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1°1-Type Key Equipments 
I -By W. F. MALONE, II -By W. M. BEAUMONT 

Systems Development 

I. EQUIPMENT FEATURES 

THE extension telephone and the 
PBX both provide increased com- 

munication facilities for the sub- 
scriber, but there are many situations 
where the simple extension is not ade- 
quate and where the PBX is either 
too elaborate or unsuited to the par- 
ticular requirements. To meet these 
intermediate demands, there has 
grown up in recent years a wide as- 
sortment of subscriber facilities known 
as "wiring plans." Their increasing 
diversity has lately led to a coördina- 
tion of their design, and since most of 
them require keys to perform certain 
operations, the name "key equip- 
ments" is applied to the latest types. 

370 

Although, in general, the key equip- 
ments are designed for serving smaller 
numbers of lines and trunks than the 
PBX, this is not always the case, 
since the larger key equipments fre- 
quently accommodate more trunks 
than the smaller PBX'S. The distinc- 
tion is chiefly one of function, and it is 
quite common to find one or more of 
the key equipments used on PBX ex- 
tensions. The fundamental purposes 
of the PBX are: first, to economize on 
trunks by giving a large number of ex- 
tensions access, through the PBX 
board, to a comparatively small num- 
ber of trunks; and second, to allow 
intercommunication between all the 
local extensions. With the key equip- 
ments, intercommunication, although 
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sometimes provided, is generally more 
incidental, and the ratio of central 
office trunks to local extensions is or- 
dinarily higher. The primary purpose 
of the key equipments is usually to al- 
low any of a number of stations to 
answer or originate calls on any of a 
number of trunks, but the more spe- 
cific uses will appear from the follow- 
ing description of a number of the 
leading equipments. 

In the I 5A and 23A key equipments, 
the keys are usually in the form of 
push buttons in the base of the tele- 
phone handset. These two systems are 
alike except that the I5A provides for 
only one central office trunk, and the 
23A, for two. They have already been 
described in some detail in the 
RECORD.* Talking and signalling be- 
tween local stations are carried on 
over a single intercommunicating 
channel, and a call may be held at one 
station while the telephone instru- 
ment is used for communicating with 
another station over this intercom- 

*RecORD, :1Prit, 1933, P. 244. 

Fig. 2 -The keys and lamps are arranged 
in ten -line units, and each unit has a 

common holding key 

municating line. All or only part of the 
local stations may be given access to 
the outside lines. These two systems 
are employed chiefly by large estates, 
where the local extensions may be in- 
stalled in the various living rooms, the 
butler's quarters, the garage, or in any 

of a number of places 
that local conditions 
dictate. With either 
the 15A or 23A, as 
many as eleven exten- 
sions may be employed. 

The 107 and io8 key 
equipments are essen- 
tially the same as the 
15A and 23A except 
that they provide for 
only five extensions 
and one central office 
trunk. The distinction 
between the 107 and 
io8 is that the latter 
permits intercommuni- 
cation, while the former 
does not. The keys for 
these two equipments, 
instead of being in the 

...,1rnal0`. 

* 

Fig. i -Relav rya /inet used with the i o i -type key equipments 
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Fig. 3 -The key and lamp equipment is all mounted on a 
metal face plate, which may be mounted in a wood box or set 

flush in the top of a desk or table 

base of the handset as with the 15A 
and 23A, are assembled in a small 
metal box that can be mounted on the 
side of a desk or in any other con- 
venient place, and standard telephone 
sets are used with them. 

The relay equipment for all four of 
these smaller systems is mounted and 
wired as complete units on nineteen - 
inch plates which, in turn, are as- 
sembled on a hinged gate inside a 
metal cabinet. The cover of the cabi- 
net may be readily removed and the 
gate opened to give access to the wir- 
ing. Suitable mounting arrangements 
permit the cabinet to be fastened on 
the wall or to the floor as may be most 
convenient. Battery for operating the 
relays and signalling current for the 
lamps are usually obtained over cable 
pairs from a nearby central office. 
When larger amounts of current are 
needed, or when the distance to the 
central office is greater, a local storage 
battery may be used, which may be 
charged either by a local rectifier or 
over cable pairs from generating 
equipment located in the central office. 

The ioo key equipment, which has 

372 

also been described in 
the RECORD *, permits 
several central office, 
I>Bx, or private tele- 
phone lines to be made 
available to a tele- 
phone user with but 
one telephone set. 
These same telephone 
lines can also be made 
available to as many 
as eleven other tele- 
phone sets on the same 
premises by the use of 
multiple key boxes. 
Any person before 
whom the lines appear 
may either originate or 
answer calls. The ioo 

key equipments are generally used in 
such places as brokers' offices, small 
taxicab headquarters, or telegraph 
offices. They may also be employed 
as small order -receiving turrets. 

New key equipment, similar to the 
Too type but of considerably greater 
capacity, has recently been developed 
and called the l Ol A and I OI B. With 
these new equipments as many as 
forty lines can be made to appear be- 
fore one attendant, and the lines may 
be multipled to as many as twelve at- 
tendants. As with the other systems, 
the equipment includes a key box and 
a relay cabinet. The latter is similar to 
those used with the other systems, but 
because of the larger number of lines 
that may be used is provided in three 
sizes the largest of which is shown in 
Figure I. All of the cabinets have a 
hinged gate on which I/ -inch mount- 
ing plates are fastened; the smallest 
size accommodates up to four plates, 
the medium size up to eleven plates, 
and the largest size up to eighteen 
plates. The smaller cabinet is de- 
signed for wall or floor mounting, and 

*RECORD, :Pay, 1930, p. 527 
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the two larger ones, although they 
may be mounted on a wall, will usu- 
ally be located on the floor. 

The key equipment is provided in 
ten -line units as shown in Figure 2. 
There is one holding key per unit and 
five line keys, each of the latter con- 
trolling the connection to two lines 
depending on whether it is moved up 
or down. Line lamps are mounted im- 
mediately above and below the keys. 
All this apparatus is mounted on a 
metal face plate and wired to a termi- 
nal panel with a flexible cable as a 
complete unit. This construction 
makes it simple to set the face plate 
flush with the top of a desk or table 
when desirable, and in this form the 
system is known as the IOI B key 
equipment, the TOT designation being 
reserved when the box -mounted key 
units are employed. An "old brass" 
finished moulding, which matches the 
face plate, is used to frame it in its 
flush mounting. 

Depending on the conditions of use, 
there may be from one to four of these 
key units used at any one position, 
and to provide greater compactness 
when several are to be used together, 

TO 
LINE 

combination mountings have been 
provided. In one, two ten -line units 
are mounted in a cabinet back to back 
so that they will be accessible to two 
people sitting on opposite sides of a 
table. Another arrangement is two 
units side -by -side as shown in Figure 
3, where one of the units has been re- 
moved to show the construction. This 
double unit is just like two single ones 
except that the two end panels are re- 
placed by a separator through which 
the two cabinets are bolted together 
to give the appearance of a contin- 
uous cabinet. When mounted flush in 
the top of a desk two frameworks are 
available, one for two key units and 
the other for four. When not fully 
equipped, blank face plates the size of 
the key units are used to fill up the 
remainder of the cut -out. A metal 
cover is fastened to the underside of 
the framework under the desk to pro- 
tect the units against dust and me- 
chanical injury. 

Among other uses the JOT-type key 
equipment lends itself well to pro- 
viding secretarial service, where a girl 
in an outer office may answer any of 
several lines. An installation of this 

RING 

ANSWER 

FLASH 

o 

4__. .TO INTER- 
RUPTER 

THROUGH 
INTERRUPTER Z 

C 
LINE 
AND 

BUSY 

o 

LINE 
KEY 

HOLD 

CT 

HOLD 

BR 
TELEPHONE 

SET 

LINE CIRCUIT OPERATOR'S TELEPHONE CIRCUIT - 
Fig. 4-Simplified schematic showing the wiring of one of the line circuits and the 

attendant's telephone circuit 
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secretarial type is suggested by the 
photograph at the head of this article. 

