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Yo-telficr -tal 

Refinements in radio broadcasting techniques 

which substantially increase the operating 
demands on both network and individual studio 

facilities have focused attention anew on that 

vitally important portion of the broadcasting 
plant - the Speech Input equipment. 

To attempt to point out specific deviations from 

previous practice which are inherent in the use 

of these new techniques would, in most instances, 

lead the engineer onto controversial ground. 

Moreover, such a discussion would be meaning- 

less to the newcomer to radio who may lack back- 

ground in basic speech input principles. 

Instead, it is our purpose here to review in outline 

form the principal components and effects pro- 

duced in a typical modern speech input system 

for both AM and FM broadcasting, so that the 

neophyte may gain a broad perspective of how 

such systems operate and so that the expert may 

draw from it such information regarding new 

developments as he may find applicable to his 

own problems. 
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AN OUTLINE of the Components, 
Organization and Characteristics 
of a Typical Audio System for High 
Fidelity Broadcasting. 

THE fundamental purpose of a Speech Input or 
Audio System for broadcasting is to convert 

sound into electrical energy and to prepare this 
energy for effective transmission over telephone 
lines or through the air in such a manner that the 
original sound can be faithfully reproduced at 
many distant points. 

Basic components required for achieving this 
objective include: 

1. A microphone, or converting element. 
2. A succession of vacuum tube amplifier stages, 

provided with progressively greater power 
handling capacity to raise the initially low 
level of converted sound energy in terms of 

units of gain and volume called decibels (db). 

3. Control, checking and stabilizing devices, 
which are applied throughout the amplifica- 
tion process (a) to maintain proper strength 
and balance among all outgoing program ele- 
ments and (b) to overcome noise and prevent 
tone distortion. 

4. A means of transferring the prepared pro- 
gram energy to the circuit of the transmitting 
element with a minimum loss of signal 
strength and quality. 2u 70ta.rantiaaío r Exretta 

During the course of many years of practical ex- 

perience in the allied fields of wire and radio sound 
transmission, Bell Telephone Laboratories and 
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Western Electric have developed fundamental 
Audio circuits and circuit components in which 
optimum performance is combined with the greatest 
economy in equipment outlay. The advent of Fre- 
quency Modulation offered a further opportunity to 
apply an exceptional understanding of wide -fre- 

quency band transmission to the new, high fidelity 
requirements of the radio industry, with the result 
that standard units now in the line transmit the full 
30 to 15,000 cycle audio range faithfully, and are 
in every way suited to both FM and AM broad- 
casting. 

For purposes of demonstration, we have summar- 
ized in this booklet certain basic Western Electric 
ideas regarding the components, desirable operat- 
ing characteristics and functions of a typical 
Speech Input Installation, including both the basic, 
or Program Production Unit and the Master Dis- 

patching Equipment. Most of these concepts have 
at various times been incorporated into systems 
designed for major U. S. broadcasting stations and 
an analysis. of them will be helpful to an under- 
standing of all Western Electric Audio System 
Equipment. 

Ptorain M d cctthn 
and Dr yuttel:iug 

Figure 1 outlines the basic structure of a typical 
six input studio Program Production Unit and shows 
the relative positions of the various recommended 



inputs, amplifiers, networks and controls. In Figure 
2 are diagramed the units commonly found in a 
Master Dispatching Circuit through which the pro- 
gram normally passes on its way to the transmit- 
ting element. Figures lA and 2A demonstrate the 
successive energy levels of program input as it 

progresses through each section of this typical sys- 
tem - the depressions indicating the losses which 
occur, because of the nature of the circuit elements, 
or which are inserted deliberately to provide a 
margin of level control. The scale at the left of each 
of the last two drawings is graduated in dbm (deci- 
bel level referred to power rating in milliwatts) - 
the modern standard unit for measuring program 
energy level in Audio frequency circuits. This unit 
coincides approximately in amount with the mini- 
mum amount of change in volume the trained 
listener can detect. For convenience a zero refer- 
ence level has been arbitrarily set at 1 milliwatt. 
Values above this level are indicated in - dbm; 
values below are prefixed by a minus sign. 

