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The NAB Convention

Critics of American business often
ridicule and look with scorn at the American
business man’s habit and practice of attending
conventions. A motion picture was made and
successfully exhibited which laughed uproar-
ously at the whole idca of conventions. Per-
haps the very men who go to conventions, when
they get home and figure the cost of attending
them, often wonder if they are worth the time
and expense. We believe they are.

But scriously, the convention is the
place where new i1deas are born, where old ideas
and bad prejudices are discarded. Perhaps a
mere suggestion made on the convention floor
will sink into the minds of one or more men.
That idca in the months to come is pondered in
the minds of those men, and eventually bears
fruit in action. New policies, new developments
result which change and better the course of an
entire industry.

Men sce new equipment and learn
of new ways of doing old things at conventions.
They hear and see what the other man is think-
ing and doing. They become dissatisfied with
their own meagre accomplishments, recetve
inspiration to work harder, accomplish more.
Such things in themsclves are justification
enough for any convention.

At this, the fourteenth annual con-
vention of the National Association of Broad-
casters, members will see all manner of new

developments. They will hear ideas and policies
discussed which will affect the whole future
course of American broadcasting. The past year
has seen vast changes in the broadcast scene.
Equipment has been developed and is ready for
marketing which will advance tremendously the
art of radio broadcasting. These developments
will be on display. They alone will make the
convenuion worthwhile to the visitor.

It seems strange that the ranking
association of an industry which affects the lives
of so vast an audience, which employs so many
thousands of pcople, which stands so high in
the hist of great American industries should be
having this ycar only its fourteenth annual con-
vention. This fact alone is evidence enough of
the tremendous growth, the wonderful appeal
of radio. Also, 1t is a testimony to the vision
and the capabilitics of the men in radio today.
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Radio

Must Learn How To

Teach

SAYS EDWIN W. CRAIG

An interview with the
Director of Station WSM, Nashville, Tenn.

By

WILL WHITMORE

Back in 1922 a young insurance man became
interested in that new thing called radio. While
twisting dials and adjusting the cat whisker, he often
wondered if radio could not be used to sell insurance.
That idea, by 1925, had taken concrete form and
Station WSM went on the air in Nashville to sell
insurance for the National Life and Accident Insut-
ance Company.

Today, the young man, Edwin Wilson
Craig, is vice president of the insurance company,
director of the station which grew from its original
1,000 watts to its present 50,000 watt power, and is
one of the leading figures in broadcasting in the
U. S. A. He is a member of the board of the National
Association of Broadcasters and chairman of the newly
formed group organized in the interests of clear chan-
nel stations.

After graduating from Vanderbilt Uni-
versity in 1914, Craig went into the insurance busi-
ness, and served in almost every capacity in that field
of human risks. Today he has charge of his company’s
3,000 agents in 21 states.

Down in Nashville, we planned a talk
with Edwin Craig about Edwin Craig. After leaving
him and reviewing our conversation there dawned
a realization that we had not talked about Craig at
all. We had talked about radio the entire time.

_ That seems typical of the man. Radio
occupies much of his working time, and a great deal
more of his thoughts. One leaves him with the firm
impression that he is far more interested in what he
can do for radio than in what radio can do for him.
Radio today needs more Edwin Craigs.

“We broadcasters do not know the
answers to many of radio’s most pressing problems,”
said Craig. “There are still too many owners who do
not know enough about their stations, and broadcast-
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Edwin Wilson Craig

ers in general who do not use enough discrimination
in program selection.”

These statements at first may seem to
be an indictment of radio. But are they? The pro-
fession of law is almost as old as human society, yet
lawyers still argue and fight over codes of ethics.
Newspaper publishing is almost as old as the printing
press, yet editors and publishers constantly discuss the
rights, privileges, and obligations of the press. The
profession of radio (and the sooner it is regarded as a
profession, the better) is so young that its life can be
measured in minutes compared to other professions.
Yet, in the few brief moments of its existence, it has
accomplished miracles. That is why any criticism of
Craig’s or of others well versed in the broadcasting in-
dustry should be taken as constructive advice rather
than denunciation.

In talking with Craig, the similarity of
his ideas with those of Leo Fitzpatrick, an interview
with whom appeared in an earlier issue of “Pick-Ups,”
is striking. The two men are close friends. In fact, it
was Fitzpatrick who fostered Craig’s eatly interest in
radio. Where Fitzpatrick thinks in lightning jumps,
Craig thinks slowly, deliberately, though none the
less surely. Perhaps it is significant that two men,
both Jeaders in radio, and yet as unlike as nature and
environment could make them, should hold such sim-

(Continued on Page Twenty-eight)
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Doherty Circuit

High Efficiency for the Broadcast Transmitter

New Principle in Linear

Power Amplifier Design

By W. H. DOHERTY

Radio Development, Bell Telephone Loboro?orie;

O ften one resorts to intricate or cumbersome

means to achieve a new result, and later finds that a
better and simpler solution was so obvious as to have
escaped him. The high-ethciency circuit, recently
announced as a feature of Western Electric high
power broadcasting equipment, which approximately
doubles the efficiency of linear power amplifiers, is a
rather striking example of how near at hand the solu-
tion to a problem may be if one has the requirements
clearly in mind.

Most radio-frequency power amplifiers
operate at a plate efficiency of between 25 and 33 per
cent. Many an engineer has reflected with chagrin
on the necessity for supplying to the tubes a plate
power of over three times their carrier output, only
to have most of this power dissipated at the anodes of
the tubes. The situation has naturally become more
acute as the power outputs employed in broadcasting
have increased. At carrier outputs of 50 kilowatts
and higher, power consumption and the water cooling
problem assume major importance.

