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A Non- Directional Microphone 
By R. N. MARSHALL 

Transmission Instruments Engineering 

S[NCE its introduction in 1931, 
the Western Electric moving coil 
microphone has solved many of 

the difficulties encountered in broad- 
casting, sound recording, and public 
address service. While this micro- 
phone was a decided advance over 
apparatus existing at the time of its in- 
troduction, extensive field experience 
during the past four or five years and 
continued development studies have 
now made possible the production of a 
distinctly better instrument. While 
retaining all the good features of the 
previous, or 618A, type the new 
microphone has the added advantages 
of a more uniform frequency charac- 
teristic from 40 to 10,000 cycles, a con- 
siderably wider range than the 618A, 
and is essentially non -directional in 
its response. At the same time the 
microphone is smaller and lighter than 
the old, and thus of increased porta- 
bility and convenience. It differs 
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radically from previous microphones 
in appearance, consisting of a two and 
one -half inch spherical housing with a 
two and one -half inch acoustic screen 
held a fraction of an inch off the sur- 
face. This microphone, known as the 
63oA, is shown above in the position 
in which it is normally used. 

To build a microphone that will 
respond uniformly to sound pressures 
at its face is quite a different thing - 
and much simpler -than designing it 
to respond equally to sound coming 
from any direction. In general a sound 
field is disturbed by the presence of 
the microphone, and as a result the 
pressure at the face of the microphone 
will not be the same as it was before 
the microphone was placed in position. 
This change in pressure caused by the 
presence of the microphone is largely 
an effect of diffraction. It is limited to 
the higher frequencies, varies with the 
frequency, and is a function of the 
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size and shape of the microphone and 
the direction from which the sound 
waves approach the microphone. Be- 
cause of this, previous microphones 
have shown a marked directional 
effect, which not only varied with the 
angle of sound incidence, but for any 
particular angle varied greatly with 
frequency. 

This varying in response with direc- 
tion and frequency results in a dis- 
tortion of the output. In many cases - 
such as when used as a pick -up for 
large orchestras or choruses, or in 
sound picture studios -the sound 
reaching the microphone directly is 
only a small part of the total. The 
major part of the sound reaches the 
diaphragm only after one or more 
reflections from the walls of the room. 
As a result most of the sound arrives 
at the microphone from directions 
other than the normal one. If the 
response in these various directions 
differs, the output of the microphone 
will not truly represent the sound at 
the point of pick-up--and this, of 
course, is distortion. In the new micro- 
phone this directional distortion is so 
slight as to be imperceptible. 

The directional effect for the 618A 
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microphone is shown in Figure i for 
five angles. At io,000 cycles the differ- 
ence in response between certain 
angles is 20 db, and at 5,000 cycles 
may be over i 5 db. In the new micro- 
phone this variation has been greatly 
reduced, as shown in Figure 2. At 
ro,000 cycles the maximum differ- 
ence in response for any two direc- 
tions is only about 5 db, which is 
imperceptible to the ear. Moreover 
the new microphone is designed to be 
mounted so that its diaphragm is 
horizontal, and thus its response is 
perfectly uniform for all horizontal 
angles. The very slight residual direc- 
tional effect exists only in the vertical 
plane. When it is used for picking -up 
addresses or other sounds arriving 
only in the horizontal plane, there is 
no directional distortion whatever. 

This great improvement has been 
made possible by extensive study of 
the causes of the directional effect and 
the possible means of avoiding it. 
The directional effect is largely a 
function of the size of the microphone 
relative to the wavelength of sound. 
It might be avoided, therefore, if the 
microphone could be made small 
enough, but calculations showed that 
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Fig. 2 -Field response of new 63oí1 moving -coil microphone for the same five 
angles of incidence and for the same frequencies 

to make the effect negligible at io,000 
cycles, the instrument would have to 
be approximately I z " in diameter. 
While a microphone of this size could 
have been built, its output would be 
considerably less than for the larger 
instruments, which is objectionable in 
a microphone designed for general 
broadcasting and sound picture use. 
The size of the new microphone was 
reduced, therefore, only to the point 
where a satisfactory output could still 
be obtained, and the remaining tend- 
ency to directional distortion was 
overcome in the design chiefly by 
employing a spherical shape and by 
using the acoustic screen mounted 
just in front of the diaphragm. 

Studies made in these laboratories 
clearly brought out the effect of the 
shape of the microphone on the direc- 
tional response. This is indicated in 
Figure 3, which shows the computed 
response at a point at the center of 
three different shaped objects of equal 
diameter with variation in frequency 
and direction of arrival. The abscissas 
are given as the ratio of the diameter 
of the object to the wavelength of the 
sound, but the table at the bottom 
indicates the corresponding frequen- 
cies for diameters of i, 2, and 4 inches. 
It will be noticed that both the cylin- 
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der and cube result in a marked 
directional effect, made more serious 
by the wavy character of the response, 
while the variation in response for the 
sphere is much less and the waviness 
has practically disappeared. 

With a spherical microphone mount- 
ed with the diaphragm horizontal, 
there would be a tendency for the 
response to be too high for high - 
frequency sounds coming down from 
above, that is directly toward the 
diaphragm, and too low for similar 
frequencies coming from angles very 
much below the horizontal. These 
effects have been almost completely 
avoided in the new microphone, and 
an essentially uniform response ob- 
tained from sound coming from all 
directions, by mounting an acoustic 
screen in front of the diaphragm. This 
screen was developed by F. F. Roma - 
now, and is designed to produce a loss 
in sound passing through it, and to 
reflect back to the diaphragm sound 
coming from behind the microphone. 
It thus compensates for the unequal 
diffractive effects and makes the 
instrument non -directional in its 
response characteristics. 

Besides these changes designed 
primarily to reduce the directional 
effects, extensive changes were made 
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in the internal construction and 
arrangement of the microphone to 
even out the response curve and to 
extend its range. The general con- 
struction is shown in Figure 4. In 
many of the earlier types of micro- 
phones, the cavity in front of the 
diaphragm introduced an undesirable 
resonance. In the new microphone 
this resonance is controlled by the 
design of the protective grid, which is 
that part of the outer shell directly in 
front of the diaphragm. Instead of 
being the source of undesirable dis- 
tortion, the grid and cavity have 
become a valuable aid in improving 
the response of the instrument at very 
high frequencies. This 
grid also incorporates 
a screen to prevent 
dust and magnetic 
particles from collect- 
ing on the diaphragm. 

The inherent loss due 
to the reduction in 
size is partially offset 
by making the dia- 
phragm light in weight 
and of very low stiff- 
ness. It is very im- 
portant that the dia- 
phragm should vibrate 
as a simple piston 
throughout the entire 
range. To secure such 
action over a wide 
range of frequencies 
has proved in the past 
to be a very difficult 
problem. This problem 
has been solved quite 
satisfactorily in con- 
nection with the new 
microphone. No evi- 
dence of vibrating in 
other modes is shown 
by the diaphragm be- 
low 15,000 cycles. 
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The size and shape of the housing 
was selected with particular reference 
to the requirements that had to be 
met. The size is such that the housing 
fits closely over the diaphragm and 
thus produces little more diffractive 
effects than would the diaphragm 
itself, and the spherical form allows 
the maximum amount of air space 
behind the diaphragm, which is essen- 
tial to minimize the impedance to 
vibration. To prevent resonance with- 
in the case, an acoustic -resistance 
baffle is provided to divide the space 
into two parts. A tube, with its outlet 
at the back of the housing, serves the 
double purpose of equalizing the in- 
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Fig. 3- Difference of response at the center of the end form 
of a cylinder, cube, and cylinder for sounds coming from 

different directions and at different frequencies 
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side and atmospheric pressures, and 
of increasing the response of the 
instrument at low frequencies. 

The acoustic screen that compen- 
sates for the directional effects is 
mounted over the grid in front of the 
diaphragm, and is thus an additional 
protection for the diaphragm. This 
places it in a vulnerable position, how- 
ever, but it is designed to withstand 
considerable shock and the acoustic 
screen itself is a separate unit and 
easily replaceable. The terminals of 
the microphone are provided in the 
form of a plug recessed in the housing 
behind the microphone unit. This ar- 

PROTECTIVE 

rangement provides protection for the 
terminals and serves to conceal the 
connecting jack. 

Thoroughgoing research and;devel- 
opment studies have thus not only 
made it possible to provide a micro- 
phone that is smaller, more easily 
handled, and more attractive in ap- 
pearance than previous types, but 
have extended the frequency range 
and reduced the directional effects to 
a point where they are imperceptible. 
Its convenient form and desirable 
characteristics make the new micro- 
phone suitable for practically any 
type of service. 