Pftereial PwdaecW c lenee 
The initial component in any Audio 

system is, of course, the MICRO- 
PHONE, of which two are shown as 
input sources in Figure 1, Page 21 

(Channels 1 and 2). Microphones in 
common use for broadcasting, employ 
a movable element arranged to fol- 

low those vibrations in air which produce the 
sensation of sound when they act upon the ear. 
This element is usually a conducting coil or ribbon 
suspended so as to move freely in a magnetic field 
and which, as it moves, generates an electrical 
voltage across its terminals. Energy produced 
solely by the vibrations of sound waves is, of 
course, infinitesimally small. Engineers define it as 
in the order of .000055 watt for sound of normal 
conversational intensity originating at a distance 
of three feet from the Microphone. Referring to 
Figure 1A, it will be noted that, translated into 
terms of program level, this converted sound 
energy normally enters our typical Production Unit 
from one or more microphone sources located in an 
associated studio at approximately -62 dbm. Re- 

corded program material which, by means of rec- 
ords, wire or tape, has been held in storage follow- 
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ing its original conversion into electrical energy, is 
introduced into the system from one or more 
REPRODUCERS (Figure 1, Page 21, Channels 3 

and 4) at approximately the same low energy level. 
At the foot of Figure 1, two additional input sources 
are shown in the form of Incoming Program Trans- 
mission lines, dispatched from points outside of the 
studio (Channels 5 and 6). Since the normal level 
of transmission from remote points is about - 8 

dbm, the input from these sources normally enters 
the studio equipment at a relatively high level. 

Pitons." Efrain, 
A most desirable objective obviously, is to merge 

the active input channels in our system into one, 
so that succeeding volume -producing and control 
operations can be applied to the blended program 
material with the greatest efficiency and the least 
amount of equipment. The program level at the 
output of the microphone and reproducer channels, 
however, is so low that the further energy losses 
which are apt to occur during the merging process 
would expose the transmission to noise generated 
in the circuit elements by interacting electromag- 
netic fields or thermionic activity. Since disturb- 
ances in a speech input system are likely to be 
cumulative in effect, i.e., become disproportionately 
magnified as successive stages of amplification 
are applied, it is extremely important at this initial 
stage to offset these effects by amplifying the trans- 
mission before these disturbances can become 
detrimental. Accordingly, a series of PRE -MIXING 
AMPLIFIERS, is employed, equivalent in number 
to the low level input sources on the chart, each of 
which raises the energy level in its particular chan- 
nel by approximately 40 db. 

In our system, the amount of increase, or "gain" 
as it is called, of each amplifier unit is always a 
fixed quantity unless subjected to further control. 
However, in these early stages of program prepa- 
ration, this fixed gain may occur over different 
ranges extending to the maximum and minimum 
levels defined in Figures lA and 2A by the dotted 
curves. It is important therefore that a Pre -Mixing 
Amplifier possess the ability to handle a higher 
output power than that called for under normal 
transmission conditions. An adequate margin of 
power handling capacity is accordingly provided 
in these, as well as in other types of amplifiers 
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Western Electric Custom Built desk type Program Production equipment for FM or AM broadcasting. This type of equipment is 
suited for installation in standard functional arrangements, or can be assembled to suit individual station requirements. 

described herein, to permit faithful performance at 
the highest anticipated levels of program energy. 
Harmonic distortion, which otherwise might be pro- 
duced by overloading the circuit, is thus held, in 
these units, to less than 1%. By the same token, 
output noise encountered in a more marked degree 
at points below normal input levels is reduced to 

a minimum by use of proper shielding against the 
action of surrounding magnetic fields and careful 
selection and construction of vacuum tubes and 
other component parts. 

