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The Work of the
Board of Examiners

The Board of Examiners of the, Institute considers
the qualifications of applicants for election to member-
ship and for transfer to higher grades of membership,
and reports its recommendations to the Board of
Directors for action. One meeting is held every month
and occasionally extra meetings of the entire Board or
of subcommittees are necessary. The growth in
membership of the Institute has naturally increased
the work of the Board of Examiners; accordingly its
personnel was increased at the beginning of this year
to twelve, all Fellows of the Institute. The recent
amendment to the Constitution, increasing the dues of
Associates after the first six years of membership to
the same amount as is paid by Members, has also had
its effect in increasing the number of transfers to the
higher grades.

During the year ending April 30, 1927, the Board of
Examiners was in session an aggregate of over forty-
five hours and considered and referred to the Board of
Directors a total of 4080 applications for admission
and transfer. While most of these applications are
for Student enrolment and admission to the Associate
grade, about one -eighth of the total are for admission
and transfer to the higher grades. These latter cases
require the major attention of the Board. During the
year thirty-two were recommended for admission or
transfer to the grade of Fellow, and 386 were recom-
mended for admission or transfer to the grade of
Member. Corresponding recommendations for the
five preceding years are as follows:

Recommended for grade of
Fellow Member

Year ending April 30,1926 37 302
1925 13 138
1924 26 170
1923 28 197
1922 22 242

While the work of the Board of Examiners may be
considered largely of a routine nature, many difficult
problems arise in the gaging of applicants for Member
or for Fellow grade. These problems vary greatly
because of the necessarily diverse nature of the appli-
cants' experience and the lack of any definite standard
for judgment. The work of the Board of Examiners

would be greatly simplified if applicants for admission
or transfer to either of the higher grades of membership
would keep in mind, in filling out their applications,
the three following points: IN

1. A statement of experience in sufficient detail
to give a clear idea of the exact nature of the
applicant's professional work, particularly during
the period on which the application is based.

2. A concise statement of the degree of re-
sponsibility which has been involved in the ex-
ecution of that work.

3. Supporting references from the required
number of Members and Fellows who are suffi-
ciently familiar with the applicant's professional
record to enable them to express a definite opinion
as to his eligibility.

It is the latter point on which it seems desirable to
enlarge. The Examiners naturally are inclined to
place more weight on the statements of Member or
Fellow references who have been associated with an
applicant than they are on any opinion reached from a
reading of a submitted record. Where it is not possible
to name a sufficient number of such references, the
Constitution provides that the Board of Examiners
may accept other references preferably professional
engineers of standing. The Examiners feel that,
in general, persons eligible for Member or Fellow grade
should have had sufficient contact with fellow engineers
to enable them to secure the endorsements of proper
grade from our own members. If it is necessary to
take advantage of the Constitutional provision with
respect to references they should be professional
engineers of standing.

During the last few years, many applications for
Associate grade have been received from men who have
but recently arrived in this country and have no pro-
fessional contacts here. Similarly long time residents
of this country are sometimes so located as to be in the
same position. Often these applicants offer as refer-
ences individuals who are not members of the A. I. E. E.
nor of any other professional engineering society.
Since the reliability of such references is difficult to
verify, the admission of these applicants might result in
an injustice to members of the Institute. The Examin-
ers therefore are inclined to ask such applicants to wait
until they make reliable contacts in the engineering
profession.

665

ERICH HAUSMANN, Chairman,
Board of Examiners.
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the slow movement of the heavy ions. An electron has
a mass of 9 X 10-28 g. and carries a charge of 1.59 X 10-11)
coulombs, while an ion carrying the same charge has a
mass of 3.3 x 10-22 g. Their velocities are inversely
proportional to the square roots of their masses, so that
the electron velocity is about 600 times that of the
mercury ion in the same field.

The ionization potential of mercury vapor is 10.4
volts; however, all this energy need not be imparted at
one collision. A molecule may be activated by re-
ceiving 4.7 volts in which condition its free electrons arein an outer position from which they are more easily
detached. The nine -volt cathode drop is presumably a
weighted average of the various possibilities. 0.44
ampere, the positive portion of each cathode ampere,
falling through nine volts, delivers 3.96 watts to the
cathode. On entering the mercury, the ions are neu-
tralized by conbination with electrons, and this re-leases further energy equal to 3.1 watts. The total
energy is thus 7.06 watts per ampere. This energy is
consumed as follows:

Consumption of energy by electrons
leaving the mercury 2.20 watts

Evaporation of mercury in the cathode
spot 2.20 watts

Conducted away by the mercury 2.68 watts

7.08 watts

The heat conducted away by the mercury may evap-
orate mercury outside of the cathode spot or may be
conducted to the outside of the rectifier. The electrons
passing out through the nine-volt cathode drop acquire
energy represented by 0.56 x 9 = 5.04 watts which
is used in making ionizing collisions, but 3.1 watts
is returned to the -mercury by the positive ions. The
difference, 1.94 watts, passes into the ionized space but
must be added to the 7.08 to make up the total cathode
drop. 7.08 + 1.94 = 9.02 volts.

CONDUCTION IN SPACE

Once free of the cathode, the gas expands to a low
pressure, which will be considered later. In this space
the electrons travel in the general direction of the anodes
but they are diverted by collisions with vapor not
violent enough to ionize, and this adds heat to the vapor.
Some electrons recombine with ions, giving off energy
as radiation which is lost. Electrons and ions combine
on the surface of the vessel giving up their energy as
heat. These losses must be made up by a potential
drop along the arc path. Data have been published
giving this loss as 0.1 to 0.4 volts per cm. of arc length.
It is thus quite variable and depends upon a variety of
factors, such as temperature and geometry of the
rectifier. In any given volume of ionized vapor there
will tend to be equal numbers of electrons and ions at
any instant. A surplus of either sign of charge will
attract charges of the opposite sign until the balance
is restored. Since for equal energy the electrons move

600 times as fast, the conducted or drift current will
be carried by electrons and positive ions in the ratio
of about 600 to one. The walls of the rectifier, if at
space potential, would receive 600 times as many
electrons as ions. They could therefore remain at
space potential only if a large current were drawn from
them. Actually the walls are usually allowed to charge
themselves negatively until a balance is reached. This
balance occurs when the walls are negative about
five volts with respect to the space potential or about
four volts positive with respect to the cathode. The
cathode drop was thus long supposed to be the differ-
ence between the wall or sounding electrode potential
and the cathode'.

ANODES

The deflection of electrons and ions from the straight
path by collisions gives rise to random velocities which
may considerably exceed the velocity of drift toward the
anode. Langmuir-3 has found that the density of elec-
trons striking a test electrode is from 1M to 4 times the
drift current through the rectifier, depending upon the
temperature. It is thus possible for an anode to collect
all its current merely by picking up electrons which
naturally strike it. These electrons give up their
energy upon falling into the anode surface so that the
anode is heated even though there is, strictly speaking,
no anode drop.

Theoretically, a large enough anode might collect its
entire current while at a potential negative with respect
to the space. A metal tank rectifier employing the
whole tank as an anode will show a drop as low as eight
volts for considerable currents. The total drop is
thus less than the cathode drop alone. Such an
arrangement would be more or less impracticable for
an operating rectifier but serves to show the nature of
the anode loss.

Most practical rectifiers are arranged to have enough
anode area so that the entire current is random current
at ordinary loads and working temperatures. This is
accomplished by making the anode area not less than
of the cross section of the arm in which it is located.
The anode is then required to dissipate only the energy of
recombination of the electrons; that is, the work func-
tion which is 3.7 volts for iron and 4.1 for graphite.
This energy may be conducted away in anodes with
cooled stems or radiated where small solid stems are
employed.

If, due to insufficient anode area or a cold tank, the
random current is too low, the anode must surround
itself with an electric field to draw additional electrons
in. This field accelerates the electrons which reach the
anode at high velocity and cause excessive heating. It
is not uncommon for the anodes in a cold tank suddenly
loaded to become incandescent or melt, giving a failure
before the apparatus has time to warm up.

3. Langmuir, G. E. Review, Nov., 1923, and July, Aug., Sept.,
Nov., and Dec., 1924.
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TOTAL ARC -DROP

The total arc -drop from anode to cathode of a
rectifier is easily investigated. Fig. 1* gives the arc -
drop of a small glass tube under various conditions.
The lower curves are taken with a tube having short
straight anode arms. With natural air cooling, direct
current was first collected by one anode and then by
two in parallel using a resistance to divide the current.
The curves are the same within the limits of experimen-
tal error. Also it is impossible to make two anodes
divide current without some external means, for even
though the drop increases with slow increase of current,
it seems to drop with instantaneous increases.
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The upper curves are for a precisely similar tube
with bent anode arms which are necessarily longer.
The point of minimum drop is perhaps the best to take
for comparison between different sizes. Table I gives
an idea of the erratic connection between length of arc
and total drop.
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TABLE I
MINIMUM ARC -DROP FOIL VARIOUS RECTIFIERS

Glass Size Minimum drop

10 ampere
20 11

30
50

250

14

14

11

16

17.1

15

15

17.2

Stool 15 inch 14.1
30 " 14.8

'Figs. 1, 3, 11, 12, 13, 14, 16, 18, 10, 20 are reproduced from
"Mercury Arc Rectifiers and Their Circuits," by Prince and Vog-
des, through the courtesy of the Mc(Jraw I (ill Book Co.
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Fig. 1 also shows the effect of fan cooling the same
two tubes. The point of minimum drop is moved to a
considerably higher current but the minimum drop
itself is larger. The temperature effect is clearly shown
in Fig. 2. For small currents the drop is much lower
at high temperatures.

The drop as a function of time is shown in Fig. 3.
A rectifier was operated under oil at carefully controlled
temperature and a record made of current and arc -
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FIG. 3-INSTANTANEOUS ARC -DROP VARIATIONS

drop. The arc -drop measurements at the same tem-
peratures and currents obtained from d -c. measure-
ments are shown dotted and check quite closely except
at the transfer points where two anodes were exchanging
current.

The effect of fan cooling in Fig. 1 suggests that even
more current could be carried by more intensive cooling.
Fig. 4 shows the effect of additional cooling on the
same tube. Additional current possible with water

24

.22

5

020

16

MEMEMMEMMOMMMOMMINIMMO MEMMXIMM
IIIMMEMEMMEMEMMIMMOMMMEMM M
MMMOIMMORIMMOMMIIMMEMMEMMM ree.MEMMEMMEMMMEMMOMMEMEMO
NEMMIIIIIMMEMMIIMMINIMEMOOM MENEM
OMMIOMMOOMMIOMMEMMEMEMEMM MENEM
MMEMEMOMMILTIOMMEMEMEMOMO MEW=
MEMMOOMMEM6152911111MMEMMEM MEMOMME
MOMMMUMMEMNOWNISZ'oMMMMIO MEM=
MMOMUMMEMEMMUOMMEMUEOMM MEM=
MIIMMUMEMOMMIUMIMMIMMEMEM MIME
MMEMMEMEMMOPMEMMOMMOIMME
mmiummumminommummomminimmommusggiomm
milscrommgmirammemommumamminmaimilmmemm
mmromm...LIzzoomminngsgosoftmesammumumm
mmomensimmo/alegmainim..4.1141m4wwwwammimmo
MINIMIWIIMin ommummummommommom

I.- mmisimmommommomms
so - A t' mmuumm mommomimmimmmom momminmmimm.mmmon Immummummomm
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII1
0 10 20 30 40 50 60

C Amperes
to 00 60

FIG. 4-EFFECT OF COOLING ON ARC -DROP OF 20 -AMPERE
GLASS TUBE

cooling is accompanied by a considerable rise in arc
drop. The connection between the increased minimum
and tube shape is shown by comparing Fig. 4 with
Fig. 5. The two tubes have almost the same external
area but the one of larger cross section not only carries
more current with natural cooling but allows an
almost indefinite increase in current without much
increase in drop under forced cooling. The sudden
changes in drop attract attention, but we are not
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prepared to offer an explanation for them. It.
associated with t he anode condil ions. When the drop
is high, the whole anode co\ tired with glow. When
it is low, the anode tip appears to receive most of t hecurrent.

When the vacuum is extremely poor, excessive arc -
drops are obtained. The additional ( Imp appears to be
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FIG. 5-ARC-DROP IN GLASS TUBE OF LARGE CROSS SECTION

in the arc stream which contracts and becomes very
hot, even melting glass or iron where it comes in con-
tact at turns in the passage. The anode is also likely
to be heated locally. A voltage breakdown or arc -
back, however, will usually occur in operation long
before this state is reached.

FIG. 6 -50 -AMPERE TUBE ARRANGED FOR
MEASUREMENTS

VAPOR PRESSURE

PRESSURE MEASUREMENTS

It seems as though there should be some connection
between arc drop and the pressure in the vessel. Cer-
tain difficulties interfere with direct measurements of
these pressures. A gage connected to the outside will
measure the pressure of fixed gasses plus some mercury
vapor pressure. If a MacLeod gage is used, the
mercury vapor will practically all condense under

cumprvs:-iuli. I( I lir 11411 will. I vpo a gage is used,
connected hy tithe, I It cycliry way nul. itll

cuthIcnsed, but un ilDiCi41111111;t1c part will he con-
densed so that the reading is ul doubt ful value as far
as indicating the total pressure i11 ;Ill 111.1 'LOIN'S in the
rectifier. The hot wire gage 1 :1111111 Ill' introduced into
the arc stream because recombination will then take
place on its surface and the heat of recombination may
more than offset the convection due to the gasion which
the pressure indication depends. Similar difficulties
prevent reliable measurements of temperature inside a
rectifier. Investigators have thus been more or less
in the dark as to the actual conditions in the arc stream
and condensing chamber.

At the suggestion of Dr. Langmuir, a new method has
been worked out for measuring pressures and tempera-
tures within a mercury arc rectifier. Small copper
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FIG. 7-TEMPERATURE AND PRESSURE OF SATURATED
MERCURY VAPOR

thermometer wells are attached to the sides of a
rectifier, as shown in Fig. 6. By heating and cooling
these wells, the temperature is found at which the
mercury just condenses or just evaporates from the
inside surface. These temperatures are within one or
two degrees of each other. At the balance tempera-
ture, the amount of mercury condensing must be equal
to the amount of mercury evaporating. The mercury
evaporating must evaporate in a saturated state, so
that by consulting a saturation pressure temperature
curve for mercury, the pressure of evaporating mercury
is known. The pressure of the condensing mercury
vapor can only be different from this due to superheat.
If a calorimetric measurement were made on the ther-
mometer well, the heat represented by superheat could
be determined. To do this the temperature is measured
at a point where there is a natural balance between
evaporation and condensation. From information
on the heat loss of surfaces, the energy passing through
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the glass can be calculated. The superheat at this point
is found to be -about 20 deg. cent., so that at most
points in the condensing chamber the degree of super-
heat is probably negligible. In the regions of high
ionization density, the recombination on measuring

surfaces would produce the same indication as

superheat.
The relation between

pressure and temperature
observed vapor pressures
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are given in Fig. 8 and Fig. 9. By comparison with
Fig. 1, it appears that minimum arc -drop corresponds to
about 0.1 -mm. pressure for either natural or fan
cooling, using the pressures obtained for the neighbor-
hood of the anode arms. Other things being equal,
the greatest efficiency will be obtained with a vapor
pressure of approximately 0.1 mm. or corresponding to a
temperature for saturated vapor of 82 deg. cent.
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Fig. 2 shows a slightly lower drop at 90 deg. cent. and a
lower current. The tube had to be heated to secure
this temperature at a current of six to eight amperes
whereas the 90 -deg. curve is higher, than the 80 -deg.
curve under full load conditions.

Similar pressure measurements can be made on iron
tank rectifiers by providing them with glass windows
on which condensation and evaporation can be
observed. The difficulty in this case is to secure th
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proper location for the windows but valuable informa-
tion is likely to be secured in any case.

In running such pressure tests, it has been observed
that the condensing chamber may run 20 deg. to 30
deg. cooler than the saturation temperature. Several
obvious explanations for this phenomenon do not seem
to apply. For instance, a temperature gradient might
exist in iron or glass. But such a gradient is calculable
from the known loss per unit of area and heat con-
ductivity and calculations indicate fractions of a degree.
There is always a loss at a boundary where heat is
transferred from one material to another. The amount
of this drop is known and small for the conditions em-
ployed, since heat need only be conveyed to a ther-
mometer well. The amount of mercury vapor condens-
ing and evaporating from the surface is several times the
amount required to deliver heat by condensation and
raise the parts in question to the temperature of the
interior.
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FIG. 10-ARC-BACK CURVE FOR 10-AMPERE 200-VOLT GLASS
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". The most reasonable explanation appears to be that
the fixed gas which evacuation has failed to remove
from the rectifier is entrained by the mercury vapor
and carried to the walls of the condensing chamber.
Since these gasses cannot condense, they remain as a
cushion of dead gas through which the mercury vapor
must diffuse before it can condense. By assuming a
reasonable small value for residual gas pressure and
calculating how thick a film this gas would make if
compressed against the condensing surfaces at the
pressure of the mercury vapor, a value is obtained which
is of the proper order of magnitude to account for the
observed temperature drop from the mercury vapor to
the condensing surface.

ARC -BACK

The mechanism of conduction has been developed in
advance of the mechanism of failure since the failure
is merely conduction at the wrong time. Before setting
up what is believed to be the correct theory, some of the

facts may be described.
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OBSERVED ARC -BACK DATA
Fig. 10 is an arc -back curve of a standard 10 -ampere,200 -volt mercury arc rectifier. Previous tests had beenmade of the dotted low voltage portion. The curve

under test. If a failure to rectify occurs, the reversal
current flows through the shunt resistance which limits
it to such a value that the rectifier under test is not in -
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FIG. 11-ARRANGEMENT OF RECTIFIERS FOR ARC-BACK TESTS

therefore represents actual test results up to 4300 volts.Other tests were made to 10,000 volts, but extraneousfactors prevented consistent results. The method of
making such tests is to connect three rectifiers, as shown
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in Fig. 11. Two are used for protective purposes and
have auxiliary anodes from which a cathode spot is
continuously maintained. The cire-14: to each anode
of the tube under test is carried ti
tube shunted by resistance. As lo
practically perfect, there is little cv
resistances and the full burden i
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FIG. 13-COMPOSIT ARC-BACK CURVE FOR GLASS TUBES
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14-250-AMPERE, THREE-PHASE 500- TO 600-VOLT
MULTIPLE MERCURY ARC RECTIFIER TUBE

stantly destroyed. The protective tubes are larger andbetter cooled than the tube under test and so do notgive way. Such tests are most readily made on glasstubes because in the past they have been the only ones.tat could be depended upon to repeat themselves.

FIG.
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Fig. 12 gives the arc -back curve of a whole series of
tubes of similar shape reduced to the performance
per 100 sq. in. of bulb area. Fig. 13 gives similar
data for tubes cooled by a fan. Two forms are repre-
sented. The left-hand curve is for tubes having a

FIG. 15 -150 -VOLT MERCURY ARC RECTIFIER TUBE

16-Oncii,Loounm or ARC-BACK TAKING PLACE

modified hour glass form, such as Fig. 14. The right-
hand curve is for straight sided tubes such as Fig. 15.

As in the arc -drop measurements, a tube of greater
section gives superior results. More intense cooling
gives a further shift of the arc -back curve to the right.
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Curves are not available because of the larger power
required since the tubes were actually loaded up to the
point where failure occurred and only 50 kw. were
available for the tests.

DERIVED ARC -BACK CURVES

Of course it is not very satisfying to know the limita-
tions of a given rectifier without knowing the reasons,
because it is always possible that some insignificant
change might multiply the output several fold with no
increase in cost of manufacture. In searching for
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FIG. 17-INVERSE CURRENTS IN A GLASS MERCURY ARC
RECTIFIER

reasons, the first steps were naturally empirical, feeling
the way. Rectifiers were operated with varying
amounts of inductance in the a -c. circuits. These
failed at a lower d -c. output voltage which corresponded
to nearly the same voltage on the a -c. lines; that is,
the peak inverse voltage was the same. Tvio tubes
connected like the protective tubes in Fig. 11, but
without the shunting resistance, carried more load than
two tubes each rectifying both half waves. These bits
of evidence tended to show that the failure occurred

15000

14000

15000

9

110
Tomptrelor4 (Sc)

FIG. 18-BREAKDOWN OF RECTIFIER WITHOUT ARC AS
FUNCTION OF TEMPERATURE

at the inverse voltage peak, but conclusive evidence of
this was wanting until one tube came under test which
arced so consistently that it could be caught in the
act by an oscillograph. Fig. 16 is a record of actual
arc -back taking place. It appears that the failure
occurs at or near the voltage peak so that conditions
at that time should yield the explanation for arc -back.

Fig. 17 is a record of inverse currents at different
points in the inverse half -cycle, and shows that at the
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FIG. 19-BREAKDOWN OF MERCURY VAPOR

and have the results apply to an active rectifier. Fig.18 shows the breakdown voltages for a considerable
variety of tubes as functions of temperature. Fig. 19produces Fig. 18 to higher temperatures. Fig. 20
gives corresponding data for a special tube having mov-
able electrodes. From these figures it appears that a
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considerable variety of rectifiers break down at almost
exactly the same voltage and temperature. Within
these limits the electrode spacing is immaterial. The
special movable electrode tube could not be exhausted
so well as the others and it accordingly breaks down
at lower temperatures, but as perfection is approached
the points of failure approach a common curve.

If these breakdown data are significant, it should be
possible to check the breakdown curve by means of the
current voltage arc -back curves reduced to pressure
temperature abscissa by means of the pressure tempera-
ture measurements which have been described. Fig. 21
shows such a comparison. An envelope is formed by
curves A and B which enclose the breakdown points ob-
tained with no arc in the tube. The other curves are
the actual observed arc -back curves for three sizes of
tubes reduced to a pressure basis.

The envelope in Fig. 21 is rather a wide one but at
least the elements of constructive design are present.
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FIG. 21----CoNIPARISON OF BREAKDOWN AND AIW-BACK CURVES
FOR MERCURY ARC RECTIFIER TUBES

mercury arc rectifier than now enshrouds the limita-
tions of commuating machinery.

NOTE: The physical mechanism of the breakdown
between electrodes at low pressures has been roughly
indicated by such investigators as J. J. Thompson,
"Conduction of Electricity through Gasses," and
J. L. Townsend, "Electricity in Gasses." A more
detailed study of what happens when a cathode is
formed on a conducting surface is being made by Dr.
I. Langmuir and should be published in the near future.

FIFTY YEARS OF ARTIFICIAL
LIGHTING

The last 50 years is the epoch of electric lighting, says
Electrical World editorially, for this kind of lighting
began only half a century ago. It is commonplace to
remark that the cost of light today from tungsten -
filament lamps is only a small portion of the cost of
the same quantity of light fifty years ago; but how many
grasp the enormous difference? If the unskilled
laborer of a half century ago had used as much light
as is now used daily in the average home in this country,
he would have had to work two and one-half hoursdaily to pay his gas -lighting bill alone, as compared
with approximately ten minutes daily for the average
unskilled laborer to pay his present electric lighting bill.

Of course, this great difference is due to the decreasedcost of light, since the unskilled laborer now receives
approximately $3.22 per day as compared with $1.43
fifty years ago. At the present time the average family
is spending seven cents a day for electric light in thehome. On the same basis of comparison, if the laborer
a half century ago had used tallow candles to supply asmuch light in his home as he uses now, he would have
been able to purchase nothing but light, and he would
have had to labor almost twenty-four hours a day topay for that.



Catenary Construction for Chicago Terminal
Electrification of Illinois Central Railroad

BY J. S. THORP
Non -Member

Synopsis.-The object of this paper is to give briefly the pro-

cedure followed by the Illinois Central engineers in the layout,
design and erection of the catenary system. Brief reference also

will be made to the principal items of material entering into the
construction and to methods of maintenance.

* * * * *

THE Illinois Central decided upon the 1500 -volt
d -c. system of electrification with catenary con-
struction for pantograph operation.

The electrified suburban trackage includes about:
4 route mi. of single main line track,

20 route mi. of double main line track,
114 route mi. of 3 main line tracks,

8 route mi. of 4 main line tracks,
5 route mi. of 6 main line tracks, and about

20 track mi. of yards and sidings.
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FIG. 1-TYPICAL TRACK PLAN

PLANS

Track plans were prepared showing the existing tracks
and the proposed track arrangement to ultimately

1. Distribution Engineer, Illinois Central Railroad.
Presented at the Summer Convention of the A. I. E. E.,

Detroit, Mich., June 20-24, 1927.

develop the right-of-way. Fig. 1 shows a typical section
of the track plan in the vicinity of 36th Street.

The catenary structures were located tentatively on
the track plans, adhering to the normal tangent spacing
of 300 ft. as far as possible and reducing the spacing
according to Fig. 2, where the span is wholly or partly on
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FIG. 2-SPACING CHART FOR STRUCTURES ON CURVES

a curve, or the normal spacing maintained and pull -off -
poles interposed as found desirable. These locations
were given to the field engineer who first made a check
to see if any shifting would be necessary due to physical
obstructions not shown on the plans, and then when the
structures were definitely located, he made cross -

8.50 ft.

Truss

-21

69.00 ft.

8.50 ft.

FIG. 3-TYPICAL ERECTION DIAGRAM

sections of the entire right-of-way at each location.
From the track plans and cross -sections, erection dia-
grams as shown in Fig. 3 were prepared and the catenary
structures designed. The height of the structure is
determined by the catenary profile which is drawn on
the track plans.

675
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CATENARY STRUCTURE VoUNDATIONS
The foundations of all permanent structures wereconcrete. Where the space between the ties was lessthan the across -track dimension of the foundation,"side -bearing" footings were used. These "side -bearing" footings were designed in accordance with thechart shown in Fig. 4.
Gravity type footings were installed where trackshoreing was not necessary, and this type was designed
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FIG. 4 -CHART USED IN THE DESIGN OF SIDE-BEARING
FOUNDATIONS

A = 3P 12 P C 3 P
1V 2 P C= + A2 At= -A2 =ad ad Sd adEarth pressure a = 5000 lb./sq. ft.

by reference to the chart shown in Fig. 5. In additionto the determination of the bearing pressure under thefooting, these foundations were checked against over-turning, using a factor of 11/2.
In staking out the foundations for construction, twostakes were set on each center line and grade wasreferenced from the top of an adjacent tie. The

concrete was poured from a mixing plant mounted onflat cars and handled in a work train. An inspector

Hapervisci I all operations of the concrete pouring outfit
which placed as much as 140 cu. yd. per eight -hr. day
where t nil lie conditions were favorable to the use of the
track.

CATENARY STRUCTURES

The catenary structures for the suburban electri-
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FIG. 5 -CHART USED IN THE DESIGN OF GRAVITY FOUNDATIONS
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Reduce moments to equivalent moments at base of pier.Md = moment duo to force Pd ft = lb.
Mb = moment duo to force Pb ft = lb.
W = total vertical load at base of pier, lb.
b = width of pier ft.
d = length of pier ft.
Moments in Two Directions.-Read KR at. intersection of Kb and KdMoments in Ono Direction. -Read KR in the same manner as describedabove except that either Kd or Kb is zero.

Maximum Toe Pressure =
b d KR lb. per sq. ft.

fication were designed so as to permit extensions toinclude the remainder of the right-of-way. In someinstances this means an ultimate structure of 200 ft.or more in length, made up of several spans. A refer-
ence to Fig. 1 will show the suburban catenary struc-tures in heavy line, proposed extension to the east for

TABLE I
LOADING OF CATENARY SYSTEMLoadings of each Catenary System are shown in the following table:

Suburban catenary system 70th-North

Equiv.
Conduc-
tivity

cir. mils

Tension
still air
at 60

deg. fahr.

Tension
at 0 deg.
fahr. Ice
and wind

Factor
of

safety
Dead

weight

Dead
weight

with ice

Hori-
zontal wind
load. No ice
20 lb. wind

Hori-
zontal

wind load
with ice

8 lb. wind0.81 -in. diameter composite messenger 370,000 7,750 lb. 12,3501-1b. 2.55 1.51 2.32 1.35 1.21
0.512 -in. diameter. Copper aux. messenger 200,000 800 1,555 5.82 0.61 1.25 0.85 1.01
Two 3/0, 80 per cent conductivity. Bronze trolley wire 268,900 4000 7,020 2.85 1.02 2.20 1.08 1.43*
Hangers .. .. .. .. 0.11 0.22 0.14 0.13Total

838,900 12,550 20,925 .. 3.25 5.99 3.42 3.78Suburban catenary system 70th-South, So. Chicago
and B. I. R. Rs.

0.81 -in. diameter composite messenger 370,000 7,7201b. 12,325 lb.* 2.55 1.51 2.32 1.35 1.21
0.375 -in. diameter aux. messenger 105,500 800 lb. 1,555 lb. 3.55 0.32 0.87 0.63 0.92

wo 4/0 hard -drawn copper grooved trolley wires 423,200 4,000 lb. 7,020 lb. 2.2 1.28 2.51 1.21* 1.48*
Hangers .. . . .. .. 0.15 0.27 0.18 0.15Teta.'

898.700 12.520 lb. 20,900 lb. .. 3.26 5.07 2 f47 A 7RNOTE. *Wind on double trolley wires figures at one and one-half times the wind on one wire.tWind on messenger and one-half windon hangers assumed as acting at point of support of messenger, remaining wind on catenary system assumed
as acting at steady wire.
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through passenger and freight tracks, and further
extensions to the east and west, shown in dotted lines,
to include the entire right-of-way which at this point has

FIG. 6-BEGGS' APPARATUS AS APPLIED TO THE MODEL OF A

5 -COLUMN STRUCTURE
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FIG. 7-MAIN MESSENGER DEFLECTION CURVE

a width of 250 ft. This provision necessitated calcula-
tions of the stresses in the complete structure and a
check of the stresses in the initial structure. To reduce

Structure Pi
C. L. c

C. L.
Structure"

20ft.

15.ft

the labor and time required for such troublesome cal-
culations, it was decided to adopt the Beggs method for
the mechanical determination of statically indeter-
minate stresses. This method proved very satisfactory
and greatly facilitated the work. Fig. 6 shows an ap-
plication of the Beggs apparatus to a five column
structure.

The structures were erected, painted and the base
plates grouted by the railroad forces, very expedi-
tiously and with little interruption to the regular traffic.

CATENARY SYSTEM

Table I shows the loadings of the catenary system and
Fig. 7 shows a very convenient and easily workable
chart for a determination of the tensions and sags in the
messenger for any assumed condition of temperature or
loading. The curves shown on Fig. 12 were prepared
from this chart.2

About the time when the make-up of the catenary
system was being considered, the General Electric
Company was carrying out some tests of double trolley
wire construction at Erie, Pennsylvania. Illinois
Central representatives were invited to witness some of
these tests and were favorably impressed with the
practically arcless collection of heavy current at high
speed, and shortly the decision was reached to adopt the
double trolley system. At the same time it was decided
not to use parallel feeders but to equip each track with a
catenary system of sufficient current -carrying capacity
to keep the voltage drop within the prescribed limit,

4ft. 9in. Normal Sag

Too of Rail

A.

Normal 22 ft. 3 in.-H

4ft. 9in. Normal Sag

1-15 it -1
&.1 3ft. gin.
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Normal 22ft.

Section A

Attachment to Truss

Main Messenger
0.81 in Dia

It

a.H.D. Cu. Rod 15g in. Di

Attachment to Bracket

II

Auxiliary Messenger

0.512in. Dia.

FPO. 8-MAIN LINE CATENARY SYSTEM

2. The method of constructing this chart was published in the A. E. R. A. Proceedings for 1925.

Main Mess.
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when normally in parallel with other tracks at sub- andtie -stations.
After these decisions were made it was a simple matterto select the main and auxiliary messengers to make upan adequate catenary system. Fig. 8 shows the mainline catenary assembly. On the main line 4/0 coppertrolley wires were used south of 70th Street and on theSouth Chicago Railroad and the Blue Island Railroad.

Bronze trolley wires were selected for use north of 70thStreet where the traffic is most dense. To compensatefor the lower conductivity of the 3/0 bronze as corn -

C.,

Series 1

Series 2

Series 3

Series 4

FIG. 9-CATENARY HANGER CHART

pared with the 4./6 copper trolley wires, the auxiliary
messenger was increased in size. A 0.375 -in. auxiliary
was used with the 4/0 trolley and a 0.512 -in. auxiliary
with the 3/0 trolley.

The main messenger cable is of composite construc-tion made up of seven Copperweld wires forming the
core around which are stranded 12 hard -drawn copperwires. This cable is 0.81 in. in diameter and has an
ultimate strength of 31,500 lb., which allows a sag of4 ft., 9 in. in a 300 -ft. span at 60 deg. fahr., giving a
factor of safety of 2M under the maximum assumed
loading of the system.

The auxiliary messenger is made up of 19 strands of
hard -drawn copper and has a normal tension of 800 lb.
which gives a little sag between hangersand increases the
flexibility of the trolley wire supporting structure.

The catenary hangers are simple, consisting of bronze
clamps for main and auxiliary messenger connected with
a 5/16 -in. diameter hard -drawn copper rod with an eye
in each end. To simplify the determination of the
hanger lengths and to aid in the spacing of the hangers
in the field, a diagram was prepared to divide the span
lengths into four series. Fig. 9 shows the arrangement
for the system having a normal hanger spacing of 15 ft.
This diagram was laid out on a tabletop to full vertical
scale and to IA in. equaling one foot horizontal scale.
The eye -to -eye lengths of the hangers were measured
from points on the curve to a line representing the
normal position of the eye of the hangers. In cases

FIG. 10-TROLLEY WIRE CLIP

where the position, with reference to the messenger, of
the trolley wires is other than normal, a straight edge
was adjusted to represent this change and the hanger
lengths measured to it. The clips between the auxiliary
messenger and the trolley wire are unique in that they
are formed of one piece of stock as shown in Fig. 10.The manufacturer delivered these clips with the T -head
bolts and nuts assembled as shown.

Double insulation to ground was used throughout,the standard suspension unit being two seven -in -disk,
8000 -lb., M. & E., cap and pin insulators attached to the
structure by means of either a galvanized eye-bolt-and-
clevis or a double -link, depending upon the type of
structure to which the attachment was made.

The suspension or saddle clamp is U-shaped to which
the messenger is clamped by means of one J -bolt andkeeper. Tests made on this clamp showed that the
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FIG. 11-CATENARY CONSTRUCTION !FOR YARDS AND SIDINGS
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messenger would slip at an unbalanced tension of about
1000 lb. In the structure design, a broken wire load of
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FIG. 13 -HANGER BOARD WITH HALF SPAN OFIHANGERS CUT TO
LENGTH

FIG. 14 -COMPLETE SPAN OF HANGERS ASSEMBLED ON PIPE

1000 lb. was allowed for. This broken wire load was
figured for only one track per structure.
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The fittings used for splicing and terminating the
main messenger were developed after considerable
experimenting and testing. These fittings consist of a
combined chuck and poured socket so arranged that the
the poured zinc button will follow against and keep tight
the cone -shaped chuck. These fittings will develop the
full rated strength of the composite messenger cable.

The seven -in -disk insulators used for suspension were
also used in steady- and pull -off -strand construction to
insulate from structure and to insulate separate sections.

For terminating the main line catenary system a very
sturdy type of double strain insulator was used, one set
for the main messenger and one set for the two trolley
wires and auxiliary messenger combined.

The yard construction is shown on Fig. 11. Only a
single trolley wire of either 3/0 or 4/0 gage was used.
All yard catenary was supported from steel structures
except Weldon Yard where some cross -span construc-
tion was used.

FIG. 15 -TYPICAL 2 -TRACK BRACKET CONSTRUCTION

CATENARY CONSTRUCTION

All of the wires were strung and the remainder of the
main line work practically completed from work trains.
The yard work, except wire stringing, was completed
from push -tower -car and ladders. The heavy equip-
ment for construction consisted of reel cars with special
shafts and brake rigging, tower cars with winch operated
platforms adjustable from 15 ft., 6 in. to 19 ft., 6 in.
above top of rail, and box cars fitted with work benches,
shelves and bins for tool cars.

The typical train for wire stringing consisted of a
locomotive, reel car, tool car, and one or more tower
cars. Only one main messenger was strung at a time,
but the auxiliary messenger and the two trolley wires
were strung together. The main messenger was ten-
sioned by means of a sight rod and surveyor's level.
The auxiliary messenger and trolley wires were ten-
sioned with a dynamometer. These wires were all
erected and tensioned in roller bearing rollers, the
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proper sag for the main messenger being determined
from curves shown in Fig. 12.

The hanger chart described above was used in the
material depot to check t he length of the hangers asthey were assembled on a piece of I pipe, three ft.long. After the hangers were assembled on the pipe,
a linen tag was attached showing the location of thespan and the series number of the hanger. See Figs.13 and 14.

FIG. 16-TYPICAL 4 -TRACK CONSTRUCTION

In erecting the hangers, the contractor used a steel
tape, one side of which was marked in span lengths and
the other marked with the recurring figures 1 to 4 inclu-
sive, representing the four series of spacings. These
figures were spaced as on the hanger board, but to full
scale. This tape was stretched alongside the mes-
senger, adjusted to the span, and the hangers were
placed opposite the series figure.

MAINTENANCE

The maintenance of the catenary system is handled
by the Maintenance of Way Department, using one
1 -ton and one 1Y1 -ton motor trucks equipped with
special bodies for hand tools, supplies and ladders.
These trucks are used for all light repair work as it is
possible to approach the right-of-way in the electrified
zone on paved or hard surface streets or roads. For
heavy repair work two construction trains, each con-
sisting of reel, tool and tower car, are located at points
on the terminal where a steam locomotive is readily
available.

Soon after the start of the electric operation, trouble
was experienced due to the pantographs striking the
insulators which form part of the air -gap construction
and either damaging the gap or so damaging the
pantograph as to result in line trouble elsewhere.
During the severe cold weather, some trouble was
caused by failure of faulty fittings or by poor workman-
ship and to pantographs fouling the steady arms.
The latter trouble was due to the fact that the trolley
wires, at very low temperatures, lifted higher at the
structures than was anticipated.

Main line construction was sectionalized by means
of air -gaps, but wood section insulators were used in
cross-overs where high speed is not attained. These
insulators were originally equipped with two bronze

gliders to give continuous feed. II was later found
desirable, however, to install four gliders, kvo on each
side of the woad stick to prevent the insulator roclonv
when I lie pantograph passed.

Uccasionally Ille gliders of a wood section insulator

I.'14,. 17--TYricm. h CONSTRUCTION

will burn in two when a pantograph bridges a live and a
grounded section, and on two occasions a trolley wire
has burned in two at an air -gap due to the samecause.

The chief troubles were mentioned above and there
have been minor failures but on the whole the operation
has been highly satisfactory.

CORRESPONDENCE
CALCULATION OF HIGH -VOLTAGE TRANSMISSION

LINES
To the Editor:

It was with great interest that I read the article on
The Circle Diagram of a Transmission Network, by F. E.
Terman, in the December, 1927 issue of your JOURNAL.
In the year 1923, I made an extensive study regarding
transmission phenomena. The investigation was uti-lized by the "Elektrizitatsaktiengesellschaft formerly
W. Lahmeyer & Co.", Frankfort -on -the -Main, Ger-
many, for the purpose of planning and calculating the
first German 220-kv. transmission (approximately 300
miles). In the meantime the line has been completed,
parts of which are now provisionally operating at 110kv.

Above all, I would point out that there is not the least
doubt regarding the independence of Mr. Terman's
investigation. Mr. Terman arrives in a quite different
manner at his formulas which apparently are so different
from mine, that at first sight it is impossible to recognize
any resemblance. There is, however, such a complete
conformity that one can, step by step, mutually "trans-late" the formulas of both researches-an interesting
example of how to arrive at the same results by differentways.

I have compiled my researches in a book which will
be published, by Springer, Berlin, under the title
"Theorie der Wechselstromubertragung (Fernleitungand Umspannung)"-"Theory of A -c. Transmission
(Long -Distance Conducting and Transforming.")

HANS GRUNHOLZ,
Charlottenburg, Germany,

March 3, 1927



A 10 -Kw. 20,000-Cycle Alternator
BY M. C. SPENCER

Synopsis.-This paper briefly discusses the advantages and
limitations of the inductor and reaction types of alternators when

designed for generating alternating currents of very high frequency.

A new design for a reaction type alternator is described in which some

of the limitations of the usual type of reaction alternator have been

overcome in a way which enables such alternators to be designed for
a higher frequency and greater output. The complete specification

of a 10 -kw., 20,000 -cycle alternator of the new type are given and its
operating characteristics, as determined by test, shown by a series
of curves. A method is developed by means of which the various
losses in the alternator may be separated and the complete operating
characteristics of the alternator under any condition of load pre-
determined from the no-load tests.

IN attempting to design alternators of the usual type
for very high frequencies, it is found that the
difficulties encountered increase rapidly with the

frequency. Alternators of the ordinary inductor type
can readily be designed for a frequency of 500 cycles per
sec. A moderate increase in frequency above this value
can be obtained by increasing the peripheral velocity
of the rotor up to the maximum safe limit. Any
further increase in frequency requires an increase in the
number of rotor poles and stator slots, which so de-
creases the size of the slots and the amount of copper
which can be placed in them that the output of the
alternator is reduced.

The general construction of the inductor type alter-
nator is shown in Fig. 1A. At the instant shown, the
rotor teeth line up with the stator teeth which are
enclosed by the stator armature coils. The magnetic
flux set up by the field winding (not shown) passes from
the stator core into the rotor core through the stator
armature coils. An instant later, when the rotor has
moved ahead one-half a rotor slot pitch, the rotor teeth
line up with the stator teeth which are between the
stator coils. The magnetic flux passing through the
stator coils is then a minimum. This pulsation of the
magnetic flux, pa_ssing through the armature coils as

FIG. I A -INDI*CToR TYPE ALTERNATOR

the rotor revolves, generates in them a high -frequency,
alternating, electromotive force. The total magnetic
flux passing through the field structure and from the
stator core to the rotor core of such an alternator

1. Eleet rival Engineer, ( 'roeker-NVIIpplpr
Ampere, N. .1.

E lovtrie Mfg. Co.,

remains practically constant and merely shifts back and
forth from one stator tooth to the next.

A somewhat higher frequency can be obtained with
the reaction or variable reluctance type of alternator as
this type requires only one-half as many stator slots as
the inductor type. The general construction of the
reaction type of alternator is shown in Fig. ls. At
the instant shown, the rotor teeth line up with the

Stator

Condenser

Load Resistance R

FIG. 1B-REACTION TYPE ALTERNATOR

stator teeth and the magnetic flux set up by the direct
current flowing through the stator coils is a maximum.
An instant later, when the rotor has moved ahead one-
half a rotor slot pitch, the rotor teeth line up with the
stator slots and the magnetic flux is a minimum. This
pulsation of the magnetic flux through the stator coils
generates in them an alternating electromotive force
which is superimposed on the d -c. excitation voltage.
This alternating electromotive force is prevented from
sending current back through the excitation lines by
means of choke coils and is made use of to cause high -
frequency current to flow through the load resistance
through a condenser, as shown. The magnetic flux
in the reaction type of alternator pulsates through
the entire magnetic structure as the rotor revolves and
does not simply shift back and forth from one stator tooth
to another as in the case of the inductor type alternator.
The reaction type of high -frequency alternator requires
but a single stator winding, as the same winding can
be made to serve both as a field winding and as an arma-
ture winding by inserting choke coils in the excitation
circuit. The output of the high -frequency type of
reaction alternator is, however, relatively small, due
not only to the small amount of copper which it is
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possible to place in the narrow stator slots, but also tothe fact that this copper must carry not only the load
current but also the excitation current.

It has been found possible, however, to overcome the
principal limitations of the reaction type of alternator
and greatly increase its output by a type of construction
shown in Fig. lc. Instead of placing a stator coil

Stator

Rotor

Condenser

Load Resistance R

FIG. 1C-IMPROVED REACTION TYPE ALTERNATOR

around each of the stator teeth, as is done in the case
of the usual type of reaction alternator, a single stator
coil is placed around a whole group of stator teeth.
Plenty of space is provided for the stator coils by cutting
away groups of stator teeth at equally spaced intervals
around the stator core as indicated in Fig. lc and Fig. 2.
By this means the number of stator coils is greatly
reduced and the size of the conductor increased so that

FIG. 2-SECTIONAL VIEW OF ALTERNATOR

the output of the alternator is no longer limited by the
current carrying capacity of the stator winding.

The principle of operation of this type of alternator is
evident from Fig. lc. Direct -current for the excitation
of the alternator is passed through the stator coils
and sets up a magnetic flux the magnitude of which
depends upon the reluctance of the magnetic circuit.

At the instant shown in Fig. lc, the rotor teeth line
up with the stator teeth, the reluctance of the magnetic
circuit is a mimimum, and the flux passing through the
stator coils is a maximum. A moment later when the
rotor has moved into a position where the rotor teeth
line up with the stator slots, the reluctance of the
magnetic circuit is a maximum and the magnetic flux
a mimimum. This pulsation of the magnetic flux
passing through the stator coils as the rotor revolves
generates in these coils in an alternating electromotive
force having a frequency depending upon the number of
teeth on the rotor and its speed of rotation only and
is not in any way dependent upon the span of the stator
coils. This construction makes it possible to provide
for any desired amount of winding space without in
any way affecting the frequency of the current
generated.

SPECIFICATIONS OF 10 -KW. ALTERNATOR

In order to determine the actual operating character-
istics of an alternator of this type, an experimental
alternator .designed for an output of 10 kw. was built
and tested. The general specifications for this alter-
nator were as follows:

10 kw., 20,000 cycles, single-phase, 6670 rev. per
min. Principal dimensions:

Frame 20% in. outside diameter, 6% in. frame length.
Stator core, 18 in. outside diameter, 14 in. inside
diameter, 1 in. core length. Single air -gap 0.025 in.

The stator frame was provided with a hollow section
through which cooling water could be circulated while
the alternator was in operation. Water cooling was
made necessary by the high core loss due to the high
frequency of the flux pulsations.

The rotor core was built up of very thin steel lamina-
tions with 180 slots cut in its periphery, thus leaving
180 teeth or pole projections. The stator core was also
built up of thin steel laminations. The 180 slots,
having approximately the same dimensions as the slots
in the rotor core, were cut in the stator core, leaving
180 teeth corresponding to the 180 teeth on the rotor.
At ten equally spaced points groups of seven teeth
were cut away to provide room for the stator winding.

The stator winding consisted of ten coils each having
six turns of flat copper strip wound on edge. A coil
was placed around each one of the ten groups of stator
teeth. These ten coils were connected in series in the
same manner as the ten field coils of an ordinary ten -
pole d -c. generator. These coils constituted the
only winding in the alternator and served both as a
field winding for exciting the alternator and as an
armature winding for collecting the alternating current
generated by the alternator. This double use of
the single winding makes particularly effective use of
the copper as, due to skin-effect, the alternating com-
ponent of the stator current is confined more or less to
the surface of the conductor while the direct current,
or non -pulsating component of the current, makes
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effective use of the copper in the center of the conductor.
Thus the effective a -c. resistance of the stator winding
is low, due to the relatively large surface of the con-
ductor and is obtained without the complication and
expense of stranding the conductor.

CIRCUIT CONNECTIONS AND METHOD OF OPERATION

Direct current for excitation is passed into the alter-
nator to its single winding, through two choke coils as
indicated in Fig. 3. This current sets up a magnetic

CV

O

Field Regulator

FIG. 3 -CONNECTION DIAGRAM

flux in the alternator similar to the magnetic flux in a
ten -pole d -c. generator. As the rotor revolves,
the rotor teeth cause a pulsation in this flux,
which generates an electromotive force in the stator
coils. This electromotive force goes through a complete
cycle every time the rotor moves one rotor tooth pitch.
Therefore, since there are 180 rotor teeth, the generated
electromotive force goes through 180 complete cycles for
each revolution of the rotor or the frequency of the
current generated at 6670 rev. per min. is 20,000
cycles per second.

The load circuit, represented by the resistance, R,
(Fig. 3), is connected to the terminals of the stator
winding through a condenser as indicated. This
condenser serves two purposes; in the first place, it
prevents direct current from the excitation mains from
passing through the load circuit, and in the second
place, it serves to neutralize the self-inductance of the
alternator winding and thus render available for the
external load nearly the full internal generated voltage
of the alternator. The high -frequency current gen-
erated by the alternator is prevented from passing
back through the d -c. excitation mains by the two choke
coils which are connected in these lines.

OPERATING CHARACTERISTICS AS DETERMINED BY
TEST

The characteristics of this alternator when operating
on a non -inductive load of 57.4 ohms are as shown by the
curves of Fig. 4. The data for these curves was taken
after the alternator had been operated at an output of
10 kw. for a sufficient length of time for it to assume a
constant temperature. The non -inductive load resis-
tance was located in the circuit as shown in Fig. 3 by the
resistance R. The capacity C (Fig. 3) had a value of
0.0782 microfarad. This value of capacity was selected
as being the value required to neutralize the self-in-
ductance of the alternator winding and thus adjust the

power factor of the complete circuit to unity with a
current of from 10 to 15 amperes flowing. The exact
value of capacity required varies somewhat with the
current. This value was taken as a fair average value.

As seen from the output curve of Fig. 4, this alter-
nator had a maximum output of about 15.4 kw. when
operating on a load resistance of 57.4 ohms. It might
be stated here, (although it will be shown by actual
tests later), that, up to a certain point, the maximum
output of an alternator of this type increases as the load
resistance decreases although at the same time the
efficiency decreases. The value of the effective load
resistance to be selected in any particular case is there-
fore a compromise between high maximum output and
high efficiency. This value of 57.4 ohms was selected
as giving a reasonable overload capacity (50 per cent)
and a fair value of efficiency, at the rated load of 10 kw.,
of 65.3 per cent.

As measured by thermometer immediately after
shutdown, after a run of about one hour by which
time the alternator had attained a constant tempera-
ture, the temperature rise of this alternator, when
operated at an output of 10 kw. on a load resistance of
57.4 ohms, was as follows: rotor 65.5 deg. cent., stator
winding 47 deg. cent. and stator core 36.5 deg. cent.

EXCITATION

The efficiency values given in this paper do not
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FIG. 4 -CHARACTERISTICS WITH A NON -INDUCTIVE LOAD
RESISTANCE OF 57.4 OHMS, WITH ALTERNATOR HOT

include the power required for excitation. The reason
for this is that the power required depends almost
entirely upon the amount of copper in the choke coils
placed in the excitation lines. The resistance of the
alternator winding was 0.025 ohms at the full load
operating temperature. The normal field current, as
indicated by the curves of Fig. 4, was 60 amperes,
therefore, the actual power required for excitation,
exclusive of the power lost in the choke coils, was only
(60)2 x 0.025 = 90 watts.
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MAXIMUM OUTPUT
r From the curve of Fig. 4, it is seen that when the 11(.141current of this alternator is increased beyond a certainvalue, the output actually decreases. This is caused
by a!decrease in the generated voltage of the alternatordue to the relative increase in the leakage flux betweenthe teeth as the teeth begin to saturate. A no-load
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FIG. 5-VARIATION OF EFFICIENCY (EXCLUSIVE OF POWER
REQUIRED FOR EXCITATION) WITH OUTPUT AND LOAD RE-
SISTANCE

saturation curve would have a similar shape and show
this"same decrease in voltage at the higher field currents.

EFFECT OF LOAD RESISTANCE ON EFFICIENCY AND
MAXIMUM OUTPUT

The curves of Fig. 5 show that at least up to a certain
point the efficiency increases as the load resistance
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WITH

increases. Data for these curves were obtained by
gradually increasing the field current up to, and then
somewhat beyond, the field strength which gave maxi-
mum output for each particular value of load resistance.
It is evident from these curves that high efficiency
obtained by means of high load resistance is obtained at

the cxpcic;c of high 11111Xiffill111 out put; that is, at the
(.% pcnse 4(0.146)11d capacit

The cilccl of the v:tide of I he load resistance on the
maximum output is pirhaps hest seen from the curve of
Fig. 6. Three i indicated on this curve, were
obtained by actual te:t s by adjusting the field current
to give maximum output. Too strong a field current ,

as explained above, actually reduces the generated
voltage and therefore the output. Other points on this
curve were obtained by calculation by a method to he
explained later in this paper.

The characteristics of this alternator over a wide
range in load resistances is of particular interest in
connection with the possible use of this type of alterna-
tor as a source of power for electric furnaces of the in-
duction type. The effective resistance of such a
furnace load varies greatly with the nature and quantity
of the material in the furnace. The curves of Fig. 7
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FIG. 7-CURVES SHOWING THE POSSIBILITY OF OPERATING
AT CONSTANT OUTPUT OVER A WIDE RANGE IN LOAD RESISTANCE
BY ADJUSTING THE FIELD CURRENT.

indicate that by adjusting the field current it is possible
to maintain the output of the alternator constant atabout 10 kw. over a range in effective load resistancefrom 12 to about 120 ohms. The curves of Fig. 8
were obtained under conditions similar to those for
Fig. 7 except that the field current was held constant at
50.2 amperes.

SEPARATION OF LOSSES

Windage and Friction. The windage and frictionloss for this alternator, as determined by the samemethod used for the standard type of alternators, wasfound to be 1400 watts at its normal speed of 6670 rev.per min.
Copper Loss. The resistance of the stator winding,with the alternator hot, was equal to 0.025 ohms, asmeasured with direct current. The copper losses
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at normal load are therefore approximately as follows:
(60)2 x 0.025 = 90 watts loss due to field current,
(13.2)2 x 0.025 = 4.4 watts loss due to load current.
This simple method of determining the copper losses

is, of course, not strictly correct as it does not take into
account the increase in the effective resistance of the
winding due to skin -effect at the high frequency of the
load current or the fact that both excitation and load
currents flow through the same winding. These losses
are so small as compared with the core loss, however.
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that for most practical work they may be neglected
entirely.

('ore Loss. The core loss in any high -frequency alter-
nator is very large compared with that of a standard
low -frequency alternator. Therefore in order to pre-
determine the operating characteristics of a high -
frequency alternator, it is necessary to be able to deter-
mine the core losss with considerable accuracy. The
methods usually used in determining the core lass of a
low -frequency alternator do not give satisfactory
results when applied to a high -frequency alternator
when it is operated as a resonance alternator. The
following method of determining the core loss has.
however, been found to give satisfactory results.

The core loss of a high -frequency alternator of the
reaction type may be divided into three parts as follows:

a. Core loss in the rotor due to its rotation in the non -
pulsating or leakage portion of the magnetic flux set
up by the d -c. field excitation.

b. Core loss in both rotor and stator cores due to the
high -frequency pulsations in the magnetic flux caused
by the rotation of the rotor teeth past the stator teeth.

c. Core loss in both rotor and stator cores caused by
the circulation of the armature, or load current. through
the stator winding.

The energy for supplying core losses a and b is fur -

&S3

nished directly by the mechanical torque of the shaft.
Hence, these losses do not affect the available voltage
of the alternator or its maximum output. The energy
for core loss c is supplied electrically in a manner some-
what similar to that of the core loss of a transformer.
This core loss has the effect of increasing the effective
resistance of the alternator winding, increasing the
internal voltage drop and therefore decreases the
available voltage and limits the maximum output of

the alternator.
In a low -frequency alternator of the usual type the

type c losses. or as they are usually called, the stray or
load losses, are relatively small and in no way affect
the rating of the alternator, which is determined by
other considerations such as regulation, as determined
mainly by the reactance of the winding, and the heat-
ing rather than by the maximum passible output. In
the case of a reaction type alternator, such as the
one which is the subject of this paper, the rating is
determined by the maximum possible output which is
limited mainly by the type r core loss. As the induc-
tance of the armature winding is neutralized by the
capacity of the condenser in series with the load, it
does not reduce the available voltage, as in the case of
the usual type of low -frequency alternator. Also,
any desired amount of space can readily he provided
for the armature winding so that the rating of the
alternator need not be limited by the heating of the
winding.

In order to predetermine the characteristics of this
type of alternator. it is necessary to find some means of
separating core losss c from core losses a and b and of
determining just what effect this core loss has on the
available voltage of the alternator.

The combined core lasses of types a and h can be
obtained by the method used for determining the core

40 EO ED 100 120
AMP_ : REID CURRENT

FIG. 0.CI111BINED:CnRElI.4),-. T 1 PE- .1 AND B

loss of the standard type of alternator by operating the
alternator on open circuit and measuring the power
required to drive it. Fig. 9 shows the combined core
losses of types a and b for this alternator as a function
of the field current. This curve shows a falling off in the
core loss at the higher values of excitation due to the
saturation of the rotor and stator teeth with the conse-
quent reduction in the pulsations in the flux.

The core loss of type c can be obtained by short
circuiting the alternator through a condenser and using
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low field excitation. The value of the condenser shouldbe such that its capacitive reactance is just equal to theself -inductive reactance of the alternator winding. Theinput to the alternator, under this condition, after deduct-ing the windage and friction and /2 R loss, may, for mostpractical purposes, be taken as a measure of the type ccore loss, corresponding to the particular value ofalternating current which was flowing through thealternator. Under this condition, there is a small coreloss of types a and b. This may be corrected for ifdesired but at the low excitation required for this short-circuit test, it is so small in comparison with the restof the core loss that it usually need not be considered.The core loss due to the armature current as deter-mined by the above condenser method is shown in Fig.10 as a function of the armature current. Since thiscore loss is a function of the armature current it isconvenient in studying the operating characteristics ofthis alternator to consider this core loss as an increasein the effective resistance of the armature. The
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equivalent value of increase in resistance for anyparticular value of armature current is obtained bydividing the core loss in watts by the square of the
armature current at which the loss was determined.
The second curve of Fig. 10 shows the effective resis-
tance, corresponding to the type c core loss, as a function
Of the armature current. This value of effective resis-tance is not constant but varies with the current due to
magnetic saturation in the stator and rotor cores.

The total core loss for any given condition of opera-tion might at first be thought to be the arithmetical sumof core losses of types a, b and c. Such, however, isnot the case. The reason for this is that the pulsations
in the core flux due to the armature current are out of
phase; that is, out of time phase with the pulsationsin the flux due to the rotation of the rotor teeth past the
stator teeth. A study of the vector diagram for a re-
action type alternator shows that the pulsations in
the core flux due to the armature current are 90 deg. out
of phase with the pulsations caused by the rotation of
the rotor, when the alternator is operating as a reso-

nance alternator. Since these two forces tend to cause
pulsations in the same flux the actual pulsations in theflux are proportional to their resultant. It is this
resultant pulsation which causes the total core loss of
the alternator. The core loss due to his resultant flux
pulsation under load conditions may, with sufficient
accuracy for most practical purposes, be obtained from
the individual core losses by the following formula.

Total core loss = N/ (a + b)2 c2

This formula is approximate only, as it depends upon
the assumption that core losses vary directly with theflux density, while actually core losses vary as the 1.6 to
2.0 power of the flux density. Also it is not strictly
correct to add core loss a to core loss b in the aboveformula. This is necessary, however, since it is notpractical to separate core loss a from core loss b. In
any case core loss a is very small in comparison with coreloss b and its addition to core loss b does not introduce
any serious error. This formula has been found to give
reasonably good resultsin actual practise and has proved
more satisfactory than the method, usually used indesigning low -frequency, single-phase alternators, ofarbitrarily using one-third or some other fixed percent-age of the load loss as determined on a short-circuit test.
PREDETERMINATION OF OPERATING CHARACTERISTICS

The complete operating characteristics of an alterna-tor of this type under any condition of load can bepredetermined from the following data:
1. Windage and friction at operating speed.
2. Armature resistance at operating temperature.3. No-load saturation curve.
4. Combined core losses of types a and b as a functionof the field current.
5. Core loss of type c as a function of the load current.
In order to illustrate the method let it be requiredto determine the efficiency of this alternator whenoperating at an output of 10 kw. on a non -inductive

load resistance of 57.4 ohms.
By substitution in the formula

W = P R
10,000 = /2 x 57.4

I = 13.2 amperes load current.
From Fig. 10 the core loss of type c, corresponding toa current of 13.2 amperes is found to be 3200 watts,and its effective resistance 18.3 ohms.
Assuming the alternator to be tuned to resonance bymeans of a series condenser, which is its normal con-dition of operation as a resonance alternator, therequired total generated voltage will be equal to

(57.4 -I- 18.3) X 13.2 = 992 volts
(The very small armature resistance drop may beneglected.)

The field current corresponding to 992 volts shouldbe obtained from the no-load saturation curve. As avoltmeter suitable for use at 20,000 cycles was not
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available, a no-load saturation curve could not be taken
for this alternator. For the purpose of illustration
let it be assumed that such a curve indicated a value of

60 amperes.
With this value of field current of 60 amperes the

sum of the core losses of types a and b is found to be
2420 watts from the curve of Fig. 9.

Hence the total effective core loss equals

V (2420)2 (3200)2 = 4020 watts.
Armature copper loss = (13.2)2 x 0.025 = 4.4 watts

which may be neglected.

Windage and friction = 1400 watts.

Hence
Windage and friction . . . . = 1400 watts
Core loss = 4020 ,4

Output = 10000

Input = iC15420

10000
Efficiency 15420 - 64.8 per cent

The efficiency of this alternator when operating at
10 kw. output on a load resistance of 57.4 ohms, as
determined by test by the input-output method was
found to be 65.3 per cent.

The maximum output of the alternator when operat-
ing on any particular value of load resistance may
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readily be determined by the cut -and -try method.
A value of load current is found, by trial, which when
multiplied by the sum of the load resistance and the
effective resistance of the type c core loss for the same
current, equals the maximum generated voltage of the
alternator as indicated by the no-load saturation curve.
This value of current squared and multiplied by the
load resistance gives the value of the maximum possible
output of the alterntor when operating on this particular
load resistance under resonance conditions. The max-
imum output curve of Fig. 6 was obtained by this
method for outputs beyond the capacity of the driving
motor used for the test. It is seen from Fig. 6 that
values obtained by this method check very well with the
values obtained by actual test. Therefore this is a
good check on the method used to determine the effect
of core loss of type c on the available voltage of the
alternator.

CONCLUSIONS

The results of the tests made on this 10 -kw. alternator
seem to indicate that this improved type of reaction
alternator is well suited for the generation of alternating
currents of frequencies up to at least 20,000 cycles.
The operating characteristics of this alternator are such
as would seem to render it suitable as a source of power
for high frequency induction type electric furnaces
and other applications which require relatively large
amounts of a -c. power at high frequencies.

Cab Signals for Railway Signaling
1;1 T. S. STEVENS'

Synopsis.-There is described in this paper a system of contin-
uous signals operating within the cab of a railway locomotive.
This system was developed in an effort to provide more reliable and
safer signals than the common semaphore or light signals. The

PROBABLY every signal engineer has worried about
the difficulty of placing wayside signals on a
railroad so that they can be seen and the indication

properly read at a sufficient distance for proper control
of the train. There are two forms of wayside signals;
the semaphore and daylight light signal. The first
displays its indications by a movable arm attached to
a mast. The second displays its indications by
colored lights which, by virtue of special lenses, can
be seen in ordinary day light at sufficient distance.
Particularly with semaphores, the question of back-
ground is very essential. It is not quite so essential in

. connection with light signals, but even with these
devices it is often difficult to place signals on a crooked
piece of track so that there will be sufficient view of

1. Signal Engineer, Atchinson, Topeka & Santa Fe Railway
System.

Presented at the Regional Meeting of District No. 7 of the A. 1.
E. E., at Kansas City, Mo., March 17 and 18,1927.

particular type of system is called the three -speed, continuous -
control signal system. It has been adopted quite extensively by
the Atchinson, Topeka and Santa Fe Railway System.

* * * *

them. Fog is another agent which interferes to a great
extent with, a view of semaphores and with a view
more or less of light signals; although in a fog, a light
signal can be seen much the farther.

Then again any form of wayside signal is only inter-
mittent in its indication. A train arrives at a signal
which is displaying a certain indication. It passes it
and the indication is lost except in the memory of the
the engineman.

Thus, many years ago, we dreamed of the possi-
bility of having a signal right ahead of the engine which
would change under changing conditions or contin-
uously display the same indication if the condition did
not change. Much research work was accomplished
and ultimately it was found possible, through means
of practically wireless circuits, to provide a signal in
the cab of the engine which would keep the engineman
informed continuously of the condition ahead regardless
of whether he was moving or standing still.
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The type of cab signaling adopted by the Santa Feis generally called Three -speed continuous control.It employs no wayside signals and all information is
obtained from the signals in the engine cab.

Fig. 1 indicates a train proceeding along the trackreceiving a high-speed indication from the track ahead.Directly at the rear of the train, a zone of low -speed
control is set up and just behind that, a zone of medium-speed control, so that a train following will receive a
medium -speed indication and then a low -speed indica-

LOW MED/Ufri

FIG. 1-AUTOMATIC TRAIN CONTROL

hf/CH -

tion over sufficient length of track so that it can easilybe brought to rest before getting within dangerously
close proximity of the first train.

The three -speed, continuous control system neces-
sarily requires:tthe establishment of three different

A

15

FIG. 2-ALTERNATING CURRENT TRACK CIRCUIT

electrical conditions in order to provide the three con-
trols. These three conditions are brought about by the
proper control of a -c. circuits in the rails which establish
magnetic fields around the rails and affect receiving
apparatus mounted at the front arid rear of the locomo-
tive. The energy picked up by these receivers is am-

FIG. 3-Loop CIRCUIT

plified in two stages and used to operate the engine
relay on the locomotive.

The railroad tracks are divided into track sections,
or "blocks," by insulated joints located approximately

4000 ft. apart. Each section is equipped with an
individual set of controlled circuits, two separate cir-
cuits being used as follows:

Fig. 2 shows the circuits mentioned above. A is
the "Track Circuit" in which a small transformer
feeds current into the rails, and this is received at a
track relay at the other end of the section. The current
in the track circuit flows through a limiting impedance
coil to the track, down one rail, through the track relay
or the axles of any train which may be in that particular
section, and back through the other rail. Incidentally,
quite a large part of the total current may leak from
rail to rail through the ground.

B shows the same track circuit occupied by a train
moving from right to left, and it will be noted that the
current is shunted away from the relay by the axles of
the train so that the armature of tEe relay drops by
gravity on the back contacts instead of the front con-
tacts. These contacts are used to control circuits in
such a way as to indicate the presence or non -presence
of a train on the particular track section concerned.

Fig. 3 is the "Loop Circuit" in which current travels
down both rails in the same direction. It leaves the

FIG. 4-ENGINE RECEIVER

loop transformer at one end of the circuit, divides
through two resistance coils and flows down bothrails in both directions under the train. At the end
of the track section it is again brought together through
two resistance coils and returns over a wire installed onthe pole line.

Fig. 4 shows in a diagrammatic way the engine receiver,of which one is mounted in front of the first pair of
wheels on the locomotive and another at the rear of the
tender with a vertical clearance of about six in. abovethe rail. This is a structure of laminated iron withcoils mounted thereon in such a manner as to pick up
energy from the magnetic field around the rails. The"Track Receiver" being at the front of the locomotivepicks up track energy before it is shunted by the wheels.
The coils on the track receiver are connected in such amanner that the voltages induced in them are additivewhen the current is passing through the two rails ina direction opposite from that indicated for the trackcircuit in Fig. 1.

The "Loop Receiver" being mounted on the rear endof the tender is out of the zone of track circuit currentbecause this has been shunted through the wheels ofthe locomotive. The coils of the loop receiver areconnected in such a manner that the voltages induced inthem are additive for currents passing through both
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rails in the same direction. Thus they pick up energy
from the loop circuits which is shown in Fig. 2.

The "High -Speed" indication is established when the
track is unoccupied for a specified distance ahead. It is
brought about by energization of both the track circuit
and the loop circuit with the normal direction of current
flowing in each circuit.

The "Medium Speed" indication is established when
the track is occupied at a specified distance ahead.
This is brought about by energization of both the track
and the loop circuits with the current in the latter
circuit reversed.

The "Slow Speed" indication is established when the
track is occupied at a specified shorter distance ahead.
This is brought about by de-energization of either the
track circuit or the loop circuit.

The method of controlling the track circuit and loop

Head Light Generator

Main Switch in Cab

Speed Limit Indicator

Speed Indicator

Cut Out Relay

I

ce
III

Amplifiers

both of these contacts and closes another. In order to
accomplish this, suitable means are provided to reverse
the relative polarity of the current in the loop circuit.

Fig. 5 shows the circuit used on the locomotive.,
Directly under the train control relay is shown the
contacts which bring about the display of the different
lights in the cab signal. The letter in the indicator
used on the Santa Fe means low, medium and high
describing the, speeds which are authorized. In this
same connection, the relay controls two electropneu-
matic valves designated as "Control Magnets," which,
in turn, set up conditions through which the speed of
the train is actually controlled automatically regardless
of the action of the engineman.

The author does not intend to give a full description of
this automatic control, but it is interesting to a mechani-
cal engineer and the author will be glad to arrangerfor

WWI O

Train Control Relay

IMMON

Cut -Out Switch

Rear Receiving Coils

Reversing Switch

FIG. 5 -CIRCUIT DIAGRAM AUTOMATIC TRAIN CONTROL

circuit automatically by the presence of a train on the
track will be explained in detail a little later.

The train control engine relay is a two element affair,
one element of which is energized by induction from
current in the track circuit shown in Fig. 1 except when
this current is shunted away from it by the wheels and
axles of a train. The other element is energized by
induction from current in the loop circuit shown in
Fig. 2. The operating part of the relay is a vane
somewhat similar to that used in a watthour meter.
In order to obtain three indications, it is necessary
to proiride a means for this disk to be operated in two
directions in order to close different contacts. It must
also be actuated by gravity to a point where it opens

Front Receiving Coils

answers to any questions which may be lasked.
Fig. 6 illustrates in greater detail than Figs. 1 and 2,

the circuits used on the roadway. In this connection,
it will be noted that a three-phase line is used to energize
the system. This line is very nearly balanced by using
one of the three phases for a five-mi. stretch, the next
phase for the next five miles and the third phase, for
for the next five miles. It will be noted also that the
secondaries of the line transformers are divided into two
circuits, each of 110 volts, in order to provide a con-
venient way for reversal of current polarity in the loop
circuit without a complicated pole changing device.

Now, as to the circuits on the roadside which bring
about the different indications: In the following.
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discussion, the current which is permanently applied to
the rails will be designated as the "track circuit current"
and that which is controlled through contacts will be
called "loop current."
IX In order to provide a high-speed indication, both of
these currents must be present, and the loop current
must be of the proper relative polarity. To provide a
medium -speed indication, both of these currents must
be present and the relative polarity of the loop current
must be reversed. There are two ways of providing
the slow -speed indication: One is shown between loca-
tions 1 and 2, where the current is shunted away fromthe relay by the train. Under these conditions, if
another train enters this section, there will be no track
circuit current available. The other is shown at
location 2. At this point contact A is open and there-
fore no energy is applied to the primary of loop trans-
former B. In either case, one element of the engine
relay is:de-energized and its rotor drops by gravity to
the low speedcontact.
L The method of providing a medium -speed indication

was very interesting. The real reason for all the above
was to provide a means of controlling a train auto-
matically regardless of the carelessness of the engine -
man or the fact that he might become incapacitated due
to sudden illness or death, but it has lead several
railroads to consider the desirability of providing signals
in the cab of the engine rather than on the wayside and
in this sense has had a good effect.

Whether the automatic control of a train will ulti-
mately be successful is debatable, but at present it
looks as if it is a factor in railway operation which has
come to stay.

