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The Invisible Service
of Science

Service of Science reminds us first of the visible serv-
ice of science, which one can see in every nook and
corner of our daily life. But there is an invisible serv-
ice of science which has a purely intellectual, esthetic,
and spiritual value. This is the service to which I
wish to call attention. In this connection it is well to
point out at this very outset that during the last three
hundred years, since the pilgrim fathers landed at
Plymouth rock, science has revealed three distinct
physical realities. The first physical reality was re-
vealed through the science of matter in motion; the
second, through the science of electricity in motion;
and the third, through the science of energy in motion.
Each one of these contributes a service which is not
visible in every nook and corner of our daily life; but
it has an intellectual as well as an esthetic and spiritual
value.

1. THE SCIENCE OF MATTER IN MOTION

The first physical reality revealed by the science of
matter in motion announced its approach three hun-
dred years ago, when Galileo discovered the concept of
acceleration and its relation to the moving force. A
hundred years later Newton finished the work which
Galileo had commenced; he placed the crowning dome
upon the beautiful intellectual structure the foundation
of which had been laid by Galileo. The Galileo-Newton
science of matter in motion, the science of dynamics, is
this intellectual structure. It revealed the first phys-
ical reality which is our earliest scientific knowledge of
the material unvierse. Nothing exhibits the beauty
of this reality so well as the motion of the planets
around the sun. Here we have a cosmic system of
hodies, in whch each part moves along a definite path
with a precision unattainable in any mechanism con-
structed by the hand of man. And yet the only
guiding force in this perfect order is the gravitational
action of matter, operating according to laws of
childlike simplicity. Michelangelo, we know, rendered
immortal service to the intellectual as well as to the
esthetic and spiritual activity of the human soul,
when he impressed his genius upon that magnificent
edifice on the Vatican Hill, St. Peter’s basilica in Rome.
Newton, the Michelangelo of the science of dynamics,
rendered to mankind a similar, but immeasurably
greater service when through his seience he gave a new

‘Address delivered oo January 8th hefore the Pittshurgh
Section of the A, I. i, 1,

meaning to the most sublime edifice known to man,
to the starry vault of heaven.

2. SCIENCE OF ELECTRICITY IN MOTION

The second physical reality revealed itself through
the science of electricity in motion. Among those
who laid the foundation to this physical reality Fara-
day must be mentioned first. He discovered the
meaning of acceleration in electrical motions; he 1is
the Galileo of the Electrical science. But who isits
Newton? Sixty years ago Maxwell spoke like. a
prophet when he made the startling announcement
that radiation of light and heat is a manifestation of
moving electricity. The prophecy came true and Max-
well rose to the lofty position of a Newton of electrical
science. Its achievements during the last sixty years
are the fruits of our efforts to find a complete interpreta-
tion of Maxwell’s prophecy. The greatest among
them is the discovery that the origin of all radiation is
in the motions of the tiny electrons which are, as far as
we know today, the immutable primordial building
stones of the material universe. Atoms have been re-
vealed to us as complex structures, made up of positive
and negative electrons, the unchangeable granules of
that subtle substance which we call electricity. Every-
thing that moves and has its being in this boundless
universe seems to be deriving its breath of existence
from the electrical forces which have their origin in
the tiny electrons. The combined activities of these
infinitely small but infinitely numerous workers is the
activity of that stupendous unit, called the universe.
The book of Genesis, composed by a Moses of modern
science, would probably start as follows:

In the beginning God said: = Let electricity move, and
the embryo of the universe began to form.

If the contemplation of this physical reality does not
uplift the soul of man and stimulate its intellectual and
esthetic as well as its spiritual activity then St. Paul
was in error when he said: “We all with open face
beholding the glory of the Lord are changed into the
same image from glory to glory . -

3. THE SCIENCE OF RADIENT ENERGY IN MOTION

These two physical realities prepared the human
mind for a third physical reality which is being revealed
to us through the motion of cosmic,.that is of radiant,
energy. The concept of energy is a comparatively
new concept, and its full meaning dawned upon us less
than a hundred years ago. Today we know that the
background of every physical phenomenon is a trans-
formation of some form of energy. We also know that
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the total energy content in the universe is constant,
but that its radiated parts are wandering through space,
as if in search of new opportunities for benevolent
service. Kach visible star radiates its energy to other
stars, and our little terrestrial globe would be a sad
and barren abode if it did not float in the life-giving
energy stream of solar radiation.

This radiation proceeds from countless tiny electronic
centers, each one of them attending strictly to its own
activity and paying no attention to the activity of its
neighbors. It is, therefore, a chaotic activity of an
immense number of essentially autonomous workers.
Hence solar radiation is a most chaotic swarm of count-
less energy units, and yet their service on earth shows
that beautiful order which is the fairest adornment of
our terrestrial globe. Just wateh the clouds of the
summer sky, moving, like Milton’s heavenly host,
in stately procession, and carrying relief to the thirsty
continent. Remember, then, that the power behind
this gigantic labor of beautifully ordered service is
the chaotic energy stream of solar radiation. Here
1s a transformation of a chaos into a cosmos, a revela-
tion of a new physical reality, which gives a concrete
meaning to the ‘belief of ancient Greece, that the
creation of the world is a transformation of a chaos into
a cosmos. A new science is rising in the background
of this physical reality. Its foundation was laid a
hundred years ago by that great savant, Sadi Carnot,
who is 1ts Galileo. But who is its Newton? Not
only has he not yet appeared but the science has not
yet received its appropriate name. I call it, for want
of a better name, The Science of Coordination.

Carnot told us how the chaotic molecular activity,
-called heat, can be transformed into orderly service by
interposing a heat engine in the path of heat in its
passage from a higher to a lower temperature. The
engine is a guide, a coordinator, of the chaotic heat
energy. Similarly a galvanic cell is a coordinator of
chemical activity which is chaotic when unguided. The
caloric engine and the galvanic cell are coordinators
invented by man. Their guiding operation is per-
formed in accordance with the designing intelligence
of man who has a definite purpose in view. But what
1S the coordinator which transforms the chaotic solar
energy, absorbed by the leaf of a plant, into a co-
ordinated service which manifests itself in the orderly
growth of the plant? Each organic cell as a whole and
all of its miscroscopic and ultra microscopic components
feed, grow, and divide in an orderly way; they trans-
form chemical activity, which is chaotic when un-
guided, into orderly work and service. Is there a
guiding coordinator attached to each one of these tiny
organic units, and, if there is, does it operate in ac-
cordance with some intelligent design and purpose as
is the case in the caloric engine and the galvanic cell?
What function, if any, does the recently revealed
radiation of marvellous penetrability play in the phys-
ico-chemical processes of the organic cells? One cannot
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resist the temptation of asking this question, because
it suggests the possibility of finding a new relationship
between some new cosmic processes going on near the
very boundaries of our stellar system and the tiny
living cells on earth. Some future Newton will answer
all these questions; in the meantime the contemplation
of the physical reality of which these questions are a
part cannot fail to furnish that intellectual, esthetic,
and spiritual exhilaration which is the noblest service

ol science to the human soul.
M. 1. Purin.

Some Leaders
of the A. 1. E. E.

Dugald C. Jackson, the twenty-third president of the
A. I. E. E., was born at Kennett Square, Pa., February
13, 1865. He was graduated from Pennsylvania State
College in 1885 with the degree of B. S., receiving the
degree of C. E. from the same college in the year 1888.
Following graduation, Mr. Jackson devoted two years
to post graduate work in electrical engineering at Cor-
nell University, serving as instructor in physiecs in 1887.

For two years he was vice-president and engineer of
the Western Engineering Company, at Lincoln, Neb.,
and throughout the years 1889-1890 served as assistant
chief engineer with the Sprague Electric Railway and
Motor Company, at New York. Following this, for
one year, he was chief engineer of the central district
of the Edison General Electric Company.

In the year 1891, Mr. Jackson became a member of
the faculty of the University of Wisconsin. During
the sixteen years of his engagement there the depart-
ment of Electrical Engineering of the University was
developed.

Since the year 1907 Professor Jackson has been at the
head of the Department of Electrical Engineering
at Massachusetts Institute of Technology. He was
senior member of the firm of D. C. and W. B. Jackson,
consulting engineers, for twenty years, during which
time the company was actively identified with many
of the noteworthy electrical projects of the country.
At the time the British telephone systems were taken
over by the British Government, he served it as
consulting engineer.

In the World War, Professor Jackson served overseas
as Lieut.-Colonel of Engineers, rendering distinguished
service to the American Expeditionary Forces.

Professor Jackson was a member of the Jury of Elec-
trical Awards at the World’s Columbian Exposition,
Chicago, 1893, and at the Pan-American Exposition,
Buffalo, 1901. Heisa Chevalier of the Legion of Honor,
France; was president of the A. 1. E. E. throughout the
term 1910-11; president of the Society for Promotion of
Engineering Education, 1905-06, and a member of
various other American and foreign technical and
scientific societies.

He 1s the inventor of a number of electrical devices
as well as author of many technical papers and books.



Cipher Printing Telegraph Systems

For Secret Wire and Radio Telegraphic Communications
BY G. S. VERNAM:

Associate, A. I. E. E.

Sunopsis.—This paper describes a printing telegraph cipher
system developed during the World War for the use of the Signal
Corps, U. S. Army. This system is so designed that the messages
are in secret form from the time they leave the sender until they are
deciphered automatically at the office of the addressee. If copied
while en roule, the messages cannol be deciphered by an enemy,
even though he has full knowledge of the methods and apparatus

used. The operation of the equipment is described, as well as the
method of using il for sending messages by wire, mail or radio.
The paper also discusses the practical impossibility of pre-
venling the copying of messages, as by wire tapping, and the relative
advantages of various codes and ciphers as regards speed, accuracy

and the secrecy of lheir messages.
* * * * *

INTRODUCTION

HE purpose of this paper is to discuss briefly cer-
Ttain methods for obtaining secrecy in connection

with messages sent by wire or radio telegraphy,
and to describe in particular printing telegraph cipher
systems that were developed for this purpose during
the World War.

The desirability of obtaining secrecy in telegraphic
communications and the possible advantages of a
system that would be capable of sending messages 1n
such form as to be entirely secret, and which at the
same time, would be more rapid and accurate than
the codes and ciphers ordinarily used, were brought
out in conversations with officers of the Signal Corps,
U. S. Army. These discussions made it evident to the
engineers of the Bell System that it would be very help-
ful if the well-known automatic features of the printing
telegraph art could be made available for enciphering
and deciphering telegraph messages, and could at the
same time be made practical for use under service
conditions.

The engineers recognized that printing telegraphs?
were rapid and accurate, but were not secret except
to the extent that their signals could not be read from a
telegraph sounder. With the general requirements
for secrecy systems in mind, studies were made of
printing telegraph systems to determine how their
messages could be made secret. The result of this
work was the development of a cipher system that is
capable of rendering messages entirely secret, is rapid
and accurate, and is practical to use.

This “Cipher Printing Telegraph System” was called
to the attention of the Signal Corps. The Signal
Corps became very much interested, tested the secrecy
of communications handled by the system and tried

1. Engineer, Dept. Development and Research, Am. Tel. &
Tel. Co.

2. See John H. Bell, “Printing Telegraph Systems,” Trans.
AL KB for 1920, Vol. XXXIX, Part 1, p. 167, and
A. H. Reiber, * Printing Telegraph Systems Applied to Message
Traffic Handling,” Trans. A, 1. B. K.for 1922, Vol. XLI. p. 39.

To be presented ot the Midwinler Convention of the A. 1. E. .,
New York, IFeb. 8-11, 1926,

it out between New York and Washington. This
trial proved that the system could be successfully used
to send messages secretly and at a speed many times
faster than by methods previously in use.?

Each message is automatically enciphered at the
sending station and deciphered in the. same manner
at the receiving station. The method of ciphering will
be described later in this paper and is such that under
certain conditions of use, the messages are rendered
entirely secret, and are impossible to analyze without
the key, even if it is assumed that the enemy can
capture a machine, learn its method of operation in all
details, and intercept a large number of messages.

Printer

Message

- hin
Transmitber . Machine

Perforator

: ¥ey Tape
Keyboard Transmitters
Perforator

r=Key Tapes

Fia. 1—CirHER PrinTiNG TELEGRAPH MACHINE

FLEXIBILITY OF SYSTEM

This method of ciphering can be used with machines
of various types. The electrically-driven machine
shown in Fig. 1 was developed during the war particu-
larly for the Signal Corps, U. 8. Army. In order to
save time in production, standard printing telegraph
parts were used wherever possible with the result that
this machine has the appearance of a ‘start-stop”
printing telegraph set with some additional units
mounted on a shelf at the right end of the table. This
type of cipher set is particularly suitable for handling
large amounts of traffic at high speed.

3. Note: See page 140, "‘Report of the Chief Signal Officer
to the Seeretary of War' for the year ending June 30, 1919.
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If something smaller in size and portable is required,
the machine shown in Fig. 2 may be used. This
machine is light and strictly portable as no electric
current is required for its operation. It is slower than
the large machine and requires a knowledge of the
standard “Baudot” printer code (see Fig. 8) on the
part of the operator, but its messages are equally
secret.

These machines are considered suitable for general
use by government departments, business concerns,

Fig. 2—PorTaBLE CiPpHER MACHINE

etc., for handling confidential messages rapidly and
secretly. The method of using them can be varied to
suit conditions and so as to make unauthorized de-
cipherment as difficult as may be necessary up to the
point where it becomes impossible even for -an expert
cryptanalyst.

If an appreciable demand exists for machines of
special sizes or having particular operating features for
special uses, these can be built to employ the same
secrecy principle. For example, the functions of
ciphering and transmitting over a telegraph circuit can
be comhined in one machine, if desired, so that, at the
sending station, messages can be simultaneously en-
ciphered and transmitted over the telegraph circuit,
and so that, at the receiving station, messages can be
received, deciphered automatically and printed directly
in plain text; thus avoiding the slight delay caused
by separately enciphering and deciphering each mes-

RUIYW TGCZG PIETY RJGUA ELKEJ EZIAO
ISCFE LCXHF CONEC XELVY DXJBT WFEJM
HLGDL DDPYD TPGVQ EZAYI LXSZX

Figc. 3—SaMpLE CIPHER MEsSSAGE 1N PRINTED Fory

sage. This method is particularly suitable for cases
where the cipher equipment can be directly connected
to a telegraph line or to a radio transmitter and
receiver and can be operated by the same per-
sonnel.

If the cipher messages are to be turned over to a
telegraph or cable company to transmit, they should
be in written or printed form. For this purpose, the
cipher machine can be arranged to print the cipher
messages in groups of five letters each, spaced to form

VERNAM: CIPHER PRINTING TELEGRAPH SYSTEMS
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“words.” Fig. 8 1s a copy of such a message shown
exactly as it was prepared by the cipher set. Such
messages can be printed by the machine directly on
the telegram blank with the address and signature in
plain English, and if desired, a carbon copy can be
made at the same time for record purposes.