Returning to Figure 1A, it will be noted that the 
levels of the incoming program lines have been 
dropped to approach those of the other program 
sources as they emerge from the Pre -Mixing Ampli- 
fiers. A portion of this overall drop in the line chan- 
nels is produced automatically through the action 
of LINE EQUALIZERS which serve to compensate 
for attenuation occurring in the higher audio fre- 

quencies during the course of long lines transmis- 
sion -and of LINE REPEATING COILS which isolate 
the audio equipment from direct current potentials 
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built up over the line and aid in matching the im- 

pedances of the two circuits. The remaining por- 
tion of this loss however, is achieved by the use of 

adjustable volume controls or Line Pads. These 
latter circuit elements also possess frequency sta- 
bilization characteristics which are discussed in 
greater detail in a later section on impedance 
stabilization. 

-ate/ eilktlto4 ta.ccí T,ccúCaesn 

At this point, all input sources are 
at about -22 dbm, and a sufficient 
level margin has been assured to 
permit joining the channels into a 
properly balanced, common out- 
put. The first step in this joining 

process is accomplished in the MIXER LEVEL 

CONTROLS, which provide variable loss charac- 
teristics for each channel so as to afford a means 
for rapid level adjustment. To show how this works, 
let us assume, for example, that Input Channel 1 

carries the voice of a featured soprano, who is 
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Western Electric's 25 Type Speech Input Console, incorporating two complete main amplifier channels capable 
operation on different programs. Also built into the main housing are a separate monitoring amplifier, a seven 
circuit, four pre -mixing amplifiers and switching and control circuits for dual channel operation. 

accompanied by an orchestra on Input Channel 2. 

In order to keep the singer's voice at a listening 
level proportionate to that of the orchestra, a loss 
greater than that occurring in Channel 1 is delib- 
erately inserted on Channel 2. In this manner, an 
apparent gain is produced on Channel 1 so that 
the two channel levels can be blended into a real- 
istic and naturally proportioned reproduction of 

the original program. Moreover, when desirable, 
special dramatic effects can be developed in the 
Mixer Level Controls which contribute substan- 
tially to the realism of the finished program. Inten- 
sive rehearsal, involving the artists, Control Engi- 

neer, and Program Producer, usually precedes the 
transmission of the final program to determine 
proper sound intensities, distances from micro- 
phones and the extent of the losses to be inserted 
in each channel in order to produce the desired 
results. Should actual transmitting conditions cause 
variations in the anticipated input levels, the range 
of adjustment in the Mixer Level Controls should 
be adequate to permit compensation by rapid read- 
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of simultaneous 
channel mixing 

justment of the amount of loss provided for each 
program source. 

Passing into the MIXING NETWORK, the six 
channels are merged into one by means of a com- 
plex circuit in which all branches (both input and 
output) are terminated and their impedances 
matched so that the transmission remains inde- 
pendent of the settings of the individual input con- 
trols. This procedure also operates to prevent 
frequency discrimination and excessive loss of 

program energy. 
The action taking place in the Mixing Network 

causes some energy loss however (about 18 db 
for this particular circuit) and brings the average 
program level down to approximately 54 dbm 
(only 8 dbm above the level of the original input 
from the microphones). Hence, to bring the vol- 

ume up to the point at which it is safe to apply 
further controls, a BOOSTER AMPLIFIER is re- 

quired. For this purpose the same type of two -stage 
amplifier may be used as for the Pre -Mixing Ampli- 
fier, since the allotted gain (approximately 40 db) 



and power handling capacity of this unit is usually 
adequate for this application. 

While at first glance it might appear that the 
gain provided by the Booster Amplifier might just 
as well be supplied by adding an equivalent 
amount of amplification either to the preceding 
Pre -Mixing Amplifiers or to the Main Amplifier, 
which is the next major unit in the system, so that 
the Booster stage could be omitted entirely, experi- 
ence has proved that this is seldom practical either 
from an economic or performance standpoint. For 
example, if more gain were added to the Pre -Mixing 
Amplifiers, each of the four pre -amplifying units 
in our illustration (Fig. 1) would increase substan- 
tially in both size and cost. In systems employing 
a larger number of microphone input channels, 
this cost factor would greatly over -shadow the out- 
lay for the single extra unit represented by the 
Booster Amplifier. On the other hand, if this gain 
were to be added to the Main Amplifier, a further 
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dilemma would arise. The Master Level Control, if 

located at the output of the Mixing Network, might 
reduce the transmission below the level of safety 
from thermionic disturbance. Conversely, if this 
control were to be applied at the output of the 
Main Amplifier, electronic interference might be 
induced in the low level mixer circuits as a result 
of the normal desirability for a close physical asso- 
ciation between the Master and Mixer Level 
Controls. 