ACOUSTIC DIAPHRAGM 
SCREEN SCREEN AND COIL 

ACOUSTIC 
RESISTANCE 

Fig. 4- Simplified cross -sectional view of the non - 
directional microphone 
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Hysteretic Modulation 
I -By ROBERT M. KALB, II -By WILLIAM R. BENNETT 

Wire Transmission Research 

I. HISTORY AND BEHAVIOR 

OFTEN it is stated that iron has a 
memory because it governs its 

actions in a way that depends upon 
changes it has undergone in the past. 
The mentality this credit implies 
must be a perverse one, for the essen- 
tial feature of the hysteresis exhibited 
is contrariness. An attempt to produce 
a change of state, in other words, is 
opposed through some intrinsic prop- 
erty of the metal and this opposition 
is manifested by a lag of the response 
behind the actuating force. Further- 
more, when this force first alternates 
between two points, the iron does not 
respond in exactly the same manner 
each time, but sufficiently chastened 
after a few repetitions, finally settles 
into a cyclic condition. When more 
complicated changes of the force are 
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made, the performance is of a truly 
complex character in which all the 
past history of the iron may play an 
appreciable part. 

Iron is not uniquely imbued with 
hysteretic properties. Several metals 
and alloys, known collectively as fer- 
romagnetic, exhibit the same be- 
havior. Dielectrics likewise often show 
a similar dependence of the charge 
upon the voltage, and in mechanical 
systems, displacements which lag be- 
hind the force in a hysteretic manner 
are all too common. 

Perhaps because of its obviousness, 
magnetic hysteresis has a long his- 
torical background. J. A. Ewing 
coined the name in 1881 from the 
Greek verb ÚQTEp&s , to lag behind. 
He made a thorough investigation of 
it and attempted simple explanations 
which have been largely substantiated 

39 

www.americanradiohistory.com

www.americanradiohistory.com


rather than outmoded during half a 
century. In the realm of weak fields, 
Lord Rayleigh was a pioneer. His re- 
searches extended over the low mag- 
netizing forces which were destined to 
wide application throughout the com- 
munication industry. 

One of Rayleigh's contributions 
was the analysis of hysteresis loops 
into harmonic components. We are 
immediately concerned, since the mag- 
nitudes of these components will tell 
us the distortion of a sine wave to be 
expected in an iron core coil or a 
loaded submarine cable -to name 
two examples. 

Rayleigh found by experiment a 
parabolic relationship between the 
flux and the magnetizing force pro- 
ducing it, and deduced that in hys- 
teresis loops of different sizes all the 
upper branches are one and the same 
curve displaced with respect to one 
another, and so likewise are the lower 
branches. In other words, when the 
force changes in the reverse direction 
and a new branch of the hysteresis 
loop is started, it has the same shape 
regardless of where it has been or 
where it comes from. 

The exposition of hysteretic per- 
formance at weak magnetizations was 
made complete when E. Madelung 
formulated in concise statements the 
effects of the past history. He pointed 
out that it is iron's idiosyncrasy to 
forget first recent events and remem- 
ber longest the earliest ones. His study 
disclosed that, when being carried 
through complicated changes, the 
first time the iron returns to a mag- 
netization which has previously been 
either a maximum or a minimum, it 
instantly and irrevocably forgets all 
that has intervened. It attains mag- 
netizations beyond, not by a contin- 
uation of the latest parabola, but 
along the extension of that by which 
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it arrived before. In its actions it is 
one hundred per cent behavioristic. 

Now it turns out that Rayleigh's 
findings together with some of Ewing's 
ideas predicate this performance ex- 
actly. However, the latter's measure- 
ments, confirmed since, do not accord 
strictly with the perfect picture 
painted. Slight departures, possibly 
explainable in the light of recent 
generalizations of Rayleigh's theory, 
are observed. These prove to be quite 
small, so they can be ignored prac- 
tically and Madelung's propositions 
can be used unchanged to predict the 
performance of iron under the influ- 
ence of complex forces. 

Since the waves produced by 
speech are themselves very compli- 
cated and hence the corresponding 
hysteresis loop patterns still more in- 
tricate, it might seem at first thought 
to be a hopeless task to attempt a 
theoretical study of the effects of 
hysteresis on telephone transmission. 
It would certainly appear to be ad- 
visable to start with something sim- 
pler than an actual speech wave. 
Since much of our telephone trans- 
mission theory is based on sinusoidal 
oscillations, it was natural to begin 
by studying the response to a single - 
frequency sinusoidal wave in the hope 
that the results might be of some use 
in predicting the behavior of the sys- 
tem when more complicated signals 
are transmitted. The theory of single - 
frequency hysteresis loops and of the 
resulting distortion and impedance 
change, in a form which comprehends 
Rayleigh's analysis, was given by E. 
Peterson in the Bell System Technical 
journal for October, 1928. It was 
found possible to establish a useful 
correlation between this single -fre- 
quency theory and the performance of 
magnetic materials in circuits. 

Restriction to a single- frequency 
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solution, however, excluded adequate 
treatment of certain phenomena which 
are of great importance. For example, 
the distortion of a wave consisting of a 
single frequency "f" normally results 
in the production of harmonics only, 
which are of frequencies 2f, 3f, 4f, 5f, 
etc.* In transmitting over a multi- 
channel carrier system, we are thus 
able with a single- frequency theory to 
estimate only the interference which 
one channel causes in those higher 
frequency channels which include 
multiples of the frequency considered. 
Actually, we know that when two or 
more frequencies, say f, and f2, are 
simultaneously present in the system, 
the side frequencies or combination 
tones 2f, f2, 2f1 -f2, 2f2 +f1, 
etc., are generated, resulting in a much 
wider variety of inter -channel inter- 
ference in both higher and lower fre- 
quency channels. It was desirable 
therefore to extend hysteresis loop 
theory to include at least two super- 
imposed frequencies. It might indeed 

*In the case of iron with no biasing magnetizing 
force, the hysteresis loops are symmetrical and only 
the odd harmonics 3f, 5f, etc., are produced. 

seem necessary to solve the case of 
three, four, or any greater number of 
superimposed frequencies. It turns 
out, however, that little or no addi- 

A 
\il^.NAN 

... B . 

C 

Fig. 2-The distorted voltage wave (a) 
appears across an iron core coil magnetized 
by the two frequency current (b). One 
component of this current is shown by (c) 

tional information of value is obtained 
by considering more than two fre- 
quencies unless the speech wave it- 
self can be simulated and this is not 
possible with any reasonably small 
number of frequencies. 

II. CALCULATION AND MEASUREMENT 

ITx regard to the actual mechan- 
ism of solving a hysteresis prob- 

lem, we note that if the family of 
hysteresis loops for the magnetic 

A 
Fig. i-How hysteresis loops vary when two waves of different frequencies and amplitudes 
interact in ferromagnetic device. In (a), (b) and (c), the frequencies are nearly the same; 
in (b) the amplitudes are identical; in (a) the high frequency has the larger amplitude, 
and in (c) it has the smaller amplitude. In (d) and (e) one frequency is much higher than 

the other; in (d) the high frequency has a larger amplitude than in (e) 
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specimen is known, the amount of 
induction in the iron at any time can 
be calculated in the single- frequency 
case provided three things are known. 
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Fig. 3 -With two currents exciting a coil, 
a change in one of these currents brings about 
dissimilar changes in the magnitudes of the 
two most important components of the 

distortion 

First, we require the maximum value 
of magnetizing force reached during 
each cycle. This enables us to 
select the proper loop from the 
family. Next, we must know 
whether the magnetizing force 
is increasing or decreasing at 
the instant in question, so that 
we may select the proper one 
of the two loop branches. 
Finally, we require the actual 
instantaneous value of mag- 
netizing force. With two ap- 
plied frequencies the situation 
is much more complicated, as 
is illustrated by the sketch* at 
the head of this article, which 

*Made from a photograph taken by F. 
E. Haworth with the hysteresigraph de- 
scribed in the RECORD for December, 1930. 
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shows a portion of a two- frequency 
hysteresis loop. Instead of a family 
of detached loops we now have an 
intricate pattern of connected loop 
branches. However, a sort of analogy 
exists. Corresponding roughly to the 
maximum amplitude, we have the en- 
velope of the two -frequency wave, 
which is an approximate guide to the 
upper and lower limits of the loop 
branch we are traversing. The enve- 
lope of a two- frequency wave is a 
complicated function of time in con- 
trast to the amplitude of a single - 
frequency wave, which is simply a 
constant. Likewise the question as to 
whether we are on an ascending or 
descending loop branch is more diffi- 
cult in the two -frequency case. In the 
single- frequency case, we have simply 
two branches each cycle, while in the 
two -frequency case the duration of a 
branch varies widely with time. A 
mathematical method of representing 
a "branch- changing function" for a 
two -frequency wave was one of the 
many details that had to be supplied 
before the problem could be solved. 

