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A publication for technically-minded members 
of the Company's organization, issued quarterly 
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Hudson Street, NeW iYork 13, N.Y. 

Western Union's President, in recent public statements 
and in testimony before Government bodies, has frequently stated 
that maintenance of the Company's vitality depends on its ability 
to utilize in telegraphy the results of modern science and engi-
neering. On a worldwide scale, engineering devices have placed 
Western Union in the forefront of telegraphic progress. Its net-
wdrk of printerized circuits has no equivalent elsewhere. To a 
greater degree than any other telegraph administration, Western 
Union is going into reperforator switching with push button opera-
tion. 

In keeping with its purpose, this issue of Western Union 
TECHNICAL REVIEW presents papers which are importantly related to 
recent progress. The leading article by F.H.Cusack and A.E.Michon 
is ahead of its day in that it describes a development of appara-
tus which has yet to be widely distributed throughout the field. 

The C.H. Cramer article on Sunspots will form a background 
to intelligent handling of circuits during the period when earth 
currents, having paralyzed long distance radio transmission, begin 
to make themselves felt on telegraphic wires and submarine cables. 

In the article by T. F. Cofer on "Printing Telegraphy and 
Inductive Disturbances", there is presented a summary of the sub-
ject which will find many practical applications in the Testing 
and Regulating man's daily work. 

Thus this issue of TECHNICAL REVIEW takes another step to-
ward its objective of informing the Company's 2000 or so technical 
employees regarding the scientific thinking and progress of their 
Company. Ultimately, the combined issues are expeCted to consti-
tute a rather complete file of recent telegraph engineering liter-
ature. 
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AN FM TELEGRAPH 

TERMINAL WITHOUT RELAYS 

By 

F.H. Cusack and A.E. Michon 

A paper describing Western Union Type 20 channel terminal, 
presented at the Summer General Meeting of the American 
Institute of Electrical Engineers in Montreal on June 12, 
1947. Reprinted by permission of the A.I.E.E. 

INTRODUCTION, 

During the past eight years the use of frequency-
modulated carrier telegraph equipment has been extended in the 
Western Union system at a greatly accelerated pace until the 
channel mileage in service now runs into the hundreds of thou-
sands. A paperl published in 1942 described the FM channelizing 
equipment which is now in widespread use and discussed the advan-
tages in transmission efficiency which it affords; namely, the 
singular ability of this system to tolerate large and rapid vari-
ations of received level, and its improved performanoe in the 
presence of noise. Since the FM method was first introduced 
there has been ample opportunity to compare its performance ang 
continuity with that of the older method, amplitude modulation'. 
Experience has definitely established the superiority of the FM 
method, and as a result, all of the AM equipment has gradually 
been replaced. Meanwhile other workers jin the field have pub-
lished data confirming these conclusions),4 and FM telegraphï 
has found many applications in wire-line and radio serviceDeb. 

In the past, practically all of the FM carrier tele-
graph channels in the Western Union system have been of the high-
speed type, designed for 70-cycle signalling and employing a 
300-cycle spacing. Channel terminals were provided with elabo-
rate facilities for monitoring operation and were equipped to 
work with almost any type of telegraph circuit. This universal 
ability to serve was extremely useful when relatively small num-
bers were involved and circuit extensions to all manner of 
grounded and metallic facilities were required. However, with 
the advent of microwave radio relay systems and a vast expansion 
in the use Of wire carrier to supplant de telegraphy; a new, 
simplified carrier terminal became an economic necessity. 
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In the terminal described by this paper, the design 
has been limited intentionally to teleprinter and relatively 
slow- speed multiplex operation. Relays for transmitting and 
receiving have been entirely eliminated, and in their place, 
electronic devices have been used. All testing and regulating 
functions have been disassociated from the rack-mounted equipment 
and concentrated in a central test board. Individual monitoring 
equipment is not provided for each channel terminal, but rather 
in a ratio of one monitor set for every 18 channels. The chan-
nel terminal itself comprises only two units ) one a panel mount-
ing the sending and receiving filters, and the second a " trans-
ceiver" which ) as the name implies, combines the transmitting 
and receiving functions. As a result of all these innovations, 
the cost of terminal construction has been materially reduced and 
equipment has been introduced which is more suitable for a tele-
graph system where carrier operation is the rule rather than the 
exception. 

GENERAL DESCRIPTION  

The new channel terminal has been designed for a 
maximum dot frequency of 35 cycles per second. This is sufficient 
for two-channel multiplex working at the present speed of 66 words 
per minute and provides ample transmission margin for teleprinter 
signalling at 75 or even 100 words per minute. Frequency modula-
tion of the transmitted carrier is accomplished by raising the 
channel frequency 35 cycles above its mid-channel value to send a 
spacing impulse and by depressing the frequency 35 cycles below 
its nominal value for marking. The individual channels are given 
a band width of 80 cycles and are spaced at 150-cycle intervals 
in the spectrum. 

e  These carrier telegraph termin-
i  235 , ais are furnished in nine different 

130 frequencies from 375 to 1575 cycles. 

e 4f 
 11 Two groups, or a total of 18 chan-

5 1 nels, can be operated over a voice 
  _-  frequency transmission band approxi-

8 5 ,,_,, .,--, -- mately 3000 cycles wide. Figure 1 
V  shows their relative positions in 
Ñ"eg g-PlgUr  CHANNEL MEWENCY the spectrum and indicates the char-

acteristics of the different receiv-
ing filters. One group of nine chan-

Fig.1 - Channel Layout. nels is transmitted directly while 
the second is modulated with a 3600-

cycle carrier to obtain channels from 2025 to 3225 cycles. Flexi-
bility of repeatering is improved and warehousing is amplified to 
some extent by standardizing only nine different types instead of 
designing channels to fill the entire band. 



Fig.4 - Rack Layout 
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Fig.2 - Filter Panel. 

........................... • • ............................ 
....................... • 
. • " . . • ..... ..... 

...... 

Fig.3 - Transceiver. 

Figures 2 and 3 are photographs of the sending-
receiving filter panel and or the transceiver, respectively. To-
gether they occupy only 8 3/4 inches of space on a 19 inch rack. 
Witi a 10 foot ceiling height, it is possible to locate eight 
terminals, complete with power supply, on each rack face as shown 
in Figure 4. In practice the 375-cycle channel is sometimes 
omitted because of band width limitations, so racks of eight chan-
nels are manufactured and shipped completely assembled and ready 
for installation. When used, the ninth channel is located else-
where. Figure 5 shows the test board where the control panels and 
moriitoring equipment are concentrated. 

Fig.5 - Test Board. 
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The essential elements of the terminal circuit are 
shown in the block diagram of Figure 6. The outgoing signals are 
transmitted by keying the sending leg to produce single-current 
telegraph impulses which in turn serve to switch a suitable re-
actance in the frequency-determining circuit of an oscillator. 
Electronic switching is employed, and the frequency is shifted 
abruptly between the spacing and marking conditions. The carrier 
is next amplified and padded to its proper level and is then trans-
mitted t'Lrough a band-pass filter to the sending bus. The incom-
ing channel frequencies are selected from the receiving bus by a 
similar band-pass filter which is followed by an amplifier and 
limiter. The anplitude-limited signals are passed through a 
balanced linear discriminator and rectifier to obtain d-c telegraph 
signals. A low-pass filter removes the carrier and certain noise 
components after whicn a non-linear d-c amplifier with a square 
wave output feeds single-current telegraph impulses to the receiv-
ing leg. By interconnecting the sending and receiving legs of two 
transceivers the equipment can be made to function as a repeater. 
An arrangement is also provided to permit half duplex operation 
using the same leg for sending and receiving. 

SENDING 
LEG 
r-

RECEIVING 
LEG 

FM 
OSCILLATOR 

DC 
AMPLIFIER 

LOW PASS 
FILTER 

AMPLIFIER PAD 

DISCRIMINATOR 
AND RECTIFIER 

BAND PASS - 
FILTER - 

AMPLIFIER 
8. LIMITER 

SENDING 
BUS 

11 

RECEIVING 
BUS 

I BAND PASS r - 
FILTER  

Fig.() - Block Diagram of Terminal. 

TRANSMITTING CIdCUIT  

In multi-channel carrier telegraphy, considerations 
of spectrum economy make it essential that the transmitted band 
widtn be restricted to such frequencies as are required to ainimize 
characteristic distortion. The transmission of higher order 
sidebands is certain to produce excessive interchannel interference 
at the receiver unless spectrum space is wasted by locating the 
channels farther apart than would otherwise be necessary. There 
are two methods commonly used to restrict the transmitted band 
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and both were employed in the equipment described by the previous 
paper'. A low-pass filter was interposed between the transmitting 
relay and the FM oscillator causing the pulses to approach a sinu-
soidal wave shape during the transition periods. Since the oscil-
lator was so arranged that its output frequency increased or de-
creased in proportion to the magnitude of the control current, the 
frequency variations occurred gradually and the transmitted carrier 
reached its steady-state marking or spacing frequency only for a 
portion of each pulse. In addition, a band-pass filter was connected 
between the oscillator output and the sending bus to insure suppres-
sion of the higher order sidebands present to some extent even in 
sinusoidal frequency modulation. 