There are various other schemes now in use which
are very interesting from a technical standpoint, but all
of these involve intermittent controls. None of them
provides an adequate means for the use of cab signals
without the addition of wayside devices. They
simply provide for a check on the engineman should he
disobey a signal indication. They are not self check-
ing, as is the device described above, and therefore as a
means of adding to the efficiency as well as safety of
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FIG. 6-TYPICAL TRAIN CONTROL ROADWAY CIRCUITS

is shown at location 2. It will be noted at location 1
that contact C is connected to wire B X which, in turn,
is connected to the line transformer on the relatively
plus side. At location 2, the corresponding contact
AD is dropped and is now connected to wire N X
which is connected to the relatively minus side of the
transformer. In this way, the relative polarities be-
tween the track circuit current and the loop current
have been reversed, which in turn -reverses the engine
relay.

The trade name of the particular scheme as described
is "Continuous Control" because of its continuous
indications. It seems easy as here described, but
a great many years were spent in research work
before a simple description of this kind became
possible.

Various new problems confronted us when we had
the opportunity to study the problem in connection
with an actual installation. Very interesting studies
have been made about the various paths which a current
will take when a conductor is grounded as all steam
railroad rails must be grounded more or less through
the ties and ballast. The problem of providing safe
operation, with due consideration for the inductive
effects of adjacent power lines of the same frequency

train movements they seem incomplete. Only time
will show whether this idea is correct or not.

"STAND BY" STORAGE BATTERIES
The people of every city make sudden heavy demands

upon their electric light company. The approach of
storms and resultant daytime gloom is one of the
commonest causes of this. To meet such demands andto guard against power failures many companies main-
tain immense storage batteries to handle the load dur-ing the few minutes that are sometimes required tobring the generating machinery up to speed. These
batteries usually are the largest to be found anywhere-
some weighing over three tons each. A few electric
light plants keep as much as 500 tons of batteries always
standing ready for service.

There are some eighteen cities in the United States
and Canada in which "stand by" batteries are employedin this way. In five representative cities of this class,
there are 125 "stand by" storage batteries aggregating
in capacity 675,000 amperes at the one hour dischargerate on the 250 -volt bus. These batteries would,. there-
fore, carry the load of 2,700,000 60 -watt incandescentlamps for one hour or about twice that many for 20minutes.



Transmission and Distribution
\nnual Report of Committee on Power Transmission and

Distribution*

To the Board of Directors:

FOREWORD

In presenting the annual report of the Committee on
Power Transmission and Distribution it has seemed
best to largely confine its scope to a discussion of the
progress that has been made in those branches of the
art with which the Committee has been actively con-
cerned during the year. Several of the members have
collaborated in the preparation of the report and it
represents the consensus of opinion of the Committee
as a whole.

It is felt that the coordination of effort which has
been secured through the medium of the Committee
has resulted in a very substantial stimulus to the
advancement of the state of knowledge regarding those
problems which have been particularly studied and if
this report in presenting a resume of the progress made
also succeeds in indicating profitable fields for further
study and research its purpose will have been
accomplished.

LIGHTNING ON TRANSMISSION LINES

With the growing tendency toward interconnection
of large power systems and the increasing dependence
on high-tension transmission lines for the service of
large communities, the question of continuity of service
for such lines has become very important.

Inasmuch as lightning has been responsible for most
of the interruptions to service over transmission lines
a subcommittee was appointed whose duties were to
investigate lightning and its relation to transmission
lines.

The work assigned to the sub -committee was of con-
siderable magnitude and importance. The various
lightning difficulties that had been encountered on
transmission lines in the past two years were discussed,
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as well as the various data that had been gathered in
connection with these difficulties.

The following are the subjects taken into considera-
tion in the discussion of the general problem.

Klydonograph Tests. Inasmuch as the transients due
to lightning are of extremely short duration it was very
difficult to determine their characteristics until the
advent of the kyldonograph. By means of the klydono-
graph it has been possible to obtain information regard-
ing the operation of transmission lines of voltages
ranging from 6.6 kv. to 220 kv. The nature of the tests
and the inherent variation of the physical conditions
under which lightning occurs necessitated a greatamount
of data to determine the facts, definitely. However, the
data secured is sufficiently extensive to indicate the
following important conclusions.

1. The most important voltage surges on overhead
transmission lines are those produced by lightning.

2. On 120- to 140-kv. lines surges of 1200 to 1400
kv. and on 220-kv. lines surges of 1800 to 2000 kv. can
be established.

3. Majority of lightning surges were positive.
4. Highest surges were negative, which would

indicate that they were direct strokes and that the
clouds causing these surges were negative.

5. While very high positive surges were recorded,
they were few in number and only slightly over 1000 kv.

6. The number of surges per stormat a given point
is not great.

7. When a surge above the flashover of the insula-
tion is induced, the insulator flashover relieves the
energy and limits further rise of voltage.

8. The steeper the rate of application, the higher is
the voltage reached before flashover, and when no
flashover occurs, the insulators must withstand the
surge for its entire duration.

9. High -voltage surges do not travel far. Such
surges are damped below the corona voltage in a rela-
tively few miles, while low -voltage surges travel many
miles.

10. Lightning strokes are unidirectional or at most
highly damped oscillations.

Lightning Strokes. What is the amount of current
that can be encountered in a lightning stroke?

It is fairly definitely known that in the case of a direct
stroke, currents of the order of 10,000 to 100,000
amperes can be encountered, whereas in the case of an
induced lightning stroke this current is probably of the
order of 3000 amperes.

A point also to be taken into consideration is that
when a lightning stroke does take place the number of
insulator units that are likely to be spilled will depend

691
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to a large extent on the resistance of the principal
unit paths, the resistance consisting of the tower andthe ground resistances. To amplify: if the resistance
of the lightning path at a particular string is of a high
enough value, the effect of the current going throughit will be to raise the potential of the conductor at that
point above the flashover value of the string in question
and a wave above the spillover value of the string will
travel on to the next string to be spilled over and so on
until it reaches the point where the flashover of a string
is in excess of its crest in which case it will travel on
until it is dissipated in some other manner and so
disappears.

This, of course, shows clearly that the ground resis-
tance plays a considerable part in the determination of
how the lightning flashover will act over the line. With
a low value of ground resistance, it will take fewer
strings to dissipate a particular impulse or stroke. On
the other hand, with a low value of ground resistance,
the amount of power current to be handled at any
particular string will be greater and therefore the
possible arc damage will also be greater.

There is another point to be taken into consideration
in determining the value of ground resistance, and that
is the question of short circuit current required for the
successful operation of relays. It is essential that the
relays controlling transmission lines operate very
quickly under lightning disturbances in order to mini-
mize the damage of the power arc to the insulator string
and the conductor.

Some data were available as to what value of ground
resistance was encountered in practise. Some com-
panies had made measurements of ground resistance
on towers and found that the average resistance was
between 15 and 25 ohms, while some towers, however,
showed a resistance as low as 2 ohms, others as high
as 100 ohms and the highest encountered was in the
neighborhood of 300 ohms.

The question as to what is, therefore, a correct mean
value of a ground resistance is one that is of consider-
able importance and it would be highly desirable to
obtain some data both from a theoretical and experi-
mental standpoint to establish that value definitely.

Lightning Discharges. The question of lightning
discharges under power and the power arcs which
follow brings with it another question and that is
whether it is definitely known that in all cases a power
arc follows the lightning discharge.

One or two cases were cited in which reports had been
received from observers who claimed that they had seen
a lightning discharge on a string of insulators with no
accompanying power follow-up arc, but the Committee
agreed that the amount of data available on this was
meagre and in all probability what was available was
highly unreliable. It is conceivable that a lightning
discharge could take place and yet if the amount of
lightning current were small enough, sufficient ioniza-
tion of the atmosphere would not take place to render

a power arc possible. However, just what is the
amount of current necessary to do this is not known and
it is a problem for further investigation.

It has been estimated that the duration of dangerous
lightning impulses encountered on transmission lines
is of the order of a fraction of a micro -second to ten
micro -seconds.

Ground Wire. The value of the ground wire as a
protection against lightning has been a much mooted
question. In the past where the maximum operating
voltages were in the neighborhood of 66 kv., the con-
sensus of operating opinion has been that interruptions
to service by lightning were as frequent on the trans-
mission lines equipped with ground wire as those that
were not equipped with ground wire. In addition a
great deal of mechanical trouble was encountered with
the ground wire which was often accompanied by
interruptions to service.

Very little attention in the past has been paid to the
erection of the ground wire both from a mechanical and
electrical standpoint and it is believed that the chief
objection to the ground wire on transmission lines has
been as a result of this lack of attention. It is believed
that the ground wire conductor should have a layer
of non-magnetic conducting material. Some operating
companies have used aluminum steel reinforced or
copper clad conductors for ground wires and other
companies are using copper and high -strength copper
alloy conductors.

As to the value of ground wire for reducing the
induced lightning voltage data obtained on a 132-kv.
line operated without ground wire was studied, and
charts prepared in which the various flashovers that
occurred were plotted on a profile on which tower
locations had been indicated by two different sets of
coordinates. In one set, the coordinate consisted of
distance from the station and average height above
ground of the bottom conductor of the span on side of
tower away from the station and in the other case, the
coordinate consisted of distance from the station and
elevations of the bottom conductors on the towers.

On this chart all the flashovers which occurred were
spotted opposite each tower. A careful examination
of the chart showed very markedly that the flashovers
were concentrated on the high spots and were generally
absent from the low spots on the line. It also indi-
cated very clearly that the great majority of the trouble
was on the top conductor.

There were three stations located on that line and
while the line was literally peppered with lightning at
other points, these stations were apparently free fromtrouble. The chart showed that the line was particu-larly low for a distance of two or three miles from the
stations and this explains at least partially the absence
of trouble at the stations.

The number of flashovers during the 1925 season was
approximately 88. In the early spring of 1926 aground wire was installed on this line and the corre-
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sponding number of flashovers during the lightning
season of 1926 was only about 8 or 10. This with other
evidence that is available clearly shows the value of
the ground wire.

Effect of Tower Design. The question of the effect
of the tower itself on the electro-static field surrounding
a conductor and what effect this has on the flashover

value of the insulator units, was considered.
It was the opinion of the Committee that any affect

which the tower may have on the field is of relatively
little importance in determining whether a flashover
will or will not occur. The fact that some semi -flexible
towers are known to have less lightning trouble than
some of the other towers of the square type is un-
doubtedly due to the fact that in the first place they
are very much lower lines, the spans being compar-
atively short and, second, they invariably are equipped
with ground wires since the structures themselves
are generally not self-supporting and the ground wire
which is put in for mechanical reasons serves, of course,
the additional function of giving them lightning pro-
tection at the same time.

It was considered advisable that all the points on
which the committee was in agreement should be set
down to serve in the nature of principles for guidance
in the design of high-tension transmission lines.

It is the opinion of the Committee that these princi-
ples have sufficient theoretical background for their
conclusions and generally also a considerable amount of
actual experience to further back up the theory.

The following are the principles referred to:
1. Under any given set of conditions, the lightning

voltage which can be picked up by a line is a function of
the height of the line, being directly proportional to the
height and is further a function of the ground wire
arrangement but is independent of the power voltage.

2. The lightning voltage under any set of conditions
on a line is limited by the insulator flashover for the
particular wave in question. It should be pointed out,
however, that this is only true where the ground re-
sistance and the tower resistance are comparatively
small. If this resistance is high, the total voltage may
then be appreciably higher than that corresponding to
the flashover of the insulator string.

3. In any line design, it is desirable first to hold
down the lightning voltage. This can be done by

(a) Keeping the line as low as is economically
feasible, and

(b) By the proper use of ground wires, again within
economical limits. Failing to do this, the next best
thing is to prevent the, power arc following the lightning
flashover. Unfortunately we are not at present in a
position to state how this can be done.

4. The higher you go in transmission voltage, the
more beneficial as a rule, is the ground wire. This may
be seen by the following simple example:

Assume two lines built with the same type of struc-
ture, the same conductor, with one built for operation

at 66,000 volts, say the other for operation at 132,000
volts. Assume that the 66,000 -volt line utilizes 5
ordinary suspension units and that the 132,000 volt
line utilizes 10 suspension units. The lightning
flashover of the first is in the neighborhood of 600,000
volts and of the second in the neighborhood of 1,200,000
volts. Assume that the average lightning voltage that
you can get on the 66,000 -volt line is 2,000,000 volts.
Then if the ground wire has the effect of reducing that
by 50 per cent, the lightning voltage with the ground
wire will still be 1,000,000 volts which is 400,000 volts
in excess of the flashover value of the 5 unit string.
Therefore, under these conditions, a flashover will take
place.

In the case of the 132-kv. line, the height, the con-
ductor and everything else being the same it follows
that the voltage with or without the ground wire would
be the same as before and therefore with the string
having a lightning flashover of 1,200,000 volts no
flashover will occur.

A similar example could be employed to show that a
220-kv. line where with 14 standard suspension units the
lightning flashover of the insulators may be expected to
reach values of the order of 1,800,000 volts would hold
and not flash.

5. The design of substations should be co-ordinated
with that of transmission lines as there is a great
tendency to over insulate the line and thereby tend to
transfer the trouble to substation equipment.

A great deal of attention is being paid at the present
time in specifications for electrical apparatus to the
impulse strength of apparatus.

The manufacturers are working on the problem of
impulse strength of apparatus. There is considerable
evidence to show that there is a fairly definite ratio
between the impulse strength and the 60 -cycle strength
of the apparatus. If this is demonstrated to be true,
it will be possible to design a complete system, includ-
ing the transmission line and connected apparatus, with
a relation of insulation values that will give the greatest
efficiency and continuity of service consistent with
minimum cost.

Future Work. For the lightning season of 1927,
several power companies are arranging for future
klydonograph tests which will give us more information
on the value of the ground wire and on the amount of
attenuation of traveling waves. We also hopelto
obtain data to determine the following points:

1. Wave fronts of lightning surges
2. Duration, of energy of lightning surges
3. Maximum voltages induced on continuous trans-

mission lines
4. Maximum field gradients.
Arrangements are also being made to determine

attenuation, potentials at stations, and at short dis-
tances therefrom, potentials on adjacent sections of
line with and without ground wires, potential on both
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For :I number of years studios in lightning pr(thct tunfor 4000 -volt, four-wire, three-phase circuits have beenmade in Chicago, a m I the results have 1)(41 I reported to

the I nstit ut e.* During this period, sev (r;t1 new types
of arresters have been placed on the market, and the
most promising of these arresters have been installed
in Chicago.

In attempting to analyze the records obtained (luringthe past few years on the various types of lightning
arresters and determine their relative efficiency inprotecting transformers from damage by lightning,some very discordant results were observed. Theresults obtained from the service records were not in
accord with the theories, nor with the results of labora-
tory tests.

To make a more comprehensive study of the situation,
the engineers of manufacturers whose lightning arresters
were under investigation in Chicago accepted the
invitation to join in a conference for determining the
cause of these discrepancies. The investigations re-
sulting from this conference will probably require atleast a year before definite results can be secured.
The indications are that, by giving more attention to the
details of line construction and perhaps making some
alterations, it will be possible to make a considerable
further improvement in lightning protection on dis-
tribution circuits.

Many of the factors which affect lightning arrester
performances are not constant and alike for all installa-
tions, and it appears from the data that a large share of
the transformer failures, are due to limitations in
protection which are imposed by conditions outside the
arrester, of which good examples are, high ground
resistance, currents from several circuits through ground
connections of moderate resistance and entrance
through the secondary. Before a conclusion is made
that the arrester has failed to function properly, the
variables must be thoroughly considered. A list of
these variables is as follows:

1. Ground resistances
2. Transformer history
3. Primary exposure

. 4. Secondary exposure
5. Shielding
6. History of immediate territory
7. Lightning entrance.
These variables are quite well known to engineers

who have studied lightning arrester performances.
In attempting to determine their individual importance
on each failure, they are studied somewhat as follows:

1. Ground Resistance. Ground resistances are mea-
*Studies in Lightning Protection on 4000 -volt Circuits.

TRANS. A. I. E. E., Vol. XXXIX, page 1895; Vol. XXXV, page
655.
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relation to the amount of current which the ground
connection may he pected to carry :Ind I1w twiximutri
strength of the instd:o ion which is living protected.

'1. T ransformer I I story. Tlw tratisfornier history
includes the make, size, age, connected load, prc\ tous
failures, previous fuse failures, and the type of instal-
lation, whether it he power or liMItI. Of these factors,
the first two affect failures, inasmuch as some trans-
formers may he more suscept ible to damage than others.
Windings of the older transformers are quite apt to he
of a lower insulating value, transformers operating with
an overload and previous fuse failures may also weaken
this insulation. Transformers which have previously
failed are repaired and re -installed on the lines. The
rewinding of the transformer coils may result in the
transformer being more susceptible to damage by
lightning. Lightning transformer installations are
grounded, and also one power transformer, of a power
bank installation, is grounded. This factor whether
the transformer be grounded or not grounded also
may affect the failures.

3. Primary Exposure. The height, length, number
of primary wires, number of arresters, and the under-
ground cable connecting to the overhead conductors
are features which are studied in connection with the
primary conductors. The height of mains connected
to the transformer failure are of importance, the charge
induced increases as the distance from the earth, or the
point of zero potential, increases. The length of these
wires is important, since the increased exposure in-
creases the charge on the line. The number of arresters
discharging, and the length of the line relieved by each
arrester, should be considered. Long lengths of under-
ground cables connected to overhead conductors at
distances of 100 feet or so from the failure aid in reduc-
ing the induced potential, and are a variable factor.

4. Secondary Exposure. The length and height of
secondary phase wire and the length of secondary
neutral exposure is of importance. The secondary
neutral is grounded on some systems and ungrounded
on others. The grounded secondary neutral furnishes
shielding of considerable value.

5. Shielding. Structure shielding is quite low un-less the structure is of steel adjacent to and higherthan the line. Frame and brick structures, unless
extending two or more stories above the line and adja-cent to it, furnish little shielding. Trees extending
above the line and adjacent to it, and telephone cables
on the same pole as the primary conductors, furnish
good shielding and must be considered.

6. History of Immediate Territory. Transformersburned out and fuses blown due to lightning in the
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adjacent areas of approximately one square mile should
be considered to determine the severity of lightning
within that area. Certain areas may be more suscepti-
ble to lightning disturbances than others; this sus-
ceptibility may be due to geographical conditions, or
the character of the structures within the area.

7. Lightning Entrance. A study of the transformers
burned out should be made and an attempt to determine
the lightning entrance, whether it be over the phase
or neutral primary, or over the secondary wires. Evi-
dences of arcing on the case, bushings and pole should
be noted and the extent and nature of the burns on the
windings of the transformer. Any damage to cus-
tomer's equipment should be studied as evidence of
lightning entrance over the secondary side of the
transformer.

These are the factors which should be studied in
connection with each case of failure, whether it be trans-
formers, underground cables, or secondary equipment.
After this study, one of the factors may be found to be
almost entirely responsible for the failure, and with
sufficient data covering a period of years, an attempt
can be made to eliminate these factors as much as
possible and better the protection.

The Commonwealth Edison Company now installs
2300 -volt arresters on primary phase, and 300 -volt
arresters on the primary neutral; and as a result of their
studies of the seven factors listed, the advisability of
arrester installation on the secondary side of the trans-
former is being considered as a means of further reduc-
ing interruptions of service due to lightning burnouts.

VOLTAGE STANDARDIZATION

Several excellent papers dealing with transmission
and distribution voltage standardization have been
presented to the Institute during the past year and
undoubtedly have contributed much toward clarifying
the status of this problem. The ultimate solution,
however, is still somewhat obscure. With the present
tendency toward interconnection of systems the
standardization of voltages becomes of increasing
importance and it seems urgent to push the studies in
this field.

STABILITY AND LOAD LIMITATIONS OF POWER SYSTEMS

During the past year, the most significant develop-
ment has been the engineering studies of several of the
power companies which have led them to adopt special
means to improve operating conditions and minimize
the probability of outage. The stability studies have
led to the adoption of synchronous machines of low
reactance and high short-circuit ratio provided with
quick -response excitation. The first installation of this
kind will he in California followed quickly by similar
installations in Pennsylvania and Alabama. The in-
clusion of these features in specifications for these
installations shows the importance that the engineers
of large utilities are attaching to the subject of stability.

An important advancement in the transmission art
is the development by Frank G. Baum of "A Trans-
mission System." Broadly, the principle of this system
consists in supplying to the line at each point the
reactive kv-a. required for transmitting the power over
the line at that point, irrespective of whether power is
taken in or given out there and incorporating in the
devices used for this purpose the necessary character-
istics to enable them to supply the reactive power
required for stability under all conditions of operation,
Practically, this means the installation of synchronous
condensers of proper characteristics at intermediate
points of long distance transmission line, in order to
increase the amount of power that may be transmitted
over that line as compared with the same line without
the condensers.

Sustained attention is being given to the design and
construction of machines having characteristics appro-
priate for long-distance power transmission. It is.
recognized that the desirable characteristics in syn-
chronous machines from the standpoint of stability are
low leakage reactance and high short-circuit ratio.
The better performance thus obtained may be utilized
to increase the amount of power transmitted rather
than the margin of stability. Generators of low re-
actance were decided upon by the Southern California
Edison Company for its Big Creek 2-A power plant and
for the motor end of the frequency changer set at
Farmersville located at an intermediate point on their
Big Creek transmission system. Maintenance of
stability is essential not only for long-distance trans-
mission lines but also for comparatively short systems of
large capacity and high standard of service. For
example, in the case of the Conowingo development of
the Philadelphia Electric Company, it was found that
the use of generators having special characteristics
would increase the reliability of the system.

Quick -response excitation which has been introduced
commercially during the past year, maintains a high
average value of voltage in synchronous machines at
time of changes in circuit or load conditions thus
improving the stability of operation. In some cases
it will be desirable to use quick -response excitation in
addition to special characteristics in the synchronous
machines. The speed of response of the excitation
system is obtained by the use of multiple -connected
field windings in the exciters and separate excitation.
Motor -driven exciters have been employed instead of
direct -connected exciters for low -speed generators,
because quicker response can be obtained with exciters
of higher rotational speed and smaller air gaps which are
possible with motor -driven units. To obtain the
advantages of the quick response excitation system it
must be controlled by a suitable voltage regulator
capable of acting promptly and keeping its contacts
closed until the system voltage has approached normal
value. In order to secure correct operation of the
voltage regulator under all conditions of operation, two
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potential transformers with a positive phase sequencenetwork are employed instead of the single potential
transformers normally used. Quick -response excitation
systems have been ordered for each of the plants
described above, and in addition for the Lock 18 and
Tallassee plants of the Alabama Power Company.

In last year's report mention was made of the theoryof artificial stability which had been previously ad-
vanced and which had been substantiated by actual
calculations and to some extent by experimental tests.
Further experimental data not only confirms the
laboratory data previously obtained but establishes the
fact that artificial stability can be obtained on com-
mercial power systems. While it is not expected that
systems would normally be operated in the range of
artificial stability it is undoubtedly desirable to take
advantage of this increased limit as a margin. It
should of course be appreciated that the real advantages

.of quick response excitation systems lie in the increased
power limits under transient conditions.

Going further in the development of voltage sus-
taining devices, successful experiments with a small
inherently compensated synchronous condenser have
been carried out. The compensating current responds
not only to a change in the magnitude of the load
current but also to a change of the load power factor.
It is necessary to keep in mind that this response to
change of angle is quite important during transient
conditions.

An important development during the past year has
been the increased interest in the recording of systems
data useful from the stability standpoint. The most
suitable instruments for this purpose are of the oscillo-
graphic type arranged to operate automatically on the
occurrence of system trouble. For instance, on .the
occurrence of a fault to ground, a ground relay places
the automatic recording apparatus in operation and
after the record had been obtained, auxiliary relays
automatically disconnect the apparatus and prepare
it for a subsequent operation. Particular mention
should be made of the instantaneous watt elements, a
sample of which was displayed to the Committee during
the year. Such a watt element is particularly useful
in stability studies.

These instruments should be very valuable to
enable operating engineers to obtain data on the
performance of their systems during transients. This
data will be useful also in planning future extensions,
ties and interconnections.

Another point, mentioned in last year's report as
being incomplete, is the matter of fault resistance.
The effective value of the fault resistance at the time
of a flashover cannot in general be measured directly.
A new indirect method has been used successfully
which consists in making a chart of calculated values
of ground currents for various fault locations and for
arbitrary values of fault resistance. Lines of constant
resistance on this chart are used as parameters of

reference and the actual fault current, as measured by
the above mentioned oscillographic recording device,
is plotted on this chart; its position with reference to the
constant -resistance lines gives the actual fault re-
sistance. In this way fault resistance, when comparable
to the reactance of the system, can be obtained with a
fair degree of accuracy, and since only the order of
magnitude of fault resistance is important, this accuracy
is adequate.

During the past year progress has been made in
increasing our technical knowledge on the subject of
transmission stability. One paper on this subject was
presented by Mr. 0. E. Shirley and another by Mr.
H. V. Putman. Mention should also be made of the
paper by Messrs. Doherty and Nickle on the Theory of
Synchronous Machine, which gave consideration to the
stability characteristics of machines. Noteworthy
progress in the general understanding of the stability
problem has been facilitated to a considerable degree by
the use of the mechanical analogy due to Mr. S. B.
Griscom, and presented before the Transmission
Committee and several Section meetings.

UNDERGROUND CABLES

A pronounced drift toward the use of single -con-
ductor cables and three -conductor metal-sheathed
unbelted cables is making itself felt. More data are
being secured as to the relative merits of these two types
of cables as well as the ordinary belted three -conductor
cable. Aside from any difference in dielectric strength
the belted three -conductor cable is at a disadvantage
due to the fact that faults frequently are from phase to
phase instead of being confined to ground as is usually
the case with the single-conductor or metal -sheathed
three -conductor cables.

Where the duct size permits, three single -conductor
cables may be installed in one duct thereby avoiding
the necessity of having an individual duct for each
cable which in many cases would make the subway cost
prohibitive. This practise is being followed to a large
extent on the system of The New York Edison -United
Companies with very satisfactory results.

Progress is continually being made in the develop-
ment of super -voltage cables. The 66-kv. Cleveland
cable has been in service for about three years and the
Philadelphia cable which was rated at 75 kv. but
operated at 66 kv. has been in service for about oneyear. While some failures have occurred the operation
in general has been satisfactory.

The Commonwealth Edison Company has in service
two 75-kv. lines each consisting of three single con-
ductor 750,000-cir. mil cables with 24/32 -in. insulation
and is installing additional circuits of this size and
insulation which will go into service this Fall.

One of the encouraging features has been the highly
successful operation of the oil -filled joints.

While short time tests indicate that the 24/32-in.
insulation is liberal and that the cables might have a
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somewhat higher voltage rating, the deterioration rate
of insulation stressed on this basis is not yet accurately
determined.

Trial installations are being made on 66-kv. cables
of joints which incorporate a means of insulating the
intervening section of sheath. By suitably connecting
the insulated sections the sheath currents may be
minimized and the carrying capacity of the cables
thereby increased.

The past year has seen considerable development in
the use of oil reservoirs of various types on high-tension
cable splices. The oil supplied by these reservoirs no
doubt reduces or possibly eliminates voids, especially
near the joints. This is of considerable importance as
it has been found that the cable itself absorbs large
quantities of oil for weeks or even months after installa-
tion. The indications are that the oil absorption by the
line bears a direct relation to the temperature range
through which the line is worked, the greater the
temperature range the greater the oil absorption.
Considerable attention should be given to the volume
capacity of the oil reservoirs as the temperature changes
also produce appreciable variations in the volume of the
insulation for which it is desirable to compensate.
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., three-phase.

A clear distinction should be made between this type
of cable and the 132-kv. cable now being installed in
New York and Chicago. The latter has a hollow core
filled with an oil which is fluid at all operating tempera-
tures and this central space is connected at suitable
intervals with large oil reservoirs capable of com-
pensating for volumetric changes in both oil and cable
whether due to temperature changes or other causes.
No experience has yet been had with these 132-kv.
installations but it is expected that their operating
record during the next few years plus the further
experience with the lines operating at 66 kv. will
indicate whether or not the usual type of cable can be
made to operate satisfactorily at over 75 kv. and also
show whether the hollow core, oil filled type and its
several accessories are good for 132 kv. or possibly more.

Voltage Surges on Underground Cable Systems. In
the course of the studies which have been made of high
voltage transients on underground cable systems
klydonographs have been installed on 16 cable systems
for the purpose of obtaining operating records of
transients on these systems. The highest voltage
recorded was 4.6 times normal. Nearly 99 per cent of
all the surges recorded were under three times normal
and 92 per cent of the total were unidirectional and
therefore of brief duration. As the highest surges are
of the same order as the commonly specified test
voltage of the cable, but last only a small fraction of a
second, it is probable that they have no effect on the
cable insulation.

USE OF TEMPERATURE INDICATORS ON DISTRIBUTION

TRANSFORMERS

Experience which has been obtained from the use of
temperature indicators on distribution transformers
in Boston has indicated that material savings may be
accomplished due to a better loading of the trans-
formers. Some operating companies, however, feel
that temperature indicators are not a satisfactory
substitute for load tests but in any case it is probable
that under cool weather conditions where the ambient
temperature is materially below 40 deg. cent. which
usually corresponds to the peak -load season in Northern
cities the transformers can be safely loaded to values
considerably in excess of their rating. An important
reduction in transformer investment may thereby
result.

PHILIP TORCHIO, Chairman.

MECHANICAL AND MAGNETIC
PROPERTIES OF STEEL

The Department of Commerce has made public a
statement on an investigation of the magnetic and
mechanical properties of iron and steel. The full text
of the statement follows:

The results of a recent investigation of the relation-
ship which exists between the magnetic and mechanical
properties of iron and steel do not lead to the conclusion
that there is no relationship between the magnetic and
the mechanical properties of those metals but only
that the algebraic expression of magnetic properties,
generally known as Kennelly's law, or the reluctivity
relationship, does not truly represent the magnetic
properties, according to R. L. Sanford, chief, Magnetic
Section, Bureau of Standards. For this reason, states
Mr. Sanford, we cannot expect to develop such relation-
ship as may exist between the magnetic and mechanical
properties in terms of the constants in the reluctivity
equation.

In the light of the result of many researches carried
out independently by several investigators, there can
be no doubt that there is a very close connection
between the magnetic and mechanical properties of
steel, according to Mr. Sanford. It would be of con-
siderable advantage therefor if these relationships could
be worked out on a quantitative basis and the investi-
gation under discussion was undertaken primarily for
the purpose of discovering whether or not the reluctivity
relationship could be used as the basis of such a quanti-
tative correlation. The fact that the relationship can-
not be so used should not by any means be construed
as meaning that the correlation does not exist. It is
very desirable that fundamental investigation looking
toward the establishment of definite laws of correlation
should be carried on since only through a knowledge of
the underlying principles involved can the advantages
of magnetic analysis be realized to the fullest possible
extent.
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Synopsis.-Data from a large number of tests on several types of
oil circuit breakers are given in this paper. The tests were made on
breakers with the following ratings (a) 150 kv., 1,500,000 kv-a.;
(b) 35 kv., 250,000 kv-a., (c) 7000 volts, 75,000 kv-a.; (d) 132 kv.,
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1,250,000 kv-a., and (e) 132 kv., 750,000 kv-a. These tests were
made on power systems having sufficient connected capacity to make
the tests conclusive. Complete data are tabulated and oscillograms
are shown. Some valuable conclusions resulted from the tests.

INTRODUCTION

THE American Gas and Electric Company has
carried out a number of tests on high- and low-
voltage oil circuit breakers, these tests falling into

three principal groups which are as follows:
1. The first group of tests was brought about by

the purchase from the Brown Boveri Company of a
number of 150-kv. and 35-kv. breakers, the acceptance
of which was made conditional upon the results of
rupturing capacity tests. The 150-kv. breaker, de-
scribed and illustrated more fully in later paragraphs,
is of the round tank multiple break type equipped with
oil filled 150-kv. bushings. A total of 10 breaks per
pole is employed using simple ball type butt contacts.

Although it was not possible to obtain sufficient

FIG. 1-BROWN BOVERI 150-Ky. BREAKER IN POSITION FOR
TEST WITH SHELTER FOR CURRENT TRANSFORMERS AND TRIP-
PING RELAYS

short-circuit current at any point on the interconnected
132-kv. system of the American Gas and Electric Com-
pany to test the breaker at its full rated interrupting
capacity of 1,500,000 kv-a., it was felt, nevertheless,
that a series of tests at the maximum capacity available,
approximately 750,000 kv-a., would serve to indicate
whether the breaker would be acceptable for the in-
tended service. The Sunnyside Substation of the
Ohio Power Company at Canton, Ohio, was selected as
the logical place to carry out the tests, since not only
was it possible to obtain a maximum concentration of
short-circuit capacity at that point, but also because the

1. Both of the American Gas and Electric Co., 30 Church St.,
New York, N. Y.

Presented at the Winter Convention of the A. I. E. E., New York,
N. Y., February 7-11, 1927.

particular point being a substation, any short circuit
placed on the system there would be divided between
the various generating stations on the interconnected
system through the intervening lines between Sunny-
side Substation and the generating stations.

The 35-kv. breaker was of the plain break type, two
breaks per pole, with all three poles in one rectangular
tank. Several of these switches had been purchased
subject to the results of tests to be made at 22 kv.

2. The second group of tests, conducted at Schenec-
tady, using the 'regulartesting equipment of the General
Electric Company, was made on one unit of the Reyrolle
compound filled switchgear, type C-1-ORD, rated at
7000 volts, 400 amperes, and having a guaranteed rup-
turing capacity of 75,000 kv-a. As in the case of the
Brown Boveri breakers a number of these units had been
purchased subject to satisfactory performance under
short-circuit tests.

3. The third group of tests was made on two General
Electric Company breakers, the breakers selected being
two 132-kv. breakers, one of them an FHKO-39-B
and the other an FHKO-136-B. The first, that is, the
FHKO-39-B, had a rated rupturing capacity of
1,250,000 kv-a. This breaker, as is well known, is of
the round tank, explosion chamber type. The other,
the FHKO-136-B, is rated at 750,000 kv-a. and is of
the oval tank explosion chamber type. It was felt
that a short-circuit test on this breaker at the Sunny-
side Substation, where a capacity practically equal to
the breaker rating was available, would serve as an
excellent check on the design principles embodied in
other high -voltage breakers of the same type.

TESTS ON THE BROWN BOVERI TYPE' A F 24/1 A
150,000 -VOLT OIL CIRCUIT BREAKERS

The general appearance of the 150-kv. Brown
Boveri breaker is shown in Fig. 1. This illustration
also shows the method of mounting the breaker and of
bringing the leads on the short-circuit side to a small
shelter in which were placed the 2500 -ampere current
transformers and the relays used in tripping the
breaker. The foundation for the breaker consisted

698

2. See also Electrical World of May 9, 1925.
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of heavy timbers placed directly on the ground as.
shown.

The breaker tanks have a diameter of 65 in. and a
height of 8 ft. 10 in. from the truck wheel to the center
line of the horizontal operating shaft. The ball type
contacts are shown in Fig. 2.

The results of typical tests are summarized in the
Table I. (abridged).

Beginning with a standard duty cycle of 2-OCO
shots with a two -minute interval and with a system
set-up calculated to give approximately 225,000 kv-a.,
the duty on this breaker was increased by steps until
on Tests No. 16 to No. 26 the full system capacity
available was applied.

After the fifth shot on which approximately 300,000
kv-a. was interrupted, the oil was drained from one tank
and the contacts examined before proceeding further.
Tests were continued without dressing the contacts

699

oil was in very good condition and tested an average
of 24 kv.

During the interval between Test No. 15, the final
test on March 8, and Test No. 16, the contacts were
removed and dressed and fresh oil supplied to the
breaker.

For Tests No. 16 to No. 26 inclusive, the full system
set-up was calculated to give approximately 745,000
kv-a. with five generators at Windsor andapproximately
725,000 kv-a. with four generators at Windsor.

While no current records were obtained on Tests No.
16 and No. 17, so that the exact value of ruptured kv-a.
cannot be given, with the five generators at Windsor
(only four available for Tests No. 18.to No. 26) and with
a somewhat higher voltage, it is estimated that the duty
on these two shots was approximately 700,000 kv-a.

On Test No. 17 which was the second shot of a stand-
ard 2-OCO duty cycle, No. "1 pole gave off considerable

TABLE I (Abridged)
RESULTS OF TESTS ON 150-KV. BROWN BOVERI OIL CIRCUIT BREAKER'

Duty cycle and
system set-up

Test
number

Test
voltage

Recovery volts Current
Duration of

short, % cycles
Short-circuit

kv-a.

Remarks
Peak
value

line 2-3

Per
cent

initial

Closing Initial
in arc
R.M.S.Peak R.M.S. *Total Arcing Closed Opened

2-000 2 -min. system Could not
as in Fig. 4 except
Cleveland off and
22,000-kv-a. gen.
only at Akron. 4

14 134,000 134,000 70.7 be read 2340 40 14 .. 534,000 Opened 0. K. Some
smoke, slight oil
throw. Noticeable
jumping of all three

gen. at Windsor 15 134,000 111,000 58.5 6920 4000 2180 38 13 930.000 505,000 tanks.

7-OCO 1 -min. inter- 20 132,000 262,000 140.0 8000 . 4680 2830 34 14 1,070,000 645,000 Opened 0. K. Some

val. System same
as Test 18

21 132,000 164,000
No

87.0 7930 4580 2800 37 16 1,040,000 640,000 smoke. Considerable
jumping.

22 132,000 record .. t7750 f4480 2830 No record 1,020,000 645,000 Ditto

23 132,000 180,000 96.5 6660 4020 2830 40 17 926,000 645,000

. No
24 132,000 record .. 17000 t4150 2860 No record 946,000 652,000 Ditto

Could not
25 132,000 144,000 77.0 be read 2920 39 16 .. 666,000 Ditto
26 132,000 217,000 116 . 0 8450 I 4900 2920 34 13 1,120,000 666,000 Ditto

*Estimated from current and voltage record.
tEstimated. record cut off.

which were only slightly burned, and without changing
the oil in the other two tanks.

The series of eight shots comprising Tests No. 6 to
No. 13 inclusive, presents an unusual and interesting
test in that the eight shots were given as rapidly as the
breaker could be closed, the interval averaging approxi-
mately 10 sec. The short-circuit kv-a. opened on this
series averaged approximately 330,000 or approximately
one-fourth of the rated capacity of the breaker.

Oil samples taken after this series tested 27 kv. as
compared with a test of 28 kv. on the oil originally
supplied to the breakers, and showed only slight
discoloration.

Tests No. 14 and No. 15 represent a standard 2-OCO
duty cycle to which was applied the full system capacity
calculated to give a short circuit of approximately
525,000 kv-a.

Oil samples taken at this time showed slightly more
discoloration than those taken after Test No. 5, but the

smoke and threw a small quantity of oil from the vent
indicating more distress than on any of the other shots
during the entire series. Nine shots at full system
capacity were applied after this test without any repe-
tition of this apparent distress so that the reason for it
on this shot is not at all clear. An examination of the
barrier between the individual breaks in tank No. 1
after the completion of the tests showed that one
of them had been somewhat charred on both sides
opposite the breaks. This barrier was of a material
different from that furnished with the original breaker,
as it had been obtained locally and placed in the breaker
to replace one of the originals which had become
broken in assembly. Subsequent examination failed
to reveal any puncture, however, so that the distress
shown is still unexplained unless it was simply due to the
generation of more than the usual amount of gas and
smoke caused by the burning of this barrier.

After Tests No. 18 and No. 19, which comprised
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another standard duty cycle of 2-OCO shots, a finalseries of 7-OCO shots at one -minute intervals wasapplied. On all of the shots at the higher valuesof kv-a. a considerable movement of the tanks wasobservable due, it is believed, at least partly to theresilient character of the timber foundations. Thislast series was intended to consist of eight shots insteadof seven, but, on account of the instability of the timber
foundations causing considerable movement each time

A

B
FIG. 7-(A) CONTACTS OF BROWN BOVERI 150-Kv. BREAKER

AFTER COMPLETION OF TESTS
(H) SIDE VIEW OF SAME CONTACTS

the breaker opened, it was agreed that between each
of the shots the test breaker would be given a blind shot;
that is, it would be closed and opened with the back-up
breaker open so as to make sure that the tanks had not
been thrown out of alinement to such an extent as to
prevent tripping. This proved to be a wise precaution
as the breaker failed to trip on the blind shot made after
Test No. 26 and no further tests were made.

The contacts taken from this breaker after Test

FIG. 10-FRONT VIEW OF 35-liv. BREAKER AFTER TEST.
NOTE CRACK IN COVER AND RIVETS SHEARED OFF AROUND
TOP OF TANK

No. 26 are shown in Fig. 7. Although considerably
burned, there was nothing, in the authors' opinion,
in the condition of these contacts which would prevent
the breaker from continuing in service even without
any dressing of the contacts. The oil was considerably

discolored, but tested an average of 25 kv. as compared
with 30 kv. for the fresh oil supplied to the breaker
before Test No. 16.

TESTS ON THE 35-KV. BROWN BOVERI TYPE A F 12/36
OIL CIRCUIT BREAKER

This breaker, which is of the plain break type with
spring mounted arcing contacts, is particularly distinc-
tive due to all three poles being placed in one rectangular
tank with internal barriers only for separation between
poles.

It was planned to give the breaker an initial standard
duty cycle at about 175,000 to 200,000 kv-a. and then
increase in one or two steps to the full rating of 250,000
kv-a. The short-circuit kv-a. for the first test as cal-
culated from the system set-up was approximately
180,000 kv-a. at 0.2 seconds and approximately 200,000
kv-a. at 0.1 sec. Tests on the over-all time required
to trip the breaker from the closing of the trip circuit
until the breaker contacts separated indicated that the
duration of the short circuit would be between 0.1 and
0.2 sec.

The planned series of tests was carried out, however,
only to the extent of the first shot, as this resulted in a
failure accompanied by the oil catching fire. Unfor-

\ARC 04 NGE
\ I

11000

a1 i
,9L

/NVOGTR6E
20 _L

.3000

sF n(t'ifn

,VVVV

/ 4-00/4N i?-ftt5.
,^1

frto
\JI V

FIG. 15-0SCILLOGRAMS TAKEN ON TEST No. 7

tunately, due to a mishap on the oscillograph, no record
was obtained of the current and voltage values on this
shot. As stated above, however, calculations indicate
that the short circuit was probably in the neighborhood
of 190,000 kv-a. Fig. 10 shows how the breaker tank
was dropped on this shot, leaving the contacts exposed
to the air. In this view is also shown the break in the
cover casting as  well as the two halves of the rivets
which hold the tank to the angle iron ring at the top
and which were sheared off, thus allowing the tank to
drop. The arcing at the exposed contacts of course
immediately turned into a short circuit, igniting the oil
and causing the back-up breaker to open. Althoughnot visible in the picture the lower half of one of the
bushings was stripped of porcelain by the arc.

It is regrettable that no determination was possible
as to the amount of capacity the breaker could actually
interrupt or as to whether the design could be reinforced
sufficiently within economic limits to give it a rupturing
capacity of 250,000 kv-a. It was definitely determined,
however, that the breaker was not up to its rating.
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TESTS ON REYROLLE TYPE C 1-ORD-7000-VOLT OIL

CIRCUIT BREAKER

The Reyrolle armor clad compound filled switchgear,
is shown in Fig. 16. The upper enclosed compartment
contains the bus while the lower compartment just
beneath the bus contains the built-in current
transformers.

This breaker was purchased subject to meeting the
guaranteed rupturing capacity of 75,000 kv-a. at 2300

volts. To determine this, arrangements were made to

FIG. 16-REYROLLE TYPE C1-ORD-7000-VOLT COMPOUND
FILLED SWITCHGEAR SET-UP FOR TEST. SWITCH RACKED OUT

tesCone of these units at the factory of the General
Electric Company at Schenectady using the regular
testing equipment consisting of the 26,700-kv-a., 25 -
cycle test generator and auxiliary equipment.

It was planned to give this breaker 2300 -volt tests
consisting of standard duty cycles at 40,000 kv-a.,
60,000 kv-a., and 75,000 kv-a., followed by 6600 -volt
tests at 75,000 kv-a. and 100,000 kv-a. On the first
duty cycle in which the breaker opened 39,200 kv-a.
no distress was evident beyond the hissing sound of
escaping oil and gas.

The second duty cycle on which 58,000 kv-a. and
45,700 kv-a. respectively were obtained on the two
shots, was handled by the breaker apparently as easily
as the first duty cycle. Upon lowering the tank, how-
ever, it was found that the wooden barriers separating
the three poles were broken from their fastenings and
displaced, the screws fastening these barriers to the
tank lining at the side and at the bottom having been
torn out of the wood. Also considerable burning was
disclosed on this test, both on the arcing contacts and
somewhat on the main contacts.

On the final duty cycle at 2300 volts the breaker
successfully cleared a short circuit of 100,000 kv-a. on
the first shot and 64,300 kv-a. on the second shot.
Before these two tests were made the wooden barriers,
found broken after the last test, were repaired and
replaced and new oil was supplied to the breaker.
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The oscillograms for this duty cycle show that on
test No. 5 the total duration of current was only
about 1% cycles as against 3% cycles for test No. 6.
The reason for the short duration and consequent high
value of current on test No. 5 was the fact that the
d -c. time delay relay used as part of the regular station
testing equipment for tripping the test breaker was
not reset after the last test, resulting in energizing the
trip circuit of the test breaker as soon as the auxiliary
contacts closed. This relay was properly reset before
test No. 6 so that the normal duration of short circuit
and the smaller value of current were obtained.

The wooden barriers found broken after test No. 4
and repaired prior to test No. 5 were again found com-
pletely broken from their fastenings and displaced after
test No. 6. As before, the arcing contacts, both upper
and lower, were quite badly burned and considerable
burning was also evident on both the upper main con-
tacts and on the lower contact bar.

Before proceeding with the test at 6600 volts it was
decided, due to the badly burned condition of the arcing
contacts after the preceding six shots at 2300 volts,
that new arcing contacts, both upper and lower, should
be made up and installed, that the main contacts should
be carefully dressed, and that new wooden baffles should
be made up and fastened in the tank. New oil of course
was supplied.

Based on a duration of short circuit of seven or eight
cycles for which the time delay relay was set, the genera-
tor circuits were arranged to give a calculated value of
75,000 kv-a. for test No. 7. However, the short
circuit lasted only 21A cycles instead of seven or eight,

FIG. 17-REYROLLE SWITCHGEAR AFTER TEST No. 7

and the kv-a. which the breaker attempted to open was
122,000. The oscillogram shown in Fig. 15 bears
evidence that the short circuit actually was cleared for
a period of seven cycles after which complete failure
and blow-up of the breaker took place. Apparently the
breaker cleared the short circuit but the gas pressure
was so great that the tank was completely ruptured,
one side being thrown against the exposed 6600 -volt
temporary terminals underneath the current trans-
former chamber causing a short circuit which immedi-
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ately set fire to the oil. The appearance of the breakerafter the fire had been put out is shown in Fig. 17.
The force of the explosion which ruptured the tank wasso great that the tank was split not only along the
welded seams but on two edges where the steel hadbeen bent but not welded.

The rupturing capacity of this switch was exceededby more than 60 per cent on test No. 7 at which value
the result obtained might well have been expected.On test No. 5, on the other hand, the breaker success-fully opened 100,000 kv-a. at 2300 volts, which, asidefrom the breaking of the barriers and rather extensive
burning of the arcing contacts (the contacts tested werenot designed for 2300 volt service); ought certainly tobe considered a creditable performance.

Although the breaker more than met its guaranteed
rupturing capacity, certain design features which were
standard with the manufacturers on breakers of heavyduty were incorporated in the breakers actually in-
stalled, the principal ones being those of increasing the
thickness of the tank from in. to 5/16 in., increasing

FIG. 18-HOUSE BUILT FOR SHELTERING THE GENERAL
ELECTRIC OSCILLOGRAPH SHUNTS AND PROF. DYCHE'S CURRENT
TRANSFORMER

the depth of the tank two in., and the substitution of a
much heavier butt type -arcing contact and the employ-
ment of steel barriers over which is placed a wooden
lining instead of wooden barriers fastened to the tank
lining.

TESTS ON GENERAL ELECTRIC 132-KV. OIL CIRCUIT
BREAKERS

Tests on the FHKO-39-B 132-kv. Breaker. For
these tests three oscillographs were furnished by the
General Electric Company, one of which was mounted
on a platform insulated for 132,000 volts, so as to
permit recording three line currents from shunts
placed directly in the line for both grounded and
ungrounded short circuits. In addition to these three
oscillographs a fourth machine, Professor Dyche's,
was provided in order to obtain parallel records of

voltages and current, the latter by means of the same
current transformer used in the previous Brown
Boveri tests. The method of mounting the shunts
on an insulated triangular frame work, is shown in
Fig. 18.

In an attempt to duplicate as nearly as possible on
the FHKO-39-B the tests carried out on the Brown
Boveri 150-kv. breaker, the program for testing con-
sisted of a preliminary trial shot followed by a series of
eight shots in rapid succession at approximately one-
fourth the rating of the breaker, a standard duty cycle
at full system capacity, a special duty cycle consisting
of 2 -CO shots with two -minute interval to obtain a
shorter duration of short-circuit current, and finally
several special duty cycles including a series of 7-OCO
shots, also with full system capacity. Most of these
tests were to be made with the short-circuit point
grounded, permitting the taking of records both on the
shunts and on the current transformer with its limited
insulation.

Table III (abridged) gives the results of tests on the
39-B breaker, including data from both the General
Electric Company oscillographic equipment and Profes-
sor Dyche's equipment.

During all of the tests on this breaker no inspections
of the contacts were made at any time. After the
completion of tests 10 and 11 which were the first tests
using the full capacity of the system, oil samples
were drawn from the middle of each tank and from the
bottom of tank No. 1. Dielectric tests on these samples
gave for tank No. 1, 24.5 kv. average; for tank No. 2,
21.3 kv.; for tank No. 3, 27.6 kv.; and for the oil
drawn from the bottom of tank No. 1, 11 kv. No
change was made in the oil.

The special duty cycle of seven shots at one -minute
intervals was then successfully carried out as shown
under test Nos. 14 to 20 inclusive in the table. All of
the shots were cleared by the test breaker with no
evidence of distress, with no throwing of oil, and with
very little smoke visible, except on test No. 17 when
No. 3 tank gave off quite a puff of smoke. This tank,
however, as well as the other two tanks, did not give
off more than a small amount of smoke on any other
tests and the inspection following the completion of the
tests did not reveal any unusual condition in No. 3 tank.In order to obtain a higher value of current by
decreasing the total duration of the short circuit, a duty
cycle consisting of 2-CO shots was made as covered by
test Nos. 21 and 22. While this type of duty cycle did
decrease the total duration of short circuit to approxi-mately 30 one-half cycles, the increase in rupturedkv-a. was not very large.

All of the shots up to and including test No. 22 were
made with the short circuit grounded. The remaining
four shots, tests 23 to 26 inclusive, were then made withthe short circuit ungrounded, so that it was necessaryto disconnect the current transformer supplyingProfessor Dyche's oscillograph and confine further
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oscillographic records to the General Electric equip-
ment, the current recording oscillograph being mounted
on a platform insulated for 132,000 volts.

At the conclusion of the tests the oil was immediately
drained from the tanks and the contacts from phase 3,
which had given off the puff of smoke on test No. 17,
were removed from the tank. It was found that the
burning was confined almost entirely to the arcing ring
below the current -carrying segments and that the
burning of the rod was confined to the arcing tip and
was such that no beads or pits were left which might
cause the rod to stick in the contacts. It was quite

FIG. 22-FULL SET OF CONTACTS FROM FHKO-39B BREAKER
AFTER COMPLETION OF TEST Nos. 1 To 26

evident that the contacts were in sufficiently good
condition so that without any dressing at all the
breaker could have been kept in service and carried its
rated current even though 26 short circuits had been
interrupted, 17 of them at full system capacity.

Fig. 22 shows all six contacts and contact rods taken
from the FHKO-39 breaker after the completion of the
tests. A comparison of one of these rods with a new rod
showed that the arcing had burned away only a small
part of the arcing tip and that the burning was fairly
smooth and without beads. The average test on the
oil taken from this breaker after the completion of the
tests was 19.25 kv.

Tests on the FHKO-136B 132-kv. Breaker. After
the completion of the tests on the FHKO-39B breaker,
tests were made on the 136B which, as previously
mentioned, was connected in series with the 39B,
the latter then being used as a back-up breaker.

On account of the difficulties encountered in testing
the 136 breaker, these tests were spread out over a
considerable period of time and divided into three
series, the first taking place on December 6, 1925,
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the second on January 10, 1926, and the third on May
23, 1926.

It was planned to subject this breaker to a series of
eight OCO shots in rapid succession at approximately
one-fourth of the breaker rating followed by one or more
standard duty cycles at the full system capacity, and
then to carry out one or more special duty cycles, such
as four shots at full system capacity with one -minute
intervals.

The first attempt to carry out the above tests on this
breaker was made on December 6, 1925. After sub-
jecting the breaker to a trial shot and three of the pro-
posed series of eight shots at approximately one-fourth
of the breaker rating, the breaker failed by splitting
open along the welded seam at the bottom of the middle
tank, permitting the oil in that tank to escape. The
character of this failure is clearly shown in Fig. 25 in
which the tank is suspended and the view is from below.

While there was no conclusive evidence to show
whether the electrical puncture encountered on the
throat bushings during the test of December 6 was
caused by mechanical failure or was the cause of the
mechanical failure, at the same time there is a slight
preponderance of evidence, especially after an analysis
of the tests of May 23, that would show that mechanical
failure preceded electrical failure. Following out this
theory a new assembly for the explosion chamber parts,
including the insulating shield, was worked out. The
principal new features are, first, that the insulating
cylinder is supported at the bottom again by means of
fibre screws but tapped directly into the steel pot and
kept quite separate from the explosion throat. Further,
although not shown in the sketch, the number of these

FIG. 25-MIDDLE TANK OF 136 B AFTER TEST No. 31 SHOWING
ACTUAL OPENING WHERE WELDED SEAM FAILED

supporting screws was increased from six used origi-
nally, to 12 in the new assembly. Second, an entirely
new part was installed consisting of two wooden rings,
one at the top of the steel pot and the other at the
bottom, exactly filling the space between the inner
insulating cylinder and the steel at these two points,
thus taking all cantilever strain off from the lower end
of the cylinder. These two upper and lower wooden
rings are joined together by several connecting wooden
uprights making a rigid structure.

With these changes carried out the third series of
tests on the 136B breaker was arranged for May 23,
1926.
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The testing arrangements on this series were the
same as on the last, with the exception that the system

capacity available was somewhat less, the calculated
value of short circuit available at 0.16 sec. after the
beginning of the short circuit being reduced from
775,000 kv-a. to 685,000.

The results of this final series of tests on the 136B
breaker, made on May 23, 1926, are summarized in

Table V (abridged).
The program for testing was laid out in the same

manner as that which had been attempted for the two

preceding series. After making the preliminary trial

shot to determine whether all oscillographic equipment
was functioning properly, the series of 8-OCO shots at
approximately one-fourth the breaker rating in rapid
succession was begun. No distress was apparent on
any of the shots, only a slight trace of smoke being

visible and no oil being thrown.
The next test was a standard duty cycle of 2-OCO

shots with a two -min. interval at the full system
capacity available. Following this a duty cycle con-
sisting of 2 -CO shots with a two -minute interval was
given to the breaker with the idea of obtaining a some-
what higher current due to decreased time between the
beginning of the short circuit and the first half cycle of

arcing. This procedure did result in increasing the
current from approximately 2300 to approximately
2500 amperes. On both of these duty cycles, which
include tests 48 to 51, the short circuit was cleared with-
out signs of distress on the part of the breaker.

As a special duty cycle with a larger number of
shots at closer intervals, the breaker was subjected to
4 -CO shots at one -min. intervals with the maximum
system capacity available. These four shots which
averaged 600,000 kv-a. interrupted were handled with-
out any distress by the breaker.

After these tests a number of additional shots were
taken with the short circuit ungrounded. An attempt
was made also to further increase the short-circuit
current by means of CO shots on which the test breaker
was tripped through an auxiliary switch on the K039
back-up breaker, thus decreasing the total duration
of the short circuit. The first series made in this man-
ner consisted of 4 -CO shots at one -min. intervals.
It was found, however, that the adjustment of the
auxiliary switch trip on the back-up breaker did not
speed up the tripping of the test breaker as much
as had been anticipated.

The next series of tests consisted of 4-OCO shots at
one -min. intervals at full system capacity, all of which
were opened easily.

In a final attempt to approach nearer to the rating of
the FHKO-136B test breaker a further adjustment was
made on the auxiliary switch of the 39B back-up breaker
so as to speed up considerably the tripping of the test
breaker. With this adjustment and with the system
still ungrounded a final duty cycle consisting of 2 -CO
shots at two -min. intervals was carried out. The
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attempt to speed up the tripping was quite successful
in this case as the total duration of short circuit was
reduced to approximately 31 half -cycles and the inter-
rupted kv-a. was increased to 625,000, a larger value
than on any of the previous shots. These shots were
handled by the breaker with no distress, only a small
amount of smoke being given off and no oil being
thrown.

After the completion of the tests, samples of oil were
drawn from the middle of the tanks and tested for
dielectric strength, averaging 15 kv. as against approxi-
mately 30 kv. obtained for the original oil. Upon
draining the oil and inspecting the interior of the tanks

FIG. A

FIG. B FIG. C

FIG. 26-(A) THROAT BUSHING AND INSULATING COLLARS
TAKEN FROM 136B BREAKER AFTER FAILURE ON TEST No. 31

03) SAME THROAT BUSHING WITH ONE COLLAR
REMOVED SHOWING WHERE PUNCTURE OCCURRED

(C) THROAT BUSHING FROM OPPOSITE SIDE OF SAME
POLE SHOWING BURNING

it was found that all of the insulating cylinders around
the explosion chambers were in place and that no
damage had been done to any of the throat bushings.
The burning of the contacts which is shown in Fig. 34
was found to be confined almost entirely to the arcing
tips of the contact rods and to the arcing bell of the
explosion chamber, the contact segments themselves
being in a very clean condition.

The tests were discontinued of course for that day and
the tanks opened to permit examination of the contacts.

It was found that one of the insulating cylinders
normally surrounding the explosion chambers had
broken from its fastenings and was lodged on the cross-
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head. 'l'he other insulating cylimler in this pole had
not fallen down but was partially broken from its fast-ening. 11 was apparent also that the explosion chamberinsulation had failed, permitting the arc to cut throughthe throat bushing to the lower edge of the steel explo-sion chamber. Fig. 26A shows the broken throat withinsulating collars in place. Marks on one of the fibrerings show evidence of burning by the arc. Fig. 2613shows the same throat bushing with one collar removed,
revealing the place where the arc punctured through.

FIG. 27-CONTACTS FROM 136B BREAKER AFTER TEST No. 31

Another throat bushing also bearing evidence of punc-
ture is shown in Fig. 26c. The steel explosion chamber
itself showed marks of the arcing on the inside edge of
the bottom opening, and retained the imbedded half
of the six fibre screws which were broken off and which,
together with the explosion chamber throat bushing,
were used to support the insulating cylinder around the
explosion chamber. The contacts taken from this

FIG. 30-BUSHING FROM POLE NO. 3 OF 136B BREAKER AFTER
TEST NO. 35. NOTE BREAK AT LOWER END

breaker, two of:which are shown in Fig. 27, indicated
by the small amount of pitting that the actual short-
circuit duty was very light.

In going over such evidence as was available as to the
cause of the breaker failure, two things were apparently
certain; first, it seemed established beyond a doubt
that material used in the throat bushing was inadequate
from the standpoint of dielectric strength and perhaps
also from a mechanical standpoint; and second, the tank,
and particularly the weld, seemed to be weak. The

first, that is, I he faulty bushing, through its electrical
breakdown, probably caused the mechanical breakdown
which in turn ruined the explosion chamber assembly
and at the same time allowed open arcing with the
result that there was created a pressure sufficiently high
to open a weld which was none too strong in the first
place.

The tanks were returned to the factory and rewelded,
a stronger weld being employed in the new set-up.
New types of throat bushings slightly different in design
but principally different in the employment of new
material, supposedly stronger from a mechanical and
electrical standpoint, were also supplied. The breaker,
embodying these changes, but no others, was submitted
to a second series of tests on January 10, 1926.

The results of this series of tests, proved to be almost
an exact repetition of the results obtained on the pre-
vious series, with the exception that the failure on the
third shot of the proposed series of eight was evidenced
by the breaking of a 132-kv. bushing on the high side

41*

FIG. 34-ARCING34-ARCING BELL CONIPARISON OF NEW AND USED
CONTACT ROD, AND EXPLODED VIEW OF CONTACT SEGMENTS
TAKEN FROM ONE POLE OF 13613 BREAKER AFTER TESTS 36 TO 65

of the breaker, permitting oil to leak out, and by a sharp
report with fire issuing from the vents on pole 3.

The second series of tests being thus ended, the oil
was immediately drained from the tanks and the interior
examined. As in the case of the failure on December 6,it was found that the insulating cylinders on both the
explosion chambers in No. 3 tank (the one on which the
bushing was broken) were broken from their fastenings
and both were down on the cross head. It was notedalso that this tank showed considerably more bulgingthan the other two. Upon removing the explosion
chambers from all of the tanks it was found that throat
bushings were again broken in both No. 2 and No. 3tanks. In this case, however, the breaks were suchthat it did not seem possible that they were caused byelectrical puncture. The manner in which the high -voltage bushing was broken is illustrated in Fig. 30,the break at the lower end of the bushing not being
discovered until the bushing was taken apart.

The final explanation adopted as the reason for thefailures of December 6 and January 10, and the onewhich served as the basis for the changes that weremade prior to the tests of May 23, was as follows:
The fairly long insulated cylinder placed over eachexplosion chamber was supported only and entirely at
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the bottom, partly by means of a number of fibre screws
tapped into the bottom of the steel explosion chamber
and partly by the explosion chamber throat itself.

When the breaker opened on short circuit the generation
of gas caused some internal pressure, throwing oil
against the flat sides of the tank and springing these
sides out to a certain extent. On the rebound the oil
was made to exert force in the opposite direction causing
considerable thrust against the insulating cylinders
over the explosion chambers. Since these long in-
sulating tubes were supported only at the bottom, the
cantilever strength was insufficient to withstand this
shock and the supports had to give way, thus breaking
the explosion chamber throat and allowing the cylinder
to drop.

The authors desire to acknowledge the great assis-
tance and cooperation they have received in the carry-
ing out of these tests, and without which the tests would
have been impossible, from the Cleveland Electric
Illuminating Company, The Northern Ohio Power and
Light Company, The Ohio Public Service Company
and the West Penn Power Company whose systems

were either tied in with the test circuit or through whose
cooperation in carrying a certain portion of the load it
was possible to make available the capacity gathered
together for the tests.

The authors also wish to acknoWledge the great help
received from the American Brown Boveri Corporation
and from the Reyrolle Company in furnishing the
switches and assisting in the tests and to the General
Electric Company for their cooperation in the making
of the Reyrolle tests and for furnishing the switches,
the test equipment and operators, and for other assis-
tance rendered in connection with making the tests
on their breakers. Finally, acknowledgment is due to
the operating department of The Ohio Power Company
and Professors H. E. Dyche and E. R. Rath for their
great help in making and recording the tests.

The complete paper gives many additional illus-
trations, including typical oscillograms, schematic dia-
grams of test setups, complete one -line diagram of
system setup for tests, unabridged tables of results of
all tests, as well as considerable additional descriptive
data and discussion of the results of the test.

Circuit Breaker Development
BY R. M. SPURCK1

Associate, A. I. E. E.

Synopsis.-This paper tells of (1) conditions which govern the (3) trends in the design of breakers constructed to meet operating
design of a breaker of a given interrupting capacity, (2) the stan- requirements.
dardization that has been accomplished in rating breakers, and

GENERAL

THE title of this paper might be construed to limit
it to a discussion of detailed design improvements
of a particular line of breakers. A somewhat

broader view of the situation has been taken, however,
it being intended to discuss in general, first, oil circuit
breaker design problems; second, the standardization
that has been accomplished; and third, the general trend
of design and design activities to meet operating
requirements.

The oil circuit breaker design problem has been
discussed many times and various phases of it have been
analyzed. In order to provide an introduction to the
standardization discussion and to form a background
for the description of the design details and design
trend, it is proposed to summarize some of the more
important features that are considered in the successful
designs of oil circuit breakers that are now available.

DESIGN PROBLEMS

Of all the design problems of oil circuit breakers,
1. Switchboard Engg. Dept., General Electric Co., Schenec-

tady, N. Y.
Presented at the Regional Meeting of District No. 2 of the

A. I. E. E., Bethlehem, Pa., April 21-23, 1927.

including insulation, current -carrying ability and the
like, the one relating to interrupting capacity ratings is
probably of most interest. The standardization rules
of the A. I. E. E. state:-"The interrupting rating of an
oil circuit breaker is a rating based on the highest
r. m. s. current at normal voltage the breaker can inter-
rupt under the operating duty specified. The current
value taken shall be that existing during the first half -
cycle of arc between the contacts during the opening
stroke." This specifies the basis on which ratings shall
be made. It is the designers' problem to determine
what features and to what extent those features
contribute to the production of interrupting ability
and to combine those features in an economical design
in such a way that the specified interrupting perform-
ance will be the result.

The economical attainment of interrupting ability of
an oil circuit breaker is fundamentally a question of
control of the gas formed during specified conditions of
circuit interruption. Broadly, when contacts are
separated under oil, gas is formed in varying quantities
until the circuit is interrupted. It is this gas formation
that produces pressures in the breaker structure; so we
must first use all the principles at our command to re-
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duce the amount of gas formed and then provideadequate means for handling the gas that results.It is also an accomplishment from a design standpoint
to make use of the gas as it is generated to produce
some beneficial result in interrupting the circuit and tolimit the amount of formation, under particularly
specified conditions, to a small variation.

In order to expand some of the principles laid downin the preceding paragraph, and to lay the foundation
for further discussion, a short summary will be given of aconception of how an oil circuit breaker functions ininterrupting an alternating current.

As contacts separate under oil, an arc is formed.
This arc stream is considered to have dielectric strengthor, stating it more simply, a certain number of volts perinch of length is required to cause current to flow.
Obviously, then, the total voltage required to cause
current to flow through the arc path will increase withthe length of that path; that is, it will increase as the
contacts continue to separate. Interruption will finally
occur when the contacts have separated to such anextent that the arc path has sufficient insulation
strength to resist the voltage tending to reestablishthe arc as the current wave passes through zero.
The only place where this reestablishing voltageactually
appears on an oscillogram, as ordinarily taken, is
during the first half -cycle after the current has been
interrupted.

If such a description of the principles of arc inter-
ruption under oil is accepted, it would be expected,
of course, that the circuit would be interrupted or the
current wave would disappear only at some zero point
or at some point closely approximating zero. That is
exactly what does happen except in some very unusual
cases, and in view of this fact, it is obviously of interest
to learn more about the reestablishing voltage, par-
ticularly at those instants when the current wave passes
through zero.

The studies that have been made during the last few
years have resulted in a determination of the conditions
that give maximum reestablished voltage. The con-
ditions which produce the maximum voltage are those
occurring during a phase -to -phase short circuit, not
involving ground and in which the voltage tending to
reestablish is 90 deg. ahead of or behind the current.
This does not consider over voltages of a transient
nature at frequencies materially different from the nor-
mal frequency of the current. Such a short circuit can
be obtained on any type of system whether grounded or
ungrounded.

It will be seen, therefore, that it is essential to intro-
duce insulation into the arc path as rapidly as possible.
It is furthermore necessary to have the maximum
contact separation such that the insulation introduced
in the arc path is of such a value that the circuit will be
interrupted 1- y the insertion of this insulation before
the contacts reach the maximum open position.

It has already been stated that gas is formed by an

arc under oil. This gas, which is a mixture of hydrogen,
methane, and other gases, remains in the form of gas
and does not condense. In order to prevent oil throw,
breaker structures must be closed. It is necessary,
therefore, to provide air space in the structure above the
oil to accommodate the gases until they can be permitted
to escape through openings provided for them. At
this time, it may be proper to explain that the formation
of gas during circuit interruption is so rapid that no
reasonable openings would permit the gas to escape as
rapidly as formed. Hence the need of having an air
space as a reservoir for the gas to accumulate in, during
the period that the gas is generated, at a rate which ex-
ceeds the rate at which it can be released from vents
of a practical size.

It develops, then, that after having determined the
break distance required, it is necessary, in order to
produce a proper design, to have data on the amount
and rate of gas formation so that the air reservoir and
breaker structure can be designed with strength suffi-
cient to resist the pressure resulting from the gas
formation.

Such data are determined experimentally by many
tests under varying conditions in order to establish the
maximum values. With such data, the structure can
be designed to resist the forces that will result.

The preceding discussion shows that a great deal of
experimental data must be obtained in order to arrive
at design constants accurate enough to be used in the
design of a breaker which will meet the interrupting
ratings assigned to it. Much of the developmental
work of the company with which I am associated has
been along these lines. A factory testing equipment
has been in use continuously for a number of years.
In addition, field tests have been made on systems of
the American Gas and Electric Company, Duquesne
Light Company, Alabama Power Company, and the
Northern States Power Company, at voltages ranging
from 13,000 volts to 132,000 volts. These field data
have been very useful in checking the factory data.

STANDARDIZATION

Through the efforts of the Electric Power Club, the
National Electric Light Association, and the AmericanInstitute of Electrical Engineers, the following standard
interrupting capacities have been agreed upon.

Standardization of this kind which limits designs to
a reasonable number of steps of interrupting capacity
has already done a great deal toward eliminating typesand varieties and will do much more as new designs are
brought out. Breakers which meet the A. I. E. E. in-
terrupting rule and have the above mentioned interrupt-ing ratings are available. Quotations have been madeon designs of somewhat higher ratings, although thedesirability from an operating standpoint of designing
systems with such large short-circuit currents, especiallyat the moderate voltages, has been questioned.

In breakers of moderate and high interrupting ratings,
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*Temporary standard step.

Voltage rating

4,500

7,500

15,000

a

"

1t

25,000
"

Voltage rating

INDOOR BREAKER
Interrupting rating

Amperes at
rated volts

Approximate
kv-a.

2,500 20,000

2,000 25,000

1,500 40,000
2,500 65,000
3,500 90,000
5,000 125,000
7,000 175,000

10,000 250,000
14,000 350,000
20,000 500,000
3C,000 750,000
40,000 1,000,000
60,000 1,500,000

100,000 2,500,000

1,200 50,000
3,000 125,000
8,000 350,000

12,000 500,000
17,000 750,000
24,000 1,000,000
36,000 1,500,000

OUTDOOR BREAKER
Interrupting rating

Amperes at Approximate
rated volts kv-a.

25,000 3,000 125,000
8,000 350,000

*12,000 *500,000
17,000 750,000
23,000 1,000,000

37,000 2,000 125,000
5,500 350,000

12,000 750,000
16,000 1,000,000

50,000 1,400 125,000
5,800 500,000

12,000 1,000,000

73,000 1,200 150,000
4,000 500,000
8,000 1,000,000

12,000 1,500,000

88,000 1,650 250,000
6,500 1,000,000

110,000 1,300 250,000
2,600 500,000
5,500 1,000,000
8,000 1,500,000

132,000 3,300 750,000
a 6,500 1,500,000

154,000 2,800 750,000
If 5,500 1,500,000

187,000 3,100 1,000,000
a 5,400 1,750,000

220,000 3,300 1,250,000
a 5,200 2,000,000

both indoors and outdoors, most operating companies
recognize the desirability of having the breakers which
do not throw oil. Breakers with this feature fully
tried out are available. This characteristic is obtained
by making the entire breaker structure pressure-tight
and providing an opening through a baffle or separating
chamber for the emission of the gas from the air space
or gas reservoir, after interruption of the circuit has
taken place. One type of separating chamber that
has proved very effective is that consisting of a tube
filled with small quartz pebbles. This tube containing
the pebbles is the only opening from the air space to the
outer air. To escape, therefore, the gas mustIpass
around the pebbles. The gas as it flows around the
pebbles is cooled and any oil that may be carrieewithrit
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FIG. 1 -CROSS SECTION OF AN EXPLOSION CHAMBER FOR
OIL CIRCUIT BREAKER

is separated from the gas and eventually drains back
into the breaker.