It has been generally believed that
ethciencies higher than 33 per cent were to be attained
only by modulating at the final stage. The new sys-
tem, however, permits low-level modulation to be
employed in the usual manner and the succeeding
stages are purely amplifiers. The efficiency of the final
amplifier stage is 60 per cent or more, so that its
power consumption is approximately cut in half and
the plate dissipation reduced to one-third that of the
conventional linear amplifier.

Efficiency in power amplifiers is direct-
ly proportional to the ratio of alternating plate volt-
age to dc plate voltage. The low average efficiency
at which the conventional linear amplifier must oper-
ate is due to the fact that in order to permit the
amplifier to respond to the positive peaks of a com-
pletely modulated wave, rarely though they may occur,
the alternating plate voltage, and hence the efficiency,
with unmodulated carrier must not be more than half
of the maximum possible value.

Now the important point to observe is
that the requirement of large plate voltage swing for
high efficiency imposes no restriction whatever on

Pick-UpPs

the plate current. If, then, one could vary the load
impedance at audio frequency during the modulation
cycle so as to permit the tubes to deliver a varying
current to the load, but at a large and constant radio-
frequency plate voltage, then the efficiency would be
high both with modulation applied and with un-
modulated carrier. A novel means for obtaining
automatically and instantaneously a variation in load
impedance during the modulation cycle is an essential
feature of the new scheme.

A second possibility that occurs to one
in seeking a solution to the efficiency problem, is the
possibility of obtaining the smaller instantaneous out-
puts—in particular, the carrier output—from a reduced
number of tubes at high efficiency, and then bringing
into action additional tubes to furnish the added
power required on the positive swings of modulation.
This possibility has not previously been utilized be-
cause it happens that in the conventional parallel or
push-pull circuit the coming into action of additional
tubes would cause an effective increase in the im-
pedance into which the original tubes worked, with a
consequent reduction in their possible output, and no
increase at all in the total output of the amplifier.

By an extremely simple modification of
the circuit, however, exactly the opposite effect is
obtained, i.e,, the load impedance to the original tubes
is reduced as the additional tubes come into action.
At once both of the above possibilities for high-efh-
ciency operation are realized—a varying load distribu-
tion among the tubes.and a varying circuit impedance
over the modulation cycle, one of these desired effects
being the immediate result of the other.

The circuit which provides this re-
quired impedance variation evolves directly from the
conventional amplifier circuit shown symbolically in
Figure 1, where two tubes, each designed to work
into an impedance of 1000 ohms, are shown con-
nected in parallel to a 500 ohm load. As long as
the load is shared equally by the tubes, each works

(Continued on Page Twenty-six)

The illustrations on the opposite page are reproductions of
free-hand pencil drawings made by Mr. Doherty to explain
the theory and operation of his circuit. ———>
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New 100-250 Watt Transmitter
Uses Small Tubes, Less Current

By R. E. CORAM

Radio Development, Bell Telephone Laboratories

Tw 23 A ‘Radio Transmitter is an inexpensive

100-250 watt equipment built to give the same high
quality of radiated signal now characteristic of the
newer high powered stations. In addition to this high
fidelity performance, which is discussed more in de-
tail below, one of its outstanding features is an econ-
omy of operation not usually tound in transmitters of
this power. Through the achievement of a high over-
all efficiency accompanied by the low cost of the
smaller types of vacuum tubes which are used through-
out, the cost of operation has been reduced to a
remarkably low value. The transmitter has been de-
signed specifically for the 100-250 wartt field, although
it is suitable for association with the 90 A (1,000
watt) Amplifier where an increase in power under

Pick-Ups

existing regulations is assigned to the station at some
future time.

The economy of operation and high
fidelity performance at outputs of either 100 watrs,
250 watts, or 250 watts daytime and 100 watts night-
ume is the result of employing a simple and straight-
forward circuit arrangement. It consists of an oscilla-
tor and four stages of radio frequency amplification
with modulation taking place in the second stage. A
two-stage audio amplifier provides the necessary speech
power and a single full wave rectifier supplies all of
the necessary bias, plate, and screen voltages. Low
level modulation, which has been featured in Western
Electric transmitters for more than a decade, is con-
tinued in this new equipment.

Six
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Fig. | — Schematic of 100-250 Watt Transmitter

A simplified schematic of the transmit-
ter circuit is shown in Fig. 1. The 702 A Oscillator
employed is the latest Western Electric product. It
uses the new low temperature coefhicient crystals de-
veloped by Bell Telephone Laboratories which have a
frequency variation with temperature of only a few
parts per million per degree Centigrade. The use of
this much improved crystal has permitted replacement
of the usual delicate mercury thermostat with a sturdy
thermal relay which regulates the temperature in the
crystal oven to a fraction of a degree.

The use of this type of heat control
obviates the necessity of the grid controlled rectifier
tube which was formerly supplied to take care of the
inability of a mercury thermostat to handle currents
of more than-a few milliamperes. Provision is made
for a spare oscillator which is kept at operating tem-
perature so that in the remote event of oscillator
failure, it can be inserted in the slide from which the
regular oscillator is removed. Lamps are provided on
both oscillators, which are lighted when the operating
temperature is correct. Either too high or too low an
oven temperature will extinguish the lamp associated
with the parcicular oscillator.

Modulation takes place in the second
R.F. stage which uses two Western Electric No. 318 A
Vacuum Tubes. These have a second grid which is
called the suppressor but which is probably better
described as a second control grid, as the amount of
bias needed on it is of the same order of magnitude
as on the control grid. Radio frequency is supplied
to the control grids as in any push-pull amplifier, and
the audio frequency voltage from the audio amplifier
is supplied to the suppressor grids in parallel. This
method of modulation is a simplification of the grid
bias method in that it provides isolation between the
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radio frequency and the audio frequency inputs to the
modulating stage.