On leaving the Booster Amplifier, the program 
enters the MASTER LEVEL CONTROL at about 
-+14 dbm. The Master Level Control, like the Mixer 
Level Controls, may be adjusted as a result of 

rehearsal experience to produce a fixed level drop 
at various points during the program in order to 
take into account fluctuations in the amount of 
energy received from the Booster Amplifier (Figure 
IA shows an inserted loss of about 14 db). By regu- 
lating the extent of the drop which is actually used 

For the smaller broadcasting station. or for semi-permanent "remotes" in large 
systems. the Western Electric 23 type equipment answers a need for a single 
compact unit containing program production facilities for one or two studios. 



Close up of Volume Indicator Meter. standardized 
for broadcast use. The upper row of figures shows 
program level in terms of percentage of optimum 
transmission requirements. The lower row of figures 
is calibrated in vu, above and below the 100% 

reference point. 

above or below the prescribed level, as the input 
energy of the combined program elements rises 
or falls while the studio is on the air, it is possible 
to assure a reasonably uniform output at all times 
to the MAIN AMPLIFIER. 

The Main Amplifier is designed to produce the 
full amount of additional amplification needed 
to meet the requirements of main transmission lines 
following energy drains to a variety of checking, 
stabilizing and monitoring circuits which are fed 
from its output. Hence its power handling capacity 
must be somewhat greater than that of the pre- 
ceding units in the circuit. Western Electric Main 
Amplifiers are designed to supply gains of from 
45 to 70 db, and to provide a maximum output 
power of .6 watts, the power equivalent of approxi- 
mately --28 dbm. Necessary safeguards are pro- 
vided against harmonic and frequency distortion 
through the use of Stabilized Feedback -a feature 
commonly employed in Western Electric amplifiers 
to prevent the generation of spurious harmonics 
and to help maintain a flat frequency response 
throughout a 15,000 cycle range. 

At -{ 121/2 dbm, which serves, in our studio sys- 
tem, as the reference point upon which all of the 
foregoing level -producing and control operations 
are based, the program enters the ISOLATING 
NETWORK through which the transmission is dis- 
tributed to various wayside destinations, as well 
as to the outgoing studio line, properly matched 
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and at the desired level. One branch of this network 
leads to the VOLUME INDICATOR which is in- 
serted to provide a visual check on the program 
level at this highest or reference point. The Vol- 
ume Indicator translates rapidly varying program 
energy levels (dbm) into units designated as "vu" 
-numerically equivalent to dbm but differing in 
that the dynamic characteristics of the measuring 
mechanism are taken into account to provide a 
practical and uniform system of observation during 
the transmission. 

Wetuartvd4C9 ?mea 
A simultaneous aural indication of program qual- 

ity is provided by means of a MONITOR LOUD 
SPEAKER located in the Control Engineer's Booth, 
operated from a line coming from another branch 
of the Isolating Network, and feeding through a 
MONITOR LEVEL CONTROL. The Monitor Level 
Control functions on the same principle as the 
Master Level Control to provide a uniform and 
comfortable listening level within the booth. In 
order to deliver the required volume to the Monitor 
Loud Speaker, a MONITOR AMPLIFIER is em- 
ployed possessing an overall gain of from 35 to 
63 db, and which should be capable of an output 
power of from 5 to 20 watts without noticeable 
distortion. In addition to monitoring the main trans- 
mission, this amplifier should have adequate gain 
and power capacity to permit listening in directly 
on other incoming program lines, as well as other 
circuits requiring separate monitoring. For this 
reason a sufficient loss should be inserted in that 
branch of the Isolating Network which leads to the 
Monitor Amplifier and in the leads to other sources 
to be monitored to permit switching among the 
inputs of these relatively low level sources without 
frequent adjustment of the Monitor Level Control. 

