmanship

; enters into electric welding more than most of us realize. I
think if we could be assured that the workmanship on an electric
weld was perfect, it would be a more generally accepted practise
than it is at the present time.

I am also much interested in the question of the relative
values of a -c. versus d -c. welding. I made a rather superficial

r investigation of the subject a few years ago and came to the
general conclusion at that time that the principal objection to
a -c. welding was that it involved a low power factor on the
circuits to which the welders were connected. That was espe-
cially true of 60 cycles rather than 25 cycles. In a place where
the welding load amounted to a large proportion of the total,
such as it might in a roundhouse on a railroad or some place of
that kind, the use of an a -e. welder might be objectionable
whereas if a d -c. welder were used the high power factor due to
the use of the welding might be obtained and some correction
made for low power factor on the other circuits.

J. C. Lincoln: I may be prejudiced in favor of the direct
current. It happens that the concern with which I am con-
nected, manufactures d -c. apparatus. That fact has to be
taken into consideration in weighing my reply. I believe myself
that experience will show that it is easier to make a good weld
with a good d -e. machine than it is with an a -c. machine. We
feel this way about it; that the art would he advanced more
rapidly by doing only good work. Therefore, only the best
apparatus should he used. I believe, on the average, for me-
tallic arc we'ding better work can be done with- the direct cur-
rent than with alternating current.

I think it is true that in some cases railroads which have
formerly used the electric -are method for joining their rails are
using other methods at the present time. I have been very
much interested in that particular part of the electric -welding
art for a good many years. Notwithstanding the fact that
there have been a number of failures, the amount of success with
electric -welded joints has been sufficiently great so that they are
used commercially to a great extent. In my opinion, the failures
have been due partly to the cause as pointed out by Mr. Crit-
tenden, but more largely to the fact that the welding methods
themselves haven't been as good as we hope they will he some
time.

In the electric welding of rails, in some cases at the bottom
of the crater when the weld is finished there are hair cracks
due to the contraction of the hot metal. Now, it is a fact,
of course, that hot metal occupies a larger volume than the
same metal when cold. Metal, when melted, occupies 107 per
cent of the volume it does when cold. When the metal cools,
one of two things happens-either the metal must stretch
according to the amount of decrease in volume or hair cracks
appear. If the metal is brittle enough, hair cracks appear.
If the metal is of the proper quality, it will stretch and take up
this decrease in volume.

It is my belief that most of the difficulty in the welding of
rails has been due to the fact that the methods in use at the
present time produce welds which are brittle so that these hair
cracks appear.

Now, a hair crack at the end of the rail will start an incipient
break. Take, for instance, a piece of glass. You know that if
you start a crack in a piece of glass, the wind strains will finally
work that crack further and further through the glass. If you
will drill a hole at the end of the crack, you won't find any further
trouble. The incipient crack doesn't progress. Something
of the same nature occurs in the electric welding where the hair
cracks appear. The remedy for that condition is to improve
the quality of metal in the weld.

It is a fact that in welding of rails, processes are in use at the
present time where these hair cracks are easily eliminated. If
the work is properly done, satisfactory results are obtained.
If it is not done properly, trouble results.

I believe experience will show that although, as pointed out,
you have a weak spot at the welded point in the rail, when the
welding is properly done, the weakness is not so great as to
develop trouble.

The American Society of Mechanical Engineers has prepared
a Boiler Code and this Boiler Code does not permit the use of
electric welding to so great an extent as we who are interested
in pushing electric welding would like. Electric welding is per-
mitted on some types of pressure vessels but at the present time
electric welding is not used on pressure vessels used in boilers.

The American Welding Society has a committee making
extensive preparations to test a large number of pressure vessels
at the Bureau of Standards to get complete information so that
the Boiler Code Committee can feel justified in giving more
liberal allowances for electric welding.

At the present time steam boilers are not allowed to be welded
by the electric welding process. The queer part of it is that the
railroads have been repairing locomotive boilers for years and
these boiler repairs made on locomotives are on pressures of
200 to 250 lb. Years of experience in locomotive boilers have
shown that method must be used. If you please, from a com-
mercial standpoint, the railroads can't get along without it.

While there has been some trouble from improperly made
welds on electric locomotives, the process is in use quite generally
and I don't think there is any doubt that it will be used more
generally in the future. But to answg. the question specifically
at the present time, pressure vessels-fired pressure vessels --are
not allowed to be electrically welded.

A compilation of earnings in the public utility field
has not hitherto existed in any comprehensive state-
ment of monthly earnings similar to the figures collected
by the Interstate Commerce Commission for railroads,
telephone and other companies. In the future, gross
and net earnings of public utilities in the United States
will be compiled in a series of monthly reports. The
first report will cover a compilation for the period from
1913 to September 1927, and will be available in
statistical form from the Department of Commerce.



Abridgment of
Combined Light and Power Systems

For A. -C. Secondary Networks

BY H. RICHTER*
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_Synopsis.-The increase of a -c., low -voltage network systems
employing automatic sectionalizing equipment has been very
rapid. This move has been attended by a diversity of choice of
combined light and power schemes for the secondary mains.

Carrying this condition to its logical conclusion may result in an
extremely complicated situation for apparatus connected to these
mains. There might thus be imposed on the industry as a whole a
heavy expense tending to cancel a part of the savings attributed to the
advent of the combined system.

A study of the effects on seven types of equipment concerned showed
that general purpose motors are hardly more important than most of
the other devices. This analysis included not only the applicability

of existing apparatus standards to each of the combined systems but
also the probable developments that the future may bring. For a
comprehensive comparison of the various schemes it was found
necessary to consider the commercial as well as the engineering
aspects.

If the operating companies decide to employ the combined light and
power system universally for secondary networks, it is urged that
they will soon apply the practise of standardization to the com-
binations of connection and voltage. In this regard, due con-
sideration should be given to the bearing of numerous trends in the
industry. Widespread discussion of the situation is now desirable.

* * * * *

CLOSE contact with the discussion and use of the
various combined light and power connection
schemes that are rapidly being adopted as part of

a -c. network systems brings the realization that:
a. The gross savings attributed to the combined

scheme may be reduced by the expense incurred in the
production of suitable utilization equipment.

b. This expense might range from a minimum of
75 million dollars to a maximum of 150 million dollars
even under the favorable condition of a single combined
scheme adopted universally, and

c. The latter sum may be exceeded if the three
principal combinations are continued without the
advantage of standardization on one system.

This gives good cause to wonder whether this may not
be the proper time to investigate which method of
supplying both power and light from the same secondary
mains will give the greatest benefit with the least
expense to the industry as a whole.

Beginning about four years ago with a single network
installation in New York City, the spread of automatic
network systems using the combined secondary scheme
has been such that 11 cities will have in operation by
the end of this year (1926) networks embodying
combined secondary schemes of one design or another.
Furthermore, early next year, this number will be
increased by three, and the possibilities of these net-
works are now being investigated in at least 16 other
cities. The number of cities now interested in this
question thus totals 30.

Where two networks are employed, one for light and
the other for power, the distribution system may be-
come very expensive and occupy too much space
(ducts or pin positions). The combined secondary
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system, it is claimed, furnishes an economic solution for
extending the a -c. network system into areas where
lack of space would make very difficult the installa-
tion of two separate networks. And-just as in the
d -c. three -wire system-the combined method permits
the immediate servicing of any customer for either
power or light, or both, from the same set of low -
voltage mains.

In attempting to avail themselves of the advantages
of this system, the operating companies have considered
many different combinations of connections and
voltages, each scheme admirably suited to the local
conditions surrounding its development. Un-
fortunately, the three-phase schemes differ in the re-
sulting voltages available for light and power, and the
existence of the two-phase combined system further
increases the number of possibilities.

There are indications that adoption of these various
schemes on an extended scale may have considerable
effect upon the operation of electrical devices now con-
nected to secondary systems, and result in a more or less
complete re -adaptation of many, if not all, of the devices
for future applications. To gage the probable conse-
quences of having several different schemes adopted
for numerous large distribution systems is impossible
without a carefuly study requiring the earnest co-
operation of all operating companies.

This paper is offered to show the result of an approxi-
mate analysis of what might be the effect on various
types of apparatus were networks incorporating any
one of the principal combined light and power systems
adopted extensively. The analysis included considera-
tion of such major lines as: Lamps-motors and con-
trol equipment-appliances-distribution apparatus.
PRESENT STATUS OF APPLICATION OF COMBINED

LIGHT AND POWER SECONDARY SYSTEMS
To better understand the nature of these combined

1436
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.systems and their extensive application, an outline
of their present status may be of value.

Spread of Combined Secondary Systems. During
the past 11 years, a city in Tennessee has had a
comparatively large three-phase underground net-
work, supplied by numerous feeders and employing
115/199 volts at the utilization devices. Motors up to
50 h. p. are connected to the combined light and power
mains even at points between transformer banks.
The majority of the motors are the standard 220 -volt
type; only rarely is a 200 -volt motor encountered; and
the very few complaints of low voltage due to the use of
199 volts have been remedied in a simple and inexpen-
sive !manner by means of small boosting auto-
transformeis.

About one year ago a city in Louisiana started up

A

199V
199 V 115V

iII hill II

KEY

- -- Lighting Service
- - - Power Service

FIG. 1-SCHEMES FOR COMBINED LIGHT AND POWER

a combined light and power network system with
nominal voltage of 115/199 volts. Many expected
troubles; proved imaginary and it was easy to dispose of
the few that did materialize.

The combined secondary system was first publicly
urged for universal application in this country by Mr.
W. C. L. Eglin, who recommended that this scheme, in
three-phase form, be adopted as standard for all
miscellaneous light and power distribution and street
lighting. Active spread of the multiple primary feed
low -voltage a -c. network, using combined secondaries
and automatic protective equipment started shortly
after it was demonstrated by Mr. A. H. Kehoe and
Mr. W. R. Bullard in 1924 that this system was success-

ful in operation, and more economical and reliable,
than any previous a -c. system.

Some Combined Schemes. The combinations of
connection and voltage for combined secondary sys-
tems that have been given the most study are indicated
in Fig. 1,-A, B, C, D and F applying to three-phase
and E to two-phase. The schemes of Figs. 1E and
1F are receiving the most attention at the present time.

Of the network systems now under construction,
eleven will use Fig. 1F arrangement, two Fig. 1E, one
Fig. 1D, and one Fig. lc as a preliminary to Fig. 1F.

For the majority of the fifteen networks planned and
under consideration, Fig. 1F scheme is favored for the
underground. For overhead network systems Fig. lc
is planned in one case. In the three-phase distribution
systems to which Fig. 1F applies, 125/216 volts is being
considered in only one place; for the remainder, about
half prefer 115/199 volts at the utilization device and
half 120/208 volts.

A. Three-phase Networks. There are indications
that a move will be made, as the number of systems
using the two principal combined secondary arrange-
ments increases, to change the design of apparatus used
on these systems to suit each combination.

Thus, 115/199 -volt star systems are likely to require
changes eventually in the design of polyphase and
other apparatus connected between phase -wires. It is
estimated that this would affect up to about one -fifth
of all phase -to -phase apparatus, the remainder being
used outside of the network areas and on isolated plant
systems.

The 120/208 -volt star system will probably require
changes in design for both apparatus connected between
phase -wires and that connected from phase -wire to
neutral. An effort to estimate what part of all the
phase -to -neutral equipment would be thus affected
might place it at about half.

B. Two-phase Networks. For the few two-phase
systems, production and stocking of two-phase appara-
tus will no doubt continue, tending to keep up the
prices of all polyphase equipment. Furthermore,
the companies operating two-phase systems may have
somewhat higher annual charges (2 to 3 per cent) than
with the three-phase system.

C. Radial Secondary Systems. It is probable that
radial three-phase 110/220- and 115/230 -volt distribu-
tion systems, some of which use single-phase feed, and
other radial systems giving 110 volts or less at the
utilization devices, will be confined to miscellaneous
load systems in cities, towns, villages, and farms where
load density is light; to bulk loads fed by operating
companies; and to isolated plant systems. These would
thus ultimately take a little less than half of all phase -to -
neutral apparatus and four -fifths of all phase -to -phase
apparatus, and necessitate maintaining the present
lines of equipment in addition to all new lines.

The requirement of supplying various standard lines
of equipment for a plurality of distribution groups will
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have a tendency to increase apparatus development and
distributing costs, and therefore the prices of apparatus.
Furthermore, an increase in the number of classes of
apparatus and of types of distribution system may be
expected to add complications in the choice of equip-
ment having the proper rating, and confusion to cus-
tomers by change of system in moving from city to
city. With the higher prices, these factors would tend
to reduce consumption of apparatus and electric
energy.

Standardization as a Remedy. These troubles could
be avoided by the adoption, as a standard for combined
light and power secondary systems, of that scheme which
fits in best with existing standards.

Qualitative Analysis for Apparatus
Connected to Secondary System

The result of an investigation into the effect of the
various combined schemes upon the operation and
manufacture of each of the types of apparatus con-
nected to secondary systems will be presented as a
Qualitative Analysis. The combinations chosen were
115/199 volts three-phase star, 120/208 volts three-
phase star, and 115/230 volts two-phase five -wire,
since they are now in use; also 125/216. volts and
110/190 volts star because there appears to be some
question as to the possibility of employing them.
EFFECT OF CHANGE TO COMBINED LIGHT AND POWER
SYSTEM FOR THREE-PHASE STAR SECONDARY NETWORKS

This analysis was made on the assumption that all of
the systems that may be networked would adopt the
three-phase four -wire scheme, while all other systems
would continue to be served by the three-phase radial
method.

1. Effect on Small Motors. 110/220 volts is the
present standard for this line, with allowable variation
of 10 per cent plus or minus.

Polyphase Motors: 125/216 Volts. There would be
no trouble with this voltage.

120/208 Volts. Practically all standard 220 -volt
ratings could be used as they stand. New designs
could be reduced to a minimum by having it generally
agreed that 220 -volt motors will be satisfactory for
operation on 208 -volt networks and that no change in
the nameplate will be required.

115/199 or 110/190 Volts. A separate line of motors
would have to be brought out and the expenditure
involved would be fairly large; it would even be exces-
sive for 190 volts if the greater production of the future
is considered.

Single -Phase Motors; 2:1 Voltage Winding: For any
voltage of the combined three-phase four -wire secon-
dary system this class of motor must operate either
across two phase wires or from phase -wire to neutral.
As this does not give a 2:1 ratio the tendency would be
to design the motor winding for sufficient pOwer on the
series connection and with sufficient material to with-
stand the voltage to neutral on the parallel connection.

This would result in a motor considerably larger and
from ten to fifteen per cent more expensive than the
present standard. Double guarantees would be nec-
essary and unusual care in application would be re-
quired to ensure that sufficient capacity be always
available for the connection between phase -wires.

It is therefore considered hardly advisable to intro-
duce 2:1 voltage winding motors for combined three-
phase four -wire secondary networks.

Single -Phase Motors, Single Voltage Winding: The
present 220 -volt ratings could be employed for 216 or
208 volts on network systems, but the risk at 199 or
190 volts would require the development of a separate
line for these voltages. It is anticipated that if the
combined light and power systems where potentials
higher than 115 volts are actually obtained at the motor
terminals become more numerous and are in the form of
networks, whereby closer secondary voltage regulation
is obtained, trouble may be experienced due to over-
heating, noise, increased starting current, and lower
efficiency and power factor. This would be particularly
true for 125 volts, which means that motors for
this voltage would have to be redesigned almost
immediately.

It is reasonably certain that difficulty would arise
should customers begin to order 120 -volt motors,
making it necessary to give guarantees and eventually
to mark the nameplates at 120 volts. Building and
stocking a new line of 120- or 125 -volt motors as a
parallel to the present 110 -volt line would require a
fairly large expenditure. In addition, there would be
considerable expense and confusion on the part of the
utilization device manufacturers, for they would have to
buy motors of both classes and carry large stocks at
their factories and distributors' warehouses.

2. General Purpose Motors. 110, 220 volts is the
existing standard for these motors, with permissible
variation of 10 per cent plus or minus.

The analysis, except for the sections on characteristic
curves, is based on actual performance data for all
sizes from 5 to 150 h. p. in all lines.

125/216 Volts: There would be practically no
difficulty with this voltage.

120/208 Volts: Starting Torque: Since starting torque
varies approximately as the square of the voltage, the
application of 208 volts to a 220 -volt motor results in a
reduction of about 11 per cent in starting torque. At
least 50 per cent of the standard 220 -volt ratings would
still give satisfactory torque at 208 volts plus or minus
10 per cent. The expenditure in development and other
costs would be large for the motors that would require
rewinding.

Were the principle of 5 per cent plus or minus voltage
regulation in secondary networks established, these
changes could be avoided, provided only a small
number of 220 -volt motors would require rewinding
to operate satisfactorily on 208 volts. Where this
procedure might result in too low a starting torque
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( because of the reduced voltage at starting, the motors
t might be thrown directly on the line at 208 volts.

Characteristic Curves: The characteristic curves in
4 Fig. 2 were taken on a typical standard 220 -volt three-

: phase squirrel -cage induction motor.
115/199 Volts: Starting Torque: The starting torque

of a 220 -volt motor is reduced 18 per cent when a
voltage of only 199 volts is impressed. The number of
220 -volt ratings that would give satisfactory torque
at 199 volts plus or minus 10 per cent ranges from about
50 per cent of the total to a percentage considerably

I below this.
The decision between one line or two in this case

might lean towards the latter on account of the large
i number of motors that would require rewinding. Due

to the greater number of ratings involved the expendi-
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ture would be much larger than in the case of 120/208
volts.
iCharacteristic Curves: Curves 3 and 1 in Fig. 2

indicate the differences in characteristics of a typical
general purpose motor at 199 volts and 220 volts.

110/190 Volts: A decrease to 190 volts from the
present standard of 220 volts is very great. In addi-
tion, to provide for a further variation of 5 per cent
(if this principle be accepted generally) widens the range
to a point where difficulties might be encountered with
the majority of existing motors. Should 10 per cent
voltage variation be maintained as the accepted custom,
the conditions would of course be even worse.

If the original guarantees were required, the adoption
of 110/190 volts would necessitate two lines and the
expense would be so great as to be uneconomic.

3. Motor Control Equipment. 220/440 volts is now

standard for this apparatus, with allowable variation
of 10 per cent plus or minus.

A new National Electrical Code rule permits the
use of two trip coils with a fuse in the third phase
for motor starters on three-phase four -wire systems
with grounded neutral such as are employed in the
majority of combined network systems. This may be
used as an expedient to make unnecessary the equipping
of existing control apparatus with additional trip coils
when the secondary distribution system is changed to
the combined light and power type.

It is reasonable to expect, however, that considerable
experience with or study of the combined secondary
system for networks will bring about a demand for
that form of apparatus which suits the application
best; in this case, three -coil protection in starters for
three-phase motors.

This- would necessitate rearranging all general purpose
motor controller designs to provide the third trip coil,
and that would entail a large item of expense.

125/216 Volts: The present standard coils could be
used in most cases, but where the voltage is low special
coils would be required.

120/208 Volts: 115/199  Volts: 110/190 Volts: Any
of these voltages involves adding at least 33 per cent
to the number of a -c. coils in stock and the maintaining
of a double set of standards since the original standard
of 220 volts will still hold for other than network
systems. The expense of all necessary changes would
be large, especially for 190 volts.

4. Safety Switches. 125/250 volts is standard at
present for these switches and is the maximum rating.

To comply with the latest safety code ruling it will
be necessary to change the construction of the standard
triple -pole entrance switches by adding a neutral strap,
for such services as will be three-phase four -wire. It
is probable that this will apply to all standard sizes.

Where four -pole general purpose switches have been
employed on delta -connected circuits, there might be
a demand for three -pole switches with solid neutral
connection. Motor starters having thermal cutouts
may have to be redesigned to include an additional
thermal cutout.

The expenditures thus incurred will be considerable.
5. Distribution Transformers. 115/230 volts is the

standard now. A tolerance of 5 per cent plus is allowed
for single -rated transformers.. The majority of trans-
formers are triple -rated at 110/115/120 volts, and 120
volts is the allowable upper limit.

125/216 Volts: The salient effect is on exciting
current, which increases about 300 per cent when a
115 -volt transformer is stressed to give 125 volts. As
this is decidedly beyond the allowable limit for the
majority of distribution systems, all ratings would have
to be redesigned. The expense of this would be
excessive.

120/208 Volts: Standard transformers will operate
satisfactorily at this voltage. The exciting current of a
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115 -volt ttun.flrrssu r, however, is Still increased con-
siderably when uperated at 120 volts. The effort
to reduce the exciting current on distribution systems
may make such an increase undesirable. There is
also the necessil v of allowing for the voltage drop in
secondary mains, services and house wiring. Thus,
the possibility that a line of 115:120,125 -volt trans-
formers would be required is apparent. The cost
of such a change in all ratings would be very large.
To this expense might be added that of continuing
the present standard line of transformers, due to the
probability that conditions on the majority of radial
systems might make the new ratings unsatisfactory.

115/199 or 110/190 Volts: No changes would be
necessary.

6. Miscellaneous Apparatus. This group includes
carbon and oil circuit breakers, relays, meters, instru-
ments, voltage regulators, rectifiers, rectigons, fan
motors, condensers, and line material.

115 230 Volts, with tolerance of 5 per cent plus,
is the existing standard for the majority of this
equipment.

125/216 Volts: As 120 volts is now the allowable
upper limit for most of the apparatus, much redesign
would be necessary, resulting in excessive expenditure.

120/208 Volts: There would be considerable expense
connected with changing the design of fan motors
and rectifiers for 120 volts, and static condensers for
208 volts.

115/199 Volts: For this voltage the expenditure
would be the least. The only change might be a new
line of static condensers rated at 199 volts.

110/190 Volts: Some 220 -volt apparatus could not
operate satisfactorily on 190 volts and there would be
considerable expense in redesign and extra stock.

7. Electric Heating Devices. 115/230 volts is the
present standard, with allowable variation of 5 per
cent plus or minus.

On a combined secondary system the lower voltage
heating units are usually connected between the
outside conductors and neutral, and balanced among the
three phases as often as possible.

125/216 Volts: Since the upper limit would be ex-
ceeded at 125 volts, two separate lines of heating
devices would very likely have to be maintained, both
for industrial and household uses. The expense
involved would be excessive and customers moving
from one zone to another would undoubtedly experi-
ence trouble.

This voltage, if applied to the enormous number of
heating appliances now connected on distribution
systems, is so much in excess of their present voltage
ratings that great trouble could be reasonably expected
because of too high temperature or even burnout of
elements.

120/208 Volts: There would be a small item of ex-
pense to allow for voltage variation up to 5 per cent

above 1°11 volts in connertiim with a fcw f

115 199 Volts: 115 -volt elements are t,t;tfidard
110 19(1 Volts: There would be no difficulty with

standard apparatus Oil 110 volts, but it is possible I hat
new lint' of 190 -volt equipment would have to he de.

veloped, with considerable expense attached.
8. Su in mar y for 7'bree- Phase Combined Simle,nit.

The fact that 125 volts, the first voltage studied, has
not yet been considered a recognized departure from the
accepted standard lamp voltage, coupled with the
excessive cost to consumers and operating companies
for small motors, transformers, miscellaneous apparatus,
and heating devices, would seem to weigh heavily
against the general adoption of the 125 216 -volt scheme.

The 110; 190 -volt system likewise appears to have
serious disadvantages under existing conditions, due
to similar excessive expense in connection with general
purpose motors, small motors, and motor control
equipment.

A summary of the effects of the various three-
phase voltage combinations on the different classes of
apparatus discussed in the Qualitative Analysis, taking
into consideration the total annual sales of each product
for the entire industry, was made. It shows large
adverse totals against 125/216 volts and 110/190 volts
and substantiates the proposition to eliminate those
voltages. The summary also indicates a parity be-
tween 115/199 volts and 120/208 volts which points
to the desirability of studying these two voltages
further. This will be done in the Quantitative Analysis.

EFFECT OF CHANGE TO COMBINED LIGHT AND POWER
SYSTEM FOR TWO-PHASE 115/230 -VOLT SECONDARY

NETWORKS

Similar to the analysis of the three-phase schemes, it
is assumed that the two-phase five -wire scheme would
be adopted in all areas that could be networked and that
in all other systems the present methods of distribution
would be maintained.

I. Small Motors. A general adoption of two-phase
networks, in addition to the widespread retention of
three phase for radial systems, would involve con-
siderable expense due to the production, distribution
and maintenance of an increased number of two-phase
motors to parallel the line of three-phase motors.

2. General Purpose Motors. As with small motors,
the production and stocking of two-phase motors would
be greatly increased, with a consequent very large in-
crease in motor costs.

For equal amounts of material, that part which is
active in a three-phase motor is practically 6 per cent
more effective than in a two-phase motor. All parties
would have to share this loss of 6 per cent in the effective
use of materials entering into the construction of
apparatus.

3. Motor Control Equipment. Due to the use of a
grounded neutral in two-phase five -wire combined
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econdary systems, four overload trip coils may be
equired to give full protection, which means the addi-
tion of two coils and rearrangement of all controllers
For motors intended for connection to networks. A
fourth pole must also be added. The combined
increased expense in development, manufacture, and
stocking would be very large.

4. Safety Switches. A neutral strap and fourth
pole must be added where entrance switches will be
used on five -wire services; all standard sizes will
probably be affected. Four -pole general purpose
;witches used on lighting feeders may require the addi-
tion of a solid neutral connection. Motor starters
must have a fourth pole added and it is probable that
where thermal cutouts are used two extra cutouts may
have to be provided to make a total of four.

The entire extra expenditure would be very large.

5. Transformers. Since the majority of the feeders
would eventually be three-phase, transformers would
require Scott tap construction. As this calls for
interlaced windings, the design is special. If companies
not operating networks could see no value in the special
design, a separate line for each of these groups would
have to be carried in stock. The total extra expense
would be very large.

6. Miscellaneous Apparatus. The main changes
would be the addition of a fourth pole on certain
oil switches and carbon circuit breakers, and the
extra cost of two double -pole network protectors or
one four -pole protector in the place of a triple -pole
protector at each polyphase transformer bank. The
expenditure involved would be very large.

7. Electric Heating Devices. The two-phase system
uses devices of standard rating.

8. Summary for Two -Phase Combined Systems.
The Qualitative Analysis for the two-phase 115/230 -
volt five -wire combined light and power system thus
indicates the possibility of certain disadvantages with
regard to small motors, general purpose motors, motor
control equipment, safety switches, transformers, and
miscellaneous apparatus.

Quantitative Analysis
To make it possible to gage how important these

factors may be, and particularly to assist in forming a
better conception of the increased cost that might be
incurred if any one combination should be adopted
for all network systems, requires some form of quantita-
tive analysis.

Table I gives the results of such an analysis. The
relative index numbers represent the approximate
expense to the entire electrical industry for small
motors, general purpose motors, etc., and the totals
summarize these expenses for each of the combined
schemes considered.

The operating companies that have applied the
combined light and power method of secondary dis-
tribution have been prompted mainly by the desire to

effect a great saving to the entire electrical industry.
Table I shows that if any type of combined secondary
scheme is generally adopted for networks there will be a
heavy expenditure tending to offset some of the gain.
It also discloses that failure to standardize immediately
will add to this tendency.

Further, it reveals the possibility that there may be a

TABLE X
QUANTITATIVE ANALYSIS

EXPENSE TO ENTIRE INDUSTRY
OVER TEN YEAR TRANSITION PERIOD

Class of apparatus
Three-phase
115/199 volt

Three-phase
120/208 volt

Two-phase
115/230 volt

1. Small motors 19 30 8

2. Gen'l. purpose motors 18 2 26

3. Control equipment 32 32 50
4. Safety switches 5 5 17

5. Transformers . 0 21 17

6. Miscellaneous apparatus.. 1 10 32

7. Electric heating devices... 0 0 . 2* 0

Totals $75.000,000 $100,000,000 $150,000,000

*Too small to influence total

definite difference between the 120/208- and 115/199 -
volt three-phase systems, in favor of the latter; and that
the adverse effect of the two-phase combined scheme
may be relatively much greater than that of either of
the three-phase combinations.

Relation of Trends in the Industry to
This Problem

If the task of choosing a standard scheme is under-
taken, other influences should also be considered in
addition to the effect on apparatus existing and required
in the future. For instance, what bearing may the
numerous trends in the industry have on the con-
templated standard? A discussion of a few of these
tendencies will serve to illustrate the importance of
giving them proper weight.

TREND OF Low VOLTAGES

One method often used in gaging which voltages will
tend to predominate in low -voltage distribution systems
is the analysis of the lamp sales in the voltages of the
100 -130 -volt class. The curves in Fig. 3, applying
to lamps sold during the past nine years, are based
on data contained in reports of the National Elec-
tric Light Association Lamp Committees. They
show one way of determining the probable tendency
of system voltages. They give the total annual
lamp sales for each of the three main voltages. Up
to 1921 the total lamp sales for 120 volts appear to
have kept pace with those for 115 volts, with the
latter in the lead, but Fig. 3 shows that since 1921
there has been a more rapid upward climb of the 116 -
volt sales. If the tendencies indicated by these curves
become the realities of the future, then it is likely that
115 volts will be the standard for many years to come.

Furthermore, there appears to be little evidence at
present of any trend that may change this situation.
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Are the companies t hat are dropping 110 r,l t s adopt ing
120 volts instead of 115 volts? It is difficult to draw
any such conclusion from Fig. 3, for the curves give
no indication as to how much of the increase in 115-

volt or 120 -volt lamp sales is attributable to normal
growth of connected load in 115- or 120 -volt systems
and how much to acquisitions from 110 -volt systems.

\\lite the tendency in the past has been towards
a steady upward climb of distribution voltage, this
seems to have been checked by the approach towards
standardization in the last few years. As an illustra-
tion,. there is the action of a few of the larger syndicates
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GOOD PUBLIC RELATIONS

The maintenance of good public relations is ac-
knowledged by operating companies as increasingly
important. System changes are being made in the
manner that disturbs the fewest number of customers.
Universal adoption of a standard combined system may
inconvenience some consumers at the start regardless
of the kind of scheme chosen, but taking into account
good public relations calls for minimizing the number
thus involved.

The motor users that would be affected by any
standard combined system constitute a relatively small
part of the entire group of customers. The simple
means that have been employed to remedy the motor
troubles have been pointed out previously herein.
Thus, from the standpoint of good public relations,
consideration of the other utilization devices would seem
to be of more importance.

.11iiirmil .1 I I.: 1:

OVER- M OTOlt NC.

Many operating companies favor making use of Ilie
present degree of over -motoring where possible, yet dis-
courage its continuance into the future. To avoid any
injustice to customers who have purposely allowed
spare capacity in motors for future increase in loads,
these companies stand ready to install the boosting
auto -transformers whenever required.

Fig. 4 is the result of a load survey of all the general
purpose motors served by a large underground distribu-
tion system. Load concentrations averaging 20,000
to 40,000 kv-a. per square mile prevailed. I t may be
said that the results are fairly typical for most of the
underground areas where a -c. networks will be applied.

These curves indicate that in but 10 to 15 per cent
of the cases is 100 per cent or more load encountered,
and that for the majority of motors and motor h. p.
the maximum load is only 50 to 60 per cent of the
rating. Examination of the curves of Fig. 2 in the
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region of 55 per cent load may therefore be of more
significance during the immediate future.

Concluding Suggestions
It is recommended that (a) a standard for combined

light and power systems be chosen which fits in best
with the most important requirements of the industry
as a whole, and (b) if the next best combined system
has already received wide application, it be adopted as
a recognized departure.

To have a complete study of these requirements made
as promptly as the importance of the problem merits
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and to allocate to each its proper relative weight will
require the concerted attention of the electrical operat-
ing companies. Nor can the manufacturing companies
hope to avoid their proper share of any task that may
arise as the result of a decision based upon that study.
The full cooperation of both branches of the industry
will be necessary to arrive at a solution involving the
least burden to all concerned.

The following are a few suggestions for action
whereby this purpose may be accomplished.

The active interest of the leading men in the industry
should be enlisted. Their long experience with such
problems and their intimate knowledge of the losses
due to lack of prompt action in the past should be
brought to bear.

An intensive effort to improve the design of combined
light and power systems for networks, in order to
eliminate compromise as far as possible, would be of
distinct value.

Cooperative effort will be needed to encourage the
active support of any agreement on the part of all
operating companies. A conservative campaign of
education on the value of adopting one standard for
combined secondary systems would decidedly aid this
effort.

The manufacturing companies should make sure
that none of their policies tend to promote the use of
such schemes and voltages for combined light and power
secondary systems as may differ from the standard
that will be chosen.

Discussion at Annual Convention
GROUND -RELAY PROTECTION FOR TRANSMISSION

SYSTEMS'
(JONES AND DODDS)

DIRECTIONAL GROUND -RELAY PROTECTION'
(BREISKY, KING, AND NORTH)

DETROIT, MICH. JUNE 21, 1927

H. P. Sleeper: I was not aware that we had progressed to the
extent indicated by Mr. Breisky's paper, where we can actually
place ground protection on a system where there is no ground
current.

However, the method described by Mr. Jones in his paper is one
which I believe indicates a distinct advance in the art. Perhaps
five or six years ago it was a hard proposition to sell to operating
engineers the idea of ground protection. At that time short-
circuit protection was pretty much standardized, and they saw
no necessity for complicating the situation.

However, today that is not the case, and I believe that ground
protection is fully justified for two reasons in particular. In
the first place, ground -relay protection will tend to minimize the
damage at the point of fault. On the system with which I am
identified, that of the Public Service Electric and Gas Company
of New Jersey, we have several hundred installations of the type
of ground -relay protection described by Mr. Jones. We are
operating a 26-kv. system with 75 ohms in the neutral. This
limits the current to ground to 200 amperes, high voltage. We
find that its operation is extremely successful.

To illustrate the limiting of the damage at the point of fault,
an example is a case which occurred recently when a ground was
found at the joint of a 26-kv. cable. The line tripped out at
both ends, and finally, by tests, the fault was located in the joint.
The joint presented no external appearance of any abnormal
condition within. The sheath was not enlarged nor blown apart,
and there was no hole through it. The joint was opened, and
there was a little hole through the compound, possibly as large
as the end of one's little finger, showing where the current had
gone to the sheath without burning through. On the conductor
there was an extremely small amount of burning; so little that
the joint was very easily re -made and re -insulated without the
necessity of any additional line conductor being added.

The second effect, which really is an indirect one of the first
result, is that of reducing the distress on the system. Prior to
the installation of the 75 -ohm resistor, we used the solid neutral
on this system. A wire fallinglto the ground would give a

1. A. I. E. E. JOURNAL, October, 1027, p. 1089.

2. A. I. E. E. JOURNAL, November, 1927, p. 1184.

severe voltage disturbance to the system, a 10 or 20 per cent dip
being not uncommon during the trouble.

Now, a successful operation of the ground relays gives from
2 to 4 per cent voltage dip at the ends of the line which is not
discernible on lights. I believe that this is very essential to
the satisfaction of customers.

Another point that I should like to mention in connection
with ground protection, is what I believe to be the necessity of
making research faults on the system. I have made quite a
few of such high -voltage grounds on the lines while investigating
the efficiency of ground -relay protection, and in most cases to
say the least I have found that the executives of the company
were not heartily enthusiastic about the idea of making these
faults. I believe that a certain amount of such testing is neces-
sary as a research proposition.

That brings me to the third point which I would like to
mention; namely, the methods of testing ground relays, to be
certain they are properly connected and will operate correctly.

Mr. Jones has described the use of a phantom load, the use
of the line load, and the actually making of faults on the high -
voltage system, to check the ground relays. I have never been
able to find a successful system of using phantom loads to do this.
However, I find that the use of line load and line voltage can be
used very successfully to cheek these relays.

We have devised a method of short-circuiting one current
transformer while the line is carrying the load, and of opening
one high -voltage disconnect switch without" in any way dis-
turbing the connections to the high -voltage system. With this
method it is possible to obtain a set of phasing results on direc-
tional ground relays, which, to date, has given us no incorrect
operations. I do not believe that the actual grounding of the
high -voltage system is necessary.

I should like to say a word regarding Mr. Breisky's paper on
the ground protection of isolated -neutral systems. As I under-
stand the situation, the relay which has been developed to do this
job is essentially the same relay that Mr. Jones has described
wherein the system is actually grounded, the difference being
that the relay on the isolated -neutral system uses charging cur-
rent to operate it, and hence, different voltage relations result on
the relay protection.

I should like to ask Mr. Breisky if it is not possible to use the
same relay for both applications, thereby greatly simplifying a
problem which is a difficult one for us right now. We have a
system which has a neutral resistor at one station. If for any
reason that one resistor must be removed from service, it becomes
necessary or desirable to ground the system at some other point.
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We ha e one system which has no duplionte resistor; t keratin.,
tho arose, shall Ne (lead -ground t he system or hit e it
ungrounded during the time the resistor is out? We I ricd lead -
grounding the system but it was all unsatisfactory experienee,
for we found our ground -relay system worked baeliwards. 1

ant referring to the ground relays which were tested to operate
correctly with the 75 -ohm resistor in the neutral. Hence our
running orders are to leave the resistors isolated while the resistor
is out. This we do not consider satisfactory. It occurs to
that possibly some method of external use of resistors and re-
actors would make it possible to use the same relay under all
these conditions.

H. M. Trueblood: I have been interested in the two papers
on ground relaying from a standpoint of which I think no men t ion
has been made by the authors of either paper: I refer to the ques-
tion of the control of inductive disturbances in exposed communi-
cation circuits at times of faults to ground in power systems.
This in my judgment is one of the most important questions that
we have in the field of inductive coordination.

Without desiring to enter upon any discussion of the relative
merits and disadvantages of the various means that have been
used or proposed for establishing and maintaining a relationship
between a power system and the ground, I would like merely to
say that it is an interesting thing that in the paper by Mr. Jones
and Mr. Dodds, a reason is given for which a certain amount of
resistance in the neutral ground connection is beneficial from the
power operating standpoint. In the subsequent discussion of
that paper, we have heard statements to the effect that from the
standpoint of power operation, such resistance is advantageous
for two other reasons, limitation of damage at the point of fault
and lowering of stresses on equipment.

We can take it for granted, I think, thaI so far as inductive
coordination is concerned, the limitation of ground -fault current
is desirable, and it is very agreeable and satisfactory to note that
good reasons also exist for which such limitation is desirable from
the standpoint of power system operation.

It would be interesting to know whether data exist, and if so,
what they show regarding the optimum value of resistance from
the standpoint of ground -relay operation. It would seem from
the paper by Mr. Jones and Mr. Dodds that beginning with zero
neutral resistance, a rapid increase in the wattage available for
relay operation will at first be realized as the neutral resistance is
increased, and that as further increases are made in resistance,
the benefit will accrue less rapidly. This has been pointed out
to me by Mr. A. E. Bowen, who has also noted that if the resis-
tance is increased beyond a certain value, the wattage for relay-
ing would probably decrease. It seems probable that there will
generally be a considerable range of magnitude of neutral re-
sistance over which the watts available for relay operation would
be favorable, and not greatly dependent upon the magnitude of
the resistance.

E. E. George: Our operating experiences on the Tennessee
Electric Power Company system confirm a good many of the
recommendations suggested by the Duquesne Light Engineers,
but there are several points of difference,-some of which are
undoubtedly due to different operating conditions.

Our system operates with solidly grounded neutrals at all
generating stations, all substations which can supply power
outward, and at a few receiving stations. The size of grounding
transformers on the 120,000 -volt system ranges from 7500 kv-a.
to 50,000 kv-a. and from 200 kv-a. to 25,000 kv-a. on the 44,000-
volt system.

We are very certain that directional ground relays are Abso-
lutely necessary on our high -voltage transmission system, more
especially since our parallel balanced lines are very few, and since
trunk tie lines with other companies without isolating trans-
formers are becoming more common.

However, our scheme of directional ground relaying is different
from the scheme outlined this morning, aid is, we think, simpler,
and more reliable, at least for systems which have transformers
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Vk currents instead of by a current and t,olontiaL 1lul, carrel,'
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bushing current transferniers in I Ill line II) III, protected, and th,
other element is supplied from It current transformer in tb
neutral ground lead of the grounding bank. We formerly used
relays which had separate o% er-current and directional element!,
with the directional disk oje by the two currents and tIe
overloaAl disk operated by 11111, etirren . We are now timing rlday
which have the over -current and directional elements einebilied
ill one disk.

Very probably all reverse power or directional ground relit),
on our system installed hereafter will have only one common dish,
as we have found that relays with separate over -current and
directional elements are likely to trip incorrectly due to surges
which will close the instantaneous directional element regarillei,
of fault location after the overload element has closed.

We have no objection to the system of protection outlined
Mr. Jones and Mr. Dodds and expect to use it at any point u li(
we are unable to secure grounding transformers, since the instal-
lation of star -delta high -voltage transformers will undoubtedly
be cheaper than buying a grounding hank in most cases.

We have had very poor success with ground relays interlocked
with reverse power relays. We have only one such installation
and it will be removed this year. We have had some sad ex-
periences with this scheme on tie lines where there is a possibility
of surging of power or reactive kv-a. during trouble. We have
had reverse power relays on both sides of a large load center set
to trip outward, drop the load during trouble that should have
operated neither relay. We have also had a large number of
cases where the power load was heavier than the ground current
and the reverse power relays could not operate. Even with
heavy grounding transformers we find that ground currents are
often less than load currents and ground protection independent
of load protection is absolutely essential.

The application of reverse power relays on large transmission
systems is apparently very limited. We find that the reversal
of power is an infrequent indication of trouble and often occurs
during abnormal operating conditions, and we have eliminated
all reverse power relays on this system, except at two stations.

We have had very satisfactory operation with balanced ground
relays after we learned to interlock them through "A" switches
on the breakers so that the second line could not trip immediately
after the first line, except by back-up over -current ground relay.

We are absolutely in accord with the Duquesne Light Company
on the necessity of placing grounds on the system to test out
important relay installations. We have not standardized the
equipment or procedure of this as we have only made five such
tests to date, but on four cases we have solidly grounded the line
with reduced generation on the system and read the ground
current at a station distant from the point of grounding. On a
long line between the grounding transformer and the artificial
ground, the ground current is limited so that it can be !eft on
long enough to take meter readings without damaging power
equipment or interfering with the public telephone and telegraph
circuits.

H. A. P. Langstaff: One advantage of the ground relay
which has not as yet been mentioned is the reduction in duty on
oil circuit breakers. The West Penn System, like all others,
had breakers which were unable to withstand the duty to which
they would be subjected unless some modifications were made,
and the ground relay along with the neutral resistor was of con-
siderable advantage. When relays were originally applied, we
used overhead ground wires on all 25-kv. circuits, and the
majority of line failures were to ground, meaning a large per-
centage to ground -relay operation. The installation of higher
capacity breakers and the removal of overhead ground wires has
shifted the percentage of failures to phase relays rather than
ground relays.
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The clearing of faults by means of the ground relay materially
reduced system voltage disturbance. We have replaced the
watt -relay by the directional relay, having two separate
elements,-namely, the current element and directional
element,-thereby allowing all ground relays to have the same
characteristics and simplified settings.

Another point which has not been mentioned is the protection
supplied for reserve bus breakers. All operating companies
experience line failures when lines are operating on reserve bus
breakers, thereby removing from service the balanced relaying

schemes. This, of course, subjects the system to greater dis-
turbances due to higher settings, and I believe that this should
receive serious consideration by all operating companies.

As to the checking of ground relays, we used originally a
phantom load for the watt -relay. Then we started to apply
grounds to the system to check the selectivity of the watt -relay

against current relays. After changing to relays of similar char-

acteristics, we continued the ground application scheme of
checking, but found that the phantom-load scheme was satis-
factory, especially when we use the scheme mentioned by Mr.
Sleeper, namely, diverting phase currents having known direction
through the ground relay, and opening one leg of the potential
transformers. Our field testing crews are obtaining very reliable
results from this scheme of testing and the only time we apply
the ground is after an occasional faulty operation to check not
only the ground relays but phase relays as well, in some cases.

G. H. Doan: I realize that there is a vast difference between
the protection of a resistance -grounded system and that of a
solidly grounded one. I should like to point out the scheme,
however, that the Detroit Edison Company is using. In general,
we have used for a number of years on all transmission lines,-
120-kv. and 24-kv.,-a mechanically balanced differential relay.
The operating experience with this for the past year has been
in results, somewhere in the neighborhood of 98 and 99 per cent
perfect.

This system is very advantageous, we think, in that it is almost

instantaneous. Objection has been raised to the reduction of

voltage at the time of fault. We realize that we do get voltage
reduction at the time of fault, but we have found that if we can
clear a fault quickly, we don't need to worry about the reduction.
This relay has been doing it for some time.

Mention was made of low -energy relays. Again, we are dif-
ferent in that we believe that most of the relays furnished are not
nearly sturdy enough and don't take nearly power enough, nor
have sufficient force always to operate when you want them.

Manifestly, with a large system which is rather compact, it
is rather difficult for us to see how we could go out and ground
our lines for checking relays. As a matter of fact, I believe that
our present check, made through the use of portable test trans-
formers, (putting primary current through the current trans-
formers as a current -transformer check and carefully tracing the
potential -transformer circuits to the relays, added to a check on
the relays as they are put into service to make sure that they are
going in the right direction), has, so far, resulted in practically
perfect connections. I cannot recall a single case of error of
relay connections in the last two years. Unfortunately, we have
had one or two cases of incorrect relay settings.

L. N. Crichton: The question has been raised as to the
operation of ground relays on a system having its neutral dead -
grounded.

The relay connection under consideration is the conventional
one using a wattmeter type of relay, connected in the delta
circuit of a bank of star -delta potential transformers. It happens
that the voltage actually applied to the relay is the drop between
the relay and the source of power, and consequently the phase
relation between the current and voltage depends upon the char-
acteristics of the power supply rather than the characteristics of
the trouble.

When you take the resistance out of the neutral, the current

lags far behind the voltage, and in addition, you get distorted
phase relations due to unbalance in the voltage triangle, resulting
in the current lagging more than 90 deg.; actual tests on a system
showed 92 deg. Then, if you take into account other errors that
are likely to creep in-unbalancing of potential transformers.
and so on,-you will see that the relay has a poor chance of
working correctly, if it is a true wattmeter. The trouble can
be taken care of by making a relay which will work more effi-
ciently on lagging current, and such a relay has recently been
developed.

The question of removing the resistance from a number of
systems is now under consideration and on these installations,
the present relays can be kept in service by putting small phase -
shifting devices on them.

The type of relay having its greatest torque with lagging
current should be used, in general, on all systems, even those
having a high resistance in the neutral, so that the installation
will not require change if it should later be decided to remove the
resistance.

J. Allen Johnson: (communicated after adjournMent) I do
not think that Messrs. Jones and Dodds intended to convey the
impression that the use of "power relays with self-contained
timing element" may not be entirely successful and satisfactory
under some conditions, but such an impression may be created
by their statement in the last paragraph of the first column on the
second page of their paper.

The Niagara Falls Power Company has had in successful
operation for several years on its 66-kv. circuits a system of
ground protection using a specially designed low -energy power

relay. The conditions here are very difficult as the neutral
ground resistance may be as high as 750 ohms and the current
transformers which supply current to the relays have a 600/5
ratio. Thus the ground -fault current may be as low as about
50 amperes, which may be divided over two parallel circuits,
giving only about 25 amperes primary current in the current
transformer or slightly over 0.2 ampere relay current.

The relays were designed to operate with 0.15 ampere with full
voltage on the potential coil. Voltage for the relays is obtained
from a potential transformer having a ratio of 34,500/115 con-
nected directly across the 750 -ohm neutral resistor. On account
of the high neutral resistance, a very large proportion of the fault
voltage always appears across the neutral resistance and potential
transformer, and this resistance being practically non-inductive,
the voltage is always nearly in phase with the fault current. This
results in very positive relay action.

The excellent operating record of this installation during the
332 years of its service is shown by the following record of
operations.

1924 '

1925
1926
1927 (to June 25)

Totals

Ground relay operations on 66-kv. system

Correct Desired Incorrect Undesired

28
28
11

2-
69 -

28
28
11

2-
69

0
0
0
0-
0

0
0
0
0-
0

V. P. Brodsky: (communicated after adjournment) I should
like to ask a question regarding the use and interpretation
of the vector diagrams illustrating this paper. Subtractive -
polarity current and potential transformers are used in the con-
nection diagrams given in the paper. This may be seen from the
polarity marks on these diagrams, and is also in accordance with
the present standards.

In a subtractive -polarity transformer the primary (impressed)
voltage is opposed in the internal circuit by the secondary
(induced) e. m. f. This also applies to the currents.
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!mimeo current is OppOSPll by the secondary current, and the
primary voltage. by the secondary voltage.

I S11(1111(1 like tee ask \dieting the writers have considered the
internal circuit of the transformers or the external circuit.

B. %L. Jones: Mr. Sleeper asked about the use of the saint'
relay fur solidly grounded or resistor -grounded systems.
understand that one manufacturer has actually developed inter-
nal additions to present ground relays to cover just that field.
This worried us considerably, too, as we contemplated grounding
solid.

We very strongly favor actually grounding the systems for
testing the directional ground relays. \\'e have just finished the
program of applying 305 grounds on our 22-kv. system to check
484 relays and found 17 field errors which our best inspectors
couldn't find by any phantom method.

We have also finished a program of grounding our 06-kv.
system to test the ground relays and found six incorrectly con-
nected. We start about midnight and finish about four or
five in the morning; we make 35 or 40 grounds a night. We have
the relay testers scattered over the system. It isn't very ex-
pensive and we feel that the expense is justified.

Mr. Johnson is right in assuming that the authors did not
intend to convey the impression that the use of power relays with
self-contained timing elements might not be entirely successful
and satisfactory under some conditions. The statement made
was that "the power relays have not proved satisfactory for
ground protection due, primarily, to the fact that a sufficiently
low -range relay has not been used."

The relay described by Mr. Johnson and used on the Niagara
Falls Power Company System, operates on a very small number
of watts, and, as Mr. Johnson points out, the conditions on their
system and their source of voltage for the relay are such that the
voltage impressed on the relay under fault conditions is of a
fairly high value; also, this voltage must be very nearly in phase
with the fault current, thus insuring positive action of the relay.

The Niagara Falls Power Company's solution of its problem
was very good, but this solution is not open to a great many
power companies since many companies do not have ground
connections at a large number of their stations.

As Mr. George of the Tennessee Electric Power Company
points out, a great many of the points of difference are due to
different operating conditions of various power companies.
The scheme used by the Tennessee Company of getting its
directional ground protection by the relative directions of two
currents in the relay, one current being obtained from the line
protected by the relay and the other from the grounded neutral
of the power transformer bank, is a very cheap method of ob-
taining directional ground protection.

Again, however, this method is limited to those companies
having their transmission systems grounded at their substations.

In regard to Mr. Brodsky's question as to whether the vector
diagrams shown in the paper had reference to the internal circuit
of the transformers or the external circuit, the vector diagrams,
themselves, show only the phase relation existing between the
current and potential on the relays, while the arrows in the
relays indicate the instantaneous directions of the currents and
voltages at a given time. For example, suppose we take the
instant of time when a phase voltage is at a maximum, and
assume that current is flowing out on the high -voltage line in the
direction indicated by the arrows from the oil circuit breaker.
Then, due to the subtractive polarity of the current transformer,
the direction of current in the A -phase relay would be as indicated

lei the' itiTi)%% 1111%%1.% Ir, till ltillMo. upl,luel Ili I his relay IN
111, \ olinge from .1 -1/1111.,I. II/ C-1111/ilil., tulllOl1111.0 I iii !wawa ut
imp %% up, wool 1111.41 11 114.11 it phami v oth OILS id it maximum..

111e11 I t11llage eeuu111 bl. its ill sill half MD %Milli,' value,
HMI .1-1111ilS1,, being at it higher potential than c-pluote, the,
direct 'silent itI \k 1111111 III' frt,lll .1 I Ill' external eireuit.

The arrows and direct II/11 t eel her t wo relays are also taken
its till. instant 4,1. 1 on, l% 111 ' 11 1 hut partieillar phase oRage is itt it
maximum value.

J. V. Brelskyt r. Sleeper has asked whether till'
relays emild be used on systems grounded through resistance
its nil ungrounded systems? This ean be 110111. by H01111W lin I
changing the phase relations in the present design of
either by making changes internally or by means of external
resistors and reitet ors as suggested by Mr. Sleeper. A relay
could probably be. developed which could be II5(111 ititerehangeably
on 111ese two types or SySti'llIS Since the 'bilk/1 or the pima,
position of the ground currents on both kinds of systems are
quite well fixed. Of course. this relay can be used on the un-
grounded system only if the. residual charging current is of
sufficient magnitude to operate the relays as designed at present.
It would be more satisfactory probably to dead -ground the system
when it is necessary to remove the resistor and use a phase
shifter to give eorrect operation (as mentioned by Mr. Crichton)
with the present relay, which is designed to operate on systems
grounded through resistance.

As pointed out by Mr. George, it is possible on s.\ steins
grounded at every substation, through power or grounding trans-
formers, to secure good ground protection by using relays operat-
ing on the product of the current through the transformer neutral
and the line residual current. In this case, most of the ground
current is supplied by the transformers adjacent to the grounded
section and the relays may be operated on the inverse part of
their curve to get good discrimination between the various
sections. Such a relay is also directional, since time current
through the transformer neutral always has the same direction,
and it takes the place of voltage in serving as the reference
quantity. Relays of this type have been used on the Pacific
Coast with good success for several years and are being installed
on several new jobs.

Certain types of over -current relays have slow -opening con-
tacts. If, however, the fast -opening type is used with the
directional contacts correctly spaced, I feel that the trouble
mentioned by Mr. George, that of improper operations caused by
closing of directional contact after over -current contacts have
closed, will not he experienced. This could happen only after a
breaker had opened, clearing a fault, and the flow of power had
changed due to the distribution of load. If the over -current
contacts are of the quick -opening type, they will be open by the
time the directional elements close and the breaker will not
operate. If for any reason the direction of power flow should
change after a fault has occurred on a system and before it is
removed, relays with a single element as well as those with
separate over -current and directional elements would operate.

The trouble mentioned by Mr. George, of a load current of
greater magnitude than the ground current preventing the re-
verse -power relay from operating correctly, can occur only when
a non -directional ground relay is interlocked with directional
elements operated by line current and voltage. The scheme
outlined by Messrs. Jones and Dodds used when the system is
solidly grounded with a suitable phase -shifting device as men-
tioned by Mr. Crichton, in which the relay is operated by residual
current and voltage, is entirely independent of load currents.

Mr. George's statements that "the application of reverse -
power relays on large transmission systems is apparently very
limited and that reversal of power is an infrequent indication of
trouble" are not quite clear to me. The reversal of power
accompanied by an abnormal current is certainly an indication
of trouble, and reversals unaccompanied by over -current will not
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muse operation of relays. There are thousands of relays of this
type giving satisfactory service and in many cases it is the only
type which will give the necessary protection.

The scheme of using mechanically balanced relays, as men-
tioned by Mr. Doan, is, in general, very satisfactory except that
its use is limited to cases where there are enough lines in parallel
so that there will always be at least two left under any operating
condition. Such cases are not common except in large urban
cable systems. Undoubtedly, as Mr. Doan points out, it
would he desirable to use relays which would take more power
to operate but which would be more positive in their operation.
Unfortunately, however, thedemand seems to be for a relay that
will require less and less power to operate it except possibly on
large cable systems where a large amount of power is concentrated
into a relatively small area. So far as sturdiness is concerned,
however, we seldom hear of the mechanical failure of a relay.

In answer to Mr. Brodsky's question regarding the vector
diagrams, I should like to mention that it does not matter
whether the secondary quantities are shown reversed or not,
since this will affect both current and voltage similarly and the
phase relations will remain unchanged. Although vector diagrams
are not entirely standardized, I believe the line quantities and the
relay quantities are usually drawn in the same direction when
subtractive polarity transformers are used since this is in line
with the idea that the transformers may be considered as straight -
through connections.

REPORT OF COMMITTEE ON RESEARCH'
(WHITEHEAD)

DETROIT, MICH., JUNE 22, 1927
F. C. Caldwell: There are two types of minds that are

c particularly adapted to the training for research,-on the one
hand, the student who is distinctively scientific, who has the real
research spirit, the desire to 'know, the scientific curiosity,-

I on the other hand, the inventor, the man who has ideas that
i seem, to him at least, to be inventions of importance.

The man of the first type is interested only moderately in the
money side of his work. The man of the second type usually has
in mind that financial return his invention will bring to him and
often vastly over -estimates its money value.

Such a student needs to have impressed upon him the real
 situation a ith regard to invention and development, the problems
and the difficulties involved and the value of team work in this
connection. He may thus come to appreciate the advantage of
working cooperatively in an organization rather than trying to
play a lone hand.

The other student, the one who is of the scientific research type,
/ wants to know that he will earn a good living, assuming a reason-

able degree of success, and that he will not have to worry too
much about the cost of living, if he trains himself for and devotes
himself to research.

Recently one of the large electrical organizations sent us a
curve showing the average salaries which the graduates of our
institution were earning at various intervals after leaving college
It was a very interesting curve, and quite encouraging. It
showed that for a man who was satisfied with a comfortable
living, that was a good organization to join; little prospect of
making a fortune, but an opportunity to live a comfortable life.

It would be interesting if we could have such a curve for
research workers. A curve like this, if it shows such an upward
slope as I behove it will, should he very encouraging to would-be
research workers.

Another !whit, --- often when a university teacher does develop
some research ability, he is taken out of teaching work and
absorbed by industry. That is a real difficulty, but we certainly
would not want to eliminate it. The loss of such men from
education is a hard problem to solve. Perhaps there is no twin -

I. A. I. E. K. .I0I'NNAI., Deeponber, 1927, p. 1338.

tion for it, until the time comes, if it ever does, when teachers will
he paid salaries commensurate with those that the same men get
in industry.

R. W. Sorensen: The educational problem in our engineer-
ing colleges up to the present time has been largely with under-
graduate students whose college life is limited to four years. A

few engineering colleges are extending their courses to five and
in some instances to six years. This seems to indicate that in the
near future there will be available in the colleges graduate
students who will have the required preparation and time to do

research work.
Just at present the scientists are ahead of the engineering

students in their ability to raise finances for pure research work as
compared to applied research work or engineering research work.

In those colleges with which I am acquainted a pure scientist
research teacher may have one course to teach, and usually that
is just a lecture course, or perhaps he has only a few research men
with whom he holds conference regarding their research problems.
Engineering teachers for the most part have to devote about half
their time to teaching; some of them also have to devote a
large share of time to administrative work to keep a department
going, in addition to being expected to try to get in a hit of
personal research work and at the same time inspire students'
work of a research type.

In engineering as well as in pure science we must find a way to
make available a large number of fellowships which capable men
may make use of while doing research work and studying for a
Ph. D. degree in engineering. At the present time the few
available fellowships of this nature make it necessary for engineer-
ing students who are not members of fairly well-to-do families to
find all kinds of outside work in order that a few dollars may be

earned to keep soul and body together.
Another factor is, only a few of the industries of today have

expressed a willingness to pay for increased engineering training
beyond that required to obtain a Bachelor's degree. I think it
can well be said the few who have been liberal in paying men who
have been worthy of doing graduate work have found the in-
creased pay a profitable investment. Another factor is that
engineering research men have been directed toward commercial
problems because of larger pay frequently given to commercial
men.

If colleges are to undertake engineering research problems they
must also give considerable attention to the study of patents, how
to obtain them, and the ownership of patents resulting from
research work in college laboratories. It is my opinion that for
the best results, patents thus developed should be the property
of the educational institution where the work is done, but the
institution must, on the other hand, do as the industries have
done, recognize patentable features resulting from research
work as worthy of being the basis for financial compensation to
the workers who make it possible to obtain patents. Inasmuch
as educational institutions have limited funds available for taking
out patents, industries, who after all will get the return by
manufacturing the goods, must he very liberal in assisting the
educational institutions in developing and patenting new devices.

In fact, the whole problem is intricate and requires a great deal
of study, but that study is inevitable because our technical
problems are reaching a state where they can he analyzed and
extended further only by engineers who have a thorough under-
standing of modern physics and mathematics; that is, the
engineering profession has become so thoroughly a language of
physics and mathematics that four years of training is insufficient
for the man who wishes to he in the forefront of technical
progress. To make it possible for colleges to turn 0111 such men
the industries and colleges must work out a new plan flu financing
men qualified to do graduate work. The colleges must see to
it that they admit to graduate work only men peculiarly III ted
for it.

Some criticism has been made regarding the number (if papers
coming from our college IT/Ware!) laboratories. I and quite con-
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Metal, noat, ur, that the colleges are producing results eon,-
mensurate filo minima ut Illottey spent in their laboratorich
equal to that lit the industrial laboratories. I hir eN n experienee
has been Hindi us to indieute that often researeh problems useful
to industries can he earried on by Stlidinitt4 in It college laborater
as hell as by a man in nn industrial laboratory fur much lis,
mime Ilan I he industry would require should they use the Millie

' :Ilte work in one of their own laboratories.
It. I.. I 1 1 I think the subjeet of research in etilleitt,s

,,, I. ,,,
t 1

diusa, The reason why I
that there are relatively few students coining from the colleges
Nk kit the intention of taking up researeh work or design work

bleb is similar to researeli. l have for many years interviewed
!mist of the students coining to the Westinghouse Company to
take up engineering work, and until recently the large majority
of them showed a preference fur application work and but very
few came with the idea of going into design or research.

We, of course, have given this a good deal of thought, live:Luse
a manufact uring company is primarily in need of design engineers.
The usual idea that the compensation may be the reason for the
existing condition can hardly apply because the salares of re-
search and design engineers are in general the same as those of
application engineers. 1 believe the real reason is that the
colleges do not instill into the students a desire to do this kind of
work. 1 have found, for instance, that in some schools the
students during their senior year do a number of design calcula-
tions for induction motors, generators, transformers, etc. They
are given formulas for this purpose, and in using them make
numerous mistakes. Because of their inexperience, they do not
discover such mistakes until well toward the end of their calcu-
lations, and as a consequence they are obliged to carry through
the slide -rule work many thins. As a matter of course, they
become thoroughly disgusted with the work and make up their
minds that this is not the kind of thing they wish to do all their
lives.

With the realization by the schools that it is impossible to
give the students a complete knowledge of design, there has for
several years been a tendency to eliminate design activities
entirely and merely equip the students with a fundamental
knowledge. This, point of view has also found support with
the representatives of the industries, who felt that if the student
had a thorough knowledge of fundamentals, the industry could
teach him the particular design knowledge required. This
may be true, but it must not be overlooked that even the funda-
mental knowledge is merely a tool and that the real function
of the research man and the designer is to create. In other words,
all the fundamental knowledge is of no use if the design engineer
does not have the desire and ability to create, and I therefore
do not believe it is safe to keep a student in college for four years
merely absorbing knowledge and without continually fostering
in him the desire to create something himself. Unless this is
done, the student is not properly developed for his future work,
nor will he be interested in design or research work upon entering
industry.

