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Model 705

Seunsitrol Relay

Double Adjustable
Contacts

PEND

SERIAL

Model 705
Sensitrol Relay
Single Fixed Contact

4

OPERATE on values as low as 2 microamperes or 1 milli-
volt . .. direetly from photo-cells, resistance thermometers
or other generators of minute power.

CONTACTS handle 50 milliamperes at voltages up to 110
AC or DC.

POSITIVE, magnetic contact prevents chattering and
other contact troubles.

FURNISHED with fixed or adjustable contacts. Manual or

electrical reset.

SCALE may he calibrated for current, voltage, tempera-
ture, etc.

COMPACT . ..

inexpensive!

measuring only 314" diameter . . . and

WESTON Sensitrol Relays have found wide application
throughout industry on control and measurement prob-
lems requiring extreme sensitivity associated with pos
itive action, such as automatic scale feed control
turbidity control — precipitation control — temperature
control —signal alarm systems, ete., ete. If you have any
similar problem, WESTON engineers are qualified and
anxious to assist in its solution. Write stating your prob-
lem, or requesting the Sensitrol Bulletin . . . Weston
Electrical Tnstrument Corporation. 618 Frelinghuysen
Avenue, Newark. New Jersey.
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THE CULMINATION OF 30 YEARS
SPECIALIZATION IN THE MANUFACTURE
OF QUALITY CARBON PRODUCTS . . .

Just as you are constantly striving to secure the best possible performance in
the sets you design, so have Stackpole engineers constantly worked to perfect
and improve Stackpole products that you may attain your objective.

As a result, there's years of progressive research behind these Stackpole
Resistors, Switches and Controls—backed by an organization of engineers
whose skill has been sharpened by long experience—and by plant facilities

second to none.
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Here research rules supreme—here individual problems are analyzed
and solved that you may be better served.

You are invited to avail yourself of this complete service. If you have a
special variable or fixed resistor problem, put it up to Stackpole. We shall be

glad to cooperate.

Your inquiries are invited.

STACKPOLE CARBON COMPANY

ST. MARYS - PENNSYLVANIA

Stackpole products are sold only to manufacturers of original equipment
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Engineering

Progress Results

P.R.MALLORY & €O.Inc.
INDIANAPOLIS
L o R Cable Addrass— PELMALLO

P. R. MALLORY & CO., Inc.

° L )
in Important :
Marked improvement in Y axley
swilches has permitted the do-
mestic and amateur receiver
manufacturers to advance into
new fields of all-wave set
design. Provision is made in
Yaxley switch design for shorting the unused taps of the various antenna,
oscillator and other similar coils. The capacity effect between the vari- q
ous parts of the switch has been reduced by proper arrangement of
the parts and the use of special materials. This offers the added advan- ]
tage of the very low losses when used as high as twenty-five megacycles.
The fundamental Yaxley design of exclu- features of the Yaxley 3100 switch line is
sive silver to silver contact has been a novel but highly satisfactory method of
further improved until the contact resis- eliminating the well-known mounting
tance has been reduced to fractional bushing. This is accomplished by extrud-
parts of a milliohm. ing part of the cup and rolling an accur-
. ate thread on the extruded surface. This
These improvements have been made eliminates the necessity of providing an
without any sacrifice of qualily or safety expensive brass bushing.
as may be shown by the fact that break- ) .
down voltages are still in excess of 1000 Most suppliers seek L induce manufac-
volts R. M. S. at 60 cycles between all the turer.s to adapt their products to the
component parts of these switches. supplier’s wares. Mallory-Yaxley, on the
contrary, engineers its products to meet
A new Yaxley ¢“3100”° line of band change manufacturers’ requirements — to solve
switches has the complete mechanism in manufacturers’ problems. Which is the
a self-enclosed cup, grounded and shielded basic reason why Yaxley switches are
for R. F. purposes from the other compo- synonymous with leading quality in
nent parts of the receiver. One of the performance. )
-
Y

INDIANA

AXLE,
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» WOLF! . . . Two bulletins issued by
consumers’ organizations which pur-
port to give their subscribers the low-
down on advertised articles have come
to hand. They deal with radio receiv-
ers. As is customary with reports of
this nature, there are very few good
words said for anything or anybody
and one might easily get the feeling
that he would be a lot safer not to
buy any radio at all for he is almost
sure to get gypped.

One bulletin, in particular, lambasts
automatic frequency control stating
that it is one of the worst potential
sources of trouble that has been added
to radio sets, It states that a.f.c. is
comparable to automatic gear shift
devices on automobiles, and winds up
by stating that a radio purchaser would
do much better to do his own tuning.

The chip-on-shoulder attitude of
these reports is characteristic and an-
nually alienates many subscribers who
really wish for honest-to-goodness dope
and not biased statements. The diffi-
culty of giving a real survey of radio
receivers is apparent when it is con-
sidered that annually there are sev-
eral hundred models from a hundred
different manufacturers. For example
one of these reports had 6 pages de-
voted to radio. Three of them were
given over to a discussion of labor
conditions in the manufacturers’ plants.
Only a half-dozen sets were completely
described.

A recent survey indicates that there
has not been much trouble with a.f.c.
Probably it is too early for troubles
to develop, if they ever will. Out of
200 service calls on sets which had
a.f.c. one organization reports that very
few found trouble with the a.f.c. cir-
cuits or apparatus.

A.f.c. is added to receivers to make
certain that a high gain, highly se-
lective superheterodyne is accurately
tuned. Slip-shod manual tuning pro-
duces bad distortion, making unpleas-
ant the finest program as heard from
the finest receiver. A.f.c. is not merely

Crosstalk

for the lazy man’s enjoyment; it serves
a purpose and is a real contribution.

These consumers’ organizations could
perform a distinet service, however, if
they could teach advertising managers
that inventing trick new names for old
gadgets is not good salesmanship. A
purchaser of a radio thinking he is
getting an exclusive feature, cannot
help but be disappointed when he gets
the set home to find that his neigh-
bor’s equipment has exactly the same
gadget (under another name) and that
it sounds the same and probably looks
the same.

Isn't it possible that set manufac-
turers are claiming new features a
bit too often, and a bit too blatantly?
Have they anything new to back up
their claims? Is it necessary to claim
anything else than that the radio pur-
chaser gets a whale of a lot of equip-
ment for awful little money, these
days.

Giancarlo Vallauri

KEITH HENNEY

Editor

» TELEVISION STOCK . At the
request of the Attorney General of
New York, a restraining order was
issued halting the sale of stock in a
television company, capitalized for
6,000,000 shares of $1 par value. The
company was without assets. There
have been many television stocks nearly
all of which have gone boom.

Suppose two successful non-inter-
changeable systems of television were
developed. How would the situation
be handled? Restriction of wave-
lengths to one or the other system
would wipe out the investment of the
losing company. Granting of wave-
lengths to both systems would provide
a double setup, which no one would
want. An interesting speculation.

> VISITOR . . . American radio engi-
neers who recently met and talked
with Professor Giancarlo Vallauri of
Italy were not aware of the scientific
stature of the unassuming, genial pro-
fessor. Not only is he vice-president
of the Royal Academy of Italy, a dele-
gate to the Third World Power Confer-
ence and to the Harvard Tercentenary
Celebration, an officer of high rank in
the Royal Italian Navy, but he is in
charge of all broadcasting in Italy ex-
cept that from the Vatican, is Director
of the National Electro-technical Insti-
tute “Galileo Ferraris” and professor
of electro-technical engineering at
Politecnico, both at Turin, president of
the Italian Broadecasting Company, edi-
tor of FElettrotecnica and Alta Fre-
quenza and in addition holds a bewil-
dering number of offices in other
organizations.

His technical work involves contri-
butions on frequency transformation,
ferro-magnetism, operation of three-
electrode tubes, measurement of field
strength (1920) and other fields of
endeavor which mark him as an out-
standing figure in science and inter-
national broadcasting.