A CUE AND TALKBACK LOUDSPEAKER located 
in the associated studio may also be connected to 
the booth monitoring circuit to allow oral control 
over the actions of performers, and to facilitate 
cueing by allowing the performers to hear the close 
of the program preceding their own. Operation of 
a loudspeaker in the same room with a live micro- 
phone can be prevented by loudspeaker cut-off 
relays interlocked with "Mike On" Keys for both 
booth and studio loudspeakers. As a further oper- 



Part of a Master Dispatching System showing a custom built Master Control Desk and one of the equipment racks (extreme left,. 
The desk incorporates level and switching controls. indicating circuits, monitoring and communication facilities. The racks contain 
amplifying, line circuit, auxiliary and maintenance equipment. Built by the Western Electric Company. 

ating convenience, a keying system can be ar- 
ranged for remote line cueing to permit switching 
between the three conditions of monit ing on re- 

mote lines, receiving cue from the mater control 
point and feeding cue to the remote lines. 

9.,rfteda.ae StaG& 3atio.c 

Still another branch of the Isolating Network 
consists of an IMPEDANCE STABILIZATION PAD 

which, in addition to performing other valuable 
functions, brings down the level in the main trans- 
mission circuit to about -8 vu. This, it will be 
recalled, is the level required for most outgoing 
transmission lines. The loss in the network branch 
feeding the Volume Indicator is adjusted so that 
the meter will read at the normal indication (0 vu 
or 100% at approximately 3/4 full meter scale) 
when +8 vu is being fed to the outgoing transmis- 
sion line. 
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The Impedance Stabilization Pad is another 
direct outgrowth of Bell System research in tele- 

phone line transmission. It was discovered during 
the course of developing the long lines system, 
that the circuits involved contain not only resist- 
ance, but capacitative and inductive reactance to 

a degree which, if uncontrolled, changes energy 
distribution with variations in frequency. To cor- 

rect this condition, Bell Laboratories engineers de- 

vised new circuit elements for the telephone plant 
which have been adapted for use in high quality 
Audio systems to stabilize the impedances of 

matching circuits uniformly over the entire 30 to 

15,000 cycle range. By inserting such a Pad, in 

association with a LINE REPEATING COIL, at this 
point in the system, it is possible to effect the trans- 
fer of program energy from the primary, or Pro- 

duction Unit to the Master Dispatching Equipment 
-or, in the case of a simple one studio installation, 
to the main transmission line - with a minimum 
amount of alteration or loss of program quality. 
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Constantly under the control of 
the Studio Engineer, the program 
passes out of the Production Unit 
into the Output Switching and 
Compensating Circuits of the 
Master Dispatching Equipment - an 

intricate and complex network which, in our illus- 
tration (Figure 2), is capable of receiving the out- 
puts from five studio systems such as the one just 
described and of feeding program from any three 
of these separately or simultaneously over three 
outgoing lines. 

The design of the Output Switching and Com- 
pensating Circuits is a matter for individual con- 
sideration during which such factors as the follow- 
ing should be taken into account: 

(a) Number of Incoming Program Production 
lines. 

(b) Number of Outgoing Program Dispatching 
lines. 

(c) Number of simultaneous transmission paths 
for different programs. 

(d) Frequency with which switching operations 
will occur. 

(e) Rapidity with which switchovers must be 
made. 

(f) Number of simultaneous switchovers at peak 
operation. 

(g) Desirable provisions for light load hour 
operation. 

(h) Physical arrangement of facilities and point 
at which Switching Control is to be located. 

(i) Possible extension of Switching Control to 
satellite locations. 

(j) Facilities for pre- setting for one or more pro- 
gram periods in advance of any given trans- 
mission period, so that a number of unit 
switchovers can be accomplished by the 
operation of a single switch. 

(k) Coordination signals between Program Dis- 
patching and Program origination points. 

(1) Coordination with other dispatchers using 
the same transmission lines. 

(m) Facilities for emergency operation for locat- 
ing and correcting operating troubles and 
routine test equipment to aid in maintenance. 

(n) Other considerations peculiar to the indi- 
vidual location. 