It is, of course, impossible to teach all varieties of design and
research during the limited time of a college course. However,
I consider it essential to keep the student engaged in some kind
of design work throughout the entire course, without any attempt
to cover the entire field. Starting with the simplest kind of
problems, more difficult ones may follow later, and care should
be taken at all times to utilize and apply in this connection the
knowledge acquired in the fundamental studies.

I fully agree with the previous discussors that additional
financial resources are desirable in connection with the research
work of the schools, but I also believe that a great deal can be
accomplished simply by keeping the student interested in design
and research work and continually fostering in him a desire to
exercise his creative ability.

W. A. Del Mar: There is one observation I would like to

make al,uut traiiiiiig of riiwitrili nom %Inv!' 1 Is+het a, brut n/,lcr
conic, 111, 111 till, I he igliwors and miumita,rs;
t but is, the Mt pertanee of lrlulling um -11 in manual dexterity, bolls
for iiistrunieets and experinielital "set-ups," and for
heir 11111111plilltlioll.

Soeverol ill researe
el.' y of the worker

The man who depi
instrument I or a hu
Mahe his instrument

II "ri, depends ery largely upon I lis
ill malting, assembling, !Lull using apparat
iiils entirely upon reuily-made commit reial
has to v, Mt for the eolicerns
s ill net get very fur ill resound' %kiwi,
!Milli 1'4 IIIII1.11 training of reseur..!.There is one ether

mn, and the development of resound' mentality. I do not think
there is II single resound' 111411lIdil Y. WI, 111.1.11 two different typos
of new in the research lalsiratery, one IMA ing reliability in making
measurements, and the ot her having extraordinary eoordinuting
power, bringing toget her the results of tests and uniting them
together into something new. I think those arts two entirel.
distn.1 and ought to be recognized as such by t I.
educators.

J.'l'ykocinskl-'fykociner: (communieated after adjourn unlit)
Research becomes more awl more the result of cooperation
instead of the effort of a single individual. With the growing
complexity of engineering problems, the number of individuals
participating in the solution of a particular problem will
naturally increase. This development, conspicuous in the
industrial laboratory, will have to be met also in the colleges.
The deVelopMent of theory, experiment, and equipment forms
the three special divisions of research activities in which the
individual rt search porkers will have to specialize ueeording
to their natural aptitude. The type of student gifted in
theoretieal formulation of problems finds ample opportunities
of preparing himself and developing for research work. Origi-
nality and knowledge of mathematical methods is all that is
roquired for his future success.

However, the gifted experimenter, whose chief aim is to apply
his creative faculties to the development of new methods of
investigation, the design of new apparatus, and to the surmounting
of innumerable difficulties presenting themselves in the course
of research work, finds himself limited by the lack of talent to 1,,

things requiring skilled manual work. An inventor of new scien-
tific methods and devices will rarely be sufficiently skilled in
mechanics to produce the actual experimental apparatus and pre-
cise measuring instruments he requires. In fact he will find in
most cases that there is no mechanic available at the college
who could do all the work he needs. If he can get the mechanic
to do work on his apparatus, he will find him a dutiful craftsman
but without initiative or understanding of the real needs for
which the apparatus is to be built. Colleges as well as industries
must face the fact that the old generation of good mechanics
adapted for the varied auxiliary research work is vanishing
and that the present sources for supplying trained men are
inadequate. Continued progress in research calls for the
creation of an efficient professional body of mechanics especially
trained for research work. The research mechanic of the
immediate future will regard his vocation as a fine art and he
will acquire all the knowledge, training, and skill in a special
department of an engineering school to be created for this
purpose. The research mechanic will actively cooperate with
the theoretical investigator and with the experimenter. His
aim will be to produce and to improve the equipment required
for the solution of the various problems. All three must have
an understanding for one another's part of the common work.
The work of each must be regarded as an equivalent contribu-
tion. Each of them will participate with his particular ingenui-
ties for a common achievement. Cooperation of this kind and
the organization of special courses for education and training
research mechanics seem to me to be the factors which will
further research and which should be stimulated at the present
stage of development.
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PAPERS ON OVERHEAD CONTACT SYSTEMS
(VIELE1, BROWN2, THORP3, WADE AND LINEBAUGH4, AND

JORSTAD5)

DETROIT, MICH., JUNE 24, 1927
H. F. Brown: Mr. Viele's paper emphasizes many points

which are in line with similar experience on the New Haven
system such as

1. The advantage of the auxiliary wire above the working
conductor.

2. The necessity for proper steadying devices for the trolley,
on both tangent and curve construction, especially against
transverse wind loads.

3. The avoidance of long spans in exposed locations.
4. The advantage of locating sectionalizing and splicing

devices at or near the supports.
5. The avoidance of hanger members which do not make a

positive contact with both the messenger and the contact.
6. The importance of correlating the pantograph design with

that of the overhead contact system, and the possibility and
desirability of further refinement in the pantograph design.

In connection with the tests described, it would he of interest
to know what effect the tensions of the auxiliary and the contact
have on the amplitude of movement at the support point. Lower
tensions, especially of the auxiliary, might offer an improvement.
It would also be of interest to know the effect of the contact -wire
tension on the speed at which the oscillations travel along the
wire; also a comparison of the effect of the very light rods now
being used on the newer installations, as compared with the
columnar effects of the older, heavier types.

M. W. Manz: The amount of rise of the pantograph wire
in any catenary span would be in proportion to the unloading or
in proportion to the pantograph pressure. That can be laid out
rather accurately with the force polygon, and if one follows the
movement of the pantograph through a number of locations one
gets an unloading diagram similar to the curve Mr. Viele has
presented.

There is a rather peculiar thing about that type of diagram;
the movement of the system is the largest at the center of the
span. Has any thought been given to the possibility of increas-
ing the weight of the system at the center of the span as opposed
to increasing it near the supports which now happens due to
the longer hangers? In other words, if you take the diagram and
unload it at various points, you will find that an unloading at the
support has much less effect on the system than at the center of
the span. Has any consideration been given to the possibility
of some correction, perhaps, for the unloading at the center as
opposed to more unloading at the supports?

In connection with the long wave motion, which you have
with a number of pantographs in a span, with a number of spans
there is a rather interesting combination. has any observation
been made as to the extent of movement of the suspension
insulator? When you unload a span, you reduce the tension.
When you do that, the insulator will swing, giving an effect of
balancing the tension back through the system. There might
he another interesting point to consider for future investigations;
can the loadings of the messenger be decreased as you approach
the supports in such a way that the lift of the system is uniform?

G. I. Wright: We on the Illinois Central are considering
the application of roller bearings to our pantographs-something
that has not been done generally in this country, but I believe
has been done abroad.

In both Mr. Viele's and Mr. Brown's papers, they mentioned
a provision that they thought necessary to make -for flashover of
insulators --burning the construction and so on. I might say

1. A. I. E. E. JoultNnt, October 1927, p. 1081.
2. A. I. E. E. JounNAt November 1927, p. 12(X).
3. A. I. E. EA/Hi/INA!, July, 1927, e. 076.
4. A. I. E. E. JOIMNAI November 1927, p. 1229.
t,. A. I. E. E. JourtNns. December 1927, p. 1307.

that due to the system we use and the design of it, we have had
no flashover of insulators and practically no burning of wires.
The only burning of wires we have had, except that caused by
a direct stroke of lightning, has been the burning of the contact
wire where the pantograph ran from a live section to a dead
section on which there were a large number of trains standing.
In leaving the gap, this caused an arc which was maintained,
and burned the wires.

I might state that in order to prevent this burning we are
installing dead -section signals which will stop a train from pass-
ing from a live to a dead section.

The fine results due to the elimination of burning and arcing
are also largely due to the high-speed breaker protection we have
on all feeders energizing the catenary.

In Mr. Jorstad's article, I thought possibly he gave a 'wrong
picture of the popularity of the inclined catenary. I believe that
both types have their use and their field, and that certainly the
chord construction is better for a great many installations,
particularly where there are few curves and considerable copper
is required.

Mr. Jorstad listed eleven railroads which use inclined catenary,
and stated that this indicated that this would be a future
standard overhead. There are very many important railroads
which use the chord construction.

Mr. Jorstad also said that in using inclined catenary only two
wires were necessary whereas with chord construction three or
four are used. I believe that is limited to short -span lifting -
hanger construction, while two wires would not be feasible for
long -span construction generally used for heavy electrification.

Apparently, Mr. Jorstad's method of design greatly simplifies
something that in the past has generally been considered very
complicated, and such a simplification should be welcomed by all.

Norman Litchfield: As consulting engineers for a number
of railroads, we have been closely connected with the develop-
ment of the modern catenary, and a short review may therefore
be of interest.

The first major installation of high -voltage catenary was on
the N. Y., N. H. & H. R. R., in 1906, between Woodlawn, N.Y.
and Stamford, Conn., the main line construction using two
messengers with diagonal hangers forming a B with the trolley.

On the electrification of the Elkhorn grade of the
N. & W. R. R., in 1912 we employed a single catenary for both
main line and yards, the necessary stability of the trolley wire
being obtained by a cross -span wire installed only at points
exposed to winds. The catenary was supported by suspension
insulators hung below the body strand, thus eliminating insu-
lation in the latter between tracks. The same construction was
used by us on the Paoli electrification of the P. R. R. and has
since become practically a standard.

The original New Haven construction used a square, latticed
column, bolted to a concrete foundation. To provide a lighter
appearing structure, and to reduce first cost and maintenance,
the N. & W. R. H. and the P. R. R. adopted tubular poles set
in cored holes in concrete foundations, the poles being guyed to
concrete anchors at points of curve pull.

On a further extension of the N. & W. R. R., rolled-steel H -
columns were used for the first time, with structural bases bolted
to the foundations.

For the Virginian Railway electrification in 1923, we used H -
columns with a pre -cast concrete base, cast on the pole at a
central manufacturing yard. Those were set in holes sheathed
with a section of corrugated steel culvert pipe, then wedged in
place, and hackfilled.

During the past year we have been engaged in the electrifica-
tion of the Bay Ridge freight line owned by the Now York Con-
necting and the Long Island Railroads, and have used plain
H -columns set in culvert pipe, then wedged in place and the
pipe filled with concrete.

To obtain a very light appearance and a clear view of signals,
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ou the Paoli electrification, a cross catenary was used for the sup-
port of the messenger and trolley, this being its first general
application to main -line work, although it had been used pre-
viously in the East Port Chester yard of the N. Y., N. II. &
H. R. R.

Prior to the Virginian electrification, we had utilized galvanized
steel wire and galvanized castings for the support of the messen-
ger and trolley wire. On the Virginian, non -corrosive materials
were used for the messenger and the trolley hangers (the two
live elements above the trolley). For the Bay Ridge electri-
fication, a further advance was made by the employment of
non -corrosive hangers and wires throughout, including the cross -
catenary.

Electrification is now under way of the P. R. R. Company's
suburban service between Philadelphia and Wilmington which
uses all non -corrosive materials. It is on a portion of this line
that the interesting type of steady which is described in Mr.
Viele's paper will be used.

At the time we undertook the Elkhorn grade electrification,
we found the mathematics of the catenary system in an unde-
veloped state, the practise being to calculate the hangers only
for those spans which followed around a uniform track curve,
it being left to the construction forces to cut and fit the irregular
spans at transitions, etc. On this line it became imperative to
find some method of calculating the irregular spans also, and an
original theorem was therefore developed by our engineers.
This has since become generally used, and is described in Mr.
Brown's paper. It should be remembered that while discussion
of the mathematics is of value, nevertheless Catenary design is
largely empirical, requiring judgment and experience to produce
an economical and smooth -running line.

H. S. Richmond: In abolishing the trolley pull -offs on
high-grade and high-speed systems, by experience it was found
necessary to meet the condition which demands that the trolley
curve of one span shall be tangent to that of the adjacent span
opposite the point of support. The trolley curve is not a true
circle, but if the above condition is met, it forms a continuous
and graceful curve, lying in a horizontal plane at the temperature
for which the computations were made. We have deduced
formulas by which spans are thus matched together or
"balanced" both on regular curvature and on transitions.

The formula by which spans are "balanced" on a regular curve
is

U-
,

100008725 1
T

9

d irk / d x
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and the maximum deviation A of the form of the trolley curve
from the true circle is given by the formula:

Here
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span in feet.
combined trolley and auxiliary tension.
messenger tension.
track curvature in degrees.
horizontal offset between messenger and trolley.
ordinate of the fundamental trolley curve referred to
system axis.

and
d Old x is the derivative of ck with respect to axial dimension,
the particular values of the curve and its derivative at the point
of support being used.

The deviation A, we have found to be a very small quantity and
not of significance as regards conformity of trolley to pantograph
center. In this we take exception to Mr. Brown's citation of this
point as being an important limitation in the use of the inclined

system. On the contrary, we find that the real limitations of
this system for moderate curvatures lies in the length of the
horizontal offset between contact wire and messenger at points
of support and the temperature variation in vertical and lateral
position Of the contact wire.

J. C. Damon: Mr. Jorstad noted that in systems investi-
gated, the tension used for the primary messenger of the catenary
construction was considerably higher than his formula would
give.

In the recent past, the tendency for catenary construction
seems to have been to use very high -strength material for the
messenger and to keep the sag as low as possible. Under these
conditions, the stretch of the cable furnishes a large proportion
of the excess length of the catenary curve over the straight-line
distance between supports, and with a given uplift from the
pantograph, the tendency for the catenary system to rise is
consequently very great.

When the tension in the messenger per -pound -weight of the
catenary system is reduced, the sag must be increased; hut, in
turn, there is less tendency for the catenary system to rise because
of the pantograph uplift.

With the lower tension in the messenger cable, there is a greater
variation of the height of contact wire due to temperature varia-
tion, but less variation due to the uplift of the pantograph.

Recently, there has been a tendency to put feeder capacity
into the messenger, which generally increases the weight of the
messenger and, in consequence, due to the pantograph, reduces
the upward movement of the contact wire. By using a moderate
tension and putting the necessary feeder capacity into the
messenger, some systems get no appreciable wave traveling
ahead of the pantograph. The Chicago, North Shore & Mil-
waukee Railroad, which uses the heavy type of construction with
feeder capacity in the messenger, is, of course, a low -voltage
railroad and quite different from the Pennsylvania main line;
but it has an entirely non -rust construction of very heavy mes-
senger, which has given satisfaction at fairly high speeds. The
Illinois Central Railroad is another system in which the feeder
capacity has been put in the messenger and has operated in a
very satisfactory manner.

Mr. Viele contradicted the statement in my verbal discussion
and stated that the heavier messengers with lower -tension per
pound did not reduce the wave which went ahead of the panto-
graph. We are not, however, as far apart as our necessarily
brief statements in the very limited discussion permitted would
make it appear.

If there were absolutely unrestricted longitudinal motion of the
messenger, Mr. Viele's statement would be correct and my
statement would be wrong. On the other hand, if no longitu-
dinal motion of the messenger from one span to another were
possible, Mr. Viele's statement would be wholly wrong and mine,
correct.

In actual practise, Mr. Viele has developed an extremely
flexible catenary support system which approaches somewhat,
although not entirely, the conditions of his assumption. On the
other hand, most of the existing catenary systems, and, I venture
to predict, a great many of the future catenary systems, will
have bridges with saddle insulators, or short strings of suspension
insulators, and conditions will be more nearly those of a com-
pletely restricted than of an entirely unrestricted longitudinal
motion-in which case, my statements, which were relative
only, will be correct.

A. G. Oehler: My question is essentially an elaboration of
what has already been introduced by Mr. Manz. I should
like to know how much the loop hanger does offset the increased
rigidity at the points of support? How much is this variation in
rigidity corrected by the use of a heavy contact wire, and is it
or is it not desirable to use a flexible hanger to minimize this
difficulty? Finally, is it necessary to worry about it?

K. T. Healy: It seems unfortunate that no place has been
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given in these papers to study the overhead distribution system
costs. The future extension of electrification depends largely
upon the abilities of the engineers and manufacturers to reduce
the initial costs of the improvement, other things remaining
equal. And a considerable part of this reduction must come in
the distribution system, as this makes up from 25 to 35 per cent
of the total cost of the electrification. Therefore, it is essential
that the design of the overhead distribution system should,
as a means of lowering costs, look not only to satisfactory opera-
tion but also to economical utilization of material and labor of
construction.

As a general rule, economies of design are effected by a close
study of the conditions and requirements at hand and an ample
allowance for them, at the same time confining the design to
these only. The main conditions affecting overhead design are:
first, amount of conductivity to be provided; second, speed and
method of collection of the current; and third, climatic conditions.

The requirements of conductivity immediately make a line of
demarcation between high- and low -voltage systems, systems in
level country and in mountainous country, and multiple -track
and single-track systems. With the high -voltage systems, under

It all but mountainous conditions, ample conductivity can be
secured in two conductors, so that there is no reason, so far as
conductivity is concerned, for going into design with more
conductors. With the low -voltage systems, more conductors

i are necessary with the consequent heavier loadings on supporting
i. structures and greater amounts of steel necessary in the

structures.
The second condition affecting overhead design-namely, speed

of collection,-imposes on main -line, high-speed tracks, require-
ments decidedly different from those on yard and siding tracks. To
a large degree collection is a function of the ability of the collector
to keep in physical contact with the overhead in spite of varia-
tion in height of the overhead or varying hardness of the over-

t head. The ability to follow variations in height is dependent
J upon the velocity and lineal rate of variation in the height of the

overhead with a given effective inertia of the collector. In yard
operation the speeds are low and the currents low, so that greater
lineal rates of variation in height are allowable and consistent

f with good collection and the overhead distribution does not
) necessarily have to he of the full catenary type. In Europe,
I notable strides have been made in decreasing the cost of yard

1
electrification by taking advantage of this fact. The Swiss

I have their Renens yard arranged with a modified direct suspen-
I sion, with 116 -ft. and 165 -ft. spans. This has given very satis-
1 factory operating results.

The Paris and Orleans Railroad, on its 1500 -volt electrification,
has followed the same trend and has wired its yards in the Paris
area with a direct suspended system with cross -span supports.

' Thus, many economies are possible by designing yard distribu-
tion systems, not for mainline track requirements, but for yard

1

requirements of low -speed and less exacting requirements of
uniformity in contact wire.

I' The second condition also has to do with the method of col-
lection. Here again it may he well to emphasize Mr. Viele's
remarks to the effect that coordinated effort in the design of both
pantograph and overhead is necessary for satisfactory operation
and that this coordination may ho carried even further to effect
economies in cost. Certainly one of the most important factors
in the ability of a collector to work well is the inertia of its moving
parts. I fere, European pantograph design has taken a different
course from ours on high -voltage systems by introducing a
secondary bow for the shoe, swinging about its own central axis
and held in position by small springs. This has reduced the
effective inertia of the collector many times, because this small
how, weighing only a few pounds, is all that has to move to
follow the small irregularities of the trolley height. It then
requires much lower pressures to keep continuous con tact on the
trolley wire with consequent reduced wear on both wire and shoe.

At the same time, the pantograph itself is made much lighter,
using wire guys instead of pipe for side bracing and snugger
joints with less friction at the points of support and other axes.
This requires less pressure to operate and makes a smaller area
for wind and ice loads to affect. The effects of hard spots in the
contact system are of course greatly diminished because of the
much lighter weight behind the impact of the shoe on the hard
spot. Experience shows that a single shoe will collect 180 amperes
perfectly at 55 mi. per hr. and 250 amperes at 27 mi. per hour, .
and that the shoes will run from 5600 mi. in Switzerland to
15,000 mi. in Germany. The usual practise is to run with two
pantographs up, which nearly doubles the life of the shoes. The
greasing of the shoes seems to be a mooted question; the Swiss,
for instance, are in favor of it and the Germans are not.

Mention has been made of the need of coordinated effort
in pantograph and catenary design, but the importance of this
in relation to reducing both initial and operating costs cannot be
stressed enough. With the low currents of normal high -voltage
overhead distribution and the resulting possibilities of reducing
shoe pressure, the possible simplification in catenary design is
considerable.

In all the high -voltage European electrifications, this coordina-
tion has resulted in a great saving. Pantograph pressures have
been kept down to 79 lb., using aluminum shoes with negligible
wear on contact wires. As a consequence they have been able
to use a much lighter and simpler catenary system with only a
messenger and contact wire. In the past, to cut out the hard
spots of the hangers, they have operated with an auxiliary or
intermediate wire, but with the flexible hangers they use, they
have found this wire unnecessary. In some eases the flexible
hangers are made of strand so as to make a low -resistance, non -
heating connection between messenger and contact. Particular
care has been taken to avoid hard spots; splicing is rare, the
contact wire being in lengths sufficient to reach from anchor
point to anchor point; push -offs and other devices with com-
pression members are not used; rigid deflectors are not used;
and pull -offs are made very light.

The Swedish State Railroad catenary may be taken as an
example of this type of catenary designed for weather conditions
comparable to ours and with a conductivity of about 260,000
cir. mils. The costs of the materials at our prices would be
about $528 per mile for 80 sq. mm. copper contact, and $316
per mile for 50 sq. mm. copper messenger, a total of $844.

A corresponding example of American practise may be a
4/0 phono contact, costing $792, a 4/0 copper wire, costing
$686, auxiliary clips, costing $35, and a 9/16 -in. steel messenger,
costing $316, or a total of $1829 per mile, nearly $1000 more per
mile than the other for a slightly greater conductivity of 310,000
cir. mils. The unit weights of the two systems are 0.81 lb. per
ft., for the first and 1.95 lb. with the American; requiring a pole
designed for roughly twice the catenary loading. This, of course,
means an opportunity for the saving of considerable weight in
the steel structures. The Swedish construction, using two 5 -in.
channels for a self-supporting single-track line, is comparable
to the 10 -in. H -section poles in use in this country for similar
construction.

H. F. Browns Mr. Thorp's paper among other things brings
out the importance of the catenary profile in determining the
structure heights and catenary details, especially where the
hanger rods depart from standard conditions. This is a very
valuable chock on the calculations.

The unit weights and required conductivity of the overhead
system described are impressive, but, of course, are required for
the low voltage used. This is further reflected in the size of the
supporting structures. I believe 14 -in. 11 -beams were used for
the typical two -track bracket poles illustrated in Fig. 15 of
the paper. For the lighter type of catenary permitted by the
higher voltage used on the New Ilaven, a 12 -in. section is ample
for similar two -track spans.
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electrification is to lie tieotionlically applied to steam rail-
roads On any large scale, it Iltlst be done on a basis which gel es
the minimum new capital requirements. One of the largest
items is the cost of the distribution system. The trend should,
therefore, be towards lighter designs rather than heavier, in-
dicative of higher voltages.

It is noted that the test track described eon tit ins no turn-
outs, heavy curves, or low highway bridges. With the high
pantograph pressures required, the real test of current collection
will conic at points of special construction, such as defectors,
pull -offs on heavy curves, and the hard spots under low bridges;
and while such difficulties might be overcome, they nevertheless
increase at least in proportion to the catenary weight, and the
amount of current to be collected. The wear on both the col-
lector shoe and the contact wire must be greatly increased under
such conditions, even with lubrication.

Mention was made of the use of a 6/0 conductor as being un-
desirable. Our experience seems to indicate that there is a
real field of use for such a wire on busy yard leads and ladder
tracks, where traffic is dense, and pantograph passages very
frequent, and we have installed 6/0 wire in such locations to
secure longer wear.

One word about lubrication. This is something to be desired
but difficult to secure in actual practise, especially on a large
system. If the lubricant is applied to the pantograph shoe at
the start Of a run, it is soon worn off in the first few miles, and the
terminal -track trolleys are the chief beneficiaries. Tests made on
the New Haven seem to indicate that the best shoe mileage and
least -wire -Wear is secured with a mild -steel shoe, and a panto-
graph pressure of about 18 lb.

Pantograph design is capable of being greatly refined. Lighter
weights, lighter pressures, and lower inertias, especially of the
collector shoe itself, seem to be the chief desiderate, all of which
are inconsistent with heavy current collection.

Mr. Jorstad, in his paper, limits the shape of the trolley aline-
ment to that of a true parabola, and shows that his formula,
which gives the ratio of the weights of the two opposing systems
(messenger and contact) equal to the ratio of their respective
tensions, applies to the parabolic shape.

The use of this formula would therefore limit the designer in
the choice of sag, or would fix the weights and sizes of the main
members (messenger and contact) regardless of their economic
choice.

As an illustration, assume that a 4/0 copper wire is the required
contact member, with a normal tension of 2000 lb. The unit
weight is 0.641 lb. and from the formula,

0.641 T, = 2000 Wm and T. = 3120
If we assume a 7/16 -in. steel messenger, which past experience

has shown to be of ample strength, properly sagged, for a 4/0
wire, its unit weight is 0.415 lb. and the tension, by the above
formula will be 1300 lb.

The resulting catenary will weight approximately, including
hangers, 1.15 lb. per ft., which would give a sag in a 300 -ft. span
of nearly 10 ft. This is obviously too great.

To decrease this sag to an economic value, the tension must he
increased, which, according to the formula, must be accompanied
by an increase in weight. To produce a 5 -ft. sag, it would be
necessary to go to a messenger having a unit weight of nearly
three times the above) since the total weight is rapidly increasing.
Assuming a unit messenger weight of 1.6 lb., the equivalent
messenger tension would then be 5000 lb., and the resulting total
weight of the catenary would be 2.3 lb. with a sag of 5.17 ft.

This messenger would lie approximittel) 7 M in. in iliumoq, ,
1% Mel' is obvious!) 11.11 ee.1uonlicully applied, as the mat )rittl
mit required for the 1111% 1,11 1.)11
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tension to about 5:010 Ill., and
at about 3000 II).

Then, from the formula,
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0.641 T, = :i000 II',,, or 7', = 4700 11',
For a 5 -fl. sag, the messenger must weigh approximutel,

0.671 lb. per ft. and the tension would then be 3140 lb.
This indicates a it Ili -in. messenger, which, although A 1111/1.4

nearly the economic size, is nevertheless larger than required, and
is not working to its full capacity. Further, the horizontal
loads on the structures on curves, due to the trolley tension,
have now been increased 50 per cent, requiring this additional
strength in such structures.

lf, however, the characteristics of the design will permit the
application of Mr. Jorstad's formula, it presents a very valuable
method, and greatly simplifies the calculation, since the shape is
parabolic. It may be mentioned here that the earlier installa-
tions on the New Haven, where the spans were short, were
designed on the theory that the shape was parabolic.

Sidney Withington (by letter): The design of pantographs
in this country just at present, is, I believe. the least developed
part of any of the electric equipment. We depend upon a collect-
ing device capable of variation in height up to 10 ft., as mentioned
by Mr. Viele. The inertia of such apparatus is very great and
at high speeds, as pointed out by Mr. Viele, this is a serious
problem and requires a very considerable pressure against the
wire to avoid arcing. This, in turn, limits the design of the

The standard pantograph
employes a trailing how above the main pantograph, would seem
to be considerably more logical. The trailing bow, being
relatively light, follows the wire satisfactorily even at relatively
low pressures, and the result is a far lighter catenary design with
consequent economies both of construction and maintenance and
without serious limitation in the amount of current which can
successfully be collected. The advantages which would accrue
from an improved design of pantograph in this country would
repay, I believe, a very considerable amount of study.

Mr. Viele mentions spans of 325 ft. for the catenary system.
It has been the experience on the New Haven that unless the
location is pretty well protected from wind, some form of lateral
support for long spans is necessary between bents in order to
prevent trouble due to wind under maximum conditions. These
supports may he obtained in the form of bridles or additional
independent steady spans, or by shortening the main span.

The form of support suggested by Mr. Viele is of interest. A
somewhat similar arrangement was installed on the New Haven
in 1919. Other things being equal, it is of advantage to separate
mechanically, as far as possible, each track from the others, in
order that trouble which may occur may be localized. One
advantage of the scheme mentioned by Mr. Viele is that the
insulators are not directly over the track, and where steam
locomotives are operated along with electric operation this is of
considerable advantage.

Mr. Viele mentions hard spots and their damping affect on the
oscillation which proceeds ahead of the pantograph. On the
New Haven electrification, where wood section breaks were used
at points of high speed an approach was designed consisting of a
sheet -steel member of light gage about 6 ft. long, with the idea
of damping the oscillations before they reached the relatively
heavy section break. It was, however, found that this was not
necessary, and its use has been discontinued. It is of course true
that so far as possible, wood -stick section breaks are not used at
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points of high speed. Indeed, even splicing sleeves are eliminated
so far as possible.

It may be of interest to note that on the New Haven electrifi-
cation extensions installed in 1912 and 1913, the steel catenary
supporting structures were designed to be self-supporting as
units; that is, the corner connections between the truss and the
posts were arranged to take the stress normal to the track due to
wind, curve pull, etc., the anchor bolts at the base of the posts
taking shear only. This is indicated in the shape of the posts,

1- which taper down from the truss or corner connections.
This saved a considerable amount of concrete as compared

with the original design wherein the posts were self-supporting
and the concrete bases were obliged to take the entire overturn-
ing moment. There was some additional weight of steel and
additional field labor, but the design resulted in considerable
net saving.

In some of the supporting structures, especially those for six
tracks, it was found advantageous to assume a point of contra -
flexure about 7 ft. above the top of the foundation. This
resulted in some saving of weight of steel without much increase
in the size of the foundation.

The magnitude of current collected from a trolley at 500, 1500
or 3000 volts is of course far greater, other things being equal,
than that collected at 11,000 Cr 22,000 volts, and the problems
are therefore of somewhat different nature when the lower
voltages are considered, both from the point of view of current -
carrying capacity in the catenary system itself, and what might
he called the "commutation" at the point of contact.

The problem of sparldess collection of current is a function of
the smoothness of the contact system, which in turn depends
upon its uniformity of suspension-that is, the contact wire
should be either free to move in a vertical plane easily at all points
upon the passage of the pantograph collecting shoe, or should be
relatively rigid at all points. Any change from soft to hard
construction means sparking or arcing at high speeds. The real
test of sparkless collection occurs at turnouts and at low bridges
and other points where construction is limited by local conditions.

Mention is made of the freedom from burned messengers on the
Chicago, Milwaukee & St. Paul at loop hangers, which are
employed on that system. The real test of efficiency of loop
hangers would occur, I believe, only where the individual sub-
station capacity feeding the system is relatively larger than is
the case on the Milwaukee.

The design of pantograph shoe support with 4 in. of play be-
tween upper and lower position on the top of the pantograph is of
much interest. It would seem that somewhat delicate adjust-
ment would be necessary in order to maintain the supporting
apparatus at the mid -position of its travel under normal con-
ditions that it might he free to move up or down as roughness
in the contact system required. Details of design to accomplish
this would he of interest. Some data also would be of interest as
to the mileage made by the "pans." The pressure of 40 lb. seems
high when compared with that where less current -carrying capac-
ity is required. A pressure of 40 lb. also means a necessarily
heavy contact system, regardless of current -capacity require -
men ts.

The economic limitations of any contact system, I believe,
occur in the weight and expense of installation of the conductors
and supporting structures rather than in the amount of current
which can be successfully collected under conditions of high
speed, and this should he considered in the design of an electrifi-
eat ion installation. It is possible that the use of higher voltages,
either alternating or direct current, would be justified in some
instances by the saving of material in the contact structure.

S. M. Viele: Mr. I3rown asked the effect of tension in the
contact wire on vertical movement. We have not made any
experiments on the basis of varying contact -wire tension. My
opinion is it would not make any material difference.

Mr. Manz asked about the effects of unloading the span.
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Mr. Damon's remarks were along the same line. I do not inter-
pret upward deflections in the span on the basis of the possible
impression that some have of that statement. If we assume a
condition in which the span involved has a unit weight of 3 lb.
per ft. and say a 300 -ft. span, it means that the messenger is
carrying roughly 900 lb. If we operate five pantographs on the
span, it means that instead of carrying 900 lb., it carries 800 lb.
This means that the sag in the span has to be reduced on account
of the tension remaining practically constant. Therefore, the
messenger sag will be decreased; the extra length of messenger
will run back in the successive spans.

Now, if you change the contact tension, or if you change the
loading of the span without change of pantograph pressures, it
will not make a great deal of difference in the upward deflections
with passage of the pantographs.

Mr. Oehler asked the question "What does it amount to?"
Deterioration of contact wire has a very material bearing on how
much it costs to operate such construction. Spliced contact
wire means a deterioration of roughly five times that without
splices. Whether we get a life of ten years out of it or 50 years
is very material.

The question may also be asked "What are the relative effects
of variation in height of contact wire?" Such effects are rela-
tively small as compared with spliced effects. However, all
variations of whatever nature which take place in the contact -
wire height involve variations of pressure, both in enlarged and
decreased pressures. Increased pressures mean increased wear;
decreased pressures mean burning of the contact wire. Both
result in increased maintenance cost. It is simply a question
of the relative reduction of section which is produced by such
variations in height, with the resulting cost. They have not
been evaluated in money, though they have been evaluated in
my mind as being worthy of study and the correction of value.

H. F. Brown: In answer to Mr. Litchfield I will simply state
that the method of eliminating the cusp shown in Fig. 41 is
admittedly an overeorrection. The importance of this correction
is greater if the trolley tensions are lower. On the New Haven
system, the tensions of the trolley and the auxiliary are lower,
I think, than on many of the other systems mentioned here
today. For that reason, the cusp effect is more important in
their inclined design than it is where the trolley tensions are
higher, and the method used in the paper is shown instead of the
one referred to by Mr. Richmond because it was desirable to make
this correction apply to all conditions involving even high
temperatures as well as the normal temperatures. It is true that
if one goes into the mathematics of the paper, the method
suggested by Mr. Richmond is absolutely correct for normal
conditions.

R. E. Wade and J. J. Linebaugh: Mr. Brown, in his
written discussion with reference to tests on the collection of
large currents from overhead wires as conducted at Erie, Pa.
mentions the use of "more than 7 lb. of copper per ft. of track
in the contact system alone."

The actual total weight of copper, installed per ft. of track for
the tests involving the unusually large current values quoted, and
for both feeder and contact, was 4.7 lb. maximum with 1,000,000
cir. mil feeder messenger and 3.92 lb. in the section with 750,000
cir. mil feeder messenger. With multitrack work and automatic
cross ties, these weights would be reduced oven for the lower
voltages used.

While it is true that the recorded tests were conducted with-
out deflectors, hard spots under bridges and pulloffs on heavy
curves, temporary low bridges were later installed, and satis-
factory collection demonstrated with a 1 per cent gradient in
contact wires. Experience on lines in operation shows that
with two contact wires, flexibly supported throughout, the
additional wear at such points is negligible with pantograph
pressures as high as 35 lb.

As regards lubrication, while it would of course be desirablo
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to operate without this feature, experience has shown that even
with minparatively infrequent wry ie4+, satisfactory lubrieation
of contact wires van be maintained, although as staled by Mr.
Brown, the contact wires within and in the vicinity of the large
yards receive more lubrication, particularly in and near overhead
switches. This also applies to curves due to wiping action.

While it is unquestionably true that generally speaking.; it is
desirable to make refinements in pantograph designs as regards
weights, lighter pressures, and lower inertias, it is commonly
agreed that coordination in the design of both pantograph and
overhead is necessary, and there is some question as to whether
such coordination is not approached with the relatively higher
pantograph pressures in combination with the weight of two
wires in the same horizontal plane as compared with the very
light pressures and correspondingly light overhead construction
as used in some European installations.

Mr. Withington in his discussion very properly emphasizes
the desirability of uniformity of suspension for contact wires, that
is, the freedom of movement in a vertical plane at all points.
By suggestion this of course includes uniformity in weight,
which of course cannot be realized on account of the necessity
for overhead switches and certain fittings attached to contact
wires. From our observation, if the contact wires aro free to
move in a vertical plane at all points of suspension, the additional
wear imposed on contact wire is reduced to a minimum.

As referred to in our paper, with regards to the freedom from
burned messengers with loop hangers, we would suggest that in
the case referred to, the current demand at locomotive rather
than the substation capacity would be the determining factor.

As regards the flexibility of the pantograph shoe mounting,
while this of course does not compare with the commonly used
European design, either as to delicacy or range, there is no
question but that the small amount of movement provided is a
valuable asset, particularly with the flexible contact -wire sus-
pension referred to elsewhere.

There is no question but that on som' systems contact -wire
splicing devices are responsible for considerable trouble in that
the designs commonly used enclose the contact wire and offer
an obstruction to the collector shoe, which becomes worse as
wear on the splicing device increases. A splicing device which
permits uninterrupted contact with the wire and is of the mini-
mum weight consistent with the requirements, will do away with
this trouble to a large extent. Such a device is available.

REPORT OF COMMITTEE ON PRODUCTION AND
APPLICATION OF LIGHT'

(MILLAR)
DETROIT, MICH., JUNE 22, 1927

E. A. Williford: (communicated after adjournment) I
should like to augment the information given in this rer ort on
the production and application of ultra violet light for medicinal
and industrial purposes.

The chief natural source of ultra violet light is the sun. There
are, however, many artificial sources of ultra violet light, among
them being the various forms of carbon arcs, the mercury vapor
arc in quartz, and other metal arcs.

The emanations from the mercury arc are confined to certain
bands of wavelengths, especially in the shorter wavelengths in the
region of 2200 to 3200 Angstrom units, with very little continuity
of the spectrum. Every different metal gives its own character-
istic quality of radiation when its vapors are introduced into the
arc stream. It is possible, therefore, to control the quality of the
radiation by modifying the chemical composition of the elec-
trodes; or, in the case of the carbon electrodes, the composition
of the core. The following are typical instances:

Arcs between pure carbon electrodes give ultra violet light
chiefly of wavelengths from 3600 to 4000 Angstrom units.

If the electrodes are of nickel or if carbon electrodes are
1. A. I. E. E. JOURNAL, October, 1927, p. 1022.

impregnated with 'Rieke!, a large proportion of the ultra violet
in a band from 3100 to 3600 Angstrom units.

Similarly, algives mite,' radiation in the region ,,,

9950 to 3300 A ngstrolli units, while col nil I gives an are rich ii
the very short wavelengths f rem 2200 to 2501) Angstrom units ano

again from 3300 to 3500 Angstrom units.
Iron gives a large amount of rnAliation through the (mill-,

ultra violet Novel rum. Cerium and the other rare earths gig
ultra violet from 2901) Angstrom units to the visible slim:true,
quantitatively and qualitatively very similar to the spectrum oi
sunlight. For this reason, carbon electrodes impregnated wit),
these rare earths have been found by the Bureau of Standard
to be the nearest in quality to natural sunlight of any know,
artificial light source.

The materials referred to above are riot toxic. They can,
therefore, be used as arc electrodes without enclosing globes and
without danger of toxic poisoning. If required for special
applications, the arcs can be isolated from the surrounding
atmosphere by suitably ventilated housings constructed partly
of quartz or sonic of the newer ultra violet transmitting quartz
substitutes.

These metals, if used as pure electrodes, give satisfactory arcs
on two or three amperes of direct current. If the metals aro used
to impregnate carbon electrodes, so as to make the so-called
impregnated or flaming arcs, they can be operated satisfactorily
on either alternating or direct current at amperages from 2 to
150. Because of this wide range of energy consumption possible,
any desired quantity of the particular type of radiation required
can be obtained with these arcs.

The known applications of those different types of radiation
are as varied as the qualities of the arcs themselves. For
instance, those arcs giving long -wave ultra violet light are espe-
cially valuable in the photographic, photo -engraving, and blue-
printing industries.

The arcs which give light similar to sunlight are essential in
dye -fading and paint -testing work where such materials are
ordinarily to be used in sunlight itself. Artificial sunlight from
these arcs also is utilized by physicians to augment natural sun-
light or to substitute for it when natural sunlight is not available
in the treatment of tuberculosis and rickets.

Other electrodes containing metal are used when it is not
necessary to attempt to duplicate sunlight. Such cases are those
where it is sought only to produce a tan or artificial sunburn.
Those arcs giving very short-wave ultra violet radiation give
large amounts of light having a powerful sterilizing or germicidal
action.

From the foregoing, it is apparent that it is possible to make a
selection of an artificial source of ultra violet light that will best
accomplish almost any work which requires the use of ultra
violet radiation.

POWER GENERATION'
(W. S. GORSUCH)

DETROIT, MICH., JUNE 22, 1927
Philip Torchio: Electrical engineers should have particular

interest in following the development of the size of the generators.
The report states that there is a 208,000 -kw. unit under con-
struction. It should have said that it consists of three machines
cross -compound. If I remember rightly, the largest single unit
in operation in the New York Edison 60,000 -kw. The Edison -
United Companies have a large cross -compound 160,000 -kw.
unit on order and placed an order June 21 for a 165,000 -kw. unit.
The generators of the unit order last year are, one, 85,000 -kw.
and the other 75,000 -kw. and, for the unit ordered yesterday, the
generators will be 80,000 -kw. each.

In pointing this out, I am not saying that the manufacturers
are not ready to make larger generators, because, as a matter of
fact, for another installation for which we are now securing bids,

1. A. I. E. E. JOURNAL, September, 1927, p. 916.
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we already have offers of more than 100,000 kw. in one unit, and
probably single units larger than 125,000 -kw. will be obtained.

Another point that I wanted to bring out in this general review
is that while we are making great progress in saving coal, it is
nevertheless our duty not to let the public misunderstand how we

;accomplish it. The truth is that we are saving coal by spending
more in investment in plants. It does not necessarily follow,

ponce we consider the total cost, that we are making such radical
- improvements which might lead the public to assume that the
cost of power is also rapidly being reduced. The cost of power
is being reduced, but at a gradual, moderate rate. We are
making great advances in saving coal, but we are putting more
capital in our plant investment to secure those higher economies.
An extreme illustration of this is the Dutch Point station with
the mercury boilers and similar installations throughout the
country.

F. A. Scheffler: My discussion of this report is more partic-
i ularly an addition to the table of the pulverized -coal installa-
tions in the country.

The installations in operation last year consisted of an installed
capacity of 2,200,000 kw. and those under construction, 440,000,
making a total of 2,640,000 -kw. capacity installed.

Assuming that these stations, of which there are about thirty-
eight, average an annual load factor of 50 per cent, the output
would be 9,414,810,000 kw -hr., and also assuming that the
average coal consumption is 134 lb. of coal per kw -hr., the total
fuel used would be 7,061,100 short tons per year.

During the year 1927, the total coal consumption in public
utility plants in the United States was 41,245,000 short tons.

The ratio of the total coal used in pulverized form to the total
coal consumption, is therefore approximately 17 per cent.

In addition to the above, there are under construction new
plants and additions to others as follows:

Station Company
Kw. capacity

installed

State Line
Toronto

Glenhead
Trenton Channel
Aurora, Ill
Pekin, III
Montaup

State Line Generating Co.
Ohio River Edison Co

(2-30,000 kw.)
Long Island Lighting Co.
Detroit Edison Co.
Western United Gas & Elec. Co.
Super -Power
Montaup Electric Co.

208,000

60,000
25,000
50,000
10,000
50,000
40,000

443,000

With the exception of four or five on the above list of generat-
ing plants, all of the stations were new ones built during the last
seven years.

There are five or six other utility plants using pulverized coal,
which are not listed above, because they are not primarily
power plants for generating current, but are used more for steam
heating purposes. Some of these are as follows:

Puget Sound Traction, Light & Power Co., Seattle, Wash.-
capacity about 8500 boiler h. p.

Allegheny Heating Co., Pittsburgh, Pa.,-capacity 10,000
boiler h. p.

Lockport Light, Heat & Power Co., Lockport, N. Y.-
capacity 25(X) boiler h. p.

New York Steam Co., 36th St. & East River, New York-
capacity 30,000 boiler h. p.

Rochester Oas & Electric Corp., Lawn St. Station, Rochester,
N. Y.-capacity 250,000 lb. steam per hr.

W. S. Goruch: It is important, as Mr. Torchio has pointed
out, to state the type when referring to a certain size generator
unit. This has been done in every case in the report, not in the
brief outline of progress in the art of power generation, but in
the description that follows, in which outline drawings aro also
given for exceptional designs. It will be noted that the plan of
this!roport is first to give a general statement of the trend of the

art in each class of power -station equipment and then under the
heading "Outstanding Installations" a full description is given
of the equipment referred to in the preceding general statement.

Reference has been made to the remarkable economies brought
about in fuel burning stations and the additional investment cost
to achieve these results. In this connection I believe because of
the increasing number of interconnections a comprehensive
study should be undertaken at this time to show the relative
cost of power of hydroelectric and steam plants, and also the
relative merits of the two systems.

POWER TRANSMISSION AND DISTRIBUTION'
(PHILIP TORCHIO)

DETROIT, MICH., JUNE 22, 1927
D. W. Roper: This report calls attention to some of the

lightning arresters and distribution circuits in Chicago. For
fear that the readers might get a wrong impression, I want to
add a little to what appears in the report. The lightning -
arrester records of the several types appeared to indicate that the
results obtained were not quite what were expected. Further
investigation of that point has brought out an interesting feature,
somewhat unlooked for, in that some of these burn -outs which
have been recorded and which have affected our results were due
to lightning entering via the secondary circuits. The lightning
arresters we have are on the primary circuits. The primary
distribution, in general, occupies the top arm and the secondary
ordinarily the next lower arm. Sometimes it is on the same arm
with the primary circuits. As the lightning potentials which
appear on the line are in proportion to the height from the
ground, it is seen that the secondary circuits have been getting
almost the same lightning effects as the primary.

We have examined a few transformers-not very many-but
as nearly as we can determine from the few which we have
examined, something like one-third of our transformer burn -outs
have been due to lightning which entered the secondary winding.
We can hardly blame the lightning arresters which are connected
to the primary circuits if some transformers burn out due to
lightning entering on the secondary circuits.

S. J. Rosch: The report under the paragraph on Under-
ground Cables, says, "There is a pronounced drift toward the
use of single -conductor cables and three -conductor metal -
sheathed unbelted cables." I believe it would be highly advis-
able in view of its importance, to include in this report some
figures indicating the quantity of the latter type of cable now in
use in this country. Undoubtedly, many operating engineers
in making up their 1928 budget, will naturally look to this and
similar reports, for an indication of what type of cable to purchase
for their three-phase circuits, whether to use three -single con-
ductors, the regular belted three -conductor cable, or the metal -
sheathed unbelted type. It would also be of value to have some
figures on the probable use in the near future, of the latter type
of cable.

Alfred Herz: I have one question in mind in regard to the
nter-bonding or grounding of cable sheaths. We all realize
that considerable longitudinal voltage makes its appearance in
these sheaths, especially in a sheath surrounding a single -conduc-
tor cable. What is the practise in taking care of, or rather in
avoiding detrimental effect when you bond or ground such cable
sheaths?

Philip Torchio: Answering Mr. Roach's inquiry as to
what per cent of three -conductor cable is now of the metal -
sheathed unbolted type, I think there is a very small amount in
use at the present time but several manufacturers are ready to
make it and a considerable demand for it is anticipated.

Regarding the surge voltages on underground cables as
indicated in the report the maximum recorded was 4.6 times
normal. Now a cable which is operated at 40 to 50 volts per
mil is tested at about 165 volts per mil so that the normal 5-

1. A. 1. E. 11. JOURNAL, July, 1927, p 091.
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min. test voltage is about four times the normal operating volt-
age. There remains still a large margin above the test voltage
before actual breakdown is reached so that a surge of 4.6 times
normal especially in view of its brief duration should not give
deterioration. This is in further explanation of the Committee's
intent in giving that view.

Replying to Mr. Herz's question about taking care of the
induced voltages and currents in the sheaths of single -conductor
cables, that can be done by providing insulating joints in the
sheaths and cross connecting the insulated sheath sections in
such a manner that the induced voltages are counterbalanced.
As an alternative the insulated sheath sections may be grounded
at one end giving a voltage normally of a few volts at the other
end of the section which may under short-circuit conditions reach
values of the order of 100 volts.

Herman Halperin: (communicated after adjournment)
In the last part of the report, there is a discussion regarding the
migration of oil from oil -filled joints into cable, and it is stated
that the oil "no doubt reduces or possibly eliminates voids,
especially near the joints." Then, at the end of the same para-
graph is the following: "The use of such oil -filled joints makes it
possible that satisfactory single -conductor cables of the usual
type of construction may be obtained for operation at 110-kv.,
3 -phase."

Up to a few years ago, joints were the limiting feature for
underground cables in going to higher voltages, but with the
recent development in joints, this limit has been removed. In
connection with the last quotation, if the cable as it leaves the
factory is not of a quality to give satisfactory operation at
110-kv., 3 -phase, then, according to experience with cable made
in the past year, the addition of oil -filled joints will not make
the cable operate satisfactorily. Apparently, this was not the
intent of the quoted statement, but one might infer it from
reading the report. Operating and laboratory data indicate that
the principal factors necessary to obtain satisfactory 110-kv.
cable are either to improve the quality of cable insulation
furnished in cables of ordinary construction, or change the cable
construction, or both.

In Chicago, NO. 10 transformer oil has been used for filling
about 150 three -conductor, 33-kv. joints and 750 single -con-
ductor, 75-kv.. joints. There have been occasions to examine
the joints and cable adjacent in connection with cable failures,
and the insulation next to the joint has been usually found well
impregnated, partly due to the migration of oil from the joint
into the cable insulation. However, considerable deterioration
has been found in the cable insulation as close as 2 ft. from the
joint.

In connection with laboratory tests on 75 -ft. lengths of single -
conductor, 75-kv. cable and also with lengths that had been in
service several months, dissection has shown that the distance
the oil traveled from potheads or joints, varied from a few feet
next to the sheath to a maximum of about 50 ft. along the strands
of the conductor, depending on the kind of impregnating com-
pound in the cable insulation. The penetration of the oil
readily into the insulation was for only a few layers, except for
the few feet of cable mmediately adjacent to the potheads or
joints.

Operating experiences with underground lines and tests on
cable samples have indicated great variations in the quality of
insulation along the length of cable.

Apparently the effectiveness of oil in improving the quality
of the insulation is practically limited to only a few feet, which is
very short in comparison to the length of a section of cable be-
tween manholes that may be 400 to 700 ft. long.

W. A. Del Mar: (communicated after adjournment) The
maintenance of impregnation is now recognized as an essential
element of success in the operation of high-tension cables, and

the report clearly calls attention to the distinction between the
use of oil -filled jointA with reservoirs and the hollow -core typo
used on the 132-kv. circuits at Chicago and New York.

Another distinction which might be made is between two va-
riants of the former type, namely, cables in which the reservoirs
aro used merely to maintain the impregnation and those in which
they are used to maintain a definite pressure within the cable.
The former type is subject to limitations, especially whore the
cable is impregnated with a jelly compound, as the reservoir
oil penetrates very slowly, and there is a tendency for the residual
air to accumulate near the center of the section of cable. The
latter type, i. e., where the system is designed for pressure main-
tenance rather than penetration, assumes that air will be present
and provides means for making it harmless. This is done sub-
jecting the air to such pressure that it will not ionize at the
existing dielectric stress.

An experimental installation of this kind has been made in
Detroit, bellows reservoirs being used, which are kept under a
pressure of approximately 0.4 atmosphere above normal by
means of weighted lever. The desired pressure was prede-
termined as indicated in the discussion of my paper on The
Effect of Internal Vacua, JOURNAL A. I. E. E., Oct. 1923, p. 1012,
i. e., the maximum dielectric stress in the cable was calculated
and the air pressure determined at which thin air films begin to
ionize at this stress. The reservoir pressure was set slightly
above this point.

It is obvious that the success of this pressure system depends
to some extent on the use of cable impregnating compound which
is fairly soft or fluid at operating temperatures.

APPLICATIONS TO MINING WORK'
(LESSER)

DETROIT, MICHIGAN, JUNE 22, 1927
A. M. MacCutcheon: I should like to ask the committee

if they can give us any more detail on the progress in getting
apparatus approved with an unqualified approval of the Bureau
of Mines. As I understand it, they give limited approval to
certain types of apparatus. I have not yet learned that they
give unqualified approval of types for use in gaseous mines. In
talking to the people of the Bureau of Mines at Pittsburgh about
two years ago, my conception was that they are approving
apparatus because it is the best there is, but it is not thoroughly
satisfactory. They said that if they used tests that they would
be satisfied with, there was nothing on the market that would
stand them. They said, "We are not giving unqualified ap-
proval. When we get the right kind of apparatus, we will give
unqualified approval." I was wondering if apparatus now gets
unqualified approval.

E. J. Gealy: Under the subject of permissible equipment,
the industry is today getting much equipment which it has needed
for a long time. Every piece of permissible equipment is given
what the Bureau calls a "permissible approval plate." That is,
it is approved only as long as it is kept in the condition in which
the Bureau had it when it was inspected, so, it is what you might
call "limited."

Aside from that, there is being developed other equipment
which is not strictly permissible, but is of a better type for
mining service. That will probably result in what we might
call "a semi -permissible type of apparatus."

W. H. Lesser: The only question to be answered was Mr.
MacCutcheon's question, and Mr. Gealy answered that. I
don't know now whether the Bureau of Mines will issue a plate
showing unqualified approval.

1. A. 1. E. E. JOURNAL, October, 1927. p. 1032.
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AN INVESTIGATION OF CORONA LOSS'
(STARR AND LLOYD)

LAW OF CORONA AND DIELECTRIC STRENGTH
(PEEK)

DETROIT, MICH., JUNE 24, 1927.
V. Karapetoff: The diagram of connections used by the

authors permits of obtaining an oscillogram of the total current,
consisting of a reactive charging component and an in -phase
energy component. In some cases it may be of interest to obtain
a picture of the latter component alone. Perhaps this could be
accomplished by some differential arrangement; that is, by using
a condenser which takes the same reactive charging current as the
conductor under test but has practically no corona loss. The
high -voltage side of the step-up transformer would then be wound
for a double voltage, with the middle point grounded; the added
condenser would be connected to the other terminal of the
transformer, and the resistance R3 would be connected to the
neutral point. Only the difference of the currents taken by the
conductor under test and the perfect condenser would flow
through R3.

A Mechanical Transcriber. With an increasing use of the
cathode ray oscillograph in practical work, the problem of rapidly
transcribing records with a sine -law axis of abscissas to those with
Cartesian coordinate3 becomes one of considerable importance.
Where hundreds of similar records have to be transcribed, the
tedious point -by -point method of transfer of individual ordinates
can hardly be considered satisfactory. A mechanical trans -
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scriber is a device consisting of kinematic connections with a
stylus at one end and a pencil at the other. By going with the
stylus over the outline of an oscillogram on a photographic
film, the pencil is made to draw on a strip of paper the correspond-
ing curve in rectangular coordinates.

In order to enable those interested to build a mechanical trans -
scriber, the underlying principle is shown in Fig. 1 herewith.
The film containing the record is fastened to the platen 2-2,
which has a slot, 3. A pin, 4, attached to the crank, 5, can slide
in the slot. When the crank is turned by means of the handle, 6,
the platen and the oscillogram perform a harmonic motion along
the X-axis. The same crank, through the friction wheel, 7,
drives the table 8-8, to the left. A strip of paper is fastened to
this table, and the pencil, 15, draws a curve in Cartesian co-
ordinates. It will he seen that by means of this mechanism the
sine -law abscissas are wiped out, and abscissas proportional to
ti me are substituted.

To transfer ordinates of the oscillogram from the platen to
the table, the carriage 9-9, with a crossbar, 10, is used. The
carriage can ho moved up and down on the rails 12 and 13.
The pencil, 15, is attached to the carriage by means of the bracket
14. The stylus, 11, is fastened to the crossbar, 10.

1. A. 1. K. B. JOURNAL, DVell.1171lier 1927. p. 1322.

To operate the transcriber, the crank is turned slowly and at
the same time the carriage is moved up and down in such a way
that the stylus always remains on the curve. The pencil then
traces the transformed curve. When many oscillograms are to
be transcribed, one person should turn the crank and another
operate the carriage.

Determination of Power Loss by Weighing. When power
loss is to be evaluated regularly from a large number of oscillo-
grams, the point -by -point method described in the paper may
prove to be too tedious. It is necessary to measure a large

Fia. 2

number of ordinates, multiply each by the sine of an angle, and
add the products, keeping the positive and the negative quantities
separate. An automatic method of weighing may prove useful
in such eases, especially since it enables us to use a much larger
number of ordinates with a comparatively small additional re-
quired amount of time. The principle of the method is shown
in Figs. 2 and 3. For the sake of illustration, we shall assume,
with the authors, that it is sufficient to divide each cycle into
20 equal intervals of time, A t, each corresponding to 18 electrical
degrees. Replacing integration approximately by summation,
the average power, P, per cycle may be written in the form

= T

P = At

where T is the duration of a cycle, and im and are the average

Fia. 3

values of current and voltage during the small interval A I. In
Fig. 2, the curve, a b c d f h, represents a loop obtained ex-
perimentally, with sine -law abscissas. The circle, N is drawn
with a radius equal to the amplitude of the voltage, E =
0 g = 0 k. The circle is divided into 40 equal parts, correspond-
ing to 9 (leg. each. Thus, the arc p corresponds to the interval
A t, and r i; the middle point of this interval. 0 s is the mean
voltage e,,, during this interval, and s v is the corresponding
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mean current, 1,. Similarly, the ordinates x, y, etc., mark the
middle points of the consecutive intervals A t. The abscissa
0 s = E sin 9 deg., the next abscissa 0 z = E sin 27 deg., etc.
Thus, eq. (1) becomes

P = (A t/T) E sin 9° -I- sin 27° + etc.] (2)
Instead of scaling off the ordinates and multiplying them by
the sines of the corresponding angles, the simple balance beam,
shown in Fig. 3, may be used. It is provided with notches at
distances from the center proportional to sin 9 deg., sin 27 deg.,
etc. The beam is supported in the usual way on a knife edge
at the center, has a pan P at one end and a counterweight, Q,
at the other end, to balance the pan. Some strip or wire of
uniform weight per unit length is provided, so that lengths can
be measured by weighing. Let a piece of length, s v, be cut off
and placed in the first notch to the left of A. The turning
moment exerted upon the beam will be proportional to i,1 sin
9 deg., that is, proportional to the first term within the brackets
in eq. (2).

Corresponding strips are placed in the remaining notches.
The ordinates in the quadrants I and III of the loop give positive
values o" torque (counter -clockwise), and those in quadrants II
and IV contribute to the negative torque. Having placed all
the strips, the beam is balanced by putting some strip in the
pan P. Let the length of this strip be I. If the pan were placed
at the distance p from A, corresponding to the radius of the semi-
circle M, the length I would rep esent the value of the expression
in the brackets. If the pan is at a distance p', the corrected
value of I, reduced to the arm length p, is I (p' I p). All the quan-
tities in eq. (2) being known, the power P may be readily
computed.

The number of strips may be reduced to one-half by re -drawing
the parts of the loop in the quadrants III and IV in quadrants I
and II, as shown by the curve b c1 f. This can be easily done
by folding the film along p In this case, instead of cutting a
piece of strip equal to s v, and later one corresponding to s vI, a
piece of length v v' can be cut off at once, covering both positive
quadrants I and III. Similarly, a piece of length w w1 will
tak care of both negative quadrants. Since both strips act
on equal lever arms, the net results on the beam is the same as
if piece of lengths v.w' and w' v1 were placed on the positive side.
This procedure of using different pieces on the beam may be used,
if it appears to be preferable.

Other Uses of Weighing. A similar method of computation by
weighing may be used in other cases when the unknown quantity
is of the form

Q=ax+by-l-cz+ etc. (3)
wherein a, b, c, etc., are known constant coefficients, and x, y, z,
etc., are some measured quantities. In a balance beam, notches
are then made at distances a, b, c, etc. (positive or negative)
from the knife-edge support, and strips of paper or metal, or
wires of lengths x, y, z, etc., are placed at these lever arms,
keeping in mind the sign of each product. The length of wire
or strip necessary to balance the beam, multiplied by its distance
from the center, will give the value of Q in eq. (3). The follow-
ing examples may be cited:

(a) In cost estimates, where a, b, c, are unit costs and x, y, z,
are quantities of materials,

(b) In computing the voltage drop along a line with branch
loads.

The factors a, b, c, may then represent lengths and x, y, z,
load currents.2

(e) When analyzing an irregular wave into its harmonics,
equidistant ordinates are multiplied by the sines of certain

2. V. Karapetoff, Engineering Mathematics (Wileys), Part V, Chapter
II. In the early days of electrical engineering, a German firm used to
market a simple balance on which one could "hang amperes" at proper
distances and balance them by a weight in the pan. The weights were
stamped directly in square millimeters, to indicate the required cross-
section of line conductor.

angles.3 By providing a balance somewhat like in Fig. 2, and
another with cosine notches, the amplitudes of harmonics can he
quickly and accurately determined. Two balance beams are
necessary for each harmonic, so that the arrangement would
pay only when a large number of waves are to be analyzed.

C. F. Harding: Referring particularly to the reference to
the loss due to corona, it may be well to point out that these
papers confirm the importance of attacking a problem such as
this from many different angles, in many different sections
of the country, and on many different transmission lines.

Beginning about the year 1912, and extending through
several papers before the Institute, and a number of discussions,
results of net losses due to corona on various transmission and
experimental lines have been presented by various authors, and
compared with the theoretical values, i. e., the empirical equa-
tions which have been developed in various laboratories.

In most instances, those losses have compared favorably with
the results calculated from the formulas which have been de-
veloped by Mr. Peek, and which have been repeated in this paper.
That is particularly true for the losses at relatively low voltages,
such as those up to and slightly exceeding the critical voltage
between wires. If the net loss due to corona calculated by Peek's
formula be plotted in kw. as ordinates, and the kilovolts between
cables or between one cable and neutral be expressed as abscissas,
a parabola results as indicated in the paper. If the actual net
loss due to corona be plotted for an experimental line or for a
transmission line operating under the same conditions, i. e.,
the same frequency, density factor, size cables, spacing,
etc., this curve checks very closely at low voltages with
the quadratic curve. In many instances the test curve was
found to be slightly higher in the lower range of voltage,
but had considerably lower values of power loss throughout the
higher ranges of voltage.

In other words, if we assume that the net corona loss in kw.
is equal to some constant multiplied by the square of the differ-
ence between impressed voltage and critical voltage, the quad-
ratic law of Peek's formula results. Actual tests show a curve
of smaller loss and less slope at the higher voltages; at least on the
lines at Purdue University. This would seem to indicate that
either this exponent (2) is a little high, or that the critical voltage
Eo varies with the voltage E impressed upon the line. Possibly
both conditions exist simultaneously. Actual values for the
exponent-call this N-have been of the order of 1.55 to 1.7 but
always less than the 2 of the quadratic law of Peek.