The low-pass filtering method is not readily applied to 
a circuit from which the sending relay is omitted and the frequency 
is modulated directly by line telegraph signals. The character of 
the d-c signals will be somewhat influenced by conditions on the leg 
circuit, particularly during periods of variable line insulation, 
and hence it becomes practically mandatory to use an abrupt frequency 
variation responsive to small changes in signal amplitude. Suffi-
cient discrimination is then provided in the sending filter to sup-
press the resultant higher order sidebands. 

SENDING 
LEG 

Figure 7 is a circuit da-
gram of the FM oscillator. When 

L2 Li 
V ?r- the sending leg is open it draws 

no current except for possible 
OUTPUT leakage effects, and therefore 

RI 

the potential at point A is about -Hoy -my _ 
20 volts positive with respect to 

-Hoy that at B. As a result the diode 
conducts and acts as an electron-
ic switch to cut capacitance C2 

Fig.7 - Transmitter Circuit Dia- out of the tank circuit of the 
gram. oscillator. The transmitted fre-

quency is now determined by the 
values of Ll„ L2 and C1 which are proportioned to produce the desired 
spacing frequency. As soon as the sending leg circuit is closed, a 
current flows which produces a drop of approximately 40 volts in re-
sistor R1 and causes the potential at A to become about 20 volts 
negative with respect to B. Consequently the diode becomes non-
conducting and C2 is switched into the tank circuit to lower the 
oscillator frequency. The value of C2 is so chosen that the marking 
frequency is just 70 cycles below the spacing frequency. It should 
be noted that the oscillator represents a low impedance termination 
regardless of whether the leg is opened or closed at the sending 
operating position. This reduces the effect of any induced interfer-
ence on the line, while the fact that the termination is entirely 
resistive provides signals free from bias. 
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The resonant frequencies of the oscillator circuit 
are given by the following formulas: 

frnz — 

S 
=U-

/ Li Lz 
2Tr   CI 

L1+1-2 

;s 2 ;x2 NA;s2+;x1) 2 4;01 ; x 1 

Where fo —   and fx 
2.7rf17. 171 2.rr j71272-

) 

(2) 

It will be observed that Equation ( 2) has two pos-
sible solutions indicating that the circuit has two natural periods 
of oscillation when C2 is present. One of these is the desired 
marking frequency while the other is considerably higher depending 
upon the choice of values for the reactive elements. Conflict is 
avoided by making the resonant impedance at the higher frequency 
sufficiently low that a value of feedback which produces stable 
oscillation at the lower frequency is not enough to permit oscil-
lation at the higher frequency. The rated output power of the 
oscillator and its associated amplifier is 4-10 dbm. 

When reactive circuit elements are switched elec-
tronically to produce direct frequency modulation > it is often 
difficult to obtain a satisfactory abrupt deviation, The sudden 
transition of the telegraph impulse induces a transient in the 
tuned circuit of the oscillator which can persist for the duration 
of the transition interval or even longer. This may cause con-
siderable signal distortion. The problem was solved by using the 
balanced circuit configuration represented by the differential 
transformer > the split inductor L2, and the twin diode of Figure 
7. Switching transients are balanced out in the transformer 
secondary and thereby prevented from reaching the oscillator cir-
cuit. 
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Figure 8 shows the manner in which the oscillator 
frequency is varied by the control current in the leg circuit. 
The entire frequency swing occurs during the interval when the 
current ranges from 25 to 45 milliamperes. Since this current is 
normally adjusted to 70 milliamperes for marking, it is apparent 
that the proper deviation will be produced regardless of line 
variations within limits ordinarily encountered. 

• 0 

. 30 

• 20 

o 
10 

0 10 20 30 40 50 60 70 

LEG CURRENT - MILLIAMPERES 

0 4- SQUARE - WAVE FM (M. I) 

j 05 

-6 D 

2 B- OSCILLATOR OUTPUT 

o 

Lj 11111 
.17( ' 4 3 2 • • • . .1 t 6 e 

C- SENDING FILTER OUTPUT  

„  
8 7 6 54 3 2 I C I 234 5 6 7 8 

ORDER OF S1DEBAND 

Fig.8 - Transmitter Frequency Fig.9 - Sideband Distribution 
vs Leg Current. Diagrams. 

Figure 9 will serve to indicate the nature of the 
resulting frequency modulation. Diagram A shows the sideband 
ampliudes for square-wave modulation with a deviation ratio of 
unityl. Diagram B shows the sideband distribution measured at 
the output terminals of the oscillator for the comparable condi-
tion, i.e., when transmitting reversals at 35 cycles. The degree 
of agreement between the theoretical and measured values is suf-
ficient to indicate that the frequency is being modulated very 
abruptly. Diagram C shows the sidebands remaining after the sig-
nals have passed through the band-pass filter to the sending bus. 
The carrier and first order sidebands predominate and account for 
about 98 percent of the transmitted power. The second order pair, 
which contain the remainder, fall between channels and are now 
so small that they are readily suppressed by the receiving fil-
ters * 

RECEIVING CIRCUIT  

At the receiving terminal of a carrier telegraph sys-
tem the band width assigned to a channel determines the permissiole 
signalling speed as well as the amount of noise and interchannel 
interference experienced. Figure 10 shows the characteristics 
of a representative receiving filter and also the corresponding 
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Fig.10 - Filter 

sending filter. Interference is kept with-
in tolerable limits by providing the re-
ceiving filter with at least 30 db discrim-
ination against the spacing frequency of 
the channel below or the marking frequency 
of the one above and at least 20 db dis-
crimination against second order sideband$ 
from these channels. The overall band 
width of the sending and receiving filters 
in tandem has been made 2.3 times the maxi-
mum intended signalling frequency. This is 
slightly more than the theoretical minimum 
and has been found sufficient to permit 
operation without appreciable characteristic 
distortion. 

Figure 11 is a schematic diagram of 
the receiver circuit. Incoming signals are 

Characteristics, amplified by the first section of twin triode 
V1 and amplitude limited by the second section 

of this tube and by pentode V2. The limiting action helps to reduce 
the fortuitous signal distortion caused by noise and renders the re-
ceived signal immune to the influence of variations in received level. 
The output of the limiter is made constant for input levels between 
-50 and +10 dbm. 

RECEIVING 
LEG 

BIAS  
Cc*IkUL 

-140V -90V 

1 R2 y4 V3 2 TI V2 

-110V 

4110 V  

NW!' 

Fig.11 - Receiver Circuit Diagram. 

Following the limiter is the familiar balanced discria4 
inator represented by Transformers T1 and T2, with their associated 
capacitances C1 and C2, and the twin diode V3. The output voltage 
developed by one side of the diode has an amplitude-frequency 
characteristic whose slope is the opposite of that delivered -by the 
other side. After these outputs are differentially combined* the 
rectified signal voltage, as shown by Figure 12, is approximately 
linear for frequencies within the useful range and passes through 
zero at midband. 
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yig.12 - Discriminator 
Characteristic.. 

After filtering to 
remove the carrier, the recti-
fied voltage is used to control 
the output pentode v4. A plate 
current of 70 milliamperes 
flows in the receiving leg for 
a marking signal and is cut off 
for spacing. A control on the 
d-c grid bias is provided to 
permit adjustment of the operat-
ing point to secure unbiased 
signals. The non-linear ampli-
fier is made responsive to small 
changes in input and hence de-
liver's a signal voltage approxi-
mating a square wave shape. 

The low-pass filter inserted between the discrimin-
ator and the final amplifier is of interest because of the 
effect of this filtering on transmission. In addition to re-
moving carrier, the low-pass filter is also useful in minimiz-
ing the effect of noise components whose frequencies lie out-
side the band assigned to the channel and thus performs a 
function somewhat similar to that of the band-pass receiving 
filter. Consider, for example, any interference from an adjacent 
channel which succeeds in getting through the band-pass filter 
and into the receiver. The amount of frequency deviation im-
parted to the received signal by a given level of interference 
is proportional to its frequency separation from the signalling 
carrier. This results in the triangular noise spectrum ob-
tained with a linear discriminator and may permit considerable 
fortuitous distorstion to be produced by a relatively small 
amount of interference. However, it must be remembered that 
the deviation of the signal frequency is produced at a cyclic 
rate which also depends on the frequency separation between the 
interference and the carrier, and it is this rate of deviation 
which determines the frequency of the rectified interference. 
For a steady marking or spacing tone on the adjacent channel, 
the minimum possible frequency is 80 cycles. The interference 
component in the received signal will either range between 80 
and 150 cycles or between 150 and 220 cycles. These frequen-
cies are sufficiently far above the 35-cycle maximum signal-
ling speed that the low pass filter can be designed to reduce 
the interference and still not introduce characteristic dis-
tortion. 
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HALF DUPLEX AND REPEATER CIRCUITS  

As mentioned previously, the channel terminals are 
not restricted to full duplex operation with separate leg circuits 
for the sending and receiving functions but are also equipped for 
two other methods of working. A three-position switch on the face 
of the transceiver panel is provided for converting the circuit 
arrangement from duplex to half duplex or to repeater service. 