In addition to the study given to fundamental data
and standardization, detail improvements have been
made in the design, particularly in those features which
reduce and control the gas formation.

The explosion chamber has been used on oil circuit
breakers for a number of years. It consists of a steel
chamber surrounding the stationary contact which is at
the top of the chamber. The bottom of the chamber
has an opening for the entrance of the movable contact.
The outside and inside of the chamber, with the excep-
tion of the stationary contact, is insulated. This
chamber and the contacts are so arranged that the arc
started by the separation of the contacts when current
is flowing is for a time entirely surrounded by the steel
chamber. This arrangement has proved very effective
in reducing the arc duration, controlling the gas forma-
tion, reducing the variation in gas formation under
specified interrupting conditions, and finally in relieving
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he pressure on the main tank. It is of interest that
such advantages come from the use of the gas pressurein such a way that the insulation of the arc stream is
artificially increased during the arcing period. The
many tests that have been made on explosion chamber
breakers have shown ways to st ill further increase their
effectiveness.

A major improvement in the operation of the explo-
sion chamber results from the addition of openings in
the top of the chamber, for venting purposes. Such a
chamber is shown in Fig. 1. The proportions of the
chamber, area of vents, and size of opening at the

FIG. 2-INDOOR OIL CIRCUIT BREAKER TRUCK TYPE, 15,000
VOLTS.

Front view with doors removed.

bottom, are designed to give the maximum effect of the
useful characteristics of the explosion chamber.

Where heavy current must be controlled, a seg-
mental type contact for use in explosion chambers has
been designed. The feature of this contact is that
each segment is supported independent of the others.
The pressure of the individual segmental contacts on
the moving contact rod is obtained by heavy compres-
sion springs acting on these contacts. A contact of
this type is shown in connection- with the explosion
chamber in Fig. 1. Here again factory and field tests
have demonstrated the improvement in operation.

The improvements mentioned above have been
included in the designs of breakers now being supplied.
In the interest of brevity, however, no attempt will be
made to show the entire details of all breakers now
offered, but the general construction of some repre-
sentative types will be shown. These will be of the
moderate or high interrupting types. All are de-
signed to be pressure -tight and are provided with
separating chambers.

In the class of station breakers of the upward -break,
two -break -per -phase type, no radical changes have
been made since the type designed to prevent oil throw
was introduced. Many of the details have been
modified in order to give better operation. Also some

larger sizes having higher interrupting ratings have
been produced. The standard line includes interrupt-
ing rulings from 14,000 to 30,000 amperes at 15,000
volts, or in round figures, 350,000 kv-a. to 750,000
kv-a. A breaker of this type, adapted to truck mount-
ing, is shown in Fig. 2. This illustration shows a
breaker mounted in a steel enclosing structure carried
on a truck. The truck is provided with interlocks
to prevent removal or replacement of the truck when
the breaker is in the closed position. Additional
interlocks for special purposes are also included.

Another type of station breaker is the tank type.
Such breakers in the 15,000 -volt ratings are available
for interrupting ratings of 16,000 amperes to 60,000
amperes, or generally 400,000 to 1,500,000 kv-a.
A typical design of a single -pole unit is shown in
section in Fig. 3. The units are designed to be
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FIG. 3-SECTION OF ONE POLE OF THE BREAKER

adaptable to cell mounting for adjacent phase arrange-ment or for the vertical or horizontal isolated phasearrangements.
The 37,000 -volt framework is mounted on a truck.The bushing current transformer leads are brought outin separate conduits to outlet boxes and then to acommon box where they terminate at a terminal board.
The 154,000 -volt breaker is of the floor mountedtype, but trucks have been provided. The floormounting applies to breakers of voltage ratings above73,000 volts. The mounting is typical of all designs of
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outdoor breakers, up to and including voltage ratings of
220,000 volts. Such breakers are available in all the
standard interrupting ratings.

Operating mechanisms for all types of breakers have
been improved in the mechanical details and their

FIG. 4 -CENTRIFUGAL TYPE MOTOR OPERATING MECHANISM

FOR OIL CIRCUIT BREAKERS

reliability much increased. Some of the important
features are the addition of rust -resisting finish to
exposed metal parts, and the use of non -rusting metals
for parts, such as bearings or latches, subject to exces-
sive wear. Also, the line of centrifugal operating
mechanisms has been extended so that mechanisms
of this type are now available in sizes and capacities
capable of operating the largest outdoor breakers,
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FIG. 5 -DIAGRAM OF WINDINGS OF MULTI -TAP BUSHING
CURRENT TRANSFORMER

including the 220,000 -volt size, or indoor breakers of
large size in the isolated phase arrangements. Fig. 4
is a representative design of a centrifugal operating
mechanism.

One development that warrants description is the
multiple -tap bushing transformer. In earlier designs,
bushing transformer secondaries consisted of only one
winding, although sometimes a tap was provided at the
midpoint for some special purpose. With only one
winding, it was necessary for the customer to give the
manufacturer a great deal of data relating to ratios
required and volt-ampere burdens to be used, before the
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winding could be designed. To eliminate this difficulty.
transformers having a single winding with three taps,
or five leads in all, were designed. The main problem
involved was to proportion the number of turns so that
when the characteristics of the transformer were con-
sidered, a wide range of ratios in moderate steps would
be available. A schematic diagram of this transformer
is shown on Fig. 5. By using various combinations of
the taps a number of ratios are obtainable in transform-
ers of this kind, as shown herewith.

Inasmuch as all five leads are brought out to one ter-
minal board, it is very easy to select the ratio that is
desired without resorting to the difficult task of re-
moving the transformer and changing the winding.

As a summary, improvements in oil circuit breakers
have been made on the basis of design obtained from
many tests, and standardization of interrupting ratings
has been accomplished. Breakers of the non -oil -
throwing type, having reliable interrupting ratings, can
be supplied in interrupting capacities required by operat-
ing companies. Accessories, such as operating mech-
anisms, have been made more reliable and better
adapted to the service required of them. Bushing
transformers of great flexibility in ratio and application
have been designed. All these represent progress but
indicate only briefly the results of a great deal of work.

BUSHING TRANSFORMER RATIOS

Trans.
rating

Sec. '

turns *Leads

Nominal
ratio five
ampere

sec.
Max. V. A.

burden

400 Amperes 9 C -D .... ....
13 B -C 80 ....
16 A -B 100 25
22 B -D 125 25
29 A -C 160 35
38 A -D 200 40
49 C -E 250 50
62 B -E 320 50
78 A -E 400 50

800 Amperes 20 A -B 120 25
40 B -C 210 40
60 A -C 310 50
78 C -D 400 50
98 C -E 500 50

118 B -D 600 50
138 A -D 700 50
158 A -E . 800 50

1200 Amperes 20 D -E 120 25
40 A -B 210 40
80 A -C 410 50

138 C -D 700 50
158 C -E 800 50
178 B -D 900 50
198 B -E 1000 50
218 A -D 1100 50
238 A -E 1200 50

1600 Amperes 198 B -C 1000 50
238 A -C 1200 50
258 B -D 1300 50
278 B -E 1400 50
298 A -D 1500 50
318 A -E 1600 50

2000 Amperes 278 B -C 1400 50
318 A -C 1600 50
338 B -D 1700 50
358 B -E 1800 50
378 A -D 1900 50
398 A -E 2000 50

*See Figure 5



Electrical Communication
Annual Report of Committee on Communication*

To the Board of Directors:
During the past Institute year, notable progress hasbeen made in many branches of the art of electrical

communication. The committee has selected for its
report the items which were considered to be of mostgeneral interest and these are described under the
various subheadings below.

TELEGRAPHY

In the field of printing telegraphy, there has been a
considerable extension during the year in the use of
the simplified tape printers on branch office circuits
and in private offices of business houses.

Additional installations have been made of theautomatic tape transmission system for telegraphic
tickers mentioned in the 1926 report, and direct serviceand full market quotations have been extended throughthe southwest.

For trans -ocean traffic, a notable example among the
permalloy-loaded cables laid during the year is the
New York -Bay Roberts-Penzance cable. Multi -chan-
nel operation for direct traffic between New Yorkand London is now in effect on this cable.

In the larger telegraph central offices, a system for
automatically dispatching carriers in pneumatic tube
lines is displacing manual dispatching. Space at the
routing center is conserved, efficiency of operation is
improved, and savings are effected in operating costs.
In this system, a tube clerk drops a carrier containing
telegrams for transmission to a branch office into the
proper one of a group of open-end gravity tubes located
in front of the working position. The gravity tubes
lead to the floor below where the automatic sending
inlets are located. The inlet contains a rotor which
oscillates on a horizontal axis through an arc of about
70 deg. at the rate of about six times a min. The
carrier enters a pocket in the rotor when it is in aline-
ment with the gravity tube at one end of the rotor's
travel. At the other end of the arc, the pocket con-
taining the carrier is in alinement with the end of the
outgoing tube. The rotors of a group of sending inlets
are driven by one motor through reducing gears and
crank mechanisms. Interlocking devices feed one
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carrier at a time into each rotor and a visible signal is
provided to indicate failure of any inlet to perform its
function. Automatic sending inlets act as spacing
devices in the transmission of carriers and eliminate
trouble from overloading which occurs with manual
sending on busy tubes. The average transit time from
the main to the branch office is therefore generally
decreased.

The great development of message telegraph systems
involves interesting traffic problems, including layout
of wires, traffic routing, office layout, operator assign-
ment, etc. These problems were discussed in an
interesting paper entitled, Telegraph Traffic Engineering,
by Messrs. H. Mason and C. J. Walbran, which was
presented at the Winter Convention.

Another very important telegraph subject which was
discussed at the Winter Convention is the measurement
of telegraph transmission (Measurement of Telegraph
Transmission, by Messrs. H. Nyquist, R. B. Shanck,
and S. I. Cory.) This subject has been of growing
importance for a number of years, partly because of the
advent of telegraph circuits having a large number of
sections and partly on account of the increasing im-
portance of accurately determining the effect on tele-
graph transmission of various amounts of interfering
currents and of changes in individual circuit elements.

DIAL TELEPHONY
The rapid application of dial telephone systems has

continued. During the year about 500,000 dial tele-
phone stations were installed, bringing the total in
service in this country, as of the first of January 1927,
to approximately 2,400,000.

A means has been developed for remotely operating
small magneto telephone plants where this is desirable.The name applied to this means is the semi -automatic
magneto exchange. In a system of this type the sub-scribers' stations are equipped with magneto telephones.Connections are switched remotely by means of auto-matic telephone apparatus under the control of anoperator, who employs a dial trunk from a controlcenter into the exchange area. Any number of such
exchanges may be controlled from the operating center.

TOLL TELEPHONE SERVICE
Further progress has been made in the developmentand application of methods for increasing the speedof toll telephone service. The plan, the so called A -Bmethod, of handling the large volume of messagesbetween nearby points in a manner quite similar tothat used in handling local traffic, has been considerablyextended. The improvement of service has progressedto a point where even at the longer hauls it is nowpossible in many cases to complete a toll call while the

712
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calling subscriber remains at the telephone. An im-
portant factor in this improvement is the development
of a method of operation combining the work of the line
and recording operators so that if the number of the
called telephone is given the recording operator, she
can proceed at once with the handling of the call.

A new type of toll switchboard has been made avail-
able for toll centers having sufficient traffic to require
separate toll and local switchboards. The signaling
equipment which was previously located in the cord
circuits has been transferred to the line and trunk
circuits and use has been made to a considerable extent
of common positional equipment.

TELEPHONE TOLL CABLES

The year witnessed the opening on December 15,
1926, of a new long distance cable link between Chicago
and St. Louis, insuring for the future the best possible
storm protection for communication through from New
York to St. Louis as well as between intermediate
points. This cable forms a part of the network of
cables connecting Chicago, Detroit, Toledo, Cleveland,
Pittsburgh, and other cities with the cities on the
Atlantic seaboard, and contains circuits for both very
long -haul and short -haul telephone business. The
longest circuits of the network are about 1500 mi. in
length, but even this does not represent the maximum
distance over which circuits of this type can be operated.
Telephone repeaters on these circuits are spaced at
intervals of approximately 50 mi. Echo suppressors
are used to permit operating with volume efficiencies
comparable with other long distance telephone circuits.
Automatic regulators are employed to compensate for
the effect of temperature in changing the attenuation
of the cable conductors by suitable changes in the
amplification of repeaters in the circuit.

The new link is 344 mi. in length. It provides more
than 250 telephone circuits, and over 500 telegraph
messages can also be sent simultaneously, making it the
equivalent of 10 heavy pole lines of open wire.

The increasing development of toll cable networks is
of extreme importance in the protection of telephone
service from interruptions due to sleet storms. During
the year 1926, about 2000 mi. of such cables were put
in service in various parts of the country, adding more
than 400,000 mill,. to the telephone circuits of the nation.

CARRIER -CURRENT SYSTEMS

An interesting example of the rapidity with which
new developments are finding their way into practical
use is to be found in the extensive application of carrier -
current telephony and telegraphy to the long distance
open wire telephone circuits of the country. There are
now of the order of 100,000 mi. of long distance tele-
phone facilities provided by carrier methods and some
250,000 mi. of telegraph facilities so provided.

The recent growth in carrier -current circuits results
from the progress which has been made in perfecting the

performance of the apparatus itself and in the develop-
ment and standardization of methods for coordinating a
large number of carrier systems upon the wires of a
pole line.

During 1926, an interesting application of carrier
telephony was made on one of the two Catalina Island
telephone cables. Because of the relatively short
length of these cables and of their transmission stability,
it has been possible to obtain in this way as many as
six additional two-way circuits, making a total of seven
telephone channels and one telegraph channel on a
single -conductor cable. The apparatus employed in
this system is similar to that used on open wire lines.
By an arrangement of this character, the loss of one of
the cables would temporarily reduce the number of
telephone circuits only from eight to seven. This
system was described in a paper by Mr. H. W. Hitch-
cock which was presented at the Pacific Coast Conven-
tion in September.

The use of carrier -current telephony for communica-
tion on power transmission lines has increased ap-
preciably. The power circuits involved vary from
those of 22 kv. to 220 kv. and the distances communi-
cated over vary from a few miles to those in the order of
300 mi.

The coupling to the transmission lines which in the
earlier stages of the art was effected in some cases by
means of parallel wires is now being accomplished very
largely by coupling condensers or capacitors which are
now available in several types for voltages up to and
including 220 kv. Considerable progress has been
made in the development of by-pass apparatus, repeater
stations, portable equipment and various other sup-
plementary pieces of apparatus. With the increased
application of this form of communication, the de-
mand is rapidly increasing for multiple communica-
tion channels, particularly in connection with the more
extensive individual power systems where load dis-
patching is divided into districts and in the case of
the rapidly growing number of transmission line inter-
connections between the large power systems.

TRANSCONTINENTAL TELEPHONY

An important event during the year was the com-
pletion of a new transcontinental telephone and
and telegraph route. The new route connects Chicago
with Seattle by way of Minneapolis, Bismarck, Billings,
Helena and Spokane. The through circuits comprise
at the present time three telephone circuits and 14
superposed telegraph channels. The repeaters in use
on these circuits represent the very latest development
in this field.

There are now three transcontinental telephone
routes in service, the others being routed, one through
Omaha, Denver, Salt Lake City, and Sacramento, and
one via St. Louis, Dallas, El Paso, Phoenix, and Los
Angeles. A discussion of some of the more interesting
transmission problems and other considerations which
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are important factors in determining the design of these
fti vilifies was presented at the Pacific Coast. Convention
at Salt Lake City last September in a paper by Messrs.
H. H. Nance and 0. B. Jacobs entitled Transmission
Feat ures of Transcontine ntal Telephony.

LOADING OF TELEPHONE CIRCUITS

An outstanding development in loading coil design
which has been put into commercial use in the past
year is the use of permalloy in compressed powdered
form in the cores of some types of these coils. The
application of this desirable magnetic material has
resulted in material reductions in both the size and cost
of loading coils. The lower cost of loading resulting
from this and the other improvements in loading coils
referred to in last year's report is, together with the
large installations of toll cable in this country, bringing
about a very large increase in the use of loading coils.

ELECTRICAL AMPLIFICATION

In the development and application of amplifiers,
there is sometimes occasion for amplifying extremely
weak signals. Considerable interest attaches to the
question of what limitation, if any, is imposed on the
strength of the signals that can be amplified. Recent
researches have shown that the limit of amplification
may be set not by noises coming from the vacuum
tubes or the batteries supplying them, but instead from
the internal characteristics of the electrical conductors
comprising the circuit whose minute currents are to be
amplified. In any electrical conductor, minute elec-
tromotive forces are continuously produced by the
thermal agitation of the electrons and atoms. This is
true whether or not external electromotive forces are
connected to the conductor. When an electrical
conductor is connected to the input of a carefully built
amplifier of sufficiently high amplification, readily
audible sound may be heard in a telephone receiver
connected to the output of the amplifier. The fact
that the noise does not come from the amplifier can
readily be proved by cooling the conductor by means of
liquid air, when the noise heard. in the receiver im-
mediately diminishes in intensity, the reduction in
noise being due to the reduced thermal agitation in the
conductor. The laws underlying this phenomenon
were determined experimentally by Mr. J. B. Johnson
and presented in a paper at the December 1926 meeting
of the American Physical Society at Philadelphia.
These laws were later deduced from thermodynamical
considerations and presented by Mr. H. Nyquist at the
February 1927 meeting of the American Physical
Society at New York.

CHARACTERISTICS OF SPEECH

The continued researches in the characteristics of
speech and hearing and the nature of vocal and musical
transmission have continued to give results of great
importance for the improvement of telephone service,

and have also led t o eaarly not eworthy di.,,,dpments
in allied fields. A very important development. based
on these researches is the combination of improved
phonographic recording devices and high quality
repmluction synchronized with motion pictures.

A paper by C. F. Sacia and C. J. Beck entitled
"The Power of Fundamental Speech Sounds" pub-
lished in The Bell System Technical Journal of July
1926 describes the continuing work in the study of
speech power by means of the oscillograph. Sounds
are considered individually on the basis of instantaneous
and mean power. In earlier analyses, the principal
emphasis was placed upon the power in speech as a
whole.

RADIO TELEGRAPHY

Long distance radio telegraph communication is
rapidly changing from long waves or low frequencies
generated by alternators or Poulsen arcs to short waves
or high frequencies generated by thermionic tubes.
Within the last 18 months, transmitters up to 40 -kw.
capacity operating on frequencies of 10,000 to 20,000
kc., 30 to 15 meters, have been produced and put into
service. These are replacing arc generators up to
500 -kw. and alternators of 200 -kw. capacity. Reliable
continuous daylight communication has been obtained
by using wave lengths around 15 meters, notably
between New York and Buenos Aires. During hours of
darkness, wavelengths from 25 to 75 meters have been
in use in both transatlantic and transpacific services.
The greater reliability of the short waves is the result of
almost complete immunity to summer static, and the
new system is much more economical because of the low
power consumption compared to that used for long
wave transmission.

The scope of international radio service was further
extended during the year by the opening of direct radio
circuits for duplex operation between the United States
and Brazil.

An analytical study entitled Behavior of Radio Re-
ceiving Systems to Signals and to Interference, made by
Professor L. J. Peters, was reported by him at a Re-
gional Meeting of the Institute at Madison, Wisconsin,
in May 1926. This paper discusses methods for
studying transient effects of current in radio systems,
the degree to which interference can be mitigated by
frequency selection methods and the factors determining
the interference caused by transmitting stations of
various types and by static.

TRANSATLANTIC RADIO TELEPHONY
An event of outstanding importance in the progress

of international electrical communications occurred
early in the present year with the opening of trans-
atlantic telephone service between the United States
and England. This first telephonic bond between
America and Europe was opened to the public on
January 7, 1927, following an exchange of brief greetings
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between Mr. W. S. Gifford, President of the American
Telephone and Telegraph Company, and Sir Evelyn
Murray, Secretary of the General Post Office of Great
Britain.

Although the service was at first limited to the metro-
politan areas of New York and London, during the
months following, service was extended successively to
greater areas until it has included most of the British
Isles on the European end and the United States and
Cuba on the American end. No attempt has been
made to give 24 -hr. service, but service has been avail-
able daily for the period which includes the overlapping
portions of the business day at the two ends, and is
being extended.

The principal features of the system added since the
description given in last year's report of this committee
are that arrangements were perfected whereby both the
east -bound channel and the west -bound channel are
transmitted in the same frequency band. Thus, the
entire two-way system occupies only 3 kc. (58.5
to 61.5 kc.). One thing which contributed materially
to this accomplishment is the employment at both
terminals of voice -current operated switching devices
which function to cut the transmission path to and
fro from west -bound to east -bound automatically in
accordance with the flow of conversation between the
two speakers.

RADIO BROADCASTING

The results of investigations carried out during the
last few years in ascertaining the service area for which
broadcast transmitting stations are effective were
summarized in a paper entitled Radiobroadcast Coverage
of City Areas presented at the New York Regional
Meeting last November by Mr. Lloyd Espenschied
and printed in the January issue of the JOURNAL.
This is a subject that is receiving considerable attention.
These investigations raise questions regarding the desir-
able power levels to be used for radio broadcasting.

ELECTRICAL TRANSMISSION OF PICTURES

During the year the scope of the commercial tele-
photograph service which has been given for two years
between New York, Chicago, and San Francisco was
materially enlarged by the extension of the network to
Boston, Cleveland, St. Louis, Los Angeles, and Atlanta.
Several important developments have taken place
during the year, notably the arrangement of the circuits
for two-way operation, the installation of phase -cor-
rectors on the New York -Boston and Chicago -St. Louis
telephone cables to make these circuits suitable for pic-
ture transmission, and the fitting of the southern
transcontinental route to make it available for service
to Los Angeles and San Francisco.

TELEVISION

Ori April 7, 1927, a successful demonstration was
given of electrical television by wire circuit between

Washington, D. C., and New York, and by radio from
an experimental station at Whippany, N. J., to
New York.

Television employs many of the principles and some
of the apparatus of telephony. The object of television
is to reproduce a scene with action, and to do this a
series of essentially instantaneous views must be trans-
mitted and reproduced at a rate, 15 or more per second,
such that an observer will detect no discontinuity of

action. In its present form, the sending apparatus is
adapted to obtaining for one participant in a telephone
conversation a continuous view of the face of the other
participant. The receiving apparatus recreates this
view on a picture plane about two by two and one-half
in.; or, with a alternative form of apparatus, on a plane
about two ft. sq. for observation by more than a single
person.

At the sending end a narrow beam of light, or rather a
rapid succession of beams scan the subject to be trans-
mitted, illuminating at one time an area about a quarter
of an inch square and sweeping over the entire scene
in less than one -fifteenth of a sec. This scanning
process is repeated continuously. A group of large
photoelectric cells responds to each change in the re-
flected light.

At the receiving station, a glass tube filled with
rarified neon gas and provided with electrodes responds
with a brilliancy corresponding to the current received
from the photoelectric cell. The high potential
requisite to the operation of the neon tube is obtained by
the use of vacuum tube amplifiers in the connecting
circuit. All parts of the neon tube have the same bril-
liancy at any instant but the observer views only a small
portion at a time, which is uncovered by the synchro-
nizing apparatus provided to insure that the light shall
appear to the observer at each instant in the same
position on a picture plane as that occupied by the
beam -illuminated spot of the distant scene.

In the production of the larger image, a very long
neon tube is folded back and forth to form a grid. This
tube is provided with 2500 electrodes along its length.
Each electrode corresponds to a single elemental area
of the picture plane which is scanned by the light beam
of the transmitting apparatus. As the current cor-
responding to each area reaches the receiving station,
it is distributed through contacts to the appropriate
electrode and so causes a flash of light similar in location
and intensity. The speed of operation causes the ob-
server to see not a series of flashes but a picture as a
whole.

NEW RECTIFIERS

A new type of rectifier suitable, among other uses, for
charging batteries used in communication circuits was
described in a paper by Messrs. L. 0. Grondahl and
P. H. Geiger presented at the Winter Convention.
The rectifier consists of partially oxidized disks of
copper. The rectification appears to take place at the
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junction between the copper and the oxide without
observable physical or chemical change, and is similarin character to rectification by the hot cathode type ofrectifiers.

MANUFACTURE OF COPPER WIRE
The developments of the past few years have led togreat improvements in the methods of drawing copper

wire, particularly in the speed of the process. Someof the outstanding features in these developments,together with a description of a copper rod and wire
mill designed to meet the new requirements and a briefsurvey of the copper rolling and wire drawing art, areincluded in the paper entitled Developments in the
Manufacture of Copper Wire, by J. R. Shea and Samuel
McMullan which was presented at the Winter Con-vention of the Institute.

WOOD PRESERVATION
During the past year, a large amount of researchwork has been continued in improvements in methodsof preserving wood poles, crossarms and other timber.As a result of studies which have been made by the

Western Union Telegraph Company, they are placing
in service a treatment by which a solution of zinc and
arsenic is forced into the poles. Their investigations
indicate that on exposure of the treated wood to the
atmosphere, chemical changes take place which deposit
in the wood zinc arsenite, a toxic material which is
practically insoluble and permanent, and that this will
constitute a very effective method of preservation
against decay.

FIRE -ALARM AND POLICE SIGNAL SYSTEMS
The past year has seen some further refinements in

alarm signaling .devices. These were chiefly along the
lines of simplification and increased reliability of
recording devices, improved insulation for street fire-
alarm boxes, and improved protective devices for
circuits entering buildings. The early fire -alarm de-
vices were insulated against other signaling circuits
only; circuits entering buildings had only the compara-
tively simple lightning arresters then known to the
electrical telegraph art. Now, with fire -alarm circuits
on the same pole lines with 2300- and 4300-volt circuits,
a high grade of insulation of the associated apparatus
has become necessary. Recent improvements in boxes
have been made to provide this necessary protection.

There has been a considerable increase in the use of
electric sirens as fire -alarms in smaller communities
where the expense of maintaining normally closed
telegraph circuits for this purpose would be felt as a
burden. The sirens are generally operated on normally
open circuits actuated from the public power supply.

In April, the seventy-fifth anniversary of the opening
of the first electrical fire -alarm system in the United
States and the first successful one anywhere was
celebrated. An exhibition was held at the new fire -
alarm office in the Fenway, Boston.

There has been a general tendency toward the
adoption of the red -amber -green cycle of signals for the
regulation of traffic; red to stop, amber to warn of
change and permit clearing of intersections, and green
to go. This three -light cycle gives opportunity for
control or stopping of all wheeled traffic in congested
sections while foot traffic is permitted to proceed, and
for stopping all traffic during the passage of fire ap-
paratus, police cars, ambulances, etc. There has also
been a widespread tendency toward synchronizing
signals along a street or throughout a district. In the
town or small city, the business district is frequently
concentrated along a main street. Hence it becomes
comparatively easy to synchronize signals along this
street so that traffic may move fairly continuously for
certain intervals, during the long intervals along the
main street, during shorter intervals across the main
street, with still shorter intervals between these while
the light shows amber to clear the traffic from inter-
sections. In some places this control obtains only
during the period of heavy traffic; at other times only
flasher or caution lights are shown at certain inter-
sections. In the larger cities, this synchronizing may
cover a large congested section so that by due attention
to the time intervals between signals points, traffic
moving at an average rate may proceed with little or no
stopping. The possible saving in traffic police and in
consequent expense due to carefully planned signals
of this type is evident.

H. P. CHARLESWORTH, Chairman.

GIANT POWER SYSTEMS ARE GETTING
NUMEROUS

Electric power companies have grown to such a sizein the United States that there are now eighteen whose
annual output of energy exceeds one billion kilowatt-
hours annually. At the head of the list is the Buffalo,
Niagara and Eastern Power Corporation, whose outputin 1926 was 4,464,000,000 kw-hrs. This immense
volume of power was generated principally by the fallingwater of Niagara Falls. The Commonwealth EdisonCo. of Chicago is second and the Edison United andallied companies of New York City third. TheSouthern California Edison Co. is fourth and the PacificGas & Electric Co. fifth. There are no less than 126
systems in the United States, each of which is generat-ing more than 100 million kilowatt-hours a year.

Between:1919 and 1925 the mechanical power usedin American industry increased 30 per cent per worker
employed:and the value of production per wage earner
rose from' $2751 to $3193, according to the last . U. S.
Census of;.Manufacturers.
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Discussion at Winter Convention
PAPERS ON VOLTAGE STANDARDS

(SUMMERHAYES AND HANKER', ARGERSINGER2, SILVER AND HARD-

ING3, GEAR'', SCHOLZ, EBERHARDT AND JONES6, MINORS,

HUBER-RUF7)

NEW YORK, N. Y., FEBRUARY 9, 1927

B. G. Jamieson: This discussion was organized for the
purpose of presenting this voltage question in such a broad light
that it may arouse a unity of purpose and a spirit of compromise
so that following this presentation there may be substantial
progress towards either a settlement of the question or a definite
statement that perhaps we are too far apart ever to settle it.

A few references may be made to previous work. This subject
was recognized as preeminently important by the Electrical
Apparatus Committee of the N. E. L. A. about 1921 and 1922,
with particular reference to one of its several aspects, namely
transformers. As a result the 1922 standard of the Electrical
Apparatus Committee for the transformers was compiled and
approved.

In 1924 the manufacturers began to complain that less than
50 per cent of the power transformers were being ordered in
accordance with these standards, and an investigation by the
Transformer Committee of the N. E. L. A. revealed that not only
was a revision of the 1922 transformer standards necessary but
that any such revision should take into account the whole system
from the generator to the consuming device.

In 1926 the International Electro-Technical Commission
held a meeting in New York, at which time standard system
voltages was a major topic in the program, and it became evi-
dent that the United States was unable to present anything like
a nationally endorsed schedule of system voltages. The recogni-
tion of this dilemma brought about a serious committee activity
which has crystallized into this symposium.

As I said in the beginning, it is but an expression of a very
earnest endeavor to bring about some unity of sentiment on this
subject.

President Chesney in his address8 on February 7 stressed the
topic of standardization and the Institutes obligation in this work.
In the appreciative responses to his appeal, a suggestion was
offered, and that particular suggestion seemed to me to be par-
ticUlarly worth our consideration. The substance of it was that
we accomplish our ends (meaning the greater efficacy in our work
of attempts at so-called standardization) by a somewhat dimin-
ished stressing of that term. That is to say, instead of stressing
the word "standard," let's see if we can't use some other word
perhaps that will help in bringing about what we desire.

If, for example, we can convey to engineers that what we really
are seeking is not in the nature of the absolute which the word
"standard" always suggests nor of that fixed character, nor a
futile academic ideal, but the ideal that engineers as economists
all really appreciate, namely, that we ought to unify and thereby
simplify our practise, perhaps this avowed concession to contem-
poraneous practise and, of course, fixed capital, will attract
and soften some of the irreconcilable elements now preventing the
desired unification. Operating practise will change with the
development of the art, but we should, of course, maintain its
orderly direction.

M. D. Cooper: Since the focal point of all endeavor along
lines of voltage standardization is the ultimate service voltage,

1. A. I. E. E. JOURNAL, May, 1927, p. 438.
2. A. I. E. E. JOURNAL, February, 1927, p. 115.
3. A. I. E. E. JOURNAL, March, 1927, p. 242.
4. A. I. E. E. JOURNAL, April, 1927, P. 344.
5. A. I. E. E. JOURNAL, March, 1927, p. 223.
6. A. I. E. E. JounNAL, February, 1927, p. 167.
7. A. I. E. E. JOURNAL, March, 1927, p. 257.
8. Electrical 'Standardization, address by C. C. Chesney, A. I. E. E.

JOURNAL, March, 1927, page following p. 214

it may be interesting to review briefly the development of the
present program of standardization in reference to lighting volt-
ages and incandescent lamp demand.

The original Edison central stations practically all operated at
110 volts. The inherent spread in voltage encountered in the
manufacture of carbon lamps induced a corresponding spread in
voltage on the part of central station lighting companies so that
in the early years of the century lamps were supplied in a large
number of voltages between 100 and 130 volts. After the advent
of the drawn -wire tungsten filament, the spread in voltage in
lamp manufacture ceased. The outstanding voltages of greatest
demand were 110, 115 and 120 volts, wherefore the lamp manu-
facturers started a movement to centralize the lamp demand on
these three voltages.

The original 110 volts continued to be the favorite voltage
until 1919, when the percentage of demand at this voltage was
exceeded by that at 115 volts.

In 1923 the National Electric Light Association put forth
the recommendations in reference to standardization of service
voltage as quoted in the paper by Messrs. Hanker and
Summerhayesl.

The percentage of total lamp demand at 115 volts has risen
continuously, and for 1926 stands at 47 per cent. For the last
seven years there has been a steady decrease in the demand for
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110 -volt lamps. This decrease has been accelerated in recent
years by the increasing favor of the 3 -phase, 4 -wire network,
which gives an undesirably low -power voltage when operated at
110 volts for lighting. In 1926 the demand for 110 -volt lamps
was only 12 per cent of the total.

There will always be a theoretical advantage in operation at
120 volts in preference to 115 volts. With growing load, how-
ever, it will be increasingly difficult to work line apparatus at
sufficiently high voltages to maintain 120 -volt service at peak
load.

With the added impetus which will be given to operation of
the new network system at 115/200 volts by the probable stand-
ardization of a line of 200 -volt motors in the near future,
we can anticipate an increase in percentage of the total demand at
115 volts at the expense of all other voltages.

It is often difficult to place any cash value upon any one partic-
ular step in a program of standardization. If we go back far
enough in the history of the art, however, and draw a comparative
picture between conditions then and now, we cannot fail to see
the great advantage of standardization. For example, in the
year 1900 standardization was just beginning to be felt in the
matter of incandescent lamps. At that time there were 5 princi-
pal sizes of lamps ranging from 2 to 32 candle power and in most
of these types there were available 4 types of filament construc-
tion, 3 different efficiencies of lamp, 3 different finishes of bulbs,
30 different voltages and 13 different bases. Multiplying all
these factors together we find that there were more than 50,000
types of lamps in current demand. At the present time, with
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much greater range of size, viz, -10 to 1000 watts- with onestandard efficiency, 'base, filament construction and bulb forevery size of lamp-one type of bulb finish for the majority of thesizes-and only 3 voltages, the number of lamp types for generallighting has decreased from 50,000 to 54. The completion of thevoltage standardization as recommended by the National
Electric Light Association will still further reduce this number oftypes to only 18.

The writer had occasion to see what standardization means inordinary business on a recent European trip. In Vienna therewas a lamp manufacturer who maintained a factory stock ofabout 3,000,000 lamps. The biggest single item (lamps of the
same description) in this stock was one of 3000 lamps. Thiscondition resulted from a lack of standardization with its resul-tant complication in requirements of different voltages, style oflamp, bulb finish, bases, etc. In a factory stock in this country ofapproximately the same total size the largest single item was40 -watt, 115 -volt lamps of which there were 198.000, or about70 times as great a stock of the most popular item as could be
maintained under the European conditions of non -standardiza-tion. The greater availability of the product under conditions
of standardization makes. for much more convenient commercialservice as well as greatly decreased cost of warehousing, lessinvestment in stocks, less delay, duplication of shipments. etc.

No one needs to speak to the electrical industry in this countryon the advantages to be gained by standardization, and I drawthis parallel to emphasize more fully the advantages that canaccrue to us by a thorough standardization from the lampback to the generator.
C. E. Skinner: It se -ems to be well established that we need

national industrial standardization. In the electrical field, there
has been considerable effort, particularly through the work of theI. L. ('. to bring about international standardization, especiallywith regard to fundamentals, such as the basis of rating. Thiseffort has been continued for a number of years and further prog-
ress was made at the meeting of the 1. E. C. in New York, April
196, where this general question of voltage standards wasconsidered.

Unfortunately. international accord seems difficult, due to the
fact that in Europe they have been inclined to use the even
thousands, while we in America have in general adopted voltages
e hich art- multiples of eleven. The, lack of voltage standards

is responsible for much of the confusion and non -standardization
in international electrical trade. For example. a manufacturer
.,f incandt-eent lamps doing a truly international business. is
forced to manufacture something over :0.I.XX1 sizes. types and
varieties. This wakes mass production. as we understand it.
impossible.

Intemational standardization is of importance to everyone
having anything to do with international trade and in trying to
arrive at national standards we should continuously keep in
mind the desirabilit) of international accord w here% er this may
beat all possible.

A. 11. Kehoe: I assume it to be general!) accepted that the
"mean lamp %tillage- is the proper basis to use in any standardi-
zation of oltages. Some of the papers fail to indicate that
standardization has not been rigorously adopted but is still on a
tentative basis with three recognized lamp voltage's. namely.
110, 115. and 120 tills. It appears that the immediate practical
result to he sought is simplification or unification of practise.
rather than hard and fast standardization which is likely to be
too narrow to be suitable for future requirements. Last year's
Electrical World statistics recorded over 50 per cent of the resi-
dential customer being supplied with 110 volts. Data presented
today indicate 120 -volt lamp use to be 35 per cent of this class
of lamp. With these conditions existing it appears evident that
simplification, particularly of the lower voltages. may be possible,
but standardization of voltages or equipment unless broad enough

to cover such conditions would be standardization in name only,
similar to former cases mentioned in the papers.

I differ with statements in certain of the papers which indicate
that adopted standards are endowed with properties whereby it
becomes a moral duty to adopt them. It is recognized that con-
tractual obligations, in the absence of other specifications, are
controlled by existing standards, and the responsibility for the
operation of apparatus outside of standards Ne hen not covered by
specifications places a responsibility on the operator which
would not otherwise he present. In practise. probably most
of the departures are covered by specification. and I hold the real
concern should he for the blind follower of standards regardless
of their value for his conditions. For instance. consider the sys-
tems equipped with the present standard transformer-this
group of papers indicates how inadequate they are for proper
operating conditions. I disagree with the statement in the
Hanker-Suneenerhayes paper that "The design of electrical sys-
tems contemplating the use of apparatus under conditions more
severe than sanctioned by the A. I. E. E. standards should be
discouraged." In Certain instances, equipment is arid. in my
opinion. should be) purchased with insulation in excess of the
values which are standard at present. and if conditions warrant
the use of apparatus with less than standard values. I see no
moral reason why it should not be done. To discourage such
action is merely to retard progress temporarily. When varia-
tions from standards become of economic importance. changes in
standards should Le considered. These cases do not have the
hazards of a steam boiler, and are not incorporated in the safety
requirements of the industry.

It appears pissible to me for present conditions to be covered
by modifying minor details of the proposals made in the different
papers so that a large pereentage in the industry can adopt a
unified practise. To do this it \\ ill he necessary to recognize that
we have three "lamp 1 ask" \ ull:14:c. that important economic
results are to be obtained by unification. and that the standards
are very likely to re -quire changes front time- to time as develop-
ments in the- art Change the- economics of Ill(' situation. If the
first step is compreliensix e. further simplification at a later date
will doubtless be possible. Wl.at the future., simplification islikely to be should be indicate -el only in a general way see that
future progress I\ ill not be delayed if ne--,C conditions require

_ soul Nee hat i- indicate d at present.
IS . I . Dieessuo: This standardization of voltages means

n.11 ut it :type a r- that in starting out for stand-
ardization. existing practise ha- been ignored.

It is now preepte-e el tee male standard oltages 5 per cent higher
than heretofore and tee perinit an operating leeway between plus
5 per cent or minu- r cent. l'reN iously the plus or minusmargin of 5 per nt was pernii-sille l -it CC it li the understanding
that standard temperature guarantees did net apply; in other
words, the departure from standard \ eeltage was assumed to bean oerload condition. No-.\ apjcare ntl, it is proposed that in
addition tee raising the- -tandard Coltag'es .; per rent,we are alsoto guarantee- standard temperature- v. ith per cent margin,which is (link:dent 7.11 raising the,,Itage standard DI per cent.Many operators ha\ e come tee coll-ide r ely wapiti -electric ma-chinery a- capable e.ef Co, erloads and -is cial operating conditions
much bey tend the- spe citications. T11. y found apparatus rather
generously rated, Ieue u\ et-looked the fact that competition has1.4-4-n gradually elri iris ihanufacturer, tee adjust ratings morenearly in accordance-  ith performance ability.

We are prepared tee nee-tt these 11,.w proposals. but e-nturethe hope- that r, tie tar: from now , `. t. shall not beconfronted e it II allot he -r new "standardization'. which will notbe standardization, but actually -elestandardization.-
.Many of the smaller turbine alternators are built in adanceon stock orders and when spt-t'ial requirements are insisted upon,it means that these standardized and -toek machines cannotbe utilized. Special requirements nwan that maehines must he
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built to order, and involve special development which adds
greatly to the cost. The time required for building the apparatus
is also increased substantially.

J. H. Foote: Perhaps it is all right to standardize the volt-
ages on the basis of utilization voltage. But we don't want to
forget that the correct basis for apparatus design is not the
utilization voltage or multiples thereof. In my opinion, the
correct basis is the maximum voltage to which the apparatus
will he subjected under the maximum load.

For instance, we may say that the correct utilization voltage
is 115 volts in terms of a distribution system with 20 -to -1 ratio
transformers. We can say that the nominal for the distribution
voltage is 2300 volts. That is fine, but don't buy 2300 -volt
generators and don't buy 2300 -volt secondary transformers to
feed a 2300 -volt system, or you are in just the same trouble that
you are in now.

That is what caused all this trouble-a generator which has
a voltage rating and which was designed to supply that voltage
at full load. That means that the generator will probably be a
2500 -volt generator. The paper of Messrs. Silver and Harding
bring that our very nicely.

Their paper seems to recognize the actual voltage situation
more than the other papers in that they figure out what the volt-
age should be, but apparently have not the courage to say that
voltage is impossible and, therefore, they will change the trans-
former ratio. To jump from the 2300 -volt class to the 6600 -
volt class, a 6600 -volt system is just three times a 2200 -volt sys-
tem. Therefore on the same basis on which we say a 2500 -volt
generator would be needed for a 2300 -volt system, a 7500 -volt
generator would be needed for a 6600 -volt system.

Just double that and you have instead of a 13,200 -volt genera-
tor a 15,000 -volt generator.

You say, "That is impossible." Well, it is done. Much
13,200 -volt equipment is now operating under full -load conditions
at potentials largely in excess of 14,000 volts, and the only reason
they don't operate at 15,000 volts is that the machines would
probably burn up if operated at that voltage at full load-and
some of them do burn up once in a while. The temperatures
run to excessive degrees, and the operators change the ratio of
their distribution transformers from the 120 -to -1 ratio, to a
lower ratio by dropping down on the 5 per cent tap.

That means that in place of using the taps in our transformers
for line regulation or for transformer regulation, we have to use
that range because of the inability of the generator to produce
dequate voltage.
Now that is the fundamental picture that conies to me when I

think of this transformer standardization. I always have to
think of the starting from the utilization voltage. Most of us
are led astray in these profiles by starting at the generating end
of the transmission system. We should start with the motor and
the lamp and see what the voltage must be to supply their
requirements adequately.

Now there are some more complications that make the present
situation, I believe, besides this tenacious hold on the 11 -multiple
and the like. One is that most of us are using standard distribu-
tion transformers which are of straight ratio. Five or six years
ago the Transformer Committee changed the ratio of the trans-
former stepping down to primary voltages from standard to a
little off standard at that time. For instance, they changed from
13,200/2200 volts, which was the former standard, to 13,200/2300
volts, giving us 100 volts boost and helping out the situation
somewhat.

Now we have all those transformers and we have the present
generators and we have a situation. The solution that we must
arrive at is something which will utilize as much of this equip-
ment as possible, and I do not think that the solutions as proposed
generally take adequate care of that situation.

There is another reason for our difficulty. We have without
thought for many years brought transformers with either four

2% per cent taps, or two 5 per cent taps, because it was standard
and because the manufacturers found it convenient to limit the
tap range to 10 per cent. Ten per cent has been shown in any
number of transmission systems to be an inadequate range.

This is brought out in one or two of the papers, and most of us
who operate systems involving ups and downs and transmission
distances know that 10 per cent is not enough. The remainder of
the required range is taken out by over -voltage apparatus.

We have found in the systems I am connected with, that a tap
range of 16 to 17 per cent seems to be indicated as necessary in
an interconnected system for transmission transformers. That
does not mean distribution transformers. It is our opinion that
distribution transformers should be without taps; that is, the
generator voltage is adequate, and straight -ratio transformers
and proper feed regulators are used, but there is no necessity for
taps in a straight distribution transformer.

Another difficulty is that due to following present standards
we have been using not only generator voltages but also trans-
former secondary voltages, which are too low to supply adequate
voltage to the distribution systems.

Perhaps the last difficulty, which has not been really brought
out in this meeting, is that in the years that have passed, people
have adopted two different schemes of raising the voltage on
their system. One is to use multiples of two. For instance, a
man who had a 6600 -volt system, some day when he needed it
doubled his voltage, and then he had 13,200. The other man
bought the 6600 -volt transformer, and instead of doubling his
voltage he y -connected it and got 11,400 or thereabouts.

Then a third man adopted 11,000 volts as his voltage. And
so there are at least three voltages all in the same range and we
wonder why they aren't the same.

Any new standard which we may adopt, which will displace
those three lines of transformers or unify them must have a
sufficient range of taps so that it will take care of the situation
adequately and in following these proposed standards, limiting
the taps to 10 per cent or so, that is impossible of solution.

In the solutions which are offered, I note a dread to change
the name of the voltage. Instead of that we change the ratio of
the transformer. I seriously question that we should do that.
Transformers are rather flexible. We have thousands of them
already installed and in supplying the new standard transformers
to operate on the same system they must, of course, have approx-
imately the same ratio. I think that, that has been brought out
by Mr. Kehoe in his discussion.

There is another matter that seems to complicate the situation.
That is, that all the new standards are proposed to be nominally
rated. This was started four or five years ago and is a reversion
to the old standard of rating at the receiving end and applying
certain factors to take care of the drops and the like. It gets us
into trouble.

For instance, take the 132,000 -volt class of transformers. A
voltage of 132,000 is largely a nominal voltage and means abso-
lutely nothing. If a man buys a 132,000 -volt transformer, we
would not know what he was talking about unless he specified
whether it would have one 5 per cent tap, or two 5 per cent taps
in an extended winding supposedly to hold voltage under load.

That would mean that the extreme ratio of the transformer
would give a no-load voltage of about 145,000 volts. If we rate
that a maximum -rate transformer it would be a 145,000 -volt
transformer, and according to the present A. I. E. E. standards
would be subject to a considerably higher test than a 132,000 -
volt transformer.

Therefore the proponent of the nominal rating says that it is
to our advantage to rate apparatus nominally and supply over -
voltage specifications in order that the A. I. E. E. test be not
increased and, therefore, the expense of the equipment.

I think that, that is a subterfuge. If the A. I. E. E. test at
132,000 volts is adequate for a transformer with a top -tap ratio
giving 140,000 volts, then the thing to do is to change the
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standards. Instead of making them twice n,trtnnI his IMO,make them 1.0 normal plus ION) or anything id -,e. Itut whytry to fool ourselves about this situation?
Another difficulty is that by nominally rating equipment, themanufacturer rates his insulated apparatus, such as the lightningarrestors and oil circuit breakers and other apparatus, at thatnominal rating. This moans that any engineer who is desirousthat the apparatus be adequate as regards test voltage must gointo the next class if he is honest with himself and specifies atransformer at the maximum rating.
It seems to me that such apparatus should have the divisionpoint half -way between one class and the other class. This isparticularly true of lightning arresters, because the performance

of the arrester is absolutely dependent upon the actual voltage.Rating a lightning arrester at a maximum of 138,000 volts and aminimum of 126,000 or something like that, which is establishedpractise, means that a system having 140,000 volts must eitherhave special apparatus, or else must go into the next class which
is 154,000.

If the division point between the 132,000 volts and the 154,000volts were made at something around 147,000 volts just about
half -way between, then the range of apparatus would fit the
standard more adequately.

As I see it, the result, if we go ahead on any such basis as has
been proposed, namely to change the distribution transformer
ratios in order to keep the names correct, not a present standard
and a present special, but a new standard, an old standard and a
present special. We are going to have three sets of transformers
in a few years instead of two, and I should like to emphasize thatin my opinion any new standard must be decidedly broader in
scope than anything that has been offered- yet, in order that it
may not only include the present standard of transformers, but
may also absorb as many of these present specials as possible.

This circuit -voltage rating is something I should like to men-
tion. This A. I. E. E. definition, I believe, should be clarified,
the definitions for the purpose of fixing a value to be used in
designing and testing electrical apparatus. The rated voltage is
defined as the highest rated voltage of the apparatus. That
means that if you rate a machine at anything less than maximum
voltage that is the rated voltage. That keeps the test down and
cheapens the apparatus without changing the test definition, but
the A. I. E. E. says, "This voltage rating applies to all parts of
the circuit. The actual operating voltage may vary from the
rated circuit voltage but should not exceed it."

We are proposing in these new standards to exceed the voltage.
If that is all right, the A. I. E. E. rule should be changed. I
think the A. I. E. E. rule is all right except that it should say, "It
must not exceed it," instead of "should." I think we should
bring the ratings of our systems up to what they really are.

To summarize the situation, as I see it: Adequate standards
must be technically correct, or else engineers who really think
they have worked out the solution adequately will continue as
they are at present to buy so-called special apparatus. These
new standards must include as much as possible of the present
special standard apparatus. They must be based upon premises
which will avoid the mistakes of the past, and I think the present
standards are merely trying to make standard equipment which
has been proved to be inadequate in the past.

They must recognize transformers as ratio machines only,
with a certain maximum voltage rating. They must have an
adequate tap range, which inter -connected systems find is at
least 15 per cent, although full capacity is not necessarily re-
quired above 10 per cent.

Generators particularly must be rated at maximum voltage in
order that injurious heating will not be experienced. Transform-
ers should be rated at maximum voltage in order to clarify the
situation and work in accordance with the present A. I. E. E.
installation standards.

Finally, the general apparatus names should be such as to

place the nominal nit big the apparatus mid ii h.( %%eon the
maximum and minimum raliiig or Ito tow standard 11,;,.if,

F. 1.. mint: It is not difficult to pick out tiviitik ill it," va-
rious papers have wit It di -agree,
hut I Ill,1 il,V1,, if possible, this di.eivision should he eoulined to
the general Natures of the question I efore its.

I UM 'Uilling to express Illy Opinion 10, lo one or the general
Points under di-eussion, and that is that NNe ,110111(1 base our
standardization on the idcit t lint poser 11 ill how ill Iwo directions
on most of our import:lid eireuil,;. In general terms, I like the
idea t hat M r. A rgersinge r hue proliosed.

H. C. Sutton: In in\ opinion, re111.1.1/1018 should h edesigned
to deliver full rated output throughout a range of 1(1 per cent
above or below rated voltage. The manufacturers' proposal
of 5 per cent voltage range does not give sufficient flexibility for
operation.

There is one other point that I particularly want to stress,
and that is, the difficulty due to the present rating of apparatus
for voltages above 66 kv. For instance, step-down transformers
have a voltage rating in multiples of 11.5 up to 69,000 volts.
This same rate should apply for the higher voltage ratings.
There is no logical reason for changing the multiple toll when the
figure of 6000 volts is exceeded.

N. B. Ames: It seems to me that we have overlooked the
main point in this proposition entirely. After all, is it a matter
of the particular voltage to use or is it a matter of regulation?
That seems to me to be the answer to the question. There are
two very practical theories in conflict here, of course, (1) whether
we shall have excessive reactance in our transformers and gen-
erators producing poor regulation and ample protection, or (2)
whether we shall reduce this reactance and get better regulation
and depend upon our protective devices to give us the protection.

Eugene VInet: To my mind the essential thing to decide as
a first step is what planes or levels of voltages we want to take
as standards. That is to say, do we want to take, say, 33,000
volts as a standard or do we want to take 44,000 volts? Whetherit is 33,600 or 31,500, etc., is only a matter of fluctuation or regu-
lation as a result of the usual operation. What we have to decide
are the planes of voltages that we want to use.

One thing which strikes me in these proposed voltages is that
there are too many of them. The purpose of standardization
is to reduce to a minimum. My feeling is that we should suggest
only approximately 7 or 8 voltages. I speak from personal
experience with the organization with which I am connected.
Some two years ago we felt that there was a necessity for a
standardization of voltages, as, owing to the growth of loads,
a good many of the transformers became obsolete, and when wewanted to do some interchanging of transformers we were
hindered because the voltages were too varied. We found on asurvey of our conditions.that we had 21 different voltages.

We have standardized on seven, which is a considerable
reduction, and have tried to make everything as simple as pos-sible. That was two years ago. Now every one is fairly wellagreed that it has simplified matters considerably and has been
of very great help in operation and interchangeability of material,not to mention the saving in money.

It seems to me that it might be well to make a definite issueof certain voltages, and debate them and see whether we canagree on them. For instance, some people favor 11,400, others13,200. In our own case we have standardized on 11,400 voltsstar. The reason for that is, because we have a great manyrural lines which are growing all the time. We felt that the thingto be considered first was the distribution in preference to thegeneration, because we have got to give service and that shouldbe the dictating factor.
In the case of rural distribution, very often the loads did notwarrant voltages of 13,200. We can start at 6600 volts veryoften single-phase; then we make it three-phase, and then as theload grows we star it and get 11,400. That suits our purpose
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very nicely. We also standardized on 33,000 volts. It was a
question whether we should go up directly to 66,000 volts, but
for economical reasons we felt that it was advisable to make a
step between 11 kv. and 66 kv. We have situations where we
have relatively small towns to reach for service. In scattered
communities we may have a town of 5000 people or thereabout
to serve. We may have to build 20 or 25 mi. of line to reach
that town with smaller places to be served from such a line.
It would not be economical to build a 66,000 -volt line. We can't
build it at 11,000 volts because it won't give the service. There-

fore 33 kv. is a very nice intermediate step. That was one
reason for our 33 kv. Then we go up to 66 kv. and 132 kv.

The lower voltages are 115, 230, and 460. Then we have
2300 delta or 4000 star. Those are the only standard voltages
which we have. We take care of voltage variations by means

of taps.
I am mentioning these voltages because they may offer some

ground for discussion. We have been very happy with these
few voltages so far. I might mention in connection with the
6600 volts 11,400 star that it might be a good thing to go up to
6900 volts or 12,000 volts star. It occurs to me at this time that
it might be a way of compromising with the advocates of 13,200
volts. There isn't any doubt that there will have to be com-

promises.
So far as we are concerned, we feel so much the importance and

the benefit of standardization in voltages, that we certainly will
do everything we can to cooperate in this movement and help get
it, over if possible.

E. C. Stone: It seems to me that there are certain funda-
mental principles brought out in this discussion that we can all

well recognize. The first one is that standardization will start
at the utilization voltage. We have heard there were three
utilization voltages -110, 115, 120. I wonder if it means that
we have to start with three different standards and build up.

The second point is that we must recognize the voltage
regulation or drop in the transmission system. This varies
widely on different systems, being small on some and large on
others, but in any event, in the general problem of voltage stand-
ardization, the voltage drop in the various parts of the trans-
mission distribution system must be recognized.

That means, I think, fundamentally that the old set-up of
10 -to -1 ratios for transformers and multiples of 10 -to -1 ratios
is no longer acceptable, and we must break away from that
system of ratios to something else.

The suggestion that I wish to offer for immediate consideration
is that the essential mechanical features of power transformers be
standardized. This is done to a considerable extent at the
present time but might be carried further. By mechanical
features I mean the core, bushings, end frames, tanks, terminal
hoards, terminal arrangements, number of taps, number and
arrangement of outgoing leads. With these elements standard-
ized, the actual number of turns in the winding, the ratios, and
the exact location of taps in the winding might be left as the
lowest -cost flexible link in the transmission system, to be worked
out to meet to best advantage the local conditions which are
peculiar to any particular system. It hardly seems reasonable
to install on the system which has very low voltage drops,
transformers which are designed with perhaps 15 per cent and
20 per cent full -capacity taps, to meet conditions on systems
having long overhead transmission and correspondingly high -
voltage drops.

B. G. Jamieson: Mr. Stone has enumerated some funda-
mentals that apply particularly to transformers, and there are
others applying to transformers which will probably make the
wisdom of such standardization apparent, as we find ourselves
requiring exciting transformers and series transformers and tap
changers and phase shifters and various other auxiliaries, that
are now coming to be recognized as necessities with large trans-
formers in the larger and more complex systems.

Of course there are standards to be considered in connection
with generators. It is proposed by one of the authors that a
simple way to get more flexibility without greater complication
is to increase the range of generator voltage. That is something
that might be discussed profitably. If, for example, we assume
that generators will be built to deliver energy on the busses at
25,000 or 30,000 volts in the near future, perhaps we have more
to think about in that connection than we now have when we are
generating at pressures below 15,000.

It is quite a simple matter to specify any voltage and get any
voltage in a generator so long as you stay below 15,000 volts,
but before very long on account of general desirability of a lower
current in these large machines, we shall probably see higher -
voltage generators, and then it may not be so easy to get the 10
or 15 per cent range suggested by the simple device of varying
the voltage.

There are other fundamentals in this problem. There is the
general question of means of limiting the necessary voltage
range, such as is accomplished in part by the use of synchronous
condensers. The Pacific Coast companies are using 17 Y or
20 per cent tap ranges partly because the use of the devices
really makes it possible for them to keep within that range.

We need to know whether we must allow our systems to
respond to this upward urge or trend of voltage that seems to
be so evident. We need to know, in order to meet that, on what
basis a gradation of steps in system voltages is to be founded.
We need to know whether they are to be on a Y -delta basis or
on a preferred -number basis or on the basis of approximation of
our old standards or whatnot.

We need to know whether those steps can be met by apparatus
having sufficient flexibility without being out of the pale of the
standard class, or whether we must allow in our contemplated
schemes for a very extended number of steps which will give us a
minimum in flexibility requirements of individual apparatus
forming part of the system.

We need to know whether or not the problem of high voltage
resulting from open circuits is something that can be successfully
taken care of.

In connection with the fundamentals of this matter, the
Committee has made a survey and has been able to get almost
universal assent to the basic acceptance of the principle of
utilization voltage as a standard of reference in connection with
any standard -voltage system. That point has been, we con-
sider, gained and we hope it won't be upset, though of course if it
need be, it will be I presume.

Another point referred to by Mr. Jones, namely the question
of rated circuit tioltage or, as he put it, the system voltage, was
fixed by the Committee and approved by the Institute. Now it
would be possible to undo that also, if necessary, but I mention
that as another achievement of the Committee so that you will
understand that at least two of the fundamentals necessary
in consideration of a standard system voltage have been, we
think, sufficiently settled so the discussion may proceed on that
assumption.

C. E. Skinner: At the meeting of the International Electro-
technical Commission in New York last spring, some of our
European friends brought to us the term "voltage zones"
and it seems to me that this is a very apt term in connection with
certain features of our standardization program. By "voltage
zone" is meant a certain range of voltages between which all
dielectric tests for apparatus are to be the same. This would be
of distinct advantage in allowing manufacturers to stook such
parts as outlet bushings and other features of design which have a
definite limit due to the dielectric test. In many cases, it would
probably be cheaper to take an outlet bushing, for example, from
the next zone than to manufacture one for a specific purpose
which happened to fall just beyond the particular zone. I would
suggest that this question of voltage zones be kept in mind in
connection with this standardization proposition, especially with
regard to the application of dielectric tests.
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R. h. McAllister: An important point is the breaking awayfron anY iiitem0t to have transformers Of a single ratio suitablefor use on both the 6600- and the 7200/12,470 -volt systems.There should be a rot il) of 2 -to -1 between the volt age ratings oftransformers for the 6600- and 13,200-v olt systems and a rat io of3 -to -1 for the 2400/4150- and 7200/12,470 -volt systems.In the paper by Messrs. Silver and I larding the recommenda-tion is made that 120 volts be the accepted secondary voltage fortransformers of the service class. This is quite a step forward,and also will do much toward the consolidation of the 12,470-and 13,200 -volt systems. There is only 6 per cent differencebetween these two voltages. It would be quite possible to havea tap at about that point, or even to use one of the standard
taps for 13,200 -volt transformers. In the same paper it isrecommended that the voltage ratings of motors for use on 6600-and 13,200 -volt volt systems should be reduced. This is a goodidea ti.nd will go a long way toward avoiding step-by-step in-creases above these voltages.

One of the disadvantages of the 13,200 -volt system is thattwice this voltage, namely 26,400, is not standard. Might it notbe that the real purpose of standardization would he served byadopting 16,500 volts as a standard voltage, this being half of33,000 volts?
It is very important to maintain the ratio of 2-to -1 between

66,000 and 132,000 volts and between 69,000 and 138,000 volts,allowing the use of series-parallel transformer connections with-out complications due to a little lower ratio.
In the paper by Mr. Huber-Ruf voltage ratios based on thestar -delta arrangement of motor and transformer connections areadvocated. In some cases this is advantageous for motors.It is not, however, advantageous for high -voltage systems; notalone for the reason that there are already at least approxi-mately standard voltages which do not allow for this, but alsobecause of the grounding of the neutral which should be pro-vided for at certain stations necessarily and at others as prac-

ticable to provide alternate points of grounding.
Regarding transformer taps in general the percentages of taps

should be standardized, rather than the number of taps, so that
transformers having a non-standard range of taps will parallel
with standard transformers. Simple figures are desirable fortap voltages. An example of this would be the use of 64,500-,
63,000-, 61,500- and. 60,000-volt taps for 66,000 -volt trans-formers. There will be a readjustment of parallel operating
conditions in any event in connection with standardization of
percentages of reactance as well as standardization of voltages.

It is also desirable to give considerable attention from a
standardization viewpoint to the phase angle between lines of all
voltages, in the higher ranges to facilitate interconnections which
are not thought of at the present time, and in the lower ranges to
facilitate networks supplied from systems of more than one
voltage.

For transformers of all ratios, with the exception of those
involving 120 volts and small multiples thereof, it should be
recognized that a zero phase angle is permissible, at least under
-certain conditions. The cases where a 30 -deg. angle is desirable
or permissible should be standardized so that there will not be
more than a minimum possibility of a 30 -deg. angle existing
between systems of the same voltage in the same vicinity. It is
also important to have the 30 -deg. angle in the same direction
whertner it occurs between systems of any two voltages operating
under similar conditions.

Mr. Minor's paper mentions the use of transformers having a
ratio suitable for connection directly between the phase wires of
4150 -volt systems, permitting the omission of the fourth wire.
Such transformers should be used wherever practicable, not only
to eliminate the need for running the fourth wire, but also to
facilitate the use of the combined light and power system with
service voltages of 115 and 199.

P. H. Chase: I should like to ask what the manufacturers

L'0111i111.1' is the 1'1'111111'4! illi1114.114'4 on 111111Sn/11111roust or Hi andariii 
zat ion or reaelamp, also or 105 insulation or thi, in.otrai
lead ro1 pot,ot iai,, again treating it as IL fully
grounded neutral lead? Go lo\\ er- \ oltage distribution trans-
formers, such 1LS 0111511 ror sotm Jo,' atiation, what, i., tho
Hoene(' of si alidaydizai ion on I ho mootair or phases? There are
also certain dimensional and et her niatittfamturing standardiza-
tion points that, to toy mind, must influence oust to a degree
commensurateo 11W.. ..11. i11..licireo of voltage, as such.

H. L. Waillfttl: The 1101111 hits 1104'11 raised about reducing the
number of voltage standards in use. 1 think that is something
we can all consider. %%le ..gure _mentioned by one of the pre-
vious spealier.i %\ as it red net ion 1'10111 21 to 7. 1 might say that in
our own system \\ e are gradually tending. to 5, if we consider the
2300-4600 volt class as one. Five might be plenty for most of us.
It may not be enough for all or us.

Messrs. Hanker and Summerhayes have enumerated five
principles to which any proposed system of voltage standards
should conform. These \v ill not be challenged.

Undoubtedly the definition of "rated circuit voltage" will
meet \Vint general approval, and it is obvious that equipment
should tested in conformity with the maximum line to line
voltage to which it May he subjected.

The A. I. E. E. test, for transformers, Rule 6356, is twice line -
to -line voltage plus 1000. An exception, Rule 6363 for "Trans-
formers with Graded Insulation" is very vague. The manu-
facturers' present practise is to test at 2.73 times the voltage from
line to ground. What test is proposed for this class of insulation?
I quote in part "Such a rule . . . would definitely set the rated
voltages of apparatus, t heir lest voltages and maximum operating
voltage."

If test voltages are to meet Rule 6356 even though induced
in the windings must we not sacrifice graded insulation and its
resultant economy? Should not the A. I. E. E. Standards
Committee provide for a definite test voltage for transformers of
this class?

Among low -voltage distribution systems of today are some
involving transformers with windings for 2080/4160 and 2300/4600 volts delta. The proposed standards recognize only the
2300 -volt class.

Cleveland, Detroit and, I believe, Chicago, have thousands
of kilowatts of transformers connected of the above off -standard
voltages. Too much is involved to discard these. By building
transformers of this general class with coils for series or parallel
connection, we establish the 4600 -volt standard from the 2300 -volt standard and by providing a 10 per cent tap, we can obtain
2070/4140 volts from these, which probably would be acceptableto operators.

For new systems the 11,500 -volt standard may be abandonedin favor of the 13,800-volt. For many existing systems it mustbe maintained and transformers for both 6600 volts and 11,500volts delta connection are required. The former group has beenentirely eliminated.
To me, another grave defect in these proposed standards is thelack of reversibility of power transfer, due to the use of differentturn ratios for step-up and step-down transformers. With inter-connections growing apace, if full benefit is to be realized fromthem, power should be able to flow in the direction reverse fromnormal and the voltage delivered under this condition closelyapproximate the normal sending voltage.

Mr. Argersinger has most clearly indicated this disadvantageand suggested a remedy. It merits close study. His proposedvoltage standards retain the values made familiar to us by longusage and his 5 per cent over -voltage tap automatically bringshis system into practical agreement with the manufacturers'.
However, he omits the 88- and 154-kv. ratings and adds a 176-kv. rating.

These changes would, I believe, be inadvisable because ofconsiderable mileage in 88- to 90-kv. and of 140- to 154-kv. lines.
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Also the 176-kv. standard would necessitate the design of a
complete new line of equipment and there is a permissible
arguinent that a project requiring at least 176 kv. should be
developed at 220 kv. at the outset.

I am in general agreement with his views which, though
differently expressed, result in standards not far different from
those proposed, except for an additional 2M per cent of over -
voltage operation suggested and the omission of the emergency
limitation. What constitutes an emergency and how long does it

last? Mr. Argersinger's proposal is the more clear-cut.
Two taps per winding as suggested by him may not prove

enough for certain long transmissions. It should be simple
to provide others at a slight increase in cost, when required.

All power transformers should be equipped with externally
operated ratio adjusters.

Referring to maximum voltage rated "apparatus," when
standards are agreed upon, cannot this apparatus be derated to
fit, that is, name plate data changed and equipment left as is?

F. C. Hanker: In considering the subject of voltage stand-
ardization an effort has been made to investigate the possibility
of developing a practical system of voltages that will meet the
needs of a large percentage of electricity supply systems.

There has been a tendency in the discussion to cite certain
specific needs that appear of paramount importance for a
particular district. Where there is sufficient justification for
certain values they should unquestionably be adopted but we
should carefully scrutinize these suggestions to be sure that they
are not an expedient to care for a temporary condition. We
should be sure that they conform to a logical plan.

The Pacific Coast has a condition where they are meeting
distribution requirements with transformers arranged for
11,000 -volt star connection and 6600 -volt delta connection.
The decision that we burden the entire industry with costs of a
6600 -volt transformer that will be satisfactory for operation on
11,000 volts can only be determined by a survey to see whether
the cost is justified. In the lower voltages the difference is not
as great as it would be in the higher classes. It is very possible
if the demand is sufficient that it would be justified. That same
condition exists I feel throughout this standardization. We
should study the conditions and where there is justification it
should be recognized by being included in a standard line.
Obviously it would be agreeable to everyone  concerned if
standards could be made flexible enough to meet all conditions.
Unfortunately this cannot be done without increasing costs and
only those that are suitable for general use would be included.

The objection to the star -delta proposal is greater for the
higher voltages. For example if you take a transformer suitable
for delta connection on 66,000 volts and star connection on
114,000 volts you must of necessity design the insulation for the
higher voltage service. This means in the first place that the
apparatus will cost from 35 to 40 per cent more for the star -delta
combination than would be the case if it was designed for the
66,000 -volt service. The design must be satisfactory for insula-
tion to ground and insulation between turns when operated on
the higher voltage. This adds to the expense of those trans-
formers that are equipped only for the 66,000 -volt service. In
addition to higher cost you have a lower performance. In view
of these disadvantages it does not seem desirable that the entire
capacity of 66,000 -volt apparatus should be burdened with the
greater expense for the possible benefit to those systems that
would use the transformers at the higher voltage.

It is generally recognized that the greatest return from stand-
ardization is in those classes where quantity production is a
possibility. Every effort should be made to reach an agreement
on the lower voltages applying to utilization equipment, dis-
tribution transformers, substation transformers and possibly
some of the lower transmission voltages that are generally used.

In the higher voltage classes it may not be possible to secure
a general agreement on the requirements. The range that has

been suggested by several of the groups varies from 5 per cent
proposed by the manufacturers to a maximum of 25 per cent for
those cases where reversal of power flow may be necessary.
There are undoubtedly cases where a greater range than 5 per
cent is necessary. We would suggest that a survey be made to
establish the capacity of equipment that would come outside the
proposed 5 per cent range. This study could be based on
equipment already in service. It is probable that the curve
would be somewhat similar to the "use-factor curve" showing
the time generating apparatus is required to meet load conditions
on a particular system. These curves show that the capacity
required to care for the peak loads is in use only a relatively few
hours during the year representing a high investment cost for
these increments of load. If we establish the capacity of trans-
formers operating at normal voltage and at voltages up to 25 per
cent above normal, and determine a corresponding cost for
transformers with different voltage ranges, we would then be able
to establish the total cost to the industry that would result from
the adoption of different zones. At the present time the range is
based on opinion. Before a final decision is made it is recom-
mended that a study similar to that proposed would be of value
in establishing the most satisfactory range.

On the higher voltage transformers it is not the actual turn
ratio that is so important as a standardization of the voltage
classes. Such a standardization would minimize the number of
designs necessary for the manufacturers and result in a reduction
in development costs. With such a standardization the mechan-
ical construction of the core, insulation structure, tanks and
terminals could be standardized and advantage taken of this
condition.

Ernest Pragst: I should like to comment on these papers
and the discussion largely from the point of view of the
manufacturer.

A number of years ago, the operators of public utilities and the
manufacturers of electrical apparatus undertook to standardize
the voltages of apparatus. Out of this work a set of standards
finally emerged which were sponsored and issued by the National
Electric Light Association.

The fact now seems to make itself apparent that when the
standards were adopted, little or no consideration was given to
the system as a whole. Each type of apparatus was standardized
as to voltage with little or no consideration given to its operation
in connection with other types of apparatus. Because of these
oversights, we now find ourselves with an inoperative set of
standards.

Now, the manufacturer has accepted the standards and has a
number of standard lines of generators, transformers and motors.
When he attempts to sell this standard apparatus, he discovers
that his customer cannot operate it in a system without exceeding
the limits for which it has been designed and guaranteed.

The operators of public utilities realized some time ago that
the standards as adopted could not be used successfully, so they
simply abandoned them. Each has sought his own solution in
his own way, with the result that but little uniformity of practise
now exists.