THIRTY YEARS AGO

This month, 1907, U.S. Patent 841,387 was issued to Lee de Forest.
It disciosed the three-element electron tube, named the audion.
Above, on a copy of the patent is an early example of the triode
with grid wound on a glass arbor, and with twe parallel plates



Millions of Sets

EAR 1936, an oasis in a desert

of depression, has just closed.
A spirit more optimistic than that
existing in the good-bad 1929 days
is abroad. The last of the year was
brightest of all, winding up in a
burst of bonus payments to em-
ployees and dividends to stockhold-
ers that put vast quantities of tax-
scared money into circulation. Much
of this money will find its way into
the electronics industry either by
direct purchase of radios or by im-
proving manufacturing capacity at
plants where modernization of
equipment is indicated.

Companies, of course, cannot de-
clare dividends or pay bonuses they
have not earned. This plethora of
cash payments is only a sign that
industry is experiencing profits.
Radio manufacturing, the largest
of the industries existing on the
vacuum tube, built up a new record
in point of unit sales. According
to the RMA some 7.6 million re-
ceivers went out of factories and
into homes in 1936, topping all pre-
vious figures, doubling in dollar
value the 1984 figure (1936 = $315,-
800,000).

Not only has the industry showed
a marvelous output of units but
many companies are enjoying prof-
its for the first time in years. Some
are piling up their first profits of
all time. It is sad to note, however,
in a recent bulletin of the Depart-
ment of Labor that radio employees
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are very near the bottom of all man-
ufacturing industries in the point
of weekly wages.

Tube manufacturers are hopeful
that the metal tube bad news is now
past, that 1937 may give them a
chance at profits. The cost of devel-
oping, selling, stocking multitudi-
nous tube types which are used only
sparingly offsets the profits made
from quantity production of the few
types widely used.

1936, however, is past. An in-
dustry like electronics, based upon
a science and upon invention, has a
future that is always more im-
portant than its past.

With 7.6 million new radio sets
in use manufacturers wonder what
1937 can bring. It is certain that
something new is desirable. With
radios looking and sounding much
like those of the past, obsolescence
must depend more upon some new
service than upon trick and individ-
ualistic names for gadgets which all
sets possess. This new service will
probably be television. The present
year will see increasing pressure
brought upon engineers and scien-
tists working at television to bring
out of their laboratories something
which can be sold the public. The
emphasis must soon be on practice;
not theory.

What of electron tubes in indus-
try?

Nearly every electronic applica-
tion is a special joh. It cannot be

built unto a package to be sold
horizontally to all industry. These
specialties require special salesmen-
engineers who sell the job, engineer
it, service it. Therefore large com-
panies are at a disadvantage com-
pared with a small group, or an
individual. Every industry, auto-
mobiles for example, provides room
for electronic engineers equipped
with mechanical and electrical in-
genuity. From these statements
must be excepted applications like
welding, illumination and register
control. Here the large companies
are carving out considerable busi-
ness. Thus in electronics there is
opportunity for large and small com-
panies.

During the year it is expected
that the rising sales of tube-con-
trolled welding apparatus will con-
tinue. Ignitrons, which are pool
type tubes with immersion starters
are now able to deliver continuous
currents up to several hundred am-
peres, peak currents up to 7500 am-
peres.

Beam tubes developed in 1936 may
be expected to appear in new classes
in the new year. Already the tech-
nique is being applied to higher
power tubes and to applications
where high efficiency is desired.
Degenerative feed-back circuits will
become better understood and will
find new applications.

1937 is a new year, replete with
opportunity for profits, for service.

7



RCA Describes Television System

Behind the New York field test of RCA’s television facilities lies an intricate system of

experimental units, including the studio, monitoring groups, cables, transmitter, radiator

and receivers. A report of R. R. Beal’s paper before the New York LR.E.

HE decision of the RCA and its

service companies to bring their
television developments out of the
laboratory and to subject them to a
comprehensive field test was greeted
generally, when it was announced
some eighteen months ago, as an ex-
cellent contribution to the art. Later,
on June 29, 1936, the field test was
actually inaugurated with the official
opening of the Empire State build-
ing transmitter. At the time, the
general purpose of the tests and the
fundamental dimensions of the sys-
tem were announced, but the details
of the experimental equipment used
were not available, because they were
not fully worked out until several
months after the experimenting got
under way. Now, after six months
of experience, the system has more or
less ‘“shaken down” into a coordi-
nated group of units. While insuffi-
cient data have been accumulated
and interpreted, as yet, for any
worthwhile report of results, the sys-
tem itself is in complete enough form
to warrant a complete description.
This description, long awaited by ra-
dio and electronic engineers, was
given early last month by Mr. Ralph
R. Beal, Research Supervisor of RCA
who presented before a large audi-
ence at the New York Section of the
LR.E. a paper entitled ‘“The RCA
Television Field Test System”. The
paper made no attempt to present or
to interpret the information thus far
revealed by the tests, but concen-
trated on describing the experi-
mental units through which the in-
formation is being collected. Many
questions asked by members of the
audience were answered by several
RCA engineers in whose province the
requested information lay.

The various equipment units in
the system may best be described by
following a typical program through
from studio or film projector to the
viewing screen at one of the receiv-

8

ers. Briefly, the video units involved
in the RCA building are: A com-
pletely equipped television studio for
live talent, a projection room for
transmitting film, monitoring facili-
ties, a central synchronizing gener-
ator for generating synchronizing
impulses, and video line amplifier
and terminal equipment. This ter-
minal equipment feeds either of two
connecting links between the RCA
building and the Empire State
Transmitter. One link is an experi-
mental coaxial cable; the other is a
u-h-f transmitter operating on 177
Me, which sends a more or less
directional beam toward the 85th
floor of the Empire State building.
At the Empire State building are
input equipment (including a re-
ceiver for the radio link and ter-
minal amplifiers for the coaxial
cable), further monitoring equip-
ment, the transmitter itself, and
finally the transmitting antenna.
Paralleling all this video equipment
is audio equipment of more or less

conventional design, including a high
fidelity telephone circuit between the
studios and the transmitter.

Thus it will be seen that the ex-
perimental system is a complete
broadcasting plant, and it has been
installed, to quote Mr. Beal, ‘“‘sub-
stantially as it would be employed in
a radio broadcasting service.” The
equipment itself, as shown in the
illustrations, has a highly profes-
sional appearance and has been con-
structed with a degree of care not
often found in an experimental sys-
tem.

Standards of Transmission

Of basic importance in the tests
are the standards used for scanning
and for picture repetitions. At pres-
ent the pictures are scanned in 343
lines per frame, and are completely
covered 30 times per second. Odd-
line interlacing is used, in a 2-to-1
ratio, giving 60 field scannings per
second. The aspect ratio (width-to-
height) is 4-t0-3. The maximum

www americanradiohistory com
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video frequency in the RCA system
has been set at 1.5 Mc. which is 64
per cent of the value (2.35 Mec.) die-
tated by the conventional formula for
the maximum frequency = % (aspect
ratio) (frame frequency) (number
of lines)®.

With 1.5 Mc. as the maximum fre-
quency in the sight signal, all of the
video equipment from Iconoscope
pick-ups through to the modulator of
the transmitter must be capable of
passing frequencies from about 20
cps. to 1500 ke. The 177 Me. radio
relay link passes two side-bands of
this width. The carrier frequencies
of the main transmitter are 49.75
Mec. for the picture signals and 52
Mec. for the sound. Both of these
carriers are radiated from the same
antenna, whose frequency response
is wide enough to pass the audio
side-bands (10 ke. wide) and the
upper side-band of the video signal

The control booth contains o
three positions, for video, gen-
eral production and audio moni-
toring, arranged before « win-
dow overlooking the studio be-
low. Note the “Kinescope”
monitors in front of the video
and production operators

The camera men wear earphones

through which they receive in-

structions from the production

man’s  talk-back  microphone.