In the paper presented by the speaker in 1924 at the Pasadena
convention, the result of the possible increase of this E., i. e.,
the disruptive voltage of air, because of the formation of the
coronal cylinder of greater capacitance, at these higher values of
voltage, was suggested. If we consider that this relatively large
conducting cylinder of ionized air which has been termed the
coronal cylinder does exist about the cable at extra high voltages,
in other words, if we take the assumption of the papers presented
by Messrs. Peek, Lloyd, and Starr, it is probable that the critical
voltage E° at this point, as the result of the larger capacitance of
this larger coronal cylinder, does change materially with these
very high voltages impressed between cables. We are dealing
with the critical voltage at the surface of the coronal cylinder or
some other intermediate point rather than the voltage at the
cable itself.

This would seem to indicate that it may be possible, by means
of tests on transmission lines where net losses due to corona are
determined very accurately from wattmeter measurement in
the high -voltage circuit itself, to bring these test relations into
conformity with, or conversely, and more appropriately to bring
the formula into conformity with the empirical functions estab-
lished by such tests.

The important feature of this, it seems to me, is the fact that
3. V. Karapetoff, Experimental Electrical Engineering, Vol. II, Third

Edition, p. 577.
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in practically all these tests, made over a long series of years,
including a large number of spacings of cables ranging from 18
ft. to 38 ft., with sizes of cables from No. 0 up to 300,000 cir.
mils stranded, that the Peek formula is a very conservative one,
and that the corona loss actually is considerably less, at these
higher voltages, than would be indicated by the calculations.
We are on the safe side, therefore, if we design transmission lines
in accordance with that formula.

The statement is made, however, in the papers under dis-
cussion that the line should not be operated at or above the
critical voltage at which corona forms; i. e., under dry -weather
conditions. Designing for that voltage means that such a line
will operate in many cases with considerable corona formation
upon it, as many have noted substations and lines in more or less
continuous operation with corona formation. It is important,
therefore, to determine both by tests in laboratory and on
operating lines just what this difference is between the two
curves at the voltages in excess of the critical voltage.

W. F. Davidson: Mr. Lloyd and Mr. Starr described the
method they have been using with the cathode ray oscillograph
for studying corona formation. A short time ago I tried a simi-
lar tube in studying the distortion of current through a cable
sample, with the idea of determining whether there was corona
formation.

We used basically somewhat the ideas suggested by Professor

S 2O

Fru. 4

Karapetoff of eliminating the straight capacity component of
the charging current through the samples.

The supply transformer in this case was grounded at one end;
the sample S connected as indicated in the accompanying Fig. 4
and brought down through a small resistance to ground, the no -
loss air condenser C connected in parallel through a correspond-
ing resistance, in fact, two resistances. The cathode ray is con-
nected with one plate so as to take the drop V, - V, giving a
deflection proportional to watt -component current through the
sample in the test, now, by controlling the total resistance R we
had the possibility of shifting the base position of the current
through the air condenser. That was sometimes of value and of
help.

The other component was obtained in two different ways, in
the first work, much as Mr. Lloyd has described, by taking the
potential applied to the transformer. We found considerable
difficulty in using our particular tube, however, because neither
axis was straight; that is, the pattern instead of being straight,
gave two rather distorted curves.

In order to overcome that difficulty, we made a calibration
in the direction of abscissa, corresponding to these deflections,
then we arranged our time curve. These were controlled by a
phase shifter P, that was supplied from the same primary as
the transformer. The cyclogram would then appear in various
forms, and we would shift the thing around, changing the phase

around, changing the phase shifter until the particular point
we were interested in was on the central axis and then we scaled
this point.

There were two operators, one reading the phase shifts and
the other reading the ordinates, and it took only about a minute
to get a complete record. We were rather disappointed in some
of the results because although they were very satisfactory in a
qualitative way, we were not successful in getting them in a
quantitative way. Perhaps we could do better with a tube that
did not have such a badly distorted pattern.

J. Ryan: (communicated after adjournment) The results ob-
tained by the authors of these corona papers and their corre-
sponding conclusions will help greatly to establish a better under-
standing of the nature of corona. During the past four years by
independent effort we have arrived at substantially the same
results and corresponding conclusions. Our studies during the
past year were mostly concerned with the mobility and make-up
of the space charge and the manner in which its portions having
constant and alternating polarities function.

Three methods have been used successfully for the cyclic
study of corona by means of the cathode ray tube. In the first
of these the ray -pointer is deflected electromagnetically.6,6 In
the second the deflections are produced electrostatically so as to
yield quadrature ray -pointer deflections proportional to the
voltage and to the rate of increase or decrease of the current in
instantaneous relation. Thus the ray -pointer develops areas
proportional to the time -integral of the volt-amperes or energy.6
The third has been used by Mr. Peek and his co-workers. In it
the ray -pointer is also actuated electrostatically and yields
deflections proportional to simultaneous values of voltage and
current. The first and third methods produce volt-ampere
cyclograms and the second energy eyelograms.

The first avoids the necessity of using electrostatic deflectors
mounted within the cathode ray tubes but requires a great
variety of deflector current coils and potential -circuit resistors,
some of which are expensive. Electrostatic deflectors mounted
within the cathode ray tube are used in the second and third
methods. Externally mounted electrostatic deflectors are not
satisfactory because of the bound charges that assemble on the
inner walls of the tube opposite the deflectors. We have used
the three methods and recommend the use of the second and
third. The choice depends upon the character of work to be
done. Occasionally both are required in the same undertaking.
Because a condenser must be used in the current circuit of the
energy cyclograph it cannot be used when more than a mere
trace of rectified current is present. Such current when small
enough may be successfully bypassed with a "leak" of the proper
value. Again when the observation of sudden changes of current
or e. m. f. are to be made the energy eyclograph being a volt-
ampere -time integrator, is less helpful and the electrostatically
operated voltage -current cyclograph should then be used.

Following the recognition of the presence of the space charge
that surrounds a conductor in corona it was found that the
corona loss equals the energy that is dissipated in the space -
charge condenser at unity power factor subjected to the voltage
in excess of the critical voltage, i. e., voltage above the lowest
voltage that will sustain a fixed brush pattern.? Thereafter the
capacitance and position of the space -charge condenser were
studied with the energy cyclograph, using cylindrical barriers
around the conductor to fix the radius within which the space
charge is confined.8 These studies were then followed by others

4. The Cathode Ray Alternating -Current Wave Indicator, H. J. Ryan,
A. I. E. E. TRANS., Vol. XXH, 1903, p. 539.

5. The Conductivity of the Atmosphere at High Voltages, H. J. Ryan,
A. I. E. E. TRANS., Vol. XXIII, 1904, p. 101.

8. A Power Diagram Indicator for High -Tension Circuits, H. J. Ryan,
A. I. E. E. TRANS., Vol. XXX, 1911, p. 1089.

7. The Hysteresis Character of Corona Formation, H. J. Ryan and
H. H. Honline, A. I. E. E. TRANS., Vol. XLIII, 1924, p. 1118.

8. On the Nature of Corona Loss, 0. T. Hossolmoyer and J. K. Kostko,
A. I. E. E. TRANS., Vol. XLIV, 1925, p. 1018.
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to determine the (central radial position or till, alternating, portion
of the spill,' charge by means of the potential exploring wire.0

During I he past yea:. my 4.o -workers, .1. 'arroll and J. T.
Lusignam, Jr., have t uti ti t he eyelie (diameter of t he nun -content
or tilt, sloop charge. One of the many purposes ()I' the study
was to add to this ha-kground of knowledge required to improve
interpretation of the observations made with the potential
\ pl oration wire and to understand the function (if the eonstant-

polarity portion of the space -charge function in alternating
corona formation. The corresponding results and conclusions
are being embodied in a paper soon to be presented to the
Institute.')

It has long since been known that the values of positive and
negative corona -forming voltages differ. Dependent upon the
particular conditions the difference varies from zero to a con-
siderable fraction .of either polarity of the critical voltage. The
rectified portion of the space charge in alternating corona is
caused by this difference. For example if the critical voltage is
greater when negative than when positive, the magnitudes of the
corresponding space charges will have to be in reciprocal relation.
When the conductor requires a higher negative than positive
corona -forming voltage there will be formed and maintained the
larger space charge from the positive to the negative voltage
crests; and correspondingly the smaller space charge from the
negative to the positive voltage crests. This gives rise to the
phenomenon of "rectification" that is often witnessed in the
study of corona. The portion of the space charge having con-
stant polarity will increase the strength of the field attached to
the conductor as the voltage approaches one crest and will
d minish it as the voltage approaches the other crest. Thus the
differences of the positive and negative critical fields and their
corresponding initial voltages from their averages are compen-
sated for by the presence of the constant -polarity portion of the
space charge. It follows, therefore, that the initial value of the
cyclic critical voltage must be as much below the value of the
crest voltage as it is above the value of the subsequent critical
voltage that starts corona formation in the succeeding cycles
and that the positive and negative critical voltages must be equal.
From the nature of things here set forth power -transmission con-
ductors operated in corona will display constant polarity high
potential phenomena to a limited extent and the direct currents
thus set up in ionic mobility from the conductors through the
air and over the insulators to earth are not likely to develop
effects of much practical importance.

The model of corona given by Mr. Peek is helpful for gaining
an understanding of the essential features of corona. The
theory of this model as developed in our studies was given by
Messrs. Hesselmeyer and Kostko in 'connection with Fig. 14
of their paper on the Nature of Corona.' Guided by this theory
we made up in the summer of 1926 a model such as described by
Mr. Peek, using a pair of Leyden jars with a spark -gap in parallel
with one of them. It produced artificial corona cyclograms quite
like cyclogram No. 4 in Fig. 6 of the Hesselme; er-Kostko paper.
It gave the oblique straight sided parallelograms that theory
called for. Of course it did not repeat the minor departures that
are witnessed in actual corona wherein the space charges are
mobile. See for example the group of cyclograms in Fig. 10
of the same paper taken from a single-phase line mounted in the
open to which corona forming voltage was applied.

All in this group conform liberally but not exactly to the
oblique parallelogram wherein the slopes of the sides and ends
determine the values of the capacitances of the conductors and
space charges, and wherein the departures from the straight sided
oblique parallelograms are measures of the effects due to causes
that are not included, necessarily so, in the incomplete theory,

9. The Space Charge that Surrounds a Conductor in Corona at 6o Cocks.
J. S. Carroll and H. J. Ryan, A. I. E. E. November, 1926. p. 1136.

10. The Space Charge That Surrounds a Conductor in Corona.
A. I. E. E. Pacific Coast Convention, Del Monte, Calif., September 14,1927.

such its eimiluction (thermal dissociation) and limns inommy
actions that Mr. Peek properly sums up in his paper by this phrase
-corona art's."

As a result of 144,.. -oodles we are convinced that, Mr,
is right in his 4,44c141,14411 that this power -loss -voltage relation
in full (.4)1.4)1111 formation is IL rational qinolratie hevatjpii or the
SIMA.I charge condenser. Ile is also right in reeoininending that
vary be used to is mechanical injury to the surface of thi.
eundurtor. One ,hould note, however, that losses thus Lo local
ciiroon are greatly dependen t 1111111) Or t he 1/111'1III!111-

(.111111IVILI regularity. Greatest regularity is required to produce
minimum local corona loss, mince the maintenance a smooth,
polished conductor is not feasible. We have found this to Ins so
for local corona loss when I he mechanical irregularities or rough-
ness of the surface or conductor have been
carefully avoided. The local corona losses are likewise dishes
dent to important extents upon the humidity in the air and th.
crest and effective values of the voltages. Because of the prom-
inent part that the space charge condenser takes in corona
formation one must expect the cyclic loss to be dependent upon
the crest value of the voltage; again because the space charge
mobile its containing condensers do not have fixed value, and
one must expect the c% die loss to be dependent also upon thi
effective value of the voltage.

The local corona studies here referred to were made by our
graduate students Messrs. Drodjin and Wiedeman and will be
embodied in a paper that they will offer for publication at an
early date. Local coronas are simply scattered brushes. In
the local corona loss -voltage relation the numbers and positions
of the brushes are large factors, which in turn depend upon the
smaller factors just specified all of which in the full corona loss
voltage relation are of little or no importance. Local corona is
an instability complex and much systematic study under all
relevant conditions will have to be promulgated to know what
high -voltage conductor diameters, and insulator hardware forms
to adopt to meet all requirements.

E. C. Starr: Professor Karapetoff and Mr. Davidson have
spoken of neutralizing the charging component of the current
wave. We considered that, inasmuch as the portion of the
figure that is said to represent charging current is not, strictly
speaking, only charging current as based upon the capacitance
of the w ire itself, but charging current based upon the capacitance
of the wire as affected by the motion of the space charge, vo
thought it best to leave it all in to show the whole wave. Thai
suggestion, however, would allow us to show only what the corona
does and under certain conditions would be useful.

Mr. Davidson spoke of his tube giving axes that were crooked.
We found that the condition would be brought about if the source
of the magnetic field used to neutralize the effects of the earth's
magnetic field was placed too near the tube. It is necessary to
place the source at a distance of 3 or 4 ft. from the tube in order to
obtain a uniform field throughout the tube and thus eliminate
distortion of the axes. It is possible that this was the source of
Mr. Davidson's trouble.

Professor Karapetoff's mechanical devices are very clever.
and should be useful where the Work is to be done on a large scale.

F. W. Peek, Jr.: It is very difficult to estimate corona loss
on r ra- Veal lines with great accuracy because it is very difficult
to determine the conditions along a long line; there are so many
variables.

If a wire about an inch in diameter is taken and the loss is
measured up to several million volts, it will be found that, at
first, the quadratic law obtains up to a very high voltage.
Finally, at some point the loss begins to fall below the original
quadratic. It eventually follows another quadratic. The new
curve, if extended, will be found to cut the axis at a new critical
corona voltage. At the point where the deviation occurs, the
appearance of the corona discharge changes. Great "cart-
wheels" form around the conductors. These cartwheels sepa-
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rate, act as shields, and change the whole electrostatic field. I

do not think it is a practical condition because this deviation
from the quadratic occurs at many times the operating voltage
for the conductors. It is amazing, in fact, that any law is fol-

lowed at these high voltages.
It seems to me that operation should be below the critical vol-

tage for fair weather. It is practically impossible to eliminate all
loss in wet weather. It is thus important to determine the
irregularity factors for various types and sizes of weathered
conductors. This offers a good field for investigation.

RECENT INVESTIGATIONS OF TRANSMISSION -LINE
OPERATION'
(HEMSTREET)

DETROIT, MICHIGAN, JUNE 21, 1927

G. H. Doan: The top wire of our 120-kv. lines is very
much more susceptible to flashover and damage than any of the

Li others. We had concrete evidence of that last year when a
i lightning stroke hit directly on a radio tower which was very

close to the high -voltage lines. A klydonograph about a quarter
of a mile away showed that there was about 5 times normal
potential on the top wire, 3.3 on the middle, and 2.7 on the

I bottom. That, however, did not cause flashover, and did not,
) of course, cause opening of the oil circuit breaker.

This is further borne out by the position of broken insulators.
The record for last year shows that 77 per cent of the insulator

t flashovers were on the top wire; 19.4 per cent on the middle, and
only 2.8 per cent on the bottom wire.

We have also some very interesting data as to the good of
ground wires. We started our 120-kv. system, and ran it during
the season of 1925 without a ground wire on that portion which
was working. During that season, we had 114 automatic switch
openings. During the winter it was equipped with a ground
wire, and the following year, (in 1926), we had 7 openings,
which is a reduction in switch openings of practically 94 per cent.
The storms which passed over that area decreased 47 per cent,
so that there is a possibility that the storms which we had were
not so severe, and we certainly know we didn't have as many of
them; but it seems that the ground wire had afforded quite a
little protection.

Mr. Hemstreet points out that in dry sandy country he has
experienced many more flashovers than in the lower districts.
We also find that is true. In one particular section, where the
land is rather high, rolling, and sandy, and the ground resistance
rather high, we have experienced, I think, about 50 per cent of the
flashovers of which I spoke.

R. L. McCoy: Mr. Hemstreet has pointed out the advantage
of the longer -spaced suspension insulator. It has always been
the policy of the Locke Insulator Corporation to recommend the
use of a relatively long -spaced suspension unit.

A few years ago the major insulator problem was that of pre-
venting puncture of the units by the voltages impressed upon
them. Thatproblem is now well in hand and the major problem
is to prevent lightning flashovers as much as is possible and as is
feasibly economical and to prevent the attending damage.

Researches which have been made by Mr. F. W. Peek have
shown us the nature of the voltage impressed upon line insulators
by lightning.

It is desirable that we study the action and characteristics of
line insulators under these voltages. The lightning generator
has given us an opportunity to make these studies. A very
careful investigation has been made with lightning. We find
that with all types of suspension insulators regardless of the
spacing, cascading occurs. This fact is borne out by Mr. Hen -
street's experience.

The reason for this is found in the fact that the distribution
of the voltage impressed on the various units of the insulator

I. A. I. E. E. JOURNAL, November, 1127, p. 1211.

string is not uniform. The line unit bearing the brunt of the
surge flashes over before the remaining insulators flash over.
This, then, makes the second unit from the line at the same
potential as the line and it flashes over. The flashover therefore
is progressive, one unit at a time, with the arc striking to each
insulator cap. The power arc follows the path of the lightning
arc and starts as a pure cascade. This accounts for a large
number of cases where we find cascading on all of the units of an
insulator string when it was flashed over by lightning. Inciden-
tally, we find this on insulators of all spacings.

Our problem then is to find a way of using the insulation in the
insulator to the best advantage to produce high flashover values
which will reduce number of flashovers, and prevent cascading of

the lightning arc. Recent studies with lightning show no appre-
ciable difference in cascading between insulators of minimum
spacing and insulators of approximately 6 -in. spacing for a
10 -in. disk.

Flashover values are directly in proportion to the string length.
The longer spacing is obviously advantageous from this point of
view.

Mr. Hemstreet states further that the power arc has a strong
tendency to blow away from the insulator if the initial cascade
caused by lightning can be prevented. The grading shield
offers a means of doing exactly this. The reason for this is that
the grading shield reduces the voltage across the line unit and
makes the voltage duty upon each unit more nearly uniform
and when the flashover occurs it is a complete flashover from
ring to ring, or, ring to horn, and the arc is started several inches
away from the insulator. The chances of its doing damage there-
fore are much reduced.

Recent investigations show that the grading shield can be
designed to prevent cascading of the lightning arc, and also
because of better field conditions established, give an increase of
from 15 to 20 per cent in the flashover value over that of the un-
protected string. This is interesting, because on 132,000 volts or
above we are near the point where the insulators have a flashover
value equal to the voltage imposed upon them. An increase,
therefore, of a few per cent in the flashover value may reduce
very materially the number of flashovers.

A. 0. Austin: In view of some of the points raised by Mr.
Hemstreet's prp3r, it would seem that some recent theory and
investigation should be of interest.

Flashovers on transmission lines are reduced by raising the
effective flashover voltage of the insulator between conductor and
ground, or by reducing the abnormal potential on the conductor.
In addition to these two methods or factors, a new method
has been developed which I have called the counterpotential
method.

In this discussion I wish to call particular attention to the
last two methods.

The new method eliminates the danger of burning and permits
taking advantage of the very high flashover values for lightning
possessed by wood structures, to which Mr. Hemstreet called

attention.
Reduction in the effective height of the conductor and the

installation of ground wires are two factors which can be used to
advantage for increasing the ratio of flashover voltage to surge
potential for steel tower lines. Recent improvement in the
theory of the ground wire gives a working knowledge of the
various factors governing its functioning so that it can be
evaluated for any installation. In applying the ground wire,
to obtain best results, it is necessary that we have a knowledge of
just how it functions.

A charged cloud over the power conductor will induce a charge
on the conductor. This charge is a bound charge and will be the
same for a conductor or a ground wire in the same position.
Following the discharge of the cloud, the bound charge will be
released and cause the potential of the conductor, if insulated, to
rise. This rise in potential is of great importance and a study of
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the factors has boon made. Before the cloud discharges, the
conductor may be regarded as forming a condenser with the
cloud. Following the discharge the conductor forms a condenser
with ground or objects of lower potential such as a ground wire.
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In general, the potential on a conductor may be said to vary as
Q/C where Q is the charge and C the effective capacitance of the
conductor to ground. It therefore follows that factors which
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affecCQ and C must be given consideration in determining the
rise in potential for a given gradient.

, The charge Q will increase directly with the height in a field
of uniform gradient while the value of C is reduced with the

height, of the conductor. It therefore follows that the induced
Polvidlid Q/C will increase at a more rapid rate for greater
heights of conductor. This is shown in Fig. 1 herewith.

Bringing the power conductors nearer togethi,r reduces Q,
but this advantage is partially offset since it also reduces C.
Where a ground wire is used to inereaso C, it is evident, however,
that close spacing reduces Q and increases C. Since the ground
wire functions by increasing C rather than by reducing Q, its
location and number should take this into account rather than
its location for screening.

By the use of a cathode ray oscillograph of the Braun -tube
type it is possible to measure induced voltages on model lines
with ease.

Fig. 2 shows a study based on string length. In this study the
induced voltage on the conductors of a two -circuit line is shown
as measured by this method. It will be seen that the induced
potential rises very rapidly with the increase in string length.
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Increasing the length of a string 2 ft. not only spreads the con-
ductors but raises the top conductor at least 10 ft. Where the
electrical gradient set up by the cloud is steep, it is seen that
increasing the string length may result in more flashovers unless
the height of the conductors is kept down or the factor C in-
creased by placing ground wires at other points than at the peak
of the tower.

In wood -pole structures the problem is different. The
installation of a ground wire may eliminate insulation sev-
eral times that of the insulator. It therefore follows that where
a ground wire is usually an advantage on a steel -tower line, it
almost invariably increases line trouble when applied to a wood -
pole line which has effective insulation. The reasons for this
are clearly shown in Figs. 3 and 4. It will also be noted that
the insulated ground wire and the counter -potential wire have
great advantages over the ground wire for preventing flashoversinduced by lightning. While the insulated ground wire cannotbe used where unbalanced leakage is likely to burn the pole, the
counter -potential wire takes care of this and also facilitates
the operation of relays.
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The counter -potential wire may be very effective when applied
to a steel tower having an insulating zone. In operation, the
release of a bound charge raises the potential of the counter -
potential wire and connected tower top or cross arm coincident
with the rise in potential on the power conductor. Since the
potential of the insulator support is raised, the stress tending to
flash the insulator or conductor will be reduced by the amount
that the tower top is raised by the counter-potential or charging
wire.

By properly spacing the height of the counter -potential wire
it is possible to control the potential of the support adjacent to
the insulator so that the flashover voltage of the insulating zone
of the tower can be added to that of the insulator, giving
exceedingly high flashover values for what would otherwise he a
low or moderate flashover voltage system. In addition to giving
exceedingly high flashover values it makes it possible to effect
very material economies due to the closer spacing of conductors.

Since the danger of burning of the insulated section is removed
by the counter -potential wire and relay operation is insured,
this new method of line construction has material possibilities

log)
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While the path of an arc may be determined at the expense of
flashover voltage, once formed further control of the arc is lost,
hence operation can best be improved by increasing the effective
ratio of flashover voltage to the surge voltage. With a better
understanding of the various factors it is now possible to con-
sider the cost of the line per mile on a flashover basis as well as

on a mechanical basis. When this is carried out, great improve-
ment in the elimination of flashovers will result.

W. L. Lloyd: I am glad to note that the operating results
have checked so well Mr. Peek's laboratory tests, in that the
lightning voltage is directly dependent upon the height of the
phase wire above conducting soil.

With wet soils, the greatest number of flashovers should occur
on the upper conductor. I understood Mr. Hemstreet to say
that actually 85 per cent of the flashovers occurred on the upper
conductor under such conditions, whereas the lower conductor
was practically immune from lightning.

With dry soils, where the conducting level is perhaps far below
the ground level, and the percentage difference between the
effective heights of the three vertically spaced conductors is
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which may be applied for improving old lines as well as being
adapted for new construction where it is desired to reduce or
eliminate flashovers.

It is also possible to use the construction in conjunction with a
ground wire. It is, however, necessary to place the ground wire
below the insulated zone or to insulate it from the upper section
of the structure.

Mr. Ilemstreet raises the question as to the effect of ground
resistance on flashovers. From a consideration of the counter -
potential wire it is apparent that if the effective height of the
conductor has not been increased, a high ground resistance may
permit the structure to be charged momentarily. This will
tend to reduce the stress tending to flash the insulator so that the
danger of arcing would really he less. If the nature of the ground,
however, is such that the conductors have a very high effective
height, this may more than offset the high ground resistance and
result in increased flashovers.

Impact tests made recently on long strings with much larger
amounts of energy than have heretofore been available, show that,
ninny insulator strings or arrangements which it, has been as-
suirivil (from tests on short strings), would are free, frequently
cascade. These tests apparently give results similar to those
shown in the examination carried out by Mr. Ilemstreet. It, is
hoped that am oscillogroph rccoril of the flashovers on test will
throw much light on the nature of some of the various types of
flashovers Hided en the system.
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greatly diminished, there should be more flashovers; but a more
even distribution in the number of flashovers should he expected.
This is in accordance with the operating results reported by Mr.
Hemstreet.

On important lines, we recommend the ground wire to re-
duce the number of flashovers and the grading shield to elimi-
nate damage to the insulator string or line conductor in the case
of those fewer number of flashovers which remain.

I am particularly interested in the klydonograph surge -
recorder measurements on this system, and am glad to note that
these measurements check so well with our estimates based upon
tests in the laboratory with Mr. Peek's 2,000,000 -volt artificial -
lightning generator.

J. G. llemst reel: It is gratifying and encouraging to know
that the representatives of operating and manufacturing com-
panies and those working in the laboratories on this same problem
are in agreement, on practically all of the various points that
have been brought out.

It is evident, that a great deal of the mystery surrounding the
transient conditions existing in transmission systems is being
cleared away and the knowledge that, has been gained of these
conditions from experience in the Held and laboratory tests and
investigations may enable us to provide high -voltage transmission
lines that, will be very free from trouble due to lightning.

Mr. Austin has somewhat of an innovation in
the counter -potential method of preventing insulator flashovers
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!testiIts of experience in the lield will be awaited with interest I()
deltTlitillo it' this method is /LS eIYeetive IL4 a ground wire. (

of Ilue benefits obtained from th(1 use Of ground wire is 1114, pro-
teetion to the station equipment by holding down the transient

v 01 i ages i ti t he rams!!! ission line, The count++r-potevliul
method evidently does not aeeomplish t his purpose, but possibly
a eombination of the Iwo using ground wire near the station,'
might acromplish the desired results.

Discussion at Pittsfield Meeting
QUANTITATIVE DETERMINATION OF RADIO -

RECEIVER PERFORMANCE'
(OAKLEY)

PyrrsPIELD, MASS., MAY 25, 1927
A. L. Cook: I think it is a decided indication of progress

in the development of sets when the manufacturers begin to
test their complete sets and publish results of these tests.

I wish to ask particularly about the curves on the fifth page
of the paper showing the quality of reproduction of a certain
receiver. I wish to ask does the method of testing used really
tell ,whether or not the set has good quality of repro-
duction?

As I understand it, the method is based upon the measure-
ment of voltage amplification at different audio frequencies
and I wish to ask if this is a true measure of the quality? That
is, if this were a straight line parallel to the horizontal axis,
would this represent a perfect set?

I believe that most of the energy in a complex note is in the
lower frequencies, and it would seem to me that the energy
amplification would be more important than the voltage
fication. I should like to ask Mr.. Oakley, therefore, if an in-
dication of the relative energy amplification at different fre-
quencies would not be a more exact representation of the quality
than is the voltage amplification?

B. V. K. French: 1 should like to ask Mr. Oakley about
the amount of error in the attenuator used. The attenuator
was described, 1 believe, by A. W. Hull, in the Physical Review
of 1925, and I wonder if any errors have been calculated?

Another question- I should like to ask is, how is the percentage
modulation measured on the oscillator defined, and how can
we all reach the same agreement on the necessary percentage
modulation to simulate broadcast reception conditions?

H. D. Oakley: The point about the quality curves of re-
ceivers is at present quite a disputed one. It has already been
proposed to measure the power delivered to a loudspeaker
rather than the voltage across it. But even in this case, the
designers of loudspeakers are not prepared to say whether a
definite relation exists between the power supplied to a loud-
speaker and the sound received by the ear of the listener. Varia-
tions in room conditions cause variation in the sound received
by the ear. If we could measure the sound pressure at the micro-
phone of the transmitter and the sound pressure at the ear of the
listener, then a true representation of quality for a particular
set of conditions could be made. Because so many variables do
exist, and because it is more convenient to measure voltage than
power delivered to a loudspeaker, our quality curves are plotted
in terms of voltage against frequency. We depend a great deal
upon past experience in interpreting the picture presented to us
by the quality curves.

The other point brought up was concerning the type of inductor
used in making the measurements. Calculation of inductance
involves a term which is the log of the ratio of the radius of the
cylindrical shell to the radius of the rod inside the shell. Slight
errors in determining the magnitudes of these two radii will cause
a very slight error in the calculated value of inductance. There

1. A. I. E. E. JOURNAL, May, 1927, p. 487.

are two other sources of error. (1) The point at which the
rod enters the end plate is grounded. (7onsequently there may
be some current flowing from the point through ground and
back into the circuit again. So calculations based upon the
assumption that all the current flowing in the rod return through
the shell may be slightly in error. And (2) the electric field
about the shell will induce voltages in the receiver in addition to,
those obtained from the tap to which the receiver is connected.
This error has been eliminated by enclosing the inductor in a
shield. Measurements on the inductance show that it is within
4 per cent of calculated values.

The degree of modulation of the current supplied by the
oscillator is expressed by the ratio

A -B
XA + B

100

where A is the maximum and B the minimum amplitude of the
modulated current. For 50 per cent modulation, A would be
three times B. No single value of percentage modulation can
simulate broadcast -reception conditions, since the percentage
modulation of a broadcast transmitter is continually changing
and may be any value from zero to distressing over -modulation.
But the audio -frequency output of a properly designed receiver
should vary directly with the degree of modulation and for
measurement purposes a reasonable value should be satisfactory.
50 per cent modulation was used by us, but there is at least a
tentative agreement now to use 30 per cent for all receiver
measurements.

ELECTROLYTIC CORROSION
MEASURES

The Bureau of Standards has recently announced the
developnient of an instrument known as the "earth
current meter" which measures corrosion of under-
ground structures. In connection with this announce-
ment it is stated that the determination of the serious-
ness of corrosion of underground structures due to
stray electric currents has been difficult and the results
unsatisfactory because there has been no simple method
of measuring the amount of stray current at the point
where electrolysis is suspected. For this reason,
engineers of the Bureau have endeavored to develop
an instrument which will indicate directly the strength
of the current in the earth at a given point. It works
upon the theory that the rate of corrosion is directly
proportional to the strength of current flowing from a
structure. Such an instrument would indicate directly
whether the structure under test was in danger from
electrolysis. The instrument is described in detail
in technical paper No. 351, which also describes the
various ways in which it may be used to determine
electrolysis conditions.
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ILLUMINATION ITEMS
By Committee on Production and Application of Light

NEW MAZDA STREET RAILWAY CUTOUT LAMPS

It has been common practise to use five lamps in series

in street railway lighting service where line voltages
run about 550 or 600 volts. The lamps regularly used
in such service have heretofore been of the straight -
filament, vacuum type, rated in wattages 23, 36, 56 and
94 but otherwise similar to the old type of lamps used
for multiple lighting service. Gas -filled lamps of
ordinary construction cannot be used satisfactorily in
series on the high line voltages used in street railway
service. The chief cause for unsatisfactory operation
is the maintaining of the arc in case the filament is
broken while burning. The surrounding gases hold it in
a persistent manner due to the high voltage back of it,
and eventually the arc becomes destructive.

A low -voltage Mazda C lamp has been developed
which is strong mechanically and which incorporates
within the lamp itself a cutout device that enables the
advantages of the higher efficiency gas -filled lamp to be
attained in street railway lighting service.

In case the filament in one of these cutout lamps is
broken while the lamp is burning, the subsequent arc
maintained as usual in the gaseous atmosphere travels
up the lead-in wires inside the lamp until it reaches a
special device which short-circuits the lamp and ex-
tinguishes the arc. If the filament should be broken

the lead-in wires
will break down electrically as soon as the circuit voltage
is applied.

In either case the circuit through the lamp which has
failed is maintained or restored and the lamps in series
with it remain lighted, dividing among themselves the
voltage which had been applied across the lamp which
has been short circuited.

If five lamps are used in series, the short-circuiting of
one would increase the voltage applied to each of the
other four individuals by 25 per cent. This would
plat e a considerable over -voltage strain on the four
remaining lamps and unless the defective lamp were
immediately replaced, might lead to their subsequent
burnout in rapid succession. By increasing the number
of lamps in one series circuit, the short-circuiting of any
one of them throws less strain on those remaining.
Fortunately, several five -lamp circuits are ordinarily
required to light a car. It has been found that if eight-
een or more lamps are operated in series the failure
(and consequent short-circuiting by the automatic
cutout) of any one lamp will not increase the voltage on
the remaining lamps by an amount that is objectionable
during the short period that normally elapses until the
lamp is replaced.

The new gas -filled cutout lamps for street railway
service are therefore designed to operate at about 30
volts, so that in ordinary cases from 18 to 22 lamps can
be operated in one series on the line voltages ordinarily
used in street railway service.

The lamps are made in two current capacities, 1.0

and 1.6 amperes, which, at 30 volts, make the wattages -

30 and 48 respectively. The 1.0 -ampere lamp is sup-
plied in the A-19 bulb of the same over-all dimensions
as the standard 25 -watt 115-volt inside frosted lamp.
The 1.6 -ampere lamp is made in the A-21 bulb such as
is used for the regular 40 -watt 115 -volt inside frosted
lamps.

The 1.0 -ampere lamp has a light output of approxi-
mately 360 lumens and the 1.6 -ampere lamp gives 648
lumens. The initial efficiencies of the new Mazda C
lamps are 12.0 and 13.5 lumens per watt. These
efficiencies are considerably higher than those of the
older Mazda B lamps for street railway service, which
ran from about 8.8 lumens per watt for the 23 -watt
size to 9.9 for the 56 -watt lamp.

Not only is the initial efficiency of the Mazda C
Street Railway cutout lamps considerably higher than
that of the vacuum lamps, but they will maintain their
initial light output much better throughout life. The
average mean lumens of these lamps will be only about
5 per cent below the initial values (because they are
gas -filled), whereas in the case of the corresponding
vacuum lamps, the average light output will be about
15 per cent less than the initial value. On the basis of
average light output the new lamps will therefore deliver
40 or 50 per cent more lumens per watt than the vacuum
type lamps.

The new cutout Mazda C lamps are supplied in inside
frosted bulbs.

The filaments in the cutout lamps, being of low
voltage and of fairly large current capacity, are rela-
tively short and of large diameter so that the lamps are
mechanically strong and are particularly well suited to
street railway service. It is well know that a large
proportion of failures of the old style lamps in street
railway service was due to mechanical breakage.

A short-circuiting socket has been developed for use
with these lamps which permits a lamp to be removed
and replaced without extinguishing the others in series.

In a scientific address in Chicago, Oct. 11 on "Color
Temperature Classification of Natural and Artificial
Illuminants," Norman Macbeth president of the Illu-
minating Engineering Society discussed the use of the
phrase "just like daylight" which he said was so greatly
overworked by lighting apparatus advertisers. The
phrase is more than 100 years old, he stated, adding that
it was first used in Baltimore to advertise the first
flame burner when gas lighting was brought to America.
Later, he said, it was applied to the coal oil or kerosene
lamp, the Edison carbon filament lamp, arc lamps and
gas mantles.

Mr. Macbeth devoted the closing paragraphs of his
paper to a discussion of color discrimination. A book
is now on the press, he said, that will illustrate and
name 6000 colors.

The difficulties surrounding accurate color discrimi-
nation and the importance of working out reliable
methods were presented and recommended for further
research.
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statements and
opinions given in the papers and discussions published
herein. These are the views of individuals to whom they are
credited and are not binding on the membership as a whole.

1928 Winter Convention Promises Timely
Program

Many live topics will be on the program for the coming Winter
Convention of the Institute, to be held in New York City, Febru-
ary 13-17, 1928. A technical program has already been tenta-
tively laid out and it includes such subjects as operation of inter-
connected power systems, protective and control systems, auto-
matic substations, arc welding, electrophysics, communication,
and electrical machinery.

Plans have also been made for the other features including
the annual midwinter dinner -dance, a smoker, and various
inspection trips.

One evening will be devoted to the presentation of the John
Fritz Medal and the Edison Medal.

The arrangements for the meeting are being made by a general
convention committee as follows: G. L. Knight, Chairman;
J. B. Bassett, H. P. Charlesworth, H. C. Dean, H. W. Drake,
W. S. Gorsuch, H. A. Kidder, E. B. Meyer, L. W. W. Morrow,
and R. H. Tapscott.

Fall Meeting of Affili ted Engineering
Society Sections of Virginia

The annual fall meeting of the Affiliated Engineering Society
Sections of Virginia, consisting of the Virginia Sections of the
American Society of Mechanical Engineers and American
Society of Civil Engineers, and the Southern Virginia Section of
the A. I. E. E., was held November 11-12, at the University of
Virginia, Charlottesville.

FRIDAY AFTERNOON'S SESSION
The first session was held at 2:30 p. m. on Friday in the main

auditorium of the Cobb Chemical Laboratory, with Mr. F. P.
Turner, President of the Virginia Section A. S. C. E., presiding.

-

A brief address of welcome was delivered by E. A. Alderman,
President of the University of Virginia, in which he placed great
emphasis upon the importance of engineering and said that
engineers are really the architects of modern civilization.

After a brief response by Mr. Turner, the following program
was presented:

Water and Power Resources of Virginia and Their Proposed
Development, by Mr. F. H. Newell, Washington, D. C., President
of the Research Service, Inc. Illustrated with lantern slides.

Safely in Engineering, by Mr. G. E. Sanford, Schenectady,
N. Y., Safety Engineer, General Electric Company, and Vice -
President in charge of Engineering, National Safety Council.
Illustrated with lantern slides.

The Beggs Deformeter, by Mr. E. W. Saunders, Jr., Associate
Professor of Mathematics, University of Virginia. Illustrated
with figures and demonstration of equipment.

After hr.ef remarks by Dean J. L. Newcomb of the Depart-
ment of Engineering, University of Virginia, this session was
closed.

FRIDAY EVENING SESSION
At 7:00 p. m. Friday evening an informal dinner was held at

the Monticello Hotel in Charlottesville, followed by an address
on "The Engineer as a Publicist" by W. M. Thornton,
Professor of Applied Mathematics, University of Virginia, and
former Dean of the Department of Engineering. Professor
W. S. Rodman, Chairman, Southern Virginia Section, A. I. E. E.,
presided.

Following adjournment of the principal meeting, separate
business meetings of the three Sections were held. Officers and
members of the Southern Virginia Section of the Institute and
guests discussed the Sections and Branch conferences held at
Detroit in June, as well as other activities of Districts, Sections,
and Branches. Much interest was shown in the recent develop-
ments to make Institute activities available to a larger portion
of the membership.

Those who were present on Friday morning were given an
opportunity to visit Monticello, the home of Thomas Jefferson,
near Charlottesville, and prior to the dinner on Friday evening,
all interested were invited to inspect the Jefferson Searchlight
on the roof of the Monticello Hotel. This is a 1,200,000,000 -
candle -power searchlight, using a direct current of 150 amperes,
which is operated by the Virginia Public Service Company.

SATURDAY MORNING SESSION
At a session held in Madison Hall at 10:00 a. m. Saturday with

J. A. Johnston, Member of the Executive Committee of the
Virginia Section, A. S. M. E., presiding, the following program
was presented:

Policies, Plans and Operations of the State Port Authority, by
Mr. J. G. Bohannan, Petersburg, Va., Chairman of the Port
Commissioners of Virginia, and Mayor of Petersburg.

The Virginia Public Service Company-Its Property-Organi-
zation-Aims, by Mr. A. W. Higgins, Charlottesville, Va.,
Vice -President and General Manager of the Virginia Public
Service Company. Illustrated with large map of the system.

Obsolescence, by Mr. Gorton James, Washington, D. C., Chief
of the Domestic Commerce Division of the Bureau of Foreign
and Domestic Commerce.

At 1:00 p. m. on Saturday, a complimentary luncheon at the
Commons was tendered by the university, and a considerable
number of those in attendance at the meeting saw the Maryland
Virginia football game held that afternoon. A section of the
seats in the stadium was reserved for those who had previously
registered requests for them.

Plans for the meeting were made under the supervision of a
committee consisting of Professor W. S. Rodman, Chairman,
and Mr. L. H. Williamson. The attendance at the sessions
varied from 50 to 66, and all present considered the meeting
most interesting and successful.



Dec. 1927 INSTITUTE AND RELATED ACTIVITIES 1467

Future Section Meetings
Cleveland

Television, by J. W. Horton, Bell Telephone Laboratories.
The meeting will be held in the Electric League Room of the
Hotel Statler, at 8:00 p. m., December 15.

Today's Science, Tomorrow's Engineering, by L. A. Hawkins,
t General Electric Co. Electric League Room, Hotel Statler,

8:00 p. m., January 19.
Columbus

Power by Radio, by Phillip Thomas. Inspection of 0. S. U.
E Broadcasting Station WEAO. January 6.

Illumination Meeting. January 27.
Erie

The Romantic Development and Economics of Niagara Power,
by W. K. Bradbury, Niagara Falls Power Co. December 20.

Recent Developments in the Art of Communication, by S. P.
Grace, Bell Telephone Laboratories. January 17.

Ithaca
Traffic in the Field of Radio Communication, by F. H. Kroger,

Radio Corporation of America. January 26.
New York

Interconnection of Power Systems, by Alex Dow, President,
i. Detroit Edison Co., and Farley Osgood, Consulting Engineer.
I, January 13.

Pittsburgh
Engineers vs. Salesman-Who's Ahead?, by G. M. Gadsby,

I President, West Penn Power Co. December 13.
Symposium on A -C. Network Systems, by C. T. Sinclair,

Byllesby Engg. & Management Corp., and H. R. Searing,
United Electric Light and Power Co. Talk by Bancroft
Gherardi, National President. January 10.

. Pittsfield
The French Foreign Legion, by Major Pechkoff. December 6.
Hot Cathode Power Rectifiers, by A. W. Hull, General Elec.

Co. December 20.
Floods and Flood Control, by Dr. Frank Bohn. January 10.
Developments in Steam Power Plants, by F. S. Collings.

January 24.
St. Louis

Railroad Electrification, by J. V. B. Duer, Pennsylvania
Railroad. December 21.

Important Small Materials Used in the Telephone Industry and
Their Characteristics, by G. S. Rutherford, Western Elec. Co.
January 18.

Sharon
New and Interesting Electrical Developments, by A. M. Dudley,

Westinghouse Elec. & Mfg. Co. A talk will also be given by
Larry Flint, writer and newspaper man. Banquet. December 6.

Raising the Submarine 8-51, by Lieut.-Commander Edward
Ellsberg, U. S. N. January 7.

Vancouver
Visit to Fire Dispatch Installation. January 10.

"Science Luncheon" of the American
Institute

Cooperating with the National Research Council, Division of
Engineering and Industrial Research, the American Institute of
the City of New York will hold what it chooses to call a "Science
Luncheon" Saturday, December 10th, at the Town Hall Club.
The speakers will be Maurice Holland, Director of the Division
of Engineering and Industrial Research, National Research
Council, who will take for his subject, "The Vanishing American
Genius," and L. A. Hawkins, executive engineer of the Research
Laboratory, General Electric Company, Schenectady, N. Y.,
who will discourse on "Research-Organized Genius."

The American Institute at the close of the year will be 100
years old, and throughout this century it has directed its activities
toward the encouragement and promotion of public welfare.

A series of science demonstrations is being arranged under the
able directorship of Doctor Harvey Brace Lemon of the Uni-
versity of Chicago. As a centenary activity of particular signif-
icance also is the publication of a book entitled "A Century of

Industrial Progress" with an introduction to which Hon. Herbert
Hoover has contributed. At this, the first luncheon, research and
its relation to modern industry and activities will be evaluated,
and the speakers are chosen for their first-hand knowledge of

the current work in research laboratories.

Fiftieth Anniversary of Philadelphia
Engineers Club

"Engineering Progress and World Civilization" will be the
general subject for the Fiftieth Anniversary celebration of
the Engineers Club of Philadelphia to open the evening of Friday,
December 16, at 8:00 o'clock, when. John R. Freeman, past -
president of the American Society of Civil Engineers and
Ambrose Swasey, past -president of the American Society of
Mechanical Engineers will address the meeting on "The Past in
Engineering Fifty Years ago -1877." This will be followed by
an entertainment and smoker. A buffet supper will also be
served.

Saturday morning will be given over to the ceremonies of
honorary degrees to be conferred by the University of Penn-
sylvania upon several of the distinguished guests. A buffet
luncheon will be served at noon, and the afternoon meeting on
"The Present in Engineering -1927" will be addressed by
William C. L. Eglin, President of The Franklin Institute, Howard
Elliott, chairman of the Board, Northern -Pacific Railway Com-
pany and Charles M. Schwab, Honorary Member of the Engi-
neers Club and president of the Iron & Steel Institute. For the
evening meeting at 7:30 o'clock, the unique subject of "Future
in Engineering -1977" will be discussed by Samuel Rea, Hon-
orary President of the Engineers Club and Past President of
the Pennsylvania Railroad, Dexter S. Kimball, President of the
American Engineering Council and John Hays Hammond, past -
president of the American Institute of Mining Engineers. All
functions will be held at the Bellevue -Stratford with the ex-
ception of the convocation Saturady morning at College Hall.
Ladies will be welcome; any non-members desiring to attend
should communicate with the secretary, Mr. Charles E. Billin,
Secretary, the Engineers Club of Philadelphia, 1317 Spruce
Street, Philadelphia, Pa. prior to December 12.

Radio Engineers' 1928 Convention
The Third Annual Convention of The Institute of Radio

Engineers is to be held on January 9th, 10th, and 11th, 1928.
The program is to include the Annual Meeting of the Institute,
reports of officers, installation of new officers, presentation of the
Liebmann Memorial Prize to Dr. A. Hoyt Taylor of the United
States Naval Institute, the series of technical sessions, inspection
trips to a number of interesting places around New York and a
dinner -dance on the evening of the 11th.

The general meetings and technical sessions will be held in
the Engineering Societies Building, 33 West 39th Street, and the
registration booth and convention headquarters will be in the
lobby of the Engineering Societies Building.

Sixth Power Show
The Sixth National Exposition of Power and Mechanical

Engineering will open December 6, 1927, when 180,000 square feet
of Grand Central Palace New York will be utilized in the display
of latest mechanical devices. The scope of the exhibit is not
confined to the field of heat and power generation and utilization,
but will include the allied field of ventilation and other modern
problems of great importance. Refrigerating machinery will be
represented by a group of fifty manufacturers; mechanical power
transmission, welding, machine shop equipment and wood-
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morking machinery will also hold conspietious pimps in the
exposition which will continue through Deeember 10, simul-
taneously with the Annual Meetings ()I' the Ameriean Soeioty
of Meehanieal Engineers and the Ameriean Society of Refriger-
ating le.ngineers.

25th Annual Convention of American
Road Builders' Association

Announcement has been made to the Chamber of Commerce
of the American Road Builders' Association Convention January
9th to 13th, 1928, at Cleveland, Ohio. Special headquarters
will be maintained at the Public Auditorium and at the II ellen-
den Hotel for visiting city officials, and they are invited to register
and make use of headquarters during the Convention. Atten-
dants will be in charge -at all times, and William R. Hopkins,
City Manager and Chairman of the City Officials' Committee,
will gladly receive all inquiries of those interested. This will be
the largest exposition of Road construction and road mainte-
nance machinery and materials ever held including over 300
carloads of the latest machinery, equipment and materials.
Papers will be presented of special interest to city officials who
are urged to attend and take part in the discussion of various
subjects presented by carefully selected authorities. There
will be a "Pan-American Day" a portion of which will be given
over to highway problems in North and South America, and in
the evening, the delegates from Pan American countries will be
the guests of the American Road Builders' Association at the
Annual Banquet. Reservations should be made through
Mr. A. Kennedy, Vice -Chairman, A'. R. B. A. Hotel Com-
mittee Room 304, Chamber of Commerce Building, Cleveland,
Ohio.

New Spanish Translation Available
The Spanish translation of the A. I. E. E. Standard for

Electrical Measuring Instruments (No. 33) is now available.
This standard applies to the following kind of indicating instru-
ments: Ammeters, voltmeters, wattmeters, reactive volt-ampere
meters, frequency meters, power -factor, reactive -factor and
phase -angle meters and synchroscopes. It does not apply to
curve drawing or contact making instruments nor to small
instruments of types and sizes which are used where low cost is
essential.

There are now 17 A. I. E. E. Standards translated into Spanish
as follows: Nos. 1-5-7-8-9-10-11-13-14-15-16-19-22-30-33-37 and
41.

The work of translation has been done by a special committee
of the Standards Committee, under the chairmanship of Dr.
C. 0. Mailloux. The Standards are published by the Bureau of
Foreign and Domestic Commerce. Orders should be sent to
the Superintendent of Documents, Government Printing Office,
Washington, D. C. Prices of the pamphlets are as follows:

Nos. 5-7-8-9-10-11-13-16 and 22, ten cents.
Nos. 1-14-15-19-30-33-37 and 41, five cents.

Chicago Power Show
The exhibit at the 1928 Midwestern Engineering and Power

Exposition Chicago, Feb. 14-17, 1928 will be a most forceful
representation of progression to meet modern requirements
demanded for the convenience of prosperity. It is expected
that thousands will be in attendance to review the diversified
and unique mechanisms there displayed.

Centennial of the Institution of Civil
Engineers

The Institute has received a cordial invitation from the
President and Council of the Institution of Civil Engineers of
Great Britain, for members who may be in London early in June
1928 to attend an engineering conference to be held in connection

with the celebration of the One 11 undreth Anniversary of the
issuance to that institution of a royal ehiarter of incorporation.
Further particulars of the subjects to In, dismissed will be avail-
able later. In the meantime, however, members of the Institute
who are likely to be in London the first week in June 1928 are
requested to send their names and addresses to Institute head-
quarters so that further plans may be communivated directly
to them.

Provisions of Radio"Treaty Being Completed
The International Radio -Telegraph Conference, after several

plenary sessions, has nearly completed its task of formulating an
international treaty covering the uses of radio. The work of the
conference will probably be completed before the end of the
month, according to the President of the Conference, Herbert
Hoover.

Some of the articles of the convention already adapted and of
interest to engineers are; the maintenance of stations "abreast of
scientific and technical programs," and without interference;
collection and coordination of information regarding radio
services by the International Bureau of the Telegraphic Union
at Berne, Switzerland; regulations covering operators, licensing,
use of call waves, relays from land to mobile stations. Objection
was raised to a provision requiring operators of experimental
stations to be tested by their respective governments for their
technical knowledge of radio.

The conference has been considering an invitation from the
head of the Belgium delegation to fix the time of the International
Radio Telegraph Conference to be held at Brussels in 1928 in-
stead of 1930. There is considerable objection to the earlier
date.

Doctor Coolidge Awarded Hughes Medal
Dr. W. D. Coolidge, assistant director of the research labora-

tory of the General Electric Company, has been awarded the
Hughes medal by the Royal Society for "distinguished work on
X-rays and the development of highly efficient apparatus for
their production." The Hughes medal was first presented in
1913 to Dr. Alexander Graham Bell. Dr. Irving Langmuir,
also of the General Electric research laboratory, received it
in 1918.

iiiii 1111111111111111..,...."
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SPECIFIC INSTANCES OF ENGINEERING RESEARCH
Shortly after Ambrose Swasey suggested the creation of the

Engineering Foundation in 1914, the World War broke out, and
all eyes were turned to national security problems. In 1916 the
newly -organized Engineering Foundation and the four Founder
Societies joined with the National Academy of Sciences in estab-
lishing the National Research Council. Then, until 1923 the Engi-
neering Foundation devoted the greater part of its resources to
the support of the Research Council and the Council's division
of engineering; but since then, it has returned to the intention
for which it was created,-cooperation with the founder societies
in projects affecting engineering at large, still retaining however,
its connection with the Research Council.

Some of the national societies' projects in which the Founda-
tion has cooperated include research on concrete and reinforced
concrete arches; on steel columns for bridges and buildings;
mining methods; properties of steam; bearing metals; lubrica-
cation; and strength of gear teeth. These are all subjects upon
which research is obviously important and much needed.
The projects in which the Foundation cooperated with the
National Research Council were equally so. Some of these were
research on the construction and maintenance of highways
(Advisory Board on Highway Research); on welding (American
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Bureau of Welding); injury to marine piling by the teredo and
other small boring animals; molding sands for foundries (Com-
mittee on Molding Sands); pulverizing of ores, cements, and
fuels (Pulverizing Committee); and on personnel research
(Personnel Research Federation).

The mere enumeration and tabulation of work undertaken
can lend hut a vague idea of actual accomplishments, but
the reports of the Foundation give information of its widespread
activities.

As its funds grow and opportunity permits, Engineering
Foundation hopes to assist in many significant researches for
the benefit of the profession and the public at large.

P. B. MCDONALD

Engineers Predict Future of New York
On the evening of November 4 in the Engineering Auditorium

the members of the New York Section of the A. I. E. E. heard
six prominent engineers discuss the future of New York City.
The first speaker, E. P. Goodrich, Consulting Engineer on City
Planning for the Sage Foundation, had as his subject "Probable
Growth of New York City and Distribution of Population,"
and devoted himself chiefly to the presentation of a large number
of very interesting slides giving growth of population, industry,
consumption of products and their inter -relation. The second
speaker, R. H. Shreve, President of the New York Building
Congress, described "Architectural Requirements and Building
Service." He gave data relative to the factors limiting the size
of buildings and mentioned as one of the developments which
will possibly aid in the traffic and parking problems, the construc-
tion of buildings for office use with certain floors devoted to
parking space for the machines of the occupants.

The next two speakers covered the transit situation. L. S.
Miller, President of the New York, Westchester and Boston
Railway Co. spoke on "Suburban Transportation," and C. E.
Smith, St. Louis Consulting Engineer, who recently reported to
Comptroller Berry on the solution of New York's transit problem,
talked on "Urban Transportation." "Telephone Service" and
the "Light and Power Service" were the last two topics and were
covered respectively by J. L. Kilpatrick, Vice-President of the
Western Electric Co. and John W. Lieb, Vice -President of the
New York Edison Co. There was a total attendance of about
800.

Prize Awards for Safety Promotion
The American Road Builders Association is offering $1000 in

prizes for the best ideas of possible usages for the promotion of
safety in the streets and highways. More than 22,000 people
were killed in the streets and highways of the United States
during the first ten months of 1927, which emphasizes the neces-
sity of further and immediate action in this regard, and this
Road Builders association will welcome such suggestions and
endorsements as those who may have pertinent ones to offer.
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ACTIVITY IN INDUSTRIAL RESEARCH
As a result of his visit to Japan last fall at the time of the

Third Pan -Pacific Science Congress, Maurice Holland, Associate
of the Institute and Director of the Division of Engineering and
Industrial Research of the National Research Council, prepared a
brochure upon The Industrial Transition in Japan, which In
cooperation with the Japan Society of New York, has just been
published in attractive pocket size and given wide distribution
among those interested in comparing the remarkable industrial
progress of Japan during the last generation with the industrial
status of other countries. Also in connection with industrial
progress, an exhaustive bibliography of literature of the past

several years relating to street and highway safety has been
prepared by the Highway Research Board through its chairman,
A. B. Fletcher, of the Bureau of Public Roads, and Doctor M.
G. Lloyd, Chief of the Safety Section, Bureau of Standards
has prepared and had printed a statement on the "Present
Status of Legal Regulations of Automobile Headlights in the
United States."

A meeting of the Committee on Electrical Insulation was held
June 1927 at Detroit. Four papers had been prepared and

published and three more were in course of preparation.

Volta Memorial Fellowship
A fund of $25,000, the income from which will be applied each

year to post graduate work of an electrical engineer from Italy,
in an American university, has been established by individuals,
associations and corporations in this country who are interested
in electrical development ,it has been announced by the Italy -
America Society. The fund has been raised to mark the one
hundredth anniversary of the death of Alessandro Volta,
inaugurator of a new era in electricity.

It has been marked this year with a special program in con-
nection with the International Exhibition at Lake Como, Italy,
where announcement of the formation of the memorial fund in
the United States was received with much enthusiasm. The
student who will come to the United States will be selected
competitively by the Associazione Elettrotecnia Italiana, which
corresponds to the American Institute of Electrical Engineers.
In the United States the administration of the fellowship is in
the hands of the Italy -America Society.

Maurice A. Oudin, vice president of the International General
Electric Company and chairman of the memorial committee,
has outlined the purposes of the fellowship:

The committee in charge of establishing the memorial in-
cluded: Thomas A. Edison, honorary chairman; Maurice A.
Oudin, International Company, chairman;
J. E. Aldred, Aldred and Company; Sosthenes Behn, International
Telephone and Telegraph Company; Paul D. Cravath, Westing-
house Electric and Manufacturing Company; Gano Dunn,
president, J. G. White Engineering Corp.; Giuseppe Faccioli,
General Electric Company; General James G. Harbord, Radio
Corporation of America; Thomas W. Lamont, ex-president of
Italy America Society; John W. Lieb, New York Edison Com-
pany; Lloyal A. Osborne, Westinghouse Electric and Manu-
facturing Company; Philip Torchio, New York Edison Company;
and Owen D. Young, General Electric Company.

Book Review
THE NEW REFORMATION, by Michael Pupin. Charles Scrib-

ner's Sons, 271 pp., cloth, 5 x by 8 %, 82.50..
This book was published six weeks ago and it is already in

its second edition. We cannot review it better than by quoting
abstracts from opinions expressed:

Prom a letter of Ambrose Swasey:
A few days ago I secured a copy of your recent book "The

New Reformation," and I only wish it were possible for me to
express to you the pleasure it has given me . . . . With all my
heart I thank you for this message . . . . and you can never
know the great blessings these chapters will be to thousands of
people today and for generations to come. '

Cleveland, Ohio, Ambrose Swasey.
Nov. 1, 1927.

Prom a letter of Professor Jansky:
After reading your book "From Immigrant to Inventor" I

was strongly impelled to write you expressing my appreciation of
the book. I am now reading "The New Reformation" and can
no longer inhibit the impulse to express as strongly as I can my
enthusiasm of such a masterly piece of work. For some time I
have had a hazy and indefinite notion that such a work ought to
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Romance of Power, by \I. Ripley, (;client" Elecirio 'it. 11111-
tratod. The meeting %vas preceded by it dower. ()etcher
21. iNtlentImit.t. 200.

7'r4u/stsaission-Litic Stishato, by A. w. copte,v, \\t',tinghuu .c
Elec. & INIrg. ('o. Illustrated. oetober 2S. Attendant e

Detroit -Ann Arbor
lierent 1)urclopments in Singly -1'11,1.s, Muturs, by Trot'. li.

Bailey, University or iNlichigan. Oetober It;. At tendatiee
275.

Erie
Tukinq the Teeth Out of Lightning, by II. M. Towne, General

Electric Co. Illustrated. October 18. Attendance s().
Fort Wayne

Electric Arc Welding in Manufacture and ('onsicgclittn, by I). II.
Deyoe, General Electrie Co. Illustrated. November 10.
Attendance 110.

Indianapolis -Lafayette
The Trend of Science in Management, by L. 'W. Wallace, Execu-

tive Serrotary, American Engineering Conned. October
27. Attendance 427.

Kansas City
Aviation, by Capt. Francis Poindexter, Reserve Air Corps.

Illustrated. October 17. Attendance 35.
Standardization in Engineering Work, by A. P. Denton, Denton

Engg. & Construction Co., and
Liquid Air, Electricity and Magnetism, by Dr. H. P. Cady,

University of Kansas. Joint meeting with University of
Kansas Branch. November 1. Attendance 100.

Los Angeles
High -Voltage Oil Circuit Breakers for Transmission Networks, by

Roy Wilkins, Pacific Gas and Electric Co. Illustrated.
The meeting was preceded by a dinner. November 1.
Attendance 135.

Lynn
Instruments Used in Aeronautics, by Prof. Wm. E. Brown, Mass.

Inst. of Tech. Illustrated. October 26. Attendance 159.
Recent Developments in Electrical Insulation, by L. E. Barringer,

General Electric Co. November 9. Attendance 125.
Pittsburgh

Tendencies in Modern Transportation, by N. W. Storer, Westing-
house Elec. & Mfg. Co. September 13. Attendance 400.

Television, by H. M. Stoller and J. W. Horton, The Bell Tele-
phone Laboratories. October 11. Attendance 650.

Pittsfield
Inspection trip to the following industries: Cluett, Peabody and

Co., Ford Motor Co., Ludlum Steel Co., and John A.
Manning Paper Co. October 12. Attendance 150.

To the North Pole and Back Again, by Floyd Bennett, U. S. N.
A dinner preceded the meeting. November 1. At-
tendance 900.

Portland
General Problems Relating to High -Voltage Systems, by R. D.

Evans, Westinghouse Elec. & Mfg. Co. September 27.
Attendance 70.

Providence
Modern Power -Plant Design in This Country and Abroad, by

G. A. Orrok, Consulting Engineer. Illustrated. The talk
was preceded by an inspection trip to the Somerset Station
of the Montaup Electric Co. October 25. Attendance 80.

1101114.'11'r
Et/y/1110 "I ,s1,11,m, II // I 1/, loss IS.

berlain, and
ss,i,J, et H/ lfrurelrunf,rij, b Eliter

1114, talk the n1.'1111)41-4 ki 11.11 I (11. 1111.1 NI shell.,
Joint 'Heeling \vitt' I. It E and It. E. s twlober 7.
tendicice 175.

Si. 1.9tils
/6/((re y I 'ion, Pice,,,,;, by I,. A. Sheldon, General
Klee. ('I). Illustrated. ;.'ect ember 21. ,Nth-nda(iee 1:)2.
/,;(,ocon(l F11111/1.4 .1 111111111i .1 111/110111/ 8 1)1 :41f by 'I'. S.

NIrg. Cit. Illustrate&Perkins, \\'esiiiigInnise Elev. &
(ntidier Is. .\ i Si

Schenectady
01101)1.1. 21. .1i tendan,( 225.j,,(,,/: 'vim/ the Cm/ \V. It. Burrows, I leneral

Electric Co. Preceding Ilse le ture a (notion picture,
entitled "The Nlaking uI' Lamps," was shown. JI/i111
11114'011g with A. S. NI. E. Oetober 27. Attendlowe 200.

Seattle
7'hc ppiication '1111.1.1 (' 1. 1.1 leelO Clio/1, by A. S.