With the half duplex arrangement shown in Figure 13 
transmission is obtained in either direction, but not in both 
directions simultaneously. Signals are transmitted by opening and 
closing the leg circuit to control the oscillator in exactly the 
same manner described for the duplex case. In fact the duplex and 
half duplex circuits are electrically equivalent just so• long as a 
marking signal is being received to keep tube V4 in a conducting 
condition. The method of receiving is also the same as that de-
scribed previously. Single-current signals are supplied to the leg 
circuit by the plate current of tube.VL, and just so long as the 
leg is kept closed, the oscillator is effectively isolated from the 
circuit. When leg current is flowing for a marking signal, there 
is a drop of approximately 40 volts in tube VL and resistor R2, so 
point A is about 20 volts negative with respeUt to B and the diode 
is non-conducting. When the leg current is cut off by V4 for a 
spacing signal, point A is 90 volts negative with respect to B 
and the diode remains nonconducting. Thus the received signals 
can have no effect on the transmitting oscillator which continues 
to deliver a marking frequency. 

LEG 

R2 

90 V 
V4 

-110V 

lo 
OSCILLATOR 

FROM DISCRIMINATOR FROM 
DIKRMNATOR 
AND RECTIFIER 

AND RECTIFIER 

- 20 V 

- 110V 

R1 

_ 
TO 

* OSCILLATOR 

Fig.13 - Half Duplex Circuit. Fig.14 - Repeater Circuit. 

In this way the system is used for transmission by 
either station provided the leg is kept closed at the distant sta-
tion. One operator may then " break" the other by opening his leg 
circuit. If at that instant a marking signal is being received, 
this will transmit a spacing signal to stop the distant operator 
from sending. If the leg is opened at a time when a spacing sig-
nal is being received, there will be no polarizing potential 
applied to the diode of the sending oscillator. It so happens 
that the oscillator will transmit a marking frequency for this 



- 55-

condition ) but this is immaterial because the leg at the distant 
station is open. As soon as the leg circuit at either station 
is closed ) a correct control of the transmission is once more 
established. 

To repeat a channel from one carrier system to another) 
the sending and receiving legs of two transceivers are intercon-
nected and the circuit arrangement is modified as shown in Figure 
14. To repeat a marking signal ) plate current from tube V4 flows 
through resistor Ri where it produces a drop of approximately 40 
volts to make poinI A about 20 volts negative with respect to B. 
This makes the diode nonconducting and consequently the marking 
frequency is transmitted. When tube V2 is cut off by a spacing 
signal point A is 20 volts positive with respect to B and the 
diode becomes conducting to cause transmission of the spacing fre-
quency. 

PERFORMANCE DATA  

The results of various tests of the overall perfor-
mance of the new channel terminals are given in Figures 15 to 19 
inclusive. 

1-   Characteristic distortidn loss Z 20 

1 varies somewhat from channel to channel 
WITH 

CHANNEL because each of the nine terminals em-, FILTERS 
UÈ 15 ploys a different pair of band-pass fil, 

\s, WITHOuT ters with slightly different characterie-
CHANNEL 

§ FILTERS `A tics. The curve given in Figure 15 for 
io  distortion with channel filters repre-

sents the average obtained with all types. 
W   At the nominal maximum signal speed of 
W 5 35 cycles the characteristic distortion 

- loss is not more than 4 percent on any 
--, ...- ,-- co- channel. The effect of the low-pass 

25 30 35 40 45 50 55 
U SPEED - CYCLES PER SECONDe filter which follows the discriminator in SIGNAL  

the receiver can be observed by removing 
Fig.15 -Characteristic the channel filters from the circuit. As 
Distortion Loss. shown by the second curve of Figure 15 
. characteristic distortion from this source 

is not appreciable until the signal speed reaches 45 cycles. 

In Figure 16 the fórtuitous signal distortion in mil-
liseconds is plotted against the r.m.s. noise-to-signal ratio at 
the receiving bus. The channel was operated at signalling speeds 
between 30 and 35 cycles and was subjected to a disturbance con-
sisting of random noise uniformly distributed over a band about 
3000 cycles wide. The noise-to-signal ratio at the output of the 
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receiving filter was 17 db lower than the value at the receiv-
ing bus. Except at the high noise levels where the curve is 
breaking sharply toward,failure e the measurements of Figure 16 
indicate a tolerance to noise in the neighborhood of 8 to 9 db 
greater than that obtainable on a comparable amplitude-modulated 
channel. 
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Fie.17 - Effect of Inter-
Fig.16 - Effect of Random channel Interference* 

Noise. 

Figure 17 shows the effect of interchannel inter-
ference on the received telegraph signal. The distortion loss 
is not measurable with either of the adjacent channels working 
at its normal level and is small with levels 10 to 15 db high-
er than normal. Interchannel interference is not an important 
consideration under any conditions encountered in service* 

It is universally 
recognized that frequency 

2"   -tio stability must be carefully , 
.   70 maintained in a system op, to 4A 

i   orated by frequency modula-
w 
e- - 50 ec 4 tion, Any drift in the 

cr 
z P received carrier frequencies 50 '..1 

iz 10   2 creates an inequality between G. 
_I .  r 1  the spacing and marking signals 
› 8  1 ,  w .__ 

0 2 4 6 8 10 12 14 16 16 20 delivered by a linear discrim, 
inator and thereby results in 

Fig.18 - Effect of Frequency biased reception. From print-
Drift. ing range measurements shown 

in Figure 18, it is concluded 
that the bias distortion is scarcely noticeable unless the 
frequency drift is permitted to exceed 4 or 5 cycles. This is 
a tolerance of about one part in 300 to 400, a degree of sta-
bility which is not difficult to exceed with simple circuit 
components. Channel oscillator frequencies are checked in a 

FREQUENCY DRIFT - CYCLES 
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routine manner every three months and are easily readjusted 
whenever small errors develop. In the carrier systems over 
which the channels are operated the drift due to variations in 
translating carrier frequency is not permitted to exceed one 
cycle. 

Figure 19 shows printing ranges measured on a circuit 
consisting of many successive carrier systems operated in tandem. 

At the end of each section two 
transceivers were interconnected 0 $00 2000 3000 4000 s000 woo moo o 

o 1-- 1-- as a repeater so that the overall z z 
5 e 002 circuit was entirely electronic. 0. 

, 1 e At the maximum speed a sati sfactory 
mw w . e operating range was obtained over 
we a 6500 mile circuit consisting of 

,.,   I 9 successive carrier sections . Q x 
0. Therefore it appears unlikely that 
pm 40É all-carrier circuits within the 
-„ w p- geographical limitations of the 

United States will ever be suf-

CIRCUIT LENGTH -MILES 

, 
23 

TELEPRINTER 
CYCLE 

-2.-

--- 
35 CYCL£ 
MULTIPLEX 

• 

1 2 3 4 5 6 7A0m 

Multi-Section Circuit. 

CONCLUSION  

NUMBER OF CARRIER SYSTEMS 

ficiently long to require regen-
Fig.19 - Printing Range on erative repeaters anywhere in 

their makeup. 

The development of this new carrier telegraph channel 
terminal has provided an improved type of equipment which is al-
ready finding widespread application in the Western Union system 
and is expected to appeal to many other users. A high grade of 
transmission efficiency has been achieved by taking full advan-
tage of the superior performance obtainable through the use of 
frequency modulation. A method of operating d-c leg circuits 
electronically has been developed which is free from any abnormal 
effects caused by the presence of noise or leakage. This has 
made it possible to employ a system of direct transmission which 
avoids the use of relays anywhere in the overall circuit between 
ultimate operating positions. Equipment complexity has been 
minimized, operating and maintenance procedure has been sim-
plified, and savings in space have been effected by concentrat-
ing the supervisory functions in a central location and by re-
ducing the types of leg operation. These features have resulted 
in significant economies in initial expense and also in operating 
and maintenance costs. 
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The Western Society of Engineers 
has awarded the Chanute Medal for 1946 
to Mr. G. C. Hillis for his paper "Tele-
graphy - Pony Express to Beam Radio." 
He has been further honored by having 
his paper chosen for inclusion in the 
General Appendix of the 1947 Report of 
the Smit_lsonian Institution. Mr.Hillis, 
a Lake Division inspector when the paper 
was prepared, has since joined the gen-
eral office staff in the capacity of 
General Inspector. 

The Committee on Technical Publi-
cation knows that readers of this REVIEW will sqare its pride in this 
achievement by a Western Union Author, and the Committee hopes that 
this accomplishment will encourage others to the preparation of techni-
cal artic.:.es which may be of interest to readers of the REVIEW. 



SUNSPOTS AND TELEGRAPHY 

By 

C.H. Cramer 

Reprinted from Electrical Engineering, June 1947, 
by permission of the American Institute of Elec-
trical Engineers. 

Plaguing domestic and international communications 
and disrupting transatlantic air transportation schedules, the 
severe magnetic storms* in February and March 1946 were emphatic 
reminders of nature's inexorable laws. Detailed factual knowl-
edge of the unfathomed processes which combine to produce these 
phenomena still is largely unassembled, although theorization 
and speculation have not been meager. The source of the magnetic 
storm has been established as 93-million miles distant, at the 
center of our solar system, and the cause definitely is related 
in some manner to the well-known sunspots. It also is known that, 
coming after a period of relative inactivity, the 1946 storms 
were but the vanguard of disturbances to be expected during the 
next several years. Since the initial storms, sunspot activity 
has been increasing, with spots of record size on two occasions 
and several periods of terrestrial disturbance* 

No record of any observation of the darkened areas 
on the sun now known as sunspots has come down from ancient times. 
The earliest study of sunspots appears to date back to 1609, the 
year Galileo constructed the first astronomical telescope. Through 
his observations of sunspots and their apparent motions, he estab-
lished, if only to his own satisfaction at the time, that the 
sun turns on its axis. By 1750 observations were being made with 
some regularity, and beginning in 1849 data were recorded system-
atically. Today, from photographs of the sun at various obser-
vatories, accurate day-by-day information is obtained of the number, 
size, and position of spots on the hemisphere of the sun visible 
from earth. 