Five men operate cameras,

»  lights, and microphone boom in
the experimental studio

(1.5 Mc. wide). The lower side-
band frequencies (49.75 Me. to 48.25
Mec.) are partially attenuated by the
antenna system. Feeding both audio
and video transmitter outputs to the
same transmission line requires the
use of concentric line filters to pre-
vent interaction between the two
transmitters.

It is intended to change the stand-
ards of the system sometime in the
future to agree with those recom-
mended by the RMA Television Com-
mittee, which call for a 441-line pic-
ture and a maximum video frequency
of 2.5 Mc. ‘but which are otherwise
in substantial agreement with the
present set-up.

The studio is provided with three
Iconoscope pick-up cameras, each

ELECTRONICS — January 1937

with its associated amplifier. The
cameras are supplied with synchron-
izing pulses from the main genera-
tor. The cameras are fitted with
optical equipment as follows: Tele-
scopic lens, 18-inch focal length;
“straight” lens 7.5 inch focal length.
The latter lens, when operated at f.
4.5, gives an effective depth of focus
of about 3 feet at a distance of 10
feet. The lighting system of the
studio is also of considerable inter-
est. Normally, incident light of 800
to 1000 foot-candle intensity is used.
The light sources are conventional
incandescent lamps, fitted with heat
filters which are necessary to pro-
tect the actors. An augmented air-
conditioning system is installed in
the studio and is capable of remov-
ing heat-energy at a rate of 50 kilo-
watt-hours per hour. The audio
pick-up is handled with the conven-
tional microphone boom now used in
motion picture productions. At least
five men are required on the studio
floor to handle cameras, lights, and
microphone.

A feature of considerable interest
is the monitoring and control booth
associated with the studio. The mon-
itoring console has three positions
arranged on a single desk, for audio
monitoring, video monitoring, and

wwWwW americanradiohistorv com

for production control, the latter be-

ing the center position. The audio
position is conventional. The video
position contains detail, brightness,
contrast, and scanning-voltage con-
trols for each of two channels, which
are each individually monitored by
means of a Kinescope and a con-
ventional oscilloscope. The former
gives the image in reproduced
form while the oscilloscope shows
the waveform of the scanned lines
in relation to the “pedestal” (d-c
signal level) on which the syn-
chronizing impulses are superim-
posed, thus making possible maxi-
mum use of the modulation depth
available for the video signal.
Two channels are provided so that
one may be set up and made ready
for use while the other is delivering
the program. Also in the control
booth are the video and audio am-
plifiers which feed the signals to the
terminal equipment in the main
equipment room.

Motion-Picture Projector Equipment

A separate room in the Radio City
studios is set aside for film projec-
tion, a source from which much pro-
gram test material has been derived.
Two projectors of special design are
available. The special design is

9



Kxperimental television receiver used
by the observers in the Field Test

made necessary by the fact that
standard sound motion picture film
runs at 24 frames per second, where-
as the television image is scanned
at the rate of 30 times per second.
The film runs through the projector
at an average speed of 24 frames
per second, so that the sound track
is reproduced at proper pitch and
tempo, but each individual frame
does not remain in place for the same
length of time. Instead the frames
are projected alternately at a rate
of 20 and 30 frames per second, by
means of a special intermittent
mechanism, which gives an average
rate of 24 per second. Two succes-
sive frames are available, 1/20 sec-
ond scanned 3 times and 1/30 second
scanned twice, averaging 1/24 of a
second each. The projector is fitted
with a shutter which admits light
from the film to the Iconoscope dur-
ing only a very small part of the
time during which each frame is sta-
tionary, actually only during the
time when the scanning beam in the
Iconoscope is returning from bottom
to top of each set of interlaced lines.
The light impulse creates a charge-
picture on the mosaic of the Icono-
scope which remains until scanned.

10

The film-projection room is fitted
with monitoring apparatus for two
video and audio channels, one for
each projector, so that continuous
film programs can be handied.

Studio to Transmitter Connecting Links

The 177 Mc. “interbuilding radio-
relay” circuit consists of a trans-
mitter situated on the 10th floor of
the RCA building and a receiver on
the 85th floor of the Empire State
building. The relay transmitter is
fed from the studio or film projec-
tion room through a coaxial cable,
and the video signal is monitored at
the transmitter input. A directive
antenna in the 14th floor level con-
sisting of a dipole in front of a plane
metal reflector directs a beam toward
the Empire State building. Here a
receiver (with monitor) converts the
177 Me. signal back to the video

frequencies (from 20 cps. to 1.5 Mec.)
which in turn are fed to the modu-
lator of the main transmitter. The
radio relay circuit has been found
to be highly satisfactory, and gives
a picture quality equal, in detail and
in freedom from noise, to the signal
transmitted over the coaxial cable.
The latter is terminated in the Main
Equipment Room of NBC and ex-
tends to the Empire State building,
finally terminating at the modulator
input of the main transmitter.

Main Transmitter

The transmitter in the Empire
State building consists of two units,

Block diagram of video units from

studio to antenna. Both audie and

video transmitters radiate from the
same antenna
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the video and the audio, which oper-
ate at carrier powers of 8 kw. each.
Both units use special tubes in the
final amplifier which are designed
for generation of wide bands at the
high carrier frequency required.
The tubes dissipate about 30 kw. at
the plate, and deliver an electron
emission of 18 amperes per tube, a
value which permits 8 kw. output
when the final tank circuit is loaded
to pass the 1.5 Mec. side bands which
are produced. No attempt is made
to reduce either of the side-bands,
at the transmitter, although as
pointed out above, the antenna does
attenuate the lower side-band fre-
quencies somewhat. In the audio
transmitter, conventional plate mod-
ulation is used, but in the video unit,
it is next to impossible to produce
efficiently the high voltages required
for plate modulation over the ex-
tremely wide frequency band. So
grid circuit modulation, impedance-
coupled to the grids of the final am-
plifier, is used.

The transmitter is provided with
a control board which gives visual
monitoring of the video signal at the
input to the modulator. This moni-
tor can be connected either to the
coaxial cable or to the radio relay
receiver. All video signals through-
out the system are sent over coaxial
cable, except of course in the case of
r-f transmission from the radio re-
lay and main transmitter radiators.
Even the line-cord jacks used in the
video circuits are of special coaxial
design.

The outputs of the two transmit-
ters are coupled through selective fil-
ters to a common transmission line
of the concentric type which in turn
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connects with the main radiator
mounted on the top of the Empire
State building (see front cover,
Electronics, July, 1936) at a height
of 1250 feet. The horizon at sea
level viewed from this antenna is
approximately 45 miles away.

The radiator is of unusual design;
it consists of 9 horizontal dipoles
arranged as the sides of three equi-
lateral triangles, one above the other
and supported by a pipe framework.
The emitted wave is horizontally
polarized, and the radiation pattern
around the antenna is approximately
circular. The vertical spacing be-
tween each triangular set of dipoles
is so chosen that the high angle
radiation from the structure is re-
duced to a very low figure. Great
concentration of radiated energy in
the horizontal plane has been
achieved. The signal is, in fact,
about 8.2 db. stronger in the hori-
zontal plane than it would be if
radiated directly from a vertical
dipole.

The range of the transmitter has
only partially been investigated. The
reliable service area seems to be
about 25 miles. However, good re-
ception in a favorably-situated sub-
urb 45 miles away is consistently
reported.

Field Test Receivers

The reception of the television sig-
nals is confined to a small number
of receivers, not over 100 in all,
which are distributed in New York
City and the surrounding suburban
area in the homes of various mem-
bers of the RCA and NBC technical
personnel. The receivers are of
standard pattern, and are installed

www_americanradiohistorv com

Left, the film projection room contain-
ing the special projectors described in

the text.

Opposite page, the control

and monitoring positions for the fitm

projection apparatus

The radio .relay transmitter at the RCA

Building which transmits the video signal

on 177 Mec. to the main transmitter in the
Empire State Building

in typical as well as specialized loca-

tions.