There are a number of very interesting
features in the two linear amplifier stages which fol-
low the modulation stage that will be clear from
inspecting the circuit diagram. The series condensers
between the stages provide a very accurate control of
the impedance into which the tubes ahead of them
operate. This feature will be appreciated by the tech-
nically informed as a distinct improvement over earlier
devices that serve the same purpose.

For 100 watt service, four tubes are
used in the final radio frequency stage. Six tubes are
used for 250 watts output and for the double power
assignment of 100 watts night-time and 250 watts
daytime. The change-over from day to night power
is made without program interruption by the opera-
tion of a single switch.

The output of the transmitter is con-
nected through a concentric transmission line to an
antenna coupling unit shown in the second photo-
graph. This may be mounted either in the transmitter
room at the point where the antenna lead-in wire
enters or at the antenna tower in case the antenna
structure is remote from the transmitter building. A
meter circuit is provided on the transmitter which is
energized from a thermocouple in the antenna coup-
ling unit so that it is not necessary to actually visit the
antenna coupling house in order to log the antenna
current. Where this coupling unit is exposed to the
weather, a weather-proof box is available for its pro-
tection.

Another very important feature incor-
porated in this equipment is the use of stabilized feed-
back. There is no need to dwell upon the effectiveness

(Continued on Page Twenty-four)
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Super-Stability for Radio Carriers

Western Electric's New 702 A Oscillator Uses
Low Temperature Coefficient AT Cut Crystal,
Controls Frequencies to within 10 Cycles

By O. M. HOVGAARD

Radio Development, Bell Telephone Laboratories

One of the most vital elements in a radio

transmutter is its source of carrier frequency. Probably
it is needless to say that in the absence of an oscillator
all other components of a transmitter are rendered
idle while if the oscillator becomes erratic in its be-
havior, the transmicted signal may lose its effective-
ness. Considerable effort is justified, therefore, to
secure the utmost possible reliability of performance
in the master oscillator.

Since its application to radio trans-
mitters by the Western Electric Company a decade
ago, the quartz controlled master oscillator has had
no peer. Nevertheless, Bell System engineers have
continuously sought to improve its operation, and
their efforts have recently resulted in a major improve-
ment in this art.

The development of low temperature
coefhcient quartz plates by Bell Telephone Labora-
tories and their commercial introduction during the
past few years has brought about a complete change
in the accepted standards for the generation and main-
tenance of carrier frequency. Today, low temperature
coefhcient quartz plates enable the broadcast industry
to attain a degree of frequency stability far better than
called for by the regulatory requirements and to do so
with a margin of safety commensurate with good
engineering practice. The performance of the new
quartz plate is such an improvement over that of its
predecessors that it has been referred to frequently as
a “zero temperature coefficient plate,” a designation
which only can be justified by relative performance.

Experience shows that ambient tem-
peratures anywhere from 0° C. to 60° C. may be
encountered in broadcasting installations. After a
quartz plate has been adjusted to be exactly on fre-
quency at 30° C, it may be subjected to a tempera-
ture variation of + 30° C. If the nominal frequency
of such a plate is 1500 kilocycles and assuming that
a safety factor of 2 to 1 is allowed in meeting a speci-
fied tolerance and that but 24 of the permissible
deviation can be allocated to temperature variations,
it is found that in meeting a 50 cycle tolerance there
is left about 16 cycles for temperature changes.

Under the above conditions, if there

were no temperature control, the change in frequency

per degree Centigrade—the temperature coefficient—
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could not exceed about 15 cycle in 1500 kilocycles or
3 cycle in a million. Theoretically, it is possible to
obtain plates with such characteristics but very rigor-
ous requirements are imposed on the manufacturing
processes involved and the product becomes corre-
spondingly expensive. As a practical matter, there-
fore, the combination of plates having a temperature
coefficient of 2 or 3 cycles in a million per degree
Centigrade and a relatively simple, rugged and in-
expensive temperature control system to maintain the
temperature of the quartz within reasonable limits
appears to be the best solution.

In the recently designed Western Elec-
tric 702 A Oscillator the low temperature coefficient
AT cut quartz plate is combined with an exceedingly
simple temperature control mechanism to provide a
stability of generated frequency well within 10 cycles
of the nominal value. This oscillator is employed in
broadcasting and police radio transmitters operating
in the 550 kilocycle to 3,000 kilocycle band. Except
for the power supply required for the oscillator tube
and the oven heater, this oscillator is a self-contained
unit, fully automatic in its operation.

Its construction is in the form of a
chassis, about 4” x 9” x 2, on the top of which are
mounted the oven and a Western Electric 247A
Vacuum Tube. All other elements of the circuit are
contained within the chassis which serves as a shield
as well as a mounting frame. Connection to supply
voltages, indicating meters, alarm circuit, and the
radio-frequency load are all made through spring clip
terminals contained in a strip at one end of the chassis.

When an oscillator is inserted into a
transmitter, the bottom of the chassis engages two
tracks and the terminal strip automatically makes all
contacts to a stmilar strip which is a part of the trans-
mitter. The spring pressure of the contact strip is
used to force the oscillator chassis against detents
located at the outer end of the tracks, thereby assuring
good contact pressure at all times.

The circuit used in the 702 A Oscil-
lator is composed entirely of resistors and capacitors.
These elements can be manufactured to a high order
of precision and possess good stability with respect to
time, temperature, and moisture. A characteristic of

(Continued on Page Twenty)
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The new 702 A Oscillator which becomes standard for all new Western Electric transmitters. Using the new low temperature
coefficient AT cut quartz plate, the Oscillator has a stability within 10 cycles. Above: Component parts of the Oscillator.
Lower left: Side view showing plug-in connections. Center: Phantom view showing how crystal holder plugs inside oven. Right:

View showing how thermométer is mounted.

