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Oliver Heaviside 
By F. GILL 

European Chief Engineer, International TVestern Electric Company, Inc. 

ATHOUGH abler pens1 have expressed 
appreciation of the late Oliver Heavi
side, it is perhaps permissible for an 

English telephone engineer to present a note 
regarding him. Of his life-history not very 
much is known; but he may have been influ
enced in his choice of a care,er by the fact that 
he was a nephew of the famous telegraph 
engineer, Sir Charles Wheatstone. Heaviside 
was born in London on May 13, 1850; he enlereJ 
the service of the Great Northern Telegraph 
Company, operating submarine cables, and he 
remained in that service, at Newcastle-on
Tyne, until 1874. While he was with the Tele
graph Company, he published in 1873, a paper 
showing the possibility of quadruplex telegraphy. 

At the age of about 24, owing, it is suggested , 
to increasing deafness, he left the service of that 
Company and took up mathematical research 
work. How he acquired his mathematical 
training does not seem to be known ;2 perhaps he 
was self-taught,-in some of his Papers he im
plies it.  By whatever means he mastered the 
principles, it is evident that he was an ardent 
student of Maxwell ,  for constantly in Heavi
side's own writing runs a vein of appreciation of 
Maxwell .  For some time h e  lived in London , 
then he moved to Paign ton in Devonshire; his 
Electrical Papers are written from there, and he 
died at the neighboring town of Torquay on 
February 4, 1925, in his 75th year. 

That is about all the personal history at pres
ent available, and yet it gives a clue to a domi
nant note in his character, viz. ,  reluctance to 
come into prominence, originating, perhaps, in 
a kind of shyness, which ultimately led to the 
recluse state. It is strange that so remarkable 
an investigator should , in his earlier manhood, 
have convinced so few, notwithstanding the 
fa�t that his voluminous writings made his name 
well known. It must, however, be remem-

1 The Electrician, Vol. XCIV, p. 1 74, by Sir Oliver 
Lodge, F.R.S., O.M .  Nature, Vol. 1 15, p. 237, by Dr. 
Alex. Russell, F .R.S. 

2 Was he the youth with the frown in the library? He 
says he "then died," but also says "he was eaten up by 
lions." (E.M .T. ,  Vol. III ,  pp. 1  & 135.) 

bered that his articles were very difficult, even 
for advanced mathematicians to follow, for he 
used a system of mathematics which, at that 
time, W3s un usual. vVhatever the cause, the 
fact remains thaL until about the year 1900 few 
engineers understood him. 

Coming to his work, what was it tha t Heavi
side di<l, and upon whal does his fame rest? 
That is too large a subject for a telephone 
engineer to answer fully, but as regards com
munication engineering something may be said . 
His great achievernenl was the discovery of the 
laws governing the propagation of energy in 
circuits. He recognized the relationship between 
frequency und dis tor Lion; he illustrated it by 
numerical examples, un<l 

.
he showed what was 

required to make a "distortionless circuit." 
Further, he showed the effects of "attenuation" 
and the result of ''inductance" (these words 
were his own coinage) in improving telephony. 
He also explained how the inductance of circuits 
could be increased; he suggested the use of con
tinuous loading, of lumped inductance in the 
form of. coils, and he pointed out the difficul ty 
of obtaining sufficiently low resistance in such 
coils. He investigated the effect of sea and land 
and the upper atmosphere on the propagation 
of radio energy and how it was that this energy 
dould be transmi tted over the mountain of earth 
intervening between two distant places .. 

3 

His activity in these matters can best be illus
trated by extracts from his writings, as follows: 

In his "Electrical Papers," Vol. I I ,  written 
in 1887, p. 164, he gives numerical examples of 
frequency distortion and of its correction, and 
says: 

" I t  is the very essence of good long distance 
telephony that inductance should not be 
negligible. "  

I n  his "Electromagnetic Theory," Vol. I ,  
published i n  1893, h e  considers i n  Section 218, 

p .  441, 

"various ways, good and bad, of increasing 
the inductance of circuits " 
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He suggests, page 445, the use of 

" . . .  inductance in isolated lumps. This 
means the insertion of inductance coils at 
intervals in the main circuit: That is to say 
just as the effect of uniform leakage may be 
imitated by leakage concentrated at distinct 
points, so we should try to imitate the inertial 
effects of uniform inductance by concentrating 
th.-;; inductance at distinct points. The more 
points the be tter, of course . . . .  The Elec
trical difficulty here is that inductance coils 
have resistance as well, and if this is too great 
the remedy is worse than the disease . . . .  
To get large inductance with small resistance, 
or, more generally, to make coils having large 
time constants, requires the use of plenty of 
copper to get the conductance, and plenty of 
iron to get the inductance, employing a prop
erly closed magnetic circuit properly divided 
to prevent extra resistance and cancellation 
of the increased inductance. . . . This plan 
. . .  is a straightforward way of increasing 
the L largely without too much increasing the 
resistance and may be worth working out and 
development. But I should add that there is, 
so far, no direct evidence of the beneficial 
action of inductance brought about in this 
way. "  

I n  " Electrical Papers," Vol .  II, p .  311, h e  
deals with reflected waves, and on page 347 h e  
says: 

" . . .  but the transmitter and the receiv
ing telephone distort the proper signals them
selves. The distortion due to the electrical . 
p art of the receiver may, however, be min
imized by a suitable choice of its impedance. " 

"Electromagnetic Theory," Vol .  I, p. 404: 

"We have seen that there are four distinct 
quantities which fundamentally control the 
p ropagation of 'signals' or disturbances along 
a circuit, symbolized by R, K, L, and S, 

the resistance, external conductance, induct
ance, and permittance;" 

" Electromagnetic Theory," Vol. I, p. 411: 

" I t  is not merely enough that signals should 
arrive without being distorted too much; but 
they must also be big enough to be useful. . . .  
Nor can we fix any limiting distance by con-

sideration of distortion alone. And even if 
we could magnify very weak currents, say a 
thousandfold, at the receiving end, we should 
simultaneously magnify the foreign interfer
ences. In a normal state of things interfer
ences should be only a small fraction of the 
principal or working current. But if the latter 
be too much attenuated, the interferences 
become relatively important, and a source of 
very serious distortion .  We are, therefore, led 
to examine the influence of the different 
circuit constants on the attenuation, as com
pared with their influence on the distortion ." 

"Electrical Papers," Vol. II, p. 402: 

"I was led to it (the distortionless circuit), 
by an examination of the effect of telephones 
bridged across a common circuit (the proper 
place for intermediate apparatus, removing 

· their impedance) on waves transmitted along 
the circuit. " 

With regard to Radio Communication, one 
extract must suffice. \Vriting on The Electric 
Telegraph in June, 1902, for the Encyclopedia 
Britannica, he says ,-" Electromagnetic Theory,'' 
Vol .  III, p. 335: 

''There is something similar in 'wireless' 
telegraphy. Sea water, though transparent to 
light, has quite enough conductivity to make 
it behave as a conductor for Hertzian waves, 
and the same is true in a more imperfect 
manner of the earth. Hence the waves ac
commodate themselves to the surface of the 
sea in the same way as waves follow wires. 
The irregularities make confusion, no doubt, 
but the main waves are pulled round by the 
curvature of the earth, and do not jump off. 
There is another consideration. There may 
possibly b.e a sufficiently conducting layer in 
the upper air. If so, the waves will, so to 
speak, catch on to it more or less. Then the 
guidance will be by the sea on one side and 
the upper layer on the other. But obstruc
tions, on land especially, may not be con
ducting enough to make waves go round them 
fairly. The waves will go partly through 
them. " 

Probably due to his long seclusion, his ap
proach to certain subjects was rather critical. 
At one time I tried to get a portrait of him for 
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the Institution of Electrical Engineers, but 
failed; he did not wish to have his photograph 
exhibited, he thought that "one of the worst 
results (of such exhibition) was that it makes 
the public characters think they really are very 
important people, and that it is therefore a prin
ciple of their lives to stand upon doorsteps to 
be photographed . "  

O n  another occasion when I sent h i m  a copy 
of an article by a distinguished telephone en
gineer on "The Heaviside Operational Calculus, "  
h e  replied that h e  had " looked through the 
paper . . .  with much interest, to see what 
progress is being made with the academical lot, 
whom I have usually found to be very stubborn 
al\d sometimes wilfully blind . "  

Some have held that Heaviside was not recog
nized as he ought to have been. This was 
probably the case some time ago, but not in 
recent years. The same is true of many very 
great men who were much in advance of their 
time, for the English have the national char
acteristic that they do not make much fuss about 
their great men. So if Heaviside suffered, he 
shared this experience in common with other 
pioneers who deserved higher recognition. See, 
for example, what Heaviside himself said about 
one of these, in a footnote in " Electromagnetic 
Theory, "  Vol. III, p. 89: 

"George Francis Fitzgerald is dead. The 
premature loss· of a man of such striking 

. original genius and such wide sympathies will 
be considered by those who knew him and 
his work to be a national misfortune. Of 
course, the 'nation' knows nothing about it ,  
or why it  should be so. "  

During the last 2 0  years o r  more, the signif
icance and luminous quality of the work of 
Heaviside has been increasingly acknowledged 
by mathematicians and by practical telephone, 
telegraph and radio engineers. To other elec
trical engineers, his treatment of wave-trans
mission has not yet appealed quite so strongly. 

Probably his first recognition came from his 
contribution to the problem-" Electromagnetic 
Induction and its Propagation" in the Electrician. 
It appeared as a series of articles between 
January, 1 885 and December, 1887. His " Elec
trical Papers" were written at various times and 
were published in two volumes in 1892. Then 

followed his three volumes on " Electromagnetic 
Theory"-on the basis of the Electrician articles, 
-published in 1 893, 1 899 and 1912.  · He also 
wrote, in 1902,  the article on the "Theory of the 
Electric Telegraph "  in the Encyclopedia B rit
tanica. 

In 189 1 ,  the Royal Society made him a 
Fellow. In 1 899, the American Academy of 
Arts and Sciences elected him an Honorary 
Member. In 1908 the Institution of Electrical 
Engineers did the same, followed by the Amer
ican Institute of Electrical Engineers in 1917.  
The Literary and Philosophical Society of Man
chester also elected him an Honorary Member. 
He was an Hon. Ph . D .  of the University of 
Gottingen , and in 1921 , the Institution of 
Electrical Engineers conferred upon him the 
highest award in their gift-the Faraday Medal. 
He was the first recipient of this Medal which 
was established to commemorate the 50th an
niversary of the founding of the original Society 
of Telegraph Engineers and of Electricians, and 
since then the Medal has been bestowed upon 
Sir Charles Parsons, Dr. S. Z. de Ferranti , and 
Sir J. J .  Thomson . 

From time to time there were reports of his 
living in great poverty, and attempts were made 
to help him. These reports lacked proportion, . 
but it is true he had not much money and per
haps still less comfort ; he was a diffict,!lt man 
to help . Towards the end of his life he received 
from the B ritish Government a Civil Pension . 
His independent character rendered i t  neces
sary that offers of assistance should be tactfully 
made, and apparently this was not always the 
case, as I believe help was sometimes refused; 
but there were those who succeeded. Another 
difficulty was his unconventional mode of living 
which caused him , in his last years, to live as a 
recluse, cooking and looking after his house alone. 

J ust what other work Heaviside did, in addi
tion to his published writings, is not at present 
known to me. I believe he left a good deal of 
manuscript, but whether it is in such a state it  
could be completed by another, I do not know. 
Let me conclude this note by an extract from 
his last chapter of his last book, " Electro
magnetic Theory, "  Vol .  I I I, page 519: 

"As the universe is boundless one way, 
towards the great ,  so it  is equally boundless 
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the other way, towards the small ; and im
portant events may arise from what is going 
on in the inside of atoms, and again, in the 
inside of electrons. There is no energetic 
difficulty. Large amounts of energy may be 
very condensed by reason of great forces at 
small distances. How electrons are made 
has not yet been discovered. From the atom 
to the electron is a great step, but is not 
finality. 

" Living matter is sometimes, perhaps gen
erally, left out of consideration when asserting 
the well-known proposition that the course 
of events in the physical world is determined 
by its present state, and by the laws followed. 
But I do not see how living matter can he 
fairly left out. For we do not know where life 
begins, if it has a beginning. There may be 
and probably is no ultimate distinction 
between the living and the dead ." 
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Transatlantic Radio Telephone Transmission* 
By L. ESPENSCHIED, C. N. ANDERSON and A. BAILEY 

Department of Development and Research, American Telephone and Telegraph Company 

Synopsis: This paper gives analyses of observations of 
long-wave transmission across the Atlantic over a period 
of about two years. The principal conclusions which the 
data seem to j ustify are as follows : 

1. Solar radiation is shown to be the controlling factor 
in determining the diurnal and seasonal variations in 
signal field. Transmission from east to west and west to 
east exhibit similar characteristics. 

2. Transmission in the region bordering on the division 
between the illuminated and the darkened hemispheres is 
characterized bv increased attenuation. This manifests 
itself in the suriset and sunrise dips, the decrease in the 
persistence of high night-time values in summer and the 
decrease in daylight values during the winter. 

3. Definite correlation has been found between ab
normal radio transmission and disturbances in the earth's 
magnetic field. The effect is to decrease greatly the 
night-time field strength and to increase slightly the day
light values. 

4. The limit of the high night-time value of signal field 
strength for transatlantic distance is essentially that 
given by the Inverse Distance Law. The normal daylight 
field strength obtained in these tests can be approximated 
by a formula of the same form as those earlier proposed 
but with somewhat different constants. 

5. The major source of long wave static, as received in 
both England and the United States, is indicated to be 
of tropical origin. 

6. In general, the static noise is lower at the higher 
frequencies. At night the decrease with increase in fre
quency is exponential. In day time the decrease with 
increase in frequency is linear in the range of 15 to 40 
kilocycles. The difference between day and night static is, 
therefore, apparently due largely to daylight attenuation. 

7. The effect of the static noise in interfering with signal 
transmission, as shown by the diurnal variations in the 
signal-to-noise ratio, is found to be generally similar on 
both sides of the Atlantic. 

8. Experiments in both the United States and England 
with directional receiving antennas of the wave antenna 
type show an average improvement in the signal-to-static 
ratio of about 5 as compared with loop reception. 

I T will be recalled that something over two 
years ago, experiments in one-way radio 
telephone transmission were conducted from 

the United States· to England .1 In respect to 
the clarity and uniformity of the reception ob
tained in Europe, the results represented a 
distinct advance in the art over the trans
atlantic tests of 1915. However, they were car
ried out during the winter, which is most favor
able to radio transmission, and it was realized 
that an extensive study of the transmission ob-

* Presented before the Institute of Radio Engineers, 
May 6, 1925. 

1 "Transatlantic Radio Telephony," Arnold and Espen
schied, Journal of A.I.E.E., August, 1923. , See also; 
"Power Amplifiers in Transatlantic Telephony,"" Oswald 
and Schelleng, presented before the Institute of Radio 
Engineers, May 7, 1924. 
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tainable during less favorable times would be 
required before the development of a trans
atlantic radio telephone service could be under
taken upon a sound engineering basis. 

Consequently, an extended program of meas
urements was initiated to disclose the trans
mission conditions obtaining throughout the 
twenty-four hours of the day and the various 
seasons of the year. The methods used in 
conducting these measurements and the results 
obtained during the first few months of them 
have already been described in the paper previ
ously mentioned. The results there reported 
upon were limited to one-way transmission from 
the United States to England upon the telephone 
channel. Since then, the measurements have 
been extended to include transmission on 
several frequencies in each direction, from radio 
telegraph stations in addition to the 57 kilocycle 
employed by the telephone channel. 

The present paper is, therefore, in the nature 
of a report upon the results thus far obtained in 
work currently under way. It  seems desirable 
to make public these results because of the large 
amount of valuable data which they have already 
yielded , and because of the timely interest 
which attaches to information bearing upon the 
fundamentals of radio transmission. The carry
ing on of this extensive measurement program 
has been made possible through the cooperation 
of engineers of the following organizations: in 
the United States-The American Telephone 
and Telegraph Company and the Bell Telephone 
Laboratories, Inc . ,  with the Radio Corporation 
of America and its Associated Companies; in 
England-The International Wes tern Electric 
Company, Inc. ,  and the British Post Office. 

l.VIEASUREMENT PROGRAM 
The scene of these transatlantic experiments 

is shown in Figure 1. The British terminal 
stations will be seen to lie in the vicinity of 
London and the American stations in the north-, 
eastern part of the United States. The United 
States transmitting stations are the radio tele-
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phone transmitter at  Rocky Point, and the 
normal radio telegraph transmitters at Rocky 
Point and Marion, Mass. The measurements 
of these stations were made at New Southgate 

Figure 1 

and at Chedzoy, England. The British trans
mitting stations utilized in measuring the east 
to west transmission were the British Post 
Office telegraph stations at Leafield and at 
Northolt. The receiving measurements m the 

Figure 2 

United States were .initiated at Green Harbor, 
Mass. , and continued at Belfast, Maine and 
Riverhead, L. I .  

The Riverhead receiving station , shown in 
Figures 2 and 3, is typical of the receiving stations 
involved in the measurement program. The 
interior view of Figure 3 shows the group of re
ceiving measurement apparatus at the right and 
the loop at the left. The three bays of apparatus 

shown are as follows : That at the left is the 
receiving set proper which is, in reality, two 
receiving sets in one, arranged so that one may 
be set for measurements on one frequency band 
and the other set upon another band. The set is 
provided with variable filters which accounts for 
the considerable number of condenser dials. 
The second hay from the left contains voice
frequency output apparatus, cathode ray oscillo
graph and frequency meter. The third bay 
carries the source of local signal and means for 

Figure 3 

attenuating it, and the fourth bay contains 
means for monitoring the transmission from the 
nearby Rocky Point radio telephone transmitter. 

The measurements are of two quantities : (1) ,  
the strength of received field, and (2) the 
strength of received noise caused by static. 
The particular frequencies upon which the 
measurements were taken (given in the chart 
of Figure 4) lie in a range between 15 and 60 
kc. The arrows indicate the single frequency 
transmissions which were employed for signal 
field strength measurements, those at the left 
indicating the frequencies received in the 
United States from England, and those at the 
right, the frequencies received in England from 
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the United States . The black squares in the 
chart denote the bands in which the noise 
measurements were taken. In general the 
measurements of both field strength and noise 
have been carried out on both sides of the 

60 

.....,_ 
NCRTKJLT (GKS) 
52000 'YCLES 

,._ __ LEAFla.D (JEIL) 
34130 CYCLES 

LEAF' I EW (GBL) 
....,.___ 24050 CYCLES 

RCCKV POINT (2XS) 
;7000 CYCLES 

MARLON (WSO) 
25700 CYCL.ES __.,. 

40 

JO 

20 RCCKY DOllH (�) ' 
.,, .. _ 

-f '° 

Figure 4-Frequency distribution of measurements de
notes band in which noise measurement was taken 

Atlantic at hourly intervals for one day of each 
week. The data presented herewith are as
sembled from some 40,000 individual measure
ments taken during the past two years in the 
frequency range noted above. The transmitting 
antenna current has been obtained for each in
dividual field strength measurement and all 
values corrected to a definite reference antenna 
current for each station mea,sured. The data 
have been subject to careful analysis in order 
to disclose what physical factors, such as sun
light and the earth's magnetic field , affect radio 
transmission. 

MEASUREMENT METHODS 
Although it will not be necessary to describe 

in any detail the type of apparatus employed 
in making these measurements, as this informa
tion has already been published,2 a brief review 
of the methods involved will facilitate an under
standing of the data. 

In general the method employed in measuring 
the signal field strength is a comparison one. 
A reference radio-frequency voltage of known 
value is introduced in the loop antenna and ad
justed to give the same receiver output as that 

2 Radio Transmission Measurements, Bown, Englund, 
and. Friis. Proceedings I. R.E., April, 1923. 

from the distant signal. This is determined 
either by aural or visual means. Under such 
conditions equal voltages are introduced in the 
antenna from local and distant sources, and by 
calculating the effective height of the loop the 
field strength of the received signal is determined. 

In the noise measurements, static noise is ad
mitted through a definite frequency band ap
proximately 2,700 cycles wide. A local radio
frequency signal of known and adjustable voltage 
is then introduced. The radio-frequency source 
of this signal is subjected to a continual fre
quency fluctuation so that the detected note has 
a warbling sound. This is done in order that 
the effect of static upon speech can be more 
closely simulated than by using a steady tone. 

51� flEt..O F"ROM NOtlTHOLT E.NG. C.K.B. SttNJl.J,. r1tLO F"l?OM Rockv Po1NT L.I. 2XS. 
REC:EIVEO AT 8Et.F"AS MAINE S1:PT.13·.l4 192:4 RECEIVED AT NEW SOUl'MGATE [NG. SEPT.14·15-J9Z4 

CIO.., .... �i.c Kw. MOKm. <IOO 20Kw. 57 48 Km 

f' t 
I i 

I � • 
� - ,,_, � 

. ' • 

� a \!, • 

CJlll,ll 2 A fi 8 10 12 2 -4 G 8 Ill 12 C.111.'tr:;: l • 6 • 10 \2 l 4 fi I! IO 12. 

£.S.t ? S 11 I 3 5 1 9 It 1 3 $ 7 £.S,tl 9 11 I l 5 7 9 II I ) i T 
P.M. �.M Riii. A.It 

Figure 5-Diurnal variation in signal field 

The intensity of the signal is then adjusted to 
such a value that further decrease results in a 
rapid extinction. The comparison signal is 
then expressed in terms of an equivalent radio 
field strength. Thus the static noise is meas
ured in terms of a definite reference signal with 
which it interferes and is expressed in micro
volts per meter. 

SIGNAL FIELD STRENGTH 

The curves of Figure 5 are given as examples 
of the field strength measurements covering a 
single day's run. The curves have been con
structed by connecting with straight lines the 
datum points of measucements taken at hourly 
intervals. It will be evident that they portray 
the major fluctuations occurring throughout the 
day, but that they are not sufficiently continu
ous to disclose,. in detail ,  the intermediate fluc
tuations to which the transmission is subject. 
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Diurnal Variation. The left-hand curve is for 
transmission from England to America on 52 
kilocycles, and the right-hand one for trans
m1ss10n from America to England on 57 kilo
cycles. These curves illustrate the fact, which 
further data substantiate, that both trans
missions are subject to substantially the same 
diurnal variation. The condition of the 
transatlantic transmission path with respect to 
daylight and darkness is indicated hy the bands 
beneath the curves. The black portion indi-

SEPTEllBEA 1923 

400 ANTENNA CURR.ENT$• WQL 600 AlilPS WSO 6oo AU�S. 2XS �00 AUPS • . -
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)hi -� -1'� llQL 17!�( ova.ts r 100 
. -- ... I 

I - ' ,._ 
""' ··� CVCL ts'\. I� \ ' 

' l..<11 j v 50 
- I \ 

I \ -
I I \_ [ "'-2lS 57 boo c CLES' � 10 

;;; 

I 
IZ-., 2 4 10 12 2 4 8 10 12 

£,S.T, 9 II I � S 7 II I 3 J 1 
.... .. ... 

Figure 6-Monthly average of diurnal variation in signal 
field transmission from American stations on various 
frequencies received at New Southgate, England, Sep-

tember, 1923 

cates the time during which the transatlantic 
path is entirely in darkness, the shaded portions 
the time during which it is only partiaily in 
darkness, and the unshaded portions of the 
time during which daylight pervades the entire 
path. 

The diurnal variation may be traced through 
as follows: 

1. Relatively constant field strength prevails 
during the daylight period. 

2.  A decided drop in transmission accom
panies the occurrence of sunset in the trans
mission path between the two terminals. 

3. The advent of night-time conditions causes 
a rapid rise in field strength to high values 
which are maintained until daylight approaches.  

4. The encroachment of daylight upon the 
eastern terminal causes a rapid drop in signal 
strength. This drop sometimes extends into a 
morning dip similar to, but smaller than, the 
evening dip. After this, relatively steady day
light field strengths again obtain. 

Three or four curves similar to Figure 5 are 
obtained each month. By taking the average 
of such curves for the month of September , 
1923, the lower curve on Figure 6 is obtained. 
The upper curves are for similar averages of 
measurements made on the lower frequencies. 
These curves show clearly that the range of the 
diurnal fluctuation is less for the lower fre
quencies. This is because of the lesser day
light absorption. 