Since the output switching requirements for small 
stations, intermediate stations and networks obvi- 
ously will differ widely in respect to these circuits, 
a detailed discussion of the subject is not within 
the scope or purpose of this survey. One funda- 
mental premise, however. should be recognized in 
this connection. Regardless of the total number of 
program originating and dispatching lines there 
may be, it is, of course, desirable to arrange for 
transmitting program from any production source 
to any one, or group, or to all of the outgoing lines. 

Photograph courtesy Station WTMJ 

Typical Main Control Panel for relay type output switching system. This panel contains line level indicators and level 
controls and is capable of serving nine studios and six outgoing lines. Presetting switches enable the succeeding program 
dispatching condition to be established ahead of schedule so that the actual switchover can be performed by the operation 
of a single master key. Lamps indicate pre -set and "on the air" conditions. 
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It is also usually desirable to feed program from 
different sources to different lines simultaneously, 
depending on the number of transmission paths 
which are built into the system. However, each 
outgoing line can accept program from only one 
source at a time without sacrificing proper pro- 
gram control. Hence where program elements are 
to be originated simultaneously at more than one 
point, they should be combined in a Program Pro- 

duction Unit before being transmitted to the Pro- 

gram Dispatching System. 

Atreus. Sa1atiz eff, 
At the entrance to the Master Dispatching Sys- 

tem, individual program samples may be drawn 
off to a House Monitor Bus System through which 
they can be switched to various other points 
in studios and offices for observation purposes. 
In taking a program off a studio transmission line, 
no discernible loss in line level results, since bridg- 
ing circuits are used with high impedance dif fer- 

entials. However, an extremely low level is pro- 
duced in the bridging circuit and, in order to bring 
the program up to the level required for most 
monitor bus systems, an ISOLATION AMPLIFIER 
is required. In addition to performing its normal 
amplifying function, the Isolation Amplifier, as the 
name implies, serves to isolate the main line from 
electronic disturbances developing in the House 
Monitor Switching System. The choice of units for 
use as Isolation Amplifiers depends on the input 
power levels which they will be required to accept, 
and the bus levels which they will be called upon 
to supply. Frequently units of the Pre -Mixing Ampli- 
fier type will suffice. However, for higher level 
buses serving many listening stations, an amplifier 
should be employed which can handle consider- 
ably higher power loads. Monitor Amplifiers, Mon- 
itor Level Controls, and Monitor Loudspeakers are 
located at each observation point and are con- 
nected to the outputs of each branch of the House 
Monitor Switching System to maintain suitable 
volume levels for each individual listening point. 

ptogaaaC Dca ueatlo c 

Meanwhile, energy losses have occurred in the 
three main transmission paths of our typical sys- 
tem due to the terminating, matching and dispatch- 

13 

rra,O a 

u4.. e 

e' 

O ., ., U u I, 

Output Switching Control Panel using manually 
operated keys for program dispatching. Duplicate 
key banks are provided to allow pre -setting for the 
succeeding dispatching condition. The lever type 
master key (lower center) is used for switching 

between the two banks. 

ing operations which have taken place in the Out- 
put Switching and Compensating Circuits. A cor- 
responding gain of from 40 to 70 db is accordingly 
supplied in each circuit by means of LINE AMPLI- 
FIERS. 

Uniform frequency response and a high degree 
of stability are of especial importance in a Line 
Amplifier, since it is called upon to handle pro- 
grams emanating from many different points in 
response to rapid switch -overs at the Master Dis- 
patching Desk. Each Line Amplifier is provided 
with an associated LINE LEVEL CONTROL to facil- 
itate adjusting successive incoming programs or 
program elements to a uniform volume level. Out- 
put power capable of exceeding the +8 vu level 
requirement of long distance telephone lines is 
another requisite for this type of unit in order to 
compensate for further energy loss due to subse- 
quent stabilizing and line equalization operations. 

Now ready to leave the studio, the transmission 
on each line is subjected to a final visual and aural 
check by means of Volume Indicators and Monitor 
Loudspeakers - (Note Isolation Amplifiers con- 
nected to outputs of Line Amplifiers in Figure 2). 