7Z02A
OSCILLATOR
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MASTER of
Megacycles

Up Goes the 304 B with
High Efficiency even into
the Realm of 300 MC

By C. E. FAY

Yacuum Tube Development,
Bell Telephone Laboratories

In the past few years, considerable attention has
been devoted to the development of radio communi-
cation at the ulera-high frequencies. As the available
channels in the lower frequency range become as-
signed, this high-frequency portion of the radio spec-
trum, including frequencies higher than 30 megacycles,
offers an abundant supply of additional channels.
Developments have not progressed sufficiently, how-
ever, to give knowledge of the full possibilities of
these higher frequencies. To be able to carry on
studies of communication systems that may employ
them, it has been necessary to develop vacuum tubes
that will oscillate and amplify in this ultra-high fre-
quency region.

Difhculties have been encountered nn
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operating the conventional vacuum tubes at these
higher frequencies. One of these is a reduction in
efficiency as the operating frequency is increased. For
ordinary tubes, the efficiency does not decrease to any
great extent for frequencies below 15 megacycles. At
frequencies somewhat above 30 megacycles, however,
it begins to fall off rapidly, undil a point is finally
reached where the maximum allowable energy must
be dissipated in the tube elements to produce any
deteciable output power. This is known as the fre-
quency limic of the tube.

One of the causes of this decrease in
efficiency with increasing frequency is that the charg-
ing currents to the inter-electrode capacitances in-
crease 1n proportion to the frequency. Since these
charging current must flow through the tube leads,
which are not ordinarily designed to carry heavy cur-
rents, a considerable energy loss results, which de-
creases the useful output. These capacitances and
charging currents are indicated by the dotted lines of
Figure 1

Besides its reduction caused by exces-
stve charging current, the efficiency of a vacuum tube
falls off very rapidly as the time of a period of oscil-
lation approaches the time required for electrons to
travel from the cathode to the anode. Reduction in
efficiency due to this effect begins to be noticeable for
most tubes at frequencies between 30 and 60 mega-
cycles. Its most obvious cause is a lagging in phase
of the plate current with respect to the plate volrage,
although other and more involved effects are present.

Still another difficulty in the operation
of the ordinary tubes at very high frequencies is the
magnitudes of the inductances and capacitances within
the tube relative to those of the external circuit. The
capacitances and inductances within the tube itself
are fixed in magnitude, but at ordinary frequences

Filament Voltage 1.5 Volts
Filament Current 3.25 Amperes

Maximum D.C. Plate Voltage—Uan-

modulated . 1250 Volts
Maximum D.C. Plate Voltage—Mod-
ulated . 1000 Volts

Maximum D.C. Plate Current

Maximum Continuous Plate Dissipa-
tion 50 Watts

Maximum D.C. Grid Current 0.020 Ampere

At a Plate Voltage of 1250 Volts
D.C. and Plate Current of 0.40

0.10 Ampere

Ampere:

Amplification Factor ... JI

Grid Plate Transconductance 2000 micromhos

Plate Resistance . 5500 ohms

Inter-electrode Capacitances:

Grid to Plate....... ... 2.5 Micro-
micro-farads

Grid to Filamént.... ... ... 2.0Micro-
micro-farads

Plate to Filament .. ... .. 0.7 Micro-

micro-farads.

Characteristics and Ratings of the 304 B Vacuum Tube

Ten
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Fig. |—Diagrammatic arrangement of vacuum tube oscillafor

circuit showing, external and jnternal reactance.

are very small compared to the external reactances,
such as L, and C, of Figure 1. To tune the circuit
to a higher operating frequency, however, L, and C,
must be made smaller, and a frequency is ultimately
reached at which they become small compared to the
inductances and capacitances of the tube. In extreme
cases the tube reactances themselves control the oscil-
lating frequency.

To avord these difficulties that arise
when ordinary tubes are operated at ultra-high fre-
quencies, a tube has been recently developed in which
these frequency limitations have been eliminated to
such an extent that the tube is suitable for operation
in the range from 30 to 300 megacycles. This tube,
known as the Western Electric 304 B, is a Iow power
triode suitable either as an oscillator or an amplifier.
Its characteristics and ratings are given in the tabula-
tion. At frequencies up to 100 megacycles it may be
operated at full rating, but with higher frequencies
the output is gradually reduced. The power output
and efficiency of this tube in the range from 50 to
400 megacycles is shown by the curves plotted in
Figure 2.

Several modifications have been incor-
porated in this new tube to make it suitable for opera-
tion at the higher frequencies. Dissipation of energy
in the leads due to excessive charging current is
avoided both by decreasing the inter-electrode capaci-
tances and by decreasing the resistance of the leads,
The grid and plate electrodes are supported by short,
heavy wites which pass through the top of the hard
glass envelope. These serve both as supports and
lead-in wires, and provide a construction giving the
low inductance and resistance essential to the opera-
tion of the tube at ultra-high frequencies. This con-
struction has the further advantage of eliminating any
solid dielectric other than the glass envelope. In a
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high-frequency field, solid dielectric absorbs energy
and may break down, so that its elimination is desir-
able.