Il. CIRCUITS 

IN 
developing the Tot-type key 

equipments certain specific classes 
of service were particularly in mind, 
but the circuits were arranged to be 
flexible enough to meet any demand 
that was likely to be placed on equip- 

FLASH 

RING 

ANSWER 

TO INTER- 
-" RUPTER 

THROUGH 
INTERRUPTER 

LINE AND 
BUSY 

Fig. 5- Circuit connections immediately 
after a line has been rung 

ment of this type and size. Probably 
the widest use for the new equipments 
will be for order -receiving service in 
smaller business houses, for informa- 
tion bureaus such as are used by rail- 
roads, for brokerage houses, and for 
steamship lines to provide for booking 
passages. They are also very well 
suited to secretarial service. With a 
number of doctors occupying the 
same suite or building, one of the new 
key equipments would 
enable a single attend- 
ant to answer any of a 
number of lines when 
the doctors were out; 
and when they were in, 
the key equipment 
would not interfere 
with their personal use 
of their phones. The 
equipment provides for 
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TIP 
TO RING 
RELAY 

RING 

o i 

Y 

a maximum of forty lines in units of 
ten each, and the lines may be multi - 
pled to appear at as many as twelve 
of the key equipments. The attendant 
may use a hand set or an operator's 
head receiver and breast transmitter, 
and the circuits may be arranged for 
either manual or dial service. The 
lines may be regular central office 
lines or they may run to a PBX board 
or to another key equipment. 

Each of the lines is provided with a 
line lamp and a hold lamp. On in- 
coming calls the line lamp flashes and 
when a line is busy, it lights steadily. 
The hold lamp lights when the at- 
tendant is holding a line while she is 
getting information wanted or is talk- 
ing over one of the other lines. Con- 
nection between a line and the at- 
tendant's telephone set is made by a 
line key, each of which serves two 
lines -the key being thrown up for 
one line and down for the other. A 
single holding key serves for a unit of 
ten lines, or for several units if more 
than one is used at a single position. 
It is operated only momentarily, and 
afterwards the line key may be re- 
turned to the normal position so the 
attendant may talk over another line. 

A simplified schematic showing the 
wiring of the attendant's circuit and 
of one of the line circuits is given in 
Figure 4. In a ten -line unit there will 
be ten line circuits like that at the 
left of the diagram but only the one 

BR 
LINE AND 

BUSY 

TELEPHONE 
SET 

LINE KEY 

Fig. 6- Circuit connections after a line key has been operated 
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attendant's circuit, and if more than 
one of the ten -line units are used at 
the same location, a single attendant's 
circuit will serve them all. Through 
contacts not shown in the diagram, 
the attendant's circuit is wired in 
series through contacts on each line 
key that are closed when the keys are 
not operated. This prevents the local 
telephone set from being connected to 
more than one line at a time. When 
more than one key is operated, the 
telephone set will be connected to the 
line with an operated key that is 

nearest the right -hand side of the unit. 
In each line circuit there are four 

major relays, one of which is common 

of the attendant's telephone circuit 
are connected to the corresponding 
wires of the line circuit, and the an- 

ANSWER 

3 
HOLD - 

Fig. 8- Circuit connections after hold and 
line keys have been restored to normal 

swering and CT relays are operated in 
series. The operation of the answering 

relay releases the ringing re- 
lay, and its release in turn 
releases the flashing relay. 
Battery is connected to the 
line lamp through a contact 
on the answering relay, and 
the lamp lights steadily to in- 
dicate that the line is busy. 
The operation of CT com- 
pletes the connection to the 
attendant's telephone circuit 
and connects the impedance 
BR across the line to provide 

a supervisory signal at the central 
office showing that the call has been 
answered. The portion of the circuit 
in use at this time is shown in Figure 6. 

The attendant may now talk over 
the line, and at the completion of the 
call, the restoration of the line key to 
normal will release the answering and 
CT relays, and put the circuit in a 

condition for another call -with the 
operating winding of the ringing relay 
connected across the line through a 
condenser and a back contact of the 
answering relay. If, before terminat- 
ing the call, information must be ob- 
tained by calling over another line, 
the attendant operates the hold key, 
which holds the calling line and re- 

Fig. 7- Circuit connections while "hold" key is 
held operated 

to four circuits. The ringing relay acts 
on incoming ringing current, holds it- 
self operated through one of its con- 
tacts, and operates the common flash- 
ing relay through a relay interrupter 
not shown on the diagram. The opera- 
tion of the flashing relay connects 
battery to the lamp, and the interrup- 
ter operates and releases the flashing 
relay about twice a second to give the 
flashing lamp signal that indicates an 
incoming call. Figure 5 shows that por- 
tion of the circuit in use at this time. 
Only the flashing and ringing relays 
are shown, but contacts of other relays 
that are in the circuit are indicated. 

When the attendant throws a line 
key to answer the call, the four wires 
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leases the telephone set for other use. again brought in through the line key, 
The hold key is operated only mo- which is still operated. The line key, 
mentarily, and after it is restored the however, is now restored to normal, 
line key is also restored to normal to which releases HI and frees the at- 
leave the attendant's telephone set tendant's telephone circuit for other 
free for use on another circuit. use. The circuit will now be as shown 

Holding is done by two relays and in Figure 8; the line is held by the 
the hold key. The main holding relay holding resistance, and the attend - 
is in the line circuit, but the holding ant's circuit is free. 
key and an auxiliary holding relay are The attendant now proceeds to call 
in the attendant's telephone circuit. over another line or do whatever else ' 

The circuit connections during the is necessary to get the information 
time that the hold key is held oper- needed. When ready to talk over the 
ated is shown in Figure 7. The auxil- original calling line, the attendant 
iary holding relay, HI, is operated merely operates the line key pertain - 
directly by the hold key, and the ing to that line. This operates the cT 
main holding relay, H, is operated by and answering relays, and the holding 
the hold key through a contact on the relay is released by the operation of 
line key. The operation of H I re- the answering relay. The circuit is 
leases relay CT and the answering now again as shown in Figure 6, and 
relay, which is in series with it, and talking proceeds. At the completion 
the release of the answering relay of the call, the restoration of the line 
allows H to hold itself operated key will release the CT and answering 
through one of its contacts and a back relays, and the line will be ready for 
contact of the answering relay. The another call. 
operation of H connects a holding re- When the key equipment is used 
sistance, wound non -inductively on for secretarial service, the bell at the 
its own core, across the line to hold it. subscriber's station will ring at the 
The release of the answering relay same time that the line lamp flashes 
extinguishes the line lamp, but the at the key equipment. The line may 
hold lamp is lighted through a contact be answered at either place, and the 
on the H relay. circuit, which is somewhat different 

The hold key is now released, but from that described above, is ar- 
HI is held operated through one of its ranged so that in either case the line 
contacts and through a contact on the lamp will change from flashing to 
line key, a contact on the H relay, and steady, which is a signal to the at- 
a back contact on the answering relay. tendant that the call has been an- 
It is necessary to hold HI operated at swered. If desired, the circuit can be 
this point since if it were released, the made to cut off the attendant when 
CT and answering relays would be the main station answers. 
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Crosstalk Measurements 

By R. S. ALFORD 
Noise and Crosstalk Prevention 

THE measurement of crosstalk 
between communication cir- 
cuits is almost as old as the 

circuits themselves, for whenever two 
or more such circuits are brought into 
close proximity, the inductive inter- 
action results in some transfer of 
energy from one circuit to the other. 
This transfer of energy may or may 
not be of importance depending upon 
its magnitude and upon the type of 
service involved. Under some condi- 
tions the interaction may be suffi- 
ciently large to affect the service over 
the particular circuits. It is desirable, 
therefore, for the study and correction 
of such conditions that a suitable 
method of measurement be available. 

Originally, two circuits suspected of 
crosstalk were tested by a person 
listening on one circuit while another 
person talked on the second circuit. 
The listener then decided whether the 
crosstalk condition was good or bad. 
The conclusion drawn from this test 
depended to a great extent upon the 
judgment of the listener. 

Later, the errors of judgment were 
reduced somewhat by the use of a 
graded set of six criteria for loudness 
of crosstalk, ranging from "crosstalk 
completely inaudible" to "crosstalk so 
loud as to admit of intelligible con- 
versation." The result for a particular 
test, however, still depended largely 
upon the listener's hearing, upon the 
loudness and quality of the talker's 
voice, and upon the amount of room 
noise at the listening subset. As a 
result, a need was felt for a testing 

August 1937 

method incorporating some standard 
of comparison. 

The first method employing a phys- 
ical standard of crosstalk is shown 
schematically in Figure i. With con- 
tinuous talking into the transmitter 
of the subset, the observer listened to 
the crosstalk when the switch was in 
position "A," and to direct trans- 
mission when the switch was in posi- 
tion "B." The loss of the direct trans- 
mission path was fixed by the shunt 
resistance across the receiver, the 
value of resistance having been chosen 
experimentally to represent the maxi- 
mum crosstalk tolerable. By compar- 

SHUNT L 
RESISTANCE 

LISTEN 

Fig. i -With the first crosstalk meter one 
listened first to the crosstalk in the circuit 

and then to a direct circuit of fixed loss 

ing the crosstalk to this "standard of 
transmission" it could readily be de- 
termined whether the crosstalk of the 
line under test was above or below this 
"standard." 