PREVENTING ACCESS TO MESSAGES

There appear to be two general methods for securing
secrecy in connection with communications, namely,
(1) by preventing or at least attempting to prevent
access to the messages or to the lines of communica-
tion and, in the case of telegraphic communications by
rendering the lines incapable of being tapped, and (2)
by the use of codes and ciphers with key systems known
only to the proper parties.

As regards wire tapping, sensitive alarm devices
arranged to operate on small changes in the electrical
constants of the line circuit, are unsuccessful as a
means of preventing unauthorized parties from ob-
taining access to the circuit. The electrical condition
of a long telegraph circuit is continually changing as a
result of variation in temperature and other weather
conditions. This fact limits the useful sensitivity
of any such alarm devices, whereas by using vacuum
tube amplifiers, a record of the signals passing over a
circuit can be obtained without appreciably disturbing
the line circuit and even without actual contact with
the wire.

Telegraphsystems have been invented, that will oper-
ate successfully on very small line currents, and which
use coils and condensers to suppress the harmonics in
the signal impulses, or in other words to avoid sudden
changes in current value. The currents induced in
neighboring circuits by such a system would be small,
so that it would be rather difficult, if ordinary methods
are used, to obtain a record of the signals by their in-
ductive effect. This can be readily done, however,
1f modern vacuum tube amplifying equipment is used.
It 1s also obvious that a record can be easily obtained
if the wire is tapped.

Many attempts have been made to obtain secrecy
during the actual transmission of telegraph messages
by making them unintelligible. In one system of this
sort, successive signal impulses are sent alternately
over two line wires by means of a rotary switch which
puts the sending key in connection first with one wire
and then with the other at each movement of the key.
At the receiving end, the impulses are combined
through one relay. With this system, the messages
may be readily copied if both wires are tapped, and it
1s quite possible to decipher the messages even if only
one wire Is tapped.

Proposals have also been made to use complex
devices or methods, or so to mutilate the normal im-
pulses that they become unintelligible to anyone tap-
ping the line circuit or intercepting the signals if sent
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by radio. Any secrecy system of this general class
can be readily “broken’ by anyone having a knowledge
of the methods used and the ability to assemble and
operate the necessary apparatus.

TAPPING DUPLEX AND MULTIPLEX CIRCUITS

It has also been considered that a full duplex cir-
cuit or a multiplex printer circuit, in which messages
are heing transmitted simultaneously in opposite
directions, could not be tapped and that circuits of
this character insured secrecy to the communications
thus being handled. This is not true, however, and
means have been invented by which a message origi-
nating at one station of an ordinary duplex circuit can
be tapped at any part of the circuit, even though a
second message is also going over the same circuit
simultaneously in the opposite direction. This means
that a multiplex printer circuit, in which as many as
eight messages, four in each direction, are handled
simultaneously, may be tapped and a person who is
familiar with the system can readily analyze the multi-
plex impulses to distinguish between adjacent channels
and the letters of each message in each channel.

An arrangement for tapping a duplex circuit 18
shown in Fig. 4. A single sensitive polar relay may
be used to receive the signals from either end of the
circuit, or by using two such relays, the signals in
both directions may be read simultaneously. Each
relay may control a sounder or a suitable recording
device. One winding of each relay is connected in
series with the line, the other winding being connected
in a circuit from line to ground through an “artificial
line” composed of adjustable resistances and con-

VST E£AST POLAR

o Rc;nlv Low RESS Fyi:u:.' e RELAY
¥EY ya ‘ o AN sl KEY
j— -7 4 ,-Hv el emrg ;
l [ == z < HIGH RESIS : Z o l
- ¢ Lﬁr .
N TAPPING - STATION EAST STATION

Fia. 4 -MEetiuoo or TarriNg A DurLEXED Line

densers. The line winding of each relay should have
relatively few turns and should be of low resistance,
the other winding having a large number of turns.
Each artificial line should he adjusted to be substan-
tially equivalent to the impedance of the corresponding
section of line including that of the terminal station
equipment multiplied by the ratio of turns of the relay
windings.

Signals transmitted from the west station will pass
through the line windings of both relays at the tapping
station, a small part of the signal currents also going
through the lower windings and artificial lines to
ground. The signal currents pass through both wind-
ings of the west relay in series, the magnetic effects of
the two windings aiding each other, so that the arma-
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ture of this relay will follow the signals. The same
signals pass through both windings of the east relay
in parallel, the magnetic effects opposing and balancing
so that this relay does not respond to signals from the
west station.

In a similar manner, signals from the east terminal
station will energize the east relay but not the west
relay at the intermediate station, so that by using suit-
able recording devices associated with each relay, a
copy of signals in both directions may be obtained.

TaprrPiNgG A MULTIPLEX CIRCUIT

This method may be used to tap a multiplex printer
circuit, in which case a tape record of the form shown
in Fig. 5 will be obtained. If this is taken from a
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Tiqa. 5—TarE REcorp oF MULTIPLEX PRINTER SIGNALS

“double-duplex” circuit alternate letters must be read
as indicated, to get the message from either channel.
Every third or every fourth letter must be chosen if
the circuit is operated by the “triple-duplex”” or “quad-
ruple-duplex” method. The individual letters are
in the ordinary five-unit printer code, the polarities
of alternate signals being reversed. To decipher such
a tape, it should be divided into units of five dot
lengths each. The correct starting point can be found
in not more than five trials and can be recognized by
the fact that the letters of each message then form
sensible combinations.

CoDES AND CIPHERS

Secrecy, in connection with telegraphic communica-
tions, is usually obtained at the present time by means
of codes and ciphers, the term ‘“‘code” being applied
in cryptography to the method in which entire words,
or phrases of a message are replaced by arbitrary
groups of letters or numbers usually printed in a code
hook, identical copies being kept by those using the
code, “cipher’’ referring usually to a system in which
the individual letters of a message undergo a change
either in arrangement or nature.

It is obvious that the combinations of letters in a
cipher message will not form pronounceable groups or
genuine words except occasionally by accident, but
“code’ systems ean be arranged to use pronounceable
artificial “words’ or actual dictionary words, if desired.
This is usually done, as such “‘code words” are handled
by the telegraph and cable companies at a cheaper rate
than the unpronounceable so called cipher “words.”

Each of these two general systems has advantages
and disadvantages which cause them to be used tor
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certain classes of work, depending upon the conditions,
The code system has the outstanding advantage, es-
pecially for commercial work, of enabling messages to
be shortened so that the tolls are reduced, and it
is chiefly for this reason that commercial codes are
used. Code is not very accurate, as a mistake in a
single code group or even a single letter may change
the meaning of an entire message, or necessitate its
repetition. If secrecy is required, it is necessary to use
carefully guarded private code books, the maintenance
of secrecy and accuracy during the printing and dis-
tribution of which may cause great trouble. Such
books must be carefully used to maintain secrecy, and
must be immediately replaced, sometimes at great
expense and inconvenience if they should become
compromised.

Ciphers, in general, are slower than codes unless
machines are used, but then they may be very much
faster. They are more accurate, and depending on
the system used, cipher messages may be more or less
secret than code messages.

There are two general classes of ciphers, known re-
spectively as transposition ciphers and substitution
ciphers. In the first class, as the name suggests, the
letters of the original message are rearranged, according
to a definite system, and in the second class, substitu-
tions for the original letters are made according to
some prearranged key. In one, the relative positions
of the lettérs are changed and in the other, the letters
themselves.

TRANSPOSITION CIPHERS

A transposition cipher may be distinguished from a
substitution cipher by a study of the frequency of
occurrence of the letters of the message by comparison
with a frequency table of the language of the original
message. Studies which we have made of the fre-
quency of the different letters of the English language
as they occur in telegrams sent over our private wires,
indicate that they are used about as shown in Fig. 6.
It is apparent that some letters are used very fre-
quently, the vowels a, €, i, 0, u, forming approximately
40 per cent. of the total, e being the most commonly
used letter of all. ¢This chart is similar to those used
by cipher experts.

In a transposition cipher the letters must be re-
arranged according to a definite system known to the
receiving correspondent. Those who make a study of
ciphers tell us that such systems are usually easy to
discover, particularly if a considerable number of
messages are intercepted including two or more of
exactly the same length. Transposition ciphers are
not suitable for use with machines.

SUBSTITUTION CIPHERS
In substitution ciphers the order of the l.etters
remains unchanged, but for each letter is substituted

4. See ‘“Manual for the Solution of Military Ciphers” by
Lt. Col. Parker Hitt.
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ts equivalent in one or more cipher alphabets, For
example, using the tahle below, for each letter in the
plain text alphabet we may substitute its equivalent
in the cipher alphabet. To decipher, this process
18 reversed.

Plain Text ABCDEFGHTJS
TUVWXYZ
FQRUKAHGZSEMLYPOBC)
VDTX WNI

LMNOPQRS

Cipher

Freauency Or OCCuniE~CE OF LETTERS
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If a chart is prepared from a frequeney count of the
letters in such a cipher message, it will have the general
appearance of Fig. 6 but the crests will correspond to
different letters. Messages of this type are readily
deciphered by an expert even when a “‘mixed” alphabet
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Fig. 7

is used, such as that illustrated above in which the
letters of the cipher alphabet are not in the usual alpha-
betic order.

By using more than one alphabet, the cipher may be
made more difficult to ‘“‘break.” The method may
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be described by referring to the “cipher square’”’ shown
in Fig. 7. In this table, the top alphabet represents
the plain text, whie below it are shown 26 cipher
alphabets, each designated by a “key”’ letter given in
the left-hand column. Some form of key, usually
a word, is used, the letters of this key word designating
the alphabets and the order in which they are to be
used. A different cipher alphabet is used in a repeating
manner, with each successive letter of the message.

This type of cipher may be distinguished by the fact
that the frequency chart is rather flat, the frequency of
occurrence of all letters being roughly the same.
Each cipher alphabet is used repeatedly at regular in-
tervals. By first finding this interval and then study-
ing each alphabet separately, messages of this type
can be deciphered readily by an expert.

RunNING KEY CIPHERS

If the key used with this type of cipher is made
very long, so that it never repeats and if any portion
of this key is never used for more than one message,
the operation of “breaking” the cipher becomes very
much more difficult. If, now, instead of using English
words or sentences, we employ a key composed of
letters selected absolutely at random, a cipher system
is produced which is absolutely unbreakable.

This method, if carried out manually, is slow and
laborious and liable to errors. If errors occur, such as
the omission of one or more letters, the messages are
difficult for the recipient to decipher. Certain difficul-
ties would also be involved in preparing, copying and
guarding the long random keys. The difficulties with
this system are such as to make it unsuitable for general
use, unless mechanical methods are used.

CIPHER PRINTING TELEGRAPH SYSTEM

By using machine methods, this type of cipher may
be made practicable for use. Fig. 1 is an illustration
of the cipher machine previously referred to, and which
operates on this principle. As previously mentioned,
this machine was developed during the recent war and
adopted by the Signal Corps, U. S. Army.

Certain parts of this machine are the same as those
used for ordinary printing telegraphs, such as those
described in recent papers before the Institute. For
this reason, it will not be necessary to describe in de-
tail the parts which are commonly used in such systems,
such as the keyboard perforator, the transmitters, and
printer.

C'IPHER MACHINE —METHOD OF OPERATION

The messages are first punched in a paper tape by
means of the keyboard perforator. The code used is
shown in Fig. 8. This is the well-known five-unit
printing telegraph code. FEach letter is represented
by a small feed hole and one or more larger holes
which may be punched in five different positions across
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the tape. Since n each of these five positions a hole
may or may not be punched, there are (2)® or 32
possible different combinations in_this code of which
926 are used to designate letters, the other 6 representing
the so-called “stunts,” which are the ““space,” ‘‘carriage
return,” “line feed,” “figure shift,” “letter shift,”
and the “blank’ or ““idle” signal.

The cipher “‘key’’ may take the form of another tape
of similar form having characters punched in it at
random and with every tenth -character numbered,
so that the tape may be set to any designated starting
position. The key tapes are prepared in advance, the
original key being perforated by hand, as by working
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the keyboard at random, additional copies being made
automatically by the machine.

The message tape is passed through a unit known as
a transmitter, where the holes in the tape serve to
control the positions of five contact levers, each of
which makes contact with either of two bus-bars. The
key tape controls the contacts of a second tape trans-
mitter. The contacts of the two transmitters are
connected to a set of five magnets or relays as shown in
Fig. 9. Each magnet wil be energized if the corre-
spondingly numbered contacts of the two transmitters
are against opposite bus-bars, but not if they are mak-
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ing contact with similar bus-bars. In the diagram,
contacts 1 and 2 of the message transmitter, are against
the left or positive bus-bar, this setting representing
the letter A. Contacts 1, 4 and 5 of the key trans-
mitter are against the positive bus-bar, representing
the letter B in the printer code. This will energize
magnets 2, 4 and 5, which combination represents the
letter G. .

All of the possible combinations resulting from
various characters in the two tapes might be shown in
a cipher square similar to that of Fig. 7 except that it
would have 32 characters on a side instead of 26.

The characters of the cipher messages, formed in this
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way, may be recorded as perforations in g third tape.
For this purpose a “machine perforator” s used.
This device is similar in many respects to a keyboard
perforator and is shown in Fig. 10. The tape, from a
reel on the top of the machine, passes through the
punch bloek at the (ront left corner of the machine.
Here it passes under a die plate and over a group
of six punches, which may be forced up through the
tape by the action of an electromagnetic hammer.
Five of these punches are too short to be acted on
directly by the hammer and are pushed through the
tape only when an individual “selecting finger” is in-
terposed between the punch and hammer. The five
selecting fingers are actuated by five magnets which
may be controlled by the relays shown in Fig. 9. A
ratchet-operated, star-wheel feeds the tape forward
after each character has been punched.

The cipher message tape prepared in this way is un-
intelligible in form and may be sent to the receiving
station by messenger or by mail, or if desired, it may

Fic. 10—MacHiNE PERFORATOR

be transmitted by wire or radio and reproduced by
another machine perforator at the receiving point.
The cipher tape is there run through the message trans-
mitter, where its characters combine with those of a
duplicate key tape to reproduce the original message,
which will be printed out in page form and in ‘“‘plain
text.”
LENGTH OF KEY TAPE

With the system as described above, the key tape
must be at least as long as the sum of all the message
tapes used with it, as the messages will lose their secrecy
to some extent if the key tape is used repeatedly. The
use of a short repeating key may give sufficient secrecy
for some uses however.