Fitzgerald, ( eneral Electric ('u. October 11. Attendance 77.
Sharon

l'h, 11,1,/,)(Iiirliwi of Sound, by C. It. Hamm, \Vesting-
house Elee. & \lfg. ('o. October 12. Attendance 155.

Spokane
Gent cal ktlatiny It,high-V nItage Systems, by It. I).

Evans, \Vestingliouse Ele(.. & Mfg. Co. October 3. At-
tendance 26.

A Carrier-('urri System of 7'ronswission-Line
by A. S Fitzgerald, General Electric Co. October 13
Attendance 20.

Springfield
Central -Oilier Mach iur Switching, by Ralph Sheppard, New

England Telephone Co. October 17. Attendanee 90.
Syracuse

Power-7'runsutistton Syst IIIN and 1 Oil ren,titeelions, by It,,ltertTreat, (leneral Electrie Co. Illustrated. October
Attendance 136.

Toledo
Research in Concrete M ixt tires in Building Construction, by Col.

Boyden. October 12. Attendance 71.
Toronto

Communication I ulcifcrcncc, by J. L. Clark, Bell Telephone Co.
October 14. Attendance 88.

Urbana
Theory and Manufactrire of Electrical Measuring Instruments, by

A. F. Corby, Weston Electrical Instrument Corp. Joint
meeting with Electrical Engineering Society. October 18.
Attendance 224.

Utah
Stability of High -Voltage Power -Transmission Systems, by A.

W. Copley, Westinghouse Elec. & Mfg. Co. Illustrated.
October 31. Attendance 30.

Vancouver
High Lights of Telephonic Transmission, by  C. H. McLean,

B. C. Telephone Co. Illustrated. November 1. At-tendance 93.
Inspection trip to the Seymour -Douglas Exchange of the B. C.

Telephone Co. November S. Attendance 24.
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ELECTRICAL SHOW AT PENNSYLVANIA STATE COLLEGE
In an electrical show held by the Pennsylvania State College

Branch on Alumni Homecoming Day, October 29, 1927, the
22 exhibits covered a wide variety of subjects and were viewed
by several thousand persons.

Some of the exhibits of an instructive nature included plans and
pictures of a hydroelectric plant, a model substation and transmis-
sion line, Jenkins picture transmitting apparatus, automatic tele-

phone equipment, electric meters and parts, a Tesla coil in opera-
tion, etc. Several exhibits illustrated use of colors in illumination.

Among the " trick" exhibits were a wireless light, a mysterious
egg, rotating copper ball floating in a glass jar, a tin can lid
motor, and a bucking motor.

There were several exhibits of household appliances and radio
receivers. A Panatrope with loud -speakers in various parts of
the room furnished music.
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BRANCH MEETINGS
Alabama Polytechnic Institute

Automatic Control Systems, by W. P. Smith. A talk on "Electric
Arc Welding" was also given. October 6. Attendance 63.

Smoker. October 27. Attendance 80.

University of Arkansas
Business Meeting. October 10. Attendance 15.
Types of Banks, by Mr. Collier, Vice -President, First National

Bank of Fayetteville. October 20. Attendance 19.
Electric Heating Units, by Mr. Dorman, and
Testing Watthour Meters, by Mr. Beril. November 3. Atten-

dance 13.
Armour Institute of Technology

Talk by E. S. Nethercut, Secretary, Western Society of Engineers
on Dr. Pupin's book "From Immigrant to Inventor."
Joint meeting with Armour Branch, W. S. E. October21.
Attendance 80.

Brooklyn Polytechnic Institute
Business Meeting. The following officers were elected: Presi-

dent. J. Brown; Vice -President, H. Thieling; Treasurer,
H. Steen; Secretary, F. Campbell. October 4. Atten-
dance 53.

University of California
Business Meeting. October 12. Attendance 25.

Carnegie Institute of Technology
Experiences Abroad, by Prof. S. B. Ely;
The National A. I. E. E., by Prof. W. R. Work, and
The Branch of the A. I. E. E., by Prof. B. C. Dennison. October

5. Attendance 61.
Case School of Applied Science

The Work of the Branch Counselors, by Prof. H. B. Dates;
My Recent Trip to Europe, by Prof. T. D. Owens;
Experiences as a Student in Europe, by Prof. P. L. Hoover; and
Greatness of the Electrical Profession, by Mr. Mills. The meeting

was preceded by a dinner. Mr. J. G. Currie, Chairman,
outlined the program for the year. November 1. Atten-
dance 35.

Catholic University of America
The Aims and Accomplishments of the A. I. E. E., by Prof.

T. J. MacKavanaugh. The following officers were elected:
President, J. V. O'Connor; Vice -President, B. A. Diggins;
Secretary, R. H. Rose; Treasurer, D. V. O'Leary. October
18. Attendance 28.

Clemson College
Business Meeting. The following officers were elected: Chair-

man, A. P. Wylie; Secretary, W. J. Brogdon. October 29.
Attendance 15.

Colorado Agricultural College
Generation and Distribution of Power, by Clarence Boyd. October

24. Attendance 13.
University of Colorado

The Romance of Power, by C. M. Ripley, General Electric Co.
Illustrated. October 19. Attendance 500.

Nineteenth Annual Applefest. A talk was given by Dean Milo
S. Ketchum, University of Illinois. The meeting was
concluded by entertainment and refreshments. November
2. Attendance 500.

University of Denver
Business Meeting. October 12. Attendance 10.
Modern Telegraphic Methods and Equipment of the Western Union

Telegraph Company, by Glen W. Earnhart. October 21.
Attendance 30.

Duke University
The A. I. E. E., by Prof. S. R. Schealer. October 17. Atten-

dance 13.
Georgia School of Technology

Aims of the Branch and of the A. I. E. E., by Prof. E. S. Hanna -
ford. October 14. Attendance 72.

Three Wire Railway System, by C. E. Bennett, Georgia Power Co.
The following officers were elected: Chairman, J. A. Hart;
Vice -Chairman, F. W. Bush; Secretary -Treasurer, 0. P.
Cleaver. October 28. Attendance 70.

University of Idaho
The Machine Age, by C. W. Miller, student, and
A More Flexible Lighting System, by R. P. Morris. November 1.

Attendance 21.
Iowa State College

Business Meeting. October 25. Attendance 11.
State University of Iowa

Comparison of Series and Multiple Street Lighting Systems, by
W. E Christiansen;

Insulation Resistance in Electrical Machinery, by H. W. Franks;
and

Relation of Steam to Hydroelectric Generation, by L. L. Heskett.
October 12. Attendance 27.

Measurement of Power by the Oscillograph, by G. R. Parizek, and
Changing Transformer Voltage, by W. H. Wickham. October

19. Attendance 23.
The Place of the Synchronous Motor in Industry, by W. W.

Wertzbaugher, and
Some Theories of Lightning, and Lightning Protection of Oa

Reservoirs, by Alfred Feldt. October 26. Attendance 26.
The Operation and Care of Storage Batteries, by R. N. Weldy;
Automatic Switching Control for Mercury Arc Rectifiers, by E. L..

Anderson;
Some Interesting Factors of Fuses, by H. W. Johnston; and
The History of Mathematics, by J. T. Hicklin. November g.

Attendance 29.
University of Florida

Talks were given by W. H. Johnson and R. E. Lee, students, nn
their work during the summer with the Westinghouse
Elec. & Mfg. Co. and General Electric Co., respectively.
October 10. Attendance 24.

Lehigh University
Some Developments in the Communication Field, by H. S. Shep-

pard, A. T. & T. Co. November 10. Attendance 100.
Lewis Institute

Business Meeting. October 11. Attendance 60.
Human Engineering, by Alex D. Bailey, Commonwealth Edison

Co. Joint meeting with W. S. E. November 2. Atten-
dance 125.

Louisiana State University
Business Meeting. October 28. Attendance 20.

University of Maine
Machine Switching, by J. M. Bridges, student. October 19.

Attendance 17.
Marquette University

Elimination of Defective Equipment in the Central Office, by
George Baumbach, Wisconsin Telephone Co. Mr. J. R.
Adriansen reported on the Detroit Convention and Prof.
J. F. H. Douglas outlined the advantages of attending the
Great Lakes District Convention in Chicago. October 6.
Attendance 25.

Massachusetts Institute of Technology
What Kind of an Engineering Job Can I Get and How Do I Go

About Getting It, by W. 0. Bursch, General Electric Co.
The talk was preceded by a film showing some of the tests
made by the members of the General Electric Cooperative
and Graduate Courses for Students. Free supper. October
28. Attendance 305.

Michigan State College
A film of the Steam and Hydroelectric Plants of the Consum-

ers Power Corporation was shown. - November 1. Atten-
dance 53.

Inspection trip to the Moore's Park Light and Power Plant of
Lansing. November 2. Attendance 29.

School of Engineering of Milwaukee
Transmission and Distribution Systems, by G. G. Post, The

Milwaukee Electric Railway and Light Co. Illustrated.
October 14. Attendance 175.

University of Minnesota
Smoker. The following committees were appointed: Publicity,

A. I. E. E. Board of Control, Membership and Meetings and
Papers. M. E. Fiona, Teaching Fellow, and Mr. Schweppe,
graduate student, told of their experiences with the General
Electric Co. and Westinghouse Elec. & Mfg. Co., respec-
tively, during the past summer. October 4. Attendance 50.
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Chicago District Electrical Developments, by B. (l. Jamieson,

Conuuonwealth Edison Co. A dinner preeeded the meeting.October 24. Attendance 80.

University of Missouri
Summer Experience with the Panhandle Power & Light Co., Borger,Texas, by C. V. Dunn, student;
Summer Experience with Westinghouse Service Station, Chicago,Ill., and with American Sheet and Tin Plate Co., Gary,Ind., by Lionel Schott, student; and
Summer Experience with the American 7'elephone & Telegraph Co.,St. Louis, Mo., by C. E. Schooley, student. October 12.Attendance 35.
Types of Electric Welding, by R. Muench, student, and
Summer Experience with Westinghouse Electric & ManufacturingCompany, by E. S. Rehagen, student. November 9.Attendance 33.

Montana State College
Plastic Flow and the Strength of Cold -Worked Steel, by E. B.Norris, Dean of Engineering. October 13. Attendance 180
Power Developments and Generation, by E. A. Elge. October 27.Attendance 124.
Banquet. November 9. Attendance 72.

University of Nebraska
MKTrip Around the World, by Carl Madsen, Westinghouse Elec.& Mfg. Co. October 13. Attendance 68.

University of Nevada
Power Transmission, by P. B. Garrett, Westinghouse Elec. &Mfg. Co. The lecture was preceded by a moving picture

entitled "Electrically Made Steel." September 21. At-tendance 47.
Motion pictures, entitled "Bituminous Coal" and "Anthracite

Coal," were shown, in connection with which Prof. 0. J..Mithoug gave a talk. October 20. Attendance 33.

Newark College of Engineering
Earth Inductor Compass, by Mr. Speckman, student, and
Phantasmal Visions, by Mr. Condit, student. October 19.Attendance 19.

University of New Hampshire
Thompson Integrating Wattmeter, by E. A. Goodwin, and
Collection of Current from Overhead Contact Wires, by E. F.

Lafond. October 12. Attendance 39.
Business Letter Writing, by R. M. Fulsom, and
Wiring Requirements of the Portsmouth Power Co., by H. W.Lawry. October 19. Attendance 39.
The Contract of the Portsmouth Power Company and the University

of New Hampshire, by J. M. Lee and Leon Morrissette, and
How to Get the Job You Want, by L. L. Landon. October 26.

Attendance 35.
Oscillography, by Charles Morrels and A. R. Neal, and
Incandescent Lamps, by M. B. Sargent. November 2. At-tendance 35.
Lightning, by L. C. Simpson and J. Q. Wendell, and
A. C. Wattmeters, by J. F. Stevens. November 9. Attendance 33.

College of the City of New York
Trip to the Museum of Peaceful Arts. October 25. Attendance 15.
Extension of New York City, by T. K. Thompson. Illustrated.

Joint meeting with A. S. C. E. November 3. Atten-
dance 58.

Motion pictures, entitled "Laying the World's Fastest -Cable"
and "Transoceanic Radio," were shown. Joint meeting
with C. C. N. Y. Radio Club. November 10. Attendance 33.

New York University
Business Meeting. Program Committee was appointed and it

was decided that the Branch meeting should be held on the
second Thursday of each month. October 6. Attendance 30.

Industrial Motor Control, by H. L. Perdue, General Electric Co.
Illustrated. October 13. Attendance 36.

Radio Circuits, by Alexander Senauke, Popular Science Institute.
November 3. Attendance 34.

Typical Water -Power Developments of East and West Coasts, by
R. P. Crippen, Carolina Power and Light Co. October 18.
Attendance 96.

University of North Carolina
Amateur lemlio, by (korgo Rose, student. October 20. At-tendattee 39.
Use of Polite Relays, by ( fuze!! , student, and
//o/es, Pub's, and Guys, by .1. I). McConnell, student. November

3. At t emitting, 27.

University of North Dakota
Business Meeting. The following comnittee ehairmen wereappointed: Program, Norman ('ross; Membership, Robert

Sturtevant.. October 3. Attendance 11.
The A. 1. 1?. E., by Prof. I). It. Jenkins;
Ex/if I./et/rex with the Curtiss Light ('empony During the Summer

Months, by Harry Olson; and
Summer Ex periences with the W estinghouse Elec. & Mfg. Com-

pany, by Nels Anderson. A motion picture on the "100 -
Kw. Vacuum Tube" was shown. October 17. Attendance 11.

Inspection trip through the East Grand Forks Plant of the
American Beet Sugar Company. Joint trip with A. S. M. E.
October 21.

A Method of Regulating the Thickness of Rubber and Paper Sheets,
by Torval Kittleson; and

Progress in the Electrification of Railroads, by Alfred Botten.
A motion.picture on "Diesel -Electric Drive for Ships" was
presented by Robert Sturtevant. October 27. Attendance 16.

Electricity in the Copper Mines, by John Walsh, and
Radio Broadcasting Apparatus, by Norman Cross. Motionpicture on the Synchronous Condenser was shown. Novem-ber 7. Attendance 16.

Ohio University
Business Meeting. The following officers were elected: Chair-man, C. C. Keleh; Vice -Chairman, A. H. Nyles; Secretary -Treasurer, H. W. Giesecke. October 23.

Ohio Northern University
The Purposes of the A. I. E. E., by Professor I. S. Campbell.

September 15. Attendance 35.
Electric Welding, by R. Lebengood, and
Automatic Substations, by J. L. Simmons, President. September29. Attendance 27.
What is Engineering?, by Emerson Smith. November 3. At-tendance 28.

Oklahoma Agricultural and Mechanical College
Uses of Power Transformers, by Charles Wyatt. Motion pic-tures, entitled "Power Transformers" and "Busy Body,"were shown. October 19. Attendance 90.

Oregon State College
Student Enrolment in the A. I. E. E., by Prof. F. 0. McMillan.

Chairman J. D. Hertz read the By-laws concerning pres-entation of papers and urged that all students preparepapers. October 13. Attendance 72.
Smoker. Prof. R. H. Dearborn spoke on the "Activities of theBranch." A talk was also given by Prof. F. 0. McMillan

on "The Importance of Student Membership and Activityin A. I. E. E. Affairs, Especially the Preparation and Dis-cussion of Papers As a Means of Developing EngineeringAbility." Entertainment and refreshments. November 2.Attendance 80.

Pennsylvania State College
After Graduation -What?, by Prof. C. L. Kinsloe. October 26.Attendance 87.

University of Pittsburgh
Business Meeting. The following officers were elected: Chair-man, K. A. Wing; Vice -Chairman, R. P. Snyder; Secretary -Treasurer, R. H. Perry. September 30. Attendance 45.
Wire, by R. P. Snyder;
Is Flying Really Safe?, by R. H. Perry; and
Bees, by K. A. Wing. October 7. Attendance 43.
Design of Indoor Bus Supports, by R. H. Albright, and
Tendencies in Design of Modern Street Railways, by H. E. Zankey.October 14. Attendance 43.
An Outing, by G. C. Bohn, and
The Latest in Electric Locomotive Design, by W. H. Wamhoff.October 21. Attendance 38.
Electric Switch Lamps, by C. Caveny. October 28. At-tendance 43.
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Princeton University
Business Meeting. The following officers were elected: Chair-

man, R. H. MacGregor, Jr.; Secretary, W. Wilson. October
17. Attendance 7.

Purdue University
Distribution Practises on 11,000 -Volt, Bare Copper Wire Lines of

Texas Power & Light Co., by S. F. Welch. Illustrated.
October 18. Attendance 60.

Engineering Patents, by Prof. L. D. Rowell. Illustrated.
November 8. Attendance 40.

Rensselaer Polytechnic Institute
Talks were given by the following students on their work during

the Summer with various public utilities: S. Benson -
United Electric Light Co.; H. Pratt, General Signal Co.;
M. Reeks and 0. Smith, New York Edison Co.; R. Knapp,
American Tel. & Tel. Co.; W. Mayott, Hartford Electric
Light Co. October 10. ittendance 73.

Rhode Island State College
Electronic Rectifiers, by J. H. Allenson. October 14. At-

tendance 28.
A Review of the History, Development and Uses of the Coolidge

Vacuum Tube, by F. M. Hammett, student. October 21.
Attendance 32.

Motion picture on "The Manufacture of Porcelain Insulators"
was shown. November 4. Attendance 41.

Rutgers University
Storage Batteries, by H. W. Willhardt, student, and
The Steam Generating Plant at Hollywood, by H. W. Dettmer,

student. October 10. Attendance 16.

South Dakota State School of Mines
Business Meeting. Mr. R. Mytinger was elected Secretary.

September 27. Attendance 19.
Talks were given by the following students on their work during

the Summer with various companies: E. Perrenoud,
N. W. Bell Telephone Co.; 0. Taylor, North Western
States Portland Cement Co.; R. Osborn, C. B. & Q.

at Edgemont, S. D. November 1. At-
tendance 22.

Operation of D. C. Generators and Motors at Speeds and Voltages
Other Than Those Specified on the Name Plate, by Mr.
Schell. October 19. Attendance 12.

University of Southern California
Business Meeting. The following officers were elected: Chair-

man, Lester Bateman; Vice -Chairman, A. E. Sayler;
Treasurer, Zoeth Cummings; Secretary, L. F. Slezak.
October 5. Attendance 20.

Installation of Electric Railways in the Copper Mines of Northern
Chile, by H. A. McCarter, Westinghouse Elec. & Mfg. Co.
Illustrated. October 12. Attendance 43.

Inspection trip to the Oil Refinery of the Standard Oil Company
at El Segundo. October 21. Attendance 45.

Stanford University
Talks were given by N. R. Morgan and R. W. Clark, students,

on their Summer Work. October 18. Attendance 32.

Stevens Institute of Technology
Business Meeting. The following officers were elected: Chair-

man, W. N. Goodridge; Secretary -Treasurer, S. J. Tracy.
October 27.

Swarthmore College
Mining Engineering as a Profession;
Rubber Research Laboratory of the Bureau of Standards, and
Machine Shop Practise. October 13. Attendance 50.

University of Tennessee
Inspection trip to the WNOX Broadcasting Station of the

Peoples Telephone Co. November 2. Attendance 25.

Texas A. & M. College
Solenoids and Toroids, by S. H. Simpson;
Television, by W. C. Tinus; and
Diesel-Electiic Ferries, by W. C. Dickinson. October 14.

Attendance 75.

University of Texas
Prof. J. M. Bryant explained the activities and work of the

A. I. E. E. and discussed some of the latest methods used
in the manufacture of electrical machinery. October 5.
Attendance 14.

Power Line Up -Keep, by J. B. Robuck, student. October 26.
Attendance 11.

University of Utah
Business Meeting. D. K. Brake was elected Vice -Chairman to

succeed C. E. White, present Chairman. October 18.
Attendance 21.

Virginia Military Institute
What a College Graduate in Electrical Engineering Is Equipped

To Do, by Capt. J. S. Jamison; The Engineering Problems of
the Reconstruction of the Rheims Cathedral, by Cadet G. W.
Day; Electrolytic Production of Zinc, by Cadet E. F. James;
and

The Completion of the Moving Picture Booth and Installation of the
Motor Generator Set at V. M. I., by Cadet D. N. Higgins.
October 29. Attendance 24.

State College of Washington
Prospects for the Future, by Dean H. V. Carpenter. October 5.

Attendance 41.
University of Washington

The Columbia Basin Project, by W. T. Batcheller. October 14.
Attendance 33. .

Relay Operation and Maintenance, by G. R. Rice, Puget Sound
Pr. & Lt. Co. November 4. Attendance 23.

The Induction Lamp, by W. T. Kelley, student, and
The Chelan Power Project, by H. H. Smith, student. October

28. Attendance 21.
Washington University

Automatic Substations, by Joseph Mazanec, Jr., Secretary.
October 20. Attendance 28.

Synchronous Motors, by S. H. Mortenson, Allis-Chalmers Mfg.
Co. November 8. Attendance 41.

Washington and Lee University
Business and Social Meeting. October 21. Attendance 35.

West Virginia University
Keeping Pump Primed Without Foot Valve, by A. L. Lindlay;

Dismounting the Top Cord of a Bridge, by S. C. Hill; One -
millionth of an Inch Photograph, by L. T. Kight; Incandes-
cent Lighting, by C. M. Borror; Sub -station Design, by F. M.
Farray; Large Hydroelectric Plant at Equzon, France, by
H. H. Hunter; Squaring a Circle, by D. Carle; and The
Flivver Passes, by R. 0. Fletcher. October 3. Attendance 35.

New Alloy of Copper, by G. B. Pyles; Heroes of the Underground,
by E. W. Conway; What's Wrong with Science?, by C. C.
Coulter; Cement, by F. D. McGinnis; Sound Compass, by
W. S. Bosely and R. H. Pell; Process of Manufacturing and
Testing Choke Coils for Radio Power, by M. S. Diaz; Demand

for Power, by A. H. Huggins; Electro-Deposition of Rubber
Now Possible, by Earl Milam; and Comparison of Street
Light Control Methods, by W. T. Myers. October 10.
Attendance 34.

Wiring Houses for Radio, by J. E. Cooke; Baseball at Night, by
D. E. Akins; Principle of Television, by T. R. Cooper;
Service and Repair Records for Electric Motors, by J. W.
Schramm; Benjamin Garver Lamme, by F. H. Backus;
What the Gas Car Means to the Railroad, by G. E. Phillips;
High Pressure Steam; Its Advantages and Disadvantages,
by R. N. Kirchner; Safety and the Engineer, by S. J. Donley;
Service in the Electric Industry, by H. H. Brosuis; and
Electrification of the Virginian Railway, by C. Clark. Octo-
ber 17. Attendance 32.

Electricity Speeds Up Crops, by G. I. Birner; Protection of Reser-
voirs from Lightning, by Ivan Vannoy; Concrete Butts
Prolong Life of Wooden Poles, by A. L. Lindlay; Erecting a
Substation, by L. T. Kight; The Breathing Action of Elec-
trical Equipment, by John Tinivell; What is Electricity?,
by M. S. Diaz; Work of the Bureau of Mines and Its Methods,
by C. L. Parks; Pacific Fliers Led by Radio Beacon, by F. M.
Farray; and Building of Concrete Roads, by H. H. Hunter.
October 24. Attendance 30.

Is Flying Safe?, by G. B. Pyles; Incandescent Lighting, by C. M.
Borror; Faster Motor Boats, by E. W. Conway; Measuring
Astronomical Distances, by F. D. McGinnis; Locating
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(1rorridell by I7,1.114(11y, by A. II. Huggins; and The hoc. -of Poser 1 ostallaboo, by 1). Carle. etolier 31. 111, u(knee .12.
I.:rob/boa of Ihu ('ooductor, by 'I'. It. 'oopor; Patch ifif ohouof .Worth ose g by II. Backus; I ,,,///,/tioa HI thr//o//am/ l'uom/, by J. W. Schramm and %V. T. NI. ers;
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uppuiati.d. octidier 25. .1ttendaticc ;.

Engineering Societies Library
The library is a cooperative activity of the American Institute of Electrical Engiwers, the American Society ofCivil Engineers, the American Institute of Mining and Metallurgical Engineers and the American Society of Mechan-ical Engineers. It is adminstered for these Founder Societies by the United Engineering Society, as a public referencelibrary of engineering and the allied sciences. It contains 150,000 volumes and pamphlets and receives currentlymost of the important periodicals in its field. It is housed in the Engineering Societies Building, 29 West Thirty-ninth St., New York.
In order to place the resources of the Library at the disposal of those unable to visit it in person, the Library isprepared to furnish lists of references to engineering subjects, copies or translations of articles, and similar assistance.Charges sufficient to cover the cost of this work are made
The Library maintains a collection of modern technical books which may be rented by members residing in NorthAmerica. A rental of five cents a day, plus transportation, is charged.
The Director of the Library will gladly give information concerning charges for the various kinds of service tothose interested. In asking for information, letters should be made as definite as possible, so that the investigator mayunderstand clearly what is desired.
The library is open from 9 a. m. to 10 p. m. on all week days except holidays throughout the year except duringJuly and August when the hours are 9 a. m. to 6 p. m

BOOK NOTICES, OCT. 1-31, 1927
Unless otherwise specified, books in this list have been pre-

sented by the publishers. The Society does not assume responsi-
bility for any statement made; these are taken from the preface
or the text of the book.

All books listed may be consulted in the Engineering Societies
Library.
ALTERNATING -CURRENT MACHINERY.

By Richard E. Brown. N. Y., John Wiley & Sons, 1927.
274 pp., illus., diagrs., 9 x 6 in., cloth. $3.00.

A text -book planned to give a thorough treatment of theprinciples of a -c. machinery, especially for students alreadyfamiliar with the principles of a -c. circuits. Emphasis is placed
on the analysis of the performance of the machines. Numerous
problems are provided for solution with the text or in the ma-chinery laboratory. The book reproduces the course given by itsauthor at the University of Pennsylvania.
WEHR-UND STAUANLAGEN.

By Paul Boss. Ber. u. Lpz., Walter -de Gruyter & Co., 1927.
132 pp., illus., diagrs., 6 x 4 in., cloth. 1,50 r. m.

Intended to give the student a brief survey of the various
possibilities for storing water and of the principal points to beconsidered in planning and building storage works. The dif-ferent types of dams are described, and the static and hydraulic
equations necessary for designing them are given.
WARMETECHNISCHE BERECHNUNG DER FEUERUNGS-UND DAMPF-

RESSEL-ANLAGEN.
By Friedrich Nuber. 4th edition. Mun. u. Ber., R. Olden-

bourg, 1927. 116 pp., diagrs., tables, 7 x 4 in., cloth. 4,20 r. m.
Brings together in a book of convenient size for the pocket,

the principles, formulas, experimental data and other information
required by designers and operators of industrial heating plantsand boiler plants. The book is not a text for students, but aconvenient practical reference work for the engineer. Four
editions have appeared in eight years.

THEORY OF THERMIONIC VACUUM TUBE Ciacurrs.
By Leo James Peters. N. Y., McGraw-Hill Book Co., 1927.

256 pp., diagrs., tables, 9 x 6 in., cloth. $3.00.
The aim of the author is to develop conventions and methodswhich may be used to treat electrical networks and systems con-

taining trielectrode devices. He endeavors, by the study of
selected circuits and topics, to illustrate and fix in the mind of the

reader the methods and conventions used in arriving at the
performance of triode circuits, and thus to give him a knowledgeof fundamental theory and a familiarity with methods which
will enable hint to investigate other systems and circuit arrange-
inen s than t hose discussed in the hook.
spLcTiol:-.coi,v, v. 3.

By E. C. C. Baly. 3rd edition. N. Y., Longmans, Green
& Co., 1927. 532 pp., illus., diagrs., tables, 9 x 6 in., cloth.
87.50.

The third volume of this treatise discusses those developmentsin spectroscopy which are the more immediate results of the Bohrtheory. The spectral series, the Teeman and Stark effects, andemission band spectra are treated with considerable fullness,
much experimental work being described and the principaladvances in atomic theory discussed as well.
Si EN' s JAHRIW('H, 1927.

By Siemens & u. Siemens-Schuckertwerke. Berlin,V. 1). I. Verlag, 1927. 472 pp., illus., port., diagrs., 8 x 6 in.,cloth. Price not quoted.
The first issue of a series in which the Siemens & Halske andthe Siemens-Schuckert companies intend to collect each yearthe results of their research and progress which appear of per-manent worth. The articles cover a wide range and are wellillustrated. The series will be a decided help to the student ofelectrical history as well as a convenient summary of develop-ment in our understanding and utilization of electricity.

SCIENTIFIC M KETI NU MANAGEMENT.
By Percival White. N. Y., Harper & Bros., 1927. 318 pp.,graphs, charts, 9 x 6 in., cloth. $4.00.
The aim of this book is to present the principles and generalprocedure of scientific marketing, so far as they have beendeveloped, and to illustrate their application to specific eases.The book should assist those who wish to build a system ofmarketing for an individual company.

PRINCIPLES AND PACTICE OF MINE VENTILATION.
By David Penman and J. S. Penman. Lond., CharlesGriffin & Co.; Phila., J. B. Lippincott Co., 1927. 303 pp., illus.,

diagrs., 9 x 6 in., cloth. $10.00.
Written to meet the English requirements for Colliery Man-ager's Certificates of Competency, this work covers mine ven-tilation and topics connected with it, such as explosions, safetylamps, spontaneous combustion and underground fires, andrescue and recovery work. It is intended for use as a text -bookand also for reference.

17:
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POCKET -BOOK OF MARINE ENGINEERING RULES AND TABLES.

By A. E. Seaton and H. M. Rounthwaite. 17th edition.
,Lond., Charles Griffin & Co., 1927. 770 pp., diagrs., tables,
6 x 4 in., fabrikoid. 8s 6d.

Since the last edition of this well-known pocket -book, some
changes in procedure and practise in marine engineering have
taken place. These have been noticed in this edition, and the
text has been brought up to date.

4 PHYSICS FOR COLLEGES.
By H. Horton Sheldon, C. V. Kent, Carl W. Miller and Robert

F. Paton. N. Y., D. Van Nostrand Co., 11927]. 655 pp., illus.,

9 x 6 in., cloth. $3.75.
A general text, the work of four experienced teachers, each of

whom has prepared a section of the book. The text is readable
and classical and modern concepts are interwoven throughout.
The book has been tested by class -room use before publication.
MODERN WATER WORKS PRACTICE.

By F. Johnstone Taylor. Lond., Ernest Benn, 1927. 272 pp.,
illus., tables, 8 x 5 in., cloth. 18s.

A treatise covering the essential features of water works of
moderate size. Modern methods of construction are dis-
cussed as well as modern methods of pumping and purification.
MODERN ELECTRICAL ILLUMINATION.

By Cyril Sylvester and Thomas E. Ritchie. Lond. & N. Y.,
Longmans, Green & Co., 1927. 416 pp., illus., tables, 10 x 7

1 in., cloth. $15.00.
After explaining the principles of illumination and vision,

the book discusses the lighting of shops, stores, streets, public
' buildings, theaters, dwellings, trains, etc. Chapters are devoted

to floodlighting, stage lighting, train lighting, and to miscel-
laneous subjects. The book covers the subject in detail and con-

' tains many excellent photographs showing current English
practise.
MEHRSTIELIGE RAHMEN.

By A. Kleinlogel. 2nd edition. Berlin, Wilhelm Ernst &
Sohn, 1927. 448 pp., 9 x 7 in., paper. 28,-r. m.

A large collection of formulas for the solution of statically
indeterminate structures, prepared for the use of structural
engineers. The formulas cover all the systems that ordinarily
are met with in practise, and in each case a complete solution is
provided. The work will be of great assistance to designers, by
shortening computations.
MECHANICS OF MACHINERY.

By C. W. Ham and E. J. Crane. N. Y., McGraw-Hill Book
Co., 1927. 504 pp., illus., diagrs., tables, 9 x 6 in., cloth. $4.00.

This textbook combines in a single volume courses of instruc-
tion in mechanism and in the kinematics and dynamics of ma-
chinery, the aim being to present enough material to give the
student a working knowledge of both these subjects in the time
ordinarily available in a curriculum. In the first section the
fundamental mechanisms and the theory of their operation are
explained. In the second section the student is taught to analyze
the forces and the motions in these mechanisms or machines.
MACHINE DESIGN DRAWING ROOM PROBLEMS.

By C. D. Albert. 2nd edition. N. Y., John Wiley & Sons,
1927, 355 pp., illus., diagrs., tables, 9 x 6 in., cloth. $3.50.

A complete drawing -room course in general machine design,
based upon the author's experience at Cornell University. A
knowledge of kinematics, mechanics, and engineering drawing is
presupposed.

This edition has been revised and enlarged. The tables have
been brought up to date, and certain sections have been rewritten.
DIE LEHRE VOM TROCKNEN IN GRAPHISCHER DARSTELLUNG.

By Karl Reyscher. 2nd edition. Berlin, Julius Springer,
1927. '74 pp., diagrs., tables, 9 x 6 in., paper. 4,50 r. m.

Discusses the steps in drying processes on the basis of the
Muller heat diagram. Diagrams are given for air saturated with
moisture and for the material undergoing drying, and their use
to promote economy in drying practise is illustrated.
INTERNATIONAL CRITICAL TABLES OF NUMERICAL DATA, PHYSICS,

CHEMISTRY AND TECHNOLOGY. V. 2.
By National Research Council. N. Y., McGraw-Hill Book

Co., 1927. 616 pp., diagrs., tables, 11 x 9 in., cloth. Sold only
on subscription for set of 5 vols., $60.00, payable at rate of
$12.00 per vol., as issued.

This volume contains the most accurate data available upon
the properties of a variety of natural and industrial materials

and products. Woods, building stones, ceramic materials,
fuels, lubricants, oils and waxes, rubber, leather, insulating
materials, and metals are among the more important materials
included. The volume will be indispensable in manufacturing
plants, laboratories, and engineering offices.
HYDROCHLORIC ACID AND SODIUM SULFATE.

By N. A. Laury. N. Y., Chemical Catalog Co., 1927. (Amer.
Chem. Soc. Monograph Series). 127 pp., illus., tables, 9 x 6 in.,

cloth. $4.00.
This monograph presents the information commonly wanted

in convenient form. The properties of the acid and of sodium
sulfate, the principal raw materials and the finished products,
furnaces, methods of manufacture and economic factors are
discussed from the viewpoint of the engineer and the
manufacturer.
HISTORY AND DEVELOPMENT OF ROAD TRANSPORT.

By James Paterson. Lond. & N. Y., Isaac Pitman & Sons,
1927. (Pitman's Transport Library). 118 pp., illus., 9 x 6 in.,

cloth. $1.75.
Describes how roads develop, especially those in England,

the evolution of the wheeled vehicle, the locomotive and the
motor car, road transport, during the last century, and the
effects of the motor car upon transport. A convenient brief
survey of a large subject.
HISTORIC RAILROADS.

By Rupert Sargent Holland. Phila., Macrae Smith Co.,
1927. 343 pp., illus., 9 x 7 in., cloth. $4.00.

A popular account of the origin of the locomotive and of the
development of railroads in various lands. Some of the more
important railroads in each continent are described. While
the books adds nothing new to history, it supplies a readable
survey of a wide field.
FLAME AND COMBUSTION IN GASES.

By William A. Bone and Donald T. A. Townend. Lond.
& N. Y., Longmans, Green & Co., 1927. 548 pp., illus., plates,
diagrs., tables, 10 x 6 in., cloth. $12.00.

A review of the principal researches from the time of Robert
Boyle to the present day, with special attention to those of the
modern period inaugurated in 1880. The book opens with a
historical review of the period 1660 to 1880. Succeeding sections
survey systematically the present state of science concerning
the Initiation of Flame and Detonation in Gaseous Explosions,
Explosions in Closed Vessels, the Mechanism of Gaseous Com-
bustion, and Catalytic Combustion. Each section has a
bibliography.

The chemical aspects of the subject are emphasized, but this
extensive exposition of the underlying principles of gaseous
combustion will also be of interest to engineers and physicists.

ENGINEERING PROBLEMS MANUAL.
By Forest C. Dana and Elmer H. Willmarth. N. Y.,

McGraw-Hill Book Co., 1927. 187 pp., diagrs., tables, 8 x 5 in.,
fabrikoid. $2.00.

A number of engineering schools give special courses to begin-
ning students, which are planned to develop good habits of
work and study. These courses, commonly known as "Engi-
neering Problems," are based upon practical engineering situations
and call for a coordination of mathematics and physics in an
engineering atmosphere.

The present work is prepared for the courses given at Iowa
State College and is to be used as a notebook for reference when
solving problems, in connection with class discussions. It
contains specifications for well -organized computation sheets,
notes on basic engineering principles and their use, methods of
computation, problems, and a collection of tables.
ELEMENTS OF TELEPHONE TRANSMISSION.

By H. H. Harrison. N. Y., Longmans, Green & Co., 1927.
147 pp., diagrs., tables, 8 x 5 in., cloth. $2.00.

'A brief introduction for the elementary student. Intended to
give him a grasp of the physical processes that occur in long
circuits, and to enable him to understand the more advanced
texts.
ELEKTRIZITAT IN DER LANDWIRTSCHAFT.

By C. Buschkiel. Ber. u. Lpz., Walter de Gruyter & Co.,
1927. (Siemens-Handbucher, bd. 12). 171 pp., illus., tables,
8 x 6 in., cloth. 4,50 r. m.

An interesting semi -technical description of the possible uses
of electricity on the farm. The ways in which electricity can
be used for power, illumination, and heating are explained, di-
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rec tions for selecting and installing proper equipment are given,and economic question are discussed. A section is devoted to.signals, telephones, radio receivers, clocks, etc. The book isprofusely illustrated and attractively printed.
DICTIONARY OF APPLIED CHEMISTRY, V. 7.

By Sir Edward Thorpe. Revised and enlarged edition.
Lond. & N. Y., Longmans, Green & Co., 1927. 765 pp., illus.,
9 x 6 in., cloth. $20.00.

With this volume the new edition of this valuable referencework is completed. Long an essential part of every chemicallibrary, the revision maintains former standards and will bewelcomed by all who have need for accurate information on theapplications of chemistry.
AMERICAN SHIP TYPES.

By A. C. Hardy. N. Y., D. Van Nostrand Co., 1927. 262
pp., illus., diagrs., 9 x 6 in., cloth. $5.00.

There has developed in the United States, says this author,
an important mercantile marine which is entirely domestic andwhich differs in its characteristics materially from local ordomestic shipping in other parts of the world. In this volumehe describes the varieties of cargo and passenger vessels, ferry-

boats, towboats, dredges and other vessels that have been
developed to meet requirements along our coasts, on the Great
Lakes, and on our inland waterways. The characteristics of each
type and the interrelations of these types aro shown, and prob-able developments are discussed.

DIE BEKAMPFUNO DES ERD-UND KURZSCHLUSSES IN HOCH-
STSPANNUNGSNETZEN.

By Paul I3ernett. Miin. u. Bor., It. Oldenbourg, 1927. 48
pp., diagrs., tables, 10 x 7 in., paper. 4.-r. m.

Discusses the author's experience with methods of protecting
transmission lines from grounding and short-circuiting, and also
current methods for locating faults in overhead lines.
BERECHNUNG VON DREHSTROM-KRAFTUBERTRAGUNGEN.

By Oswald Burger. Berlin, Julius Springer, 1927. 116 pp.,
diagrs., tables, 9 x 6 in., paper. 7,50 r. m.

This book, by the Chief Engineer of the Siemens-Schuckert
Works, discusses present practise in the design of three-phase
power transmission systems. Written for designers and opera-tors of these systems, the book affords, in brief compass, muchpractical, expert advice.
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Under joint management of the national societies of Civil, Mining, Mechanical and Electrical Engineers cooperat-ing with the Western Society of Engineers. The service is available only to their membership, and is maintained as a coop-erative bureau by contributions from the societies and their individual members who are directly benefited.Offices: -33 West 39th St., New York, N. Y .,-W. V. Brown, Manager.
53 West Jackson Blvd., Room 1736, Chicago, Ill., A. K. Krauser, Manager.
57 Post St., San Francisco, Calif., N. D. Cook, Manager.

MEN AV AI LABLE.-Brief announcements will be published without charge but will not be repeated except uponrequests received after an interval of one month. Names and records will remain in the active files of the bureau for aperiod of three months and are renewable upon request. Notices for this Department should be addressed toEMPLOYMENT SERVICE, 33 West 39th Street, New York City, and should be received prior to the 15th dayof the month.
OPPORTUN I TIES.-A Bulletin of engineering positions available is published weekly and is available tomembers of the Societies concerned at a subscription rate of $3 per quarter, or 310 per annum, payable in advance. Posi-tions not filled promptly as a result ofpublication in the Bulletin may be announced herein, as formerly.VOLUNTARY CON T RI BUTIONS.-Members obtaining positions through the medium of this service areinvited to cooperate with the Societies in the financing of the work by nominal contributions made within thirty days afterplacement, on the basis of $10 for all positions paying a salary of $2000 or less per annum; $10 plus one per cent of allamounts in. excess of $2000 per annum; temporary positions (of one month or less) three per cent of total salary received.The income contributed by the members, together with the finances appropriated by the four societies named above willit is hoped, be sufficient not only to maintain, but to increase and extend the service.REPLIES TO ANNOUNCE MEN TS.-Replies to announcements published herein or in the Bulletin, shouldbe addressed to the key number indicated in each case, with a two cent stamp attached for reforwarding, and forwardedto the Employment Service as above. Replies received by the bureau after the positions to which they refer have beenfilled will not be forwarded.

POSITIONS OPEN
ELECTRICAL AND MECHANICAL EN-

GINEER, preferably graduate, under 40, expe-
rienced in design and manufacture of switches,
fuses, panel boards, receptacles and similar
electrical accessories, as general assistant to 'chief
engineer of concern producing such devices.
Should be willing and able to work at the board
and handle small as well as big jobs. Opportuni-
ties. Apply by letter. Location, East. X-628.

SALES ENGINEER. Graduate of recognized
engineering school to sell electrical measuring
instruments and equipment to educational insti-
tutions. Some knowledge of electrical measuring
instruments and methods required. Short period
of training prior to sales work. Considerable
traveling. Apply by letter, stating minimum
salary and enclose recent photograph. Location,
Pennsylvania. X -3361-C.

GRADUATE, electrical engineer, 27-30,
familiar with public utility, electric transporta-
tion and general electrical engineering for pro-
motional and editorial work. Permanent. Apply
by letter. Location. East. X-3612.

MEN AVAILABLE
SUPERINTENDENT-ASSISTANT MAN-

AGER, technical graduate, Fellow A. I. E. E.,
Member A. S.M. E., age 37, 15 years' experience in
design, construction and operation of electric

utilities, including generation, transmission and
distribution. Have also actively engaged in
power sales and public relations. Desires per-
manent position with opportunity for advance-
ment. B-6794.

ENGINEER, technical graduate, 29, single.
Fourteen years' experience, general testing, opera-
tion, construction and maintenance. Speak and
write five languages. Now engaged in South
America. Would prefer change to enterprising
company operating in foreign countries where past
experience would be of value and with future not
limited to technical lines. Preference mainte-
nance. Available in March. B-9611.

EXECUTIVE ENGINEER, A. S. M. E..
A. I. E. E., 40, married. Business -minded
engineering executive. Two Cornell degrees.
Eighteen years power plant design, construction
and operation, including four years residence in
Cuba. Three years exporting and one year
with large holding company. New York City
preferred. A-3494.

ELECTRICAL ENGINEER, graduate of
high grade electrical institute, 12 years' practical
experience with manufacturing concerns and
public utility, including eight years substation
layout and relay protection, good theoretical
knowledge of transmission line calculations.
Desires position with leading public utility, as
protection engineer or on transmission and dis-

tribution, research or investigation work. Pre-
ferred location, East, New York, or vicinity.
B-8068.

GRADUATE ELECTRICAL ENGINEER.
age 25, desires position in South America. Five
years' experience industrial electrical engineering,
substation and power house design and construc-
tion, underground distribution and so forth.
C-2745.

ELECTRICAL ENGINEER, 20 years' ex-
perience as executive and engineer in construction
and operation of electric lighting and power and
street railway properties. Initiative and agres-
sivness. Ability in organization and administra-
tion of these properties. Broad experience on
construction, layout and design of transmission,
distribution system, both aerial and underground,
sub -station, etc. Available one month. B-6459.

MAINTENANCE ENGINEER, now available,
technical graduate in electrical engineering.
Experience covers installation and repairing of
apparatus and operating in sub -stations and powerstations. More recent experience in textile mills.
as assistant to mechanical superintendent covering
layouts for new work and changes including blower
systems, lighting, power, heating and ventilating
and general mill maintenance. B-3794.

ELECTRICAL ENGINEER, experienced in
development design and manufacture of high
grade electrical apparatus and instruments. Ex-
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ecutive with broad experience. Thoroughly
familiar with modern factory methods, organization
and administration. American born Christian.
B-2721.

ELECTRICAL ENGINEER, A. I. E. E., 27,
married, graduate electrical engineer, four years'

p engineering experience; one year design and layout
4 of substations; three years general engineering
b work in electrical engineering department of big

public utility, including construction, system
) operation; desires new connection with cen-
t tracting, managing or holding company or utility.
l Location Preferred, Great Lakes or Eastern States.

C-3534.
MECHANICAL AND ELECTRICAL EN-

GINEER, 34. married, no children, 15 years'
varied experience in factory management, plant
design, construction and maintenance, telegraph
tland and wireless) and telephone design and
layouts. Desires change where head and hands
are required. Location, anywhere. European,
oriental experience. C-2151.

INDUSTRIAL ENGINEER, graduate engi-
neer wishes to connect with manufacturers of
foundry products for consultation with the view
to standardizing equipment, manufacture, organi-
zation, cupola practise and wage incentives.
Have had eight years' experience with large manu-
facturers and foundries throughout the country
and can furnish very best references. B-6876.

ELECTRICAL ENGINEER, 44, technical
graduate, licensed professional engineer, 12 years'
experience as electrical designer (2% years in
charge of design) and 10 years' as assistant
electrical engineer covering design, specifications,
estimates, purchase of equipment and general
technical and executive work for consulting and
construction engineers on power plants, sub-
stations, and industrial plants. C-3785.

ELECTRICAL ENGINEERING GRAD-
UATE, 26 years of age, married, desires a per-
manent position that will eventually lead to
executive work in connection with railway electri-
fication. Well trained in railway electrification
problems and economics. Two years construc-
tion work, one year valuation work, Westinghouse
graduate course. Location, immaterial, available
30 days' notice. C-3082.

EXECUTIVE ENGINEER. Experienced in
supervision of design, construction, maintenance
of buildings, shops, power plants, power trans-
mission, distribution systems, equipment railway,
power properties. Electrical and mechanical
equipment installation, industrial plants, large
mills, office buildings. Transportation and traffic
studies; valuations. Studies manufacturing sta-
tistics, costs, processes, improvement, industrial
plant arrangement, production methods. Engi-
neering and financial investigations. B-5552.

ELECTRICAL ENGINEER, graduate with
10 years' experience in design and engineering of
power and substations, all voltages. In charge of
electrical design for industrial plants. Switch-
board engineer with the Westinghouse. Public
utility experience. Best of references. Location
immaterial. C-3793.

GRADUATE ELECTRICAL AND ME -
C HA N I CAL ENGINEER desires responsible posi-
tion. Six years' university training and over fifteen
years' active engineering experience. Now in charge
of electrical engineering department of a public
utility company. Design construction and
operating experience. Also have had considerable
steam engineering and purchasing experience.
B-5842.

ELECTRICAL ENGINEER, 27, single, grad-
uated 1925, including some advance work in
Heaviside's Operators in engineering and advance
Electro-statics, two years G. E. test course. Desires
permanent position with public utility or manu-
facturing company. Employed at present but
available on short notice. C-3762.

ELECTRICAL ENGINEER, B. S. in E. E.,
1922. Graduate students course with large manu-
facturer, two years commercial work headquarters
and three years district office same manufacturer.
Desires connection company where quick advance-

ment assured for maximum efforts. Available
month's notice. Location preferred New York
City. C-3802.

COLLEGE GRADUATE, 1925, B. S. in Elec-
trical Engineering, desires position with an electri-
cal contractor with an opportunity to learn the
business. C-512.

SALES ENGINEER, ten years successful
selling and sales promotion career desires connec-
tion with electrical manufacturer. Created
demands on electrical merchandising items. Wide
acquaintance with electrical jobbers, dealers, etc.,
throughout United States. Keen aggressive
mind, convincing personality. Capable of creat-
ing enthusiasm in jobbers and salesmen. College
graduate. Available January 1, 1928. A-968.

ELECTRICAL ENGINEER. 33, married,
B. S., ten years' experience in design of power
house, substation, industrial power and light,
estimating and contracting. Desires position,
location, New York City. At present employed.
C-950.

ASSISTANT EXECUTIVE -ADM INI ST RA-
TIVE , 36, married, well balanced experience fifteen
years covers: industrial surveys, cost analyses,
commercial statistics, advertising, and adminis-
trative control. Seven years large company
servicing subsidiaries and clients. Public utility
experience. Prefers administrative or commercial
to strictly technical. Location Preferred, New
England, New York, B-9122.

HYDRO -ELECTRIC STUDENT ENGI-
NEER, 24, single, R. P. I. graduate of E. E., two
years' experience in civil engineering and construc-
tion, year and a half electrical testing and station
designing. Wishes position which will give ex-
perience in hydro -electric construction, year and a
half electrical testing and station designing.
Wishes position which will give experience in
hydro -electric construction and development
field. Location immaterial. Available two weeks.
C-2667.

ELECTRICAL ENGINEER, 5 years' expe-
rience, desires position in testings laboratory, or
design of small electrical equipment and con-
trollers. Industrial or special in nature. De-
veloped executive ability, good draftsman, wishing
to assume responsibility. Age 27, married.
Available first of month. Salary. $2450. C-3804.

ELECTRICAL ENGINEER with executive
ability, 38, fifteen years' experience construction,
operation, maintenance, steam generating stations.
Experienced in reconstructing and modernizing
old plants. Speaks Spanish. Desires position
Latin -America, or foreign countries. C-1372.

ELECTRICAL ENGINEER, 35, married,
graduate electrical engineer, German, 7% years'
experience as electrical engineer and master
mechanic, handling Spanish labor in large mines
and public utility companies in South America,
desires responsible position requiring technical
and executive ability. Location Preferred, South
America. C -3672-710-C-1.

ELECTRICAL ENGINEER from a well
known Middlewest University, age 23, specialist
in Railway Engineering, desires experience with
some electrical railway concern and to represent
them in the future in his home country. Avail-
able at once. Location, New York or Phila-
delphia. C-3812.

ELECTRICAL ENGINEER, 24, married,
recent graduate, desires position in commercial
or engineering capacity. Experience in machine
switching, telephone maintenance, Westinghouse
graduate course, and sales correspondence. No
preference as to location. Available on reason-
able notice. C-3815.

ELECTRICAL ENGINEER, experienced
utility meters, commercial and laboratory testing,
accounting, drafting, teaching E. E.; good writer.
Age thirty-four. B-8193.

ELECTRICAL ENGINEER, 39, technical
graduate, desires position with progressive con-
cern. Fifteen years' experience in construction,
chango-overg, maintenance, testing and plant
engineering. Five years' with electric railways;
two years construction of shipyards and ship-

building; eight years papermaking industry.
Considerable mechanical experience. Available
on one month's notice. 0-3331.

TECHNICAL GRADUATE, 28, with 7 years'
experience in testing and service work and many
types of electrical apparatus desires position with
moderate size firm in some type of sales and
service work. Willing to take a short period of
sales training. Location Preferred, Northern
New Jersey or Metropolitan District. C-3020.

ELECTRICAL ENGINEER, graduate, 31,
married, 10 years' diversified experience designing,
manufacturing and application of small special
apparatus, such as regulators, timing devices,
relays, etc. Some sales experience. Thoroughly
familiar with management manufacturing plant.
Desires position Electrical Engineer or assistant
to executive of concern where hard work and
ability to accomplish results will be recognized.
C-3820.

YOUNG MAN, 29, married, electrical engi-
neering degree, one year engineering office expe-
rience in Cuba. Now teaching electricity and
mechanical drawing third year, desires to change
to some line of work compatible with experience
and offering year round employment. Present
salary $200 a month. B-7028.

ELECTRICAL ENGINEER. The man you
need as technical assistant in your management
problems. Graduate engineer, 25, married,
4% years' varied experience; G. E. Test; construc-
tion, maintenance, inspection and design on heavy
electric traction equipment. Broad experience in
industrial applications of electrical machinery.
Business training. Paying investment for pro-
gressive concern. C-1048.

ELECTRICAL AND MECHANICAL EN-
GINEER, college graduate, young, single;
thorough training manufacturing, drafting, G. E.
Test, and engineering office. Three years respon-
sible commercial appointment handling tenders
and contracts at head office; five years large
electrical and steam turbine manufacturers
(British associated company), desires post with
scope for initiative, mechanical or electrical.
Preference commercial work where sound technical
knowledge necessary. or undertaking requiring
immediate or eventual representation Great
Britain or continent Europe. Excellent knowl-
edge French. C-3803.

DESIGNING ENGINEER, 40, married,
engineer in charge of steam of hydro -electric
power station or substation design or on general
engineering work relating to public utilities.
Qualified to act as resident engineer or superin-
tendent of construction. B-7779.

ELECTRICAL ENGINEER. 28, single, grad-
uate, 2 years General Electric Test department,
1 year requisition and complaint work, 2 years
contract and sales on lighting fixtures and radios.
Location Preferred, anywhere. B-9090.

ELECTRICAL ENGINEER, office and field
experience, familiar with operation, construction
and design public utility steam and hydro -electric
generating stations, transmission line calculations,
laboratory, field and factory testing. Industrial
power applications and maintenance in plants and
buildings. Have been resident and office, engi-
neering firm. In charge engineering office public
utility. 0-3587.

ELECTRICAL DESIGNING ENGINEER,
in charge of large four year construction program
of Eastern New York utility, involving 4, 13.2, 44
and 110 kv. stations now about completed. Ten
years in charge of designs of switchboards and
switch arrangements, and four years design of
high speed circuit breakers and industrial switches
with largest Eastern manufacturer. German
technical graduate. Desires permanent position
where his experiences aro valuable. 0-3835.

AGENTS REPRESENTATIVES
ENGINEER as New York representative or

manufacturer's agent; also office or desk room for
rent, completely furnished. Will rent for a long
or short period. Very centrally located. Tele-
phone. stenographic and drafting room facilities.
0-3828.
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RECOMMENDED FOR TRANSFER
The Board of Examiners, at its meetings

hold October 5 and November 2, 1927, recom-
mended the following members for transfer to the
grade of membership indicated. Any objection
to these transfers should bo filed at once with the
National Secretary

To Grade of Fellow
SEARING, EMERY DEFOREST, Advisory

Engineer, Portland Electric Power Co.,
Portland, Oregon.

SIMON S, DONALD M., Development Engineer,
Standard Underground Cable Co., Pitts-
burgh, Pa.

To Grade of Member
AMY, ERNEST V., Engineer, Radio Corporation

of America, New York, N. Y.
CAVALCANTI, ANTONIO E. DE A., Chief

Electrical Engineer, Paulista Railway Shops
and Water Dept., Paulista, Jundishy, Bra-
zil, S. A.

COLEMAN, HARRY C., Manager of Marine
Engineering, Westinghouse Elec. & Mfg. Co.,
East Pittsburgh, Pa.

CREIM, B. W., Electrical Engineer, Modesto
Irrigation District, Modesto, Calif.

FERANDEZ-MAREQUE, Francisco, Electrical
Engineer, Paraguay Central Railway, Para-
guay, So. America.

FLUCK, AARON C., Senior Field Engineer,
Braden Copper Co., Chile, S. A.

FRAMPTON, ARTHUR H., Assistant Electrical
Engineer, Hydro Electric Power Comm.,
Toronto, Ont., Canada.

GREGORY, WILLIAM H., Assistant Electrical
Engineer, Public Works Dept., Shannon,
N. Z.

GRIMES, JAMES H., Special Representative,
Westinghouse Elec. Int. Co., Chile, S. A.

HANNON, J. WALTER, General Supt. of Plant,
Indiana Bell Telephone Co., Indianapolis,
Ind.

HUND, AUGUST, Electrical Engineer, U. S.
Bureau of Standards, Washington, D. C.

KINNARD, ISAAC F., Electrical Engineer,
General Electric Co., West Lynn, Mass.

KLINE, C. HOWARD, Assistant Engineer,
General Electric Co., Pittsfield, Mass.

LARSEN, C. J., Consulting Engineer, Automatic
Electric, Inc., Chicago, Ill.

MARSHALL, NORMAN, Mfg. and Consulting
Engineer, Bridgeport, Conn.

McANGE, WILLIAM N., President, Inter -
Mountain Telephone Co., Bristol, Tenn.

McCULLOUGH, PHILLIP M., Vice President 
and Chief Engineer, Mexican Telephone &
Telegraph Co., Mexico, D. F. Mexico.

NOBLE, PAUL 0., Engineer in charge D -c.
Apparatus Dept., General Electric Co.,
Fort Wayne, Indiana.

ORCUTT. GUY H., Electrical Engineer, Michi-
gan Alkali Co., Wyandotte, Mich.

TILLOTSON, C. C., Electrical Engineer, United
Verde Copper Co., Clarkdale, Arizona.

VANDERVOORT, GERALD A., General Supt.,
N. B. E. P. Comm., St. John, N. B., Canada.

WATERS, JAMES S., Instructor in Electrical
Engineering, Rice Institute, Houston, Texas.

WEST, HARRY R., Electrical Engineer, General
Electric Co., Pittsfield. Mass.

WINTERER, HORACE K., Commercial Engi-
neer, General Electric Co., Los Angeles, Cal.

WRIGHT. PAUL L., Member of Technical
Staff, Bellffelephone Labs., New York.

APPLICATIONS FOR ELECTION
Applications have been received by (lie Sec-

retary fron the following candida tes for election
to membership in the institute. Unless other-
wise indicated, the applicant has applied for ad-
mission as an Associate. If the applicant has
applied for direct admission to a higher grade
than Associate. the grade follows Immediately
after the name. Any member objecting to the
election of any of these candidates should so
Inform the Secretary before December 31, 1927.
Anderson. E. F., General Electric Co., Schenec-

tady, N.Y.
Arnold. E. E., Bureau of Power & Light, Los

Angeles, Calif.
Baker, H. H., Royal Indemnity Co., Now York,

N.Y.
Baldwin, G., 1105 State St., Erie, Pa.
Balot, J.. E. L. Phillips & Co., Rockville Centre,

N. Y.
Bate, H. R. C., Mazapil Copper Co., Ltd., Aran-

zazu, C. del Ore, Zacatecas, Alex.
Batten, W. B., Westinghouse Elec. & Mfg. Co.,

East Pittsburgh, Pa.
Bauer, P. S., Harvard University, Cambridge,

Mass.
Beales, J. T., Jr., Bealos Radio Elec. Co., San

Anselmo, Calif.
Bell, D. T., University of Cincinnati, Cincinnati,

Ohio
Benson, A. W., Westinghouse Elec. & Mfg. Co.,

Springfield, Mass.
Bernard, W., Habirshaw Cable & Wire Corp.,

Yonkers, N. Y.
Billings, P. A., General Electric Co., West Lynn,

Mass.
Binnie, W. C., Consolidated Mining & Smelting

Co., Chapman Camp, B. C., Can.
Boggs, J. I., Mountain States Tel. & Tel. Co.,

Denver, Colo.
Bellow, A. J., Jr., General Electric Co., Schenec-

tady, N. Y.
Bonanno, J. L., Radio Corp. of America, New

York, N. Y.
Brown, G. H., New York Edison Co., New York,

N. Y.
Brunner, C. A., Consolidated Gas & Electric Co.,

Baltimore, Md.
Bryant, W. L., Jr., General Electric Co., Schenec-

tady, N. Y.
Buelmer, R. 0., American Steel & Wire Co.,

Waukegan, Ill.
Burrall, H. S., Brooklyn Little Theatre. Brooklyn,

N.Y.
Carlson, C. P., Bell Telephone Laboratories, Inc.,

New York, N. Y.
Carnegie, A., Pennsylvania Power & Light Co.,

Youngstown, Pa.
Carpenter, L. G., (Member), Consulting Engineer,

Denver, Colo.
Carrion, R. E., National Railways of Alexico,

Mexico City, Mex.
Cate. C. L., (Member), Consulting Engineer,

Montreal, P. Q., Can.
Champlain, C. H., Westinghouse Elec. & Mfg.

Co., Sharon, Pa.
Chiles, J. H., Jr., Westinghouse Elec. & Mfg. Co.,

Sharon, Pa.
Clapp. N. B., Jr., Westinghouse Elec. & Mfg. Co.,

East Springfield, Mass.
Clark, A. M., General Electric Co., Buffalo, N. Y.
Cohn, B. E., University of Denver. Denver, Colo.
Conlon, R. F., Rochester Gas & Electric Corp.,

Rochester, N. Y.
Connor, J. F., Westinghouse Elec. & Mfg. Co.,

East Springfield, Mass.
Conrad, R. W., Westinghouse Elec. & Mfg. Co.,

East Springfield, Mass.
Cook, W. L., Reliable Electric Co., Chicago, Ill.

Cooley, (J. R., Vulcanite Portland Cement. Co.
Easton, Pa.

Ihmardo, J. I)., Western Electric Co., Newark,
N . J.

Deresienski, A. S., Westinghouse Elec. & Mfg.
Co., East, Springfield. Mass.

Donk in , Ii., General Electric (.!0., Schenectady,
N.Y.

Dufatilt, J. A., Tennessee Utilities Commission,
Chattanooga, Tenn.

Durgin, H., General Electric Co., West Lynn,
Mass.

Eames, II. le., Westinghouse Elec. & Mfg. Co.,
Springfield, NI ass.

Eaton.T. O., General Electric Co., Schenectady,
N. Y.

Edseorn, U. E., Wagner Electric Corp., St. Louis,
Mo.

Eiden, E. L., Public Service Co. of No. Illinois,
Chicago, Ill.

Elliott, D. A., Columbia University, New York,
N. Y.

Evjen, H. M., California Institute of Technology,
Pasadena, Calif.

Fairburn, A. J. B., Cooper Union, New York,
N. Y.

Farnlof, C. G. T., Electrical Engineer, Now York,
N.Y.

Finnen, W. J., Westinghouse Elec. & Mfg. Co.,
Sharon, Pa.

Fishman, S., Newark College of Engineering,
Newark, N. J.

Fortier, R. L., Westinghouse Elec. & Mfg. Co.,
East Springfield, Mass.

Fuller, M. W., Victor Talking Machine Co.,
Camden, N.J.

Garthus, I. B., Northern States Power Co.,
Minneapolis, Minn.