After listening to the many diverse opinions expressed I find
myself in a quandary when I try to reconcile them. Some
might have been led to believe that the manufacturers seeking a
new set of standards will be next asking the discarding of present
equipment. Nothing like this is contemplated. Moreover,
nothing particularly radical is being asked.

In preparing the standards proposed by the manufacturers and
presented by Messrs. Summerhayes and Hanker, I am sure every
effort was made to depart as little as possible from the present
standards. A comparison of the proposed standards with the
present standards as issued by the National Electric Light
Association will reveal the close similarity between the two.
Generator voltages are such that the old can be paralleled with
the new; transformer ratios are such that through the use of taps
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parallel operation of old with new transformers will usually bepossible; motor voltages are to remain the same.
I am convinced that greater benefits will accrue to the operatorthan to the manufacturer through standardization and that the

manufacturers are seeking only a workable set of standards that
will meet an appreciable part of the requirements of the operatingcompanies. With such diverse views as now exist (most ofwhich are not without merit) an agreement will be reached only
if we can realize the necessity of compromise and practise it to theutmost.

L. L. Elden: It is telieved that an analysis of the value and
quantities of equipment which have been found unsuited foroperation under the voltage standards referred to, will be foundto be only a relatively small percentage of the units in service andthat such difficulties as have developed in this direction will belargely found in high-tension equipment.

The discussion which I will present is one in which Mr. Oliver
of the New England Power Company and the writer have col-laborated to some extent to present very briefly some views
covering our experience in New England. One of us is operating
a system utilizing moderate voltages in supplying a compact area,with interconnections to several adjacent systems. The other isoperating an extensive transmission system reaching into five
states and utilizing voltages of 66,000 and 110,000. The present
transformer standards have been entirely satisfactory to the
former, and with the addition of standard feeder regulators, high
grade, efficient and reliable service has been maintained

For the second system existing transformer standards have
been found unsatisfactory, and apparatus has been purchased
which does not conform to A. I. E. E. standards in order to meet
operating requirements. Power -factor correction equipmenthas been found necessary at several points to insure a proper
degree of regulation, with the result that substantially uniform
voltage conditions are maintained throughout the system. In
passing it may also be said that the voltage standards proposed
by the manufacturers would still he unsatisfactory for this
system.

In this discussion we have refrained from presenting any table
of values. belies ing that the determination of final values
applicable to the entire industry cannot be effected at this time.
If broad principles applicable to the situation can be agreed
upon, much will ha% e been accomplished.

Any undertaking aiming to standardize voltages is bound to
meet with many difficulties in view of the many interests affected.
Many of the conditions to be met are not fully appreciated.
On this phase of the question we may refer to the proposed basis
of standardization outlined in the manufacturers' paper.

An analysis of the hypothetical system shown therein discloses
the fact that as between full- and no-load conditions, an (3%c -rail
uncontrolled regulation of about 30 per cent would be developed.
an amount which could at best only be divided between the
generator and receiver if any load be served from, or near the
generating stat ion.

If the system is expanded and becomes an interconnected
network with additional generating stations, difficulties im-
mediately develop. For example, a second generating station
connected to the 09,000 -volt section of the system must experi-
ence voltage or reactive -power difficulties with changing load
conditions un the main system. It is, of course, granted that the
addition of regulating apparatus may obviate some of these
difficulties.

The system described is hardly sufficiently comprehensive to
illustrate the needs of practical application. Even if such a
simple system exists, it may be short-sighted to design it so
with no provision for expansion. If transmission systems or lines
are interconnected, it is questionable whether a considerable
difference of potential can be allowed to exist between any
two parts. Probably it would always be found desirable to
regulate the voltage very closely by power -factor control.

Even if not, a step-down transformer may be installed close
(electrically) to a step-up transformer, so close that the voltages
at the two points are practically identical, and in this case also
the proposed standards become inadequate. Some of these
difficulties would be eliminated by the following suggested
changes in the proposed transformer standards.

STEP-UP TRANSFORMERS

Adhere to proposed secondary voltage ratings and provide one
5 per cent tap above normal rating to maintain secondary rated
voltages under load.

Provide two 5 per cent (each) reduced -voltage full -capacity
taps.

Taps should preferably be located in the high -voltage windings
(low -voltage taps in large transformers involve difficulties,
particularly in regard to ratio -adjuster design on account of
high current densities).

STEP-DOWN TRANSFORMERS

Increase proposed primary voltage ratings 5 per cent (which
raises this voltage rating to agree with the rating of step-up
transformers at zero regulation

Provide three 5 per cent each reduced-voltage full -capacity
taps.

Transformers should be designed to operate under emergency
conditions at 5 per cent over-% oltage over -excited 1. Emer-
gency conditions should be defined as existing a considerable
length of time, perhaps several days.

Standardization to be effective must recognize that present-
day deNelopments indicate that interconnected systems covering
large areas, with many sources of power supply are to be moreand more important features of transmission and distribution
practise in the near future and that voltage requirements in such
systems must be studied from all points of iew.

It is believed that standardization of voltages cannot be
effective if based upon conditions assumed in any radial system.
At least papers has presented the question from the
network point of view with favorable results.

Conservation of existing investments is no small portion of the
main problem and any new standards must be devised to protectsuch investments.

Progress. however. has been made and agreement seems quitegeneral upon certain items. Generators and transformers shouldbe capable of oix-rating at least 5 to 10 per cent above ratedvoltage.
Step-up and step-down transformers should be identical inoperating characteristics and be equipped with similar tapsranging from per cent ahuvc to 13 per cent below rated voltage.The definition of "rated voltage- is logical and acceptable.Certain other features require further study.
The point at V. hick voltages" should be standardized

must be agreed upon. European practise recognizes receivervoltage as most desirable. American opinion is divided uponthis point. and before national progress can be made, agreementmust be reached.
There is much to be said in favor of receiver voltage as it is atreceiver locations that constant and normal conditions areexpected to pre' ail. Elsewhere wide variation may exist.A difference of opinion exists between Mr. Oliver and myself onaccount of the difference in the practise of our respectiveinterests.
Standards should be on saute basis throughout the full rangeof systems and not change from receiver to sending values above66,000 volts as proposed by the manufacturers.
In connection with test voltages applicable to apparatusspecified under rated voltages, it is suggested that apparatusshould be reclassified fur test purposes. Apparatus includingwindings, for example transformers, should be tested sub-stantially in accordance with present standards as such apparatushas proved must reliable. Oil switches, disconnecting switches.
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lightning arresters, high-tension bushings, etc., should be sub-
jected to higher tests than at present. The many failures which

occur in this apparatus justify this recommendation.
Further support to this theory is afforded from the data

submitted in papers on surge investigations presented at this
convention.

In general it is contended the switch ratings in the higher
voltage classes (66,000 and over) are much too close to the
operating voltages. The added cost of a higher voltage switch

is sometimes considered prohibitive and as cost is too often a
controlling element, the factor of safety secured is sometimes
insufficient. Studies of dimensional data for switches in ad-
jacent classes frequently show but small differences, which leads

to the constructive suggestion that costs to the user might be
lower all around if the manufacturers would eliminate certain
classes of switches and utilize possibly 5 or 6 classes to cover the
entire range of usage.

The following groupings are suggested:
For System Voltages Use Switches of the
of the Kv. Below Kv Below

220 to 154 220
132 to 110 132

88 to 66 88

44 to 22 44

15 to 6.6 13.2
Substantial savings in manufacturing costs would result.

Substantial savings would accrue to users through more general
interchangeability, reduction in stock of parts, etc.

There never has appeared to be any justification for develop-
ment of 33,000 -volt switches as a separate class between 22,000
and 44,000 volts, or for certain other intermediate classes.

All switches should be designed with ample factor of safety
in service at voltages 50 per cent above rated voltage. Puncture
and flash -over tests should be based upon the 50 per cent excess
voltages to enable apparatus to meet known impulse and surge
values to he encountered under service conditions.

The net result of this proposal should be a better and safer
product at no higher, if not actually less, cost than at present.
This proposal is not out of line with present practise in other
branches of the industry, namely, one size of tank for several
transformer sizes, one motor frame for several different motor
capacities, etc.

The suggested elimination of certain classes of switches leads to
the further suggestion that certain system voltages might also be
eliminated from the standards, for example, 4600, 11,000, 33,000,

and 88,000. These might be considered exceptions and no new
construction he undertaken for these voltages.

The responsibility for the present situation rests upon all
interests; users and manufacturers, utilities, consulting engineers,
designing engineers, and owners of projects, all of whom have
contributed to present conditions. Much construction has been
created in which through lack of foresight, knowledge or appre-
ciation of future requirements, great sums have actually been
wasted. Even today construction is going forward which is
limited in its future usefulness and as designed represents
substantial waste.

Failure to supply conductors. of adequate capacity and suitable
operating facilities leads to ultimate losses which are enormous
when compared with the small additional investment required for
an adequate arrangement. Isolated construction is frequently
noted which involves factors preventing the use of any standard
apparatus.

It may well be that certain interests delay or obstruct stand-
ardization in reemiimending that motors be designed for opera-
tion for 90-110 per cent of normal voltage and then operate at the
lower value contrary to the intent of the present standard.
Systems should not be designed for 20 per cent variation in

voltage at receiver end as suggested. In short, responsibility for
some of these matters must rest where it belongs.

Standardization of voltages has been and is really being
impeded to a great extent by manufacturing interests who,
for competitive purposes, create new classifications in design of
apparatus which might well be eliminated through liberality
in existing designs. Users' specifications may be responsible for

certain of this undesirable effort, but a brief review of the many
types of similar equipment which are offered from year to year is

most convincing. Cooperative effort such as is being considered
here should eliminate many of these conditions.

Assuming that standardization is really effected, will costs be
reduced? We believe not, at least so they can be distinguished
since it appears that in high -voltage construction, for example,
most equipment is non-standard and is usually designed to meet
requirements of individual systems, hence if such methods are to
continue there is little opportunity for cost reduction. With
years of progress in present switch design, rising prices are
encountered.

On the other hand a review of many transactions involving
pUrchases of apparatus under highly competitive conditions,
manufacturing prices seem to have no anchor. Possibly we are
really saving as much now as would be represented by increases
in cost of higher rated apparatus which seems so necessary. It
has been suggested that the cost of non-standardization in
matters of voltages may total $150,000,000 to $200,000,000.

This is really not an excessive expenditure to be incurred in the
development of a $10.000,000,000 industry, it being only 2 per
cent of the total. What industry can show equal efficiency
through an extended development period? We are really not so
badly off as might appear from some of the comparisons which

have been made.
Finally, if standardization is actually accomplished, the

following queries suggest themselves:
(a) Will prescribq standards be followed by all? We believe

the answe, is "no,"at special construction will still continue as
controlled by the acts of individuals, and that there will always
be special classes outside of the standards which we may create.

(b) Will not special voltages still be selected for certain proj-
ects as best harmonizing with local conditions, such as load,
distance, preferred sizes and types of conductors, economic
conditions to be met, etc.? We believe the answer is "yes."

It is common knowledge that many projects are designed and
built as isolated units, to meet certain local conditions with no
thought of future connection with other systems. Where is this
condition more prevalent than in industrial plants where every
standard is sometimes sacrificed to make a sale. In many more
important undertakings operating conditions are seriously
affected by economical limitations, imposed by investment
restrictions supposedly to meet some theoretical or calculated
load cycle to the entire disregard of future requirements.

P. H. Chases It seems to me that Mr. Elden's remarks
reflect the well -reasoned attitude of the central station man
considering the problem from the broad point of view, looking
forward to the day when we will have more interconnection,
when the voltage regulation must be taken care of by voltage
regulating moans for power flow in both directions.

W. R. Bullard (by letter): Messrs. Silver and Harding have
presented a comprehensive picture of a rational and practical
method of assigning voltage ratings to different types of ap-
paratus, so as to maintain the proper voltage levels at different
points in the system. Under this method, the starting point for
assigning voltage ratings is the lamp socket. This is as it should
be, since the lamp -socket voltage is fixed by service requirements
and the values of other voltages aro very largely dependent upon
the necessity for holding this voltage practically constant at its
nominal value. Therefore, in connection with the general
problem of voltage standardization, it is highly desirable that a
single lamp -socket or utilization voltage standard be ultimately
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Incandescent lamps are short-lived and are now farlliShed atthe same cost and efficieney for both voltages. The selectionof eit her 11.5 or 120 volts as a universal standard would thereforein\ 01\ e no difficulties as fur as the manufacture of lamps isconcerned.
In the ease of motors and devices of the 220 -volt class, existingdesigns are nut entirely suitable for delta -connected distribution

systems of either 115 or 120 volts at the lamp socket. They are,however, more suitable for the former than for the latter voltagein delta systems, since 240 NOAH, the delta voltage for the 120-volt standard, is nearly 10 per cent high for equipment rated at220 volts.

Delta -connected distribution systems will doubtless continue tobe used for many years. However, low -voltage systems of the4 -wire Y -connected type are rapidly coming into use in con-nection with underground distribution in bu3iness districts of
both medium-sized and large cities, and therefore the relation of
motor voltage standards to this type of system must be carefully
considered. In Y. -connected systems, the delta voltage corre-
sponding to the 120 -volt standard, or 208 volts, conforms more
nearly to existing 220 -volt apparatus designs than does the delta
voltage corresponding to the 115 -volt standard, or 199 volts.
However, actual operating experience obtained in connection
with several underground distribution systems of the 4-wirenetwork type has demonstrated that 220 -volt motors, both of
ancient vintage and of present design, will with very few excep-
tions, function satisfactorily at 199 volts, in much the same
manner as they will function satisfactorily at 240 volts in a
120/240 -volt delta system.

In order to meet the demands of both delta and Y -connected
systems and at the same time avoid developing two lines of
motors and devices of the 220 -volt class, the logical solution of
this phase of the problem is to make slight changes in the future
designs of this apparatus so as to make them conform to an
intermediate voltage value between those of the two types of
systems with the necessary tolerance above and below this value.
This would be advantageous not only from the manufacturer's
viewpoint but also from that of the customer, since the latter
would be enabled to use his motors interchangeably in both types
of systems. Assuming this procedure, there is little to choose
between 115 or 120 volts as a universal standard as far as this
class of apparatus is concerned. In one case the mean value
between the delta voltages of the two types of systems would be
214.5 and in the other case, 224. Neither of these values con -
conforms exactly to the present 220 -volt rating, but the relation
is so close in each case that the necessary changes would be slight.

The situation is slightly different with respect to appliances of
the 115 -volt class. Many of the existing standard lines are
designed to apply to a voltage range from 110 to 120 volts. This
of course makes them entirely satisfactory for 115 -volt distribu-
tion and in some measure out of line for a universal standard
of 120 volts. Consequently, it seems fair to assume that the
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On the other side or !lit. picture i- 1h,' faet that the 120 -volt
standard would provide a slightly higher copper efficiency in the
low -voltage distribution circuits. The difference would indeedbe slight ill 'In' ea,. or a -c. -\ stems, since it WOU11d representonly some 10 per cent of 1 he secondary clipper losses or, inusual types of a-c, dist ributioli a true! ion Of 1 per cent ofthe deli ered energy. In d -c. the riination is somewhat
more serious, and it is worthy or note in this connection that thed -e. systems pro) ale a \ pry large portion of Ilit present marketfor 120 -volt lamps and appliances. This suggests that a satis-factory sol ut ion to the problem 'night he the general adopt ion of115 volts for a -e. and 120 \-1)11S for d -c. systems. This,however, has l he s464/111s disadvantage 1 hat in cities having botharc. and distribution it would bi necessary either to maintain
two utilization voltage standards, or to depart from the standard
voltage in one of t he two systems. In practically all except thevery largest cities, d-c. systems are being converted into ormerged with, a -c. systems, and the importance of establishingstandards which will facilitate this process can easily be ap-preciatcd. Furthermore, although lamps and appliances are nowfurnished for both voltages, and would have little influence uponthe question of which voltage should be selected, nevertheless aconsiderable simplification of inanufact tire and stocking of thesearticles would be brought about by the establishment of a singlestandard.

The ultimate solution of the problem must of course he basedupon a very careful weighing of all the factors involved, and itwill no doubt be a difficult matter to bring about, in any reason-able length of time the complete application of a single lamp-voltage standard. Nevertheless, in view of the large ultimatesaving which would accrue to the industry, it can hardly bedoubted that a well coordinated effort to fix upon such a singlestandard should be made in the near future.
The general problem of standardization of apparatus voltageratings is largely dependent upon the establishment of such asingle standard. Messrs. silver and Harding have suggested aschedule of standard voltage ratings that, is entirely practicableif the ultimate lamp-voltage standard is to be 115 volts. If,however, 120 volts should ultimately lie selected it would seemfrom the foregoing that a change from the existing standardvoltage ratings of distribution transformers would be necessary.The logical form for this change to take would be a change inratio. For instance, the ratio of 18 -to -1 might be adopted, this
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being an existing commercial rating in use in a number of sys-
tems. For a 120 -volt standard this ratio would permit operating
the distribution transformers at a more favorable excitation
voltage than does the present standard 20 -to -1 ratio in connection
with 115 -volt systems. Furthermore, with this one change in the
schedule of voltage ratings suggested by Messrs. Silver and
Harding, this schedule would apply as well to the 120 -volt
standard as it does in its present form to the 115-volt standard.

M. T. Crawford (by telegraph): I can endorse general plan of
voltages proposed by Messrs. Silver and Harding as our dis-
tribution installations recent years conform thereto. There is
considerable investment in 6600-volt/11,00-volt-Y systems in the
northwest, which are very economical for rural distribution.
I doubt the possibility of their eventual elimination. I suggest
careful consideration in the discussion of Mr. Argersinger's
scheme combining step-up and step-down types by adding taps.

H. Carl Wolf. (communicated after adjournment): Voltage
standardization has been discussed from practically every view-
point except that of the public, and in the final analysis we all

fall into this latter classification. Speaking broadly and col-
lectively, the consumer wants standardization of voltages and
wants it to begin at, what is to him the most tangible point, his
equipment. From data presented on the sales of lamps, it
appears that lamp voltages will very soon be standardized at 115
or 120, either one of which provides a reliable starting point.

The consumer is interested in service and is willing to pay the
price to get the very best service obtainable. He is also interested
in flexibility, simplicity, sturdiness and universality of equipment.
Simplification of practise as to voltages is the most effective
means of accomplishing these ends. A great deal of stress has
been laid in discussions on this subject on the need for trans-
former taps in order to keep the voltage up during loads. Greater
stress should, in my opinion, be laid on the regulation of voltage,
thus necessitating more care in the design of lines and equipment
in order to reduce voltage drop to the lowest point commensurate
with the economics of .the situation. With the development of
equipment for changing taps under load, a larger number of taps
might be justified, but until such time the other engineering
features of the system should be stressed.

If we are to have simplified practise, the fewer the number of
voltages agreed upon, the nearer will be attained the goal. It
should not be forgotten that the electric industry is still in its
infancy and present investment is still only a fraction of what
will ultimately obtain. The present medley of voltages and
practises should not be permitted to stand too much in the way
of adoption of standards for the future. After all, this question of
voltage standardization is nothing more than the preparation of a
voltage budget within the limits of which good practise can
move. Present equipment and present standards should not be
rendered obsolete over night, but the industry should be given a
goal toward which to work.

In selecting the voltages to he concentrated on and in con-
sidering the relative merits of the delta -Y 'or other systems of
connections, the telephone situation should not be lost sight of.
Joint construction is very desirable in a large number of cases and
any standardization adopted should conform as far as possible to
that operating practise which will reduce to a minimum inductive
interference.

MAXWELL'S THEORY OF THE LAYER DIELECTRIC'
(MURNAOHAN)

NEW YORK, N. Y., FEBRUARY 9, 1927

Vladimir Karapetoff: The phenomenon of absorption in a
composite dielectric, each layer of which separately shows no
absorption, has been graphically explained by Grtinewald2.
Referring to the accompanying sketch, consider the simplest
case of two slabs ii B C D and C D E F, of equal thickness and of
equal insulation resistance to direct current. Let the material

I be of much lower permittivity than the material I I. Let A B,

C D, E F, represent very thin layers of metal foil, to insure the
positions of equipotential surfaces. Assume the metal sheet
A B grounded at G and a d -c. potential of value N F suddenly
applied to the surface E F. The instantaneous distribution
of potential may then be represented by the broken line H K F.
The permittivity of the layer I being ldwer, a major portion,
S K, of the total voltage is applied across it, and a minor portion,
K C, across I I. The slopes of the two lines are inversely as the
permittivities, or directly as the elastivities of the two materials.

At the first instant, there can be no electric charge on the
the surface C D, and the displacements of electricity through
both dielectrics must be equal to each other. The line P R
indicates this condition, the ordinate H P representing the
displacement of electricity or the charge on the plates. It will
he seen that the positive and negative charges on the plate C D
cancel each other, leaving equal and positive charges on A B

and E F.
Now, let the same voltage remain applied indefinitely, causing

a conduction current through the dielectrics. Since, by assump-
tion, the resistivities of the two materials are equal, the final
distribution of potential will be represented by the straight
line H L F. The voltage gradient in the material I has been
reduced in the ratio of L S to K S, and consequently the dis-
placement of electricity will be reduced in the same ratio, say

FIG. 1

from H P to H PI. The potential gradient in I I has been
increased from C K to C L, and the displacement increased in
the same ratio, say from N R to N RI. Thus, the middle plate
C D receives a positive charge S Q1 and a negative charge
S T1, or a net negative charge Q1 74. An electroscope con-
nected to C D would indicate this charge, corresponding to the
difference K L in the voltages at the first instant and under
steady-state conditions.

Let the potential N F be suddenly removed and the plate E F
immediately grounded. The new distribution of potential will
then he represented by the line H M N, the potential of the
middle plate being negative because it carries a negative charge.
Numerically, S M = L K. The charge on C D will be equal
to - Q1 T1, and that on each of the grounded plates 0.5 QI T1,
Should the plate E F be left grounded indefinitely, the charge
Q1 74 would ultimately leak to the ground in both directions.

Let the plate E F, however, be grounded for an instant only,
and then an equal and opposite voltage, N E, applied to it.

1. A. 1.11. lam. JourmAr., February, 1927,.p. 132.
2. Arch. Air skk., 1923, Vol. 12, p. 98.
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The new instantaneous distribution of potential will be H D E,where M D = S K. In other words, the new distribution ofpotential may be considered as a result of superposition of thedistribution H K F in the neutral state and of the distributionH M N due to the accumulated charge on C D.It will thus be seen that the new distribution involves agreater stress in the material I than without absorption. More-over, the absorbed change can reach C D only through conduc-tion which involves heat loss. The materials themselves haveno property of absorption, but because the ratio of their con-ductivities is different from that of the permittivities, a residualcharge, alternately positive and negative, accumulates on thedividing surface as the applied voltage its sign. This graphicalinterpretation may be carried further, to include more layers orlayers of different thicknesses and different resistivities. Someyears ago, the writer designed a kinematic model to show dielec-
tric absorption according to Grunewald's representation. Cer-tain linkages were connected through a spring and a dash -pot.At the first instant, as the point N on the linkage was suddenlyraised to F, the linkage assumed the shape H K F. Then thespring gradually moved point K to L, overcoming the resistanceof the dash -pot. Moving the point F suddenly to E gave theconfiguration H D E. Some parts of the model were madebut the work was never completed due to a pressure of otherinvestigations.

While Maxwell's theory of absorption has considerable
methodological value, its practical usefulness is limited by thefundamental assumption that the layers which constitute adielectric possess no absorption when tested separately. Thismay be true of such pure materialsas white paraffin and xylol, but
dielectrics used in practise show considerable absorption even intheir constituent parts, such as paper, oil, mica leaves, etc.
It is, therefore, not clear how to apply Maxwell's theory to agiven case of say molded insulation, built-up mica, paper andoil, etc.

seems necessary for the present to assumethe existence of the phenomenon of absorption in a given piece ofinsulation as a fact, and simply try to express mathematically
the observed behavior, having made plausible assumptionsabout the shape of the functions expressing variations of current
and flux density with the time. This method is used in the
writer's paper on the subject presented at the 1926 Winter
Convention.3

D. W. Roper: I should like to comment upon the necessity
for such fundamental research. The industry at the present
time is forging ahead of the science in cable dielectrics, par-
ticularly in high -voltage cables, and in this country that means
paper -insulated cables. We are not yet able to test a cable and
predetermine with reasonable accuracy its operating char-
acteristics. A cable which has passed all of the requirements of
the specifications agreed upon by the manufacturers and com-
mittees of the various associations will fail in service, and some-
times within a few months after being placed in service. Two
instances of that sort have occurred within the last year. They
were not confined to any one operating company, nor to any one
manufacturer. In each case, after one or two failures had
occurred, the manufacturers looked over their factory records
and found evidence which caused them to be suspicious of
certain other sections of cable that had been sent out from their
factories, so they arranged with their customer to remove and
replace certain other sections that had not yet failed, but which
the manufacturers thought would probably fail, and the expense
of the change was borne by the manufacturers. Now there is
perfectly definite evidence that the manufacturer, from his
factory records, can tell something about the cable that was
not shown by any test that we know how to make, either in the
factory or after it is placed in service.

We can make life tests on cable, and if we do, we get a fairly
3. (A. I. E. E. JOURNAL, 1926, Vol. 45, p. 236.)

definite line between the voltage and the time. If we plot the
logarithm of the kilovolts against the logarithm of time, we
obtain a straight line, and for the types of cables that we are
getting nowadays the kilovolts vary inversely as the seventh
root of the time. Now, if you test that cable for a part of its life,
there is no way of which we know at the present time to deter-
mine what fraction of that life has been spent, except by looking
at the clock and the voltmeter. There is no electrical test that
can be made to determine deterioration.

The lower part of that curve is of great interest because if you
simply extend that curve, you get a finite time for zero voltage;
but we know that if you get the voltage low enough, the time
becomes infinitely long.

We have that problem before us continually. As a company
increases in size and builds new generating stations, it scatters
them about the territory which it supplies, so as to reduce the
transmission distances, among other things, and that means that
every time a new station is built, it is necessary to take out of
service some cable which is no longer of value in its original
location and remove it to some new location. As the voltages
increase and we operate a little closer to the limit, there is every
prospect that we shall, at some future time be taking out of
service cable which has lost so much of its life that it would
hardly pay to reinstall it in a new location, but there is no way
of telling that'except to go ahead and install it and then replace
it if it fails.

There is one other point: In connection with the cable failures
in Chicago and the determination of their cause, we found it
expedient to train some of our younger engineers in methods of
systematic and careful inspection and analysis of cable in the
vicinity of the failure and at points on the same section remote
from the failure, so as to tell whether the cause of the trouble was
one which existed throughout the entire length or which was
local. A local case of trouble might for example, be due, to
irregular impregnation,-spotty impregnation, as the manu-facturers call it. As these young engineers have competent
supervision and instruction, you might say that their ability
is proportional to their experience, and along certain lines, the
circumstances have been such that they had ample experience.

A few years ago we had some trouble with the joints on 33-kv.
3 -conductor cables, and we had to remake the joints so as to use a
different joint -filling compound. The one used was unsuitable
for the purpose. In remaking these joints, we carefully examinedthe ends of the factory insulation in the joint, in some casescutting back a few inches or a few feet, if necessary, and in a few
cases replacing entire sections, because examination disclosed the
evidence of ionization, and when those evidences of ionizationwere sufficiently definite and numerous throughout the insulation
at one point, we removed that cable either by cutting it back inthe manhole or by replacing the entire section. That gave us avery good opportunity for getting an average idea of the insula-tion of the entire line and from the evidence so gathered, theengineers making the inspection predicted the failure of theline very shortly from ionization. They reported that the lifehad been well spent at the operating voltige. The predictionwas verified within six months.

The point to which I wish to call attention is that we can getthis evidence and this prediction from a visual examination,but we cannot make any tests whatever, that we know now howto make, which will warrant the same prediction. We are nowmaking, I believe, all the tests that we kaiow how to make, on thedata that we have available, and apparently what we need ismore fundamental research that will enable us to make moretests and determine some of these features that we can nowdetermine by visual examination or other methods which are notelectrical tests.
Joseph Slepian: I should like to raise the question as to howmuch actual information about dielectrics such mathematicalinvestigations can give. Essentially, Dr. Murnaghan shows,
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following Maxwell, that if a dielectricis composed of n layers of
dielectric with different dielectric constants and resistivities the
relation between voltage and current is one which satisfies an
nth order differential equation and hence there must be a certain
final relation between current and voltage. But it does not
follow that if for any particular dielectric the voltage and current
do satisfy such a relationship that the dielectric must be com-
posed of n layers.

They are infinitely many hypothetical structures of the di-
electric which will give the same relationship between voltage and

current. For example, if we insist on explaining the behavior of
the dielectric by inhomogeneities, we will have equally great
success by imagining the inhomogeneities to be in the form of
little spheres. Wagner, I believe, has carried out a mathematical
investigation of such a dielectric. A year ago Professor
Karapetoff also considered the mathematical theory of a dielec-
tric with what he called particles, each particle having dielectric
properties expressed by means of a first order of differential

equations.4 By suitable hypotheses as to the distribution of
these particles, any relationship between voltage and current
satisfying the principle of superposition may be derived.

The fact that an actual dielectric has voltage -current relation-
ships which correspond to the results obtained by such analyses
throws no light upon the structure of the dielectric itself at all,
since all these hypotheses lead to the same results. By merely
measuring voltage and current no information can be obtained
which permits one to decide which hypothesis, if any, is the
actual truth.

Hence I want particularly to point out the need of other kinds
of information than relations between current and voltage.
Before we can attach importance to any inhomogeneity theory,
we must somehow show by other means the existence of the
inhomogeneities which the theory postulates. In this connection
I am glad to mention the work of Professor Joffe of Leningrad,
whom I was fortunate enough to hear not long ago in Pittsburgh.
Professor Joffe described some experiments upon crystals of rock
salt in which, apriori, you wouldn't expect any inhomogeneity at
all. In spite of this apparent homogeneity Professor Joffe did
observe absorption, and after voltage had been applied to the
crystal long enough for the absorption current to die down to
nearly its zero value, he investigated the distribution of the
potential through the crystal. By a very skillful technique
which consisted of shaving away with insulated knives ex-
ceedingly thin layers of the dielectric he found that the distribu-
tion of potential through this dielectric consisted of a very small
gradient through the body of the material with almost all of the
potential concentrated in thin layers immediately next to the
electrodes. Thus he showed the actual existence of a layer, next
to the one electrode which had such different characteristics from
the rest of the dielectric as to cause the voltage to be highly
concentrated on that layer. The most significant thing about
Joffe's experiment is that the layer in question had its peculiar
properties only because of its relation to the electrode. If after
the layer was cut off voltage was applied to the remaining crystal
a concentration of potential upon the layer next to the electrode
would again he obtained. The inhomogeneity which is active
here is not in the material to begin with. It is an inhomogeneity
which is produced by the electric current itself. For an under-
standing of the phenomena in dielectrics, it is not sufficient to
treat the dielectric as if it had a simple ohmic conductivity. The
nature of the carriers of current must be considered and account
taken of the space charges which these carriers produce as a result
of the flow of current.
ip In the absence of evidence other than the voltage -current
relationships, the layers of Maxwell, spheres of Wagner, particles
of Karapetoff, must be considered as mathematical fictions or
conveniences, or simply individual preferences as to the manner

4. Theory of Absorption in Solid Dielectrics, by V. KarapotofT, A. I. E. E.
JOURNAL, March 1926, p. 236.

of describing the phenomenon that is going on. Personally, I
prefer to say that the homogeneous dielectric has its own complex
properties rather than to assume a hypothetical complex hetero-
geneous structure, built up of parts having hypothetically simple

dielectric properties.
Donald Bratt: In regard to the physical conditions of the

problem, it is well to remember that Maxwell's idea was nothing
more than to show that there is no such thing as "absorption"
of charge in a dielectric. He did show, that the phenomena
known as "absorption" are the result of lack of homogeneity and
confined himself to the simple cake of two plane condensers in series,
subjected to a sudden application of a d -c. voltage. He further
indicates, that the nature of these phenomena remains the same
even if the dielectrics assume a geometrical shape other than
plane. The proof of this statement could, perhaps, be given in
strict mathematical language, there is nothing however to make
one believe that the phenomena in physics should change their
nature by changing the geometrical configuration of the

boundaries. In all problems where phenomena obey for in-
stance the well-known Laplace differential equation a purely
mathematical transformation exists, which will refer any bound-
ary to the cubical dement on which we base our physical laws,
as well as our calculus. Maxwell did not, apparently, consider it
necessary to emphasize this.

It is not safe to base an extended analysis on Maxwell's work,
for the further reason that Maxwell omitted the magnetic
permeability from this problem to get a simpler analysis of the
initial displacements due to a suddenly impressed d -c. voltage.
He found these displacements all equal initially. Had Maxwell
wanted to go a little further, it would have been necessary for him
to emphasize that there cannot be any such thing as a displace-
ment until the wave starting from one end of the dielectric has
had time to reach the other end.

The idea of a wave does not, of course, occur unless magnetic
permeability is introduced.

The term "dielectric absorption" is doubtless derived from a
supposed analogy with heat. It was this idea Maxwell tried to
refute by showing how different were the laws governing dielectric
phenomena from those governing the flow of heat. On page
458 (Vol. I) in his work Maxwell says (referring to his above -
mentioned analysis): "The object of the investigation is merely
to point out the true mathematical character of the so-called
electric absorption and to show how fundamentally it differs
from the phenomena of heat which seem at first sight analogous."

To give a general solution of a stratified condenser, consider
first the conventional picture of a dielectric: a non-inductive
resistance in parallel with an ideal condenser. Should a d -c.
voltage be suddenly impressed on such a condenser, the initial
rush of current would be infinite. The same would happen if
several such condensers were connected in series. To avoid this
difficulty it is necessary to make certain restricting assumptions
on the form of the impressed voltage, as will be shown below.

Take, now, Dr. Murnaghan's equation (7)
al an

[ . . . .

D bi D b.
u =D

which I prefer to solve for the current, writing, symbolically
E (t)

1 1 1.
. .

g. + p + p c2 g. + p Cn

where i is the total charging current at any time t E (t) is the
external voltage impressed, and may for the moment be assumed
to be perfectly unrestricted.
k and CI, are the conductance and capacity of the kth condenser.

p is the differential operator -d
t

(Heavisides notation)

i=
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and can be calculated when i is known.
It should be noticed, that these solutions for i and f, are per-

fectly general, inasmuch as the voltage E (1) has not been subject
to any restrictions.

Our immediate concern, as physicists, would now be to cheek
the theory by experiment. It would then be a question of the
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probleM oil it cii11111111;1111,11 Of /1.1111

keels to a similar inewisisteiwy if you oinit the mageetie flux.
The system 11(.11 ha il4) nis-Fila, and ,tirrilit
rises instantly from zero to a finite, Vallle.

W. B. Kouwesilioveti: We are currying till MI investigation
of Maxvell's theory at Johns Hopkins tlniversity under the
auspices of the Engineering Foundation. We are endeavoring
to obtain two or more perfect dielectrics having no absorption
but ditierent (.4,11,1110k dies and dieleetrie eonstards. We' will
then nial:e a mixture of these 141st dielectrics and if 'Alitxwell'stheory is eorrect the resulting mixture will show absorption.
This work is still in it s early singl'S and we are not ready to report
any results as yet, but simply to sttN that we tire making progress.

A. F. l'uckstelst (c()Illititinicatted after adjournment 1)r.
Alurtiaglian uses the, coneeptS Of OW physicist rather than thoseof the engineer. 1Vould it not have 111'1'11 easier for the engineer-
ing reader if I lie set-up had been based on t he idea of eapaeitances
instead of eleetrie intensities and displavements'.'

On this basis, the same value, of current passes through allof the dieleetrics, then for a t wo-layer arrangement

(1)sinet, each layer may be regarded as a condenser shanty(' by aresistance \ye have the, relations,

II lit I lit aim% 5, tato! In thereforn

/I =
fi I /.1

(2)

/ = (.2 (3)

in which rt and e2 are the potential drops across the differrentlayers; r: and are the insulation resistauces; and ri and elare the capacitanees of the condensers formed by each layer.In addition, the tot al potential drop , is the sum of the severaldrops, and this sum is at all tithe's equal to the internal voltage 1,,'of the supply swerve mMus its internal r r drop. It is assumedthat the, system is initially uncharged. From this we have
(4)At this point, the theory here given diverges from that ofDr. Murnaghan in that he, assumes the displiteements at the firstmoment to remain finite, with no further restriction, except thatinitially :111 - f,, while here a limit is set by the i r drop in thesupply source. The letter./ stands fur displaeement.

There is an obscurity of statement where we read, -* " thepolynomial co degree n - 1 has all its zeros real and negativeand that they lie iu the intervals between the negative values of
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b's. Let us denote these zeros by ( - 01, - 02,  - dn -1)***"
This may be correct, but it carries no meaning to one not

initiated into its mysteries.
To solve the above equations, equate (2) and (3), combine

(2) and (4), use D in place of
d t

, and solve for es when

et -
1

E
C2 D +-

r2

r
(c, D

1

Ti
+ (c2 D +

1

r2

ri + r) (el D +
T

(5)

Equation (5) may be solved by the rules of operational calculus
or by the rules for solving simultaneous equations. The latter
method is used here. We may solve for both or either el and e2,
and obtain the other by interchanging the subscripts. This
last is the simplest and will be used here.

If we put
a = r ci c2,

b =c,1 1 + c2 ( 1
r

/
r -F rl r2c -

Ts r2

then equation (5) becomes, since E is independent of time,

E/r2el - ad2+bD+c
The roots of the denominator in (9) are

m1 and m2 = -

and the solution,

a b 22a ) -

E
el = A emit + 13 eni21 -

r2

a
(10)

(11)

where A and B are the constants of integration. To determine
these, we notice that el is zero when t is zero, then from (11)

E0 = A + B (12)
r2

Also, when t is zero, from (2) and (4),

E d cii = i, - = Cl
r dl

Substituting el from (11) in (13),

-A nt, + B m2.

Solving (12) and (14),

13 = -

ci r

A =
E (r2 c - m2 r c1)

E

r2 c

r1 T2 c c1 (m2 - mi)

72 C - M2 r

ci (m2 - ins)

(13)

(14)

(15)

+ 1 r (16)

To obtain c2, interchange all subscripts 1, 2, except those of m1
and m2.

This theory is easily extended to the case of n layers and to
alternating currents, though the solutions are more complicated.

F. D. Murnasihan: I have been very interested in the various
comments on my paper but shall confine myself here to some
remarks on Mr. Puchstein's communication since it is almost
entirely mathematical in character. His idea of allowing for
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the internal resistance in the supply source is quite interesting
and may be at once cared for by the general method of my paper.
The E in equation (7) is now to be replaced by E - r it so that
our fundamental equation for the current is

at a2 an -Fr]u[ D + bi
. . .

D 62 D +bn

It is now of the nth order instead of the (n - 1)th as before.
In the case of two layers the determining equation for the
exponents is
r D2 + D r (bi + b2) as -I- a2 r bi b2 -I- as b2 -1- a2 b1 = 0

Our a's are the reciprocals of Mr. Puchstein's c's while our
b's are the reciprocals of the product of his c's and r's, i. e.,

1
bi =

c1

values, with his results (6), (7), (8). The same method takes
care of the general case of n layers.

etc. This equation checks, on substitution of these

TRANSVERSE REACTION IN SYNCHRONOUS
MACHINES1

(DOUGLAS)

NEW YORK, N. Y., FEBRUARY 7, 1927
H. V. Putman: I have been intensely interested in Professor

Douglas' paper because in my own work I use Blondel's two -
reaction theory exclusively for calculating the performance of
salient -pole machines.

His method of measuring the phase angles between the terminal
voltage, current and the pole axis by the use of two wattmeters
is extremely interesting, but I do not see clearly how this same
method could be applied to 3 -phase machines (the machines he
used were 2 -phase machines), because in the 3 -phase machine
there would be no way to eheek the current by getting the zero
reading on the wattmeter, to get it in phase with the pole axis.
Maybe there is some way, and I should like to ask Professor
Douglas if he has some similar way worked out for the 3 -phase
machine.

Professor Douglas has called attention to the fact that the
transverse synchronous reactance decreases with increasing
saturation. He also states that it is a mistake to build a two -
reaction theory on the basis of an unsaturated magnetic circuit.
We must not forget in this connection that not only the trans-
verse synchronous reactance but also the direct synchronous
reactance decreases with the saturation. Actually, I believe the
direct synchronous reactance decreases more rapidly with in-
creased saturation than does the transverse. Dr. Berg defines
the direct synchronous reactance as the sum of the real armature
reactance plus the reactance equivalent of the armature reaction,
and he expresses it in this form:

X + where X is the reactance, m is the coefficient of

armature reaction and c is the factor that depends on the
saturation.

If one expresses m in percentage based on the no-load ex-
citation of the machine, as is usually done, then c is unity for a
condition of saturation that corresponds to no-load excitation.
Under short circuit, where there is no saturation in the machine,
c is less than unity, and at higher saturations it is much greater
than unity. So that the synchronous reactance for high satura-
tion is considerably less than one would measure from the short-
circuit test. One should certainly not use the same value of
synchronous reactance measured at full load under a condition of
normal saturation. Nor would one use the same value for a
condition of load at a leading power factor where there is a high
degree of saturation present. Consequently, Professor Douglas
should not calculate orthogonal lines for those shown in his Fig. 2.

1. A. T. E. E. JOURNAL. February,1927, p. 109.
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It is always necessary to determine first, the point on the
saturation curve corresponding to the condition under investiga-
tion. c is then known and consequently One can calculate the
correct values of synchronous reactance to be used in Blondel'stheory.

It is all right to have a theoretical structure based on the
assumption of no saturation, provided it can be made to give the
right answer, and I think this is true of Blondel's theory. It
may not give the pull-out torque absolutely correct, but I feel
sure that it will give it closer than 30 per cent when handled
correctly. In his discussion he referred to the work of Mr.
Doherty and now I wonder if he meant the sudden pull-out, which
of course would be higher than calculated for the steady-state
condition.

Professor Douglas says that in order to make an experimental
study of the transverse reaction it is necessary that the load
he placed so that the effect shall be wholly transverse; that is,
the armature currents shall attain their maximum values when
opposite a pole axis. I think this is at least interesting, but
Blondel pointed out that this is not necessary. In his book on
"Synchronous Motors and Converters" he gives the equation for
the angular displacement of a synchronous motor as follows:

Tan (5
E0 cos B - I r

(5 is the angle between the current and the pole axis. The
angle of displacement is this same angle plus the power -factor
angle of the machine. I is the current and 0 is the power -factor
angle of the machine between the terminal voltage and the cur-rent. Xs' is the transverse synchronous reactance.

Notice that nowhere in this equation is the direct synchronous
reactance involved at all, and Blondel called particular attention
to this point: The angular displacement of a machine, under
any condition of load and power factor, depends not at all on the
direct synchronous reactance but only on the transverse syn-
chronous reactance. So that it is only necessary to measure the
angular displacement at any load and power factor whatever,
and then substitute in this formula and calculate backwards
to get the transverse synchronous reactance. Of course, this
does not assume the validity of the general theory that Blondel
bases his diagram on and that superposition is possible. If
however, one denies the validity of the Blondel diagram, he
would say that this is also invalid.

However, the common use of Blondel's theory is in the cal-
culation of characteristics which depend on the displacement.
If, by intelligent comparison of calculations with test results,
it is possible to determine the constants in such manner that they
give the correct displacement characteristics, the theory fulfills
its purpose.

There is one point in connection with Professor Douglas'
experimental set-up which is riot clear to me. I understood
from his description that the terminal voltage of machine B is
supposed to correspond in phase position to the pole axis of
machine A. This would be true if the rotors and stators of the
two machines were lined up; that is, if the rotors were in line on
the shaft, and the stators were in line on the floor, and if there
were no load on machine B. But machine B was loaded with
.5 amperes. If B is also rated 15-kv-a. (which, incidentally, he
did not state), this 5 amperes would produce a displacement of
three or four electrical degrees. Was this corrected for by ad-
justing the hand -wheel, and if so, how could it be done without
an oscillograph to show when the terminal voltage of machine B,
when loaded on the rheostat, was in line with the no-load voltage
of machine A?

Professor Douglas refers to the great confusion of statements
on the subject of transverse reaction.

In 1918 we were discussing the subject of armature reactance
and reaction at zero power factor. The problem then was simply
to divide the reactance flux from the armature reaction flux.

I X s' - E(, sin 0

The total flux or in terlin I( ages were known directly from the
short-eireuit test.

Now we are dismissing the armature reactance and reaction
at unity power factor referred to the polo axis. The problem
is twofold. It is first necessary to 'Old out the total interlinkages
corresponding to the transverse synchronous reactance and then
to divide this total into reactance and armature reaction. The
first part of the problem can be handled experimentally by
measuring the angular displacement. As I pointed out, that
will give the value of the transverse synchronous reactance. It
will give the total flux in the I ra !Is% orse field. So the accuracy
with which the trans% erse s\ nehronotis reactance can he known
will depend on ho aceurat el\ the angular displacement can be
measured. 'I'he second part of the problem, that is, the division
of this flux, I think is not of great importance. It is usually only
necessary to know the total transverse reaction for most prob-
lems, not the component parts of it. It will, however, he desir-
able to make the separation in order to understand more clearly
the nature of the tranverse synchronous reactance and also to
settle the question about the magnitude of the transverse re-
actance. This question is perhaps the one on which there is
more difference of opinion than on any other relating to Blondel's
theory.

Blondel himself considered the transverse reactance equal to
the direct reactance. At least, he used only a single value of
reactance in his diagram.

Dr. Steinmetz and Dr. Berg both used .a transverse reactance
much larger than the direct reactance. Dr. Berg states definitely
in his "First Course in Electrical Engineering" that the direct
reactance is only about 60 percent of the transverse. That means
that if an ordinary synchronous machine had 30 per cent reac-
tance, for instance, the transverse reactance would be in the
neighborhood of 30 per cent-not reaction but reactance.

Professor Karapetoff is also of the same opinion, if one may
judge from his paper on "Variable Leakage Reactance." While
he does not state definitely how much larger the transverse
reactance is than the direct reactance, if one may scale hi -
diagrams, he would agree substantially with Dr. Berg.

Professor Arnold, on the other hand, holds that the trans-
verse reactance is considerably smaller than the direct. He
says that when a phase belt is above a pole face, only that flux
which links the phase belt without entering the pole iron is
reactance flux. This means that there is practically no tooth -
tip leakage in this position.

Personally, I never could see why, because a line of flux in
trying to get around a phase belt found it convenient to enter a
friendly pole face for a part of its journey, it had to have its
name changed from "reactance" to "reaction." So I agree
with Dr.. Berg and not with Professor Arnold.

Messrs. Doherty and Nickle, after a thorough and elaborate
investigation, conclude that the transverse and direct reactances
are practically equal, differing by not more than 1 or 2 per cent.

And now Professor Douglas concludes that the transverse
reactance is zero, or at least negligible.

C. A. Nickle: I am inclined to agree with Mr. Putman that
the effect of saturation upon quadrature reactance is not quite
as great as concluded in this paper.

I think that one question might be raised. The authorpoints out that "The voltage Es;" that is, the voltage in the
direct axis "is not a function of the field current alone." Thisis true. This merely means that due to pole -tip saturation,
instead of the quadrature and direct axes being in their geo-metric position, they have been slightly shifted, so that thequadrature current now has a mutual component with thefield winding and reduces the flux in that circle. I think on thatbasis that it is reasonable to say that the curve in the main fieldwinding, under these conditions, will have a mutual effect onthe quadrature axis. If the quadrature axis has a mutual effecton the direct, it should work the other way. If such is the case,
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we would expect the values as measured to be much lower than
the true values. If the transverse -current magnetomotive
force produces a certain transverse flux and in addition to that
flux we have another component which is 180 deg. out of phase,
this flux being actually produced by the main field winding, the
total flux that we measure in the quadrature axis is not the flux
produced by the quadrature curve but is a composite flux.
I think that quadrature reactance should at least be defined by
the flux produced by the quadrature curve. Before we can say
what transverse reactance is, we must separate the two com-
ponents of flux so as to get that component of flux which is
due to the main field winding.

It is found when the pole -tip saturates, we have the effect
of having removed a small amount of iron from the tip of this
pole. The two direct axes are no longer the geometric direct
axes but have been shifted slightly to the left. Therefore,
since the fluxes in the main field winding, especially at the
right-hand end of this curve, are very high compared to the
fluxes in the quadrature axis, it requires but a 1- or 2 -deg. shift
of the two axes so that the main field winding will give a compo-
nent of flux in the quadrature path which is probably 50 percent
as large as the flux that exists there due to the current alone.
I think when this is taken into account, we shall find that
quadrature reactance is not affected so vitally by saturation as
we would be led to believe from these tests. Large numbers of
tests have been made in the past and the angles, pull-out torques,
and so forth have checked very well.

R. E. Doherty: Prof. Douglas has offered something for us
to think about though there are some things in the paper that are
not altogether clear and the results are not what most of us who
study these matters might have anticipated.

I would like to mention one point which Prof. Douglas has
made, namely, the necessity of distinguishing between a rational
method of analysis and one which is largely empirical. The
theory of superposition applies only when no saturation is
present. If saturation is present, it may he negligible to such an
extent that one may apply a theory based on no saturation and
get approximate results, or he may, as Mr. Putman has men-
tioned, shade the constants to take care of it and assume that it
can he used; and then interpret the results accordingly.

So this is the point: If those pictures of saturation curves
and methods referred to by Professor Douglas are intended to
represent a philosophy underlying a method of making such
calculations, it must he considered as a relic of the past, because
I am pretty sure that nowadays not very many informed en-
gineers so regard them. However, very many calculations on
important machines are made according to a theory which,
strictly, does not apply-let us say Potier's diagram applied to
salient -pole synchronous machines. Why? Because it gives
results that are as close, practically, as you can test them. It
gives practically correct results in magnitudes of excitation,
but not in phase angle. But it is an engineer's privilege to use
such tools as he sees fit. so long as he gets results that he can
depend upon. Thus, if you can compute the magnitude of
excitation under load on a salient -pole machine, when some
saturation exists, by using Potier's diagram, that is a perfectly
justifiable procedure so long as you recognize its limitations and
understand why it gives practically the same magnitude as
Blondel's method, which of course is theoretically more sound.

might say that the reasons why Potier's diagram will give
practically the same magnitude of excitation as Blondel's
treatment are explained fully in the literature.'

Mr. Putman mentioned the different opinions regarding re-
actance. It is not a question of difference of opinion regarding
reactance, but difference of definition; that is, Dr. 13erg and Dr.
Steinmetz aro right.; and 13Iondel is right. Also Doherty and
Nickle, Professor Karapetoff and Professor Douglas may be
right. The only person who is wrong is one who, not clearly
understanding the definition and physical significance of some

particular value of reactance, uses it where it is not applicable.
In the case of a synchronous motor. for instance, there are a
number of different reactances which must be known separately
in order to calculate the various operating characteristics. It
is therefore meaningless merely to refer to the "reactance" of
a synchronous machine.

Going a step further, there may be a legitimate difference in
view regarding the segregation of.armature leakage reactance
into its components. According to the usual view, armature
leakage reactance comprises three components: (a) slot reactance,
about which there is little or no question; (b) end -winding re-
actance, that is the reactance due to leakage flux around the ends
of the coils, about the nature of which'there is very little question;
and (c) zigzag or tooth -tip reactance, about which there has been
considerable question and discussion. Now if one can build up
a consistent theory, using only (a) and (b) as comprising armature
reactance, it would be a logical thing to do, provided everybody
who used the theory understood that. On the other hand, since
it is more in keeping with the established view of things to
include all three of these terms in armature reactance, and include
the remainder reactance effects of the armature current as the
effective reactance of armature reaction, this point of view was
taken in our paper on Synchronous Machines-I.2 And
we believe it is a comprehensive and logical treatment of the
problem. It is a question of definition, as I stated at the outset,
and if we wish to discuss the particular term which Professor
Karapetoff treated, then let us discuss it as such, and not be
confused by comparing its value with the whole, of which it is
only a part.

Vladimir Karapetoff: To me, the principal value of Profes-
sor Douglas' paper lies in a novel experimental method which
permits to obtain partial data in addition to the usual load data.
It seems to me ;that further progress should lie not in juggling
any more with vector diagrams and introducing more factors,
but primarily in devising new experimental ways whereby we
could get not only "bulk data," that is, the terminal voltage,
current and power factor, but partial data as well. A synchro-
nous machine is a comparatively complex aggregate of physical
phenomena and if one provides a sufficient number of arbitrary
factors, one can usually duplicate the performance of the machine
with a sufficient degree of accuracy. However, the progress of
the art requires checking those individual factors and not the
final performance alone.

I judge from Professor Douglas' paper that ,he is familiar
only with Blondel's early work. Since 1918 Blondel has done a
considerable amount of work on synchronous machines. I refer
in particular to the investigation, of which the purpose was
checking the individual fluxes and voltage drops in the machine,
rather than the final performance. Special, rather complicated
experimental means were devised for that purpose.3 Besides,
Blondel presented several papers before the French Academy of
Sciences, discussing several advanced phases of the theory of
synchronous machines. In the third edition of Vol. II of my
Experimental Electrical Engineering (1927) there is a fairly
complete bibliography on the subject, and I hope that Prof.
Douglas' paper will create a new stimulus for attacking the
problem with modern experimental means and coordinating the
results with a more rational theory.

J. F. H. Douglass Mr. Putman mentioned the test of the
3 -phase machine. We did not make such a test although we saw
some simple modifications by which it could be done. We sub-
mit that the line voltage, perpendicular to the Y voltage, would
give us the two reference axes necessary. For convenience, we
chose the 2 -phase connection which was available on the machine.

Mr. Putman mentioned that the direct synchronous reactance
was also a variable. With this we agree. For this reason I
advocated following Prof. Karapetoff's idea in this respect,

2. Jowls:At. A, i. H. iC., (letobvr, 1920, p. 074.
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treating it in a 1111Wio loinutivo fort.O ditiej11111, where it N ill beconstant.. My paper has no reference to StO1(1011 p1111 -011t orsuddenly applied torques. When I alluded to NIr. Doherty's
paper, it was to a 1.0111111a included whieIt applied to steady-state conditions. This formula has a term which includessin 2 6 and consequently makes use of a transverse coefficientdifferent from the direct coeffieient.

With reference to the formula advocated by Prof. Illondelquoted by Mr. Putman, I did not mean to imply that the trans-
verse coefficient could not be computed unless the action werewholly transverse, but rather that under those conditions,having one system of causation present, the effect would he lesssubject to constant or systematic error. As a matter of fact,Mr. Nickle called our attention particularly to the fact thatdirect demagnetizing current might have an effect on transverse
conditions. We foresaw that possibility and for that reasonthe tests were made as nearly as possible with the current fullytransverse in its action.

And again, if wo refer to Fig. 2 in the paper, we were lookingfor a demagnetizing effect of transverse reaction, and conse-quently if we had a large demagnetizing current present, wewould not have been able to separate it with accuracy from thatproduced by the cross -magnetizing current.
With reference to the question raised as to how we lined up thetwo machines without knowledge of how the coupling between

them was adjusted, I would say that, when we said that webrought the two machines so that the pole axes were in the sameline, it was simply a short way of saying that we lined up the
reference voltage with the no-load voltage of the machine tested.
The machine B was loaded to the 5 -ampere load, which was
used, before the hand -wheel was turned, and so it was the ter-
minal voltage under load that was adjusted to the same phase
as the no-load voltage of machine A.

I will not respond further to Mr. Putman's and Mr. Doherty'sremarks on reactance than to say that my, attitude is entirelyempirical. It is a question of how you define reactance. If you
define reactance as including non -synchronous revolving fluxes,
then undoubtedly the reactance will be larger under transversethan under demagnetizing condition. I think that for the
purposes of calculation, the most useful division of the effect
between the e. m. f. and the m. m. f. diagrams is that one giving
factors which remain fairly constant: If we define reactance asdue to those flux components unaffected by saturation, and if
all flux components are affected by saturation in a given condition,
as we found in the case of transverse reactance condition, we can
say that the transverse reactance is zero. This same attitude is
taken when we use the zero per cent power -factor characteristic
to find the direct reactance and reaction components, although
it is well known that the reactance thus determined is consider-
ably larger than what can be computed with rational formulas.

Mr. Nickle's remarks deserve .a better discussion than I can
give. Pole -tip saturation should be important. I am not at all
sure that his analysis is not correct. The case seems to me to be
an exact analog of the corresponding case in d-c. machines. The
treatment given in Prof. Karapetoff's Magnetic Circuit for d -e.
machines could be applied almost bodily to the synchronous
machines. In this theory there is a demagnetizing effect
produced by transverse reaction but no cross -magnetizing effect
produced by demagnetizing reaction. The loci of our e. m. f.
vectors were parabolas proving the existance of a demagnetizing
component of cross -reaction. However, on the m. m. f. diagram
the loci were approximately straight lines. In other machines
this result may not prove to be true. Since writing the paper,
the writer and his students have used three other different
methods, and have tested one other machine the results being
the same; the transverse effect is a constant only when placed
wholly in the m. m. f. diagram. The question whether the
transverse reactance is unaffected by saturation or whether it is
constant in the m. m. f. diagram should be easily verified, since
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Discussion at Kansas City
TESTING, INSPECTING AND MAINTAINING STATIONS'

( LicirrEN BEIM)

KANSAS CITY, MO., MAUCH 17, 1927
Caesar Antonionos There is no question in my mind that

the success of the automatic substation depends entirely upon
inspection and maintenance. We were pioneers in this field,
having installed the first automatic substation in the latter
part of 1917 and to (late, we have operated 17 complete auto-
matic substations and two that are under way, in varying sizes of
300, 500, 1000 and 1500 kw. including one mercury arc rectifier.

The automatic substation is nothing but a combination of
electrical -mechanical equipment, and it requires, like any other
mechanical device, a certain amount of attention. We have
attempted several methods of inspection. The North Shore
Line which runs between Chicago and Milwaukee, is attempting
to run first-class service, and any interruption of any one of those
substations will cause objectionable delay.

At first we thought that daily inspection was best, but daily
inspections have not proved to be what they should be, for the
reason that a man is left alone with no definite method of pro-
cedure. Ordinarily, he takes care of that which he thinks he
should, and usually the most important part, the part that should
he investigated, is passed over and there is where the trouble
begins.

So we have changed somewhat, more for experimental pur-
poses than for anything else, and we have applied to one station
the idea of going to a longer and better inspection and forgetting
the time in between. We have taken a 500 -kw. station and made
a thorough inspection. We went over every part of the equip-
ment, the setting of the relays, the contacts, (which are largely
what cause trouble), the condition of the contacts, burning, and
things of that kind. After this inspection was completed, wekept away from making any further inspection at all. A man
goes in every day to take readings on the watt meters and each
device is equipped with counting devices that register the
operations. Some of these devices must check with each other.
By taking these, whoever attends the station may see whether ornot there is any failure in the sequence of operation.

After that inspection is made, we don't do anything to thestation for a month, not even to attempt to clean the contacts,outside of proper cleaning of the equipment. That shows that
there is something to periodical and better inspection. Anotherthing in support of our contention is this: As a rule when putting
a new station into operation, you watch that station until it
functions properly all the way through. After this is done,
you need do nothing to that station for three or four weeks.

There is another reason we think that long periodical inspec-tion is better than daily inspection. The equipment, as Mr.
Lichtenberg stated, is designed to give service. I want to takeone station that we installed in 1917. That equipment was putinto service under unusual conditions. It was a 500 -kw. stationbut it was doing the work of a 1000 -kw. station for a number ofyears. In this station, up to 35,000 operations, the number offailures were 1.1 per thousand. We measure a failure by means

1. A. I. E. E. JOURNAL, June 1927, p. 603.
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of the counting devices on the equipment. We considered a
failure the attempt the station was making to complete a cy-
cle, and to close in on the d -c. line. There are tunes when the
station makes an attempt to come in on the line but, due to
bad contact or things of that kind, it fails, and then there is a
shut down, so that the delay is the time it takes the station
to make another complete sequence of operation. We counted
this a failure. From 35,000 to 85,000 operations the number of
failures was 1.5 per thousand.

This station was too small for the location so we removed the
equipment and put it into another place where it is in service now
and in that new place we made another 35,000 operations, a total
of 120,000 operations for this equipment, and all it was necessary
to do to that equipment was to change some of the plungers on the
overload relays and air bellows that eventually dried out and
broke loose.

On the running contactor of that equipment., we changed two
sets of contact points which burned out during these operations.
On the starting contactor we changed one set, and on the d -c.
contacts, three sets. The first load -limiting, resistance -shunting
contactor has made, in over two years, from 100 to 300 operations
per day, which proves what this equipment does.

Sometimes we may assume that some devices do not require
attention. We assume they function properly. Take the case
of a bearing thermostat.. It, is generally assumed that a bearing
thermostat will prevent bearing troubles. In our experience it
does not. I will tell you why. Due to the open locations of
these stations, the temperatures in the buildings are such that
the oil does not flow through the bearing as quickly some times
as at other times-the difference between winter and summer.
On a large bearing, the thermostat is in the lower part of the
bearing as close to the shaft as possible, within half an inch or so.
It seems as though that should take care of the babbitt, but it
does not.

We had a case where the temperature in the station dropped to
zero during the night when there was no demand for the station
to run, and the station was closed down for something like six
hours. We found in the morning that it was around zero, but
during the night, the outside temperature was lower and there-
fore we assumed that the temperature in the building was lower.

The station started up and the oil was of the consistency of
glycerin. In about fifteen minutes it developed enough heat
to ruin the skin surface of the babbitt, and naturally, in that
time, the thermostat took it off. Nevertheless there was damage
done. The thermostat was not so effective as some of us assumed
it should be. It was necessary to take the bearing apart. and
scrape it before the machine could be put into operation. You
have to use common sense with the device. The device won't do
everything.

There is another thing I want to mention: Ordinarily, on the
North Shore, the machine is assumed to carry 150 per cent
load for two hours. We have set the first load -limiting resistance
to be cut in at from 165 to 175 per cent load.

I raised the point some years ago with the manufacturers,
what would happen if there should be a condition like a loading
down at a distant point on the road where, due to the resistance
of the feeders, it would give a load above the rating of the ma-
chine but still below the setting of the first step of resistance-
what would happen then? The machine may burn out. It may
overheat.

Later, a relay was introduced to take care of that condition,
assuming that the machine would carry the 150 per cent load for
the two hours. This relay is naturally set to operate within that,
or lower if you want it. But the point is that sometimes, in
practise, this assumption does not hold good.

This relay was installed on this particular machine and, as
stated, the equipment made 120,000 operations. But there has
never been a demand for the relay to operate, although the station

was carrying, during a 15 -min. period, 300 per cent load through
resistance. This relay never did operate.

We had two armature breakdowns; one due to lightning,
(a puncture of the armature) and the other apparently to old age.
This armature was in service for sixteen years before it was put
in there and broke down apparently through old age.

Going into Mr. Stewart's supervisory control, I want to men-
tion that we have on the North Shore supervisory control, not
the latest type, but the three -wire type. Nine of the stations are
now under supervisory control. Five stations are on one group
of wires, two stations on another group, and another onthethird
group. We have divided them into groups so that if forany rea-
son-trouble in the equipment or on the lines,-one group
should go out of service, it does not cripple the whole sys-
tem. Dividing into groups gives more flexibility in controlling
the stations.

It seems that on a system of our kind, the supervisory control
has to be installed for the operation of the station. We have a
string of automatic stations, one succeeding the other and as
many as nine on one side, and if one goes down, nobody would
known it unless by indications in the supervisory control system.
So it seems to be necessary to have supervisory control on any
great system.

W. H. Milan: I appreciate Mr. Lichtenberg's cautions on
the subject of caring for automatic equipment, and also his
suggestion that we must not get the idea that automatic equip-
ment will run forever without care.

We have four d -c., automatic substations. The four stations'
total embodies six converting units, three of which are syn-
chronous converters; the remaining being motor -generator sets.

In 1916 all of the stations involved had been seasoned; that is,
at least three of four months had elapsed after the initial installa-
tion, during which time everyone knows a certain amount of
trouble is to be expected.

In this year, there were 165 failures, 135 of which were actual
failures of devices themselves, such as circuit breakers, oil
switches, contactors, relays, etc., out of that 135, 31 failures had
to do with d -c. circuit breakers.

As we have'nt many of these devices, from our tabulation it
appears that that type of device will bear close watching.

The remaining 30 failures were classified as being brought about
by failure of the human element; that is, they were due to
carelessness, improper assembly, improper adjustment and wiring
defects.

Out of these 30, carelessness was responsible for five; in other
words, one -sixth was due to our own men actually doing some-
thing wrong. There was none chargeable to improper assembly,
but to improper adjustment, there were 18, to lack of factory
inspection five, to wiring defects two.

You will see that the major portion of all failures is really due
to the devices themselves.

As to the cost of these 165 failures, in real outage hours we had
a total outage of 337 machine -hours. It is interesting to note
that that represents 24 machine -hours outage per year per
thousand kw. of capacity. We do not think that is high.

I might mention that there were 2796 hours of inspection actu-
ally spent on these six machines and their equipment in that
 y ear's time.

We assume from the results that we are not overdoing our
inspection schedules; by that, I mean to say that while we did
not have sufficient outages or damages to equipment to make us
feel that we should scrutinize our equipment still more closely,
the situation is not so rosy as to give us the idea that we might do
with less inspection.

Our inspection schedule on these stations is roughly this:
A tester of rather high caliber and a helper go to every unit

once a week. In one month's time they have gone through a
complete cycle of inspection of each unit. This means that at
no one of his four visits per month does he make a complete
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inspection but rather that he does it in four steps. The reasonfor this is that eertain of the equipment and devices are actu-ally tested oftener than once a month, some every alternateinspection day; others every inspection day. One of hisinspection periods, however, covers a eomplete sequence testof the entire machine control.
This inspection .schedule brought out during the year thesignificant fact that of these 165 total failures, 85 were discoveredduring test or inspection before they had an opportunity to causean outage. To my mind this is an extremely important pointand again justifies a high caliber of inspection and test.G. K. Thomas: The subject of automatic substations isquite interesting to railway signal engineers because it is essen-tial that we have continuity of power. Mr. Stevens explained

the operation of the track circuit. The track relay is energizedfrom current flowing down one track rail into the relay and backthrough the other rail. When a train occupies the track in thatparticular section, it short-circuits this current and do -energizesthe relay and this in turn controls the signals, causing them tothe most restrictive indications.
It follows, therefore, that power failure will cause the sameoperation. The relay will become de-energized and the signalwill indicate "Stop."
When we get into automatic train control, continuity of poweris even more essential because, whether the train is approaching

a signal or not, it will be delayed if power is cut off the train-control system.

Automatic train control is installed on the Santa Fe betweenFort Madison, Iowa, and Coal City, Illinois. It is in official
operation over a little more than 100 mi..and the total distance
over which circuits are completed at the present time is about
195 mi. We have power connections at approximately 50-mi.intervals. The power system is three-phase 6600 -volt.

The substations are so arranged that if power should fail atone point, it will automatically come on at the other end of the
line, and so keep the train -control system in operation. A testwhich we made recently showed that by tripping the circuit
breaker at one of these stations when the volt -meter needle was
standing at 6600 volts, (the voltage of the line), the other station
came in so quickly that the volt -meter needle only had time to
drop to 3000 volts before it came back to indicate normal
voltage. This rapid operation is very essential to prevent
application of the brakes on trains.

At Chillicothe the station is purely an emergency connection
and on that account we installed automatic contactors at both
sides of the transformer banks feeding the system; so that nor-
mally both the premaries and secondaries are on open circuit and
we are not taking expiting current.

We found that sometimes when the station was automatically
connected to the line, a heavy transient current would be pro-
duced due to energization of the transformer bank at a particular
part of the cycle, and this heavy current would kick out the
main switch about once in ten operations. This was overcome
by adding a time -element relay to bridge the time interval
during which transient currents might occur.

Each substation is visited daily to see that it is operating.
Once every three months we make a complete inspection and
clean contacts, adjust the apparatus, and so forth.

The system has been in service .for about two and one-half
years and so far, we have experienced very little trouble with
substations.

C. M. Gilt: There is one thing we have which has been a con-
siderable help to us in maintenance. We get from the manu-
facturer a wiring diagram which shows the physical connections;
that is, if the connection to a certain relay is shown on the second
point of a terminal block, we want it wired in that way so when we
look at the wiring diagram we can go to the back of the board
and pick out from the wiring diagram exactly where this relay

stud is and Nvhero that wire goes. We thel that import Intl, 111

eliveliing and wand aining our equipment.
As far as intiieleettnee is concerned, we go over the automatic

re-closingrelm s I he as we do our overloud relay's, Hint is,
the ordinary relays about once in six months and tlii. important
part Of these four limes a year. There is an operator in the

gets the relay menstat ion so that if ally 1111111 does go wrong,be
rigid, out; but our K(111411114' seeds to be adequate for the service.

C. A. Butcher: I o 11.11 years of contact N it II the development
of automatic stations my experience has berm I bat there is prob-
ably more trouble resulting from over-iiHpection than lack of
inspection.

You can also neglect the equipment, as was pointed out.
Monthly inspections, however, if of high quality, are far more
satisfactory than daily inspections which are merely cursory.
The factory attempts to make a proper sequence test of all the
equipment.

The initial success of a new installation depends greatly upon
the man who is making the installation. If he is careless about
connecting up his interlocks and about properly adjusting them,
he is going to have initial difficulties.

The Power Generation and Conversion Committee of the
American Elertric Hallway Association has made some impor-
tant studies of methods of ventilation which reduce very ma-
terially the amount of dirt that can filter into an automatic
station. In the operation of rotating equipment, dust is a very
great detriment to proper operation, and necessitates a higher
order of maintenance.

Another thing which I believe should be given a great deal of
study-especially in connection with the operation of railway
converters --is the proper grounding of the d -c. apparatus.We have one side of our system grounded, the other side positive.There have been accidents causing the destruction of large and
expensive equipment by the two polarities not being carefully
isolated, and the structures not properly insulated from ground.
The tendency in automatic stations is to put a great deal moreapparatus in the same space than is ordinarily done in manually
operated stations, with the result that we get a mass of equip-
ment surrounding a bare bus back of a switchboard. Great careshould be taken to see that switchboards on 600 -volt railwayhoards are properly insulated.

Another matter is the grounding of the frame of a synchronousconverter. It is often the practise to tie the frame of the machine
directly to the negative bus. There is really no good excuse forthis because, in the event of a flash -over, especially on certain
converters, you cannot conceive of a higher current density thanthat allowed by such a very low -resistance path from positive tonegative.

There is only one object in the grounding of a synchronous
converter, and that is to keep the frame of the machine as nearthe earth potential as possible in order to protect the life of anyman who has to work around that machine. Especially onrailroads where the ballast provides rather a high order of insula-tion, the negative may rise in potential well above the frame ofthe generating machine. So with any installation, regardless ofwhether manual or automatic, we can well afford to study theinstallation methods that have appeared to be standard in thepast and really analyse them in the light of the information wehave gained through the operation of automatic stations.Chester Lichtenberg: The experiences related by Messrs.

Antoniono, Millan, Thomas and Gilt give very definite ideaswhich should be helpful to all of the users of these stations.It has been found that visits at regular intervals, merelyfor observation or what might be called casual inspection, proveof value principally from a confidence point of view. The realsatisfying condition is met by the complete inspection made atintervals varying from one week to one month in those stationshaving rotating apparatus and at longer intervals in those stationshaving apparatus operated less frequently.
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The entire trend of the discussion has indicated that automatic
stations are proving reliable and that by intelligent inspection
and maintenance they can be depended upon to meet service
requirements.