The loops resulting from two fre- 
quencies have subsidiary loops in a 
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Fig. 4 -When the two magnetizing forces have the 
same amplitude, the distortion voltages vary with its 

square. 11 typical component is shown here 
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variety of patterns ox 
within a main loop. 
These subsidiary loops 0.16 
range from tiny, slender 
ones to some almost the o 
size and shape of the 
major loop. Unless the 
frequencies are rational 0.0 

multiples of each other 
no loop is ever exactly oo 

retraced, and depend- 
ing upon the ratios of Fig. 5- Because of hysteresis, the resistance to one of two 

the amplitudes and of currents increases with either of them 

I21N MILLIAMPERES 
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rig 
the frequencies, some- 
thing of the sort depicted in Figure i 
continues interminably. Large loops 
may seem to shift slightly cycle after 
cycle; the trace may spiral inward 
and back again alternately; or an 
endless procession of little loops 
may seem to move around within a 
big one. It is from an analysis of this 
behavior that the distortion of a two - 
frequency wave must be described. 

OSCILLATORS 

monics and that the lower side fre- 
quencies of a pair differ in intensity 
from the upper ones. The amplitudes 
of all products follow a square law as 
functions of fundamental amplitudes. 
In other words, any component of the 
distortion is proportional either to the 
product of these amplitudes or to the 
square of one of them. Changes in the 
impedance to either frequency in- 

crease with either amplitude. 
The phenomenon of hysteresis 
suppression whereby one fre- 
quency absorbs a part of the 
hysteresis loss which would 
normally be taken by the 
other, is found not to occur at 
the weak fields to which this 
treatment is limited. In addi- 
tion to the initial permeability, 
only one parameter set by the 
intrinsic properties of the iron 
is needed to define both the 

Fig. 6 -In this bridge one frequency modulation and the impedance 
with others present is obtained by tuning the detector variations caused by hystere- 

sis. It is thus possible to ex- 
press all two -frequency effects in 
terms of single- frequency impedance 
data so that the necessary constants 
can be easily determined from bridge 
measurements. The theoretical formu- 
las for impedance change and gene- 
rated modulation products have been 
checked by laboratory measurements 

a balance at 

Passing over the formal processes 
involved in the solution, which is 
given in a paper* in the Bell System 
Technical journal for April, 1935, we 
come to the results. It is found that 
the side frequencies eft ± fa, 2f, ± 
are in general stronger than the har- 

*By Robert M. Kalb and William R. Bennett. 

October 1935 43 

www.americanradiohistory.com

www.americanradiohistory.com


and have been found in agreement. 
A novel bridge circuit, shown in 

Figure 6, was employed to measure 
the hysteretic impedances. Unlike the 
flutter bridge,* which balances one of 
the currents out of every part of the 
bridge except the coils being measured, 
the arrangement shown here allows 
both currents to enter all arms of the 

*Described in the RECORD for September, 193a. 

bridge, but admits only one of them 
to the tuned detector. To facilitate 
measurements at either frequency 
with no retuning, two detectors -one 
tuned to each frequency -are pro- 
vided and the desired one can be se- 
lected by a switch. Thus measure- 
ments can be made on a single coil and 
the necessity of obtaining specimens 
in balanced pairs is obviated. 

-- 
".44M -.a- -.r. 

Experimental Coaxial Structures 

www.americanradiohistory.com

www.americanradiohistory.com


Telegraph Testing Facilities 
By A. J. WIER 

Equipment Development 

LTHOUGH the public is fa- 
miliar with the many ramifi- 
cations of the telephone sys- 

tem, and has some knowledge of the 
general types of switching operations 
that must be performed, it is not 
acquainted nearly so well with the 
facilities provided for handling leased - 
wire telegraph service which the Bell 
System offers. The widespread net- 
work of cables and open wire lines of 
the Bell System makes it a fairly 
simple matter to furnish lines for 
telegraph purposes. Another impor- 
tant factor in making telegraph facili- 
ties available is the ability to trans- 
mit telegraph messages over the same 
conductors that carry telephone con- 
versations without affecting the trans- 
mission of telephone messages. By 
means of composite sets* each wire of 
a telephone circuit can carry a tele- 
graph message in both directions, and 
practically all of the long open wire 

*RECORD, Dec., 7928, p. 140. 
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lines are equipped for this type of 
service. Cable circuits are also em- 
ployed for telegraph service, but in 
cables the two wires of a pair are used, 
thus providing a metallic circuit. 
Both open wire and cable circuits are 
also employed for carrier telegraphy, 
which has come into increasing use in 
recent years. 

Leased -wire telegraph facilities are 
employed by banking and brokerage 
houses, news services, and many in- 
dustrial concerns in varying degrees 
and for a multiplicity of purposes. 
They may use the facilities contin- 
uously or only for certain hours of the 
day, and the number of stations con- 
nected to a single line also may vary 
from hour to hour. Provisions must 
be made, therefore, for making the 
large number of changes in connec- 
tion as they are required, and for 
testing the facilities and maintaining 
them in good working condition at 
all times. 
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The general plan employed is to 
connect the lines, subscriber's loop, 
repeaters, battery connections, and 
testing apparatus to jacks at a com- 
mon point. Then by means of patch- 
ing cords -short lengths of cord with 
a plug at each end -these various 
elements may be interconnected as 
desired. The maintenance facilities 
employed provide for the most part 

TO MORSE 
LINE JACKS 

AT TOLL -- 
TEST BOARD 

MORSE BOARD NO.4 

DUPLEX -LINE 
JACKS 

X 

for testing only the telegraph equip- 
ment; the line conductors themselves 
are tested and maintained at a toll 
test board, which is usually separate 
from the telegraph equipment. 

In the very early days of the tele- 
phone industry, when telegraph cir- 
cuits were few, they were terminated 
for patching purposes in simple jack 
boxes which were usually mounted on 

the wall. Each was 
made to accommodate 
the needs of the par - 
ticular installation, and 
a very simple arrange- 
ment sufficed to care 
for the limited inter- 
connection and testing 
required. As the coun- 
try grew industrially, 
and the demands for 
leased -wire service in- 
creased, this simple ar- 
rangement became in- 
adequate, and toll test 
board No. 2 was de- 
veloped, which was fol- 
lowed by Toll Test 
Board No. 3. These 
boards included facili- 
ties for all toll testing 
as well as for telegraph 
testing, but -like the 
jack boxes -they were 
built on a "job" basis: 
that is, each one was 
built to meet the speci- 
fications for a particu- 
lar installation. 

About the end of the 
first decade of this cen- 
tury, the telegraph 
testing equipment, par- 
ticularly in the larger 
cities, had reached con- 
siderable proportions, 
and two new boards - 
Toll Test Board No. 4 

October 1935 

POLAR DUPLEX TELEGRAPH REPEATER 
HALF DUPLEX OPERATION 

-120 

II LINE BATTERY 

l'120 
VOLTS 

LEGS 

POLAR 
RELAY 

'REPEATER 
V02LT5 SOUNDER 

^ ^ , 

1-` 
POLE- 

CHANGER 

[I 
LEG BATTERY - -120 -120 - 

=VOLTS VOLTS= 

TELEGRAPH LINE 
TERMINAL JACKS 

I THROUGH 
1 -BUZZER 

+120 +--4- 
VOLTS 

1 

24 - 
VOLTS = 

B 

LOOPING 

LINE 

DROP I 

BATTERY 

DROP 2 

I LOOP 3 

['LOOP 2 

o 

+11 
LOOP I 

VOLTS 

SOUNDER 

r 
\CRETROL 

RELAY 

MORSE SUBSCRIBERS SET 

CALLING 
BUTTON 

Fig. i- Simplified schematic of the No. 4 Morse Board 
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and Morse Board No. 
4 -were developed to 
meet the more complex 
requirements. In these 
boards the first real at- 
tempt was made at 
standardization. A de- 
sign was adoptedwhich 
made it possible to 
stock the boards, and 
to supply them on 
order, with a consider- 
ably reduced amount 
of individual engineer- 
ing. As a result the 
boards could be pro- 
duced on a quantity 
basis, which allowed 
improved testing fa- 
cilities to be provided 
at a reduced cost. 