The receivers are superhet-

erodynes, tune from 42 to 84 Mc. and
accept both the audio and video sig-
nals at once. A common video-audio
r-f amplifier (using an acorn tube)
feeds the two carriers to a common
first detector, at the output of which
two different i-f frequencies (audio

and video) appear.

The video i-f

is amplified, applied to a second

detector

and thence to the con-

trol electrode of the Kinescope. In-
cluded in the receiver are circuits
for selecting the synchronizing sig-
nals from the incoming wave (am-
plitude and wave-shape selection are

used) ;

vertical

these signals control the
and horizontal deflection

generators. Control knobs are pro-
vided for control of tuning; of sound
[Continued on page 48]
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Feedback Amplifier Design

By paying attention to simple theory it is possible to apply negative feed-back across several

stages of amplification without encountering oscillation troubles.

multi-stage circuits are described and explained

Practical single and

HE feedback amplifier can be

thought of as an ordinary am-
plifier in which a certain amount
of negative regeneration (or degen-
eration) has been deliberately in-
troduced. When this is properly
done the amplifier acquires new
properties, the most important of
which are a great increase in sta-
bility of amplification with changes
in circuit constants, and an accom-
panying reduction in amplitude dis-
tortion.

The operation of a feedback ampli-
fier can be understood by reference
to Fig. 1. Regeneration is intro-
duced by superimposing upon the
amplifier input a fraction B of the
output voltage E, so that the actual
input to the amplifier consists of
the signal voltage e, plus the feed-
back voltage BE. Since the output
voltage E is necessarily A times
the voltage actually applied to the
amplifier input, E = A (e; 4+ BE).
Solving this equation for the ratio
E/es, which represents the effective
gain in the presence of feedback,
gives at once

E__4 1 1
. I_AB_—B(I_E%) ...... )

In this equation the assumption as
to signs is such that when the feed-
back voltage opposes the signal volt-
age, B is negative. The quantity
AR can be termed the feedback fac-
tor, and represents the amplitude of
the voltage superimposed upon e;
compared with the actual voltage
applied to the input terminals. Thus
if AR = 50, then for each millivolt
existing between the input termi-
nals the feedback voltage will be 50
millivolts, and if the phase is such
as to give negative feedback a signal
of 51 millivolts will be required to
produce one millivolt at the input.

Examination of Eq. (1) shows
that if the feedback factor AB is
large the amplification is reduced by
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the presence of feedback, and fur-
thermore when |AB| >>1, Eq. (1)
reduces to

Eles = —1/8......ccccovnn.. (2

Expressed in words, Eq. (2) states
that when the feedback factor AB
is large the effective amplification
depends only upon the fraction 8 of
the output voltage that is superim-
posed upon the amplifier input, and
is substantially independent of the

Foeatfach vodage S5

V/—\FI& i)

Amglificalian

FIG, 2 (b}

Fig. 1.—Fundamental feedback cir-
cuit, showing relation between in-
put, output and feedback voltages

Fig. 2.—Amplification and phase

characteristics of (a) resistance or

impedance coupled amplifier, (b)
transformer.coupled amplifier

gain actually produced by the am-
plifier itself.

This remarkable behavior is a re-
sult of the fact that when the feed-
back is large the voltage actually
applied to the amplifier input ter-
minals represents a small difference
between relatively large signal and
feedback voltages. A moderate
change in the amplification A there-
fore produces a large change in the
difference between signal and feed-
back voltages, thereby altering the
actual input voltage in a manner
that tends to correct for the altera-
tion in amplification. Thus in the
amplifier considered above where
AR = 50, if the amplification A was
halved by a change in design it
would then take two millivolts across
the input terminals to deliver the
same output as before. With  un-
changed the feedback voltage would
still be 50 millivolts, so it would re-
quire a signal of 50 + 2 = 52 milli-
volts instead of the previous 51 milli-
volts to produce the same output.
Thus a 2 percent change in effective
overall amplification results when
the gain A is altered by 50 percent.

Inasmuch as the quantity B de-
pends upon circuit elements such
as resistances that are permanent,
the amplification with large feed-
back is substantially independent
of the tube characteristics and elec-
trode voltages. Furthermore Eq.
(2) shows that the amplification
with large feedback is inversely pro-
portional to B, so that if the fraction
B of the output voltage that is super-
imposed upon the input is obtained
by a resistance network, the amplifi-
cation will be substantially inde-
pendent of frequency and will have
negligible phase shift. On the other
hand, if it is desired to have the
amplification vary with frequency
in some particular way, this can be
readily accomplished by making the
feedback network have the same
transmission loss characteristic as
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Fig. 3—Single-stage feed-back amplifier arrangements, for single ended and push-pull operation.

The special

characteristics of each circuit are described in the text

the desired gain characteristic, This
last property can be utilized in
equalizing an amplifier. :

Reduction of Amplitude Distortion and
Noise

The presence of negative feed-
back also greatly reduces the ampli-
tude distortion and crosstalk pro-
duced in the amplifier. This distor-
tion can be thought of as being gen-
erated in the amplifier, usually in
the output stage. If d represents
the amount of distortion appearing
at the output in the absence of feed-
back when the output signal volt-
age is E, then in the presence of
feedback the distortion with suffi-
cient excitation to produce the same
output voltage E will be less than d.
This is because some of the distor-
tien is fed back to the amplifier input
through the feedback circuit and re-
amplified in such a way as to tend
to cancel out the distortion orig-
inally generated. If D represents
the distortion voltage actually ap-
pearing in the output in the pres-
ence of feedback when the output
voltage is E, the distortion voltage
applied to the amplifier input by the
feedback circuit is BD, and this is
amplified 4 times by the amplifier.
The total distortion output is then
the distortion d actually generated
in the amplifier plus the amplified
feedback distortion BDA. That is:
D = d + BDA, or

_d
1-p4

Distortion with feedback=

D=

Distortion in absence of feedback
1—84

This equation shows that feedback
reduces the percentage distortion
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appearing in the output for a given
output voltage by the factor 1 — BA.
If BA is made large by employing a
large amount of feedback, the re-
sult is a very great reduction in the
distortion,

Noise introduced into an ampli-
fier likewise tends to be reduced by
feedback in the same manner as dis-
tortion. This is because the noise
voltages appearing at the output
are fed back to the amplifier input
in such a way as to tend to oppose
the noise otherwise appearing in the
output. The effectiveness of nega-
tive feedback in reducing noise in
this way depends upon the amount
of feedback and upon the place
within the amplifier where the noise
is introduced. The reduction of
noise is greatest when the point of
introduction is in the output cir-
cuits of the final tube, under which
conditions the noise voltages are re-
duced by the factor 1 — BA. If
however the noise is introduced in
low level stages the amount of re-
duction resulting from feedback be-
comes less, and if the noise is intro-
duced into the input circuits of the
amplifier, feedback has no effect in
reducing the signal-to-noise ratio.
Negative feedback will therefore
not reduce thermal agitation noise,
hum introduced in low level stages,
or microphonic effects in low level
stages. The chief usefulness of
feedback from the point of view of
noise is that it permits the use of
a poorly filtered power-supply sys-
tem for the plate circuit of the final
stage of amplification.

Feedback without Oscillations

In order to realize the advantages
of feedback, the amplifier and its

feedback must be so arranged that
oscillations do not occur. This can
be accomplished by arranging the
circuits so that the feedback voltage
is normally in phase opposition to
the applied signal (i.e., BA negative
and real), and by arranging the cir-
cuits so that there is no frequency
where AB is positive, real, and
greater than unity.'

The amplification and phase shift
characteristics of a feedback ampli-
fier are therefore of fundamental
importance in determining whether
or not the amplifier will be stable.