ELECTRICITY FOR OIL -WELL DRILLING
(MURPHY)

KANSAS CITY, Mo., MARCH 18, 1927

W. G. Taylor: Both cable -tool and rotary drilling impose
extremely heavy duty on the power equipment, as is indicated
to some extent by the graphic charts submitted in Mr. Murphy's
paper. It would be even more interesting if he had shown some
records of the work required to handle and set the casing which
lines the well. In fact, it is this work which really determines
the size of motor necessary for cable -tool drilling. The work
is fully as heavy as handling drill pipe in rotary drilling.

The exacting requirements of oil -well drilling by either method
have resulted in the development of the special equipments and
schemes of control which Mr. Murphy has described. In the
case of cable -tool drilling, the relative success of the twin -motor
and single -motor schemes has been determined by the practical
rather than by the economic aspects, and some of these may well
be mentioned here.

Experience has shown that the twin -motor equipment requires
more than ordinary attention from the driller to avoid serious
overloading of one motor, and that the average driller in the
fields cannot be depended upon to handle this type of equipment
without burning out a motor now and then. Belt maintenance
hits proved excessive, and it has been found difficult to keep
the motors and countershaft in alinement. On the other hand,
the single -motor equipment has been relatively free from troubles.
These things explain why oil companies, especially those which
have tried out both kinds of equipments on a large scale under
similar field conditions and have thus obtained a fair comparison,
have a decided preference for the single -motor cable -tool
equipment.

It is of interest that a 75-h. p. single -motor cable -tool rig very
successfully drilled a well in Colorado to a depth of 7300 ft., with
every indication that the motor could continue the drilling work
indefinitely to greater depths without the least distress.

Automatic feed of the bit in rotary drilling as exemplified by
the Hild differential drive is a recent and very interesting
development. Two devices of this kind are on the market,
both operating on the fundamental principle of the differential
gear. One of these is the Hild drive described by Mr. Murphy,
and the other is the Halliburton drive. Both accomplish
similar results, but the latter is driven by a single motor, or it
may be driven by an engine of almost any type. The motor
or engine drives the ring gear of the differential, as an engine
drives the differential on an automobile. The two shafts, cor-
responding to the rear -wheel axles of the automobile, drive the
drilling bit and the draw -works hoisting drum through suitable
chain or gear reductions. Thus the feed of the bit is balanced
against the torque of the load and varies inversely as the load,
and the bit is automatically retrieved when the load exceeds a
certain amount. A number of the Halliburton drives are in
successful operation, with both motor and steam-engine drive,
and the future will very probably see many more of both types
installed, but it seems likely that their application will be
limited to deep drilling as long as their present high prices prevail.

B. T. McCormick: Fig. 4 in Mr. Murphy's paper, shows
that for a well of about 2000 ft. in depth 12,000 kw -hr. is required,
which means about an average of 6 kw -hr. per ft.

Some of our recent experience in Pennsylvania field wells of
about 2000 -ft. depth drilled with gear units and also the old
fashioned jack -shaft drive by Star Delta drilling motors indicates
that we get an average of about 3 kw -hr. per ft. I do not know
whether that difference is due to the difference in formation or
not. I should imagine that difference might account for the
very much lower kilowatt-hour draw in the Pennsylvania field.
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I would like to ask just why the depth of the well influences
the power requirements in the way it seems to, There seems
to be a marked reduction in horse -power required as the well
becomes deeper. That point has not been made entirely clear.

L. J. Murphy: In answer to the latter question, it might be
stated that this reduction is due to several different causes-
first, the decrease in diameter of the hole as the depth increases,
second, a decrease in the size of drill stem used and, third, the
slower motion.

Mr. McCormick mentioned that in the Pennsylvania fields
they have records which show that drilling could be accomplished
to 2000 ft. with a power consumption as low as 3 kw -hr. per ft.
In this connection I might state that I have seen installations
in the Bradford territory where drilling was accomplished to a
similar depth with a 30-h. p. motor with a power consumption of
2.4 kw -hr. per ft. However, this equipment is such that high
hoisting speeds are not possible, and, I believe, the same holds
true of the equipnient which Mr. McCormick mentions. In
other words, the band -wheel speeds are not in excess of 50 rev.
per min., and, hence, little power is used in the secondary
resistance. This accounts for the low power consumption, but,
in obtaining low power costs, the motor, during drilling, is
operating at more nearly synchronous speed with the result that
it has a rather stiff speed -torque characteristic not conducive
to satisfactory drilling motion except with a manilla drilling line.
The Bradford field is one of the few territories using this type
of cable.

WOULD SIMPLIFY HEADLAMP
FOCUSING

The vertical focusing adjustment for headlamps
using two -filament lamps is not only unnecessary but
so greatly complicates the correct focusing and aiming
of the headlight beam that few persons can make the
proper adjustment, asserted A. W. Devine of the
Massachusetts Registry of Motor Vehicles, at the
summer meeting of the Society of Automotive
Engineers at French Lick, Ind., May 1927. He
advocated dispensing with the requirement for double
focusing in state motor vehicle regulations and de-
clared that improvement in headlighting will be re-
tarded if state laws or regulations require the vertical
focusing adjustment in addition to the horizontal
adjustment.

The horizontal adjustment alone suffices to give an
acceptable light distribution with electric lights in which
the placement of the filament falls within the range of
inaccuracy now found in the lamps on the market, as
it is possible to design headlamps so that they will be
insensitive to these inaccuracies, and headlamps of this
type have been approved for use in various states.

The ideal headlamp would require no adjustment
by the car owner. As a means to this end, C. C.
Bohner of the Tung -Sol Lamp Works, proposed the
simple and inexpensive expedient of inserting in the
socket of the reflector a fixed ring like the jig ring used
by electric lamp manufacturers in the placing of the
filament in the glass bulb and attaching the base.
Such a ring, he said, will hold the lamp in the socket in
precisely the same position as when the filament was
put in and will locate the filament at the correct focal
point.-S. A. E. Journal.
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PHOTOELECTRIC RATING INCANDESCENT LAMPS
The Electrician (London, January 21, 1927) describes

the machine for facilitating the rating of lamps photo-
electrically which was shown recently by the Research
Laboratories of the G. E. Co. Ltd., at the annual
exhibition of the Physical and Optical Society.

The lamps to be rated are carried over a pair of
photoelectric cells by a rotating device. The cells are
made sensitive to different spectral regions by using
sodium in one and rubidium in the other. They are
adjusted so that for a given color quality of light,
(corresponding for lamps of a given type to a certain
operating temperature of filament), the currents
through them are equal.

If the filament operating temperature departs from
the value for which the cells are adjusted, the color
quality of the light is changed and the electrical
circuit is unbalanced by an amount indicated by an
electrometer from which the proper rating can be read.

LIGHTING AND CONTRAST'
Contrast in lighting deserves special consideration

because effective lighting is possible' only with a proper
distribution of light. Unless high levels of illumination
are used with consideration of contrast, best practical
results are not necessarily insured. In the experi-
mental work described, three effects of contrast are
considered; these will be dealt with briefly here.

Contrast of Object with Background. The illumina-
tion required to distinguish test objects of various
sizes having two degrees of contrast, with the back-
ground when expokd for various short intervals of time,
was determined. The exposure of the test object was
preceded and followed by confusion patterns in order
to duplicate, in a fundamental way, the conditions met
in ordinary vision.

The original paper gives detailed data on the results
of the investigation covering exposure times of 0.05,
0.1, and 0.2 sec., object sizes from 1.5 to 4.5 mm., and
contrast ratios of 100 to 4 and 100 to 73. The 3 mm.
object required about five or six times as much illumina-
tion to be seen in 0.05 sec. as in 0.2 sec. If the contrast
of the object with the background is changed, the time
required to see it is also changed; thus, a 3 -rpm. test
object of high contrast, (100 to 4), could be seen under a
certain illumination in 0.05 sec., but if of low contrast,
(100 to 73), it required 0.2 sec. to distinguish it. These
data give valuable quantitive information on the
"speed of vision" as it is likely to apply in actual
practise.

Bright and Dark Areas in the Visual Field. Eyes
1. Abstract of paper by Cobb and Moss, I. E. S. Transactions,

Feb. 1927.

viewing parts of work alternately in light and (lark
areas are handicapped in clear and quick seeing by the
constant necessity for re -adaptation to the different
brightnesses. An experiment was made in which the
eyes were required to shift frequently between com-
paratively light and dark areas as in industrial work
where details may be partially obscured by shadows.
Several ranges of contrast were tried and compared
with work done under uniform conditions of brightness.
The results are rather complicated to describe in a few
words, but where the eye had to adapt itself constantly
to different brightnesses, the amount of work done was
less than could be done under the lower but uniform
level. The relative effects of the adaptation factor and
the brightness factor at different levels of brightness is
pointed out. An abundance of light improperly
placed, even though not glaring, can be a handicap to
vision.

Contrast of Immediate Visual Field with Surrounding
Fields. The experiments indicate that when the
immediate field is small (one or two degrees from the
line of vision) very dark surroundings interfere with
vision, but where the immediate field is of greater ex-
tent (three degrees or more) and the eye is working
at one fixed point, the factor of contrast with darker
surroundings becomes negligible.

In practical work there are sufficient evil effects of
dark surroundings to prohibit the use of wide extremes
of contrast.

The San Pedro Lighthouse outside Los Angeles, Cal.,
steadily signals its location by radio to ships in nearby
waters without a hand touching the radio apparatus.
Power for this lighthouse is furnished by three farm-
lighting electrical generators in the base of the tower.

Night illumination of buildings for advertising or
decorative value is an art still in its infancy, but will
soon begin to develop astonishingly, according to Ray-
mond M. Hood, architect and illumination expert.
He points out that by means of the manipulation oflight, buildings can be made to have the appearance of
movement-even a fluttering movement-and various
other stage effects can be produced.

A committee of engineers has made a recent survey
of electrical wiring in this country to determine how
well equipped homes are to make use of electricity.
It has reported that more than half the houses that arealready wired are using antiquated fixtures, many ofthen need rewiring and practically every one of them
has too few electric outlets to permit the occupants toget the. full benefit of the electricity they buy.
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The Detroit Summer Convention
As we go to press, the Summer Convention of the A. I. E. E.

is being held at Detroit, Michigan, June 20-24, and from the
early reports, an unusually large attendance is predicted.

For the technical sessions, a large number of papers on practical
operating subjects has been chosen, in addition to some of the
latest scientific and theoretical contributions. These papers
include such subjects as power stations, transmission -line
operation, relays, control circuits, cable joints, communication,
television, dielectrics, corona, rectifiers, electrical units and
electric traction. Practically all fields of electrical engineering
will be covered in the reports of the Technical Committees, which
are scheduled for presentation.

Other features of special interest are the lecture by Professor
K. T. Compton, of Princeton University on The Nature of the
Electric Arc, and the symposium led by Dr. Herbert E. Ives,
together with an operating demonstration of television.

A complete report of the Convention will appear in the August
issue of the JOURNAL.

Pacific Coast Convention, Del Monte,
Calif., Sept. 13-16

A very fine program is being arranged for the Pacific Coast
Convention which will be held in Del Monte, Calif., September
13-16. The technical sessions will deal particularly with
subjects of current interest in the West. Among the subjects
are 220-kv. transmission, circuit breakers, oscillographs, sphere -
gap voltmeters, communication and lightning protection for oil
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tanks. The titles of the papers are given in the accompanying
list of technical papers.

A student session will be held at which a number of papers
by Branch members will be presented.

Inspection trips, a banquet and addresses are among the non-
technical features of the meeting. A more complete announce-
ment will be published in the August issue of the JOURNAL.

PROPOSED TECHNICAL PAPERS FOR PACIFIC COAST
CONVENTION

Electric Oscillations in the Double -Circuit Three -Phase Trans-
mission Line, Y. Satoh, Stanford University.

The Relation Between Frequency and Spark -Over Voltage in a
Sphere -Gap Voltmeter, L. E. Reukema, University of Cali-
fornia.

Researches in the Ryan High -Voltage Laboratory, H. J. Ryan,
Stanford University.

A dvance Planning and Practises in. Long-Distance Communication,
J. N. Chamberlin, Pacific Tel. & Tel. Co.

Machine Tandem Trunks for Metropolitan Areas, E. Jacobsen,
American Tel. & Tel. Co., and F. 0. Wheelock, Southern
California Telephone Co.

Carrier -Current Communication over Power Lines, L. F. Fuller,
General Electric Co.

220-Kv. System Stability, R. J. C. Wood and L. F. Hunt,
Southern California Edison Co. and S. B. Griscom,Westing-
house Elec. & Mfg. Co.

220-Kv. System Design, J. P. Jollyman, Pacific Gas and Elec. Co.
Intermediate Synchronous Condensers for Long Transmission

Lines, R. D. Evans and C. F. Wagner, Westinghouse
Elec. & Mfg. Co.

Circuit Breakers. Roy Wilkins, Pacific Gas and Elec. Co.
Oscillographic Recording Apparatus for Transmission -Line

Studies, J. W. Legg, Westinghouse Elec. & Mfg. Co.
Experiments on Lightning Protection, R. W. Sorensen, California

Institute of Technology, and M. E. Dice, General Petro-
leum Co.

Lightning Protection for Oil Tanks, E. R. Shaeffer, Johns Man-
ville, Inc.

American Chemical Society Conference
Twenty-two conferences on Chemistry in World Affairs will

be held at the new Institute of Chemistry of the American Chemi-
cal Society, opening its sessions July 4th at the Pennsylvania
State College. These conferences will be similar to those held
last year at the Institute of Politics, Williamstown, Mass., and
will be followed by discussion presented by men prominent in
education and the chemical industry. Mr. Harrison E. Howe,
member of the National Research Council, treasurer of the
American Engineering Council and editor of the Chemical
Societies official journal will preside at the conference of July 5.
The program will extend through July 29, and is inclusive of
many subjects of engineering interest and high research values.

Work of New York Electrical Society
That the work of the New York Electrical Society in popu-

larizing electrical science in New York City is to be continued and
extended for another year was decided at the Annual Meeting of
the Society, held Saturday, June 4, 1927, in the auditorium of
the New York Telephone Building at 140 West Street, New York
City. Reviewing the work of the Society during the past year,
President Sergius P. Grace, said that total attendance at the
meetings had aggregated approximately 9000 persons, probably
the largest attendance of any scientific organization in the United
States. President Grace said, that inquiries received and an-
swered continually by the Society's officers, indicate that the
Society is a recognized source of information upon electrical
science.

The New York Electrical Society is the oldest electrical society
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in the United States, perhaps in the world; having been organizedFebruary 23, 1881. The purpose of the Society is to humanizethe presentation of all phases of electrical development, appealingto beginners and to the general public as well as to trained engi-neers. Officers elected for 1927-1928 are: President, E. E. Free,consulting engineer; Vice Presidents, R. B. Grove, UnitedElectric Light & Power Company; W. T. Teague, WesternElectric Company; Harvey C. Rentschler, Westinghouse LampCompany; Treasurer, E. B. Meginniss, New York TelephoneCompany; E. E. Dorting of the Interborough Rapid TransitCompany and G. H. Reid, of the General Electric Companyremain as Vice Presidents; H. E. Farrer, 29 West 39th Street,re-elected Secretary.

Report on Standards for Measurement ofTest Voltage in Dielectric Tests
A report on Standards for Measurement of Test Voltage in Di-electric Tests which has been for some time in course of prepara-tion by a subcommittee of the A. I. E. E. Standards Committee,is now available. This report is No. 4 in the series of A. I. E. E.Standards and was prepared by a representative WorkingCommittee under the chairmanship of F. W. Peek. The reportis now issued in the belief that it has reached a stage where itshould be circulated widely in order to obtain all possible criti-cisms and suggestions before final adoption.

The Standards as set forth in this section give the conditionspeculiar to each of the various kinds of apparatus, the specificvalues for the test voltage, the frequency and the period of timerequired for the application for each particular kind of apparatus.Copies of the pamphlet may be obtained without charge bywriting to H. E. Farrer, Secretary A. I. E. E. Standards Com-mittee, 33 West 39th Street, New York, N. Y.

Standards for State Adoption
The 20th Annual Conference on Weights and Measures con-vened at Washington on May 27th. Resolutions adoptedrecommended that those weighing and measuring devices con-forming to specifications and tolerances accepted by the Con-ference and endorsed by the Bureau of Standards be adoptedby the state and approved for commercial use by every state in theUnion. During the conference it was brought out that most of

the nations of Europe exercise strict federal control over weightsand measures apart from the control of local jurisdictions. Anofficial of the Bureau of Standards announced that in response tocontinuing demand for information regarding all phases of the
subject the Bureau is about to issue a handbook on "Weights
and Measures Administration."

Officers re-elected were as follows: President, Dr. Geo. K.
Burgess; Vice -Presidents J. Harry Foley and H. L. Flurry;Secretary, F. S. Holbrook; and an executive committee composed
of men prominent in the field.

New Edition of "Recommended Practise
for Electrical Installations on Shipboard"

The 1927 edition of Recommended Practise for Electrical In-
stallations on Shipboard (Marine Rules) is now available, being
issued as Section 45 of the A. I. E. E. Standards and of the samesize and general form as followed with the other Standards.
It is a paper covered pamphlet of 84 pages and is available at a
cost price of $1.50 subject to the usual 50 per cent discount for
members of the A. I. E. E. Apply to A. I. E. E., 33 West
39th St., New York, N. Y.

The Institute's Committee on Applications to Marine Work
under auspices of which Recommended Practise for Electrical
Installations on Shipboard was compiled feels that the 1927
edition conforms to the latest developments of the art. In

general the forms of the 1920 edition has been followed although
considerably revised and amplified. To the principal division
Direct -current Installations and Alternating -current Installations
of the former edition, has been added a new section on Pro-
pulsion, which it is hoped will form good ground work for future
expansion in that important field.

Revised Edition of A. I. E. E. Standards No. 9
on Induction Motors

Pamphlet No. 9, A. I. E. E. STANDARDS for Induction Motors
and Induction Machines in General has just been issued in
revised form. The revisions included in this new edition concern
the parts of the Standard dealing with rating, particularly rating
of general purpose motors, and are the results of the work of the
Sectional Committee on Rating of Electrical Machinery. This
Committee under the chairmanship of Dr. D. C. Jackson has
been at work for some time on the question of rating and the
decision arrived at, which the unanimous vote of the committee
shows is satisfactory to all, will now be applied also to Standards
5 and 7, "Direct -Current Rotating  Machines, Generators andMotors" and "Alternators, Synchronous Motors and Synchro-
nous Machines in General" respectively. Copies of the revisedPamphlet No. 9, June 1927, can be obtained by writingA. I. E. E. Headquarters, 33 West 39th St., New York, N. Y.Cost 40 cents to non-members of A. I. E. E. Fifty per cent
discount allowed members.

Degrees Conferred Upon Six Scientists
Five scientists and executives of the General Electric Co.received honorary degrees from colleges at commencements inJune. Owen D. Young, chairman of the board, received thedegree of doctor of commercial science from New York Uni-versity; Gerard Swope, president, doctor of laws at Colgate;Dr. W. R. Whitney, director of the research laboratory, doctor ofscience at University of Michigan; Dr. W. D. Coolidge, assistantdirector of the research laboratory, doctor of science at UnionCollege and Lehigh University; and Dr. Irving Langmuir,

assistant director of the research laboratory, doctor of science atKenyon College.
Samuel E. Doane, chief engineer of the National LampWorks of the General Electric Company at Cleveland, has beenawarded an honorary degree in electrical engineering by CaseSchool of Applied Science. Mr. Doane, associated with the earlyactivities of Thomas A. Edison, has been an outstanding figurein the electrical industry since 1886, when he entered the labora-tory of Professor Elihu Thomson. Since 1901 he has beenchief engineer at the National Lamp Works.

Guggenheim School Opens
The new building for the Daniel Guggenheim School of Aero-nautics at New York University, University Heights, New York,was formally opened on the 4th of June, when Mr. Guggenheimformally presented it to Chancellor Brown. Harry Guggen-heim, son of the donor, pressed an electric button setting thegreat wind tunnel in operation. The new building is 120 by50 ft. with a first story projection for the wind tunnel. Itsequipment is complete for instruction, test and research work,with wind -tunnel of double return type, propeller-testing equip-ment, an apparatus for testing airscrews, a structural laboratory,power plant laboratory, a full -flight and instrument laboratory,airship laboratory for gas diffusion and a model ship for theconstruction of wind -tunnel models. Doctor Elmer A. Sperry,Fellow of the Institute, was one of three representatives from theFounder Societies, Professor Alexander Klemin and Mr. CalvinW. Rice, Secretary of the American Society of MechanicalEngineers also being present.
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Air Activities of the Federal Government
The Assistant Secretary of Commerce for Aeronautics, William

P. MacCracken, Jr., in a statement, June 1, announced that
the Department of Commerce is preparing to take over the Trans-
continental airway, now largely used by air mail pilots. It is
planned to furnish weather reports and signals to both air mail
and other commercial operators along the route.

Congress at its last session appropriated approximately
$82,500,000 for aircraft, exclusive of approximately $25,000,000
more authorized, to be. contracted for, according to a compila-

tion of the House Committee on Appropriations made public

June 1.
The definitg appropriations for aircraft activities amounted to

$50,169,094. Other available appropriations are to be found
in the proportion of expenditures for aeronautics authorized
under general provisions for pay of the army and navy, sub-
sistence, transportation, clothing, salaries of certain administra-
tive officials, and other items applying .to the Government
generally but affecting the personnel of the air services as well as
other branches of the Government.

The 29 Douglas air mail planes, recently acquired by the
Post Office Department, will be sold. All planes are fitted with
air mail equipment, including night flying appliances, and are to
be delivered to the successful bidders at the close of Government
operation of the air mail service, "when, as is, where, and if is."

Work Started on Federal Buildings
The $50,000,000 building program for Federal construction

in the District of Columbia will start late in JUly when the
Department of Agriculture Building will be begun.

The Building Commission has approved the proposed struc-
tures, the first of these being a five -story marble building con-
necting the two wings of the Main Agricultural building now
standing. Other buildings for early consideration are the
structures intended for the Departments of Justice, Commerce
and Labor and the Internal Revenue and Archives.

In regard to these latter buildings it is still undecided whether
or not they will be modeled after the Louve in France.

Loan Funds Proposed for Aviation
Measures which will be introduced in the forthcoming Congress

by Representative McLeod of Detroit will propose the creation
of a $100,000,000 loan fund to encourage the organization of
airplane lines for carrying mail, passengers and freight.

Another recommendation includes the creation of standing
committees of both the Senate and House to consider all matters
relating to aviation.

It is proposed that. the loans referred to above should be made
under the rules prescribed by the Secretary of Commerce and in
no case should they constitute more than two-thirds of the value
of the aircraft built or to be built or the value of hangars or other
necessary facilities of a concern. The Government would
preserve a lien upon the equipment until the loans were repaid.
It is pointed out in connection with the proposal for the standing
aviation committees of both Houses that legislation pertaining to
this subject under present rules could be referred to at least five
different committees in the House and at least four committees
in the Senate which are primarily interested in some other govern-
mental function.

Patent Office Improvements
To further the carrying out of recommendations made by the

Committee on Patent Office Procedure, the Commissioner and
his staff have instituted periodic informational meetings of sub-
stantially the entire examining corps and other technical
personnel of the Patent Office.

Meetings of the Patent Office personnel are held both during
and after office hours, and substantially the entire Examining
Corps with other members of the technical staff of the Patent

Office at Washington assemble to discuss efforts to help improve

the Patent system. These meetings are devoted to lectures,

papers on scientific subjects, rules and procedures, cases of Patent

Law decided by the U. S. Court and a series of moving pictures
have been arranged to show the technique and detail of industrial
scientific processes and products.

Washington Award Presented to
Orville Wright

At the Annual Meeting of the Western Society of Engineers
held June 1, the Washington Award for the year 1927 was
presented to Orville Wright, "for fundamental scientific research
and resultant successful airplane flight."

This award was made, in recognition of devoted, unselfish
and preeminent service in advancing human progress, by the
Western Society of Engineers on the recommendation of a Com-
mission of Award representing the American Society of Civil
Engineers, the American Institute of Mining and Metallurgical
Engineers, the American Society of Mechanical Engineers, the
American Institute of Electrical Engineers, and the Western
Society of Engineers.

Electrical Safety Conference Dissolves
At its regular quarterly meeting held in New York City on

June 15th, the Electrical Safety Conference, reviewed its activi-
ties and decided to dissolve. This decision was based upon the
fact that the mission of the Conference seemed accomplished, and
under present conditions, with the availability of other standards -
making factors, its work was deemed no longer necessary.

500th Anniversary of University of Louvain
The University of Louvain invited Engineering' Foundation to

participate in the celebration of the 500th anniversary of the
founding of the University. The Foundation has responded on
behalf of its Founder Societies of Civil, Mining, Mechanical and
ElectriCal Engineers, and has designated as its delegate Dr.
Edward Dean Adams, John Fritz Medalist, Honorary Member
and former Vice -Chairman of the Foundation Board. Dr.
Adams has generously accepted this mission and attended the
ceremonies in Louvain on June 28 and 29.

As the delegate of this large body of 56,000 American engineers,
Dr. Adams carried to the University formal congratulations from
each Founder Society, the Library Board and Engineering
Foundation, handsomely bound together. in a book. To the
ancient Library of the University of Louvain, destroyed at the
beginning of the World War and recently restored, he conveyed
in handsome cases a set of year books of the Founder Societies and
a set of the publications of the Foundation. The University
has an engineering department from which more than one grad-
uate found his way to the United States. Among them was the
late E. Gybbon Spilsbury, a president of the American Institute
of Mining and Metallurgical Engineers, chairman of Engineering
Societies Library Board, vice-president of United Engineering
Society, and member of Engineering Foundation, who gave his
services generously to the engineering societies.

Professor Albert Van Hecke, the present head of the school of
Civil Engineering, will be remembered by many engineers in the
United States because he came to this country in 1914, he and his
wife and a young child, having been driven from their house by
the first rush of the German invasion. While among us he made
many acquaintances and visited numerous engineering works
before returning to war service in his own country.
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Tim purpose of the schools gill be the discussion and stial\ ttfmethods of teaching the 1/48i0 81.111j0(.1.14 of the engineering curric-ulum. For the first year the subject of mechanics has beenselected because of its fundamental i.iiiportaneci and its hit oralposition between the work in mathematics and physics and I liestudy or engineering subjects proper. Mechanics was chosenalso because all engineering teaeliers have a working knowledgeof it and consequently will be able to appreciate discussions ofmethods of teaching in general when the discussions apply tothis particular subject.

The teaching staffs of the two schools include many of themost able and prominent teachers of engineering in the country.Dean Dexter S. Kimball, of the College of Engineering,Cornell University, will serve as Director of the Cornell session.The Wisconsin session will be conducted under the directorshipof Professor E. R. Maurer, Chairman of the Department ofMechanics of the University of Wisconsin.
Applications to attend the schools have been received in largenumbers. It was necessary to close the registration of theCornell session before the end of May because the maximumnumber which can be accommodated had been reached, andregistration for the Wisconsin session had nearly reached themaximum number at that time.

Morning sessions will include formal lectures on mechanicsand related subjects and on methods of teaching, demonstra-tion-lectures, laboratory demonstrations, and model teaching.Afternoon sessions will be devoted largely to seminars in smallgroups and to assigned projects on the preparation of class exer-cises and lectures, the devising of problems, the setting of ex-aminations, and the planning of experiments. Evening lectureswill be delivered by prominent speakers on a wide range of sub-jects of general interest to engineering educators. The programwill include a number of recreational features.
The summer schools'are being conducted by the Society for thePromotion of Engineering Education, under the immediatedirection of Dr. W. E. Wickenden, Director of Investigation,and Professor H. P. Hammond, Associate Director of Investiga-tion, and are financed by a special appropriation for the purposemade by the Carnegie Corporation of New York.
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GEORGE H. KOHL, who has been hydraulic engineer for theSpanish River Pulp and Paper Mills, Ltd., Sault Ste. Marie,Ont., Canada, has now started his own consulting offices there.JOHN D. BOWLES, chief engineer of the Federal Light andTraction Company, has been appointed one of its vice-presidents

by its board of directors.
H. E. MCWETHY, formerly statistical engineer, St. Paul, Minn.,has become valuation engineer, for the Twin City Rapid Transit

Company, Minneapolis, Minn.
MR. ERNEST V. PANNELL, Technical Adviser to the BritishAluminum Co., Ltd., London and New York, has left for London

where he will spend two to three months on business matters.G. M. SimmoNsow has established offices of his own in San
Francisco, California, and will carry on his consulting engineering
work there.

B. A. TRAVIS, until recently in charge of the motor department
of the Westinghouse Elec. & Mfg. Co., has joined the City
Electric & Fixture Company, Seattle, Washington.
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m Ax LEE, formerly of the Westinghouse Eke. & Mfg. Co.is now secretary and treasurer or 'nip J/0114S II. Knapp
LOS A Calif. Mr. Lee will also he in full charge of thedesign, construction and sales or electric furnaces for thecompany.

N \ Vii ritelit graduate of the rui'ersity ofMichigan and Asso,iiiii. the Institute since 1926, on July 1took up !lea duties in the eommereial department of the WestPenn Appliance ('em pany, Pittsburgh. M r. Young was grad-uated from the Officers .1)ri) June 15, 1927.
M. M. M VIME null It W. SO( /EM Aa ER have been engagedby the fill perial Irrigation District, 1 Illperial, Calif., for work onthe hydroelectric system utilizing the fulls in the irrigationcanal system, Mr. McIntire as electrical engineer and Mr.Shoemaker as consulting engineer.
E. S. Jon NsoN has been transferred from the railway engi-neering department of the General Electric. Company, Schenec-tady, N. Y., to have charge of all engineering questions inconnection with railroad electrification in the Atlantic District.His new headquarters will be with the Company at Philadelphia,Pa.
E. M. 1-1Ewm:yr is now consulting engineer of the switchboarddepartment, Ceneral Electric Company. He is succeeded in hiscapacity of engineer by Mr. E. B. Alerriam, whose appointmentwas announced as of June 1. The number of assistant engineershas also been increased to three by the appointment of Mr.Chester Lichtenberg, with headquarters at Philadelphia.

TRUMAN 1'. GAYLORD, acting vice-president of the Westing-house Elec. & Mfg. Co., has been elected president of the Pitts-burgh Chamber of Commerce by its board. Beside being itsnew president, Mr. Gaylord is a director of the PittsburghChamber of Commerce, also a director and member of the execu-t ive committee of the Pennsylvania State Chamber of Commerce,and a member of the United State Chamber of Commerce.
C. F. HANSON, on December 31, 1926, resigned from the Habir-sham, Cable & Wire Company, with which he has been associatedfor the past nine years in its department for the developmentof electric, power cables, and is now oil specialty sales engineerfor R. T. Vanderbilt Co., New York, N. Y. This new work isin the interest of the development and sales of electric insulatingoils with particular attention to cables. Mr. Hanson spentfive years with the National Bureau of Standards in thestudy of precision resistance measurements as well as capacitymeasurements.

WALTER S. MOODY, who, since its inception, has been in generalcharge of transformer engineering with the General ElectricCompany at Pittsfield, was recently appointed consulting engi-neer for all transformer departments of the company as well asthose at the Pittsfield Works. Mr. Moody found it necessary torelinquish his administrative duties in order to devote more timeto the broader problems of transformer work. Although hisnew work will represent special attention to the exchange ofexperience between the various transformer departments atPittsfield, Erie, Fort Wayne, Oakland and Lynn, Mr. Moody willcontinue to make his headquarters at Pittsfield.
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Obituary
Charles Frederick Rand, former president of the American

Institute of Mining and Metallurgical Engineers, chairman of the
Engineering Foundation, member of the National Research
Council and many other representative bodies, died at his home
in Merrywood, Hutton Park, West Orange, N. J., June 21, 1927.
Born at Canaan, Me., October 21, 1856, Mr. Rand in 1876 at
the age of 20 entered the service of a railroad corporation in
Milwaukee. He remained with them for ten years, chiefly in
the capacity of a financial officer. For many years prior to his
death he was identified with the construction of new railways and
the opening and operation of iron mines in Cuba. In 1921 he
was elected an honorary member of the Iron and Steel Institute
of Great Britain, an honor held by only five other men, among
them the Price of Wales. Mr. Rand v, as then chairman of the
Board of Award for the John Fritz Medal established for achieve-
ment in applied science, and Sir Robert Hadfield was the one
upon whom it was bestowed that year. In 1913, King Alfonso
XIII of Spain decorated Mr. Rand with the Grand Cross of
Knight Commander of the Order of Isabella Catolica and in
1922 the French Government again decorated him with the Croix
de Chevelier de la Legion d'Honneur for distinguished services
during the World War. Mr. Rand did much to encourage the
founding of the Engineering Societies Building as the home of the
leading national engineering bodies as well as an engineering
center for all parts of the world. With the gift of Mr. Ambrose
Swasey, and the inception of the Engineering Foundation,
Mr. Rand was chosen chairman of the Engineering Foundation
Board. Mr. Rand was vice-president of the Welfare Federation
of the Oranges, member of the American Society for Testing
Materials, the Engineers Club, the Railroad Club of New York,
Downtown Club, Union League, Indian House, Metropolitan
Club and the Essex Country Club. He was also former chairman
of the American Red Cross Board of Directors of the Oranges,
his civic life being as actively filled with accomplishment as was
his professional.

Walter Stumpf, Associate of the Institute since 1923, was
killed in an automobile accident May 14, 1927, at Towson, Md.
Mr. Stumpf was a native of Baltimore, a grammar school grad-
uate, he studied mechanical drafting at the Y. M. C. A. night
school, supplemented this with a course in mechanical and
structural drafting with the International Correspondence School
and completed his academic training by a night school course
in electricity at Johns Hopkins University. At the time of his
death was chief engineer for The Black & Decker Mfg. Co., with
which he had been associated ever since March 1912, when he
started as an apprentice draftsman. His final work there, in
charge of experimental testing department, designing and
building all motors used in its products as well as testing and
proving other electrical equipment, was noteworthy.

Gordon E. McLean, 1925 Associate, and switchboard engineer
for the Commonwealth Power Corporation, Jackson, Michigan,
died May 22, 1927. Mr. McLean was a native of Canada and
was a graduate in electrical engineering from the Faculty of
Applied Science and Engineering, University of Toronto. He
was also a graduate student of the Westinghouse Elec. & Mfg.
Company's course, East Pittsburgh, having completed that
course June 1922. In 1924 he was made switchboard diagram
engineer for the Westinghouse Company, East Pittsburgh, later
to join the Commonwealth Power Company in similar capacity.
By those who had opportunity to observe his work, Mr. McLean
was counted a man whose professional ability held an active
and noteworthy future.

Carlo Ferrari, who joined the Institute 1915 and was at the
time of his death, technical manager of Sociota Moridionalo
Electricita, Naples, Italy, died there March 31, 1927. Mr.
Ferrari was horn in Naples July 28, 1870, and while most of his
professional ,career was expended in the European field, ho was
semi -occasionally in this country and contributed some valuable

inventions in electrical protective devices to technical develop-
ments here as well as abroad. His principal interests were in the
transmission and distribution and his activities in this field have
been frequently reported in the technical press, both foreign and

domestic.
James Kynoch, chief engineer of the Canadian General

Electric Co., Ltd., and Fellow of the Institute since 1918, died
suddenly May 30, 1927, at Lake Simcoe, Ontario, Canada. Mr.
Kynoch was a native of Scotland, born at Blairgowrie, Perthshire,
November 18, 1865. His preliminary education was obtained at
Grosvenor College, London, England, and City of London
Schools, London, England. Sept. 1883 to July 1886, he attended
the City Guilds of London Institute, London, England (now
known as the Imperial College of Technology) under professors,
Silvanus P. Thompson, W. E. Ayrton, John Perry and W. Arm-
strong. In 1886 Mr. Kynoch after spending a few months
in the workshops of Messrs. Woodhouse and Rawson, London,
England, took a position as Assistant Electrical Engineer to
Mr. Killingworth Heges, Civil Engineer, London, England.
In 1891 Mr. Kynoch came to Canada and immediately entered
the employ of the Edison General Electric Co. where he was,
engaged in Lighting and Railway Construction and estimating
for power, lighting, and railway plants. In 1892, when the
Edison General Electric Co. was merged into the Canadian
General Electric Co. he was assigned to cost estimating and
superintending the erection of power plants. After five years
on this work, Mr. Kynoch was promoted to Assistant -Chief
Engineer and later to Chief Engineer. During this time, he was
largely responsible for the engineering and layout of a number of
notable installations, such as re -organization of the original
Railway Lighting and Power Plants of the St. John Railway Co.,
the Winnipeg Electric Railway Co., the original plant of the
Montreal Cottons, Limited, Valley field, P. Q., the erection of the
power plant, overhead lines, submarine cables, apparatus for
the sluice gates, lock gates, highway bridges of the Soulanges
Canal near Montreal. In addition, he had general supervision
of the installation of the Winnipeg Electric Railway Co.'s Hydro
Electric Plant at Lac -du -Bonnet, Manitoba, Toronto Power
Co.'s Generating and Sub -station at Niagara Falls, and the
Ontario Power Co.'s Plant at Niagara Falls. In the last five
years Mr. Kynoeh's work has been more along executive
and consulting lines. One of his most notable achievements
was the supervision of the erection of the five generators of the
General Electric Co., Ltd., at the Queenston Station of the Hydro
Electric Power Commission of Ontario. On Jan. 14, 1887, he was
elected Associate of the Institute of Electrical Engineers, London,
England. He was also President of the Canadian National
Committee of the International Electroteehnical Commission.

Addresses Wanted
A list of members whose mail has been returned by the postal

authorities is given below, together with  the addresses as they
now appear on the Institute records. Any member knowing the
present address of any of these members is requested to communi-
cate with the Secretary at 33 West 39th St., New York, N. Y.

All members are urged to notify the Institute Headquarters
promptly of any changes in mailing or business address, thus
relieving the member of needless annoyance and also assuring the
prompt delivery of Institute mail, the accuracy of our mailing
records, and the elimination of unnecessary expense for postage
and elerical work.
D. K. Alporn, Room 10-217, Mass. Inst. of Tech., Cambridge,

Mass.
Constantin De Veyher, So. Calif. Tel. Co., Los Angeles, Calif.
Alexander S. Fraser, Box 477, Kamloops, B. C.
Akos Ludasy, 420 W. 7th St., Cincinnati, Ohio.
Frank A. Nerges, Submarine Base, Now London, Conn.
George Stanley Phelan, General Delivery, Washington, D. C.
Harry W. Pierce, 436 Main St., Sarasota, Fla.
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Past Section Meetings
SECTION MEETINGS

Akron
Inspection trip to the Avon Plant of the Cleveland ElectricIlluminating Company, followed by a banquet. May 14.Attendance 75.

Boston
Annual Meeting. The following officers were elected: Chair-man, E. W. Davis; Vice-Chairman, Prof. H. B. Dwight;Secretary -Treasurer, W. H. Colburn. May 19. Atten-dance 2:37.

Cincinnati
Power -System Stability-A Mechanical Analogy, by F. C. Hanker,Westinghouse Elec. & Mfg. Co. April 14. Attendance 96.Electric Arc Welding as Applied to Manufacturing, by J. F.Lincoln, Lincoln Electric Co. May 17. Attendance 75.Annual Dinner Meeting. The following officers were elected:Chairman, R. C. Fryer; Secretary, L. 0. Dorfman. June 9.Attendance 36.

Cleveland
Our Debts to Scientific Research, by C. C. Chesney, NationalPresident, A. I. E. E. The following officers were elected:Chairman, A. M. Lloyd; Secretary -Treasurer, E. W. Hender-son. May 12. Attendance 60.

Columbus
Joint meeting with Ohio State University Branch. (See StudentActivities Section). April 22. Attendance 73.
Following the Cascades through Oregon, by J. F. Stone. AnnualDinner Meeting. The following officers were elected:Chairman, F. C. Nesbitt; Secretary, W. E. Metzger. May27. Attendance Sl.

Connecticut
Annual Outing. June 11. Attendance 44.

Detroit -Ann Arbor
jf,chunica/ awf in Electricity, by Prof. W. S. Franklin, Mass.Inst. of Tech. May 17. Attendance 300.

Fort Wayne
Annual Banquet. Talk by C. C. Chesney, National President,A. I. E. E. The following officer were elected: Chairman.1'. O. Noble; Viet-Chairman. C. F. Beyer; Secretary -Trea-surer, F. W. Merrill; Assistant Secretary -Treasurer, T.Meti. Evans. May 16. Attendance 94.

Indianapolis -Lafayette
.7' rim.* :44.thibly, by A. P. Fugill, Westinghouse Elec.& Nlfg. Co. May 27. Attendance 45.

Ithaca
06cillographs, by Prof. Frederick Bedell, Cornell University.May 13. Attendance 70.

Kansas City
Proftssiona/ Consciousness in Engineering, by F. Ellis Johnson,

University of Kansas. The following officers were elected:Chairman, S. M. DeCartap; Secretary -Treasurer, B. J.George. May 23. Attendance 22.
Lehigh Valley

The ronotringo Project, by Raymond Bailey. Philadelphia Elec-tric Co. Annual Meeting. The following officers wereelected: Chairman, Mark H. Woodward; Secretary, G. W.Brooks. May 26. Attendance 71.
Louisville

The preelopment of the Fire -Alarm Telegraph, byp'. 0. Dry,
Louisville Police and Fire Alarm Signalling4Department.May 11. Attendance Z.

Lynn
The Electric Arc and Its Functom in .Vrtt Welding PruceS.,(1,,by Peter Alexander, Thomson Research Laboratory,0. E. Co. The following officers were elected: Chairman,W. F. Dawson; Vice -Chairman, G. Skoglund; Secretary -Treasurer, V. R. Holmgren. May 18. Attendance 225.

Madison
Transmission Features in Design and Operation of Toll Cables, by

H. H. Huntley, Wisconsin Telephone Co. The knowing
officers were elected: Chairman, J. T. Rood; Secretary -Treasurer. H. J. Hunt. June 7. Attendance 19.
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Milwaukee
Trans -Atlantic Radio Telephony, by H. S. Osborne, Transmission

Engr., American Tel. & Tel. Co. May 18. Attendance 200.
Minnesota

Business Meeting. May 4.
Dinner -Dance. May 16. Attendance 103.

Nebraska
Inspection trip for Junior and Senior Electrical Engineering

Students at University of Nebraska, followed by a dinner.May 10. Attendance 100.
Portland

.4-C. Transient Starting Current of Incandescent Lamps, byF. D. Crowther and R. L. Earnhart;
Voltage Resonance and the Influence of Insulation Resistance

upon the Characteristics of Artificial Power and TelephoneLines, by 0. C. Doty, V. E. Rinehart and W. C. Wing, and
The New Cuprous -Oxide Rectifier, by N. M. Mclieel. Meetingpreceded by a dinner. May 7. Attendance 85.

St. Louis
Reyrolle Armor -Clad Switch Gear, by H. 0. Nye, Allis-ChalmersCo. May 15. Attendance :34.

Saskatchewan
Insulator Prude n,<, by NV 1'. Dobson. Ontario Hydro -ElectricSystem. May 20. Attendance 21.

Seattle
Short -Circuit Problems on High -Voltage Networks, by R. Rader,

Puget Sound Power & Light Co. The following officers wereelected: Chairman, C. R. Wallis; Secretary,- R. Rader.May 17. Attendance 7:3.
Sharon

Engineering Features of Electrical _Valid. fiance in Steel Mills, byA. C. Cummins, Carnegie Steel Co., and J. L. Parker,Sharon Steel Hoop Co. A motion pictures, entitled "TheStory of Steel," was shown. May 12. Attendance 83.
Southern 'Virginia

Ln,igh of Hydro -,Le- Turbin.s. by R. E. B. Sharp, I. P.Morris Co.:
Egypt and the I ',ter -national A. a. ,ipition Ceinft nee at Cairo, byJohn C V. Hoyt, ice -President, A. S. C. E.;
neinfit-cation ,t( th, l irginio Ri,i,ray, by R. J. O'Brien, West-inghouse Elec. Lk: Mfg. C(I.:
The Electric Fe iiture rF. !i, ja,,

Clayttir, American ;as and Elec. Co.:
Railway El, ctrification, by F. E. Wynne, Westinghouse Elec.& Mfg. Cu., and
Contrut !hem, by G IV. Fuller. Consulting Engineer.Joint meeting with A. S. C. E. and A. S. M. E. May 20.Attendance Is2.

Region, by Graham

Springfield
Mechanica! Potu, r un.1 the Trend id' ili:ation, by C. E. Skinner,West inghouse Elec. & Mfg. Co. May 20. Attendance 162.

Syracuse
Business Meeting. May :H.

Toledo
Lightning find It. Errtrt, on Electric Cerc,iits, by H. M. Towne,General El-etrie Co. Illustrated. May 20. Attendance 40.

Toronto
The Four lt .1 Char -en -it r St rgdy by Thos. McGillicuddy.Thu following officers were eleeted: Chairman, C. E. Sisson;Secretary, F. F'. Ambuhl. May 6. Attendance 47.

Urbana
Research and Progress in Insulating Materials, by H. C. P.Weber, Westinghouse Elec. & Mfg. Co. May 11. Atten-dance 75.

Vancouver
Insulation, by W. P. Dobson, Hydro -Electric Power Comm. ofOnt. May 25. Attendance 52.
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JOINT BRANCH MEETING IN MILWAUKEE
A joint meeting of the Marquette University, Armour Institute

of Technology, Lewis Institute, and School of Engineering of
Milwaukee Branches, sponsored by the Milwaukee Section, was
held at Marquette University in Milwaukee on May 20 and 21,
1927. A number of members of the Chicago and Milwaukee
Sections were present, and the total registration was 108.

]The various events of the meeting are given in the following

program:
MAY 20

4:00 p. m. Registration and Assignments.
7:30 p. m. Fellowship Smoker.

Address of Welcome, Prof. J. F. H. Douglas,
Counselor, Marquette University Branch.

Keynote Address, "Cooperation Among Engi-
neers," Mr: F. J. Mayer, District Plant Supt.,
Wisconsin Telephone Co.

Engineering Experiences, Dean F. C. French.
Remarks, Prof, J. D. Ball, Vice President, School

of Engineering of Milwaukee.

MAY 21

9:15 a. m. Technical Session.
Address, Poise and Balance in Engineering, Mr.

G. G. Post, Electrical Engineer, Milwaukee
Electric Ry. & Light Co.

Student Papers and Discussions.
11:00 a. m. Business Session.

Committee Reports.
General Business.

1:30 p. m. Inspection Trip to Lakeside Generating Plant of
Milwaukee Electric Railway and Light Co.

6:30 p. m. Banquet with Milwaukee Section.
Toastmaster, Mr. H. R. Huntley, Transmission

Engineer, Wisconsin Telephone Co.
A. I. E. E. Membership Benefits, Mr. S. H.

Mortensen, Electrical Engineer, Allis-Chalmers
Mfg. Co.

Address, Mr. B. G. Jamieson, Vice -President,
Great Lakes District, A. I. E. E.

General plans for the meeting were made by a Joint Meeting
Arrangements Committee composed of the following students:

Clifford Earle, GeneralChairman
Joseph Zurfiuh
George Howden
John Adriansen
James Kelly.

Six special committees made arrangements for various features
of the meeting.

A joint committee composed of members of the Marquette,
School of Engineering, and Armour Branches was organized
for the purpose of making plans for a Student Convention to
be held this fall.

ANNUAL SPRING ENGINEERS' DAY AT UNIVERSITY OF
COLORADO

On May 25, 1927, the Denver Section and the University of
Colorado Branch participated in the sixth Annual Engineers'
Day, held at the University of Colorado, Boulder, Colorado,
which was sponsored by the Colorado Engineering Council.
The program was as follows:
12:30 p. in. Tau Beta Pi luncheon for faculty.
1 :30-

4:00 p. m. Registration of visiting engineers and inspection
of buildings.

2:30 p. m. Senior -faculty baseball game.
4:00 p. m. Presentation of Awards.

Address of the day by Mr. L. C. Fritch, Vice -
President, Rock Island Lines, on the subject:
"Transportation Engineering."

Election of officers of Council.
Election of officers, Denver Section A. I. E. E.

6:00 p. m. Banquet in honor of Mr. Fritch.
8:00 p. m. Inspection of buildings.
The University of Colorado Branch provided demonstrations

of the new automatic substation, oscillograph, high voltage and
insulator testing, telephone laboratory, standardizing laboratory,
constant voltage regulators developed by students, and all
equipment in electrical laboratories. It also arranged a large
illumination display on the outside of the building.

Engineers from the entire state were guests of the University,
and the total attendance was 1190.

CONFERENCE ON STUDENT ACTIVITIES AT PITTSFIELD, MASS.

A conference on Student Activities was held on Friday evening,
May 27, during the Regional Meeting of District No. 1, May 25-
28, at Pittsfield, Mass. Of the ten Branches in the District,
six were represented by their Counselors and Chairmen and
each of three others was represented by either the Counselor or
the Chairman.

Upon the recommendation of a special nominating committee,
the Committee on Student Activities decided to organize an
Executive Committee consisting of the Vice-President, District
Secretary, Chairman of the Committee on Student Activities,
and two other Counselors. Professor W. H. Timbie, Counselor,
Massachusetts Institute of Technology, was elected Chairman,
and Professors C. W. Henderson, Counselor, Syracuse University,
and F. M. Sebast, Counselor, Rensselaer Polytechnic Institute,
were elected members of the Executive Committee. The
nominating committee's recommendation that an auxiliary
committee of students be formed to cooperate with the Executive
Committee was adopted, and at a meeting of student delegates
held later the following committee was organized.

Chairman, W. M. Hall, Incoming Chairman, M. I. T. Branch.
R. F. Scott, Incoming Chairman, University of Maine Branch.
W. J. Brown, Jr., Incoming Chairman, Yale University Branch.
The Committee on Student Activities chose Professor W. H.

Timbie as its delegate to the Summer Convention.
A resume of the Conference on Student Activities, at Beth-

lehem, Pa., on April 23, 1927, was given by Assistant National
Secretary Henline. Professor Harold B. Smith emphasized
certain parts of the discussion at that Conference, notably those
dealing with opportunities in Branch meetings for training in
important elements of leadership. He spoke of the desirability of
encouraging students to attend conventions by excusing them
from university duties when possible. He said that, although
moving pictures and visiting speakers have their places on Branch
programs, the programs should usually be filled by Students,
and that Branch affairs should be conducted by Students as
far as possible.

A motion was made, seconded, and passed that the group
recommend to the Board of Directors that consideration be given
to the development of a definite plan for the publication of
Student papers.

There was a strong desire that some means of publishing
Student papers not of Institute grade be adopted. The opinion
was expressed by several that good short papers are preferable
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to abridgments and that when abridgments are published theyshould he prepared by the authors,
The disposition 4 the dis,.tissimi or (he siudolit,papers presenleel on the afternoon III may 27 wa$ discussed,tun' several Students expressed a strong desire to seeure eopiesit if possible.
l'rofessor Scott emphasized the ittwortaneed get ling St intentswho are members or tho Branches to do things on their owlaccount, and said some of the methods used ill other extra-etirriettlar activities should be helpful in this eonneet

STUDENT CONVENTION OF NORTHEASTERN DISTRICTA Student Convention was held in conjunction with the Iii-gional Meeting of District No. 1 at Pittsfield, Mass., May 25-2,1927. The following papers were presented at the studenttechnical session on Friday afternoon, May 27:
STUDENT PAPERS, A. I. E. E. GRADE

The Electrical and Magnetic Properties of Electrolytic Cobaltand Its Alloys with Iron, by W. C. Ellis, Rensselaer PolytechnicInstitute.
Proximity Effect in a Seven -strand Cable, by J. E. L. Tweeddale,Massachusetts Institute of Technology.
Calculation of Stray Load Losses, by G. H. Rockwood, Mass-achusetts Institute of Technology.

STUDENT PAPERS, STUDENT GRADE
The Reversing Motor as a Source of Magnetizing Energy, byG. F. Kern, Syracuse University.
An Optical Method of Determining Internal Stresses in Homo-

geneous Materials, by C. F. Ffolliott, Rensselaer PolytechnicInstitute.
A Chart for Combining Impedances of Parallel Circuits, byE. E. Mott, Massachusetts Institute of Technology.
Measurement of Flux in Watthour Meter, by W. W. Parker,Yale University.
The Measurement of Intense Magnetic Fields by Means of theZeeman Effect on the Zinc Triplet, by A. C. Michels, RensselaerPolytechnic Institute.
A Method of Measuring the Alternating Component of CurrentWhen it is Superimposed on Direct Current, by F. Massa, Mass-

achusetts Institute of Technology.
Professor W. ,H. Timbie, Chairman of the Committee onStudent Activities of District No. 1, presided.
The presentation of nearly all of the nine papers was excellentand there was a considerable amount of discussion. Thestudents were strongly commended fol. the clearness and snap-piness of their discussion throughout the program.
At the close of the session, Professor Charles F. Scott of Yale

University was requested to give his impressions of it. He saidhe had heard all the presentations and discussions from the hackof the room, and that one can seldom do that during regular
technical sessions. He discussed briefly but in a most interesting
manner the early development of the electrical industry and the
corresponding development of the Institute which resulted in
1902, during his term as President, in the formation of Sectionsand Branches. The present rapid growth of the electrical in-dustry and the consequent responsibility on the students wereemphasized.

COLUMBUS SECTION AND OHIO STATE UNIVERSITY BRANCH
JOINT MEETING

A joint buffet lunch -smokermeeting wa,s held on April 22, 1927,
by the Columbus Section and the Ohio State University Branch at
the Chittenden Hotel in Columbus.

The following program was presented:
Glimpses of Turkish Life, by Hrant Eknayan, Ohio State Uni-

versity Branch.
Reminiscences of Emile Berliner, by Paul E. Crouch, Ohio

State University Branch.

lefoltrou 1.:14eti 41irutifot am/ Some Highlight
4,4

I-Irr Los, rIJ II. (;. L11"/"", l.t'n P. 1)40'14', ()Iiii)Slttle lintIHILy
lintiii.h.

(11 /) inp //IC 111111 /ifof /1/4,
by A. VV. Jailo it /, '4,1111111.11,- Seeli1)n.

Nfffinie Nnfpn /114//:1 I! un Pnidi(lii Ex periences, by l'erry,
1)1,0, , ('olumbu, Seel 11)11.

Sintif E./ I'n III, , Ire,nr Ile,P1(11.1irtil Side /sll Engim s-
ing, by F. It. Price, '4,1111.11ms Section.

A buffet Iunib awl sleeker followed the program, and some
entertttinment wits furnished by the lirtoicli members.

I /

POWElt PLANT GENERAT()It 'I'ES'I'EI) BY STUDENTS
SI.11iors in electrical engineering at the University of Southern

1'al.:1'4011in made a complete test of Generator Ni;. I at Power
Plant No. I of the Bureau Power and Light, City of Los
Angeles, un Nlity 1-1 and 15. The generator is rated at 93751; "IL, (ic,()) \ 1)114., eyeles, and 2(1(1 r. p. In., and is driven by
Pelton wheel.. The purpose or the tests was to determine and
separate all 14r., -,4,s, and t he retardat ion method was used for both
open -circuit and short-circuit tests which \ ere carried out under
the super\ ision of Ir. B. \V. ('reins, Bureau of Power and Light,
and Protesser Philip S. Biegler of the University of Southern
California.

ENGINEERING OPEN HOUSE AT UM OF NORTH
CAROLINA

The University of North Carolina Branches of the A. I. E. E.
and A. S. C. E. held an Open House on May 4, 1927, for the pur-
pose of aeetiainting students, faculty, and any others interested
with the work of the School of Engineering.

The 21 exhibits were planned to be typical of the work required
of students in the School, and covered a wide range of subjects,
including physies, electrical engineering, water purification,
mec'hanic'al engineering, materials testing, sanitary engineering,
etc.

Refreshments were served and a guessing contest was suppliedfor the ladies.
The attendance was about 1200.

AWARD OF NATIONAL BEST BRANCH PAPER PRIZE
The Committee on Award of Institute Prizes has awarded theNational Best Branch Paper Prize for 1926 to Mr. R. A. Schaefer,a member of the Marquette University Branch, for a paperentitled "A Study of Transverse Armature Reaction in Syn-chronous Machines by Means of a Second Machine With anAdjustable Stator," which he presented before that Branchon December 30, 1926.
This prize consists of $100.00 and a certificate of award. Thepaper will be published in an early issue of the JOURNAL.

BRANCH MEETINGS
Alabama Polytechnic InstituteSocial Meeting. May 5. Attendance 33.

University of Arizona
Radio Compass, by Mr. Carnes. April 2.
Mental Hygiene, by Mr. Atdkinson, and
Power -Plants Field Trip, by Prof. J. C. Clark. April 23.Business Meeting. April 30.
Testing of Magnetic Materials, by Mr. Autillon, andVarious Types of Circuit Breakers in Railway Service. May 14.Henry Ford Trade School, by Mr. Riggins;
Resuscitation from Electric Shock, by Mr. Mitchell andThe Engineering Curriculum, by Mr. Sharpe. The followingofficers were elected: Chairman, G. T. Mitchell; Vice -Chair-man, Albert Ellicock. May 21.

Armour Institute of TechnologySmoker. April 27. Attendance 70.
Mercury -Arc Rectifiers, by Mr. Gutzmiller, American BrownBoveri Co. May 19. Attendance 40.
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 :usiness Meeting. The following officers were elected: Presi-
dent, L. J. Anderson; Secretary, Harold T. Dahlgren;
Treasurer, W. J. Zenner. May 26. Attendance 23.

Bucknell University
:usiness Meeting. April 20. Attendance 3S.
lrtificial Lightning, by Prof. Lowry and Prof. Irland. April 27.

Attendance 40.
ightning, by Mr. Towne of General Electric Co. May 4.

Attendance 57.
tusiness Meeting. The following officers were elected: Presi-

dent, G. B. Timm; Vice -President, John Bridegrum; Secre-
tary -Treasurer, A. C. Urffer. May 18. Attendance 33.

Case School of Applied Science
fercury-Arc Rectifiers, by R. M. Lawall, student, and
''homas Alva Edison, by W. G. Plagens, student. May 7.

Attendance 51.
lutomatic Substations, by T. J. Wilson;
^he Modern Electric Battleship, by P. K. Mentzer, and
rite St. Lawrence River Power Project, by H. R. Waters. May 14.

JI Attendance 28.
m lanquet May 16. Attendance 39.

Colorado Agricultural College
3usiness Meeting. The following officers were elected: Coun-

ic H. G. Jordan; President, Harold Groat; Vice -President,
Cecil Wolcott; Secretary -Treasurer, Howard Steinmetz.
May 9. Attendance 9.

University of Colorado
Transportation Engineering, by Louis Charlton Fritch, Vice -

President, Rock Island System. A banquet followed the
meeting. May 25. Attendance 600.

Social Meeting. The following officers were elected: Chairman,
Joe A. Setter; Vice -Chairman, E. R. White; Secretary, R. D.
Palmer; Treasurer, Alfred Decino. June 1. Attendance 56.

University of Denver
3usiness Meeting. The following officers were elected: Chair-

man, G. K. Baker; Vice -Chairman, Vernon Cato; Secre-
tary -Treasurer, L. L. Booth. May 13. Attendance 11.

Duke University
Business Meeting. The following officers were elected: Chair-

man, 0. T. Colclough; Vice -Chairman, L. L. Hardin; Secre-
tary -Treasurer, F. A. Bevacqua. May 16. Attendance 14.

University of Idaho
Survey of Moscow Bakeries, by T. L. Styner, student. The

following officers were elected: President, R. G. Elliott;
Vice -President, C. N. Teed; Secretary -Treasurer, F. B.
Peterson. May 12. Attendance 20.

Lehigh University
9peration of Klydonograph, by R. Cetina, student, and
Travels through Europe, by Prof. Wm. S. Esty. May 13. At-

tendance 61.
Louisiana State University

 Salesmanship, by Mr. Geisler, Baton Rouge Electric Co. The
following officers were elected: Chairman, R. C. Alley;
Vice -Chairman, L. A. Bailey; Secretary -Treasurer, W. S.
Marks. May 24. Attendance 18.

University of Maine
Railroad Electrification, by W. N. Bearse. Illustrated with

motion pictures. May 12. Attendance 60.
Business Meeting. The following officers were elected: Presi-

dent, R. F. Scott; Vice -President, L. E. Lymburner; Trea-
surer, W. E. Creamer; Secretary, E. W. Jones. May 13.
Attendance 19.

Michigan State College
i Business Meeting. May 17. Attendance 24.

Induction Frequency Changer. May 24. Attendance 16.

University of Michigan
)v Mechanical Ideas in Electricity, by Prof. W. S. Franklin, Mass.

Inst. of Technology. May 17. Attendance 325.
The Electric Harmonic Analyser, by I. J. Sandorf. May 19.

Attendance 35.
Business Meeting. The following officers were elected: Chair-

man, L. J. Van Tuyl; Vice -Chairman, W. J. Poch; Secre-
tary, W. E. Reichle; Treasurer, 0. H. Anderson. May 26.
Attendance 17.
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School of Engineering of Milwaukee
The Development of the Public -Utility Idea, by A. F. Tegen,

Wisconsin Motor Bus Lines. June 7. Attendance 30.
University of Minnesota

Business Meeting. The following officers were elected: Chair-
man, G. C. Brown; Secretary, G. C. Hawkins; Treasurer,
A. P. Burris. May 26. Attendance 50.

Mississippi Agri. and Mech. College
Business Meeting. The following officers were elected: Presi-

dent, H. M. Stainton; Vice -President, B. W. Robins. May
18. Attendance 25.

Montana State College
Our Mechanical Slaves, by Edwin Winkler, and
New Radio Fraternity, by Harold Rivenes. May 6. Attendance

151.
Usefulness of Vacua, by John Percy, and
Electric Water Heating in Rural Districts, by Roy Newkirk.

May 20. Attendance 181.
University of Nebraska

A motion picture, entitled "Behind the Pyramids," was shown.
The following officers were elected: Chairman, W. A. Van
Wie; Vice -Chairman, R. D. Reed; Secretary -Treasurer,
Keith Davis. May 25. Attendance 40.

College of the City of New York
Business Meeting. The following officers were elected: Faculty

Chairman, Prof. Harry Baum; Student Chairman, Joseph
Leipziger; Vice -Chairman, David Ginsberg; Secretary,
A. H. Rapport; Treasurer, Julius Roth. June 6. Atten-
dance 12.

Newark College of Engineering
Business Meeting. The following officers were elected: Presi-

dent, E. S. Bush; Vice -President, C. P. Hurd. June 1.
Attendance 23.

University of North Carolina
Electrical Transients, by Prof. Daggett. May 12. Attendance

22.
Business Meeting. The following officers were elected: Presi-

dent, D. M. Holshouser; Vice -President, T. Griffin; Secre-
tary, W. C. Burnett; Treasurer, J. D. McConnell. May 26.
Attendance 27.

Northeastern University
Electrical Measurements, by E. S. Lee, General Electric Co.

April 26. Attendance 50.
Insulation, by Dr. Hollenagle, General Electric Co. May 31.

Attendance 36.
Ohio Northern University

Business Meeting. May 21. Attendance 27.

Oregon State College
Effect of Insulation Resistance on the Characteristics of an Artificial

Line, by 0. C. Doty, V. E. Rinehart and W. C. Wing;
A New Type of Rectifier, by N. M. Mekeel, and
A -C. Transients in Incandescent Lamps, by F. D. Crowther

and R. L. Earnhart. May 7. Attendance 100.
Meter Testing, by John Hertz, and
Electric Refrigeration, by Kenneth Martin. The following

officers were elected: President, John Hertz; Vice -President,
Kenneth Martin; Secretary -Treasurer, Richard Setterstrom.
May 25. Attendance 35.

Pennsylvania State College
Power Factor, by John Fink and G. C. Huggler. The following

officers were elected: Chairman, Carl Dannerth; Secretary,
W. J. Gorman; Treasurer, L. Hane. May 12. Attendance 47.

Stability of Transmission Lines, by A. Dovjikov, Westinghouse
Elec. & Mfg. Co. May 18. Attendance 110.

Rensselaer Polytechnic Institute
Business Meeting. The following officers were elected: Chair-

man, W. F. Hess; Vice -Chairman, R. T. Knapp; Secretary,
B. S. Morehouse; Counselor, Dr. Frederick M. Sebast.
May 10. Attendance 32.

University of Santa Clara
Business Meeting. The following officers were elected: Chair-

man, R. P. O'Brien; Vice -Chairman, N. K. Delaney; Secre-
tary -Treasurer, C. E. Newton. May 4. Attendance 28.
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University of South Dakota
TRH% bY Itielticy, Northwestern 'Bell Telephone Co. MayIS. A ttendanee 17.

Stanford University
Transformers and Their Manirfartnre, by W. C. Smith, I./moralElectric Co. Illustrated . NN th motion pictures. May 25.Attendance 23.
Business Meeting. Juno 1. Attendance 22.
Inspection trip to Oakland Plant of the cionorai Electric coJune .1. m tundaneu 31.

Syracuse University
History and Construction of the Edison Storage Buttery. April28. Attendance 23.
Electrolysis of Water Mains, etc., by V. A. Hilarov. May 5.Attendance 23.
Mercury -Arc Rectifier, Mr. L. Soderhohn, New York State Rail-ways, Inc. May 19. Attendance 23.
The Water Power Development at Niagara Falls, N. Y., by L.Bradbury, Niagara Falls Power Co. May 24. Attendance34.

University of Utah
New Developments in X -Rays, by F. J. Nicholes;
The Vitaphone, by R. N. Anderson;
Superpower, by W. S. Rigby, and
Power Factor of the Fynn-Weichsel Motor, by V. S. Thoinanderand 0. C. Haycock. April 28. Attendance 50.
Business Meeting. The following officers were elected: Chair-man, H. E. Larson; Vice -Chairman, C. E. White; Secretary,Junion Petterson. May 19. Attendance 20.

Virginia Mill t ;le% IutiiIIuIi
'hair-litisiner,s wiling. Th., raimii.

I isitrior.,.. Jun., 2.,,,,, I''. /;rinith; secrentry
AI tend:ince 1:1.

Washington and Lee University
Business Meeting. May 12. ALLifildittivii

Washington State College
Business Meeting. The following officers %%I TV 1.1111.111:

(kilt Ifarry kVall; jell-rn`Silli11 Vo% (Tett Martin; Secre-
tary, Erwin Peters; Treasurer, ( 'arlos Yerimi. May 1.Attendance 21.

Features of the SI Elvetrieol's Inxprelion
Sloan. May 18. A ttendance 25.

Washington University
A motion picture, entitled "Behind the Pyramids," was shown.

The following officers were elected: President, It. L. litilsho;
Vice -President, Melvin Black; Secretary, J. (G. Al itzunec,Jr. May 10. Attenda,nce 25.

University of Washington
Graphical Solution of Steinnwlz Equation fur Hysteresis Loss, byH. J. Scott, student, and
Largest A utomalic Hydro -Electric Station Constructed for the I'ulpand Paper Industry, by W. L. Thrailkill and Roy Crosby,students. June 7. Attendance 13.

West Virginia University
Annual Banquet. May 11. Attendance 42.

University of Wisconsin
Norberg Deiscl Engines, by H. M. Zoerb. The following officerswere elected: President, John A. Sargent; Secretary -Treasurer, L. V. Saari. April 28. Attendance 75.
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The library is a cooperative activity of the American Institute of Electrical Engineers, 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, f9 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 5 p. m.

BOOK NOTICES MAY 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 prefaceor the text of the book.
All books listed may be consulted in the Engineering SocietiesLibrary.

AIRCRAFT YEAR BOOK, 1927.
N. Y., Aeronautical Chamber of Commerce of America, 1927.

396 pp., illus., diagrs., maps, 9 x 6 in., cloth. $5.25.
As in previous issues, this year book supplies a review of

developments in civil and military aviation during 1926, to-gether with much statistical material and miscellaneous infor-
mation of value to those at work in this field. The reports
cover all phases of aviation, commercial, technical and historical.
ASTRONOMY; a text book.

By John Charles Duncan. N. Y., Harper & Bros. 1926.
384 pp., illus., 9 x 6 in., cloth. $4.00.

Although Professor Duncan's book is intended primarily as
a college text for beginners, it will be found highly satisfactory

by general readers who wish a general view of the science of thestars. The book is an excellently balanced, up to date accountof astronomy, which avoids difficult mathematical discussion andwhich is written in a clear, interesting style. The text is amplyillustrated by line drawings and many fine photographs.
BELASTUNG DES BAUGRUNDES. Collected from "Sparwirtschaft."

Wien, Osterreichischer Normenausschuss fur Industrie and
Gewerbe, 1927. 78 pp., illus., diagrs., S x 6 in., paper. Pricenot quoted.

This contribution to the study of the bearing capacity of soilscontains the discussions of the tentative standards of the Aus-trian Standards Commission which have appeared in "Spar-wirtschaft." It also contains the revised tentative standard fortests of bearing capacity which the Commission adopted inDecember, 1926.
THE BRIDGE TO FRANCE.

By Edward N. Hurley. Phila., J. B. Lippincott Co., 1927.338 pp., illus., ports., 9 x 6 in., cloth. $5.00.
Mr. Hurley became Chairman of the United States ShippingBoard and, ex -officio, President of the Emergency Fleet Cor-
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poration soon after the United States entered the war and
continued in office until the middle of 1919. Faced with the
tremendous task of acquiring and operating sufficient cargo -
ships to maintain an army in France, the Shipping Board
successfully surmounted the enormous difficulties before it.

Of these difficulties and of the methods taken to overcome
them he gives a most interesting account. Here are the stories
of the fabricated steel ship, of Hog Island, of the labor troubles,
of the convoy service and of the multitude of other problems
that arose. In addition the book gives much of interest upon
the naval, military, political and economic strategy of the Allies.

Although the book contains much detail, Mr. Hurley has
skilfully avoided a dry recital of statistics and technical details
and has produced an eminently readable, interesting book.
Interesting descriptions are given of many prominent personages
with whom he came in contact, and there is much comment
upon the political events here and abroad. The book is a decided
addition to the histories of the war.

DARSTELLENDE GEONIETRIE FUR MASCHINENINGENIEURE.

By Marcel Grossman. Berlin, Julius Springer, 1927. 236

pp., diagrs., 10 x 7 in., paper. 15.-r.m.
A college textbook which treats descriptive geometry from

the point of view of the designer of machines rather than from
that of the mathematician.

ELECTRICAL CONDENSERS.

By Philip R. Coursey. N. Y., Isaac Pitman & Sons, 1927.
637 pp., illus., charts; 9 x 6 in., cloth. $10.00.

The general purpose of this book, apparently the only one in
the English language devoted exclusively to the subject, is to
dispel any feeling that the condenser is too frail an instrument for
practical use by describing modern developments in its manu-
facture and many actual and possible industrial applications.

The book opens with a description of the fundamental proper-
ties of condensers, followed by a historical account of the early
discoveries and inventions. The essential electrical properties
of dielectrics which fit them for use in condensers are then set
forth and followed by formulas for calculating the electrostatic
capacity of condenser transmission lines, aerial and underground
cables. The uses of condensers in radio communication are then
discussed. The design and testing of condensers is then taken
up and followed by chapters describing many types utilizing
various dielectrics. The final chapters are devoted to the chief
uses of condensers. A valuable feature is a bibliography of over
two thousand articles.
DIE ELEKTRISCHEN EINRICHTUNGEN FUR DEN EIGENBEDARF

GROSSER KRAFTWERKE.

By Friedrich Titze. Berlin, Julius Springer, 1927. 160 pp.,
illus., diagrs., 9 x 6 in., boards. 12,-r. m.