These new units were 
of the switchboard 
type, and consisted of 
a single -position four - 
panel or a two -position 
eight -panel section. 
Where only a few tele- 
graph circuits were re- 
quired, the telegraph 
testing facilities were 
incorporated in the toll 
test board, but for all 
other installations a 
separate Morse board 
was supplied. In this board sub- 
scriber's loops and the testing equip- 
ment were connected to cords and 
plugs in the key shelf. Each panel of 
the face equipment was equipped with 
jacks, which were arranged in an 
upper and a lower group. To the 
jacks of the upper group -called du- 
plex jacks for reasons which now have 
little significance -are connected the 
lines, positive and negative battery, 
repeaters, and connections running 
to jacks of the lower group. The jacks 
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Fig. 2- Simplified schematic of the No. 9 telegraph test board 

of the upper group are arranged in 
pairs, as shown in Figure i, and 
double -ended patching cords were 
employed to set up the required con- 
nections. In the lower group are jacks, 
called telegraph line terminal jacks, 
into which the subscriber's loops and 
the testing equipment are plugged as 
required. These are so arranged that a 
number of subscribers can be con- 
nected into the same circuit or the 
test board attendant can connect his 
telegraph equipment into a line or 
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Fig. 3 -An installation of the No. 9 board 
in Kansas City 

loop to make the required tests, or to 
send or receive. 

This board was standard for many 
years and is still furnishing satis- 
factory service in some offices. Being 
of the switchboard type, however, it 
incorporated a lot of expensive wood- 
work, and -in addition -required 
more space than was desirable under 
the crowded post -war conditions. 
Studies were made to determine what 
was possible toward reducing cost and 
space, and as a result of them, Toll 
Test Board No. 5 was developed. It 
incorporated both toll and telegraph 
testing facilities. 

The telegraph positions of the new 
board, shown in the photograph at 
the head of this article, differed from 
those of the No. 4 Board in being ar- 
ranged to mount on standard relay 
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racks, thus entirely eliminating the 
woodwork of the switchboard con- 
struction. In addition, the equipment 
was arranged in smaller upper and 
lower units, which permitted less ex- 
pensive units without curtailing later 
expansion. The fundamental differ- 
ence in circuit was that the sub- 
scriber's loops were connected directly 
to the loop jacks of the lower group 
instead of being connected to cords as 
they were in the No. 4 board. With 
this arrangement dummy plugs were 
employed to disconnect a subscriber, 
and double -ended patching cords were 
used to interconnect them as desired. 
A shelf, attached to the relay rack, 
carried the attendant's telegraph and 
telephone facilities and the testing 
equipment. 

Although Toll Test Board No. 5 is 
still standard, its telegraph positions 
were superseded a few years ago by 
Telegraph Test Board No. 9, which 
differs from the No. 5 board only in 
circuit arrangements. The large growth 
in leased -wire telegraph service made 
it economical for operating reasons to 
split the board into two separate and 
distinct types of positions, Telegraph 
Line Positions and Telegraph Loop 
Terminal Positions. This arrange- 
ment allowed all the line testing and 
patching to be done at one board, and 
all the subscriber loop patching and 
testing to be carried on at another 
board. This segregation of operating 
functions made it possible to concen- 
trate more circuits before each at- 
tendant and at the same time to 
simplify their operating functions. 
The line jack positions, see Figure 2, 
are equipped with jack circuits com- 
parable to the Duplex Line Jack 
circuit, Figure i, but they are wired 
so that they can be used with open 
wire, cable, or carrier telegraph fa- 
cilities as desired. The loop jack po- 
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sitions are equipped with jack circuits 
which include the remaining jacks 
shown on Figure i except the battery 
jacks, which are no longer required 
because of the use of alarm type heat 
coils in all telegraph battery taps. In 
addition, meter jacks are provided for 
making current measurements on 
telegraph repeaters. 

The testing equipment used in both 
the line and loop positions of the No. 
9 board is practically the same as that 
used in the former board. It termi- 
nates on plugs and consists of a tele- 
phone set for use with trunks and tele- 
typewriter subscribers; telegraph test- 
ing circuits for sending, receiving, or 
monitoring on Morse or teletype- 
writer circuits; volt -milliammeter cir- 

cuits for making voltage and current 
measurements on line and loop cir- 
cuits; meter circuits for making cur- 
rent measurements on repeaters, and 
a telegraph order wire circuit for com- 
municating with distant offices. 

A simplified schematic for the two 
types of positions of the No. 9 board 
is shown in Figure 2, where the 
differences between it and the No. 4 
board of Figure i may be seen. 
The appearance of the new board is 
shown in Figure 3 and may be com- 
pared with the No. 5 board shown at 
the head of this article. Although both 
the No. 4 and No. 5 boards are still in 
service, the No. 9 board is being sup- 
plied exclusively for additions and 
new installations. 

Sealing -in an experimental vacuum tube 
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A Speech Amplifier for Police Radio 
By J. E. TARR 

Radio Development Department 

ADIO dispatching systems, 
which have come into wide use 
in recent years, are fundamen- 

tally broadcasting systems. In general 
they consist of a microphone, a speech 
amplifier, and a radio transmitter. 
Because of the variety in the type of 
service desired by various police de- 
partments, however, there has been 
considerable diversity in the auxiliary 
equipment employed. With a view to 
standardizing the functional units and 
making the system more simple, the 
Laboratories has recently developed 
a new speech amplifier, designed ex- 
pressly for police service, which incor- 
porates in a single unit a variety of 
functions that have heretofore re- 
quired several different pieces of 
apparatus. This new amplifier, known 
as the 89A, is shown in the photo- 
graph at the head of this article. In a 
single small unit is a three -stage am- 

5Q 

plifier with gain control, a volume 
indicator, a signalling oscillator, two 
switching keys, and a vacuum tube 
rectifier circuit that permits the entire 
unit to be operated from a commercial 
alternating- current supply. The level 
indicator, prominent on the front of 
the unit, indicates the output level, 
and the knob at the right permits this 
level to be readily adjusted to the 
optimum value. The left -hand key 
below the level indicator sends an 
attention tone when depressed, and 
connects the amplifier for announce- 
ments when raised. The right -hand 
key is employed primarily when the 
amplifier is used with a microphone 
at the transmitter while most of the 
announcing is done from a remote 
point over a telephone line. Under 
these conditions the key at the trans- 
mitter station would normally be 
depressed,_which connects the ampli- 
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fier to the incoming telephone line. 
Raising this key disconnects the line 
and connects the local microphone for 
emergency announcements. 

The input switching key is provided 
with auxiliary contacts which may be 
connected to power relays associated 
with the radio transmitter. When this 
switch on the speech amplifier at 
either the dispatching or transmitting 
position is moved to the microphone 
position, the radio transmitter will 
automatically go "on the air." When 
a radio receiver is used at a dispatch- 
ing position for monitoring, its control 
terminals may also be connected to 
these contacts, so that its loud speaker 
will be silenced whenever the local 
microphone is connected, thus pre- 
venting the possibility of acoustic 
feedback or singing. 

The signalling key, when up, con- 
nects the amplifier for normal opera- 
tion, but when down supplies a 400 - 
cycle tone, a pitch of about G above 
middle C, to the radio transmitter. 
No separate oscillator tube is re- 
quired; when the key is in the signal- 
ling position, the second -stage tube 
of the speech amplifier is connected 
to the oscillator circuit, which in turn 
is connected to the input of the third, 
or final stage, of the amplifier. The 
power level of the signalling tone can 
be controlled by an auxiliary potenti- 
ometer which is adjusted by means of 
a screwdriver inserted in a hole in the 
front panel of the amplifier. 

5 

0 

-IO 

The 89A speech amplifier is de- 
signed for operation with the Western 
Electric 600A transmitter, which is a 
standard double- button carbon micro- 
phone. This microphone was selected 
because its output is the highest, and 
its cost the lowest of available good - 
quality microphones. Exciting current 
for the microphone is supplied by the 
amplifier unit, which also incorporates 
the center -tapped coupling trans- 
former required. The normal output 
volume of the amplifier is equivalent 
to about six milliwatts of single fre- 
quency power, but volumes io db 
higher may be used if desired. The 
zero level point of the volume indica- 
tor corresponds to the normal output 
volume but the multiplier resistance 
may be changed if it is desired to 
operate the amplifier at higher vol- 
umes. The maximum gain is approxi- 
mately 65 db, which is sufficient for 
use with the 600A transmitter even 
for the maximum output. 