The mechanism by which the transatlantic 
transmission path is subjected to these daily 
and seasonal controls on the part of the sun 
would be more evident were we enabled to ob
serve the earth from a fixed point in space. 
We should then be able to see the North At
lantic area plunged alternately into daylight 
and darkness as the earth rotates upon its axis , 
and to visualize the seasonal variation of this 
exposure to sunlight as the earth revolves about 
the sun. Photographs of a model of the earth 
showing these conditions have been made, and 
are shown in Figure 7. The first condition is 
that for January, in which the entire path is in 
daylight. The curve of diurnal variation is 
shown in the picture and that part which cor
responds to the daylight condition is indicated 
by the arrow. In the next position the earth 
has rotated so that the London terminal is in 
darkness while the United States terminal is 
still in daylight. This corresponds to the 
evening dip, the period of poorest transmission. 
With the further rotation of the earth into full 
night-time conditions for the entire path, the 
received signal rises to the high night-time 
values. These high values continue until the 
path approaches the daylight hemisphere as 
indicated in the fourth position. As the path 
enters into sunlight, the signal strength drops 
with a small dip occurring when sunrise inter
venes between the two terminals. 
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Seasonal Variation. By assembling the month
ly average curves for all months of the year, the 
effect of the seasonal va.riation on the diurnal 
characteristic becomes evident. This is shown 
in Figure 8, the data for which actually cover 
two years. 

Figure 7a 

Figure 7b 

Figure 7c 

The outstanding points to be observed in 
this figure are: 

1. The continuance of the high night-time 
values throughout the year. 

2. The persistence of the high night-time 
values for a longer period in the winter than in 
the summer months. 

3. The daylight values show a comparatively 
small range of variation. 

Figure 7d 

Figure 7e 

4. The extreme range of variation shown 
between the minimum of the sunset dip and the 
maximum of the high night-time values is of the 
order of 1 to 100 in field strength . This is 
equivalent to 1 to 10,000 in power ratio. 

It will be recalled that the cause of the sea
sonal changes upon the earth's surface resides 
in the fact that the earth's a.xis is inclined and 
not perpendicular to the plane of its orbit 
about the sun. As the earth revolves about the 
sun, the sunlit hemisphere gradually extends 
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12 E L E C T R I CA L  COMMUN I CAT I O N  

farther and farther northward in the spring 
months and by the summer solstice reaches well 
beyond the north pole, as indicated in Figure 9. 
As the earth continues to revolve about the sun, 
the sunlit hemisphere recedes southward until 

11 $: 
11! I 

GMt 

If I ftttl.+1 t-tt++H 

Figure 8-Monthly averages of diurnal variation in signal 
field, Rocky Point, L. I. (2 X S) to New Southgate, 
England, 57,000 cycles-Ant. Current, 300 Amps-5480 

Km. 1923-1924 

at the winter solstice it falls considerably short 
of the north pole and extends correspondingly 
beyond the south pole. Since the transatlantic 
path lies fairly high in the northern latitude, it 
is not surprising that the transmission condi
tions disclose a decided seasonal influence. The 
effect of this seasonal influence in shifting the 

Figure 9 

diurnal characteristic is better shown in Figure 
10. This figure consists of the same monthly 
average diurnal curves as are assembled in 
Figure 8, arranged one above the other instead 
of side by side. 

In particular , there should be noted: 
1 .  The time at which the sunset dip occurs 

changes with the change in time of sunset. 
2. Similarly, the time at which the morning 

drop in field strength occurs changes with the 
time of sunrise. 

3. The period of high night-time values, 
bounded between the time of sunset in the 
United States and the time of sunrise in England, 
ii; much longer in the winter than in the summer 
months. 

It is also to be observed that, as a rule, full 
night-time values of signal field strength are 
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Figure 10-?vfonthly averages of diurnal vanat1011 of 
signal field, Rocky Point, L. I .  (2XS) to New South
gate, England; 20.8 k.w. radiated power, 57,000 cycles, 

1923-1924 

not attained until some time after sunset at the 
western terminal and that they begin to de

crease before sunrise at the eastern terminal. 

In other words, the daylight effects appear to 
extend into the period in which the trans
mission path along the earth's surface is unex
posed to direct rays of the sun. The effect of 
this is that with the advance of the season from 
winter to summer the time at which the high 
night-time value is fully attained occurs later 
and later whereas the time at which it begins to 
fall off occurs earlier and earlier, until the latter 
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part of April when these two times coincide. 
At this time, then, the transmission path no 
sooner comes into the full night-time conditions 
than it agam emerges. As the season further 
advances into summer, the day conditions begin 
to set in while the night-time field strength is 
still rising. The proximity to the daylight 
hemisphere, which the transatlantic path reaches 
at night during this season of the year is illus
trated in Figure 9. 

As the sunlit hemisphere recedes southward 
after the summer solstice a time is reached 
about the middle of August, at which the full 
night-time values are again realized. Beyond 
this time they are sustained for increasing 
periods of time. It is of interest to note that at 
these two times of the year, the last of April 
and the middle of August, direct sunlight exists 
over the darkened hemisphere some 500 kilo
meters above the great circle path. 

For all of the conditions noted above, namely, 
sunset, sunrise, and summer approach of the 
transmission path to the northern boundary 
of the night hemisphere, the path lies in a region 
wherein the radiation from the sun grazes the 
earth 's surface at the edge of the sun-lit hemis
phere. The transmission path also approaches 
this region during daylight in the winter months, 
as will be seen by reference to the first position of 
Figure 7 for the month of January. The results 
of measurements for the months of November, 
December and January for all of the frequencies 
measured show definite reductions in the day
light field strengths. This reduction is evident 
in Figure 8 for the 57-kilocycle transmission, 
but shows up more strikingly in the curves of 
Figure 1 1 . ·The effect of each of these condi
tions, in which the transmission path approaches 
the region in which the solar emanation is 
tangential to the earth's surface, will be ob
served to be that of an increase in the trans
mission loss. The fact that in one instance this 
occurs in daylight would seem to suggest for its 
explanation the presence of some factor in addi
tion to sunlight, such as electron emission. 

Field Strength Formulae. The two major 
phases of the diurnal variation of signal field 
strength which lend themselves to possible pre
determination are the daylight values and the 
established night-time values. As to the night
time values our data show, within the limits of 

experimental error, that the maximum values 
do not exceed that defined by the inverse 
distance law. This fact seems to support the 
viewpoint 3 that the high night-time values are 
merely the result of a reduction of the absorp-

, "T . ·-· ., .. �.,.,,���..u..�.i...g.-.0ct.1«Nf*', 

Figure 1 1-Monthly averages of daylight field strength 

tion experienced during the day. Figure 11 
presents the monthly averages of the daylight 
field strengths for the various frequencies on 
which measurements were taken. The chart 
at the left is for reception in England and that 
at the right for reception in the United States. 

The difficulty in predicting by transmission 
formulae , values to be expected at any one time 
will be evident and the best that can be expected 

. is to approximate the average. The formulae 
of Sommerfield, Austin-Cohen and Fuller take 
the form 

E 
iu 377HI _aD µv;1v1 =�e A.' 

. 377HI 
where the coefficient --- represents the sim

'AD 
pie Hertzian radiation field and the exponential 

aD 
e-):( the attenuation factor. From theo-

retical considerations, Sommerfield (1909) gave 
a= .0019 and x = Ys. In the Austin-Cohen 
formula a is given as .0015 and x = �. Fuller 
gives a= .0045 and x = 1 .4. The Austin-Cohen 
formula was tested out experimentally chiefly 
with data obtained from the Brant Rock station 
(1911) and from the Arlington station by the 
U .S .S .  Salem in February and March, 1913 .  
Fuller derived his . 0045 value of  a ·  from 25 
selected observations from tests between San 
Francisco and Honolulu in 1914:. 

3 See also " Radio Extension of Telephone System to 
Ships at Sea,"  Nichols and Espenschied, Proc. I. R. E. , 
June, 1923, pages 226-227.  
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An attempt has been made to determine the 
constants of a formula of the above form which 
would approximate averages of some 5,000 ob
served values of 'field strength over this par
ticular New York to London path and over the 
frequency range of 17 kc. to 60 kc. For each 
transmitting station a series of comparatively 
local measurements were taken to determine the 

CORRELATION BETWEEN RADIO TRANSMISSION 
AND EARTH'S MAGNETIC FIELD 

In analyzing the measurements we were im
pressed by the occasional occurrence of marked 
deviations from the apparent normal diurnal 
characteristic. A series of measurements which 
includes an example of this condition in Figure 

TRANSATLANTIC RADIO TELEPHONE MEASUREMENTS 

Daylight Field Strengths Daylight Field Strengths 
Trans- Power* Observed Calculated 

·mitting Receiving Freq. Distance Radiated 
Term- Terminal Km. 

in al Kw. Austin- This 1923 1924 Av. Cohen Fuller Paper 

2 X S  New Southgate, Eng. 57,000 5,482 20. 6 7.5 7.65 7.6 6.9 21. 2 7.8 
(Aug.-Dec.) (Jan.-Nov.) 

wso New Southgate, Eng. 25,700 5,282 8.95 48.7 54.6 52. 7 16.6 78.5 50. 2 
(Apr.-Dec.) 

WQL New Southgate, Eng. 17,130 5,482 12. 86 87.3 86.8 27.7 116. 86. 
(July-Jan.) 

GBL Green Harbor, Mass. 24,050 5,149 4.06 34.2 13.2 59. 39. 
(Apr.-Dec.) 

Belfast, Maine 24,050 4,885 4. 06 51 (?) 15.6 54.7 41.8 
(Aug.-Dec.) 

Riverhead, L. I .  24,050 5,363 4. 06 31. 5 11.4 55.2 34.5 
(July-Jan.) 

GBL Green Harbor, Mass. 34,130 5,149 4.85 16.1 9.5 41.2 22.6 
(Aug.-Dec.) 

GKB Green Harbor, Mass. 54,500 5,241 7.9 6.1 5.6 18.6 7.1 
(Apr.-Oct.) 

Belfast, Maine 52,000 4,980 5.4 9.1 6.15 20. 9.05 
(Aug.-Oct.) 

Riverhead, L. I. 52,000 5,457 5.4 5.3 4.2 15. 5.9 

* Computed from local observations using formula of this paper. 
NOTE: Measurements of transmission from Rocky Point (2 X S) on 57,000 cycles measured at Mexico City, July, 

1924, give an average daylight field strength of 39.4 mv/M.  Calculated value 42.5 mv/M. 

power radiated. By combining these local 
measurements with the values obtained on the 
other side of the Atlantic we found that ap
proximately a= .005 and x = 1 .25. The trans
mission formula then becomes 

377 HI - .005D 
Eµv/M=XD e xi.26 

or in terms of power radiated 

where 

- In 298 x 103 -
.005D 

E=v p 
D 

e xi.25 

E =Field strength in microvolts per meter 
P=Radiated power in kw. 
D =Distance in km. 
A= Wave length in km. 

The table above ,summarizes the data 
relative to daylight transmission. 

12 is represented in the upper curves. The 
curves of the first four days exhibit the normal 
diurnal characteristic as. did the curves of the 
preceding measurements. The riext test of 
February 25-26 exhibits a marked contrast with 
that of two days previous. Such abnormality 
continues in greater or less degree until partial 
recovery in the test of April 29-30. 

Comparison of these data with that of the 
earth's magnetic field for corresponding days 
shows a rather consistent correlation. This 
will be evident from inspection of the magnetic 
data plotted below in the same figure. Both 
the horizontal and vertical components of the 
earth's field was shown. The first decided ab
normality occurs February 25-26. The three 
succeeding periods show a tendency to recover 
followed by a second abnormality on March 
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25-26 and again one on April 22-23. It  is of 
interest to note that within limitations of the 
intervals at which measurements were taken, 
these periods correspond roughly to the 27-day 
period of the sun. Coincidence similar to those 
described above have been found for other 

Figure 1 2-Correlation of radio transmission and earth's 
magnetic field-Transmission from Rocky Point, U. S. A. 
(57,000 cycles) to London, Eng.-Earth's magnetic field 

measured at Cheltenham, Md.,  U. S. A. 

periods. Except for this coincidence of abnormal 
variations in earth's magnetic field and radio 
transmission, exact correlation of the fluctua
tions has not been found possible. 

The magnetic data have been supplied through 
the courtesy of the United States Geodetic 
Survey. Similar data ta,ken in England were 
obtained from the Kew observatory and show 
similar results. 

The contrast in the diurnal variations of radio 
transmission before and after the time a mag
netic storm is known to have started, is further 
brought out in Figure 13. The lower left-hand 
curve in this figure superimposes curves of 
February 22-23 and February 25-26 of the 
previous figure. Additional cases where such 
marked changes occur are also shown. It will 
be seen that similar effects exist on the lower 
frequency of 17 kc. All of these examples are 
for days of other than maximum magnetic 
disturbance. In general the effect is to reduce 
greatly the night-time values and slightly in
crease the daylight values. The higher peaks in 
the daylight field strength of Figure 11 are due 

to the high daylight values which prevailed at 
the time of these disturbances. 

NOISE STRENGTH 

Next to field strength the most important 
factor in determining the communication possi
bilities of a radio channel is that of the inter
fering noise . The extent to which noise is sub
ject to diurnal and seasonal variations is there
fore of first order of importance. 

Diurnal Variation. An example of the diurnal 
characteristic of the noise for both ends of the 

Transmission � Rocky Po'ntLt( rom ' WQL toNew South ate E � .  
500 I I Q I I i 

tOO 
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, \  I 
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I 
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Figure 13-Correlation between radio transmission and 
variations in earth's magnetic field. Transmission from 
Rocky Point, L. I .  (WQL) to New Southgate, England-
17,  130 cycles-Transmission from Rocky Point, L. I .  

( 2  X S) to New Southgate, England-57,000 cycles 

transatlantic path is given in Figure 14. One 
curve is shown for each of the several frequencies 
measured. The outstanding points to be ob
served are: 

1. The rise of the static noise about the time 
of sunset at the receiving station, the high values 
prevailing at night, and the rather sharp decrease 
accompanying sunrise . The curve for 15 kc. 
shows the existence of high values also in the 
afternoon. During the summer months high 
afternoon values are unusual for all frequencies 
in this range .  They extend later into the fall 
for the lower frequencies, and hence are in 
evidence on the date on which these measure
ments were taken, October-November. 

2. In general the noise is greater the lower 
the frequency. 
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Noise as a Function of Frequency and of Receiv
ing Location. The distribution of static noise in 
the frequency range under consideration is 
depicted in Figure 15 for the case of reception at 
New Southgate, England. The set of full-line 
curves is for daylight reception and the set of 

Figure 14-Diurnal variation in noise 

8 \0 12 
NOON 

dash-line curves for night-time reception. The 
values obtaining during the transition period 
between day and night have been excluded . 
For both conditions three curves are shown, one 
the average of the summer months, another the 
average of winter months and the third, the 
heavy line, the average for the entire year. The 
curves represent averages for all of the measure
ments taken during both 1923 and 1924. In 
considering curves of this type it should be re
membered that they represent an average of a 
wide range of conditions and at any one time 
the distribution of static may differ widely from 
that indicated by the curves. Also it i?hould be 
realized that the extreme difference between 
winter and summer static is much greater than 
the difference between the averages. 

A similar study of frequency distribution was 
made at two locations in the United States, 
Belfast and Riverhead. The results obtained 
at these two locations together with those for 
New Southgate, England, are presented in 
Figure 16 for a period during which data were 
obtained for all three places. The similarity of 
the three sets of curves shows that there is an 
underlying cause common to both sides of the 
Atlantic which may account for the difference 
between the daytime and night-time static on 
the longer waves. It will be evident from the 

curves that for frequencies around 20 kc. there 
is not very much difference between the day and 
night static noise but that at the higher fre
quencies in the range studied, the daylight 
values become considerably less than the night
time values. Actually the divergence between 
the night-time and the daytime noise curves up 
to about 40 kc. is an exponential one. This sug
gests that the lowering of the daylight values 
may be largely due to the higher absorption 
which occurs in the transmission medium during 
the day. There is a further interesting point 
to be noted concerning both figures, namely, 
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Figure 15-Frequency distribution of noise, New 
Southgate, England-- -Night time - - - Day time--

1923-1924 

that the night-time values decrease exponen
tially with increase in frequency. Since these 
night-time values are but little affected by 
absorption in the transmitting medium, the 
distribution of the static energy as received, 
also roughly represents the distribution of the 
static power generated. 

The curves of Figure 16 show also the sub
stantial difference in the noise level which exists 
at the three receiving points. As has been 
experienced in practice, the New Southgate 
curve indicates that England is less subject to 
interference than northeastern United States. 
In the United States the superiority of Belfast 
over Riverhead is also consistent with the better 
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receiving results which in general have been 
experienced in Maine. There should be noted 
also the fact that the curves for these three 
locations lie one above the other in the inverse 
order of the latitudes. This is in keeping with 
other evidence which points towards the tropical 
belt as being a general center of static disturb-
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Figure 16-Frequency distribution of noise, New South
gate, Eng., Belfast, Maine, Riverhead, L. I .  Night 

time -- - - Day time--Aug.-Dec., 1924 

ance on the longer wave lengths. Further 
evidence on this point is presented below in 
connection with the seasonal variations of noise. 

Seasonal Variation. Curves showing the di
urnal variation in noise level for each month of 
the year together with the variation in time of 
sunset and of sunrise, are shown in Figure 17. 
Each curve is the average of all the measure
ments taken during that particular month in 
1923 and 1924. The diurnal variations are 
generally similar for the different months in 
respect to the high night-time values which are 
limited to the period between the times of 
sunset and sunrise in England. There is a 
certain deviation, however, which it is well to 
point out. During the summer months the rise 
in night-time static starts several hours before 
and reaches high values at about sunset in 
England, whereas in the winter-time, the night
time static begins to rise at about sunset and 

reaches high values several hours later. A 
similar effect is observed for the sunrise condi
tion wherein the reduction of static sets in during 
the summer months about the time of sunrise, 
reaches low daylight values several hours later, 
and in the winter the reduction commences 
several hours before sunrise and reaches low 
daylight values at sunrise. I n  other words, the 
rise to high night-time values occurs earlier 
with respect to sunset in the summer than in 
the winter, and conversely the fall from high 
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Figure 1 7_:_Monthly averages of diurnal variation of 
noise, New Southgate, England ; 57,000 cycles ; 

1923-1924 

night-time static to the lower daylight values 
occurs later with respect to sunrise, in the 
summer than in the winter. 

This is more definitely brought out in Figure 18 
which combines the data for all  frequencies 
measured. The dash-lines associated with the 
sunset curves, delineate the beginning and the 
attainment of the night-time increase and those 
associated with the sunrise curve delineate the 
beginning and the attainment of the low day
light values. This discloses the fact that sunset 
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and sunrise at the receiving point does not com
pletely control the rise and fall of the high n�g�t
time static. It has been found that the,a.d1s
crepancy can be accounted for if sunrise•and 
sunset are taken with respect to a static trans-
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Figure 18-Seasonal variation in distribution of dayti
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and night-time noise with respect to sunset and sunnse, 
New Southgate, England-1923-1924 

mission path as distinguished from the receiving 
point alone, and if the assumption is made that 
the effect of sunlight upon the static trans
mission path is similar to that on usual radio 
transmission. 

MAJOR REGIONAL SOURCE OF 
STATIC NOJ.SE 

A broader conception as to the causes under
lying the diurnal and seasonal variation is ob
tained by considering the time of sunset and 
sunrise over a considerable area of the earth's 
surface. Figure 19  shows a series of day and 
night conditions for three representative parts of 
the diurnal noise characteristic at England for 
January. It wil l  be seen that the rise to high 
night values does not begin until practically 
the time of sunset in England with over half of 
Africa still  in daylight. By the time the high 
night-time values are reached, as indicated in 
the second phase, darkness has pervaded all of 
the equatorial belt to the south of England. 
Incidentally at this time sunset occurs between 
the United States and England, resulting in very 
poor signal transmission. The third phase of 
this series shows the noise having just reached 

Figure 19a 

Figure 19b 

Figure 1 9c 

the low daytime value and, although the sun is 
just rising in England , the African equatorial 
belt is in sunlight , subjecting the static trans
mission path to high daylight attenuation. 

The sunset conditions which existed for the 
afternoon and evening of the day upon which the 
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diurnal measurements of Figure 14 were taken 
are shown in Figure 20. The hourly positions of 
the sunset line are shown in relation to the 
evening rise of static in London. The coinci
dence between the arrival of sunset in London 
and the start of the high night-time noise on the 
higher frequencies is evident. By the time the 
high night-time values are reached, about 7 
o'clock G.M.T. ,  the equatorial belt to the south 
of London is in darkness. 

Figure 21 shows the sunrise conditions in rela
tion to the decrease in static from the high 
night-time values to the lower daylight values. 

"' 

Figure 20-Relation of sunset shadow wall to noise at 
New Southgate, England-Oct. 28-29, 1923 

The decline starts about 5 or 6 o'clock an hour or 
two before sunrise, and is not completed until 
several hours later, at which time daylight has 
extended over practically the entire tropical belt 
to the south of England which corresponds in 
general to equatorial Africa. 

Another fact presented in the previous figures 
which appears to be significant in shedding 
light upon the s_ource of static, is that noise 
on the lower frequencies rises earlier in the 
afternoon and persists later into the morning 
than does the noise on the higher frequencies. 

This could be accounted for on the basis that the 
limits of the area from which the received longer 
wave static originates extend farther along the 
equatorial zone than they do for the higher 
frequencies. 

The inclination of the shadow l ine on the 
earth's surface, which is indicated in the previou::; 

Figure 2 1-Relation of sunrise shadow wall to noise at 
New Southgate, England-Oct. 28-29, 1923 

figure for October 28, shifts to a maximum at 
the winter solstice, recedes to a vertical posi
tion at the equinox and then inclines in the 
opposite direction. These several positions are 
illustrated in Figure 22. The set of three full 
lines to the right shows the position which the 
sunset shadow line assumes upon the earth 's 
surface for each of three seasons-winter solstice, 
equinox, and summer solstice. Likewise, the 
dash-line curves show the position assumed by 
the sunrise line for the corresponding seasons. 
The particular time of day for which each of the 
sunset curves is taken, is that at which the static 
in London begins to increase to large night 
v:alues. In winter, this occurs about sunset, at 
the equinox about one hour earlier, and in 
summer about two hours earlier, as i llustrated 
in Figure 18. Correspondingly, the time for 
which each of the sunrise curves is taken is that 
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at which the high night-time values have reached 
the lower daylight values. From Figure 18 it 
will be evident that this occurs during the winter 
at about sunrise, at the equinox about an hour 
later, and during the summer some two hours 
later. 

It will be observed that the two sets of curves, 
one for sunset and the other for sunrise, intersect 
at approximately the same latitude, the sunset 

Figure 22-Position of sunset lines at sunset dip and 
sunrise lines at sunrise dip in noise level in England for 

various seasons 

curves southeast and the sunrise curves south
west of England. If it is assumed that the 
effect of the shadow wall upon the transmission 
of static �s similar to that upon signal trans
mission across the Atlantic, namely, the high 
night-time values commence when the shadow 
wall is approximately half-way between the 
terminals, the crossing of the lines upon the 
chart may be taken as having significance in 
roughly determining the limits of the tropical 
area from which the major static originates. 
The crossing of the sunset lines indicates that 
the eastern limit of the area which contributes 
most of the static to England is equatorial East 
Africa. The crossing of the sunrise lines indi
cates that the corresponding western limit is 
somewhere in the South Atlantic, between 
Africa and South America. In other words, from 
these data the indications are that there is a 
more or less distinct center of gravity of static, 
which extends along the tropical belt and that 
most of the long-wave static which affects 
reception in England comes from the equatorial 
region to the south of England, namely, equa
torial Africa. This is exclusive of the high 

afternoon static prevailing during the summer 
months. 

The data obtained m the United States 
indicate that generally similar conditions exist 
there as to the relation between sunset and 
sunrise path and the major rise and fall of 
static. This relationship is shown in Figure 23, 
which shows in the upper half the course of the 
night-time belt as it proceeds from Europe to 
America and the corresponding rise in the static 
noise. The noise level curves are the same as 
those shown in Figure 14 for reception at Belfast, 
Maine. The rise commences about one hour 
before and continues for one hour or so after 

Figure 2.3-Relation of sunset shadow wall to noise at 
Belfast, Maine, U. S.-Oct . .30-Nov. 1, 1924 

sundown. This is for the fall season of the year. 
A similar chart for the sunrise conditions is 
given in Figure 24. Although high night-time 
values started to fall off some five hours before 
sundown in Belfast, the more rapid drop was 
within some two hours in advance. While these 
curves are for but a single day, they are fairly 
representative of the average of a greater amount 
of data. The change in the inclination of the 
sunset-sunrise curves with the season of the year 
effects changes for American reception somewhat 
similar to those shown for reception in England, 
except .that for the summer months the co
incidence is less definite. It may be that this . 
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is: because of the somewhat lower latitude of 
the United States terminal and of the reception 
of a greater proportion of the static from the 
North American continent. 

In general, therefore, the American results 
accord with those obtained in England in indi
cating quite definitely that a large proportion 
of the static received on the longer waves is of 
tropical origin. 

Figure 24-Relation of sunrise shadow wall to noise at 
Belfast, Maine, U. S.-Oct. 30-Nov. 1 ,  1924 

SIGNAL TO NOISE RATIO 
I t  is, of course, the ratio of the signal to noise 

strength which determines the communication 
merit of a radio transmission channel. 