A roll of tape eight inches in diameter contains about
900 feet of tape and would serve to encipher about
18,000 words counting five printed characters and a
space per word, without repeating the key. If sent at
an average speed of 45 words per minute this number
of words would require 400 minutes‘or nearly 7 hours
to transmit. 3

Jourgiel A I

In order Lo reduce the umount of key tape required
for handling lurge amounts of traflic, the *double key"
system was devised. [n this system two key tapes
are used, the ends of each tape being glued together to
form a loop prelerably about seven feet in circumfer
ence. The tapes should differ in length by one charac
ter or by some number which is not a factor of the
number of characters in either tape. A separate trans
mitter is used for each tape, and the characters of the
two key tapes are combined, by a method similar to
that shown in Fig. 9, with those of the message tupe
to form the eipher message.

The result is the same as though the two key tapes
were first combined to produce a long single non-
repeating key, which was later combined with the
message tape. 'This long, single key is not, strictly
speaking, a purely rangom key throughout its length
as 1t is made up of combinations of the two original
and comparatively short key tapes. The characters
in this key do not repeat in the same sequence at
comparatively short regular intervals, however, as
would be the case if only one key tape loop were used.

The number of characters in this equivalent single
key is equal to the product of the number of characters
in the two tape loops, and may easily exceed 600,000
before any part of the key begins to repeat. If
proper care is taken to use the system so as to avoid
giving information to the enemy regarding the lengths
of the two key tape loops or their initial settings and to
avoid the possibility of ever re-using any part of the re-
sultant single key, this system is extremely difficult to
break even by an expert eryptanalyst having a large
number of messages and full knowledge of the con-
struction of the machine and its method of operation.

Captain W. F. Friedman, Cryptanalyst of the Signal
Corps, U.S. Army, has recently invented some modi-
fications® of this system intended to eliminate the loss
in secrecy that results from using the two more con-
venient comparatively short repeating key tapes in-
stead of the single long non-repeating key tape. These
modifications consist of changing at intervals the
order of connection of the five contacts of one or more
of the tape transmitters or of adding a third key tape
and transmitter so arranged that the extra key tape
does not step ahead in unison with the other two key
tapes, but starts and stops at irregular intervals.
Either of these methods, properly used, makes un-
authorized decipherment practically impossible and,
at the same time, does not unduly complicaté the
machine or its method of operation.

With the double key tape system, the handling of
large volumes of traffic is greatly simplified. The
tapes should be numbered so that the deciphering
operator can set them at the correct starting point for
each message, and rules should be adopted so that
both key tapes will never be set twice at the same
5. Sece Patents 1,522,775 of Jan. 13, 1925 and 1,516,180 of
Nov. 18, 1924.
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starting point. Information regarding the proper
settings for the key tapes for deciphering each message
must be sent to the deciphering operator. These set-
tings may be prearranged or they may be selected
arbitrarily by the sending operator. In the latter
case the numbers representing the key tape settings
should be prefixed to the message. These “Lkey indica-
tors” should preferably be enciphered by running
them through the machine together with a special key
tape which is used only for this purpose.
SPEED OF OPERATION

This type of machine was operated by the Signal
Corps over its private wire telegraph circuits. in
service tests made by the United States Army, each
outgoing message was checked by running it again
through the machine to decipher and print it, and the
deciphered copy was then compared with the original
message, so that each message tape was run through

7
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Fig. 11—Circuit ForR Rapio CiPHER DEMONSTRATIONS

twice. A certain amount of time was lost, due to
setting and resetting the key tapes, checking, ete., for
each message, but an average enciphering speed of
10-15 words per minute was readily maintained. We
understand this to be many times faster than those
manual methods for enciphering or coding, which are
used where a high degree of secrecy is required. In-
coming messages were deciphered at the rate of 30-40
words per minute.
OPERATION BY RADIO

This cipher system was demonstrated before the
delegates to the Preliminary International Communica-
tions Conference in October, 1920. During this demon-
stration, cipher messages were sent over a circuit con-
taining a radio link, as illustrated in Fig. 11. The radio
equipment was the same as that employed a year pre-
vious in tests on the operation of multiplex and start-
stop printing telegraphs by radio and is described else-
where.5

A considerable number of cipher messages was trans-
mitted over this radio circuit during this demonstra-
tion, these messages being automatically enciphered

6. “‘Printing Telegraph by Radio” by R. A. Heising, Journal
of the Franklin Institute, January 1922, pp. 97-101.
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before and deciphered after transmission, so that they
they were absolutely secret, even though transmitted
by radio. No interference from atmospherics or from
other radio stations was noticed, all messages being
received without error. |
In conclusion, we wish to express our appreciation
of the assistance given us by the officers of the Signal
Corps and the General Staff, of the United States Army,
in making tests and trials of cipher printing telegraph
systems; and we wish particularly to acknowledge
our indebtedness to Lt.-Col. J. O. Mauborgne, of the
Signal Corps, for his advice in connection with this
development and for his assistance in arranging to
have tests made to determine its secrecy and demon-
strations and service trials to determine its practicabil-
ity for Army use. We also wish to express our appreci-
ation of the services rendered by the Cipher Depart-
ment of the Riverbank Laboratories, Geneva, Illinois,
and by Col. George Fabyan, the head of these labora-
tories, in making tests of the secrecy of messages en-
ciphered in various ways with these machines.

DIELECTRIC PHENOMENA

An important contribution to the study of
dielectric phenomena in electric cables was made
by Capt. P. Dunsheath in a recent I. E. E. paper.
Developing a theory first propounded by Clerk
Maxwell, the author showed how, without any hypo-
theses regarding the molecular structure of a dielectric,
the familiar absorption effect can be explained by the
lack of homogeneity of the dielectric. In such a dielec-
tric the ratio of capacities of adjacent layers will not be
identical with the inverse ratio of their resistances.
The potential distribution due to the capacities will,
then, differ from that due to the resistances. The
latter distribution being the one obtaining when the
steady state is reached, compensating capacity currents
have to flow into the various condensers to adjust their
potentials to the required values. The circuit for these
currents consists of capacity in series with a very high
resistance; thev will therefore follow an exponential
law and persist for a considerable time. The charging
current of a cable subjected to a steady potential con-
sists, accordingly, of three parts, the initial rush giving
a potential distribution corresponding to capacity,
a steady leakage current, and a transient current which
gives the final potential distribution. Developing
this theory, Capt. Dunsheath gave a simple explanation
of the well-known V curve connecting A. C. dielectric
loss with temperature, based on the negative tempera-
ture coefficient of electrolytic conductors. Although
the difference between the Maxwell and the molecular
theories may be purely verbal, the advantage of the
former cannot be questioned, as giving a clearer insight
into the electrical properties of dielectrics, and marking
an advance towards the more perfect knowledge which
will enable dielectric phenomena to be subjected to
exact calculations.—World Power, December, 1925.
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Supervisory Systemsfor Electric Power Apparatus
BY CHESTER LICHTENBERG
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Synopsis.— A general survey and description of the various
types of supervisory systems for conbrol and indication of remotely
located electrical apparatus is given in the paper, the author first of
all eomparing the beller known remole-control system with the super-
rsory system in general rractise today. Description is given of lhe

INTRODUCTION

UPERVISORY systems for the control and in-

dication of remotely located electric power appara-

tus can best be introduced by comparing them
with the better known and more widely applied remote
control systems in general application today.

The usual remote control scheme employs at least
one continuous individual metallic connection between
each device to be controlled and the controlling switches
or keys. Supervisory systems use no individual and
one, two, three or more common metallic connections
between the devices to be controlled and the controlling
switches or keys for as many as fifty or sixty or even
more devices. Remote control systems ordinarily
use control currents of the order of magnitude of one to
ten amperes. Supervisory systems usually use cur-
rents of the order of magnitude of three to ten milli-
amgperes, Remote control systems require a definite
-and usually very short time interval to elapse between
the closing of the control switch or key and the closing
of the contacts at the remote point. Supervisory
systems require an appreciable and variable time to
elapse between the operation of the control switch or
‘key and the closing of the contacts at the remote point.
Remote control schemes are usually designed into the
electrical operating sequence of the power apparatus.
Supervisory systems are invariably superimposed upon
the usual sequence. Briefly, supervisory systems pro-
vide improved means for the supervision of electric
power transmission and distribution.

HISTORY -

Supervisory systems were developed to meet the
requirements of the railway and central station in-
dustries as these expanded. The grouping of genera-
ting stations under the direction of a centrally located
load dispatcher made it desirable that the dispatcher
have prompt and accurate information concerning
the electric power system. The widespread applica-
tion of automatic switching to railway substations
made it important that the power director have im-
mediate and correct information in regard to his sub-
stations at all times.

One of the first supervisory systems was installed

1. Engineering Dept., General Electric Co., Schenectady,
N. Y.
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selector, distributor, awdible, code-visual, synchronows-relay-nisual
and the carrier-current systems, the principles and features of eagh
being discussed. The subject of telemetering is also included,
together with an expressime of the anthor's ideas of future possilvili-
lies for each of the systems above enwmeraled

between the Sherman Creek Station of the United
Electric Light & Power Co. at 201st Street and Broad-
way, New York City, and the load dispatcher’s office of
the New York Edison Co. at 38th Street and First
Avenue, New York City in 1915. It used a form of
step-by-step selector relay developed about that time
for automatic telephone application. It gave indica-
tion at the dispatcher’s office of the open and closed
position of about one hundred oil circuit breakers using
a total of six wires between the generating station and
the load dispatcher’s office.

The next step was made when the Receiver of the
Des Moines City Railway expressed a desire for some
means of isolating his automatic railway substations in
case of an emergency such as a fire or an accident.
This demand was met by the development of the
selector supervisory system and followed promptly by
the development of the distributor supervisory system.
Next in order came the code visual, the audible, the
synchronous relay and lastly the carriei current super-
visory system. Beside these, developed and stand-
ardized by the manufacturing companies in this coun-
try, there has been a number of systems developed
by the employees of many corporations not only in the
railway field but also in the central station and indus-
trial fields. These, however, have usually been limi-
ted to a definite field of application and have not
been extended to become a commercial article of trade.

SELECTOR

The selector system was the first one developed for
commercial application which is still on the market.
It uses the essential elements of the telephone train
dispatching call system modified for the control and
indication of remote electric power apparatus. An in-
stallation made in 1920 is still in active service.

A key, a selector, some indicating lamps, and
three line wires form the essential elements. The
key when turned and then released makes and breaks
an electric circuit through two of the wires to which
all of the selectors in the outlying stations are
connected in multiple. The key in operating sends out
a predetermined number of electric impulses spaced
in a definite time sequence thus forming a code. The
selectors are provided with contacts mounted so as
to make an electric circuit when a ratcheted wheel
moves a given number of steps. The code sent out
by the key starts all of the selectors simultaneously.

116
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Only that selector, however, which is arranged to
respond to the code sent out by the key closes its
contacts. The other selectors drop out success-
ively as the code being sent fails to give their com-
bination. Thus, there is usually one hand-operated
key at the controlling station for each selector contact
at the outlying station. For the return indication

Fic. 1—Lamp axp KeEy Case FOR DispaTcHER'S OFFICE OF
SELECTOR SUPERVISORY SYSTEM

there is provided at the outlying station a motor
operated key for each group of four or less pairs of
functions at that station to be indicated. Upon the
operation of any supervised device in an outlying
station, auxiliary contacts upon it start the motor key.
This then sends back to the controlling station a code

3 y
1. 2—SENDING Arrararus IN CABINET OF SELECTOR
SUPERVISORY SYSTEM

similar to that sent out from the controlling station
to perform an operation. The selector located at
the controlling station which is set to close its con-
tacts upon the receipt of the code operates indicating
lamps to show the position of the device supervised.
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All of the outlying stations of a selector. supervisory
system are connected to one controlling station by three
line wires. At each outlying station, the equipment
is multipled to two of the wires as they pass by while
the third wire loops into each station. The two wires as
before mentioned are used for sending out the code for
causing an operation to be performed and for trans-
mitting back the code which results in giving an in-
dication by lamps of the position of the equipment
supervised. The third wire is used to lock out all
the stations connected to the system excepting the
one being controlled or the one sending in a code for
causing an indication to be shown. _

An arbitrary maximum of. fifteen outlying stations
may be connected by the usual selector systems to the
controlling station. Each outlying station may have a
maximum of eight devices to be supervised if there are
as many as fifteen stations, or if there are fewer, each

Frg. 3—Lamp anp KEY UNIT FOrR DISTRIBUTOR SUPERVISORY
SYSTEM

outlying station may have a maximum of twelve or
fifteen. The maximum number of devices, however,
which can be most economically supervised by a single
selector system depends largely on circumstances but
under present conditions should never exceed fifty or
sixty.

The selector system requires about nine seconds to
send out each code, and complete an operation. There-
fore, if ten outlying devices were to be operated it
would take about one and two-thirds minutes to send
out the code and operate these devices.

DISTRIBUTOR

The distributor system was the next type of super-
visory system to be developed. It is an adaptation of
the automatic printing telegraph in commercial use
today on practically all the principal telegraph circuits.
An installation of this type of supervisory system made
in 1921 is still in active service.

A key, a distributor, a polarized relay, some indi-
cating lamps, and four line wires form the elements.
The key is usually a two-position one and is the equiva-
lent of a double-throw switch. When turned to either
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position it makes a circuit between a common wire
and either the positive or negative side of a source
of power and a segment on the distributor. The
distributor consists essentially of three sets of coaxial
segments insulated from each other. Each segment
of one set is connected individually to its control
key. Each segment of the second set is connected to
the coil of a two-position polarized relay which is
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For the control and indication of fifty circuit breaker equivalents in
distributor supervisory system

associated with the appropriate indicating lamps. A
set of segments midway between these two is used for
synchronizing the distributor in the outlying station
with the distributor in the dispatcher’s office, syn-
chronism being checked each five segments or ten
times per revolution.

The distributors are each provided with three sets
of brushes which rotate over the coaxial segments and
make connections successively between each individual
segment and a continuous segment in each set thus
permitting a momentary electric circuit to be made
through the distributor. The brush arms of each
distributor are driven through a reduction gearing by a
direct-current motor from a trickle-charged storage
battery and are provided with a centrifugal governor
for maintaining constant speed within quite narrow
limits. The brush arm has a speed of about twelve
rev. per. min.

At the controlling station are located the control key,
indicating lamps, one distributor for each group of
fifty or less devices to be supervised, and one relay for
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each device Lo he supervised, as well as suitable hattery
or other power equipment. Al the outlying station
are located a similar distributor for each group of
fifty or less devices to be supervised in that station,
one relay for each device to be supervised and the
necessary battery or other power equipment.

The system operates continuously. This means
that the positions of all devices which are supervised
are automatically checked twelve times per minute
or once each five seconds. Should any device change
its position the change is indicated at the controlling
station within five seconds of the time the operation
has occurred. If several devices or the entire group
connected to the system change position simultaneously,
the lamps at the controlling station will give correct
indication of the new position within five seconds of
the time the change has occurred. Besides, the work-
ability of the system is indicated continuously in
much the same manner as the pulse indicates the
general health of a human being.