The next step was to replace the 
fixed resistance shunt across the re- 
ceiver with a variable slide -wire re- 
sistance which permitted an actual 
measurement of the crosstalk rather 

377 

www.americanradiohistory.com

www.americanradiohistory.com


than a comparison with a single value. 
The slide -wire was calibrated to read 
crosstalk as millionths of the direct 
transmission. 

The first complete crosstalk meter 
manufactured as a standard product 
was designed in 1904 and came into 
general use about 1911. The circuit of 
this meter together with that of the 
associated apparatus required is shown 
in Figure 2. The method of measuring 
with the meter is essentially the same 
as that of the present day aural meas- 
urement of crosstalk coupling. By 
means of the four -pole, double -throw 
switch, speech currents from the talk- 
ing subset were transmitted to the 
receiver alternately through the cross- 
talk path and the crosstalk meter, 
which was a simple variable attenu- 
ator. The loss of the meter was ad- 
justed until the speech sounds in the 
receiver were of equal volume for the 
two positions of the switch. The dial 
of the meter then indicated directly 
the magnitude of the crosstalk. 

In making tests with this crosstalk 
meter the usual procedure as out- 
lined in the instructions was as follows: 

"One experimenter talks into the set 
marked `TALK'; usually counting in 
an even and fairly loud tone as follows: 
`one, two, three, four, five; one, two, 
three, four, five,' etc. The observer at 
the listening set throws the switch 
back and forth in time with the suc- 
cessive series of counts." 

When a large number of tests were 
to be made, the talking experimenter 
was sometimes replaced by a "howling" 
telephone. The receiver of the talking 
set was placed against the transmitter 
in such a way that the set howled 
continuously. The tone generated 
in this manner was then used as the 
testing source. 

In 1921, there was made available 
an improved type of crosstalk meter 
designated the 50A, which is practi- 
cally the same as the current model 
designated 50B. The outstanding im- 
provement incorporated in this meter 
is a noise compensation feature. 
Previous to this time, the listener 
heard the circuit noise as well as the 
crosstalk when he listened on the line, 
but he heard only the talking when 
listening on the meter. Under these 

c)C)<=:>(=>C:x---- 

LISTEN 

Fig. 2 fl crosstalk meter which came into general use about 1911 provided for measuring 
crosstalk by paeans of a variable attenuator 
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conditions it was frequently difficult 
for the ear to appreciate the true rela- 
tive intensities of the two sounds 
being compared. 

As shown in Figure 3, compensation 
for the effects of noise is provided in 
the 5os crosstalk set by a special 
network arranged in the form of a 
Wheatstone bridge. The two 
carefully balanced windings of 
a retardation coil form two 
arms of the bridge. These 
windings are poled so as to be 
non -inductive, and thus of low 
impedance, when connected in 
parallel, as for currents from 
the transformer "T2," and to 
present a high impedance when 
connected in series, as to cur- 
rents from the crosstalk meter. 
Each of the two remaining 
arms of the bridge is made up 
of a condenser, a resistance, 
and a receiver connected in 
series. Since the retardation Fig. 3- 
coil acts as a very high im- 
pedance across the arms containing 
the receivers, it diverts practically 
none of the energy passing from the 
crosstalk meter to the receivers. Also, 
since the bridge circuit is balanced, 
the crosstalk meter and the disturbed 
circuit have practically no effect upon 
each other; that is, neither absorbs 
any appreciable amount of energy 
from the other. This permits the dis- 
turbed circuit to remain connected to 
the receivers while the source of dis- 
turbing current is switched to the 
crosstalk meter, thereby allowing the 
noise from the disturbed circuit to be 
heard in both positions of the double - 
throw switch. 

The meter unit of the 50s crosstalk 
set consists of three fixed resistances 
and a variable slide -wire resistance 
connected as shown in the diagram. 
The dial of the slide wire indicates 

crosstalk coupling in both crosstalk 
units and decibels. A curve showing 
the relationship between crosstalk 
units and db down is given in Figure 4. 

Although speech can be used as a 
source of testing power for the 5os 
crosstalk set, it is much more con- 
venient to use a purely electrical 

CROSSTALK 
METER 

AC 
INPUT 

METER LINE 

TI 

T 
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Simplifted schematic of the 5os crosstalk set 

source. The magnitude of crosstalk 
coupling does not ordinarily vary 
uniformly with frequency and thus a 
measurement with a single- frequency 
source of power, such as the howling 
telephone, does not give a true indica- 
tion of speech crosstalk. Measure- 
ments with a complex tone covering a 
band of frequencies give much more 
representative results. 

Studies to develop a practical power 
source for crosstalk testing culminated 
in the design of the 14A oscillator. 
This oscillator is of the so- called 
warbler type, the frequency of its out- 
put sweeping back and forth over the 
range from 83o to 1230 cycles per 
second, approximately seven times 
per second. 

Even with standard types of testing 
apparatus, ear measurements of cross- 
talk coupling are slow, tedious, and 
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sometimes of doubtful accuracy. To 
remedy these faults, a visual method 
of measuring crosstalk coupling was 
developed about ten years ago. This 
method is suitable for most field 
measurements. It is faster and easier 
than the ear balance method, and 
obviates the inaccuracies in that 
method arising from differences in 
frequency- response characteristics of 

-120 

no 

-70 

-60 
5 10 50 100 

CROSSTALK UNITS 
500 1000 

Fig. 4- Relationship between crosstalk 
units and db down of the crosstalk coupling 

various observers' ears, and the differ- 
ences in observers' judgments. Exist- 
ing equipment designed for other 
purposes has been found suitable for 
the visual meter method so that it has 
not been necessary to design special 
apparatus for this purpose. The pre- 
ferred arrangement employs a 2A 
noise measuring set* as a measuring 
unit, and a 14A oscillator as a sending 
unit, although the 2A noise measur- 
ing set can be replaced by any visual 
meter apparatus suitable for the meas- 
urement of message circuit noise pro- 
viding it has sufficient gain. 

In making a measurement of cross- 
talk- coupling the disturbing circuit is 
energized by a warbler oscillator, and 
a measurement of the weighted energy 
level is made on the disturbed circuit. 
The difference between this measure- 
ment and that of the oscillator output 
gives the crosstalk coupling in db. 

*RECORD, April, 1937, J. 252 
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Since the readings of the trans- 
mission measuring set are obtained 
from a visual indicating meter, they 
are much less susceptible than aural 
measurements to the effects of distor- 
tion caused by transmission through 
the crosstalk path, whose loss usually 
decreases with frequency. This per- 
mits the voice to be more closely 
simulated by the use of a wider band 
of frequencies. The most satisfactory 
frequency band that can be obtained 
from the 14A oscillator has been de- 
termined by experiment as that be- 
tween 670 and 165o cycles. 

Crosstalk coupling measurements 
are made on practically all types of 
circuits in both cables and open wire 
lines, and also on various parts of 
apparatus associated with the circuits. 
The two purposes for which they are 
used most are the checking of new 
work at the time of installation and 
the location and clearing of specific 
trouble conditions. Until the last few 
years, measurements of crosstalk coup- 
ling were also included as part of the 
routine testing of toll circuits, but as a 
criteria of performance they are being 
largely supplanted by measurements 
of crosstalk volume. 

Crosstalk volume is the weighted 
energy level of speech crosstalk oc- 
curring in practice. The measurement 
of crosstalk volume is the latest de- 
velopment, and is used in maintenance 
testing as a more simple and rapid 
method of checking the crosstalk per- 
formance of toll circuits than the 
measurement of crosstalk coupling. 

For a coupling measurement, two 
circuits must be taken from service at 
a time. Also, to completely test a 
group of circuits, a measurement must 
be made on each combination of two 
circuits. This requires considerable 
time and labor, especially in the case 
of large circuit groups. For crosstalk 
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volume measurements the high im- 
pedance input of the 2A noise meas- 
uring set is used. This permits meas- 
urements to be made without taking 
the circuit under test out of service, 
since with high input impedance the 
bridging loss is low, and transmission 
is not seriously affected if the circuit 
becomes busy during the test. 

Because crosstalk volume measure- 
ments do not interfere with the normal 
commercial traffic, they can be made 
during peak traffic periods. At such 
times the measured effects are more 
typical of those experienced by sub- 
scribers than during periods of light 
traffic. Since crosstalk volume varies 
in magnitude with time, a single 
measurement will not, in general, in- 
dicate whether crosstalk requirements 
have been met. Several measurements, 
preferably distributed over a con- 
siderable period of time, are necessary. 