The amplification and phase char-
acteristics (phase measured from
the midrange value) of single-stage
resistance-impedance and trans-
former-coupled stages are shown in
Fig. 2. It will be seen that large
phase shifts (never more than 180°)
occur in general where the amplifi-
cation is low, except in the vicinity
of the series resonance in the trans-
former case. So long as the total
phase shift of A8 is less than 180°,
it remains negative as required for
stable operation. Phase shifts
greater than this amount are en-
countered only in the case of two
or more stages, or when the feed-
back network adds a shift to that
of a single stage.

Single Tube Feedback Circuits

Practical amplifier circuits in
which there is feedback from the
output to input circuits of the same

1The exact criterion for avoiding oscilla-
tion in feedback circuits is that when the
value of A8 and its conjugate are plotted
as a function of frequency on rectangular
coordinates with the real part along the X
axis and the imaginary part along the Y
axis, the resulting curve will not inclose the
point 1, 0. See E. Peterson. J. G. Kreer
rnd L. A. Ware, ‘“Regeneration, Theory, and
Experiment.” Proc. I.R.E., vol. 22, p. 1191,
October, 1934.
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Fig. 4. Two-stage feed-back circuits.

The advantages of coupling over two stages can be realized 1with-

out oscillution troubles if proper procedure is followed

tube (or push-pull pair) are shown
in Fig. 3. Arrangements ¢ and b
are commonly recommended for use
with beam power tubes to reduce the
amplitude distortion generated by
the tube. These arrangements also
reduce amplitude distortion result-
ing from saturation of the output
transformer core at low frequencies
and improve the low-frequency re-
sponse by tending to maintain the
voltage across the transformer pri-
mary the same at all frequencies.
The falling off at high frequencies
as a result of leakage reactance is
not affected, however, since this takes
place on the load side of the trans-
former primary. The circuit of Fig.
3¢ overcomes this, but requires that
the load impedance be high enough
to develop the required feedback
voltage. The arrangement at Fig.
3d is a special case of ¢ where R: =
0, and R.= 00, and is attractive in
that it eliminates four resistances
and wastes no power in the feedback
network, but has the disadvantage
that the load impedance is fixed by
feedback requirements.

In the circuits of Fig. 3e, 3f, and
3g feedback is obtained by the use
of a resistance in the cathode cir-
cuit. At e the cathode resistor is
used simultaneously for bias and
feedback purposes, while at f and ¢
the circuits are arranged so that the
feedback factor AP is greater than
obtainable with only the bias re-
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sistor, while the normal bias is still
maintained. It will be noted that
circuits e, f, and ¢ give a feedback
voltage that is proportional to the
a-c current flowing in the plate cir-
cuit of the tube, so that these cir-
cuits tend to stabilize the current in
the output circuit rather than the
voltage developed across it. Thus
when the output circuit is a resist-
ance-capacity coupling network as
shown, the shunt capacity C, causes
the output voltage to drop at high
frequencies for constant a-c plate
current, and likewise the coupling
condenser reactance causes the volt-
age developed across the grid leak
to drop at low frequencies even when
the a-c plate current is constant.
Feedback action does not improve the
frequency response in these circuits
even though amplitude distortion is
reduced. The falling off at high and
low frequencies can, however, be
greatly reduced by shunting the cath-
ode resistor R. by a condenser C. to
reduce the negative feedback at high
frequencies, and shunting by an in-
ductance L. to reduce the negative
feedback at low frequencies, as in
Fig. 3h. By proper choice of these
reactive elements the response can be
made substantially flat over a much
larger frequency range than would
otherwise be possible. Circuits e, f,
g, and h are not suitable when the
output circuit contains a trans-
former, because there is no resulting

improvement in frequency response,
and the stabilization tends to make
the magnetizing current of the trans-
former sinusoidal and so actually
produces amplitude distortion in the
output voltage.

The circuit of Fig. 3¢ is particu-
larly suitable for use with a power
amplifier having a resistance-coupled
driver stage. This arrangement re-
duces the distortion produced in the
final tube, and improves the low fre-
quency response of the output trans-
former. Also, if R.>>R. and
R, >>R., the feedback voltage
varies with frequency in such a way

{2} Characieristics of individval stages |

$ l | ~Characteristic
3 iy et _of third stage
i =) 2 T Essential ___ N Charadlerstic of
£ " frequency range "\ each of first
h Two stages
3
¥
£ o — = ,
= £ requency  \ \fpase shift of
= n I third stage
Q ]
Q0" ==--~1 L
8 (6) Overall chaactersstics
'E J/o/e;e ;u//l_ae such
< iy
E‘ less fﬁﬂafa ’f’
i 2 T
¥ o h
L 3- f I
| S el Y -
Tl |
2 0 T T
a MPEge T oy
O -t A EsEwIn
E’BO. W\ frequency range. . Ay
210’ L

Fig. 5. Multistage operation
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as to reduce greatly the frequency
distortion produced by the driver
stage (but does not reduce the ampli-
tude distortion in the driver).

Two-tube Feedback Circuitss

Circuits in which the feedback
takes place from the output of one
tube to the input of the next preced-
ing tube have a number of advan-
tages. Since there is more gain
available between feedback points,
it is practicable to use higher values
of the feedback factor A8 and there-
by to realize to a greater extent the
potential advantages of feedback.
The two-tube circuit also takes care
of amplitude and frequency distor-
tion in the driver stage as well as
in the power stage. This is of par-
ticular importance when the power
tube requires a large exciting volt-
age or when the grid of the power
tube is driven positive, as in Class B
and Class AB amplifiers. It is a
possibility of negative feedback that
has so far been largely neglected.

Two-tube feedback circuits must
in general use resistance or im-
pedance coupling, or an interstage
transformer with a not-too-high re-
sistance across the secondary. Under
these circumstances oscillations will
not take place since the maximum
phase shift that results is +=90° per
stage. Two stages hence give a maxi-
mum phase shift +180° and this
occurs only at extreme frequencies
where the amplification drops to
zero. Interstage transformers with
open-circuited secondaries, and other
arrangements which give 180° phase

Ry

(c)

; +Ep

Fig. 6—Three-stage circuits
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shift per stage must be avoided, as
then the total shift will reach at
least 270 degrees, and considerable
gain is possible when there is a 180°
phase shift that changes the feed-
back from negative to positive.

A series of representative two-
tube feedback circuits is shown in
Fig. 4 and other similar arrange-
ments can be devised to meet situa-
tions not covered in the figure. The
circuits of Fig. 4 are characteristi-
cally different from the one-tube cir-
cuits of Fig. 3 because of the re-
versal of polarity resulting from the
additional tube.

Feedback Circuits with Three or More
Stages

A three-stage amplifier has a pos-
sible phase shift of at least =270
degrees at extreme frequencies, and
so when feedback is introduced will
generally oscillate unless especially
designed. When it is desired to em-
ploy feedback with a three-stage am-
plifier the proper procedure is to
use a form of coupling for which
the phase shift will not exceed +90
degrees per stage. Two stages of the
amplifier are then given a frequency
response very little if any better
than that required for the purpose
at hand, while the third stage is de-
signed to have a substantially flat
frequency response with negligible
phase shift up to frequencies much
lower and much higher than the re-
maining stages. The third stage
therefore introduces a negligible
phase shift (except the reversal of
polarity produced by the tube ac-

tion) until the frequency is so high
or 30 low that the remaining stages
cause the amplification to drop
greatly. Consequently the feedback
factor AB can be made to drop to
less than unity as a result of the
falling off in amplification A before
the additional phase shift introduced
by the third stage is sufficient to
make the total shift of all three
stages reach +180 degrees. This
situation is illustrated in Fig. 5,
which shows the desired amplifica-
tion and phase shift characteristics
of individual stages together with
the combined characteristic. It will
be noted that the maximum permis-
gsible mid-frequency value of the
feedback factor AB under these con-
ditions is determined by the flatness
of the third stage compared with the
response characteristic of the other
stages.