*The term, "magnetic storm," is used here in a 
general sense to include the aurora and radio 
propagation and earth-current effects, as well 
as disturbances of the earth's magnetic field. 
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(Mount Wilson Observatory photo.) 
The Sun and Sunspots, August 12, 1917. 

THE SUNSPOT CYCLE  

Eventually it was 
discovered, as.is true of 
so many of nature's phe-
nomena, that sunspots 
occur in rather well-de-
fined cycles. When the 
relative sunspot numbers 
are plotted, as in Figure 
1, it is evident that 
maximum activity recurs 
regularly at intervals 
of approximately 11 years. 
Between the peaks are val-
leys of minimum activity. 
Another fact apparent from 
the graph is that since 
1848 alternate 11-year 
peaks have been of some-
what greater magnitude than 

the intervening peaks. Other periodicities are present, some of which 
have been disclosed only by complex mathematical analysis. 

From a casual inspection of the graph, it might be 
concluded that the next peak will occur near the middle of 1948 and 
that it will be of smaller magnitude than the 1937 peak. While it 
is as certain as tomorrow's sunrise that a peak will occur within 
the next several years, with accompanying disturbances on the earth, 
authorities have reached varying conclusions as to its exact time and 
relative magnitude. The predictions of the time of occurrence,ar-
rived at by different methods of analysis, range from early 1948 to 
1951. Some authorities expect a low maximum, cbnsistent with recent 
cycles; others predict a peak of considerably greater magnitude than 
the last. Support for the early high-peak predictions is found by 
some in the rapid rise in sunspot activity during and since 1945. 
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TERRESTRIAL PHENOMENA 

The terrestrial effects produced by, or at least in 
some way coincident with, sunspots and which occur in similar 
cyclic patterns, are the most important phase of the phenomena 
to the workaday world. A definite relationship has been estab-
lished between the sunspot cycle and auroral activity, variations 
of the earth's magnetic field, earth currents, and radio propa-
gation effects, the disturbances or variations in these reaching 
a maximum during the sunspot peak. All of these effects are 
magnified highly during the great magnetic storms. 

Attempts have been made and still are being made by 
a host of investigators to correlate the sunspot cycle with a wide 
variety of terrestrial phenomena and activities in addition to the 
more direct electrical and magnetic effects. Similar and related 
periodicities have been claimed or suggested in such diverse fields 
as weather, plant and animal life, periods of prosperity and de-
pression, market indexes, human behavior, and the course of world 
events. The degree of validity of the numerous alleged relationships 
probably varies as widely as the types of phenomena involved. The 
following discussion will be confined to the well-established elec-
trical and magnetic effects, particularly to severe storm conditions. 

DISTRIBUTION BY LATITUDE  

Sunspots occur principally in the solar zone between 
10 and 30 degrees north latitude and in the corresponding south-
latitude zone. The larger the spot or group of spots, the great-
er is the probability of an accompanying storm, although size alone 
does not seem to be the determining factor. Thus far, solar photo-
graphs disclose no distinctive differences between spots-that pro-
duce storms and those that do not. In each case, they have the 
appearance of irregular darkened areas which have been described as 
resembling vortexes in the gaseous outer layer of the sun. This 
suggests that spots which.are coincident with storms are accompanied 
by some other solar activity. Some evidence is advanced for a re-
lationship with chromospheric eruptions or solar flares, which are 
associated almost exclusively with sunspots and at times extend 
immense distances out from the sun. 

THE PHYSICS OF THE DISTURBANCES  

Whatever its exact naturel uncertainty also exists 
about the manner in which the solar activity is transmitted across 
93-•-million miles and translated into various disturbances of ter-
restrial normality. The ' explanation most frequently heard is that 
streams of corpuscles or charged particles are projected out into 
space; another suggests that some form of radiation or ray is 
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involved. If it is assumed that the earth is most likely to be 
in the path of corpuscles transmitted from areas at or near the 
sun's central meridian, then it appears that appreciable time 
elapses before the incidence of terrestrial effects. Present in-
dications are that a magnetic storm follows within one or two days 
after passage of the related spot across the meridian. As the 
solar energy approaches the earth, it apparently is influenced by 
the earth's magnetic field and directed toward the magnetic poles, 
producing effects in the earth and the earth's atmosphere, vary-
ing from maximum near the poles to zero or at least minimum in 
the equatorial region. Theory, substantiated by radio propagation 
tests, holds that ionization of the ionosphere in the affected 
zone is distorted and increased, causing the several reflecting 
layers to vary erratically in height, or perhaps at worst to dis-
appear, so that radio waves are absorbed rather than reflected. 
These disturbances are most pronounced in the short-wave spectrum, 
sometimes resulting in complete " black-outs" although under severe 
conditions there may be some degree of disturbance to all radio 
transmission except on short-distance circuits. 

Obliged to depend more completely upon theoretical 
considerations, scientists account for the other effects of mag-
netic storms by the hypothesis that, along with increased ioniza-
tion, forces exist which drive the ions in drift currents of enor-
mous total magnitude encircling the earth. It follows that these 
currents in turn alter the earth's magnetic field, produce the 
aurora, and induce the abnormal currents in the earth's crust known 
as earth- current storms. 

Abnormal earth currents are the phase of the disturb-
ance directly concerning the operation of wire communication systems, 
particularly normal landline d-c telegraph circuits and ocean cable 
circuits which utilize the earth as a return path for the signaling 
currents. Any such circuit forms a shunt to the paralleling por-
tion of the earth, so that a part of the earth current may be di-
verted to the wire. In severe storms, with the absence of correct-
ive measures, transmission on earth-return circuits may be blacked 
out at times just as completely as radio transmission. 

FREAK CURRENTS ON CABLES  

Earth currents as observed on wire circuits are alter-
nating currents of irregular and varying wave form, apparently 
containing prominent frequency components from a fraction of a cycle 
per hour to nearly 60 cycles per hour. Higher frequencies of small 
magnitude have been observed on ocean cables up to approximately 
one cycle per.second. The character of the disturbance is illus-
trated graphically by the section of recording meter chart repro-
duced in Figure 2. This measurement was made on a cable between 
New York and Bay Roberts, Newfoundland. The maximum peak in this 



-63 -

Fig. 2 - Earth Potentials on A New York-Newfoundland Ocean Cable 
During A Magnetic Storm. 

instance exceeded 600 volts, which is not unusual on ocean cables 
in the North Atlantic in severe storms. Voltages in excess of 
500 have been observed on landline circuits, which are consider-
ably shorter (that is, between earth connections) than the usual 
ocean cable. 

Observations of earth currents and related operational 
disturbances in the domestic telegraph system and the ocean cable 
system of the Western Union Telegraph Company confirm the state-
ment that the maximum disturbance occurs in the higher latitudes. 
The section of the United States most affected comprises the states 
along or near the northern border. In exceptional storms, however, 
the disturbance may be felt even in the southernmost states to an 
appreciable extent. The voltage measured on a wire is maximum 
when the wire lies in the direction of flow of the earth current 
and is zero when the wire is at 90 degrees to that direction. Tests 
on circuits out of New York, N.Y., indicate the direction of flow 
to be nearly constant, being roughly northwest and southeast in 
that vicinity. 

As has been stated, no appreciable success has been 
attained in attempts to forecast the time or severity of individual 
magnetic storms. When a storm has occurred there is some pro-
bability that it will recur generally with less intensity at 
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intervals of 27 days, the effective rotational period of the sun. 
However, it is more likely that the solar disturbance will have 
cleared before a rotation has been completed or, if the sunspots 
are still in evidence, the coincident phenomena which cause the 
original storm are no longer present in sufficient degree to 
produce terrestrial disturbance of storm magnitude. Somè success 
is claimed in predicting quality of radio propagation several days 
in advance, and periods of propagation disturbances a month ahead 
on the basis of solar, geomagnetic, ionospheric, and propagation 
data. 

IMPROVED EQUIPMRNT 

Though not introduced primarily for that purpose, 
many of the advances in telegraphy in recent years have been of a 
nature to lessen considerably the susceptibility of the service to 
magnetic storms. In the field of international communications, 
the principal North Atlantic cable systems in large part have been 
modernized by the introduction of rugged electronic amplifiers and 
greatly improved signal-shaping networks or filters. The ampli-
fiers have displaced the delicate electromechanical types of signal 
magnifiers, thus overcoming the hazard of circuit interruption 
through damage of terminal equipment by abnormal voltages or cur-
rents. The modern signal-shaping networks very effectively reject 
frequencies below the range required for signal reception, thus 
substantially excluding earth currents. The cable on which the 
chart of Figure 2 was obtained operated throughout the storm with-
out interruption. 