Variation with Frequency. A comparison for 
representative summer and winter · months is 
given in Figure 25 of the signal-to-noise ratio 
for the two extreme frequencies measured. 
Both of these transmissions were effected from 
the same station, Rocky Point, and similar 
antennae were employed. Comparison is made 
of the overall transmission by correcting the 
values of the two curves to the same antenna 
power input, the power of both channels being 
scaled down to 68 kilowatts, the power used 
in the telephone channel during the early parts 
of the experiment. This chart shows clearly the 
greater stability in signal to noise ratio obtain-

able on the lower frequency channel. ·while for 
certain periods of the day the higher frequency 
gives a much better ratio, it is subject to a 
much more severe sunset decline than is the 
lower frequency. During the summer time, 
afternoon reception in England is better on the 
higher frequency channel. This is because of 
the considerably greater static experienced at 
this time on the lower frequency. The higher 
signal-to-noise ratio prevailing during the winter 
month of January as compared with the summer 
month of July is evident. This is due primar
ily to higher summer static .  

Seasonal Variation in England and United 
States. For the 57-kilocycle channel there is 
shown in Figure 26, for each month of the year, 
signal-to-noise ratios of two years' data. These 
show a distinct dip corresponding to the sunset 
dip of the signal field strength. The night-time 
values are generally high in accordance with 
the high night-time signal strength but the 
maximum values are shifted toward the time of 
sunrise. This is due to the fact that the noise 
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Figure 25-Variation of signal to noise ratio with fre
quency. Corrected to same antenna input power (68.5 
KW) in Rocky Point antenna-Reception at New South-

gate, England 

rises earlier in the afternoon and declines 
earlier in the morning than do the corresponding 
variations in signal strength. 

Figure 27 presents the signal-to-noise ratios 
for such data as have thus far been obtained 
upon t,ransmission from England to the United 
States on a frequency of 52 kilocycles. The low 
values obtained about sunset are, of course, 
due to the evening dip in field strength. In 
general , the night-time ratios do not reach high 
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values as do those for England because the 
early morning signal field strength begins to 
fall off while the noise level is still high. Com
parisons of the signal-to-noise ratios obtained 
at N e'v Southgate and at Belfast show that the 
Belfast values are somewhat higher for that 

AUG �t±,:t:t±I filif'ittltl-:-tt�fi!l:1 ·:l#����#;-TJ:l'1;1;1 

Figure 26--Monthly averages of diurnal vanatrnn of 
signal-to-noise ratio, Rocky Point, L. T .  (2XS) , re
ceived at N ew Southgate, England ; 20.8 kw. radiated 

power, 57,000 cycles, 5,480 km.-1923-1924 

part of the day, corresponding to forenoon in 
the United States and afternoon in England . 
This is because the forenoon static in the United 
States is lower than the afternoon static in 
England. 

DIRECTIVE RECEI\'ING ANTENNAE 
The picture which has been given of the 

transm1ss10n of static northward from the 
tropical belt suggests that the signal-to-noise 
ratio might be materially improved by the 
use of directional receiving systems. This is, 
of course, what has actually been found to be the 
case in commercial transatlantic radio telegraphy 
wherein the Radio Corporation has made such 

effective use of the wave antenna devised by 
Beverage. The expectations are confirmed by 
measurements which have been made in the 
present experiments using such wave antennae. 

A year and a half ago the British Post Office 
established a wave antenna with which to 
receive from the Rocky Point radio telephone 
transmitter. More recently a program of con
sistent observations in directional reception of 
east-to-west transmission was also undertaken 
in which were employed, wave antenna built 
by the Radio Corporation of America for radio 
telegraph operation upon lower frequencies. 
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Figure 27-,Monthly averages of diurnal variation of 
signal-to-noise ratio, Northolt, England. ( GKB ) Re
ceived at Belfast. Maine ; 20.8 kw. radiated power ; 

4,980 km. ; 52,000 cycles ; 1924 

An indication of the improvement which the 
wave antenna gives in signal-to-noise ratio is 
had by reference to Figure 28. The set of 
curves to the right is for reception at Chedzoy,. 
England , and those at the left for reception at 
Belfast and Riverhead in the United States. 
The improvement is measured in terms of the 
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signal-to-noise ratio obtained on the wave 
antenna, divided by the signal-to-noise ratio 
measured on the loop. For the particular days 
and frequency indicated, the improvement in 
England will be seen to vary over a considerable 
range, averaging about 5. Data for reception in 
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Figure 28-Improvement in signal noise ratio of wave 
antenna over loop reception 

England is for 1924 while that for the United 
States is for the corresponding period of 1925. 
The United States results will be seen to be 
generally similar to those obtained in England. 
Although these experiments are still in an early 
stage, the results do give a measure of the 
order of improvement which can be expected. 

Test of Words Understood. Perhaps the most 
convincing measure of the efficiency of direc
tional receiving systems for transatlantic trans
mission is the improvement effected in the 

reception of intelligible words. Figure 29 shows 
the improvement which the wave antenna in 
England has made in the ability to receive 
certain test words spoken from Rocky Point. 
For this purpose there was transmitted from 
Rocky Point a list of disconnected words. A 
record was made at Chedzoy of the percentage 
of the words understood for reception on the 
loop and on the wave antenna. This constitutes 
a convenient method of rough telephone testing. 
I t  will be appreciated, however, that it would 
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Figure 29-Comparison of reception on wave antenna and 
loop. Per cent of words understood-Reception of 
Rocky Point (2 X S) at Chedzoy, England, March, 1924 

be possible to understand a greater proportion 
of a conversation than is represented by these 
results. The curves show that it was possible 
to receive , for example, 803 of the words for 
but 9 of the 24 hours on the loop, whereas with 
the wave antenna reception continued for 18 
hours. 
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Commercial Loading of Telephone Cable 
By WILLIAM FONDILLER 

Bell Telephone Laboratories, Incorporated 

THERE has been a world-wide increase 
in the use of the telephone, such that 
the increasing use of cable has been 

necessary in order to provide economically the 
required number of circuits in a limited space. 
This is particularly the case in metropolitan 
areas where, aside from the question of economy, 
it  would be physically impossible to provide the 
space necessary to carry the exchange area or 
junction circuits if open wire pole line construc
tion were used. In the case of toll circuits 
there is a great economy in cable construction 
over open wire lines when the traffic is such as 
to require a considerable number of channels. 
Some further advantages of toll cable are, its 
greater reliability and freedom from service 
interruptions. These factors have combined to 
lead to the general adoption of cable construc
tion for important toll routes carrying heavy 
traffic. 

The bringing together of the wires of a talking 
circuit in close proximity to each other with ac
companying high capacity imposes difficulties 
due to high attenuation per unit length as well 
as a degree of distortion not experienced in open 
wire lines. This limitation was so serious that 
up to about 1900 there was a general avoidance 
of the use of cable in the toll plant so far as 
possible. The invention of the loading coil by 
Professor Pupin in 1900 marked an epoch in the 
evolution of the modern telephone plant. This 
invention, following the mathematical researches 
of Heaviside and others, disclosed a practical 
means of adding inductance to telephone circuits 
by the addition of inductance loads at periodic 
intervals. A more obvious method , first put 
into practice by the Danish engineer Kramp ,  
i s  t o  add the inductance uniformly a s  by the 
winding of an iron wire over the copper con
ductor. Owing to the high cost and comparat ive 
inefficiency of continuous loading, its applica
tion has been limited practically to submarine 
cables. In such cables the mechanical difficul
ties encountered in connecting loading coils 
into the circuit and maintaining a watertight 
joint preclude the use of loading coils except 

for comparatively shallow water. The following 
discussion is confined to coil loading and treats 
of the development in design and application 
of loading coils for cable circuits. 

In practice, the addition of loading to No. 8-
BWG (4.2 mm.)  open wire circuits has been 
discontinued in the United States. This is due 
to the development of a practically distortion
less vacuum tube telephone repeater, and to the 
increasing use of carrier frequencies for multi
plexing the lines. High efficiency repeaters in 
combination with non-loaded open wire circuits 
give results superior to those obtainable with 
such repeaters connected in a loaded open wire 
circuit. A considerable mileage of No. 1 2-
NBSG (2.6 mm.)  circuit is loaded at the present 
time though little new loading of open wire 
circuits is being done. There appears, however, 
to be a small field for the loading of No. 12-
NBSG circuits under conditions where the 
installation of telephone repeaters would be 
uneconomical. 

With the advent of telephone repeaters, and 
the development of corrective networks which 
serve to equalize the attenuation of the different 
frequencies, the question naturally arises whether 
the field for the loading even of cable circuits is 
not materially reduced . The fact is that al
though the attenuation and distortion can both 
be offset by correctly designed repeaters and 
equalizers, this can he accomplished far more 
economically by the use of loading or loading 
combined with repeaters. For example, a 
loaded No. 16 gauge ( 1 .3 mm.) circuit 75 miles 
in length gives very satisfactory transmission 
without repeaters, whereas, to get the same 
volume and quality over a non-loaded cable 
would require at least 4 intermediate repeaters. 
The annual cost of the loaded circuit without 
repeaters would obviously be far lower than 
that of the repeatered cable without loading. 

Cable circuits may be divided into two main 
classes as regards the requirements for the 
loading coils : 

1 .  Exchange area cable. 
2. Toll cable. 

24 
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In addition to these two main classes, there are 
also short cables incidental to a long open wire 
line which are referred to as intermediate or toll 
entrance cables. These short lengths of cable 
serve to carry an open wire circuit through cities, 
or may serve to terminate such a circuit. I n  
the usual case o f  cables connecting to open wire 
lines used only for audio frequency transmission, 
a special form of toll cable loading is employed 
designed primarily to avoid reflection losses and 
irregularity effects. Loading coils for this class 
of service must in general meet the same require
ments as toll cable loading coils, the require
ments for which are considered later in this 
article. In the event that the open wire toll 
circuit is multiplexed by means of carrier fre
quencies, a special design of air core loading 
coil is employed. 

As the consideration of carrier frequency load
ing apparatus is beyond the scope of this paper, 
only the general requirements for the loading 
coils will be mentioned here. Owing to the 
multi-frequency transmission through the car
rier circuit loading coils and the comparatively 
high frequencies used, viz . ,  up to 30,000 cycles 
or higher, severe requirements are imposed as 
regards freedom from intermodulation between 
channels and the maintenance of low losses. 
Obviously, the most satisfactory solution as 
regards freedom from magnetic modulation is 
the avoidance of the use of ferro-magnetic core 
materials. In carrying out the design of air 
core loading coils it is necessary to use finely 
stranded copper conductors for the winding to 
limit the eddy current losses. In practice, a 
special type of compensated loading unit is em
ployed at the junction points of the cable and 
open wire circuits and at the office terminals 
which affords an economical means of obtaining 
the desired matching of impedances with respect 
to the carrier frequencies to be transmitted. 
Audio frequency transmission can at the same 
time be carried out over the loaded phantom 
circuit, the sides of which may be loaded for 
carrier (and audio) frequency transmission. 1  

1 .  LOADING FOR EXCHANGE AREA CABLE 

This class of cable includes switching trunks 
used to connect the central offices in a given 
exchange area. The requirements for this class 

1 U. S. Patent 1501926, 1924, Thomas Shaw. 

of loading are comparatively simple. The coils 
should be stable in inductance, and of sufficiently 
low cost to be in equilibrium with the gauge of 
circuit for which they are used. The cost 
equilibrium j ust referred to implies that the 
loading for a given cable circui t has been so 
designed that any further improvement in trans
mission efficiency would require approximately 
equal expenditure whatever method were em
ployed, i .e . ,  whether the improvement were 
obtained by increasing the amount of copper in 
the cable, by improving the efficiency of the 
loading coils, or by other means. 

As the gauge of the trunk cable wil l ,  in general, 
be No . 22-AWG, ( .64 mm.) or No . 19-AWG 
( .91 mm.) - in short trunks No . 24-AWG 
(.51 mm.) is also used-the effective resistance 
of the coil may be considerably higher than that 
of the loading coils for the heavier gauge toll 
circuits. This follows from the comparatively 
high conductor resistance of these cables before 
loading. Small size is a primary requirement 
for trunk loading coils because of the very large 
number required , and the congested space gen
erally available for their installation in cities. 

As a general rule exchange area circuits are 
not sufficiently long to make it economical to 
use phantom circuits. Accordingly, non-quad
ded cables are used almost exclusively for this 

-

SOLID ARROWS INDICATE CURRENT 
DOTTED LINES IND I CA TE FLUX 

Figure 1-Diagram of Simple Two Winding Coil for 
Loading Non-Phantomed Circuits 

grade of service and a simple two-winding coil 
as shown in Figure 1 will meet the requirements 
of the circuit. Figure 2 shows a photograph of 
a small coil designated No . 602 recently de
veloped for use in loading exchange area cable 
circuits. A curve showing the effective resist
ance-frequency characteristic of this loading coil 
is given in Figure 3 .  In Table I some general 
data are given for various loading schemes 
now standard in the Bell System for different 
lengths of exchange area circuit. 
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It is convenient to use certain ahhreviations 
to designate the different grades of loading as 
1 isted in the first column of Tahle I .  Here 
" M "  signifies a spacing of 9,000 feet (2 .74 km.) 
and " H "  a spacing of 6.000 feet (1.83 km.) .  
Accordingly, M -88 indicates a loading scheme 

Figure 2-No. 602 Loading Coil for Exchange Area 
Circuits 

in which coils having an inductance of 88 mil
henrys are spaced 9,000 feet apart, H-135 coils 
having an inductance of 135 milhenrys, 6,000 
feet apart, etc. 

In Table I I  are given transmission data for 
the more commonly used types of loaded 
trunk circuits. 

The type of loading adopted in any given case 
will depend upon the length and gauge of the 

trunk and the allowahle transmission loss in 
it. It will he ohserved that the loading systems 
listed in Table II give a minimum cut-off fre
quency of 2800 cycles. In determining the 
proper inductance and spacing of the loading 
coils, it should be recognized that a loaded cir
cuit has a transmission-frequency characteristic 
similar to that of a low-pass filter. Thus, as the 

Figure 3-Effective Resistance-Frequency Characteristic 
of No. 602 Loading Coil 

upper frequency limit is approached, the at
tenuation increases rapidly and the impedance 
departs widely from its value in the freely 
transmitted frequency range. In telephony 
that which it is desired to transmit is intelligence 
and not simply speech frequency power. Effi
cient telephone transmission requires, therefore , 
that the loading be so designed as to give 
a sufficiently high cut-off frequency. It will 
he understood that as regards the loading, this 
depends not alone on the coil inductance, but 
also on the spacing of the coils. 

TABLE I 

LOADING FOR EXCHANGE AREA CABLES 

I I Average I Average 

Designation Code No. Spacing Eff. Resist. Ohms Nominal 
Total D.C.  at 1 ,000 Cycles Inductance of Loading of Coil of Coils Resist. Ohms (1 milampere) Milhenrys 

M-88 602 9,000 ft. 1 0 . 3  1 1 .  9 I 88 
(2 .74 Km.) 

H-135 575 6,000 fL 3 . 5  7 . 8  135 
(1 .83 Km.) 

H-175 574 6,000 ft. 4 . 6  10 . 6  175 
( 1 .83 Km.) 

Norn : Resistance values apply at the end of the cable stub. 
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TABLE I I  

TRANSMISSION CHARACTERISTICS OF LOADED EXCHANGE AREA CABLE CIRCUITS 

Cable Conductor 

Capacity Mf/Km. 
Size-AWG Diam. mm. Code No. 

No. 1 6  1 . 3  . 041 602 

No. 19 . 9 1  . 041 574 

No. 19 . 9 1  . 04 1  575 

No. 19 . 91 . 041 602 

No. 22 . 64 . 052 575 

No. 22 . 64 . 05 2  602 

No. 24 . 51 . 049 602 

2. LOADING OE TOLL CABLE 
In considering the requirements for toll cable 

loading, it will be worth while to review briefly 
the major steps in the development of long 
distance cables which have affected loading coil 
development.  

1st-In the early days of loading in the 
United States, the desirability of compositing 
loaded circuits so as to permit the simultaneous 
transmission of telegraph and telephone cur
rents was recognized. This brought in the 
necessity for limiting the detrimental reaction 
between telegraph and telephone currents, due 
to modulation effects in the loading coil cores 
known as " flutter. "2 

2nd-Another step in the evolution of the mod
ern cable plant was the development of quadded 
cable which enabled phantoming loaded circuits. 
This development involved problems of con
siderable magnitude,  owing to the fact that the 
unbalances tending to produce crosstalk were 
greatly emphasized by the loading of the cir
cuit. Some of the development problems in 
loading quadded cable are discussed in a recent 
paper by Mr.  W. E. M ougey.3 

3rd-The application of telephone repeaters 
to loaded cable circuits involved new problems. 

2 Hysteresis Effects with Varying Superposed Magnetiz
ing Forces, W. Fondiller and W. H. Martin, Trans. 
A. I. E. E.,  192 1,  Vol. XL, p. 553. 

s The Testing of Long Distance Telephone Cable 
During Installation, Electrical Communication, January, 
1925. 

Loading 

Cut-off Attenuation 

Frequency TU/Km at 
Inductance Spacing 1 ,000 Cycles 
M ilhenrys 

88 9,000 ft. 3200 . 15 
(2 74 Km.) 

175 6,000 ft. 2800 . 18 
( 1 . 83 Km.) 

135 6,000 ft. 3200 . 19 
(1 . 83 Km.) 

88 9,000 ft . 3200 . 28 
(2 . 74 Km.) 

135 6,000 ft . 2800 . 40 
(1 . 83 Km.) 

88 9,000 ft . 2900 . 60 
(2 . 74 Km.) 

88 9,000 ft . 2900 . 92 
(2 . 74 Km.) 

Owing to the increased length of circuit and the 
low transmission equivalent made possible by 
the use of repeaters, crosstalk and flutter con
ditions are more severe. M uch closer limits for 
inductance and stability are also imposed on the 
loading coils. 

4th-The recent development of the four
wire system with one-way repeaters has brought 
in certain additional requirements owing to the 
large difference in energy level of the circuits 
transmitting in opposite directions. 

In the following there are considered the 
developments in loading coil design and in 
magnetic materials which have made it possible 
to meet the exacting requirements of a modern 
toll cable plant such as that referred to above. 

In order to analyze more completely the prob
lem of loading phantomed circuits, the require
ments for this class of loading are given below : 

A . Loading Requirements 

1 .  The desired inductance must be intro
duced into the phantom and the side circuits. 

2. The effective resistance must be low for the 
inductive connection of windings which provides 
the loading effect, and practically the same as 
the ohmic resistance for the non-inductive 
connection. 

3. The inductance and resistance values 
should be stable over a wide range of magne
tizing currents and temperatures. 
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4 .  The effective resistance change with fre
quency should he small in order to avoid serious 
frequency distortion . 

5. The inductance value must he uniform, 

from coil to coil ,  to satisfy the requirement of 
impedance regularity of the circuit.  

I n  order to define the l imiting conditions, 
there are given helow the crosstalk and noise 
requirements for an ideal phan tom load i n g  
system. 

B. Crosstalk and Noise Requirements 

1 .  The effective resistance and sel f-inductance 
of the two line windings of either side circui t  
shall h e  equal t o  preven t phan tom to side 
crossta lk.  

2. There shall  be no mutual  impedance un
balance or admittance unbalance between line 
wind ings not associated with the same side 

circuit,  to preven t phantom to side and side 
to side crosstalk.  

3 .  There shall he no admi ttance unhalance to 

core, to adj acen t shields, or to ground , of the 
two l ine windings of either side circuit ,  to pre

vent phan tom to side crosstalk.  
4.  There shall be a symmetrical d istribution 

of the d irect adm ittances between the l ine 
windings of either side circuit,  to prevent phan
tom to side crosstal k .  

5 .  There shall b e  n o  u n balanced coupling, 
either electrostatic or electromagnetic, hetween 
coils,  to prevent crosstalk between coils moun ted 
i n  close proximity. 

6. All l ine windings of a phantom group shall 
be m u tually halanced . both electromagnetica lly 
and electrostatically,  to al l adjacent circuits 
other than those of the phan tom group, and to 
ground , to prevent crosstalk and noise d is
turbance between the circuits of the given 
phan tom group and outside circuits. 

7. The balance conditions defined in 1 -6 
inclusive shall he maintained over a wide range 
of magnetizing currents and frequencies. 

It should be observed in con nection with the 
unbalances mentioned in 1-5 inclusive that any 
unbalance which gives rise to crosstalk may also 
cause noise in the circuit. I n  practice it has 
been found possible by sui table choice of 
materials and by design to approach closely 
these ideal requirements. As i l lustrating the 

extent to which this object has been accom
plished , data are given later in the paper of 
actual crosstalk values obtained on commer
cially manufactured loading units of the Camp
bell-Shaw type. 

In addition to the requirements relating par
ticularly to crosstal k  and n oise, as already noted 
the toll cable coil m ust have low d istortion i n  
terms of  its transmission-freq uency character

istics, low modulation or flutter effect, adequate 
dielectric strength , and freedom from magne
tization effects. It will he seen that the design 
of a loading coil embodying the above require

ments at a moderate cost presen ts a problem of 
more than average d ifficulty.  As illustrative of 
the scope of the developments which had to be 

undertaken in order to properly solve the load

ing coil problem , i t  is in teresting to refer to 
some of the collateral problems which had to be 
solved because of their d'irect hearing on the 
loading coil probl em .  Among thesE' may be 
cited-the developmen t of machine generators 
(later-vacuum tube oscillators) as a source of 

voice frequency currents free from harmonics, 
the shielded impedance bridge, nE'w magnetic 
materials, machinery for winding toroids, special 
types of permeameter, etc. I t  will be evid ent 
from these few i llustrations th at many years of 
physical research work have been necessary in 
order to carry the load ing coil development to 
the poi n t  where i t  would meet presen t  day 
requirements. 

Phantom Loadin?, A pparatus 

Various methods of loading phan tom circuits 

have been developed comprising 2-coil , 3-coil 

and 4-coil schemes. The selection of the pre
ferred system depends on satisfying the operat
ing requirements of a toll cable system with the 

least cost. There will first he described the 
3-coil system inven ted by G. A. Campbell and 
T .  Shaw,4 which is the system that has been 
most widely used , and most completely satisfies 
the conditions laid down for a satisfactory 
loading system. I n  a paper en titled " Com
mercial Load ing of Telephone Circuits i n  the 
Bell  System , " "  M r. Gherardi refereed briefly 
to th e Campbell-Shaw loading coils. It is 

4 U. S. Patents 98092 1 ,  1 9 1 1 ,  Campbell-Shaw ; 981015,  
1 9 1 1 ,  Shaw. 

" Trans. A. I . E. E., 191 1 ,  Vol. XXX, p. 1 743. 
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interesting to note that the first commercially 
successful loading of phantom cable circuits 
was carried out in the United States using the 
Campbell-Shaw design of loading. This was in 
1910  when the Boston-Neponset cable was 
installed by the American Telephone and Tele
graph Company. 
II The general winding arrangement of the 
Campbell-Shaw loading coils and their con-

SIDE GI RGUIT COI L5 

SIDE" CIRCU ITil:I 

St OE CIRCU IT ,itz 

coil shown in Figure 1 .  When the phantom 
current traverses the side circuit coil however 
the current flows through the two line� of a pai; 
in parallel, and the two line windings �re thus 
connected non-inductively in parallel. If  the 
phantom current were to flow through the 
windings of the loading coil shown in Figure I ,  
it  would magnetize the two sides o f  the core in 
opposite directions and produce consequent 

FHANTOM CIRC UIT COI L 

--- INDICATES INNER WINDINGS 
- INDICATES OUTER WINDI N GS 

Figure 4-Campbell-Shaw Loading Unit Showing Arrangement of Windings 

nection to the lines is shown in Figure 4. The 
group of two side circuit and one phantom coil 
associated as in this figure is referred to for 
convenience as a " loading unit, " and the two 
side circuits and the derived phantom circuit 
will be referred to as a " phantom group. " 

Considering first the side circuit coils, it will 
be seen from Figure 4 that there are two inner 
and two outer windings on each core. The 
connection of an inner winding in series in
ductively with the outer winding on the opposite 
half of the core forms a " line winding. " With 
the arrangement of windings shown the side 
circuit current would magnetize the core in the 
same direction throughout. Under these con
ditions the side circuit coil loads the circuit 
similarly to the simple non-phantom circuit 

poles. This would not only bring in serious 
losses, but also large crosstalk. The current 
in the phantom circuit flowing through the 
windings of the side circuit coils shown in Figure 
4, however, produces practically no magnetizing 
effect on the cores owing to the intermeshed 
arrangement of the windings. Such coils may 
be used to effectively load the side circuits of a 
phantom group and in so far as the phantom 
circuit is concerned they introduce practically 
only the non-inductive resistance of the windings. 