If the volume of crosstalk is found 
so great that secrecy is likely to be 
endangered, crosstalk coupling tests 
may be made to determine the mag- 
nitude and location of the crosstalk 

coupling. Thus, a crosstalk volume 
measurement is used as a sort of quali- 
tative test to determine if crosstalk 
trouble exists, while a crosstalk coup- 
ling measurement is a quantitative 
test of the magnitude of the trouble. 

Any device capable of measuring 
message circuit noises properly is 

satisfactory for the measurement of 
crosstalk volume provided its input 
impedance is sufficiently high not to 
introduce excessive loss when bridged 
across a 600 -ohm circuit. 

For convenience, crosstalk volume 
tests are made in conjunction with 
noise tests. One measurement is made 
on each circuit, and the result is 

recorded as crosstalk, babble (simul- 
taneous crosstalk from a number of 
circuits), or circuit noise depending on 
which particular type of disturbance 
predominates. Routine measurements 
of crosstalk volume and noise are 
usually made periodically on a sam- 
pling basis, the percentage of circuits 
tested each time depending upon the 
size of the office and the results ob- 
tained from previous measurements. 
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A Diverter -Pole Generator for Battery 
Charging 
By R. D. de KAY 

Equipment Development 

FOR the continuous floating of 
batteries, a constant d -c supply 
voltage is desirable. With a 

constant- voltage supply, the drop in 
the battery voltage, when current is 
taken out of the battery, is just about 
enough to make the charging rate 
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A SHUNT GENERATOR WITH VOLTAGE REGULATOR 
B SHUNT GENERATOR WITHOUT VOLTAGE REGULATOR 

'C DIVERTER -POLE GENERATOR 

CONSTANT GENERATOR FIELD RHEOSTAT 
AND MOTOR SUPPLY VOLTAGE 
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Fig. 1-Voltage characteristics of shunt 
generator with and without a regulator, and 

of the diverter pole generator 

increase in proper proportion to 
restore the charge to the battery. In 
this way, the battery is always in a 
fully charged condition. A shunt - 
wound generator, because of its droop- 
ing voltage characteristic, is thus not 
suitable by itself for floating a battery 
-some voltage control, either manual 
or automatic, is essential. A com- 
pound -wound generator could be made 
to have the required flat characteris- 
tics, but it is not safe to use because 
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should the a -c power fail, the battery 
would run the generator as a motor if 
the reverse current circuit breaker did 
not operate, and the reversed current 
in the series winding would reduce the 
field flux sufficiently to cause danger- 
ous speeds. In the Bell System, shunt 
generators with automatic voltage 
regulators are commonly used, but it 
would be desirable to obtain a genera- 
tor that in itself provides a constant 
voltage, and that would not "run 
away" on a reversal of current. 

The diverter -pole generator pro- 
vides these characteristics and it has 
recently been adopted by the Bell 
System in a form suitable for charging 
and floating batteries at the smaller 
central offices. The largest standard 
rating is 200 amperes at fifty volts. 
These new charging sets are in general 
appearance much like the former ones. 
The motors, in fact, may be identical 
and the generator armature is essen- 
tially the same; the difference between 
them is in the magnetic circuit and 
in the field windings. 

The voltage characteristic of this 
new generator, compared with that of 
a shunt generator with and without a 
regulator, is shown in Figure i. Con- 
trasting with the rapidly drooping 
characteristic of the shunt generator, 
the diverter -pole generator maintains 
its voltage essentially constant up to 
about full load, and then allows it to 
decrease. This decrease in voltage 
above full loads prevents the motor 
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carrying heavy overloads, and also 
helps to equalize the load between 
generators when two or more are oper- 
ating in parallel. In this respect it is 
better than the regulated shunt motor, 
which tends to maintain a constant 
voltage regardless of the load. 

These characteristics are obtained 
by the use of a series field winding; 
but instead of being placed on the 
same poles as the shunt windings, as 
with ordinary compound generators, 
the series windings are placed on 

separate poles midway between the 
main poles. These are called diverter 
poles, and between each main pole and 
the diverter pole adjacent to it in the 
direction contrary to the rotation of 
the armature is a magnetic bridge. 
Under no -load conditions, indicated 
in Figure 2, there is no current in the 
winding on the diverter pole, and part 
of the flux from the main pole, instead 
of crossing the air gap, 
is diverted across the 
bridge, through the di- 
verter pole, and back 
to the main pole. The 
bridge and diverter pole 
thus act as a shunt to 
the main -pole flux, and 
decrease the flux in the 
main gap and thus the 
voltage generated in 
the armature. The 
amount of flux that can 
pass through the shunt- 
ing path, however, is 

limited by holes in the 
bridge so that it be- 
comes saturated at the 
desired flux. 

With normal direc- 
tion of current flow, 
the action of the wind- 
ing on the di verter pole 
opposes the flux leak- 
ing over from the main 
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pole, and thus forces more of the main 
pole flux across the air gap, and in- 
creases the generated voltage. The 
condition at full load is indicated by 
Figure 3, which shows practically no 
flux in the diverter pole. Having, at 
full load, forced all the main -pole 
flux across the air gap, the diverter 
cannot further increase the main air 
gap flux, so that the voltage drops at 
further increases in load. 

Should the power to the driving 
motor fail, the generator will run as a 

motor supplied by the battery. The 
current in the series winding will 
reverse, and the effect of the diverter 
pole, instead of forcing the main -pole 
flux across the air gap, is to tend to 
shunt more of the main flux, and thus 
to decrease the air gap flux and in- 
crease the motor speed. As already 
pointed out, however, the bridge, 
because of the holes through it, is 

Fig. 2- Cross- section of the diverter -pole generator showing 
flux distribution under the no -load condition 
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quickly saturated, preventing the 
diversion of any large amount of flux, 
and thus the reversed current has very 
little effect. As a result of this con- 
dition the speed does not rise above 
safe values. 

The self -regulating action of the 
diverter pole generator insures that 
the generator will perform its charging 
function under all conditions without 
overloading, and such a charging set 
may be used in an unattended office 
with full assurance that the set will 
not "run away" should the reverse 
current relay fail to operate on a 
failure of the alternating- current sup- 

ply. Even after a prolonged power 
failure, when the battery voltage has 
been appreciably lowered by the office 
drain, the generator -on restoration 
of the power -will automatically 
charge the battery without serious 
overload because of the drooping 
characteristic of the voltage above 
full load. As the battery becomes 
charged, the charging current will de- 
crease until normal "floating" values 
are reached. Moreover, the position 
of the diverter poles enables them to 
act as interpoles to improve the com- 
mutation, so that satisfactory opera- 
tion is secured at all loads. 
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Fig. 3 -When the generator is operating at full load, prac- 
tically all the nain pole flux crosses the air gap 
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Repeaters for the Coaxial System 
By K. C. BLACK 

Transmission Development Department 

N the development of communica- 
tion systems for transmission on 
many channels over a single pair of 

conductors, lines good for high fre- 
quencies are, of course, of prime 
importance. Having provided such 
a line, the problem next in impor- 
tance is to provide amplification 
for all the channels in a single re- 
peater, since the additional appa- 
ratus necessary to separate the chan- 
nels, amplify them while separate, and 
recombine them would be very com- 
plicated and expensive. With the ex- 
perimental coaxial system between 
New York and Philadelphia, which 
provides 240 telephone circuits and 
has an upper frequency of 1024 kc, 
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the undertaking involves many diffi- 
culties and complexities. 

The attenuation of the coaxial line 
at its top frequency is far greater than 
that encountered by previous systems 
at their highest frequencies, and, in 
addition, the difference in loss between 
the highest and lowest frequencies is 
also much greater than in conven- 
tional types of lines. This means that 
considerably more overall gain must 
be provided at the higher frequencies 
than in other systems, and that a 
much greater change in gain with fre- 
quency, or equalization, is also re- 
quired. As an example, 100 miles of 
ordinary toll cable circuit (19 gauge 
H- 44-25) has an attenuation at voice 
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Fig. i -Route map of the experimental 
coaxial line showing repeater locations 

frequencies of about 5o db while the 
same length of coaxial cable has an 
attenuation of 600 db at its upper 
frequency. Present voice -frequency 
practice spaces repeaters about 5o 
miles apart so that some 25 db of gain 
is required at each point. The enor- 

1ST 
INTERSTAGE 

AND 
REGULATING 

NETWORK 

mously greater attenuation to be 
overcome in the coaxial system has 
made it necessary to space the re- 
peaters about io miles apart for the 
experimental installation between 
New York and Philadelphia, and to 
provide a gain of 6o db at each one. 
This difference has required a radical 
change in the design of the repeaters. 
Previous repeaters have been in- 
stalled in attended repeater stations, 
where their performance could readily 
be checked at all times, and where 
tube changes or other adjustments 
could be made in a very short time. 
To provide attended repeater stations 
every ten miles, however, would be a 
serious economic handicap. The re- 
peaters had to be designed for unat- 
tended operation, therefore, and built 
so that they could be placed in man- 
holes or hung on poles as occasion 
warranted. 