Besides these modifications, the charg-
ing currents themselves have been made very small
by employing smaller electrodes. In general, the size
of the anode is determined by the amount of heat that
must be radiated, which for any given material is a
function both of its operating temperature and its
radiating area. In the original tube of this type, the
304A, a graphite anode was used because of its desir-
able heat radiating properties.  After considerable
testing and comparison it was found that a metal anode
improved the life of the tube without any sacrifice of
its essential characteristics. In addition an increase in
efficiency at the high frequency limit of the tubes’ oscil-
lating range was obtained, because of the lower resis-
tivity of the metal compared to carbon. The 304 B
tube is now being manufactured with a molybdenum
plate. The plate is cylindrical in shape and of rela-
tively small diameter. The necessary surface for
heat radiation is obtained by the use of three large
radial fins, and all exterior surfaces are roughened
to improve the radiating properties of the material.

This tube is being used very success-
fully by both amateur and commercial stations, and
by others desiring a source of ultra-high frequency
power at frequencies up to 300 megacycles. It has
been used with particular success by the amateurs in
their 28, 56 and 112 megacycle bands. At 112 mega-
cycles it is possible to generate a carrier power of
nearly 100 watts with two 304 B tubes in a push-pull
oscillator circuit.

EFFICIENCY IN PERCENT

o
(=]

OUTPUT IN WATTS
@
o

n
o

20

fo} 1 | & — L SN
S0 100 150 200 250 300 350 400
FREQUENCY IN MEGACYCLES

Fig. 2—Qutput and Efficiency of two 304 B tubes in a push-
pull circuit.
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Stabilized Feedback

New Control Principle Produces
High Stability aond Fidelity and

Eliminates Distortion in Amplifiers

By H. S. BLACK

Member, Technical Staff, Bell Telephone Laboratories

Fcedback is the action which may take place when
a portion of the output of a transmission device, such
as an ampliher,’ is returned to its input.,  The feed-
back can be either positive‘or negative, that is, in a
direction either to increase or to decrease the amplifi-
cation.  Stabilized feedback employs the - negative
feedback principle in a new and revolutionary manner
to actually control the properties and characteristics
of wave transmission systems. So powerful and
adaptable is this new control that even inexpensive
amplifiers can easily be made to produce remarkable
stability, high degree of fidelity, and absence of distor-
tion and noise heretofore unobtainable even in the
most carefully designed and expensive systems.

If to a typical vacuum tube amplifier
fed from a source of input waves to be amplified such
as signal waves, we add a suitable coupling or other
path for returning some of the output wave to the
put, it is evident that the waves appearing on the
grid of the first tube come from these two circuit
branches. Thus there are three waves to be consid-
ered in relation to the input side of the amplifier:

1. The incoming or signal wave.

2. The fed-back wave,

3. The voltage wave on the first grid,

which is the algebraic sum of 1
and 2.
A primary consideration of course is

whether the fed-back wave is positive or negative.
Both types of feedback have been utilized heretofore
and are more or less familiar to those in contact with
radio. The regenerative amplifier and the oscilla-
tion generator are good examples of positive feed-
back. In the regenerative amplifier the output cur-
rent remains under control of the incoming signal
and must follow its variations while in the oscillator
the wave circulating around the regenerative loop is
self-determining subject only to circuit elements.

Unul the advent of stabilized feedback
the principal use of negative feedback has been in
the “neutralization” of radio frequency amplifiers, be-
ing employed here to overcome the inherent tendency
toward self-oscillation due to positive feedback
through inductive or capacitative coupling of elements
of the input and output circuits which exists even
though great care in design is exercised to reduce such
coupling.  These effects become more pronounced as
the frequencies become higher and are often of such
a nature as to place a definite limit on the amount of
amplification that can be utilized.

It should be emphasized that negative
feedback as heretofore commonly applied in radio
frequency amplifiers has had as its purpose the reduc-
tion or cancellation of inherent positive feedback. If
the negative feedback is increased from an infinitesimal
amount in any given case, it reaches its optimum
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Fig. 1—Circuit of a negative feedback amplifier.
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value in opposing positive feedback when it just
equals the positive feedback. At that point the net
or resultant feedback is zero and the effect is that
of rendering the amplifier a strictly unilateral circuit
having no feedback, positive or negative. In the
prior art when larger amounts of feedback than re-
quired for neutralization were used the stability of
the circuit as an amplifier was upset and this action
was apt to make it a generator of oscillations. It was
generally accepted therefore, that large amounts of
feedback were physically impracticable.

In contrast to the use of negative feed-
back as discussed above, the stabilized feedback am-
plifier employs negative feedback in much larger
amounts and for a different purpose. For stabilized
feedback the negative feedback is increased to a value
where it not only equals but greatly exceeds the am-
plitude of the wave that is effective on the first grid.
In fact for large values of negative feedback, the fed-
back wave approaches equality with the incoming
wave.

Thus a small wave effective on the
grid controls a cycle of operations involving waves of
much greater magnitude. Far from resulting in lia-
bility to self-oscillation, a technique has been dis-
covered whereby the greater the negative feedback
ratio the more exact is the correspondence in all re-
spects between the output wave and the incoming
wave, so that it may be said that the more complete
is the control of the output wave by the incoming
wave.

This action makes it possible to con-
struct an amplifier having remarkable linearity of
amplification and also great constancy of operating
characteristics as regards the influence of circuit vari-
ables including the amplifying properties of the
vacuum tubes used, fluctuations in power supply, etc.
Such an amplifier will be less susceptible to noise
and cross talk and possess improved phase and im-
pedance characteristics. Certainly these types of ampli-
fiers will be of the very greatest use and service
throughout communication and allied fields.

The following example will be helpful
in illustrating in a physical way how stabilized feed-
back in an amplifier improves the fidelity character-
istics, often by an amount corresponding to the reduc-
tion in gain due to feedback.