DETOURING THE SUNSPOT ZONES  

Experience during the war years has shown that a large 
measure of freedom from disturbance in long-distance radio trans-
mission can be obtained by avoiding direct transmission paths which 
pass through or near the zone of maximum disturbance. This may be 
accomplished by establishing one or more intermediate relay points 
between the terminals of a radio circuit. Of pertinent interest 
is the proposal to establish a trunk equatorial belt radio relay 
system, with lateral north and south links to the terminals of the 
various circuits. A more immediate example is the installation of 
an automatic relay station at Tangier, Morocco, in a New York-Moscow 
circuit as an alternative to the direct circuit which crosses the 
magnetic storm region. 

At the time of the last sunspot maximum, the domestic 
telegraph system was operated almost exclusively on a d-c earth-
return basis. That condition no longer exists, but the d-c circuits 
are still of major, although decreasing, importance. Though metal-
lic operation or measures analogous to the signal shaping employed 
on ocean cable circuits can be utilized, the considerable cost can 
not be justified, particularly as, in the most disturbed sections 
of the country, transmission interruptions of importance during 
business hours from this cause were found to average only three 
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hours per year over an 11-year period. For economic reasons, 
the sporadic and short-lived nature of the storms thus has rele-
gated the application of specific corrective measures essentially 
to emergencies. In recent years methods have been standardized 
in which the more important earth-return circuits in the telegraph 
network, in effect, are converted to metallic operation as re-
quired. Additional relief may be obtained by rerouting circuits 
through less disturbed areas. Were accurate storm forecasts 
available, thesemergency measures could be arranged in advance. 

The rapid expansion of carrier current telegraphy in 
the past decade to provide additional facilities and improved 
trunk-circuit transmission is also unquestionably an important 
development with respect to earth-current disturbances. The ex-
tensive multichannel wire carrier installations already in service 
utilize metallic circuits and frequencies far removed from earth-
current frequencies. Immunity to these occasional disturbances, 
although not a controlling factor in bringing about carrier op-
eration ) is,' nevertheless, one of the important advantages derived. 

RADIO RELAY. 

The first commercial installation of the radio beam 
relay system in the domestic telegraph plant is under construction, 
the forerunner of a projected nation-wide network for trunk tele-
graph service to replace a large part of the present wire plant. 
This wide-band transmission system provides, through carrier chan-
nelizing methods, a very large number of telegraph channels. The 
line of sight propagation is independent of both ionospheric and 
earth-current disturbances. 

Western Union carrier telegraph systems already 
operating and those now under construction or scheduled for early 
completion ) both wile and radio relays, total more than 300,000 
channel miles. Beyond this, the complete improvement program, 
to be carried out as rapidly as practicable, will add about two 
million channel miles. 

Although the advantages of reliable advance informa-
tion on magnetic storms largely are denied it thus far, American 
telegraphy faces the coming storm period in a considerably 
stronger position than it occupied during previous sunspot maxima. 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 



PRINTIer TELEGRAPHY 

AND INDJOTIVE DISTURBANCSS 

By 

T. F. Cofer 

Presented at the Engineering Conference of the 
Missouri Valley Electric Association at Kansas 
City, Mo., April 11, 1946. 

Ever since Samuel Morse, the artist, had the original 
idea, the basic theory of telegraphy has been as shown in Figure 1. 
This prime consideration is that the intervals of opening and 
closing a contact at one end of the circuit must be closely matched 
by the movement of an armature associated with an electromagnet 
at the other end of the line. Wonderful and weird have been the 
devices dreamed up to produce this result or to take advantage of 
it, yet whenever the excrescences are removed, the final purpose 
is this same simple function. This paper will attempt to describe 
and discuss only a few of the many devices, and since the grounded 
telegraph circuit is the most susceptible to inductive disturbances, 
the discussion will be largely confined to this variety. 

The arrangement of Figure 1 
mr.sv g may be used successfully for short 

Key 

distances, particularly on city 
lines in cables. Where lines are 
electrically long, however, the 
effect of line reactance lengthens 
the "break" por,t1on of the pulses, 

Fig.1 - Single Morse Circuit. thus tending to alter the relative 
lengths of make and break. In 

addition, if the lines are exposed to the weather, changes in the 
leakage of the line alter the amplitude of the "make" portion of 
the pulses, thus disturbing the relation between spring tension 
on the armature and the magnetomotive force of the magnet. The 
relative lengths of the make and break pulses will be adversely 
affected by this condition, also. To overcome these difficulties 
in the line portion of the circuit, the "polar duplex" may be 
used, as shown in Figure 2. This circuit was originally devised 
to provide simultaneous operation in both directions in addition 
to the other features. Note that through the use of a center-
tapped winding together with a suitably balanced "artificial 
line", current applied locally produces no flux in the magnet 
core. Current entering from the line, however, does produce 
flux, since the windings are series-aiding to such currents. The 
armature may now be polarized by means of a permanent magnet in-
cluded in the device and both polarities of direct current may 
be furnished at the transmitting contacts. The result is an 
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improvement in operation over make-and-break signals for the same 
impressed voltage to ground, since the rate-of-change of current 
in the line is hastened by the reversal of polarity ) the line is 
energized for either position of the transmitter, and the arma-
ture now moves back and forth in response to the direction of 
current in the magnet winding rather than to the relation between 
the pull of a spring with respect to that of the magnet. If the 
armature also be relieved of making a loud noise, as in a sounder, 
the weight can be greatly reduced, contacts may be put on it to 
operate an auxiliary circuit, and the device becomes a telegraph 
"polar relay". (Any resemblance to the gargantuan assemblies 
commonly called " relays" by the power industry is pure coincidence. 
This telegraph relay is just a place where the electric circuit 
gets a fresh start, like passing the baton at a track meet. There 
is no inverse time limit, reverse current, wattless component, or 
other strange characteristic as in a power network). 

But it is here at the polar 
relay that the telegraph and power 
industries begin to have a common 

TII. ,TR interest, -- the transmission of 
alternating currents. Both of us 
must count the cycles, the power 
company to see that the clocks get 
their allotted 5,184,000 a day and 

TRANS the Western Union in order to deci-
CLOUD 

4 pher the messages. Since one kind 
of cycle looks much like another when 
mixed in the same circuit, it is 

Fig.2 - Polar Duplex Circuit, sometimes hard to tell the " sheep 

from the goats" on a telegraph cir-
cuit exposed to power induction. Although it is pretty obvious 
that trouble will result if large amounts of alien currents tra-
verse a telegraph line, it may not be clear why smaller values are 
objectionable. But to illuminate this facet of the problem re-
quires an excursion into the design of printing telegraph equip-
ment and its method of operation. 

An early printing system employed a series of alter 
nating current impulses which stepped a type-wheel around from 
letter to letter. This system was slow and subject to error from 
lost orientation of the wheel. An improved version of this truly 
cycle-counting system still exists in sports ticker service. 

Several papers have been given previously covering the 
effect of power induction on the Multiplex telegraph system. 
Briefly, this latter arrangement depends upon synchronized disc 
commutators, at each end of the circuit, which are arranged to 
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Fig.3 - Multiplex Circuit. 

L) _ e , . (r , ti) tr)`-'4. 

ABCDEFGMIJKLMNOPQRSTUVWXYZg 
, 

11 III 11 
1 

1 1 1 1111 11 
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

3 3 33 3 33 33 3 33 33 3 3 
444 44 44 444 4 4 4 4 44 
5 55 55 555 5 55555 55 

Fig.4 - Multiplex Code. 

divide the line-time among two 
or more individual channels. 
Each channel is assigned five 
adjacent segments, as shown on 
Figure 3. Since these segments 
may be energized individually, 
a " five-unit-code" shown in 
Figure 4 may be used to transmit 
characters over the line. A 
decoding device attached to each 
receiving printer deternines the 
character desired during the 
period it is connected to the 
commutator brushes and utilizes 
the remaining time for printing 
and performing auxiliary oper-
ations. 

Although the Multiplex is 
still the most useful system 
for trunk line service between 
important telegraph centers, the 
present trend in future Expansion 
is toward more and more use of 
the Teleprinter, which requires 
less complex terminal equipment. 
It seems best, therefore, to con-
fine this paper to the printing 
telegraph of the " start-stop" 
variety, to which class the 
Teleprinter belongs. So let us 
see how this kind of printer 
works before we undertake to 
describe how it sometimes doesn't 
work. 

For your benefit, as you will find out later, I will 
describe the principlecf " start-stop" operation with the aid of 
Figure 5. The sending device may be represented by a disc commutator 
with seven segments over which brushes may be driven by a clutch 
from a constant-speed shaft. A mechanical latch, controlled by a 
locally operated magnet, is arranged to stop the rotation of the 
brushes when they are on a segment marked "R" for REST. A slip-ring 
on the commutator completes the circuit, this being connected via a 
suitable line circuit to the receiving end. Note that the sending 
REST segment is permanently connected to a source of d.c. potential 
so that current traverses the line when the brushes are at rest, 
but that the segment next following in the direction of rotation is 
permanently not connected to anything. This latter segment is marked 
"S" for START, for reasons to be shown later. The remaining five 
segments. are arranged to be energized according to the five unit 
code shown previously in connection with the description of the 

Multiplex. (Fig. 4). 
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Now at the receiving end a somewhat siihilar arrangement 
of brushes, commutator, and latch may be used, except the magnet 
associated with the latch is now connected to the line circuit. 
A steady current in this magnet serves to hold the latch in a 
position to stop the brushes on the REST segment. Connections 
from the five code segments lead to a deciphering device which 
could be similar to the multiplex printer mentioned previously. 