Another difficulty in the design of 
repeaters for the coaxial system is the 
large amount of additional, and vari- 
able, gain required to compensate for 
changes in temperature. On a Too -mile 
line, for example, some 8o db more 
gain is required at the top frequency 
at i To degrees Fahrenheit than at - io degrees Fahrenheit, and the de- 
sired change in gain with temperature 
is different for each frequency. Be- 
sides the changes in gain with fre- 
quency that must be provided, there 
are also other changes that are not 
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Fig. 2- Simplified schematic of the i 000 1 amplifier 
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Fig. 3 -The i000 1 amplifier employed on the original 
experimental coaxial line 

dependent on frequency. These may 
be caused by variations in the voltage 
of the repeater power supply, by aging 
of the tubes, or by other factors. 

Two types of regulators are pro- 
vided in the coaxial repeaters: one to 
give "tilt" or "twist" regulation to 
compensate for losses that vary with 
frequency, and one to give "flat" regu- 
lation to compensate for the losses 
that do not vary with frequency. For 
each type of regulation a pilot signal 
is transmitted over the coaxial con- 
ductor, and a deviation from normal 
level of this signal at the output of a 
repeater causes the regulators of that 
repeater to insert or remove gain as 
may be required. The 
advantage of this 
method is that the out- 
put of each repeater is 
held at some pre -es- 
tablished value, within 
the precision of the 
regulator, so that an 
error in the setting of a 
regulator does not lead 
to a cumulative error. 
If one repeater fails to 
regulate, the next re- 
peater in the direction 
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of transmission will 
tend to bring its out- 
put level to the proper 
value so that the over- 
all gain will remain 
constant. 

The pilot signal for 
controlling the flat reg- 
ulation is at 6o kc, and 
thus has an attenua- 
tion about the same as 
the lowest frequency 
of the communication 
band, and that for con- 
trolling the tilt or twist 
regulation is at io24 
kc, and thus has an 

attenuation about the same as the 
highest frequency of the communica- 
tion band. Too low a level at 6o kc 
causes the regulator to increase the 
gain of the repeater at all frequencies, 
and too low a level at io24 kc causes 
it to increase the gain according to the 
attenuation slope, with the result 
that the greatest increase occurs at 
the highest frequency. 

Both of these types of regulation are 
not necessarily required at each re- 
peater. For an aerial line, twist regu- 
lation would be required at every re- 
peater, but for an underground line, 
such as that between Philadelphia and 
New York, every second or third re- 

Fig..} -The complete repeater for the coaxial system 
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peater is sufficient. In either case 
about every fifth repeater is frequent 
enough for flat regulation. In the ex- 
perimental installation, the flat regu- 
lators are installed only at the at- 
tended repeater stations at New York, 
Princeton, and Philadelphia, while 
twist regulators are provided at these 
stations and at two intermediate 
points as indicated in Figure i. 

Current for operating the repeaters 
is supplied at sixty cycles over the 
coaxial conductor itself by a method 
which will be described in a subse- 
quent article. The primary sources 

of current are at New York, Newark, 
Princeton, and Philadelphia. Newark 
and Philadelphia each feed one ad- 
jacent repeater, while Princeton feeds 
two on each side. New York supplies 
only its own terminal repeater. Equip- 
ment is provided for filtering out 
this power current at each repeater, 
and supplying it to the amplifier 
in the proper forms. 

The amplifier as originally de- 
signed for the experimental circuit is 
shown in schematic form in Figure 
and in the photograph of Figure 3. 
The three tubes at the left in Figure 3 

are the three amplifier 
stages shown in the 
schematic, while the 
tubes at the right form 
part of the regulator 
circuit. Most of the 
tubes used are specially 
designed pentodes. 
Negative feedback is 
used around the last 
two stages of each am- 
plifier to meet the se- 
vere requirements 
placed on distortion. 
Since the repeaters are 
designed for unat- 
tended operation, all 
adjustments have been 
reduced to a minimum. 
At the non -regulating 
repeaters, of which 
there are five in the ex- 
perimental installa- 
tion, only one adjust- 
ment is required in the 
field for each direction 
of transmission, and at 
the regulating repeat- 
ers, only two. It is ex- 
pected that the only 
routine maintenance 
will be the occasional 

Fig. 5 -The coaxial bays at the Princeton repeater station replacement of tubes. 
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Two of these amplifiers, 
either of the regulating or 
non- regulating type, are 
mounted with a power sepa- 
ration filter panel and a power 
pack to form a complete re- 
peater. These four units are 
then installed in a steel box 
with a water -tight cover as 
shown in Figure 4, where 
the power filter is at the left, 
then the power pack, and then 
the two amplifiers, one for 
each direction of transmission. 
The complete unit weighs 
about 300 pounds. One of the 
repeaters installed in a man- 
hole is shown in the photo- 
graph at the head of this 
article, while one of the "above 
ground" installations was 
shown on page 274 of the 
May RECORD. The coaxial 
equipment at Princeton is 

shown in Figure 5; in this pho- 
tograph the cover is removed 
from one of the amplifiers. 

In preliminary tests on the 
experimental circuit the re- 
peaters have proved very satisfactory 
from the point of view of transmis- 
sion. The transmission on the overall 
system is the same at all frequencies 
within about ± I z db for average 
temperatures. Additional transmis- 
sion variations due to imperfect com- 
pensation for temperature appear to 
result in overall variations of about 
± i db. Talking tests have been made 
over the circuit and the quality of 
transmission is not noticeably af- 
fected by the repeater equipment. 

The present trial repeaters are not 
satisfactory from the point of view of 
maintenance, no provision being made 
to insure service during tube or re- 
peater failures, nor has any provision 
been made for supplying power from 
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Fig. 6- Lowering a repeater into manhole E, some 
ten miles south of Trenton 

standby equipment. From the point 
of view of modulation the present 
amplifier, though satisfactory on a 

circuit of moderate length such as 
that used in the New York- Philadel- 
phia trial, would not be suitable for 
use in very long circuits. Furthermore, 
the near -end crosstalk in the present 
repeaters which would manifest itself 
as echo, although satisfactory on 
short lengths of line or on high ve- 
locity circuits, is dangerously near the 
limit imposed on long lines that may 
have a considerable length of lower - 
velocity voice -frequency cable con- 
nected at the terminals. 

As yet the present repeaters can- 
not be regarded as suitable for use in 
the telephone plant even though some 
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of the major technical difficulties, such 
as transmission and regulation, have 
been overcome. Considerably more 
development work is being carried on 
to correct the shortcomings which 
still remain. I t is encouraging, how- 
ever, to note that in the recent service 
trial of the coaxial system (reported 
on page 36o of the RECORD for July) 
that the problems which were experi- 
enced at that time, although they 
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were individually unpredictable, were 
all of the type which is normally to be 
expected in the first working out of a 
radically new system. In those tests 
there was experimental transmission 
also of telegraph and telephoto signals, 
and the system proved that it could 
handle more than one type of facility 
at the same time -which is a very 
desirable characteristic from the 
standpoint of flexibility. 

THE MAKING OF INDUSTRIAI. PHYSICISTS 

The human material for the construction of an industrial 
scientist may be qualitatively described with considerable 
ease; but to write for it an engineering specification with 
inspection techniques and with prescribed tolerances is at 
present impossible. Unless, however, we would credit evo- 
lution with having changed human nature within the times 
of recorded history we will agree that, despite his special- 
ized training, modern scientific point of view and wealth 
of precise instruments, the industrial scientist of today is 
the man of yesterday and of yesteryear and so on back into 
prehistoric days. What did this type of human being do in 
the past? Was he king or priest? captain or explorer? medi- 
cine man or scribe? trader or pirate? None of these. He was 
thinker and craftsman. His was the type that invented the 
wedge, the inclined plane, the lever and the screw. He sur- 
veyed and built the Pyramids; designed and constructed 
triremes, roads and aqueducts; shaped the tools of his day; 
and led the way from stone to bronze to steel. 

His urge was the instinct of workmanship, a pleasure in 
the act of creation or construction which is its own reward. 
'Wither driven by acquisitive instinct nor maddened by lust 
for power or fame, his satisfaction was his work; he sought 
little reward; and died unknown. More practical than the 
philosophers; spending little of his time in teaching or 
writing; and no follower of the Muses, he burned with a 
quiet steady flame of the same divine fire that suffused the 
great teachers and poets of his time. The captains and the 
kings depart; but what he wrought is the hidden basis of our 
material grandeur. 