A treatise upon the use of electricity in the operation of large
electric and hydraulic power plants, with special reference to
methods that cheapen the cost of power. The book discusses
methods for producing the necessary electricity, switching
apparatus, transformers, generators, motors, electrical machinery
in the boiler house and condensing plant, uses of electricity in
hydraulic plants, and electric heating in power plants.

FESTGABE CARL VON BACH.

Compiled by R. Bauman and others. Berlin, V. D. I.
Verlad, 1927. (Forschungsarbeiten auf dem Gebiete des
Ingenieurwesens, heft 295). 95 pp., illus., diagrs., port., tables,
12 x 9 in., paper. 14,-r. m.

In commemoration of the eightieth birthday of Dr. von Bach
a number ofhis former pupils and associates have published this
work, containing ten papers describing investigations in the
field with which his name has been so long identified.

The papers include an account of investigations into the
elasticity of Krupp special steels at temperatures from 20 deg. to
500 deg. cent.; an investigation of the effect of caustic soda and
various salts upon boiler plates; tests of the effect of temperature
upon the brittleness of steel and other metals; a summary of the
most important results of the investigations of changes in volume
of cement, concrete, etc., made at Stuttgart in the last twenty
years; an article upon the design of foundations for large poles
for electric lines; an investigation of the resistance of metals
to cracking; the results of tensile tests under sudden loads;
investigations of turbines, and a discussion of the crystallization
of cast iron.

FLUSSIGE BRENNSTOFFE.

By Hermann Jentzsch. Berlin, V. D. I. Verlag, 1926. 231

pp., illus., tables, 6 x 4 in., cloth. 4,50 r. m.
A pocket encyclopedia for practical men. The book gives a

clear, readable account of the properties of the usual liquid
fuels, of the methods of testing them and of the chemical and
physical phenomena of combustion. Particular attention is
directed to their use in internal-combustion engines.
HARVARD BUSINESS REPORTS, Vols. 2 and 3.

Compiled by the Graduate School of Business Administration,
Harvard University. Chicago & N. Y., A. W. Shaw Co. 1926-27.
2 Vols., 9 x 6 in., cloth. $7.50 each.

These volumes continue the series of cases illustrating business
problems begun in 1925. These cases show how actual firms
dealt with important matters of policy and form a valuable
collection of data upon good business practise, from which
business executives may draw hints for the solution of their own
difficulties. Commentaries are given with each case.

Volume two treats of a variety of topics. The cases in volume
three discuss marketing problems.

HYGIENE INDUSTRIELLE GENERALE.

By Leclerce Pulligny et Boulin. Paris, J.-B. Bailliere et
fils, 1927. (Traite d'Hydiene). 452 pp., illus., 10 x 7 in.,
paper. Price not quoted.

This volume, which is part of an exhaustive treatise upon
hygiene, discusses industrial hygiene in considerable detail,
and gives a good review of the subject. The various occupational
dangers to which workmen are exposed and the most effective
methods for combatting these dangers are described. Sections
are devoted to preventive and remedial measures, to medical
inspection and to legislation.

INSULATING OIL; a List of References (1900-1925) in the New
York Public Library.

Compiled by Arthur W. Fyfe, Jr. N. Y., New York Public
Library, 1927. 71 pp., 10 x 7 in., paper. $.50.

This bibliography will be very useful to all those interested
in the design and manufacture of electrical appliances (trans-
formers, switches, etc.) in which oil is used for insulating, cooling
or for extinguishing arcs. It contains references to all the books
and periodical articles on the subject, published between 1900
and 1925, which are in the extensive collection of the New York
Public Library.

Nearly seven hundred publications are included. The
list is chronological and good author and subject indexes are
given. Every entry is competently annotated. The price is
evidently well below the cost of the work.

JAHRBUCH DER ELEKTROTECHNIK, 1925.

Edited by Karl Strecker, Mun. u. Ber. R. Oldenbourg, 1927.
285 pp., 9 x 6 in., cloth. 16.-r. m.

The fourteenth volume of this year book reviews the periodical
articles on electrical engineering which appeared during the year
1925. The text is arranged in the fashion common to such
reference books, that of a classified connected account summar-
izing each article very briefly and giving a, reference to the
original publication. This makes it possible for the reader to
review very quickly the progress of .the year in any line. The
various sections are the work of different specialists. Over two
hundred magazines have been examined. Author and subject
indexes are included.

MECHANISCHE SCHWINGUNGEN UND IHRE MESSUNG.

By J. Geiger. Berlin, Julius Springer, 1927. 305 pp., illus.,
diagrs., 9 x 6 in., cloth. 24.-r. m.

This treatise on vibration is addressed to the needs of the
engineer rather than the physicist. The aim of the author is to
avoid abstruse mathematics and to emphasize the methods of
measurement and practical investigation.

After a general discussion of the theory of vibration, the more
important measuring instruments are described and their uses
explained. The methods of investigation and the interpretation
of the results are discussed. A chapter is devoted to remedies
for destructive vibrations in machinery and structures. The
final chapter describes some useful applications of vibration.
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OLD Ow \I isTitirts.

By 'Edgar F. Smith. N. Y., McGraw -hill Book ('o., 1927.S9 pp., ports., fue-sints., 10 x 7 in., clot h. $2.50.
Dr. Still t li adds another to his growing list of books upon earlychemistry i,i America and its practitioners. This time he callsattention in the hooks from which the founders of Americanchemistry nbtailwd their training. In a series of pleasant essayshe describes a number of the popular textbooks of the latterhalf of the eighteenth and the early nineteenth century and tellssomething about their authors. The book contains Hillisportraits.

PRACTICAL TELEPHONE HANDBOOK.
By Joseph Poole. 7th edition. N. Y., Isaac Pitman & Sons,1927. 870 pp., illus., diagrs., 7 x 5 in., cloth. $5.50.
The book gives a good account of the practise of the BritishPost Office in telephone engineering, with as much detail as canhe compressed into a book of moderate size. Intended primarilyfor employees of the service mentioned, it naturally emphasizesthe methods and apparatus used in Great Britain and will appealto American readers chiefly as a convenient description ofpractise abroad.
The author has revised this edition carefully and has ex -expanded and rewritten the text wherever necessary. In thishe has been assisted by several specialists.

REPAIR SHOP DIAGRAMS AND CONNECTING TABLES FOR INDUC-
TION MOTORS.

By Daniel H. Braymer and A. C. Roe. N. Y., McGraw-Hill
Book Co., 1927. 232 pp., 9 x 6 in., cloth. $2.50.

These diagrams and tables are not intended for designers butfor winders and repairmen who are called upon to lay out andconnect new windings or to reconnect existing windings forvoltage and other operating changes. To these workers thebook furnishes practical step by step instructions coveringdifferent types of winding for induction motors, two-phase andthree-phase, with from two to twenty-four poles. The diagramsare practical shop drawings, drawn upon a uniform basis andhave been proven usable by the average winder, throughseveral years of use.

ROMANCE OF CHEMISTRY.

By William Foster. N. Y., Century Co., 1927. 468
illus., 9 x 6 in., cloth. $3.00.

Professor Foster has attempted the difficult task of pre-senting the rudiments of chemistry to laymen in ordinary every-day language.- In this he has succeeded admirably. The bookpresents the subject with more system than most books intendedfor the general reader, but by a clear, direct style and by em-phasizing topics of general interest and importance, and bya due inclusion of human interest, the author has been able tomake the book very readable and to give a good picture of the
part played in modern life by the chemist.

SCHALTANLAGEN IN ELEKTRISCHEN BETRIEBEN, bd. 2.
By F. Niethammer. 2d. edition. Ber. u. Lpz., Walter de

Gruyter & Co., 1927. 97 pp., illus., 6 x 4 in., cloth. 1,50 r. m.
Describes briefly the switchgear used for handling largecurrents, especially that used in European power plants and

factories. Truck type switches, automatic control, substations,and open-air stations are discussed. There is a chapter onprotective devices.

SHORT HISTORY OF PHYSICS.

By H. Buckley. Lond., Methuen & Co., 1927. 263 pp.,
8 x 5 in., cloth. 7s 6d.

The object of the author "has been to present the theories of
modern physics as illustrative of scientific thought and as essen-
tially developments from the successes and failures of earlier
investigators." He traces the development of physical science
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By J. Poole. N. Y., Isaac Pitman & Sons, 1927 '.
commodities & Industries series). 120 pp.,

111111111.1-'..

'wninon
5 in.,cloth. $1.00.

A good short general Minble! ion to the indn,trii- 11,ahlivwith the eleet rival transmission of ilitelligenee, iiiiended forreaders with no special knowledge of electricity.
TREATIsE oN LIGHT.

By R. A. Houstoun. 5th edition. N. V., Longmans, I reeui& Co., 1927. 451) pp., illus., (haws., col_ plates, If x 6 in., cloth.
$4.20.

Dr. Houstnun has written a modern account, covering thewhole subject, which is distinguished by its excellent balance,systematic treatment and clarity of style. The hook is intendedfor students with some knowledge of physics and is an excel-lent beginning to more advanced study of light. This edition isbut little changed from the fourth.
DIE TROCKENTECHNI K.

By M. Hirsch. Berlin, Julius Springer, 1927. 366 pp.,illus., diagrs., plates in pocket, 9 x in., cloth. 31,80 r. m.
This new addition to the literature upon drying is of especialvalue for its thorough discussion of the scientific principles in-volved and for the numerical data that it provides the designerof drying processes.
The book is divided into two sections. In the first the authordiscusses the general physical principles of artificial drying, theheat balance of evaporation and of drying, the efficiency ofdrying, the graphic presentation of the condition of damp gasesand materials, interchange between damp gases and materials,data for the design of processes, the design of air -drying processes,the design of drying processes by heat transfer through heatedsurfaces, and the calculation of the energy consumed. Thesecond section discusses practise. The various methods arodiscussed, the machinery is described, and the use of the methodsfor drying many materials is explained.

UNDERGROUND SYSTEMS FOR ELECTRIC LIGHT AND POWER.
By T. C. Ruhling. N. Y., McGraw-Hill Book C'o., 1927.346 pp., illus., diagrs., tables, 9 x 6 in., cloth. $4.00.
A detailed description of practical methods for constructingunderground conduits and installing underground transmissionand distribution systems. The book is intended for youngengineers and for foremen of construction and is based upon theexperience of the author. Many practical "wrinkles" are shownand valuable cost data are given.

WIRELESS PICTURES AND TELEVISION.
By T. Thorne Baker. N. Y., D. Van Nostrand Co., 1927.188 pp., illus., diagrs., 8 x 5 in., cloth. $2.50.
Gives a concise account of efforts toward the transmission ofpictures to a distance. Describes the work of various investi-gators, the apparatus used and the results attained. Most of thebook is devoted to transmission over wire circuits, but there isa chapter on wireless transmission. Television is treated verybriefly.
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Under joint management of the national societies of Civil, Mining, Mechanical and Electrical Engineers cooperating

with the Western Society of Engineers. The service is available only to their membership, and is maintained as a coopera-

tive 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 Blv'de., Room 1736, Chicago, Ill., A. K. Krauser, Manager.
57 Post St., San Francisco, Calif., N. D. Cook, Manager.

MEN AV AI LA BLE.-Brief announcements will be published without charge but will not be repeated except upon

requests received after an interval of one month. Names and records will remain in the active files of the bureau for a

period of three months and are renewable upon request. Notices for this Department should be addressed to
EMPLOYMENT SERVICE, 33 West 39th Street, New York City, and should be received prior to the 15th day of

the month.
OPPORTUN I T I ES.-A Bulletin of engineering positions available is published weekly and is available to

members of the Societies concerned at a subscription rate of $3 per quarter, or $10 per annum, payable in advance. Posi-

tions not filled promptly as a result of publication in the Bulletin may be announced herein, as formerly.
VOLUNTARY CON T RI BUTI ON S.-Members obtaining positions through the medium of this service are

invited to cooperate with the Societies in the financing of the work by nominal contributions made within thirty days after

placement, on the basis of $10 for all positions paying a salary of $2000 or less per annum; $10 plus one per cent of all

amounts 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, will

it is hoped, be sufficient not only to maintain, but to increase and extend the service.
REPLIES TO AN NOU NCE M EN TS.-Replies to announcements published herein or in the Bulletin, should

be addressed to the key number indicated in each case, with a two cent stamp attached for reforwarding, and forwarded

to the Employment Service as above. Replies received by the bureau after the positions to which they refer have been

filled will not be forwarded.

POSITIONS OPEN
ELECTRICAL ENGINEER, thoroughly ex-

perienced in motor and motor -control design,
preferably gained in elevator industry. Must
be thoroughly familiar with slow -speed, a -c. motors
and controllers, and also with variable voltage
control. Records must show own successful
designs on this type of equipment. Apply by
letter. Location. Ohio. X -2255-C.

MEN AVAILABLE
ELECTRICAL ENGINEERING GRADU-

ATE, seven years out of college, with experience in
testing (0. E.), switchboards, substation design
and distribution design, desires position. B-8622.

INSTRUCTOR part time), 30, married,
electrical engineer, graduate of Electrical Engi-
neering course at Cooper Union, ten years'
experience in research laboratories of large electri-
cal concern, desires position as instructor of
mathematics or sciences in the evening. Location
preferred, New York City. C-1780.

DISTRIBUTION ENGINEER, 27, with four
years' experience in design and construction of
distribution systems and transmission lines, two
years General Electric test and transformer
design. American, married, speaks Spanish.
Now employed. Location immaterial. B-0780.

ENGINEER, 27, single, well M. I. T. trained
in E. E., also In mechanical and civil engineering.
Three years' experience previous to graduation,
and two years' experience with manufacturing
concern and public utility upon gradUation.
Business experience. Capable to produce good
results. Wishes position with manufacturing or
contracting concern. Available on short notice.
Location immaterial. C-690.

ELECTRICAL ENGINEER, honor graduate
of high standing university, married, two years
General Electric test, several years de=igning
a -c. and d -c. motors and generators, some experi-
ence substation design, desires position as designer
or maintenance engineer. Location, Central
or Eastern States, or with American concern in
Canada. Available on short notice. C-3080.

RURAL SERVICE ENGINEER, experienced
in distribution engineering and management, as
well as In rural extension work. Has been
unusually successful in building up good will and
revenue on rural lines. Capable of developing
rural service policy and directing operations.
Age 30, married. For past four years with large
public utility company In responsible positions.
0-3079.

GRADUATE ELECTRICAL ENGINEER,
31, married, twenty-six months commissioned
officer U. S. Army, eighteen months student
course Westinghouse, one year in power sales
department, and four years with large carbon
brush manufacturing company in charge of testing
and service. Experienced in application and
care of brushes on electrical machines. Location
preferred, South America. 0-3085.

RADIO ENGINEER, age 28, single, desires
permanent position with some reputable com-
pany. Ten years' experience all branches radio
engineering, design and repair work. Foreign
service preferred. WM appreciate correspondence.
Available August. C-3089.

ELECTRICAL ENGINEER, 25, three years
industrial, five years local distribution, some
business. Can take charge of small power plant
and its distribution systems, or fill responsible
position with large power or industrial company.
Location Immaterial. C-3101.

SUPERINTENDENT, with long experience
in the construction and operation of steam and
hydroelectric properties, now available. Will
accept either construction or operation. B-412.

CHIEF ELECTRICIAN, OR ASSISTANT
CHIEF, for industrial plants, public utilities or
consulting engineers, technical graduate, 39,
Also graduate two year 0. E. Company test
course. Over ten years' practical electrical
experience. Expert a -c. and d -c. trouble and
maintenance man, mostly 0. E. equipment,
some Jeffrey, and some Westinghouse. Location,
East or Southeast. Available August or Septem-
ber. 13-242.

LICENSED PROFESSIONAL ENGINEER,
M. I. T. education, with fourteen years' engineer-
ing and construction experience in the design of
power station, substations, phwer and lighting of
industrial buildings, appraisal of electric proper -
t les, desires a new connection with an engineering
organization doing big things, preferably in Now
York City. B-5303.

COMPETENT, EXPERIENCED ENGI-
NEER, available for position as executive,
manager, chief or assistant. Several years with
public utilities, hydroelectric and steam; design,
superintendence of construction with supervision
and control of staff; electrical, mechanical,
structural steel, electrochemical, refrigeration.
research, statistical and technical investigations:
several years manufacturing, estimating, sales
promotion. Accustomed position responsibility.
11-9279.

ELECTRICAL ENGINEER, 38, married,
eighteen years' broad experience testing, design
construction and supervision with well known
corporations, one year teaching. Desires per-
manent position with responsible company on
construction or operation. Available on short
notice. Location, United States, South pre-
ferred. B-1473.

ELECTRICAL SALES ENGINEER, 38,
with executive ability and real personality,
Yale graduate, married, desires an engineering
sales 'position. Has had twelve years' experience
in public utility work, power sales and engineering,
also three years' experience in operation of power
plants, electrical and mechanical construction,
and maintenance work in industrial plants.
Now employed. C-3093.

GRADUATE ELECTRICAL ENGINEER,
31, married, five years' varied experience in tele-
phone plant, desires position along engineering
lines. Philadelphia District preferred. C-3129.

ELECTRICAL ENGINEER, 29, assistant
chief engineer of large concern, desires responsible
position with engineering or manufacturing con-
cern in New York City or vicinity. Available
on three weeks' notice. B-7270.

ASSISTANT TO EXECUTIVE, 28, single,
experienced and trained in engineering, financial,
selling and general business work. College
graduate, engineer. Desires a new connection in
which his ability and energy may be fully utilized
as assistant to executive or to ll a gap in an
active organization. C-2973.

GRADUATE ELECTRICAL ENGINEER,
eleven years' experience in industrial plants.
designing, installations, maintenance of substa-
tions and electrical equipment, power generation,
efficient distribution, inspection, reports, esti-
mates and power factor improvements. Now in
charge of motor and testing departments Including
heat control devices. Well experienced in
design. Installation and maintenance of electric
heating, annealing and nu iting. 13-1576.

ELECTRICAL ENGINEER, Cornell gradu-
ate '24, desires employment along investigative
lines. Two and three-quarter years' experience
in engineering department of a large manufac-
turing firm Especially interested in transporta-
tion work. Married. At present employed.
Available on one month's notice. C-3102.

E LECT It ICA L ENGINEER, 34, married,
three years testing department, three years
construction and commercial departments, three
years drafting, calculations of transmission lino.
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ASSOCIATES ELECTED JUNE 23. 1927
ABBOTT, LAWRENCE W., Electrical Service.

Victor X -Ray Co., 2012 W. Jackson Blvd.,
Chicago, Ill.

ABRAMS, HAROLD MARTIN, Substation
Operator & Survey Man, Cleveland Electric
Illuminating Co., 75 Public Square, Cleve-
land; res., Cleveland Heights, Ohio.

ACCAltION, ANDRE, Testing Dept., General
Electric Co., Schenectady, N. Y.

ALTFATHER, CONRAD T., Engineer, Supply
Engineering Dept., Westinghouse Elec. &
Mfg. Co., East Pittsburgh, Pa.

ANDERSEN, FRANK N., Division Construction
Superintendent, Consumers Power Co.,
Saginaw, Mich.

ANDERSON, HAROLD R., Transmission Line
Construction Dept., Groat Western Power
Co., Oakland & San Francisco; res., Mary-
ville, Calif.

ANDERSON, WILLIAM' KIRBY, Draftsman,
Commonwealth Edison Co., 72 W. Adams St.,
Chicago, 111.

ANDREWS, CLARENCE A., Salesman,Westing-
house Elec. & Mfg. Co., Crocker 1st. National
Bank Bldg., San Francisco, Calif.

ANDREWS, JAMES MARION, Test Dept.,
Westinghouse Elec. & Mfg. Co., Sharon, Pa.

ANDREWS, JOHN, Jn., District Sales Manager,
Westinghouse Elec. & Mfg. Co., 1535 Sixth
St., Detroit, Mich.

ASHTON, RANDOLPH, Service Engineer,
American Brown Boveri Electric Corporation,
Camden, N. J.; res., Swarthmore, Pa.

ASTRIDGE, V. C., Superintendent, Guma Water
Works, Mashobra, Simla. India.

ATHANASON, NICHOLAS ARTHUR, Elec-
trical Engineering Dept., Commonwealth
Power Corporation, Jackson, Mich.

AUTENRIETH, HARRY, Substation Operator,
Commonwealth Edison Co., 7675 S. Chicago
Ave., Chicago, Ill.

,BAKER, HARRY W., Manager, Electric Machin-
ery Repair Dept., Denton Engineering &
Construction Co., 512 Southwest Blvd.,
Kansas City, Mo.

BARABAS, JOHN JOSEPH, Electrician Ap-
prentice, Pennsylvania Railroad, Trenton,
N.J.

BARNEY, HENRY PARD, Jn., Plant Wire
Chief, Chesapeake & Potomac Telephone Co.
of Va., 319 Commerce St., S. W., Roanoke,
Va.

MATES, FRANK M., Consulting Electrical
Engineer, Terminal Annex Bldg., Phila-
delphia, Pa.

BEAL, JOHN A., Maintenance Foreman, Unien
Gas & Electric Co., 667 West Front St.,
Cincinnati, Ohio.

BECHERER, MAX C., Draftsman, Motor
Drafting Dept., Westinghouse Elec. & Mfg.
Co., East Pittsburgh, Pa.

BECK, FRED JOHN, Research Engineer, Bell
Telephone Laboratories, Inc., 4113 West St.,
New York; res., Brooklyn, N. Y.

BECKWITH, JOSEPH B., Electrician, Louisville
Gas & Electric Co., 311 W. Chestnut St.,
Louisville, Ky.

BEHL, JOHN H., Electrical Engineer, S. & F.
Dept., Reading Co., 2821 Richmond St.,
Philadelphia, Pa.

BELL, LESLIE C., Chief Engineer, Illinois
Power & Light Corporation, Venice; res.,
East St. Louis, Ill.

BELLINGHAM, LOWELL C., Research
Engineer, Irvington Varnish & Insulator Co.,
10 Argyle Terrace, Irvington; res., Atlantic
Highlands, N.J.

BENNETT, ALBERT F., Checking Draftsman,
Commonwealth Edison Co., 72 W. Adams
St., Chicago, Ill.

BENNETT, ROY G., Sales Engineer, General
Electric Co., 84 State St., Boston, Mass.

BEST, IRVIN W., Assistant Chief Electrician,
El Paso Electric Co., Marvin Bldg., El Paso,
Texas.

*BLAKE, CLARENCE DODGE, Assistant
Distribution Operator, Edison Electric Illu-
minating Co. of Boston, 1165 Massachusetts
Ave., Boston; res., Dorchester Center, Mass.

*BLEVINS, EDWARD, Student Engineer,
Ponce Electric Co., Ponce, Porto Rico.

BONARDEL, LESTER F., Foreman Electrician,
Essex Power Station, Public Service Electric
& Gas Co., Newark; res., Irvington, N. J.

BOSS, EBEN H., Superintendent of Distribution,
Kansas Electric Power Co., 700 Mass. St.,
Lawrence, Kans.

BOYLE, GARRETT JOSEPH, Electrician, Glen
Alden Coal Co., Nanticoke Power Plant,
Scranton; res., Plains, Pa.

BRADY, RALPH WALDO, Engineer, Common-
wealth Edison Co., 2233 Throop St., Chicago,
Ill.

*BROWN, CHARLES ROBERT, Student En-
gineer, General Electric Co., 1 River Road,
Schenectady, N. Y.

BURKE, EDMUND F., Sales Engineer, Electri-
cal Engineering & Mfg. Co., 604 Mercantile
Library Bldg., Cincinnati, Ohio.

BURWELL, JuliN :1101i:4TE:111, Engineering
14e11.. Telephone Laboratories, Inc., 463
\1 t .1t., New York, N. Y.

('Al )W ALLA I /E , WILLIAM C., Construction
Dept., standard 1 'Illlerground Cable Co.,
17111 & Pike Sts., Pittsburgh; res., Craton,
Pa.

CALDWELL, FREDERIC CLIFFORD. Trans-
former Engineer, Ferranti Electric, Ltd.,
26 Noble St., Toronto, Ont., Can.

CALLIERA, ARMANDO, Testing Dept.. Gen-
eral Electric Co., Sobel:Wet ady, N. Y.

CAMERON, HUGH J., Insulation Engineer,
General Electric Co., 1325 Broadway, Fort
Wayne, Ind.

CAMPBELL, JOSEPH E., Plant Engineer, Bell
Telephone Co. of Pa., 416 Seventh Ave.,
Pittsburgh, Pa.

CARPENTER, LYMAN EDWAltD, Chief
Operator, 108th St. High -Tension Trans-
mission Terminal, Commonwealth Edison
Co., 76 W. Adams St., Chicago, Ill

CARROLL, ALF LINDSAY, Engineering Assis-
tant, Brooklyn Edison Co., Pearl & Wil-
loughby Sts., Brooklyn, N. Y.

CARSON, THEODORE H., Equipment Chief,
Western Union Telegraph Co., South Second
& Mulberry Sts., Harrisburg, Pa.

CASPER, THOMAS J., Electrical Construction
Foreman, California Portland Cement Co.,
Colton, Calif.

CASSIDY, ARTHUR It., Electrical Draftsman,
Union Oil Co., U. 0. Bldg., 7th & Hope Sts.,
Lds Angeles, Calif.

CHANIBERLIN, CHARLES W., Chief Electri-
cian. Public Service Electric & Gas Co.,
Essex Power Station, Newark; res., Kearny,N.J.

CHRISTIAN sEN, MANS PETER, Assistant
Engineer, Elevator Supplies Co., 1515 Willow
Ave., Hoboken, N.J.

CHURCH, RICHARD ARTHUR, Service Stat-
istician, Puget Sound Power & Light Co.,
7th & Olive Sts., Seattle, Wash.

CLOYD, LANUS WHEAT. Transmission Tester,
Southwestern Bell Telephone Co., Bell
Telephone Bldg., St. Louis, Mo.

CODE, WALTER WILMER, 1438 Madison St.,
Oakland, Calif.

CONLEY, WALTER J., Sales Engineer, Brown
Instrument Co., Wayne & Windrim Sts.,
Philadelphia, Pa.; res., Cranford, N.J.

COUP, CONSTANTINE J., Distribution Super-
visor, Duquesne Light Co., 8th Floor,
Duquesne Bldg., Pittsburgh, Pa.
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CREIGHTON, HAROLD CR ANDELL, Tester,
New York Edison Co., 92 Vandam St., New
York, N. Y.

CURTIS. PIERSON VIVIAN, Van Rensselaer
Hotel, East 11th St., New York, N. Y.

DARRIN, LAURENCE TOWNSHEND, Con-
sulting Electrical Engineer, 211 Otis Bldg.,
Philadelphia. Pa.

DAVIES, EDWARD H., Chief Operator, Com-
monwealth Edison Co., 11630 Front St.,
Chicago; res.. Homewood, Ill.

DAVIS, DAN B., Superintendent. Electric
Distribution, Counties Gas & Electric Co.,
Ardmore. Pa.

*DAVIS, HOWARD LAN GWORTHY. .1s.,

Technical Assistant, Philadelphia Electric
Co., 2301 Market St., Philadelphia; res.,
Glen Olden, Pa.

DAVIS, RALPH HARMOUNT, Sales Repre-
sentative, Westinghouse Elec. & Mfg. Co.,
East Pittsburgh. Pa.

DEPPE, R AYMON A EL, Testing
Engineer. Commonwealth Edison Co.. 72 W.
Adams St., Chicago, Ill.

DEVIN, WAVERLY C., Electrical Engineer,
Chester Valley Electric Co., Coatesville,
Pa.

DEWITT, PAUL H., Construction Engineer,
Illinois Power & Light Corp., 500 Compton
Bldg.. St. Louis, Mo.

DODDS, HARRY EDGAR, Engineer, Common-
wealth Edison Co.. 72 \V. Adams St., Chicago,

Ill.
*DODDS, ROBERT BENJAMIN, JR., Grad-

uate Student, Yale University, 10 Hillhouse
Ave., New Haven. Conn.

DOUGLAS, .10IIN, Designer, Turbo-Alternators
& Waterwheel Alternators, General Electric
Co., Witten. Birmingham, Eng.

DOW, CHARLES OLIVER. Electrical Drafts-
man, Electrical Controller & Mfg. Co.,

Cleveland. Ohio.
DOWELL, JAMES CR AWFOR D, Testing

Dept., General Electric Co., Schenectady.
N. Y.

DUER, CARL, Chief Equipment Inspector,
Western Union Telegraph Co., 605 Merchants
National Bank Bldg., Omaha. Nebr.

DLTIG N AN, HARRY E., Superintendent. Under-
ground Construction. Metropolitan Edison
Co., 16 S. 5th St., Reading, Pa.

DUMKE, WILLIAM CARL, Draftsman, Com-
monwealth Edison Co., 72 W. Adams St.,
Chicago, Ill.

EIPPER, WILLIAM A., Plant Manager. East-
ern Area, Bell Telephone Co. of Pa., 1631
Arch St., Philadelphia, Pa.

ELG, ERICH 0., Electrical Engineer. Copper -
weld Steel Co., 129 S. Jefferson St., Chicago.
Ill.

ELGIN. EZRA K., Substation Operator, Com-
monwealth Edison Co., 64 W. Randolph
St., Chicago, Ill.

ELLISON, MURL J., Engineer, Canadian &
General Finance Co., 357 Bay St., Toronto
2, Ont., Can.

ELLMORE, W. AUSTIN, Instructor in Physics,
Northwestern University, Evanston. Ill.;
Designing Engineer, Scanlon Electric Mfg.
Co., 1113-1119 N. Franklin St., Chicago. Ill.

ENCKE, LUDWIG, Assistnt Engineer. Electrical
Engineering Dept., N. H. & H. R. R.
Co., New Haven, Conn.

EVANS, HAROLD W., Chief Clerk, Brooklyn
Edison Co., 14 Rockwell Place, Brooklyn.
N.Y.

*EN-ANS, JAMES CARMICHAEL, Teacher,
Washington High School, 6th Ave. & 12th
St.. Miami, Fla.

EVANS, WALTER MONROE, Load Dispatcher.
Chicago, Milwaukee & St. Paul Railway Co.,
Coast Division, 102 S. 25th St., Tacoma,
Wash.

FAIRBANKS, STEWART JAY, Electrical
Engineer, Waterloo, Cedar Falls & Northern
Railway Co., Waterloo, Iowa.

FAY, CLARENCE EUGENE, Construction
Engineer, Bell Telephone Co. of Pa., 416
Seventh Ave.. Pittsburgh, Pa.

FEIN, MORRIS ELLISON, Assistant Engineer,
New York Edison Co., 130 E. 15th St.,
New York; res., Brooklyn. N. Y.

FELLER, EUGENE W.. Controlboard Operator,
Penn. Water & Power Co., Hoitwood, Pa.

FIFE, JAMES LYALL, Substation Operator,
Commonwealth Edison Co., 72 W. Adams St.,

Chicago, Ill.
*FISCHER, GEORGE HOWARD. Line Ex-

tension Estimator. Commonwealth Edison
Co., 72 W. Adams St.. Chicago, Ill.

FITZSININIONS, LAURENCE G., Division
Superintendent of Plant, Pacific Tel. & Tel.
Co., Room 518, 140 New Montgomery St.,
San Francisco, Calif.

FOWLER, FREDERICK RENIINGTON, Fore-
man Electrician, Big Creek Construction.
Southern California Edison Co., Big Creek.
Calif.

*FOWLER. WILLIAM JOIIN. Power Plant
Dept.. City of Jacksonville. Engg. Bldg.,
Jacksonville. Fla.

FRICK, DUDLEY H., Manager. Western
Electric Co., Detroit Distributing House.
1947 E. Kirby Ave., Detroit. Ntich.

FUNG, JOHN HAMILTON, Student, Electrical
Engineering Dept., Pratt Institute, Brooklyn.
N.Y.

GABREE, JOSEPH VICTOR. Investigating
Engineer, Western Electric Co.. Inc.. Haw-
thorne Sta., Chicago, Ill.

GALPIIiN, CLINTON BROWN, Engineer,
with J. E. Sirrine & Co., Greenville. S. C.

G A RETT, PORTER A.. Testing Engineer,
Commonwealth Edison Co., 72 W. Adams St..
Chicago. 111.

GARRIsON, FREDERIC GARRETT. District
(' lllll merrial Supt.. Compania Telefonica
National de Espana. Mita°. Spain.

GEARHART, SHELDON R., Assistant Electri-
cal Engineer. Pennsylvania Power & Light
Co., 135 N. Washington St., Wilkes-Barre;
res., Kingston. l'a.

GEARY. ELM ER A., Electrical Draftsman,
Wm. Cramp & sons S. & E. B. Co., Rich-
mond & Norris Sts.. Philadelphia. Pa.

G ELL. CHARLES FREDERIC, Substation
Operator. Commonwealth Edison Co., 7675
S. Chicago Ave.. Chicago. Ill.

GER DANC. FRANK G., Assistant Switchboard
Operator. Commonwealth Edison Co.. 1812
W. 22nd St.. Chicago, Ill.

0 RISSINGER. GEORGE GORDON. Electrical
Engineer. Westinghouse Elec. & Mfg. Co.,
East Pittsburgh: res.. Wilkinsburg. Pa.

GROSS, CHARLES MILTON. Assistant En-
gineer, Inside Plant Division. Common-
wealth Edison Co., 72 W. Adams St.. Chicago,
Ill.

GUSTAFSON, HARRY G. H., Draftsman,
Commonwealth Edison Co.. Edison Bldg.,
72 W. Adams St., Chicago. III.

HALLIGAN, BURDETTE JOSEPH, Assistant
Engineer in charge of Substation Mainte-
nance, New York Telephone Co., 140 West
St.. New York. N. Y.

HALVORSEN. CARL LUDVIG STABELL,
Assistant to Test Engineer. Otis Elevator
Co., Yonkers. N. Y.

HANNA. J. N., Electrical Repair Work., Robt.
Skeen Electric Works. 9th & Everett Sts.,
Portland, Ore.

HARRINGTON. FRED C.. Engineer. Common-
wealth Edison Co., 72 W. Adams St., Chicago.
Ill.

HARRIS. S. GRANT, JR., Salesman, Page &
Hill Co.. 814 Plymouth Bldg., Minneapolis,
Minn.

HASKELL, EBEN BROWN, Student Engineer,
Testing Dept., General Electric Co., Schenec-
tady, N.Y.

HATHAWAY, CLARENCE B., Electrical En-
gineer, Westinghouse Elec. & Mfg. Co.,
East Pittsburgh; res., Willdnsburg, Pa.

HENNY, IRWIN B., Superintendent of Substa-
tions, Edison Electric Co., Lancaster, Pa.

HILDEBRANDT, THEODORE FREDERICK,
Equipment Engineer, Now York Telephone
Co., 81 Willoughby St., Brooklyn; res.,
Richmond Hill, N. Y.

HILL, GEORGE H., Electrician, Westinghouse
Elec. & Mfg. Co.. East Springfield; res.,
Willimansett, Mass.

HOLLOWAY, CHESTER FRANKLIN, Sub-

station Operator, Commonwealth Edison
Co., 72 W. Adams St., Chicago, Ill.

HOLLYDAY, HENRY ROBINS, Structural
Detailer, Philadelphia Electric Co., 23rd &

Market Sts.. Philadelphia, Pa.
HOPKINS. IRWIN B., Electrical Designer,

Philadelphia Electric Co., 10th & Chesnut
Sts., Philadelphia. Pa.

HORIBE, SHIGETSUGU, Student Engineer,
International General Electric Co., Schenec-
tady. N. Y.

HUDDLESTON, JOSEPH LLOYD, Load Dis-
patcher, Ohio Power Co., Newcomerstown,
Ohio.

HUDSON, HERBERT HAROLD. Salesman,
Electric Storage Battery Co.. 25 W. 43rd St.,
New York; mg.. Brooklyn. N. Y.

HUDSON. HORACE LYLE, Resident Engi-
neer, Phosphate Rock Mines. American Agri-
cultural Chemical Co.. Pierce. Polk Co., Fla.

HUGH SON. CHARLES OLIVER. Wire Chief,
Southern Bell Tel. & Tel. Co.. Dunnelion,
Fla.

HUM M EL. LORIS K., Junior Engineer. Operat-
ing Dept.. Duquesne Light Co., Philadelphia
Bldg.. 436 Sixth Ave.. Pittsburgh, Pa.

II U NI I'll REY. HARTLEY CRAN STON, Trans-
mission Engineer, Vitaplione Corporation,
250 \V. 57th St.. New York. N. Y.: res.,
Nutley. N. J.

HYDE. MERRITT ANDERSON, .1a.. General
Engineer. Westinghouse Elec. & Mfg. Co.,
East Pittsburgh; mks., Wilkinsburg. Pa.

JABOOLIAN, EDWARD. Inspector. Gibbs &
Hill, Inc.. Field Office. Brooklyn, ros.. New
York. N. Y.

JACKSON. WAYNE CHESTER. 336 15th Ave..
San Francisco. Calif.

JAEGLE, WILLIAM HENRY, In charge of
Electric Underground Dept., Louisville Gas
& Electric Co., 731 W. Ormsby St., Louisville,
Ky.

JANSSON, ERIC OSKAR. Tester, Holtzer-
Cabot Electric Co.. 125 Amory St., Rox-
bury; res., Jamaica Plain, Mass.

*JOHN, STUART WEAR N E. Engineer. Sco-
field Engineering Co., Commercial Trust
Bldg., Philadelphia: res., St. Davids, Pa.

JOHNSON, CARL L., Electrical Engineer,
Transformer Enginering Dept., General
Electric Co., Pittsfield, Mass.

JOHNSON, JOSEPH LOCKMAN. Substation
Operator, Capital Traction Co.. Substation
No. 1. Rear 2107 14th St., N. W., Washing-
ton. D.C.

JONES, BENJAMIN D., JR., Assistant Watch
Electrician, Commonwealth Edison Co..
3501 S. Crawford Ave., Chicago. Ill.

KATO. MORIO, Kogakushi Director and Chief
Engineer, Hanshin Electric Railway Co.,
Amagasaki near Osaka, Japan.

*KAUFMANN, FRANKLIN W., General En-
gineer, Westinghouse Elec. & Mfg. Co.,
East Pittsburgh. Pa.

KEHOE, JOHN JOSEPH. in., Wire and Cable
Engineer, General Electric Co., Schenectady,
N.Y.

KEILIEN, SAUL M., Electrical Engineer,
International Business Machines Co., Endi-
cott; res., Binghamton, N. Y.

KELLIHER, THOMAS HARRY, Assistant
Test Engineer, Okonite-Callender Cable CO..
350 21st Ave., Paterson, N. J.

KELLOGG, WILLIAM McKINLEY, Instructor
of Electrical Engineering, University of
Arizona, Tucson, Ariz.
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KENN E DY, A RC IIIIIALD ROBE WI% ElpetriritiTester, Westinglumme Elec. & Mfg.
Pittsburgh; re's., Wilkinsburg, Pa.KEN NEN', JO SEPII LYTLR, cia' 'festal,

Switchboard Test, Westinghouse Elec. &Mfg. Co., East Pittsburgh, Pa.KENT, VERNE, Superintendent of Distribution,City Light Dept., Room 402, City Hull,
Tacoma, Wash.

KEYS, PA UL It D, Substation Operator,
Comnionwealt it Edison Co., 7102 S. Uni-versity Ave., Chicago, III.

KILKENNY. JOHN EARL, Chief Electrician,
Inman Poulson Lumber Co., Ft. E. Car-ruthers St., Portland, Ore.

KING, HARRIE JOHN, Electrical & Wireless
Engineer; Partner, King & Strut, 17 Hen-slowe Road, East Dulwich, London, S. E.22, Eng.

KINNEY, EDWARD EVERETT, Instructor,
Electrical EngineOring Dept., Michigan
State Coilege, East Lansing, Mich.

KINNEY, LOWELL K., Cable Engineer,
Commonwealth Edison Co., 72 W. Adams
St., Chicago, Ill.

KOLODZ1EJ, PAUL J., Distribution Engineer,
Public Service Electric Corp., 71 Murray
St., Elizabeth, N. J.

KRADEL, FRED L., Assistant Engineer, West
Penn Power Co., 14 Wood St., Pittsburgh;
res., Millvale, Pa.

KRAMER, LESLIE WILSON, Teacher, Elec-
trical Subjects, Board of Education, B St. &
Allegheny Ave., Philadelphia, Pa.

KRAUS, RUDOLF. Squad Leader and Checker,
Motor Drawing, Westinghouse Elec. & Mfg.
Co., East Pittsburgh, Pa.

KUBIK, EUGENE CLARENCE, Electrical
Distribution Dept., Union Electric Co.,
315 N. 12th Blvd., St. Louis, Mo.

KUCKES, HERMAN F., Electrical Engineer,
New York Central Railroad, 466 Lexington
Ave., New York, N. Y.

KUMMER, MARTIN THEODORE, First
Class Electrician, Public Service Electric
& Gas Co., Essex Power Station, Point -No -
Point, Newark, N.J.

LAMB, MARION DILLON, Draftsman, Com-
monwealth Edison Co., 72 W. Adams St.,
Chicago, Ill.

LAMBERGER, EDWARD H., Engineer, Gen-
eral Engineering Dept., Westinghouse Elec.
& Mfg. Co., East Pittsburgh, Pa.

LARSON, CHARLES JOSEPH, Substation
Operator, Commonwealth Edison Co., 72 W.
Adams St.., Chicago. Ill.

LATHROP, FRANK. Engineering Dept., South-
eastern Underwriters Association, Trust Co.
of Georgia Bldg., Atlanta, Ga.

LAZAN, (MISS) DEANY C., Assistant Branch
Manager, Simplex Wire & Cable Co., 2019
Union Trust Bldg., Cleveland, Ohio.

LEACH, EDMOND F., Supt., Ponce Electric
Co., Ponce, Porto Rico.

LEE, ROBERT E., Sales Agent, General Electric
Co., Tacoma, Wash.

LESLIE, JOHN 0., Chief Load Dispatcher,
Metropolitan Edison Co., 141 S. Seventh St..
Reading Pa.

LEVAN, WALTER A., Superintendent of Dis-
tribution, Interurban Lines, New York
State Railways, 1372 E. Main St., Rochester.
N. Y.

LEVY, ADOLPH, Substation Operator, Com-
monwealth Edison Co., 72 W. Adams St.,
Chicago. Ill.

LIFE, HAROLD G., Engineering Assistant,
Western Union Telegraph Co., 195 Broadway,
New York; res., Brooklyn, N. Y.

LIMPERY, WILLIAM JOHN, 55 Hanson Place,
' Brooklyn, N. Y.

LONG, CHARLES ERNEST, Hydro -Electric
Power Plant Operator, Puget Sound Power
& Light Co., Wenatchee; res., Leavenworth,
Wash.

LORENZ, A. NI Assistant Hoped
Public Light big Commission, Lis E. Al water
Mt., Detroit., NI lel'.

LYNCH, EDWARD D., Salesman, Westinghouse
Elec. & mtg. co., 152 Temple St., Now
Haven, (

LYNES, PRIMER! (31( C., Manager, Arizona
Edison Co., Y1111111, Ariz.

MACKAY, HEW NALD WILLIAM JOHN,
Engineer, ( ieneral Bugg. Dept., W (+mingle nise
Elec, & Mfg. Co., East Pittsburgh; res.,
Wilkinsburg, Pa.

MAO, ANTHONY, Radio Fieldman, Duquesne
Light Co., 800 Duquesne Bldg., Pittsburgh;
res., Wilkinsburg, I'a.

MARESH, EDWARD J., Checking Draftsman,
Commonwealth Edison Co., 72 W. Adams
St., Chicago, Ill.

MARSH, HARRY H., Jn., Superintendent,
Maintenance Substation Dept., Duquesne
Light Co., 435 Sixth Ave., Pittsburgh. Pa.MATZNER, TIIEOPHILE CARL. Junior En-
gineer, Commonwealth Edison Co., 2745
Lincoln Ave., Chicago, Ill.

MAYO, CECIL ROY, Field Engineer, Common-
wealth Edison Co.. 72 W. Adams St., Chicago,
Ill.

MAZANEC, WILLIAM, Junior Distribution
Engineer, Union Electric Light & Power Co.,
315 N. 12th St., St. Louis, Mo.

McELROY, CLAUD E., Draftsman, Common-
wealth Edison Co., 72 W. Adams St.. Chicago,Ill.

McGINNIS, ARTHUR, Teacher of Electrical
Subjects, Board of Education, City of Los
Angeles; San Pedro High School, 1221 Gaffey
St., San Pedro.

McGUIRE, WILLIAM HENRY, Electrical
Superintendent, Retsof Mining Co., Retsof,N. Y.

McILWAIN, HERBERT A., Division Plant
Superintendent, Delaware & Atlantic Tel.
& Tel. Co., 1631 Arch St., Philadelphia, Pa.McKINLEY, VICTOR LAWRENCE, Shop
Foreman, Electric Meters, Louisville Gas &
Electric Co., 731 W. Ormsby St., Louisville,Ky.

McLOUGHLIN, JAMES, Detailer, Under-ground Dept., Philadelphia Electric Co.,
2301 Market St.. Philadelphia, Pa.

McNITT, DONALD P., Lighting Division,
Department of Public Utilities, City of St.
Louis, Room 416. City Hall, St. Louis, Mo.

*MELTON, BENJAMIN STARR, StudentEngjneer, Gulf States Utilities Co., Port
Arthur, Texas.

MENZIES, JAMES AITKEN BROWN, Assis-tant Erection Engineer, American Brown
Boveri Corporation, Camden, N.J.

MERRILL, STANLEY 0., Switchboard Opera-
tor, Commonwealth Edison Co., 3501 S.
Crawford Ave., Chicago, Ill.

MERRYMAN, JAMES ARTHUR, Electrical
Tester, Westinghouse Elec. & Mfg. Co.,
East Pittsburgh; res., Turtle Creek, Pa.

METHFESSEL, HERMAN, Reporter. Evening
World. 63 Park Row, New York; res., Great
Kills, N. Y.

*MILNE, FREDERICK JAMES, Engineering
Apprentice, Hydro -Electric Power Com-
mission, 190 University Ave., Toronto 2,
Ont., Can.

MINOR, HERBERT HIBBIRD, Distribution
Engineer, San Joaquin Light & Power Cor-
poration, Room 702 Power Bldg., Fresno,Calif.

MISTERSKY, FRANK R., General Superin-
tendent, Detroit Municipal Plant, 137 E.
Atwater St., Detroit, Mich.

MOFFITT, GEORGE EDWARD, AssistantManager, Cable Installation Dept., The
Okonite-Callender Cable Co., Inc., 350 21st
Ave., Paterson, N. J.

MOONEYHAM, WILLIAM ANDERSON, Supt.
of Construction, R. H. Milton Electric Co.,
Greensboro, N. C.

MOOltE, RA oN D .1., Engineering Assistant,
Bell Teleph lllll Co, of Penna., itt:35 Arrit St.,
1.11111l(11,11)11111, Pit.

MOORE, V tilt 1 IL (1. ( COM-
1111,0410n of Pl11/111! )(irk s, Foot of Stalk Mt.,
Port , ore,

MORGAN, JAMES A., Superintendeni, Electri-
eat Dept., Carnegie Steel ('o., Edgar Thomson
Works, Braddock, Pa.

M U Y, EDWARD. Power Salesman, Puget
Sound I'olter & Light Co., 7th & Oily., Stn.,
seal t Iv, Wash.

*Al CUR A 1', CLARENCE AloFFITT, Jet.,
Si lidera, University of Washington. Seattle,

\1USTOE, ANTHONY QI :I NTU 5, Junior Pro-
tection Engineer, Duquesne Light Co., and
Floor, Philadelphia Bldg., Pittsburgh. Pa.

NA SON, PRANK L., Sales Manager, Westing-
house Eke. & Mfg. Co., 10 High St., Boston.
Al ass.

NEWCOMB, CU Vii DAVID, Inspectorof Auto-
matic Stations, British Columbia Electric
Railway Co., Ltd., Vancouver, B. C., Can.

NOLL, WILLIAM HENRY, Chief Operator,
Commonwealth Edison Co., 10845 S. Michi-
gan Ave., Chicago, Ill.

O'DONNELL, JOHN JOSEPH, Partner, Helt &
O'Donnell, 40 1st St., Portland, ()re.

O'KELLY. FRANCIS C., Sales Engineer,
General Electric Co., 650 17th St., Denver,
Colo.

OLMEDO, JOSE HERNANDEZ, Chief, Incharge of Technical Dept., National Tele-
graph, Mexico City, Mex.

OLSON, LEONARD WILLIAM, Street Light-
ing Engineer, Duquesne Light Co., Pitts-
burgh, Pa.

OKAZAKI, NAOTARO, Electrical Engineer,
Furukawa Electric Co.; Yokohama Electric
Wire Works, Yokohama, Japan.

PARSONS, JOHN SELBY, Designing Engineer,Supply Engineering Dept., WestinghouseElec. & Mfg. Co., East Pittsburgh; res.,
Wilkinsburg, Pa.

PARSONS, WALTER SAMUEL. Salesman,
Apex Rotorex Corporation, 24 W. 33rd St.,
New York, N. Y.; formai], Naugatuck, Conn.PECK, VINCENT SYLVESTER, Operator,
Commonwealth Edison Co., 515 S. Ashland
Blvd., Chicago. Ill.

PEDDICORD, WALTER EDWARD, Control
Engineer, Westinghouse Elec. & Mfg. Co.,
East Pittsburgh, Pa.

PERRONE, SALVATORE JOHN, Steam and
Electric Engineer, U. S. Government. Ellis
Island, New York; res., Brooklyn, N. Y.

PETERSEN, MELVIN L., Junior Engineer,
Commonwealth Edison Co., 72 W. Adams St.,
.Chicago,

PETERSON, P. IRVIN, Secretary of Complaint
Committee, Cutler -Hammer Mfg. Co., Mil-
waukee, Wis.

PETTEE, (MISS) FRANCES H., FloridaManager, Simple Wire & Cable Co., 1010
Barnett National Bank Bldg., Jacksonville,Fla.

PICKENS, BRACE MITCHEL, General En-
gineering Dept., Westinghouse Elec. & Mfg.Co., East Pittsburgh, Pa.

PILLAI, KAN NU SAMY THIAGARAJA.Scholar in Hydro -Electric Engineering,Madras Government, India; for mail. 109Acomb St., Whitworth Park, Manchester,Eng.
PILLAY, J. M. NATARAJA, Electrical Engineerin Charge, Kastoorchand Mills, Dadar,Bombay, India.
PRAY, RUTLEDGE P., President and Manager,

Goodwin -Pray, Inc., 102 Murray St.,. Newark; res., Elizabeth, N.J.
REBMANN, WALTER, Production Manager,

Franklin Porcelain Co., Norristown, Pa.
REED, RAYMON, Resident Engineer, Florida

Power & Light Co., Fort Myers, Fla.



July 1927 INSTITUTE AND RELATED ACTIVITIES 755

*REGINA, FRANK CHURc3HILL, Valuation
Dept., Southern Pacific Railroad Co., 1729
13th St., Oakland, Calif.

REID, CRAWFORD, Electrical Apprentice,
Puget Sound Power & Light Co., 1324
Western Ave., Seattle, Wa.th.

REI SIG, CARL FREDE LICK, Operator,
Niagara Falls Power ('o.. Canal Basin,
Niagara Falls; res., La Salle, N. Y.

RENICK, RODERICK DHU, EngineeringDept.,
Illinois Power & Light Corporation, 500
Compton Bidg., St. Louis, VI°.

RICE, IVAN S., Chief Sul ;station Operator,
Commonwealth Edison Co.. 72 W. Adams St.,
Chicago, Ill.

RICHTER, CHARLES WILLIAM, Laboratory
Assistant, Atlantic Refining Co., 3144
Passyunk Ave- Philadelphia; res., Darby,
Delaware Co., Pa.

*RITNER, FORD CONKLIN, Assistant En-
gineer, Relay Dept., West Penn Power Co.,
14 Wood St., Pittsburgh; res., Swissvale, Pa.

RITTER, EDWARD ADOLF, 107-28 112th St.,
Richmond Hill, N. Y.

ROBBIN S, W. L., Assistant Engineer, Puget
Sound' Power & Light Co., Electric Bldg..
Seattle, Wash.

ROBERTSON, ANDREW WELLS, President,
Philadelphia Company & Affiliated Corpora-
tion, 435 Sixth Ave., Pittsburgh, Pa.

*ROBINSON, HENRY GERALD, Traffic Dept.,
Pacific Tel. & Tel. Co., Telephone Bldg.,
Seattle, Wash.

ROKICKI, ALEXANDER JOHN, Assistant
Superintendent, Ponce Electric Co., Ponce,
Porto Rico.

RUBENSTEIN, MAX, Sales Engineer, Standard
Underground Cable Co., 1213 North Ameri-
can Bldg., Philadelphia, Pa.

RUNGE, ADOLPH, Local Field Engineer,
Public Service Electric & Gas Co., 323
Palisade Ave., Jersey City; res., West New
York. N. J.

SANDS, WILLIAM F., Engineering Dept.,
Atwater Kent Mfg. Co., 4700 Wissahickon
Ave.. Philadelphia; res., Norristown, Pa.

SCHABER, RALPH FREDERICK, Student,
Detroit Institute of Technology, 7414
Harper Ave., Detroit, Mich.

SCHARFF, MAURICE ROOS, Chief Engineer,
Pittsburgh Branch, Byllesby Engineering &
Management Corporation, 435 Sixth Ave.,
Pittsburgh. Pa.

SCHAUER, FRANK F., General Service
Manager, Duquesne Light Co., 435 Sixth
Ave., Pittsburgh, Pa.

SCHMERTZ, PERCY, Electrical Engineer,
Honolulu Iron Works Co., 165 Broadway,
New York; res., Whitestone, N. Y.

SCHMIDT, WILLIAM HENRY, Student En-
gineer, General Electric Co., Schenectady.
N. Y.

*SCHOMACKER, WILLIAM WICHMAN, En-
gineering Draftsman, Commonwealth Edi-
son Co., 72 W. Adams St., Chicago

SCHOMAKER, GEORGE EDWARD, Sales
Engineer & Director, Automatic Telephones,
Ltd.. Sydney, N. S. W., Aust.

*SCHUCHERT, JOS. S., Power Sales Engineer,
Duquesne Light Co., 453 Sixth Ave.. Pitts-
burg, Pa.

SCOTT, WALTER FRANKLIN, Assistant
Engineer, New York Telephone Co., 1060
Broad St., Newark, N.J.

SEELEY, HAROLD THOMAS, Switchboard
Engineering Dept., General Electric Co.,
6901 Elmwood Ave., Philadelphia, Pa.

SEYMOUR, CURZON, First Class Repairman,
Penn. Power & Light Co., Ashley; res.,
Wilkes-Barre, Pa.

SHERWOOD, HARRY BUTLER, Traffic Signal
Engineer, City of Seattle, County City Bldg.,
Seattle, Wash.

SHIRKEY, CHARLES 0., Operator, Common-
wealth Edison Co., 25th & Quarry Sts.,
Chicago, Ill.

SHIROSAKl, KYUHEI, Electrical Engineer,
Toho Electric Power Co., Marunouchi
Kaijo Bldg., Tokio, Japan.

SIMMONS, W. KELLY, District Manager,
Missouri Power & Light Co., Clinton, Mo.

*SMITH, MARSHALL E., Electrical Engineer,
Commonwealth Power Corporation, Jackson,
Mich.

SMITH, RODNEY JAMES, Electrical Inspector,
Dept. of City Transit, 1211 Chestnut St.,
Philadelphia, Pa.

*SMITH, WARD BINNINGER, District Man-
ager, S. Herbert Lanyon; Representative,
Lapp Insulator Co., 210 Transportation Bldg.,
Los Angeles, Calif.

SMITH, WILFRED WALTHER, Interference
& Protection Engineer, New York Telephone
Co., 1060 Broad St., Newark, N. J.

SMITH, WILLIAM ALOYS, Substation Opera-
tor. Commonwealth Edison Co., 72 W.
Adams St., Chicago,

SPARKS, LOSEY D., Switchboard Operator,
Commonwealth Edison Co., 72 W. Adams
St., Chicago, Ill.

STAHL, WILLIAM A., Assistant Engineer,
Missouri Pacific Railroad, 1095 Railway
Exchange, St. Louis, Mo.

STAPLEY, MERRILL LAWRENCE, Sub-
station Operating Engineer, Commonwealth
Edison Co., 72 W. Adams St., Chicago, Ill.

STEMPFLE, FREDERICK, Draftsman, Motor
Drafting Dept., Westinghouse Elec. &

Mfg. Co., East Pittsburgh.; res., Wilkinsburg,
Pa.

*STEWART, DONALD M., General Engineer,
Westinghouse Elec. & Mfg. Co., East
Pittsburgh, Pa.

STIGERS, GEORGE H. W., Substation Opera-
tor, Commonwealth Edison Co., 72 W.
Adams St., Chicago, Ill.

STILWELL, WILSON H., Acting Signal Engi-
neer, Louisville & Nashville Railroad Co.,
805 Louisville & Nashville Bldg., Louisville,
Ky.

STOLTE, HENRY J., Telephone Equipment
Engineer, New York Telephone Co., 360
Bridge St., Brooklyn; res. Ozone Park, N. Y.

STRAUSS, ALFRED, High Power Laboratory,
Westinghouse Elec. & Mfg. Co., East
Pittsburgh; res., Wilkinsburg, Pa.

SUNDIUS, HERBERT WILLIAM, Engineer's
Assistant, Southern New England Telephone
Co., New Haven. Conn.

SWEENEY, EUGENE JOSEPH, 372 Cleve-
land Ave. N., St. Paul, Minn.

TAYLOR, JEROME J., Graduate Student,
Johns Hopkins University, Baltimore, Md.;
res., Schenectady, N. Y.

THIES, FREDERICK ADOLPH, Engineering
Assistant, Brooklyn Edison Co., 360 Pearl
St., Brooklyn, N. Y.

THOMAS, GEORGE MILLARD, Valuation
Engineer & Appraiser, Coats & Burchard
Co., 844 Rush St.. Chicago, Ill.

THOMPSON, WILMER SNOVER, Junior
Engineer, New York & Queens Electric
Light & Power Co., Flushing, N. Y.; res.,
Bayonne, N.J.

THOMSON, PETER LAING, Draftsman, Com-
monwealth Edison Co., 72 W. Adams St.,
Chicago; res., River Forest, Ill.

*THOMSON, WILLIAM HAROLD, Electrical
Draughtsman, Detroit Edison Co., 2000
Second Ave., Detroit, Mich.

TINKER, WALTER, Assistant Control Engi-
neer, Electricity Dept., Shanghai Municipal
Council, Shanghai, China.

TOBUREN, JOHN 0., Instructor, Air Core
Technical School, 214 E. Champaign Ave.,
Rantoul, Ill.

TOIVONEN, EGON OSKAR, Tester, Wireless
Specialty Apparatus Co., Boston; res.,
Quincy, Mass.

*TREVINO, JOSE LEONARDO, Inspector,
Electrical & Telegraph Dept., National
Railways of Mexico, Mexico, D. F., Mox.

TRUDGIAN, WILLIAM, Salesman, Westing-
inghouse Elec. & Mfg. Co., 1052 Gas & Elec.
Bldg., Denver, Colo.

TUPPER, FREDERICK Mr.cDONALD, Dis-
trict Manager, Moloney Electric Co.,
Penn Athletic Club, Philadelphia, Pa.

TURNER, FREDERICK REUBEN, c/o J.
Barnes, 30 Fifth Ave., New York, N. Y.

TWEDDELL, ALAN ELLIDGE, Engineerhig
Assistant, Brooklyn Edison Co. Inc., 360
Pearl St., Brooklyn, N. Y.

TWYMAN, CLYVE FULLER, Foreman, Elec-
tric Meter Dept., Louisville Gas & Electric
Co., 731 W. Ormsby St., Louisville, Ky.

TZICHEVSKY, JOSEPH A., Manager, Dept.
of Electric Station Construction, U. S. S. R.
Government, Glavelsctro, Delovoi Dvor,
Moscow, U. S. S. R., Russia.

URNER, MARTIN JONAS, Assistant District
Engineer, Potomac Edison Co., Frederick,
Md.

VALENTINE, CARROLL EDWARD, Engi-
neer, Switchboard Engineering Dept., West-
inghouse Elec. & Mfg. Co., East Pittsburgh,
Pa.

VAN WYK, H., Service Clerk, Puget Sound
Power & Light Co., 7th & Olive Sts., Seattle,
Wash.

*VOLGOVSKOY, BORIS V., Test Engineer,
Union Gas & Electric Co., Front & Rose
Sts., Cincinnati, Ohio.

WAGNER, ELMER HENRY, Relief Chief
Operator, Commonwealth Edison Co., 72 W.
Adams St., Chicago, Ill.

WALKER, GEORGE A., Substation Operator,
Commonwealth Edison Co., 72 W. Adams
St., Chicago, Ill.

*WALTHER, AUSTIN, Mapper, Pacific Gas &
Electric Co., 923 Eleventh St., Modesto,
Calif.

*WARDLOW, HOWARD, Assistapt Designer,
Philadelphia Electric Co., 902 Chestnut St.,
Philadelphia, Pa.

WEBER, ANTHONY JOSEPH, Maintenance
Superintendent, Electrical & Mechanical,
Electric Steel Foundry Co., 24th & York
Sts., Portland, Ore.

WELFORD, OLE CHRISTIAN, Draftsman,
Westinghouse Elec. & Mfg. Co., East
Pittsburgh, Pa.

WERNER, A. F., Sales Engineer, Packard
Electric Co., 50 Church St., New York,
N. Y.; res., Newark, N. J.

WE STEN, WILLIAM H., Testing Engineer,
Commonwealth Edison Co., 28 N. Wacker
Drive, Chicago; res., Oak Park, Ill.

WHITWORTH, WILLIAM EDWARD, Mem-
ber of Technical Staff, Bell Telephone
Laboratories, Inc., 463 West St., New York,
N. Y.; res., Bloomfield, N. J.

WILD, EARLE, Operator, Commonwealth Edi-
son Co., 3400 N. California Ave., Chicago,
Ill..

WILDE, OSCAR A., Chief Electrical Draftsman,
Sun Shipbuilding. & Dry Dock Co., Chester,
Pa.

WILSON, DEAN, Electrical Draftsman, Pacific
Gas & Electric Co., 245 Market St., San
Francisco, Calif.

WILSON, HUGH ANDREW, Assistant Opera-
tor in Charge, Canadian Niagara Power Co.,
Ltd., Niagara Falls, Ont., Can.

WING, LESHER STILES, Engineer, California
Farm Bureau Federation, 802 Balboa Bldg.,
San Francisco, Calif.

WINTER, PAUL H., Construction Foreman,
Scranton Electric Co., Scranton, Pa.

WITT, EDWARD TEMPEST, Cadet Engineer,
Phoenix Utility Co., Miami, Fla.

WOHLAUF, RICHARD H., 606 W. 137th St.,
New York, N. Y.

WOOD, HARVEY A., Testing Engineer, Com-
monwealth Edison Co., 28 Wacker Drive,
Chicago. Ill.

WOOLLEY, S. L., Junior Engineer, Byllosby
Engineering & Management Corp., 435
Sixth Ave., Pittsburgh, Pa.
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WRIGHT, ALEXANDER 'MACKAY, Electrical
Engineer, Westinghouse Elec. & Mfg. Co.,
East Pittsburgh, Pa.

YOULE, B. JOSEPH, P. 0. Box 237, Brooklyn,
N.Y.

ZEPP, EUDOLPH, Junior Engineer, Conduit
Division, Commonwealth Edison Co., 72 W.
Adams St., Chicago; res., Oak Park, Ill.

ZONDERVAN, BAUKE, Electrical Engineer,
Western Electric Co., Hawthorne Station,
Chicago; res., La Grange, Ill.

Total 310.
*Formerly enrolled Students.

ASSOCIATES REELECTED JUNE 23, 1927
BORDEN, DOUGLAS CLARE, Draftsman,

Engineering Dept., Electric Bond & Share
Co., 65 Broadway, New York, N. Y.

FLAHERTY, BENJAMIN GUY, Electrical
Engineer, Puget Sound Bridge & Dredging
Co., 811 Central Bldg., Seattle. Wash.

FORD, WALTER S., Teacher, Drexel Institute,
32nd & Chestnut Sts., Philadelphia, Pa.

HARMONY, CHARLES ALLEN, Suburban
Division Superintendent. Puget Sound Power
& Light Co., Bothell, Wash.

HELT. OSCAR BROWN, Partner. Helt &
O'Donnell. 40 First St., Portland. Ore.

SAWYER, LEE ARTHUR, 726 Pennington St.,
Elizabeth, N.J.

STEVENS. EARL EVERETT, Testing Engineer.
Commonwealth Edison Co.. 72 W. Adams
St.. Chicago; res.. Elmhurst. Ill.

MEMBER REELECTED, JUNE 23, 1927
WADE, HENRY NAZER, President. Wade

Engineering Co., 1855 Industrial St.. Los
Angeles. Calif.

ASSOCIATE REINSTATED JUNE 23, 1927
SMITH. TRACY. Electrical Engineer, with

Hugh L. Thompson, Waterbury. Conn.

MEMBERS ELECTED JUNE 23, 1927
BASSETT. ALFRED J.. Asst. Engr., Brooklyn

Edisoa Co., Brooklyn. N. Y.
BOWSER. CLEVE, Narrows Auto -Sales Co..

Narrows, Va.
BURKE. THOMAS F.. Engineer of Car Equip-

ment, Interborough Rapid Transit Co.. New
York. N. Y.

BYLES, FRANK A.. Electrical Engineering.
General Electric Co.. Sehenectady, N. Y.

CLARKE. JOHN A. JR., Railway Equipment
Engineer, Westinghouse Eke. & Mfg. Co..
East Pittsburgh, Pa.

GUILLOU, A. V.. Assistant Chief Engineer.
California Railroad Commission. San Fran-
cisco. Calif.

HANCOCK. EDMUND W.. Bell Telephone
Laboratories. Inc.. New York. N. Y.

HART. HENRY C., Vice President and Chief
Engineer. Cuban Telephone Co., Havana,
Cuba.

JONES, HERN DON C., Senior Engineer.
BYllesbY Engg. & Management Corp..
Birmingham. Ala.

LEE.MING, HARRY H., Asst. Elec. Engr_,
Hydro -Electric Commission, Toronto, Ont..
Canada.

MARINO. RAPHAEL, Member of Technical
Staff. Bell Telephone Laboratories. New
York. N. Y.

MARTIN. GEORGE, Consulting Engineer.
Snook -Hillhouse & Co.. Columbus. Ohio.

PHILIPPS. FRANK R.. Vice President and
General Manager, Duquesne Light Co.,
Pittsburgh, Pa.

RICHARDSON. CHARLES LEPEL. Radio
Engineer. Canadian General Electric Co..
Ltd.. 2'24 Wallace Ave., Toronto. Ont., Can.

ROLLINS, NORMAN A.. Engineer. Industrial
Substations, Commonwealth Edison Co.,
Chicago. Ill.

SAMSON, DUNCAN A.. In charge. Power &
Construction Div., Dodge Brothers, Inc.,
Detroit. Mich.

SMITH, DWIGHT L., Electrical Engineer,
Chicago Rapid Transit Co., Chicago,

SQUIRES, H. 0., Operating Engineer, Illinois
Power & Light Corp., St. Louis, Mo.

TIMMS, MALCOLM C., Super -Tension Cable
Engineer, Siemens Bros. & Co., Ltd., London,
S. E. England.

WEST, DONALD C., General Engineer, Westing-
house E. & M. Co., East Pittsburgh, Pa.

WILCOX, HOWARD M., Section Engineer,
Circuit Breaker Engg. Dept., Westinghouse
E. & M. Co., East Pittsburgh, Pa.

WINCHESTER, LAURENCE S., Statistical
Engineer, Duquesne Light Co., Pittsburgh,Pa.

FELLOW ELECTED JUNE 23, 1927
VERNIER, CHARLES, Chief Engineer, Macin-

tosh Cable Co., Ltd.. Rice Lane. Walton,
Liverpool, Eng

TRANSFERRED TO GRADE OF FELLOW
JUNE 23, 1927

BARRON, JACOB T., General Manager, Elec.
Dept., Public Service Electric & Gas Co.,
Newark, N. J.

HALL, HARRY Y., Supt., Hell Gate Station,
United Electric Light & Power Co., NewYork.N.Y.

McCARTHY, J. B., Elec. Supt., International
Nickel Co. of Canada, Copper Cliff, Ont.. Can.

PEASLEE, W. D. A., General Manager, Daven
Radio Corporation, Newark, N.J.

TRANSFERRED TO GRADE OF MEMBER
JUNE 23, 1927

BAKER, DOUGLAS B., Vice -President and
General Manager, Standard Electrica, S.
A., Madrid, Spain.

BALL, FRANCIS L., Vice President. Fitchburg
Gas & Electric Co.. Boston. Mass.

BALL. WILMOT C., Research Dept.. Okonite
Callender Cable Co., Inc., Paterson. N. J.

BEAVERS. FRANKLIN J.. Distribution En-
gineer, Scranton Electric Co.. Scranton, Pa.

CALLAND, 0. C.. Chief In.spector, Ohio Insula-
tor Co., Barberton. Ohio.

CAMILLI, G., Electrical Engineer, General
Electric Co.. Pittsfield, Mass.

CURTIS, HARRY A., Chief Engineer and
General Manager, Hydro -Electric Dept.,
Hobart, Tasmania.

DAVID. BRUCE W., Chief Engineer. Sterling
Mfg. Co., Cleveland. Ohio.

DEANE. L. EARL, Engineer, American Presby-
terian Mission, Mulct par Yaounde. Cam-
eroun, West Africa.

DEWAR S, ALLEN 0.. Supt. of Research.
Northern States Power Co St. Paul. Minn.

DOHERTY, ROBERT E., Consulting Engineer,
General Electric Co., Schenectady, N. Y.

DONNELL, PHILIP S.. Dean of College of Engg.
and Professor of Elec. Engg.. University of
New Mexico, Albuquerque, New Mexico.

DOUGLASS. FOR REST S., Electrical Engineer,
Utilities Power & Light Corp.. Chicago, Ill.

EARLY, RUPERT N., Development Engineer,
Electric Machinery Mfg. Co., Nlinneapolis,
Minn.

EMORY. FRED I)., Electrical Engineer, Cali-
fornia Oregon Power Co., Medford. Oregon.

FRISBY, ROGER L., Electrical Engineer of
Stations, Kansas City Power & Light Co.,
Kansas City. Mo.

GOLL, WALTER SCOTT, Works Manager,
General Electric Co.. Fort Wayne, Indiana.

GRANFIELD, THOMAS H , Engineer of Costs
and Practises, Northwestern Bell Telephone
Co.. Omaha, Nebraska.

GREEN, ADONIRAM J., Electrical Engineer,
General Electric Co., Newark, N. J.

HALLORAN. HARRY It., Consulting Engineer,
National Electrical & Engineering Co.,
Wellington. N. Z.

HARRINGTON, J. L., Telephone Engineer,
Chesapeake & Potomac Telephone Co..
Washington. D. C.

HARTMAN, GEORGE, Supt., Hydro -Electric
Plant, The International Nickel Co. of Can-
ada, Turbine. Ont., Canada.

KENT, WALTER, Electrical Engineer, General
Electric Co., Fort Wayne, Indiana.

LANG, RICHARD H., Chief Operator, Con-
solidated Gas, Electric Light & Power Co.,
Baltimore, Md.

LLOYD, WILL L., Asst. to Consulting Engineer,
General Electric Co., Pittsfield, Mass.

LOCKETT, RALPH G., Electrical Engineer,
Cutler -Hammer Mfg. Co., Milwaukee, Wis.