Fig.5 - Start-Stop Circuit. 

Fig.6 - Tape Teleprinter. 

Consider that the sending 
operator sets up the code for the 
character desired on the sending 
segments and then trips the brush 
latch. The sending brushes unlock, 
rotate to the dead segment, the line 
current falls, and the receiving 
brushes are unlocked by the release 
of their. tripping magnet. From here 
on, if everything goes right, the 
brushes at both ends of the line will 
be on the same code segments at the 
same time, the code set up at the 
sending end will be transferred to 
the decoder, and after one revolution 
the whole thing will stop again in 
the position of REST. Synchronism 
of a sort is required between send-
ing and receiving brushes, but it 
may readily be seen that absolute 
synchronism is not necessary to keep 
the system in line for only one 
revolution. Refinements of the 
system include altering the length 
of the receiving start segment to 
make up for inertia in the machinery, 
shortening the live parts of the 
receiving code segments to reduce 
the chance.of over-lapping, and 
arranging these short segments so 
they may be rotated somewhat with 
respect to the REST segment to 
improve the centering of the signals. 

While Figure 5 describes only the principle of the start-stop 
system, an arrangement similar to that shown was used in early 
versions, and is in .use today in repeaters for such systems. But 
somewhere along the line the mechanical engineers stepped into the 
picture and " simplified" the apparatus. They did put the printer 
into a nice container as shown on Figure 6. The device.depicted is 
the usual form of Western Union Tape Printer, about the size >rid 
shape of a large typewriter, but somewhat heavier. The machine 
perfores the functions of coding, sending, receiving, and decoding 

the telegraph signals, using only the make-and-break transmission 
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shown in Figure 1. Duplexing and polar line signals may be 
obtained by adding equipment as in Figure 2. The printed characters 
appear on a paper tape, gummed on the b,ck, which must be pasted 
to a larger sheet of paper to complete the receiving process. The 
use of this tape metl-q)d facilitates the delivery to the addressee 
of errorless messages, well centered on the telegraph blank. ' 

Now if you are all students of Rube Goldberg's inventions, 
and have remembered the lesson given % ith Figure 5, we can approach 
Figure 7 without trepidation. This is how the mechanical engineers 
interpreted the printer operation previously described. 
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Fig.7 - Mechanism of . Tape Teleprinter. 
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Note that a shaft from a small electric motor included 
in the printer but not shown here, drives a horizontal shaft 
through a clutch to a set of cams at the right of the keyboard. 
There are six of these cams and a like number of contact levers, 
mostly not shown in the figure. The contacts are connected in 
parallel and these, with their cams, take the place of the trans-
mitting disc commutator and brushes of Figure 5. The motor also 
drives a vertical shaft replete with clutches, cams, and levers 
located at the right rear of the machine near a very lonesome-
appearing pair of electromagnets. This formidable array of machinery 
takes the. place of the receiving disc commutator and the decoding 
portion of the multiplex printer. The rest of the space inside the 
tape printer is filled with the levers bars, and gears of a 
typewriter. And this is how it works,- and it is a salute to 
accurate machining that so many interlocking parts can function so 
well. 

To send the letter "E", for example, find the third key in 
the second bank. and push down. Those triangular cuts in the bars at 
the bottom of the machine will move Code Ear #1 to the left and the 
other four code bars to the right. The #1 Contact Lever will be 
unlatched and ride the face of its cam. The other four contact 
levers will stay latched up so their contacts will remain open. The 
#6 contact, having no code bar anyway, has been keeping the circuit 
closéd all this time, sending a REST pulse. Now the key lever we 
pushed strikes the release bar, which throws the transmitting clutch 
into engagement. The horizontal shaft then rotates once, the came 
causing the various contacts to cause the circuitS to OPEN, CLOSE, 
OPEN, OPEN, OPEN, OPEN, CLOSE at intervals of 22 .thousandths of a 
second. This series may be recognized as a START pulse, the five-
unit code symbol for nil, and a REST pulse by those who wish to 
investigate Figure 4 again. 

Imagine that the above signals have been sent over a suit-
able line circuit and have arrived at the magnets of the .receiving 
portion of the printer shown here. During the REST pulse, the 
armature was held to the right, causing the stopping mechanism to 
prevent rotation of the receiving cam system. When the first OPEN 
(the START pulse) comes in, the stop pawl is tripped and all the 
cams begin to rotate, since they are fastened together. About 22 
milliseconds later the #1 Sword Operating Lever is pushed to one 
side by the #1 cam, drawing the #1 Sword backward toward the 
Armature Extension. Meanwhile the #1 Code Pulse has come in, a 
CLOSE, pulling up the armature and moving the armature extension 
to the right. The sword therefore engages its right fork and its 
point pivots to the left. Shortly thereafter the #1 cam drops off 
the sword operating lever very suddenly, the sword is thrust 
forward by its spring into the left side of the #1 Selector Par 
Operating Lever. The force of the thrust sends the # 1 Selector 
Bar to the right. As successlive cams bring up their swords, the 
armatures remains open, . the other swords are pivoted to the right, 
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and the last four selector bars are thereby pushed to the left. 
"Oneright and four left"; if the selector bars are positioned in 
this manner the slots in the bars, operating in the manner of the 
combination ()Pia safe, line up a completely open slot behind the 
"E" Pull Bar, and nowhere else. When the e6 cdii, following the 
others around, trips the power clutch, the Operating Lever lifts 
the Bail, which had hitherto restrained all the pull bars from 
falling back. Upon a slight upward movement of the bail the "E" 
pull bar is impelled into the open slot behind it by a spring, 
the projection on this bar catches on the bail and causes the 
pull bar to rise. All the other pull bars are restrained from 
engaging the bail by one or more of the selector bars being in the 
way. So the "E" type bar triumphantly slaps the tape on the 
platen, and as the bail returns to its original position the 
spacing arm latches up the right amount of tape to be ready for 
the next character. Somewhere along the way the stop arm has 
engaged its pawl and the cam system has stopped rotating after one 
revolution. 

As may be imagined, a different set of signals would 
cause another combination to be set up on the selector barb so 
that some other pull bar would engage the bail and a different 
character would be printed. Since all of this mechanical sleight-
of-hand takes place in only 154 milliseconds, about 390 characters 
or 65 words may be printed per minute. The maximum fre(luency of 
the line signals is just under 23 cycles. 

To improve the orientation of the receiving cams, a 
"canging arm" with associated scale is attached to the starting 
mechanism of the receiving system. With this arm the starting 
latch may be rotated with respect to the position of the #1 
receiving cam; by this means determining whether the position of 
the sword points at the time of their final thrust will be decided 
by the leading edge, center, or trailing edge of the signal. The 
total travel of the range arm is made 1.2 times the length of one 
signal pulse, so the scale is graduated to 120 points, 100 points 
representing the ideal range for a perfect signal and perfect 
mechanism. Due to mechanical tolerances, wear of parts, and other 
slight instabilities, the normal " good" printer will not show more 
than 80 points short-circuit range, and this is not necessarily 
centered at 60 on the scale. 

It should be noted that the ranging of the receiving cam 
system relative to the start pulse in no way alters the angular 
displacement between the selection points of the individual signal 
pulses themselves. Furthermore this ranging process is not 
continuous, but is an adjustment performed only in checking the 
performance of the apparatus, say at the opening of a: circuit for 
message traffic. In this case, once the two limiLs of the range 
have been established by test, the range arm is moved to the scale 
division corresponding to the arithmetical average between the 
upper and lower limits and fastened there by a thumb-screw. It is 
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Mate, 

A.C. Disturbance: 

Breakover Observed: 

presumed that if a suitable range has been obtained at " line-up-
time", any subsequent disturbances will not shorten the range 
enough to cause the printing of wrong letters. These expected 
disturbances are very real, are not few in number, and seldom 
fail to put in an appearance. 

In commercial telegraph operation the ranging process is 
important since experience has dictated that a printer circuit at 
"line-up-time" should have the ability to print correct characters 
over a range of at least 50 points to be suitable for message 
traffic. It can be shown that loss of range is the first and most 
disturbing result of the presence of the small quantities of 
continuous extraneous current in the telegraph circuit. 

For a specific ezample of the effects of induction, consider 
a circuit set up in the Laboratory in New York about equivalent 
in transmission to a circuit from Kansas City to St. Louis. The 
terminals were arranged for polar duplex working, but transmission 
in only one direction was used. On the "maten or adjacent wire in 
the simulated line another printer circuit was set up to provide 
the usual " crossfire" from other telegraph circuits on the same 
line. A transformer coupled into the line through a 50 ohm 
resistance provided the meansibr introducing 60 cycle disturbing 
currents. 

MAKE-UP 

TABLE I 

ARRANGEMENT  OF LINE FOR PRINTER TEST  

Trans. end cable - 15 mi. 
Open line -230 mi. 
Rec. end cable - 10 mi. 

Total #9 Cu equivalent -350 mi. 

13 ga. 
#9 Cu. 
13 ga. 
(measured) 

OPERATION: Test Circuit, Half duplex, polar, 17-B relays 
160 volts, plus and minus 
Line current - 56 ma. E.P.C. 