-From a paper delivered by _7ohn Mills before the Society for Promotion f 
Engineering Education, :7u /v /937. 
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High- Frequency Supply for Degassing 
By E. G. SHOWER 

Vacuum Tube Development 

A JI 

. materials which eventually 
go inside a vacuum tube will 
absorb into their mass and ad- 

sorb onto their surface a considerable 
amount of gas when they are at at- 
mospheric pressure and temperature. 
Under the low pressures and high 
temperatures found in vacuum tubes 
during operation, the amount of these 
gasses which can be held bound is 
much less. If a tube were rapidly 
pumped without heating, the excess 
gasses would come out of the ele- 
ments, slowly while the tube remained 
cold and rapidly as soon as it was 
placed in service. So many molecules 
thus appearing inside the envelope 
would be ionized by collision with 
electrons that the tube would not 
function properly and a destructive 
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arc might strike between the elements. 
These facts were discovered early in 
the high vacuum art, and means were 
provided to drive off the gasses by 
heating the parts before and during 
the pumping operation. 

Materials which go into a tube can 
be classed roughly into two groups, 
conductors and insulators. The insu- 
lators must be heated by conduction 
or radiation as for example the glass 
envelope, which is heated at the be- 
ginning of the evacuating process by 
an electric oven fitted around the out- 
side of the tube. The insulators used 
inside the envelope are degassed 
previous to assembly, or during evac- 
uation by conduction or radiation 
from parts which are adjacent to them. 

'I'he conductor class of materials 
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can be heated by two additional 
methods; namely, electron bombard- 
ment and high frequency induction. 
As the name of the first process im- 
plies, the part is bombarded with high 
velocity electrons which give up prac- 
tically all their energy to the bom- 
barded surface, thus heating it to the 
desired point. However, the bombard- 
ment process necessitates, first, a 
source of electrons sufficient to supply 
the required amount of energy, and 
second, a geometrical arrangement 
whereby the electrons will travel in 
essentially straight lines and still be 
made to strike the surface of the ma- 
terial to be heated. In general, the 
second condition cannot be fulfilled 
for all of the internal parts of a 
vacuum tube. In some cases the fila- 

ment could not safely emit a suffi- 
ciently large electron current to de- 
velop the required temperature. In 
other cases the part to be heated is 
isolated either electrically or mechani- 
cally in such a way as to preclude 
heating either by conduction, radia- 
tion or bombardment. In such cases, 
high frequency inductive heating is 
used. Essentially this process is ac- 
complished by surrounding the tube 
with an inductance coil through which 
high frequency current is passed. The 
resultant eddy currents in the me- 
tallic parts of the tube, which act as 
the secondary of an oscillator trans- 
former, raise the temperature of those 
parts to a degree dependent_upon the 
coupling, frequency, field strength, 
and resistivity of the material. 

Fig. I -il portable oscillator provides a convenient source of high frequency heating 
current capable of expelling the gasses from the smaller tubes 
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Since the internal geometry of the 
tube is determined by operating re- 
quirements, it frequently happens 
that the metallic parts are deeply 
buried in the tube, with a correspond- 
ingly low coefficient of coupling with 
the inductor coil. Energy transfer, 
however, increases with the square of 
the frequency and hence high fre- 
quencies are invariably used. 

The Poulsen arc, the spark oscil- 
lator and the high frequency alter- 
nator have been used, but the vacuum 
tube type of generator permits the use 
of higher frequencies than these other 
methods and in addition is consider- 
ably more flexible. 

The simplest form of vacuum tube 
generator is a portable set shown in 
Figure i, and used in pumping the 
smaller tubes. It is self -contained, 
operates on sixty cycles, 208 volts, and 

consists of a plate -supply rectifier, 
oscillator, tubes, switches, transform- 
ers and condensers. The heating coil 
serves as the tuning inductance of the 
oscillating circuit. The frequency at 
which this set operates depends, of 
course, upon the heating coil used 
since the oscillating condenser is fixed, 
but is usually in the range of 250 to 
50o kc. Tap switches are provided to 
regulate the oscillator plate voltage, 
which determines the circulating cur- 
rent in the heating coil and hence the 
temperature of the parts being treated. 
All tubes used in this type of equip- 
ment are air -cooled. 

In pumping large tubes or tubes 
where the contained parts are very 
small as compared with the glass en- 
velope, hence involving poor coupling, 
the maximum available power in the 
portable sets is not sufficient to reach 

w 

TUNING 
UNIT 

GROUND 
SWITCH 

HEATING 
COIL 

PS= PUMP STATION 

ALL BUSSES HAVE COMMON GROUND 
LEAD APPROXIMATELY 8" ABOVE 

FROM HIGH- VOLTAGE 
DC SUPPLY 

BENCH 
20 

o_.,c--{P52I 

35 KW 
HIGH FREQUENCY 

OSCILLATOR 

15 KW 
HIGH- FREQUENCY 

OSCILLATOR 

o, 

IPSS] 

i 
_L--c/. RADIO FREQUENCY 

AMMETER 

Fig. 2- Schematic of high frequency distribution system. The arrangement of heating 
coil and tuning condenser is shown only with the pumping station at the upper left 
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Fig. 3 -71 view of the vacuum tube laboratory showing a typical pumping station at the 
extreme left and the overhead bus structure and disconnecting switches 

the required outgassing temperatures. 
It has therefore been necessary to 
design non -portable oscillators using 
water -cooled tubes. There are two 
such sets in use in the Vacuum Tube 
Development laboratory at the present 
time, one nominally rated at fifteen 
kilowatts output and the other at 
thirty -five kilowatts. 

When a fixed set is used, it is, of 
course, necessary to transmit its power 
to the pump stations, of which there 
are about a dozen in the laboratory. 
Since the transmission line must be 
well over a hundred feet long and 
must transmit substantial amounts of 
power at frequencies in or near the 
broadcasting band, precautions were 
necessary against loss through radia- 
tion, either into space or into adjacent 
metal structures. Accordingly the im- 
pedance of the system was made high 
by tuning the coupling circuits at 
both ends, thus minimizing the line 
current while giving a large current 
through the heating coil. To guard 
against radiation when a unit is slightly 
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detuned and a considerable current 
flows in the line, the return (grounded) 
line is run physically parallel to the 
high side of the transmission line and 
about eight inches away from it. As 
will be seen from Figure 3, the con- 
struction of the line follows current 
high- tension practice, with interlock- 
ing switches so that the two generating 
sets cannot be connected together or 
to the same pumping station. Safety 
grounding switches are also provided. 

The fifteen -kilowatt oscillator 
shown in Figure 5 employs two 228A 
water -cooled tubes in parallel as oscil- 
lators, and two 2 ç SA mercury -vapor 
tubes as rectifiers for plate supply. 

OSCILLATING 
CIRCUIT 

TO 
OSCILLATING 

TUBES 

PART TO BE HEATED 

TRANSMISSION 
LINE 

TUNING 
CONDENSER 

Fig. 4-By employing a condenser at the 
pumping station to tune the heating coil, only 
a small current is transmitted over the line 
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Regulation is accom- 
plished by a manually 
operated tap switch on 
the front of the set. 
With the control at the 
oscillator itself, it is de- 
sirable to transmit the 
high frequency only to 
points where the oper- 
ator at the oscillator 
can watch the heating 
process. For this rea- 
son the switching sys- 
tem of the transmis- 
sion line is so arranged 
that the fifteen -kilo- 
watt oscillator can be 
connected only to the 
six pumping stations 
in the immediate vi- 
cinity of the oscillator. 

In some cases it is 
not possible to obtain 
the desired tempera- 
tures due to lack of 
available power or to 
the fact that the cou- 
pling is poor. For these 
reasons a thirty -five- 
kilowatt set using four 
228A tubes as oscil- 
lators was designed 
and built. This set is provided with 
a remote -control feature (shown on 
page 391) whereby it can be fully con- 
trolled from the point of use. The 
same transmission line is used for 
the high frequency as with the fifteen - 
kilowatt set, interlocking switches 
being provided for this purpose. Re- 
mote control is provided through a 
six -conductor cable which terminates 
in a convenience outlet at each point 
of use. The remote- control apparatus 
consists of an "on -off" switch, a volt- 
meter and a "raise- lower" switch. 
The "on -off" switch controls a mag- 
netic contactor in the primary of the 
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Fig. 5 -The ,fifteen-kilowatt oscillator employs a manually 
operated tap switch for adjusting the output 

oscillator plate -supply transformer. 
The voltmeter indicates the voltage 
across the primary of that trans- 
former and the "raise- lower" switch 
controls the three -phase motor which 
operates an induction regulator in the 
120 -volt, sixty -cycle supply line to 
the plate transformer. This induc- 
tion regulator performs the same 
functions as the tap switches in the 
other sets, but here there are no per- 
ceptible steps. 