Fic. 5—RELAY axDp DisTriBUTOR CABINET

For control and indication of fifty circuit breaker equivalents in the
distributor supervisory system

To open or close an oil circuit breaker or perform
any similar function it is merely necessary to turn
first one key and then a master key. This changes
the polarity of a segment on the distributor at the con-
trolling station and within five seconds momentarily
energizes a corresponding segment on the distributor
at the outlying station. This causes the position of the
polarized relay connected to that segment at the out-
lying station to change in accordance with the impulse
sent out from the controlling station and the operation
desired is performed. Immediately the operation is
completed auxiliary switches on the device supervised
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change the polarity on an associated segment on the
distributor at the outlying station. This, within
,a maximum time of five seconds, changes the polarity
of a corresponding segment on the distributor at the
controlling station which in turn changes the position
of associated polarized relays located there. The
relays then change the lamp combinations to in-
“dicate the new positions of the devices supervised at
the outlying station.
AUDIBLE

The audible system is an adaptation of the auto-
matic telephone being applied in many large and small
telephone systems today. Its essential elements are a
dial, a telephone line, telephone lamps, selectors and a

F're. 6—DISPATCHER'S SENDING STATION FOR WESTINGHOUSE
AUDIBLE SUPERVISORY SYSTEM

receiver or loud speaker. Operation is secured by
dialing as in calling a number by an automatic tele-
phone. The first dialing selects’ the station to be
supervised, it being possible to connect as many as six
to a single controlling station by a single pair of tele-

Fira. 7—DisrarcHEr’s SENDING CasIiNneT vor G. E. AupisLE
SYSTEM

phone lines. The stations not selected are locked out
by the operation of suitable devices in their equipment.

The station selected sets up a series of impulses in-
dicated at the controlling station by a series of tones
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" in code through a receiver or loud speaker located at
that point.

The next dialing causes the desired operation to
oceur in the outlying station by setting up a suitable
path in a relay combination finally closing the contacts
of an operating relay. When the operation directed
has been performed, auxiliary contacts on the device
actuate other relays which in turn set up impulses in-
dicated at the control station by a series of tones in
code as before.

CoDpE VISUAL

The code visual system is similar in principle to the
selector system but differs quite markedly in its de-
tailed design. It consists essentially of a key, with

Fic. 8—Lawmp axo Key UxNit
For code visual supervisory system

its associated lamps, groups of relays at the controlling
station and similar groups at the outlying station. It
uses two common wires between the control station
and all of the outlying stations and in addition one

Frg. 9—DisparcHER's Lamr aAND KEY CABINET
For code visual supervisory system

individual wire from the controlling station to each
outlying station. Thus, if there were three outlying
stations, there would be five wires starting from the
controlling station and running to the first outlying
station, four running to the second outlying station
and three to the third outlying station.

An operation is performed by moving a three-position
key to either of the two extreme positions. This com-
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pletes an electric circuit which causes groups of relays
'flt the control station to send out a code of successive
impulses. These impulses select suitably coded groups
of relays at the outlying station. If the code is not
received correctly at the outlying station, the con-
trolling station then again starts the code out and con-
tinues to send it at intervals until correct code is re-
ceived at the outlying station. If the code, however,
is repeated correctly at the outlying station, then an

10—RELAY EqQUIPMENT IN DispaTcHER'S OFFICE
For code visual supervisory system

Fia.

impulse is sent out from the controlling station which
causes the operation desired to be completed.

When the operation of a supervised device has oc-
_curred an auxiliary switch connected to it causes a code
to start from the outlying station. This is formed and
transmitted to the control station in the same fashion
as is the operating sequence from the controlling station.
When the correct code is checked the lamp signals at
the controlling station are changed to indicate the new
position of the supervised device.

This system operates devices successively and it re-
quires about nine seconds per device to cause a series of
operations. If, therefore, ten devices were to be opera-
ted it would take about ninety secondsto operate the

devices.
SYNCHRONOUS RELAY VISUAL

The synchronous relay visual supervisory system
is an all relay system which uses the principle of step-
by-step synchronous selection. It consists essentially
of a two position key with its associated lamps, a start
key and relays in the controlling station, four wires
between the controlling station and the outlying
station, and relays in the outlying station.

When an operation is to be performed, the two-
position key is turned from the position it occupies t_o
the other position and the start key is pushed. This
immediately causes a simultaneous operation of relay_s
in the control station and the outlying station until
the point is reached in the sequence in the outlying
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station corresponding to the position of the key in the
controlling station. Operating current then passes
through the signaling eircuit from the control station
to the outlying station and causes the desired opera-
tion to be performed. When the device supervised
has had its position changed, auxiliary contacts on it
transmit a return signal in a similar fashion to the
controlling station causing the lamps located there to
change in accordance with the changed position of the
apparatus in the outlying station.

Two of the four wires between the control station
and the outlying station are used for keeping the signal-
ing relays at the two stations in step as they are moved
from point to point in a definite sequence. The other
two wires are switched by the operation of these relays
from one device to another as occasion demands to
cause operation or indication of that device.

CARRIER CURRENT

Carrier current has been developed for use with
the selector and code visual systems. Both systems
use codes of impulses for causing an operation to be
performed and for causing an indication of that opera-
tion to be registered. The carrier current equipment
consists of the necessary tubes, reactors, condensers

11—CaBiNeT CoxTaINING Lamp axp Key UniTs AND
AMMETER

Fia.

For the control and indication of three circuit breaker-equivalents by the
synchronous relay supervisory system

and resistors for generating high frequency at the
controlling and outlying stations.

In general, the code is transformed from pulsating
alternate polarity impulses to high frequency impulses
and is transmitted over one line and ground or a pair
of lines which may at the same time be used for com-
munication or power transmission purposes. The
carrier current equipment is connected to the trans-
mission circuit by a condenser or other suitable coupling.
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Carrier current for use with supervisory systems
takes the place of the special line wires required where
direct-current impulses are employed. It permits the
use of practically the same equipment, so far as the
controlling station and outlying stations are concerne_d
as is used for direct-current. The only difference 1s
that where direct-current is employed, special line
wires are required, while where carrier current is em-
ployed, any existing wires can usually be used.

WIRELESS

Wireless has been considered for use with super-
visory systems but to date no commercial development
or application is known by the writer. The art seems
not yet to have developed sufficiently.

Fig. 12—RELaY CAaABINET FOR DISPATCHER'S
SYNCHRONOUS RELAY SUPERVISORY SYSTEM

OFFICE!

CONTROL STATION

The control station equipments provided for the
various types of supervisory systems which have been
described vary one from another.

The selector system uses two keys, one to perform a
closing or similar operation, the other to perform an
opening or opposite operation. The key is quite simi-
lar to that used in the call stations of the Western
Union Telegraph Company. The key is turned but
nothing happens in the external circuit until it is re-
leased. The turning of it winds up a helical spring.
As soon as the key is released the helical spring rotates
it in the reverse direction under the control of a fly ball
governor in order to obtain practically constant speed.
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In rotating back to its original position it opens and .
closes contacts in a definite sequence. If these con-
tacts are suitably connected in an electric circuit they
thereupon form a code of successive impulses.

As before stated two keys are required for each pair
of functions. Associated with these two keys are two
telephone lamps, capped with suitable lenses. These
indicate the open or closed position of the device sup-
ervised. In place of indicating the position of a de-
vice if it is desired to indicate the position of water
level or the position of a gate then the lamps only are
used and as many of them are employed as positions
to be indicated are desired.

The distributor system uses a combination of three
telephone lamps and one two-position key to obtain
control and indication. The two position key per-
forms the same connections as a single pole double
throw switch having no mid position. Associated
with it are three telephone lamps. One is capped with
a red lens, one with a green lens and one with a white
lens. The red and green capped lamps indicate the
closed and open position of the device supervised or
any other indication usually desired. The white
capped lamp is lit only during the time that a function
has been called for and is put out immediately after
that function has been completed and a return in-
dication showing the completion of this function re-
corded at the controlling station. It is also lit should
a device supervised at the outlying station automatic-
ally change its position, in which case it remains lit until
the key in the controlling station is turnzd to acknowl-
edge the operation at the outlying station. For each
group of fifty two-position keys with their associated
lamps there is one master key. The master key 1is
turned after the two-position keys have been placed
in the positions corresponding to the one which it is
desired that the outlying supervised devices take.

The audible supervisory system employs a dial similar
to that used for automatic telephones. In one com-
mercial scheme, this dial is identical with that used
for automatic telephones; in another commercial
scheme this dial is similar but has had its speed altered
to make it correspond to that of the selectors
used. No lamps are used with the audible system,
the operator depending upon hearing certain code
tones in a receiver or loud speaker for indications.

The code visual supervisory system uses a three-
position key associated with three telephone lamps
capped by red, green and white lenses in much the same
fashion as does the two-position key with its associated
Jamps in the distributor system.

The synchronous visual supervisory system employs
a dispatcher’s equipment consisting of a two-position
key, a locking-type push button and three-telephone
lamps capped by red, green and white lenses. The
two-position key is to fix the operation while the push
button is to stop the synchronous relay control equip-
ment at any point.
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Various methods have been employed for mounting
the controlling lamps and keys. They may be placed
on vertical panel boards, set into desk tops or even
placed in a system diagram. The mounting hest
suited for any particular application depends to a large
measure upon the individual requirements.

APPLICATION

The application of supervisory systems to any exist-
ing or new electric power transmission or distribution
systems requires careful study in order that a maximum
benefit may be derived. It is necessary to know in-
timately the method of operating the network of
lines, feeders, and machines as well as the electric
power traflic requirements. For congested districts
where an emergency may at times require the rapid
re-establishment of service, the speed of operation
of a supervisory system is quite essential. On inter-
urban railway projects, however, where automatic
substations are located at intervals along a narrow
strip of territory and where there are only three or
four devices or functions to be supervised in each
station, speed is not as important as line maintenance
so another type of supervisory system is usually chosen.
In some cases, the revenue derived from a station war-
rants only the most inexpensive supervisory system,
Hence, here would be a place for the so-called audible
type where the operator checks manually and at
intervals determines by sound the condition of the
equipment in the outlying station. Again, on a
high-tension transmission system where distances often
exceed one hundred miles the carrier current supervisory
system is the best choice.

In applying supervisory systems it must be clearly
borne in mind at all times that they are quite different
In their performance as contrasted with the usual types
of remote control systems. Each has its limitations.
Remote control systems are in general limited to
distances of several miles while the supervisory systems
may be used for distances up to several hundred miles.
Supervisory systems require” an appreciable time inter-
val averaging about five seconds for the completion of
an operation through their medium while remote con-
trol systems operate practically instantaneously. So
in applying supervisory systems, care must be exercised
to take into account all of the electric power system
characteristics as well as the limitations of the super-
visory system.

INSTALLATION

The correct installation of a supervisory system 1is
quite as important as its selection if the best results
are to be obtained. Supervisory systems use currents
of telephonic magnitude while remote control systems
use currents of power magnitude. Hence, insulation
and current leakage require very careful attention for
the successful installation of a supervisory system,
telephone practise being the standard toward which
the installation of these systems must tend. The steam
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railroads have recognized these requirements when
installing the selector type telephone train dispatehing
call system. More and more of them are going to the
higher grade lead-~overed paper-insulation telephone
cable for their train dispatching circuits. The same
cable and the same type of insulation are generally
recommended as best practice for supervisory system
installations.
CHECKING

Supervisory systems from a checking standpoint
may be classified into two groups. One group requires
checking at intervals, the other group is automatically
checked at intervals.

All systems excepting the distributor system require
manual checking at intervals. The distributor system
has a distinct advantage in that it automatically checks
the position of all of the devices connected to it at
frequent intervals besides indicating its readiness to
serve continuously.

MAINTENANCE

The maintenance of a supervisory system depends
upon 1its initial design and installation. All super-
visory systems may for this comparison be divided into
two classes. One class uses telephone relays and
auxiliaries throughout. The other class uses telegraph
relays and similar devices throughout.

The telephone relays and devices have been designed
with the fundamental idea that someone would be
present not only at the subscriber’s station for operating
the equipment but also at the central office for super-
vising and constantly inspecting the equipment. This
results in a tacit assumption by the designers that if
anything should go wrong either the subscriber or the
wire chief or operator would detect the fault and
correct 1t, no harm being done excepting possibly an
interruption of service from one subscriber’s station.
Such relays particularly require inspection at least
daily in order that the best results may bhe obtained
with them.

The systems using telegraph devices may he typified
by the selector system. Here the devices are large
and substantial and so designed as not to require at-
tention for years at a time. To be sure, there is quite
a difference in the cost of the individual devices since
the telegraph devices are made in very much less
quantity than are the telephone devices. Contrasted,
however, one with the other is the fact that the tele-
phone type of devices require more maintenance and
adjustment than do the telegraph devices.

ProTECTION

Supervisory systems operating over special wires
require protection particularly where these wires are
subjected to lightning, inductive and similar high volt-
age disturbances. In general, isolating transformers
or drainage colls cannot be used because these trans-
formers would interrupt the flow of signals and the
drainage coils would drain off the signal current. So
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far as is known the best type of protection is for the
conductors to be placed in cables. For this purpose
paper-insulated lead-covered cable having an In-
sulation which will withstand 1000 volts between con-
ductors and 3500 volts between conductors and lead
sheath is usually recommended.

The question of protection is an active one at the
present time and many of the operating companies
as well as the manufacturers would be interested to
hear what other operators are doing to maintain their
supervisory systems with a maximum of protection and
a minimum of interruption.

TELEMETERING

A discussion of supervisory systems would not be
complete without brief mention being made of tele-
metering. Telemetering furnishes the concluding link
in the development of the art of supervising remotely
located power apparatus.

Telemeters have been developed for transmitting
the readings of ammeters, voltmeters, watthour meters,
wattmeters and power factor meters over telephone
lines the same distance as supervisory systems can be
operated. They use practically the same type of re-
lays at the originating and reteiving ends of the tele-
phone lines and in certain designs it has been found
possible to combine the telemetering and supervisory
functions on the same wires. In one particular in-
stallation recently made, two incoming lines, two
synchronous converters and nine feeders were con-
trolled and indicated and the readings of two watt-
hour meaters transmitted back to the controlling station,
all over two pair of telephone lines between the con-
trolling station and the outlying station. This is not
a limiting number of things which could be done over
these four wires but represents only about one-third
of the functions and readings which could have been
obtained if desired.

FUTURE

Supervisory and telemetering systems are just about
being recognized by the engineering public. They
are relatively new although a number of installations
are now in operation. Nevertheless, it is believed
that only an initial advantage has heen taken of
them and that they are not yet as thoroughly a part
of electric power transmission and distribution
engineeing as are transformers, turbines, and the
more commonly accepted pieces of electrical apparatus.