Geoid, H. P., Westinghouse Elec. & Mfg. Co.,
Springfield, Mass.

Gottschall, S. E., New York University, New
York, N. Y.

Gribble, A. J., General Electric Co., Schenectady,
N.Y.

Grumbly, W. T., Now York Edison Co., New
York, N.Y.

Haendler, A. T., Edison Elec. Illuminating Co.
of Boston, Roxbury, Mass.

Hagen, A. M., Standard Underground Cable Co.,
Perth Amboy, N.J.

Hagenguth, J. H., General Electric Co., Pitts-
field, Mass.

Halstead, G. W., Jr., General Electric Co., Sche-
nectady, N.Y.

Hampe, G. W., Commonwealth Edison Co.,
Chicago, Ill.

Hart, E. A., Pacific States Electric Co., Los
Angeles, Calif.

Hartman, F. C., General Electric Co., Schenec-
tady, N. Y.

Harvey, W. C., Consolidated Mining & Smelting
Co. of Canada, Ltd., Trail, B. C., Can.

Heathcote, H. P., Westinghouse Elec. & Mfg. Co.,
Springfield, Mass.

Herrick, W. J., Westinghouse Elec. & Mfg. Co..
Springfield, Mass.

Hesse, A. N., New York Edison Co., Bronx,
New York, N. Y.

Hochmiller, C., Stone & Webster, Inc., Boston,
Mass.

Hood, H. C., (Member), Pittsburgh Transformer
Co., Pittsburgh, Pa.

Howe, K. L., Westinghouse Elec. & Mfg. Co.,
Seattle, Wash.

Johnson, J. K., Columbia University, New York,
N.Y.

Kennedy, L. P., General Electric Co., Pittsburgh,
Pa.

Kenny, B. M., Sca,rboro Hydro -Electric System,
Birch Cliff, Ont., Can.
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King, B. L., Bruce Bros., Syracuse, N. Y.
Kleist, M. R., Armour Institute of Technology,

Chicago, Ill.
Kratzer, J. J., Lehigh Portland Cement Co.,

Allentown, Pa.
Kreig, H. C., Westinghouse Elec. & Mfg. Co.,

East Springfield, Mass.
Langdon, H. J., Electrical Engineer & Contractor,

Victoria, B. C., Can.
Langord, A. M., Duquesne Light Co., Pittsburgh,

Pa.
Langguth, P. 0., Westinghouse Elec. & Mfg. Co..

East Pittsburgh, Pa.
Lawrence, J. H., (Member), Thomas E. Murray,

Inc., New York, N.Y.
Leerburger, F. J., Duquesne Light Co., Pitts-

burgh, Pa.
Licht, H. M., Williams Hardware Co., Streator,

111.

Lindsay, R. W., Mountain States Tel. & Tel. Co.,
Denver, Colo.

Lissman, M. A., Western Precipitation Co.,
Los Angeles, Calif.

Little, C. S., General Electric Co., Buffalo, N. Y.
Longobardi, B. G., New York Edison Co., New

York, N. Y.
Lowry, L. R., Bell Telephone Laboratories,

Cliffwood, N.J.
Lutgen, C. J., Brooklyn Edison Co., Brooklyn,

N. Y.
Lyons, J. M., General Electric Co., West Lynn,

Mass.
MacCarthy, D. D., Cornell University, Ithaca,

N.Y.
Martin, H. T., Harlem Valley Electric Corp.,

Pawling, N.Y.
Merry, R. E., General Electric Co.. Schenectady,

N. Y.
Messier, W. J., Westinghouse Elec. & Mfg. Co.,

East Springfield, Mass.
Metcalf, C. N., New York Edison Co., New York,

N. Y.
Meuren, W. H., Rola Company, Oakland, Calif.
Mitra, S. K., General Electric Co., Schenectady,

N.Y.
Moore. S. E. Chester Valley Electric Co.. Coates-

ville. Pa.
Murphy, Howard E., Stone & Webster, Inc.,

Boston, Mass.
(Applicant for re-election.)

Murphy, M. E., Bell Telephone Laboratories, Inc.,
Chicago, Ill.

Newhouse, H. E., Westinghouse Elec. & Mfg. Co.,
East Springfield, Mass.

Newton, E. T., American Brass Co., Waterbury,
Conn.

Nickerson, 0., General Electric Co., Chicago, Ill.
Noyes, J. A., Turner Falls Power Co., Turner

Falls, Mass.
Null, F. E.. Western Union Telegraph Co.,

. New York, N. Y.
O'Dwyer, J. M., Southern Sierras Power Co.,

Riverside, Calif.
Owen, R. H., General Electric Co., Denver, Colo.
Parsons, R. B., Narragansett Electric Lighting

Co., Providence, R. I.
PettyJohn, J. G., General Electric Co.. Schenec-

tady, N. Y.
Powell, R. W., General Electric Co., Schenectady,

N. Y.
Rel. P. F., 3675 Broadway, New York, N. Y.
Richardson, H. J., (Member), Snow Mfg. Co.,

Los Angeles, Calif.
Robinson, A. A., Taylor -Wharton Co., High

Bridge, N.J.
Roney, C. E.. Westinghouse Elec. & Mfg. Co..

Minneapolis, Minn.
Rush, P. E., University of Pittsburgh, Pittsburgh,

Pa.
Sabbagh, E. N.. Michigan State College, East

Lansing, Mich.
Sack, J., 122 Lincoln Ave., Central Falls, R. I.
Salvatori, H., Geographical Research Corp.,

Now York, N. Y.
Schaelchlin, W.. (Member) Westinghouse Elec.

dElMfg. Co., East Pittsburgh, Pa.

Schaffer, E. J., General Electric Co., Fort Wayne,
Ind.

Sedgwick, A. F., Central Hudson Gas & Electric
Corp., Kingston, N. Y.

Shults, J. E., Maintenance Co., New York,
N. Y.

Small, W. H. H., Westinghouse Elec. & Mfg. Co.,
East Springfield. Mass.

Smalley. M. F., Ohio Power Co., Canton. Ohio
Smith, H. B., General Electric Co., Erie, Pa.
Smith, L. W., English Electric Co. of Canada,

St. Catharines, Ont., Can.
Smith. R. E., Public Service Co. of No. Illinois,

Chicago, Ill.
Solodoff, V. J., Westchester Lighting Co., Mt.

Vernon, N.Y.
Spanhauer, R. J., General Electric Co., Buffalo,

N. Y.
Stevens. C. V. Locke Insulator Corp.. Pittsburgh,

Pa.
Taylor, J. B., Appalachian Electric Power Co.,

Lynchburg, Va.
Tipton, E. W., Westinghouse Elec. & Mfg. Co.,

Sharon, Pa.
Towner, 0. W., Bell Telephone Laboratories,

New York. N. Y.
Trevino, G. L., (Member). Mexican Tel. & Tel.

Co., Mexico City, Mexico D. F., Mex.
von Ahn, A. J., Enterprise Electric Co., San

Francisco, Calif.
Wallis, C. M., General Electric Co., Lynn, Mass.
Wallis, C. W., General Electric Co., Lynn, Mass.
Warth, S., Southern Bell Tel. & Tel. Co., Jackson,

Miss.
Weedfall, W. W., Southeastern Bell Tel. Co.,

Dallas, Texas
Wentz, E. C., Westinghouse Elec. & Mfg. Co.,

East Pitsburgh, Pa.
Williams. W. R., Northern States Power Co.,

Minot. No. Dakota
Wilsey, K. C., New York Edison Co., New York,

N.Y.
Winter, F. E., General Electric Co., Schenectady,

N. Y.
Wise, R. 0., Bell Telephone Laboratories, Inc.,

New York, N. Y.
Wiswall, I. W., Westinghouse Elec. & Mfg. Co.,

East Springfield, Mass.
Well, W. M., No. Indiana Public Service Co.,

Hammond, Ind.
Wood, J., Jr., 206 E. 36th St., New York, N. Y.
Young. G. S., Kansas City Power & Light Co.,

Kansas City, Mo.
Total 152.

Foreign
Coulthard, W. B., Government Technical In-

stitute, Insein, Burma, India
Milward, F. A., Public Works Dept., Gov't. of

Burma, Rangoon, Burma, India
Scobio, .1. K., Municipal Council, Shanghai,

China
Sen, A. K., Russa Engineering Works, Ltd.,

Delhi, India
Total 4.

STUDENTS ENROLLED
Algeo, Bradley C., Jr., Swarthmore College
Allen, Cecil S., Mississippi Agri. & Moch. College
Allenson, James H., Rhode Island State College
Anderson, Harry B., Rensselaer Polytechnic Inst.
Andes, Earl T., University of Missouri
Andrews, Robert W., University of Florida
Ankenman, Earl B., Kansas State Agri. College
Arnold, H. Roys. University of Colorado
Aucock, Clifford T.. Clarkson College of Tech.
Awtrey, Merrill E., Georgia School of Technology
Backus. Frank II., West Virginia University
Baker, Pled P., University of Kentucky
Baker, Robert C., Mississippi Agri. & Mech. College
Ball, George A., Brooklyn Polytechnic Institute
Ball, J. Wesley, Mississippi Agri. & Mech. College
Bankerd, Edward A., University of California
Barnes, Thomas 13., University of Kentucky
Barro, Henry J., Kansas State Agri. College
Barrett, Theodore L., Rose Polytechnic Institute
Barzilaski, Peter M., Bucknell University
Bates, William W., Drexel Institute

Baugh, Charlie R., University of Kentucky
Baughman, John S., Carnegie Institute of Tech.
Beach, Gordon L., University of Wisconsin
Beacham, Hardy R., North Carolina State College
Becker, Addison J., University of Colorado
Belle Isle, Armand G., Syracuse University
Benderman, John 0., University of Tennessee
Berkley, Leland S., Mississippi Agri. & Mech.

College
Berry, James F., University of Notre Dame
Bingenheimer, Melvin, University of Oklahoma
Binneweg, A., Jr., University of California
Bird, George T., Georgia School of Technology
Bird, J. LeGrand, Rensselaer Polytechnic Inst.
Blasingame, Bonner B., University of Kentucky
Block, Melvin, Washington University
Boatner, Bolan H., Georgia School of Technology
Boche, Eli, University of California
Bosche, William J., Jr., Bucknell University
Bradley, Charles D., Alabama Polytechnic Inst.
Bradley, Fred W., University of Michigan
Braggins, R. Mebane, Jr., University of Colorado
Brant, George S., Georgia School of Technology
Bremenstuhl, Vincent B., Rensselaer Polytechnic

Institute
Brennan, Thomas R., Kansas State Agricultural

College
Brewrink, James, University of Idaho
Brooks, Paul D., University of Tennessee
Brown, Ira W.. Mississippi Agri. & Mech. College
Brown, James, Brooklyn Polytechnic Institute
Brown, Roland B., University of Kansas
Brubaker, Leonard H., Kansas State Agricultural

College
Bruch, Donald W., Lafayette College
Bryant, Austin, University of California
Bryant, Charles A., University of California
Bueno, Marcelo P., University of California
Bunch, James B., Georgia School of Technology
Burlbaw, Ernest C., University of Missouri
Burnham, Edwin B., University of Missouri
Burton, Lester, Kansas State Agricultural College
Bush, Fred W., Georgia School of Technology
Callen, Donald H., Carnegie Institute of

Technology
Cameron, Donald, Kansas State Agricultural

College
Campbell, Franklin W., Brooklyn Polytechnic

Institute
Carmack, Hubert S.. Rose Polytechnic Institute
Carpenter, Owen M., North Carolina State

College
Carr, Vernon T., University of Oklahoma
Carroll, Herbert A., Georgia School of Technology
Carruth, Hugh B., University of Arkansas
Carson, Thomas C., University of Iowa
Carter, Robert B., Jr., University of Kentucky
Cash, Claude C., Rose Polytechnic Institute
Cason, Richard H., Georgia School of Technology
Castle, Phillip A., University of Missouri
Chamberlain, Milo R., University of Texas
Champeny, Glanville C., Lewis Institute
Cheney, William B., University of Illinois
Chinn, Floyd T., University of Missouri
Christiansen, William E., University of Iowa
Clark, Stuart, University of California
Clatworthy, Buell, Colo. State Agricultural College
Cleaver, Oscar P., Georgia School of Technology
Cockrell, Will, University of Florida
Coffey, Walker J., Mississippi Agri. & Mech.

College
Coffin, Lawrence H., University of Cincinnati
Colby, Paul S., Kansas State Agricultural College
Cole, Neil D., Carnegie Institute of Technology
Collins, Russell W., University of Notre Dame
Conner, George B., University of Notre Dame
Corson, Charles A., Lafayette College
Cost, John, Rutgers College
Coulis, Louis A., Northeastern University
Coulter, Cecil C., West Virginia University
Courtis, Joseph W., University of Michigan
Courtney, Carl, University of Missouri
Crane, Harold S., Northeastern University
Crawley, Clyde S., Mississippi Agri. & Mech.

College
Crayne, Bruce A., University of California
Creamer, Warron E., University of Maine
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Creek more, Frank II., University of Oklahoma
Cress, Joseph E., Kansas State Agri. College
Cuular, Daniel R., (liarkson College of Technology
Cumming, Clarence \V., University of North

1)ttkota
Cummings. Zoeth, Univ. of Southern California.
Daily. Charles F., University of Kentucky
Dalhouse, Samuel L.,Georgia School of Technology
Dasha, Laughton B., Northeastern University
Davis, Alden K., University of California
Davis, Jack, University of Colorado
Davis, Richard R., Mississippi Agri. & Mech.

College
Davis, Robert J., University of California
Davis, Roy E., Kansas State Agricultural College
Dennis, F. Raymond, State College of Washington
Devine, William F., University of Kansas
Dickinson, Charles H., University of Virginia
Donald, Robert B., Clarkson College of Technology
Dorman, Beryl H., University of Arkansas
Drornpp, Arthur F., Rose Polytechnic Institute
Dunn, Charles V., University of Missouri
Dunnington, Frank G., University of California
Eastwood, Kenneth N., Syracuse University
Eaton, Thomas L., Georgia School of Technology
Eckels, Charles E., Carnegie Institute of

Technology
Edghill, Raymond A., Clarkson College of

Technology
Edmonds. Alonzo L., University of California
Edwards, Don C., Jr., University of Kentucky
Edwards, Philip J., Kansas State Agri. College
Edwards, Thomas A., Georgia School of Tech.
Eikner, Leonard M., Mississippi Agri. & Mech.

College
Ellifrit, Edward V., Kansas State Agricultural

College
Ellis, Harold E., University of Maine
Else, Leslie R.. University of North Dakota
Engler, Kyle, Kansas State Agri. College
Eskew, Hubert D., Georgia School of Technology
Evans, Ernest B., Washington University
Evans, Howard A., University of California
Evans, Odea, Mississippi Agri. & Mech. College
Fairweather, Burton A., University of Wisconsin
Feak, Edward D., University of Cincinnati
Ferrick, James H., Carnegie Institute of Technology
Ferrugia, Anthony, Northeastern University
Fesperman, Henry D., North Carolina State

College
Finsterwalder, Carl J., Clarkson College of

Technology
Foisy, Emile C., New York University
Foltz, Ralph A., University of Missouri
Ford, Lysle N., Northeastern University
Forrest, Frank D., University of California
Foster, Edward, University of Missouri
Fox, Raymond M., University of Kentucky
Francis, Bion H., Mass. Institute of Technology
Franzwa, Frederick, Rose Polytechnic Institute
French, H. Nelson, Lehigh University
Frew. Robert A.. Newark Technical SChool
Fuentes, Antonio M., Lewis Institute
Fuller, Howard M., Northeastern University
Fults, Herbert S., University of California
Gagliardi, Frank M., University of Notre Dame
Gaimari, Anton, Lewis Institute
Gallagher, Thomas J., Jr., University of California
Garner, Grady L., Georgia School of Technology
Garrison, F. Lowell, University of California
Gates, Charlie G., Kansas State Agri. College
Geiges, Karl S., Newark Technical School
Geisendorfer, H. A., Jr., University of California
Genin, Floyd A., University of Notre Dame
George, Ralph W., Kansas State Agri. College
Gerini, Olindo A., University of California
Gilchrist, Earl H., Syracuse University
Gleason, Richard P., University of Maine
Gorza, Rodolfo B., University of Notre Dame
Graves, Charles E., Rose Polytechnic Institute
Graves, Harold K., Clarkson College of Tech.
Gray, Anthony W., University of California
Gray, Corwin S., Newark Technical School
Green, J. Nelson, Lafayette College
Gregory, Hal W., Georgia School of Technology
Grimm, Donald S., Pennsylvania State College
Grosser, Edward H., Jr., Georgia School of Tech.

I I atIs + II, hoes, 01111111(10 SIIII in Agri. college
We.le3, Kansas State Agri. college

11.111, Kenneth D.. Kansas "11"g"
Ileli++ I . University of Nlissourl

ilitrries, \\ University of Kansas
Ilan, James \ t worgla School of Technology
Haskell, Warren ' , University of Oklahoma
Havens, W. 'I'., 1\aosas State Agricultural College
Hayes, .1. A., Um\ ersity of Oklahoma
Hays, Garcel K., lansas Stale Agri. College
Haywood, Kenneth I'., North Carolina State

College
liazell, Charles C., Jr., University of North

Carolina
Heine, Herbert W., Pennsylvania State College
Helfer, Arthur L., Syracuse University
Hemker, Arthur II., Kansas State Agricultural

College
Hemsted, Glenn S., University of North Dakota
Henderson, Eugene W., University of Colorado
Hendry, John, University of California
Hentzen, Kenneth, University of Kansas
Herren, Wesley M., Kansas State Agri. College
Heskott, Lloyd L., University of Iowa
Heuchan, Robert W., University of Missouri
Henn, Andrew C., Lewis Institute
Hicks, Louis S., Georgia School of Technology
Hight, Stuart C., University of California
Hill, Samuel C., West Virginia University
Hinton, James F., University of Texas
Hinton, William H., University of Virginia
Hitchcock, Edwin T., Jr., University of California
Hixon, William P., Alabama Polytechnic Institute
Hoag, Stephen B., University of California
Hoeflich, Albert F., University of California
Hollingsworth, John R., Georgia School of Tech.
Holmes, Homer E., Rose Polytechnic Institute
Holt, Harry R., University of Virginia
Hope, Edward M., Oregon Agri. College
Hoskins, Tom D., Jr., Georgia School of Tech.
Howard, Lewis W., University of California
Howard, Lyde E., University of Missouri
Hudson, R. C., Mississippi Agri. & Mech. College
Hughs, Carleton N., Georgia School of Technology
Hunt, G. Baker, Louisiana State University
Hurst, Dunlap, Mississippi Agr. & Mech. College
Hurst, Glade W., Kansas State Agri. College
Hutchins, Burleigh M., University of Maine
Hutchins, George F., University of California
Hutchinson, Howard L., University of Colorado
Hutchison, D. Paul, Kansas State Agri. College
Hyde, Hugh H., University of California
Iffrig, Cyril H., University of Missouri
Ikola, George H., Carnegie Institute of Tech.
Ingersoll, Charles T., Alabama Polytechnic Inst.
Inouye, Raymond K.. University of California
Irwin, Willard L., University of Missouri
Ittner, Charles K., University of Oklahoma
Jackson, Ralph H., University of Missouri
James, David M., University of Kentucky
Jernigan, Claude H., University of Florida
Johnson, George B., Kansas State Agri. College
Johnston, David C., University of Oklahoma
Jones DeWitt, Mississippi Agri. & Mech. College
Jones, Guy L.. University of Colorado
Jones. John T., University of Iowa
Jones, Wallace H., Jr., Clarkson College of Tech.
Jones, Watson, University of Oklahoma
Judson, Larry H.. University of Cincinnati
Kagohara, Frank S.. University of Colorado
Katachi, Tokio, University of California
Kawamura, Shizuto A.. University of California
Kehoe. Wayne. Rose Polytechnic Institute
Kennish, John S., University of Missouri
Kentner, Carroll D., University of Kansas
Kenyon, Charles W., Drexel Institute
Kerr, Wendell H., Oregon Agri. College
Kersh, Robinson S., Mississippi Agri. & Mech.

College
Kight, Lucian T.. West Virginia University
Kilgore, Wilson B., North Carolina State College
Kimble, George E., University of Illinois
King, Loyd J., University of Oklahoma
King, Stanley C.. Clarkson College of Technology
King, William M., Kansas State Agri. College
King, William R., University of Kentucky
Kleger, Adolf E., Oregon Agri. College

Klein, Holten, New N'ork University
itIeindieust, John Drexel Institute
Kiev, Paul, Jr., Oregon Agri. College
Kline, Francis I., University of Iowa
liolanowskl, Stanley C., Lewis Institute
liorentolut, Maurice, University of Arkansas
Kraus. Joe, University of Kentucky
Krause, Charles K., Lehigh University
Kruger. Fug H., University of California
Laiho, Jaime'. M., University of Michigan
Lampkin, G. F., University of Cincinnati
Landby, John C., New York University
Lane, Edwin II., University of Kansas
Lan tzy, Percy P., University of Idaho
Larsen, John F., University of Notre Dame
Law, Alfred J., Jr., Georgia School of Technology
Lawrence, George W., Kansas State Agricultural

College
Lefferts, William O., Georgia School of Technology
Lehman. W. G., Jr., University of Kentucky
Leong, Tai W., Lewis Institute
Levoy, Louis G., Jr., University of California
Lightbourn, Walter S., Georgia School of Tech.
Lindberg, Harold C., Kansas State Agricultural

College
Lisk, James L., University of Oklahoma
Littmann, Leon, New York University
Lloyd, David C., University of Delaware
Loomis, J. Schuyler, Clarkson College of Tech.
Lord, Frank D., University of California
Loren, Bernard F., Syracuse University
Lovett, Howard W., Lafayette College
Lueking, Herman A., Jr., Washington University
Lundy, Ralph B., University of California
Lundy, Richard P., Georgia School of Technology
Mangum, C. Howard, Mississippi Agri. & Mech.

College
Marquez, Charles L., Jr., Mississippi Agri. &

Mech. College
Marshall, Brooks, University of Michigan
Martin, Herschel B., University of Illinois
Martin, Lester, Rose Polytechnic Institute
Martin, Virgil E., Rose Polytechnic Institute
Mason, Richard D., University of Oklahoma
Massey, Paul E., Kansas State Agri. College
Matis, Henry A., University of Colorado
May, James P., University of Kansas
Maynard, Neil A., Northeastern University
Mazanec, Joseph G., Jr., Washington University
McCart, Stanley 0., University of Maine
McCaskill, R. Burns, University of Oklahoma
McConnell, Norman B., Alabama Polytechnic

Institute
McDonald, A. P., Texas A. & M. College
McGary, Robert 0., University of Kentucky
McMullen, Cecil J., Kansas State Agricultural

College
McMurdo, Charles E., University of Virginia
Meinzer, Arthur E., Lewis Institute
Merchant, Ernest W., University of Maine
Merriam, Walter A., University of Colorado
Messinger, Fred L., Drexel Institute
Meyer, Clarence W., Alabama Polytechnic Inst.
Meyer, Manie H., Kansas State Agri. College
Miles. Raymond E., University of Colorado
Miles, Reo C., Syracuse University
Miller, Charles T., Rhode Island State College
Miller. Paul A., Kansas State Agri. College
Mills, Vern D., Kansas State Agri. College
Mitchell, James G., Pennsylvania State College
Mitchell, Olin V., Carnegie Institute of Tech.
Mitchell, Orville D., Kansas State Agri. College
Montgomery, J. Leonard, Rose Polytechnic Inst.
Morningstern, William 13., Newark Technical

School
Morten, Roy K., University of California
Moseley, William E., North Carolina State College
Murphy, Edmund B., Rose Polytechnic Institute
Murphy, Nelson F., Drexel Institute
Murray, James B., Lehigh University
Myskowski, Leo, Mass. Institute of Technology
Napier, Charles J., Georgia School of Technology
Nebel, John K., University of Missouri
Neill, Samuel S., Mississippi Agri. & Mech. College
Neitzert, Carl, University of Missouri
Nickels, James M., Mississippi Agri. & Mech.

College
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Nicol. Britton A.. University of California
Niehuus, Arnold. University of North Dakota
Nikiforoff, Paul, New York University
Noon, Thomas J., University of Notre Dame
Norell. J. Alden, University of Idaho
Norton, Joseph C., University of Notre Dame
O'Brien, Lawrence P.. Lewis Institute
German, Harold W.. University of Illinois
Olds, Charles B., Kansas State Agri. College
Oliver. Burton L., University of North Dakota
Oosterling, Henry J., University of Michigan
O'Rourke, John J., Alabama Polytechnic Institute
Orpilla, Pedro M.. Lewis Institute
Otto, Harold M., University of Kentucky
Outt. John it.. University of Colorado
Owen, Arthur E., Kansas State Agri. College
Owen, Joseph A., Georgia School of Technology
Owens, Sherod H.. Georgia School of Technology
Owsley, 011ie M.. University of Kentucky
Palmer, Oscar H., Mississippi Agri. & Mech.

College
Parizek, George R.. University of Iowa
Parker, C. Z., University of Utah
Parker, James T.. University of Notre Dame
Parks. Ira A., University of Kentucky
Payne, James F., Rose Polytechnic Institute
Peach, Paul S., University of Virginia
Pedrick. Arthur S., University of California
Perry, C. Burgess, North Carolina State College
Peter, Theodore E., University of Arkansas
Petersen, Frank C.. Northeastern University
Petersen, James M.. University of Idaho
Peterson, Ross A., Oregon Agri. College
Phelps, Herbert F., Clarkson College of Tech.
Pickett. Craig E., Kansas State Agri. College
Plank, Francis J., Syracuse University
Potter, Leighton B., University of Michigan
Pounder, Dennis J., Georgia School of Technology
Powell. Charles A., University of North Dakota
Prinsloo, Willem J., University of Michigan
Pritham, Carroll F., University of Maine
Quarles, Lawrence R., University of Virginia
Race. Cecil R., University of Maine
Rahn. Wm. E., Lewis Institute
Raida, Delmar. Kansas State Agri. College
Ray. Dick, University of Arkansas
Redmond, William B.. Georgia School of

Technology
Reece, Roy D., Rose Polytechnic Institute
Reeves, Luther M., Jr.. Georgia School of

Technology
Reid, Hugh M., Mississippi Agri. & Mech. College
Reinking, Horace J.. Kansas State Agri. College
Remick, Benjamin, Kansas State Agricultural

College
Rcxroth, Bryon A., University of Kansas
Rhodes, John S., Kansas State Agri. College
Rice, Carl C.. Kansas State Agricultural College
Rice, Raymond H., University of California
Richardson. S. M., Mississippi Agri. & Mech.

College
Roehrman, Frederick E.. Kansas State Agri.

College
Rogers, George L., Clarkson College of Technology
Rothstein. Alex I., University of Missouri
Itotthouse, William H., University of Delaware
Roxburgh, James L., Lewis Institute
Roy, Roland L., University of Iowa
Royal, William C., University of Colorado
Ruhnke. Roy It., University of North Dakota
Rule, Ferdinand K., University of California
Ruud, Louis A.. University of California
Ryan. John M., Mass. Institute of Technology

Sanderford. Ralph B., Mississippi Agri. & Mech.
College

Sayers, Sam R., University of Virginia
Schafer, Alvin W., University of California
Schauwecker, W. Raymond. Rose Polytechnic

Institute
Scheer. George H., Jr., University of Wisconsin
Scheerer. Theodore J., University of North

Dakota
Schlee, John F., University of California
Schmitt, Gilbert E., University of Texas
Schnitzer, Bernard E., University of Arkansas
Schock, Robert E., Colo. State Agricultural

College
Schwanke. James W., Kansas State Agri. College
Schwarting, Robert E., Syracuse University
Schwartz, M. W., Georgia School of Technology
Scoppettuolo, Victor M., Northeastern University
Seal, George L., Mississippi Agri. & Mech.

College
Seifried, Herbert G., University of Virginia
Senior, Harold A., Kansas State Agricultural

College
Shainberg, Gerald. University of Missouri
Shaul, Bennie C.. University of California
Shaw. Elgin L.. University of Oklahoma
Shenk, Joe J., Kansas State Agricultural College
Sherho, Evaristo C. S., Rutgers College
Shultz, E Patterson, University of Oklahoma
Siegelin, Carl E., Rose Polytechnic Institute
Simpson, LeRoy C., University of NeW Hampshire
Skradski, Edward J., Kansas State Agri. College
Slezak, Lumir F., University of So. California
Slocum. Harold H., University of Illinois
Small. Charles D., University of California
Smeltzer, Vivian 0., University of Kansas
Smith, Archibald V., University of Maine
Smith,. Donald W., Northeastern University
Smith, Harold, University of California
Smith, Harold A., University of California
Smith, H. Millard, University of Kansas
Smith, Walter F., Rhode Island State College
Snooks, James P., Jr., Georgia School of

Technology
Spangler, Donovan B., Swarthmore College
Spratley. Ashby W., University of Virginia
Sprout, Hiram H., University of Oklahoma
Steen, Herman F., Brooklyn Polytechnic Institute
Steinmetz. Vernon H., Colo. State Agricultural

College
Stephenson. Hoyt, University of Idaho
Stewart. J. W.. Mississippi Agri. & Mech. College
Stewart. Walter E., University of North Carolina
Stiles, Everett W., University of Delaware
Stiles, John L., Clarkson College of Technology
Stoesser, Oscar J., University of Kentucky
Streich, Robert J., University of California
Huber, William J., Drexel Institute
Sutton. Merle E., Oregon Agri. College
Swanagan, Donald A., Rose Polytechnic Institute
Swanson. Raymond C., University of California
Swerdlow, Nathan. Drexel Institute
Swift, Orville T., University of Maine
Tabbert, Russell, University of North Dakota
Tanenbaum, Marvin, Cooper Union
Taylor, Ralph N., University of Kentucky
Taylor, Roy S., University of Oklahoma
Thatch, Thomas M., Mississippi Agri. & Mech.

College
Theiling, Henry J., Brooklyn Polytechnic Institute
Thoman, Edward F.. University of Notre Dame
Thompson, Everett It., University of Colorado

Thompson, William J., University of California
Topping. Charles G.. University of Notre Dame
Townsend. Judson C., Jr., Alabama Polytechnic

Institute
Trent, Sheldon N., New York University
Trosdal, Einar S.. Jr., Georgia School of

Technology
Tull. Robert H.. University of Illinois
Turnure, Paul F., University of Colorado
Ungemach, Charles D., University of Colorado
Unger, Arthur M., University of Colorado
Vannoy, Ivan F., West Virginia University
Van Pelt, Gerald D., Kansas State Agricultural

College
Varnum, Joseph B., University of Missouri
Vaughn. Joe D., University of Kentucky
Wallis, George F., University of Colorado
Walsh, John K., University of North Dakota
Walsh, John S., Syracuse University
Walton, Clark G., Rutgers College
Wangerin, Elmer 0., Kansas State Agricultural

College
Ward. Lewis R., University 'of Colorado
Warner, Richard E., Kansas State Agricultural

College
Welch, Clarence L.. Oregon Agri. College
Welch, Ernest A., University of Kentucky
Wertz, Thomas R.. Georgia School of Technology
Wertzbaugher. William W.. University of Iowa
Wesley, James W.. Georgia School of Technology
West, Hiram B., Mississippi Agri. & Mech. College
Westhoff. Richard H., University of Kansas
Wetzel, Theodore A., Oregon Agri. College
Wham, Robert L., Georgia School of Technology
Wheeler. Rex E., Kansas State Agri. College
White, Harold W., University of California
White, John E., Carnegie Institute of Technology
White, John P.. University of Arkansas
White, Merle H., Kansas State Agri. College
White. Rex E., Kansas State Agri. College
Whitehead, Edgar A., University of California
Whitling, George H.. Jr., Bucknell University
Whittier. G. Albert, University of Maine
Whittlesey, Fred L., University of California
Wickham, Wilbur H., University of Iowa
Wiley, William L., Mississippi Agri. & Mech.

College
Wilkinson, Claude M., University of Virginia
Willets, J. Roland, Clarkson College of Technology
Willett, McNeil, University of Kentucky
Williams, Floyd C., University of Kansas
Willis, Cecil L.. Kansas State Agri. College
Wilson, Allan C., University of California
Wilson, Edwin T., Rutgers College
Wilson, J. Edwin. University of Kentucky
Winckler, Robert, Newark Technical School
Wingerter, Laurence, University of Notre Dame
Wise, David H., Mississippi Agri. & Mech. College
Wittenburg, Harry W., University of California
Wolfe, William A., University of Kansas
Wolfskill, .John M., Pennsylvania State College
Wollenberg. L. Harold, . State College of

Washington
Wooster, Gordon B., University of Missouri
Word, Charles L., University of California
Wright, Paul G.. Mississippi Agri. & Mech.

College
Vetter, Boyd R.. Lafayette College
Young. Gerald O.. University of Nebraska
Zorn. Reber, Drexel Institute
Zschelle, Carl 0.; t niversity of Kansas
Total 532.
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OFFICERS A. I. E. E. 1927-1928

C. C. CHESNEY

H. M. HOBART
B. G. JAMIESON
GEORGE L. KNIGHT
H. H. SCHOOLFIELD
A. E. BETTIS

JOHN B. WHITEHEAD
J. M. BRYANT
E. B. MERRIAM
M. M. FOWLER
H. A. KIDDER
E. C. STONE

President
BANCROFT GlIERARDI

Junior Past Presidents
M. I. PUPIN

Vice -Presidents
0. J. FERGUSON
E. R. NORTIIMORE

J. L. BEAVER
A. B. COOPER
C. 0. BICKELHAUPT

Managers
I. E. MOULTROP
H. C. DON CARLOS
F. J. CHESTERMAN
F. C. HANKER
E. B. MEYER
H. P. LIVERSIDGE

National Treasurer National Secretary
GEORGE A. HAMILTON F. L. HUTCHINSON

Honorary Secretary
RALPH W. POPE

LOCAL HONORARY SECRETARIES
T. J. Fleming, Calle B. Mitre 519, Buenos Aires, Argentina, S. A.
H. W. Flashman, Aus. Westinghouse Elec. Co. Ltd., Cathcart House,

11 Castlereagh St., Sydney, N. S. W., Australia.
F.S, M. Servos, Rio de Janeiro Tramways, Light & Power Co., Rio de Janeiro,

Brazil.
Charles le Maistre, 28 Victoria St., London, S. W. 1, England.
A.f.S. Garfield, 45 Bd. Beausejour, Paris 16 E., France.
F. W. Willis, Tata Power Companies, Bombay House, Bombay, India.
Guido Semenza, 39 Via Monte Napoleone, Milan,-Italy.
P. H. Powell, Canterbury College, Christchurch, New Zealand.
Axel F Enstrom, 24a Grefturegatan, Stockholm, Sweden.
W. Elsdon-Dew, P. 0. Box 4563, Johannesburg, Transvaal, Africa.

A. I. E. E. COMMITTEES
(A list of the personnel of Institute committees may be found in the Septemberissue of the JOURNAL.)

GENERAL STANDING COMMITTEES AND CHAIRMEN
EXECUTIVE, B. Gherardi
FINANCE, H. A. Kidder
MEETINGS AND PAPERS, H. P. Charlesworth
PUBLICATION, E. B. Meyer
COORDINATION OF INSTITUTE ACTIVITIES, G. L. Knight
BOARD OF EXAMINERS, E. H. Everit
SECTIONS, W. B. Kouwenhoven
STUDENT BRANCHES, J. L. Beaver
MEMBERSHIP, E. B. Merriam
HEADQUARTERS, 0. L. Knight
LAW, C. 0. Bickelhaupt
PUBLIC POLICY, H. W. Buck
STANDARDS, J. Franklin Meyer
EDISON MEDAL, M. I. Pupin

Name Chairman

CODE. OF PRINCIPLES OF PROFESSIONAL CONDUCT, John W. Lieb
COLUMBIA UNIVERSITY SCHOLARSHIPS, W .1. Slichler
AWARD OF INSTITUTE PRIZES, H. P. Charleswortn
SAFETY CODES, J. P. Jackson

SPECIAL COMMITTEES
ADVISORY COMMITTEE TO THE MUSEUMS OF THE PEACEFUL. ARTS, J. P. Jackson
LICENSING OF ENGINEERS, Francis Blossom

TECHNICAL COMMITTEES AND CHAIRMEN
AUTOMATIC STATIONS, Chester Lichtenberg
COMMUNICATION, H. W. Drake
EDUCATION, P. M. LINCOLN
ELECTRICAL MACHINERY, F. D. Newbury
ELECTRIC WELDING, J. C. Lincoln
ELECTROCHEMISTRY AND ELECTROMETALLURGY, George W. Vinal
ELECTROPHYSICS, V. Karapetoff
INSTRUMENTS AND MEASUREMENTS,
APPLICATIONS TO IRON AND STEEL PRODUCTION, A. G. Pierce
PRODUCTION AND APPLICATION OF LIGHT, Preston S. Millar
APPLICATIONS TO MARINE WORK, W. E. Thau
APPLICATIONS TO MINING WORK, W. H. Lesser
GENERAL POWER APPLICATIONS, A. M. MacCutcheon
POWER GENERATION, W. S. Gorsuch
POWER TRANSMISSION AND DISTRIBUTION, Philip Torchio
PROTECTIVE DEVICES, F. L. Hunt
RESEARCH, F. W. Peek, Jr.
TRANSPORTATION, J. V. B. Duer

A. I. E. E. REPRESENTATION
(The Institute is represented on the following bodies; the names of the repre-

sentatives may be found in the September issue of the JOURNAL.)
AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE, COUNCIL
AMERICAN BUREAU OF WELDING
AMERICAN COMMITTEE ON ELECTROLYSIS
AMERICAN ENGINEERING COUNCIL
AMERICAN ENGINEERING STANDARDS COMMITTEE
AMERICAN MARINE STANDARDS COMMITTEE
AMERICAN YEAR 43OOK, ADVISORY BOARD
BOARD OF TRUSTEES, UNITED ENGINEERING SOCIETY
CHARLES A. COFFIN FELLOWSHIP AND RESEARCH FUND COMMITTEE
COMMITTEE OF APPARATUS MAKERS AND USERS, NATIONAL RESEARCH COUNCIL
COMMITTEE ON ELIMINATION OF FATIGUE, SOCIETY OF INDUSTRIAL ENGINEERS
ENGINEERING FOUNDATION BOARD
JOHN FRITZ MEDAL BOARD OF AWARD
JOINT COMMITTEE ON WELDED RAIL JOINTS
JOINT CONFERENCE COMMITTEE OF FOUR FOUNDERS SOCIETIES
LIBRARY BOARD, UNITED ENGINEERING SOCIETY
NATIONAL FIRE PROTECTION ASSOCIATION, ELECTRICAL COMMITTEE
NATIONAL. FIRE WASTE COUNCIL
NATIONAL RESEARCH COUNCIL, ENGINEERING DIVISION
NATIONAL SAFETY COUNCIL, ELECTRICAL COMMITTEE OF ENGINEERING SECTION
THE NEWCOMEN SOCIETY

RADIO ADVISORY COMMITTEE, BUREAU OF STANDARDS
SOCIETY FOR THE PROMOTION OF ENGINEERING EDUCATION, BOARD OF INVESTI-

GATION AND COORDINATION
U. S. NATIONAL COMMITTEE OF THE INTERNATIONAL ELECTROTECHNICALCOMMISSION
U. S. NATIONAL COMMITTEE OF THE INTERNATIONAL ILLUMINATION COM-MISSION

WASHINGTON AWARD, COMMISSION OF

LIST OF SECTIONS
Secretary Name

Akron

Atlanta

Baltimore

Boston

Chicago

Cincinnati

Cleveland

Columbus

Connecticut

Denver

Detroit -Ann Arbor

Erie

Fort Wayne

A. L. Richmond

C. E. Bennett

W.B.Kouwenhoven

E. W. Davis

B. E. Ward

R. C. Fryer

A. M. Lloyd

F. C. Nesbitt

A. E. Knowlton

A. L. Jones

F. H. Riddle

L. H. Curtis

P. 0. Noble

W. A. Hillebrand, Ohio Insulator
Co., Akron, Ohio

S. C. Bleckley, Ga. Rwy. & Pr.
Co., Atlanta, Ga.

R. T. Greer, Madison St. Building,
Baltimore, Md.

W. H. Colburn, 39 Boylston St.,
Boston, Mass.

L. J. Vanhalanger, Conway Build-
ing, Chicago, Ill.

Leo Dorfman, Westinghouse Elec.
& Mfg. Co., Cincinnati, Ohio

E. W. Henderson, 1088 Ivanhoe
Road, Cleveland, Ohio

W. E. Metzger, Interurban Termi-
nal Bldg., Columbus, Ohio

R. G. Warner, Yale University,
New Haven, Conn.

R. B. Bonney, Telephone Bldg.,
P. 0. Box 960, Denver, Colo.

Prof. A. H. Lovell, University of
Michigan, Ann Arbor, Mich.

C. P. Yoder, Erie County Elec.
Co., Erie, Pa.

F. W. Merrill. General Elec. Co.,
Fort Wayne, Ind.

Chairman Secretary
Indianapolis -Lafayette

Ithaca

Kansas City

Lehigh Valley

Los Angeles

Louisville

Lynn

Madison

Mexico

Milwaukee

Minnesota

C. A. Fay Herbert Kessel, Fairbanks Morse
& Co., Indianapolis, Ind.

R. F. Chamberlain H. H. Race, Cornell University,
Ithaca, N. Y.

S. M. DeCamp B. J. George, Kansas City Pr. &
Lt. Co., Kansas City, Mo.

M. R. Woodward G. W. Brooks, Pennsylvania Pr.
& Lt. Co., 901 Hamilton St.,
Allentown, Pa.

L. C. Williams H. L. Caldwell, Bureau of Light &
Power. Los Angeles, Cal.

D. C. Jackson, Jr. W. C. White, Southern Bell Tel. &
Tel. Co., Louisville, Ky.

W. F. Dawson

J. T. Rood

Carlos Macias

John D. Ball

J. E. Sumpter

V. R. Holmgren, Gen. Elec. Co..
Bldg. 64 G, Lynn, Mass.

H. J. Hunt, D. W. Mead and
C. V. Seastone, State Journal
Bldg., Madison, Wis.

G. Solis-Payan, Ave. Portales 89.
General Anaya, Mexico, D. F..
Mexico

Wm. J. Ladwig, Wisconsin Tel.
Co., 418 Broadway, Milwaukee,
Wis.

Gilbert Cooley. Rice & Atwater.
St. Paul, Minn.
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Name Chairman

LIST OF SECTIONS-Continued
Secretary

Nebraska

New York

Niagara Frontier

Oklahoma

Panama

Philadelphia

Pittsburgh

Pittsfield

Portland, Ore

Providence

Rochester

St. Louis

San Francisco

Saskatchewan

Schenectady

N. W. Kingsley

L. W. W. Morrow

L. E. Imlay

Edwin Kurtz

L. W. Parsons

I. M. Stein

W. C. Goodwin

H. 0. Stephens

J. E. Yates

F. N. Tompkins

R. D. De Wolf

L. F. Woolston

W. L. Winter

J. D. Peters

T. A Worcester

Roy Hagen, General Electric Co.,
Omaha, Nebraska

J. B. Bassett, General Elec. Co.,
120 Broadway, New York, N. Y.

E. P. Harder, 205 Electric Build-
ing, Buffalo, N. Y.

B. A. Fisher, Oklahoma A. & M
College, Stillwater, Okla.

M. P. Benninger, Box 174, Balboa
Heights, C. Z.

R. H. Silbert, 2301 Market St.,
Philadelphia, Pa.

H. E. Dyche, University of Pitts-
burgh, Pittsburgh, Pa.

F. R. Finch, General Electric
Co., Pittsfield, Mass.

L. M. Moyer, General Electric
Co., Portland, Ore.

F. W. Smith, Blackstone Valley
Gas & Electric Co., Pawtucket,
R. I.

C. C. Eckhardt, Igrad Condenser
& Mfg. Co., 26 Ave. D, Rochester,
N. Y.

L. P. Van Houten, 2670 Washing-
ton Boulevard, St. Louis, Mo.

A. G. Jones, 807 Rialto Bldg., San
Francisco, Calif.

W. P. Brattle, Dept. of Tele-
phones, Telephone Bldg., Re-
gina, Sask., Canada

R. F. Franklin, Room '301, Bldg.
No. 41, General Elec. Co.,
Schenectady. N. Y.

Name and Location

Name Chairman Secretary

Seattle

Sharon

Southern Virginia

Spokane

Springfield, Mass.

Syracuse

Toledo

Toronto

Urbana

Utah

Vancouver

Washington, D. C.

Worcester

Total 52

LIST OF BRANCHES
Chairman

C. R. Wallis

L. H. Hill

W. S. Rodman

L. R. Gamble

C. A. M. Weber

C. E. Dorr

T. J. No an

C. E. Sisson

Ray Rader, Puget Sound Pr. &
Lt. Co., Seattle, Wash.

H. B. West, Westinghouse Elec.
& Mfg. Co , Sharon, Pa.

J. H. Berry, 1338 Rockbridge
Ave., Norfolk, Va.

James B. Fisken, Washington
Water Power Co., Lincoln &
Trent, Spokane, Wash.

B. V. K. French, American Bosch
Magneto Co., Springfield, Mass.

F. E. Verdin, 615 City Bank Bldg.,
Syracuse, N. Y.

Max Neuber, 1257 Femwood Ave.,
Toledo, Ohio

F. F. Ambuhl, Toronto Hydro-
Elec. System, 226 Yonge St.,
Toronto, Ont., Canada

J. 0. Kraehenbuehl J. K. Tuthill, 106 Transportation
Bldg., University of Illinois,
Urbana, Ill.

C. B. Shipp, General Electric Co.,
Salt Lake City, Utah

J. Teasdale, British Columbia
Elec. Railway Co., Vancouver,
B. C., Canada

H. E. Bradley, Potomac Elec.
Pr. Co., 14th & C Sts., N. W.,
Washington, D. C.

F. B. Crosby, Morgan Construc-
tion Co., 15 Belmont St., Wor-
cester. Mass.

Daniel L. Brundige

A. C. R. Yuill

M. G. Lloyd

Guy F. Woodward

Secretary
Counselor

,Member of Faculty)

Akron, Municipal University of, Akron, Ohio C R. Delagrange
Alabama Polytechnic Institute, Auburn, Ala T. S. Lynch
Alabama, University of, University, Ala Sewell St. John
Arizona, University of, Tucson, Ariz Gary Mitchell
Arkansas, University of, Fayetteville, Ark W. H. Mann, Jr.
Armour Institute of Technology, 3300 Federal St., Chicago, Ill L J Anderson
Brooklyn Polytechnic Institute, 99 Livingston St., Brooklyn, N. Y James Brown
Bucknell University, Lewisburg, Pa G. B. Timm
California Institute of Technology, Pasadena, Calif J W. Thatcher
California, University of, Berkeley, Calif A G. Montin
Carnegie Institute of Technology, Pittsburgh, Pa N. D. Cole
Case School of Applied Science, Cleveland, Ohio G. J. Currie
Catholic University of America, Washington, D. C J V. O'Connor
Cincinnati, University of, Cincinnati, 0 C. E. Young
Clarkson College of Technology, Potsdam, N. Y G. L. Rogers
Clemson Agricultural College, Clemson College, S. C A. P. AN ylie

Colorado, University of, Boulder. Colo J A. Setter
Colorado State Agricultural College, Fort Collins, Colo Harold Groat
Cooper Union, New York, N. Y. E. T. Reynolds
Denver, University of, Denver, Colo G. K. Baker
Drexel Institute, Philadelphia, Pa J E. Young
Duke University, Durham, N. C 0. T. Colclough
Florida, University of, Gainesville, Fla W. H. Johnson
Georgia School of Technology, Atlanta, Ga J A. Hart
Idaho, University of, Moscow, Idaho R. G. Elliott
Iowa State College, Ames, Iowa W. H. Curvin
Iowa, State University of, Iowa City, Iowa F L. Kline
Kansas State College, Manhattan, Kansas ..R. D. Bradley
Kansas, University of, Lawrence, Kans Claire Williamson
Kentucky, University of, Lexington, Ky H. M. Otto
Lafayette College, Easton, Pa John W. Dagon
Lehigh University, Bethlehem, Pa H. C. Towle, Jr.
Lewis Institute, Chicago, Ill L. F. Masonick
Louisiana State University, Baton Rouge, La R. C. Alley
Maine, University of, Orono, Maine R. F. Scott
Marquette University, 1200 Sycamore St., Milwaukee, Wis J R. Adriansen
Massachusetts Institute of Technology, Cambridge, Mass W. M. Hall
Michigan State College, East Lansing, Mich K. E. Hunt
Michigan, University of, Ann Arbor, Mich L. J. VanTuyl
Milwaukee, Engineering School of, 415 Marshall St., Milwaukee, Wis Joseph Havlick
Minnesota, University of, Minneapolis, Minn. G. C. Brown
Mississippi Agricultural & Mechancal College, A. & M. College, Miss H. M. Stainton
Missouri School of Mines & Metallurgy, Rolla, Mo H. H. Brittingham
Missouri, University of, Columbia, Mo C. E. Schooley
Montana State College, Bozeman, Mont W. P. Kobbe
Nebraska, University of, Lincoln, Neb. W. A. Van Wie
Nevada, University of, Reno, Nevada K. K. Knopf
Newark College of Engineering, 3117 High St., Newark, New Jersey E. S. Bush
New Hampshire, Univemity of, Durham N. H S. S. Appleton
New York, College of the City of, 139th St. & Convent Ave., New York, N. Y.... Joseph Leipziger

P. W Bierman J. T. Walther
P. E. Sandlin W. W. Hill
J. M. Cardwell, Jr.
Audley Sharpe J. C. Clark
Dick Ray W. B. Stelzner
H. T. Dahlgren D. P. Moreton
F. W. Campbell Robin Beach
A. C. Urffer W. K Rhodes
J. G. Kuhn R. W. Sorensen
R. T. Montin T. C. McFarland
J. R. Britton B. C. Dennison
R. C. Taylor H. B. Dates
R. H. Rose T. J. MacKavanaugh
W. C. Osterbrock W. C. Osterbrock
J. S. Loomis A. R. Powers
W. J. Brogdon S. R. Rhodes
H. R. Arnold W. C. DuVall
Howard Steinmetz H. G. Jordan
Wilfred Henschel N. L. Towle
L. L. Booth R. E. Nyswander
C. J. Backman E. 0. Lange
F. A. Bevacqua W. J. Seeley
A. C. Dean J. M. Weil
0. P. Cleaver E. S. Hannaford
F. B. Peterson J. H. Johnson
W. H. Stark F. A. Fish
M. B. Hurd A. H. Ford
E. C. Shenk R. 0. Kloeffler
D. M. Black G. C. Shaad
D. M. James W. E. Freeman
H. W. Lovett Morland King
W. D. Goodale, Jr. J. L. Beaver
G. M. Berg F. A. Rogers
W. S. Marks M. B. Voorhies
E. W. Jones Wm. E. Barrows, Jr.
H. J. Lavigne J. F. H. Douglas
H. F. Krantz W. H. Timbie
S. W. Luther L. S. Foltz
W. E. Reichle B. F. Bailey
H. F. Brundage John D. Ball
G. C. Hawkins H. Kuhlmann
R. S. Kcrsh L. L. Patterson
E. J. Gregory I. H. Lovett
W. D. Johnson M. P. Weinbach
G. E. West J. A. Thaler
Keith Davis F. W. Norris
Clark Amens S. G. Palmer
Henry L. Harrison J. C. Poet
H. B. Rose L. W. Hitchcock
A. H. Rapport Harry Baum



1486. INSTITUTE AND RELATED ACTIVITIES

LIST OF BRANCHES-Continued.
Name and Location Chairman Secretary

Journal A. T. E. E.

Counselor
(Member of Faculty)

New York University, University Heights, New York, N. Y T F. Torpie R. J. Fluskey J. Loring ArnoldNorth Carolina State College, Raleigh, N. C J C. Davis T. C. Farmer C. W. RickerNorth Carolina, University of, Chapel Hill, N. C D M. Hoishouser W. C. Burnett P. H. DaggettNorth Dakota, University of, University Station, Grand Forks. N. D Alfred Botten Nels Anderson D. R. JenkinsNortheastern University, 316 Huntington Ave., Boston 17, Mass L A. Smith C. S. Porter Wm. L. SmithNotre Dame, University of, Notre Dame, Ind Charles Topping George Conner J. A. CaparoOhio Northern University, Ada, 0 John Simmons Verl Jenkins I. S CampbellOhio State University, Columbus. 0 A. B. Crawford L. G. Stewart F. C. CaldwellOhio University, Athens, 0
Clarence Keich H. W. Giesecke A A. AtkinsonOklahoma A. & M. College, Stillwater, Okla Benny Fonts Jerry Robertson Edwin KurtzOklahoma, University of, Norman. Okla Dick Mason S. Hannon F. G. TappanOregon State College, Corvallis. Ore J D. Hertz Richard Setterstrom F. 0. McMillanPennsylvania State College, State College, Pa Carl Dannerth W. J. Gorman L. A. DoggettPennsylvania, University of, Philadelphia, Pa Wm. H. Hamilton S. R. Warren, Jr. C. D. FawcettPittsburgh, University of, Pittsburgh, Pa K. A. Wing R. H. Perry H. E. DychePrinceton University, Princeton, N. J R. W. MacGregor, Jr. W. Wilson Malcolm MacLarenPurdue University, Lafayette, Indiana H. L. Lindstrom H. A. Hartley A. N. ToppingRensselaer Polytechnic Institute, Troy. N. Y W. F. Hess S. B. Morehouse F. M. SebastRhode Island State College, Kingston, R. I C. F. Easterbrooks Charles Miller Wm. AndersonRose Polytechnic Institute, Terre Haute, Ind Arthur Drompp J. F. Payne C. C. KnipmeyerRutgers University, New Brunswick, N. J N A. Kieb J. E. Conover P. S. CreagerSanta Clara, University of, Santa Clara, Calif R. P. O'Brien C. E. NewtonSouth Dakota State School of Mines, Rapid City. S. D D. A. White Robert Mytinger, Jr. J. 0. KammermanSouth Dakota, University of, Vermillion. S. D Stanley Boegier L. E. Crowell B. B. BrackettSouthern California, University of, Los Angeles, Calif Lester Bateman L. F. Slezak P. S. BieglerStanford University, Stanford University, Calif D. E. Chambers T. L. Lenzen T. H. MorganStevens Institute of Technology, Hoboken, N. J W. N. Goodridge S. J. Tracy F. C. StockwellSwarthmore College, Swarthmore. Pa T. C. Lightfoot W. F. Denkhaus Lewis FliesP11Syracuse University, Syracuse, N. Y E. D. Lynde R. C. Miles C. W. HendersonTennessee, University of, Knoxville, Tenn J R. McConkey R. L. 1-1..r.cy C. A. PerkinsTexas, A. & M. College of, College Station, Texas J L. Pratt H. W. Whitney C. C. YatesTexas, University of. Austin, Texas G. E. Schade L. R. Bagwell J. A. CorrellUtah, University of, Salt Lake City. Utah C. E. White Junior Petterson J. F. MerrillVirginia Military Institute, Lexington, Va W. F. R. Griffith F. Barkus S. W. AndersonVirginia Polytechnic Institute, Blacksburg, Va R. M. Hutcheson Claudius LeeVirginia, University of, University, Va H. D. F,,rsyth C. H. Davis. Jr. W. S. RodmanWashington, State College of, Pullman. Wash Harry Wall E. G. Peters R. D. SloanWashington University, St. Louis, Mo R. L. Belshe J. G. Masanec, Jr. H. G. HakeWashington, University of, Seattle. Wash Wm. Bolster Arthur Peterson G. L. HoardWashington and Lee University, Lexington, Va R. E. Kepler Bernard Ycepp R. W. DickeyWest Virginia University, Morgantown. W. Va G. B. Pyles C. C. Coulter A. H. FormanWisconsin, University of, Madison. Wis J hn Sargent Leonard Saari C. M. JanskyWorcester Polytechnic Institute, Worcester, Mass A. M. Tar'.. M. A. Si, - H. A. MaxfieldWyoming, University of, Laramie. Wyoming

E. C. Wu.ly G. H. SechristYale University, New Haven. Conn W. J. Br -.yr. W. T. 1;.ely. C. F. ScottTotal 95



JOURNAL
OF THE

American Institute of Electrical Engineers

INDEX TO VOLUME XLVI
January 1 to December 31, 1927

INDEX OF PAPERS, DISCUSSIONS, REPORTS, ETC.

A
Additional Losses of Synchronous Machines (Abridged).

(Laffoon and Calvert) June,
Discussion June,

Advance Planning of the Telephone Toll Plant.
(Chamberlin) October,

Air Travelers Can Telephone Home October,
Alternating Current Elevator Motor Drive. (Thurston)

April,
Discussion May,

- - Network Relay Characteristics. (Blake) .. . . April,
Discussion April,

- Currents, Non -Harmonic (Abridged). (Bedell)
October,

Alternator, A Ten -Kw., 20,000 -Cycle. (Spencer) . . . July,
A. I. E. E. Outstanding Features of the Past Year,

(President's Address). (Chesney) August,
Ampere -Turns for Trapazoidal Teeth Sections, A Graphi-

cal Determination of. (Calvert) January,
Application and Design of Load -Ratio Control Equip-

ment. (Palme) November,
- of Electricity in Cement Mills. (North) .. September,

Discussion October,
- - Mercury Arc Power Rectifiers. (Butcher) . May,
Applications of Mechanics - to Electrical Engineering.

(Karapetoff ) November,
Arc, The Electric (Abridged). (Compton) . . November,
Armature Copper Losses, Reduction of. (Summers) May,
- Reaction in Synchronous Machines, A Study of

Transverse. (Schaeffer) August,
Astronomical Clock Controls Street Lights. February,
Automatic A -C. Network Switching Units. (Grissinger)

January,
- Network Relay, Evolution of the. (Parsons) January,
- - -, Operating Requirements of the. (Bullard)

January,
- Stations, Testing, Inspecting, and Maintaining.

(Lichtenberg) June,
- Substation, A Twenty -One Thousand-Kv-a.

(Ellyson) August,
Auxiliary Power at Richmond Station. (Anderson and

Monteith) November,

B
Blames 15 Per Cent of U. S. Industrial Accidents on

Poor Lighting M ay,
Buoy Lamps March,

C
Cab Signals for Railway Signaling. (Stevens) July,
Cable Joint, A New 132,000 -Volt. (Simons) March,
-, Joints in High -Voltage Multiple -Conductor. (Peter-

son) June,
and Insulators, High -Voltage Measurements on

(Abridged). (Kasson) October,
-, Printing Telegraphs on Non -Loaded Ocean Cables

(A bridged ). (Angel) June,
Carrier -Current Applications, Coupling Capacities for.

( Bel ti October,
- - Pilot System, A. (Fitzgerald) October,- Selector Supervisory Equipment. (Stewart and

Whitney) June,
Discussion June,

687
252

559

1065

1381

1051
1015

588
631

Catenary Construction for Chicago Terminal. (Thorp)
July, 675

- Design for Overhead Contact Systems (Abridged).
573 (Brown) November, 1200
623 - Standardized Design, Railway Inclined (Abridged).

(Jorstad) June, 1307
994 Cathode Ray Oscillograph, Methods Used in Investigating

1014 Corona Loss by Means of the (Abridged). (Lloyd and
Starr) June, 1322

321 Cement Mills, Application of Electricity in. (North)
508 September, 881
361 Center of Industry in United States October, 1094
370 Characteristics of Interconnected Power Systems as

Affected by Transformer Ratio Control (Abridged).
(Blume) May, 1365

Discussion November, 1269
Chicago Terminal, Catenary Construction for (Thorp)

July,
Circuit Breaker Development. (Spurck) July,

Discussion November,
- Breakers for Transmission Networks, High -Voltage

Oil. (Wilkins and Crellin) September, 1340
- -, Tests on High- and Low-Voltage Oil (Abridged).

(Sporn and St. Clair) July,
Circuits, Two Cases of Calculation of Mechanical Forces

in Electric. (Dwight) November,
Collection of Current from Overhead Contact Wires, The,

(Abridged). (Wade and Linebaugh) November,
Combined Light and Power for A -C. Secondary Networks.

(Abridged). (Richter)
Discussion

Communications,
(Pupin)

1057
681

786

57

1202
881

1112
446

1284
1192
451

811
158

46
50

17

603

802

1176

675
707

1281

698

1238

1229

February, 1436
September, 949

Fifty Years' Progress in Electrical.
January, 59

(Continued from JOURNAL for
January, 1927, p. 61) .. . . February, 171

Computation of the Unbalance Factor of a Three -Phase
Triangle When Lengths of Three Sides are Given.
(Kennelly) March, 240

Conductor in Corona, The Space Charge that Surrounds
a. (Carroll and Lusignan) September, 1350

Constant -Current Regulating Transformer Character-
istics. (Louis and Albaugh) May, 421

Discussion June, 626
Control Equipment, Application and Design of Load -

Ratio. (Palme) November, 1202
- , The Use of High -Frequency Currents for. (Boddie)

August, 763
437 Cooperative Study of Radio Fading April, 355
281 Corona Loss by Means of the Cathode Ray Oscillograph,

Methods Used in Investigating (Abridged). (Lloyd
and Starr) June, 1322

-, Space Charge and Current in Alternating (Abridged)
(Willis) March, 272

CORRESPONDENCE
Calculation of High -Voltage Transmission Lines July, 680
Maxwell's Theory of Layer Dielectric October, 1006

Country Is Always Hungry for More Electric Power
A ugust, 826

Coupling Capacitors for Carrier Current Applications.
(Belt) ..October, 1051

Current Analysis in Circuits Containing a Resistance
Modulator. (Grandy) May, 426

Discussion June, 630
- Collection from an Overhead Contact System Applied

to Railroad Operation (Abridged). (Viole) . October, 1081

1487



1488 INDEX OF PAPERS, DISCUSSIONS, REPORTS, ETC.

D
Design or Reaetanees and Transformers Which CarryDirect Current. (Hanna) February,Discussion May,Development of Automatic Switching. (de Goode)

November,Discussion October,Developments in the Manufacture of Copper Wire.
(Shea and McMullan)

Dielectric Strength of Air, The Law of Corona and-IV(Abridged). (Peek) June,Dielectrics, A Theory of Imperfect Solid (Abridged).(Mal ti) May,-, Electric Strength of Solid and Liquid (Abridged).
(Del Mar, Davidson, and Marvin) October,

Directional Ground Relay Protection of High -TensionIsolated Neutral Systems (Abridged). (Breisky,North, and King) . November,
Discussion December,

DISCUSSION AT MIDWINTER CONVENTION-1926
A -C. Distribution Networks. (Fairman and Rifen-

burg, Grissinger, Parsons, Bullard, and Blake)
April,

Experimental Determination of Losses in Alternators.(Roth). (Continued from JOURNAL for November,
1926, p. 1157) January,

Frequency Measurements with the Cathode Ray
Oscillograph. (Rasmussen) February,

Induction Lamp, a New Source of Visible and Ultra-
Violet Radiation, The. (Foulke) April,

Lighting of Railway Classification Yards. (Johnson)
February,

Radio Broadcast Coverage of City Areas. (Espen-schied) April,Remote Control of Multiple Street Lighting.(Dempsey) March,
DISCUSSION AT ANNUAL CONVENTION -1926.