The loading of the phantom circuit itself is 
accomplished by means of an 8-winding coil 
as shown at the right in Figure 4. These wind
ings are distributed uniformly over the core, 
there being an inner and outer winding on each 
quadrant. An inner winding on one quadrant 
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is connected in series inductively with an outer 
winding on the opposite quadrant to form a 
line winding. It will be seen that with respect 
to the phantom current, the two line windings 
associated with one pair are connected in parallel 
inductively and the two pairs of line windings 
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Figure 5-Effective Resistance-Frequency Characteristics 
of Nos. 584-587 Loading Unit 

of the phantom group in series inductively, thus 
providing the desired loading in the phantom 
circuit. Currents flowing in either side circuit, 
however, produce very small magnetization in 
the core owing to the fact that the line windings 
of a pair are then connected in series non-in
ductively. The use of mutual inductance be
tween the line windings of the loading coil for 
a given circuit leads to an efficient design, 
promotes an accurate winding balance, and at 
the same time makes for magnetic stability. 
On the other hand , the sub-division and inter
meshing of the windings makes the side circuit 

loading independent of that of the phantom 
circuit, which is desirable from the standpoint 
of greater flexibility.  

Table III  shows some of the more important 
loading coils used for toll cable loading, and 
gives data regarding their characteristics. All 
of these coils have cores of compressed powdered 
iron. 

The scheme of designation of the different 
loading systems is similar to that described in 
connection \vith Table I .  Thus, the term 
H-44-25 designates a loading spacing of 6,000 
feet using side circuit coils of 44 milhenry, and 
phantom coils of 25 milhenry inductance. The 
H-44-25 and H-174-63 loading systems are both 
used with 16-AWG and 19-AWG circuits. 

Figure 5 shows the effective resistance-fre
quency characteristics for the loading unit 
consisting of the Nos. 584 and 587 coils. 

In Table IV are given the important trans
mission characteristics of cable circuits loaded 
with the coils, the constants of which are given 
in Table I I I .  

The choice as  to the gauge of conductor and 
loading system is conditioned on a number of 
factors such as the character and volume of 
traffic involving switched or terminal connec
tions, grade of service required, composition of 
circuits as to connection with open wire lines, 
etc. For instance, for circuits handling only 
terminal business, a single repeater could be 
used · for handling connections 100 miles long 
on 19-AWG wires with H-174-63 loading. For 
a circuit 150 miles long, a 16-A WG pair with 
H-174-63 loading with a single repeater would 
be satisfactory. This grade of loading with 
other gauge is also suitable for longer circuits 
up to say 300 miles with an appropriate number 

TABLE III  

LOADING FOR TOLL CABLE CuicurTs 

Electrical Characteristics of Loading Unit 
Designation Code No. Circuit of Loading of Coils Average Average 

D.C. Res. Eff. Res. Ohms Nominal Induct. 
Ohms at 1 ,000 Cycles Milhenrys 

· H-44-25 { 590 Side 4 . 0  4 . 6  44 
591 Phantom 2 . 0  2 . 3  25 

H-l i4-63 { 584 Side 12 . 4  15 . 2  1 74 
587 Phantom 6 . 2  6 . 8  63 

' NOTE : Resistance values apply at the end of the cable stub. 
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of repeaters. For the longer connections , as 
has been pointed out by A .  B .  Clark,6 high 
velocity circuits have been found advantageous 
in reducing echo effects and transients. Thus, 
for very long cables of the order of 1,000 miles 
(1600 km.) the H-44-25 loading is to be pre
ferred. Circuits from about 300 to 700 miles 
m length could be handled to advantage by 

This necessitates the utmost refinement in man
ufacture of the loading coils in order to make it 
possible to meet these exacting requirements. 

Two general methods of approach to this 
problem are possible. First, to design and 
manufacture the loading coils, cable, etc . ,  to 
as narrow limits of crosstalk as is commercially 
practicable, and to depend on the further balanc-

TABLE IV 

TRANSMISSION CHARACTER.ISTICS OF LOADED TOLL CABLE CIRCUITS 

Cable Conductors 

Circuit Gauge Capacity 
per Km. 

Side Circuit No. 16 AWG ( 1 . 3  mm.) . 039 mf. 
Phan. Circuit No. 16 AWG ( 1 . 3  mm.) . 062 mf. 

Side Circuit No. 16 AWG (1 . 3  mm.) . 039 mf. 
Phan. Circuit No. 16 AWG ( 1 . 3  mm.) . 062 mf. 

Side Circuit No. 19 AWG ( . 9 1  mm.) . 039 mf. 
Phan. Circuit No. 19 AWG ( . 9 1  mm.) . 062 mf. 

Side Circuit No. 19 AWG ( . 91 mm.) . 039 mf. 
Phan. Circuit No. 19 AWG ( . 91 .mm.) . 062 mf. 

repeatered 16-AWG cable with HA4-25 load
ing. Still longer circuits up to 1 ,000 or 1,500 
miles would be made up principally of 4 wire 
19-A WG repeatered circuits with H-44-25 load
mg. 

Crosstalk 

In  considering the disturbing currents in the 
circuit, the term crosstalk or overhearing has 
been used to indicate a disturbing current 
induced by a speech current in the cable ; 
noise refers to a .disturbing current produced 
in the speech circuit due to induction from other 
than speech currents. In general, in a well 
designed loaded cable system the noise factor 
will be less important than the crosstalk, except 
in cases of unusually severe exposure. 

In long toll cable circuits it is very essential 
that the crosstalk or overhearing between talk
ing circuits be kept to a very low value in order 
to provide the requisite high grade of service. 

e Telephone Transmission over Long Cable Circuits, 
Trans. A. I. E. E.,  Vol. XLII ,  1923, p. 86, Electrical 
Communication, Vol. I ,  Feb., 1923.  

Loading 
Cut-off Attenuation 

Induc. Frequency TU/Km at 
Code Mil- Spacing Cycles 1,000 Cycles 
No. 

henrys 

584 1 74 6,000 ft . 2800 . 10 
587 63 ( 1 . 83 Km.) 3 700 . 10 

590 44 6,000 ft . 5600 . 16 
591 25 ( 1 . 83 Km.) 5900 . 13 

584 174 6,000 ft. 2800 . 1 7 
587 63 ( 1 . 83 Km.) 3 700 . 17 

590 44 6,000 ft. 5600 . 30 
591 25 ( 1 . 83 Km.) 5900 . 25 

ing at time of installation merely to secure added 
refinement in the final crosstalk characteristics 
of the circuit. Second, to design and manu
facture the loading and cable equipment with 
only moderately good precision as regards 
crosstalk balance and depend on auxiliary 
balancing means applied at the time of in
stallation to correct the large unbalances con
tributed by the coil and cable apparatus. 

Both methods have been used to some extent 
by different manufacturers. It has been the 
experience of the Western Electric Company 
however, that more satisfactory final results 
are achieved by following the first method and 
it is now the standard practice of this Company 
to use the utmost refinement in the manufacture 
of the loading coils so that the coils when shipped 
from the factory will have satisfactory low 
crosstalk for service. 

The results of factory adj ustments for cross
talk are given in Table V. I t  will be seen from 
this table, that, due to the improvements in 
manufacture and in adjustment means, it is 
now commercially possible to produce phantom 
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loading units having average phantom to side 

crosstalk corresponding to !)0 TU and maximum 

crosstalk corresponding to 76.5 TU. These 

crosstalk values are equivalent to (3l l 0.2 aver-

I I I 
-· I 

i -t--" -
i 

Figure 6-Magnetization Characteristics with Superposed 
D.C. of Powdered Iron Core and Iron Wire Core Coils 

age and (3l 8.8 maximum respectively, which 
meet the exacting requirements of even the 
longest repeatered cable circuits installed up 
to the present time. 

Magnetic Stability 

Experience shows that induction from neigh
boring power circuits, electrical storms or other 
causes may impress on the cable conductors 

foreign currents of the order of magnitude of two 
amperes. I t  is very essen tial that the inductance 
depart only slightly from th0 nominal value when 
used on repeatered circuits, in order not to affect 
the balance between the line and the. network 
with corresponding reaction on the allowable re 
peater amplification . Figure 6 illustrates the 
magnetization characteristic of the No. 584 

coil with respect to superposed D .  C. Figure 
7 shows the residual effect of D .  C. magnetiza
tion . These curves indicate the high stability 
of the loading coil with respect to magnetizing 
effects. For purposes of comparison these 
figures also illustrate the corresponding char
acteristics of the wire core loading coils which 
were standard . before the advent of vacuum 
tube repeaters. 

In order to secure the high magnetic stability 
illustrated by Figure 7, it was necessary to 
develop a radically new magnetic material for 
the loading coil cores. The general characteris
tics of this material have been described in a 
paper by Speed and Elmen7 and further data 
on the magnetization and flutter characteristics 
are contained in a paper to which reference has 
already been made.8 While consideration has 
been given to the use of finely divided iron for 
loading coil cores prior to the work of Speed and 
Elmen , no practical results had come from 
this early work. For instance, investigations 
made by Dolezalek in Germany, as disclosed 
by his U. S. Patent No. 716,206 12/16/02, 
considered the use of. finely divided iron . No 
practical results ensued, however, until the 
invention of the compressed powdered iron 
core described in the Speed-Elmen paper which , 

7 Magnetic Properties of Compressed Powdered Iron, 
Trans. A. I. E. E. ,  1 92 1 ,  Vol. XL, p. 132 1 .  

8 Fondiller and Martin, Loe. cit. 

TABLE V 

CROSSTALK DATA ON Tou. CABLE LOADING UNITS 

Crosstalk-TU at 800 Cycles 

Type of Code No. 
Loading of Coils Phantom to Side Side to Side 

Average Maximum Average Maximum 

H-1 74-63 584-587 90 7 6 . 5  96 80 
H-44-25 590-591 90 76 . 5  96 80 

www.americanradiohistory.com

www.americanradiohistory.com


E L E C T R I C A L  C O M M U N I C A T I O N  33 

as is clearly pointed out in a recent article by 
Dr. Walter Ehlen;,;9 gives the first comprehensive 
treatment of this subject published. 

In the production of iron dust rings from 
which the cores are built up, extreme care is 
used in order to secure uniform properties. By 
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Figure 7-Residual D.C. Magnetization Characterislics of 
Powdered Iron Core and Iron Wire Core Coils 

suitable control of the raw material and of the 
insulating processes applied to the powdered 
iron, the initial permeability is kept within 
narrow limits. Careful tests are made on the 
individual rings in a special testing device 
which enables the maintenance of a uniformly 
high quality by checking the permeability and 
loss characteristics of the core rings . A nor
malizing treatment is applied to the finished core 
in order to further reduce the small changes 
which would otherwise be liable to occur during 
the manufacturing operations or service iife 
of the coil. 

As a result of the scientific work carried on 
over a period of years by the Western Electric 
Company, it has thus been possible to produce 

9 "Verlust Freies und Magnetisch. Stabiles Eisen Fiir 
Ton und Hochfrequenztechnik," Zeitschrift Fiir Tech
nische Physik., 1924, Vol. 5, No. 12, page 589. 

a magnetic material which, while comparing 
favorably in cost with the older forms of fine 
wire or laminated core, far excels these materials 
as regards magnetic stability and low core 
losses. 

Olsson-Pleijel Loading System 

Having described the 3-coil Campbell and 
Shaw loading system, reference will be made to 
the 2-coil scheme of Olsson and Pleijel ,10 and 
the 4-coil scheme due to Ebeling.11 Considering 
first the 2-coil scheme, the phantom loading 
effect is obtained by superposing two simple 
Pupin coils, one above the other, so poled that 
when the phantom current flows through their 
windings the leakage flux from one coil will 
have a return path through the core of the 
other coil. This is assisted by the use of mag
netic yokes connecting the cores as sl;own 
schematically in Figure 8. The Olsson-Pleijel 
arrangement is a very interesting one and off
hand would appear to have advantages in the 
direction of low cost, owing to the reduced num
ber of coils. This expectation is, however, 
dissipated on more careful examination. I t  will 
be evident that owing to the fact that the yoke 

- -
-:SIDE:. CIRCU1T"z 

- -
---'Ii.- - INDICATES SIDE CIRCl'TT CURRENTS 

- - - �  - INDICATES SIDE CIRCUIT FLUXES 

--�- - INDICATES PH A N TOM ClRCUIT CURRENT 

----� - INDICATES PHANTOM CIRCUIT FLUX 

Figure 8-Diagram of Olssen-Pleijel Two Coil Loading 
Unit 

has appreciable thickness, there will be a ten
dency to very high crosstalk from side circuit 
to side circuit. In addition, owing to the neces
sarily imperfect magnetic joints between the 
cores and yokes, considerable magnetic leakage 
takes place which has the two-fold disadvantage 
of increasing the effective resistance due to 
losses in the containing case and causing cross
talk between the loading of one quad and ad-

10 U. S. Patents Nos. 1 148792,1 167654 and 1 1962 77,  
1916  and 2 15 702, 1917 .  

11 U. S.  Patent No.  960856, 1910. 
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joining loading units connected in other cir
cuits in the cable. In a recent article, 12 Mr. 
E. Schurer, Chief Engineer of Felten and Guil
leaume, has described the steps taken to de
velop the Olsson and Pleijel loading unit in com
mercial form. I t  is evident from this descrip
tion that it has been found necessary to resort 

SI DE CIRCUITCOIL 

.SI DE' CIRCUIT ""i 

51 DE C I RCUIT COIL 

.:::>I DE' CIR'CU IT"'"Z 

halves of the core may produce serious cross
talk owing to the localization of the line wind
ings. The seeming simplicity of the Olsson and 
Pleijel loading unit is, therefore, misleading in 
that this form of loading unit is inherently m
capable of satisfactorily meeting all of the re
quirements imposed on loading coils for re-

PHANTOM C IRCUIT COIL 

PHANTOM CIR'CUITGOIL 

Figure 9-Diagram of Original Ebeling Four Coil Loading Unit 

to extreme precautions as regards shielding and 
to employ numerous · auxiliary windings in 
order to reduce crosstalk. 

Further, owing to the necessity of localizing 
each line winding over one part of the core 
instead of in termeshing the windings, the coil 
is liable to develop serious impedance unbal
ance in service due to the fact that the two line 
windings may carry widely different currents 
as may be produced by accidental grounds, 
crosses, etc . ,  or when exposed to high voltage 
power circuit induction. Such unbalances would 
tend to produce excessive phantom to side 
crosstalk, as well as to aggravate side to side 
crosstalk. These unbalances due to residual 
magnetization effects , may be minimized by the 
use of powdered iron cores, but even in this 
case a different magnetic experience of the two 

12 Aufbau und Praktische anwendungen der Pleijelspule 
Das Fernsprechen Im Weitverkehr Reichspostminis
terium, Berlin, 1923. 

peatered toll cables. In the United States, 
where the American Telephone and Telegraph 
Company carefully studied the relative merits 
of the Campbell-Shaw system and the Olsson
Pleijel system, it was decided after careful in
vestigation that the Campbell-Shaw system 
had important features of superiority over the 
latter system. The consideration of the use 
of the Olsson-Pleijel system of the form shown 
in Figure 8 was therefore l�id aside. 

Ebeling Loading System 

The Ebeling system of 4-coil loading as 
originally disclosed is illustrated in Figure 9 .  
I t  will be noted that each coil had but two wind
ings, one pair loading the side circuits in the 
usual manner and the other pair loading the 
phantom circuits by reversing the connection 
of one of the windings with respect to the line . 
Owing to the formation of magnetic poles and 
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the consequent large leakage flux, the losses 
in the iron containing case for the non-inductive 
connection of the side circuit or phantom load
ing coils would tend to be excessive. I t  is under
stood that an intermeshed construction was 
later adopted similar to that shown for the side 
circuit coils of the Campbell-Shaw system in 
Figure 4. The side circuit loading under these 
conditions would be practically the same as in 
the Campbell-Shaw system. As regards the 
phantom circuit, however, there is an important 
difference in that there is no mutual inductance 
between the line windings in one side circuit 
and those in the other side circuit of the phan
tom loading coils. Thus, there is a liability to 
unbalance of the phantom circuit due to a 
difference in magnetic experience of the cores 
of loading coils in the two sides of the phantom. 
This would make the phantom circuit liable to 
noise troubles and to crosstalk from the cir
cuits in other quads. The absence of mutual 
inductance also has the disadvantage of making 
the pair of coils used for loading the phantom 
circuit larger and more expensive than the 
single 4-winding coil used in the Campbell-Shaw 
system. The attempt to apply the Ebeling 
loading system with wire cores in the Swiss 
cable between Bellinzona and Chiasso proved a 
failure. L3 So far as the side circuits are con
cerned, the use of the improved powdered iron 
core makes the side circuit loading satisfactory. 
As regards the phantom circuit, however, the 
liability to crosstalk and noise unbalance to 
circuits in other quads is even greater than tha t 
pointed out for the side circuit in the Olsson
Pleijel loading system. 

Loading Coil Cases 

Considerable study has been devoted to the 
casing of loading coils, as in many instances the 
cases are installed in manholes that are occasion
ally flooded, and it is of the utmost importance 
to protect the loading coils from the entrance of 
moisture. Cast iron cases with special seals 
have been developed, many of which have been 
in service for 15 to 20 years under the most 
severe conditions, demonstrating the efficacy of 
the design. The loading coils before being 
placed in the containing case are thoroughly 

'" Das Fernkabel, Heft 7, p. 42, Nov., 1924. Ameri
kanische und Deutsche Technik des Fernsprechweit
verkehrs. K. Hopfner and K. Dohmen. Figure 10-LoadinK Coil. Case Containing 300 Coils 
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dried, impregnated u nder vacuum with a 
moisture-proofing compound and careful ly ad
j usted to meet the electrical requirements. 

They are then assembled on wooden dowels and 
connected to conductors leading out through 
a lead sheath . This short length of lead covered 

Figure 11-Loading Coil Cases I nstalled in Underground Vault 
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conductors will be referred to as the " stub 
cable. " The coil dowels are assembled in the 
case, each in a separate crosstalk-proof partition , 
and the case is then filled with a moisture-proof
ing compound. 

In the case of loading coils for quadded cable, 
the cross connections between the side circuit 
and the phantom coils are made in the loading 

brass nipple. A final complete filling of the 
case with moisture-proof compound is made 
through pipe plug holes in the cover. Special 
care is taken to protect the joint between the 
nipple and the stub cable from undue strains 
in shipment by a protecting bracket. This is 
shown in Figure 10, which illustrates a case 
containing 300 No. 602 loading coils. The east 

Figure 1 2-Loa<ling Coil Cases I nstalled on Pole Fixture and Spliced to Aerial Cable 

pot and the stub cable contains only the con
ductors to be spliced to the east-bound and 
west-bound conductors in the line cable. The 
lead-sheathed stub cable is brough l through the 
cast iron cover of the loading coil case through 
a brass nipple, and the cover bolted to the 

case. A double seal is provided between the 
cover and the wall of the case for the purpose of 
preventing the entrance of moisture at this 
vulnerable point. A wiped joint is made be
tween the lead sheath of the cable and the 

and west conductors in the stub cable are suit
ably designated by special colored binders, 
thus facilitating the selection of the conductors 
in splicing the loading coils into the cable. 
Owing to the simplicity of the design the con
nection between the line cable and the stub 
cable is readily made by the cable splicer. 
Figure 1 1  shows a typical loading vault in the 
New York metropolitan district, and gives an. 
indication of the n umber of loading coils neces
sary to mee t the conditions. At the present 
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time there are 5 cases in the vault containing 
an aggregate of 490 coils. Ultimately, a total 
of 3,600 loading coils will be installed in this 
manhole, though some of the l arger vaults in 
this district are built to accommodate a total 
of 30 large cases containing a total of 9 ,000 coils. 

With the increasing installation of aerial 
cables, owing to the lower cost of construction, 
it has been necessary to develop methods of 

1 ,  1925 about 570, 000 Campbell-Shaw loading 
coils were installed in the United States and 
348,000 in the various countries of Europe. 
According to the best information available 
this is about ten times the combined total of 
all other phantom loading coil designs which 
have gone into commercial use. To illustrate 
some of the important cables using the Camp
bell-Shaw coils having compressed powdered 

TABLE VI 

LOADING COIL CASES 

Code No. Code No. Quantity 
Overall Dimensions-Inches Approx. Weight 

of Case of Coils per Case I jn Pounds 
Diameter Height* 

Cases Designed for Local Cable Loading 

23-U 602 100 25 %'. 3 1 }-2 1 180 
23-W 602 200 25 %'. 50Yz 1800 
43-B 602 300 29Yz 52 ;li 31 00 

Cases Designed for Toll Cable Loading 

40-C 584 590 42 25 �4 38 1565 
587 or 

59 1  2 1  
40-A 584 590 70 25 % 56 2335 

587 or 591  35 
41 -A 584 590 90 29 Yz 56 2905 

587 or \ 591 45 

* This dimension does not include the height of the clamping bracket. 

mounting loading coil pots on the pole. For 
this purpose, pole fixtures have been designed 
capable of supporting the d esired number of 
coil cases. A typical installation of aerial cable 
loading is shown in Figure 12. Experience in 
the United States and in Great Britain has 
indicated that loading . coils installed in cases 
of the general design exhibited by the illustra
tions have given very satisfactory service. 

Table VI lists some typical loading coil cases, 
and gives data regarding their size, weight, etc. 

Of the three systems of phantom loading con
sidered above, the Campbell-Shaw system has 
been employed to the greatest extent as it meets 
the exacting requirements of long repeatered 
toll cables most satisfactorily. As an indication 
of the large scale on which the Campbell-Shaw 
loading system has gone into use the following 
approximate figures are cited. Up to January 

iron cores developed by the Western Electric 
Company, there may be cited the New York
Chicago cable, the Stockholm-Goteberg cable, 
the Milan-Turin-Genoa cable, the London
Glasgow cable, and the Paris-Strasbourg cable , 
the latter two being still under construction. 

The researches of scientific workers in many 
lands have brought out far reaching improve
ments in Jong distance telephony. The great 
progress already made foreshadows new im
provements, not only in the design of loading 
coils, but also in the cable and the telephone 
repeaters. New improvements in magnetic 
materials may be expected to improve the 
efficiency as well as to reduce the size and cost 
of loading coils. The development of a prac
tical form of echo suppressor14 gives further 

14 Echo Suppressors for Long Telephone Circuits by 
A. B. Clark and R. C. Mathes, Jour. A. I. E. E., June, 
1925, Electrical Communication, Vol. IV, No. 1, July, 1925. 
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impetus to the extension of the length of re
peatered and loaded cable circuits. A probable 
reaction will be in the direction of using, for 
very long circuits, a heavier weight of loading 
than that now in use as the reduction of the 
fflcreased echo effects in the lower velocity cir
cuits will enable a greater reduction in line 

attenuation by means of loading. This will ,  
in turn, impose more severe requirements on 
the loading coils as regards power losses and 
crosstalk characteristics. There is, indeed , a 
broad field for further research when one con
siders the manifold aspects of the long distance 
telephone transmission problem. 
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Echo Suppressors for Long Telephone Circuits * 
By A. B. CLARK 

Department of Development and Research, A merican Telephone and Telegraph Company 

R. C. MATHES 
Bell Telephone L,aboratories, Incorporated 

Synopsis: A device has been developed by the Bell 
System for suppressing " echo " effects which may be en
countered under certain conditions in telephone cirrnits 
which are electrically very long. This device has been 
given the name " echo suppressor " and consists of relays 
in combination with vacuum tubes, which are operated by 
the voice currents so as to block the echoes without dis
turbing the main transmission. 

This paper gives a brief description of this device, to
gether with a discussion of its possibilities and l imitations. 
A number of echo suppressors have been operated on com
mercial telephone circuits for a considerable period so that 
their practicability has been demonstrated. 

I NTRODUCTIO� 

I N designing telephone circuits which are 
electrically very long, an important problem 
is presented by the necessity of avoiding 

serious " echo " effects. Echo effects are caused 
by reflections of voice waves which take place 
whenever electrical irregularities are encoun
tered in telephone circuits. The effects pro
duced are very similar to echoes of sound waves. 
Some of the reflected waves return to the receiver 
of the talker's telephone so that if the effects are 
severe, he may hear an echo of his own words. 
Other reflected waves enter the receiver of the 
listener's telephone and, if severe, cause the 
listener to hear an echo following the directly 
received transmission. 

Reflections of voice waves occur in all practical 
telephone circuits. I t  is only in telephone cir
cuits of such length as to require a number of 
repeaters, however, that echo effects become 
serious. The fact that the circuits are electrical
ly very long makes the time lag of the echoes 
appreciable. At the same time , the telephone 
repeaters overcome the high attenuation of these 
long circuits and, consequently, make the echoes 
louder. The seriousness of the effect is a func
tion both of the time lag and the volume of the 
echoes relative to the direct transmission . 

A brief discussion of these echo effects was 
given in a paper1 presented before this I nstitute 

* Presented at the Spring Convention of the A. I. E. E. ,  
St. Louis, Mo., April 1 3-17 ,  1925. 

1 " Telephone Transmission over Long Cable Circuits " 
by A. B. Clark! Transactio�s A. I .  E. E.,  Vol. XLI I ,  page 
86;  and Electrical Communication, Vol. I ,  February, 1 923. 

about two years ago, and in a later paper2 some 
examples of their relative effects in practical 
telephone circuits were given. In these papers 
the importance of keeping electrical irregularities 
within proper limits was pointed out as was also 
the advantage gained by using circuits having a 
high velocity of propagation so that the lag of 
the echoes is reduced . 