It is my firm heliel that supervisory and telemetering
systems in combination with automatic stations repre-
sent as distinet an advance in the electric art as has
the development of the automobile in the transporta-
tion problem. It is also believed that a very great
change will he eflected in electrical engineering practise
during the next ten years as a result of the economic
application of supervisory and telemetering systems.
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FLUX IN A CIRCULAR CIRCUIT

By CARL HERING
Feliow, A. 1. E. E

The flux density, H, at the center of a circular cireuit
of one turn is known accurately to be 2 7 ¢/r; in fact,
it has been made the quantitative connecting link be-
tween current and magnetism and the basis of the
ampere. But the H in any other part of the circle is
very difficult to calculate as it involves elliptical
integrals, and to integrate these for getting the total
flux is almost hopelessly complicated and then at best
only approximate.

The density at any point outside of a single, straight,
conductor (one far removed from its return) is definitely
known to be H = 214/r, and the total flux around any
length ! and radius «, up to any radial distance r, is also
known definitely to be F = 2lilog. (r/a). This,
however, does not include the flux inside of the wire.

By calculating the total flux in a circular circuit
indirectly from Kirchhof’s well-known, though
only approximate, formula for self-inductance,
L = 21 (log, (I/a) — 1.508) in which « is the radius
of the wire, and ! the length, the author found, over
extremely wide ranges of the radius r (a being constant),
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the interesting result that the total flux in a circle of
radius, r, seems to be equal to that around a length, [,
of single, straight, conductor of equal length (that is,
equal to the circumference of the circle) and up to a
distance r from the axis, that is, to that in the rectangle
abed.

There is a small, though constant, difference (always
greater for the circle) due undoubtedly to the flux
inside of the wire, which is included in the formula for
the circle but not in that for the single conduector;
these lines have only a fractional effect in the induction.
The agreement is of the kind that strongly indicates
that this equality would probably be found to be
theoretically exact for the same size of wire if the
theoretically definite value of the flux in a circle could
he found; when a result is indicated or known, a proof
is sometimes more easily found. Such being the case,
the total flux in a circle could be expressed by a simple,
theoretically exact, definite formula, independent of the
self-inductance, and the latter checked by it, so [ar as
quantity of flux is concerned.

Had our forefathers, in formulating our units, adopted
as their lundamental the single conductor instead of the
circle, the factor = would have dropped {from some of
the present fundamental relations.

.....



The Ratings of Electrical Machines As Aflected
by Altitude

BY CARL J. FECHHEIMER

Wollow, A. I . &

Synopsis.—1T'he paper contains equations applicable to machines
cooled by forcad air convection currents. It is to be haped that the
A. 1. E. B. Standards Commitlee will Sind some helpful sugges-
tions n the paper.

Lgnoring differences 1n ambient lem peralure, the effeet of altitude
may be consvdered from tLwo stand points:;

(@) The change in lemperalure rise, the raling remaining the
same; or (b) the change in rating, the temperature rise al a gLoen
altitude equaling that at sea-level. The a pplications of both are
considered, and equations are solved in both ways.  The difference
in ambient lemperature at sea-level and at allitude is also taken
tnlo consideration in other equations.

The present A. 1. E. E. rule is known lo be faulty, applies only
on the basis of lemperature change, and starts at 1000 melers.
T'hese and olher objections are believed lo be mel in this paper.

cooling medium influences the rate at which heat

1s dissipated from a heated surface, and at the
Fekruary 1913 Convention of the American Institute
of Electrical Engineers an attempt was made to
correlate the temperature rise of an electrical machine
with the barometric pressure. The revised A. I. E. E.
standardization rules of December 1914 contained a
statement for correcting temperature rise or rating to
correspond to higher altitude, but the rule was intended
only to be temporary, and it is now recognized as
faulty. Several articles on this subject have recently
appeared in the Technical Press? and in this article
another method of attack is presented. It is to be
hoped that the A. I. E. E. Standards Committee will
find some helpful suggestions herein.

If the change in ambient temperature is ignored, it is
evident that the effect of altitude may be considered
from two standpoints: (a) The change in temperature
rise, the rating remaining the same; or (b), the change
in rating, the temperature rise at a given altitude
equaling that at sea-level. Perhaps the most usual
case, in which the purchaser of apparatus is interested,
1s how much less the temperature rise of the machine
should be at sea-level than at a given altitude for the
same load. The machine usually is tested near sea-
level, and the customer wishes to know how much to
decrease the test temperature rises to equal approxi-
mately those at the higher altitude. This is the most
useful way for the correction to appearinthe A. 1. E. E.
Standards. It is well, however, to include another
method to cover the change in permissible output with

IT has long been known that the density of a gaseous

1. Research Engineer, Westinghouse Electric & Manufae-
turing Co., East Pittsburgh, Pa.

2. Particularly the paper by Doherty and Carter: ‘‘Effect of
Altitude on Temperature Rise,” Trans. A. . E. E., 1924, p. 824.

To be presented at the Miduinter Convention of the A. I. E. E.,
New York, N. Y., February 8-11, 1926.

Several of the equations are plolted 1n familios of curves, which
should be of asaistance to the reader. By assumng other palues
Jor same of the factors, other sindlar curves ean be drawsi

I Appendiz I, the derivations of cquations are yive A ppe
dives Il and 111 cover discussions of two of the fuclors used 17 Lhe
equalions.  In Appendic |V, some cases other than o slotted core
are discussed.

A nwmber of assumptions were made (n the derivation: of the
equations: (1) The lemperature corfficient of resistance was neglected.
(8) The heat thut flows transversely through the tnsulating wall is
the same percentage of the heal gemerated in the copper ul ullitude
as al sea-level.  The equulions ure intended to apply to a slotted
core, although they may be used for other parts of an electrical

machine.  Some examples are given in Appendiz 1V,

altitude for operating recommendations. Equations
in this form should also be of value to the designing
engineer, as with their use he can tell how much the
rating of a machine should be altered if transferred
from sea-level to a higher altitude.

In the 1925 A. I. E. E. Standards, the rule reads:
“For apparatus intended for service at altitudes greater
than 1000 meters, it is provisionally agreed that the
permissible temperature rises (to be included in con-
tracts and checked by test at low altitude) shall be
less than specified in these standards by one per cent
of the specified rise for each 100 meters of altitude in
excess of 1000 meters.” The “Usual Service Condi-
tions” are given as “(a) When and where the tempera-
ture of the cooling medium does not exceed 40 deg.
cent. (b) Where the altitude does not exceed 1000
meters.”’

From the above it will bhe seen that in the existing
A. 1. E. E. rules:

(1)  The correction for altitude is only on the basis
of temperature change, not on a change in rating.

(2) The correction for altitude starts at 1000 meters,
there being no correction for altitudes lower than that
elevation.

(3) The correction for altitude is in very simple
form, and as such cannot possibly bring in the various
factors upon which such correction depends.

(4) The correction for altitude is empirical, and is
based upon a limited amount of data; it is consequently
liable to be considerably in error.

It 1s believed that these objections are met in this
article. The derivation of the equations are given In
Appendix I. The final equations may be put into vari-
ous forms, according to what the point of interest 18,
what items are to be considered and what ones are to
be ignored. They may be classified according to
whether the solution is for temperature or for rating.

124
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The solutions are applicable to forced convection con-
ditions only. The equations are intended to apply
chiefly to a slotted core, in which some of the losses are
constant, and some are proportional to the square of
the load. The factor k is the fraction of loss in the
! core that is proportional to the square of the load at
| sea-level rating. (Thus, in estimating k, the numerator
is the embedded copper loss, and the denominator the
embedded copper loss plus the core loss). For the
4 more usual applications of the equations 1 and 2 below,
k fortunately does not appear. The equations can
be applied to other parts than the slotted core, such as
field coils in synchronous alternators, but then, although
E =1 and the equations are therefore simplified,
account must be taken of the rate at which the field
current changes with the load, and that is beyond the
scope of this paper. In -Appendixes II and IV, £k
and cases other than a slotted core are briefly discussed.
The final equations are as follows: (The list of sym-
bols follows the equations.)
(a) Solutions for temperatures:
I. Surface temperatures only considered.

LA . B. )’ (1
6.. ~\ B )
II. Internal (copper) temperatures considered:
1 6, 1
= — = (2)

b 6.

) B'l ));
a+{1—a ( : >
. ) B,
(b) Solution for Ratings.
I. Surface temperatures only considered.
1. Permissible temperature rise at a given alti-
tude the same as at sea-level.

- F (3]

2. Permissible temperature rise at a given alti-
tude different from that at sea-level:

K=y1-— fl—b(g'j )" ] @

I1. Surface drop and drop through insulation
considered.
1. Permissible temperature rise at a given alti-
tude the same as at sea-level.

(3)

1— (1—k)(1- a)(_g—‘_-)m

2

\/ a+k(l- a)_( —g—' >m

2

K

)

2. Permissible temperature rise at a given alti-
tude different from that at sea-level:

b (1— k) (l:a)< ﬁ'_)
B = . —e—— - S

\} a+k@d— a) (—I;;'—>m

2

(6)

In the above equations,

N
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@ = ratio of the thermal drop from the copper to the
iron to the total temperature rise, at sea-level.

b = ratio of the total temperature rise at a given
altitude to the total temperature rise, at
sea-level.

B, = barometer reading at sea-level.

B, = barometer reading at a given altitude.

k* = fraction of loss in the core that is proportional

to the square of the load at sea-level rating.
K = fraction of sea-level rating that should apply
- at a given altitude.
m = exponent of barometric pressure ratio, and 1s
the power to which that ratio should be raised
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to determine how much the surface tempera-
ture rise is altered by a change in density.
Its value is between 0.75 and 1, and for most
purposes 0.9 may be used.

f, = total temperature rise at sea-level.

0, = total temperature rise at a given altitude.

f,, = temperature rise of the cooling surface above
the ingoing air, at sea level.

0,2 same as f,,, but at a given altitude.

In Fig. 1 is plotted the ratio of the barometric pres-
sure at sea-level to that at a given altitude. With
these data, and that contained in equation (1), the
curves in Fig. 2 have been plotted. They show what
the ratio of the temperature rise at sea-level to that
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at altitude should be, outside surface temperatures only

o

being considered. They are plotted for three different
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assumption is made that the probable most usual
value of m is say 0.9, data from the curve corresponding
to that value could conveniently be incorporated in the

rules. Or, for m 0.9, the data may be quite ac-

curately represented by the equation

Ul 1 0,00 x =Bk to about 4000

0, J 09 X 1000 up to abou meters.
In those machines in which temperatures are

measured by embedded temperature detectors, equa-
tion (2) may be used. The plots for a = 0.4, 0.5, and
0.6 are given in Fig. 3 for m = 0.9. Those three
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curves are so nearly straight lines, that their approxi-
mate equations may he written as follows:

0.4, —— — 1 _ g.0604 21 )
"="b‘_'(’(1ooo
05—1— 1 00526(&)
SN0 Sy =t 0 1000
6——1 004( 17 )
a = 0.6, b =1-0.04 1000

Alt. = Altitude in meters.

The error for the high altitudes is not negligible,
when the present A. I. E. E. rule is used. Thus, for
a = 0.5, the temperature rise at sea-level is 0.6, instead
of 0.785, of the rise at 5000 meters.

It will be noted that equations (1) and (2) do not
contain k, the fraction of the loss in the core that is
proportional to the square of the load. This follows
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because the temperature of the external surface of,
say an armature, is independent of the distribution of
losses in the copper and iron. This is fortunate, as
one less variable means simplification.

When the equations are solved for the rating ratio
K, the term k is present. When so solved, the
simplest solution, equation (3), applies when surface
temperatures only are considered, and when the permis-
sible temperature rise at a given altitude is the same at

100

80

PERCENTAGE OF NORMAL SEA-LEVEL RATING

X 1000 = METERS ALTITUDE

Fic. 5—RATINGS AS AFFECTED BY ALTITUDES. SURFACE

G, 9

TEMPERATURE ONLY CONSIDERED. n HAS A DIFFERENT
VALCE FOR Bac CurvE. &k = .4 FOR ALL CURVES.

e[ - (3]

sea-level. Perhaps that is the form of “rating” equa-
tion that an engineer would use most frequently. The
percentage of normal sea-level rating may then be read
directly from a family of curves, such as are shown in
Fig. 4. Those curves were calculated on the basis that
the barometric pressure ratio = 0.9, and that the value
of k, the fraction of total loss that, at sea-level, is
proportional to the square of the load, is constant along
any one curve. The value to assign to k is considered
in Appendix II. If a fixed value is chosen. for k,
the equation may again be plotted in the form of a
family of curves, the exponent m being fixed for each
curve. The value of 0.4 has been chosen for k in the
plot in Fig. 5. From data on various machines, it
seems as though 0.4 isafair average value. As stated
elsewhere in this paper, a value of 0.9 for m is probably
the one that may generally be adopted. It is, therefore,
suggested that for machines on which surface tempera-
tures only are measured, the data from either Fig. 4 or
5, form = 0.9or k = 0.4 be used.

If again, surface temperatures only are considered,
and values be assured for m and k, a family of curves
may be plotted with the use of equation (4). As
shown in Fig. 6, m = 0.9 and k =0.4. KEquations (3)
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and (4) are the same except that in (3) the temperature
rise is taken to be the same at altitude as at sea-level,

6 ) .
for a given rating ( b = 02 =0 ) The ratio b 1s
1 1

constant along any curve in the family in Fig. 6. It
will be seen that it is quite within the range of possi-
bilities for a machine to be good for a higher rating at
a higher altitude than at sea-level. For example, if the
air temperature is 40 deg. at sea-level, and the rise 1s
40 deg., then at a certain location at 3000 meters alti-
tude, where the air temperature is 20 deg., the permis-
sible rise is 40 + 40 — 20 = 60 deg. to secure the same
total temperature. The rating may then be, from
Fig. 6, 110.5 per cent of sea-level rating.
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Equations (5) and (6) are solved for the percentage
of sea-level rating, account being taken of the drop
through the insulation. Thus, the factor a is the
ratio of the thermal drop from the copper to the iron
to the total temperature rise, at sea-level. The assump-
tion is made that the heat that flows transversely
through the insulating wall is the same percentage of
the heat generated in the copper at altitude as at sea-
level. Evidently these two equations apply only
when the temperatures are measured by embedded
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temperature detectors. REquation (5) is the same as (6),
except that in (5) the temperature rise at altitude is
taken to be the same as at sea-level.

With the number of factors, as given in equations
5) and (6), it becomes more difficult to plot them in
families of curves, and such curves are, therefore, not
included in this paper. As those equations will prob-
ably be of value chiefly to the designer, and as it is
necessury to evaluate such factors as %k and a,
with which frequently only the designer is familiar, he
can readily substitute the numerical values in the
equations and solve for K.