It 1s generally accepted that the ampli-
fied signal wave in the output of an amplifier is ac-
companied by distortion produced in the tube. The
tatio of this distortion to the signal can be assumed
to be a function of the amplitude of the output signal,
other things being equal and, with a given tube and
circuit, as the signal output is increased, the percent-
age of distortion will increase.

In a simple system to which feedback
can be applied but with no fed-back wave, the voltage
effective on the grid is that of the incoming signal
unmodified by feedback and there is a given amount
of output signal and a given amount of unwanted dis-
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Fig. 2—Gain frequency characteristics with and without feed-
back of amplifier of Fig. |.

tortion. If, now, negative feedback is gradually in-
troduced in increasing amount and at the same time
the incoming signal is increased by an exactly cor-
responding amount, it is clear that the voltage effec-
tive on the grid due to the signal alone remains
unchanged, and that, therefore, the signal output
remains unchanged in amplitude. By virtue of the
negative feedback, however, some of the distortion
is being fed back to the grid in such sense as to reduce
the distortion appearing in the output. The result
is less distortion with no diminution in signal out-
put, a new improvement in linearity of the circuit.
The apparatus for increasing the nega-
tively fed-back wave might be visualized as an ampli-
fier of variable gain. Likewise, the apparatus for
producing a corresponding increase in the signal input
may be thought of as an amplifier of variable gain.
Since the coordinated changes assumed to take place
in these two amplifiers are a simultaneous increase in
their amplifications by exactly equal amounts, the
(Continued on Page Twenty-two)
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Fig. 3—Gain frequency characteristics with and without feed-
back of a voice frequency amplifier similar to Fig. 2.
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New Aviation Receiver

A small, light weight radio receiver suitable for

the private flyer and for emergency service in trans-
port or mail planes has recently been designed by Bell
Telephone Laboratories for the Western Elecrric
Company.

The new receiver employs the super-
heterodyne principle and contains one stage of tuned
radio-frequency amplification, two stages of interme-
diate-frequency amplification, and two stages of audio-
frequency amplification, It will pick up signals in four
separate frequency bands. One band is from 200 to
400 kilocycles (beacon and weather stations) ; one is
from 550 to 1500 kilocycles (commercial broadcast
stations) and the other two are high-frequency bands

-from 1500 to0 4,000 kilocycles (aircraft, police, ama-
teur communications) and from 4,000 to 10,000 kilo-
cycles (aircraft, amateur communications and foreign
broadcast stations). The pilot selects the band desired
by operating a four-position switch located on the
front of the receiver. Such wide range application of-
fers new possibilities for the use of radio in aviation
and by police and other municipal, county, state and
federal agencies.

The receiver is available in two forms
coded the 20 A and the 20 B. The first is built for local
operation with controls mounted directly on the front
panel. It must be mounted within easy reach of the
pilot. The 20 B is designed for remote control with a
flexible extension shaft and a small control unit to be
mounted wherever most convenient to the operator.
With this arrangement the receiver itself may be in-
stalled in some out-of-the-way corner while the diminu-
tive control unit may be mounted directly on the
instrument board facing the pilot.

With a maximum undistorted output of
700 milliwatts the receiver will operate as many as six
pairs of headphones simultaneously. Provision is made
for converting the receiver for crystal-controlled recep-
tion in either or both of the high-frequency bands.
When this is desired a two-crystal frequency control
unit is incorporated. One of the crystals may be used
in each of the high-frequency bands, or both may be
used in the same band. This feature is often desirable
when the receivers are used by commercial air lines,
which have definite day and night frequencies for com-
munication between air and ground and are not inter-
ested in receiving signals on other frequencies in the
high-frequency bands.

Other important features are the ‘“‘vari-
ator,” a device for reducing loud static crashes when
receiving very weak signals, and an automatic volume
control which is normally used for all except beacon
reception, where its use might interfere with course
indication. A switch on the front of the receiver per-
mits this automatic volume control to be cut in or out
as desired.

Pick-Ups

Western Electric 20A Aviation Receiver

John H. DeWitt—WSM

After serving two years on the NAB Engineer-

ing Committee John H. DeWitt, Jr., was elected
chairman of the committee on April 17, 1936. Al-
though only 30 years of age DeWitt has been intense-
ly interested in radio for 18 years. His entire career
has been devoted to broadcasting. At 12 it was
amateur radio that intrigued him. At 16 he had con-
structed the first broadcasting station in Nashville.
Three years later, in 1925, he joined the staff of
Station WSM, Nashville, where a Western FElectric
1 kilowartt transmitter was being installed.

From 1927 to 1929 DeWitt was en-
gaged in radio consulting work. His next move
brought him to Bell Telephone Laboratories where
he worked on the development of the 700 A Oscil-
lator, the 1 A frequency monitoring unit and syn-
chronization equipment. Perhaps while he was work-
ing in New York there still lingered a feeling of
homesickness for the sunny skies of Tennessee, for in
1932, when WSM offered him the position of chief
engineer he readily accepted and returned to Nash-
ville.

DeWitt has been keenly interested in
forwarding the cause of high fidelity broadcasting and
has worked toward improving the coverage on clear
channels. He has devoted many off hours to the study
of vertical radiator characteristics and published a
paper on the subject of fading from this type of
antenna. In spite of the fact that there are only 24
hours in the chief's day and most of them are taken
up with broadcasting he still finds time to do some
long distance sightseeing through a telescope while
pursuing his one hobby—astronomy.