LITNSFORD, ROBERT L., Power Equipment
Development Engineer, Bell Laboratories,
New York, N. Y.

MARTI, OTHMAR K., Chief Engineer in charge
of Design and Construction, American
Brown Boveri Elec. Corp., Camden, N. J.

METZ, LOUIS C., Assistant Engineer, Bell
Telephone Co. of Pa., Philadelphia, Pa.

MICKEY, BRUCE C., D. C. Engg. Dept.,
General Electric Co., Schenectady, N. Y.

MILLIKEN, HUMPHREYS, Chief Engineer,
Montreal Light, Heat & Power Consolidated,
Montreal, Canada.

MOULTON, JAMES S., Asst. to Executive
Engineer, San Joaquin Light & Power Corp.;
Special Engineer, Great Western Power Co.,
Fresno, Calif.

NORTH. CHARLES, Electrical Supt., City of
Kamloops. Kamloops. B. C., Canada.

PUCH STEIN, ALBERT F., Assistant Professor,
Elec. Engg. Dept., Ohio State University,
Columbus, Ohio.

PYE, HARVEY N., Assistant Chief Engineer,
Southeastern Underwriters Association, At-
lanta, Ga.

REED. EMERSON G., Asst. to Transformer
Dept. Engg. Manager, Westinghouse Elec.
& Mfg. Co.. Sharon, Pa.

SCHUHLER, ALBERT A., Sales Engineer and
Manager. St. Louis District, Holtzer-Cabot
Electric Co.. Chicago. 111.

SEBA ST. FREDERICK M., Associate Professor
of Eke. Engg., Rensselaer Polytechnic
Institute. Troy. N. Y.

SHAW, HENRY S., Secretary and Chairman of
Directors, General Radio Co., Cambridge,Mass.

SMITH, IItWIN F.. Distribution Engineer,
Duquesne Light Co., Pittsburgh. Pa.

SMITH. WILLIAM F., Asst. Electrical Supt..
Pacific Electric Railway Co., Los Angeles,
Calif.

STOCKWELL. FRANK CLIFFORD. Professor
of Electrical Engineering. Stevens Institute
of Technology, Hoboken, N.J.

THALHEIMER. J. J., Engineer. General Elec-
tric Co., Cincinnati, Ohio.

THORNTON. GEORGE C., District Manager,
West Virginia Engg. Co., Norton, Va.

TYSON, EDWIN H., Supt. of Meters, Penna.
Power & Light Co., Hazleton. Pa.

UNIAN SKY, L. A.. Electrical Engineer, General
Electric Co., Schenectady, N. Y.

VILsTRUP. ASGElt, Assistant Engineer, B. C.
Electric Railway Co., Ltd..Vancouver, B. C.,Canada.

WAGNER. EDWARD A.. Managing Engineer,
I fis t ribut ion Transformer Dept., General
Electric Co., Pittsfield, Mass.

WARRING, ROYAL C., Return Circuit Engi-neer. Eastern Mass. Street Railway Co.,
Boston, Mass.

WOOD, JOSEPH D., Division Engineer, Condit
Electrical Mfg. Corp., Boston, Mass.

WOODWARD, EDWARD B., Power Repre-
sentative, Public Service Elec. & Gas Co..
Camden, N.J.

WRIGHT. CHARLES A., Electrical Engineer,
Research 'Laboratory, National Carbon Co.,
Cleveland, Ohio.

WRIGHT. FRANK T., Chief Electrical Engineer.
Bombay, Baroda & Central India Railway,
Bombay, India.
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YAPP, LEON C., Engineer in Charge Contract
Service Dept., General Electric Co., Fort
Wayne, Indiana.
RECOMMENDED FOR TRANSFER

To Grade of Member
The Board of Examiners, at its meeting held

May 16. 1927, recommended the following
member for transfer to the grade of Member:
WARNER, EARLE E., Industrial Engineering

Department, General Electric Company,
Schenectady, N.Y.
APPLICATIONS FOR ELECTION

Applications have been received by the Sec-
retary from the following candidates for election
to membership in the Institute. Unless otherwise
indicated, the applicant has applied for admis-
sion as an Associate. If the applicant has applied
for direct admission to a higher grade than Asso-
ciate, the grade follows immediately after the
name. Any member objecting to the election
of any of these candidates should so inform the
Secretary before July 31, 1927.
Adams, William E., Elliott Engineer Co., Inc.,

Binghampton, N. Y.
Attmore, W. B., Victor Talking Machine Co.,

San Francisco, Calif.
Bender, L. L., Morganite Brush Co., Long

Island City, N. Y.
Berg, G., Westinghouse Elec. International Co.,

New York. N. Y.
Brinkler, J. S., General Electric Co., Lynn, Mass.
Cannon, D. L., Carolina Power & Light Co.,

Raleigh, N. C.
Carswell, H. L., A. B. See Electric Elevator Co.,

New York. N. Y.
(Applicant for re-election.)

Casten. W. G., 75 Lenden Blvd., Brooklyn, N. Y.
Coen, J. F., Wadsworth Elec. Mfg. Co., Detroit,

Mich.
Collett, C. S., Avalon Telephone Co., Ltd.,

St. Johns, Newfoundland
Corbett, E. L., Patent Lawyer, New York, N. Y.
Cunningham, J. A.. Iowa State College, Ames,

Iowa
Datum, G. J., Jebens Hdw. Co., Blue Island, Ill.
Devine, P. A., Iowa State College, Ames, Iowa
Ducote, C. H., Stone & Webster. Inc., Boston,

Mass.
Fillmore, J. M., Contractor, Norwich, Conn.
Franca, A., Brooklyn Edison Co., Brooklyn, N. Y.
Geis, H. W., New York Telephone Co., New

York, N. Y.
Goodwin, H. F., Jackson & Moreland. Boston,

Mass.
Gray, W. H., Columbia Steel Co., Elyria. Ohio
Green, C. H., Raytheon Manufacturing Co.,

Cambridge, Mass.
Gross, F. P., Central Public Service Co., Chicago,

Ill.
Grove, A. W., Gibbs & Hill, New York, N. Y.
Healy, K. T., Speen Street, Natick. Mass.
Hokanson, C. G., Jr., Bureau of Power & Light,

Los Angeles, Calif.
Holly, G. S., Newcombe -Hawley, Inc., St.

Charles, Ill.
Jeffrey, E. F., Western Union Telegraph Co.,

Cleveland, Ohio
Jewett, R. F., Western Electric Co., Keany, N. J.
Jones, C. N., Brown & Bailey Co., Philadelphia,

Pa.
Keene, R.. Mississippi Power & Light Co.,

Jackson, Miss.
Kelly, F. 0., Jr., Westinghouse Elec. & Mfg. Co.,

East Pittsburgh, Pa.

MacGuffie, C. I.,7General Electric Co., Schenec-

tady, N. Y.
Marks, 4. M., Crane Co., Bridgeport, Conn.
McLean, G. E., Power House, Stave Falls,

B. C., Can.
McLean, T., Cornell University, Ithaca, N. Y.
Mealy, E. G., Ohio Boxboard Co., Rittman, Ohio
Mills, B., Lapp Insulator Co., Chicago, Ill.
Montapert, A." A., Safety Elevator Corp., Los

Angeles, Calif.
Nye, H. E., Warner Bros. Pictures Corp., Holly-

wood, Calif.
Panzer, H. L., Williamsburgh Power Plant Corp.,

Brooklyn, N. Y.
Paton, R. E., Leeds & Northrup Co., Philadelphia,

Pa.
Rickard, E. M., Wedjet Tie Co., New York,

N. Y.
Rudge, W. J., Jr., General Electric Co., Pittsfield,

Mass.
Salton, L. V., (Member), with T. Eaton Co., Ltd.,

Winnipeg, Man., Can.
Schad, A. E., Westinghouse Elec. & Mfg. Co.,

Baltimore. Md.
Siegfried, A. H., (Member). Abastecedora de Luz,

Fuerza y Ague, Mazatlan, Sinaloa, Mex.
Smith, B. D., Sterling Varnish Co., Irvington,

N. J.
Snell, E. J., Public Service Electric & Gas Co.,

Metuchen, N. J.
Soltura, J. A., Asst. Chief Electrical Engineer,

Central Moron. Pina, Cuba
Stradling, H. M., Electrical Contractor, Indianap-

olis, Ind.
Taylor, P. L., Westinghouse Elec. & Mfg. Co,

East Pittsburgh, Pa.
Tracy, E. S., Jr., (Member), Electrical Engineer-

ing Co., Date City, Fla.
Ungerer, F. A., 2038 72nd St., Brooklyn, N. Y.
Walker, A. S., New England Power Co., Wor-

cester, Mass.
Wilson, I. C., Asst. Electrician, Lane Hospital,

San Francisco, Calif.
Young, R. A., Petroleum Engineering Corp.,

Bradford, Pa.
Total 56

Foreign
Buckland, L. G., with Herbert delCott Pty., Ltd.,

Melbourne, N. S. W., Aust.
Gopaliyengar, B. K., (Member), Sire, Mysore,

India
Inamulla, S. M., Water Works & Pumping

Station, Gaya, India
Lugo, F. A., Dimas Pineda & Co., Maracaibo,

Venezuela
Mohri, K., Okazaki Dento K. K., Okazaki,

Aichiken, Japan
Murata, Y., Nippon Gaishi Kabushiki Kaisha,

Atsuta-higashimachi, Nagoya City, Japan
Noble, H. J. G., Shanghai Municipal Council,

Shanghai, China
Ostline, J. E., (Member), Automatic Telephone

Mfg. Co., Liverpool, Eng.
Scott, A. T., (Member), Balfour, Beatty & Co.,

Ltd.. London, E. C. 4, Eng.
Tutton, P. A., Riegos 7 Fuerza del Ebro, S. A.,

Barcelona, Spain
Yoganandam, G., Indian Institute of Science,

Bangalore, India
Total 11.

STUDENTS ENROLLED
Althaus, Leland R., Ohio Northern University
Amoo. Lloyd R., So. Dak. State College of

A. &. M. Arts
Atkin, Robert, Brooklyn Polytechnic Institute

Ayres, Tom J., Stanford University
Bakker, Pier, So. Dakota State College of A. & M.

Arts
Barnett, J. M., Pennsylvania State College
Brown, Laurence T., University of Illinois
Cardillo, Joseph V., Virginia Polytechnic Institute
Churchill, Randolph P., Rensselaer Polytechnic

Institute
Cole, Bernard T., RensselaerPolytechnic Institute
Coleman, E. Emmons, University of Idaho
Craddock, Reginald V., Rensselaer Polytechnic

Institute
Cutts, Richard, Jr., Mass. Institute of Technology
Deaney, George T., Newark Technical School
Dewey, E. Bruce, So. Dakota State College of

A. & M. Arts
Dinovo, Mario F., Rensselaer Polytechnic

Institute
Dominguez, Jose D., Mass. Inst. of Technology
Dunn, Albion E., Virginia Polytechnic Institute
Farmer, Robert M., University of North Carolina
Farwell, Lyndon, Stanford University
Foster, Eugene A., University of Illinois
Fowler, Ralph R., University of Nebraska
Frey. Richard C., Stanford University
Garber, Wilbui A., Pennsylvania State College
Gill, George T., Rensselaer Polytechnic Institute
Goldbach, Frank, Newark Technical School
Gorflnkle, Meyer G., Mass. Inst. of Technology
Hall, Thomas S., State College of Washington
Harvie, Ralph A., University of British Columbia
Hendrick. Elvin G., Rhode Island State College
Henning, H. W., Engg. School of Milwaukee
Hoover, William G., Stanford University
Hultquist, John A., University of Colorado
Hupp, Raymond L., University of Illinois
Keith, Ted, University of Washington
Kuhn, J. Leonard, Newark Technical School
Lee, Chite, State College of Washington
Lindstrom, Henry L., Purdue University
Lootens, Charles L., Engg. School of Milwaukee
Lynde, Elliott D.. Syracuse University
Manning, Melvin L., So. Dakota State College

of A. & M. Arts
Martin, Merlin L., University of Wisconsin
McGraw, Clyde, University of Nebraska
Mitchell, Gary T., University of Arizona
Montgomery, Wardwell B., Univ. of Wisconsin
Moser, Robert P., Oregon Institute of Technology
Place, Porter, Purdue University
Reichle, Winfried E., University of Michigan
Richardson, Bruce M., Stanford University
Saari, Leonard V., University of Wisconsin
Sanborn, Charles A., Mass. Inst. of Technology
Sansone, Amerigo R., Lewis Institute
Schultz, Gustav J., So. Dak. State College of

A. & M. Arts
Smith, Russell E., University of Michigan
Sullivan, William L., Mass. Inst. of Technology
Summers, Claude M., University of Colorado
Svenson, J. Harold, University of Illinois
Tarpley, Raymond E., University of Illinois
Toth, Emerick, Newark Technical School
Van Tuyl, Laurance J., University of Michigan
Wallis, R. Clinton, Jr., Rice Institute
Weinfeldt, Sidney, Newark Technical School
Wideman, Norman E., University of Toronto
Wilkie, Harry, Montana State College
Willer, Fred W., Purdue University
Willis, Peyton T., Stanford University
Wolpert, Frederick S., Newark Technical School
Wright, Ralph C., Michigan State College of

Agr. & Applied Science
Young, John W., Virginia Polytechnic Institute
Ziegborman, Julius L., University of Colorado
Total 70.
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M. I. PUPIN

P. M. DOWNING
HERBERT S. SANDS
W. E. MITCHELL
ARTHUR G. PIERCE
W. P. DOBSON

President
C. C. CHESNEY

Junior Past Presidents
FARLEY OSGOOD

Vice -Presidents
H. M. HOBART
B. G. JAMIESON
GEORGE L. KNIGHT
H. H. SCHOOLFIELD
A. E. BETTIS

M. M. FOWLER
H. A. KIDDER
E. C. STONE
I. E. MOULTROP
H. C. DON Cmu.os
F. J. CHESTERMAN

National Secretary
F. L. HUTCHINSON

Honorary Secretary
RALPH W. POPE

LOCAL HONORARY SECRETARIEST. J. Fleming, Calle B. Mitre 519, Buenos Aires. Argentina, S. A.H. W. Flashman, Aus. Westinghouse Elec. Co. Ltd., Cathcart House,11 Castelreagh St., Sydney, N. S. W.. Australia.Carroll M. Mauseau, Caixa Postal No. 571, Rio de Janeiro, Brazil, S. A.Charles le Maistre, 28 Victoria St., London, S. W. 1. England.A. 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 Juneissue of the JOURNAL.)

GENERAL STANDING COMMITTEES AND CHAIRMENEXECUTIVE, C. C. Chesney
FINANCE, H. A. Kidder
MEETINGS AND PAPERS, E. B. MeyerPUBLICATION, L. F. Morehouse
COORDINATION OF INSTITUTE ACTIVITIES, Farley OsgoodBOARD OF EXAMINERS, Erich Hausmann
SECTIONS, Harold B. Smith
STUDENT BRANCHES, C. E. MagnussonMEMBERSHIP, L. S. O'Roark
HEADQUARTERS, G. L. Knight
LAW, W. I. Slichter
PUBLIC POLICY, Gano Dunn
STANDARDS, J. Franklin Meyer
EDISON MEDAL, Gano Dunn
CODE OF PRINCIPLES OF PROFESSIONAL CONDUCT, John W. LiebCOLUMBIA UNIVERSITY SCHOLARSHIP, W. I. Slichter
AWARD OF INSTITUTE PRIZES, E. B. Meyer
SAFETY CODES, J. P. JACKSON

ManagersWILLIAM M. MCCONAHEY
W. K. YANDERPOEL
H. P. CHARLESWORTH
JOHN B. WHITEHEAD
J. M. BRYANT
E. B. MERRIAM

National Treasurer
GEORGE A. HAMILTON

Name Chairman Secretary

SPECIAL COMMITTEES
ADVISORY COMMITTEE TO THE MUSEUMS OF THE PEACEFUL ARTS, J. P. Jackson
LICENSING OF ENGINEEPS, Francis Blossom
TECHNICAL ACTIVITIES, A. G. Pierce

TECHNICAL COMMITTEES AND CHAIRMEN
COMMUNICATION, H. P. Charlesworth
EDUCATION, P. M. Lincoln
ELECTRICAL MACHINERY, H. M. Hobart
ELECTROCHEMISTRY AND ELECTROMETALLURGY, George W. Y11111
ELECTROPHYSICS, V. Karapetoff
INSTRUMENTS AND MEASUREMENTS, A. E. Knowlton
APPLICATIONS TO IRON AND STEEL PRODUCTION, A. G. Pierce
PRODUCTION AND APPLICATION OF LIGHT, Preston S. Millar
APPLICATIONS TO MARINE WORK, G. A. Pierce
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, John B. Whitehead
TRANSPORTATION. J. V. B. Duer
ELECTRIC WELDING, J. C. Lincoln

A. I. E. E. REPRESENTATION
(The Institute is represented on the following bodies; the names of therepresentatives may be found in the June issue of the JOURNAL.)

AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE, COUNCILAMERICAN BUREAU OF WELDING
AMERICAN COMMITTEE ON ELECTROLYSIS
AMERICAN ENGINEERING COUNCIL
AMERICAN ENGINEERING STANDARDS COMMITTEE
AMERICAN MARINE STANDARDS COMMITTEE
AMERICAN YEAR BOOK, ADVISORY BOARD
APPARATUS MAKERS AND USERS COMMITTEE
BOARD OF TRUSTEES, UNITED ENGINEERING SOCIETYCHARLES A. COFFIN FELLOWSHIP AND RESEARCH FUND COMMITTEE
COMMITTEE ON ELIMINATION OF FATIGUE, SOCIETY OF INDUSTRIAL ENGINEERS
ENGINEERING FOUNDATION BOARD
JOHN FRITZ MEDAL BOARD OF AWARD
JOINT COMMITTEE ON WELDED RAIL JOINTS

OINT CONFERENCE COMMITTEE OF FOUR FOUNDER SOCIETIESLIBRARY BOARD, UNITED ENGINEERING SOCIETY
NATIONAL FIRE PROTECTION ASSOCIATION, ELECTRICAL COMMITTEENATIONAL FIRE WASTE COUNCIL
NATIONAL MUSEUM OF ENGINEERING AND INDUSTRY, BOARD OF TRUSTEES
NATIONAL RESEARCH COUNCIL, ENGINEERING DIVISION
NATIONAL SAFETY COUNCIL, ELECTRICAL COMMITTEE OF ENGINEERING SECTIONTHE NEWCOMEN SOCIETY
RADIO ADVISORY COMMITTEE. BUREAU OF STANDARDS
SOCIETY FOR THE PROMOTION OF ENGINEERING EDUCATION, BOARD OF INVESTI-GATION AND COORDINATION
G. S. NATIONAL COMMITTEE OF THE INTERNATIONAL

ELECTROTECHNICALCOMMISSION
U. S. NATIONAL COMMITTEE OP THE INTERNATIONAL ILLUMINATION COM-MISSION
WASHINGTON AWARD, COMMISSION OF

LIST OF SECTIONS

Akron A. R. Holden

Atlanta

Baltimore

Boston

Chicago

Cincinnati

Cleveland

Columbus

Connecticut

Denver

Detroit -Ann Arbor

Erie

Fort Wayne

Indianapolis -Lafayette

Ithaca

Kansas City

Lehigh Valley

Los Angeles

Louisville

Lynn

Madison

C. E. Bennett

W. B. Kouwenhoven

Hartley Rowe

K. A. Auty

W. P. Beattie

H. L. Grant

A. W. Janowitz

A. E. Knowlton

W. H. Edmunds

Harold Cole

F. A. Tennant

D. W. Merchant

J. B. Bailey

R. F. Chamberlain

R. L. Baldwin

W. E. Lloyd, Jr.

R. E. Cunningham

D. C. Jackson, Jr.

D. F. Smalley

E. J. Kallevang

H. L. Steinbach, Electrical Engi
neering Dept., Goodyear Tire
& Rubber Co., Akron, Ohio

W. F. Oliver, Box 2211, Atlanta,Ga.
R. T. Greer, Madison St. Building,Baltimore, Md.
W. H. Colburn, 39 Boylston St..Bostcn, Mass.
William Wurth, 1634 Peoples Gas

Bldg., Michigan Ave. at Adams
St., Chicago, Ill.

L. J. Gregory, Union Gas & Elec-
tric Co., Cincinnati, Ohio

W. E. McFarland, 720 Illumina-
ting Bldg., Cleveland, Ohio

E. A. Williams, 231 N. Fifth St.,
Columbus. Ohio

R. G. Warner, Yale University,
10 Hillhouse Ave., New Haven,
Conn

R. B. Bonney. Telephone Bldg.,
P. 0. Box 960, Denver, Colo.

F. H. Riddle. Champion Porcelain
Co., Detroit. Mich.

L. H. Curtis, General Electric Co..
Erie. Pa.

C. F. Beyer, General Electric Co.,
Fort Rayne, Ind.

C. A. Fay. 4206 Cornelius Ave.,
Indianapolis, Ind.

G. F. Bason, Electrical Engineer-
ing Dept., Cornell University,
Ithaca. N. Y.

S. M. De Camp. 510 Dwight
Bldg., Kansas City. Mo.

G. W. Brooks, PennsylvaniaPower & Light Co., 8th &
Hamilton Sts., Allentown, Pa.

L. C. Williams, H. W. Hellman
Bldg.. Los Angeles, Calif.

W. C. White, Southern Bell Tel.
& Tel. Co., Louisville, Ky.

Chas. Skoglund.River Works.Gen-
eral Electric Co.,W.Lynn, Mass.

H. J. Hunt, D. W. Mead & C. V.
Seastone, State Journal Bldg.,
Madison, Wis.

Name Chairman Secretary
Mexico

Milwaukee

Minnesota

Nebraska

New York

Niagara Frontier

Oklahoma

Panama

Philadelphia

Pittsburgh

Pittsfield

Portland, Ore.

Providence

Rochester

St. Louis

San Francisco

Saskatchewan

Schenectady

Seattle

Sharon

Southern Virginia

Spokane

Carlos Macias

H.L.VanValkenber
S B. Hood

C. W. Minard

E. B. Meyer

H. B. Alverson

E. R. Page

L. W. Parsons

Louis J. Costa

D. M. Simons

E. F. Gehrkens

J. C. Henkle

Edwin E. Nelson

Earl C. Karker

L. F. Woolston

D. I. Cone

S. R. Parker

R. E. Doherty

C. E. Mong

H. L. Cole

W. S. Rodman

Richard McKay

G. Solis Payan, Ave. Portales 89,
General Anaya, Mexico D. F.,
Mexico.

g R. G. Lockett, Cutler -Hammer
Mfg Co., Milwaukee, Wis.

M. E. Todd. University of Minne-
sota. Minneapolis. Minn.

N. W. Kingsley, 1303 Telephone
Bldg., Omaha, Nebr.

0. B. Blackwell, American Tel.
& Tel. Co.. 195 Broadway,
New York, N. Y.

A. W. Underhill. Jr., 606 Lafayette
Bldg.. Buffalo, N. Y.

C. C. Stewart, Oklahoma Gas &
Electric Co., Norman, Okla.

I. F. Mcllhenny, Box 413, Balboa
Heights. C. Z.

R. H. Silbert, 2301 Market St.,
Philadelphia, Pa.

W. C. Goodwin, Westinghouse
Elec. & Mfg. Co., East Pitts-
burgh, Pa.

C. H. Kline, General Electric
Co., Pittsfield, Mass.

J. E. Yates, Gasco Bldg., Portland,Ore.
F. W. Smith, Blackstone Valley

Gas & Electric Co., Pawtucket,
R. I.

Wade H. Reichard. General Ry.
Signal Co., 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 Telephones,
Telephone Bldg., Regina, Sask.

R. F. Franklin, Room 301, Bldg.
No. 41, General Electric Co.,
Schenectady, N. Y.

C. R. Wallis, 609 Colman Bldg.,P. 0. Box 1858, Seattle. Wash.L. H. Hill, Westinghouse Elec.
& Mfg. Co.. Sharon, Pa.

J. H. Berry, 1338 Rockbridge
Ave., Norfolk, Va.

James B. Fisken, WashingtonWater Power Co., Lincoln &
Trent, Spokane. Wash.
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Name Chairman
LIST OF SECTIONS-Continued.

Secretary Name

Springfield, Mass.

Syracuse

Toledo

Toronto

Urbana

L. F. Curtis J. Frank Murray, United Electric
Light Co., 251 Wilbraham Ave.,
Springfield, Mass.

C. E. Dorr F. E. Verdm, 615 City Bank
Bldg., Syracuse, N. Y.

0. F. Rabbe Max Neuber, 1257 Fernwood
Ave., Toledo, Ohio

M. B. Hastings F. F. Ambuhl, Toronto Hydro -
Electric System, 226 Yonge
St., Toronto, Ontario

J. T. Tykociner L. B. Archer, 301 Electrical Engi- Worcester
neering Lab., University of
Illinois, Urbana, Ill. Total 52

LIST OF BRANCHES

Chairman Secretary

Name and Location

Utah

Vancouver

Washington, D. C.

Chairman

B. C. J. Wheatlake D. L. Brundige, Utah Power &
Light Co., Box 1790, Salt Lake
City, Utah

R. L. Hall C. W. Colvin, B. C. Electric
Railway Co., 425 Carrall St.,
Vancouver, B. C.

C. A. Robinson L. E. Reed, Potomac Elec. Power
Co., 14th & C Sts., Washington,
D. C.

C. F. Hood F. C. Crosby, Morgan Construc-
tion Co., 15 Belmont St.,
Worcester, Mass.

Secretary
Counselor

(Member of Faculty)

Akron, Municipal University of, Akron, Ohio Lee J. Shaffer
Alabama Polytechnic Institute, Auburn, Ala T S. Lynch
Alabama, University of, University. Ala Sewell St. John
Arizona, University of, Tucson, Ariz J W. Cruse
Arkansas, University of, Fayetteville, Ark Carroll Walsh
Armour Institute of Technology, 3300 Federal St., Chicago, Ill M. T. Goetz
Brooklyn Polytechnic Institute, 99 Livingston St., Brooklyn. N. Y William Berger
Bucknell University, Lewisburg, Pa A. Fogelsanger
California Institute of Technology, Pasadena, Calif Thomas L. Dottier
California, University of, Berkeley, Calif F H. McCune
Carnegie Institute of Technology, Pittsburgh. Pa J R. Power
Case School of Applied Science, Cleveland, 0 G. J. Currie
Catholic University of America, Washington, D. C W. S. Sparks
Cincinnati, University of, Cincinnati, 0 C. W. Taylor
Clarkson College of Technology, Potsdam, N. Y H. J. Myrback
Clemson Agricultural College, Clemson College, S. C L R. Miller
Colorado State Agricultural College, Ft. Collins, Colo' Harold Newsome
Colorado University of, Boulder, Colo A D. Thomas
CooperUnion, New York, N. Y H. T. Wilhelm
Denver, University of, Denver, Colo Harold Henson
Drexel Institute, Philadelphia, Pa H. D. Baker
Duke University, Durham, N. C Oren Long
Florida, University of, Gainesville, Fla W. Stanwix-Hay
Georgia School of Technology, Atlanta, Ga W. M. McGraw
Idaho, University of, Moscow, Idaho J W. Gartin
Iowa State College, Ames, Iowa A G. Baumgartner
Iowa, State University of, Iowa City, Iowa . Theo. VanLaw
Kansas State College, Manhattan. Kans A M. Young
Kansas, University of, Lawrence, Kans Elmer Bayles
Kentucky, University of, Lexington, Ky R W. Spicer
Lafayette College, Easton, Pa Herbert Heinrich
Lehigh University, Bethlehem, Pa A. W. Staller
Lewis Institute, Chicago, Ill James S. Howe
Louisiana State University, Baton Rouge, La IC J. Ozment
Maine, University of, Orono, Me P E Watson
Marquette University, 1200 Sycamore St., Milwaukee, Wis R. M. Franey
Massachusetts Institute of Technology, Cambridge, Mass Constantine Bary
Michigan State College, East Lansing W. H. Bartels
Michigan, University of, Ann Arbor, Mich M. H. Nelson
Milwaukee, Engineering School of, 415 Marshall St., Milwaukee, Wis Joseph Havlick
Minnesota, University of, Minneapolis, Minn C H. Burmeister
Mississippi Agricultural & Mechanical College, A. & M. College, Miss H. M. Alford
Missouri School of Mines and Metallurgy, Rolla, Mo . H. H. Brittingham
Missouri, University of, Columbia, Mo V L. Tiller
Montana State College, Bozeman, Mont W. E. Pakala
Nebraska, University of, Lincoln, Neb H. H. Brown
Nevada, University of, 1.eno. Nev Kenneth Knnpf
Newark College of Engineering, 367 High St., Newark, N. J H. G. Patton
New Hampshire, University of, Durham, N. H T. C. Tappan
New York, College of the City of, New York, N. Y Harold Wolf
New York University, University Heights, New York, N. Y H. U. Hefty
North Carolina State College, Raleigh, N. C J W. Fagan
North Carolina, University of, Chapel Hill H. E. Thompson, Jr.
North Dakota, University of, Grand Forks, N. D Alfred Botten
Northeastern University, 316 Huntington Ave., Boston, Mass W. P. Raffone
Notre Dame, University of, Notre Dame, Ind W. C. Davis
Ohio Northern University, Ada, Ohio M. W. Heft
Ohio State University, Columbus, 0 A B. Crawford
Ohio University, Athens, Ohio Clarence Kelch
Oklahoma A. & M. College, Stillwater, Okla B Fonts
Oklahoma, University of, Norman, Okla G. B. Brady
Oregon Agricultural College, Corvallis, Ore F. D. Crowther
Pennsylvania State College, State College, Pa F F. Wilkins
Pennsylvania, University of, Philadelphia F H. Riordan, Jr.
Pittsburgh, University of., Pittsburgh, Pa M. G. Jarrett
Princeton University, Princeton, N. J John Reine
Purdue University, Lafayette, Ind H. L. Lindstrom
Rensselaer Polytechnic Institute, Troy, N. Y F M. Sebast
Rhode Island State College, Kingston, R. I G. A. Eddy
Rose PolytechnickInstitute, Terre Haute, Ind D. L. Fenner
Rutgers University, New Brunswick, N. J E C. Siddons
Santa Clara, U iiversity of, Santa Clara, Calif Lloyd Whitwam
South Dakota State School of Mines, Rapid City, S. D D. A. White
South Dakota, University of, Vermillion, S. D Stanley Boegler
Southern California, University of, Los Angeles, Calif Gilbert Dunstan
Stanford University, Stanford University, Calif A. V. Pering
Stevens Institute of Technology, Hoboken, N. J P. B. Wesstrom
Swarthmore College, Swarthmore, Pa T. C. Lightfoot
Syracuse University, Syracuse, N. Y G. F. Kern
Tennessee, University of, Knoxville, Tenn F N. Green
Texas, A. & M. College of, College Station, Texas C A. Altenbern
Texas, University of, Austin, Tex k. L. Mayfield
Utah, University of, Salt Lake City, Utah T I Farrell
Virginia Military Institute, Lexington, Va it P. Williamson
Virginia Polytechnic Institute, Blacksburg, Va R. M. Hutcheson
Virginia, University of, University. Va... R C. Small
Washington, State College of, Pullman, Wash Earl Munson
Washington University, St.. Louis, Mo R. L. Belshe
Washington, University of, Seattle, Wash C M. Murray, Jr.
Washington andtLee University, Lexington, Va R. E. Kepler
West Virginia University, Morgantown, W. Va 1 L. Smith
Wisconsin, University of, Madison, Wis John Sargent
Worcester Polytechnic Institute, Worcester, Mass b. A. Calder
Wyoming, University of, Laramie, Wyo Tohn Hicks
Yale University, New Haven, Conn 'W. W. Parker
Total 95

S. K. Worthen
P. E. Sandlin
3. M. Cardwell, Jr.
Audley Sharpe
W. H. Mann, Jr.
C. W. Schramm
Joseph Heller
J. D. Johnson
Allan E. Capon
A. G. Montin
R. 0. Perrin
R. C. Taylor
C. S. Daily, Jr.
W. C. Osterbrock
W. E. Turnbull
J. U. Wilson
Harold Groat

EA. Setter
. T. Reynolds

Alex A. Ohlson
R. S. Eininger, Jr.
W. C. Earnhardt
R. D. Ross
F. L. Kaestle
S. Blore

GB. Cecil
. J. Hartman

John Yost
Miss Lottye Young
C. D. McClanahan
Daniel Paul
J. Lloyd Dancy
0. D. Westerberg
E. P. Athens
R. F. Scott
E. T. Baldwin
E. A. Michelman
J. C. Phelps
H. R. Stevenson
W. H. Freisleben
J. H. DuBois
'B. W. Robins
E. J. Gregory
J. L. Egbert
J. A. Thaler
R. D. Reed
Clark Amens
C. H. Clarendon, Jr.
F. W. Hussey
A. H. Rapport
Henry Och
W. E. Mathews
W. ,N. Michal
Nels Anderson
John L. Clark
C. H. Schamel
P. W. Wadsworth
L. G. Stewart
Glen R. Smith
J. Robertson
H. C. Mitschrich
E. F. Reddy
C. C. Huggler
W. H. Hamilton
D. P. Mitchell
J. M. Myers
H. A. Hartley
W. C. Michels
C. F. Easterbrooks
W. F. A. Hammerling
W. H. Bohlke
W. P. Fisher
Harold.Eade
L. E. Crowell
Osborne Hatch
J. G. Sharp
G. E. Witham
W. F. Denkhaus
T. P. Hall
B. M. Gallaher
J. L. Pratt
G. E. Schade
M. L. Hoag
M. L. Waring
M. B. Cogbill
H. M. Roth
C. E. Peterson
J. G. Mazanec, Jr.
Roy H. Crosby
Bernard Yoepp
P. E. Davis
Leonard Saari
C. H. Kauke
Edward Joslin
J. W. Hinkley

J. T. Walther
W. W. Hill

I C. Clark
W. B. Stelzner
D. P. Moreton
Robin Beach
W. K. Rhodes
R. W. Sorensen
T. C. McFarland
B. C. Dennison
H. B. Dates
T. J. MacKavanaugh
W. C. Osterbrock
A. R. Powers
S. R. Rhodes
H. G. Jordan
W. C. DuVall
Norman L. Towle
R. E. Nyswander
E. 0. Lange
W. J. Seeley
J. M. Weil
E. S. Hannaford
J. H. Johnson
F. A. Fish
A. H. Ford
R. G. Kloeffler
G. C. Shaad

Morland King
J. L. Beaver
F. A. Rogers
M. B. Voorhies
W. E. Barrows, Jr.

WF. H. Douglas
. H. Timbie

L. S. Foltz
B. F. Bailey
John D. Ball
H. Kuhlmann
L. L. Patterson
I. H. Lovett
M. P. Weinbach
J. A. Thaler
F, W. Norris
S. G. Palmer
J. C. Peet
L. W. Hitchcock
Harry Baum
3.
G.

Lo
C. Cox

Arnold

P. H. Daggett
D. R. Jenkins
W. L. Smith
J. A. Caparo
I. S. Campbell
F. C. Caldwell
A. A. Atkinson
Edwin Kurtz
F. G. Tappan
F. 0. McMillan
L. A. Doggett
C. D. Fawcett
H. E. Dyche
Malcolm MacLaren
A. N. Topping
F. M. Sebast
Wm. Anderson
C. C. Knipmeyer
F. F. Thompson
D. W. Griswold
J. 0. Kammerman
B. B. Brackett
P. S. Biegler
T. H. Morgan
Frank C. Stockwell
Lewis Fussell
C. W. Henderson
Charles A. Perkins
C. C. Yates
J. A. Correll
J. F. Merrill
S W. Anderson
Claudius Lee
W. S. Rodman
R. D. Sloan
H. G. Hake
George S. Smith
R. W. Dickey
A. H. Forman
C. M. Jansky
H. A. Maxfield
G. H. Sechrist
Charles F. Scott
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NEW CATALOGUES AND OTHER PUBLICATIONS
Mailed to interested readers by issuing companies

Motors. --Bulletins 149 and 150, 4 pp. each, on the Wagner"66" and "76" small, single-phase, repulsion -induction typemotors. Wagner Electric Corporation, St. Louis, Mo.
Theatre Dimmers.-Bulletin 68, 32 pp. Describes WardLeonard vitrohm dimmers of the interlocking resistance type forthe complete control of theatre lighting. Ward LeonardElectric Company, Mount Vernon, N. Y.
Meter Switches.-Bulletin, 8 pp. Describes Wadsworthaccessible fuse meter switches. The Wadsworth ElectricManufacturing Co., Inc., Covington, Ky.
Traffic Signals.-Bulletin, 8 pp. Describes traffic signsand signals of various types. The A. G. A. Company, Elizabeth,N. J.
Distribution Transformers.-'Bulletin L20321, 8 pp.Describes Westinghouse distribution transformers, types SBand SKB for industrial applications. Westinghouse Electric &

Manufacturing Company, East Pittsburgh, Pa.
Motors.-Bulletin 144, 16 pp., describes Fynn-Weichselmotors. Treats of power factor problems and the use of the

Fynn-Weichsel motor for correcting poor power factor. Wagner
Electric Corporation, St. Louis, Mo.

Rates and Load Building.-This is the title of a 32 -page bul-
letin describing the development of the rate systems of central
stations and load building. Sangamo meters for current mea-surement are also described. Sangamo Electric Company,
Springfield, Ill.

Ball Bearing Data.-A series of new data sheets containing
information for engineers concerned with motor design or opera-tion. It is stated that some of this data has not heretofore been
published. Standard Steel & Bearings, Inc., Plainville, Conn.

Galvanometers.-Catalog 20, 40 pp. Describes the complete
line of L & N galvanometers. Among the instruments listed for
the first time are three designed to give extremely high current,
voltage, and energy sensitivity. The Leeds & Northrup Com-
pany, 4901 Stenton Airenue, Philadelphia, Pa.

Installation of Motors.-Motor Dealer's Power Manual
No. PM -7162, 20 pp. Deals with the mechanical installation
of electric motors and control. While this bulletin is primarily
intended for the information of G -E dealers, the information
contained therein should also be of interest and value to any user
of motors. General Electric Company, West Lynn, Mass.

Supervisory Control Equipment.-Bulletin 1780, 8 pp.
Describes the new Westinghouse panel mounted supervisory
control equipment, giving the outstanding installation features of
this apparatus. The publication discusses synchronous visual
type control, the audible -type control, the medium -frequency -
type of control and the direct -wire type. Westinghouse Electric
& Mfg. Company, East Pittsburgh, Penn.

NOTES OF THE INDUSTRY
Prices Reduced on G -E Transformers and Arresters.-

The General Electric Company has announced a 5 per cent
reduction in prices of distribution transformers and small power
transformers. This reduction is the sixth since 1920. On
certain types of large transformers, reductions which average
five per cent for this class of product have also been made.

Lightning arresters for transmission voltages up to 73,000
volts have been reduced approximately four per cent, and for
110,000 volts and higher, ten per cent. Arresters for distribution
circuits have been reduced from three to seven per cent.

Copperweld Steel Company to Move.-The Copperweld
Steel Company, Rankin, Pa., announces the purchase of a 20 -
acre mill site, improved with ten acres of substantial brick
buildings, at Glassport, Pa., just a few miles from the companys'

llllll lllllll 11111111111 0000

present location, at Rankin, Pa. The new plant will'enable the
company to consolidate all departments under one roof with a
continuance of the control of every stage of manufacture, from
raw material to finished product. Production will be main-
tained at the present Rankin and Braddock mills during the
installation of the most modern mill equipment in the newly
acquired buildings. It is planned to have the new mill com-
pleted and in full production January 1, 1928.

Lower Prices for Westinghouse Lightning Arresters.-
The Westinghouse Electric & Manufacturing Company has
announced price reductions on auto -valve lightning arresters,
which include a ten per cent reduction on the high -voltage station
type arresters; a reduction of five per cent on low -voltage station
arresters of 73 kv. and less, and a cut of from three to seven per
cent on type LV distribution a -c. arresters.

Conference on Simplification of One -Piece Porcelain
Insulators.-A simplified practise recommendation, covering
varieties of one-piece porcelain insulators, was adopted by a
general conference of the manufacturers and users of this com-
modity, held under the joint auspices of the National Committee
on Metals Utilization and the Division of Simplified Practise on
Friday, June 3, 1927. This program which will be identified as
Simplified Practise Recommendation No. 73, provides for a total
reduction from 272 varieties to 210, corresponding to an elimina-
tion of 22.4 per cent. The deletion of these items will take placein two stages. Twenty-three items will be deleted on the
effective date of the recommendation, October 1, 1927. The
remaining thirty-nine will, in the course of time, gradually be
dropped from production for it is anticipated that the trade will
progressively discourage their use.

While the conference frankly believed that further eliminations
could be made without embarrassing the industry, it stated that
this first application of the principles of Simplified Practise to
porcelain insulators was sufficient in scope to bring the industry
closer to the ultimate standards which will serve all interests best
at a minimum of expenditure. It was also the opinion of the
conference that the successful operation of Simplified Practise
Recommendation No. 73 would not only pave the way for further
reductions later on, but would also stimulate other branches of
the electrical industry to similarly clear out the superfluous
varieties of many of its commodities. This is the fourth project
to be passed through the regular procedure of the Department
of Commerce by the electrical industry.

Pursuant to the recommendation of the conference, the
National Committee on Metals Utilization will organize a
Standing Committee of the porcelain insulator industry, to
revise or otherwise review this recommendation once a year, for
the purpose of keeping it throughly useful and abreast of existing
conditions and advancement of the art of insulation.

The names of those in attendance at the conference were as
follows: George 0. Anderson, representing General Porcelain
Company, Parkersburg, W. Va.; Fred L. Bishop, Hartford
Faience Co., Hartford, Conn.; R. H. Dalgleish, American Electric
Railway Association, New York; L. W. Freeman, Truscon Steel
Company, Youngstown, 0.; George I. Gilehrest, Westinghouse
Electric & Mfg. Company, Derry, Pa.; H. R. Holmes, The R. H.Thomas & Sons Co., East Liverpool, 0.; W. A. Hyde, NationalAssociation of Purchasing Agents, New York; C. W. Kettron,Illinois Electric Porcelain Co., Macomb, Ill.; R.. S. Kirkwood,War Dept., Washington, D. C.; Alexander Maxwell, NationalElectric Light Association, New York; Jay R. Palmer, OhioBrass Company, Mansfield, O.; Joseph V. Patterson, FindlayElectric Porcelain Company, Findlay. 0; Capt. W. K. Synder,U. S. Marine Corps, Edwin W. Ely, representing NationalCommittee on Metals Utilization; A. B. Galt, Division ofSimplified Practise; Arthur Halsted, Bureau of Standards.
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"ONE THING WELL DONE "

Galileo - greatest astronomer and mathemati-
cian of all time-set before himself a rigid stand-
ard of devotion to one purpose: a lifetime of
study of the solar system and its infinite myster-
ies. His remarkable discoveries and calculations
are the foundation of all modern astronomy.
Establishing the principles of a modern
science-ELECTRICAL PROTECTION-has been

Cutter's sole enterprise since 1888. There can be
no gainsaying the fact that I -T -E Circuit Breakershave introduced-throughout the past 40 years
-a measure of safety, security and electrical
economy that has become a recognized standard
throughout the realm of industry and commerce.
"The Circuit Breaker Art of the World is what
we have made it."

CUTTER
A 6000 Ampere, 250 volt, 2;pole overload. solenoid
operated I -T -E Air Cifeillf Breaker installed in the
Chicago steel district. Equipped with Auto-Ite. or

mechanical non -closable -on -overload Jecaure to
protect equipment and employees and to

guard against production delays.

THE CUTTER COMPANY, EST. 1888

J

The "Handbook of the I -T -E Circuit Breaker"-,with its 263 pages of text, tables, charts and illus-trations on electrical protection- is worth
having. Your COPY Will be mailed

free on request.

505 N. 19th STREET-PHILADELPHIA

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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New Departure Ball
Bearing equipped electric
motors were specified on
this job because: First,
annual lubrication is suffi-
cient; Second, motor feet

5A3

Write for copy of "Cut-
ting Your Costs," non-
technical treatise on the
application of ball bearings
to electric motors: also,
"Booklet K," technical
treatise on the same sukiect.
Either or both sent on
request.

can be mounted at the un-
usual angle shown; Third,
the driven machines can be
mounted closely together on
the floor, as easy access to the
motor is not necessary.

New Departure Advantages and Economies
Are Money Savers in Electric Motors

Electric motors equipped with New Departure Ball
Bearings operate without friction and without wear con-
tinuously and uninterruptedly requiring lubrication only
once in 9 to 12 months.

Because of these superior advantages production is

increased at a substantial reduction of maintenance cost,
proving that New Departure Ball Bearings are more
economical than any other type of anti -friction bearing.

The New Departure Manufacturing Company
Detroit BRISTOL, CONNECTICUT Chicago

New Departure
au sitty

Ball Bearings
Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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DOSSERT
Solderless Connectors

are furnished in every re-
quired size and type for
conductors from No. 14 B &
S gauge, to large cables of
3,000,000 cir. mils. They
are the adopted standard in

Central Station Practice

<%,`.<<<
v.,

- < < o -

DOSSERT.
Solderless Connectors
Tests which have been made from
time to time by users of Dossert
connectors show that the connec-
tors run as at low temperature as
enabled by the wires connected
to them.

Send for C4atalog Twenty

Dossert & Company
H. B. LOGAN, President

242 West 41st Street, New York

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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75,000 V.
52/64

13,000 V.
9 x 5

64

33,000 V. 5,000 V.

23x9 6 x 5

64 64

27,000 V. 2,300 V.

18 X 12 4 X 3
64 64

Type CS.
27,000

22/64

600 V.

8/64

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. I. E. E. when writing to advertisers.
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LOCKE
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INSULATORS
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This book is more than a mere catalog. It isan invaluable textbook to any executive whois in any way concerned with high voltagetransmission. If you have not yet receivedyour copy, your name and address on a post-card will bring it to your desk.

LOCKE INSULATOR CORPORATION
BALTIMORE MARYLAND
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The Pioneer Transformer Manufacturer for
Cottrell Precipitation Installations

With the rapidly increasing use of pulverized fuel for
boiler firing, particularly in the large boiler plants of
public utility power houses, the emission from the stacks
of the powdered fuel ash is presenting a very serious
problem to the operating companies on account of the
nuisance resulting from passing this finely divided
material into the atmosphere and its inevitable deposit
on surrounding property.

Typical American Transformer for Cottrell Precipitation Process

The Cottrell Electrical Precipitation Process is a
guaranteed method of solving this difficult problem.

From the very beginning, the
American Transformer Company
has specialized in Cottrell Precipi-
tation Processes and is Known
throughout the United States as
the pioneer transformer manu-
facturer for this worK.
The largest mining and chemical companies have been
users of American Transformers for many years. Cot-
trell Precipitation Process Installations using American
Transformers with dates of installation are as follows:

A Few Typical Installations Still in Use After More
Than 10 Years' Service

Raritan Copper Works, Perth Amboy, 1914
Duquesne Reduction Co., Pittsburgh, Pa., 1914
Standard Oil Co. of N. J., Bayonne, N. J., 1915
Mineral Point Zinc Co., Mineral Point, Wis., 1915.
Union Carbide Co., Niagara Falls, N. Y., 1916.

Typical Installations Made Recently
During 1923

American Smelting & Refining Co.
Standard Oil Company of N. J.
Union Gas & Electric Co., Cincinnati
Union Smelting & Refining Co.

During 1924

Pennsylvania Salt Mfg. Co.
Hoyt Metal Co.
Baltimore Copper Smelting & Refining Co.

During 1925
St. Louis County Gas Co. .Tampa Gas Co.
Citizens Gas & Electric Co., Indianapolis North Shore Gas Co

During 1926-1927

Climax Molybdenum Co. Bird & Sons, Inc.
Ashland By -Products Coke Co. Semet-Solvay Co.
Wisconsin Gas & Electric Co. Lazote, Inc. and many others
U. S. Industrial Chemical Co.

Continuous production has been maintained since the
early development of this process.

If you are interested in this process for dust
recovery or smoke abatement, write us for

full information.

American Transformer Co.
176 Emmett St., Newark, N..I .

A special transformer for every industrial requirement
Please mention the JOURNAL of the A. I. I. 1.1. when wriling to ticlvertimerti.
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Weigh the value of
A Partial List of G -E Oil Circuit Breakers

TYPE

INDUSTRIAL TYPES

Interrupting
Capacities
(Amps. at

rated volts)

FP -115 110 to 550 I 50FP -110 110 to 550 50FK-20 2500 60 to 300
MANHOLE AND POLE TYPES

PP -104 7500 200FP -7 4500 to 15000 I 100 to 200FKO-37 15000 to 37000 400 to 600
SWITCHBOARD TYPES

FK-13 3300 200FK-5 600 to 7500 200 to 800FK-35 and 35Y 600 to 7500 400 to 800PK-12 15000 300 to 800FK-12B 4500 1500FK-132A and B 7500 to 15000 400 to 1200FK-32C 7500 to 15000 600 to 1200
STATION TYPES

FK-34A 4500 2000FK-25 600 to 2500 3000 to 5000PK-53B 15000 to 25000 400 to 2000FK-54 7500 600 to 1600
PH -103. 203 7500 to 35000 500 to 2000FH-206, 209 7500 to 35000 500 to 4000FHD-17 15000 600 to 5000FHD-21 15000 600 to 4000FK-230A 15000 to 25000 600 to 3000FHK-230B 15000 to 37000 600 to 3000
PK(0)-136A 25000 to 110000 400 and 800FK(0)-236A 15000 to 73000 400 and 800FHK(0)-236B 15000 to 88000 600 to 1200FK(0)-39A 110000 to 154000 800PHK(0)-39B 15000 to 220000 600 to 2000FHK(0)-39C 15000 to 220000 600 to 2000

400 to 500
I 400 to 500

1300 to 1650

2-10
240 to 400

1000 to 1500

1750
1400 to 15000
1700 to 20000
1000
4000
1500 to 5300
3600 to 8300

6500
7200 to 30000
2200 to 4600

10500

4700 to 32000
6700 to 69000

32000
50000
10700 to 30000
.18500 to 60000

1200 to 2300
2000 to 7000
3300 to 14000
2600 to 3300
2600 to 30000
3900 to 3S000

There's a G -E Breaker for every
application

Oil Circuit Breakers
-part of the complete line of
General Electric equipment

to control and protect
power generating and
distributing apparatus. Type FHK0-39, 132,000 -volt Oil Circuit Breaker

ENERALGENERAL ELECTRIC COMPANY, SCHENECTADY. N. Y.
Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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Engineering Analysis
Improvement of oil circuit breakers depends upon more

than experience in design and manufacture and the obser-

vation of operation and test. Engineering analysis is essential

if the information obtained is to be used to advantage.

G -E engineers use the data accumulated during thirty-two

years to acquire exact knowledge of oil circuit breaker
construction and requirements.

The value of this knowledge in designing new types and

sizes of G -E Breakers is notably demonstrated by the

success of the first 220,000 -volt breakers ever built; its value

to all G -E Breakers is demonstrated by the unequalled
operating record of the complete line.

Typo FHKO-39, 110,000 -volt Oil Circuit Breakers in the Wilson Substation of the North American
470.4System, Merced, California

LECTRICSALES OFFICES IN PRINCIPAL CITIES
Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.



10
A DV KRT ISINII SE( "I'l ON Jountril A. 1. E .E.

awe

lay
Tie the systems together

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
problem, and, if necessary,develop
the equipment required to deliver
reliable power in suitable form.

That means more power and longer distances. Howthese greater demands are being met withformers and protective and switching equipment isexemplified by the Wilson Substation shown in theillustration. Here, with a 90,000-kv-a. bank of G -Etransformers, two great networks have been unitedto establish the final link of a transmission line extend-ing the entire length of California.

General Electric enjoys the distinction of havingpioneered many of the developments in power trans-formers throughout the range of established ratings,always endeavoring to keep in advance of require-ments. Its original work in the development of othertransformer and accessory products is hardly lessconspicuous.

As a source of equipment for all transmission anddistribution work, General Electric offers a verycomprehensive service.

irransformerdsProdhtyucts
Standar of Qua

GENE
GENERAL ELECTRIC COMPANY,

4 1 0- 4

AL ELECTRICSCHENECTADY, N. Y., SALES OFFICES IN PRINCIPAL CITIES
Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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Type
D -13C

-and firm on its solid foundation, the
lighthouse calmly endures the on-
slaughts of storm driven seas.
It is the same principle of solid founda-
tion applied to the Condit type D-13 C
Oil Circuit Breaker in its staunch and
rigid steel frame that enables it to
withstand the stresses and strains
encountered in in the interruption of high
power circuits.

CONDIT ELECTRICAL MFG. CORPORATION
Manufacturers of Electrical Protective Devices

Boston, Mass.
Northam Elocr:c Cbmoony

Sole Distributors for the Dominion of Canada

SPECIFICATIONS: 1, 2, 3, and 4 pole, manually and electrically operated, 1200 amperes or less, 15000 volts, 600

amperes or less, 25000 volts. Interrupting capacity 2700 amperes at 15000 volts.

w

v :// ,,,, r /iii// 4i /

/

/ //
47.1

Please mention the JOURNAL of the A. 1. E. E. when writing to advertisers.
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RELIABILITY
rthe inherent advantages of truck-type equipment,Westinghouse adds the following:

Extremely strong construction.

Equipment which is thoroughly interlocked assuringcorrect operation at all times.

Automatic shutters covering all live parts when thetruck is removed.

Two -position secondary contacts which permit completetesting of equipment with primary contacts open.
Trucks and housings which are factory assembled andtested, and shipped as complete units. This means thatinstallation time and expense are cut to the minimum.

Westinghouse Electric & Manufacturing CompanyEast Pittsburgh Pennsylvania
Sales Offices in MI Principal Cities ofthe United States and Foreign Countries

Westinghouse
Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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E NITO
TRANSFORMERS

FERRANTI, INC. FERRANTI, LTD. FERRANTI ELECTRIC
130 W. 42ND STREET HOLLINWOOD LIMITED

NEW YORK ENGLAND TORONTO, CANADA

Please mention the JOURNAL of the A. I. E. E. when writing to advertimers.
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Lightning writes it

ik BREAKDOWN
91 KV.

4.5 KV.

a2.15 KV

I I I I

O so too
MICROSECONDS

Volt -time characteristic of G -E
pellet -type oxide film lightning
arrester, recorded by the Dufour
oscillograph

For more information
regarding the operation of
the Cathode -Ray Oscillo-
graph and data obtained by
its use, see the GENERAL
ELECTRIC REVIEW for
October, 1926, or send for
reprint No. GEA-549.

850
\ AMP.

0 50 100
MICROSECONDS

The Dufour Cathode -Ray Oscillograph,
adapted by General Electric engineers
to the photography of steep wave -frontelectrical transients

Ampere -time characteristic of G -E
pellet -type oxide film lightning
arrester showing the extremely
short duration of the current flow

GENERGENERAL ELECTRIC COMPANY, SCHENECTADY, N. Y.

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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sgnature
and verifies G -E arrester design

For the first time the protective characteristics of a
lightning arrester have been recorded, showing clearly
the volt -time, ampere -time, and volt-ampere curves.

Knowledge of what actually takes place inside an arrester
while it is discharging lightning is one of the things that
engineers have been seeking for many years. Part of that
knowledge was gained when General Electric built the
"Lightning Generator". Now the information has been
made complete by means of the Dufour Oscillograph, which
photographs with absolute fidelity the performance of the
lightning arrester under conditions which may be caused
by lightning.

By these exact scientific methods General Electric proves
the protective qualities of its lightning arresters.

Station -type oxide film arrester, for
high voltages

Pellet -type oxide film arresters of three dif-
ferent ratings. Built for voltages from 1000
to 50,000 volts

15

ELECTRICSALES OFFICES IN PRINCIPAL CITIES
Please mention the JOURNAL of the A. 1. E. E. when writing to advertisers.
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PRACTICE MAKES PERFECT

Eihe

22,000,000`'
WesternElectric

telephone

Back
of your

telephone

IT was finished only recently.
But it began well over a genera-

tion ago. It began, not in the shape
of a telephone, but in the shape of
an idea strong enough to be repeated
in 22,000,000 telephones - the idea
that every Western Electric tele-
phone must be as good as human
ability coupled with efficient ma-
chines could make it.

This ideal of the founders of the
business still inspires the workers of
today. That it will continue to be
their aim is one assurance that tele-
phone service in America will con-
tinue to maintain its supremacy.

tic
SINCE 1 8 8 2 MANUFACTURERS FOR THE BELL SYSTEM

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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HEWS

They enable you to give better service
Matthews Disconnecting Switches have made it possible for operating

companies to isolate trouble, or transfer load from one feeder or substation to
another, thereby rendering better service to the using public.

Matthews Disconnecting Switches are made of the best of materials and will
withstand large overloads. Their long life and dependability make them an asset
to any distribution system.

For more detailed information, write for Bulletin No. 502, or should you
prefer, our representative will be glad to call.

Your nearest Electrical Distributer will be glad to serve you on Matthews Products

W. N. MATTHEWS CORPORATION
3706 Forest Park Blvd., St. Louis, U. S. A.

82

Please mention the JOURNAL, of the A. I. E. E. when writing to advertisers.
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Answering P.H.N:'
Re:Transformer Location
Adequate ventilation is the most important consideration
when you select a location for self -cooled type transformers
which depend entirely upon the surrounding air to carry
away their heat. Inadequate ventilation may lead to short-
ened transformer life due to a rise of the ambient tem-
perature above the maximum for which transformers are
designed [usually 40° C. or 104° F.) and consequent oil
sludging and deterioration of the windings.
Transformers of this type are ordinarily located outdoors,
but even then care must be taken that they are not placed
in a constricted space between buildings or fences which
might prevent free air circulation.

When indoor installation is required, it is essential not
only that the room is well ventilated, but also that the
transformers are separated [at least 24" to 36" depending
on transformer size) from one another and from adjacent
walls, ceilings, partitions, etc., to permit free circulation
about the tanks.

Accessibility of the location for easy installation and in-
spection is another factor. Protection of the transformers
against tampering is also frequently an element in deter-
mining their location.

This is one of a series of answers to imPortant questions frequently
asked us -regarding transformer design, cons ructtion and operation.

"Where
shall I locate

these
transformers"

=MOT MYLMO
KUHLMAN ELECTRIC

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 Clybourn St.

CO., Bay City, Michigan
Minneapolis 1004 Marquette Ave.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.

N. W.York, Pa. 335 W. Market St.
Please mention the JOURNAL of the A. 1. E. E. when writing to advertisers.
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Irvington Substation, New York Central R. R.

The public rides on NCC Brushes
THOSE who go in and out of New
York City on the Hudson River
division of the New York Central
travel in trains supplied with
power from substations such as
this one at Irvington, where
National Pyramid Brushes' are
used. Here are three rotary

converters of General Electric
manufacture, which supply the
track feeder system from which
power is drawn not only by the
electric short haul trains, but also
by the electric locomotives that
pull such trains as the 20th Cen-
tury into Grand Central Terminal.

National
Pyramictikushes

NATIONAL CARBON COMPANY,
Carbon Sales Division

Cleveland, Ohio

CHICAGO ILL.
551 West Monroe St.

Phone: State 6092

Unit of Union Carbide and Carbon Corporation

Emergency Service Planes

PITTSBURGH, PA.
7th Floor, Arrott Power Bldg. No. 3,
Barket Place. Phone: Atlantic 3570

I N C.

San Francisco, Cal.

NEW YORK, N. Y.
357 West 36th St.

Phone: Lackawanna 8153

BIRMINGHAM, ALA.
1824 Ninth Ave. N.
Phone: 3-6091

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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SPANISH EDITION

A. I. E. E. STANDARDS

THIS SERIES of pamphlets, published by the Bureau of Foreign and Domestic
Commerce, consists of Spanish Translations of certain of the standards
promulgated by the American Institute of Electrical Engineers. These

specifications are commercially acceptable and represent good practice in the
United States.

The object of their translation and publication is to develop a broader knowledge
and use of the standards and to facilitate trade in electrical products between the
United States and Spanish-speaking countries.

AVAILABLE PAMPHLETS
1. General principles upon which temper-

a ure limits are based in the rating of
electrical machinery and apparatus.

5. Direct -current, rotating machines, gen-
erators, and motors.

7. Alternators, synchronous motors, and
synchronous machines in general.

8. Synchronous converters.
9. IndaCtion motors and induction ma-

chines in general. .

10. Direct and alternating current frac-
tional horse -power motors.

11. Railway motors.

13. Transformers, induction regulators, and
reactors.

14. Instrument transformers.
15. Industrial control apparatus.
16. Railway control and mine locomo-

tive control apparatus.
19. Oil circuit breakers.
22. Disconnecting and horn gap switches.
30. Wires and cables.
37. Illumination.
41. Insulators.

For convenience in filing or binding, the form and size of the English edition have been followed.

The price of each bulletin available is 10 cents,
except No. 1 and No. 14, which are 5 cents.

For sale by the
Superintendent of Documents, Government Printing Office, Washington, D. C.,

or any district office of the Bureau of Foreign and Domestic Commerce

1

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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Starting
Jordan

Engines
A hard job for ordinary starting equipment but one easily

handled by EC&M Automatic Compensators, which start the motors
correctly and connect them to full voltage at the proper speed.

Protection against overloads is provided with EC&M Overload
Protective Panels during the starting period as well as when the
motors are operating at full speed. The Compensator contacts,
opening under oil, are capable of handling excessive currents without
injury.

EC&M Automatic Compensators have all of their working parts
totally immersed in oil and each is sealed in a cast iron case. The
operation of these automatic motor' starters is unaffected by the
large quantities of water and steam so often present in a paper mill.

Write for Bulletin 1042-F

THE ELECTRIC CONTROLLER & MFG. CO.
NEW YORK -50 CHURCH ST.
CHICAGO-CONWAY BLDG.
DETROIT -DIME BANK BLDG.
BIRMINGHAM -BROWN -MARX BLDG.
CINCINNATI -IHNATIONAL BANK BR

CLEVELAND,OHIO
MONTREAL- DRUMMOND BLDG
LOS ANGELES -AMERICAN BANK BLDG
SALT LAKE CITY -228 W. SO.T EMPLE
TORONTO -RE FORD BLDG.

PHILADELPHIA-WITHERSPOON BLDG.

PITTSBURGH-OLIVER BLDG.
SAN FRANCISCO -CALL BUILDING
SEATTLE -570 COLMAN BLDG.

TU LSA-217E.ARCHER SI

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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72.31-4

SAFETY FIRST
T. safety of meters, relays and instru-

ments as well as the operators who work
with low potential circuits from instru-

ment transformers, is dependent upon the
insulation in the transformer which separates
the high potential primary from the low poten-
tial secondary.

SANGAMO transformers are safe because
in addition to being thoroughly insulated, [as
a part of the process of construction] every
SANGAMO transformer, when the windings
are completed, is placed in a closed vessel [see
illustration], all air exhausted leaving voids that
are later filled with insulating compound applied
with heat and pressure. The original high qual-
ity of the insulation is thus made permanent,
giving the best assurance that modern methods
can provide against contact with high potentials.

There is an extensive line of SANGAMO in-
strument transformers, each type designed for
a definite set of service requirements. Name
the conditions, we have the transformer.

Sangamo Electric Company
Springfield, Illinois

New York Boston Chicago Los Angeles San Francisco Birmingham

Type F25 Sangamo Current Transformer
with double secondary. This is only one of
a great number of types. Ask for bulletin.

INSTRUMENT TRANSFORMERS
Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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In rural electrification
ANACONDA HITENSO "BB" WIRE

reduces the risk of line failure
HITENSO "BB" is a high strength,

high conductivity wire suit-
able for long spans. Size for size it
has 77% of the conductivity of hard

copper, and 30% greater
strength. Compared with harddrawn
copper of equivalent conductance,
it has 60% greater strength. Hitenso
"BB" has the same density, modulus
of elasticity and temperature coeffi-
cient of expansion as copper.

Because of its combination of high
conductivity and great strength,
Hitenso "BB" Wire of small diameter
may be used for long spans. The

reduced surface exposed to wind
and sleet lessens the danger of line
failures and interrupted service.

Hitenso "BB" is as easy to handle as
copper, and both original construc-
tion and extensions can be made
with a minimum labor cost. It is
highly resistant to abrasion and the
effects of arcing.

An Engineering Department is main-
tained to assist electrical engineers
in the design of cables for special
conditions. You are invited to make
use of this service.

ANACONDA COPPER MINING CO.-THE AMERICAN BRASS COMPANY
Rod, Wire and Cable Products

General Offices: 25 Broadway, New York Chicago Office: III W. Washington St.

ANACONDA COPPER
BRASS it!-ti?7.Yt BRONZE

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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Graham -Anderson -Probst & White, Chicago Architects
John Griffiths & Son Co., Chicago - General Contractors
Hatfield Electric Co., Chicago - Electrical Contractors

The New UNION STATION f Chicago
wired with

American Steel & Wire
Company's

Americore
Rubber -covered Wire

fHE new Chicago Union Station -one
of the finest railroad stations in the

world, and Chicago terminal for four
great railroads is equipped with every
known practical convenience for the trav-
eling public. It is electrically wired
throughout, from foundation floor to roof
top with American Steel & Wire Com-
pany Americore Wire.

In selecting the hundreds of thousands
of feet of rubber covered electrical wire
needed for safely wiring this great new
Chicago railroad station, the most rigid
specifications were adopted. The fact that
American Steel & Wire Company wire
answered the specifications in every de-
tail, expresses most forcibly the uniform
and dependable quality of the product.

Let us send yo.0 an indexed catalogue and
handbook of Electrical Wires and Cables.
Estimates furnished promptly from any
of our offices in all of the principal cities.

SALES OFFICES
CHICAGO , . . 209 So. La Salle Street
CLEVELAND . . Rockefeller ReadaptDE ROIT . . Voot of First Street
CINCINNATI . Union Trust Blanding
MINNEAPOLLS-eST. PAUL .

llerehaata Nat'l Bask FlicSi..St.Paul
ST. LOU IS . . . . 606 Me Screet
KANSAS CITY . 417 Grand A
OKLAHOMA CITY . 'First Nat'l Bank r.
BIRMINGyAM piRromeeen trk Bldg.
MEMPHIS Union nod

DALLAS . . Praetorian Building
DENVER First National Bank Bldg.
SALT LAKE QTY. . Walker Bank Bldg.

FLY YORK . . . . Cborela Street
STUN . . . . . 111.6 Frankno Street

ITTSHURGH . . Frick Building
PHILADELPHIA . . Widener Building
ATLANTA . . . .101 Marietta Street
ViORCESTER . . . . 94 Grove SteetfiIIMSRE .tNAI

670 &lteott
WII.KES-BARRE . . Miners Pank Bldg.
SAN FRANCISCO Rialto Bldg.
 LOS ANGELES . 2637 E. Manson Ave.
PORTLAND . . 6th and Aider St.
SEATTLE . . 4.tb Are. So. & Con.. St.

United States Steel Products Company

Journal A. I. E. E.

FIBREX
TREE WIRE

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 Fibrexcreates 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 a wear -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.

SIVIEX \,ORE &CABLE @
MANUFACTURE Ft,

201 DEVONSHIRE ST.. BOSTON
CHICAGO SAN FRANCISCO NEW YORK

CLEVELAND JACKSONVILLE

Please mention the JOURNAL of the A. 1. E. E. when writing to advertisers.
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The quality of General Electric
cable is consistent with the
high standard of all products
identified by this monogram.

any voltage
any capacity
any duty

But one Quality
unexcelled

810 I

GENERAL ELECTRIC
GENERAL I I ECTRIC COMPANY, SCHENECTADY, N. Y., SALES OFFICES IN PRINCIPAL CITIES

Please mention the JCURNAL of the A. I. E. E. when -writing to advertisers.
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E.-

STEEL

TOWERS
and component parts

FOR ELECTRIC TRANSMISSION

AMERICAN BRIDGE COMPANY
71 Broadway, New York City

TOWER DEPARTMENT
Frick Building, Pittsburgh, Pa.

Offices in Principal Cities

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.. Stealer Building
CHARLOTTE, N. C., J. W. Fraser & Co.. Commercial Bank Bldg.
CHICAGO, Transelectric Co.. Inc., 140 So. Dearborn St.
COLUMBUS, 0., Engineering Merchandising Syndicate, 600 Joyce Realty Bldg.
DALL_AS, TEE., J. K. Webb, 1521 Commerce St.

KD tiVER, The 0. K Davidson Equipt. Co., 130 W. 14th Ave.
INDIANAPOLIS, W. D. Hamer Co., 518 Trac. Terminal Bldg.
KANSAS CITY, MO.. Power Machinery Co., 301 Dwight Bldg.
1.08 ANGELES, S. Herbert Ian on, 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. 609 New Call Bldg.
SYDNEY, AUSTRALIA. Chas. M. Terry.
WELLINGTON, NEW MAT.AND A C. Thomas.

Please mention

........ ..1101 ................. ..........
/Fp-. specuu

thomas
7

Quality
Insulators

for
Permanently
Dependable

SERVICE

THE R. THOMAS &- SONS CO.
East Liverpool, Ohio

New York Boston Chicago London

MANUFACTURERS OF INSULATORS
For 2,200 to 220,000 Volts

HIGH VOLTAGE PORCELAIN

Catalog

on request

CANADIAN PORCELAIN COMPANY
Limited

HAMILTON - ONTARIO - CANADA
Cable Address "PORCELAIN," Hamilton, Ontario

the JOURNAL of the A. I. E. E. when writing to advertisers.
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No. 662
Operating voltages

up to 8,000 volts

No. 661
Operating voltages

up to 6,600 volts

No. 401
Operating voltages
up to 40,000 volts

These Super -Glasses
give permanent insulation

STURDY super-glasses-not the fragile article
you use for ornamentation or in windows.

Thoroughly homogeneous, highly practical-cannot
absorb moisture, cannot deteriorate. PYREX
Power Insulators give permanent insulation.
Dept. R- J, Corning Glass Works, Corning, N. Y.

PYREX
T. M. Rcg. U. S. Pat. Off.

POWER INSULATORS
Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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THE STANDARD OF YEARS
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Construction of 50 k. v. and 73 k. v. Switches

2400 Block, Fulton St.

Hard service, storms, intense competition
have beat about it -but today it remains
the real standard.

(Write for our monthly publication)

BIWA& QIN

Chicago, Illinois

g. -

The New

THONER & MARTENS
_-_

underslung outdoori.-

E E
disconnecting switch E-

E-
P_E
E -THE standard T & M underslung outdoorisE--disconnecting switch, 800 amp., now g

E
g equipped with choke coil.

Working pressure is 22,000 volts, dry flush
is over 88,000 volts and wet flush over
55,000 volts.

E
P_Other T & M features are the Bolt type

E
E lock and new sleet cover.
E g

Write for further details 'g
E E -

E g
THONER & MARTENSg- g

463 Commercial St., Boston, Mass., U. S. A.
= E

Allummunominiiiiiiiumminuniiiiiiiiniumiiiiiiminiiiiiiimminiiimmilimiliiiiiiiiiiiimiliniumminimo

Please mention the JOURNAL of the A.

Journal A. I. E. E.

K -P -F POLE -TOP SWITCHES

E --

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 X106 covers this equipment in detail
K -P -F ELECTRIC CO.

855-859 Howard St. San Francisco, Cal.
511111111111111111111 I I I 11111111111111111111111111111111111111 I I I I I 1111111111111111111111111111111111111 I II I
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KEAR,NEY
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.

Prominent manufacturer is desirous
of obtaining new electrical devices for
manufacturing and marketing. Com-
pensation for accepted items will be
paid on a royalty basis or outright
purchase arrangement if desired.
Submit full particulars in strictest
confidence to Box 126, JOURNAL of
A. I. E. E., 33 West 39th St., New
York.