Appendix 1
DERIVATION OF EQUATIONS

For the usual case, the slotted core construction is
of greatest interest. While that construction is the
one chiefly considered, the equations are applicable to
other parts. Some cases are considered in Appendix IV,

The derived equations take into account the relative
values of I? R loss, the percentage thermal drop through
the insulating wall, and the comparative allowable
temperature rises at altitudes and at sea-level. The
equations are simplified if any of these are neglected.
Furthermore, the equations can be readily applied if
tests have been made at the factory where such items
as the barometric pressure, ingoing air temperature,
the temperature rise of the iron surface, and of the
embedded copper have been measured, or whose approx-
imate values may be assumed. The assumption is
made that all heat is dissipated by forced convection
currents of air, natural convention and radiation being
of negligible influence. The equations, therefore, are
not applicable to transformers, totally enclosed machin-
ery, or other apparatus in which those two effects are
predominant. The assumption is also made that in a
slotted core the heat that flows transversely through the

insulating wall is the same percentage of the heat .

generated 1n the copper at altitude as at sea-level.

Call L, the losses upon which the temperature in
the member under consideration are dependent when
operating at sea-level, (Usually embedded copper
losses plus iron loss). Also k = fraction of loss
L, that is proportional to square of the load, at
sea-level. Then:

L1=kL1+(1_k)L1 (7)

Thus, k L, = variable losses that are proportional to
the square of the load, and the remainder, (1 — k) L, =
constant losses. At a given altitude, the constant
losses are still (1 — k) L,, and the variable losses are as
at sea-level multiplied by the square of the ratio of
ratings. If L, i1s the loss at altitude,

L,=kK*L,+ (1—- k)L, (8)

The difference between the surface temperature and
that of the cooling medium adjacent to the surface is
proportional to the losses, and inversely proportional
to a fractional power of the density of the medium.
The fractional exponent is probably between 0.75and 1,
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and its value is further discussed in Appendix TIT.
The cooling medium, air, is itself heated by the absorp-
tion of losses up to the particular surface, and that air
temperature rise must be added to the thermal drop
from the surface to the adjacent air. The anr risge is
inversely proportional to the density of the cooling
medium. The temperature rise of the durface above
the air entering the machine is then made up of two
parts, one of which is inversely proportional to the first
power of the density ratio and the other is inversely
proportional to a power of that ratio whose value is
between 0.75 and 1. In the general case, in which the
temperature rise above the ingoing air is considered, the
resultant exponent is probably not far from 0.9, but in
these equations it is written as m. The equation
coordinating losses and barometric pressures with sur-
face temperature rise may then be written as:

- B'Ef L‘l ( 13 )m ‘9
6., L, \ B, :

Here 6., = temperature rise of cooling surface ahove
the ingoing air, at sea-level. 6,, = same as 6.,, but at
altitude. B, and B. are respectively the barometric
pressure readings at sea-level and at altitude.

From equations (7), (8) and (9),

wls) =&

Whence, for 6., = 6.,

KK+ (1—k) (10

K = \ 1 _;/1?' [_1 —_( g;-’. )] (11)

Equations (11) and (3), in the text are identical.
Assuming that the load at sea-level and at altitude are
the same, K = 1, and the equation may be written:

-05_1._ B B2 )m »
63‘_’ - ( Bx )

This is the same as equation (1) in the text.

Consider next the transverse flow of heat through the
insulation wall adjacent to the copper in the slot, the
total temperature rise of the copper above the ingoing
air . 1s the sum of the drop through the insulating

wall 0., and the surface rise 6,.. That is:
6'_' == 032 + 61’2 ':13)
Similarly at sea-level, using subscripts 1 instead of 2,
01 = 031 + 0;’1 (14)

The heat flows in part transversely through the insu-
lation from the copper to the iron, and in part longi-
tudinally and the relations are too complex to embody
in these equations.® (In some cases the flow may be
from the iron to the copper). It is believed, however,
to be reasonable to assume that the percentage of the
total heat generated in the copper that flows trans-

3. Those equations will be found in a paper by the author:

“Longitudinal and Transverse Heat Flow in Slot Wound Arma-
ture Coils.” Trans. A. 1. E. E., 1921, p. 589.
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versely is the same at a given altitude as at sea-level.
The difference in temperature between the copper
and the cooling surface may then be taken as propor-
tional to the copper losses:
0.2 K2k L,
= = K* 15
0.~ kL o
Call @ the ratio of the drop. from the copper to the
cooling surface to the total temperature rise at sea-
level:

01
0.

One other factor may enter, as the permissible tem-
perature rise at a given altitude is frequently greater
than at sea-level, due to the lower ambient temperature
at the higher altitudes. The ratio of the permissible
rise 1s:

a = (16)

0:
0:

Equations (10), (13), (14), (15) and (16) may readily
be combined, and the solution may be written as:

P (1—a)<—§1—)m
o a+ka—@(gly (18)

b = (17)

2

This is the same as equation (6) in the text. By
taking the ambient temperature at sea-level to be the
same as at altitude, b = 1, equation (5) is obtained.
If in (18), a, the ratio of the drop from the copper
to the iron to the total temperature rise at sea-level, be
taken as zero, equation (4) is obtained. Then, again,
if in equation (4), b = 1, equation (3) follows. Also,
if in equation (18) the ratio of ratings at altitude and
at sea-level be taken as unity, equation (2) is obtained.
Equation (1) may be obtained from (2) by placing
a = 0. Then the surface rises (6,; and 8.,) are taken
to be equal to the total rises 6, and 0..

Appendix 11
DiscussioN OF VALUES OF k

The value of the fraction of the embedded loss that is
proportional to the square of the load k is necessarily
largely dependent upon the type of machine, upon the
speed, upon the voltage, upon the choice of proportions
by the designer, etc. A number of machines of three
types were chosen at random, as given in the table.

SALIENT POLE ALTERNATORS
Rating at Sea Level

Kv-a. Volts Frequency |Rev. per min.‘ k
18750 12000 60 150 ; 498
1250 13200 60 112 0.302
850 2200 60 100 0.730
12500 13200 60 720 0.370
10000 15000 50 600 | 0.590
I 0.498

= Av. k
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LARGE INDUCTION MOTORS )
Syn. Rev.

H. p. Volts Frequency per min. k
17200 2200 60 600 0.206
1200 6600 25 500 0.475
1400 2200 60 514 0.448
1500 6600 25 375 0.320
1200 2200 60 300 0.316
1500 2200 60 360 0.357

0.353 = Av.k

D-C. GENERATORS AND MOTORS

Kw. Volts Rev. per min. k
500 250 1200 0.216
1000 250 720 1 0.380
1500 250 514 0.420
300 250 150 0.407
600 250 100 0.450
1000 250 | 100 0.508

0.397 = Av. k
Mean of the threc values of &k = .416

From Fig. 4 it will be seen that the value of k has
considerable influence upon therating. For the general
average case, the value of 0.4 is probably not far wrong.
The curves in Figs. 5 and 6 were plotted for that value.
Inasmuch as the equations involving k are.of princi-
pal value to the designer, he can readily determine the
proper value to assign to it, and estimate the rating at
the higher altitude by substituting in the proper equa-
tion. For short machines the longitudinal flow affects
the distribution, and for such machines the value of &k
should be reduced.

Appendix IIT
DISCUSSION OF VALUES OF m

The value to assign to m, the barometric pressure
ratio exponent, could easily be made the subject of
an entire paper. Onlya brief outline of the subject
and mention of several papers are given in this note.
As stated in Appendix I, m is dependent upan two
factors which are additive, (a) the rate at which heat
is transferred from a heated surface to the moving
fluid, and (b) the temperature increase of the cooling
fluid from entrance to the machine up to the point
under consideration. These two do not bear a fixed
relation to each other; in one type of machine the rela-
tion may be quite different from another type. For
example, in 'a d-c. armature, the temperature rise of
the air up to the parts of the radial vents considered is
probably quite small; on the other hand, in a high speed
steam-turbine driven alternator the air rise is usually
considerable before it reaches those parts of the vent
ducts which are closest to the points where the tempera-
tures are measured.

The volume of air per unit time which passes through
a machine is independent of the barometric pressure.
(This follows because the pressure generated by the
fans, and the pressure drop through the various paths
of the machine are both proportional to the density,
and the generated and consumed pressures are equal to
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each other). As the mass of air per unit of time is
proportional to the density, the mass varies directly
with the density or with the barometric pressure, As
the temperature rise of the air is Inversely as its mass,
(assuming that the same heatistaken up by theair), the
temperatureriseis inversely as the barometric pressure.

In regard to the rate of transfer of heat from the
surface to the cooling medium, there are a number of
papers available. Perhaps the best work is that of
Nusselt?, and he found experimentally that the density
ratio exponent is 0.786. Pohl’ used that value in the
derivation of equations applicable to machines using a
closed circuit system of cooling. One of the most recent
publications is that of Rice®, who obtains his results
largely theoretically, using the dimensional method,
and in his final equations for heat transfer for the tur-
bulent state of ideal gases, for smooth and for moder-
ately rough surfaces, the exponent of density is given
as unity. Rice’s paper contains a large number of
references, and any one interested can consult that
paper. In the paper by Doherty and Carter’, the
exponent for forced convection was found to be 0.73,
and to simplify calculations, they used 0.75. This value
seems to be approximately correct for the machines for
which they give data in their paper. As we understand
their results, the exponent 0.75 takes account of the air
rise as well as the surface transfer. It is felt, however,
that their tests are too limited to warrant us to draw
conclusions.

It is believed that, since the total drop is made up of
two items which are additive, and since the exponent
for one of them is probably not far from 0.80, and the
other is unity, a mean of 0.9 may be chosen for the
general case. It would be well to obtain further experi-
mental checks. As may be seen from Figs. 2 and 5, ‘if
0.9beadopted, theerrorin temperature orinratingis not
greatforprobabledeparturesabove or below this value.

Appendix IV

CASES OTHER THAN A SLOTTED CORE

The manner of treatment of a few cases other than a
slotted core will be considered.
1. Commutators.

The losses are evidently the brush friction and I? R,
the influence of windage loss upon temperature being
negligible. The friction losses are evidently constant
and the I? R losses are proportional to the square

of the load. Equations (1), (3) and (4) are
applicable.
4. Nusselt. ‘“HeatTransmission in Conduits,” Zsch.d. V. D.

1., 1909, p. 1808. '
5. Robert Pohl, ‘“‘Fundamentals of Heating Calculations

of Electric Machines, Especially Turbo Generators, Cooled by
the Circular Process.” Arch. f. Elek., 1923, p. 361.

6. C. W. Rice. “Forced Convection of Heat in Gases and
Liquids.” Indusirial and Engineering Chemistry, May, 1924,
p- 460. ‘

7. “Effect of Altitude on Temperature Rise.”
A.I.E. E., 1924, p. 824.

Traxs.
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2. Statronary I'ield Coils as in D. C. Machines.

A. ShuntCouls. 1f the field current may be assumed
to be the same at all loads, and surface temperatures
are to be measured, equations (1), (3) or (4) may be
used; otherwise, if the temperature rise is measured by
resistance, equations (2) (5) or (6) may be used, taking
k = 1. 1f the field current changes with the load, the
temperature equations (1) or (2) may still be used.
Unless the change in current with load can be incor-
porated in a simple equation which can be combined
with other elementary equations, the rating may be
approximated by a cut-and-try method.

B. Series or interpole coils, or compensaling windings.
The current is proportional to the load, and the losses
to the square of the load. If the surface temperatures
only are to be measured, equations (1), (3) or (4) may
be used, taking k£ = 1. If these windings are insu-
lated and temperatures are measured by resistance,
equations (2), (5) and (6) may be employed.

It 1s recognized that, due to change in armature losses
with load, the temperature of the cooling air changes
with the load. That introduces a complication, and
furthermore, its influence is usually small, if considera-
tion is given to the fact that at the higher altitude the
rating and losses are reduced.

3. Revolving Fueld Alternator Field Coils.

A. Single layer edgewise winding. Temperatures
measured by resistance. The temperature rise for a
given load may be estimated by equation (1). The
changed rating may be estimated by approximating
the field current for various loads, and with the use of
equation (1), calculate the temperature rise ratio.
A curve may then be plotted coordinating temperatures
with ratings.

B. Embedded windings, such as for turbo alternator
rotors; or field coils for salient pole alternators with
insulation. Temperature rise measured by resistance.
Equation (2) may be used for temperature rise ratio.
The changed rating may be estimated in the same
manner as for single layer edgewise winding, except that
equation (2) should be used instead of equation (1).

RAILWAY ELECTRIFICATION IN JAVA
PLANNED

According to recent reports the electrification of the
line Manggarai-Buitenzorg has been sanctioned by the
Government. Plans for the project are now entirely
completed, the execution of the work has already been
commenced, and the necessary material will be ordered
immediately. Barring unforeseen circumstances, it is
expected, therefore, that the electrification of the entire
line will be completed in two years. Furthermore, an
amount of 100,000 guilders (the guilder now = $0.40)
has been appropriated for preliminary work in con-
nection with the electrification of the Poerwakarta-
Bandoeng line, which will probably be the next to be
electrified.



A New Wave-Shape Factor and Meter

BY L. A. DOGGETT, J. W.
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Synopsis.—A star-connected circuil consisting of two voltmelers
and one variable condenser has certain properties upon which a
wave-shape factor may be based. When the voltmeter resistances
are equal lo each other and equal to the condenser reaclance, the
ralio of the voltmeter readings will always be (2 + 3) f07’_an
alternator producing sine waves and always less than (2 + v 3)
for all other wave shapes. From any measured ratio of voltmeter
readings, the purity of the voltage wave may be determined; further-
more, the mazimum possible percentage of any single harmonic
present in-the wave can be immediately oblained (See Table I11).
For the experimental application of this method a wave shape

HEIM and M. W. WHITE~*

Non-Members

meter is proposed for practical application which consists essentially
of two wvoltmeters and a variable condenser. Such a meter has
advantages over the method of analysis based on oscillograms, namely:
(1) cost, (2) portability, (3) ease of cxperimental procedure and (4)
rapidity of arriving at results. This method of atlack is not in-
tended to supplant the oscillograph bul rather to supplement il.
The method has been checked with the aid of a harmonicalternator
and has been applied to the local power system and to various al-
ternators available in the Electrical Engincering laboratories of the
Pennsylvania State College.