Born in Nashville in 1906 DeWitt
attended a local preparatory school, then, Vanderbilt
University and later the University of Tennessee. Inr
1929 he married Ann Elise Martin also of Nashville.
There is John H. DeWitt the third, age two, in the
family who doubtless will attend the NAB Conven-
tion of 1956.
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Chicago Lakefront Showing Stevens Hotel, Setting for NAB Convention, July 6-8

Western Electric Exhibits Many
New Radio Developments
at NAB Convention

Huge Display to Occupy
Two Entire Wings of
| 4th Floor of Stevens Hotel

»i » hen members of the Nattonal Association of

Broadcasters meet in convention at the Stevens hotel,
Chicago, July 6 to 8, they will witness many new de-
velopments in the art of broadcasting. Western Elec-
tric has taken two complete wings of the 14th floor
of the mammoth hotel to exhibit its new equipment,
some of which is the result of years of research by
Bell Telephone Laboratories. Among the outstanding
developments are:

Doherty High Efficiency Circuit —
The Doherty circuit for high efficiency radio fre-
quency amplification is one of the most outstanding
contributions to radio thus far achieved. Applied to
radio transmitters the Doherty Circuit effects a large
reduction in power consumed. This new form of
amplifier operates at constant high efhciency which
does not vary with the percentage of modulation. In
the past, 30 to 35 per cent efhciency has been the
maximum that could be expected of the linear power
amplifier stage in a high quality transmitter. Now
efhiciency as high as 60 to 65 per cent is a reality with
this improvement. From this same standpoint it is
also superior to systems employing high level modula-
tion. The overall results of the application of this
circuit are savings in space for equipment, reduced
initial outlay for auxiliary equipment, economies in

Pick-Uprs

operation and maintenance and above all, a marked
saving in power purchased. (A complete description
appears elsewhere in this issue.)

100-250 Watt Radio Transmitter —
This is a 100-250 watt high fidelity, all-AC operated
transmitter which features stabilized feedback, low
level modulation, low temperature coefhcient quartz
plate, radiation cooled tubes. The equipment is
mounted as a single unit in a metal cabinet. (A com-
plete description appears elsewhere in this issue.)

New Speech Input Equipment — A
novel approach to a means for supplying the need for
high fidelity, self-contained speech input equipment is
found in this apparatus. Assembled as a single unit
in an organ console type cabinet, low enough to
mount on a standard table without obstructing the
view of the operator, this equipment presents a rare
combination of flexibility, simplicity of operation and
high quality of performance. Compact assembly, the
lack of inter-bay wiring, and ease of installation make
it particularly suitable for use in studio installations, at
semi-permanent remote pick-up points and as a com-
panion to the new 100-250 watt radio transmitter.

Portable Speech Input Equipment —
This is particularly designed for picking up programs

(Continued on Page Twenty-one)
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KFJZ and KDLR Say OK for
"8-Ball Mike"

According to recent reports Western
Electric’'s new Non-directional Dynamic Microphone,
launched on its broadcasting career some months ago,
is sailing along on the crest of the wave. Word of the
“Eight-Ball Mike’s” performance over Texan waves,
for instance, comes from Truett Kimzey, chief engi-
neer of Station KFJZ, Fort Worth.

Says Chief Kimzey, ““The new Western
Electric Non-directional Microphone, now in use at
KFJZ, is indeed one of the greatest steps that has been
made for broadcasting stations in a technical way. We
especially appreciate its use when we are broadcast-
ing a program requiring several people to speak at
one time. Its superior characteristics also are particu-
larly noticeable when it is being used for soprano
voices, as it will take care of the high pitched soprano
voice in the best style.”

Station KFJZ is owned and managed by
R. S. Bishop who signed the first contract for the new
microphone at the NAB Convention in Colorado.

More fan mail for the new microphone
comes from Bert Wick, owner of Station KDLR,
Devils Lake, North Dakota.

Mr. Wick writes, ““The new ‘Eight-Ball
Microphone’ is by far better than anything we have
or ever have had. To say that we are satisfied is put-
ting it mildly. In my personal opinion this new micro-
phone is about as fine a piece of equipment as you have
ever built. Of course, operation in conjunction with
the Western Electric pre-amplifier makes it all the
better.

“One thing we notice is its non-direc-
tional pick-up without discrimination and the beautiful
reproduction of ‘highs.” Particularly noticeable is the
faithful transmission of the sound of the snare drums
with their accompanying ‘brushes’ now so much used.

Bert Wick, owner of Station KDLR, Devils Lake, North Dakota,
says a few words over the ""Eight Ball Mike' about the ''Eight
Ball Mike” that are highly complimentary.

Pick-Ups

"The Riverside Hour" featuring Lee Downes' Orchestra and
Nancy Jo Nolte, singer, broadcasting from KFJZ, Fort Worth,
Texas. The Western Electric Non-directional Microphone
(right) has received a gala welcome from the KFJZ family.

Really it is like the addition of another player in our
seven-piece studio orchestra. As you know snare drums
and their traps produce some high frequencies.”

Marine Radio Saves Crew

Aboard Sinking Schooner

When marine radio telephone saved the
lives of ten men aboard the sinking schooner Fauci late
last winter practically every form of electrical com-
munication was brought into play. Telephone, tele-
graph, teletype and even a radio set in an automobile
played a part in the dramatic sea rescue.

The first word of the Gertrude M.
Fauci’s predicament came to the operator of the New
England Telephone and Telegraph Company’s marine
radio station at Green Harbor near Boston, when Cap-
tain Patrick McHugh's voice, spanning some 400 miles
of the storm-swept Atlantic, said, “We have sprung a
bad leak . . . we need assistance immediately!”

Realizing that there were no ships in
the immediate vicinity of the Fauci equipped with
radio telephone, the operator transferred the call to
Coast Guard Headquarters at Boston. From here an
“S O §” went out by radio telegraph in the hope that
some nearby vessel could go to the sinking schooner’s
assistance. The cutter Cayuga off Cape Cod got the
call and replied that they could probably reach the
Fauci in 24 hours. This message was radio telephoned
to Captain McHugh. He replied, “Doubt if we can
last that long,” and asked to have radio beacons oper-
ated at Sable Island and on Sambo Lightship.