The transfer from the Speech Input circuit to the 
circuit of the transmitting element is then accom- 
plished in much the same manner as from the 
Studio Production Unit to Master Control. 

Impedance Stabilization Pads prepare the trans- 
mission for the transfer by stabilizing variable 



impedance elements and preventing non -uniform 
distribution of program energy throughout the re- 

quired audio frequency range. Line Repeating Coils 
then isolate the circuits against direct current poten- 
tials and deliver suitably matched and faithful 
electrical interpretations of the prepared program 
material to lines which carry it out to remote trans- 
mitter stations or onto wire networks, ready for 

broadcasting over the air. 

Sy4teu ,lfrftl.cd 
From the foregoing outline, it will be apparent 

that, in the case of an audio system installation, 
"the whole is indeed greater than the sum of its 
parts." High quality program preparation depends 
not only on the individual characteristics of micro- 
phones, reproducers, amplifiers, etc., but on experi- 

enced planning and careful integration of the units 
that make up such systems so as to meet most 
effectively and economically the performance re- 
quirements of the station or network in which the 
system is to be used. 

For this reason, not one but several Western 
Electric equipments are, in most instances, offered 
for each type of audio service. 

The "Index to Speech Input Equipment" appear- 
ing on page 18 will serve to indicate the diversity 
of the standard Western Electric line. 

An examination of the electrical and mechanical 
characteristics of specific units in consultation with 
a local Western Electric distributor will enable the 
broadcasting engineer to proceed with confidence 
in the selection and assembly of the equipment best 
suited to his individual needs. 

One of the units of Bell Telephone Laboratories, Murray Hill, N. f. In this. the largest research organization in the world 
dr vrted to the science of coma.:nir t.. cs manu n! the outstanding develnn monts to Speech Input E 1- cement erre p»neered 
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Another Famous Bell System "First" in Electronics 

In the early days of vacuum tube amplifiers it was recognized that more gain 
could be obtained if some of the output was fed back as additional input; but the 
result if the process was carried too far was "singing." Stable operation, it was 
commonly supposed, required a net loss in the loop form by amplifier and f eed- 
back circuit. It was also believed that feedback in reversed phase afforded no 
advantage compensating its accompanying reduction in net gain. 

The paradox of amplifier design was announced, however, in the early 1930's 
by Harold S. Black. His work in Bell Laboratories had led him to an epoch- making 
invention in electronics. He showed that many remarkable properties inhere in 
amplifier operation with a negative feedback which reduces the gain. Following 
his technique, one designs an amplifier for more amplification than is required; 
and then, by properly sacrificing some of this potential gain, one obtains amazing 
constancy of amplification and stability of operation. 

The resultant amplifier has increased linearity of characteristic with a sub- 
stantial reduction in harmonics. Tube noises are greatly reduced. There is improve- 
ment in phase distortion, in the gain -load characteristic and in the amplifier's 
impedance relationships. These important advantages are obtained economi- 
cally without excessive refinements in the designs of tubes and in the constancy 
of their power supplies. 

Stabilized Feedback also facilitates the equalization (within reasonable limits) 
of frequency distortion due to apparatus in the direct path of the signal current. 
Previously it had been necessary to introduce a network of inverse characteristic. 
In construction, such networks range from difficult to impractical. With Stabilized 
Feedback, however, they are unnecessary because usually the desired result can 
be produced by inserting in the feedback circuit apparatus with the characteristics 
which are to be equalized, and then properly increasing the amount of feedback. 

The stability of this type of amplifier is well illustrated by long carrier -current 
circuits in coaxial or other cable. They permit the operation of hundreds of high - 
gain repeaters in tandem. The gains can be made so independent of ordinary 
variables that insuring the stability of the circuit is essentially a matter of regu- 
lating against transmission variations in the line itself. 

Black's invention has been widely utilized wherever constancy of amplifica- 
tion with freedom from distortion is a requirement -that is, in practically all types 
of communication circuits, audio -frequency, carrier and radio. 

Extensive use has been made of the Stabilized Feedback principle in the 
design of Western Electric amplifiers for Speech Input applications. 
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