Although the high frequency is 

controlled remotely it is necessary to 
turn on cooling water and filament 
supplies at the set, but this operation 

395 

www.americanradiohistory.com

www.americanradiohistory.com


is only performed one or two times in a 
working day. In order to change the 
point of use the remote control ap- 
paratus is rolled to the new point and 
plugged into the outlet and the inter- 
locking switches in the transmission 
line thrown to the proper positions. 
There is no necessity for going back 
to the set itself. The plate voltage is 
turned off when the remote -control 
unit is disconnected from the con- 
venience outlet, even though the 
operator may have failed to turn off 
the plate voltage in the usual manner. 

The thirty- five -kilowatt set has an 
additional feature in that it provides 
for three different frequencies. Ad- 
justable bus bars and heavy terminals 
accessible from the front of the set 
(shown through lower right -hand glass 
panel, Figure 7) serve to connect the 
four oscillator condensers in parallel, 

series parallel or in series, giving nomi- 
nal frequencies 250, 500 or i000 kc. 
The higher frequencies are partic- 
ularly desirable in cases where cou- 
pling conditions are poor, such as in 
the case of a tube with small elements 
and a relatively large glass envelope. 
The recently developed ultra -high 
frequency Western Electric 316A 
tube is an example of a tube heating 
problem which requires high frequen- 
cies. Since for any given material the 
power consumed by eddy currents is 
proportional to the square of the fre- 
quency, this increase in frequency, 
where possible, is a definite advantage. 

The impedance at the terminals of 
the resonant circuit at the load end is 
relatively high as compared with the 
line impedance. There would be re- 
flection losses at this junction of the 
transmission line with the heating coil 

and condenser com- 
bination and standing 
waves would result if 
the electrical length 
of the line approached 
a quarter wavelength. 
This difficulty could be 
overcome by the use of 
impedance- matching 
networks with the risk 
of considerably com- 
plicating the set and 
reducing its present 
flexibility. For these 
reasons it was not 
deemed advisable to 
generate and use fre- 
quencies above loco 
kilocycles. In some of 
the more remote sta- 
tions in Section i -R 
the length of trans- 
mission line involved 
makes it necessary to 
limit the frequency to 
500 kilocycles or less. 

Fig. 6 -One of the pumping stations, showing the arrange- 
ment of tuning condensers at the upper right 
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When large circulating currents are 
used, the design of adequate heating 
coils is somewhat complicated. The 
coils become hot due to resistance and 
eddy current losses within themselves, 
with resultant danger to the nearby 
glass envelope and to insulation and 
adjacent parts. The problem has been 
solved satisfactorily by the use of 
water -cooled coils. The coil shown in 
the headpiece consists of a partially 
flattened copper tube wound edgewise 
and supported by slotted micalex in- 

sulators. The flattening of the tube 
allows the required number of turns 
to be wound in the available space 
without danger of arc -over between 
turns and still permits the passage of 
an amount of water sufficient for 
adequate cooling. Rubber hose con- 
nections to the water supply and drain 
provide insulation for the high voltage 
from ground, the local water supply 
being pure enough to prevent high 
current leakage even at the high volt- 
age used under these conditions. 

Fig. 7 -The thirty-five- kilowatt oscillator is remote con- 
trolled and provides frequencies of 25o, Soo, or 1000 kc 
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AVIATION RADIO FIRST DEMONSTRATED TWENTY YEARS AGO 

On August i h, 1917, the first successful 
two -way communication between aground 
station and an airplane was established 
at Langley Field, Virginia. Two days 
later -barely three months after the Sig- 
nal Corps had asked F. B. Jewett and 
E. B. Craft to undertake this radio de- 
velopment -two airplanes in flight main- 
tained communication with each other. 
In the twenty years now passed millions 
of miles have been flown by cómmercial 
and military planes equipped with West- 
ern Electric radio systems. 

First one -way transmission had been 
made early in July, 1917, with a trans- 
mitter consisting of a Colpitts oscillator 
operating directly into an antenna and 
modulated by the Heising constant - 
current system. The receiver was a 
vacuum -tube detector with one stage of 
amplification. Power was supplied by 
batteries. Members of the Engineering 
Department of Western Electric Corn- 

pane, now Bell Telephone Laboratories, 
taking part in these tests were H. W. 
Nichols, R. A. Heising, L. M. Clement, 
J. P. Minton and C. A. Finley; later 
H. M. Stoller and R. W. Armstrong joined 
the group. Practical apparatus was at 
once begun, and it was successfully dem- 
onstrated between August 14 and 24. A 
wind- driven generator in place of bat- 
teries was tried out, and filters were de- 
veloped to eliminate the commutator 
noise from its output. 

During the next three months airplane 
antennas were analyzed and further com- 
munication tests were made by Mr. 
Heising, E. L. Nelson, A. A. Oswald and 
A. Haddock. By this time the experi- 
ments had conclusively demonstrated the 
practicability of the system and during 
succeeding months orders were placed by 
the War Department with the Western 
Electric Company for both ground and 
airplane apparatus. 

E. R. Craft, Ralph Bown, Nathan Levinson and N. H. Slaughter using early Western 
Electric apparatus to carry on two -way conversation with an airplane 
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Circuit Characteristics Determined at Low Frequencies . Pfleger 41 

Clamps, Testing Drop -Wire (Picture) July -IIl 
Comparator for Characters on Perforated Teletypewriter 

'Nape Bailey 52 

Conditioning Insulating Materials for Test Burns 286 

Crosstalk Measurements Ilford . 377 
Decibel Meters Best . . 167 

Dielectrics, Relaxation Time in Yager . . . 89 

Enameled Wire, Machine for 'Nesting Staebner . . 76 

Finishes, Impact Tester for Organic Irlt . . . 108 

Goggles, Impact Test for (Picture) 352 
Handsets, Drop Test for ( Picture) Apr. -IV 
Headset for Monitoring ilolpert 353 
Impedance Bridge, 5- Megacycle Young 261 

Laminated Phenolic Insulating Material: Martin 129 

Lamps, Testing Life of Signal ( Picture) 285 

Loudness Measurements 11unsou . . 306 

Loudspeaker Response Automatically \1easured Hopkins . 234 

Noise Meter, No 2A Barstow . 252 

Oscillator for 5o to 5000 Kilocycles I rntitayr 121 

Paper Insulator in Telephone Construction !Finch . . 197 

Pressure Gauges, Calibrating (Picture) 241 

Repeaters, Testing Unattended Coaxial Cable ( Picture) 181 

Screw Threads, 'Measuring the Plating on Erickson 187 

Shellac, Measuring Viscosity of (Picture) 97 

Telegraph Signal Biasing Set D«hlboul 193 

Timing Motor for Oscillographs 11 orton . . 229 

Tonlars I braharu Dec. -1, 1 17 

Transmitter Filling Machine (Picture) Apr. -I 
Transmitters, Measuring Internal Noise in (Picture) Apr.-11,111 
Transmission, Automatically :Measuring Slonezewski 56 

Mercury Switch for Telephone Booths 201 

Message Register Camera Herriott . 257 

Metals 
Metallographic Microscope of Exceptional Power Lucas 103 

"Permendur" Pole- Pieces and Armature (Picture) 55 

Study by Microanalysis 232 

Meters 
Decibel Best . . 167 

2A Noise Meter Barctow 252 

Microanalysis 
Analysis of Metals for Contact Points 232 

Detecting Minute Quantities of Copper (Picture) Feh. -I 
Microscope, A \Ietallographic of Exceptional Power Lucas 103 
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Molecular Rotation in Organic Crystals White . 

Motor for Oscillographs Morton. . 