Examples of three-stage amplifiers
with feedback are shown in Fig. 6.
Arrangements a and b require no
particular comment. Circuit ¢, how-
ever, gives stabilization of the a-c
current in the plate circuit of the
output tube exactly as circuits 2e
and 2f, which have already been dis-
cussed, unless suitable compensating
reactances L’. and C’, are used. In
each of the circuits of Fig. 6 two
of the stages should have a fre-
quency response no wider than neces-
sary, while the remaining stage
should have uniform gain and sub-
stantially negligible phase shift to
nmuch higher and lower frequencies
than the other stages. Under these
conditions no oscillation occurs.

[Continued on page 50]
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1936 —NEMA Radio and

Two former sections of NEMA are reorganized into one compact

group for industry cooperation on technical and commercial matters

HE manufacture of radio trans-

mitting apparatus, electronic
tubes, commercial receivers, and
public address and music distribu-
tion apparatus, like other branches
of the radio industry, has grown
like the proverbial Topsy. Individ-
uals in the art had their attention
riveted so long to their own prob-
lems and on their own efforts to keep
pace, that when they finally looked
about they found that the industry
had indeed grown but that it worked
at tangents and cross purposes, with-
out a wholly acceptable terminology,
and without acceptable methods of
tests and rating.

Realizing the virtues of organiza-
tion for the purposes of exchanging
viewpoints, and stimulated by the
necessity for cooperative effort under
NIRA, members of the industry or-
ganized in NEMA a section in which
the desired cooperation could occur.
Until late Spring, 1935, activities
were confined largely to NIRA mat-
ters and therefore problems specific
to the art have been under dis-
cussion only since that time. It is
expected that tangible results of
the organization will now be forth-
coming.

Prior to December 1935, manufac-
turers of radio apparatus and elec-
tronic tubes were organized in two
NEMA sections: One dealing with
radio and public address apparatus
and one devoted to industrial and
electronic tubes. The work of these
two sections differed in detail but
definitely overlapped and as of the
above date the two sections were
merged into one known as the Radio
Apparatus and Electronic Tube
Section.

Organization

An initial step in organizing was
the development of a product scope.
This was determined to be as
is outlined below:
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Radio Transmitting Apparatus for
all applications such as (but not
limited to) broadcasting, television,
facsimile, trans-oceaniec, marine,
beacon, point to point, aircraft,
amateur and government services
and comprising all apparatus from
and including the pick-up of sound
waves and/or signal source to the
antenna, including all generating,
measuring, switching, signalling,
testing and accessory equipment.

Public Address and Music Dis-
tribution apparatus construed as
combinations of microphone, pick-up
with turn-table and loud speaker
with or without electrical amplifica-
tion for the reproduction of sound
(but excluding phonographs.)

Commercial Radio Receivers and
Direction Finders for commercial
and special purposes including broad-
cast receivers for radio distribution
systems but excluding all other
broadcast receivers for entertain-
ment purposes.

Electronic Tubes: all vacuum and
gas-filled electronic tubes and light
sensitive devices having functions
similar to such tubes (such as photo-
voltaic cells) for all applications
other than sun lamps, X-ray, light
source and radio broadcast receivers.
Specifically excepted from this defi-
nition are rectifier tubes of the tung-
sten-argon and tungsten-argon-mer-
cury types having a maximum d-c
rating of 120 volts,

Three types of committee were
organized by function: Engineering,
commercial (or line) and adminis-
trative. The powers of the commit-
tees are limited to that of recom-
mendation. Recognizing the fact
that all members do not have the
same technical or commercial inter-
ests, a technical and a line sub-
committee were designated for each
of the main divisions of interest:
radio apparatus, audio apparatus
and tubes. The commercial sub-

committees report directly to the
Section; the engineering sub-com-
mittees report to the General En-
gineering Committee which coor-
dinates the work and reports to the
Section. Regular meeting dates
have been set for each of the sev-
eral committees, and an executive
secretary has been employed.

The Section has not maintained a
definite campaign for additional
membership for the reason that it
seemed advisable first to develop a
written program of activities based
on a period of operating experience.
Such a program is now complete
and will be brought to the attention
of members of the industry.

Among other projects is that of
collecting for members, statistics in
dollar volume broken down properly
as to products and as to domestic
and export business. Several tech-
nical standards have been adopted
and published during the past year.
They are: Bulletin entitled “Useful
Information on Police Radio Sys-
tems”; Standardization of Positive
Grid Characteristics; Transmitting
Tube Ratings and Operating Infor-
mation; Standard Output Ratings
for Transmitters for Police Com-
munication,

Work Outlined by
Section

Projects now under consideration
will ultimately lead to standards of
value to the industry. On tubes
they involve nomenclature, model
numbers, electrical and mechanical
design standards, performance data
specifications, warranties, definitions
and symbols. Other work involves
rating police radio transmitters,
sound system specifications and
standards. Still another project in-
volves the possibility of and pro-
cedure for a cost comparison study
of vacuum tubes.
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Electronic Section—1937

Annual report indicates that Radio and Electronic Tube Section

will provide members with valuable data during the year 1937

This electronic section of NEMA
contacts and cooperates with other
organizations which have mutual in-
terests.

Contact is maintained with ASA,
IRE and RMA in connection with
standards for the radio industry.
Cooperation is offered the U. S.
Government on questions of gen-
eral interest, for example, warran-
ties on tube life. The Department
of Commerce, Bureau of Navigation
and Steamboat Inspection is con-
sulted regarding specifications for

sound apparatus as required by the
52nd Supplement of the General
Rules and Regulations. The Section
cooperates with the Federal Com-
munications Commission for obvi-
ous matters of mutual interest.
Individual members are compil-
ing data regarding rates on trans-
porting electronic tubes. National
legislation of interest to members
is reviewed through NEMA so that
individual members may be informed
and so that the Secticn as a body
may undertake such projects as

will conform to such legislation.
Thus is it seen that the electronic
section of NEMA represents an op-
portunity for members to consult on
matters of mutual interest, for co-
operation leading to standardization
of technical matters, and for gath-
ering commercial and statistical data
of value to the industry. The group
is now organized so that the ensu-
ing year should show material bene-
fits resulting from the unification of
the two previous groups into one
compact single-purposed Section.

RADIO APPARATUS & ELECTRONIC TUBES SECTIOﬂ

Chairmon

H.E.Young,Western Electric Co.

|

Executive Secretary

V.G.Rydberg, Westinghouse Lamp Go.
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S.Norris, Amperex Electronics Products Inc|
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Audio Apparatus
E.A.Reinke, Strdmberg-Carison Co.

Radio Apparotus
C.M.Hobar+, Westinghouse E.& M. Co.

Business Development
Committee
G.W.Henyon, General Electric Co.
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Program Committee
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Technical Committee
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Fig. 1—Fundamental schematic wiring diagram for modulation meter

Fig. 2—The completed mecter

Vacuum Tube Modulation Meter

Simple, inexpensive, vacuum tube meter for measuring modulation by noting ratio of two

meter readings.

Discussion of errors and method of accurate calibration are given

HE rapid and accurate meas-

urement of carrier modulation
is absolutely essential to the
proper operation of a double-side-
band modulated radio transmitter,
whether in routine operation to ob-
tain the maximum permissible mod-
ulation for economic utilization of
the plant, or in design and develop-
ment testing in which modulation
is one of the fundamental operating
characteristics which must be known.
While numerous methods of making
modulation measurements exist, the
modulation meter here described is
particularly inexpensive, quite ac-
curate, and of the utmost simplicity
in operation. While the modulation
meter can safely be used without
direct calibration, a simple and
highly accurate calibration process
is also described.