As shown in Figure i, the gain - 
frequency characteristic of the new 
amplifier for maximum gain is flat to 
within 2 db from ioo to 6000 cycles, 
which is a wide enough frequency 
range to transmit speech with very 
good intelligibility. With a gain of 
io db less than maximum, the charac- 
teristic is flat within the same limits 
up to 8000 cycles. When the amplifier 
is operated at the normal output level 
of six milliwatts the harmonic dis- 
tortion is less than one per cent, 

30 40 50 100 200 300 400 500 1000 2000 3000 
FREQUENCY IN CYCLES PER SECOND 

5000 10,000 

Fig. i -The gain frequency characteristic of the 89i1 amplifier is fiat to within 2 db 

from ioo to 6000 cycles 
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while even at levels io 
db higher the distor- 
tion is less than five 
per cent. Power noise 
in the amplifier output 
is near the threshold of 
audibility under all op- 
erating conditions. 

In appearance and 
general mechanical de- 
sign the 89A amplifier 
resembles the radio re- 
ceiver used at announc- 
ing and transmitter 
stations of police radio 
systems. As shown in 
Figure 2. the apparatus 
is mounted on a metal 
chassis which may be withdrawn from 
the cabinet after turning the two 
locking knobs on the front. All exter- 
nal connections to the amplifier are 
made through plugs and jacks located 
at the rear of the chassis, which 
greatly facilitates the removal of the 
unit for inspection and servicing. 

This new unit provides not only 
a speech amplifier suitable for uni- 

Fig. 2- Apparatus for the 89A amplifier 
metal chassis which may be readily removed from the cabinet 

versal application to police radio - 
dispatching systems, but also such 
auxiliaries as a volume indicator, a 
signalling oscillator, current supply 
for the microphone, and the necessary 
switching facilities. Heretofore these 
have required the use of supplemen- 
tary apparatus. Their consolidation 
in a single unit simplifies the arrange- 
ment of a police dispatching system. 

is mounted on a 
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Centrifugal Type Voltage Regulators 
By J. H. SOLE 

Equipment Development 

ATTERIES have invariably 
been used in the telephone 
plant to insure the availability 

at all times of the power required for 
talking and signalling. It is desirable, 
moreover, that the voltage of the 
battery be maintained within close 
limits at all times, so that the design 
of the telephone apparatus may be 
simplified, the life of the battery in- 
creased, and maintenance reduced. 

This can be accomplished by adjust- 
ing the voltage of the charging genera- 
tor to a value slightly above the nor- 
mal battery voltage, and by keeping 
the generator permanently connected 
across the battery terminals. This 
method is known as floating. Under 
normal conditions the generator car- 
ries the load and in addition provides 
a small trickle current to the battery, 
which maintains it fully charged at 
all times. Under these conditions the 
battery is always ready to take over 
the entire load in case of failure of the 
outside power supply. Much longer 
life and less maintenance may be 
obtained for the battery by this 
method of operation, since it is the 
alternate charging and discharging 
that gradually wear it out. 

Successful floating, however, re- 
quires that the generator voltage be 
maintained close to 2.15 volts per cell 
of the battery. To secure this regula- 
tion economically on the smaller 
machines, the centrifugal type regu- 
lator shown in Figure 1 was developed. 
It consists of a separately excited d -c. 
motor with a centrifugal type vibrat- 
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ing switch mounted on one end of the 
shaft. The armature of the motor is 
connected across the terminals of the 
generator to be regulated, and since 
the motor operates under no -load con- 
ditions, its speed is proportional to the 
voltage across its armature as long as 
its excitation does not change. To 
maintain a constant excitation the 
field is operated at saturation and 
supplied from a constant source - 
usually the battery- through a ballast 
lamp. 

The centrifugal switch, shown dia- 
grammatically in Figure 2, consists of 
a rotating contact and a stationary 
contact which may be moved toward 
or away from the rotating contact by 
a dial while the regulator is either 
operating or at rest. The rotating con- 
tact is fastened to a flat spring secured 
at its two ends to a collar on the rotat- 
ing shaft. Weights, riveted to the 

Fig. I -The centrifugal type voltage regu- 
lator consists of a small direct -current 
motor with a centrifugal contactor mounted 

at one end of the shaft 
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spring, tend to deflect the rotating 
contact away from the stationary one 
as the shaft rotates. The regulating 
contact is connected across part of 
the field rheostat of the generator to 
be regulated. When the contact is 
closed the resulting generator field 
current is great enough to produce a 
voltage considerably higher than de- 
sired, and when it is open, the voltage 
is considerably less than desired. 
When the generator voltage increases, 
the governor motor speeds up pro- 
portionally and the centrifugal switch 
opens, thus decreasing the generator 
field and voltage. A decreased voltage, 
however, results in a lower speed of 
the governor motor and the centrifu- 
gal switch closes. In actual operation 
the contact opens and closes in rapid 
succession and maintains a generator 
voltage which may be adjusted to the 
desired value by moving the station- 
ary contact toward or away from the 

CENTRIFUGAL t 
REGULATOR 

LOAD 

Fig. 3- Simplified schematic of circuit 
connections employed for centrifugal type 

voltage regulator 

rotating one. The circuit connections 
for the voltage regulator are shown in 
Figure 3. 

The vibrating contacts close several 
hundred times a second but the field 
current, due to the inductance of the 
field winding, does not follow the rapid 
increase and decrease in field resist- 
ance resulting from the movement of 
the contacts; instead, it maintains 
an average value that is constant as 
long as the governor motor speed is 

constant. Changes in 
speed, however, are 
very rapidly corrected. 
Even when full load is 
suddenly applied to an 
unloaded generator, 
the voltage remains 
constant except for a 
slight oscillation last- 
ing only a small frac- 
tion of a second. 

The very satisfac- 
tory operation of this 
regulator suggested 
that its advantages 
might be extended to 
apply to the twenty - 
cycle ringing supply 
generator. It was felt 
that maintenance on 
ringers in subsets could 
be reduced if the ring- 
ing supply voltage 
could be held more 

ADJUSTING 
DIAL 

MOTOR 
SHAFT 

Fig. 2- Diagrammatic representation of rotating switch 
used with centrifugal type voltage regulator 
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Fig. 4- Application of the centrifugal type voltage regulator 
to ringing supply generators 

nearly constant. The regulator de- 
veloped for d -c. generators was made 
applicable to a -c. generators merely by 
the addition of an auto -transformer 
and a copper -oxide rectifier. The auto - 
transformer takes care of the differ- 
ence in voltage of the ringing and 
battery- charging generators and the 
rectifier converts the alternating cur- 
rent to direct current to supply the 
armature of the regulating motor, as 
shown in Figure 4. Since the copper- 

oxide rectifier is inde- 
pendent of frequency, 
the regulator may be 
applied to any genera- 
tor of suitable capacity 
with frequency from 
20 to 5000 cycles by 
the use of a suitable 
auto -transformer. 

The regulators have 
found wide application. 
The d -c. regulator is 
used with charging 
generators up to 400 
amperes at 33 volts, 

200 amperes at 65 volts, or i 5o am- 
peres at 175 volts, and also with 
generators for teletypewriter power 
supply. An installation for toll devel- 
opment laboratories is shown in Figure 
5. A switching arrangement permits 
either of the regulators to be used with 
either of the generators. The a -c. regu- 
lator has been applied to one -half am- 
pere ringing machines where the earlier 
regulators would have consumed the 
full load output of the machine. 

iiÌiiÌ}l'y 

Fig. 5- Centrifugal type voltage_ regulators as employed in the toll laboratories 
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Quiet Amplifier Tubes 
By G. L. PEARSON 

Physical Research 

SMALL electrical signal can be 
amplified by vacuum tubes to 
any desired amount provided 

the input voltage to the amplifiers is 
large enough to override the noises in 
the input circuit. Some of these dis- 
turbances can be eliminated, such as 
fluctuations of battery voltage, in- 
duction, microphonic effects and poor 
insulation, but others are inherent 
and it is these latter which determine 
the limit beyond which amplifica- 
tion cannot be advantageously in- 
creased. The fundamental limiting 
sources of noise are two, namely, 

Fig. i -The noise level of vacuum tubes is 
tested by carefully shielding them from elec- 
trical disturbances and mounting them on a 
spring suspension to eliminate vibration 
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thermal agitation of electricity in the 
external circuits and the voltage fluc- 
tuations within the vacuum tubes 
themselves. 