II 
229 

u 

Oils, Non- Spreading Lubricating Campbell . . 149 
Organic Crystals, _Molecular Rotation in IV bile . . . 1 e 

Oscillators 
For i to loo Cycles P fleger . . 41 
For 5o to 5000 Kilocycles d rmitage . 1 2 e 

Oscillograph, Timing Motor for Morton . . 229 
Outside Plant 

Apparatus Specifications Sellew . . 114 
Buried Telephone Wire Quarles . . 66 
Cable Pressure "Testing Plugs, Life Test of (Picture) 343 
Coaxial Cable Being Drawn into Duct (Picture) Oct -III 
Conditioning Insulating Materials for Test Burns 286 
Drop -Wire Clamp Test (Picture) July -III 
Gauges, Calibrating Pressure (Picture) 241 
Goggles, Impact Test for (Picture) 352 
Protection Against Lightning Interference Cade 125 
Repairing Ring Cuts on Cable Sheath (Picture) 368 
Sleeve- Pressing Tool ( Picture) 302 
Telephone Hand "fool, 1 /ooze . . 21 

"Permendur" Pole Pieces and Armature (Picture) 55 
Photomicrographs, A Metallographic Microscope of 

Exceptional Power Lucas 103 
Physical Research 

Electron Microscope (Picture) Oct -IV 
How Pitch Changes with Loudness Sojfel . . 145 
Loudness Measurements Munson . . . 306 
The Making of Industrial Physicists 390 
The Renaissance of Physics (Book Notice) 133 
X -Ray Spectrometer (Picture) July -II 

Power- Supply Systems 
Copper -Oxide Rectifiers for Telephone Systems Froberg . . 81 
Diverter -Pole Generator for Battery Charging de Kay . . . 382 
Rectifiers for Telephone Power Supply Trucksess . 350 
Regulated Plate Supply Trucksess . . 298 
Talking Battery Martin . 138 

Private Branch Exchanges 
No. tot -Type Key Equipments 

Circuits Beaumont . . 374 
Equipment Features Malone . . . 370 
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Prizes and Other Honors 
Gold Medal of American Institute of City of New York 200, 224 

Morris Liebmann Prize to W. H. Doherty 3 t 
Protection 

Fields Caused by Remote 'Thunderstorms Gould 221 

Lightning Interference, Protection Against Cash . 125 

Out -of -Block Protectors Drina 15 

Protecting Communication Circuits at Power Stations Lorkrou 92 

Public -Address Systems 
High -Quality Headset for Monitoring Wo/pert . . 353 

Loudspeaker Tower at Roosevelt Raceway (Picture) Dec -V I 
Measuring Loudspeaker Response Automatically Hopkins . 234 
Sound Reinforcing System for Hollywood Bowl Sof¡el . 225 

Q 
Quartz Crystals 

Clock 128 

Grinding and Polishing Plates ( Picture) 132 

Unit for Transmitters ( Picture) 337 

i 
Radio 

Aircraft 
All- Purpose Radio Receiver, No. 20 -Type Thorp . . 2 

Aviation Radio 20 Years Ago 398 
Broadcast 

Directive Antenna Solves Coverage Problem (WJAR) Morrison . 17 

No. 355D1 Transmitter (5 kw.) Young . . 72 

General 
A Half -Meter Tube, No. 316A Fay . . 178 

Around -the -World Radio Echoes Peterson 216 

Control Panels for Directional Antenna at Holmdel 
(Picture) 1 

Noise Reducer for Radio -Telephone Circuits Norman . 28f 

Oscillator for 50 to 5oo Kilocycles 9rmitage 120 

'l'he Surface Wave in Radio "Transmission . Burrows . ;2I 
Dlarine 

'Iwo -Way Radio for Tugboats 6 

Receivers 
Experimental Receiver in Process of Assembly (Picture) 177 

No. 20 -Type, All- Purpose Thorp . 2 

No. 27A Remote Control for Bain . . 49 

Transmitters 
No. 335D1 Broadcast (5 kw ) Young . 72 

Quartz Plate Unit (Picture) 337 
Stabilized Feedback Young . 182 
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Radio (Continued) 
Transmitters 

Typical First Laboratory Set -Up (Picture) 61 

Transoceanic 
Around -the -World Radio Echoes Peterson . . 216 
Noise Reducer for Radio -Telephone Circuits \'orman . . 281 

Recorder 
Line -Busy King . . . 316 
Watch -Rate Hibbard . . 202 

Rectifiers for Telephone Power Supply Trucksess . . 350 
Relays, Assembly in Development Shop ( Picture) Dec. -II 
Repeaters 

For the Coaxial System Black . . 385 
No. Io6A1 Regenerative "telegraph Repeater McCann 45 

Research, Philosophy of 

Chapel Hill's Lesson 301 
Individualism in Research Jewett 333 
Social Implications of Research Jewett 62 
The Making of Industrial Physicists Mills . 390 

Rubber Research Kemp 34 

S 

Selective Ringing Improved by Vacuum Tube 
Circuits Stacy . I I I 

Vacuum Tube Description (313A) Ingram . . 114 
Shellac, Measuring Viscosity of ( Picture) 97 
Sleeve Pressing Tool (Picture) 302 
Soldering Cooling Coil for Constant -Temperature Box 

(Picture) 65 
Soldering Strap Wires on Crossbar Switch ( Picture) 369 
Sound Pictures 

High Quality Headset for Monitoring Wolpert . . 353 
New Reproducer System for Small Theatres Puller . . 25 

Sound, Speech, Hearing and Acoustics 
Hearing Meter, No. 6A Audiometer Vordenswan 163 
How Pitch Changes with Loudness Soff el . 145 
Loudness Measurements h uason . 306 
Synthesizing Speech Dudley . 98 

Specifications, Apparatus Sellew . 154 
Subscriber Station Equipment 

Copying Handset from Designer's Nudel ( Picture) 137 
Examining Handset Exposed to Mercury Vapor Lamp 

(Picture) 273 
Handset Drop Test (Picture) Apr. -IV 
Measuring Internal Noise in Transmitters (Picture) Apr. -II, III 
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Subscriber Station Equipment (Continued ) 

Mercury Switch for Telephone Booths 201 

No. iot -Type Key Equipments 
Circuits 13 eau mont 374 

Equipment Features 11alone . 370 

Out -of -Block Protector Dring . . 15 

Protecting Communication Circuits at Power Station Lockrow . 92 

Remagnetizer for Ringer Magnets Danielson . 190 

Transmitter Filling \ Lachine (Picture) Apr. -I 

Vacuum Tube Improves Selective Ringing 

Circuits Stacy . 11 1 

Vacuum Tube Description Ingram . . 114 

Synthesizing Speech Dudley . . 98 

T 
"Telephotography 

Terminal Equipment for Coy 293 

Transmitter and Receiver Pfannenstiehl . 289 

Telephone Transmitter Laboratory 
Examining Handset Exposed to Mercury Vapor Lamp 

(Picture) 273 

Handset Drop Test (Picture) Apr. -IV 

Measuring Internal Noise in "Transmitters (Picture) Apr. -II, III 

Transmitter Filling Machine Apr. -I 
"Telegraph Systems and Equipment 

Automatic Comparator for Characters on Perforated Tele- 

typewriter Tape Bailey . 52 

No. io6A1 Regenerative Telegraph Repeater .McCann 45 

Signal Biasing Set Dahlbonn 193 

Teletypewriter Exchange Systems Locke 7 

Teletypewriter Systems (see Telegraph System and 

Equipment) 
Testing (see Measuring and Testing) 
"Thunderstorms, Fields Caused by Remote Gould 221 

"Toll Systems and Equipment 
Attenuation Measurements at High Frequencies Dennis . . 247 

Automatic Measurement of Transmission . . . . Slonrzewski 56 

Broad -Band Carrier Systems life! 242 

Coaxial Cable (see Cables) 
Crosstalk Measurements Ilford . 377 

Determining Circuit Characteristics at Low Frequencies Pfleger . . 41 

Filters for G1 Carrier System D'heedene . 157 

Modulation in G1 Carrier System Blessing . . 210 

Oscillator for 5o to 5000 Kilocycle- It-oil/age . . 120 

Testing New Repeater "Tubes (Picture) Feb -III 
Tonlars /braham Dec. -I, 117 

Volume Limiter Circuits for Type -C System Cowley . . 311 
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1 

Tools, Telephone Hand Moore . . 21 
Transformer, Neutralizing, to Protect Communication 

Circuits 

V 

Lockrow 92 

Vacuum Tubes 
Analyzing Gas from Evacuated Graphite ( Picture) 176 
Assembling Elements of Experimental Tubes ( Picture) 268 
Experimental Tubes (Picture) Feb. -I1 
High -Frequency Supply for Degassing Shower . 391 
Machine Anode for Copper -to -Glass Seal (Picture) 33 
No. 313A Vacuum Tube 

Circuits for Selective Ringing Starr . 1 1 1 

Description of Tube Ingram 114 
No. 316A Vacuum Tube (Half-Meter) Fay . 178 
Power- Amplifier Tube for Ultra -High Frequencies . Samuel 345 
Rotary Glass -Blowing Machine (Picture) Oct -1 
Testing New Repeater Tubes ( Picture) Feb -III 
X -Ray Examination of (Picture) Oct. -I 

w 
Watch Rate Recorders Hibbard . . 202 
Wires 

Buried Telephone Wires Quarles . . 66 
Machine for Testing Enameled Wire Staehner . . 76 
Sleeve- Pressing Tool (Picture) 302 

X 
X -Ray, Examination of Vacuum Tube by (Picture) Oct. -II 
X -Ray Spectrometer (Picture) July -II 
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