As a supplement to these methods, a device to 
which has been given the name " echo sup
pressor " was developed by the Bell System, 
along lines suggested by John M ills.3 In all 
practical telephone circuits involving more than 
a single repeater there are points where the 
transmission in the two directions passes through 
two separate paths. At these points the direct 
transmission passes through one path while only 
reflected currents or echoes pass through the 
other. The echo suppressor is located at one of 
these points. I n  this device, the voice curren ls, 
with the help of vacuum tubes, are caused to 
-actuate relays which cut off the echoes in the 
return path without disturbing the other path 
through which passes the main transmission.  

40 

This paper, after briefly reviewing the nature 
of echo effects in four-wire circuits, explains, 
in a general way, how an echo suppressor func
tions on such a circuit. The four-wire echo 
suppressor is then described together with some 
variations in its design for use under special 
conditions and with other circuits. This is fol
lowed by a discussion of the possibilities and 
limitations of echo suppressors, both on four
wire and other types of telephone circuits. 

R EVIEW OF NATURE OF ECHO EFFECTS IN 
FOUR-WIRE CIRCUIT 

Figure 1 illustrates the way echo currents may 
be set up and circulate in a four-wire circuit. In 
this figure, a shows a four-wire circuit in dia-

2 " Telephone Transmission over Long Distances " by 
H.  S. Osborne, Transactions A. I .  E. E., Vol. XLI I ,  page 
984; and Electrical Communication, Vol. I I ,  October, 1923. 

3 U.  S. Patent No. 1 ,434,790, John Mills " Two-Way 
Transmission with Repeaters. " Issued Nov.

'
7 ,  1922. 
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grammatic form. The squares at the extreme 
right and l ef t  are intended to represent the 
telephone sets used by two subscribers a t  the 
terminals TV and E. The squares marked N 
represent electrical networks which simulate or 
balance, more or less perfectly, the impedances 

· of the two telephone lines terminating in the 

(a) 
Direct Transrni;;:,ion 

Listener 
Station 

E 

I !st Listener Echo 

�--""2nd"-'L"'ist""ene"-c ""Ec""-hn _____ I Direct Transmis.siot 
lsi Talker Echo I j !"st Listener Echo 

2nd 'T.-;.iker Echo 3rd Talker Echo I 2nd Listener t>ho 
2nd Talkei· r:d10 
1st Talker Echo 

(b) 
Figure 1-Echoes in Four-Wire Circuit 

instruments at W and E. In the four-wire cir
cuit, the squares with arrows represent one-way 
repeaters. At each terminal the two separate 
one-way circuits comprising the four-wire cir
cuit are j oined together by means of the familiar 
balanced transformers. When W talks, the 
transmission passes directly to E over the upper 
pair of wires in the four-wire circuit, while, when 
E talks, the direct transmission passes over the 
lower pair of wires. 

Below the diagram of the four-wire circuit is 
given another diagram b showing the path of the 
direct transmission as well as the paths of the 
echoes which are set up when W talks to E. 
The heavy line in the diagram represents the 
path of the direct transmission through the up
per pair of wires in the four-wire circuit. I n  a 
practical four-wire circuit i t  might require, say, 
0.05 second for the voice currents to make this 
j ourney. This would be the case if the four-wire 
circuit were 1 000 miles (1600 km .) long in cable 
with extra-light loading-coils of 0.044 henry 
spaced 6000 feet ( 1 . 8 km.) apart. Cable cir
cuits loaded in this way have a velocity of  propa
gation of about 20, 000 miles (32, 000 km.)  per 
second . 

When the voice currents reach the distant end 
of the four-wire circuit, the larger part goes to 
the listener at E. If the balance between the 

line and network at the distant terminal is not 
perfect, however, a portion of the currents will 
travel back over the lower pair of wires toward 
W as an echo. This echo wil l ,  in the case as
sumed, reach the receiver of the telephone at 
station W 0.1  second after the original voice 
wave is impressed on the line at that station. 
The path of this echo is labeled " 1st Talker 
Echo. " I t  is evident that if this echo is loud 
enough that i t  may seriously distract the talker. 

If the balance between the line and the net
work a t  Sta tion W is also not perfect, part of 
this first echo will travel back over the upper 
pair of wires to Station E, the palh of this echo 
being labeled " 1st Listener Echo. " The listener 
at E will hear this echo, if strong enough to be 
audible, 0.1 second after he hears the dired 
transmission. Evidently, if this echo is suffi
ciently loud as compared to the direct trans
mission, it will cause difficulty in understanding. 

When the " 1st Listener Echo " arrives at the 
end of the four-wire circuit, there is still another 
reflection of  part of the current which occurs 
producing the " 2nd Talker Echo . " 

This process is repeated , producing successive 
echoes which are received at both terminals W 
and E as indicated, the successive echoes getting 
weaker and weaker. 

(a) 

Direct Transmission 

Ee o 
(b) 

Listener 
Sta�ion 

Direct 
Transmission 

Figure 2-Echo Suppressor Cutting off Echo in Four-\Vire 
Circuit 

ACTION OF ECHO SUPPRESSOR ON FOUR� 
WIRE C IRCUIT 

An echo suppressor will now be applied to the 
four-wire circuit and consideration given to its 
action and to its effect on the echoes. Figure 2 
shows a four-wire circuit which i t  will be as
sumed is exactly like the one shown in Figure 1 ,  
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with the exception that an echo suppressor has 
been applied to it. As before, the diagram a 
shows the four-wire circuit, while, below this, 
another diagram b shows the paths of the direct 
transmission and of the echo. 

In Figure 2a the echo suppressor is shown in 
very simple diagrammatic form. It will be de
scribed later in detail. For the present it is 
sufficient to explain that the echo suppressor 
consists of two similar high-impedance vacuum 
tube amplifier-detectors bridged across the two 
sides of the four-wire circuit, each amplifier
detector having associated with it a relay which 
operates whenever alternating voltage of suffi
cient strength is impressed across the input. 
The operation of either relay places a short cir
cuit across the side of the four-wire circuit 
opposite to the one to which the input of its 
particular amplifier-detector is connected. This 
short circuit blocks the transmission flowing in 
one side of the four-wire circuit and, at the same 
time, renders the other amplifier-detectot in
operative. 

Normally, the contacts of the two relays are 
open, so that talking may be done in either 
direction over the circuit. When W begins to 
talk, the condition illustrated in the figure is 
produced. W's voice currents, when they reach 
the middle of the circuit, cause the relay asso
ciated with amplifier-detector W-E to operate, 
thus placing a short circuit across the lower pair 
of wires in the four-wire circuit. The direct 
transmission from W to E is not affected at all 
in passing on to Station E where it is heard by the 
listener. The echo, which starts back from Sta
tion E, travels toward Station W as far as the 
point where the echo suppressor is connected to 
the circuit. It is stopped there, however, by 
the short circuit which the echo suppressor has 
applied. 

In the same way, when E talks, his voice cur
rents actuate the amplifier-detector marked E- vV 
and apply a short circuit to the upper pair of 
wires, thus preventing the passage of the echo 
current around the circuit. 

The circuit shown in Figure 2a is one of the 
more convenient for satisfying the fundamental 
operating conditions of an echo suppressor. 
These may be stated as follows : When no one is 
talking, free paths should exist for transmission 
in either direction and each suppressing relay 

should be ready to act at the passage of speech 
over the side of the circuit with which it is as
sociated. When speech passes in one direction 
over the circuit the resulting operation of the 
corresponding half of the suppressor should not 
only interrupt the continuity of the opposite 
side of the circuit, but at the same time prevent · 

the other half of the suppressor from functioning. 
The latter condition is desirable as otherwise the 
returning echo might have enough energy at 
times to operate the opposite part of the sup
pressor circuit and so interrupt the direct trans
mission. Outside of this restriction the selection 
of the points from which the echo suppressor 
input currents are derived and the points at 
which the relay control functions are applied . is 
governed only by such considerations as econ
omy of apparatus and convenience. In general, 
it is the more economical arrangement to have 
a single relay, which interrupts the path through 
which the echoes return, also remove the speech 
input from the suppressor by such a relative as
sociation of parts as shown in Figure 2a. 

I t  will be noticed that, as a finite time is 
needed for the switching operation, there is a 
possibility, if the two subscribers begin talking 
simultaneously, of both halves of the suppressor 
being operated together and remaining operated, 
with both sides of the circuit cut off, for a time 
equal to the release time of the relays. How
ever, for the times of operation and release, 
which are found desirable from other considera
tions, it has been found that no apparent diffi
culty has been caused by this effect. 

Because of the fact that an appreciable time 
is required for the voice currents to travel , it will 
be seen that exceedingly fast operation of the 
relays is not necessary. In the example given, if 
it  is assumed that the -echo suppressor is con
nected to the circuit at its midpoint, the echo 
requires 0.05 second to reach the point where the 
short circuit is applied, after the voice currents 
reach the input of the amplifier-detector. The 
echoes will be cut off by the relays, therefore, 
even if the latter require as long as 0.05 second 
for operation. If the echo suppressor is nearer 
to the end of the four-wire circuit this operating 
time would need to be somewhat shorter. In 
practical four-wire circuits it is seldom that an 
operating time shorter than about 0.02 second 
is required. I t  is an easy matter to secm e this 
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speed of operation with standard telephone re
lays. 

The diagram also shows that, in order to com
pletely cut off the echo, the echo suppressor 
relay must not open, after talk ceases, until the 
complete train of echoes has reached the point 
where the short cir cuit is applied . In the exam
ple given, the length of time required to reach 
the point where this relay applied the short cir
cuit after the voice currents pass the input of 
the amplifier-detector is 0.05 second . I t  is sel
dom that this lag is greater than 0. 1 second in 
practical four-wire circuits. 

It is seen from the above two paragraphs that 
it is desirable for a four-wire echo suppressor to 
possess a moderately short operating time and a 
longer releasing time. How this is accomplished 
will be described in what follows. 

DESCRIPTION OF FOUR-WIRE Eciro SUPPRESSOR 

In Figure 3 is shown a circuit diagram of one
half of the echo suppressor, which is shown com
plete but in less detail in Figure 2a. It consists 
of two vacuum tubes operating in tandem, the 
first functioning as an amplifier and the second 

Figure 3-Circuit Diagram of One-Half of a Four-Wire 
Echo Suppressor 

as a combined amplifier and detector. As was 
shown in Figur e 2a the voltage impressed on 
this amplifier-detector combination is derived 
from speech currents passing over one side of 
the circuit while the relay controlled by this 
combination short-circuits the other half of the 
circuit. 

The voltage input to the amplifier tube is 
supplied through a transformer which is broadly 
tuned by series condensers to produce a circuit 
efficient at the more important voice frequencies 
but inefficient at other frequencies , particularly 
below 500 cycles per second . The circuit thus 
functions to minimize the effect of noise cur
rents on the operation of the relays. Likewise , 

in the interstage transformer coupling, emphasis 
has been placed on securing the maximum volt
age step-up to the detector grid in this same fre
quency region. To avoid any harmful reaction 
upon the transmission characteristics of the main 
circuit whic.h might r esult from bridging on an 
input circuit whose impedance varies so greatly 
over the speech frequency range, this circuit is 
arranged to have a high impedance. The input 
transformer is also provided with a series of 
taps on one of the windings, thus affording a 
simple means of varying the sensitivity of the 
device. 

The detector tube is operated with a sufficient
ly large negative grid potential to reduce its 
space current to zero, 01 nearly so, when no input 
is applied to the circuit. Acc01dingly, relay A 
which is connected in the plate circuit is nor
mally in a released condition. When speech 
currents are applied to the circuit the voltage on 
the grid of this tube fluctuates. Those varia
tions which make the grid more negative produce 
no effect but those which make it more positive 
allow pulses of current to pass through relay A 
tending to operate it. A condenser is bridged 
from plate to filament of this tube, the purpose 
of which is to average these rectified half waves 
of applied speech so as to insure smooth and 
positive operation of the relay. 

When speech is applied to the circuit the re
sulting operation of relay A does two things. It  
causes the operation of  relay C by connecting a 
ground to one of its windings, and it likewise 
operates relay B. The operation of relay C 
short circuits the opposite line . The time re
quired for the operation of relay C, in r esponse 
to a sustained alternating e. m. f. suddenly ap
plied to the input of the amplifier detector, is 
about 0.02 second. As was pointed out above, 
opera ti on in this length of time takes care of 
conditions in the large majority of cases en
countered on four-wire circuits. 

The function of relay B is to provide a delay 
in the release of relay C after speech has ceased 
to be applied to the suppressor circuit input and 
relay A has released. Its operation in response 
to that of A, it will be noticed, connects g1 0und 
to a second winding on relay C which will then 
in turn remain operated as long as the relay B 
maintains this auxiliary cm rent after the . relay 
A has released. Relay B is made slow releasing 
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by an auxiliary winding closed through a low 
resistance, and its time of release can be ad
justed over a considerable range to meet differ
ent operating conditions by changing the value 
of this resistance. Differing adjustments are 
rarely called for in practise and these relays are 
normally set for a releasing time of 0. 1 second . 

Figure 4-Installation at Harrisburg, Pa. 

Figure 5-Front View of Echo Suppressor Panel 

A number of echo suppressors have been in
stalled at Harrisburg, Pa. ,  where they are now 
in service on a group of four-wire circuits. Fig
ure 4 is an illustration of this installation of four 

wire echo suppressors. Figure 5 shows a close-up 
view of an individual panel from the front. 
Both halves of the suppressor working on a 

single circuit are mounted together on one 
panel. The method of mounting and the type 
of equipment in the echo suppressors are in 
general quite like the standard for the four-wire 
circuits with which they operate. Although in 
Figure 3 the battery supply circuits are shown 
individual to this set, in the actual installation 
common batteries are used . The four filaments 
of the tubes on one panel are operated in series 
from the 24-volt battery. 

The operation and maintenance of these de
vices involve little that is different from stand
ard repeater equipment. There is one test, how
ever, which is employed in checking the times 
of functioning which perhaps deserves special 
mention. This test involves observing the time 
needed for the suppressor to go through any 
number of complete cycles of operation and re
lease. To make this test, the short-circuiting 
contacts of relay C and the input of the sup
pressor circuit are connected together and to an 
oscillator as shown in Figure 6. As soon as the 

One-half of 
.._ _ _.._ __ --! F.cho Suppressort----u 
Oscillator 

1000 Cycles 

Ii�pulse 
Counter 

Figure 6-Circuit for Testing Time of Operation and 
Release 

oscillator is connected to the input, the relay 
train begins operating and the shorting con
tacts of relay C in turn cut off the applied volt
age. This short circuit is maintained across the 
input for a time by the slowness of release of 
relay B as previously explained. When it final
ly releases, and in turn releases relay C, the sup
pressor again operates and 

-
the process is re

peated over and over. At each repetition of the 
cycle the auxiliary contacts of relay C apply a 
ground to the test terminal which is connected 
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to a counting device. With the aid of a stop
watch the number of cycles in any given time is 
readily determined and thus the time of a single 
cycle of operation. This time is the sum of the 
time needed for relays A and C to make and 
the time needed for relays A ,  B and C to release. 
By observing the uniformity and smoothness of 
operation with which this cycle is carried out 
the tester can check the adjustment of all the 
relays. If relays A and C are properly adjusted 
so that their operation is positive and uniform, 
the operating time will vary but slightly from 
the proper value of about 0.02 second .  The 
test, therefore, gives a good measure of the 
longer release time which would normally be 
about 0. 1 second . 

SOME GENERAL CONSIDERATIONS 

As was pointed out above, when an echo sup
pressor is applied to a telephone circuit, the 
telephone circuit remains operative in both 
directions when it is in the normal condition , 
i. e. ,  when no one is talking. It is only when 
talking is done over the circuit that the path for 
transmitting in the reverse direction , which is 
then useless so far as talking is concerned but 
which is harmful because it furnishes a path for 
the echoes, is blocked . The advantages gained 
by this arrangement are : ( 1) there is no pos
sibility of cutting off the first part of words ow
ing to the fact that the transmission path actual
ly carrying the speech is unaffected by th,� 
switching operations; and (2) if the relays 
should fail to operate because the voice current'" 
happen to be very weak, the listener at the 
distant end would still  hear the speaker al though 
both he and the talker might also hear some 
echoes. Weak speech does not, in general, give 
rise to such serious echoes as does strong speech. 
Therefore, when the voice currents happen to 
be so weak that they fail to operate the sup
pressor, the echoes produced may not be serious. 

Now, in order to obtain these advantages it 
is necessary to face the possibility of " singing, " 
since when no one is talking the paths for trans
mission in both directions remain in their normal 
operative condition. It is evident that if the 
repeater gains are raised high enough, singing 
will begin exactly as it would if the circuit con
tained no echo suppressor. If singing starts in 

a circuit contammg an echo suppressor, the 
circulating currents will build up until they 
become strong enough to cause operation of the 
relay associated with one half or the other of 
the echo suppressor so that one of the trans
mission paths will  be blocked. This will tem
porarily stop the singing. It will commence 
again ,  however, as soon as the relay falls back 
to its normal condition . Thus, a chattering 
condition is produced which , in general , would 
not be tolerated . 

In order to overcome the limitations which 
may be set on a circuit by the possibility of 
singing, it is necessary to go back to the old idea 
of a voice-con trolled system in which the trans
mission is blocked when no one is talking. It is 
not necessary, however, to block both of the 
t ransmission paths since if one path only is 
blocked , singing evidently cannot occur. 

Figure 7 shows one of the possible arrange
ments of a voice-operated system in which smg-

Delay Network. 

F igure 7-Four-Wire Circuit with Voice-Operated Device 
Arrangetl to Suppress Echoes and Singing 

ing is prevented . It will be seen that this ar
rangement includes an echo suppressor to which 
an additional relay D has been added , which 
keeps the upper transmission path blocked 
when the circuit is normal, i. e. ,  when no one is 
talking. Singing is,  therefore , not possible when 
the circuit is normal . 

Now, when talking is done at Station W the 
voice current waves, on arrival at the middle of 
the circuit, cause operation of the two relays as
sociated with the amplifier-detector W-E. An 
appreciable length of time is required, of course, 
to operate relay D. To avoid the possibility of 
cutting off the initial parts of words during the 
time before relay D operates, it is desirable to 
delay the main transmission.  What has been 
called a " delay network " has, the1efore, been 
included as shown in the figure. This delay 
network may, of course, assume various forms, 
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one of which might be an artificial loaded line 
or low pass filter. By including such a delay 
network, the voice currents can be retarded long 
enough to give the contacts of relay D time to 
clear the path before the voice currents reach 
the point in the circuit where the transmission 
has been blocked . 

In addition to clearing a path for the main 
transmission in the direction from TV to E, the 
transmission pa th from E to W is blocked by the 
operation of the other relay associated with 
amplifier-detector W-E. The circuit ,  there
fore, has no chance to sing when in the con
dition for talking from W to E. 

When talking is done at Station E, the relay 
associated with amplifier-detector E- W is oper
ated. This prevents the echo returning from 
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at Station E would hear nothing. It  is neces
sary, therefore, that the amplifier-detector-relay 
system W-E be sensitive enough so that the 
voice currents which traverse the upper path in 
the four-wire circuit will never fail to cause 
operation of its relays. 

On the other hand , noise currents which 
traverse the upper path in the four-wire circuit 
must never cause operation of the relays asso• 
ciated with the amplifier-detector W-E. Such 
false operation would, of course, prevent trans
mission over the lower pair of wires from Station 
E to W and would , therefore, render the four
wire circuit inoperative. 

To overcome the singing limitation , it is thus 
seen that it has been necessary to produce a de
vice which requires greater sensitivity and is, 

I I 
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Figure 8-Echoes m Combination Two-Wire and Four-Wire Circuit 

Station W from operating the relays associated 
with amplifier-detector W-E. For talking in 
this direction , therefore, the upper transmission 
path remains blocked. There is, therefore, no 
chance for singing, as was also the case for the 
other conditions. 

By adding the delay network, one of the dis
advantages of voice-controlled relay systems 
which keep transmission normally blocked is 
overcome in large part. This is the clipping off 
of the first parts of words, the possibility of 
which was mentioned above. 

There remains, however, an important dis
advantage in the fact that it is necessary that 
the voice currents never fail to operate relay D .  
If  they did fail to  operate this relay, the listener 

therefore , more seriously affected by noi�e cur
rents than is a simple echo suppressor. This 
is in addition to the further complications 
involved. 

Now, in applying simple echo suppressors to 
long telephone circuits, it is in general not the 
possibility of singing, but rather, the necessity 
of avoiding false operation of the relays by noise 
currents that constitutes the most serious limita
tion. This is discussed in more detail in what 
follows. For the present, it is sufficient to note 
that in the case of most long-distance telephone 
circuits the method of avoiding singing, which 
has been described, appears to offer possibilities 
of limited application only. 
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ECHO SUPPRESSORS APPLIED TO OTHER TYPES . 

OF TELEPHONE CIRCUITS 

I t  will ,  of course, be understood that in prac
tise a normal commercial telephone circuit is 
always two-wire at the two ends where connec
tion is made to the subscriber's instrument. 
The rest of the circuit may be entirely four-wire 
or it may be all two-wire, or a combination of 
both. The application of echo suppressors to 
circuits which are not all four-wire wil l  now be 
considered. 

One important practical case is that where a 
four-wire circuit is sandwiched in between two 
two-wire circuits. Such a case is illustrated in 
Figures 8 and 9. Figure 8 shows conditions 

�� T�� � Station w 
(a) 

(b) 

the condition of affairs when an echo sup
pressor is employed. It will be observed that 
all of the echoes which return through the 
four-wire circuit have been suppressed. Echoes 

. from only two paths now reach the listener, 
while echoes from only one path now reach 
the talker. Furthermore, the echoes affecting 
both talker and listener, which remain when 
the echo suppressor is employed, are those 
whose paths are comparatively short. The echoes 
whose paths are the longest have been cut off by 
the action of the echo suppressor. These echoes 
which travel over the long paths have the great
est lag and are usually most serious. Conse
quently, cutting these echoes off makes a material 

Listener Echoes : } 
2 5  
1,4 1 4 6  

Figure 9-Echo Suppressor Cutting off Echoes in Combination Two-Wire and Four-Wire Circuit 
(a) Combination two-wire and four-wire circuit with echo suppressors 
(b) Paths of direct transmission and echoes 

without an echo suppressor while Figure 9 shows 
conditions with an echo suppressor. In both 
figures, a diagram of the circuit itself is shown 
in the upper part a, while in the lower part b are 
shown the paths of the direct tr ansmission and 
echoes. These transmission paths illustrate the 
condition when talking is being done from Sta
tion W to Station E. I n  both figm es, for sim
plicity, the first echoes affecting the talker and 
listener only are shown, echoes of these echoes 
being ordinarily of l ittle importance. 

It will be observed in Figure Sb, which repre
sents the condition of affairs when no echo sup
pressor is used, that the listener hears echoes 
coming from as many as six different paths. The 
talker hears echoes from three paths. Now 
compare this with Figure 9b which represents 

improvement possible even though the echoes 
whose paths are short remain. 

In order that an echo suppressor may operate 
satisfactorily on a cir cuit, such as the one shown 
in Figure 9a, it is necessary that the time re
quired for operation of the relays be short 
enough so that, if there are any serious echoes 
returning over short paths, the relays will oper 
ate before these reach the suppressor. After 
operation , the suppressor relays must remain 
operated until the echoes whose paths are the 
longest have been suppressed . 

In the case of telephone circuits worked entire
ly on a two-wire basis ,  echoes may also c-onsti
tute an important limitation when the circuits 
are electiically long. On such circuits it is also 
generally true that the most serious echoes are 
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those whose paths are the longest, namely, 
those which travel back and forth between 
points at or near the ends of the ci1 cuit. The 
application of an echo suppressor to one of the 
repeaters in a two-wire cir cuit, therefore , offers 
possible advantages. 

If it is imagined that the four-wire circuit 
shown in Figure 9a is shortened so that the whole 
four-wire circuit is located at one point,  the two
wire condition would he represen ted . The time 
lags which were introduced by the lines com
prising the four-wire circuit are now absent. I t  
i s  possible , however, to introduce delay networks 
into the two sides of the two-wire repeater to 
which the echo suppressor has been appl ied , so 
as to make it effectively a four-wire circuit ,  
al though the two ends are not geographically 

0 w > w 
00���-:-0.�05���-0�.!���-0.�15���-lQ{O � 

ROUND TRIP TRANSMISSION TIME-SECONDS 0 250 500 750 1000 
STATUTE MILES OF MEDIUM HEAVY LOADED FOUR-WIRE 

SIDE CIRCUIT 0 500 1000 I 500 2000 
STATUTE MILES OF EXTRA LIGHT LOADED FOUR WIRE CIRCUIT 

Figure 10-Echo Limitations on Loss of a Four-Wire 
Circuit 

separated . This would evidently allow the four
·wire echo suppressor which has already heen 
described to he applied without modifica tion . 