Trans. Testing.Machine, 23 cps. 
160 volts, plus and minus 

60 cycles, Edison. 
Current - 27 ma. E.P.C. 

From mate - 23 ma. 
From 60 cycles - 23 ma. 
From both - 50 da. 
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TABLE II  

OBSERVATIONS OF TRANSMISSION 

TRANS. OVER RANGE LIMITS  
Short Circuit  7* to 87* 
Undisturbed line   10 to 85 
Line crossfire only . . • . 15 to 70 
Line 60 cycles only . . . .20 to 72 
Line both disturbances... . 35 to 57 

Same, 10 ma. signal bias. . 42i to 45 

Same, wet weather leakage 

CENTER RANGE 
47 80 

75 
42* 56 
46 52 
46 22 

NONE ( Will not print ) 

Note: " RY" transmission, 2 minute observations 

With the circuit set up as shown on Table I observations of 
telegraph transmission were obtained as'shown on Table II. The 
characteristic deterioration of range when disturbances distort the 
signals may be seen. The effect of the disturbances on the signals 
is illustrated in Figures 8 and 9. In both of these figures the 
reference point is the beginning of the start pulse. The natural 
time-lag in the line is therefore not indicated nor is any 
distortion which affects the absolute time of initiation of the 
start pulse. The viewpoint is therefore that of the receiving end 
of the line. (The signal trains have also been inverted in these 
figures for better inspection, the REST condition being made the 
origin for the make-and-break signals.) 

Figure 8 shows the signal train for the letter nIrl measured 
at three points in the circuit, first at the transmitter; second in 
series with the line under three conditions of disturbance; and 
finally at the magnets of the printer under the most severe dis-
turbance conditions shown. Comparison of the top and two bottom 
trains illustrates how well the receiving relay is able to integrate 
the badly distorted polar line signal to produce a signal train 
closely resembling the original in appearance, providing the dis-
turbance is not large enough to break through the signal. 

On Figure 9, however, a number of these received signal 
trains taken from one minute's transmission under the most disturbed 
condition are arranged for closer comparison with the transmitted 
signal. Note that while these signals resemble the original in 
general, there are certain serious differences. In A and D, for 
example, all the pulses except #1 are displaced almost half the 
distance toward the trailing edge. Such a shift might be corrected 
by a range rotation were it not for those signals such as E, where 
thé fourth pulse is shortened and displaced toward the leading edge, 
or C where the second pulse is also somewhat shortened. Note that 
in B the signal is nearly normal except for a lengthening of the 
fifth pulse, while in E the final pulse occurs early. 
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SIGNAL FROM TRANSMITTING PRINTER 

RECEIVED POLAR LINE SIGNALS  

NO DISTURBANCES 

TELEGRAPH CROSSFIRE ONLY. 

BOTH CROSSFIRE AND 60 CYCLES 

—F-Ln-r\--- SIGNAL TO RECEIVING PRINTER 
WITH DISTURBANCE 

Figure 8 

14-12-111._ SIGNAL FROM TRANSMITTING PRINTER 

0 

Lrw 

SERIES OF SIGNALS 
TO RECEIVING PRINTEP 

THESE SIGNALS EXHIBIT THE EFFECT OF 

CROSSFIRE PLUS 60 CYCLE DISTURBANCES 
ON THE LENGTH OF INDIVIDUAL PULSES AND 
THEIR RELATIVE POSITION WITH RESPECT 
TO THE START PULSE. 
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The alteration in the position of the signal pulses is 
a result of the intimate mixture of two or more frequencies in 
the line current. If the telegraph signals could be transmitted 
over a line composed entirely of resistance, so that the tran-
sitions from one polarity to the other could take place instan-
taneously, " square topped" pulses would be received which would 
retain their relative spacing unless the amplitude of the 
extraneous currents becomes equal to or exceeds that of the signal 
currents. But the line contains reactance as well as resistance 
and hence will not transmit efficiently the frequencies necessary 
to maintain square-topped pulses. (We would be in trouble any-
way if we tried to transmit square waves because the transient of 
the abrupt reversal would cause disturbances between telegraph 
circuits and between telegraph and telephone circuits that 
probably could not be tolerated). 

The undistorted line signal of Figure 8 exhibits a slope 
such that the steady-state portion of the wave is only about half 
the total pulse length. During the gradually changing portion of 
the wave, extraneous currents of less amplitude than the steady-
state value may combine with the signal train in such a manner as 
to produce shifts in the transition points as illustrated in 
Figure 9. In the case of any printing telegraph signal train the 
amount of useful signal will be decreased by such distortion, but 
in start- stop telegraphy an added opportunity is present. 

Because the start pulse is the orientation point of the 
receiver, the effective position of the entire receiving cam 
mechanism may be advanced or retarded by a shift in the leading 
edge of this portion of the signal alone. For example, if the 
machinery has started rotating ahead of the proper time, the range 
measured on a following series of perfect code pulses will be 
shortened by the amount of the advance of the start pulse. Further-
more, if the start pulse. be so advanced and a subsequent signal 
pulse be retarded, the pulse will appear to the printer to be 
retarded by the sum of the actual retardation plus the advance in 
the start pulse. In order to visualize more clearly the effect of 
absolute pulse position on range, refer to Figure 10. 

In the upper portion of Figure 10 is a representation of 
a perfect signal for the letter " Ft" laid out on a time base, with 
the printer ranging system indicated as a set of five selection 
points, fastened together, but the set capable of scanning over the 
signals. A range scale opposite the beginning of the start pulse 
measures the excursions. Two such sets are shown for convenience, 
the upper set being shown locating the trailing edge of the range 
while the lower set is locating the leading edge of the range. The 
mechanical distortions existing in the printer itself have been 
represented here by a "fuzz" on the signal. 

It should be noted that as each selection point approaches 
the edge of its own pulse of the signal, the other four points are 
also approaching the corresponding edges of their signals. With a 
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signal such as this the break-up position will be characterized by 
the printing of a miscellaneous combination of letters as the 
various pulses all tend to break up at once. The range indicated 
for the perfect signal is 80 points, and the range setting for 
operation of the printer would.be at 60 on the scale. 

MARK  

é-

e 
SPACE en 

MARK 

SPACE tr) 

0 20 40 60 80 

20 40 80 80 100 

MILLISECONDS 

MILLISECONDS 

100 

Fig.10 - Range Illustration. 

120 140 

#20 140 

160 

160 

In the lower portion of Figure 10 is shown a signarobtained 
by plotting the intervals between the start pulse and each of the 
other pulses in one minute of transmission of the letter " R" over the 
disturbed hypothetical line between Kansas City and St. Louis. The 
dashed lines inside the crosshatched areas indicate the correct tran-
sition points between pulses and the wavy lines indicate the observed 
maximum excursions of the actual pulses. The crosshatched portion 
of the signal is therefore unreliable for printing purposes. The 
white area between the cross hatched areas denotes the " solid signal" 
or undisturbed portion. But not all of this solid signal is useful 
to the printer, as may be seen from the range measurement. Note that 
the excursions of the transition points are not centered on their 
proper positions denoted by the dashed lines. When the trailing edge 
of the range is explored, the 4th pulse will therefore fail while the 
others are unchanged, causing an "Equal sign" to print instead of the 
letter "WI. Similarly when the leading edge of the range is explored, 
the 3rd pulse will fail before the others, causing the letter " C" to 
be printed instead of "R". The correct printing range obtained is 
therefore only about 20 points although the length of the shortest 
solid signal is-equivalent to almost twice that figure. 
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It is obvious that a printer circuit with this range would 
not be suitable for commercial operation, since as shown on Tatle II 
the range disappeared entirely when wet weather conditions were 
simulated. In order to operate the circuit described it would be 
necessary to obtain a reduction in the amount of disturbance, in the 
effective length of the line, or in both. 

The transmission engineer, confronted with problems of this 
nature frequently, needs tools of his trade to ease the efrort of 
solution. The figure next following depicts graphs of disturbance 
values versus circuit operation which may be used in determining 
the conditions under which a circuit may be expected to work 
satisfactorily. In making up the transmission chart the disturbances 
are assumed to be derived from a large number of sources of different 
frequencies such as the crossfire encountered on a heavily loaded 
telegraph line. When used to interpret recurrent phenomena some 
increase in the loss indicated is to be expected, but this increase 
may usually be estimated readily. 

The upper part of Figure 11 shows Signal Time Loss in 
milliseconds plotted against the electrical length of circuit for 
a family of "Breakover" curves. The term " breakover" is defined as 
the amount of direct current required in the coils of the receiving 
polar relay to just prevent the armature from moving in response 
to the disturbing currents received from the line. Breakover is 
therefore a measure of the amplitude of the disturbance in terms of 
the dynamic characteristics of the relay. Since the relay tends to 
integrate the disturbance peaks from an energy-level standpoint, the 
breakover measurement gives the most consistent estimate of the 
disturbing effect of the extraneous currents. Because the electrical 
length of the line provides a measure of the rate-of-change of 
current at reversal, the combination of breakover and line length 
offers a means of estimating the shift in transition points under the 
influence of the disturbing currents. The time loss in milliseconds 
is the length of the unreliable portion of the signal. If the time 
loss derived from the upper portion of Figure 11 is brought down to 
the lower set of curves, the range to be expected from the operation 
of various types of printing telegraph circuits at the speeds avail-
able for service may be found. Only one such graph line for the 
teleprinter will be found, and that lies between the lines giving 
the data for the two channel multiplex and the three channel multiplex. 
The ranges suitable for commercial purposes are shown as solid lines, 
the ranges unsuitable are shown in dashed lines. 