The impedance of the input circuit 
of high -gain amplifiers is often high or 
may effectively be made so by the use 
of a transformer. In this case the con- 
tribution of noise from the vacuum 
tube is small compared with the noise 
arising from thermal agitation in the 
input circuit. This is a desirable con- 
dition since it furnishes the largest 
ratio of signal to noise for a given in- 
put power. Sometimes, however, the 
input impedance is perforce so small 
that the tube noise may be compar- 
able with or greater than thermal agi- 
tation noise. Such conditions may 
arise, for example, in amplifiers where 
the frequency dealt with is high or 
the frequency range is wide, in which 
cases bridged capacities reduce the 
impedance. It is, therefore, desirable 
to know the noise level to be expected 
from different types of tubes that 
may be used in the first stage of 
high -gain amplifiers as well as to be 
able to calculate the thermal noise 
level of the input circuit. 

The noise of thermal agitation, first 
discovered by J. B. Johnson *, arises 
from the fact that the electric charge 
in a conductor shares the thermal agi- 
tation of the molecules of the sub- 
stance so that minute variations of 
potential difference are produced be- 
tween the terminals of the conductor. 

*RECORD, February, 1927, p. 185. 
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Fig. 2 -Noise voltage fluctuations in the plate circuit of a 259B vacuum tube as shown 
by the rapid -record oscillograph 

The mean square thermal noise volt- 
age at the terminals of an open circuit 
resistance R is 

V2 =4kTRF 
where k is Boltzmann's gas constant, 
T is the temperature in degrees Kel- 
vin, and F is the frequency band 
width in cycles per second. At room 
temperature 4kT has the value 1.6 X 
ro -20 when V is expressed in volts and 
R in ohms. 

The noise in a thermionic vacuum 
tube arises from the fact that the 
space current is not a smooth flow of 
electricity but is subject to rapid and 
irregular fluctuations in magnitude. 
These are made manifest by voltage 
fluctuations across the external load 
impedance of the tube. Although the 
magnitude of this effect is small, it 
may be heard as a roar at the output 
of a high -gain amplifier. Figure 2 
shows voltage fluctuations in a West- 
ern Electric 259B vacuum tube as 
recorded by the rapid- record oscillo- 
graph. While thermal noise in the cir- 
cuit is accurately predictable, the 
noise originating in the vacuum tube 
is not completely understood and can- 
not be calculated accurately. 
It is known, however, that the 
noise arises from a number of - 
different causes. Chief among 
these are: (i) thermal agita- 
tion in the internal plate re- II 

sistance of the tube, (2) shot 
effect from the space current 
in the presence of space charge, 
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and (3) space charge fluctuations due 
to positive ions. 

Just as voltage fluctuations are pro- 
duced by thermal agitation in the ex- 
ternal circuits, so the internal plate 
resistance of the vacuum tube is a 
source of thermal noise. It has been 
deduced that this resistance produces 
thermal noise as if it were at the tem- 
perature of the cathode. This is the 
most fundamental source of noise in 
vacuum tubes and should set the 
limit in the ideal low noise tube. 

The shot effect arises from the fact 
that the electrons are emitted from 
the cathode in a random manner, thus 
producing statistical fluctuations in 
the magnitude of the space current. 
When the cathode is relatively cool so 
that the emission is limited by tem- 
perature, the shot noise is proportional 
to the average value of the space 
current, but when the emission is in- 
creased so that a space charge is 
formed, as is the case in amplifying 
tubes, the fluctuations in space cur- 
rent are decreased and the shot noise 
becomes less prominent. If complete 
temperature saturation of the space 
current could be obtained, the shot 

TUBE 
UNDER TEST 

AMPLIFYING 
SYSTEM 

OUTPUT 
MEASURING 

DEVICE 

Fig. 3- Schematic amplifier circuit for measuring 
noise in vacuum tubes 
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Carrier Frequency Heterodyne Oscillator 
By T. SLONCZEWSKI 
Apparatus Development 

THE measurement of frequency 
response is an important step 
in many problems associated 

with the development of communica- 
tion equipment. In the majority of 

Fig. i -The carrier frequency heterodyne 
oscillator, which was designed for use in 
testing carrier frequency mechanical filters, 

shown in use by Mr. R. 7. Morris 

instances the information sought is 
some type of frequency characteristic 
which is usually found by making 
measurements at a number of dis- 
crete frequencies on the device under 
investigation. This procedure is some- 

6o 

times open to the objection that 
measurements made in this manner 
may miss entirely sudden changes 
which are confined to a narrow fre- 
quency band and it is often impracti- 
cal to make arrangements at a suffi- 
ciently large number of frequencies to 
insure that all important values are 
included. Under these circumstances 
sweep measurements are usually made 
in which the frequency is changed con- 
tinuously over the entire range while 
the effect which is being studied is 
observed on an indicator or recorded 
automatically. 

A special type of oscillator has been 
developed for this purpose in which 
the output frequency is obtained by 
heterodyning two high frequencies, 
one of which is kept constant while the 
other is varied. A beat tone is thereby 
produced whose frequency is the dif- 
ference of these two higher frequen- 
cies. This difference tone can be 
segregated from the heterodyned 
tones by filters and if these hetero- 
dyned tones are properly chosen the 
output frequency can be made to 
vary over the desired range. A number 
of oscillators of this type have been 
designed by the Laboratories *, of 
which the 13A is probably the most 
widely known. The one here described 
differs from previous ones in that it 
covers a much higher frequency 
range -I to ioo kilocycles per second. 
It was built for use in connection with 
the development of carrier -frequency 
mechanical filters. The frequency 

*RECORD, yanuary, 1933, p 137. 
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range is obtained by beating a 400 - 
kilocycle tone from one oscillator 
against a frequency from a second 
oscillator which can be varied from 
399 to 30o kilocycles. 

In all sweep circuit measurements 
it is necessary that the power applied 
to the equipment tested remain con- 
stant as the frequency is changed, 
otherwise it would be impossible to 
distinguish between variations of 
power in the source and variations of 
response in the apparatus under test. 
It is also essential that no currents 
other than that of the desired test 
frequency be present, since if such 
spurious currents should exist in 
appreciable amount a false indication 
would result. 

The percentage variation in the 
frequency of the variable oscillator 
here described is less than 25 per cent 
(300-400 kilocycles). It is therefore 
not difficult to arrange this part of the 
circuit so that its output is constant; 
but variations in the output of a 
heterodyne oscillator may be due to 
other sources, among the most im- 
portant of which is the modulator. 
Modulation of the type used here 
takes place in the plate circuit of the 
tube, and the higher the input - 
frequency voltage across the internal 
plate impedance of the tube, the 
greater will be the modulated output. 
Any voltage drop through the external 
plate circuit decreases the voltage 

CONSTANT- 
FREQUENCY 

400 KC 

OSCILLATORS 

VARIABLE- 
FREQUENCY 
399-300 KC 

MODULATOR 

400 KC 
399-300 KC 

I-100 KC 

across the internal plate impedance 
and reduces the modulation efficiency 
and therefore the output. In other 
words, the external plate impedance 
may be considered as introducing a 
series insertion loss in the circuit and 
it therefore should be low relative to 
the plate impedance and remain con- 
stant to prevent the voltage drop 
across the tube, and consequently the 
modulator output, from varying with 
frequency. On the other hand, it must 
not be forgotten that the modulator 
is also a generator of frequencies 
which in this case vary from i to ioo 
kilocycles. The condition for high - 
voltage output of a generator is that 
the external load impedance must not 
be low in comparison with its internal 
impedance. 

These somewhat conflicting re- 
quirements were met in the carrier 
frequency oscillator by coupling the 
modulator to the amplifier through a 
shunt -terminated filter which trans- 
mits the highest modulator output, 
zoo kilocycles, without loss, and at the 
same time is approximately a short 
circuit for the input frequency range 
of from 30o to 399 kilocycles. The 
amplifier following the modulator was 
designed by conventional methods to 
prevent introducing appreciable vari- 
ations of its output with frequency. 
As finally assembled the output of the 
new oscillator is constant throughout 
its frequency range to within 0.4 db. 