By using somewhat higher speed relays and 
switching systems, however, it has been found 
possible in tests which have been made, to ob
tain satisfactory operation on an all two-wire 
circuit without introducing devices to produce 
time lags. This is possible because the import
tant echoes in a two-wire circuit generally lag 
enough to allow time for relays to opera te. Only 
a few of the echoes return to the suppressor with 
very small time lags. Some of these can be 

- allowed to pass without causing appreciable im
pairment, provided they are n ot strong enough 
to cause false operation of the relays which block 
the main transmission path . 

PossrnILITIES AND LIMITATIONS OF 
ECHO SUPPRESSORS 

The curves in Figure 1 0  show how , when no 
echo suppressors are employed, the echo effects 
limit the extent to which the overall loss of a 
circuit may be lowered by the application of 
repeaters.4 The curves in this figure apply to 
four-wire circuits of various lengths (without 
echo suppressors) used to handle terminal busi
ness, i. e., connections to subscribers not involv
ing the use of other toll lines in tandem with the 
four-wire circuit. I t  is ass�med that simple 
compromise networks giving only a rough de
gree of simulation of the impedances of the 
terminal circuits are used . The curves, which 
are based on experimental data , indicate roughly. 
how the overall volume efficiency must be limited 
to keep echo effects small enough so that they 
are not considered disturbing when ordinary 
telephone conversations are carried on . 

Consider, for example, what are the limita
tions for a circuit 1500 miles (2400 km.) long, 
with extra light loading. One of the. curves 
which is marked " Talker " shows that in order 
to keep the echoes which affect the talker suffi
ciently low, requires that the overall loss in the 
circuit be made no lower than about 14 TU.5 
The other curve marked " Listener " shows that 
keeping the echoes which affect the listener 
within proper limits is a less severe limitation , 
requiring only that the net loss be made no less 

4 The ordinates on this figure are in terms of the new 
" transmission unit " abbreviated " TU, "  which is defined 
in a paper entitled " The Transmission Unit, etc. " by 
W. H. Martin, Journal of the A. I . E. E., J une 1924. Also 
in the article entitled " The Transmission Unit " by R. V. L. 
Hartley, Electrical Communication, Vol. I I I ,  July 1 924. 

5 Due to transmission variations of the different parts 
comprising long telephone circuits such as these, the overall 
loss varies to a certain extent with time. Jn practice, ad
justments of circuits in the Bell System Plant are made 
often enough to keep the variations within about ± 2 or 3 
TU. The working net loss must, of course, be made high 
enough so that echo difficulties will not be encountered 
when the variations combine in such a way as to give the 
overall, or net loss, its minimum value. For example, in 
the case of the 1500-mile (2400 km.) circuit above, if it is 
assu med that the circuit is limited by echoes to a 14 TU 
minimum net loss and that it is maintained within limits 
of variation of ± 3 TU, the working net loss would be 
17 ± 3 TU. 
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than about 7 TU. Singing of a circuit such as 
this would not ordinarily begin until the loss was 
reduced to zero or even , perhaps. made less than 
zero, i. e . ,  an overall gain. 

If an echo suppressor were applied to a cir
cuit such as the above, a maximum improve
ment of the order of 14 TU might be looked for. 
As a matter of fact, results as good as this have 
been obtained in tests. 

In order to obtain a resul t  as good as this re
quires, of course, that the echo suppressor be 
given a sensitive enough adjustment so as to cut 
off substantially all o f  the echoes, even when the 
voice currents are weak. When given ,such a 
sensitive adj ustment, there will, of course, be a 
tendency for noise currents to produce false 
operation. In certain cases, avoiding such false 
operation may require that the sensitivity of the 
echo suppressor be reduced to the point where 
weak voice currents fail to operate the relays. 
In such cases, results as good as the above will 
not be obtainable. 

In practise, little or no trouble from false 
operation due to noise within the cable facilities 
comprising a four-wire circuit is experienced. 
When the connections to the terminals of the 
four-wire circuit are short, therefore, so that, 
on these terminal connections, the noise cur
rents are comparatively weak and the voice 
currents large, it is possible to realize in prac
tise the full theoretical possibilities from an echo 
suppressor. In other words, it is possible to 
work a four-wire circuit under these conditions 
at a very low loss, or even an overall gain. 

When the lines connecting the subscribers 
with the terminals of the four-wire circuit are 
long, so that the voice currents may be weaker 
and , perhaps, the noise currents may also be 
stronger, results as good as this may not be ob
tainable. However, even in this case, a material 
improvement can usually be effected by the echo 
suppressor. 

For the condition in which a four-wire circuit 
is switched to a variety of different circuits at 
the terminals; it was shown in Figure 10 that the 
requirement that echoes should not disturb the 
talker is more severe, so far as limiting the mini
mum loss is concerned , than the requirement 
that echoes should not affect the listener's trans
m1ss10n. I t  will , of course, be obvious that 
talkers connected to either terminal of the four-

wire circuit through connections involving small 
transmission losses will hear louder echoes than 
will talkers connected through circuits having 
larger losses. In other words, the minimum net 
loss of a four-wire circuit used in this way is 
limited by the requirement that the talkers 
connected through low losses should not receive 
too much echo. Now, of course, the relays in 
the echo suppressor will respond most readily to 
these talkers. Satisfactory operation of the 
relays for these talkers wil l ,  therefore, be se
cured even though the echo suppressors be given 
such an adj ustmen t that the relays will not 
respond to the voice currents from talkers con
nected to the circuit through a higher loss. 
Cutting off the talker echoes in the case of the 
connections involving low losses, therefore, 
makes it possible to materially lower the loss 
introduced by the four-wire circuit even though 
other echoes are not cut off. 

In the curves of Figure 10 it is seen that for a 
1500-mile (2400 km.) extra light loaded circui t 
the possible improvement which may be secured 
by cutting off the talker echoes from low loss 
connections may be as much as 7 TU even though 
echoes from other connections are not cut  off. 

In general ,  for combinations of four-wire and 
two-wire circuits and for circuits which are all 
two-wire as well ,  talker echoes are also more 
serious than listener echoes provided that the 
impedance irregularities at intermedia le po in ts 
in the circuit are small ,  as is usually the case 
with high grade circuits. Consequently, echo 
suppressors make it possible to effect improve
men t in many cases even if the line noise which 
is present requires reduction of the sensitivity 
of the echo suppressors to the poin t where weak 
voice currents fail to operate the relays. If the 
line noise requiremen t does not enter as a limi
tation, a greater improvement is, of course, 
possible. as is also the case with all four-wire 
circuits. 

CONCLUSION 

The echo suppressor, which has been de
scribed , offers attractive possibilities in supple
menting o ther me thods for obtaining satisfac
tory transmission over long two-way telephone 
circuits. 

The application of an echo suppressor to a 
telephone circuit requires no changes in the 
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circuit  i tself ,  the echo suppressor being merely 
attached to the circui t at some convenient 
point. 

For any particular type of circuit,  the ad
van tages to he gained hy using echo suppressors 
increase \vi th length . For a given circuit length 
the advantages to be gained arc greater with 
low-speed than with higher-speed circuits .  

Echo suppressors offer the greatest possibility 

of usefulness on cable circuits, owing to the in
heren t low-speed and quietness of such circuits. 
Generally speaking, the application of echo sup
pressors to cahle circuits offers possihilities of 
effecting savings by allowing the use of heavier 
weight,  lower-speed loadings in place of lighter 
weight, higher-speed loadings, as well as the 
imposition of less severe requirements as to im
pedance uniformity of the circuits. 
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Con1munication in Railroad Operation * 
By I. C. FORSHEE 

Pennsylvania Railroad System, Philadelphia, Pa. 

Synopsis: The object of this paper is to show the part 
played by the different means of electrical communication 
in operating a large railroad system. The telegraph,  which 
was the original and sole means of handling communica
tions requiring immediate attention, has given way largely 
to the telephone and the printer. The development of 
the selector was essential to the general use of the telephone 
for train operation and message work, the train wire 
being considered the most important circuit in railroad 
operation. 

Extensive and special facilities are required in some 
instances to provide necessary telephone communication 
with the public. This includes telephones on certain 
limited trains in terminals. 

The telautograph is important but limited to local service 
in terminals and junction points. 

Same problems in engineering, construction, mainte
nance and operation as with the commercial telegraph and 
telephone companies, except that smoke conditions are 
worse along the railroad and continuity of service is possi
bly more important. 

Radio has possibilities as a means of providing informa
tion and entertainment to passengers on trains and in the 
operation of freight trains and tug boats. 

In handling train orders the train conductor must verify 
the instructions or orders he receives. The quality and 
accuracy of radio reception when a train runs through 
rock cuts, over or under certain types of steel bridges, 
through tunnels and during certain weather conditions 
prevents this means of communication from being used 
at this time for handling train orders. 

The volume of communication traffic is affected by the 
seasons, holidays and emergencies. 

The size of the communication system on some railroads 
compares favorably with that of some of the large com
mercial telegraph and telephone companies. 

An ideal communication system would provide accurate 
information between any two points on a railroad system 
or between the public and the railroad company without 
delay and under all operating conditions. 

THE means of communication which will 
be referred to in this paper includes 
the telegraph , telephone, telautograph, 

telegraph printers and radio. 
The signal system used in connection with 

the movement of trains, which includes the 

various hand operated or manual signals, and 

automatic signals of the different types such as 
semaphores, colored lights and position ligh t s  
a s  well a s  train control systems, i n  reality form 
an important part of a railroad communication 
system , as they convey information to the 

enginemen or trainmen regarding the condition 
of the track ahead . This will not be included 
in the present paper. 

* Presented at the Spring Convention of the A. I. E. E . ,  
St. Louis, Mo., April 13-1 7, 1925, and published in the 
May, 1925, issue of the Journal, Vol . XLIV, No. 5. 

5 1  

TELEGRAPH 

Train Operation. The handling of train orders 
by telegraph was started in 1850 and was used 
more or less extensively on all the railroads 

throughout the country until the advent of the 
telephone. 

Telegraph Development. The earliest instal
lations of the telegraph made use of the simple 
Morse circuit ;  the later developments provided 

duplex and quadruplex operation which were 
quite generally used for message service, es

pecially between terminal or relay points. I t  
might b e  said that the development o f  the 
telegraph as a means of communication pro
gressed in step with the development of the 

railroads themselves. The importance of rapid 
and accurate communication was greatly in
creased by the increase in mileage of the rail
roads the efficient management of which re
quired prompt,  accurate and complete informa
tion regarding many matters pertaining to 
operation and management. The telegraph is 
still used by some mads for dispatching their 

trains and handling the regular message busi

ness, although the telephone has rapidly re
placed it for this class of service in many sec
tions. 

Telegraph as By-Product. Although on some 

railroads and some divisions of the railroads 
the telegraph has given way almost completely 
to the telephone for all classes of local service 
yet it is probable that for many years to come 
the telegraph will still be used as a by-product 

of the wire plant for message service between 

the general office and division headquarters ; 
also between the differen t r elay points on the 
systems. This telegraph service will not be 

handled over direct Morse wires, but rather be 
a by-product obtained by compositing the 
telephone trunk circuits between these same 

po in ts. This would mean that two pairs of 
telephone wires which are properly transposed 
can be phantomed and composited and thus 
furnish three telephone and four duplex tele
graph circuits, all of which may be operated 
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simultaneously without interference of one with 
the other. These composited circuits may be 
equipped with telegraph repeaters for through 
telegraph message business over the long cir
cuits of, say, 300 miles or more. 

Commercial Tele[!.raph Service. For the bene
fit of the public, commercial telegraph offices 
are provided at the terminals and larger stations,  
and messages are handled by the railroad oper
ators at other points. 

Arrangements are in effect at many important 
points on some railroads for the uniformed 
messengers of the commercial telegraph com
panies to pass through the trains and collect 
telegrams from the passengers. Messages are 
delivered to passengers enroute by sending 
them in care of the conductor of the train (in
dicating by train number) on which the pas
senger is traveling. They are then delivered at 
the next point at which the train stops. 

TELEGRAPH PRINTERS 

The telegraph printer has been developed to 
the point where it is being used very largely 
between division headquarters or relay points 
or where there is a sufficient volume of traffic 
to "\varrant their installation, and these same 
composite circuits referred to above, can be 
used for duplex operation of these machines. 

Reports. For the efficient handling of freight 
and passenger business on a large system ,  it is 
n ecessary for those in charge to have current 
reports on the supply and demand of cars and 
the movement of the d ifferent classes of freigh t 
and engines ; also on shop conditions where the 
different classes of repairs are made. This 
necessitates the use of many d ifferent report 
forms, for years handled by the Morse operators. 
An intelligent study of this condition would 
make it possible to redesign many of these 
forms so that they might be used in prin ter 
operation. 

Type of Printer. It is believed that the page 
printer using tape transmission is, in general , 
most satisfactory for railroad message work 
between the more important points. Several 
carbon copies of the messages or reports can he 
made when this is necessary and very l ittle 
instruction is required to teach one to manipu
late a printer if  the employe is able to operate 

a typewriter accurately. When line interrup
tions occur, the perforator operator can continue 
to punch the transmitting tape, and as soon as 
the line is restored the tape can be run through 
the transmitter at maximum line speed with 
minimum of delay. 

Maintenance. The maintenance of printers 
requires the services of a skilled mechanic, so 
that the more printers there are in service at a 
given poin t the less the cost of maintenance per 
unit, as one mechanician can take car(' of a 
number of printers. 

TELEGRAPH REPLACED LARGELY BY 
TELEPHONE 

The d isadvantage in using the telephone in 
train dispatching in the early stages of its de
velopment was caused by the difficulty in sig
naling the desired party, as it was necessary to 
use code calls and this was very objectionable 
on heavy lines. There were many misgivings 
and doubts regarding the ability of the dis
patcher and operators to handle train orders 
accurately by the telephone, and it was only 
after quite extensive use on certain limited in
stallations that the telephone proved to be 
quite equal to the telegraph so far as accuracy 
and speed were concerned . 

The more general use of the telephone for 
train dispatching was dependent upon the de
velopment and perfection of a selective calling 
device, which would enable the dispatcher to 
signal any one of the many stations connected 
to his telephone circuit. There were a number 
of types and makes of selectors in the early de
velopment, but the law of the survival of the 
fittest worked here as well as elsewhere and the 
selectors at presen t available for this service are 
both rugged and accurate with relatively little 
maintenance trouble. They are available for 
circuits having as many as seventy-five or more 
stations any of which can be called independent
ly ; but on a busy section of railroad they sel
dom exceed half this number. The approxi
mate time required for the bell to start to ring 
after the d ispatcher m akes the call is four to six 
seconds. 

Time Service. One important service which 
was formerly handled exclusively by telegraph 
and which is now quite generally transmitted 
over the telephone lines equipped with selectors 
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is the time service from the U. S. Observatory. 
This transmission takes place twice a day, at 
noon and midnight in the Eastern time belt, 
and is an important service, as all the time 
pieces on the railroad used in connection with 
train operation for reasons which are obvious 
must be as nearly accurate as it is possible to 
have them. 

TELEPHONE 

So far as the public is concerned, they are in
terested primarily in telephone service with 
the railroad company to obtain information 
regarding such matters as arrival and departure 
of trains, Pullman reservations, cost of trans
portation, arrival and departure of freight, 
freight rates, etc. 

When it is realized that the railroads are the 
largest users of almost every commodity, it will 
be evident that there are many other classes of 
information in which the public are very much 
interested at times and in which the telephone 
system forms an important link. 

Intercommunicating System. In some of the 
larger cities, the different departments of the 
railroad are quite widely separated on account 
of the quarters required and those available ; 
but the intercommunicating telephone systems, 
which may be automatic, manual or semi
mechanical, make it possible to secure those 
best adapted for the business by the telephone 
service which is as prompt as if all the parties 
were in adjacent offices. 

Private Intercommunication System. In some 
places where the calling rate for strictly inter
communicating service is unusually high be
tween the different subscribers it has been 
found economical to purchase, maintain and 
operate a private system of the automatic type, 
but this means duplication of the outside plant, 
wiring and maintenance, and requires a second 
telephone where there is occasion to have ser
vice with the commercial companies. Only a 
careful study, considering all items involved, 
will give the true answer as to the economies 
of this. 

The long-distance or trunk-line circuits of the 
railroad company represent an appreciable 
investment which should be operated as effi
ciently as possible to secure the best returns. 

This means that a relatively small number of 
lines are given to each toll operator who is 
selected because of efficiency, and knowledge of 
the railroad organization and can be depended 
upon to handle the circuits to the best ad
vantage. 

Directory Listing. It is impracticable and 
undesirable to list in the public telephone 
directory all the different departments, much 
less all of the individuals, of a railroad organi
zation, so that the burden of remembering each 
and all of the hundreds or thousands of in
dividuals within reach of the telephones con
nected to such a switchboard becomes a prob
lem of long and careful training. 

The aim of the railroads, generally, is to 
simplify as much as possible the directory list
ings, so that by calling one telephone number, 
connections may be established with any de
partment or individual in that vicinity. 

PBX Consolidation. This is one argument in 
favor of the consolidation of the private branch 
exchanges of a railroad where there are several 
exchanges in a given vicinity. The cost of ser
vice through such a consolidated exchange is 
the deciding factor sometimes, as it might be 
necessary to lease a considerable mileage of 
cable circuits from the outlying points to the 
consolidated exchange ; and if that rental and 
the rental of the additional facilities required 
at the consolidated board exceed the cost of 
the service through the individual exchanges, 
then the only remaining arguments are the 
twenty-four hour service and the greater con
venience to the public from the simplified 
listing. 

The advent of the automatic or machine
switching_ system it is believed will solve many 
of these problems, as the small automatic unit, 
called a satellite, can be used for the inter
communicating service at the points separated 
from the main exchange and connected with 
the railroad main PBX by automatic trunks. 
The calls to and from the city central offices 
then would be routed through the main PBX. 
The railroad operator would complete the in
coming calls either by dialing the party, if on a 
satellite exchange, or by a cord and plug in the 
multiple if connected on the same switchboard. 
The outgoing calls would either be dialed direct 
by the different railroad subscribers or handled 
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by the operator as desired by the railroad com
pany. 

PBX Tra_ffec. During the busy hour it is not 
uncommon for an operator handling calls in
coming from city to make 200 connections, and 
a considerably higher number of intercom
municating calls when made by number. The 
former class of calls probably will continue on a 
manual basis even after the central office and 
the private branch exchange are operating on a 
machine-switching basis. Through some of the 
larger private branch exchanges they handle as 
many as 18,000 to 20,000 or more calls per day. 

Train Dispatcher 's Equipment. There may 
be several dispatchers ' circuits on a busy 
division, each dispatcher handling the move
ments over a given section with possibly a Chief 
Dispatcher 's circuit operating over the entire 
length of the division and connecting to certain 
transfer points and with the dispatcher's office 
on one or more of the adjoining divisions. On 
these circuits equipped with selectors the dis
patcher has control of the entire circuit;  that 
is, the different way station� are signaled only 
by the dispatcher who is, in general, connected 
across the circuit continuously with his re
ceiver, which may be of the head band type or 
a loud speaker. 

For a long time the head-band receiver, used 
by the dispatcher, was the only type of reliable 
receiver available. It  was very objectionable 
however, especially in warm weather, during 
lightning storms, or where the circuit was ex
posed to the effects of induction from power 
circuits. This trouble has been largely over
come by the development of the loud speaker 
which, at present, is very satisfactory for this 
service. The loud speaker can be so adjusted 
that, even though there are several of them in an 
office, a very satisfactory operation is obtained. 
This is convenient also for the supervisory 
forces in case of emergency, as they can get all 
details first-hand without disturbing the dis
patcher. 

Selector Message Circuits. Telephone circuits 
equipped with selectors also are used quite ex
tensively for handling telegraph messages, es
pecially between local division points. 

To prevent errors in the transmission of words 
and numbers that might be misunderstood, a 
special code has been developed and is in very 

general use. The service is faster than the 
Morse and very little special training is re
quired for such operation. 

The installation of telephone selector equip
ment for train dispatching and message service 
generally has been objected to by those who 
are accustomed to handling this business by 
Morse, but it also has been quite general that 
these same objectors are the most enthusiastic 
proponents of the telephone system after they 
have become accustomed to this operation. 

Block Circuits. Interlocking plants are locat
ed at regular intervals along the railroad, per
mitting the crossing over of trains from one 
ttack to another on a system having two or 
more tracks, and also allowing the trains to 
take a passing siding on single track operation. 
These points are known as interlocking sta
tions. 

Where interlocking stations are several miles 
apart, intermediate stations are often estab
lished for the purpose of shortening the block 
between the interlocking stations. They are 
known as block stations. 

The attendant in charge of the interlocking 
or block stations may be a telegraph or tele
phone operator and must manipulate the levers 
controlling the signals or switches. He is now 
quite generally known as a " signalman. " 

A " block, "  as used in this paper, is the length 
of track between block or interlocking stations 
where the movement over the track is governed 
by fixed signals. 

Telephone circuits between these block and 
interlocking stations are known as block circuits 
and are used for spacing trains and for trans
mitting intelligence regarding arrival and de
parture of trains in the different blocks. They 
are considered next in importance to the dis
patcher's circuit so far as train operation is 
concerned. 

Telephones in shelter boxes or booths are 
usually located at the different sidings and signal 
bridges and connected to the adjacent block or 
interlocking stations, or, in some cases, to the 
dispatcher's line. 

These block circuits are often . simplexed and 
the simplex carried through for a division tele
graph circuit. 

Work and Wreck Train Equipment. The 
work trains and wreck trains are quite generally 
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equipped with portable telephones which may 
be connected to the adjacent block and inter
locking stations or to the dispatcher's telephone 
circuit, to keep him advised of their whereabouts ; 
also as to condition of track or equipment on 
which they may be working. Before the ad
vent of the telephone for this service, it was 
necessary to establish a local telegraph office 
and an operator was required with the work
train or wreck-train crew to transmit the neces
sary information to and from the dispatcher. 

First-hand information can now be obtained 
direct from the one in charge of the train crew 
in less time and more satisfactorily than was 
possible with the telegraph.  

Siding and Signal Bridge Telephones. On 
some roads it is  the practice to establish tele
phone service at each signal bridge and siding. 
This telephone is connected to the adjacent 
interlocking or block station. In some cases 
provision is made for connection to an adjacent 
private branch exchange in case of emergency, 
so that the calling party may be connected either 

· directly to the signal man, to the dispatcher or 
other individual depending upon conditions. 
These telephones are usually installed in shelter 
boxes or booths to protect them and the user 
from the weather. Automatic switches are used 
to disconnect the telephone from the line when 
the telephone is not in use. These shelter boxes 
or booths usually are provided with regular 
switch locks to prevent the use of the teltphone 
by unauthorized persons. 

This general scheme of installing telephones 
along the railroad right-of-way, especially on a 
busy section, is considered more favorably 
than the use of portable telephones as they are 
available for all the different employees of the 
railroad system in that district, and less apt to 
develop trouble than the portable sets. They 
are also inspected more regularly by the main
tainers. 

Emergency Circuits. In some cases an extra 
circuit is provided in the shelter box or booths. 
This is termed an emergency circuit and is 
available for service with an emergency or 
portable telephone carried by the work- or 
wreck-train crews, so that it does not interfere 
with the operation of the regular signal bridge 
or way-station telephone circuit. The emergency 
circuit is associated with the adjacent block and 

interlocking stations and so arranged that it 
could be connected to the dispatcher or to a 
private branch exchange in the event of an 
emergency. 

Portable Telephones. The renewing of ties and 
rails, together with other work on the track inci
dent to track maintenance, requires that a track 
gang should be in constant communication with 
the train dispatcher, so that there will be as little 
delay to train movement as possible. The use 
of the portable telephone is essential in this op
eration and it also improves the efficiency of the 
track forces by a reduction in their lost time. 

Loud Speakers at Terminals. In a busy ter
minal where there are crossovers,  interlocking 
equipment, etc . ,  it is desirable for each of the 
signalmen at different stations to know of all of 
the train movements arranged by the dispatcher 
in that district. This was handled by Morse for 
many years, but when the train and engine 
movements increased so much it became a great 
strain on the signalman. The head telephone 
with a long cord required to permit the signal
man to handle the different switch levers, is 
impracticable so that more recently the loud 
speaking telephone has been used quite generally 
to solve this problem, and it is working very 
satisfactorily . . 

Observation Cars. Observation cars on certain 
limited trains are provided with desk telephones 
which are in turn connected to the railroad 
private branch exchanges thence to the city 
central offices when the trains are at the different 
terminals. This service, connected through to 
any point in the Bell System, is available for 
the passengers on the train up to the leaving 
time. The stenographer on these trains ar
ranges for this service as desired. 