Mechanism of Breakdown of Dielectrics, The.(Hoover) January,
Power Transmission and Distribution. (Thomas)

January,
Some Graphical Solution of A-c. Circuits. (Lee)

DISCUSSION AT PACIFIC COAST CONVENTION-1926.
Controlling Insulation Difficulties in the Vicinity ofGreat Salt Lake. (Howard) February,
Electricity and Coal Mining. (Harrington) . . March,
Engineering Education: Its History and Prospects.

(Henline) February,
Fire Protection of Water -Wheel Type Generators.(Johnson and Burnham) February,
Protection of Oil Tanks Against Lightning. (Peek)

February,
Space Charge That Surrounds a Conductor in Coronaat 60 Cycles, The. (Ryan and Carroll) . . . . March,
Synchronizing Power in Synchronous Machines.

(Putman) April,
Transmission Features of Transcontinental Tele-

phony. (Nance and Jacobs) " March,
Vacuum -Switching Experiments at California Insti-tute of Technology. (Sorensen and Mendenhall)

DISCUSSION AT WINTER CONVENTION -1927.
Additional Losses of Synchronous Machines (Laffoon

and Calvert) June,
A -c. Elevator Drive. (Thurston) May,
Application to Mining Work. (Lesser) .. . . December,
Combined Light and Power Systems for A-c. Secon-

dary Networks. (Richter) September,
Constant -Current Regulating Transformer Charac-

teristics. (Louis and Albaugh) June,
Design of Reactances and Transformers Which Carry

Direct Current. (Hanna) May,
Directional Ground -Relay Protection. (Breisky,

King, and North). December,
Graphical Determination of Magnetic Fields. (Ste-

venson and Park, Johnson and Green, Wieseman)
June,

Ground -Relay Protection for Transmission Systems.
(Jones and Dodds) December,

Investigation of Corona Loss, An. (Starr and Lloyd)
December,

Klydonograph Surge Investigations. (Cox,
McAuley, and Huggins) June,

Law of Corona and Dielectric Strength. (Peek)
December,

M. M. 14'. Wavo of Polyphase Windings, The.
((Iraham) September, 948

128
Maxwell's Theory of the Layer Dielectric. (Mjiy;

naghan)
496 Measurement of Surge Voltages on Transmission

Lines Duo to Lightning. (Lee and Foust) . . . June, 0061209 - - Telegraph Transmission. (Nyquist, Shanck,1117 and Cory) April, 385
346 New Electronic Rectifier, A. ((I rondahl and GeigMaieir),

- 132,000 -Volt Cable Joint, A. (Simons) May, 4971390 Oil Breakdown at Large Spacings. (Miner) May, 500Papers on Overhead Contact Systems. (Viele,1373 Brown, Thorp, 'Wade and Linehaugh, and .Jorstad)
December, 14491002 Power Generation. (W. S. Gorsuch) December, 1454

Production and Application of Light, Committee on.
December, 14541184 Recent Investigation of Transmission -Line Operation

1443 (Heinstreet) December, 1461
Reduction of Armature Copper Losses. (Summers)

May, 493Research, Committee on December, 1447
370 Space Charge and Current in Alternating Corona.

(Willis) May, 504Starting Performance of Synchronous Motors.
62 (Putman) August, 830Stroboscopic Method of Testing Watthour Meters.

186 (Sparkes) May, 509
Synchronous Converter Theory and Calculations,

378 The. (Hambleton and Bewley) May, 492- Machines-III. (Doherty and Nickle). . . August, 827
187 Telegraph Traffic Engineering. (Mason andWalbran) May, 507
377 Tests on Oil Circuit Breakers. (Sporn and St. Clair 1

June, 620
285 Theory of Action of the Induction Watthour Meterand Analysis of Its Temperature Errors. (Can-

field) May, 511Transmission -Line Voltage Surges. (Cox) June, 606Transverse Reaction in Synchronous Machines.
(Douglas) July, 731Voltage Standards, Papers on. (Summerhayes and
Hanker, Argersinger, Silver and Harding, Gear,
Scholz, Eberhardt and Jones, Minor, Huber-Ruf )

July, 717

70

67

64

DISCUSSION AT KANSAS CITY MEETING -1927.181 Carrier -Current Selector Supervisory Equipment.283 (Stewart and Whitney) June, 631Current Analysis in Circuits Containing a Resistance175 Modulator. (Grandy) June, 630Development of Railway Signaling. (Stevens)184
September, 954Electric Welding of Pipes. (Lincoln) June, 628179 Electricity as Applied to the Petroleum Industry.(Howard) November, 1207282 - for Oil -Well Drilling. (Murphy) July, 737Mercury Arc Rectifiers, Papers On. (Marti and380 Winograd, Shand, Butcher) October, 1104Testing, Inspecting and Maintaining Stations.284 (Lichtenberg) July, 734Twenty -One Thousand-Kv-a. Automatic Substa-tion, A. (Ellyson) .August, 832

DISCUSSION AT BETHLEHEM MEETING -1927.
Application of Electricity in Cement Mills, The..623 (North) October, 1112508 Circuit Breaker DevelopMent. (Spurck) . . November, 12811456 Mercury Arc Rectifiers, Papers on. (Marti and

Winograd, Shand, and Butcher) October, 1104949 Recent Developments in Electric Drive for RollingMills. (Umansky.) August, 834626 DISCUSSION AT PITTSFIELD MEETING -1927.
Calculation of Mechanical Forces in Electric Circuits.496 (Dwight) October, 1116Changing Taps on Transformers Under Load (Hill)1443

November, 1269Characteristics of Interconnected Power Systems asAffected by Transformer Ratio Control. (Blume)614
November, 1269Condenser Shunt for Measurement of High-Fre-1443 quency Currents of Large Magnitude. (Nyman)
September, 9571457 Development of Automatic Switching Equipments inthe United States and Europe. (DeGoede)606

October, 1117Empirical Analysis of Complex Electric Waves.1457 (Horton) September, 960



Dec. 1927 INDEX OF PAPERS, DISCUSSIONS, REPORTS, ETC.

High -Frequency Measurement of Communication - Resistivity of Insulating Materials, The. (Curtis)
Apparatus. (Shackelton and Ferguson) . September, 957 October,

- Voltage Measurements on Cable and Insulators. Discussion October,

(Kasson) September, 963 - Standardization. (Chesney) March,

Instability in Transformer Banks. (Gould). . October, 1118 - Units, Present Status of the International. (Crittenden)
Load Ratio Control Equipment. (Palme) November, 1269 August,

Mechanical Forces in Transformers. (Clem) Electricity as Applied to the Petroleum Industry.
September, 961 (Howard) November,

New Thermionic Instrument, A. (Hoare). . September , 958 Discussion November,

Non -Harmonic Alternating Currents. (Bedell) - in the Drilling of Oil Wells. (Murphy) August,
September, 965 Discussion July,

Notes on the Use of a Radio -Frequency Voltmeter. - on U. S. Trunk Lines September,

(Goodwin) October, 1115 - Used for Melting Metals June,
Oscilloscope, The. (Bedell and Reich) September, 959 Electrolytic Corrosion Measures December,

Quantitative Determination of Radio Receiver Electromagnetic Waves Guided by Parallel Wires.

Performance. (Oakley) December, 1464 (Levin) November,

Reduction of Transformer Exciting Current to Sine -Discussion October,

Wave Basis. (Camilli) October, 1118 Elevator Motor Drive, A -c. (Thurston) April,

Sensitivity Characteristics of a Low -Frequency Equipment for 220-Kv. Systems. (Jollyman) September,
Bridge Network. (Edwards and Herrington) Evolution of the Automatic Network Relay. (Parsons)

September, 960 January,

1489

1095
1128
214

769

1206
1207
805
737
880
592

1464

1263
1131
321
877

50

Sparking in Air (Sah) September,
Substitution Method for the Determination of Resis-

tance of Inductors and Capacitors at Radio Fre-
quencies. (Burke) September,

965

955

Experimental Measurement of Mechanical Forces in
Electric Circuits. (Roper) September,

Extracting Oil from Coal October,
913

1131

Theory of Imperfect Solid Dielectrics, A. (Malti)
September, 965 Farm Electrification in Italy September, 896

DISCUSSION AT SUMMER CONVENTION -1927.
Electric Strength of Solid and Liquid Dielectrics.

Fifty Years of Artificial Lighting July,
- - Progress in Electrical Communications. (Pupin)

674

(Del Mar, Davidson, and Marvin) . October, 1127
Electrical Reproduction from Phonograph Records.

January,
(Continued from JOURNAL for Janu-

59

(Kellogg) November, 1273 ary, 1927, p. 61) February, 171

- Resistivity of Insulating Materials, The. (Curtis) Flood Control and Hydroelectric Developments . . . . June, 582
October, 1128 Foreign Research Laboratory for Short Circuit Tests

Electromagnetic Waves Guided by Parallel Wires. December, 1306
(Levin) October,

Electrophysics, Committee on. (Karapetoff)
1131 French Experts Plan Radio Tests Ten Miles Aloft . . April,

Frequency and Spark -Over Voltage in a Sphere -Gap Volt-
369

October, 1031 meter, The Relation between. (Abridged). (Reukema)
High -Voltage, Multiple -Conductor Joints. (Peterson) September, 1314

November, 1274 - Measurements with the Cathode Ray Oscillograph.
Instruments and Measurements, Committee on. (Rasmussen) January, 3

(Knowlton) October, 1127 Discussion February, 186
Non -Rotary Regenerative Telegraph Repeater, A.

(Connery) October, 1129 4G
Physical Nature of the Electric Arc, The. (Compton)

October,
Printing Telegraphs on Non -Loaded Ocean Cable.

(Angel) October,

1119

1130

Giant Power Systems Are Getting Numerous July,
Graphical Determination of Ampere -Turns for Trapa-

zoidal Teeth Sections, A. (Calvert) January,
- - - Magnetic Fields. (Wiseman) May,

716

57
430

Protective Devices, Committee on. (Hunt)
October,

Puncture Voltage as a Precision Measurement.
(Bush and Moon) . October,

Use of High -Frequency Currents for Control.
(Boddie) October,

1123

1124

1128

Discussion June,
Comparison of Calculations and Tests.

(Johnson and Green) June,
Discussion June,

Theoretical Considerations. (Stevenson and
Park) February,

614

583
614

1389
Stability Characteristics of Alternators. (Shirley)

February,
February,

183
181

Discussion June,
Ground Relay Protection for Transmission Systems.

(Jones and Dodds) October,

614

1089
Distribution Practise of the Brooklyn Edison Company, Discussion December, 1443

Inc., Recent Progress in. (Fairman and Rifenburg)
January, 38 H

Discussion April,
Drives for Rolling'M ills, Recent Developments in Electric.

(Umansky) September,
Drone of Airplane Illuminates Landing Field . . . November,

E

370

885
1208

Heating of Windings Determined from Tests of Short
Duration. (Basta and Fabinger)

High -Voltage Measurements on Cables and Insulators
(Abridged). (Kasson) October,

Discussion September,

1399

1065
963

Effects of Corona Discharge on Petroleum March, 251 - - Oil Circuit Breakers for Transmission Networks.
Electric Are, The (Abridged). (Compton) . . . . November,
- - and its Function in the New Welding Processes, The.

1192 (Wilkins and Crellin) September,
Holtwood Steam Plant, The. (Abridged). (Allner) . June,

1340
551

(Alexander) May,
- Circuits, Experimental Measurement of Mechanical

Forces in. (Roper) September,

1404

913

How Should Capacities of Water Power Sites Be Stated?
September,

Huge Radio Tube Is Built Like a Bridge August,
912
801

- Currents, Mechanical Forces Between. (Karapetoff)
September, 897

- Discharges for Petroleum Production November, 1159 ILLUMINATION ITEMS

- Heating for Aviators October, 1001 Artificial Lighting in Foundries April, 386
- Oscillations in the Double -Circuit, Three -Phase Trans-

mission Line. (Satoh) (with discussion by H. (1.
Bright Lights Lure Tent Caterpillars August,
British Home Lighting Contest Begins with a Burst of

837

Brinton) September, 875 .3 Enthusiasm March, 288
- Strength of Solid and Liquid Dielectrics (Abridged). - Investigate Light and Industrial Efficiency . . May, 512

(Del Mar, Davidson and Marvin) October, 1002 Carbon Lamps May, 513
Discussion October, 1127 Checking Up an Industry on Its Lighting . . . . August, 837

- Welding of Pipes. (Lincoln) June, 593 European Lighting Progress Discussed at Rome
Discussion June, 628 January, 75

Electrical Reproduction from Phonograph Records. Home Lighting Contest in France March, 287

(Kellogg) October, 1041 Illuminating Economics in Germany February, 187

Discussion November, 1273 Incandescent Lamp Ratings in France March, 288
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I nstability in Transformer Banks. (( ;mild r, 1160 Nlereury Arc Power Itc,1 1 ficrs. I Milli and Winograd)Discussion (irtoin'r, 111S it ayad, sikInstrument for Aleasuring ~hurl -Circuit tie, An. 1.iiscussion October, 111)4(Penney ) Vor, inhcr.
Insulating _Materials, 'rho Electrical Resistivity of.

1151 Rectifier Phenomena. (Prince) July,
lk let hods I 'sed in Investigating t'orona Loss by Means of

6417

(('urtis)
Insulators, High -Voltage Measurements on Cables and.

1095 I lie 4 'a 1 Ionic I (ay Ocsillograph. (Abridged). (1,loyi I ,anad
Starr(Abridged I. ( Hasson I ortober, 11)65 Moist tire, The I litluenee of Residual Air and. (Abridged).Interconnected Power Companies of the S(litt Viiitellead and Hamburger) September, (E19Voltage Standardization, Its Relation to the. (Scholz,

Eberhardt, and Jones) March,
-- Systems as Affected by Transf (inner Rai io ( 'ontrol,

Charnel eristies of. ;Abridged). (Blume I. Mall,
Intermediate Condenser Station, Static Stability Limits

223

1365

NI. ist Econoiiiical Power Factor, The. (.I.,itxpithefienbl,dr).

N
N ature of ('old I Agfa, The A ugust,

1.),4

778and the. Abridged). (Wagner and Evans pie mbi r ,
International Eleetrical Units, Present Status of the.

112:3 Networks,('out blued Light and Power for A -c. Secondary.;eoy,
(Abridged ). Itieliter)(Crittenden) .. arost,

Interpolar Fields of Saturated Magnetic Circuits, The.
769 New ( 'ement Resists Acid August,

- - Electronic Rectifier, A. (( lrondald and Geiger)
804

(Lehmann 1411 March, 215Isolated Neutral Systems, Directional Ground Relay Discussion May, 505Protection of High -Tension. (Abridged). ( Breisky, - Lamp Reveals Mine Gas 148North, and King) Vwrmber, 1184 - 132,000 -Volt ('able Joint, A. (Simons) 232Isolation for Fire Fighting March, 271 Discussion May,
Nitrogen Fixation to he Used Extensively by British

497

J August,
Non -Harmonic Alternating Currents (Abridged).

817
Joints in High -Voltage Mul4iple-Conductor ('able. (Bedell) October, 1957(Peterson) Jane, 559 Discussion September,

- Rotary Regenerati t Telegraph Repeater, A. (Con-
965

K
Klydonograph Surge Investigations (Abridged). (('ox,

McAuley, ang Huggins) May, 459

nery) )September,
Discussion October,

NOTES A ND A N NW' \
A. I. E. E. M cm I )ers (;oing Abroad May,

933
1129

419Discussion June, 606 --- National and Regional Prizes A ugust,
- Technical Committee on Electrical Machinery

761

L January,
Colors Travel by Radio or Wire Now July,

1

666Largest Diesel Generator, The Ilay, 478 Development in Standardization January, 2Law of Corona and Dielectric Strength of Air-IV, The. Early Inventor honored November, 1150(Abridged). (Peek) Jane, 1390 Election of Officers of the A. I. H. E. October, 983Discussion Deceusbee,
Layer Dielectric, Maxwell's Theory of the. (Murnaghan)

1457 Electrical Standardization March,
Engineering Developments Surveyed at Summer

213

February, 1:i2 Convention August, 762Lighting of Railway Classification Yards, The. (Johnson) - Education September, 857Jan/Wig, 33 History of Lighting Told in Light House ChangesDiscussion /%f y, 187 February, 108Lightning Protection for the Oil Industry (Abridged ,. I nipresions of the A. I. E. E. Convention March, 214(Schaeffer)
- - - Oil Storage Tanks and Reservoirs. (Sorensen,

1358 NI a..liin.ry Versus Man Power October,\I embers Invited to Visit Sections November, 841150Hamilton, and Hayward) September, 859 .Nlembership of the A. I. E. E. Jude, 550Limit to the Speed of Vision, A June, 567 Noiseless Construction of Steel Buildings is Making
M

I'rogress July,
Relationship Between Physics and Electrical Engi-neering February,

666

107Magnetic Circuits, The Interpolar Fields of Saturated. Some Leaders of the A. I. E. E.(Lehmann)
- Fields: Comparison of Calculations and Tests, Graphi-

cal Determination of. (Johnson and Green) . . June,

1411

583

Charles Francis Brush May,Cummings C. Chesney October,John White Howell September,

420983

858- -, Graphical Determination of. (Wieseman) . May, 430 Frank Baldwin Jewett January, 2Theoretical Considerations. (Stevenson
and Park) February, 1389

Benjamin G. Lamme July,Robert Andrew Millikan .1 une,
666
549M. M. F. Wave of Polyphase Windings, The. (Graham) Farley Osgood March, 213February, 118 Michael Idvorsky Pupin April, 320Discussion September,

Maxwell's Theory of the Layer Dielectric. (Murnaghan)
948 Harris J. Ryan February,Suggested Change in Institute Publications

108

February, 132
November, 1149Discussion July, 727 Voltage Standardization May, 419Measurement of Surge Voltages, The. (Lee and Foust) Wear Resistance of Gages Studied October, 984February, 149 Work of the Board of Examiners, The. July, 665Discussion June, 606 - - - Standards Committee. The April, 319
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0
Oil Breakdown at Large Spacings. (Minor) April,

Discussion May,
- Industry, Lightning Protector for the. (Abridged).

(Schaeffer) September,
- Storage Tanks and Reservoirs, Lightning Protection for.

(Sorensen, Hamilton, and Hayward) September,
- Wells, Electricity in the Drilling of. (Murphy)

August,
Operating Requirements of the Automatic Network Relay.

(Bullard) January,
Oscillations in the Double -Circuit, Three-Phase Trans-

mission Line, Electric. (Satoh) (with discussion by
H. G. Brinton) September,

Oscillograph, Frequency Measurements with the Cathode
Ray. (Rasmussen) January,

Oscilloscope, The. (Bedell and Reich) June,
Discussion September,

Overhead Contact System Applied to Railroad Operation,
Current Collection from an. (Abridged). (Viele)

October,
Discussion December,

- - Systems, Catenary Design for. (Abridged). (Brown)
November,

Discussion December,
- - Wires, The Collection of Current from. (Abridged).

(Wade and Linebaugh) November,
Discussion December,

P
Petroleum Industry, Electricity as Applied to the.

(Howard) November,
Phonograph Records, Electrical Reproduction from

October,
Pilot System, A Carrier -Current. (Fitzgerald) . . . October,
Pipes, Electric Welding of. (Lincoln) June,
Polyphase Windings, The M. M. F. Wave of. (Graham)

February,
Portable Lamps Demonstrate Desirability of Shaded

Light September,
- Radio Direction Finder, A February,
Power Development in Switzerland
- Factor, The Most Economical. (Litchfield). September,
- Systems Aid Many Flood Towns J une,
Precision Measurement of Puncture Voltage, A.

(Abridged). (Bush and Moon) October,
Present Status of the International Electrical Units.

(Crittenden) A ugust,
Printing Telegraphs on Non -Loaded Ocean Cables.

(Abridged). (Angel) June,
Discussion October,

Public Lighting and Motor Headlamps . January,
Puncture Voltage,A Precision Measurement of (Abridged ).

(Bush and Moon) October,
Discussion October,

Pure Vanadium Produced May,

Q
Quantitative Determination of Radio Receiver Perform-

ance. (Oakley) June,
Discussion December,

R
Radio Broadcast Coverage of City Areas (Abridged).

(Espenschied) January,
Discussion April,

- Receiver Performance, Quantitative Determination of.
(Oakley) June,

Railroad Operation, Current Collection from an Overhead
Contact System Applied to Railroad Operation.
(Abridged). (Viele) October,

- Report Shows Long Life of Electric Locomotives
September,

Railway Classification Yards, The Lighting of. (Johnson)
January,

- Inclined Catenary Standardized Design (Abridged).
(Jorstad) June,

- Signaling, Cab Signals for. (Stevens) July,
Reactances and Transformers Which Carry Direct Cur-

rent, Design of. (Hanna) February,
Recent Developments in Electric Drives for Rolling Mills.

(Umansky) September,
Discussion August,

- Improvements in Large Induction Motors. (Alex-
ander) November,

- Investigation of Transmission Line Operation.
(Hemstreet) November, 1221

336 Discussion December, 1461
500 - Progress in Distribution Practises of the Brooklyn

Edison Company, Inc. (Fairman and Rifenburg)
1358 January, 38

Rectifier, A New Electronic. (Grondahl and Geiger)
859 March, 215

- Phenomena, Mercury Arc. (Prince) July, 667
805 Rectifiers, Application of Mercury Arc Power. (Butcher)

May, 446
17 Discussion October, 1104

- , Mercury Arc Power. (Marti and Winograd) August, 818
Discussion October, 1104

875 Steel -Tank Mercury Arc. (Shand) June, 597
Discussion October, 1104

3 Reduction of Armature Copper Losses. (Summers) May, 451
563 Discussion May, 493
959 - of Transformer Exciting Current to Sine -Wave Basis.

(Camilli) September, 892
Discussion October, 1118

1081 Relation Between Frequency and Spark -Over Voltage in a
1449 Sphere -Gap Voltmeter, The (Abridged). (Reukema)

September, 1314
1200 Relay Characteristics, A -C. Network. (Blake) . . . . April, 361
1449 -, Evolution of the Automatic Network. (Parsons)

January, 50
1229 - Operating Requirements of the Automatic Network.
1449 (Bullard) January, 17

- Protection of High-Tension Isolated Neutral Systems,
Directional Ground (Abridged). (Breisky, North,

' and King) November, 1184

1206 Remote Control of Multiple Street Lighting, The.
(Dempsey) January, 12

1041 Discussion March, 285

1015 Research Work in Engineering Colleges March, 222
593 - - To Be Extended April, 369

Residual Air and Moisture, The Influence of (Abridged).
118 (Whitehead and Hamburger) September, 939

Resistance Modulator, Current Analysis in Circuits Con -

903 taining a. (Grandy) May, 426
131 Results Attained Through Enlarged Electrification
127 January, 58
904 Richmond Station, Auxiliary Power at. (Anderson and
582 Monteith) November, 1176

Rolling Mills, Recent Developments in Electric Drives for.
1007 (Umansky) September, 885

Rubber Goods Made by New Process May, 450

769 Rural Electrification in Sweden May, 468

1381
1130

45'

1007
1124

478

S
Shielded Bridge for Inductive Impedance, A, (Abridged).

(Shackelton) . February, 159
Short Circuits, Transients Due to (Abridged) (Wood,

Hunt, and Griscom) October, 985
Some Leaders of the A. I. E. E December, 1306
Space Charge and Current in Alternating Corona

(Abridged). (Willis) March, 272
Discussion May, 504

- - that Surrounds a Conductor in Corona, The.
568 (Carroll and Lusignan) September, 1350

1464 Sparking in Air, Studies on. (Sah) October, 1073
Discussion September, 965

Spark -Over Voltage in a Sphere -Gap Voltmeter, The
Relation between Frequency and. (Abridged).

25 (Reukema) September,

377 "Stand By" Storage Batteries July,
Standardization, Electrical. (Chesney) March,

568 - from a Consulting Engineer's Point of View, Voltage.
(Argersinger) February, 115

- , Its Relation to the Interconnected Power Companies
of the Southeast, Voltage. (Scholz, Eberhardt,
and Jones) March,

- of A -C. Systems, Voltage (Abridged). (Hanker and
Summerhayes) May,

-, Voltage. (Huber-Ruf ) March,
- of Voltage Ratings for Power Systems and Equipment.

(Silver and Harding) March,
Standards for Electrical Distribution, Voltage. (Gear)

April,
-, Suggested Transformer Voltage. (Minor) . February,
Starting Performance of Synchronous Motors (Abridged).

(Putman) August,
Discussion August,

Static Stability Limits and tho Intermediate Condenser
Station. (Abridged). (Wagner and Evans) . . September,

1081

915

33

1307
687

128

885
834

1167

1314
690
214

223

438
257

242

344
167

794
830

1423
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Steel -Tank Mercury Arc Rectifiers. (Shand) June,Street Lighting, The Remote Control of Multiple.(Dempsey) January,Stroboscopic Method of Testing Watthour Meters.(Sparkes) April,Discussion May,Studies on Sparking in Air. (Sah) October,Study of Transverse Armature Reaction in Synchronous
Machines, A. (Schaeffer) August,

Substation, A Twenty -One Thousand-Kv-A. Automatic.(Ellyson) August,Suggested Transformer Voltage Standards. (Minor)
February,Supervisory Equipment, Carrier -Current Selector.(Stewart and Whitney) June,Surge Investigations, Klydonograph (Abridged). (Cox,McAuley, and Huggins) May,- Voltages, the Measurement of. (Lee and Foust)
February,

Surges, Transmission Line Voltage. (Cox) March,
Switching, Development of Automatic. (de Goede)

November,- Units, Automatic A -C. Network. (Grissinger)
January,

Symposium on High -Frequency Measurements. (Knowl-ton 'Chairman) May,
Synchronous Condensers (Abridged). (Alger) . September,- Converter, The (Abridged). (Hambleton and

Bewley) May,
Discussion May,- Machines III. (Abridged). (Doherty and Nickle)

December,Discussion August,
- Machines, Additional Losses of (Abridged). (Laffoonand Calvert) June,- -, Transverse Reaction in. (Douglas) February,- Motors, Starting Performance of (Abridged).(Putnam) August,

T
Tandem System of Handling Short -Haul Toll Calls In

and About Los Angeles (Abridged). (Wheelock and
Jacobsen) September,

TECHNICAL COMMITTEE ANNUAL REPORTS -1926-1927
Applications to Marine Work, Committee on October,
Applications to Mining, Committee on October,
Electric Welding, Committee on June,
Electrical Communication, Committee on July,
- Machinery, Committee on November,
- Transportation, Committee on August,
Electrochemistry and Electrometallurgy, Committee

on August,
Electrophysics, Committee on October,
Instruments and Measurements, Committee on

October,Iron and Steel Production, Committee on Appli-
cation to June,

Power Generation, Committee on September,
- Transmission and Distribution, Committee on

July,
Production and Application of Light, Committee on

October,
Protective Devices, Committee on August,
Research, Committee on June,
Standards, Committee on .October,Telegraph Repeater, A Non -Rotary Regenerative.

(Connery) September,- Traffic Engineering. (Mason and Walbran) May,
Discussion Ilay,

- Transmission, Measurement of. (Nyquist, Shanck,
and Cory) March,

Telephone Toll Plant, Advance Planning of the.
(Chamberlin) October,

Ten -Kw., 20,000 -Cycle Alternator, A. (Spencer) . . July,
Testing, Inspecting and Maintaining Automatic Stations.

(Lichtenberg) June,
Discussion July,

Tests Indicate Radio Waves Penetrate Earth and Rock.
November,

- of Short Duration, Heatings of Windings Determined
from. (Basta and Fabinger)

- on High- and Low -Voltage Oil Circuit Breakers
(Abridged). (Sporn and St. Clair) July,

Discussion June,
Theory of Action of the Induction Watthour Meter and

Analysis of its Temperature Errors. (Canfield). . April,
Discussion May,

597 - - Imperfect Solid Dielectrics, A, (Abridged). (Matti)
May,

12 Discussion September, 965
Three -Phase Triangle When Lengths of Three Sides are

356 Given, Computation of the Unbalance Factor of a.
509 (Kennelly) March, 240

1073 Toll Calls In and About Los Angeles, Tandem System of
Handling Short Haul. (Abridged). (Wheelock and

811 Jacobson) September, 1415
Tools of Destiny May, 491802 Torque, An Instrument for Measuring Short -Circuit.

(Penney) November, 1151
167 Transformer Banks, Instability in. (Gould) .. November, 1160- Characteristics, Constant -Current Regulating.
588 (Louis and Albaugh) May, 421

- Exciting Current to Sine -Wave Basis, Reduction of.
459 (Camilli) September, 892

- Ratio Control, Characteristics of Interconnected Power
149 Systems as Affected by (Abridged). (Blume) .. May, 1365263 - Tap Changing Under Load. (Hill) November, 1214- Voltage Standards, Suggested. (Minor) .. . February, 1671209 Transformers, Mechanical Forces in. (Clem) .... August, 814

- Which Carry Direct Current, Design of Reactances and.
46 (Hanna) February, 128Transients Due to Short Circuits (Abridged) (Wood,487 Hunt, and Griscom) October, 9851330 Transmission Line, Electric Oscillations in the Double -

Circuit, Three -Phase. (Satoh) (with discussion by479 H. G. Brinton) September, 875492 - Operation, Recent Investigation of. (Hemstreet)
November, 12211339 - - Voltage Surges. (Cox) March, 263827 Discussion June, 606- Networks, High -Voltage Oil Circuit Breakers for.573 (Wilkins and Crellin) September, 1340109 - Systems, Ground Relay Protection for. (Jones andDodds) October, 1089794 Transverse Reaction in Synchronous Machines.(Douglas) February, 109Discussion July, 731Twenty-fifth Anniversary of the Bureau of Standards
January, 74Twenty -One Thousand-Kv-a. Automatic Substation, A.1415 ( Ellyson) August, 802Discussion August, 832Two Cases of Calculation of Mechanical Forces in ElectricCircuits. (Dwight) November, 1238220-Kv. Systems, Equipment for. (Jollyman) September, 877Trapazoidal Teeth Sections, A Graphical Determinationof Ampere -Turns for. (Calvert) January, 57

1056
1032
1431
712

1241
775

791
1029

1033

1348
916

691

1022
779

1338
1049

933
469
507

231

994
681

603
734

1166

1399

698
620

328
511

U
Ultra -Violet Radiation, The Induction Lamp, a New

Source of Visible and. (Abridged). (Foulke) . . February, 139Use of High -Frequency Currents for Control, The.(.Boddie) August, 763Discussion October, 1128Usefulness of Vacua April, 360
V

Voltage Ratings for Power Systems and Equipment,Standardization of. (Silver and Harding) March, 242Discussion July, 717- Standardization. (Huber-Ruf) March, 257Discussion July, 717- - from a Consulting Engineer's Point of View.(Argersinger) February, 115Discussion July, 717- - Its Relation to the Interconnected Power Compa-nies of the Southeast. (Scholz, Eberhardt, andJones) March, 223Discussion July, 717- - of A -C. Systems (Abridged). (Hanker and Sum-merhayE;s May, 438Discussion July, 717Voltage Standards for Electrical Distribution. (Gear) April, 344Discussion July, 717
w

War Memorial for American Engineers, A, December, 1305Watthour Meter and Analysis of its Temperature Errors,
Theory of Action of the Induction. (Canfield) ... April, 328-Meters, Stroboscopic Method of Testing. (Sparkes) A pril, 356Welding Processes, The Electric Arc and its Function inthe New. (Alexander) May, 1404Wire, Developments in the Manufacture of Copper.(Shea and McMullan) April, 346Would Simplify Headlamp Focusing July, 737
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INDEX OF INSTITUTE AND RELATED ACTIVITIES

A

Air Activities of the Federal Government July,
American Chemical Society Conference . July,
AMERICAN ENGINEERING COUNCIL

Annual Meeting, Washington, D. C February,
New Plan for Federal Projects May,
Pan American Conference Urges Standardization

June,
Radio Discussed May,
United States Patent Office Procedure . June,

AMERICAN ENGINEERING STANDARDS COMMITTEE
Industrial Bodies Join the A. E. S. C October,

AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS
Addresses Wanted January, 90; February, 195;

April, 396; May, 527; June, 643; July, 743;
October, 1137; November,

Branches, List of January, 105; February, 211;
March, 317; April, 416; May, 546; June, 662;
July, 759; August, 855; September, 981; October,

1146; November, 1302; December,
Committees January, 102; February, 209;

March, 316; April, 415; May, 545; June, 659;
July, 758; August, 854; September, 978; October,

1145; November, 1301; December,
Convention, Pacific Coast .. .. June, 636; July, 739;

August, 838; September, 968; October,
- Summer March, 295; April, 391; May, 517;

June, 633; July, 739; August,
- Winter .. .. January, 76; February, 188; March,
Directors' Meeting .. _January, 79; March, 296;

May, 520; June, 637; August, 843; September, 970;
November,

- Report for the Year Ending April 30, 1927, Board
of June,

Electrophysics Committee Cooperates with American
Physical Society June,

Gherardi, Bancroft, President -Elect of the A. I E. E.
June,

Meeting, Annual Business April, 392; May,
- - - and New York Section June,
- Bethlehem Regional, April 21-23.. February, 191;

March, 294; April, 390; May,
- Chicago Regional, November 28-30. September, 969;

October, 1132; November,
- Kansas City Regional, March 17-18, February,

190; March, 293; April,
- Pittsfield Regional, May 25-27.. February,191;

March, 295; April, 392; May, 515; June,
- Special, of Institute Membership November,
Meetings, Future Section January, 78;

February, 191; March, 295; April, 392; May, 516;
October, 1134; November,

- Past Section .. . . January, 94; February, 196;
March, 301; April, 396; May, 527; June, 643;
July, 744; August, 847; September, 972;

October, 1139; November, 1293; December,
- Three Regional Planned for First Half of 1927

January,
Members for Life January,
Membership (Applications, Elections, Transfers,

Etc.) .... January, 95; February, 203; March, 309;
April, 408: May, 539; June, 653; July, 752;
August, 853; September, 976; October, 1143;

November, 1298; December,
Nominations January,
Obituary .. . . January, 85; February, 195; March, 300;

April, 395; May, 525; June, 642; July, 743;
September, 972; October, 1138; November, 1292;

December,
Officers 1926-1927.. January, 102; February, 209;

March, 316; April, 415; May, 545; June, 659;
July, 758; August, 854; September, 978; October,

1145; November, 1301; December,
Personal Mention .. .. January, 84; February, 195;

March, 300; April, 395; May, 524; June, 641;
July, 742; August, 846; September, 971; October,

1138; November, 1291; December,
Prizes February,
- Awarded for 1926 June,
Report of Committee of Tellers on Election of Officers

June,

741
739

193
522

640
523
639

1136

AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS (Continued)
Representatives January, 103; February, 210;

March, 316; April, 415; May, 545; June, 661;
July, 758; August, 854; September, 980; October,

1145; November, 1301; December, 1484
Sections, List of January, 104; February, 210;

March, 316; April, 415; May, 545; June, 661; July,
758; August, 854; September, 980; October, 1145;

November, 1302; December, 1484
STUDENT ACTIVITIES: A. I. E. E. Branch Organized at

Duke University May, 530
- - Annual Spring Engineers' Day at University of

Colorado July, 745
- - Award of National Best Branch Paper Prize

July, 746
- - Branch Meetings . . January, 91; February, 197;

March, 302; April, 400; May, 531; June, 647;
1292 July, 746; August, 848; September, 972;

October, 1140; November, 1294; December, 1473
- - Carrier -Current Telephony May, 530
- - Columbus Section and Ohio State University

1485 Branch Joint Meeting July, 746
- - Conference on Student Activities at Bethlehem,

Pa May, 528
Boulder, Colorado April, 400

1484 Pittsfield, Mass .. July, 745
Summer Convention.. . . August, 847

1133 - - Denver Section Has Student Program . . April, 399
- - Direct -Current Transmission Considerations

839 June, 646
289 - - Electrical Engineers' Party at University of

Minnesota June, 645
- - - Show at Michigan State College .. . . March, 302

1288 - - - Vaudeville at Louisiana State University
June, 647

636 - - Engineering Exposition to be Held at Lewis
Institute May, 530

641 - - - Open House at University of North Carolina
July, 746

637 - - Electrical Show at Pennsylvania State College
520 December, 1472
638 - - - Show at University of Southern California

May, 530
514 - - General Engineering Council Organized at

Stanford University June, 646
1286 - - Hydro Power Resources of the United States

April, 399
387 - - Influence of Line Voltage Up.on Induction

Motor Characteristics April, 398
635 - - Joint Branch Meeting in Milwaukee .. . July, 745

1287 - - - Section and Branch Meeting at Corvallis,
Oregon June, 645

University of Utah June, 645
1288 - - Large Power Plant Generator Tested by

Students July, 746
- - M. I. T. Branch Distributes Problem Solutions

June, 647
1471 - - Nebraska Section Has Student Program . June, 645

- - New York Section Holds Student Convention
78 Election a Officers for 1927-28 Announced
82 May, 529

Student Convention, April 8th . April, 398
- - North Eastern District Awards Best Branch

Paper Prize for 1926 June, 646
- - - West District Awards Best Branch Paper

1480 Prize for 1926 April, 398
79 -- Penn State Branch Holds Electrical Show

January, 91
- - Santa Clara, Akron and Princeton. Organize

New Student Branches January, 91
1471 - - Section and Branch Conference at Portland

May, 530
- - Student Activities at Pacific Coast Convention

October, 1139
1484 - - - Convention at Drexel Institute April, 400

- - - - in California February, 197
- - - - of North Eastern District July, 746
- - - - To Be Held in Connection with Chicago

1470 Regional Meeting November, 1293
191 - - - Program at Meeting of Vancouver Section
638 March, 302

- - Transmission of Motion Pictures by Radio June, 645
636 Year Book April, 393
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American Society of Civil Engineers to Meet at Denver GMay,- - Mechanical Engineers Annual Meeting November,Annual Convention of Illuminating Engineers .. . . October,- S. A. E. Dinner January,Arc Welding Prizes Established by Lincoln ElectricCompany April,

521
1291
1135

83

393

( lasoline Engine Temperatures . Sey/ e 'Tiber ,
General Electric Appoints Engineering Council .. . . J une,
Gherardi, Bancroft January,

-- --, President -Elect of the A. 1. E. E. June,
Guggenheim School Opens July,

971
639
79

637
740A. S. M. E. Spring Meeting, Main Features of the . May,Australian Commission Tours United States May,

C

520
523 H

High -Frequency Electric Currents to be Demonstrated
before New York Electrical Society, New Uses ofCentennial of the Institution of Civil Engineers. December,Central Station Design January,Chamber of Commerce to Deliberate Water Power . May,Changes Explained in Patent Practises April,- Recommended for Ignition Systems March,

1468
78

520
393
299

A Aril,- - Voltage Conference May,
Holland Vehicular 'runnel the Subject of New York

Engineers' Meeting March,
Hunt, .1. H., Elected President of S. A. E March,

392
520

297
299Chicago Power Show December,College Course in Meters May,

1468
524 I

Columbia Appoints Committee on Engineering Trainingand Research March, 298
I. E. C. Conference at Bellagio October,
Industrial Transition in Japan October,

1135
1137- University Offers Scholarship in Electrical Engineering "Institute of Chemistry" April, 392March, 297 International Commission on Illumination Also Meets atConference on Engineering Materials October,Cony ention, Pacific Coast.... June, 636; July, 739;

1136 Bellagio October,
- Electrotechnical Commission Sixth Plenary Meeting

1135
August, 838; September, 968; October, 1133 March, 298- Summer March, 295; April, 391; May, 517; - Radio Convention in October October, 1135June, 633; July, 739; August, 839- Winter January, 76; February, 188; March, 289 JCoolidge Awarded Hughes Medal December,- Declines Medal February,- , Dr. W. D., Honored June,

D

1468
192
639

James H. McGraw Honored January,John Fritz Medal Awarded January,- - - for 1928, Award of November,- Scott Medal Awarded to Grid -Glow Tube Inventor
August,

83
84

1290

844Degrees Conferred Upon Six Scientists July,Digest of Current Industrial News January, 106;
740 - - - - G. W. Elmen January,Johns Hopkins New Plan for University Work . . April,

81
393February, 212; March, 318; April, 418; May, 548;June, 664; July, 760; August, 856; September, 982; LOctober, 1148; November, 1304; December,Dobson, Vice -President, Visits Institute Sections. August,

1500
846 Lake Trip Planned to Follow Summer Convention . . April,- - to Follow Summer Convention May,

391
519E Loan Funds Proposed for Aviation July, 741

Edison Medal Awarded to William D. Coolidge . January, 80 MEdward Dean Adams Represents American Engineers atFifth Centenary of Louvain University November,
Electrical Safety Conference Dissolves July,Elihu Thomson Honored March,Engineering Education January,
ENGINEERING FOUNDATION

After -College gducation Through Founder Societies
and Engineering Foundation April,Deed of Gift March,

Engineering Research October,

1290
741
298
83

394
298

1136

Meeting of American Chemical Society, Seventy -Fourth
September,- - A. S. T. M., Thirtieth Annual June,- - Civil Engineers, Annual .. January,Meetings for Oil -Power Week Announced April,Metric System, Hearings Continue on March,- - Urged Before Senate Committee January,Modification of Waterpower Act Sought in Congress

April,

970
638

83
392
297
84

393Exceptional Research Problems November,
Flinn, A. D., Receives Honorary Degree August,
Manual on Endurance of Metals Under Repeated

1291
846 N

National Exposition of Power and MechanicalStress May, 523 Engineering January, 82Officers Elected for 1927 March, 298 - Museum of Engineering and Industry June, 641Engineers Predict Future of New York December, 1469 - Research Council: Activity in Industrial ResearchPrize Rewards for Safety Promotion December, 1469
December, 1469Specific Instances of Engineering Research December, 1468 --- Highway Board's Sixth Annual Meeting January, 84Engineerig Societies Employment Service January,

100; February, 202; March, 307; April,' 406; - - - Volta Memorial Fellowship December,- Safety Council, Sixteenth Annual Safety Congress of
1469

May, 537; June, 652; July, 751; August, 852; the September, 970September, 975; October, 1142; November, 1297; - - - Some Salient Facts About the October, 1136December, 1478 New Bulletin to be Issued by U. S. Forest Service . October, 1137ENGINEERING SOCIETIES LIBRARY - Course in Fuel Engineering April, 393Book Notices January, 86; February, 200; - Electrical Safety Rules for Coal Mines February, 194March, 305; April, 403; May, 534; June, 650; - Mazda Street Railway Cutout Lamps December, 1465July, 748; August, 849; September, 973; October,
1140; November, 1295; December 1476

- Oil -Electric Car Operated in Canada September,- Spanish Translation Available December,
970

1468Engineers' Club of San Francisco Dedicates New - Ultra Violet Ray Machine November, 1291Headquarters November, 1291 - York Electrical Society, Work of July, 739Exposition of Chemical Industries August, 844 - - Section, Central Station Design an Attractive
F

Fall Meeting of Affiliated Engineering Society Sectionsof Virginia December,
Federal Trade Commission Reports on Electric Power

Industry. April,

1466

394

Subject to February,- - - Meetings Planned
October,1928 Winter Convention Promises Timely Program

December,Ninety -Mile Welded Pipe Line May,No Progress Made in Disposal of Muscle Shoals. . April,

194
1134

1466
524
394Fiftieth Anniversary of Philadelphia Engineers Club

December, 1467 O
French Chemical Combine Proposed June, 641 Ohio State Offers Research Fellowship March, 299Fuels Meeting, First National September, 970 Orville Wright Recipient of Washington Award.. August, 846Future Section Meetings December, 1467 Overhead Systems Reference Book October, 1137



Dec. 1927 INSTITUTE AND RELATED ACTIVITIES

P - Proposed, for Automatic Stations Available in Report
Form April,

1495

394
Patent Office Improvements July, 741 - Revised, Rating Sections of Induction Motor . . March, 296
Pay of Federal Judges Increased January,
Provisions of Radio Treaty Being Completed... December,
Pupin to Address New York Engineers on the Romance

of Research March,

R

84
1468

295

- Suggested, Revision of Transformer August,
-to be Submitted for Approval as American Standards,

A. I. E. E. Welding-Transformer,January,Revision of Suggested
- Year Book for 1927, Bureau of

May,
June,

Standard Volt Sought by United States May,

844 .

82
521
641
523

Radio Engineers Hold Successful Convention... February
- - 1928 Convention December,
"Recommended Practise for Electrical Installations on

Shipboard," New Edition of July,
Relation of State Rights to Muscle Shoals May,
Report on Standard Definitions September,
Researchers in Dielectrics Requested to Report Problems

194
1467

740
523
970

Strathcona Memorial Fellowships January,
Summer Course at Carnegie Institute of Technology

April,
- School for Engineering Teachers .. .. May, 522; July,

T
Testing of Insulation Materials, A New Pamphlet on

84

:393
742

They Are Studying November, 1289 October, 1137

S
Safety Museum Awards Medals February, 194

Trip to West Point on May 12, 1927 May,
Twenty-fifth Annual Convention of American Road

Builders' Association December,
Twenty -Three -Day Midwinter Cruise October,

520

1468
1135

"Science Luncheon" of the American Institute. December,
Seventeen Companies Accept Radio Telegraph Con-

ference Invitation September,
Sixth Power Show December,
Specifications for Resident Lighting Equipment February,

1467

971
1467

194

U
United Engineering Society; Treasurer's Report for

Year 1926 March, 299

Spring Convention of A. S. M. E April,
Standardization Policy Amplified by Board of Directors

392 - - - Twenty -Third Annual Meeting March,
University of Illinois Has Established Research

299

January, 81 Assistantships February, 195

Standards, A. I. E. E., No. 33, Electrical Measuring - - Louvain, 500th Anniversary of July, 741

Instruments Now Available February, 192 Useful Library on Electric Communication August, 846

- Correction in Revision of Induction Motor... April, 394 Utility Inquiry May Be Pressed September, 971

- for Alternators, Correction in Proposed Revision of
A. I. E. E February,

- - - Synchronous Motors and Synchronous Machines
in General, Proposed Revision of A. I. E. E.

January,

192

82

Value of Timber as Protection to Water Shed . . September, 971

- - Induction Motors and Induction Machines in
General, Revision Approved of January,

- - Measurement of Test Voltage in Dielectric Tests,
Report on July,

81

740

Washington Award Presented to Orville Wright .. July,
Weights and Measures, New Compilation of Laws on

March,

741

297

- - State Adoption July, 740 Welding Conference, Second Annual February, 192

- - Storage Batteries Available, Report on June, 639 William B. Woodhouse in the United States . . . . November, 1290

- in Spanish, January, 82 Work Started on Federal Buildings July, 741

- New Grouping of Activities, Bureau of November,
- No. 9 on Induction Motors, Revised Edition of

1290 World Engineering Congress in Japan in 1929 . . November,
Would Coordinate University Studies Throughout World

1289

A. I. E. E July, 740 September, 971
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Johnson, G. T., Paper January, 33
Johnson, J. A., Discussion, February, 185, 186; October,

1124; December, 1445
Johnson, J. H., Discussion February, 175
Johnson, N. M., Discussion
Jollyman, J. P., Paper

February, 181
September, 877

Jones, B. M., and Dodds, G. B., Paper . October, 1089
Jones, B. M., Discussion December, 1446
Jones, S. M., Scholz, H. J., and Eberhardt, W. W., Paper,

March, 223
Jorstad, 0. M., Paper December, 1307
Junken, L. H., Discussion October, 1128

K
949 Karapetoff, V., Paper, September, 897; November, 1284;
631 Discussion, June, 619; July, 727, 730, 733; October, 1116,
583 1122; December, 1457

Kasson, C. L., Paper, October, 1065; Discussion, September, 964
985 Katzman, Jacob, Discussion May, 503
376 Kehoe, A. H., Discussion, March, 285; April, 370; July,
507 718; September, 951; October, 1128; November, 1280
215 Kellogg, E. W., Paper, October, 1041; Discussion,

November, 1274
1282 Kelly, N. J., Discussion March, 285
962 Kendall, B. W., Discussion September, 960

Kennedy, G. M., Discussion October, 1109, 1113
Kennelly, A. E., Paper March, 240

379 Kerchner, R. M., Discussion June, 630

286 Kierstead, F. H., Discussion September, 962

183 King, G. E., Discussion October, 1106
King, G. W., Breisky, J. V., and North, J. R , Paper,

1456 November, 1184
493 King, R. W., Discussion April, 377
479 Kinnard, I. F., Discussion May, 511

939 Kirke, W. B., Discussion September, 951, 952

627 Knowlton, A. E., Chairman, Symposium, May, 487;
Discussion, May, 510

859 Knowlton, H. S., Discussion October, 1117

723 Kolff, P. van S., Discussion May, 510

438 Kouwenhoven, W. B., Discussion, May, 509; June, 627;
July, 730; September, 963, 965

1273
242

1458 Laffoon, C. M., Discussion May, 494; June, 616
184 Laffoon, C. M., and Calvert, J. F., Paper, June, 573;
184 Discussion, June, 625

Langstaff, H. A. P., Discussion December, 1444
859 Lebovici, J., Discussion May, 508

1450 Lee, E. S., Discussion September, 964, 965

1282 Lee, E. S., and Foust, C. M., Paper, February, 149;
284

Discussion, June, 613

1448 Lee, F. W., Discussion January, 66
Lee, W. C., Discussion February, 181

1463 Lee, W. S. Discussion January, 67

178 Leh, H. H., Discussion October, 1114

177 Lehmann, Th., Paper, December, 1411; Discussion, . . June, 618
Lenehan, B. E., Discussion September, 957

1455 Lennox, J. S., Discussion November, 1270
Lesser, W. H., Discussion, October, 1109, 1114; November,

1281; December, 1456

Levin, S. A., Paper, November, 1263; Discussion, October, 1131
Lichtenberg, Chester, Paper, June, 603; Discussion, July,

736; October, 1117, 1128

1271
72

620
958
375

1276
73

960
1130

181

L

Lincoln, J. C., Discussion October,
Lincoln, J. F., Paper June, 593; Discussion, June,
Lindemann, P. A., Discussion . . May,
Linder, C. H., Discussion June,
Linebaugh, .J.J., and Wade, R. E., Paper, November, 1229;

Discussion, December,

1120
630
508
614

1453
1208 Litchfield, H. S., Paper September, 904
257 Lloyd, W. E., Discussion August, 836; October, 1114

Lloyd, W. L., and Starr, E. C., Paper, December, 1322;
459 Discussion, December, 1463
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Louis, H. C., and Albaugh, A., Paper, May, 421; Discussion,
June,Lusignan, Joseph T., and Carroll, Joseph, S., Paper

December,Lyman, K. B., Discussion
Lyon, W. V., Discussion, May, 494; August, 827;

September,

M
MacCutcheon, A. M., Discussion December,MacNeill, J. B., Discussion June,Major, 0. S., Discussion September,AIalti, M. G., Paper, December, 1373; Discussion,

September,Manz, M. W., Discussion December, 1449Marti, 0. K., and Winograd, H., Paper, August, 818;
Discussion,October, 1110Marvin, R. H., Discussion October, 1125Marvin, R. H., Del Mar, W. A., and Davidson, W. F.,

Paper, October,Mason, H., Discussion May, 507,
Mason, H., and Walbran, C. J., Paper May,
McAuley-, P. H., and Cox, J. H., Discussion June,
McAuley-, P. H., Huggins, L. G., and Cox, J. H., Paper,

31 a y,McCormick, B. T., Discussion July,McCoy R. L., Discussion December,McCurdy, R. G., Discussion October, 1105, 1106,McEaehron, K. B., Discussion, June, 606; September,
McKeehan, D. C., Discussion March,McMaster, R. K., Discussion April, 374: July,
Me:Milian, F. 0., Discussion February, 177; March,
McMullan, S., and Shea, J. R., Paper April,Mendenhall, H. E., Discussion.. .. February, 182; March,
Miehener, Harold. Discussion February,Milian, W. H., Discussion July, 735: August,Miller, K. B., Discussion February, 176; March,Milne, G. R., Discussion April,Miner, D. F., Paper.. . April, 336; Discussion, May,
Minor, H. H., Chr., Paper February,
Monteith, A. C., and Anderson, J. W., Paper _Voce mber,
Montsinger, V. M., Discussion May, 501: October,Moody, W. S., Discussion September,Moon, P. H., Discussion Oct,.)ber,Moon, P. H., and Bush, V., Paper October,Morrow, L. \V. W.. Discussion..... .. . .... A ocerribi r,

.

Murnaghan, F. I)., Paper. February, 132: Discussion. July.
Murphy, L. J., Paper, August, 805; Discussion. July, 737;

Norrinb, r, 12117

Newbury, F. D., Discussion ,,,,,, 493: June,
Newton, G. J., Discussion April,
Niekle, C. A., Discussion, January, 68. 69: April, 382:

July, 732: .4 ugust, 829; St ptemher,
Niekle, C. A., and Doherty, R. E., Paper Ue ce mb, r,
North, J. R., King, G. W., and Breisky, J. V., Paper.

Noce/Wu r,
North, W. E., Paper, September, 881; Diseussion, October,

1112. 1113, 1114,
Nyman, A., Discussion

. .May, 504; Se pie mber , 956,
Nyquist, H., Discussion . . ........ . ..April,
Nyquist, H., Shanek, R. B., and ('ory, S. 1., Paper, March,

O
Oakley, H. D., Paper, June, 508: Discussion . . . December,
Oehler, A. G., Discussion May, 505; December,
Oesterreieher, S. I., Discussion May,
Oplinger, K. A., Discussion .. . Non Mbt r,
Osgood, II. W'., Discussion . November,
Oehler, 0. H., Discussion. April,

P
Palme, Arthur, Paper.... .. November,
Palueff, K. K., Discussion October, 1117,
Park, H. R., Discussion June,Park, R. H., Discussion 4 ugU.VI, 828,
Parker, J. C., Discussion April,
Parsons, J. S., Paper, January, 50; Discussion, April, 371,
Peek, F. W., jr., Discussion, February, 180; May, 502;

June, 608; December,
Peek, F. W., Paper. December,
Pender, Harold, Discussion January,
Penney, G. W., Paper November,
Peterman, W. C., Discussion October, 1129,

Peters, A. S., Discussion February, 181
628 Peterson, L. C., Discussion October, 1131

Peterson, T. F., Paper, June, 559; Discussion, May, 497;
1350 " November, 1280
377 Petty, D. M., Discussion August, 834; October, 1113

Place, C. W., Discussion August, 834
948 Plumb, H. H., Discussion June, 613

Plumb, H. T., Discussion February, 176
Pragst, Ernest, Discussion July, 723

1456 Pratt, W. H., Discussion May, 511
621 Prince, D. C., Paper, July, 667; Discussion, January, 66;
954 February, 176, 181; May, 496, 497; October, 1109

Puckstein, A. F., Discussion j967 Pupin, M. I., Paper, January, 59; February, 171;
Judy, 730
Dis-

cussion, January, 64, 66, 68, 69
Putman, H. V., Paper, August, 794; Discussion, February,

183; April, 384; July, 731; August, 827, 831

1002
508
469
613

R
Rakestraw, C. N., Discussion May, 499
Rasmussen. F. J., Paper January, 3
Reich, H. J., and Bedell, Frederick, Paper June, 563
Reukema, L. E., Paper December, 1314

459 Richmond, H. S., Discussion December, 1450
737 Richter, Henry, Paper, December, 1436; Discussion,

1461 April, 371; September, 953
1107 Rifenburg, R. C., and Fairman, J. F., Paper .. _January, 38
059 Riggs, L. W., Discussion February, 154, 185
284 Robinson. L. N., Discussion February, 17622 Rockwood, G. H., jr., Discussion May, 493282 Roper, D. W., Discussion, January, 69; May, 497; July,
346 728; November, 1274; December, 1455Roper, J. \V., Paper September, 913

Roseh, S. J.. Discussion, September, 963, 965: December, 1455
Rosenberger, H. J., Discussion May, 507
Roth. E.. Discussion January, 62
Rubel. W. G., Discussion March, 284
Rutter, A. R., Discussion May, 512
Ryan. II. J., and Carroll, J. S., Discussion, March, 989:

May, 504Ryan, J., Discussion... December. 1459

989
176
832
2.84
372
503
167

1176
111s
961

1126
1007
12.83
731

625
374

948
1369

1184

1115
957
3st;
231

S
Sah, A. Pen -Tung, Paper, October, 1073; Discussion,

September, 965Satoh, Y.. Paper September, 868Sawin, G. A., Dis!ussion May, 509
Sehaeffer, E. R., Paper December, 1358
Sehaeffer, R. A., Paper August, 811
Seheffler, F. A.. Discussion. .. Octobtr, 1115; December, 1455
Sehirmer, A. H.. Discussion June, 607Scholz, H. .1., Eberhardt, W. \V., and Jones. S. M..

Paper, March, 223
Sehurig, G. R., Discussion May, 500Searing, H. H., Discussion March, 285; April, 371
Seelye. H. P.. Discussion St pte either, 952
Shaekleton, S. P. Discussion September, 961
Shaekelton, W. E., Discussion Se ph' mber, 957
Shaekelton, W. J., Paper .... . February, 159Shanek, R. B.. ('ory, S. I., and Nyquist, H., Paper,

March, 231
Shand, E. B., Paper, June, 597; Discussion, May, 492;

October, 1111
Sharp, C. H., Discussion .4 pril , 3791464 Shaver, W. \V., Discussion October, 11241451) Shea, J. R., and MeNlullan, S., Paper.... .......April. 346498 Shea, T. E., Discussion February, 186; September, 9551270 Shirley-, 0. E., Discussion February. 1831282 Silver, A. E., and Harding, A. L., Paper.. ..... March, 242379 Simons, D. M., Paper, March, 252; Discussion, May, 499;

November, 1276

1202
111s
628
831)
370
376

Sipher, E. F., Discussion October,
Skinner, C. E., Discussion July, 718,Sleeper, H. P., Dismission December,Slepian, Joseph, Discussion, February, 179, 181; May, 504,

506; July, 728: October,

1109
721

1443

1119
Smeloff, Nicholas, Discussion November, 1283Smith, Aubrey, Discussion
Smith, G. S., Discussion

February,October

1117145

1460 Smith, L. (I., Discussion March, 2861390 Smith, M. \V., Discussion February. 18466 Snell, F. E., Discussion Se plumber, 9541151 Sorensen, R. W., Discussion, February, 175, 179, 182;1130 October, 1031, 1122; A ct tuber, 1447
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St. Clair, B. W., Discussion
St. Clair, H. P., and Sporn, Philip, Paper
Stein, I. M., Discussion
Stephens, H. 0., Discussion November,
Stevens, T. S., Paper, July, 687; Discussion, September,
Stevenson, A. R., Discussion June,
Stewart, C. E., and Whitney, C. F., Paper June,
Stone, E. C., Discussion July,
Stone, F. L., Discussion March,
Summerhayes, H. R., Discussion January,
Summerhayes, H. R., and Hanker, F. C., Paper.... May,
Summers, Ivan H., Paper, May, 451; Discussion, May,

495; June,
Summers, J. A., Discussion February,
Sutton, H. C., Discussion July,
Suydam, W. H., Discussion March,

T
Taylor, H. W., Discussion May,
Taylor, J. B., Discussion April, 377,
Taylor, W. G., Discussion July, 737; November,
Terman, F. E., Discussion February, 175; April,
Thomas, G. K., Discussion Jolly,
Thomas, P. H., Discussion February, 182; November,
Thorp, J. S., Paper July,
Thurston, E. B., Paper, April, 321; Discussion, May,
Torchio, Philip, Discussion December, 1454,
Treanor, E. D., Discussion , June,
Trucksess, D. E., Discussion May,
Trueblood, H. M., Discussion .. . . October, 1129; December,
Turner, H. M., Discussion September, 959; October,
Tykociner, J. T., Discussion .. _October, 1128; December,

Sorensen, R. W., Hamilton, J. H., and Hayward, C. D.,
Paper, September,

Sparkes, H. P., Paper, April, 356; Discussion, May,
Spencer, M. C., Paper July,
Sporn, Philip, Discussion June,
Sporn, Philip, and St. Clair, H. P., Paper . July,
Spurck, R. M., Paper, July, 707; Discussion, November,

1281, 1283,
Sreenirasan, K., Discussion April,
Standing, A. J., Discussion, August, 835; October, 1109,
Starr, E. C., and Lloyd, W. L., Paper December,
Starr, E. C., Discussion October, 1122; December,

September,
July,

September,

495
379

1207
380
736

1272
675
508

1455
626
507

1444
1115
1448

859
510
681
622
698

1289
377

1113
1322
1460
958
698
960

1270
955
620
588
721
283

68
438

U
Umansky, L. A., Paper, September, 885; Discussion,

August, 836

V
Viele, S. M., Paper October, 1081; December, 1453
Vincent, H. B., Discussion June, 608
Vinet, Eugene July, 720

W
Wade, R. E., and Linebaugh, J. J., Paper, November, 1229;

Discussion, December, 1453
Wagner, C. F. and Evans, R. D., Paper December, 1423
Wagner, C. F., Discussion August, 829
Wagner, E. B., Discussion October, 1112
Walbran, C. J., and Mason, H., Paper May, 469
Wallau, H. L., Discussion, June, 610; July, 722; September, 950
Wallis, C. T., Discussion May, 512
Warner, W. L., Discussion June, 629
Waugh, J. T., Discussion, October, 1109, 1115; November, 1282
Wensley, R. J., Discussion June, 631
Wheelock, F. D. and Jacobsen, E., Paper December, 1415
Whitehead, J. B., and Hamburger, F., Paper.. September, 939

623
Whitney, C. F. and Stewart, C. E., Paper June, 588

187
Wieseman, R. W., Paper, May, 430; Discussion, June, 619

720
Wilkins, Roy, and Crellin, E. A., Paper December, 1340
Williamson, R. B., Discussion February, 184

285 Williford, E. A., Discussion December, 1454
Willis, C. H., Paper, March, 272; Discussion, March, 282;

May, 505
Wilson, L. T., Discussion October, 1115
Winograd, H., and Marti, 0. K., Paper, August, 818;

Discussion, October, 1110
Wiseman, R. J., Discussion .. . January, 70; May, 499, 501
Withington, Sidney, Discussion .. October, 1109; December, 1452
Wolf, H. Carl, Discussion July, 727
Wood, R. J. C., Hunt, L. F., and Griscom, S. C., Paper,

October, 985
Woodward, J. S., Discussion June, 617
Wright, G. I., Discussion December, 1449
Wright, R. H., Discussion August, 835

Zammataro, S. J., Discussion April, 377
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NEW CATALOGUES AND OTHER PUBLICATIONS
Mailed to interested readers by issuing companies

Automatic Railway Substation.-Bulletin 1793. A com-
prehensive treatment of the application of automatic switching
to railway use. Westinghouse Electric & Manufacturing Com-
pany, East Pittsburgh, Penn.