INTRODUCTION

OR a long time the wave shape standard of the
F A.I.E.E. has been based on oscillograms. Re-

cently T copies of seven oscillograms were sent to
ten electrical manufacturing and power companies for
measurement of deviation factor. The results ob-
tained showed very considerable variations. For one
oscillogram, the values found for this factor ran from
1 to 4.2 per cent, with an average value of 2.25 per cent.
In other words, the maximum value was in excess of
the average by 8615 per cent of the average value,
while the spread between the maximum and minimum
values was 3.2 or 142 per cent of the average value.
For the other six curves the spread was less, but still
considerable. The excess of the maximum values over
the average values for each of the six other cases was
57 per cent, 54 per cent, 52 per cent, 47 per cent, 31 per
cent, and 14 per cent. Quoting from the reference
given, ‘“The variations between results cannot be
attributed to the processes of calculation employed,
for neither the maximum nor the minimum spread
occurred with the same party. The variations must,
therefore, arise from difficulties inherent in the method
such as, difficulty in evaluating exactly the ordinates
of the oscillogram, errors in evaluating the area in-
cluded by the squares of the ordinates in finding the
effective value, errors in measuring the maximum dif-
ferences between the ordinates of the oscillogram and
the equivalent sine wave, especially when these differ-
ences occur in the steep part of the curve.”

Another test was made to determine the accuracy
attainable in the determination of the amplitudes of
harmonics by analysis of oscillograms. Three waves
were prepared by the synthesis of known harmonics
and fundamental, the waves traced, and the results
turned over to various parties to be analyzed. The
results indicated that for harmonics below the 15th,

“All of Pennsylvania State College, State College, Pa.
fhevue Generale de L' Electricite, January 10, 1925, pp.
43-46.

To be presented at the Midwinter Convention of the A. 1. E. E.,
New York, N. Y., I'chruary 8-11, 1926.

average variations from the correct values of amplitudes
of harmonics of + 5 per cent might be expected.

The usual alternative to the use of the oscillograph
is some sort of a circuit method of which many have
been proposed but so far no one has been permanently
adopted. Here still another circuit method is pro-
posed, differing primarily from other circuit methods
in that it is based on a three-phase circuit.

DESCRIPTION OF THE METHOD

Two voltmeters, V, and V3 (Fig. 1) having equal
resistances, and a variable condenser, C (whose range
of reactance can be varied above and below the resist-
ance of the voltmeters) are connected in star to the

Fig. 1 A—A New Wave-
Suare Facronr

Fig. 1 B—WAvVE-SuarE Facror
AND METER

three-phase source whose wave shape is to be investi-
gated. The value of C is adjusted until the ratio of the
larger to the smaller voltmeter readings is maximum.
That this ratio, R, is (2 + /' 3) for a pure sine wave is
proved in the Appendix. The greater the deviation
from a pure sine wave, the lower this ratio will become.
It is the dependence of this ratio upon the harmonics
present in the wave which makes it possible to use such
a voltage ratio as a measure of the purity of the wave.

The vector diagram of Fig. 2 gives an idea of the
displacement of the neutral as the wave shape departs
from a true sine wave.

3y the use of the following formula, also proved in the
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Appendix, the voltage ratio for any combination of
harmonics may be calculated,

R=@2+v3
100-+a, (% H.)*+ay(% Hy)?+ .

L., (¢ - . au(% H,)? ]1/‘;
100+b, (% Ho)24-by(% Hy)2 - | W H,

. b.(% H.,)?
(1)

Where 9, H, is the per cent second harmonic.,

(/'b Ii3 ({1 “ « th]rd [{4

%H,. “® o« “ « ,nzh «
The a and b constants for the various harmonics are
given in Table I.

TABLE I
Harmonie a b
2 0.0026 0.1967
4 0.0160 0.0939
5 0.0080 0.2230
7 0.0157 0.1330
8 0.0101 0.2165
10 0.0153 0.1500
11 0.0110 0.2106
13 0.0149 0.1590
14 0.0115 0.2066
16 0.0147 0.1640
17 0.0119 0.2036
19 0.0145 0.1680
20 0.0122 0.2014
22 0.0144 0.1710
23 0.0124 0.1993
25 0.0142 0.1730
© 0.0134 0.1866

Pure Sine Wave

7131917115
Harmonic

Fic. 2—Loct oF FroaTing NEUTRAL FOR VARIOUS PERCENT-

AGEs oF Harvonics., (LINE VoLTaGeE CONSTANT)

Since in the experimental application of this method,
two voltmeters having equal resistances are required
and as one meter must have a range approximately
three times that of the other, somedifficulty was experi-
enced in selecting suitable meters from standard models,
those of the dynamometer type being desired.

The meters first selected were a Weston instrument
with a resistance of 301 ohms and a range of 30 volts,

DOGGETT, UEIM AND WHITLE

Journal A, 1. 10, )0,

and a General Electrie instrument having a resistance
of 920 ohms and a range of 150 volts. [Each voltmeter
was equipped with a multiplier so as to arrange the
resistance of V, in I'ig. 1 equal to that of V. The volt-
meters were then calibrated. Three one-u f mica and
one eight-u f paper condenser were used. 7The capac-
ities of these condensers were also checked.

The final arrangement, as shown in the photograph,
Fig. 1, consists of two Weston dynamometer type volt-
meters of 40- and 120-volts range respectively and
of 1000.7- and 1000.0- ohms resistance respectively.
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Mounted in the same box are a one-u f. mica and two
one-u f. paper condensers. The mica condenser is a
Leeds and Northrup instrument, variable by steps of
one twentleth uf. from 0 to one uf. The small
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switch in the lower left hand corner controls the paper
condensers, giving zero, one, or two u f.

SOME APPLICATIONS OF THE METHOD

With the apparatus as originally set up, tests were
made on waves obtained from the Keystone Power
Corporation System, from the Pennsylvania State
College Power Plant (300 kv-a. turbo alternators), and
various laboratory alternators. In the curves of Figs.
3 and 4 are plotted the data for two representative
cases.

To obtain data for the curves of Fig. 5 the final
arrangement shown in the photograph of Fig. 1 was
used. If the following technique is employed, and if
the frequency remains constant for about five minutes,
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the results obtained are independent of voltage,
capacity and magnitude of line frequency. The
technique employed in obtaining the five dotted curves
of Fig. 5 was to vary rapidly the capacity from 2.0 to

RATIO OF VOLT-METER READINGS
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three-phase supply was connected to the wave shape
meter (Fig. 1). Ratio curves, such as shown in Fig.
were obtained for 0 per cent, 8.0 per cent, 12.8 per cent,
17.5 per cent, and 28.0 per cent fifth harmonics.
Through the maximums of the five dotted curves is
drawn a eurve, B, which should check with curve 4,
the latter being calculated from formula (1). Dis-
crepancies between curves A and B are chargeable to
deviation from a pure sine wave on the part of the
fundamental machine and to slight inequalities in the
magnitudes of the three-phase voltages of the fifth
harmonic machine. In searching for various factors
to account for this discrepancy it was proved by test
that the wave-shape factor is independent of the phase
position of the harmonies.

CONCLUSIONS

1. Value of Voltage Ratio to Be Met in Practise.
In addition to the values of wave shape factors given
above for systems and dynamos tested in our labora-
tories, there is given in Table II, a compilation of wave-
shape factors for some waves whose analyses into
component harmonies have been found in the literature.
It will be seen that wave-shape factors varying from
3.448 to 3.730 appear in practise. These factors were

0 10 15 20 25 30 3 ar 1l .
PER CENT Sth HARMONIC obtained by substituting the given percentage har-
Fia. & monics in formula (1).
TABLE IT -

Wave-Shape Refer-
Factor Per cent Harmonic ence
_ y i

3 | 7 [ 11 13 15 17 19
3.712 0 [ 2 | 1.44 1
3605 | O 5.3 2. 46 0 1.04 1.2 2
3.715 0 | 1.77 1.22 0 0 48 0 0 0.395 0 294 2
3.633 13% 5 1.2 0.9 2
3.676 | 0 3.5 1.6 3
3 493 3.67 $.05 1 63 0 058 4
3.520 0.98 | 7.6 | 4
3.448 7 ' 9 | 5
3.670 3 \ 4 | 5
3.730 0.46 0.724 | 6
3.724 5.5 | 1.25 0.49 0.55 0.37 6
3.591 202 | 5.2 0.66 1.07 0.62 3.77 4.6 | 0.18 6
3.555 2.83 5.43 5.51 0.26 1.28 0.51 0.23 009 | 6
_ 3.624 1.0 | =2.73 2.2 0.41 14 079 0.23 0.09 6
“Specification and Design of Dynamo-Electric Machinery.”” Miles Walker. p. 332

Trans. A. I E. E,, Vol. 32, 1913. p. 781.
Trans. A. I. E. E.., Vol. 38, 1919, p. 1185.
Traxs. A. I. E. E,, Vol. 23, 1904, p. 408,
Electrician, Aug. 6, 1909,

Bureau of Standards, Vol. 9, 1913, p. 567.

oG

3.0 u f. by 0.1 u f. steps, reading the two voltmeters at
each step. The maximum ordinate of the plot of the
ratio of these observations is the wave-shape factor.

CHECK OF OBSERVATIONS AGAINST CALCULATIONS

In order to check this method the following test was
carried out. The fundamental and fifth harmonic
members of a three-phase harmonic alternator were
used. A description of this machine is given in the
Appendix. The phases of the fundamental machine
were star connected, and each phase joined in series with
the proper coil of the fifth-harmonic machine. This

Oscillograms were obtained from 19 machines of
Table I of the 1919 report of the A. I. E. E. Subcom-
mittee on Wave Shape Standards'®. Based on analyses
of these waves, the following wave shape factors were
calculated:

3.717, 3.706, 3.717, 3.719, 3.698, 3.723, 3.715, 3.724,
2.746, 3.700, 3.700, 3.696, 3.698, 3.702, 3.700, 3.708,
3.702, 3.553, 3.349; 7. e., a range of 3.724 to 2.746.

2. Interpretation of Voltage Ratios. As previously

stated a ratio of voltmeter readings of (2 + v/ 3) or

13. Osborne
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3.732 corresponds to a pure sine wave. Consequently
the purity of a voltage wave may be immediately
determined by noting whether or not the observed
voltage ratio is equal to 3.732.

In case the ratio is found to be less than (2 4 / 3)
it follows that the wave is not a pure sine wave. We
may assume the absence of third harmonies or any
multiple thereof in the ordinary commercial three-phase
circuits.  Furthermore, no second or fourth harmonies
will be found in the waves from commereial alternators.
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The fifth and seventh harmonies are usually the most
pronounced of all the harmonics, and Fig. 6 shows the
ratio curves for these harmonics. If only aseventh
harmonic 1s present, reference to Table III will im-
mediately give the percentage harmonic corresponding
to any observed voltage ratio.

TABLE 111
7th Harmonic

Per cent Voltage

Harmonie Ratio
0 3.7320

1 3.7208

2 3.7232

3 3.7123

4 3.6974

5 3.6753

6 3.6530

7 3.6248

8 3.5999

9 3.56%5

10 3.5208

11 3.4962
12 3.4572
13 3.4163
14 3.3742
15 3.3312

Jotirna) AL T . )

telerence to the curves of Ilg. 6 shows that a given
voltage ratio eorresponds to a smaller percentage har
monic when this is a harmonie of an order other than
the seventh. Consequently the marimum possible
percentage of any single harmonie present may he im-
mediately obtained from the observed voltage ratio by
reference to Table T1J!. [‘or example, a voltage ratio
of 3.33 corresponds to the presence of a 15 per cent
seventh harmonic (I'rom ‘'able T1I) and inasmuch as
this ratio corresponds to a smaller percentage of any
single harmonic other than the seventh, it is quite
conservative to state that in a circuit which gives an
observed voltage ratio of 3.33, there is no single har-
monic present which amounts to more than 15 per cent
of the fundamental. Inother words, thislast deduction
holds not only for the case where the seventh alone is
present but also where there are other harmoniecs found
in addition to the seventh.

In brief, it can be stated that this method is eapable
of giving at once from a single observation of voltage
ratio, the maximum possible percentage of any harmonic
present in a wave, when the experimental conditions
have been properly adjusted as deseribed above.

3. Accuracy of Results. The accuracy with which
the data may be obtained is quite high. The method is
independent of voltage, since only the ratio of the two
phase voltages is required and this ratio is independent
of the actual voltage used. The frequency need not be
measured, provided means of checking its constancy are
available; this can be conveniently done by any fre-
quency meter. If good mica condensers are used the
accuracy with which they are guaranteed by the
manufacturers (say 14 per cent) is more than sufficient
for our purpose, since the actual value of the capacitance
does not enter directly into the computations. Conse-
quently, the main factor which limits the precision of
the measurements is the accuracy of the calibration of
the voltmeters and our ability to read the same. The
probable error of the voltage ratio, including instru-
mental and observational errors, will not exceed 0.2
per cent,

Our experiments have indicated that the use of the
iron-vane type of voltmeter is not very satisfactory
for this purpose.

Appendix |

o

Proof that v, ~ R =2+ /3. for a pure sine

wave: The following formula has been derived in_a
previous paper* for calculating the voltage to neutral
for any branch of the star-connected circuit of Fig. 1.
f ' n—1
I\Z,; =E[ap—l_(_10!§_l + al‘Z‘Z + - . Z.‘
IZI+1Z2+ B . - l‘Zn

(a)

A. L E. E., Vol. 42, 1923, p. 800.
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where,

F is the numerical value of the impressed voltage to

geometrical neutral.

¢ =cos 27 /¢ +jsin2w/¢ for counter clockwise
rotation.

a cos 2 w/¢ — j sin 2 7 /¢ for clockwise rotation.

¢ = number of branches or phases.

Z, = impedance between 0 and 1 (see Fig. 1)

Z, = impedance between 0 and 2 (Fig. 1).

Z. = impedance between 0 and n (Fig. 1).

p = 1,2 or 3 for a three-phase system.

Assuming that the impedance of each meter is 1000
ohms resistance (inductance negligiblet) and that of
the condenser is also 1000 ohms (capacitive reactance),
the reading of the voltmeter V, according to equation
(a) 1s,

IQZZ=E[(-12—;'\/§'2)

= o]
1 -12-5v32 1245 V82
Coj10000 1000 1000 |
1 1,1 |
— 71000 1000 1000 _
. = J=
1 j V3, i Te

Rationalizing the last term, reducing and collecting,

IeZy = E(-3-76+5v3)] _y
10

Proceeding in a similar manner, the reading of V; is,

E[-8-j6-5v38)]

2

I; Z = = ‘/3
10
Then the ratio R,
V. —3-j6+5v3)
vV, 83— j16—5+3)

Combining real and j terms of both numerator and
denominator, and rationalizing,
R 2+ v 3 = 3732,
(Q. E. D))

Appendix 11

I’roof of Equation (1). (General formula for calcu-
lating /¢ for any number of harmonics of known per-
centage).

Notation.
E," = Fundamental component of voltage across V,.
I, = 2* harmonic component of voltage across V,.
Iv,' = 3° harmonic component of voltage across V,.
Is.” = n" harmonie component of voltage across V.
L\ = Fundamental component of voltage across V.

t'I'he industance of the meters wns found to he too smail
to afTect these culsulations apprecinbly.
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E.” = 2° harmonic component of voltage across V.
E,” = 3¢ harmonic component of voltage across V.
E.” = n'* harmonic component of voltage across V.