Crew Calti:ng. At some of the important divi
sion points the homes of the conductors, brake
men , engineers and firemen are quite widely 
separated from the division office. Due to differ
ent emergencies which may arise, the variation 
in the amount of traffic requiring different 
numbers of crews, sickness and other causes, it  
is quite a problem to make available the neces
sary men qualified to handle the different freight 
and passenger trains without delay. This re
quires either special messenger service or special 
telephone service. I t  has been found in some 
instances that special crew-calling telephone 
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service (normally used for one-way operation 
but in emergencies employed for two-way ser
vice) , is the most efficient and economical . 
With this system the Crew Caller gives the 
Telephone Operator the list of members to be 
called indicating time and place to report for 
duty. 

Public Telephones at Stations. For the con
venience of the traveling public, and not directly 
associated with railroad operation, a relatively 
large number of telephones is required at many 
of the important terminals to enable the patrons 
to make local and long distance calls through 
the commercial telephone systems. This con
venience is provided for by the attended and 
unattended telephone stations, the latter being 
the usual coin in the slot or pay station tele
phones. 

Train Bulletins. On many roads a regular 
bulletin service is also in effect giving informa
tion of general interest to the traveJing public on 
through limited trains. This includes stock 
market quotations on the principal issues, base
ball scores, and any other items of major interest. 
These bulletins are generally posted in the club 
or observation cars and are received at the 
principal points enroute. 

TELAUTOGRAPH 

The telautograph has been used quite generally 
for recording information regarding the make-up 
of trains, track assignment for trains also the 
time of arrival and departure of different trains · 

in the terminals and other important division 
points. This is a service which is of vital im
portance to the baggage department and in 
handling mail as arrangements must be made to 
load baggage and mail on the trains the la test 
possible before train departure, also for the 
necessary trucks to unload promptly incoming 
baggage and mail from the trains just arriving. 
This service is of a local nature. The circuits 
may have one or more transmitters and several 
receivers, all of which are operated simul
taneously. 

RADIO 

Passenger Trains. Radio on passenger trains 
has been an interesting theme for many of the 
Sunday newspaper writers for some time ; and 

they have not overlooked many of its possi
bilities. 

The developments that have taken place in the 
broadcasting and receiving equipment within a 
few years and the results obtained from some of 
the experimental installations indicate that i f  
there were a real demand for such service on our 
trains it could probably be met now in a more 
satisfactory manner than at any time in the past. 
There are many factors that affect the results 
obtained on. a train installation including : the 
curvature of the track, causing changes in posi
tion of the car antenna with respect to the trans
mitting station ; varying sub-surface conditions· 
which apparently cause fading or varying in
tensity of received signals or sounds ; shielding 
effect of tunnels and bridges, causing a reduction 
in intensity or complete loss of reception ; noise 
from axle generator lighting equipment ;  in ad
dition to the atmospherics that affect the fixed 
station. 

There are certain events that are of general 
interest which might be received over a radio 
loud speaker in a club or observation car without 
much adverse criticism ; but that would not hold 
good with the ordinary broadcasting. 

Freight Trains. There is a real need for a 
sturdy, reliable, simple set for two-way com
munication between the front and rear end of 
long freight trains, which is reasonable in cost. 
This should have some scheme for visual or 
preferably audible signaling. The rails have been 
suggested as a conductor for a carrier system. 
These have insulated joints at certain intervals 
which might affect the operation, and on account 
of the connections between the different tracks 
at the interlocking points, there might be some 
complications or objections to such use. 

The importance of this will be appreciated 
when one considers that some trains are nearly 
a mile long, with a hundred or more cars, the 
engine crew at the head end, the conductor and 
flagman in the caboose at the other end and the 
brakemen out over the train. Something goes 
wrong and the conductor wants to communicate 
with the engineer. It is a dark, rainy or foggy 
night, and in a place where the track winds 
around the hills with no opportunity for lantern 
signals. There is nothing to do but stop the 
train and walk the length of it. This takes a 
long time. 

www.americanradiohistory.com

www.americanradiohistory.com


E L E C T R I C A L  C O M M U N I C A T I O N  57 

Train Operation. I t  is believed that the radio 
cannot yet be depended upon for issuing train 
orders, especially to moving trains, as accuracy 
is of prime importance, as well as continuity of 
service, and there must be a check on all orders 
issued by the dispatcher. 

Emergency and Tug Boat Service. I t  has a 
real field, however, for emergency service between 
the different important points such as the 
general offices, division headquarters and cer
tain important points on a system, when the 
wire lines fail because of storms, floods, fire, etc. ; 
also for tug-boat operation in the harbors. The 
code signals are more reliable than the telephone 
for such service. 

Small, efficient, portable transmitting and re
ceiving sets which could be depended upon for 
distances up to two or three miles for service 
during floods and storm breaks would find favor 
with the railroad Superintendents of Telegraph .  

LINE CONSTRUCTION 

Location. The telegraph and telephone line 
construction is invariably along the railroad 
right-of-way, which means that, in general, it is 
not far from the running tracks and is subjected 
to the smoke and corrosive gases from the 
locomotives where steam operation is used. 

Types of Line Construction. The different 
types of line construction used in various sec
tions, dependent upon local conditions, include 
open wire, aerial cable and underground cable. 
The construction used in any particular section 
depends upon several things such as the number 
of circuits involved, the importance of the 
service, space available and hazards from elec
trical or mechanical interference. The appear
ance of the line, also, is an item in some sections. 
Each class of construction mentioned has certain 
merits as well as objections, for which reason 
the conditions in any given location have to be 
carefully considered before deciding upon just 
what should be used. 

Preservation of Poles. The railroads have been 
active in the development and use of preserva
tive treatment of pole timbers for years. Because 
of their use of forest products, amounting to 
about fifteen per cent of the total consumption 
in this country, they realize that this is a good 
and wise investment and in line with the policy 
of forest conservation. 

Insulator Pins. If it were possible to obtain a 
satisfactory enameled pin which would preserve 
the metal pin from deterioration and also pro
vide the necessary strength and insulating 
qualities at a reasonable price, it might be an 
improvement over the present practice. 

Wire. Galvanized wire is used very little 
along a busy railroad on account of its short life 
before corrosion takes place. Practically all 
wire .now placed is hard drawn bare copper 
No. 9 A.w.g. , except that No. 8 B .w.g. is used 
for some important long distance trunk circuits. 

Insulation. On a busy section of railroad the 
locomotive smoke is responsible for insulators 
soon becoming coated with a black deposit which 
covers not only their outer surface but under
neath the petticoats as wel l ,  and is responsible 
for lowered insulation under unfavorable weather 
conditions. This causes leakage of current from 
the wires to ground and between wires, which 
affects both the telegraph and telephone service, 
probably the telegraph more than the telephone. 
This has been the subject of quite exhaustive 
studies to determine the best type of con
struction. 

It has been found uneconomical to attempt to 
clean the insulators after they have once become 
coated ; so the remedy for this condition is to 
replace with new glass, unless some means is 
developed for preventing this accumulation or 
for economically and efficiently cleaning them 
in place. 

Importance of Continuous Service. It is be
lieved that the importance of continuous and 
efficient communication service in railroad oper
ation is greater than with the regular com
mercial telegraph or telephone service . It is 
under the most unfavorable weather conditions 
that irregularities are apt to occur in train 
operation and that, too, is the time when open 
wire lines are most likely to fail ,  and when they 
are most needed. 

Alternate Routes. Alternate routes for circuits 
between some of the more important places are 
usu;ally available over the Railroad Companies' 
lines, and, in the event of line prostration over 
a normal route, it is many times possible to re
route some of the circuits to provide for the 
emergency service while repairs are under way. 

Cable Construction. Where cable circuits are 
in service, there is generally less likelihood of line 
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failure due to storms ; but they might fail from 
other causes, such as electrolytic action , if 
underground, or from bullet holes or crystalliza
tion if in aerial construction. In either case 
duplicate cables provide certain insurance against 
complete failure, but with adequate testing 
facilities and a force of cable splicers available 
together with proper maintenance of the cable 
plant, there is little li�elihood of these causes 
occasioning the loss of all service. 

Wire Patching Facilities. All wires on the 
pole line look alike to the layman, but from a 
railroad operating point of view, some wires are 
vastly more important than others. The dis
patcher's line is considered of the greatest 
importance in train operation and for this reason 
it is always restored first in the event of line 
prostration. If trouble develops on it while 
other circuits are intact, the circuit which can 
be spared with least inconvenience to the service 
is used to patch out the dispatcher's circuit in 
the defective section. This means that the 
patching facilities, which include test panels in 
which all wires terminate and the necessary 
patching cords and plugs, must be available for 
this purpose at certain points on the Division. 
However, it is undesirable to have these located 
too close together, as they introduce certain 
tran;mission losses on the longer circuits due to 
the necessity of using cable and protectors to 
connect between the line and the test panel, 
which usually is located in an interlocking or 
block station. Thus the additional protectors 
are added places for trouble to occur. 

Emergency Service. With the open wire con
struction it is possible to make connections for 
local emergency service by means of the pole used 
for this purpose, with portable telephones, but 
where aerial or underground cable only are 
used, these emergency connections can be made 
only where cable conductors are brought out to 
terminals, as at signal bridge or siding tele
phones or special terminals provided for that 
purpose. 

Use of Commercial Lines. It is sometimes 
possible to establish emergency service between 
the different important points by connection 
over the commercial telegraph or telephone 
companies' lines, routed either as direct circuits 
between the points involved or by circuitous 
routes to avoid the section in trouble. For the 

purpose of quickly establishing such services , it  
is the usual practise to have available certain 
tie lines between the railroad companies' im
portant terminal or relay offices and the com
mercial offices of the telegraph or telephone 
companies. 

OPERATING CONDITIONS 

Variation in Telephone Traffic. There are 
quite wide variations in the traffic over the rail
road companies' communication system, de
pendent upon the seasons. The increased travel 
during the holidays and vacation periods is also 
responsible for wide fluctuations in this com
munication traffic. The presence of any emer
gencies or conditions which are likely to cause 
delays in the train schedules are often reflected 
in the increased calls made from the public to 
the Information Bureau inquiring as to the 
probable arrival or departure of the different 
trains, the cause and results of accidents, etc. 
In the event that these emergencies develop at a 
time when the telephone operating force is 
greatly reduced, there is apt to be complaint as 
to the inadequacy of the service unless extra 
operators are summoned immediately, as is 
usually the case. I t  is doubtful if the machine 
switching service will remedy this particular 
condition, as it is quite probable that all incom
ing calls from the city central office will be 
handled by the manual operators as  at present, 
but intercommunicating calls within the system 
itself could well be handled on a mechanical 
basis so that the increased load on the operators 
would not be so great as with the manual system. 

Engineering Problems. The different prob
lems met in the planning, operation and main
tenance of a communication system for a large 
railroad are practically the same as with the 
large commercial telegraph and telephone com
panies, except that there are a few added special 
requirements. However, this phase of a railroad 
system is seldom given any consideration by one 
unfamiliar with the magnitude or importance 
of the railroad telegraph and telephone plant. 

Interest in Legislation .  When it is considered 
that some of the larger railroad systems operate 
in a number of States, it will be seen that the 
railroads are vitally interested in. such matters 
as State regulations governing electrical con
struction, inductive coordination, etc . ,  and in 
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the rev1s10n of the National Electrical Safety 
Code which doubtless will have a far reaching 
influence on the State regulations now in effect, 
or which may be revised or formulated later. 

Magnitude of Some Systems. The communi
cation plant of one of the larger railroads in
cludes, in round numbers, over 10,250 miles of 
pole line ; 530 miles of underground duct ; 125,000 
miles of wire ; 2,420 telegraph and telephone 
message offices ; the average number of messages 
per month, not including train orders, through 
86 relay and terminal offices is over 3,716,000 ; 
more than 1 1 ,700 telephones , privately owned, 
are used for dispatching trains, message service 
and private line operation ; over 180 leased 
telephone exchanges, ranging from simple one 
position boards to a 23 position board at the 

General Office, are employed with over 1 8,800 
leased telephones. This is called a private com
munication plant. 

Ideal System. The ideal communication sys
tem would be such that, from any point on a 
railroad, any information wanted from any other 
point on that system could be obtained accur
ately and without delay. This would require 
more plant than could reasonably be expected 
and of such a quality that only the highest 
grade of construction could be used ; the lines 
would have to be equipped with loading coils 
and telephone and telegraph repeaters, and the 
terminal equipment would have to be such that 
minimum losses would obtain . Some of the 
railroads have already gone a long way toward 
realizing this ideal. 
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The Loaded Submarine Telegraph Cable 
By OLIVER E. BUCKLEY 
Bell Telephone Laboratories, Inc. 

THE announcement on September 24 , 
H l24 , that an operating speed of over 
1 .500 letters per minute had been ob

tained with the new 2,300 mile New York
Azores permalloy-loaded cable of the vVestern 
Union Telegraph Company brought to the 
attention of the public a development which 
promises to revolutionize the art of submarine 
cable telegraphy. This announcement was 
based on the result of the first test of the oper
ation of the new cable. A few weeks later, with 
an improved adjustment of the terminal ap
paratus, a speed of over 1 ,900 letters per minute 
was obtained. Since this speed represents 

Figure 1-Permalloy Loaded Cable. Ahoye, section of 
deep sea type, showing construction. Below, section of 

core, showing permal loy tape partly unwound 

about four times the traffic capacity of an 
ordinary cable of the same size and length, it is 
clear that the permalloy-loaded cable marks a 
new era in transoceanic communication. 

The New York-Azores cable represents the 
first practical attempt to secure increased speed 
of a long submarine telegraph cable by inductive 
loading and i t  is the large distributed inductance 
of this cable which is principally responsible for 
its remarkable performance. This inductance 
is secured by surrounding the conductor of the 
cable with a thin layer of permalloy. Figure 1 
shows the construction of the deep sea section of 
the cable. In appearance it differs from the 
ordinary type of cable principally in having a 
permalloy tape 0.006 inch thick and 0. 125 inch 
wide, wrapped in a close helix around the 
stranded copper conductor. 

60 

Permalloy, which has been described by Arnold 
and Elmen ,1 is an alloy consisting principal ly of 
nickel and iron, characterized by very high 
permeability at low magnetizing forces. The 
relative proportion of nickel and iron in perm
alloy may be varied through a wide range of 
additional elements as, for example, chromium 
may be added to secure h igh resistivity or other 
desirable properties. On account of its ex
tremely high initial permeability a thin layer of 
permalloy wrapped around the copper conductor 
of a cable greatly increases its inductance even 
for the smallest currents. 

In the case of the New York-Azores cable the 
permalloy tape is composed of approximately 
78y23 nickel and 21V23 iron and gives the 
cable an inductance of about 54 millihenries per 
nautical mile. An approximate value of the 
initial permeability of the permalloy in that 
cable may be got by assuming the helical tape 
replaced by a continuous cylinder of magnetic 
material of the same thickness. This material 
would have to have a permeability of about 
2,300 2 to give the observed inductance. A 
better appreciation of the extraordinary prop
erties of the new loading material may be ob
tained by comparing this permeability with that 
which has previously been obtained with iron 
as the loading material. The Key West
Havana telephone cables are loaded with 0.008 
inch diameter soft iron wire. The permeability· 
of this wire, which was the best which could be 

1 Jour. Franklin Inst. , Vol. 195, pp. 62 1-632, May, 1923 ; 
B. S. T. J., Vol . I I ,  No. 3, p. 101 ; Electrical Communica
tion, Vol. II ,  No. 4. 

2 The true initial permeability is slightly higher. To 
compute it, account must be taken of the fact that, con
trary to what has been sometimes assumed, the magnetic 
lines of induction in the tape do not form closed loops 
around the wire but tend to follow the tape in a helical 
path. The pitch of the helical path of the lines of induc
tion is slightly less than that of the permalloy tape with 
the result that a line of induction takes a number of turns 
around the conductor, then crosses an airgap between 
two adjacent turns of tare and continues along the tape 
to a point where it again slips back across an airgap. 
0. E. Buckley, British Patent No. 206, 104, March 2 7 ,  
1924, also K. W. Wagner, E.N.T.,  Vol. I ,  N o .  5,  p. 1 5 7 ,  
1924. 
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obtained commercially when that cable was 
made, is only about 1 15, or approximately one
twentieth that of the permalloy tape of the 
New York-Azores cable. 

The proposal to use permalloy loading to in
crease the speed of long telegraph cables was 
one outcome of an investigation undertaken by 
the author soon after the war to determine 
whether some of the new methods and materials 
developed primarily for telephony might not 
find important application to submarine teleg
raphy. In the subsequent development of the 
permalloy-loaded cable a large number of new 
problems, both theoretical and practical, had to 
be solved before the manufacture of a cable for a 
commercial project could be undertaken with 
reasonable assurance of success. The problems 
encountered were of three principal kinds. First 
was that of the transmission of signals over a 
cable having the characteristics of the trial 
conductors made in the laboratory. Although 
the theory of transmission over a loaded cable 
had been previously treated by others, the prob
lem considered had been that of an ideal loaded 
cable with simple assumptions as to its elec
trical constants and without regard to the prac
tical limitations of a real cable. The second 
class of problems had to do with the practical 
aspects of design, manufacture and installation . 
In  this connection an extensive series of experi
ments was conducted to determine the means 
required to secure at the ocean bottom the 
characteristics of the laboratory samples on 
which the transmission studies were based. 
Among the numerous problems which arose in 
this connection were those concerned with 
protecting the copper conductor from any possi
ble damage in the heat treating operation which 
was necessary to secure the desired magnetic 
characteri�tics, and those concerned with pro
tecting the strain-sensitive permalloy tape from 
being damaged by submerging the cable to a 
great depth. The third class of problem had 
to do with terminal apparatus and methods of 
operation. The prospective speed of the new 
cable was quite beyond the capabilities of 
standard cable equipment and accordingly new 
apparatus and operating methods suited to the 
loaded cable had to be worked out. I n  particular 
it was necessary to develop and construct instru
ments which could be used to demonstrate that 

the speed which had been predicted could actually 
be secured. The success of the investigations 
along all three lines is attested by the results 
which were obtained with the New York
Azores cable. Figure 2 shows a section of cable 
recorder slip, the easily legible message of which 
was sent from Horta, Fayal, and received at 
New York at a speed of 1 ,920 letters per minute. 

It is principally with regard to the first of 
these classes of problems, that of the trans
mission of signals, that the following discussion 
is concerned. No attempt will be made here to 
discuss the details of design and development 

Figure 2-Test Message. Western Union New York
Azores Permalloy-Loaded Cable. Sent from Horta 
( Azores) and received at New York, November 14, 

1924. Speed-1,920 letters per minute. Recorded with 
special high speed siphon recorder 

of the physical structure of the cable nor will 
there be given a detailed description of the 
operating results or how they were obtained. 
These subjects must be reserved for later pub
lication. It is desired in what follows to explain 
how inductive loading improves the operation 
of a submarine cable and to point out some of 
the problems concerned with the transmission of 
signals which had to be considered in engineering 
the first long loaded cable. 

In order to understand the part played by 
loading in the transmission of signals, it  is desir
able first to review briefly the status of the cable 
art prior to the introduction of loading and to 
consider the factors then limiting cable speed 
and the possible means of overcoming them. 
A cable of the ordinary type, without loading, is 
essentially, so far as its electrical properties are 
concerned, a resistance with a capacity to earth 
distributed along its length. Although it does 
have some inductance, this is too small to affect 
transmission at ordinary speeds of operation 
except on cables with extremely heavy con-
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ductors. The operating speed of a non-loaded 
cahle is approximately inversely proportioned to 
the product of the total resistance hy the total 
capacity ; that is, 

k 
S =  CRl2' 

where C is capacity and R resistance per unit 
length , and l is the length of the cahle. The 
coefficient k is generally referred to as the speed 
constant. It is, of course, not a constant since 
it depends on such factors as terminal inter
ference and method of operation, hut is a con
venient hasis for comparing the efficiency of 
operation of cables of different electrical dimen
sions. As the technique of operating cahles has 
improved the accepted value of k has increased, 
its value at any time being dependent on the 
factor then limiting the maximum speed ob
tainable. This factor has at times heen the 
sensitiveness of the receiving apparatus, at other 
times the distortion of signals and iµ recent 
years interference. During a great part of the 
history of submarine cable telegraphy distortion 
was considered the factor which limited the 
speed of operation of long cables and on this 
account most of the previous discussions of sub
marine cahle transmission h ave been concerned 
principally with distortion and means for cor
recting it. As terminal apparatus was gradually 
improved means of correcting distortion were 
developed which practically eliminated distor
tion as an important factor in the operation of 
long cahles. With distortion thus eliminated 
the speed was found to be limited principally by 
the sensitiveness of the receiving apparatus. 
This limit was, however, eliminated in turn by 
the development of signal magnifiers. During 
recent years in which numerous cable signal 
magnifiers have been available and methods of 
correcting distortion have been understood, the 
only factor limiting cable speed has been the 
mutilation of the feeble received signals by inter
ference. Most cables are operated duplex, and 
in these the speed is usually limited by inter
ference between the outgoing and incoming 
signals. In cables operated simplex and also in 
cables operated duplex, where terminal condi
tions are unfavorable, speed is limited by ex
traneous interference which may be from natural 
or man-made sources and which varies greatly in 
d ifferent locations. The strength of the received 

current must in either case be great enough to 
make the signals legible through the superposed 
interference current. Owing to the rapidity 
with which the received signal amplitude is 
decreased as the speed of sending is increased, 
the limiting speed is quite sharply defined by 
the interference to which the cable is subject. 

With the speed of operation thus limited there 
were two ways in which the limiting speed could 
he increased : the interference could be reduced , 
or the strength of signals made greater. No 
great reduction in interference due to lack of 
perfect duplex balance could be expected, as 
balancing networks had already heen greatly . 
refined . Extraneous interference in certain 
cases could be reduced by the use of long, 
properly terminated sea-earths. The signal 
strength could be increased either by increasing 
the sending voltage or hy decreasing the at
tenuation of the cable. However, with duplex 
operation nothing at all is gained by increasing 
the voltage in cases where lack of perfect duplex 
balance limits the speed, and with simplex 
operation any gain from raising the voltage is 
obtained at the cost of increased risk to the 
cable, the sending voltage being usually limited 
to about 50 volts by considerations of safety. 
The attenuation of the cable could be reduced 
and the strength of the signal increased by use 
of a larger copper conductor or by using thicker 
or better insulating material. None of these 
possible improvements, however, seemed to 
offer prospect of very radical advance in the art. 

In telephony, both on land and submarine 
lines, an advantage has been obtained by 
adding inductance 3 in either of two ways, by 

3. The idea of imp:ov�ng the �ransmission of signals over 
a _line by addmg _d_1stn.buted mductance to it originated 
with Oliver Heav1s1de m 1887 (Electrician, Vol. XIX, p .  
79,  and Electromagnetic Th�ory, Vol. I ,  p .  441 , 1893) ,  who 
was the �rst to call at�er_itwn to the part played by in
ductance m the transm1ss1on of current impulses over the 
cable. He suggested as a means for obtaining increased 
inductance the use of iron as a part of the conductor or 
of iron dust embedded in the gutta percha insulation. 
He also proposed inserting inductance coils at intervals 
in a long line. Other types of coil loading were proposed 
by S. P. Thompson (British Patent 22,304-189 1 and 
U. S. Patents 5 7 1 ,706 and 571 , 707-1896), and by 'C. J .  
Reed (U. S .  Patents 5 10,612  and 510,613-1893) .  M .  I .  
Pufin (A. I ._ E.  E.  Trans. ,  Vol. XVI,  p .  93, 1899, and Vol. 
X\ I I ,  p. 44:i , 1900) was the first to formulate the criterion 
on the basis of which coil loaded telephone cables could be 
d�signe?. Continuous loading by means of a longitudinally 
d1scontmuous layer of iron covering the conductor was 
proposed by J. S. Stone in 1897 (U. S. Patent 578 2 75) 
Breisig (E. T. Z.,  Nov. 30, 1 899) suggested the use 1of a� 
open helix of iron wire wound around the conductor and 
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coils inserted in series with the line or by wrap
ping the conductor with a layer of iron. The 
insertion of coils in a long deep-sea cable was 
practically prohibited by difficulties of installa
tion and maintenance. Accordingly, only the 
second method of adding inductance, . com
monly known as continuous loading, could be 
considered for a transoceanic telegraph cable 
and it is primarily with regard to continuous 
loading that the following discussion is con
cerned. 