LE'

I. E. E. when writir g advertisers.

1
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120,000 -volt wood pole
H -frame O -B Insulated
line, Cleveland to Chat-
tanooga. Yoked cross-
ing for railroads.

ADVERTISING SECTION

Anchor tower-Tenn-
essee River crossing.
Valdeau-Ridgedale 44-
kva. tie -line.

Anchor tower-Tenn-
essee River crossing.
Hales Bar -Richard City
44-kva. tie.line.

29

Enabling Tennessee
to Capitalize its

Natural Resources
TENNESSEE has numerous resources -57 of

the 63 minerals found in the United States
being found in some quantity in this state.
Bauxite for aluminum, limestone and shale for
cement, and ball clays for high grade insulators,
porcelain, china and pottery are perhaps the
most prominent of these minerals.

The Tennessee Electric Power Company with
over 700 miles of lines operating at 22,000 volts
or higher, serves Middle and East Tennessee-a
territory with a population of over 1,000,000 per-
sons, and includes more than 100 cities and
towns. Nearly 300,000 h. p. in electric power is
available from the Company's system.

This territory has experienced a rapid growth in
the last decade-which is reflected in increased

SALES NEW YORK
OFFICES: CHICAGO

consumption of electricity for lighting and power
purposes. In fact, it may truly be said that it is
the great abundance of cheap power made avail-
able by the Tennessee Electric Power Company
which has released the state's mineral resources
from bondage and capitalized their worth.
In addition to providing new hydroelectric and
steam electric plants from time to time as the
requirements of this territory increase, The
Tennessee Electric Power Company has safe-
guarded the power supply to its customers by
line interconnections with other power com-
panies of the Southern States. On these trans-
mission lines, this progressive organization has
used thousands of 0-B suspension and pin type
insulators and hardware with satisfaction and
economy.

Ohio Brass Company, Mansfield, Ohio
Dominion Insulator & Mfg. Co., Limited

Niagara Falls, Canada
4005

lass 0 LINE MATERIALS
RAIL BONDS

OCAR EQUIPMENT
MINING

MATERIALSPHILADELPHIA PITTSBURGH CLEVELAND
SAN FRANCISCO LOS ANGELES VALVES

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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Strength
Mechanical Stability
Permanence
a trinity of qualities which makes

TOPPERWEW
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.

f 0 e t -- 9uji pr, ia
MAIN OFFICE 6 MILLS:-13RADDOCK P. RANKIN. PA.

30 CHURCH ST.. NEW YORK. IES S. JEFFERSON ST.. CHICAGO.
003 RIALTO BLDG.. SAN FRANCISCO.

In Canada: Northern Electric Co., Ltd.
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PATENT PENO.G

BURNDY
CONNECTORS

WILL WITHSTAND
STORM AND SHOCK
AND CARRY FULL
CURRENT

INSTALLED
BY SIMPLY CLAMP-
ING BOLTS- -

a

Ca
AL

a
1.1

IMPROVED

T -CONNECTOR
FOR. TUBING . CABLES

BURN DY
ENGINEERING CO.INC
10 EAST 43., STREET NEW YOLK

CATALOG ON REQUEST

Please mention the JOURNAL

MINERAILAC
INSULATING
COMPOUNDS

(1)Orlfigh-Voltage Ales
-inCNahle Joints
and Potke'ads\NxN

AlvJays Reliable.,
nigh dieleciric strentith_L.\i

ApproJeci pAty7 \SiCai\p ropertiies

Ifinerallac Electric Compaq
1045 Washington Bouleard \

Cilicas0,/11.

-2-

1m.

5- g
E Electrical Wires and -I-.

E

E Cables. High in Con- E
E

E ductivity and Reliability.
.-g a
E- John A. Roebling's Sons Co. gE

ETrenton. New Jersey
s

g:±--

E E

'R04E-- B -L 1 N Gm EE
E_E ==
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1 WIRE PRODUCTS IE For Varied Applications E

==_

Woeblin

We manufacture many types of wires, cords
and cables for specific uses. Among them are:

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, AutomobileCharging Cables. Moving Picture Machine Cable.

Boston Insulated Wire al, Cable Co.
Main Office and Factory:Dorchester District Boston, Mass.

Canadian Branch, Office and Factory, Hamilton, Ont.

of the A. I. E. E. when writing to advertisers.
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BOREHOLE OR SHAFT CABLES
VULCANIZED rubber compound is a superior water-

proof insulation. Hazard Borehole and Shaft Cables
are insulated with Hazard Standard Insulation, an unex-
celled compound of vulcanized rubber. It is free from any
liquid or plastic substance that will flow. It does not
slip. It stays in place.

HAZARD Borehole and Shaft Cables are.
so constructed that they may be

fastened at the top only, thereby supporting
the entire weight of the cable.

THE galvanized armor wires protect the
insulation from falling rock, coal, ore,

or other mechanical injury.

HAZARD MANUFACTURING CO.
WILKES-BARRE

New York Pittsburgh Chicago Denver Birmingham Philadelphia

HAZARD PRODUCTS REDUCE MINING COSTS

CAP NUT

LOCK NUT

HOOD SEAL
WATER TIGHT

JOINT
CEMENT

INSULATOR

CABLE

RING
CEMENTED TO

PORCELAIN

BRASS BELL

WIPED JOINT --s

LOCK SCREW'

LINE LUG

LOCK NUT

AIR VENT

INSULATOR
CAP

CABLE STEM

"051TE
INSULATING
COMPOUND

FILLING PLUG

LEAD NIPPLE

LEAD SHEATHED
CABLE

A long step forward
in the development of cable protecting. devices is repre-
sented by the new STANDARD Hollow Stem Type
Terminal. This fact will be recognized by cable users
upon inspection of the sectional view of this terminal as
designed for use at working pressures ranging upwards
from 12,000 volts.

STANDARD Hollow Stem Type D.O.A. Terminals
(Patent No. 1,605,470, November 2, 19t6)

embody a new type of construction which insures complete
flushing, elimination of all air pockets and a complete final
filling with compound thus insuring complete protection to cable
insulation and minimum expense for upkeep. At the same time
they simplify installation, and possess all the other advantages,
such as convenience and flexibility in operation, which character-
ize other types of STANDARD terminals.
Another important feature of this new design is that there are
no rubber gaskets to deteriorate or wear out. The assembly
joints consist of tapered, accurately machined surfaces clamped
tightly together by lock nuts and protected by hooded cap nuts.
A perfectly waterproof seal for the cable end with complete
insurance against line surges is thus secured.
If you are interested in getting the greatest protection for your cable
ends and the most value from your cable terminals, write our nearest
office for further information.

Standard Underground Cable Co.
General Offices: Pittsburgh, Pa.

BOSTON PHILADELPHIA ATLANTA CHICAGO ST. LOUIS SEATTLE
NEW YORK WASHINGTON PITTSBURGH DETROIT KANSAS CITY Los ANGELES

SAN FRANCISCO
Manufacturers of a complete line of Electric Wires and Cables and Cable Accessories.

Please mention the JOURNAL of the A. I. E. 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

G&W Equipment builds "good will"
Continuity, reliability of ser-
vice, and the customers con-
fidence and good will go hand
in hand.
Making service
quick, effective,
manent wins the
the community,
when customers
able experience
emergencies.

Exactly What You
Want !

G & W design and manu-
facture practically every
device for the end of a

cable. See Catalog No. 26.
Potbeads Underground Boxes
Series Cutouts Conduit Bells
PrimaryCutouts Ground Pipe Caps
Oil FuseCutouts Ground Pipe Points
Vault Unit Oil Disconnect

restoration
and per -

good will of
particularly

have favor -
in service

G & W distribution specialties
have been developed from the
application of engineering skill
to those devices which any
well built distribution system
should have.
Reasonable expenditure for
G & W specialties will effect
return in insuring a more con-
tinuous revenue and customer
good will.

G&W
ELECTRIC SPECIALTY CO.

7760 DANTE AVE.
CHICAGO, ILL.

More than Protection for the Cable Ends

POTHEAuANDBoxEs
Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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WESTON
RECTANGULARS

for METAL PANELS

A Typical Insulation Showing Weston Rectangulars
Mounted on Metal Panels

WESTON Rectangulars have been
widely standardized upon by En-

gineers and Designers of large A. C.
switchboards. Because they are the
modern instrument for the modern
switchboard they can be mounted di-
rectly on metal panels without any
change or provision for special insulation.
The increasing use of metal panels does
not present instrument problems when you
think in terms of Weston Rectangulars.
Investigate these Weston Rectangular
instruments for your next switchboard
job, and you will be convinced that
they embody every desirable feature in
modern switchboard requirements.

WESTON ELECTRICAL INSTRUMENT
CORPORATION

48 Weston Avenue, Newark, N. J.

STANDARD THE WORLD OVER

Yioneers since 1888

Now you can
charge batteries

without
an attendant

Periodical charging of storage bat-
teries at a high rate requires the ser-
vice of an attendant. Today this is
unnecessary.

A Balkite Charger on continous
or trickle charge keeps your batter-
ies at full power always without at-
tention. The charger and battery
are installed as a complete unit to
supply unfailing Direct Current
from an Alternating Current source.
In most cases the batteries can be
charged in service.

If you use batteries anywhere
Balkite Trickle Charging will great-
ly simplify and improve the service
they give you. Our engineers will
be glad to work with you on your
charging and rectifier problems.

Descriptive bulletins on request.

FANSTEEL PRODUCTS COMPANY, Inc.
`North Chicago, Illinois

Trickle Chargers
FANSTEEL PRODUCTS COMPANY, Inc., North Chicago, Illinois

Gentlemen: Please send me a copy of "Balkite Trickle Charging."

Name

Company

Address

Position
' A.1 E. E.-7-27

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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The Guidance of Chart Record

b,t.lur. Racwrdins
Voltmeter

wherever
electrical

power is used
It t muck rasdrt to
maintain uniform load
conditions under the
guidance of Bristol's
Recording Voltmeters;
for they not only in-
dicate each change in
voltage, but make ei

continuous, minute - to - minute record of the:,
changes.

Bristol's Recording Voltmeters are ruggedly
constructed, and designed to give years of
satisfactory service without trouble. They can
be furnished in round or strip chart models, for
permanent mounting or portable use.

Write for Voltmeter Catalog. No. 1502

he 'Bristol Company
a foto 30 ViAll

BRISTOL'S

`Waterbury, Connecticut
sasta S Or rci

-114bTRUMENTS

a

,thamaiimitmsmushin ..::,a11Wat11111ii1i11xiiiiiW fill

DUNCAN
Watthour Meters

Accurate
and

Dependable
Write for bulletins

DUNCAN ELECTRIC MFG. CO.
Lafayette, Irsd.

,,,
tttnCAra
41-4.,LN

k70.1
WIERlectric
TIME SWITCHES
Those **Nair.. llllll time seitrliese
am firti tit atowk for 'Iseult,. t,f
iSie It till*: 110 V. 411, OH, 1111, 1111).

:Rill Allston
4600 534.1 fi11 Amps.

11 ales; arid fill Autps.
.14 JIn ries craning 8.1.

. 4 it 1111.1C t1 1'11111' 111,
I lt. I ihr.t,. 1 N.. lot L. t it,

Standard '1 y to K Disconnecting
Switch-The most wi lely used prod
act of 1111/11 01111,611/) -.1 standard
specification with tomtit large potter

oil the Pal flit' and Atlantic
codits-Inespetisiie to lisitall and re
quiring do nisitstenatice uf any 11,101.
Is ulletiii K..

Pacific Het:Mt:Manufacturing Co.
irrifi t rat.. 1..

1 Is 64 rd..:

01: 14.4tai.1 bide
6.1.t.4 t it) Mu

L rr, & ^41.11411

SUNDH cr.":ELEeTRIC 4I COMPANY

The< rei 01 our

sa.
Business

Automatic Starters
Circuit Breakers
Float Switches
Hand Starters
Magnet Switches

UND

*Iv

0Arl., lirlOr

Pressure Regulators
Remote Switches
Speed Regulators
Transfer Switches
Valve, Control

WRITE FOR CATALOG
Sundh Electric Company, 4 Ave. C, Newark, N. J.
Branch Offices or Sales Representatives in Principal Cities

Pittsburgh Transformer Company
Lsrgest Manufacturers of Transformers esciushely

in the United States

Pittsburgh, Pennsylvania

Please mention the JOURNAL of the A. 1. E. E. when writing to advertisers.

ers
Elements
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2 CAPACITY METER E.
E 2
g g

Type 383-A for the measurement of
E Einter -electrode capacities of vacuum

tubes, and other capacities of small
magnitude up to 30 MMF.

g gType 383-B for accurate measure-
g
E ments of capacities up to 600 MMF. 0.

a 
Ideal for matching multiple unit

a
condensers.

Price
g E -

Price (either type) $80.00
g E:
g E
It- Bulletin on request. g.
..--.-

Ft'

E gGENERAL RADIO COMPANY It
k.... EThirty State Street
E-

g
CAMBRIDGE, MASSACHUSETTS

g g

/FOR Eliminators,
Power and Audio Amplification -

JEFFERSON TRANSFORMERS !
We are equipped to design or make trans-
formers to your specifications. Jefferson engi-
neers will gladly cooperate with you. Write

(JeffersonELECTRIC MFG CO
546 South Green St. - - - - - Chicago/

RUGGEDLY built high
grade audio trans-

formers designed to meet
the requirements of flat
curve distortionless ampli-
fication over the entire
musical scale, and to carry
high plate potentials used
in modern power ampli-
fying circuits.

Write for curve charts
and technical data.

PACENT ELECTRIC CO., INc.
91 SEVENTH AVENUE, NEW YORK CITY

PACENT Transformers

35

"What condensers do
they specify?"
Experts in the radio field know
from experience that Faradon
Capacitors can be counted on
to give long and satisfactory
service.
Manufacturers particu-
larly, recognize the
value of specifying Far-
adon Capacitors. They
know that a reputation
for quality equipment
warrants the inclusion
of only the highest grade
condensers.
There is a Faradon
designed for each
particular purpose.
And constructed
from high -quality
materials with the.
experience of
twenty years spe-
cialization on fine
condensers.

WIRELESS SPECIALTY APPARATUS CO.
Jamaica Plain, Boston, Mass., U. S. A.

Established 1907

673

a

NEW

COM
OHMMETER

Portable direct
reading. small,
compact, light,
rugged, accurate,
entirely self-con-
tained. Measures
resistance values
from .5 ohm to

50,000 ohms. List price $70.00, subject to discount.
Send for new Supplement No. 1 to Bulletin No. AE -300.
"Over thirty years' experience is back of ROLLER-SMITII"

Electrical Measurtnaand Protective Apparatus
MAIN OFFICE WORKS

12 Park Place, NEW YORK Bethlehem, Penna.
Offices in Principal Cities in U. S. A. and Canada.

Representatives in Australia. Cuba and Japan.
finionomonimmumitioduimiiimuummiiimommomonniiimummisimmomommonoinnifinimiiiiiintommool

a
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A. I. E. E. PUBLICATIONS

JOURNAL. Published monthly.
An engineering periodical containing in full or in abstract engineering and theoretical papers and--3 discussions as presented" before meetings of the Tnstitute and its Sections and Branches; descriptionsof new developments characterized by notable advances, and items relating to the activities of theInstitute and other organizations.

I Subscription price $10.00 per year. Agents, publishers and dealers are allowed 20 per cent dis-
count; a special discount of 50 per cent is allowed on single subscriptions received directly from collegeor public libraries. Postage to Canada on annual subscription $0.50 additional, and to foreign coun-tries, 51.00. (Postage should not be included when computing discounts).

I JOURNAL BINDERS. A loose-leaf binder, especially designed for the JOURNAL of the A. I. E. E.is now available. The new binder is attractively- finished in a long -wearing, processed material,resembling brown leather. From one to six copies of the JOURNAL can be inserted. The name ofthe publication is embossed in gold on the front cover and backbone. The binders are sold in setsof two at 52.25; or $1.25 for one.

TRANSACTIONS. Published annually.a. -

Contains such of the technical papers and reports published by the Institute in the JOURNAL
and elsewhere as are selected and authorized by the Publication Committee; also the discussions onthe technical papers. The TRANSACTIONS form a permanent record of the progress of electricalengineering. Subscription price (to Institute members only) 52.00 per year.

Current volume may be purchased by non-members at 510.00 per year in either paper or clothbinding. (Prices for half morocco bound copies furnished on request.)
Available volumes of the TRANSACTIONS published prior to 1921 may be obtained at reducedprices. The volumes in stock and prices will be supplied upon request.
Discounts allowed on the current volume are as follows: 20 per cent to publishers and subscrip-tion agents 50 per cent to college and public libraries upon direct subscription to Institute headquarters.
INDEX TO TRANSACTIONS. Published every ten years. Vol. III of the TRANSACTIONSIndex +Jan. 1, 1911 to Jan. 1, 1922) is a practical bibliography (166 pp.) of all A. I. E. E. papers and g.discussions printed during the period 1911-1922. Price to members and non-members S2.00, with

dealers' discount of Al per cent.
a

..KSEPARATE PIPERS AND DISCUSSIONS.
Most of the recent papers and discussions contained in the TRANSACTIONS can be furnished

g separately at the following prices: Single copies ofany paper, usually with discussion, 50.50. Fiveor more copies of any paper, each $0.40.
A discount of 20 per cent to publishers and subscription agents; 50 per cent is allowed from the

above prices to Institute members and college and public libraries. g
1 A. I. E. E. STANDARDS.

--4

The work of revision of the A. I. E. E. Standards which has been in progress for se' eral years has
now reached a stage where a large number of sections of the Standards have been approved by theBoard of Directors and are available in pamphlet form, as follows: g1-General Principles Upon Which Temperature Limits are Based in the Rating of Electrical
Machinery, (520); 5-Direct-Current Generators and Motors and Direct -Current CommutatorMachines in General, (.40); 7-Alternators, Synchronous Motors and Synchronous Machines inGeneral, (.40); 6-Synchronous Converters. (.46.; 9-Induction Motors and Induction Machines inGeneral. (.40); 10-Direct-Current and Alternating -Current Fractional Horse Power Motors, (.30);
11-Railway Motors, i,.30)- 13-Trandormers, Induction Regulators and Reactors, (.40); 14-
Instrument Transformers. t...30); fir-Industrial Control Apparatus, t.40); 16-Railway Control andMine I4esomot i ve Control A pparat us. .40); 19-Oil Circuit Breakers, ,.30i; 22 -b iscouneeting
and Horn Gap Switches. i.30,; 30-Wires and Cables, t.40i 33-Electrical Measuring Instruments,
i .3 0 ! ; 34-Telegraphy and Telephony, .30); 36-Storage Batteries, ;.3:1,; 37-Illumination, (.30);3.6-Electric Arc Welding Aptaratus, (.40); 39-Electric Resistance Welding Apparatus, t.30); 41-Insulators. (.30); 42-Symbo  for Electrical Equipment of Buildings, t.20'.

A discount of 50(7i. is allowed to Institute members. Numbers of the Standards Sections should
be given when ordering.

STANDARDS BINDERS. The various sections of the Standards can be kept in bound formwith the practical binder which has been designed for this purpose. Capacity of the binder is from
10 to 30 sections or pamphlets. Finished in brown fabrikoid with imprint on stiff back. Price 51.75.

I--

YEAR BOOK OF THE A. I. E. E.
A directory, published annually in March. of the membership of the A. I. E. E. Gives in alpha-

betical order, the names, occupations and addresses of all members. The membership is also listed
In geographical order. The Year Book contains general information regarding the scope and
activiues of the Institute. including the Constitution and By -Laws, lists of Sections and Branches,
the various committees, governing body, eta. Single copies will be supplied to members without
charge upon application.

American Institute of Electrical Engineers
33 West Thirty-ninth Street, New York, N. Y.

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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"They Keep -Running"

10 Horse Power Century Type AS Automatic-start
Induction 3- and 2 -phase Motor

Overcoming Dead Loads
at Starting

The high starting torque of Century Type AS Automatic -start Induction
3- and 2 -phase Motors is one of the characteristics which makes them
especially suitable for such applications as pumps, compressors, pulverizing
mills and mixers-where heavy inertia must be overcome and the starting
current must be held down to the minimum.

1 Starting torque is high-at least 225% of full -load
torque.

2 Starting current is low-it does not exceed 245%
of full -load current and cannot be varied by even
an inexperienced workman.

3 No special fuses are required, as the starting cur-
rent is low.

4 As no elaborate starting equipment is necessary,
these motors are particularly suited to automatic
and remote control installations.

Century Type AS Automatic -start Induction 3- and 2 -phase Motors are
built in all standard sizes from 1/2 to 60 horse power. Temperature rise
is not more than 40° Centigrade in the hottest spot.

CENTURY ELECTRIC COMPANY
1806 Pine Street ST. LOUIS, MO.

32 Stock Points in the United States and More Than 50 Outside Thereof

I/2 to 60 H. P.

MOTORS
1/2 to 60 H. P.

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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Pop "investigates" a little
ADVERTISING SECTION

"Look here, Lad
I've listened to you so long haranguing

on that "Linc-Weld" motor as a cure for the
bearing troubles that we've been having that
I got to investigating a little.
I've asked representatives from different
motor companies about this big shaft and
bearings on "Linc-Weld" and without ex-
ception they've replied in the vernacular
`It's the bunk'."

"Sure, Pop-
climb a little higher than the crowd andyou're a target for the knockers.

The makers of this "Linc-Weld" motor hadthe temerity to kick manufacturing standards
in the face-hide-bound, deep -rutted stand-
ards.
They focused all engineering on motors ex-clusively.
If any other manufacturer agrees that "Linc-Weld" is right-he's admitting that themethod he's wedded to is all wrong.
And you know, Pop, that nothing makes abride so upset as to admit that she might havedone better.
Boy, how she'll defend her stuffed shirt !"

Journal A. I. E. E.

The Lincoln Electric Co., Dept. No. 21-7, Cleveland, Ohio

64 4 Inc.
Weld 19

MA -17

MOTOR
Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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Bearings that justified. the judgment
of those who chose them for this
critical duty, are worthy of the con-
fidence of every executive, engineer
and designer seeking the utmost in
bearing service.

Catalogs 904, 905 and 917-yours
on request.
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TELEGRAPH - COMMERCIAL CABLES44 44 nutEc.a
TELEGRAMS te.7:44, CABLEGRAMSTO ALL 7.60,111)

TO ALL"47Z 3V4,7 AMERICA izzikaio=,
THE WORLD

BEARiNGS SUITED
TO THE NEEDS OFSUCH IMPORTANT

FLYING EQUIPMENT FAS
THE EARTH INDUCTOR

COMPASS USEDBY CAPTAIN L
INDEBERG ON HIS

TRIUMPHANT EPOCHAL
FLIGHT FROM NENYORKTO PARIS THREE

OF YOUR TYPE
C NINE EIGHT WERE

USED IN THIS INSTRUMENT

t 10 Po 56 BLUE

BROOKLYN NY MAY, 24 1927
NnFuo HOFFMANN

BEARINGS CORN

STANFORD, CONN.

.PIONEER INSTRUMENT
COUPON THE PRODUCTION

OF A TYPE 0

and by
ION EEIR1/4.

for the Sensitive Earth
Inductor Compass

VEN
in Service

On the San Diego -Newyork -Paris Flight

hy CaptCharles Lindbergh
AMC \

ONCE again the endurance and dependability
of Norma -Hoffmann Precision Bearings

have been demonstrated, in the achievement of
Capt. Lindbergh - as in the 51 -hour non-stop
and later transatlantic flights of Chamberlin in
the Bellanca plane.

NORMA,HOFFMANN BEARINGS CORP'N
Stamford, Conn., U. S. A. 882

t=3 KJ IF IF
BALL et. ROLLER BEARING S

N,-)

'leant: mention tile JOURNAL of the A. I. I. F. when writing to advertisers.
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Wearless, Dripless Mill Motors
In textile mills even more than in most indus-
tries, electric motor practices are a highly
developed science. Naturally a strong prefer-
ence exists for Timken -equipped motors.
Their anti -friction properties reduce starting
load and save all possible power, lubricant,
and attention. They are drip -proof in any
position. Mounted on ceiling, wall, or floor,
no alterations are required for any form of
drive, because on Timken Bearings all loads
from all directions are carried equally well.

Only Timken -made electric steel, Timken
tapered construction, and Timken POSI-
TIVELY ALIGNED ROLLS produce this higher
all-around load capacity. It makes possible a
15% average reduction in shaft length, saves
aisle space, and assures complete protection
against thrust, shock, radial load, friction-
and burn -outs.
This gives textiles and other industries the
strongest insurance ever known against wear,
breakdowns, and stoppage.THE TIMKEN ROLLER BEARING CO., CANTON, OHIO

- - 4

Mir LT.

liTalEZILtH Tapered
Roller

261 Allis-Chalmers
motors equipped
with Timken Bear-
ings are used in the
Laurens Cotton
Mills, Laurens, S. C.
Timkens are also
used in the Allis-
Chalmers outboard
mountings.

  .
MOO
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Compression Resistance Starters Are Superior to Compensators

The oscillogram at the right shows the. -ow -
lent current inrush required to bring the
motor back into step, after it is switched
from starting to running taps of a com-
pensator. The second inrush, shown in
the oscillogram, is frequently worse than
the inrush that occurs when the compen-
sator is first switched to starting position.

The oscillogram at the left shows the mag-
netizing current inrush which occurs
with an unloaded compensator. When
this is added to the normal starling cur-
rent, a serious disturbance is created. It
can be avoided by using the Allen-Brad-
ley Compression Resistance Starter, which
has no transformer in its construction.

`--11 PA \I VVV\JWAIVAllrl\V
LINE t M ONE FEM5EV*: L CJR:

fy1i,V iv'vt\p:\

Don't Blame the Motor for Voltage Flicker
It May Be Due to the Compensator

DID you ever stop to consider why the
compensator is the cause of such serious

line voltage disturbance?

Power engineers know that a large starting cur-
rent, if built up slowly, is not as harmful to
voltage regulation as a small starting current
that reaches its maximum value with a violent
inrush. To reduce the current inrush from the
main line, when starting squirrel -cage motors
with a compensator, a 60%, 70%, or 80% tap is
used. Theoretically, the starting current drawn
from the main line should be reduced to 80% of
the motor current when the 80% tap is used,
but actually this is not the case, due to serious
inrushes caused by the compensator itself.

The first bad inrush takes place when the com-

pensator is thrown to the "start" position. In
addition to the normal starting current, a heavy,
momentary current,shown in the upper oscillo-
gram, is required to magnetize the core of the
compensator.
The second inrush (usually worse than the first)
occurs when the compensator switches the
motor from starting to running taps, and the
motor is connected to the _line. A heavy in-
rush of current is required to bring the motor
into step with the line frequency. This severe
second inrush, shown in the lower oscillogram ,

affects the line voltage. The
starting compensator, not the
motor, is the real cause of these
severe current inrushes that pro-
duce voltage flicker.

Allen-Bradley Compression Resistance Starters build up
the starting current smoothly and then switch the motor
to line voltage without opening the motor circuit. For sat-
isfactory starting of squirrel -cage motors, always use
Allen-Bradley hand -operated or automatic resistance
starters. Mail the coupon for complete technical bulletins.

Graphite Compression

RESISTANCE STARTERS
for Squirrel -Cage Motors

Ss

.01z
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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, MD.

Science Abstracts
-I:

ALL electrical engineers actively engaged in the practice of their pro-fession
=7, -

should subscribe to "Science Abstracts." E -

Published monthly by the Institution of Electrical Engineers, London, in associa-tiontion with the Physical Society of London, and with the cooperation of the AmericanInstitute of Electrical Engineers, the American Physical Society and the American
-g-Electrochemical Society, they constitute an invaluable reference library.E

-E

Through "Science Abstracts" engineers are enabled to keep in touch with engineer-B ing progress throughout the world, as one hundred and sixty publications, in various E -languages, are regularly searched and abstracted. "Science Abstracts" are published g!

=_-

E
g

in two sections, as follows:-.4.

E.-

ri "A"-PHYSICS-deals with electricity, magnetism, light, gheat, sound, astromony, chemical physics.
"B"-ELECTRICAL ENGINEERING-deals with electricalplant, power transmission, traction, lighting, tele-graphy,

1-telephony, wireless telegraphy, prime movers,engineering materials, electrochemistry.
z.m.

a

EThrough special arrangement, members of the A.I.E.E. Subscriptions should start with the January issue.may subscribe to "Science Abstracts" at the reduced rate The first volume was Issued in 1898. Back numbers areof $5.00 for each section, and $10 for both. Rates to non- available, and further information regarding these can bemembers are $7.50 for each section and $12.50 for both. obtained upon application to Institute headquarters. 2
R:

EAmerican Institute of Electrical EngineersE .

==33 West 39th Street, New York

==-_--
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BURKE ELECTRIC CO., ERIE, PA.
E---

=
72

CONTROLEAD TERMINAL BLOCKS
WITH INTERCHANGEABLE SWITCH PARTS

Sample and Bulletin furnished on request

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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Trade "ESCO" Mark

PIONEER MANUFACTURER = I ELECTRIC SPECIALTY CO.
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

BAYONNE, N. J.
Sales Offices in Principal Cities

Engineers and Manufacturers a

DESIGN -
DEVELOP -
PRODUCE -E E

E E

N Small Motors, Generators, Dynamotors,
-N E Motor Generators, Rotary Converters, Etc.

FOR SPECIAL PURPOSES-Send Us YOU/. Problems

222 South Street, STAMFORD, CONN., U.S.A.

E M 0 DELS3
E ,

for

= = MANUFACTURING STANDARDS -=-

SALES DEMONSTRATION AND DISPLAY

USE IN LITIGATION
a

Experimental Development under Client Supervision ==

E MANUFACTURERS' & INVENTORS'
= ELECTRIC CO. gm

a g

(Smith Building)
228 West Broadway, N. Y. City =.

Incorporated 1897
E

ur evan Elecric MaF'
-A. C. and D. C.; single
and polyphase-built in
sizes from small fractional
to 250 horse-power-de-
signed to operate under a
constant full load where
uninterrupted service is

demanded.

B . F. STURTEVANT COMPANY
E_

E

1-'
HYDE PARK, BOSTON, MASS.

E=

==

wanunithimumuuutotommuemilitiountinnutiimuotoommiiiiimmimmumoiniiiiininimoninummonpunnuna
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Star Ball Bearing Motors 1
=

Forte
I Hard

),,,,,.. Usage
= ',. - " /

fir E

E.- and

E
E

g.- Complete line of standard motors and generators, E -

all sizes up to 75 h. p. and 50 kw. respectively.:.-..

Our Engineering Department al your service for all special applications

STAR ELECTRIC MOTOR CO.
NEWARK, NEW JERSEY '

ill II I II III VIII IIIIIIIII II IIIIIIiIiIIIIII

Please mention the JOURNAL of the A. 1. E. E. when writing to advertisers.

Announcing

"Imperial" No. 7 Stone
for

Glazing Commutators
Glazes Commutators in two or
three Minutes instead of two
or three weeks. Hardens Sur-
face of Bars, Improving Com-
mutation. Increases the life of
both Commutator and Brushes.

MARTINDALE ELECTRIC CO-.
1260 W. 4th St.. Cleveland. 0.

Please send me more information about your New Commutator
Glazing Stone.

Name and Title

Company

Street

City

State 20-7-27
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9ndustry- as inlilar
THERE IS STRENGTH

IN NUMBERS

IN ELECTRICAL
MACHINERY

For continuous perform.
ante at high speed under
severe belt and gear loads.
Gurney ball bearings have
identified themselves by
their reliable service and
minimum maintenance.

Employing more balls strengthens Gurney
maximum type bearings to resist the stresses
and shocks of severe loads.

As in military strategy the brunt of service
borne by each man is reduced by employ-
ing larger numbers, so in Gurney bearings
the load on each ball is lessened by using
more of them. Thus more balls combined
with the toughening effect of Molybdenum
steel contribute to the greater capacity and
longer life which Gurney has long typified.

Reason enough for specifying them in
your equipment. Our Engineering Depart.-
ment will gladly help you.

Marlin...Rockwell Corp.
Gurney Ball Bearing Division
Jamestown, R. y.

IN EY
SALL 1.-3),nRicoceo

,2th "MI /21t, _ /PA Ank tr"" r=tt .GA, /212.. C/4 k ita;.BETTER STEEL- BIGGER BALLS- N1ORE OF THEMmar3 v c.J co,

ACME
Bias Cambric Tapes

for

Better Repair Work
Lessen the frequency of repairs by
doing a better job in the first place.
Use Acme Tapes. They have a dielec-
tric margin that materially increases
their life.
The cambrics are made from selected
cotton cloth, woven from long -staple
yarn and finished so as to insure great
tensile and tearing strength and
uniform thickness.
Only pure vegetable oil varnish is
used, made in the Acme plant under
scientific heat control and applied in
special towers under heat again scien-
tifically and accurately controlled. The
result is a smooth, tough, flexible film.
Made in black and yellow, straight
and bias cut, seamless and sewed.
Thicknesses, .005" to .01 5"-widths,
to 36" - 72 linear yds. to the roll.
Standard finishes ; dry, greasy and
tacky.
If not at your jobber's, write for
catalog and we will see that you are
supplied.

ACME WIRE PRODUCTS
THE ACME WIRE CO.

Main Office and Plant, New Haven, Conn.
Branches at

New York. 52 Vanderbilt Ave. Chicago, 427 West Erie Street
Cleveland, Guardian Bldg.

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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CONSTANT -UNIFORM QUALITY
MICABOND is manufactured almost entirely by machine-
thereby the hand labor-constant,eliminating uncertainties of
uniform quality is thus obtained-and today MICABOND is more

ever the Standard Mica Insulation.
A series of puncture and flash -over competent
engineers conclusively proves the outstanding quality of MICABOND

PUNCTURE TEST .025" PLATE
MICABOND MICABOND MICABOND

No. 101 Molding Plate No. 104 Amber Segment Plate No. 102 India Segment Plate

27,416 Volts 22,171 Volts 23,212 Volts

Volts per mil of thickness computed from average breakdown voltage.

1,097 Volts 1,109 Volts 1,161 Volts
No surface leakage during puncture tests was noted.

FLASH -OVER TEST (DRY)
MICABOND MICABOND MICABOND

No. 101 Molding Plate No. 104 Amber Segment Plate No. 102 India Segment Plate

18,690 Volts 19,120 Volts 18,610 Volts

FLASH -OVER TEST (After Standing in Humid Air 24 Hours)
MICABOND MICABOND MICABOND

No. 101 Molding Plate No. 104 Amber Segment Plate No. 102 India Segment Plate

18,970 Volts 18,440 Volts 18,460 Volts

SECOND READING (Electrodes in Same Position as in First Reading)
MICABOND 4 MICABOND MICABOND

No. 101 Molding Plate No. 104 Amber Segment Plate No. 102 India Segment Plate

18,770 Volts 18,560 Volts 18,290 Volts

MICABOND is manufactured in molding and commutator segment sheets,
flexible plate, segments, rings, tubes, tape-and in punched or molded parts
complete, ready for assembly. Send blue prints or specifications for prices.

CHICAGO MICA COMPANY
Offices in 18 Cities Valparaiso, Indiana

STANDARDMICA INSULATIONICE
AIM

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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BOARD
West virgt

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 dc 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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INSULATORS 1
=Strong in dielectric properties,

heat resistant, and maintaining
.. .accurate dimensions, Lava has

been accepted as the ideal insu-
lating

a2
=-mmedium by manufacturers

who require dependable insulators.
---

I- AMERICAN LAVA CORPORATION 3
27-67 Williamson Street E:

--f-

IChattanooga Tennessee 3

Manufacturers of Heat Resistant Insulators E-- E-

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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TRUMBULL a

a

-4.

for years have stood the
most exacting tests of scores
of the largest motor,
dynamo, generator, and
radio builders in the United
States.
Our Engineering Depart-ment is at your service.
Write us concerning your
requirements.

THE TRUMBULL STEEL COMPANY
WARREN Mills, Laboratories and General Offices OHIO

"IRVINGTON" PRODUCTS
Black and Yellow

Varnished Cambric Varnished Paper
Varnished Silk

a. -

Flexible Varnished Tubing
-...=i Insulating Varnishes and Compounds .=

"Cellulak" Tubes and Sheets
-..,

--f-2 T.

VARNISH I f--,
%I'''

gIRVINGTON & INSULATOR C. I
=

-§! Irvin6ton,Ne2lersey,
E=EEa= Sales Representatives a.2

.E. Mitchell -Rand Mfg. Co., A. L Dillies, Toronto Prenler Brothers, Inc., E
a

=a New York Consumer's Rubber Co., Chicago aa E. M. Wolcott, Rochester Cleveland White Supply Co.. St. Louis-5 1. W. Levine, Montreal Martin Woodard, Seattle Clapp & La Moree, Los Angeles,,........,,,,...,,,.
Y-26 High -Heat Mica Plate

Y-26

For High Temperature Insulation
Possesses all the advantages of natural mica for insu-
lating heating appliances. Is more economical, partic-
ularly when used in the larger units.
Supplied in sheets up to 30" x 42", in thicknesses of ten
mils or over. Can be cut or punched to any form.

Send for samples and prices.

NEW ENGLAND MICA CO.
Waltham 54, Mass.

ylgrMu vv
New York Office - 220 Broadway

ALL FORMS OF MICA FOR ELECTRICAL PURPOSES

NATIONALVULCANIZED

SHEETS
RODS
TUBES
SHAPES
Graded to

your requirements

Paper base
Canvas base

HENOLITE},
Laminated BAKELITE

SHEETS
RODS
TUBES
SHAPES

PEERLESS /
INSULATION

NATIONAL VULCANIZED FIBRE CO.
WILMINGTON DEL., U. S. A.

Offices in principal cities
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Allis-Chalmers Reyrolle Circuit Breaker Unit and some of the Bakelite parts used in it.

Three forms of Bakelite Insulation are found
in this 15,000 volt Circuit Breaker Unit

IN the Allis-Chalmers Reyrolle 300
Amp. 15,000 volt Circuit Breaker

Unit, Bakelite Molded is used for
the bus bar spacer and the secondary
plug and socket; Bakelite Laminated
for the terminal board and secondary
terminal board ; and Bakelized Paper
for the spout, socket and cable
insulators. Similar Bakelite insula-
tion is also used on the 33,000 volt
unit.

The fact that Bakelite Insulation, in
all forms, possesses high dielectric

strength, is non -hygroscopic, resists
heat and oil and does not deterio-
rate with age, makes it superior for
many applications on high-tension
equipment.

Bakelite engineers and research lab-
oratories always welcome opportuni-
ties to cooperate with manufacturers
in solving difficult insulating prob-
lems. Write for a copy of Booklet
No. 3 in which you will find much
interesting data on Bakelite Materials
and their uses.

BAKELITE CORPORATION
247 Park Ave., New York, N. Y., Chicago Office: 635 West 22nd St.

BAKELITE CORPORATION OF CANADA, LTD., 163 Dufferin St., Toronto, Ontario, Can.

BAK LITE
REOIBTERED U. 8. PAT. OFF.

THE MATERIAL OF A THOUSAND USES
r"The registered Trade Mark and Symbol shown above may be used only on products made from materials

manufactured by Bakelite Corporation. Under the capita/ "B" Is the numericalsign for Infinity. or unlimittA

quantity It symbolism the infinite number of present and future wee of Bakelite Corporation's products. h

Please mention the JOURNAL of the A. 1. E. E. when writing to advertisers.
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RATES. Fifty cents per line; minimum charge E:based on use of five lines; maximum space cannot F:exceed twenty lines.
Copy should be received by the 15th of themonth, for insertion in the following issue.

MARING Process Guarantees Uniform
Insulation, Firmly and Evenly Applied

Firm, even serving of the fabric, either over enameled or bare copperwire, by machines designed and built in our own shops guarantees maxi-
mum insulation value in all MARIN G Magnet Wire. A smooth. uniformthickness of insulation insures dependability and high dielectric strength.Careful and continuous analysis determines to a nicety the properamount of cotton or silk, and the angle of application for each individualsize of wire and the standard set by our laboratories is automaticallymaintained throughout the entire manufacturing process.

Write for new Catalog No. 27. Prices and complete
information cheerfully given without obligation to you.

MARING WIRE COMPANY
Muskegon, Mich.

Branch Offices in Principal Cities

VTENUS PENCILShe Largest Selling Quality 'Pencil in the World
17 Black Degrees -3 Copying

'THE first pencil ever sold under a guarantee of
uniform grading; the superbly smooth and re-

markably long lasting VENUS Pencils offer the tech-
nical user the strongestprotectionin thepencil field.

17 Black Degrees -3 Copying
For bold, heavy lines . . 613 -5B -411-3B
For writing, sketching . . 2B-B-HB-F-H
For clean, fine lines . 2H-3H-4H-SH-6H
For delicate, thin lines . . . 7H -8H -9H
Plain Ends, per doz. . . $1.00
Rubber Ends, per doz. . 1.20

American Pencil Co.
204 Fifth Avenue

New York

cAt all stationers
and drafting

supply dealers

NIQUE LTLIN;
COLORED PENCILS

Make fine lines for figuring, check-
ing, sketching, blueprints, etc.

Blue Purple
Red Brown
Green Orange
White Yellow

Pink
Lt. Blue
Lt. Green
Maroon

$1;PS per doz.

CLASSIFIED
ADVERTISEMENTS

TECHNICAL TRANSLATIONS by engineering
graduate of American and European universities,
handling highly specialized translations for largest
manufacturers of electrical and mechanical equipment
in the United States. Extreme accuracy and reliability
are offered to manufacturers through this technical
service. Adolph Luque, 150 Nassau Street, New York.

WANTED: Man with experience in exhausting of
vacuum tubes, to take charge of approximately 15
trolley exhaust positions, also experience in mainte-
nance and operation of pumps. Apply by letter giving
full details as to age, experience, salary desired and whenavailable. Address Box 128, JOURNAL of A. I. E. E.,
33 West 39th Street, New York.

FOR SALE: A. I. E. E. TRANSACTIONS. A member
wishes to dispose of his complete set of the yearly
bound volumes of the A. I. E. E. Selling price 8250.00,
including shipping charges. Address the A. I. E. E.,
33 West 39th Street, New York.

WANTED: Copies of the October and December
(1926) issues of the JOURNAL of the A. I. E. E. Wrap-
pers returning these copies should bear the sender's
name and address. Twenty-five cents will be paid for
each copy received. Address American Institute of
Electrical Engineers, 33 West 39th Street, New York.

BINDERS for the JOURNAL of the A. I. E. E. A
loose cover binder, especially designed for the JOURNAL,is now available. The new binder is exceptionally
pleasing in appearance, durable and handy. One to sixcopies of the JOURNAL can be inserted. Covers of long -
wearing processed material, closely resembling richbrown leather. Remittance of $2.25 for a set of two,
(or 81.25 for one) should accompany order. A. I. E. E.,
33 West 39th Street, New York.

POPULAR RESEARCH NARRATIVES are
proving useful 'round the world in many offices, schoolsand laboratories. They are interesting home reading,
too. Two little books, just pocket size. In each book50 short stories of research, invention, discovery-footprints of progress. Introductions by Dr. E. E.
Slosson and Prof. M. I. Pupin. Only $1.50 for the two
volumes, postpaid. Engineering Foundation, 29 West
39th Street, New York, N. Y.

Engineering.
Societies Library

A reference library for engineers-contains
150,000 volumes-receives over 1 ,300 technical
journals and periodicals on all branches of
engineering.

Searches are made upon engineering subjects,
translations from foreign publications, photostats
made, etc.

Books may be borrowed by members of the
A. I. E. E. For information address, The
Engineering Societies Library, 33 West 39th St.,New York.

At Your Service
Toutumnimitiiiiiiminitimilmiiiiminiunminminimiimmimminnioninimmiitiummininmumumiminivoniuminuminunnuna

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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---that makes
your product do its work

The performance of any electrical unit
is no better than its coils

From the simplest bell ringing transformer to the most accurate indicating and
recording meter, the real heart of the instrument is the coil.

Theoretically, a coil is a simple thing, but to provide the utmost in efficiency, in
dependability, and in ability to withstand overloads and abuse, coils must be
scientifically designed and constructed with watch -like precision.

For accuracy in the most sensitive meter, for reliability in relays and transformers,
manufacturers come to Dudlo for coils.

The Dudlo engineering and experimental laboratories are open for your use to
assist in improving present coils or to help you develop new coils for new products.

49

DUDLO MANUFACTURING CORPORATION, FORT WAYNE, INDIANA
56 EARL STREET 160 NORTI1 LA SALLE STREET 4153 131NGIIAM AVE. 274 BRANNAN ST.
NEWARK, N. J. CHICAGO, ILL. ST. LOUIS, MO. SAN FRANCISCO, CALIFORNIA

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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1328 BROADWAY NEW YORK

-1- EDWARD E. CLEMENT
AUGUSTIJS M. HENRYFellow A. I. E. E.

Attorney and Expert
COUNSELOR AT LAW3 in Patent Causes

.

E Soliciting, Consultation, Reports,
Opinions (Patents and Patent Causes)

McLachlen Bldg. Washington, D. C. WOOLWORTH BLDG. NEW YORK700 10th St., N. W. 431 So. Dearborn St. - - - Chicago
E.-

-E.-

E.- OPHULS & HILL, Inc.HAROLD A. DANNEEt Card space limited
= to 1"x2" for each
:-.F. advertiser. 112-114 WEST 42nd ST., NEW YORK CITY

41 PARK ROW NEW YORK
E.-

iniiiiiiiiiiminimilliiIIIIIIIIIIIIIIIIIIIIIIIIIIIiiiiiiiiiiiiiiiiiiiiiiiiiiiiiimiiiiiiiiiiiiiiiiiiIIIIIIIIIII1r1111110
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PROFESSIONAL ENGINEERING DIRECTORY
For Consultants in the Fields of Engineering, and Related Arts and Sciences

AMBURSEN DAMS
Hydroelectric Developments

Water Supply and Irrigation Dams
DAMS ON DIFFICULT FOUNDATIONS

AMBURSEN 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
60 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 Construct:on,

Valuation and Tests.

Mutual Building KANSAS CITY, MO.

BYLLESBY
ENGINEERING AND MANAGEMENT

CORPORATION

New York

231 S. La Salle Street
CHICAGO

San Francisco

DAY & ZIMMERMANN, Inc.
Engineers

Power Plants, Sub -Stations,
Transmissions 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
115 Broadway, New York

Philadelphia Chicago San Francisco

FRANK F. FOWLE & CO.

Electrical and Mechanical
Engineers

MONADNOCK BUILDING CHICAGO

FREYNENGINEERING COMPANY
Industrial Electric Power

Generation-Application-Purchase
Combustion Engineering
Electric Furnace Installations
CHICAGO PHILADELPHIA

310 South Michigan Ave. 1500 Chestnut St.

A. BARNETT GREENWALTER G. CLARK
Consulting Engineer

Electrical, Mining and Industrial
Reports

Supervision of Organization and Arrange-
ments for Financing

LOS ANGELES NEW YORK
1211 Insurance Exch. Bldg. 40 Wall St.

Writing - Editing - Compiling
Engineering Matter

HOOSIER ENGINEERING CO.

Erectors of
Transmission Lines and Substations

325 South New Jersey Street
INDIANAPOLIS INDIANA

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

For 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

Formerly Ophuls, Hill & McCreery, Inc.

CONSULTING ENGINEERS

Ice Making and Refrigeration
Investigations and Reports

LIGHT AND POWER
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PROFESSIONAL ENGINEERING DIRECTORY
For Consultants in the Fields of Engineering and Related Art, and Sciences

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 kReports Valuations

Philadelphia

J. E. SIRRINE & COMPANY
Engineers

Textile Mills; Hydro -Electric Develop-
ments; Tobacco Products Plants; Cotton,
Tobacco and General Warehousing; Indus-
trial Housing; Steam Power Plants; Steam

Utilization.
General Offices: Greenville, South Carolina

Branches
Chattanooga, Tenn. Birmingham, Ala.

JOHN A. STEVENS

CONSULTING POWER ENGINEER

16 Shattuck:Street
LOWELL MASSACHUSETTS

STEVENS & WOOD
INCORPORATED

Engineers and Constructors

120 BROADWAY, NEW YORK
Youngstown, 0.

William M. Stockbridge Victor D. Borst

STOCKBRIDGE & BORST

Patent Lawyers

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 EXCHANGE 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 Organization Estimates
Financial Investigations Management

576 First National Bank Bldg., Chicago

YOUR
CARD in 24,000 copies of each issue of this publication

-12 times a year, will keep your name and specialized

service constantly 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:

To determine the quality of competing samples. This enables the purchase
of the hest quality for the money,

To make sure that shipments comply with specifications, This makes possible
the assurance to the customer that shipments match buying samples.

To furnish an impartial decision in case of disputes between purchaser and
manufacturer,

Testing places the whole buying problem on a sound basis.

001111Ssissisisissoissminsissonsissiiiiissiosilimussusiisisomossommionsiiiii

(1)

(2)

(3)

Please mention the JOURNAL of the A. 1. E. E. when writing to advertisers.
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Classified Advertiser's Index for Bu yers
Manufacturers find agents for machinery and supplies used in the electrical and allied industries.Note: Fur I rtri rtit r to the

AIR COMPRESSORS
Allis-Chalmers Mfg. Co. WINauk uo
General Electric Co., Schenectnd
Western Electric Co., All Principal Cities

AIR WASHERS
Sturtevant Company, B. F., Boston

AMMETER COMPENSATING COILS
Mineralise Electric Co., Chicago

AMMETER, VOLTMETERS
(See INSTRUMENTS, ELECTRICAL)

ANCHORS, GUY
Hubbard & Cu. Pittsburgh

JKearney Corp., as. R., St. Louis
Matthews Corp., W. N., St. Louis

ARMS FOR STREET LIGHTING
Hubbard A Co., Pittsburgh

B ATTERY CHARGING APPARATUS
Allen-Bradley Co., Milwaukee
Electric Specialty Co., Stamford, Conn.
Fansteel Products Co., Inc., North Chicago
General Electric Co. Schenectady
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.

B LOWERS
Sturtevant Co., B. F.. Boston

B OXES, 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

BRACKETS AND PINS, METAL
Hubbard & Co., Pittsburgh

BRUSHES, COMMUTATOR
Carbon

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 Electric Co., Chicago
General Electric Co., Schenectady
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
CABLE ACCESSORIES

Delta -Star Electric Co., 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
Hubbard & Co., Pittsburgh
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
CAMBRIC, VARNISHED

Belden Mfg. Cu., Chicao
General Electric Co., Bridgeport Conn.
Irvington Varnish A ins. Cu., Irvington, N. J.
Westinghouse Elec. A Mtg. Cu., E. Pitts-

burgh

CARRIER CURRENT TELEPHONE EQUIP-MENT
Western Electric Co., All Principal Cities
Wireless Specialty Apparatus Co., Boston

CIRCUIT BREAKERS
Air -1?nclosed

Allen-Bradley Co., Milwaukee
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
Hubbard & Co., Pittsburgh
Kearney Corp., Jas. R., St. Louis
Matthews Corp., W. N., St. Louis

CLAMPS, HOT LINE
Hubbard A Co., Pittsburgh
Kearney Corp., Jas. R., St. Louis

CLIPS, CABLE
Hubbard & Co., Pittsburgh
Kearney Corp., Jas. R., St. Louis

CLOCKS
Cramer & Co., Inc., R. W., New York

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. A 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.
Pacent Radio Corp., New York
Wireless Specialty Apparatus Co., Boston

CONDENSERS, STEAM
Allis-Chalmers Mfg. Co., Milwaukee
General Electric Co., Schenectady
Westinghouse Elec A Mfg. Co., E. Pittsburgh

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

of Advertisers on page 58.
CONTACTS, TUNGSTEN

Fansteel Product' Cu., Inc., North Chicago
General Electric Co., Schenectady

CONTROL SYSTEMS
Ward Leonard Electric Cu., Mt. Vernon, N. T.

CONTROLLERS
Allen-Bradley Co., Milwaukee
Electric Controller & Mlg. Co. ClevelandGeneral Electric Cu., Schenectady
itowan Controller Cu., haltisnur
Sundh Electric Co., Newark, N. J.
Western Electric Co., All Principal Cities
Westinghouse Elec. A Mfg. Co., E. Pitt.-burgh

CONVERTERS --SYNCHRONOUS
Allis-Chalmers Mfg. Co., Milwaukee
Electric Specialty Co., Stamford, Cona.
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
COPPER CLAD WIRE

Belden Mfg Co., Chicago
Copperweld 'Steel Co., Rankin, Pa.
Standard Underground Cable Co., Pittsburgb
Western Electric Co., All Principal Cities

CROSS ARMS, STEEL
Hubbard & Co., Pittsburgh

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.
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
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 tr Gasoline

Allis-Chalmers Mfg. Co., Milwaukee
Sturtevant Company, B. F., Boston

Oil
Allis-Chalmers Mfg. Co., Milwaukee
Sturtevant Company, B. F., Boston

Stearn
Allis-Chalmers Mtg. 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
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

\\\

Is your
name on our

'15;9 mailing list
for bulletins
and catalog?

Organ'te Morganite
Brush Co., Inc.

rushes,,\ \ N. Y.

3302-3320Anable Ave.,
Long Island City,

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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WINS with
LINDBERGH

._AN SRB Single Row Ball Bearing stood
the acid test in the Wright Whirlwind

Engine of Lindbergh's plane on his flight
to Paris, continuously withstanding the
strains due to propeller thrust hour after
hour through rain and sleet and fog.

There was nothing hand-picked about this
bearing. It was a regular No. 213 stock bear-

on, ing out of our regular production, made

7,,,,,(10' %gin, to withstand all severe conditions and

-LAs -(9.'--
to perform reliably and dependably

in motor cars, busses, trucks, electric motors,
and industrial machinery for all purposes.

STANDARD STEEL. AND BEARINGS INCORPORATED
Plainville

The tremendous thrust imposed by the 5150
pounds of weight in Lindbergh's plane on
the take -off, and the 33 hours of continu-
ous propeller action was more than met by a
No. 213 SRB Single Row Bearing with its
maximum number of balls hot forged from
Molybdenum Steel...What greater test of en-
durance could have been given any bearing?

71#USE SRB BALL
th

BEARINGS- /

Please

last

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.

Connecticut
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Classified Advertiser's Index for Buyers-Continued
FUSES Enclosed Refillable

General Electric Co., Schenectady
Western Electric Co., All Principal Cities
Weburghstinghouse Elec. & Mfg. Co., E. Pitts -

Enclosed Non -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

Hith 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
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mig. 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 CONNECTIONS

Hubbard & Co.., Pittsburgh
GROUND RODS

Copperweld Steel Co., Rankin, Pa.
Hubbard & Co., Pittsburgh
Western Electric Co., All Principal Cities

HEADLIGHTS
Ohio Brass Co., Mansfield, 0.

HEATERS, INDUSTRIAL
General Electric Co., Schenectady
Western Electric
Westinghouse Elec. & hdlg. Co... E. Pitts-

burgh
HIGH VOLTAGE GLASS

Corning Glass Works, 'PYREX." Corning,
N. Y.

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

Bristol Co., The, Waterbury, Conn.
HFerranti. Ltd., olluiwood. England

Ferrantt, Inc., New York
Ferranti Electric, Ltd.. Toronto, Ont.
General Electric Co.. Schenectady
Westinghouse Elec. A Mfg. Co., E. Pittsburgh

Bristol Co., Tbe, Water bury. Conn -

Ferranti Ltd., HuUsnwood,
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. A Mfg. Co.. E. Pittsburgh
Weston Elec. Inst. Corp., Newark. N. J.

I it:ivories
Duncan Etre- Mtg. Co.. Lafayette, Ind.
Ferranti Ltd., HolLnwood, England
Ferranti. Inc., New York
Ferranti Electric, Ltd., Toronto. Oat.
General Electric Co., Schenectady
Roller -Smith Co., New York
bangamo Elec. Co, Springfield, W.
Western Electric Co., All Principal Cities
Wetingboutie Elec. A Mfg. Co.. E. Pitts-

burgh
ka.:10

General Radio Co., Cambridge. Mass.
Jewell Elec. Instrument Co., Chicago

Nel.ste,osi dal Testing
Electrical Testing Laboratories, New York
Jewell Elec- Instrument Co.. Chicago

1-sberdial). I r.,:ie(
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. Pittsburgh
Weston Else. Inst. Corp., Newark. N. J.

telegraph
Western Electric Co., All Principal Cities

Please mention

INSULATING MATERIALS

BGeneral Electric Co., Bridgeport, Conn.
West Va. Pulp & Paper Co., New York

Cloth
Acme Wire Co., NCewHhaven,Conn.
General Electric ridgeport, Conn.
Irvington Varnish &

Co.,ins.
Co., Irvington, N. J.Minerallac Electric hicago

Westinghouse Elec. &
Co.,gig.

Co., E. Pittsburgh
Composition

American Lava Corp., Chattanooga
Bakelite Corporation, New York
Belden Mfg. Co.' Chicago
General Electric Co., Bridgeport, Conn.
Westinghouse Elec. & Mfg. Co., E. Pittsburgh

Compounds
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
Fs lee

General Electric Co., Bridgeport, Conn.
National Vulcanized Fibre Co., Wilmington,

Del.
West Va. Pulp & Paper Co., New York

La
American Lava Corp., Chattanooga, Tenn.
Chicago Mica Co., Valparaiso. Ind.

.115:d
Chicago Mica Co., Valparaiso, Ind.
New England Mica Co., Waltham. Mass.
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh

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

Acme Wire Co., New Haven, Conn.
General Electric ridgeport, Coon.
Irvington Varnish &

Co.,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. Pittsburgh

l'are,seer
gcme Wire Co-, New Haven, Conn.
General Electric Co. Bridgeport, Conn.
Irvington Varnish &Ins. Co., Irvington. N. ).
Minerallac Electric Co., Chicago
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
INSULATORS, HIGH TENSION

C. .J.6% :ii,
General Electric Co., Schenectady

Hemingray Glass Co., Muncie, Ind.

Canadian Porcelain Co., Ltd., Hamilton, Ont.
General Electric Co., Schenectady
Hubbard & Co., Pittsburgh
Lag* Insulator Co., Inc., LeRoy. N. Y.
Locke Insulator Corp., Baltimore
Ohio Brass Co., IdansEeld, 0.
Thomas & Sons Co., R., East Liverpool, 0.
Western Electric Co., All Principal Cities
Westinghouse Elec. & 11g. Co., E. Pittsburgh

Delta -Star Electric Co. Chicago
INSULATORS. TELEPHONE A TELEGRAPH

Hemingrsy Glass Co.. Muncie, Ind.
Western Electric Co.. All Principal Cities

INSULATOR PINS
Hubbard & Co., Pittsburgh
Ohio Brawl Co., Mansfield, 0.
Thomas A Sons Co., R.. East Liverpool, 0.

LAMP GUARDS
Matthews Corp., W. N.. St. Louis
Western Electric Co., AU Principal Cities

LAVA
American Lava Corp-. Chattanooga

LIGHTNING ARRESTERS
Delta -Star Electric Co., Chicago
General Electric Co., Schenectady
Hubbard A Co., Pittsburgh
Western Electric Co., All Prinapal Cities
Westinghouse Elec. A Mfg. Co., E. Pittsburgh

LOCOMOTIVES. ELECTRIC
General Electric Co. Schenectady
Westinghouse Elec. & Mfg. Co., E. Pittsburgh

LUBRICANTS
Texas Co.. The, New York

MAGNETIC SEPARATORS
Electric Controller A Mfg. Co., Cleveland

METERS. ELECTRICAL
See INSTRUMENTS ELECTRICAL,

METER SEALS
Metropolitan Device Corp., Brooklyn, N. 1.

MICA PRODUCTS
Chicago Mica Co., Valparaiso, Ind.
New England Mica Co., Waltham, Mass.
Westinghouse Elec. A Mfg. Co., E. Pitts-

burgh

the JOURNAL of the A. I. E. E. when writing

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
PANEL BOARDS

(See SWITCHBOARDS)
PATENT ATTORNEYS

See PROFESSIONAL ENGINEERING
DIRECTORY)

PLUGS
Delta -Star Electric Co., Chicago
General Electric Co., Schenectady
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
POLE LINE HARDWARE

Hubbard & Co., Pittsburgh
Ohio Brass Co., Mansfield, 0.

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
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

PUMPS, SPIRAL
Morris Corporation, I. P.. Philadelphia

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
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pitts-

burgh
REELS, PAYOUT AND TAKEUP

Ms:thews Corp.. W. N., St. Louis
REGULATORS, VOLTAGE

Burke Electric Co., Erie, Pa.
General Electric Co., Schenectady
Western Electric Co All Principal Cities
Westinghouse Elec. A Mfg. Co., E. Pitts-

burgh
RELAYS

Cramer & Co., Inc., R. W., New York
Electric Controller & Mfg. Co., Cleveland
General Electric Co., Schenectady
Westinghouse Elec. A Mfg. Co., E. Pitts-

burgh
RESISTOR UNITS

Allen-Bradley Co., Milwaukee
General Electric Co.. Schenectady

RHEOSTATS
Allen-Bradley Co., Milwaukee
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 A Wire Co., Chicago
Roebling's Sons Co., John A., Trenton, N. J

SEARCHLIGHTS
C.eneiiil Electric Co., Schenectady
Westinghouse Elec. A Mfg. Co., E. Pittsburgh

SHEETS, ELECTRICAL
Trumbull Steel Co., The, Warren, 0.

SLEEVE TWISTERS
Kearney Corp., Jas. R., St. Louts

to advertisers.
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Steam Turbine Units
50,000 kw. in Allis-Chalmers
Steam Turbine and Alternator
Units are now installed in the
station illustrated above.

I n 1914 three 5,000 kw. units were
installed, in 1919 a 10,000 kw.
unit was added, while in 1922

another 10,000 kw. unit was
placed in service.

In 1925 the 15,000 kw. unit shown
above was installed making a
total of six units in the station,
ALL of ALLIS-CHALMERS
manufacture.

SUCCESSIVE PURCHASES INDICATE CONFIDENCE
BORN OF SATISFACTORY SERVICE.

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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SOCKETS AND RECEPTACLES

General Electric Co., Schenectady
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pittsburgh

SOLENOIDS
Acme Wire Co., New Haven, Conn.Belden Mfg. Co., Chicago
Dudlo Mfg. Co., Ft. Wayne, Ind.
Electric Controller & Mfg. Co., ClevelandGeneral Electric Co., Schenectady
Sundh Electric Co., Newark, N. J.
Ward Leonard Electric Co., Mt. Vernon, N.Y.
Westinghouse Elec. & Mfg. Co., E.Pittsburgh

SPRINGS
American Steel & Wire Co., Chicago

STARTERS, MOTOR
Allen-Bradley Co., Milwaukee
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.

MWard Leonard Electric Co., t. Vernon, N.Y.
Westinghouse Elec. & Mfg. Co., E. Pittsburgh

STEEL, SHEET & STRIPS
Trumbull Steel Co., The, Warren, 0.

STOKERS, MECHANICAL
Sturtevant Company, B. F., Boston
Westinghouse Elec. & Mfg. Co., E. Pittsburgh

SUB -STATIONS
General Electric Co., Schenectady
Westinghouse Elec. & Mfg. Co., E.Pittsburgh

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. Pittsburgh

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. Pittsburgh

Disconnecting
Burke Electric Co., Erie, Pa.

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. Pittsburgh

Magnetic
Allen-Bradley Co., Milwaukee
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
Sundh Electric Co., Newark, N. J.
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E. Pittsburgh

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, Micb.
Moloney Electric Co., St. Louis
Pittsburgh Transformer Co., Pittsburgh
Western Electric Co., All Principal Cities
Westinghouse Elec. & Mfg. Co., E.Pittsburgh

Factory
American Transformer Co., Newark, N. J.
Kuhlman Electric Co., Bay City, Mich.
Moloney Electric Co., St. Louis
Pittsburgh Transformer Co., Pittsburgh
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

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
Pacent Radio Corp., New York

Street Lighting
Kuhlman Electric Co., Bay City, Mich.
Western Electric Co., All Principal Cities

TROLLEY LINE MATERIALS
General Electric Co., Schenectady
Hubbard & Co., Pittsburgh
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
Morris Corporation, I. P., Philadelphia

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
VALVE CONTROL, ELECTRIC

Bristol Company, The, Waterbury, Conn.
VALVES, JOHNSON HYDRAULIC

Morris Corporation, I. P., Philadelphia
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 & 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

Asbestos Covered
American Steel & Wire Co., Chicago
Belden Mfg. Co., Chicago
General Electric Co., Schenectady

WIRES AND CABLES-Continued.
Automotive

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
Kerite 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 Ins. Wire & Cable Co., Chicago
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
American Steel & Wire Co., Chicago
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., Trentont 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.
R 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., Muskegon, 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,
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

Weather proof
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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30 TIMES AS MUCH ELECTRICAL ENERGY

IS REQUIRED TO DEPOSIT

CHROMIUM
AS IS NECESSARY TO DEPOSIT

NICKEL
OVER THE SAME SURFACE

TO THE SAME THICKNESS

/0000 AMPCRES /2 VOLTS

700 AMPERES 6 VOLTS

INCOMPARABLE EFFICIENCY ABSOLUTE RELIABILITY
12 VOLTS FROM EACH COMMUTATOR

COMPLETE STANDARDIZED 1.1 N E

25 AMPERES

25,000 AMPERES

12 VOLTS
TO

12 VOLTS

30 0 WATTS

300,000 WATTS

CIIANDEYSSON ELECTRIC CO., St. Louis, U. S. A.

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.



ADVERTISING SECTION Journal A. I. E. E./Insulation And Mechanical
Strength Combine

/Pattern No. 30

Pattern No. 30-The
above illustration shows the
plain case front of dull black
devoid of distracting let-
tering. The extra large and
wide scale opening makes
the black lettering on the
white back -ground clearly
visible and distant reading
easy. This is one example
of the careful design carried
out on every part. Jewell
instruments incorporate ad-
vanced features not found in
other instruments.

Insulation and mechanical strength combine in the mounting
studs on Jewell instruments. At the point where the stud
passes through the instrument case all possibility of grounding
has been overcome by the moulded design which provides in-
sulation many times in excess of
possible requirements. Insulation
tests of 4,COO volts to
ground conducted on
the stud and instru- GMBE4
ment assembly as a
whole have never pro-
duced breakdown.

In addition, the moulded asbes-
tos binder bakelite used for the
stud head provides utmost
strength and makes fracture remote when pressure is applied
in tightening the instrument to a switchboard.

Write for descriptive Circular No. I ioo

Jewell Electrical Instrument Co.
1650 Walnut St. - - - Chicago

"27 Years Making Good Instruments"

ALPHABETICAL LIST OF ADVERTISERS
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Allen-Bradley Company 41
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Kearney Corporation, James R
Kerite Insulated Wire & Cable Co., Inc.....
K -P -F Electric Company
Kuhlman Electric Company

Lapp Insulator Company, Inc.
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Lincoln Electric Company, The
Locke Insulator Corporation
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To Turbine Operators

TEXACO

Lubrication

We have remaining for distribution a few copies of
the issue of our magazine -

Lubrication
which contains a comprehensive treatment of the
subject of Steam Turbine Lubrication.

Included is a list of steam turbines (by name of
maker) with complete Texaco recommendations
for correct lubrication.

We cannot guarantee to fill all requests for
the steam turbine issue of "Lubrication"
magazine but will send them out "first come,
first served" as long as the supply lasts.

THE TEXAS COMPANY
Texaco Petroleum Products

Clip this Coupon

The Texas Company
Dept. W7-, 17 Battery Place
New York City

Please send me the issue of "Lubrication" magazine containing the article on Steam
Turbine Lubrication and the chart of recommendations for correct lubrication of th,
Steam Turbines.

Name

Street Number

city State.

Business

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.
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IS THIS A SUFFICIENT
MARGIN

OF

SAFETY?

Before Deciding Upon
The Metropolitan Joint with Electrostatic

Shield and Metrolatum
A company made their own tests and found that the joint submitted

for use on their 13,200 volt lines, withstood

160,000 VOLTS FOR EIGHT HOURS
That which distinguishes the Metropolitan High Tension Cable

Joint, is the copper gauze stocking. This stocking acts as an electrostatic
shield and distributes equally the electrical stresses around the conductors.

Cable engineers are in agreement that the use of mineral oil compound for filling
the high tension cable joint, similar to that used for impregnating cables, is beneficial,
adds life to the cable and guards against failure.

Metrolatum which is used for filling the Metropolitan High Tension Cable Joint is
a high grade mineral oil compound. It has high dielectric strength (we guarantee
25,000 volts per I/Io inch gap at 120° F) and low dielectric loss. It insures perfect
uniformity of saturation between joint, sleeve and cable ends.

For further particulars and description of each step in
making this joint send for 16 page booklet. Complete
material for making joint supplied in two cartons.

Metropolitan Device Corporation
1250 Atlantic Ave., Broolilyn, N. Y.

SI lllll 11111111111111111111..................M11.11111111111111111111111111111 lllllllll
lllll I

METROPOLITAN DEVICE CORPORATION
1250 Atlantic Avenue, Brooklyn, N. Y.

Gentlemen: Please send me 16 -page booklet describing High -Tension Cable Joints.

Name

Address

Company

Title

Please mention the JOURNAL of the A. I. E. E. when writing to advertisers.



OKONITE
INSULATED
WIRES AND
CABLES

VARNISHED
CAMBRIC
CABLES

OKONITE
INSULATING
TAPE

MANSON Es
DUNDEE
FRICTION
TAPES

OKONITE
CEMENT

OKOCORD

OKOLOOM

Okonite,
Callender
Products
IMPREGNATED
PAPER
CABLES

SUPER -
TENSION
CABLES

SPLICING
MATERIALS

KO TE OMPANY
THE OKONITE - CALLENDER CABLE COMPANY, .INC.

Faclorint: PASSAIC, N. J. PATERSON, N. J.
Sale.riVice,r; New York Chicago Pittsburgh St. Louis Atlanta

Birmingham San Francisco Los Angeles Seattle
Pettingell-Andrews Co., Boston, Mass.

Novelty Electric Co., Phila., Pa. F. D. Lawrence Electric Co., Cincinnati, 0.
Canadian Repre.rentalived: Engineerinig Materials Limited, Montreal

Cuban Reprevenialivew Victor G. Mendoza Co., Havana
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Relay housing case
made for the Rail.
road Supply Co.

Radiator valve handle made
for Illinois Encineey ing Co.

Wringer tension
knob made for
Haag Brothers.

Two-piece threaded
assembly

BELDEN PRODUCTS
Beldenamel and Textile

Magnet Wire
Coil Windings

Beldenmold
(Molded Bakelite Products)

AutomotiveWiresandCables
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

Automobile vanity or smoking
case made for Elgin Clock

Company

Timer body made for
Weeks Super Car-

buretor Co.
Water heater case of four parts

made for Cid Electric
Heating Co.

A Complete Zakelite Service
of Extensive Application

Beldenmold Bakelite Parts Look
Better, Wear Better, Last Longer

AS insulators, supports, cases,
handles, knobs, and in many

other capacities, Beldenmold
Bakelite parts are replacing metal,
wood, rubber, and other materials.
The beautiful finish of Beldenmold,
its rigidity of form, imperviousness
to atmospheric conditions, and the
accuracy with which it can be
molded, as well as its low cost, are
all causes for its extensive use.

To investigate the possibilities of
improving your product through
the use of Beldenmold parts just
furnish a sample of the parts you
now use, no matter of what mate-
rial, and let us tell you what Bel-
denmold can do.
The use of Beldenmold parts not
only gives you a better selling
product-it saves money and
time, too.

Belden Manufacturing Company
Chicago, Illinois2316B South Western Avenue