LOW -PASS 
FILTER I-100 KC 

AMPLIFIER 
OUTPUT 

1 -100 KC 

Fig. 2 -By beating a constant frequency of goo kc. against a frequency which is varied 
from 399 to 30o kc. an output from I to zoo kc. is obtained with this heterodyne 

oscillator circuit 
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lated to the output fre- 
quency. They are pe- 
culiar to the hetero- 
dyne type of oscillator 
and in laboratory par- 
lance are called "bird- 
ies." The origin of this 
term can be made clear 
by considering the fre- 
quency of the oscillator 
to have been set at 5o 
kilocycles, the middle 
of the scale. This fre- 
quency is not audible 
but the difference fre- 
quency 400 -8f can be 
heard as the control 
passes through the so- 
kilocycle point. It will 

110 at first drop rapidly to 
zero and then rise again, 
producing a sound re- 
sembling a bird's song. 
These "birdies ", if 
strong enough, may be 
just as objectionable as 

harmonics, but they are usually made 
low in level as explained later and 
though sometimes still detectable by 
ear are negligible in intensity. Other 
groups of unwanted frequencies which 
would be represented in Figure 3 by 
lines diverging from Boo kc., i 200 kc. 
and higher frequencies are also pro- 
duced, but these frequencies are either 
very high, in which case they are 
filtered out, or their order of modula- 
tion is high and their energy low. In 
either case their effect is negligible. 

All harmonics above the highest 
output frequency can be removed by 
a filter following the modulator, but 
those within the frequency range 
cannot be filtered out and must be 
eliminated by other means. How this 
is accomplished may be understood by 
referring to Figure 4 where the output 
level of the modulator is plotted 
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120 130 140 

Fig. 3 -The output of the heterodyne oscillator contains not 
only harmonics of the form of but also other frequencies of 
the form zoo-nf which are called "birdies." Only the lowest 

order harmonics and birdies are shown in the figure 

Unfortunately the beat frequency 
is not the only product to appear at 
the modulator output. There are also 
the orginal heterodyne frequencies 
and in addition currents representing 
the sum as well as the difference of the 
original frequencies, also currents due 
to the sum and difference frequencies 
of integral multiples of these frequen- 
cies. Some of the more important un- 
desired products generated are shown 
in Figure 3 where they are plotted as a 
function of the output frequency of 
the oscillator. The lines diverging 
from the origin indicate frequencies 
which are exact multiples of the output 
frequency of the oscillator, that is, its 
harmonics. These are always present 
in greater or less amount in any type 
of oscillator. The lines originating at 
400 kilocycles and reflected from the 
axis of abscissas are not simply re- 
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against the input level. The modula- 
tion product decreases as the input 
level is lowered, the rate being faster 
the higher the order of modulation. 
For example, if the level of the hetero- 
dyne frequencies is decreased io db 
the modulator output level will drop 
20 db, but the fourth order product 
which is an unfiltered second harmonic 
will drop 4o db, leaving a margin of 
20 db by which the undesired product 
is lowered relative to the wanted 
output. Similarly the fifth order com- 
ponent, which is the lowest order 
unfiltered "birdie ", will be dropped 30 
db. By lowering the modulator input 
sufficiently the undesired distortion 
products can be reduced in this man- 
ner below any desired amount which, 
however, is limited in practice by the 
fact that a corresponding increase in 
amplification is required to bring the 
oscillator output to the desired level. 
Another limitation is that more filter- 
ing is necessary at frequencies from 300 
to 40o kc. as the i to ioo -kc. output is 
lowered. Some of the undesirable 
products can be still further reduced 
by the use of a balanced circuit since 
they will then appear in the two halves 
of the circuit in opposite phase and are 
therefore balanced out. In commercial 
circuits this gives an additional atten- 
uation of about 26 db. By these com- 
bined methods the useful product in 
the new carrier frequency oscillator is 
maintained at least 5o db above those 
not wanted. 

In all heterodyne oscillators it is 
important to adjust the frequency of 
the local oscillators very accurately 
when the output frequency of the 
oscillator is low, since a very small 
percentage variation in heterodyned 
frequencies will produce a large per 
cent variation in the small difference 
between these high frequencies. For 
this reason all heterodyne oscillators 
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are equipped with a low- frequency 
checking device so that they may be 
checked at a single low frequency, thus 
assuring that all of the low frequen- 
cies, which are the only ones appreci- 
ably affected, are correct. In the ioo- 
kc. oscillator the check is made very 
simply and conveniently. The fre- 
quency control of the oscillator is set 
for a 6o -cycle output and a filament 
transformer is connected by a switch 
in series with the oscillator output 
across a switchboard lamp. When the 
output frequency of the oscillator is 
nearly, but not quite, 6o cycles, say 
6i cycles, the current from the oscil- 
lator will be in phase with the power 
supply current once per second and 
the light intensity will be high once 
every second. Half a second later the 
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Fig. 4- Objectionable modulation products 
can be made negligible because these prod- 
ucts drop much faster than the useful 
products as the levels of both are simul- 
taneously reduced. This is shown in the 
figure where the order of the product is 

indicated by numbering the lines 
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two currents will be opposite in phase 
and the light intensity will decrease. 
The flicker is readily noticeable and 
permits a convenient and rapid ad- 
justment to give perfect synchronism. 

A special method of reading the 
frequency scale of the ioo- kilocycle 
oscillator had to be devised to give 
the required accuracy over the wide 
range covered. It was desired to be 
able to set the frequency to within 35 
cycles on the average. This means a 
scale 200 inches long, since 50o cycles 
per inch is the smallest scale spread 
which will allow settings of this 
accuracy to be made conveniently. A 
dial five feet in diameter would be 
needed to accommodate this length of 
scale which would be of unmanageable 
size and a worm drive with a microm- 
eter drum was considered objection- 
able because it would require a cali- 
bration chart. The difficulty was 
solved by laying the scale out on 

motion picture film which is moved by 
a sprocket in synchronism with the 
precision worm drive condenser used 
to control the frequency. The film is 
rolled on two spools, one of which is 
provided with a spring to take up the 
slack. In this manner the whole 
mechanism was made to occupy a 
space 3 by 4 by 5 inches. The scale 
was made by drawing lines in ink on a 
piece of black fixed film and printing a 
positive from it in the usual way. 

The heterodyne oscillator has 
proven useful in a wide variety of 
experimental work. It is simple to 
manage since it is a-c operated and 
requires only two control dials, one 
for the frequency and the other for 
the output level. Oscillators of this 
type can be used not only to sweep 
quickly and accurately over a wide fre- 
quency range, but are also more con- 
venient than other types where single 
constant frequencies are required. 
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Soldering Lead Cable Electrically 

N improved method of repair- 
ing ring cuts and similar sheath 
defects in aerial cable has been 

devised which uses electric current to 
melt and flow solder into the defect 
instead of the former procedure of 
wiping a solder joint over the affected 
spot.* The new method has been 
found to be reliable and is much 
faster than that previously used. The 
outfit consists of a carbon electrode, 
an automobile type storage battery, 
and insulated wire conductors. 

The electrode is a copper plated 
carbon rod beveled at one end at an 
angle of 45° and supported in a hol- 
low wooden handle. This electrode is 

*The Telephone News, Bell Telephone Company 
of Pennsylvania, September, 1934. 

connected by one of the conductors 
to one terminal of the six -volt battery 
which is located on the service truck 
or on the ground below the workman. 
The other battery terminal is con- 
nected by the second conductor to the 
cable sheath by means of a clamp. 

After the defective spot in the 
sheath has been scraped clean the end 
of a piece of wire solder is held against 
it and touched with the beveled end 
of the electrode, thus completing the 
circuit. A current of approximately one 
hundred amperes flows and melts the 
solder which is then manipulated 
with the electrode until the solder is 
metallically united with the sheath. 
By continuing this procedure the 
entire cut is filled. 
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An Ultra -High - Frequency Radio Receiver 
for Police Use 

By G. N. THAYER 
Radio Development 

THE use of police radio has 
increased to such an extent in 
the last few years that the 

available frequency band, covering 
the region from i.5 to 3.o megacycles, 
has become overcrowded. As a con- 
sequence, the Federal Communica- 
tions Commission has assigned a 
number of channels in the band from 
3o to 42 megacycles for police use. 
While at first there was some doubt 
as to the practical value of this ultra- 
high- frequency band, the Western 
Electric police radio equipment *, in- 
stalled in Newark at the beginning of 
this year, has shown conclusively its 
great value for short -range radio 
telephone communication. 

In general, two types of receivers 
are required for police work: one for 
use in patrol cars, which may be 
operated entirely from a six -volt 

*RECORD, June, 1935, p. 29o 
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battery, and the other for stationary 
locations where it is more convenient 
to operate off the commercial lighting 
supply. By providing two arrange- 
ments for controlling the car receiver, 
the Laboratories has actually made 
available three receivers, although all 
are alike in their essential circuit 
details. The car receiver is known as 
the 18 type, with letters A and B to 
differentiate the two types of control, 
while the station receiver is the 19 
type. These are compact, superhetero- 
dyne receivers designed to stand up 
under the severe service they in- 
evitably meet in police work, and to 
require a minimum of attention either 
in control or maintenance. 