Most of the proposals to load telegraph cables 
ha�e had the object of reducing or eliminating 
distortion, and accordingly most of the mathe
matical treatments of loading have been from 
that point of view. The reduction of distortion 
is, however, not the only benefit to be obtained 
from loading and, in fact, may not always be 
secured in the high speed operation of a loaded 
cable. The principal benefit of loading from the 
practical standpoint is to decrease the attenua
tion of the signals so that for a given frequency 
more current will be received or so that the 
minimum permissible current may be received 
with a greater speed of signalling. From the 
mathematical standpoint there are two ways of 
treating the problem of the loaded cable, first 
with regard to the transmission of a transient 
impulse, and second with regard to setting up 
steady alternating currents of definite frequency. 
In the ultimate analysis the solution of either 
problem can be got from the other. However, 
for practical purposes they are two distinct 
means of attack. Which should be used depends 
on the object to be secured. If one is con
cerned primarily with the effect of the cable 
on the wave shape of the signal transmitted over 
it, it is fairly obvious that the transient treat
ment has advantages. If, however, one is 
concerned only with the strength of the received 
signal, as is the case if there is assurance that 
the signal shape can in any event be corrected 
by terminal networks, then the steady state 
treatment is sufficient and much more con
venient to apply. In the case of the real loaded 

Krarup (E. T. Z.,  April 17 ,  1902) proposed using a closed 
spiral so that the adjacent turns were in contact. J. H .  
Cuntz (U. S .  Patent 977,713 filed March 29, 1901)  pro
posed another form of continuous loading. Recent 
general discussion of loaded telegraph cable problems 
have been given by Malcolm (Theory of Submarine 
Telegraph and Telephone Cable, London, 1917)  and by 
K. W. Wagner (Elektr. Nachtr. Tech. ,  Oct., 1924). 

cable the complete transient solution is ex
tremely complex and the steady state treatment 
relatively simple. The solution of the transient 
problem of an ideal loaded cable is, however, 
very valuable to give a physical picture of how 
inductive loading aids the high speed trans
mission of signals. 

The transient solution of the problem of an 
ideal heavily loaded cable has been worked out 
by Malcolm 4 and more rigorously by Carson 5, 
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Figure 3-Arrival Curves. a. Non-loaded cable. b. 
Ideal loaded cable. c. Real loaded cable (approximate) 

who have determined the curve showing the 
change of current with time at one end of the 
cable if a steady e.m.f. is applied at zero time 
between the cable and earth at the distant 
end. Such a curve is called an "arrival curve" 
and for an ideal loaded cable comprising only 
constant distributed resistance, capacity and 
inductance may have a form like that shown in 
Curve b of Figure 3, which is to be compared 
with Curve a, which is the arrival curve of a non
loaded cable. The straight vertical part of 
Curve b represents the "head" of the signal 
wave which has travelled over the cable at a 
definite speed and with diminishing amplitude. 
The definite head of the arrival curve is the 
most striking characteristic difference between 

4 Theory of the Submarine Telegraph and Telephone 
Cable, London, 1917.  

5 Trans. A. I .  E. E.,  Vol. 38, p. 345, 1919. 
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the ideal loaded and the non-loaded cable. In 
the latter, as  is  evident from Figure 3 ,  the current 
at the receiving end starts to rise slowly almost 
as soon as the key is closed at the transmitting 
end. When an e.m.f. is applied to the sending 
end of the non-loaded cable a charge spreads 
out rapidly over the whole length, the receiving 
end charging up much more slowly than the 
sending end on account of the resistance of the 
intervening conductor. Hence, if a signal train 
consisting of rapidly alternating positive and 
negative impulses is applied to the sending end 
the effect at the receiving end of charging the 
cable positively is wiped out by the succeeding 
negative charge before there has been time to 
build up a considerable positive potential and 
the successive alternating impulses thus tend 
to annul each other. In the loaded cable the 
effect of inductance is to oppose the setting up 
of a current and to maintain it once it has been 
established, and thus to maintain a definite wave 
front as the signal impulse travels over the cable. 
Hence, with inductive loading the strength and 
individuality of the signal impulses are retained 
and a much higher speed of signalling is possible. 
It should be noted that by speed of signalling is 
meant the rapidity with which successive im
pulses are sent and not the rate at which they 
travel over the cable. This speed of travel is 
actually decreased by the addition of inductance, 
about one-third of a second being required for 
an impulse to traverse the New York-Azores 
cable from end to end. 

It should be noted that Curve b of Figure 3 is 
for an ideal loaded cable in which the factors of 
resistance, capacity and inductance are constant. 
In a real loaded cable none of these factors are 
constant and the arrival curve cannot be simply 
and accurately computed. Even the capacity 
which is usually assumed as constant for real 
cables varies appreciably with frequencies in 
the telegraph range, and owing to the fact that 
gutta percha is not a perfect dielectric material , 
its conductance, which is also variable with fre
quency, must be taken into account. Although 
the inductance of the cable is substantially con
stant for small currents of low frequency it is 
greater for the high currents at the sending end 
of the cable on account of the increase of mag
netic permeability of the loading material with 
field strength and is less at high frequencies than 

at low on account of the shielding effect due to 
eddy currents. The resistance is highly variable 
since it comprises, in addition to the resistance 
of the copper conductor, effective resistance due 
to eddy currents and hysteresis in the loading 
matei;ial both of which vary with frequency and 
current amplitude. Furthermore, there is vari� 
able inductance and resistance in the return 
circuit outside the insulated conductor which 
must be taken into account. Although it is very 
difficult to compute the exact arrival curve of a 
cable subject to all of these variable factors, an 
approximate calculation in a specific case like 
that of the New York-Azores cable shows that 
the arrival curve has the general shape of Curve c 
of Figure 3. It  will be noticed that although 
this arrival curve lacks the sharp definite head, 
characteristic of the ideal loaded cable, it still 
has a relatively sharp rise and that the time 
required for the impulse to traverse the cable is 
not greatly different from that of the ideal 
loaded cable. 

Although it is difficult to take exact account 
of the variable characteristics of the loaded 
cable in the solution of the transient problem, 
it is easy to take account of them in the steady 
state or periodic analysis by means of well-known 
methods. If a steady sinusoidal voltage, Vs, 
is applied at one end of the cable the resulting 
voltage, V,, at the distant end will be given by 
the equation 

V, = k Vs cPt, 

where l is the length , P, the propagation constant 
of the cable and k, a constant which depends on 
the terminal impedance and which is unity in 
case the cable is terminated at the receiving end 
in its so-called characteristic impedance. The 
propagation constant is given by the formula, 

P = V (R+ipL) (G+ipC) = a+if3, 
where R is the resistance, L, the inductance, G, 
the leakance, and C, the capacity per unit 
length and p is 27r times the frequency. The 
real part of the propagation constant ,  a, is 
called the attenuation constant and the im
aginary part, fl, the wave length constant. By 
separating a and f3 the amplitude and phase 
displacement of the received voltage relative to 
the sent voltage may be computed for any par
ticular frequency and the behavior of a complex 
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signal train may be worked out by analyzing it 
into its Fourier components and treating them 
separately. The phase shift is, however, of 
importance mainly as regards the shape of the 
received signals and their amplitude may, in 
general ,  be obtained from the attenuation con
stant alone. Thus if it is known that the signal 
shape can in any case be corrected by terminal 
networks there is no need to be concerned with 
more than the attenuation constant to compute 
the speed of the cable. 

In the case of a cable of the permalloy loaded 
type a is given with an approximation 6 suffi
ciently close for the purpose of this discussion 
by the equation, 

a = �� � (R+ �L) . 
For the purpose of computing R it is convenient 
to separate it into its components, giving 

where 

Re = copper resistance per unit length 
Re = eddy current resistance per unit length 
Rs = sea return resistance per unit length 
R,, = hysteresis resistance per unit length 

The copper resistance Re is that determined by 
a direct current measurement of the loaded 
conductor since the resistance of the loading 
tape is so high and its length is so great that the 
current flowing longitudinally through it may be 
safely neglected. 

The eddy current resistance Re is given ap
proximately by the formula, 

mµ2f3j2 R� = p(d - t) '  

where t is the thickness or diameter of the loading 
tape or wire, d, the outside diameter of the 
loaded conductor, J, the frequency, p, the re
sistivity of the loading material, µ, its magnetic 
permeability and m, a constant which depends 
on the form of the loading material and is in 
general greater for tape than for wire loading. 
Although it is possible to compute a value of 
m the value found in practice is always larger 

° For accurate computation of attenuation the com
plete formula for a must be used. 

than the theoretical value which is necessarily 
based on simple assumptions and does not take 
into account such a fartor as variation of 
permeability through the cross-section or length 
of the loading material . Accordingly it is 
necessary to determine m experimentally for 
any particular type of loaded conductor. 

The sea-return resistance may be safely 
neglected in the computation of slow speed 
non-loaded cables, but it is a factor of great 
consequence in the behavior of a loaded cable. 
By sea-return resistance is meant the resistance 
of the return circuit including the effect of the 
armor wire and sea water surrounding the core 
of the cable. Although the exact calculation 7 

of this resistance factor is too complex to be 
discussed here, the need for taking it into 
account may be quite simply explained. Since 
the cable has a ground return, current must flow 
outside the core in the same amount as i n  the 
conductor. The distribution of the return 
current is, however, dependent on the structure 
of the cable as well as on the frequencies in
volved in signalling. If a direct current is sent 
through a long cable with the earth as return 
conductor the return current spreads out through 
such a great volume of earth and sea water that 
the resistance of the return path is negligible. 
On the other hand if an alternating current is 
sent through the cable the return current tends 
to concentrate around it, the degree of concen
tration increasing with the frequency. With 
the return current thus concentrated the re
sistance of the sea water is of considerable con
sequence. I t  is further augmented by a resist
ance factor contributed by the cable sheath. 
This may be better understood by considering 
the cable as a transformer of which the conductor 
is the primary and the armor wire and sea water 
are each closed secondary circuits. Obviously 
the resistances of the secondary circuits of armor 
wire and sea water enter into the primary 
circuit and hence serve to increase the attenu
ation. The presence of the armor wires may 
thus be an actual detriment to the transmission 
of signals. 

To take account of the hysteresis resistance, 
Rh, and also of the increased inductance and 

7 See Carson and Gilbert, Jour. Franklin Inst. ,  Vol. 192, 
p. 705, 192 1 ;  Electrician, Vol. 88, p. 499, 192 2 ;  B. S. T. J. , 
Vol. I, No. 1, p. 88. 
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eddy current resistance at the sending end of the 
cable it is most convenient to compute the at
tenuation of the cable for currents so small that 
R1; may be safely neglected. The attenuation 
thus computed is that which would be obtained 
over the whole cable if a very small sending 
voltage were used. The additional attenuation 
at the sending end for the desired sending voltage 
may then be approximated by computing suc
cessively from the sending end the attenuation 
of short lengths of cable over which the current 
amplitude may be considered constant, the at-
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Figure 4-Received Current vs. Frequency. a. Non
Joaded cable. h. Ideal loaded cable. c. Real loaded 

cable 

tenuations of separate lengths being added 
together to give the attenuation of that part of 
the cable in which hysteresis cannot be neglected . 
In this computation account must, of course, be 
taken of the increased inductance and eddy 
current resistance accompanying the higher 
currents at the sending end . 

Having calculated or obtained by measure
ment the several resistance factors and knowing 
the capacity , leakance and inductance, the whole 
attenuation of a cable for any desired frequency 
may be computed and a curve drawn showing 
the variation of received current with frequency 
for a given sending voltage. This relation for a 
particular case is shown in Curve c of Figure 4. 
Curve a shows for comparison the relation be
tween frequency and received current of a non-

loaded cable of the same size, that is, a cable 
having a conductor diameter the same as that 
of the loaded conductor and having the same 
weight of gutta percha. Curve b shows the 
behavior of an ideal loaded cable having the 
same inductance, capacity and d .c .  resistance as 
the real loaded cable of Curve c, but in which the 
leakance and alternating current increments of 
resistance are assumed to be zero. 

Now, if the level of interference through which 
the current must be received is known , the 
maximum speed of signalling for the loaded cable 
may be obtained from Curve c. It  is that speed 
at which the highest frequency necessary to 
make the signals legible is received with suffi
cient amplitude to safely override the superposed 
interference. Just what the relation of that 
frequency is to the speed of signalling cannot be 
definitely stated, since it depends on the method 
of operation and code employed as well as on 
the desired perfection of signal shape. J .  W. 
Milnor � has suggested that for cable code 
operation and siphon recorder reception a fair 
value is about 1 . 5  times the fundamental fre
quency of the signals, that is, the fundamental 
frequency when a series of alternate dots and 
dashes is being sent. 

By referring again to the equation for a, 
r above, it can now be explained why high permea

bility is a necessary characteristic of the loading 
material if a benefit is to be obtained from con
tinuous loading. The addition of the loading 
materip.l has two oppositely directed effects ; 
on the one hand it tends to improve trans
mission by increasing the inductance and con
sequently decreasing the attenuation , and on 
the other hand it tends to increase the attenua
tion by increasing the effect of Ieakance and by 
the addition of resistance. Not only are the 
hysteresis and eddy-current factors of resistance 
added by the loading material but it must also 
be looked upon as increasing either the copper 
resistance or the capacity on account of the 
space it occupies. Generally it is more con
venient to look on the loading material as 
replacing some of the copper conductor in the 
non-loaded cable with which comparison is made, 
since by so doing all of the factors outside of the 
loaded conductor arc unchanged. Now, if the 

s Journal A. I. E. E.,  Vol. 41, p. 1 18, 1922. Trans
actions A. I. E. E., Vol. 41,  p. 20, 1922. 
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loading material is to be of any benefit, the 
decrease in attenuation due to added inductance 
must more than offset the increase due to added 
resistance, including the added copper resistance 
due to the substitution of loading material for 
copper. In the limiting case the lowest permea
bility material which will show a theoretical 
advantage from this point of view is that which, 
as applied in a vanishingly thin layer, gives 
more gain than loss. For any particular size and 
length of cable there is a limiting value of 
permeability which will satisfy this condition, 
this limiting value being greater the longer the 
cable and the smaller the diameter of its con
ductor.9 For transatlantic cables of sizes laid 
prior to 1923 the minimum initial permeability 
required to show an advantage is higher than 
that of any material known prior to the inven
tion of permalloy. Actually a considerably 
higher permeability than this theoretical mini
mum was, of course, required to make loading 
an economic advantage since there are practical 
limits to the thickness of loading material and 
since the cost of applying it has also to be taken 
into account.  Further, there are limits on 
methods of operation imposed by loading which 
necessitate still higher permeability to make 
loading worth while. 

Since the addition of loading has two opposite 
tendencies in its effect on attenuation, the prac
tical design of the cable must be based on a 
compromise between them. Thus, to secure the 
maximum gain from loading a cable of a given 
size, the loading material should be chosen of 
such a thickness that the gain due to increased 
inductance from a slight increase of thickness 
just offsets the loss due to increased resistance 
and dielectric leakance. In practice, of course, 
economic considerations of the cost of various 
thickness of loading must also be taken into 
account .  

In designing the New York-Azores cable some 
assumption had to be made as to the extraneous 
interference which would be encountered. Theo
retical considerations led us to believe that the 
loaded cable would be no more subject to 
external interference than non-loaded cables. 
It even appeared that it would be less affected 
by some types of interference, for, owing to the 

9 See British Patent No. 184,774-1923, to O� E. 
Buckley. 

shorter wavelength for a given frequency, a 
disturbance which affects a great many miles of 
cable simultaneously is less cumulative in its 
effect at the terminal of a loaded than a non
loaded cable. A reasonable assumption seemed 
to be that the total overall attenuation which 
could be tolerated for the loaded cable was at 
least as great as that which experience had 
shown to be permissible for simplex operation 
of non-loaded cables. This maximum permissi
ble attenuation depends ,  of course, on conditions 
of terminal interference and no fixed value can 
be given as applicable to all cables. However, 
for average conditions of terminal interference 
in locations free from power line disturbances 
and where the cable lies in relatively deep water 
near to its terminal landing, a reasonable value 
of total attenuation constant for the funda
mental frequency of cable code is about 10 
(8o.9 T.U.) for recorder operation and about 9 
(78.2 T. U.) for relay operation . These were the 
approximate values assumed for the New York
Azores cable and later experience has demon
strated that they were well justified. 

Throughout all of the preceding discussion it 
has been assumed that the relation between 
attenuation and terminal interference would 
limit the speed of simplex operation rather than 
that distortion of signal shape would be the 
limiting factor. Although this is, in fact,10 the 
case with non-loaded cables it was not self
evident as regards the loaded cable, and to make 
reasonably certain that the speed could be de
termined from the attenuation-frequency rela
tion required a demonstration that the signal 
distortion of a real loaded cable could be cor
rected by suitable terminal apparatus. One of 
the merits long claimed for loading was that it  
would reduce distortion and, indeed, an ideal 
loaded cable with constant inductance and 
without magnetic hysteresis, eddy current loss, 
dielectric leakance and sea return resistance 
would have very little distortion and would 
give a speed limited only by terminal apparatus. 
However, a real loaded cable, the inductance of 
which varies with both current and frequency 

10 Recent work of J. R. Carson (U. S. Patent 1 ,3 15,539-
1919) and R. C. Mathes ( U. S. Patent 1 ,3 1 1 ,283-1919) 
has shown that with the combined use of vacuum tube 
amplifiers and distortion correcting networks, distortion 
in non-loaded cables can be compensated to any desired 
degree. 
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and in which all the above noted resistance 
factors are present, may give, and in general 
will give when operated at its maximum speed, 
greater distortion of signals than a non-loaded 
cable. 

To solve the question of distortion on a purely 
theoretical basis required consideration of the 
transmission of a transient over the loaded 
cable. This was made extremely difficult by 
the existence of numerous possible causes of 
signal distortion, the effects of which coukl only 
be approximated in the solution of the transient 
problem. In addition to the distortion resulting 
from the rapid increase of attenuation with 
frequency due to the various sources of alter
nating current losses, distortion peculiar to the 
magnetic characteristics of the loading material 
had also to be taken into account .  There are 
several types of magnetic distortion to be con
cerned about. First, there is the production of 
harmonics as a result of the non-linear magnetiz
ation curve of the loading material ; second, 
there is a possible asymmetrical distortion due 
to hysteresis, and third , there is a possible 
modulation resulting from the superposition of 
signals on each other, that is, in effect,  a modu
lation of the head of the wave of one impulse 
by the tail of the wave of a preceding impulse. 
The first two of these are effective at the sending 
end of the cable and the third near the receiving 
end. 

A computation of distortion, including the 
peculiar magnetic effects, by a steady state a.c.  
method based on measurements of short loaded 
conductors indicated that the cable should 
operate satisfactorily with ordinary sending 
voltages. Further evidence that none of these 
various types of distortion would be of serious 
consequence and that the distortion of a loaded 
cable could be corrected by terminal apparatus, 
was obtained by experiments with an artificial 
line constructed to simulate closely, with regard 
to electrical characteristics, the type of loaded 
conductor with which we were then experi
menting. This artificial line was loaded with 
iron dust core coils which served the purpose 
admirably, not only as

. 
regards inductance and 

alternating current resistance, but also as regards 
magnetic distortion. Iron dust is, of course, 
very different in its magnetic characteristics from 

permalloy. However, owing to the large num
ber of turns on a coil, it is operated at much 
higher field strengths and on a part of the 
magnetization curve corresponding approxi
mately to that at which permalloy is operated 
on the cable. The case for magnetic distortion 
was in fact a little worse on the artificial line 
than in the then proposed cable. Figure .5 

Figure 5-Loaded Artificial Line 

shows a photograph of the artificial line, the 
coils of which are in the large iron pots and the 
resistance and paper condenser capacity units of 
which are in the steel cases. This line was 
equivalent to a 1 ,700 nautical mile cable loaded 
with 30 millihenries per n.m. and over it legible 
signals were secured at speeds up to more than 
2,600 letters per minute. Such a speed of oper
ation was quite beyond the range of the then 
available telegraph instruments, and accordingly 
special transmitting and receiving instruments 
were required. The multiplex distributor of the 
Western Electric printing telegraph system 
proved an excellent transmitter for experimental 
purposes and, for receiving, use was made of a 
combined vacuum tube amplifier and signal 
shaping network, the signals being recorded on a 
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string oscillograph . figure 6 shows part of a 
test message received over the loaded artificial 
cable at a speed of 2,240 letters per minute. 

The results of the tests with the artificial 
loaded cable were entirely in agreement with 
our calculations and showed that it was possible 
to obtain satisfactory signal shape with a coil
loaded cable having alternating current resist
ance and distortion factors approximating those 

Figure 6-Test Message. Signals received April 16, 
1920, over coil-loaded anificial line equivalent to a 
1 ,700 n.m. cable with 30 m.h./n.m. Speed, 2,240 letters 

per minute 

of the permalloy-loaded cable. The exact 
behavior of the proposed cable, including such 
factors as sea return resistance and a somewhat 
variable distributed inductance, could not, of 
course, be duplicated without prohibitive ex
pense. The approximation was considered , 
however, to be sufficiently good to justify pro
ceeding with a loaded cable installation so far 
as questions of signal shaping were concerned. 
I t  is interesting to note that the factor which 
limited the operating speed of the artificial 
loaded cable was one which is not present in a 
continuously loaded cable but which would 
possibly be a serious factor in the operation of a 
coil loaded cable, namely the oscillation 11 

resulting from the finite size and separation of 
the inductance units. 

With the completion of the artificial loaded 
cable tests there was still one principal question 
of transmission which had to remain unanswered 
until a cable had been installed. This was the 
question of balancing the cable for duplex 
operation. Ordinary submarine cables are gen
erally operated duplex, the total speed in the 
two directions being usually from about 1 .3 to 2 
times the maximum simplex or one-way speed. 
Except in cases where the external interference 
is very bad, the limiting speed of duplex oper
ation is determined by the accuracy with which 
an artificial line can be made the electrical 
equivalent of the cable. Ordinarily the artificial 

11 Carson, Trans. A. I. E. E.,  Vol. 38, p. 345, 1919. 

line is made up only of units of resistance and 
capacity arranged to approximate the dis
tributed resistance and capacity of the cable. 
Sometimes inductance units are added to balance 
the small inductance which even a non-loaded 
cable has. In the actual operation of cables , 
artificial lines are adjusted with the greatest 
care and a remarkable precision of balance is 
obtained. This is necessary because of the 
great difference in current amplitude of the 
outgoing and incoming signals, the former being 
of the order of 10,000 times the latter. It is 
quite obvious that it will be much more diffi
cult to secure duplex operation with a loaded 
than with an ordinary cable, since not only do 
the copper resistance and the dielectric capacity 
have to be balanced, but the artificial line must 
also be provided with inductance and alter
nating current resistance. Also the sea return 
resistance and inductance which vary with 
frequency must be balanced . 

In view of these difficulties it will probably 
be impossible to get as great a proportionate 
gain from duplex operation of loaded cables 
as is secured with ordinary cables. However, it 
is quite evident that it will be possible to secure 
duplex operation at some speed, since with 
loaded as with non-loaded cables, the ratio of 
received to sent current increases rapidly as the 
speed is reduced and on this account it is much 
easier to duplex the cable at low speeds than at 
high. To make duplexing worth while on a 
cable with approximately equal traffic loads in 
both directions it is in general only necessary 
to get a one-way duplex speed half as great as 
the simplex speed. In fact in some cases the 
operating advantages of duplex would warrant 
even a slower duplex speed. On the other hand, 
there are cables on which the traffic is largely 
undirectional through most of the day and which 
would accordingly require a one-way duplex 
speed somewhat higher than half the simplex 
speed to justify duplex operation . Whether a 
sufficiently great speed of duplexing could be 
secured to justify designing a cable on the basis 
of duplex operation could not be judged in ad
vance of laying the first cable, and accordingly 
it was decided to engineer that cable on the 
basis of simplex operation. 

Although it was expected that the new cable 
might at first have to be operated simplex, it 
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should not be supposed that any great diffi
culty or loss of operating efficiency was antici
pated on this account. The speed of the New 
York-Azores cable is so great that to realize its 

full commercial advantage practically requires 
working it on a mul ti-channel basis as, for 
example, with a Baudot code, multiplex system , 
similar to that used on land lines. Such a system 
may he conveniently adapted to automatic 
direction reversal and with this modification 
most of the common objections to simplex 
operation are removed . Indeed, simplex oper
ation may in th is case possess a real advan tage 
over duplex from the commercial point of view 
since it permits dividing the carrying capacity of 
the cable most efficiently to handle the excess of 
traffic in one direction . 

Although means have been made available for 
making efficient use of the loaded cable it should 
be recognized that the method of operation best 
suited to satisfy commercial demands must be 
determined from future experience with cables 
of th e new type. This is especially true with 
regard to relatively short cables. The discussion 
of tht: loaded cable problem in this paper has 
been confined wholly to the realm of long ocean 

cables where the limitations of the cable rather 
than terminal equipment 

'
or operating require

ments determine the best design. This is the 
simplest case and the one which at present 
seems to sho\Y the greatest gain from loading. 
\\There traffic requirements are limited and 
where , there is no prospect of ever requiring 
higher speed than can hE' obtained with a non
loaded cable of reasonable weight, the ad
vantage of load ing is less and becomes smaller 
as the weight of non-loa<led cable which will 
accomplish the desired result  decreases. I t  
should not he concluded , howeve1 , that loading 

will not find important applicatiol:\ to short 
cables. M any short cables are parts of great 
systems and must be worked in conjunction 
with long cables. In such cases it may pay to 
load short sections where othenvise loading 
would not be j ustified . Permalloy loading also 
offers great possibilities for multiple channel 
carrier t elegraph operation on both long and 
short cables and with this type of operation i n  
prospect it is too early, now, to suggest limits 
to the future applications of permalloy to cables 
or to predict what will be its ul timate effect on 
transoceanic communication. 
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