Suppose we check the data obtained on Tables I and II from 
transmission on the hypothetical circuit between Kansas City and 
St. Louis, on Figure 11. OUr circuit was 350 miles in electrical 
length and had 23 mils of breakover from telegraph crossfire alone. 
Such e circuit shows a time loss of 3.0 milliseconds on the graph. 
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The breakover from the 60 cycles alone was also 23 mils, which would 
apparently give the same time loss on this graph. The combined 
breakover was 50 mils, which may be noted to be considerably over 
the 6 millisecond limit of the chart. Let us try these data on the 
lower section. 

With a 3.0 millisecond loss a teleprinter range of 56 
points could be expected. On Table II the range measured with 
crossfire only was 55 points, a fair agreement. The range measured 
with the same breakover of 60 cycles was, however, only 52 points, 
so it would appear that the recurrent disturbance gives about 0.5 
millisecond more loss than the graph indicates on the basis of 
fortuitpus disturbances. The sum of the two disturbances yielded 
a range of 22 points, but since the printer line leaves the sheet 
at 6 ms. and 37 1/2 points, all we can tell here is that the circuit 
is unsuitable. It would appear that the time loss must be reduced 
by one of the methods previously mentioned to not less than 4.0 
milliseconds. 

The effect of introducing an intermediate repeater can be 
estimated by the use of the transmission charts plus some intelligent 
guessing as to the division of the disturbances. For example, if a 
location be available for a repeater truly intermediate to both the 
line length and the induced voltage, the estimate would proceed as 
follows: 

The new line length would be 175 miles, the crossfire would 
be reduced about 25% to 17 mils breakover, the 60'cycle E.R.C. would 
be reduced about 40% to 16 mils and the new total breakover would be 
33 mils. (This is not half of the old 50 mil total because it is 
assumed that the remaining circuits on the line continue to operate 
straight through, producing secondary induction effects on each side 
of the new repeater.) Figure 11 gives 2.3 milliseconds loss for the 
section under these conditions, to which we will add 0.5 millibecond 
for recurrent phenomena, obtaining 2.8 milliseconds as the probable 
maximum time loss per. section. The time loss in both sections may 
be obtained conveniently by the use of the "milliseconds squared" 
scale, which assumes random addition of the disturbances in the 
two sections. Since we have already applied a factor for recurrence, 
this summation will probably serve. By the squared scale we find 
2.8 squared equals 7.8, taken twice equals 15.6, and the square root 
equals 3.9 milliseconds total for the entire circuits including a 
non-regenerative repeater. It is therefore possible to obtain a 
satisfactory circuit at the trouble and expense of installing and 
maintaining an intermediate repeater, but without reducing the 
total disturbance. 

But if the circuit is to be retained without the repeater, 
which in most cases would be necessary because of lack of suitable 
loCations for the apparatus, it will be found from Figure 11 that 
to obtain the required 4.0 ms loss, no more than 29 mils of break-
over can, exist. Measurements made in the field indicate that the 
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breakover from telegraph crossfire on lines between Kansas City 
and St. Louis will average about 18 mils with all practical correc-
tive measures installed. Thus no more than 11 mils of breakover 
from 60 cycle disturbanc'es should be present. At about this time, 
in the practical case, the Division Plant Engineers would sally 
forth to do some inductive coordination. 

If you have been mystified that up to this point we have 
talked about current in the telegraph circuit rather than the voltage 
that is usually measured in coordination procedures, it is not sur-
prising, However, it is the current which causes the tranàmission 
loss. The important voltage is the one that occurs infrequently, we 
hope, of a value sufficient to break down protective equipment. When 
that happens the kind of transmission we are discussing here is out 
of the picture'. But we can make an attempt at connecting up the 
voltage and the currents for smaller values of continuous induction. 
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- On Figures 12 and 13 are depicted the current-voltage 
ratios for two sizes of telegraph line, both kinds of weather, and 
a family of line lengths. The smaller line of five trunK wires 
may some day be representative, but the larger line of twenty wires 
is more like the heavy trunk lines of today. The ratio tiE.R.C. per 
Volt" defines the effective 60 cycle current which flows in the 
windings of a polar relay connected to one wire of a line when the 
entire line is subjected to one volt of longitudinal induction. 
You may appreciate the fact that the flux of the induction sees the 
pole line as a bundle of conductors much like a stranded wire, hence 
to determine what hàppens in one individual wire requires complicated 
computations. The values of Figures 12 and 13 have been computed 
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from the theory and checked pxperimentally at enough points to 
prove-in the method. It should be noted that the line length 
used in these figures is the actual length of the open-wire rather 
than the electrical length used on the Transmission Charts. 

Assuming the line we have been using as an example is a 
five-wire line, we can enter the chart for dry weather with the 
230 miles of open.line from Table I, to find that 1/2 mil per volt 
is the worst condition of position of exposure. To obtain the 
E.R.C. of 27 mils of Table I, 54 volts of induction at the end of 
the line is necessary. To reduce this to 22 volts requires a 
reduction of 60%. If all the 60 cycles comes from one source the 
problem is not likely to be difficult, but such is not usually the 
case. Under ordinary conditions the Plant Engineers find that in 
the two or three hundred miles of line between repeaters at least 
two and perhaps four or five power systems are involved including 
rural lines and series lights on highways. It is a difficult task 
to determine " which current is whose", as it is usually impractical 
to open the entire line opposite the limits of each power system 
in order to make precise measurements. It often becomes necessary 
to approach all of the contributing companies with a view toward 
reducing the induction from each as much as practicable. The power 
engineers whose lines are contributing only a few volts to the 
"kitty" are sometimes indignant over what appears to be a picayune 
case. But where the total disturbance is made up of a number of 
small parts, only a concerted reduction of most or all the parts 
will materially reduce the whole. 

There is also the problem, sometimes asked in coordination 
meetings, of the answer to "How much can you stand?". Ve can with 
considerable effort work out the transmission for each regularly 
assigned circuit on a given line and give an approximate answer to 
the question. But a section of line between two cities is used 
not only for circuits between those points tut ordinarily is used 
for one section of long circuits between remote terminals. While 
the circuits are repeatered at proper intervals, these repeaters 
cannot all be the regenerative type hence some disturbances are 
accumulated from section to section. For such service it is custom-
-ry to grade lines according to their time loss characteristics as 
in Table III. Printer circuits may be operated over "Good" lines 
for 4 or 5 sections, over "Fair" lines 2 or 3 sections, and over 
"Poor" lines for only one section before the signals need be 
regenerated. 

TAELE  III 

Time Loss Grade of Line 

Less than 1.5 milliseconds. Good 
1.5 to 2.5 milliseconds Fair 
2.5 to 3.5 milliseconds Poor 

Over 3.5 milliseconds Very Poor 
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For a number of years, Western Union has been engaged in an 
expansion of telegraph coverage which has for a goal a more rapid 
and more stable system for the transmission and delivery of messages. 
While heretofore a message passing from point to point was often 
copied manually from telegraph blank to printer circuit several times, 
the new " reperforator" offices are eliminating the necessity for such 
copying at any office other than the originating point. Once •the 
message has been perforated on a paper tape in the " five-unit-code", 
it may then proceed over the printer circuits, across offices, and on 
to its destination for final printing without handling other than 
the necessary switching at circuit junctions. The rapidity of operation 
obtained coupled with the more impersonal handling by machines puts 
a premium on circuit accuracy and stability. 

Already several thousand miles of wire-line carrier are in 
operation. The ultimate plan provides for extensive use of carrier 
both on wire-lines and on radio channels. These circuits will re-
place much of the present grounded system with communications not 
affected by the continuous 60 cycle induction discussed in this 
paper. But there are numerous small centers of population which must 
be reached for service but which will not have sufficient traffic to 
demand a multi-channel connection such as carrier affords. These 
points will continue to be served by grounded circuits of the 
Teleprinter type described here. 

As long as we have such circuits we can expect to have dis-
turbances from various sources, of which the power line is only one. 
The telegraph equipment is subject to troubles of its own. But 
while equipment troubles may be traced and repaired and weather will 
clear, the induction from power systems often appears day after day 
to the dismay of the personnel who are battling to keep the errors 
down and the traffic moving. The power induction is not subject to 
correction by any adjustments provided in the normal telegraph plant, 
prevents the most diligent maintainer from ever attaining " spot clear" 
circuits, and if allowed to remain in truly disturbing magnitude, can 
produce an alarming decrease in efficiency. The latter is due to the 
fact that the operators become prone to blame everything on the one 
obvious disturbance. 

bince it is likely to be many years before all the grounded 
circuits can be eliminated from our plant, the problem of induction 
from power systems bids fair to continue. Even where the important 
circuits have been placed on wire-line carriers we are still con-
fronted by prostrations engendered by short circuit conditions on 
paralleling power systems. This latter subject cannot be covered 
within the scope of this paper. But we hope that the description 
given.here of the requirements of modern telegraphy will aid in 
improving the understanding in future joint discussions with members 
of your Association. 
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