Lead Tip Insulator Pins.-Bulletin, 16 pp. Describes
0-B lead tip steel pins for insulators; also double arm construc-
tion materials and double pin pole top brackets. Ohio Brass
Company, Mansfield, Ohio.

Waterwheel Generators.-Bulletin GEA 820, 32 pp.
Describes G -E vertical waterwheel driven generators 62.5 kv-a.
to 3000 kv-a. Tables for calculating horse power of turbines
are included and typical installations are illustrated. General
Electric Company, Schenectady, N. Y.

Speed Reducers.-Bulletin, 15 pp. Describes a line of
small, speed reducing gears. Winfield H. Smith, Inc., Spring-
ville, N. Y.

Magnetic Brakes.-Bulletin, P-38, 20 pp., entitled "When
Industry Says Stop." Describes the construction and operation
of all types of magnet brakes-both for alternating and direct
current. In addition it contains tables showing the exact
size and type of brake for use with the various types of mill and
crane motors. The Cutler -Hammer Manufacturing Company,
Milwaukee, Wis.

Insulating Materials.-Bulletin GEA 603, 28 pp. De-
scribes the complete line of G -E insulating materials. Among
the products listed are compounds, cloths, tapes, varnishes and
papers. General Electric Company, Bridgeport, Conn.

Rural Electrification.-Booklet, 48 pp., entitled "Electricity
in the Pathway of Prosperity." Illustrates the uses of elec-
tricity on the farm. The purpose of the book is to stimulate
rural electrification, and in the preparation of the material the
collaborators included power companies, the National Electric
Light Association and numerous agricultural interests. West-
inghouse Electric & Manufacturing Company, East Pittsburgh.

The Georgia Power Company, Atlanta, Ga., has just
issued its new year book of fifty-six pages, which is being widely
distributed to attract new industries to Georgia. The book is
beautifully illustrated in colors, picturing. the hydroelectric
developments of the company and . the various industries of
Georgia. The industrial progress of the state is also shown by
comparative figures.

NOTES OF THE INDUSTRY
The Parker-Kalon Corporation, manufacturers of self -

tapping and drive screws used fol. fastening name plates to
electrical apparatus, announces the removal on December 1,
of its factory and general offices to 200 Varick Street, New York.

The Hazard Manufacturing Company, manufacturers of
electrical wires and cable, announces the removal of its New
York office to the Transportation Building, 225 Broadway.
The Chicago office has been moved to the Midland Building, 168
W. Adams Street. The New York office and warehouse of the
Hazard Wire Rope Company, manufacturers of wire rope and
wire rope fittings, now separate and distinct from the Hazard
Manufacturing Company, will be retained at 533 Canal Street.
The Chicago office and warehouse will be retained at 32 So.
Clinton Street.

Across -the -Line Starting Switches.-The Electric Con-
troller & Manufacturing Company, Cleveland, are now supply-
ing their standard type ZO across -the -line starting switches for
small a -c. motors in iron clad tanks, which makes them suitable
for operation in atmospheres where acid fumes are present.

110.4.111011.1.......11111 ...... .101101111111111111111 ..... 111.10.11 iiiii 1101110010001.4.1.....t..1114.61..101114111.1.1A
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Like the standard EC &M type ZO starting switch, all of tic'
contacts including the overload trip, open and close under oil
so that this starter is flame -proof.

New Shell Type Lincoln Motors.-The Lincoln Electric
Company of Cleveland, Ohio, manufacturers of "Stable -Arc"
welders and "Line -Weld" Motors, has just perfected a squirrel
cage motor for use in various kinds of wood working machinery
and all other machinery requiring high speed motors. This
motor is of the so-called shell type, an all -welded design, and is
made tq the standard dimensions of the trade. It is supplied in
two sizes, 3 HP and 5 HP. Both motors are manufactured
for either two or three phase, 60 cycle current and a speed of 3600
R. P. M. The stator is composed of laminated sections arc -
welded together. The rotor is also entirely arc -welded and
provided with either a straight or tapered bore.

Large Westinghouse Unit for Japan.-The Tokio Elec-
tric Light Company of Japan recently placed, through the
Westinghouse Electric International Company, an order with
the Westinghouse Electric and Manufacturing Company for
one 25,000 Kw. turbine generator. The unit will be built at
the South Philadelphia Works of the latter company and in-
stalled in the new extension of the Senju Power Plant. The
Senju Power Plant is a steam standby station, located just out-
side the City of Tokio. This unit will be of the same design as
two machines installed there in 1925, and will bring the capacity
of the station up to a total of 75,000 Kw.

Sterling Electric Motors, Inc. Organized.-Carl E.
Johnson, formerly vice-president of the U. S. Electrical Man-
ufacturing Company, has organized the Sterling Electric Motors,
Inc., Los Angeles, to manufacture a new line of electric motors
and motor specialities. Property has been purchased, and plans
and specifications drawn for a modern daylight factory which
will be in operation next January. Associated with Mr. John-
son as officers of the new corporation and in the active manage-
ment are J. M. Sharp, Earl Mendenhall, Allen A. Adams, and
Horace S. Walling, who were formerly president, chief engi-
neer, superintendent and sales engineer respectively of the U. S.
Electrical Manufacturing Company.

Ohio Brass Creates New York Executive Branch.-In
recognition of the constantly increasing growth of the utility
and industrial interests which are concentrated in the eastern
states, the Ohio Brass Company has decided to create an execu-
tive branch in New York City, covering New England and the
territories served by their present New York and Philadelphia
sales offices.

It is anticipated that the establishment of this executive
branch will better enable the company to serve the industry in
'the broad sense and will develop a more intimate relationship
with this large center of utility and industrial activity. This
change will be made effective about the first of the year with
Mr. Frederic Attwood in charge. Mr. Attwood is well known
in the electrical industry, both here and abroad, having directed
the interests of the Ohio Brass Company in Europe for several
years and has recently returned to this country to undertake the
organization and direction of the New York executive office.

60,000 Kilowatt Turbine -Generator for Birmingham.-
The first giant single -cylinder turbine-generator for service south
of the Mason and Dixie Line is now being manufactured in the
Schenectady shops of the General Electric Company. Rated at
60,000 kilowatts, this unit will be the initial installation in a new
station being built by the Dixie Construction Company near the
site of the present Gorgas station of the Alabama Power Com-
pany near Birmingham, Ala. The ultimate capacity of the
station will be 240,000 kilowatts, and will be used to meet the
fast growing load demand of the south.
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An Accurate
Time Delay Relay

THIS new relay operates
to open a circuit or to

close a circuit after a pre-
determined time interval,

 which may be as long as two
minutes. The timing is
adjustable for any period
throughout the operating
range of the relay.

The time delay is secured by
the escapement of mercury
through an orifice and is
very accurate. No dash pots
are used, no pendulums, no
clock - work. Temperature
changes do not affect the
operation or accuracy.

Type HG Relays are made
for operation on alternating
or direct current circuits.

Type HG Relays have many applications. They are used with
synchronous motor starters for controlling the DC field con-
tactor. They are used with automatic skip hoist controllers for
holding the skip stationary in the dumping position for several
seconds to.permit it to discharge its load; for introducing a delay
in the sequencial starting or stopping of an interlocked conveyor
system; and, in fact, for any service requiring an accurate and
dependable time delay relay.

Send for Specification Sheet S-26

THE ELECTRIC CONTROLLER Sc MFG. CO.
NEW YORK -50 CHURCH ST. CLEVELAND,OHIO

PHILADELPHIA-WITHERSPOON BLDG.
CHICAGO-CONWAY BLDG. PITTSBURGH-OLIVER BLDG.
DETROIT -DIME BANK BLDG. LOS ANGELES- 912 E. THIRD ST SAN FRANCISCO -CALL BUILDING
BIRMINGHAM -BROWN -MARX BLDG. 3ALT LAKE CITY -228 SO.W. TEMPLE MONTREAL-DRUMMOND BLDG
CINCINNATI -IL -NATIONAL BANK BR TORO NTO-RE FORD BLDG. '1'U L S A- 217 E.ARCHER SI
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Dec. 1927 ADVERTISING SECTION 3

Why You Should Specify
New Departures

BECAUSE of their better steel, greater
precision, least possible friction, max-

imum capacity for combined radial and
thrust loads, New Departure Ball Bearings
give the longest service for lowest main-
tenance cost in electric motors.

4

k

743

Write for "Cutting Your Costs" and
Booklet "K." . . . Sent on Request

THE NEW DEPARTURE MANUFACTURING COMPANY
Chicago BRISTOL, CONNECTICUT Deroit

San Francisco

New Departure

Ball Bearings
Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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ON WINTER NIGHTS
---when the mercury goes away down -when snow, sleet and ice attack the overhead
lines --when underground cable gives way comes a test, a real test of electrical
insulating materials. It pays to use the best.

Minerallac Insulating Compounds were developed to meet these severe winterconditions. They are moisture -resistant and will not shrink at all working tem-peratures. Impartial tests show no cracks, fissures or checks at below freezingpoint.

These characteristics are always found in Minerallac Insulating Compounds Nos. 78, 104 and 104-A
-combined with high dielectric strength values.

MI N ERALLAC ELECTRIC COMPANY
1043-1045 Washington Boulevard Chicago, Illinois

MINERALLAC
Please mention the JOURNAL of the A. 1. L. E. when writing to advertisers.
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Habirshaw 33,000
volt cables en
route to St. Louis,
Mo.

Installing 13.000 volt
Habirshaw submarines at
Portland, Maine.

Dredging a trench for
22,000 volt, Habir-
shaw submarines at
Pittsburgh, Pa.

Reliability of Habirshaw Paper Cable
nowhere better illustrated

The repeated selection of Habirshaw Paper Cable for submarine instal-
lations is conclusive evidence of its reliability.

For it is obvious that the bottom of the river is no place to lay any but the
most dependable type of cable.

Guard against the contingency of future trouble by specifying Habirshaw
Paper Cable for submarine installations.

HABIRSHAW CABLE AND WIRE CORPORATION
10 East 43rd Street, New York City

Plants: Yonkers, N. Y.-Bridgeport, Conn.-Nepperhan, N. Y.

HAB I RSHAW
PROVED BY THE TEST OF TIME

Paper Insulated Cable - Varnished Cambric Insulated Cable - Armored Cable - Rubber Insulated Cable

Please mention the JOURNAL of the A. 1. E. E. when writing to advertisers.
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G -E Oil -filled Joints installed on
underground single -conductor
cable, and (RIGHT) Oil -filled

Terminal

Oil -filled Joints and Terminals
for extra high-tension cable

Standard G -E Insulated
Wires and Cables are giv-
ing uninterrupted, efficient
service to central stations
and industrial plants the
world over. They can be
relied upon to withstand the
most severe operating con-
ditions.

In line with its development cf high-voltage cable,
General Electric introduces these new cable
accessories-

-which have a break -down strength in excess of
that of the cable;
-which are mechanically strong and electrically
permanent;
-and which are easily installed-a 66-kv. joint is
completed in less than 8 hours.

These joints and terminals are operating suc-
cessfully at voltages ranging from 33 kv. to 75 kv.
More than 1200 joints are in use on circuits of 66
kv. and higher.
They provide a means of connecting oil reservoirs
to the cable- a decided advantage. The use
of reservoirs is recommended.

810-3

GENERAL ELECTRICGENERAL ELECTRIC COMPANY, SCHENECTADY, N. Y., SALES OFFICES IN ALL PRNCIPAL II IF
Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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ANACONDA HOLLOW CONDUCTORS
for economical high voltage transmission

HIGH VOLTAGE transmission is an
important factor in meeting wide-

spread and growing power demands. To
make the transmission of high voltages and
large currents more economical, the Ana-
conda Hollow Conductor was developed.

The difficulties experienced with conduct-
ors of other types have been eliminated by
means of the hollow construction which
allows the use of sufficient diameter to re-
duce corona and resistance losses without
sacrificing conductivity or tensile strength,
and without employing inert weight. Cop-
per cannot rust, and there is no shifting of

stress under temperature changes, for the
twisted copper core has the same coefficient
of expansion as the outer strands. The spiral
I-beam copper core supports the strands
and makes it possible to keep the diameter
of this conductor independent within wide
limits of its cross-section. In this way, effi-

cient transmission systems may be designed

for all operating conditions.

Anaconda Hollow Conductors are as easy
to handle as any concentric copper cable.

Engineers are invited to investigate the
economies which can be effected by their
use. Send for Research Bulletin C-6.

ANACONDA COPPER MINING CO. - THE AMERICAN BRASS COMPANY
Rod, Wire and Cable Products

General Offices. 25 Broadway, New York Chicago Office: II I W. Washington St.

DAANACBSOSNANA BCORONIEER

Please mention the JOURNAI. of the A. I. I F.. when wrilink to advertisers.
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Whet are
the advantages

of this
tap changer"

Replying to C.IC
Re: Tap Changer

The rugged construction, simplicity and
adequate insulation of this tap changer
are evident from the accompanying pho-
tograph. It has a rotating action and -as
shown by plan diagram-this tap changer
has surface contact instead of line contact
to assure ample carrying capacity. It is
self-cleaning-there is sufficient pressure
and shearing action to remove any sludge
from the contacts.

The tap changer has been made as proof
against error and tampering as possible.
The operating lever which extends through
the transformer lid can be firmly locked
on any tap -but not between taps. The
dial at all times indicates the particular
tap in service.

This is one of a series of answers to important
questions frequently asked us regarding trans-
former design, construction and operation.

MVE EcEg;YAVA\A
MUMOT naiMO

KUHLMAN ELECTRIC CO., Bay City, Michigan
Akron High and Barges Sts.
Atlanta- 411 Glenn Bldg.
Boston 69.71 High St.
Buffalo 280 Carolina St.
Chicago 844 Rush St.
Cincinnati -.1308 Union Trust Bldg.
Cleveland 627 Union Trust Bldg.

Dallas Unit 2, Santa Fe Bldg
Denver 1843 Wazee St.
Detroit 3-260 Gen. Motors Bldg.
Greensboro, N. C 333 S. Davie St.
Indianapolis..202 Indiana Ter. Whse.
Los Angeles 316 American Bank Bldg.
Milwaukee .1031 Clvbourn St.

Minneapolis 1004 Marquette Ave.
Montreal .415 Canada Cement Bldg.
New York Graybar Bldg.
Oklahoma City 1013 Braniff Bldg.
Omaha_ 923 W. 0. W. Bldg.
Philadelphia- 1700 Walnut St.
Pittsburgh 839 Oliver Bldg.

Saint Paul 1479 Blair St.
Salt Lake City -134 West 2d South St.
San Francisco____-_-_____ ...... Call Bldg.
Seattle 314 Seneca St.
Toledo 424 Spitzer Bldg.
Washington....... 1328 New York Ave.
York, Pa. 335 W. Market St.

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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Manufacturers Sell by Test

Loading Transformer

Hundreds of manufacturers test their products with American
Transformer equipment,

To be sure their products meet claims.,
that quality of products is uniformly maintained.

Among them are manufacturers of electrical and allied equipment including:

Insulators Magnetos Glass Insulators Generators
Varnish Oil Compounds Mica

Bushings Lamps *PAPER CABLE Appliances
Cable Joints

Paper "CABLE Transformers Cambric
Wire Fixtures Rubber Gloves Instruments

*The installation of American Testing Transformers shown above is used for
testing high voltage cable at the plant of the Okonite-Callender Cable Co.,
Passaic, N. J.
Other similar installations have been made for the Simplex Wire and Cable
Company; Standard Underground Cable Company; John A. Roebling's Sons
Company; the Kerite Insulated Wire Company and many other wire and
cable companies.
Manufacturers have come to depend upon American Transformers. You can
do likewise with the fullest confidence.

Bulletin 10.35,J illustrates and describes 16
types of testing transformers. Send for a copy.

II igh Voltage
Transformer

AMERICAN TRANSFORMER CO., 176 Emmet St., NEWARK, N. J.
Pleatie mention the .J()IMNAI of the A. I. I .. wIwn wi II ow to ,olvet awry.
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No matter what G -E prod-
uct you are considering, you
can be sure that it has the
dependability for which
G E apparatus is noted. In
the choke coil the control-
ling factor is mechanical
strength-therefore the
G -E Choke Coil is made
RIGID, to meet the worst
conditions of service.

G -E choke coils are mechanically RIGID. They are
braced to stand the heaviest short-circuit forces-
the buffeting of wind and weather in any locality.
-RIGID because they are braced at the points
where the stresses come.

-RIGID because the coil itself, the maple
spreaders, the copper -alloy spiders and end -brackets,
the insulators, and bases are all bolted together to
form a single mechanical unit.
With G -E lightning arresters they provide all that
is possible in permanent protection.

G -E choke coils are made for all ratings, both in insu-
lated and line suspension types. All channel bars, insu-
lator caps, and pins are galvanized. All insulated types
are furnished with two -bolt terminals.

For detailed information ask for publication GEA-50A

442-7

GENERAL ELECTRIC COMPANY, SCHENECTADY, N. Y., SALES OFFICES IN PRINCIPAL CITIES
GENEI,A1, ELECTRIC

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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'Ken they lay
Raise the voltage ofour
underground transmission

General Electric's position as a
builder of equipment for trans-
mission and distribution is unique.
Not only can G -E Transformer
Products be supplied for every
normal requirement, but a service
is available to study any special
problems, and, if necessary, de-
velop the equipment required to
deliver reliable power in suitable
form.

OrransformerProducts

This calls for cable -testing facilities, to produce high -
voltage direct currents-up to 400,000 volts or more.

General Electric is especially equipped to supply the
special high -voltage testing transformers, and complete
kenotron rectifiers together with accurate measuring
equipment for the delicate currents and high potentials.

With its own high -voltage laboratories in daily opera-
tion, and having made many successful installations of
testing equipment, for voltages up to 2,100,000 volts
alternating current and 400,000 volts direct current, this
Company has definitely established its leading position.

The same is true of its position with regard to the
manufacture of all other transformer and accessory
products. Make General Electric your base of supply.

- the Standards of Quality
40S -I3

GENERAL ELECTRIC
GENERAL ELECTRIC COMPANY,SCHENECTADY, N. Y,,__SALES OFFICES IN I'12INCIPAI,

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers
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No matter what G -E prod-
uct you are considering, you
can be sure that it has the
dependability for which
G E apparatus is noted. In
the choke coil the control-
ling factor is mechanical
strength-therefore the
G -E Choke Coil is made
RIGID, to meet the worst
conditions of service.

G -E choke coils are mechanically RIGID. They are
braced to stand the heaviest short-circuit forces-
the buffeting of wind and weather in any locality.
-RIGID because they are braced at the points
where the stresses come.

-RIGID because the coil itself, the maple
spreaders, the copper -alloy spiders and end -brackets,
the insulators, and bases are all bolted together to
form a single mechanical unit.
With G -E lightning arresters they provide all that
is possible in permanent protection.

G -E choke coils are made for all ratings, both in insu-
lated and line suspension types. All channel bars, insu-
lator caps, and pins are galvanized. All insulated types
are furnished with two -bolt terminals.

For detailed information ask for publication GEA-50A

442 -

GENERAL ELECTRIC COMPANY, SCHENECTADY, N. Y., SALES OFFICES IN PRINCIPAL CITIES
GENE 1..A1, ELECTRIC

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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Wen they lay
Raise the voltage ofour
underground transmission

General Electric's position as a
builder of equipment for trans-
mission and distribution is unique.
Not only can G -E Transformer
Products be supplied for every
normal requirement, but a service
is available to study any special
problems, and, if necessary, de-
velop the equipment required to
deliver reliable power in suitable
form.

OrransformerProducts

This calls for cable -testing facilities, to produce high -
voltage direct currents-up to 400,000 volts or more.

General Electric is especially equipped to supply the
special high -voltage testing transformers, and complete
kenotron rectifiers together with accurate measuring
equipment for the delicate currents and high potentials.

With its own high -voltage laboratories in daily opera-
tion, and having made many successful installations of
testing equipment, for voltages up to 2,100,000 volts
alternating current and 400,000 volts direct current, this
Company has definitely established its leading position.

The same is true of its position with regard to the
manufacture of all other transformer and accessory
products. Make General Electric your base of supply.

- {Na Standards Al Qualitzj
405-13

GENERAL ELECTRIC
GENERAL ELECTRIC COMPANY,SCHENECTADY, N. Y., SALES OFFIci N PRINCIPAL Cli

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers
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PRODUCTS
MOTORS-Single, Polyphase and Fynn-Weichsel Motors TRANSFORMERS-Power, Distribution and Instrument

FANS-Desk, Wall and Ceiling types

Skids ...
Spray gun method of painting
transformer cases with battle-
ship gray paint. Note iron
skids on bottom of the case.

provide protection against corrosion
Each Wagner Distribution Transformer
is provided with skids welded to the
bottom of the tank. These skids protect
the bottom of the transformer tank and
make it easy to slide the transformer
from one place to another.

The skids are painted but the paint is
merely for the sake of appearance. In
fact, you can slide a Wagner Trans-
former over a concrete floor until all the

paint on the skids is removed, yet the
skids will afford protection against oil
leakage due to the rusting away of the
bottoms of transformer tanks.

This is only one of the many refine-
ments in Wagner Transformer Design
... one of the many little things which
mean so much in the way of added
strength, durability, performance and
continuity of service, 6 -,-

Write for Bulletin 148

WAGNER ELECTRIC CORPORATION -6400 Plymouth Avenue-St. Louis, U.S.A.

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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TOWERS STR,

Like the impregnable
strongholds of the
feudal barons, Condit Types
F-8, F-19 and F-9 Oil Cir-
cuit Breakers are veritable
towers of strength.
All steel construction, four
breaks and high speed of
circuit interruption - they
spell security for high power
circuits up to 750,000 Kv-a.

CONDIT ELECTRICAL MFG. CORP.
Manufacturers of Electrical Protective Devices

BOSTON, MASS.
Northern Electric Company

LjDistributorfor the eDominion of Canada

Type
F-8

SPECIFICATIONS:-Types F-8, F-19 and F-9: Standard capacities 15,000 or 25,000 volts. Estimated interrupting capacity
18,000 to 30,000 amperes at 15,000 volts. For truck type or platen mounting.

1230

Please mention the JOURNAL of the A. 1. E. E. when writing to advertisers.
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Since 1894 the name Locke
has been synonymous with
quality in insulators. This
consistently high quality is,
in this age of service, more
essential than ever.

For assured service under
any and all conditions
specify "Locke."

LOCKE QUALITY

4....-,..... ...

17 ,.., 1-..-......... ...I .C. -.--- 1.-...t_i '
.1 r". 11

..
. -

MINI"°. ....., .. ' 101.1/1=Cli Plain .....11,.... . .'7:7._ ..-..' '''''''.....: '..-'. ''..-.---.--' .....- .--- -

Service
Service is your business and ours. The manu-
facture, transmission, and distribution of power
is essentially a service-a service which means
more in comfort and convenience than any other
we enjoy. In the few years since its inception,
the power industry has established and main-
tained the -highest standards of service.

Because of that, Locke Insulators, with a record
of satisfactory performance made over a long
period of years on many of the most important
transmission lines of the world, are your logical
selection. Exacting standards, constant research,
and rigid manufacturing control, assure a finished
product of consistently high quality.

You can rely on Locke Insulators to always give
you the perfect service necessary to the main-
tainance of your high standards.

LOCKE INSULATOR CORPORATION
BALTIMORE MARYLAND

Al
LOCKE SERVICE

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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Look for
"SCRULIX"

on the
Helix

Holding in Sand
Against Tremendous Windage Strain
On the banks of the Mississippi, directly op-
posite the Cahokia Plant, below East St. Louis, is

a large electric warning sign for steamboats.
With ordinary anchoring methods this sign
pulled loose several times due to the large wind-
age surface and the sandyground in which it was
erected. Months ago this sign was anchored with
three No. 1200 Matthews Scrulix Anchors.
They have held this sign through several near
tornadoes and have not slipped an inch.

trotrtuusrbonott"Huu. ..t.ustigatieettiett10.Aula,"

/ e

The helix o f Matthews Scrulix Anchors is so designed tha
under strain, the I ine3 of force radiate from the anchor helix
at sy° angles so thathundreds o f cubic feet of earth hold the
anchor in place. This principle in Matthews Sctuhx Anchors

113 gives a tremendous holding power in comparatively. oft earth.

This great holding power is due to the design of
Matthews Scrulix Anchors. The lines of force
radiate from the Helix at 45 degrees so that
hundreds of cubic feet of earth and tons of
resistance help to hold the anchor in place.
These anchors reach your men all assembled, ready to in-
stall. They are made in seven sizes to meet every anchor-
ing need. Send for Bulletin 8o1 that contains interesting
informative data which will help you solve your anchor-

ing problems.
Your Electrical Distributer Will Be Glad
To Serve You On Matthews Products

W. N. MATTHEWS CORPORATION
Engineers and Manufacturers

3706 FOREST PARK BLVD. ST. LOUIS, U. S. A.
Offices In All Principal Cities

MATTHEWS
SCRULIX ANCHORS
Look for"SCRULIX"on the Helix,

Ileum: mention the IMMNAI r l t II, A I. when wr it inv. 10 41(1ver timers.
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SALES
OFFICES:

Do You Pay for Results
You Do not Get from

Your Insulators?
A CERTAIN degree of effectiveness

I-1 in insulation and length of life is
expected when insulators are bought
and users of O -B lead tip pins know
that to get the most out of
their insulators, good pins
are essential. They know
that insulator and pin must
effectively work together if
they are to derive the full
benefits they buy in the in-
sulators.
Only when this interdepen-
dence is recognized and
acted upon, do you get all
you pay for and should
get in insulator performance

This booklet contains com-
plete information on 0-B
lead tip pins. Ask for 516H.

and life.
This is not "catch" theory, but actual-
ity shown over and over in experience.
Ineffective pins, or assembly of pins

NEW YORK
CHICAGO

in insulators, have repeatedly been the
source of insulator cracking and me-
chanical troubles, and loss in efficiency
proved time and again after thorough

investigation.
The line of 0-B lead tip pins
has been developed and is
offered as a means of giving
electric power companies the
advantage of undepreciated
insulating properties from
their insulators.
In a new Booklet, 516H,
just issued, full considera-
tion is given this matter,
It will be of great help to

you. Your request will bring a copy
by return mail.

Ohio Brass Company, Mansfield, Ohio
Dominion Insulator & Mfg. Co. Limited

Niagara Falls, Canada
497H

SS
PHILADELPHIA PITTSBURGH CLEVELAND

SAN FRANCISCO LOS ANGELES

PORCELAIN
INSULATORS

LINE MATERIALS
RAIL BONDS

CAR EQUIPMENT
MINING

MATERIALS
VALVES -ad

Please mention the JOURNAL of the A. 1. E. E. when writing to advertisers.
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BANK OF 12,000 K.V.A. 22,000 VOLT
Three phase Transformers with switching equipment

for changing taps
under load.

FERRANTI
TRANSFORMERS

FERRANTI, INC. FERRANTI, LTD. FERRANTI ELECTRIC

130 W. 42ND STREET HOLLINWOOD LIMITED

NEW YORK ENGLAND TORONTO, CANADA

Plettee mention the JOURNAL of the A. I. F. F. when writing to advertitters.
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fiLLISNCHaLMER5

ANOTHER INSTALLATION OF
ALLIS-CHALMERS POWER TRANSFORMERS

Above is shown the Racine Sub -Station of the Milwaukee
Electric Railway and Light Company where there are installed
Four 10,000 KV-A., 76300/132000 Y Volts HV., 27600 Volts LV.,
60 Cycle, 1 Phase, Oil Insulated, Self -Cooled, Out -Door Type
Transformers.

These Transformers also are rendering unquestionable service.

ALLIS ERS

RPRODUCTS
Electrical Machin

Steam Turbines

.

1.1.15CHLNER5
MANUFACTURING - COMPANY

ALLIS -CHALMERS
PRODUCTS

Flour and Saw Mill Machinery
Steam Engines Power Transmission Machinery

Gas and Oil Engines Pumping Engines-Centriugal Poop
Hydraulic Turbines Stearn and Electric Hoists

Crushing and Cement

MILWAUKEE, WISCONSIN. U.S.4.
Machinery An Compressors - Air Brakes

Mining Machinery Agricultural Machinery
Condensers

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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Low Cost
Substation

of
San Joaquin

Light & Power Corp.
uses

READ the article in Sept. 3 issue of
Electrical World for full descrip-

tion of "Inexpensive 11-Kv. Outdoor
Substation."
Note that on the Master Switch Location
15 Dosserts were used for the /8 I. P. S.
tubing . . . and on the Feeder Switch
Location 9 Dosserts were used on the
/8 I. P. S. tubing.
If Dossert cost outweighed Dossert serv-
ice they would hardly have been used in
designing an inexpensive structure.

Write for Dossert Catalog.

DOSSERTS
DOSSERT e COMPANY H.PBreslidoegnatn 242 West 41st St., New York

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.



20 ADVERTISING SECTION Journal A. I. E. E.

lllillions of poles
are in the vast
rystem "back of
the telephone."

Many busy hands braiding
threads of coriversatron -
the telephone cord.

-,worpri.VOIA9W:

-

Clelephones
and, Icebergs
don't overlook the part
you cannot see

With the telephone system as with an ice-
berg, by far the greater part is unseen. The
instrument on your wall or desk calls into
action vast equipment, all of which had to
be produced to a standard of accuracy rarely
found in industry.

Vhether it is the making of your Bell tele-
phone, or the wires and cables connecting it
to the central office, or the maze there of
distributing frames, relay racks and that mar-
vel of intricacy, the switchboard - here is a
work which calls for the skill gained through
long experience.

From the buying and testing of the raw
materials, through every step of manufacture
and inspection to the finished apparatus; fur-
ther, to its delivery on regular or emergency
order-and even to switchboard installation
-all this is Western Electric's responsibility.

And through this responsibility has come
during ford' -five years an ever-increasing op-
portunity of service to the American public.

Part of the great unseen
equipment that goes in-
to a telephone exchange.

Just wire-but see
all the equipment
needed to make it.

ilhge machtnes /Ike these aremade up of thousands of parts. needed to produce ulephone cable.

iJJlmb/ing a giant switchboard,

Back of
your

telephone egroin
SINCE 1882 MANUFACTURERS FOR THE BELL SYSTEM

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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electrical energy
measured by

SANGAMO METERS
AND TIME TOLD BY

SAN GAM O
CLOCKS

The new Consumers Power Com-
pany Building, Jackson, Mich. one of
the largest erected this year by any public

utility is completely Sangamo equipped.
The electrical energy is measured by

Sangamo Meters and electrically wound
Sangamo Clocks are installed throughout.

It is the first building to have a battery of
Sangamo Clocks guaranteed to keep time
with the accuracy of railroad watches.

The problem of measuring electrical
energy and the energy factors that

enter into the cost of furnishing electric
service is the main problem of Sangamo
engineers. As a result of their endeavors,
there is a Sangamo Meter for every
service -measuring purpose, and some-
where in the world there is a Sangamo
Meter installed every twelve seconds of
every working day.

SANGAMO ELECTRIC COM PANY, SPRINGFIELD, ILLINOIS
Please mention the JOURNAL of the A. 1. E. E. when writing to advertisers.
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Induction Type
Type IG relays are used for over -power or under-power appli-cation to limit the power flow in alternating -current circuits
and to control signals.

They operate instantaneously on power changes of plus or
minus 15 secondary watts.
Relays are usually calibrated in secondary watts.
Their settings are adjustable from zero to 1000 watts secondary.
High torque, accuracy, and permanent characteristics are out-
standing features.

Type IG relays are only part of the contribution which G -E
relay specialists have made for the protection of equipment and
the control of distribution systems. These specialists are avail-
able to protection engineers for the solution of relay problems.

G -E SWITCHBOARD EQUIPMENT

Air Circuit Breakers
Stationary Switchboards
Outdoor Station Equipment
Switchboard Accessories and

Devices

GENE

Relays
Oil Circuit Breakers
Truck -type Switchboards
Automatic Switching Equipment
Switches

501-14

AL ELECTRICSCHENECTAD Y, N. Y., SALES OFFICES IN PRINCIPAL CITIESGENERAL ELECTRIC COMPANY,

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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MAIN OFFICE

Warner Brothers
West Coast Studios

Hollywood, Cal.

Circuit Breakers
and

Instruments
at the

The magnificent West Coast Studios of Warner Brothers, Hollywood,
California, house a 20 panel switchboard which was designed, constructed
and installed under the direction of Mr. F. N. Murphy, Chief Electrician
for Warner Brothers.
The total output is over 12,000 amperes, but the overloads are frequent
and tremendous. The installation has been operating for four years with
100% satisfaction.
There are fourteen ROLLER -SMITH circuit breakers ranging in capacity
from 1000 amperes down.
There are thirty-seven ROLLER -SMITH Types SA and SD (,7 inch

round) instruments.
"Over thirty years' experience is back of ROLLER -SMITH"

EILLER-SMIT MPH COANT
Electrical Measuring and Protecttve Apparatus

WORKS

12 Park Place, NEW YORK Bethlehem, Penna.

Offices in Principal Cities in the United States and Canada. Representatives in Australia, Cuba and Japan

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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IN SIMPLE, COMPACT. PER.
FECTLY CLOSED MOUNTINGS
TIMKEN TAPERED ROLLER
BEARINGS SCIENTIFICALLY
PROVIDE HIGHEST CAPACITY
FOR ALL LOAD FROM ALL
DIRECTIONS. THIS IS MADE
POSSIBLE BY THE EXCLUSIVE
COMBINATION OF TIMKEN
TAPERED CONSTRUCTION.
TIMKEN POSI7 WELY ALIGNED
ROLLS AND TIMKEN ELEC-

TRIC STEEL.

100101M1111
1111A1M1111111117r
,Isionsammur

Your electric motors may drive direct, or through belts,
chain, helical or spur gears, or rope. You may have floor,
wall, or ceiling positions. There may be any combination
of thrust and radial load. But so far as the bearings are con-
cerned any Timken -equipped motor is ready to meet all
of these conditions without alteration or compromise.

Tell the motor manufacturer the general nature of the
service-determine the power required-and specify
Timken Tapered Roller Bearings That is all you have
to do in buying motors.

What is more, you have made lubrication and inspection
negligible items, by getting rid of all possible friction. You
have eliminated fire risk and dripping. You have banished
all the wear that causes high upkeep, burn -outs, shut-
downs, and worry. And you have installed motors that
maintain the original gap, permanently.

For you have bought the greater bearing area, the full
thrust capacity, and the extreme rigidity which only
Timken Tapered Roller Bearings assure. Specify them
in every order for motors.

THE TIMKEN ROLLER BEARING CO., CANTON, OHIO

SINGLE ROW
TIMKEN BEARING

Tapered
Roller

DOUBLE ROW
SELF- CONTAINED
TIMKEN BEARING

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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I; SAFETY AND RELIABILITY

A 5000 ampere I -T -E type L G Circuit Breaker for 600
volts or less alternating current service. This breaker is
equipped with Overload, Dalite (direct acting inverse time
limit ), and Autoite ( non -closable on overload) features.

I -T -E AIR BREAK has definite advantages
not present in the oil breaker

1. No oil-to leak, carbonize, burn or explode-Just air.
2. No tanks to conceal anything-or the lack of it.
3. No cells-nothing which needs or deserves to be im-

prisoned-Just a faithful and efficient servant.
4. Inherent simplicity- with resulting low cost of instal-

lation and maintenance.
THE CUTTER COMPANY-EST. 1888-505 N. 19th STREET-PHILADELPHIA

CUTTER
U -RE - LITE 'it r 1 -T -E CIRCUIT BREAKERS

Please mention the JOURNAL of the A. I. E. E. when writing io iolvertimerm.
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THE results achieved with
"Norma" Precision Ball

Bearings, or with "Hoffmann"
Precision Roller Bearings, or 
with the two in combination,
have never yet failed to justify
the judgment of those engineers
and designers who-seeking the
utmost in serviceability-have
specified "Precision" Bearings.
Write for Catalogs 904 and 905.

Norma -Hoffmann Bearings Corp'n.
Stamford. Conn., U. S. A.

usuuntunvint mums suseuusumnsiturevutitun 111M1111.111111111111111111111111.67> 414=:.3
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30 Horse Power Century Type SC Squirrel
Cage Induction 3 and 2 Phase Motor

Continuity of Service
The long uninterrupted service which users of Century Type SC Squirrel Cage

Induction 3 and 2 Phase Motors experience, results from liberal proportions,
with proper mechanical and electrical design and allocation of active materials.

Additional desirable features which contribute to their "Keep a -Running"

ability are:

1 .. Armatures are practically indestructible. The copper bars
and end rings are brazed over an area approximately six times
their cross section.

2 .. Bearings last under severe service. They are made from cast
phosphor bronze, machined to micrometer limits-and provided
with machine -cut figure -8 oil grooves.

3 .. Field coils withstand the dampness of humid, tropical di.
mates because they are insulated with moisture resisting material
and the completed winding saturated with insulating compound.

Century Type SC Squirrel Cage Induction 3 and 2 Phase Motors are built in

all standard sizes from IA to 75 horse power. Under normal operating conditions

temperature rise is not more than 40° Centigrade.

CENTURY ELECTRIC CO.1 1 1806 Pine Street i > ST. LOUIS
33 Stock Points in the United States and More Than

50 Outside Thereof

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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A Visual Oscillograph
Simple to Operate-An instrument no more difficult

to operate than a high grade radio receiving
l

set.Portable-Weighing but 40 pounds in its beautifulwanut cabinet, it is easily taken from research
room to lecture room or to a distant substation.Linear Time Axis-By the use of a unique scheme,
a linear time axis is obtained which is synchronizedwith the circuit under study, so that a perfectly
stationary visual wave is obtained which may beexamined with great care, traced or photographed.

High Frequencies-As there is no damping and the
inertia of the electron beam is only 10-18 grams, the
response to all frequencies and harmonics is trueand accurate.

Small Current-One micro-ampere is sufficient to
antuate this small moving element.

Immediate Results-Beeause it is visual, a class inElectrical Engineering or Radio can watch the
effect of changing the constants in any circuit whileit is happening. A power engineer can observe
the effect on wave form of various loads, field
excitations etc.,making a photographic record of
the results which it is deemed should be permanent.Powerful Research Tool - Wherever vibrationalphenomena are involved.

The Price is reasonable.
Described by Prof. F. Bedell, A.I.E.E. Journal June 1927.

Write for Reprint and Circular No. 273
THE BURT-CELL-A Photo -electric cell without fatigue._previously advertised, is described in Bulletin No. 271.Write for a copy.

We also manufacture quartz photo -cells
of remarkable constancy.

F.-.

2 --

Scientific
Instruments

DR. R. C. BURT
Research327South Michigan Ave. California

Fellow

PASADENA, CALIFORNIA of Technology
Cable Address: "Burt Pasadena"

Daily
Load
Conditions
at a
Glance

The detailed story of voltage fluc-
tuation, shown in the record line of
the above chart, well illustrates the
uniformity of load control that can
be secured under the guidance of

Bristol's
Recording
Voltmeters

Catalog 1502 describes
this equipment in de-
tail. Write today for
your copy.

The Bristol Co.
Waterbury - - Conn.

DECADE BRIDGE
Type 193

A Wheatstone Bridge using the dial-
decade design.

The third resistance can be switched
into either the unknown or the standard
arm for inductance and capacitance mea-
surements.

Described in Bulletin 4050-E.

Price $115.00

GENERAL RADIO COMPANY
30 State Street

CAMBRIDGE, MASSACHUSETTS

a

-a=

a

E..

DU NCA
Watthour Meters

Model M2.

Accurate
and

Dependable
Write for bulletins

DUNCAN ELECTRIC MFG. CO.
Lafayette, Ind.

SAUTER
electric

TIME SWITCHES
These "astronomic" time switches
are carried in stock for circuits of
250 Volts: 10, 25, 40, 60, 100, 200,

300 Amps.
4600 Volts: 25 and 50 Amps.
8000 Volts: 25 and 50 Amps.

Ask for new catalog S-1.

R. W. CRAMER & COMPANY, INc.
136 Liberty St. New York City

Please mentior he JOURNAL of the A. I. E. E. when:writing to advertisers.
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Balkite
is the

GrAfEr11-1

only charger
whose correct

operation is evident
at a glance

The mere fact that gas is rising from the electrodes
as shown in the cut indicates that the charger is
operating.

The approximate charging rate can easily be
estimated by observing the amount of gassing.

Any possible cause of trouble is immediately
visible to the maintainer.

The Balkite Charger does not suddenly cease
operation immediately after inspection.

On all types of installations the charger that
can be most readily inspected and maintained
will give the most reliable and efficient service.
It is these qualities that have made Balkite stand-
ard equipment wherever storage batteries are used.

FANSTEEL PRODUCTS COMPANY, Inc., North Chicago, Ill.

FMS-rEEL

Bal
Battery

te Chargers
PANSTEEL PRODUCTS COMPANY, Inc., North Chicago, Illinois

Gentlemen : Please send me bulletin TC-8 describing the Balkite
Chargers.

Name

Company

Address

Position A. I. H. E.-12-27 7.

I.

In Life-long Partnership
with "WESTONS"

WESTON has been far more than a mere
supplier to the Electric Power Industry

during the past forty years. By invitation, we
have been privileged to sit in its inner councils,
developing the necessary instruments to serve
its needs, step by step, throughout the entire
period of its history. The industry in all its
branches - laboratory, manufacturing and
power equipment operation-has brought its
various testing problems to us to be solved.
Our mutual relations have been more like a
partnership, in which Weston's responsibility
has ever been extreme accuracy and relia-
bility of the test result. This explains why
the second and third generations of engineers
are reluctant to experiment with other instru-
ments.
Weston has developed Model 155 Voltmeters, Ammeters
and Milliammeters for A. C. inspection tests. These
Weston reliables are of exceptionally light weight, com-
pact dimensions, and are ruggedly constructed. They can
be depended upon at all times to furnish accurate data for
the most exacting executive reports. Made in a wide
choice of ranges for all service requirements.

WESTON ELECTRICAL INSTRUMENT CORP.
48 Weston Avenue, Newark, N. J.

46$104
PIONEERS
SINCE 1888

INST UMENTS
Please mention the JOURNAL of the A. I. E. E. when writing toadvertisers.
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Where trees must not be trimmed

A typical Fibrex installation in New England

Where hazards are greatest - places where trees
must not be trimmed and where wires are rubbed
and chafed by swaying limbs - splice in a piece of
Fibrex Tree Wire.

Central Stations find that Fibrex creates good will
by eliminating the short circuits and swinging
grounds that interfere with the maintenance of
steady voltage.

Short pieces of Fibrex spliced into the line will
afford ample protection where overhead lines must
run through trees.

Fibrex consists of a rubber insulated copper con-
ductor protected by successive layers of tape, tarred
jute, non-metallic Fibrex armor and awear -resisting
weatherproof braid.

An immediate check-up along the line and the
early installation of Fibrex at danger points will
save the repair gang many annoying and expensive
emergency calls.

SIMPLEX yAgA CUE @
201 DEVONSHIRE ST.. BOSTON

CHICAGO SAN FRANCISCO NEW YORK
CLEVELAND JACKSONVILLE

MAIL THAT CHECK
fur Christmas Seals today

HAS your local tuberculosis association
mailed some Christmas Seals to you?

Why should you keep them?
Here's the answer: Christmas Seals help

finance the Tuberculosis Associations. These
associations have already aided in cutting the
tuberculosis death rate by more than half.
Every seal you buy works directly for the
health of your community, your friends, your
family-your health.

Send that check to your local association
today. Put the seals on your Christmas
mail-on your Christmas packages-and
spread their message of health and happiness.

am"
Christmas Greetingsend Good Heaith

THE NATIONAL, STATE, AND LOCAL TUBERCULOSIS
ASSOCIATIONS OF THE UNITED STATES

Please mention the JOURNAL of the A. I. E. E. whenrwriting to advertisers.
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Holabird & Roche, Chicago, Architects
George A. Fuller Co., Chicago-New York, General Contractors

J. Livingston eg' Co., Chicago, Electrical Contractors

The STEVENS HOTEL, Chicago
Wired Throughout with

American Steel & Wire
Company's

Rubber Covered Wire
TWO million feet of rubber covered wire

were used to completely wire all of the
29 floors, 3000 guest rooms, several kitch-
ens, ballrooms, banquet and meeting rooms,
hallways, reception parlors, lobbies and
other parts of this magnificent new hotel
recently completed on Michigan Boule-
vard, Chicago. Only the very finest ma-
terial and the most rigid specifications were
approved for this great building. The selec-
tion, therefore, of our wire to meet these
demands expresses most forcefully the uni-
form and dependable quality of the product,
and further gives striking evidence as to
the standing with leading architects and
contractors.

Let us send you our indexed catalog and
handbook of electrical wires and cables.
Estimates furnished promptly from any of
our offices in all of the principal cities.

SALES OFFICES
CHICAGO . . 208 Ho, La Halle Street NEW YORK .

. . 30 Church Street
CLEVELAND . . Rockefeller Building( howroN . . . 180 Franklin Street
oy,limer . . . . F of Find Street ITC11410114G11 , . . . . Frick Building
CINCINNATI . , Union Trait Building PIIILA DELPH IA . . : . ' Widener litulidina
MINNEAPOLIS-HT. PAUL . . . . ATLANTA ....101 Marietta Street

, Merchants Nat'l bank Old fiLl'aul wonciwricit .....04 Grove Street
HT. LOUIS . . . . WS (Hive Street BALTIMORE , . . . 32 Ho. Charles Ht.
KANHAH CITY . . 27aGrend Avon., 111/1,FALO . . . . 11;0 Ellicott Street
441111AA114401/A117:Y .Viraits4...N41.11a.nr.k I0da. WILE EH-SARRE . . Miner. Tank 111711i

77, 74A 5 FRANCISCO . . . Rialto Illdu.
MEM1'11114 . Union and Planters Hank 111a: 141/4 ANGELES . 2087 5. Slausen Ave

DALLAS . . . Praetorian Ifulldina  PORTLA ND . . . Otli and Aldor Ste.
DENVER , . Viral NutIonni hank 11111g. HEA'ITI,I4 . . 41.1, Are. 14o..41 Conn. Ht.
HALT LAKE CITY . . Walker Hank 111118.  United Mutes Steel Products Company

New York
225 Broadway

Protection
FOR

Important Circuits

Any Size or
Number of
Conductors

Low,
Medium
or High
Tension

Hazard Standard Lead Encased
Cables meet the demand for under-
ground cables of an exceptionally
high quality.

Their high dielectric strength is
obtained from the use of Hazard
Standard Insulation - our highest
grade of rubber compound.

The lead sheath is of uniform
thickness and tightly formed about
the core.

Send for Book No. 67 giving speci-
fications and other data.

HAZARD MANUFACTURING CO.
Wilkes-Barre, Pa.

Pittsburgh Chicago
1st Natl. Bank Midland Bldg.

Denver Philadelphia

HAZARD MFG. CO., Wilkes-Barre, Pa. EE117
Please send copy of Book No. 67.

Name ..

Street No...

City and State

With

Please mention the JOURNAL of the A. I. F.. E. when writing to advertisers
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Mo ey Transformers
Moloney Transformers can be had in
all types and sizes from the small
distribution unit to the larger power
sizes.

There are five Moloney factories
devoted exclusively to the manufac-
ture of transformers. Let us furnish
you with complete details.

Moloney Electric Company
Main Office and Factories

St. Louis, Mo.
Sales offices in all principal cities

JIX III II I II I II I I I I I I I I II I II I IIIIIIIII VIII IIIIiI III IINII I
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TYPE B, 11 -WAY JUNCTION Box FOR 600 -VOLT SERVICE

Dependable and Economical Power Distribution
Forty-five years experience in the manufacture and installation of underground cables has
convinced us that properly designed junction boxes are necessary to the profitable and
continuous transmission of power underground.

STANDARD Junction Boxes
have been developed as a result of this experience and their exclusive and patented features
insure a maximum degree of flexibility and dependability. Their protective and dis-
connecting features insure continuity of service and low maintenance cost.
If you are interested in effective junction boxes write our nearest office for Catalogue No. 7P0, just off the press.

Standard Underground Cable Co.
DIVISION OF GENERAL CABLE CORPORATION

General Offices: Pittsburgh, Pa.
BOSTON PHILADELPHIA ATLANTA CHICAGO ST. LOUIS SEATTLE

NEW YORK WASHINGTON PITTSBURGH DETROIT KANSAS CITY Los ANGELES
SAN FRANCISCO

FOR CANADA: STANDARD UNDERGROUND CABLE CO., OF CANADA, LIMITED, HAMILTON, ONT.
We manufacture Bare and Insulated Electric Wires and Cables of all kinds, also Cable Accessories.

PATENT PEN O'G

BURN DY
CONN ECTORS

WILL WITHSTAND
STORM AND SHOCK
AND CARRY FULL
CURRENT

INSTALLED
BY SIMPLY CLAMP-
ING BOLTS - -

"WISP

IMPROVED

a

a

a

T -CON N ECTOR
FOR TUBING CABLES

BURNDY
ENGINEERING CO. INC
10 EAST 43Ko STREET NEW YORK

CATALOG, ON It eqiitur

Strength
Mechanical Stability
Permanence
a trinity of qualities which makes

TOPPERWEID"

The Ideal
Overhead Ground Wire
Strength, mechanical stability and

permanency are the essential require-
ments for the overhead ground wire.

These qualities can be found combined
only in Copperweld which has the
strength and mechanical stability of
steel, with the rust -resisting properties
of copper.

Vogagrevx04 Cvivalaftwp
MAIN OFFICE 6 MILLS:RA000CE P.O. RANKIN. PA

30 CRUPC T. NEW VORN 129 5 JEFFERSON ST, CIRCA°,

403 RIALTO 000, SAN FRANCISCO

In Canada: Northern Electric Co., Ltd.

.11 1111111111111111111
IIII I III IIII 1111111111111111111111111111111111111111111111
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Lapp Insulators
do not fail!

LAPP INSULATOR CO., Inc.
LE ROY, N. Y.

Sales Representatives
BIRMINGHAM, ALA., Industrial Supply Co., 239 Brown -Marx Bldg.
BOSTON, Van Rosen Co.. Statler Building
CHARLOTTE, N. C., J. W. Fraser & Co., Commercial Bank Bldg.
CHICAGO, Transelectric Co.. Inc., 140 So. Dearborn St.
COLUMBUS, 0., Epgineering Merchandising Syndicate, 600 Joyce Realty Bldg.DALLAS, TEX., J. K. Webb, 1521 Commerce St.
DENVER, The 0. H. Davidson Egnipt. Co., 130 W. 14th Ave.
INDIANAPOLIS, W. D Hamer Co., 518 Tree. Terminal Bldg.
KANSAS CITY, MO., Power Machinery Co., 301 Dwight Bldg.
LOS ANGELES, S. Herbert Lanyon, 210 Transportation Bldg.
MINNEAPOLIS, J. E. Sumpter Co., 515 Security Bldg.
NEW YORK CITY, Shield Electric Co., 149 Broadway.
PHILADELPHIA, Harris & Butler, Real Estate Trust Bldg.
PITTSBURGH, Henry N. Muller Co., 2204 First National Bank Bldg.
SAN ANTONIO, TEX., L. G. Bassett, 723 Navarro St.
SAN FRANCISCO, S. Herbert Lanyon. 509 New Call Bldg.
SYDNEY, AUSTRALIA, Chas. M. Terry.
WELLINGTON, NEW ZEALAND. A. C. Thomas.

E-*

a-- Quebec District Office London Qffice612 Transportation Bldg. 343 Abbey House, 4 Victoria Street E
Montreal, Qu. London, S. W. 1.

INSULATORS

CANADIAN PORCELAIN CO., Ltd.
Hamilton-Ontario-Canada

:AB

-e)
1111111111 1111111111/11111111111111111111.111111111111111

alAffik

aLING
Quality Products 1

Electrical Wires and Cables 'F.:

glfor

Power and Lighting, Tele- El.

phone and Telegraph, Radio ...
....

...

and Automotive Circuits.
1 4

E- sE
E John A. Roebling's Sons Co. E

1.--=
s --Trenton, New Jersey .E.,E Si= =

KEARNEY
MANUFACTURERS OF

Preheated Certified Malleable Iron Screw Type Anchors
Outdoor Type Fuse Switches, Disconnecting Switches,
Choke Coils, and Combinations, 7500 and 15000 volts

Aluminum, Copper, and Galvanized Iron Guy Wire Clips
Extension Sleeve Twisters with Interchangeable Dies

Solderless Service Connectors
Expulsion Porcelain Plug Cutouts

Tap Off Clamps

Write for Catalog

JAMES R. KEARNEY CORPORATION
4220 Clayton Avenue - - ST. LOUIS, MO.

WIRE PRODUCTS For Varied Applications
We manufacture many types of wires, cords

- and cables for specific uses Among them are:

Main Office and Factory:Dorchester District Boston, Mass.
Canadian Branch, Office and Factory, Hamilton, Ont.

M

Rubber Covered Wire-Solid Conductor, Stranded
Conductor, Flexible Conductor, Extra Flexible Conductor.

Lamp Cords, Reinforced Cords, Heater Cord, Brew-
ery Cord, Canvasite Cord, Packinghouse Cord, Deck
Cable, Stage Cable, Border Light Cable, Flexible
Armored Cable, Elevator Lighting Cable, Elevator Oper-
ating Cable, Elevator Annunciator Cable. Switchboard
Cables, Telephone Wire, Flameproof Wires and Cables,
Railway Signal Wires, High Voltage Wires and
Cables. Automobile Ignition Cables, Automobile Light-
ing Cables, Automobile Starting Cables, Automobile
Charging Cables. Moving Picture Machine Cable.

Boston Insulated Wire ( Cable Co.

F NG-RAYEbomas Cluatttp
PORCELAIN INSULATORS

LINE HARDWARE
WIRING PORCELAINS

and
Porcelain Specialties

oe'"

INS
The transparency

makes line
can tell at a glance

Hemingray insulators
dependable. non -porous
defy moisture and age.

Send

GLASS'g
,e)FAit!
',401110-

V

kr

:M.
ANoc

ULAT 01Z)6'
of Hemingray Glass Insulators

inspection very simple. The lineman
whether the insulator is intact or not.

are mechanically and dielectrically
and uniform in structure. They

for Bulletin No. 1.

An American Standard since '73

--"or

THE R. THOMAS & SONS CO. HEMINGRAY GLASS COMPANY
YorkNew York East Liverpool, Ohio itifigBoston

Muncie, Indiana

iniumminiuminimmulimminimumnomminiuniumimmimmunniumuimmoniunimminominminimmoolinnonimmilinionma
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Pacific
Six Break Oil Circuit Breakers

in

Southern California

ilk
liems ' s ow Milk

i Tel '1 14j11111I

Olt
4,,, 1

w,,,. .
pi i 0'.4 V41.111

Piiiit v , 4fivek
41-t. t 4 ion,

d J f Ciis if i ,
L. .4"----, 1 73 Kv. Breaker

Installation at
Dalton Substation

of
Southern California

Edison Company

The Success of these Breakers is Based on

Speed!

Pacific Electric lianufacturine Co.
"The only Manufacturer of Horizontal Rotary Break Oil Circuit Breakers in the U. S. A."

5815 THIRD STREET, SAN FRANCISCO, CALIF.
and ST. LOUIS, MO., U. S. A.
Representatives in Principal Cities

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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DEPENDABILITY, con-
venience and long life

are three of the outstand-
ing advantages of Faradon
products.
Experts make sure they
get Faradon.

For any data desired, com-
municate directly with
the Company, attention
of the Engineering De-
partment.

The
choice of
men who

know

WIRELESS SPECIALTY APPARATUS CO.
Jamaica Plain, Boston, Mass., U. S. A.

Established 1907

1436
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THONER & MARTENS
underslung outdoor
disconnecting switch

THE standard T & M underslung outdoor
disconnecting switch, 800 amp., is now

equipped with choke coil.

Working pressure is 22,000 volts, dry flush
is over 88,000 volts and wet flush over
55,000 volts.

Other T & M features are the Bolt type
lock and new sleet cover.

Write for further details

THONER & MARTENS
463 Commercial St., Boston, Mass., U. S. A.

ommummumuouniniiiiiiinommiiimilitiniffiniumilininnitiumoimoulimmiummininnountimiontioominimilliiiiiniiiiimu%
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SCALE1 I
E

Some draftsmen like
.-=

P'.. -

P_ --

C

A

Wilititt-41011'

to save time

Can we interest you in
this subject?

Aset of our scale draw-
ings will do it

Let us send them for
your use

Every draftsman needs
this file

1 /8" -3/16" - 1 /4" - 3/8" -
1/2" - 3/4" and 1" to the
foot

(Are you on our mailing list?)

MileAlEts 01))

2400 Block, Fulton St. Chicago, Illinois

K -P -F POLE -TOP SWITCHES
Reduce Your Installation and Maintenance Costs

K -P -F type L -115-4500-V. Bolts to the cross -arm.
Line wires can be dead -ended directly to it.

FOR SECTIONALIZING
AND DISTRIBUTING SERVICE

Manufactured For Any Voltage

K -P -F SWITCHES have established their
reputation for dependability, efficiency and
economy through a period of many years
of actual service under varying conditions.

Extra deadends not required. Switch .

bolts to a single cross -arm. Shipped
completely assembled-ready to install.

Bulletin #106 covers this equipment in detail

K -P -F ELECTRIC CO.
a
aa

855-859 Howard St. San Francisco, Cal.

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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37

33,333 Kv-a.
or

1927

WESTINGHOUSE continues its
leadership in kv-a. capacity for self -

cooled transformers. Seven 33,333 kv-a.
transformers are going to the Philadelphia
Electric Company's Conowingo develop-
ment. These are to be used in stepping
down from the high-tension lines at Ply.
mouth Meeting substation.

In addition to being the largest self -cooled
transformers ever built, these transformers
have other notable features. They operate
at 220,000 volts-the highest commercial
voltage; they have a tertiary winding of
15,000 kv-a.; they have equipment for
changing taps under load.

Westinghouse engineers have again dem-
onstrated their ability to develop unusual
transformers to meet new conditions.

Westinghouse Electric & Manufacturing Company
Sharon Works Sharon, Pennsylvania

stirs Office. in All Principal Chief of
the United &ate. and Ionian Cvumrlo

Westin house
Pleame mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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Theres Teamvvork too
in Gurney Bearings

1
-44

Over treacherous wasteland trails, go these
harnessed huskies of the Northland. The pack
may be heavy but with twelve powerful dogs
teaming together, the musher drives through
with strength in reserve.

The Gurney maximum type bearing applies
this principal of load distribution in much the
same manner. More balls of tough wear-resist-
ing molybdenum steel team-together reducing
the load on each ball with consequently greater
strength in reserve and longer life.

Let Gurney "team" with your product. Our
Engineering Department will gladly work with
you.

MARLIN -ROCKWELL CORPORATION
Gurney Ball Bearing Division

JAMESTOWN, N. Y.

OTIVNEN'
BALL SLEARVOS

BETTE BIGBALL TI -1 EM
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THE
PIONEER MANUFACTURER

OF

Interpole & Ball Bearing
Motors

to 1000 H. P. D. C. and A. C.

Type "S" Ball Bearing Motor
with base and pulley

ELECTRO DYNAMIC COMPANY
Established 1880

EE

Sales Offices in Principal Cities
BAYONNE, N. J.

'C1111104

Slurlevanl ElWfit Monifse

B. F.

A. C. and D. C.; single
and polyphase-built in -3

sizes from small fractional E

to 250 horse-power-de-
signed to operate under a
constant full load where
uninterrupted service is
demanded.

STURTEVANT COMPANY
HYDE PARK, BOSTON, MASS.

Star Ball Bearing Motors
For

Hard
Usage

A. C.
and

D. C.

Complete line of standard motors and generators,
all sizes up to 75 h. p. and 50 kw. respectively.

Our Engineering Department at your serrice for all special applications

STAR ELECTRIC MOTOR CO.
NEWARK. NEW JERSEY

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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7- Protect Its Vi
With This New
PTIHIS new type anti -friction bearing pro-

tects itself against wearing grit. At the
same time, it protects moving parts in your
product from the same destruction. It holds
the oil in your lubrication reservoirs-it
keeps its own lubrication intact. It cuts
maintenance in half.

Even if your product isn't a motor un-
der a dust raining brick-conveyer-maybe
it works where grit gets into its seams and
grinds and wears between the moving steels.

Ball
.40sty ,44

?ttitsi

ine
re

4ec:;1.'..c.".'".-*

Diction Points
RB Ball Bearing

Mail us the coupon with your name and
address for short but complete details on
the new SRB Ball Bearing.

The coupon will get you an immediate
reply.
STANDARD STEEL AND BEARINGS

INCORPORATED
Plainville Connecticut

.44'1 Name

Company
,f7,1

City State

Standard Steel and Bearings Incorporated
Gentlemen:-Please send me information

on your newly developed ball bearing which
protects not only itself against (lying dirt,
but which a/so bells dust from wearing the
vital parts of the products it serves foranti-
friction purposes.

Please mention the JOURNAL of the A. I. E. E. when writing to advertitms.
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F.-

g-.

CONTROLEAD TERMINAL BLOCKS
WITH INTERCHANGEABLE SWITCH PARTS

Sample and Bulletin furnished on request

BURKE ELECTRIC CO., ERIE, PA.

Trade "ESCO" Mark

ELECTRIC SPECIALTY CO.
Engineers and Manufacturers

DESIGN-
DEVELOP --2.

PRODUCE -
E --

a 222 South Street, STAMFORD, CONN., U.S.A.

Small Motors, Generators, Dynamotors,
Motor Generators, Rotary Converters, Etc.

FOR SPECIAL PURPOSES-Send Us Your Problems
(Smith Building)

228 West Broadway, N. Y. City
Incorporated 1897

MODELS!
for

MANUFACTURING STANDARDS
SALES DEMONSTRATION AND DISPLAY E

USE IN LITIGATION
Experimental Development under Client Supervision- --=

I MANUFACTURERS' & INVENTORS' I
ELECTRIC CO.

gE

MARTINDALE mai=tZnce EQUIPMENT

THIS "AD" IS
TOO SMALL!

. . To tell you about ALL of the GOOD POINTS of the

Universal Full -Reaction
Brush Holder

. . . . Some of them are .