The principle of operation of the
modulation meter is most easily un-
derstood from Fig. 1, in which D is
a diode rectifier with a 0.1 megohm
resistance load to insure a high de-
gree of linearity in the demodula-
tion of the carrier supplied through
the blocking condenser C. The rec-

18

BY P. M. HONNELL

Houston, Texax

tified current in the load resistance
is directly proportional to the high
frequency carrier envelope. The d-¢
component of this current is propor-
tional to the average carrier ampli-
tude and is measured by the d-¢c mil-
liammeter; the a-c component of the
load current is proportional to the
carrier modulation and is measured
by the a-¢ milliammeter. The pur-
pose of the current transformer T

is to isolate the copper-oxide a-c
milliammeter from the d-c com-
ponent.

The modulation of a carrier sig-
nal applied to the diode rectifier is
then equal to the ratio of a-c to d-c
milliammeter readings. Since the
a-c milliammeter is calibrated in
r-m-s values, and modulation is es-
sentially a ratio of peak values, the
(sinusoidal) modulation M of a car-
rier supplied to the diode is:

A-C

%M =g X 141 X 100

where A-C is the a-¢c milliammeter
reading and D-C is the d-c milliam-
meter reading.

While the factor 1.41 represents
no great mental hazard in the com-
putation of the percentage modula-
tion, it is none the less undesirable.
By using a current transformer T
with a 1.41:1 step-up ratio this fac-
tor is automatically applied, and we
have the very desirable and con-
venient result of equal readings on
the a-c and d-c¢ meters indicating
1009% modulation, with other values
equal to the ratio of a-c¢ to d-c meter
readings. By adjusting the input
carrier until the d-¢ milliammeter
reads 1.0 ma., the modulation fac-
tor is read directly from the a-c
milliammeter. The adjustment of
the d-¢ reading is made approxi-
mately by varying the coupling of
the rectifier to the radio-frequency
circuit and set precisely by means
of the variable resistance R.

The modulation meter consists of
two parts: the rectifier tube and 0.1
megohm load resistance placed at
the transmitter connected through
a shielded four-wire cable to the
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indicating meters and transformer
contained in a compact aluminum
cabinet 77x107x4”, illustrated in Fig.
2. The complete circuit diagram is
shown in Fig. 8.

A type 6C6 or similar tube is used
as diode rectifier, the control grid
acting as the rectifier plate, the
shield-grid, plate and other elements
connected to the ground conductor
and shield. The 0.1 megohm load
resistance is a one watt IRC unit.
For ultra-high-frequency work an
acorn tube and metallized resistor
would be preferable.

The d-c milliammeter is a Weston
model 301, 0-1 ma.; the a-c meter
a Weston model 801, 0-1 ma., rec-
tifier type. The variable 50,000 ohm
resistance is a wire-wound General
Radio type 471-A rheostat.

The current transformer—wound
on a husky audio-frequency trans-
former core of silicon steel—has a
1900 turn primary and a 8000 turn
secondary both wound with No. 34
enameled wire. The 3000 turn sec-
ondary winding has approximately
30 henries inductance, the 1900 turn
primary has 12 henries inductance
and the coefficient of coupling is
99.7%. An electro-static shield be-
tween the two windings grounded
to the aluminum cabinet is of mate-
rial assistance in shielding the cop-
per-oxide meter from radio-fre-
quency currents. The measured loss
in the transformer at 1000 cycles
per second is one decibel or 12 per-
cent. This loss is compensated over
the useful frequency range by mak-
ing the turns ratio 1.58:1 (3000 to
1900 turns) instead of the theoret-
ical 1.41:1.

The connections are such that
throwing the Federal anti-capacity
switch on the modulation meter to
the “Int” or internal position con-
nects the instrument for modula-
tion measurements; throwing the
anti-capacity switch to the “Ext”
or external position makes the cop-
per-oxide milliammeter available for
external use at the CuO terminals
and the signal modulation compo-
nents available at the terminals
marked AC. These connections make
the modulation meter available for
various purposes: for instance, in
making distortion measurements the
AC terminals feed into a high-pass
filter and calibrated amplifier and
back to the copper-oxide meter; or,
the modulation from the terminals
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AC is fed to an amplifier and loud-
speaker for auditory monitoring,
ete.

Although the modulation meter
as described can be used without
serious error, the following calibrat-
ing method is so simple and the re-
quired apparatus so easily available
as to warrant the actual calibration.

The essentials of the calibrating
circuit, shown in Fig. 4, are a source
of audio-frequency of low harmonic
content, such as a beat-frequency
oscillator or audio-oscillator; a good
10 uf paper condenser and approxi-
mately 500 henries of inductance in
series with a 100,000 ohm rheostat
and 145 volts of “B” battery. The
direct current from the “B” bat-
tery simulates a carrier voltage while
the audio-frequency voltage simu-
lates the audic modulation on the
carrier,

The calibration is performed as
follows: with the rectifier heater
energized, the ‘“B” battery voltage
is adjusted until the d-¢ milliam-
meter reads a convenient value, say

1.0 ma. Now if the output voltage
from the audio-frequency source (set
at any desired frequency) is in-
creased from zero, the a-c milliam-
meter will begin to register in di-
rect proportion to the a-c voltage
applied as read by V. (V is desir-
able but not essential in the calibra-
tion process.)

It will be noted that the deflection
of the d-c milliammeter remains con-
stant as the audio voltage is in-
creased up to a certain definite volt-
age. Further increase in the audio
voltage results in an increase in the
deflection of the d-¢ milliammeter.
At the point where the d-¢ milliam-
meter deflection just fails to in-
crease, the peak value of the audio
current in the primary of the cur-
rent transformer, T, is just equal
to the direct current flowing in that
circuit. If the current transformer
ratio is sufficient to overcome losses,
the a-c milliammetcr will indicate a
value equal to the d-c milliammeter
reading, or one milliampere in this
instance.
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Fig. 3—-Schematic wiring diagram and layout of the complete meter. The tube
is connected through the shielded cable to the measuring circuit

10uf

\V

R

Henry chokes

100

0-50 k2

Llectrostatic
N Shreld

=15

Fig. 4—Circuit arrangement for making accurate meter calibrations
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Since the peak value of the modu-
lation component (the audio-fre-
quency current) is equal to the car-
rier component (the direct current)
the indicated percentage modulation
is 1009%. Should the a-c milliam-
meter read higher or lower than the
d-c milliammeter the modulation
measurement will be in error by the
inverse of the same factor. The
calibration is continued point by
point for the range of audio fre-
quencies desired.

It should be noted that this cali-
bration process includes the effects
of d-c¢c saturation in the current
transformer T. Saturation effects
will be found by repeating the cali-
bration at lower values of direct
current, say 0.5 milliamperes. Cali-
brations at other than 100% modu-
lation — the important figure—can
be made by first obtaining the 100%
calibration point, noting the value
of V, and then setting V to the
desired percentage, lower modula-
tion percentages being directly rro-
portional to the setting of V for
1009%,.

The precision of setting and cali-
bration at 100% modulation and
1.0 ma. carrier level is better than
19 since the d-¢ milliammeter can
be read to better than one-half a
scale division. The measurements
at lower percentages of modulation,
or at lower carrier levels, are cor-
respondingly less accurate, but al-
ways well within the rated accuracy
of such meters.

Typical calibration curves for a
1.0 ma. and a 0.5 ma. carrier ampli-
tude are shown in Fig. 5. The de-
parture from a straight line paral-
lel to the abcissa and intersecting
the ordinate at 100% is due to vari-
ations in the current transformer
loss, due in part to impedance varia-
tions in the copper-oxide meter; to
insufficient inductance in the cur-
rent transformer windings; to the
frequency error in the copper-oxide
meter; and to the effect of the shunt
capacitance across the rectifier tube
and in the shielded cable between the
rectifier tube and the modulation
meter. It is essential that the capac-
itance of the coupling condenser C
be kept to 50 puf or lower if at all
possible to preclude high-frequency
cut-off. Similarly, for minimum er-
ror at the higher audio-frequencies
the series resistance R should be set
at zero and any desired adjustment
of the d-¢ milliammeter reading
made by varying the coupling capac-
itance to the rectifier tube R. Fig.
6 shows the magnitude of the error
due to zero, 10,000 ohm and 20,000
ohm settings of the series rheo-
stat R.