Then,

(100 EY) + (% 2° Eu)*
B =1 "100E" + (%2°E")

@By G BT
_+_ (%,gtd Ev‘/rjg _+_ ) ) ( %nh E’,,, ”'] 9 \
Constants are worked out for the fundamental and

fifth harmonic, in the following sample calculations,
Using formula (a),

) . —1+]
B/ = ~05-j0866 — —

(Calculated in

Appendix I)
Rationalizing the last term and collecting,
E/' =— 0.3 +71.466
Combining real and j terms and squaring,
(E,)? = 2.24.
Similarly,

; : A4y
B\ = — 0540866~ —5

(E,")* = 0.161. .
Similarly, remembering that the phase rotation of the
fifth harmonic is opposite to that of the fundamental®,

) . —1+35
E,; = — 0.5+ 0.866 — 2175
(Es")? = 1.794.
, . -1+4+35
ES = —0.5— 7 0.866 — 2+i5
= — 1.293 — ;5 1.383
(Es")? = 3.585

Equation (b) can be transformed into equation (1)
by factoring out the ratio for the fundamental sine
wave, (2 + v/ 3.) The b constants are derived from
the E” constants in equation (b):

1 3.585

0.161 ~ 0161 ~ 223

by = ([s")2 X
The a constants of equation (1) are derived from
the I’ constants of equation (b):

1

(s e
Gas i @ + v 3)

12 1
) X 70161

1

1
= 1.794 X 0.161 13.92 0.80

Wortesena, Trans, A L B, K., Vol. 37, 10LS, p. 1027,
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\ppendix T

The Harmonie Alternator. The various harmonije
voltages were obtained by means of a special harmonic
alternator. This machine consists of three three-
phase a-c. generators of the revolving field type, one
of which is a 15 kw., 60-cycle machine; the second has
a capacity of 715 kw. at 180 cycles, and the third,
3-kw. at 300 cycles. All three machines are mounted on
the same bed-plate and have a common frame while the
field coils of all machines are mounted on the same
shaft. Thearmature of the 60-cycle machine is station-
ary, but the armature of the 180-cycle machine may be
moved by means of a hand wheel through an angle
corresponding to 360-electrical degrees, and the arma-
ture of the 300-cycle machine by similar means can be
moved through an angle corresponding to 600-electrical
degrees. The six terminals of the armature winding of
each machine are connected to a switchboard so that
the three-phase windings may be connected either in
star or delta. The field control of each generator is
independent of the other two fields. The machine is
driven by a d-c. shunt motor and the field winding is
separately excited.
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. S, HAS FIVE RADIO STATIONS TO
EVERY ONE IN EUROPE

In the I'nited States there are more than five times
as many radiocasting stations as in all Kurope. The
total for the United States, according to the most recent
statistics, is about 575, while the IKuropean total is but
110 radiocasting stations

England leads Furopean countries; (;ermany come
next; Spain s third.

By countries, the number of radio stations in urope
is as follows: Finland, eight; Norway, six; Sweden, one;
Holland, one; Belgium, four; Irish [ree State, two;
Great Britain and the North of lreland, twenty-one;
Germany, twenty; IKrance, twelve, Spain, thirteen;
Portugal, none; Switzerland, four; Italy, six; Austria,
five; Hungary, two; and Czechoslovakia, five.

TERMS OF APPLICATIONS FOR BROAD-
CASTING LICENSE IN INDIA CHANGED

The GGovernment of India has amended the conditions
to be complied with by private enterprise in applying
for a license to provide a broadecasting service in British
India and Burma. It is now provided that at the
expiration of the first five years the government will
reserve the right to reduce the proportion of license
payable to the company so that it will cover the cost
of an adequate service, provide a reasonable reserve
fund, and pay a dividend of 15 per cent per annum on
the subscribed capital. This dividend was originally
limited to 10 per cent. It has also been agreed that
consideration will be given to applications which pro-
vide that importers shall pay a royalty on imported
apparatus to the broadcasting company.

VOLTAGE FOR HOME USE

It is apparent that domestic loads have grown so
large that serious attention must be given both to
voltage regulation in the homes and to wiring in the
homes. The houses are becoming miniature machine
shops with a variety of motors and heating devices
which are bound to cause voltage fluctuations if the
wiring does no more than comply with the formal
Underwriters’ regulations. Some of the appliances,
such as the electric refrigerators, automatic pumps,
ventilating motors and oil-burner motors, have no
respect for time or load and may start up at the peak
period or at night when all lights are burning. These
voltage fluctuations are annoying because of their effect
on the lights, and they may become more so as relays
and controls are developed and used for household
applications.

The utility may enlarge transformers and secondary
distribution copper and yet not improve the situation
materially. The answer to the problem lies in the
wiring of each home, the motors used on devices and
the development of some kind of house voltage
regulator.—Electrical World.
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Current Limiting Reactors

with Fire-Proof Insulation on the Conductor
BY F. H. KIERSTEAD:

Associate, A. . E. E.

Synopsis.—In a previous paper, lests were described which
proved conclusively that if conducting male rial were lodged beltween
the turns of a reactor having bare conductor, the reactor would flash-
over at the instant a failure occurred on the circuil in which the
reactor was placed. In this paper, lests are described which were
made during the development of a proper insulation for the conductor
of reaclors.

Short Circuit Tests. Reaclors lested consisted of one reactor
with enameled conductor and two reactors with asbeslos insulaled
conduclor; one having a thin covering of ashestos; the other a thicker
covering.

The reactor with enameled conduclor flashed over during the first
shorl circuil test. That with a thin covering of asbestos stood one
short circuit and arced over in the second short circuil. The reactor
with the lhick covering stood many shorl circuil tests without any
Sfailure or sign of distress.

These tests established the fact that thin insulation on the conductor
will not prevent such failures, even though it has sufficient dielectric
strength to withstand the voltages placed across it for the reason that
the magnetic force exerted on iron and steel objects will cause them to
break through thin insulation. On the other hand, thick insulation
will adequately protect the reactor from failure due to foreign
substances.

Thermal Tests. Thermal lests on the asbeslos insulation
established the following facts:

First: That this insulalion does not smoke excessively al lempera~
lures below 350 deg. cent.

Second: That it does notl burn even al lemperatures of melling
copper.

Third: That ils insulation and mechanical strength is nol ap-
preciably affected when heated rapidly as high as 350 deg. cent.

Thermal Capacity. The thermal capacity of the conductor is
affected by the insulation, as follows:

First: Under the effects of extremely high short circuil currents
for a very brief interval, the thermal capacily is not affected by the
ashestos.

Second: With a moderale short-circuit current for a longer length
of time, the thermal capacily of the insulated conduclor is increased
due to the storage of heal in the insulation.

Third: During normal operation, at rated current, the temperature
rise of conduclor is increased due lo the drop in temperalure in the
insulation.

Costs. The ashestos insulation increases the cost of the reactor
directly by the addition of the cost of the insulation ilself and in-
directly by making it necessary occastonally lo tncrease the size of the
conductor. However, this increase in cost s not a large percenlage
of the total cost of the reactor.

IN a previous paper entitled, ‘“The Design, Installa-
tion and Operation of Current Limiting Reactors,”

presented by Kierstead and Stephens, at the Annual
Convention of the A. 1. E. E., July 1924, short-circuit
tests upon reactors were described. These tests
proved conclusively that if conducting material were
lodged between the turns of a reactor having bare
conductor, the reactor would flashover at the instant
a failure occurred on the circuit in which it was placed.
In other words, if a piece of metal, such as a nut, bolt,
washer, or screw drops or is magnetically drawn into a
reactor and becomes lodged between two of its turns,
there may be no indication of its presence in the reactor
during the normal operation of the circuit but at the
instant of a fault on this circuit, the voltage between
these turns jumps to many times its previous value,
incipient arcs shoot out at the points where the metal
hridges between turns and this is followed instantly
by a complete flashover of the reactor. Since that
paper was presented, an investigation has been carried
out to determine a suitable insulation for the conductor
of reactors to prevent such foreign conducting material
causing reactors to flashover. The purpose of this
paper is to describe the tests which were made to

L. Transformer ¥ingineering Dept. (teneral Electric Com-
pany, Pittsfield, Mass.

To be presented at the Midwinter Convenlion of the A. [. E. E.,
New York, N. Y., February 8-11, 1926,
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determine the kind and thickness of insulation to be
used.

The primary requisites of such insulation are as
follows:

First: It must have sufficient dielectric and me-
chanical strength to prevent short circuits between
turns by foreign conducting materials.

Second: It must conform to the well established
practise of using only fire-proof materials in the con-
struction of current-limiting reactors.

The first part of this paper is devoted to a description
of the short-circuit tests made upon reactors to de-
termine the insulation to be used, while the second
part describes thermal tests made to determine the
fire-proof characteristics of the insulation.

SHORT-CIRCUIT TESTS

Enamel and asbestos were chosen as the most suit-
able insulations because of their fire-proof characteris-
tics. - One reactor was built with enameled conductor
and two reactors with asbestos-insulated conductors;
one having a thin covering of asbestos, the other a
thicker covering. The reason for making tests on
reactors with these different insulations was to de-
termine the thickness of insulation necessary.

The short-circuit tests made upon the reactors con-
sisted of bringing up the terminal voltage on a 26,700-
kv-a., 25-cycle generator to 13,200 volts, and then
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short-cireuiting two of its phases through the reactor
under test. All three reactors were the “‘cast-in con-
crete” type, rated: 60 cyc es, 68 kv-a., 229 volts, 300
amperes, and were designed for use in introduecing
3 per cent reactive drop in a 13,200-volt circuit. A
diagram of the connections used in the tests is shown
in Fig. 1. The tests made upon the different reactors
are described under the following headings: (A), Re-
actor with Enameled Conductor. (B), Reactor with

o pra—
°

; Reactor
.-"f Under Test

Opening Oil  Closing Oil
Circuit Breaker Circuit Breaker

Diagray orF Circurr Usep WHEN MAKING SHORT
Circuir TEsTS

Generutor

Fig. 1

a Thin Covering of Asbestos Insulation on the Con-
ductor. (C), Reactor with a Thick Covering of As-
bestos Insulation on the Conductor.

A. Reactor with Enameled Conducior. The con-
ductor of the reactor on which these tests were made
was enameled and the purpose of the tests was to
determine whether the enamel would afford sufficient
insulation to prevent a flashover if conducting material
bridged between the turns.

The test was made by placing a steel nut between

Third Picture After Arc-Over Sixth Picture After Arc-Over
Figc. 2—REerropuctioN FrRoOM MoTioN-PicTure FiLy TAKEN
During SuorT-Circuit Tests oN REacTOoR wWITH ENAMELED
CoNDUCTOR

Arcing due to steel nut. Enamel did not afford sufficient insulation.

two adjacent turns of the reactor midway between
the top and the bottom and then short-circuiting the
generator through the reactor. The reactor as it
appeared immediately before the test is shown in the
upper left hand corner of Fig. 2 which is an enlarge-
ment of a portion of the motion pictures taken during
these tests. The nut is painted white and is clearly
visible in the photograph.

Although the reactor had previously been tested
several times under short circuit (without giving any
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indication of distress), after the nut was pluced n it, it
flashed over during the first hall eycle of the first
short-circeuit test. This test proved that enamel is not
sufficient insulation to prevent a flashover, dueto foreign
conducting material.

The nut was thrown violently from the reactor to a
distance of about 30 ft. where it struck a board and
dented it to a depth of X in. [n short-circuiting a
portion of the reactor winding, the nut carried a current
in opposition to the main current in the reactor and the
magnetic force between these opposing currents wa
probably the propelling force which expelled the nut.
In this respect, foreign conducting material partakes of
lifelike characteristics in that it may cause a lot of
damage and then clear out and leave no clue as to
the cause of the damage.

B.. Reactor with a Thin Covering of Asbestos on the
Conductor. The reactor on which the tests under this
heading were made had a thin wall of asbestos covering

Fra. 3—REerropucTioN FroM MoTION-PicTURE FiLsm TAKEN
During SHorT-Circvit TEsTs oN Reacror witH CONDUCTOR
INSULATED wiTH THIN ASBESTOS

Arcing due to nail.
insulation

Ashestos was not thick enough to afford sufficient

on its conductor. It received the same tests as those
applied to the preceding reactor, except that in this
case, a nail was tied to the conductor so as to span be-
tween the outside turns of the upper two layers. The
reactor with the nail attached is shown in the upper left
hand picture of Fig. 3 which is a reproduction of a
portion of the motion pictures taken during this test.
This reactor stood the first short-circuit test without
showing any visible signs of distress but flashed over
during the first half cycle of the second test. The
other pictures shown in Fig. 3 immediately followed
the instant of flashover.

These tests showed that while the thin asbestos
covering afforded more protection than the enamel
(since it was able to pass through one short-circuit test
without failure) still it was not thick enough to ade-
quately protect the reactor from foreign conducting
material.

C. Reactor with a Thick Covering of Asbestos Insula-
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tion on Its Conductor. The reactor tested next had
thicker asbestos insulation on its conductor than that
of the preceding reactor. Many short-circuit tests
similar to those previously described were made on
this reactor with steel bolts and nuts variously located
in an endeavor to make the tests as severe as would be
encountered in actual service. In this reactor, however,
the insulation on the conductor was sufficient to afford

Fig. 4—Repropuction FroM MoTioN-PicTURE Finym or
SHORT-CIRCUIT TEsTs oX REACTOR WiITH CONDUCTOR INSULATED
wite THICK AspEsTos INSULATION. SHOWING BoLT IN WIND-
ING BEING RAISED AND NAILS BEING DRAWN TOWARD REACTOR
BY MaGNETIC FIELD. ARROWS INDICATE NAILS

the conductor adequate protection from the foreign
conducting material to which it was subjected. Some
of the reproductions of the motion pictures taken dur-
ing these tests are of interest, for the reason that
having been taken at the rate of 125 pictures per second
they show the movement of loose steel objects around
and in the reactor. Fig 4 shows four pictures taken

Fig. 5—SiMiLAR 10 F16. 4 BUT sHOWS BOLT BEING DRAWN BY
MaanETIC F1ELD FrROM Tor LaveEr Tto A PosiTioN BRIDGING
BETWEEN THE Two Tor LAveErs. Arrows INpicaTe NaiLs
BEING DRAWN TOWARD REACTOR

when a loose bolt was placed on the winding midway
between the top and the bottom. The pictures are
consecutive in the order in which they are numbered.
The first picture shows the bolt resting on the winding.
The next picture taken 1/125 of a second later, shows
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one end of the bolt raised up by magnetic force so that
it is striking against one of the turns above while the
other end is resting on one of the turns below. The
pictures also show nails which had been strewn on the
floor near the reactor being lifted by the magnetic
field. Fig. 5 shows a similar group of pictures except
that the bolt is first resting on top of the winding but
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