INCREASES . . Life of Brush; Life of Commutator; Com-
mutating Efficiency. PREVENTS . . . Brushes from moving
sideways on commutators; Brushes from shifting or moving in holder
due to side oscillation of armature; Brushes from wearing unevenly.

MARTINDALE ELECTRIC CO..
1254 W. 4th St., Cleveland, 0.

Send me your Bulletin on Universal Brush Holders.

Name and Title

Company.

Street ...

1

MARTINDALE Maintenance EQUIPMENT
Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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Lad talks in parables.

"Here, Lad
you claim that the Lincoln people have

hit on a wonderful idea in motor construction.
How come that something new in a motor,
one of the oldest and most thoroughly de-
veloped pieces of electrical apparatus, should
so suddenly be discovered?"

"Easy, Pop-
stockings were invented in the eleventh

century but they weren't discovered until the
twentieth.
There have been too many cast iron petticoats
on motors in the past-all following a rigid
fundamentalism in design.
The Lincoln people in this `Line -Weld' motor
got rid of cast iron construction-put in mus-
cular shafts and masculine bearings to keep
down bearing troubles-piled in plenty of
active materials and better insulation. But
they didn't make a new motor-just made it
according to modern principles with a better-
ment of the older principles-pulled out the
cast iron petticoats that warmed up the old
motors-put in welded steel which let in the air.

In other words, they gave the motor a chance
to step-with pep."

The Lincoln Electric Co., Dept. No. 21, Cleveland, Ohio
M - 4

Please mention the JOURNAL, of the A. 1. E. E. when writing to advertisers.
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Pittsburgh Transformer Company
Largest Manufacturers of Transformers exclusively

in the United States

Pittsburgh, Pennsylvania

zi111111 IIIIIIIIn1111111111111111111111111IIIIIIIIIIII111111IIIliiiiiiiiiiiiiiiiii
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cPtITAcr EeTRe"'L E
a=COMPANY 1 E TRUMBULL

.EEPg1aE--

The 4 of our E g
iElements

Business
g g EleOtrical

E E

Sh for years have stood theE
EUND of the largest motor, t4:TRADE -MARK E dynamo, generator, ands-.

N Automatic Starters Pressure Regulators g radio
States.

builders in the UnitedCircuit Breakers Remote Switches
g EFloat Switches Speed Regulators Our Engineering Depart-

g.
5

meat
a

Hand Starters BMagnet Switches Valve Control a ...11:t.
Write us concerning your

Transfer Switches is at your service.
E

_-. WRITE FOR CATALOG E
ESundh Electric Company, 4 Ave. C, Newark, N. J.

N Branch Offices or Sales Representatives in Principal Cities 1
a

JEFFERSON
is equipped to design or build

Special Small Transformers to order.

stacid laggiotfflvvthi
Submit your problem without obligation.

Jefferson  'c mfg. co.
49

CHICAGO.ILL U S.A.546 50 GREEN 51

eets most exacting tests of scores E

requirements.
N.

a
- THE TRUMBULL STEEL COMPANYa

E
a: WARREN Malls, Laboratories and General Offices OHIO= E

a

INVENTIONS DEVELOPED AND
SOLD by a Service Corporation com-

prising engineers, manufacturers of over
twenty years experience maintaining
own Patent Department with skilled
attorneys specializing in Automotive
and Domestic Appliance fields, particu-
larly I celess Refrigeration. Can finance
meritorious propositions and furnish
highest references. Box No. 134,
JOURNAL of A. I. E. E., 33 West 39th
St., New York.

Here's a new starter !
Completely oil -immersed

Dust tight-Gas tight-Weatherproof
Write for complete details of this new across -the -line starter.

OWAN CONTROL
THE ROWAN CONTROLLER CO., BALTIMORE, M O.

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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SHEETS
RODS
TUBES
SHAPES
Graded to

your requirements

Paper base
Canvas base

Laminated BAKELITE

HENOLITEf

SHEETS
RODS
TUBES
SHAPES

PEERLESS /
INSULATION

NATIONAL VULCANIZED FIBRE CO.
WILMINGTON DEL., U. S. A.

Offices in principal cities

"IRVINGTON" PRODUCTS
Black and Yellow

Varnished Cambric Varnished Paper
Varnished Silk

Flexible Varnished Tubing E

i Insulating Varnishes and Compounds ...=

1

-.±.-

R:

"Cellulak" Tubes and Sheets ff.

E

_
IRVING-TON VARNISH fp/. INSULATOR &

IrvInoton,Nevjersey.--e)

g

Sales Represeniatives
Mitchell -Rand Mfg. Co.. A. L. Dillies. Toronto Prenler Brothers, Inc.,

New York Consumer's Rubber Co., Chicago
E. 31. Wolcott, Rochester Cleveland White Supply Co.. St. Louis

I. W. Levine, Montreal Martin Woodard, Seattle Clapp .1t La Moree, Los Angeles

Trade Mark Registered

"UNIQUE" THIN LEAD
Colored Wooden Pencil-
has the best and most usable
thinnest lead of utmost
strength and durability.
Can be sharpened in a pencil
sharpener to a needlepoint.

Make fine lines in color
for

figuring
checking
underscoring
blueprints
charting, etc.
The 12 colors en-
able executives
to have their
own symbol.

No.
Blue . 1206
Red . 1207
Green 1208
Yellow 1209
Purple 1210
Brown 1212

No.
Orange 1214
White . 1215
Lt.Blue . 1216
Pink . 1217
Lt.Green 1218
Maroon 1219

At al/ dealers, or write direct

12
Colors
$1.00

per dozen

AMERICAN LEAD PENCIL CO., 20 4 Fifth Ave.,NewYork
Makers of the famous VENUS Pencils

MASTER

ENIEL CAUFLICAL IN5TRONIftr
CO.

Pattern
No. 172
A. C.
Master
Portable

Red
Stripe

It has a-
instrument of the same size.
Hand drawn scale.
Reinforced, moulded, black bakelite case.
Large size, highly developed movement.

--Large scale opening closed by non-
shatterable glass for the first time in a
portable instrument.

-Series resistance placed in separate
ventilated compartment.

Each of the above features is of real advantage to
the user of instruments because-
a longer scale permits closer determination of
indicated values-increases accuracy.
a large scale opening permits more illumination
of the scale with ease in reading.

-- hand drawn scales have cardinal points stepped
directly from the movement with which it is
to be used. The instrument remains accurate.

-non-shatterable glass in the scale opening
prevents danger of damage to movement from
broken glass as in ordinary instruments with
resultant expensive repairs.

- -there are no soldered connections within the
exciting coil. A lighter but stronger moving
element is used and no iron other than repul-
sion vanes in the area of exciting coil.
Moulded bakelite insulation is used throughout.
Errors are thus eliminated.

- -bakelite cases are impervious to acids, oils
and moisture and are excellent insulation for
the movement.
error due to heat generated in the series
resistance is removed by placing it in a separate
ventilated compartment.

Write for a copy of Form 1111 which tells all about this instrument.

Jewell Electrical Instrument Co.
1650 Walnut St., Chicago

"27 Years Making Good Instrument .v "

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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We Serve only one
Master-"QUALITY"!

Acme Varnished Insulations are made from
long -staple cotton yarns-finest Japanesesilk-or special tested papers. The varnish,
made from high-grade vegetable oils, is applied
under accurate heat control. The result is-
extreme flexibility, wide dielectric reserve,
and resistance to acid, oil, moisture and gases.The line comprises:-

Varnished Cambrics
-black and yellow, in standard 50 -yard rolls, 35to 36 inches wide. I -inch core tube, ends paraffined.
Also in 25 or 100 -yard rolls if desired. Thicknesses.from .004' to .015° and in other fabrics up to .030".Standard finish, dry; optional, tacky or waxy.

Varnished Cambric Tapes
-black and yellow, cut straight or bias, sewed orseamless. 72 -yard standard rolls: others to order.Widths. up. Standard core 1W; .005" to .015'thicknesses. Standard finishes; yellow, dry; black,greasy. The bias tapes have 48 closely stitchedseams in a standard roll.

Varnished Silks and Tapes
Color, yellow. Cut straight. 25 or 50 -yard rollsuntrimmed, 1W paper cores; cut bias. 45 deg.angle, in 50' strips. 200 to the package. Widths.Y4' to 36'. Dry and slightly tacky finishes .002"to .008' thicknesses.

Varnished Papers
-black and yellow, in standard 50 -yard rolls. 36'wide, ends paraffined. Tapes 34' wide and up.
Thicknesses,_.006' to .020'. Dry, tacky or greasy
finishes.

Varnished Tubing
Standard colors, yellow, black, red, green and brown.
Standard 30' lengths; 24" to 36' lengths to order.
Sixteen sizes, inside diameter .042' to .295'. Di-
electric voltages from 2.500 to 5,000. (Also special
tubings for voltages up to 30,000.)

Write for Catalog 3A

THE ACME
WIRE CO.

Main Office and Plant, New Haven, Conn.
Branches

New York, 52 Vanderbilt Ave. Chicago, 427 West Erie Street
Cleveland, Guardian Bldg.

111111111111UUMMUMMIMMIM11111111111UM111111111111111111111111M1111111111111111111MUMMIUMUMUUMMIIIIUMIUMUMMI

BOARD
West Virginia

Fibre Board
For Electrical Insulation

Tested and approved by the
Underwriters' Laboratories.
High tensile and dielectric
strength. Used successfully
by many of the large electrical
manufacturers.
A decided factor for economy.

Pulp Products Department
West Virginia

Pulp cSc Paper Company
200 Fifth Avenue, New York, N. Y.

505 Dime Bank Bldg. 732 Sherman StreetDetroit, Mich. Chicago, Ill.
503 Market Street, San Francisco, Cal.
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LAVA
INSULATORS
Manufacturers of electrical ap-
pliances adopt lava insulators be-
cause of their dependability. Lava
parts, made to special design, pos-
sess great dielectric strength.

AMERICAN LAVA CORPORATION
27-67 Williamson St.,

Chattanooga Tennessee
Manufacturers of Heat Resistant Insulators

11111t111f1111111141111illilliwitimitumminHniimirintiiitiNomminutimimmonnottimixowNetstimmaig
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Brush -holder ring of Bakelite Molded which is used on the
Turbo -Generator made by Pyle -National Co., Chicago.

A Bakelite Molded brush -holder ring
eliminated "leakage" troubles

MURBO-generators in locomotive
lighting and train control service

are subjected to hard usage, and
every part must be exceptionally
rugged and dependable. Pyle -Na-
tional turbo -generators were orig-
inally provided with brush -holder
rings of cast iron but these caused
trouble because of leakage between
brush -holder and ground.
The brush -holder ring is now made
of Bakelite Molded because it pro-
vides the necessary insulation prop-
erties, eliminating leakage between
holder and ground, and is also very

strong. These Bakelite Molded
rings are economically produced as
they are formed in one operation
with metal inserts firmly embedded
and three operations formerly re-
quired are no longer necessary.

Bakelite Cooperation
Bakelite Sales and Service Engineers are
located in important industrial centers
throughout the country, and they are
equipped to render prompt and helpful co-
operation to present and prospective users of
Bakelite Materials. The Bakelite Corporation
places at their service the facilities of its
extensive laboratories, and its unequalled
experience in the practical application of
phenol resin products to industrial needs.
Write for Booklet 3 "Bakelite Molded."

BAKELITE CORPORATION
247 Park Ave., New York, N. Y., Chicago Office: 635 West 22nd St.
BAKELITE CORP, OF CANADA, LTD., 163 Dufferin St., Toronto, Ontario, Canada

BAK
THE MATERIAL OF

LITE
A THOUSAND USES

"The registered Trade Mork and Symbol shown above may be used only on products mode from materials

manufactured by Bakelite Corporation Under the capital "13" Is the n ume rica I sign for infinity, or unlimited
quantity It symbolizes the Infinite number of present and future uses of Bakelite Corporation's products."

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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PROFESSIONAL ENGINEERING DIRECTORY
For Consultants in the Fields of Engineering, and Related Arts and Sciences

AMBIJRSEN DAMS
Hydroelectric Developments

Water Supply and Irrigation Dams
DAMS ON DIFFICULT FOUNDATIONS

AMBIIRSEN CONSTRUCTION CO.
Incorporated

Grand Central Terminal, New York
Kansas City, Mo. Atlanta, Ga.

W. S. BARSTOW & COMPANY
Incorporated

Financial and Operating
Managers of

Public Utilities
50 Pine Street New York

BATTEY & KIPP
Incorporated

ENGINEERS
Complete Industrial Plants

Power Plants & Electrical Installations
Engineering Reports, Analyses & Appraisals
231 South LaSalle Street CHICAGO

BLACK & VEATCH
Consulting Engineers

Water, Steam and Electric Power Investiga-
tions, Design, Supervision of Construction,

Valuation and Tests.

Mutual Building KANSAS CITY, MO.

ROBERT C. BURT, E. E., Ph. D.
DONALD H. LOUGHRIDGE, Ph. D.

Consulting Physicists
Designers and Makers of

Scientific Instruments
PASADENA

327 So. Michigan Ave. California

BYLLESBY
ENGINEERING AND MANAGEMENT

CORPORATION

New York

231 S. La Salle Street
CHICAGO

San Francisco

WALTER G. CLARK
Consulting Engineer

Electrical, Mining and Industrial
Reperts

Supervision of Organization and Arrange-
ments for Financing

LOS ANGELES NEW YORK
1211 Insurance Exch. Bldg. 40 Wall St.

EDWARD E. CLEMENT
Fellow A. I. E. E.

Attorney and Expert
in Patent Causes

Soliciting, Consultation, Reports,
Opinions

McLachlen Bldg. Washington, D. C.
700 10th St., N. W.

HAROLD A. DANNE

LIGHT AND POWER

41 PARK ROW NEW YORK

DAY & ZIMMERMANN, Inc.
Engineers

Power Plants, Sub -Stations,
Transmission Lines, Industrial Plants
Examinations and Reports, Valuations,

Management of Public Utilities
1600 WALNUT ST., PHILADELPHIA

New York Chicago

DAVID V. FENNESSY

Consulting Power Engineer

MILLS BUILDING EL PASO, TEXAS

FORD, BACON & DAVIS
Incorporated

ENGINEERS
116 Broadway, New York

Philadelphia Chicago San Francisco

FRANK F. FOWLE & CO.

Electrical and Mechanical
Engineers

MONADNOCK BUILDING CHICAGO

FREYN ENGINEERING COMPANY
Industrial Electric Power

Generation-Application-Purchase
Combustion Engineering
Electric Furnace Installations

CHICAGO PHILADELPHIA
310 South Michigan Ave. 1600 Chestnut St.

A. BARNETT GREEN

Writing - Editing - Compiling
Engineering Matter

1328 BROADWAY NEW YORK

AUGUSTUS M. HENRY

COUNSELOR AT LAW

(Patents and Patent Causes)

WOOLWORTH BLDG. NEW YORK

HOOSIER ENGINEERING CO.
Erectors of

Transmission Lines and Substations
100 W. Monroe Street

CHICAGO
NEW YORK INDIANAPOLIS31 Nassau Street 5 E. Market Street

Dugald C. Jackson
Edward L. Moreland

JACKSON & MORELAND

CONSULTING ENGINEERS

31 St. James Ave. Boston, Mass.

E. S. LINCOLN
Consulting Electrical Engineer

Designs Investigations Reports
Electrical Research Laboratory

Graybar Building
420 Lexington Avenue NEW YORK

MCCLELLAN & JUNKERSFELD
Incorporated

Engineering and Construction
Power Developments-Industrial Plants

Electrifications-Examinations
Reports-Valuations

NEW YORK
68 Trinity Place

Chicago St. Louis

John Minton I. G. Maloff

JOHN MINTON, PH. D.
Consulting Engineer

Fo. Developing, Designing & Manufacturing
of Radio Receivers,Amplifiers,Transformers,
Rectifiers, Sound Recording & Reproducing

Apparatus.
Radio & Electro-Acoustical Laboratory.

8 Church Street White Plains, N.Y.

N. J. NEALL

Consulting Engineer
for

Electrical and Industrial Properties

12 PEARL STREET BOSTON, MASS.

NEILER, RICH & CO.
Electrical and Mechanical

Engineers
Consulting, Designing and

Supervising

431 So. Dearborn St. - - - Chicago

To be printed in the
following issue, copy for
cards must be received
by the 20th of the month.

Please mention the JOURNAL of the A. 1. E. E. when writing to advertisers.
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PROFESSIONAL ENGINEERING DIRECTORY
For Consultants in the Fields of Engineering, and Related Arts and Sciences

OPHULS & HILL, Inc.
Formerly Ophuls, Hill & McCreery, Inc.

CONSULTING ENGINEERS
112-114 WEST 42nd ST., NEW YORK CITY

Ice Making and Refrigeration
Investigations and Reports

FARLEY OSGOOD
Consultant

Design, Construction, Operation
Inter -Connection

of
PUBLIC UTILITIES

National Bank of Commerce Building
31 Nassau Street, New York, N. Y.

Tel.: Rector 7878 Cable Address: Fargood

I. S. PRENNER
Mem. A. I. E. E.

Lawyer-Engineer
Patent Practice

Liberty Trust Bldg.
Broad and Arch Sts. PHILADELPHIA

PUBLIC SERVICE
PRODUCTION COMPANY

Engineers and Constructors
Design and Construct: Power Plants,
Transmission Lines, Industrial Plants,

Highways, Railroad Shops and Terminals,
Gas Plants, Commercial Buildings

Make: Examinations, Reports and Valuations
80 PARK PLACE NEWARK, N. J.

SANDERSON & PORTER
ENGINEERS

PUBLIC UTILITIES & INDUSTRIALS
Design Construction Management

Examinations Reports Valuations

Chicago New York San Francisco

SARGENT & LUNDY
Incorporated

Mechanical and Electrical
Engineers

1412 Edison Bldg., 72 West Adams Street
CHICAGO ILLINOIS

SCOFIELD ENGINEERING CO.
Consulting Engineers

Power Stations Gas Works
Hydraulic Developments Electric Railways
Examinations & Reports Valuations

Philadelphia

JOHN A. STEVENS

CONSULTING POWER ENGINEER

16 Shattuck Street
LOWELL MASSACHUSETTS

STEVENS & WOOD
INCORPORATED

Engineers and Constructors

120 BROADWAY, NEW YORK
Youngstown, 0.

STOCKBRIDGE & BORST

Patent Law

41 PARK ROW NEW YORK CITY

STONE & WEBSTER
Incorporated

DESIGN AND CONSTRUCTION
EXAMINATIONS REPORTS

APPRAISALS
INDUSTRIAL AND PUBLIC SERVICE

PROPERTIES
New York Boston Chicago

PERCY H. THOMAS
Consulting Engineer

ELECTRIC POWER
Generation - Transmission

Applications

120 BROADWAY NEW YORK

THE U. G. I. CONTRACTING CO.
Engineers & Constructors

Power Developments, Industrial Plants, Gas
Plants, Transmission Systems, Appraisals

Broad & Arch Sts., PHILA., PA.
421 Peoples Gas 928 Union Trust
Bldg., Chicago, Ill. Bldg., Pittsburgh, Pa.

THE J. G. WHITE
ENGINEERING CORPORATION

Engineers - Constructors
Oil Refineries and Pipe Lines,

Steam and Water Power Plants,
Transmission Systems, Hotels, Apartments,
Offices and Industrial Buildings, Railroads
43 E %CHANGE PLACE NEW YORK

J. G. WRAY & CO.
Engineers

J. G. Wray, Fellow A. I. E. E. Cyrus G. Hill

Utilities and Industrial Properties
Appraisals Construction Rate Surveys
Plans Organizations Estimates
Financial Investigations Management

576 First National Bank Bldg., Chicago

YOUR
CARD in each issue of this publication-12 times a

year, will keep your name and specialized service con-
stantly before the electrical industry.

Qualified advertisers in the Engineering Directory are invited
to send for rates.

ELECTRICAL
TESTING

LABORATORIES
80th Street and East End Ave.

NEW YORK

Inspections - Tests - Research
Tests may be used by the purchaser for the following purposes:

(I) To determine the quality of competing samples. This enables the purchase
of the hest quality for the money.

(2) To make sure that shipments comply with specifications. This makes possible
the assurance to the customer that shipments match buying samples.

(3) To furnish an impartial decision In case of disputes between purchaser and
manufacturer.

Testing places the whole buying problem on a sound basis.

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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Classified Advertiser's Index for Buyers
Manufacturers and agents for machinery and supplies used in the electrical and allied industries.Note: For reference to the

AIR COMPRESSORS
Allis-Chalmers Mfg. Co., Milwaukee
General Electric Co., Schenectady
Western Electric Co., All Principal Cities

AIR WASHERS
Sturtevant Co., B. F., Boston

AMMETER COMPENSATING COILS
Minerallac Electric Co., Chicago

AMMETER, VOLTMETERS
(See INSTRUMENTS, ELECTRICAL)

ANCHORS, GUY
Kearney Corp., Jas. R., St. Louis
Matthews Corp., W. N., St. Louis

ARMS FOR STREET LIGHTING
Hubbard & Co., Pittsburgh

BATTERY CHARGING APPARATUS
Electric Specialty Co., Stamford, Conn.
Fansteel Products Co. Inc., North Chicago
General Electric Co., Schenectady
Wagner Electric Corp., St. Louis
Ward Leonard Electric Co., Mt. Vernon, N.Y.
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
BEARINGS, BALL

Gurney Ball Bearing Division of Marlin -
Rockwell Corp., Jamestown, N. Y.

New Departure Mfg. Co., The, Bristol. Conn.
Norma -Hoffmann Bearings Corp., Stamford,

Conn.
Standard Steel & Bearings, Inc., Plainville,Conn.

BEARINGS, ROLLER
Timken Roller Bearing Co., The, Canton, 0.

BLOWERS
Sturtevant Co., B. F., Boston

BOXES, FUSE
General Electric Co., Schenectady
Kearney Corp., Jas. R., St. Louis
Metropolitan Device Corp., Brooklyn, N. Y.
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., Pitts-burgh

BOXES, JUNCTION
G & W Elec. Specialty Co., Chicago
Metropolitan Device Corp., Brooklyn, N. Y.
Standard Underground Cable Co., Pittsburgh

BRUSHES, COMMUTATOR
Car bon

Morganite Brush Co., Inc., L. I. City, N. Y.
National Carbon Co., Inc., Cleveland
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
Copper Graphite

Morganite Brush Co., Inc., L. I. City, N. Y.
National Carbon Co., Inc., Cleveland
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
BUS BAR FITTINGS

Burndy Engineering Co., Inc., New York
Delta -Star Eledtric Co., Chicago
General Electric Co., Schenectady
Ohio Brass Co., Mansfield, 0.
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh

BUSHINGS, PORCELAIN
Ohio Brass Co., Mansfield, 0.

CABLE ACCESSORIES
Delta Star Electric Ce., Chicago
Dossert & Co., New York
G & W Electric Specialty Co., Chicago
General Electric Co., Schenectady
Minerallac Electric Co.' Chicago
Standard Underground Cable Co., Pittsburgh
Western Electric Co., All Principal Cities

CABLE RACKS
Metropolitan Device Corp., Brooklyn, N. Y.

CABLES
See WIRES AND CABLES

CABLEWAYS
American Steel & Wire Co., Chicago
Roebling's Sons Co., John A., Trenton, N. J.

Advertisements see the Alphabetical List of Advertisers on page 54.
CAMBRIC, VARNISHED

Belden Mfg. Co., Chicago
General Electric Co., Bridgeport, Conn.
Irvington Varnish & Ins. Co., Irvington, N. J.
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh

CARRIER CURRENT TELEPHONE EQUIP-
MENT

Western Electric Co., All Principal Cities
Wireless Specialty Apparatus Co., Boston

CIRCUIT BREAKERS
A ir- E closed

Cutter Co., The, Philadelphia
Roller -Smith Co., New York
Sundh Electric Co., Newark, N. J.
Ward Leonard Electric Co., Mt. Vernon, N.Y.
Western Electric Co., All Principal Cities

Oil
Condit Electrical Mfg. Corp., Boston
General Electric Co., Schenectady
Pacific Elec. Mfg. Co., San Francisco
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh

CLAMPS, GUY & CABLE
Burndy Engineering Co., Inc., New York
Kearney Corp., Jas. R., St. Louis
Matthews Corp., W. N., St. Louis

CLAMPS, HOT LINE
Kearney Corp., Jas. R., St. Louis

CLIPS, CABLE
Kearney Corp., Jas. R., St. Louis

CLOCKS
Cramer & Co. Inc., R. W., New York
Sangamo Elec. Co., Springfield, Ill.

COILS, CHOKE
Burke Electric Co., Erie, Pa.
General Electric Co., Schenectady
Kearney Corp., Jas. R., St. Louis
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
COILS, MAGNET

Acme Wire Co., New Haven, Conn.
Belden Mfg. Co., Chicago
Dudlo Mfg. Corp., Ft. Wayne, Ind.
General Electric Co., Schenectady
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh

COMMUTATOR SLOTTERS
Martindale Electric Co., The, Cleveland

COMMUTATOR STONES
Martindale Electric Co., The, Cleveland

CONDENSATION PRODUCTS
Bakelite Corporation, New York

CONDENSERS, COUPLING
For Carrier Current Telephone

Wireless Specialty Apparatus Co., Boston
CONDENSERS, RADIO

General Radio Co., Cambridge, Mass.
Sangamo Elec. Co., Springfield, Ill.
Wireless Specialty Apparatus Co., Boston

CONDENSERS, STEAM
Allis-Chalmers Mfg. Co., Milwaukee
General Electric Co., Schenectady
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh

CONDUIT, UNDERGROUND FIBRE
Western Electric Co., All Principal Cities

CONNECTORS, SOLDERLESS
Dossert & Co., New York
Kearney Corp., Jas. R., St. Louis
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
CONNECTORS AND TERMINALS

Belden Mfg. Co., Chicago
Burke Electric Co., Erie, Pa.
Burndy Engineering Co., Inc., New York
Dossert & Co., New York
G & W Electric Specialty Co., Chicago
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh

CONTACTS, TUNGSTEN
Fansteel Products Co. Inc., North ChicagoGeneral Electric Co., Schenectady

CONTROL SYSTEMS
Ward Leonard Electric Co., Mt. Vernon, N.Y.

CONTROLLERS
Electric Controller & Mfg. Co., Cleveland
General Electric Co., Schenectady
Rowan Controller Co., Baltimore
Sundh Electric Co., Newark, N. J.
Ward Leonard Electric Co., Mt. Vernon, N.Y.
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-burgh

CONVERTERS --SYNCHRONOUS
Allis-Chalmers Mfg. Co., Milwaukee
Electric Specialty Co., Stamford, Conn.
Wagner Electric Corp., St. Louis
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
COPPER CLAD WIRE

Belden Mfg. Co., Chicago
Copperweld Steel Co., Rankin, Pa.
Standard Underground Cable Co., Pittsburgh
Western Electric Co., All Principal Cities

CUT-OUTS
Condit Electrical Mfg. Corp., S. Boston
General Electric Co., Schenectady
G & W Electric Specialty Co., Chicago
Kearney Corp., Jas. R., St. Louis
Metropolitan Device Corp., Brooklyn, N. Y.
Wagner Electric Corp., St. Louis
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
DIMMERS, THEATRE

Ward Leonard Electric Co., Mt. Vernon, N. Y.
DRAWING INSTRUMENTS

Cramer & Co., Inc., R. W., New York
DYNAMOS

(See GENERATORS AND MOTORS)
DYNAMOTORS

Burke Electric Co., Erie, Pa.
Electric Specialty Co., Stamford, Conn.

ELECTRIFICATION SUPPLIES, STEAMROAD
General Electric Co., Schenectady
Ohio Brass Co., Mansfield, Ohio
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
ENGINEERS, CONSULTING AND CON-TRACTING

(See PROFESSIONAL ENGINEERING
DIRECTORY)

ENGINES
Gas (sr Gasoline

Allis-Chalmers Mfg. Co., Milwaukee
Sturtevant Company, B. F., Boston

Oil
Allis-Chalmers Mfg. Co., Milwaukee
Sturtevant Company, B. F., Boston

SAllis-Chalmers Mfg. Co., Milwaukee
Sturtevant Company, B. F., Boston

FANS, MOTOR
Century Electric Co., St. Louis
General Electric Co., Schenectady
Star Electric Motor Co., Newark, N. J.
Sturtevant Company, B. F., Boston
Wagner Electric Corp., St. Louis
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
FARM LIGHTING GENERATORS

Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
FIBRE

Belden Mfg. Co., Chicago
National Vulcanized Fibre Co., Wilmington,

Del.
FLOW METERS

General Electric Co., Schenectady
FURNACES, ELECTRIC

General Electric Co., Schenectady
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh

A.\\\

li.%, name on our
Is your N OT

Morganite
' (;;K1 mailing list A i Brush Co., Inc.

\ \ ,Brushes N.Y.

for bulletins V

. 3302-3320AnableAve.,and catalog?
Long Island City,

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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A MEMORIAL TO
AMERICAN ENGINEERS

who died abroad in the service of their country
and its allies during the world war

THE TOWER CLOCK AND THE CARILLON
OF BELLS FOR THE NEW

LOUVAIN LIBRARY
Will Be Given By American Engineering Societies

By special arrangement with the authorities.

The new Library Building, complete, is being given to the University
of Louvain by contributions from a million Americans,-school children
and teachers, college students and professors, policemen and firemen, men
of means and organizations in all parts of our country.

The ancient library was the beginning of the invasion
of Belgium in 1914. The new building is to be dedicated in May or June,
1928. Further information is published in this issue of the JOURNAL.

The privilege of making contributions of five dollars or more to the En-
gineers' Memorial is now offered to members and friends of this Institute.
Contributions should be received by the Committee before 1st February,
1928, at 29 West 39th Street, New York. $8o,000 will provide the four -
dial clock and the carillon of 36 bells, with an ample endowment for
perpetual maintenance and operation.

Names of all contributors will be recorded in a memorial volume to
be deposited in the Louvain Library. A copy will be placed in the head-
quarters of each Founder Society. Contributions are exempt from Fed-
eral Income Tax.

COMMITTEE ON WAR MEMORIAL TO AMERICAN ENGINEERS
`GEORGE W. FULLER, representing American Society of Civil Engineers

ARTHUR S. DWIGHT, representing American Institute of Mining and Metallurgical Engineers
CHARLES M. SCHWAB, representing American Society of Mechanical Engineers

ARTHUR W. BERRE8FORD, representing American Institute of Electrical Engineers
GEORGE GIBBS, representing United Engineering Society

EDWARD DEAN ADAMS, Chairman, representing Engineering Foundation

(Form of subscription)

War Memorial to American Engineers Who Died Abroad.
Towards the clock and the carillon for the new Library of Louvain, which is being given by Americans to the Belgians. I contribute

Dollars

Checks, to the order of United Engineering Society,
should be sent to the Committee on War Memorial at
29 West 39th Street, New York, before February 1, Street and Number
1928. Please print or write name and address very
plainly for purposes of the Memorial record.

Name

City and State

Please mention the JOURNAL of the A. I. E. E. when writing to achertisers.
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FUSES

En, lased Refillable
General Electric Co., Schenectady
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
Enclosed Nan -Refillable

General Electric Co., Schenectady
Western Electric Co.. All Principal Cities

Open Link
General Electric Co., Schenectady
Metropolitan Device Corp., Brooklyn, N. Y.
Western Electric Co., All Principal Cities

Ilsgh Tension
Delta -Star Electric Co., Chicago
Metropolitan Device Corp., Brooklyn, N. Y.
Western Electric Co., All Principal Cities

FUSE PULLERS
Kearney Corp., Jas. R., St. Louis

GEARS, FIBRE
General Electric Co., Schenectady

GENERATORS AND MOTORS
Allis-Chalmers Mfg. Co., Milwaukee
Burke Electric Co., Erie, Pa.
Century Electric Co., St. Louis
Chandeysson Electric Co., St. Louis
Electric Specialty Co., Stamford, Conn.
Electro-Dynamic Co., Bayonne, N. J.
General Electric Co., Schenectady
Lincoln Electric Co., The, Cleveland
Star Electric Motor Co., Newark, N. J.
Sturtevant Company, B. F., Boston
Wagner Electric Corp., St. Louis
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
GENERATING STATION EQUIPMENT

Allis-Chalmers Mfg. Co., Milwaukee
Burke Electric Co., Erie, Pa.
General Electric Co., Schenectady
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
GROUND RODS

Copperweld Steel Co., Rankin, Pa.
Western Electric Co., All Principal Cities

HARDWARE, POLE LINE AND INSULATOR
Ohio Brass Co., Mansfield, 0.

HEADLIGHTS
Ohio Brass Co., Mansfield, 0.

HEATERS, INDUSTRIAL
General Electric Co., Schenectady
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
IGNITION SYSTEMS, AUTOMOBILE

Wagner Electric Corp., St. Louis
INDICATORS, SPEED

Bristol Co., The, Waterbury, Conn.
Roller -Smith Co.. New York

INDICATORS, REMOTE, WATER LEVEL
Bristol Co., The, Waterbury, Conn.
Cramer & Co., Inc., R. W., New York

INSTRUMENTS, ELECTRICAL
Graphic

Bristol Co., The. Waterbury, Conn.
Ferranti, Ltd., Hollinwood, England
Ferranti, Inc., New York
Ferranti Electric, Ltd., Toronto, Ont.
General Electric Co., Schenectady
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
Indicating

Bristol Co., The, Waterbury, Conn.
Burt, Dr. Robert C, Pasadena
Ferranti Ltd., Hollinwood, England
Ferranti, Inc., New York
Ferranti Electric, Ltd., Toronto, Ont.
General Electric Co., Schenectady
Jewell Elec. Instrument Co., Chicago
Roller -Smith Co., New York
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
Weston Elec. Inst. Corp., Newark, N. J.

Integrating
Duncan Elec. Mfg. Co., Lafayette, Ind.
Ferranti, Ltd., Hollinwood, England
Ferranti, Inc., New York
Ferranti Electric, Ltd., Toronto, Ont.
General Electric Co., Schenectady
Roller -Smith Co., New York
Sangamo Elec. Co., Springfield, Ill.
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
Radio

General Radio Co., Cambridge, Mass.
Jewell Elec. Instrument Co., Chicago

Repairing and Testing
Electrical Testing Laboratories, New York
Jewell Elec. Instrument Co., Chicago

Scientific, Laboratory, Testing
Burt, Dr. Robert C., Pasadena
General Electric Co., Schenectady
Jewell Elec. Instrument Co., Chicago
Metropolitan Device Corp., Brooklyn, N. Y.
Roller -Smith Co., New York
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
Weston Elec. Inst. Corp., Newark, N. J.

Telegraph
Western Electric Co., All Principal Cities

INSULATING MATERIALS
Board

General Electric Co., Bridgeport, Conn.
West Va. Pulp & Paper Co., New York

(
Acme Wire Co., New Haven, Conn.
General Electric Cn., Bridgeport, Conn.
Irvington Varnish & Ins. Co., Irvington, N. J.
Minerallac Electric Co., Chicago
Westinghouse Elec. & Mfg. Co., E. Pittsburgh

American Lava Corp., Chattanooga
Bakelite Corporation, New York
Belden Mfg. Co., Chicago
General Electric Co., Bridgeport, Conn.
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
COM pore nd

General Electric Co., Bridgeport, Conn.
Minerallac Electric Co., Chicago
Standard Underground Cable Co., Pittsburgh
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
Fibre

General Electric Co., Bridgeport, Conn.
National Vulcanized Fibre Co., Wilmington,

Del.
West Va. Pulp & Paper Co., New York

Lava
American Lava Corp., Chattanooga, Tenn.

Mica
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
/'a per

Acme Wire Co., New Haven, Conn.
General Electric Co., Bridgeport, Conn.
Irvington Varnish & Ins. Co., Irvington, N. J.
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
Silk

Acmo Wire Co., New Haven, Conn.
General Electric Co., Bridgeport, Conn.
Irvington Varnish & Ins. Co., Irvington, N. J.

Tape
Belden Mfg. Co., Chicago
General Electric Co., Bridgeport, Conn.
Minerallac Electric Co., Chicago
Okonite Co., The, Passaic, N. J.
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co.. E. Pitts-

burgh
Varnishes

Acme Wire Co., New Haven, Conn.
General Electric Co., Bridgeport, Conn.
Irvington Varnish & Ins. Co., Irvington, N. J.
Minerallac Electric Co., Chicago
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
INSULATORS, HIGH TENSION

Composition
General Electric Co., Schenectady

Glass
Hemingray Glass Co., Muncie, Ind.

High Voltage Glass
Corning Glass Works, "PYREX," Corning,

N. Y.
Porcelain

Canadian Porcelain Co., Ltd., Hamilton, Ont.
General Electric Co., Schenectady
Lapp Insulator Co., Inc., LeRoy, N. Y.
Locke Insulator Corp., Baltimore
Ohio Brass Co., Mansfield, 0.
Thomas & Sons Co., R., East Liverpool, 0.
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
Post Type

Delta -Star Electric Co., Chicago
Ohio Brass Co., Mansfield, 0.

INSULATORS, TELEPHONE & TELEGRAPH
Hemingray Glass Co., Muncie, Ind.
Ohio Brass Co., Mansfield, 0.
Western Electric Co., All Principal Cities

INSULATOR PINS
Hubbard & Co., Pittsburgh
Ohio Brass Co., Mansfield, 0.
Thomas & Sons Co.. R., East Liverpool, 0.

LAMP GUARDS
Matthews Corp., W. N., St. Louis
Western Electric Co., All Principal Cities

LAVA
American Lava Corp.. Chattanooga

LIGHTNING ARRESTERS
Delta -Star Electric Co., Chicago
General Electric Co., Schenectady
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh

LOCOMOTIVES, ELECTRIC
General Electric Co., Schenectady
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh

LUBRICANTS
Texas Co., The, New York

MAGNETIC SEPARATORS
Electric Controller & Mfg. Co., Cleveland

METERS, ELECTRICAL
(See INSTRUMENTS ELECTRICAL)

METER SEALS
Metropolitan Device Corp., Brooklyn, N. Y.

MICA PRODUCTS
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
MICA UNDERCUTTERS

Martindale Electric Co., The, Cleveland
MOLDED INSULATION

Bakelite Corporation, New York
Belden Mfg. Co., Chicago
Burke Electric Co., Erie, Pa.
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
MOLYBDENUM

Fansteel Products Co., Inc., North Chicago
MOTORS

(See GENERATORS AND MOTORS)
OHMMETERS

Jewell Elec. Instrument Co., Chicago
Martindale Electric Co., Cleveland
Roller -Smith Co., New York
Weston Elec. Instr. Corp., Newark, N. J.

OIL SEPARATORS & PURIFIERS
Sharpies Specialty Co., The, Philadelphia
Westinghouse Elec. & Mfg. Co.. E. Pitts-

burgh
OSCILLOSCOPES

Burt, Dr. Robert C., Pasadena
PANEL BOARDS

(See SWITCHBOARDS)
PATENT ATTORNEYS

(See PROFESSIONAL ENGINEERING
DIRECTORY)

PHOTO -ELECTRIC CELLS
Burt, Dr. Robert C., Pasadena

PLUGS
Delta -Star Electric Co., Chicago
General Electric Co., Schenectady
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
POLES, STEEL

American Bridge Co., Pittsburgh
Western Electric Co., All Principal Cities

POLES-TIES, WOOD
Western Electric Co., All Principal Cities

POTHEADS
G & W Electric Specialty Co., Chicago
Ohio Brass Co., Mansfield, 0.
Standard Underground Cable Co., Pittsburgh
Western Electric Co., All Principal Cities

PROTECTIVE DEVICES
Metropolitan Device Corp., Brooklyn, N. Y.
Western Electric Co., All Principal Cities

PULLERS, SLACK
Matthews Corp., W. N., St. Louis

PUMPS
Allis-Chalmers Mfg. Co., Milwaukee

RADIO LABORATORY APPARATUS
General Radio Co., Cambridge, Mass.
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
RAILWAY SUPPLIES, ELECTRIC

General Electric Co., Schenectady
Ohio Brass Co., Mansfield, 0.
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
REACTORS

General Electric Co., Schenectady
Metropolitan Device Corp., Brooklyn, N. Y.

RECTIFIERS
Fansteel Products Co., Inc., North Chicago
General Electric Co., Schenectady
Wagner Electric Corp., St. Louis
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
REELS, PAYOUT AND TAKEUP

Matthews Corp., W. N., St. Louis
REGULATORS, VOLTAGE

Burke Electric Co., Erie, Pa.
General Electric Co., Schenectady
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
RELAYS

Cramer & Co., Inc., R. W., New York
Electric Controller & Mfg. Co., Cleveland
General Electric Co., Schenectady
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh

RESISTOR UNITS
General Electric Co., Schenectady
Ward Leonard Electric Co., Mt. Vernon, N.Y.

RHEOSTATS
General Electric Co., Schenectady
Sundh Electric Co., Newark, N. J.
Ward Leonard Electric Co., Mt. Vernon, N. Y.
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
ROPE, WIRE

American Steel & Wire Co., Chicago
Roebling's Sons Co., John A., Trenton, N. J.

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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Generators
25 to 25,000 Amperes

Direct Connected to

Motors

ASSEMBLING

10,000-A M PLRE 12 -VOLT GENERATOR
Shaft and base extension for installation of Synchrnnous motor)

ChstmleN.4.4.11 LlectrIc Co., St. Louis, U. N. A.

Please mention the JOURNAL of the A I I E. when writing to advertimers.
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SEARCHLIGHTS

General Electric Co., Schenectady
Westinghouse Elec. & Mfg. Co., E. Pitts-burgh

SHEETS, ELECTRICAL
Trumbull Steel Co., The, Warren, 0.

SLEEVE TWISTERS
Kearney Corp., Jas. R., St. Louis

SOCKETS AND RECEPTACLES
General Electric Co., Schenectady
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-burgh

SOLENOIDS
Acme Wire Co., New Haven, Conn.
Belden Mfg. Co., Chicago
Dudlo Mfg. Co., Ft. Wayne, Ind.
Electric Controller & Mfg. Co., Cleveland
General Electric Co., Schenectady
Sundh Electric Co., Newark, N. J.
Ward Leonard Electric Co., Mt. Vernon, N. Y.
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
SPRINGS

American Steel & Wire Co., Chicago
STARTERS, MOTOR

Condit Electrical Mfg. Corp., Boston
Electric Controller & Mfg. Co., Cleveland
General Electric Co., Schenectady
Rowan Controller Co., Baltimore, Md.
Sundh Electric Co., Newark, N. J.
Ward Leonard Electric Co., Mt. Vernon, N.Y.
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
STARTING AND LIGHTING SYSTEMS,

AUTOMOBILE
Wagner Electric Corp., St. Louis

STEEL, SHEET & STRIPS
Trumbull Steel Co., The, Warren, 0.

STOKERS, MECHANICAL
Sturtevant Company, B. F., Boston
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
SUB -STATIONS

General Electric Co., Schenectady
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
SWITCHBOARDS

Allis-Chalmers Mfg. Co., Milwaukee
Condit Electrical Mfg. Corp., Boston
General Electric Co., Schenectady
Metropolitan Device Corp., Brooklyn, N. Y.
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
SWITCHES

Automatic Time
Cramer & Co., Inc., R. W., New York
General Electric Co., Schenectady
Minerallac Electric Co., Chicago
Sundh Electric Co., Newark, N. J.
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
Disconnecting

Burke Electric Co., Erie, Pa.
Condit Electrical Mfg. Corp., Boston
Delta -Star Electric Co., Chicago
General Electric Co., Schenectady
Kearney Corp., Jas. R., St. Louis
K -P -F Electric Co., San Francisco
Matthews Corp., W. N., St. Louis
Pacific Elec. Mfg. Co., San Francisco
Thoner & Martens, Boston

Fuse
General Electric Co., Schenectady
Kearney Corp., Jas. R., St. Louis
Matthews Corp., W. N., St. Louis
Metropolitan Device Corp., Brooklyn, N. Y.
Thoner & Martens, Boston

Knife
Condit Electrical Mfg. Corp., Boston
Cramer & Co., Inc., R. W., New York
Electric Controller & Mfg. Co., Cleveland
General Electric Co., Schenectady
Matthews Corp., W. N., St. Louis
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
Magnetic

Ward Leonard Electric Co., Mt. Vernon, N.Y.
Oil

Condit Electrical Mfg. Corp., Boston
General Electric Co., Schenectady
Pacific Elec. Mfg., Co., San Francisco
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
Remote Control

Condit Electrical Mfg. Corp., Boston
Cramer & Co., Inc., R. W., New York
General Electric Co., Schenectady
Rowan Controller Co., Baltimore
Sangamo Elec. Co., Springfield, Ill.
Sundh Electric Co., Newark, N. J.
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
TANTALUM

Fansteel Products Co., Inc., North Chicago
TELEGRAPH APPARATUS

Western Electric Co., All Principal Cities
TELEPHONE CONNECTORS

Kearney Corp., Jas. R., St. Louis

TELEPHONE EQUIPMENT
Western Electric Co., All Principal Cities

TESTING LABORATORIES
Electrical Testing Labs., New York

TOWERS, TRANSMISSION
American Bridge Co., Pittsburgh
Western Electric Co., All Principal Cities

TRANSFORMERS
Allis-Chalmers Mfg. Co., Milwaukee
American Transformer Co., Newark, N. J.
Duncan Elec. Mfg. Co., Lafayette, Ind.
Ferranti, Ltd., Hollinwood, England
Ferranti, Inc., New York
Ferranti Electric, Ltd., Toronto, Ont.
General Electric Co., Schenectady
Jefferson Elec. Mfg. Co., Chicago
Kuhlman Electric Co., Bay City, Mich.
Moloney Electric Co., St. Louis
Pittsburgh Transformer Co., Pittsburgh
Sangamo Elec. Co., Springfield, Ill.
Wagner Electric Corp.' St. Louis
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
Factory

American Transformer Co., Newark, N. J.
Kuhlman Electric Co., Bay City, Mich.
Moloney Electric Co., St. Louis
Pittsburgh Transformer Co., Pittsburgh
Wagner Electric Corp., St. Louis
Western Electric Co., All Principal Cities

Furnace
Allis-Chalmers Mfg. Co., Milwaukee
American Transformer Co., Newark, N. J.
Moloney Electric Co., St. Louis
Pittsburgh Transformer Co., Pittsburgh

Metering
American Transformer Co., Newark, N. J.
Ferranti, Ltd., Hollinwood, England
Ferranti, Inc., New York
Ferranti Electric, Ltd., Toronto, Ont.
Pittsburgh Transformer Co., Pittsburgh
Sangamo Elec. Co., Springfield, Ill.

Mill Type
Pittsburgh Transformer Co., Pittsburgh

Radio
American Transformer Co., Newark, N. J.
Ferranti, Ltd., Hollinwood, England
Ferranti, Inc., New York
Ferranti Electric, Ltd., Toronto, Ont.
Jefferson Elec. Mfg. Co., Chicago

Street Lighting
Kuhlman Electric Co., Bay City, Mich.
Western Electric Co., All Principal Cities

TROLLEY LINE MATERIALS
General Electric Co., Schenectady
Ohio Brass Co., Mansfield, 0.
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
TURBINES, HYDRAULIC

Allis-Chalmers Mfg. Co., Milwaukee
TURBINES, STEAM

Allis-Chalmers Mfg. Co., Milwaukee
General Electric Co., Schenectady
Sturtevant Company, B. F., Boston
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
TURBO -GENERATORS

Allis-Chalmers Mfg. Co., Milwaukee
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
VALVES, BRASS

Gas, Water, Steam
Ohio Brass Co., Mansfield, 0.

VALVE CONTROL, ELECTRIC
Bristol Company, The, Waterbury, Conn.

VARNISHES, INSULATING
General Electric Co., Bridgeport, Conn.
Irvington Varnish & Ins. Co., Irvington, N. J.
Minerallac Electric Co., Chicago
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
WELDING MACHINES, ELECTRIC

General Electric Co., Schenectady
Lincoln Electric Co., The, Cleveland
Ohio Brass Co.' Mansfield, 0.
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
WELDING WIRES & RODS

American Steel & Wire Co., Chicago
Lincoln Electric Co., Cleveland
Ohio Brass Co., Mansfield, 0.

WIRES AND CABLES
Armored Cable

American Steel 8c. Wire Co., Chicago
Belden Mfg. Co., Chicago
Boston Ins. Wire & Cable Co., Boston
General Electric Co., Schenectady
Habirshaw Cable & Wire Corp., New York
Hazard Manufacturing Co.,Wilkes-Barre, Pa.
Kerite Ins. Wire & Cable Co., New York
Okonite Company, The, Passaic, N. J.
Roebling's Sons Co., John A., Trenton, N. J.
Simplex Wire & Cable Co., Boston
Standard Underground Cable Co., Pittsburgh
Western Electric Co., All Principal Cities

WIRES AND CABLES-Continued.
Asbestos Covered

American Steel & Wire Co., Chicago
Belden Mfg. Co., Chicago
General Electric Co., Schenectady

A niontotove
American Steel & Wire Co., Chicago
Belden Mfg. Co., Chicago
Boston Ins. Wire & Cable Co., Boston
General Electric Co., Schenectady
Habirshaw Cable & Wire Corp., New YorkKerite Ins. Wire & Cable Co., New York
Roebling's Sons Co., John A., Trenton, N. J.Simplex Wire & Cable Co., Boston
Standard Underground Cable Co., Pittsburgh
Western Electric Co., All Principal Cities

Bare Copper
American Steel & Wire Co., Chicago
Anaconda Copper Mining Co., Chicago
Belden Mfg. Co., Chicago
Copperweld Steel Co., Rankin, Pa.
Hazard Manufacturing Co.,Wilkes-Barre, Pa.
Roebling's Sons Co., John A., Trenton, N. J.
Standard Underground Cable Co., Pittsburgh
Western Electric Co., All Principal Cities

Copper Clad
Copperweld Steel Co., Rankin, Pa.
Standard Underground Cable Co., Pittsburgh
Western Electric Co., All Principal Cities

Flexible Cord
American Steel & Wire Co., Chicago
Belden Mfg. Co., Chicago
Boston Ins. Wire & Cable Co., Boston
General Electric Co., Schenectady
Hazard Manufacturing Co.,Wilkes-Barre, Pa.
Okonite Company, The, Passaic, N. J.
Roebling's Sons Co., John A., Trenton, N. J.
Simplex Wire & Cable Co., Boston
Standard Underground Cable Co., Pittsburgh
Western Electric Co., All Principal Cities

Heavy Duty Cord
American Steel & Wire Co., Chicago
Belden Mfg. Co., Chicago
Hazard Manufacturing Co.,Wilkes-Barre, Pa.
Okonite Company, The, Passaic, N. J.
Simplex Wire & Cable Co., Boston

Fuse
American Steel & Wire Co., Chicago
General Electric Co., Schenectady
Roebling's Sons Co., John A., Trenton, N. J.
Western Electric Co., All Principal Cities
Lead Covered (Paper and Varnished cambric

insulated)
American Steel & Wire Co., Chicago
Anaconda Copper Mining Co., Chicago
General Electric Co., Schenectady
Habirshaw Cable & Wire Corp., New York
Hazard Manufacturing Co.,Wilkes-Barre, Pa.
Kerite Ins. Wire & Cable Co., New York
Okonite Company, The, Passaic, N. J.
Okonite-Callender Cable Co., The, Inc.,Passaic, N. J.

oebling's Sons Co., John A., Trenton, N. J.
Simplex Wire & Cable Co., Boston
Standard Underground Cable Co., Pittsburgh
Western Electric Co., All Principal Cities

Magnet
American Steel & Wire Co., Chicago
Belden Mfg. Co., Chicago
Dudlo Mfg. Corp., Fort Wayne, Ind.
General Electric Co. Schenectady
Maring Wire Co., M'uskegon, Mich.
Roebling's Sons Co., John A., Trenton, N. J.
Standard Underground Cable Co., Pittsburgh
Western Electric Co., All Principal Cities

Rubber Insulated
American Steel & Wire Co., Chicago
Belden Mfg. Co., Chicago
Boston Ins. Wire & Cable Co., Boston
General Electric Co., Schenectady
Habirshaw Cable & Wire Corp., New York
Hazard Manufacturing Co.,Wilkes-Barre, Pa.
Kerite Ins. Wire & Cable Co., New York
Okonite Company, The, Passaic, N. J.
Roebling's Sons Co., John A., Trenton, N. J.
Simplex Wire & Cable Co., Boston
Standard Underground Cable Co., Pittsburgh
Western Electric Co., All Principal Cities

Tree Wire
Hazard Manufacturing Co.,Wilkes-Barre, Pa.
Okonite Company, The, Passaic, N. J.
Simplex Wire & Cable Co., Boston

Trolley
American Steel & Wire Co., Chicago
Anaconda Copper Mining Co., Chicago
Copperweld Steel Co., Rankin, Pa.
Roebling's Sons Co., John A., Trenton, N. J.
Standard Underground Cable Co., Pittsburgh
Western Electric Co., All Principal Cities

Weatherproof
American Steel & Wire Co., Chicago
Anaconda Copper Mining Co., Chicago
Copperweld Steel Co., Rankin, Pa.
General Electric Co., Schenectady
Kerite Ins. Wire & Cable Co., New York
Okonite Company, The, Passaic, N. J.
Roebling's Sons Co., John A., Trenton, N. J.
Simplex Wire & Cable Co., Boston
Standard Underground Cable Co., Pittsburgh
Western Electric Co., All Principal Cities

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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imp lam SHARPLES

A Sharpies Super Centrifuge could be practically rebuilt,
were it necessary, with new wearing parts throughout,
in less than an hour. Any wearing part may be replaced
in 20 minutes. Such is the extreme simplicity of con-
struction of the world's finest Centrifugal Clarifier- a
machine which generates over twice the centrifugal
force of any other commercial centrifuge.

With the Sharpies there are no long shut -downs for

repairs-no difficulty in cleaning-no inaccessibility to
working parts. Any man of ordinary skill can assemble
and operate the machine with ease.

The Sharpies Portable Transformer Oil Purifier is the
handiest outfit available for cleaning dirty insulating oils.
It makes it easy to bring oil back to a dielectric strength
of 22,000 volts or better, quickly and at low cost. Com-
plete Bulletin mailed on request.

See the Sharples display at Booth 92, New York Power Show, December 5th to 10th
THE SHARPLES SPECIALTY COMPANY, 2324 WESTMORELAND STREET,
PHILADELPHIA Boston, New York, Pittsburgh, Chicago, Detroit, Tulsa, New
Orleans, San Francisco, Los Angeles, Seattle, Toronto, London, Paris, Tokio.

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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EXACTLY
WHAT

YOU
WANT

Potheads - underground boxes
and other distribution specialties,
including the G & W oil and air
break disconnecting devices and
the G & W automatic master
control.

TYPE P1) OIL DISCONNECT
FOR IlEAN'Y PRIMARY LOADS

This unit is ideal for manual
control of feeders or loads, which
do not justify the use of Ilie 'lure
complete l; & W oil switch. It
has an oil and air break. Safe
enclosure of live metal parts is
provided same as on dim-
eonneet ing pot heads prevents
accidental vont act .

The air break assures complete
isolation from potential. Oil
earbonization, presence of water,
or aeeidental closing of feeder
breakers, will not endanger the
maintenanee or repair crews.
The oil break permits primary
feeder loads to be interrupted.
It makes the Type PD Oil Dis-

connect partieularlN adaptable
for table ends on poles or in
11111,111101n14. It is built on the
unit plan. The (lide head, dis-
eonneet, and overhead entrance
are separate units.
Made for underground to under-
ground, underground to over-
head, and overhead to overhead
duty. It. is available in one,
two, three, or four conductor
units.
Get the G & W Oil Disconnect
Bulletin 273.

& W design and manufacture
practically every device for the
end of a cable. See Catalog
No. 20.

G & W ELECTRIC SPECIALTY CO.
7780 DANTE AVE., CHICAGO, ILL.

More than Protection for the Cable Ends

POTHEAu AND BOXES
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Refining and its relation to
effective TURBINE Lubrication

The two essential problems involved in the lubrication of the steam turbine
1. Cessation or impairment of lubrication.
2. Variations in rate of heat abstractions.

The reason for this is that the oil ways and
oil piping will tend to become clogged or ob-
structed by sludge or emulsified matter.

Now a Turbine oil in order to overcome these
conditions as effectively as possible, must be
able to prevent :-

(a) The oxidizing and acid forming
effects of heat and air.

(b) Emulsification with water.
(c) Development of sludges from such

emulsification due to the presence
of dust and dirt, and

(d) The catalyzing effects which metal-
lic particles (especially copper and
brass) involve in the formation of
sludges.

Lubrication

=

The February, 1925, issue of our magazine
"Lubrication" contains a comprehensive
treatment of the subject of Steam Turbine
lubrication. Included is a list of steam tur-
bines (by name of maker) with complete
TEXACO recommendations for correct
lubrication.

Write to the address below for a free copy
(specifying the issue)-and ask to be put on
the free list to receive "Lubrication" monthly.

are:-

The effects of these detriments will be most
satisfactorily retarded by the use of the lubri-
cant which is most highly refined.

Such lubricants are :-

TEXACO

REGAL OILS
-the most highly refined turbine oils on the
market today.

They are thoroughly refined, step by step, to
remove every possible trace of emulsion -
forming impurities.

TEXACO REGAL OILS for turbine lubri-
cation are obtainable in four distinct ranges of
Saybolt viscosity at 100° Fahr. as follows:

TEXACO REGAL OIL "A" 145 SECONDS
TEXACO REGAL OIL "B" 180 SECONDS
TEXACO REGAL OIL "C" 300 SECONDS
TEXACO REGAL OIL "E" 500 SECONDS

We shall be glad to demonstrate the splendid
lubricating and wear reducing qualities of
TEXACO REGAL OILS on any of your
Turbine equipment, any time-and will
cooperate with you in determining the most
economical amount of oil to apply to obtain
the greatest efficiency.

THE TEXAS COMPANY --Texaco Petroleum Products
Dept. WD --17 Battery Place, New York City

OFFICES IN PRINCIPAL CITIES

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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CABLE
JOINTS.

SUBWAY SECTIONALIZING
Ut4ITS.

CABLE RACKS.
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CURRENT LIMITING
REACTORS.

1928
is just around the corner

For distribution needs this year and next
depend upon

Metropolitan
Protective Devices

the choice of many of the largest utility
companies.

These devices deserve a place in your
distribution system based on satisfactory
performance over many years.

Tell us what your problems are. The
experience of leading engineers is at your
service. Consult us.

METER
SWITCHES.

Metropolitan Device
Corporation

1250 Atlantic Avenue
Brooklyn, N. Y.

11[11(11.111[111111[111,111111

rn guappg111 I

PRIMARY
CUT - OUT.

SEAT:

SECONDARY
RACK.

JA
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Okonite
Products
OKONITE
INSULATED
WIRES AND
CABLES

VARNISHED
CAMBRIC
CABLES

OKONITE
INSULATING
TAPE

MANSON &
DUNDEE
FRICTION
TAPES

OKONITE
CEMENT

OKOCORD

OKOLOOM

Okonite
Callender
Products
IMPREGNATED
PAPER
CABLES

SUPER -
TENSION
CABLES

SPLICING
MATERIALS

7hereS Information You can
i/se in each of these

Booklets/
AERIAL POWER CABLE - Completely covers the subject. Thirty-

two pages of specific data on this type of construction,-Where Used

-How to Install, (with detailed Directions) - Finely Illustrated.

HANDBOOK: OKONITE INSULATED WIRE AND CABLE -A
real Handbook of 100 pages on the subject treated. Also tells how
carefully Okonite Products are made, covers each principal kind of
wire and cable, and explains each step in their manufacture. Pro-
fusely illustrated.

THE STORY OF STEEL -TAPED CABLE-Its development, purpose
and advantages. Construction of Okonite Steel -Taped Cable, Typical
installations for Ornamental Street Lighting, Police and Fire Alarm
Systems, Railroad Signals, etc. Complete "Specifications" and Tables
for service up to 7,000 volts.

SPLICES AND TAPES FOR RUBBER INSULATED WIRES-
The Importance of a Perfect Splice; The Important Properties of
Tape; How to Recognize These Properties; How to Make a Perfect
Splice; "Okonite", "Manson", and "Dundee" "A" and "B" Tapes.

Fully illustrated.

TREE WIRE-This little book will help you solve many a line construc-
tion problem. Contains the latest information available on Tree
Wire,-Why Needed-How used (with Directions for installing) -
How Made. Also Specifications. Twenty-four pages; many interest-
ing illustrations.

THE OKONITE COMPANY
THE OKONITE - CALLENDER CABLE COMPANY, INC.

FACTORIES: PASSAIC, N. J. PATERSON, N. J.
SALES OFFICES: NEW YORK . CHICAGO . PITTSBURGH . ST. LOUIS ATLANTA
BIRMINGHAM SAN FRANCISCO LOS ANGELES SEATTLE

Pettingell-Andrews Co., Boston, Mass.
Novelty Electric Co., Philadelphia, Pa. F. D. Lawrence Electric Co., Cincinnati, 0.

Canadian Representatives: Engineering Materials Limited, Montreal
Cuban Representatives: Victor G. Mendoza Co., Havana

CHECK THE BOOKLETS YOU WANT AND MAIL COUPON TODAY.

THE OKONITE COMPANY, PASSAIC, N. J. Please send me booklets as marked below:

Name

Street Number

Official Position

OKONITE HANDBOOK

City and State

J.A.I.E.E.

with

AERIAL POWER CABLE TREE WIRE SPLICES & TAPES  "PARKWAY" CABLE



Bare Flexible
Stranded Copper
Cables, from light
to heavy sizes, used
for contractor leads

Coils of special Belden
Bakelite Bobbins are
furnished wound by
Belden with Belden
MagnetWiretoCutlet,
Hammer specifications

Insulated Flexible
Stranded Copper
Cables used for coil
and controller leads

r Magnet Wire, both Beldenamel
and Textile, used for transformers,
magnetic and blowout coilwind ings

A Complete Service for Cutler Hammer

BELDEN PRODUCTS
Beldenamel and Textile

Magnet Wire
Coil Windings

Beldenmold
(Molded Bakelite Products)

AutomotiveWiresand Cables
Airplane Assemblies
Radio Wires, Cords

and Cables
Rubber Covered Wires

Armored Cables
Flexible Armature Wires

Motor Lead Wires
Braided and Stranded

Copper Cables
Cotton Sleeving

Practically all of the electri-
cal wire required for manu-
facturing Cutler -Hammer's
enormous line of high-grade
control apparatus is sup-
plied by Belden.

I*

Like Cutler -Hammer, other
manufacturers using elec-
trical wire can benefit by
the completeness of Belden
Wire Service. Investigate
the Belden service today.

elder Manufacturing Company
2316B South Western Avenue Chicago, Illinois