Meanwhile news of the disaster winged
over the country by telegraph and teletype. Newspaper
headlines flashed the story. Broadcast stations inter-
rupted their programs to tell of the doomed vessel.
Charles M. Fauci, owner of the craft, picked up the
announcement with his automobile radio set while
driving through Springfield, Mass.

He was about to charter a seaplane to
go to the aid of his ship when word came through that
the trawler Lemberg was standing by. That night the
Fauci sank. But the captain and crew were safe aboard
the Lemberg. Later the Coast Guard cutter Cayuga
brought them to shore.
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The 702 A Oscillator

(Continued from Page Eight)

the circuit is that, within wide limits of frequency, it
requires no adjustments of circuit elements to establish
the proper conditions for oscillation and, as a conse-
quence, the oscillator is inherently stable.

It is impracticable to lap quartz plates
on a large scale to within 1 or 2 cycles of a designated
frequency and, therefore, means are provided for mak-
ing moderate changes in the frequency of the oscil-
lator in order to establish exact frequency. The con-
trol for this frequency adjustment is in the form of a
screw driver adjustment on the front of the oscillator
and its setting is indicated on a dial visible through
the top of the oscillator. The adjustment activates a
worm drive mechanism with a high enough ratio to
permit adjustment to zero beat to be attained at any
frequency. This facility will enable the user to com-
pensate for such frequency shifts as may occur if it
becomes necessary to replace an oscillator tube.

The quartz in its mounting, coded as
a 7A Quartz Plate, is a plug-in type of unit which is
inserted in a socket inside of the oven of the 702 A
Oscillator. The oven is of the double-wall all-metal
type and employs a special bimetallic snap action
thermostat to control the temperature which is nomi-
nally maintained at about 60° C. On account of its
ruggedness and consequent reliability, the snap action
type of thermostat is a noteworthy improvement over
the mercury-in-glass variety used in the past.

It is true that it cannot be made as
sensitive as the latter, but the need for sensitivity has
been greatly reduced by the introduction of low tem-
perature coefficient quartz plates. Furthermore, the
snap action thermostat can control directly the supply
of power to the heater thereby dispensing with the
complicated and costly control circuits associated with

mercury thermostats.

To enable the user to comply with
regulatory requirements, a thermometer is provided
to indicate the temperature in the vicinity of the
quartz. As a further and more automatic safeguard,
an alarm thermostat is provided which, in conjunc-
tion with external circuits, will give a positive indica-
tion of irregularities of the temperature control sys-
tem. A pilot lamp on the transmitter panel which
remains lighted as long as the temperature control
crcuits are functioning properly is employed as the
indicator.

Figure 1 illustrates the manner in
which the alarm functions. The left part of the dia-
gram illustrates the sequence of events in the case of
a power supply failure. At the time A, the power to
the heater was removed and the temperature at the
quartz dropped until at the time B the alarm thermo-
stat acted to extinguish the pilot light. At this time
the power was reapplied. On account of the time lag,
the temperature at the quartz continued to drop even
though the heat had been reapplied, but at C the
temperaure at the alarm thermostat had again become
high enough to actuate it and cause the pilot lamp to
be relighted.

At ume D the temperature at the oven
thermostat had risen sufficiently so that it resumed
control and subsequently the temperature at the quartz
rose in the typical manner to its nominal value. The
right part of the diagram illustrates the manner in
which protection is obtained in the case that the con-
trol thermostat fails by remaining closed. This condi-
tion was simulated by short-circuiting the thermostat
at the tume E.

At ume F the rising temperature,
caused by the continued application of heat, actuated
the alarm which extinguished the pilot light. The
short circuit was then removed. At time G the tem-
perature at the alarm had dropped sufficiently to cause

CHANGE IN TEMPERATURE AT QUARTZ PLATE
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Fig. | — Operation of Alarm Thermostat in Western Electric 702 A Oscillator

A—steady state, heater power is removed. B—sub-temperature alarm operates, whereupon heater power is restored. C—sub-
temperature alarm ceases to indicate. D—main thermostat opens for first time after heater power was restored. E-—steady state
at this point the main thermostat is shorted to create a condition of overheating. F—excess temperature alarm operates, where-

upon main thermostat short is removed. G—excess temperature alarm ceases to indicate.

H-—main thermostat closes for first

time after short was removed.
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it to relight the pilot lamp, but the temperature at the
quartz continued to rise until at time H the oven
thermostat resumed control.

The time delay between a removal or
application of heat, and the corresponding operations
of the thermostats and the resulting drop or rise in the
temperature at the quartz are caused by the capacity
for heat storage inherent in the oven design. By prop-
erly selecting the heat storage capacity and other
characteristics of the thermal paths between the com-
ponents of a temperature control system, it is possible
to reduce the fluctuations in the temperature of the
quartz caused by the operation of the control thermo-
stat. In the 702 A Oscillator these fluctuations
commonly referred to as the “thermostat cycle”—have
a magnitude of only + 0.075° C. or about one-tenth
the sensitivity of the control thermostat.

Since increased thermostat sensitivity
can only be obtained at the expense of ruggedness,
this method of obrtaining accurate temperature control
results in greater thermostat reliability. The choice of
the above-mentioned design parameters also influences
the magnitude of the change in the temperature of the
ambient necessary to cause a one degree change in the
temperature at which the quartz is maintained. The
ratio of these two temperature changes is a direct
measure of the effectiveness of a temperature control
system and is called its control ratio.

In the 702 A Oscillator the c