Experimental work preceding the 
design of these receivers disclosed 
several rather unusual and stringent 
requirements which are more or less 
peculiar to the ultra- high- frequency 
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Fig. 1-4 few of the many possible paths 
by which ultra -short waves may reach a 

police car receiver 

band. These very high frequencies 
travel an essentially optical path, and 
suffer reflection to a greater or less 
extent by every object they encounter. 
As a result the waves reaching a 
patrol car in the street have not come 
in a straight line from the trans- 
mitting antenna but have been re- 
flected back and forth by building 
walls and other structures, and thus 
reach the antenna only after a number 
of reflections. In general, there is 
more than one path by which the 
waves may reach the car antenna. 
This is indicated in a simplified way in 
Figure i which shows an idealized 
plan of a number of city blocks and 
indicates four possible paths for the 
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radio waves between transmitting 
station and car. This is a two- dimen- 
sional picture and in an actual three - 
dimensional city the possible paths 
are more numerous and complex. 

Whenever waves reach a point by 
several paths, standing waves will 
result. There will be places where the 
waves arriving over different paths 
tend to reënforce each other and other 
places where they tend to cancel out. 
As a car moves along the street it will 
pass successively through these areas 
of reënforcement and cancellation 
with the result that the signal varies 
in intensity in a proportional manner. 
It has been found that with a car 
going 6o miles an hour these fluctu- 
ations have a period of the order of a 
fraction of a second. These rapid 
fluctuations in level require that the 
receivers be equipped with a very fast 
acting automatic volume control, so 
that the output of the loud speaker 
will remain constant at all times. The 
volume control circuit incorporated 
in these new receivers successfully 
maintains the audio output constant 
to within less than 3 db over a zoo db 
range in the received signal. 

The transmitters are designed to 
radiate power only when an announce- 
ment is being made, and as a result 
the carrier is off the air for an appre- 
ciable part of the time. With the 
carrier and signal off the air, the effect 
of the automatic volume control 
would be to amplify the ignition noise 
up to the full output of the loud 
speaker, and the noise produced 
would be very objectionable. This 
condition is avoided by incorporating 
a device called a codan in these ultra - 
short -wave police receivers. The pur- 
pose of this device is to greatly reduce 
the audio output when no carrier is 
being received. 

The word "codan" comes from the 
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initial letters of the phrase "carrier 
operated device, anti -noise." Various 
forms of "codan " have been used in 
other radio services. In this case a 
very simple type is used consisting 
of a small neon tube associated 
in a circuit with a vacuum 
tube. When the voltage across 02 a 

the neon tube exceeds a cer- < 
co 

tain critical value the tube ;Z ° 

discharges, and its impedance 4 

drops to very low values, E 
while below this critical value ° 
its impedance is essentially infi- 
nite to audio frequencies. This 
characteristic is utilized to block 
the audio output when the re- 
ceived signal drops below an 
average value of about 5 micro- 
volts, which is below the mini- 
mum useful carrier level. The noise 
signal may be considerably above this 
in peak value, but the impulses are of 
such short duration that the average 
value is far lower. The effect of the 
automatic volume control and codan 

is to give an input- output characteris- 
tic as shown in Figure 2. Below 5 

microvolts of average signal there is 
no audio output, due to the action of 
the codan, and above 5 microvolts the 
audio output is essentially constant 

TO -30 
DECIBELS 

5 10 50 100 1000 10,000 
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100,000 

Fig. 2- Output level of i8 and 19 type radio 
receivers showing effect of codan and automatic 

volume control 
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for all magnitudes of received signal. 
The arrangement of the receiver 

electrically is indicated by the simpli- 
fied schematic of Figure 3. There is a 
stage of tuned radio frequency ampli- 
fication, a modulator, a beating oscil- 
lator, a two -stage intermediate-fre - 
quency amplifier, a detector, an auto- 

Fig. 3- Simplified schematic of i 8 type radio receiver 

October 1935 

www.americanradiohistory.com

www.americanradiohistory.com


Fig. 4 -19 type, left, and 18 type radio receivers removed from their cases 

matic volume control, a two -stage 
audio amplifier, and the codan. While 
there are thus nine functional stages, 
there are only seven vacuum tubes 
plus the small neon tube, several of 
the tubes performing more than one 
function. Thus the lower half of tube 7 
serves as a beating oscillator while the 
upper half of the same tube is associ- 
ated with the codan circuit. Tube 5 

acts in a triple capacity. The left part 
of the lower half acts as a detector, the 
right part of the lower half as an auto- 
matic volume control, and the upper 
half as part of the audio amplifier. 
This circuit is identical for all three of 
the ultra -short -wave receivers, but 
the 19 type has in addition a full -wave 
rectifier tube for the high- voltage 
supply. For the 18 type receivers a 
dynamotor, operated off the car bat- 
tery, supplies the necessary high 
voltages. 

Physically the three receivers are 
quite similar except for size. The 18 

type has outside dimensions of about 
seven by six by nine inches, while the 
19 type receiver is seven and one -half 
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by seven and one -half by sixteen 
inches. Their external appearance is 
shown in the photograph at the head 
of this article. For both types of re- 
ceiver the apparatus is mounted on a 
rigid chassis which carries a front 
panel on which are mounted the loud 
speaker and the controls. This chassis 
slides into an inclosing case as shown 
in the accompanying illustrations. 
The loud speaker is mounted in the 
front panel but a separate loud 
speaker may be employed if desired. 
Two types of shock -proof mountings 
are provided for the 18 type receiver: 
one for use when the receiver is to be 
mounted under the instrument panel 
of the car, and the other when it is 
mounted behind the seat of a coupe. 

The only controls are an on -off 
switch, a volume adjustment, and a 
tuning control. The receivers are so 
stable, however, that tuning is rarely 
required. These controls are mounted 
on the front panel of the i8B and 19 
type receivers, but for the 18A re- 
ceiver are extended to a control unit 
on the steering wheel. 
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The selectivity characteristic of the 
receiver provides a flat pass band 
about 5o kc. wide, with an attenu- 
ation of 6o db at Io0 kc. each side of 
the mid -band frequency. This gives 
a pass band of the order of 0.2 per 
cent of the carrier frequencies. In the 
broadcast band this would correspond 
to a band width of only about 2000 
cycles, which will be recognized as 
extremely "sharp" tuning. As with 
most receivers for this type of work no 

effort is made to reproduce a wide 
audio -frequency band; to do so would 
not appreciably improve the intelligi- 
bility and would considerably increase 
the noise admitted. The average 
acoustic fidelity characteristic is flat 
to within 6 db from about 70 to 3000 
cycles. The general satisfactoriness of 
the receivers has been well demon- 
strated in the Newark installation, 
which has now been in successful 
operation for over eight months. 
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. 7. Wier G. L. Pearson 

joined the United States Army. Upon his 
return from France in 1919, Mr. Wier re- 
sumed his previous work with the Tele- 
phone Company, but in July of that year 
he transferred to the Equipment Engi- 
neering Department of the Western Elec- 
tric Company at Hawthorne and later at 
Kearny, N. J. In 1923 he was given 
charge of the Western -Zone Analyzing 
Department and later he took charge of 
the Toll Practice Department. In 1928, 
he was transferred to the Toll Equipment 
group of Bell Laboratories, where he is 
still occupied with toll equipment de- 
velopment problems. He completed a 
two -year evening pre -legal college course 
some time ago, and recently, after com- 
pleting a three -year law course at New 
Jersey Law School, Newark, he was 
granted an LL.B. degree. 

G. L. PEARSON received the degree of 
A.B. from Willamette University in 1926 
and A.M. from Stanford University in 
1929. He came to the Laboratories that 

y. E. Tarr 

year where he has since been engaged in 
studies of spontaneous electrical disturb- 
ances in circuits. The significance of such 
disturbances is evident when it is realized 
that the limit beyond which amplifica- 
tion cannot be effectively increased is de- 
termined by the noise level of the vacuum 
tubes and the other elements of the cir- 
cuit. His work on low noise vacuum tubes 
followed as a natural development of 
these experiments. 

AFTER RECEIVING his B.S. degree in 
Electrical Engineering from the Univer- 
sity of Maine in 1927, J. E. Tarr took the 
introductory training course of the New 
York Telephone Company, and then 
transferred to these Laboratories. With 
the Systems Development Department, 
he first worked on the analysis and testing 
of local central -office equipment. In 1928 
he transferred to the Radio Development 
Department where he has since been en- 
gaged in the development of speech -input 
equipment for radio systems. 
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