The importance of the frequency
diserimination errors in the modula-
tion meter depends upon the type of
measurement to be made. If a modu-
lation percentage measurement at
400 cycles per second is desired, the
errors are negligible. If used with
associated equipment for distortion
measurements at 400 cycles funda-

mental, the errors are again unim-
portant. For measurements of per-
centage modulation as a function of
frequency, that 1is, in obtaining
a modulation amplitude-frequency
measurement on a transmitter, the
error below 70 cycles and above 5000
cycles per second becomes appreci-
able, but can be corrected for from
the calibration curve.

Although the modulation meter
does not measure separately positive
and negative modulation peaks, this
is only a minor limitation on the
usefulness of the instrument, while
the inclusion of the necessary cir-
cuit elements for this purpose would
have unduly complicated the con-
struction and calibration of the me-
ter. On single-tone modulation tests
the inherent error involved is of
the order of magnitude of the dis-
tortion components in the modula-
tion envelope, while on speech the
modulation meter indications are as
significant as those obtained on
audio-frequency volume indicators
utilizing similar copper-oxide meters
as indicating instruments.

The use of a copper-oxide meter,
relatively insensitive to radio-fre-
quency currents, greatly simplifies
the problem of shielding, as those
who have tried using either thermo-
couples or vacuum tube voltmeters
for measuring the a-c modulation
component will readily agree. Fur-
ther, copper-oxide meters with the
d-c movement most suitable for the
type of monitoring may be used.
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WJZ's New Tower “Proves In”

New 640-foot vertical structure more than doubles non-fading radius and increases signal

five db. Tower and transmission line designed to handle 500 kw., for which a construction

permit has been requested from the FCC

N NOVEMBER 15th, the Tenth

Anniversary Day of the Na-
tional Broadcasting Company, the
NBC engineers celebrated by putting
a new 640-foot vertical tower in
service at WJZ, Bound Brook, N. J.
After a month of operation with
the new antenna, sufficient evidence
had been amassed from field strength
measurements and from listener’s
letters to determine some prelim-
inary estimates of the increase in
service. The results are impressive:
With 50 kw. of power in the an-
tenna, the measured field intensity
at one mile averages almost 2 volts
(1800 millivolts), equivalent to an
increase in power to 115 kw. The
night non-fading area has been in-
creased more than five times, cor-
responding to an increase of radius
of greater than two times. This lat-
ter figure has been obtained by an
analysis of letters received from
listeners living within 150 miles of
New York.

The tower itself has a length-to-
width ratio of 100-to-1, yet it will
withstand an indicated wind velocity
of 115 miles per hour in the upper
sections. This was actually tested
by straining the guy-wire supports
to 48,000 pounds tension, which cor-
responds to the force exerted on
one guy by a 125-mile wind. The
tower base, which consists of 300,000
pounds of concrete, resists a total
down-thrust (tower weight and ver-
tical component of guy-wire tension)
of 230,000 pounds. This thrust is

New wvertical radiator and ground

(note radials) at WJZ. The cost:

70,000 dollars. The result: More
and better-satisfied listeners
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supported by the base insulator, the
largest single porcelain cone insu-
lator yet built. 90,000 feet of one-
inch copper ribbon were plowed in
for the ground system. The whole
antenna system, including the trans-

mission line, is designed for possible
future use on 500 kw. power, pend-
ing action of the FCC on the appli-
cation recently made by NBC for
a construction permit for a 500 kw.
installation.



When Meters Blow

Edgerton photographs show how instrument fuses protect

By LOUIS J. FOHR, JR.

Littiefuse Laboratories, Chicago

OST every laboratory using

electrical measurement instru-
ments has at some time, experienced
ruined equipment because some un-
foreseen development crept in and
spoiled an important experiment.
Most every production line that uses
sensitive electrical meters for check-
ing the quality of their product has,
sometime at the highest peak of pro-
duction, experienced a blown test
board. And the question arises:
“What happens when the meter cir-
cuit is overloaded?” The experience
is very costly and unnecessary. The
following study is a record of true
experience on blowing delicate elec-
trical test instruments under the
most exacting conditions. The meter
illustrations were taken by Mr. Har-
old E. Edgerton of Massachusetts
Institute of Technology with the aid
of his famous stroboscopic light.
Each picture shows what happens in
1/600 second.

Several methods of protection were
studied at Littlefuse Laboratories to
determine their individual effective-
ness. Instrument fuses ranked over
every test between circuit breakers,
fusible alloys, thermostatic breakers,
and electrolytic valve action.

It is the popular misconception
that the meter needle is wrapped
around the stop on severe overloads.
However, in the photographs we see
a 0-1 milliammeter subjected to a
direct short circuit on a 110 volt line,
and the experiment showed that
many things happen. The needle was
bent in one frame, or 1/600 second,
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against overload and what happens to meters that “blow”

but it did not wrap itself around the
meter stop. In fact, the needle point
never overcome the starting inertia.
The coil and movement turned 30°
in 3/600 seconds, but the pointer re-
mained stationary. When the move-
ment reached full deflection, the nee-
dle just started to move. In 4/600
seconds the needle gains headway,
but, by this time, the coil movement
bounces back on the advancing nee-
dle, and the bearing points are badly
dulled and out of line. After 7/600
second, the coil and both hair springs
burn up and release the strain on the
circuit. This arc registered as a
“smear” of light on the film. After
the experiment, the meter was ex-
amined, and it was found the bent
needle needed replacement; the core
inside the coil movement was badly
charred and needed polishing; the
coil and hair springs were com-
pletely burned out; and the two
bearings were badly damaged.

Whether the overload is great
enough to burn out the coil or just
change the meter calibration, the re-
sult in the plant will be interrupted
production.

It must be remembered that even
small overloads are apt to be the
source of everlasting trouble in pre-
cision instruments. Quick shocks to
the movement may cause the bearing
points to become dull which would

cause the response of the meter to
become sluggish. The pointer may
be shifted around on the shaft or
bent. In this case, the zero adjust-
ment will not bring the indicator
into even approximate agreement
with the scale marking.

In high grade spring-controlled
instruments, every effort is made to
keep the moving parts in gravita-
tional balance. Severe shocks to the
movement will change the action of
the unit which may go unnoticed for
several months.

Fast Protection

A very simple, but effective cure
is to fuse the meter circuit. Such
installations must be very accurately
designed for each type of meter, but,
nevertheless, standard sizes are avail-
able on the market at low cost.
Where possible, the fuse should be
used before the meter shunt or mul-
tiplier. In most cases, the added re-
sistance of the fuse will add negli-
gible error to the meter reading.
1f, however, the error should be
greater than the allowed tolerance,
a push button switch may be shunted
across the fuse to short it out for
final readings only.

Now suppose we use a duplicate
meter, but protect it with a 1/100
ampere fuse. When we consider the
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7/600 sec.(meter  7/60 sec.
blows-flash lasts 1/150 sec)

46 M.A.normal
foad

1/600 sec. 3/600 sec. 4/600 sec.

.46 M.A.normal
load

Top line—Milliammeter (0-1) subjected to direct short circuit across 110 volts. Bottom—Effect of fuse in pro-

speed of “Old Man Overload,” we
can easily conclude that the fuse
must act very fast or the needle will
be bent. This time we again have
an operating load of .46 milliam-
peres. The meter in series with the
1/100 ampere fuse is shunted di-
rectly across the line. There is a short
lag due to the heating action of the
fine platinum wire inside the fuse,
and also the weight of the meter
movement. The fuse resistance is
115 ohms at 5 milliampere load. As
the current changes on the 1/100

ampere fuse from .0014 to .01 am-

peres, the fuse resistance changes
from 109 ohms to 161 ohms. This
is due to a ballast action; therefore,
the needle rises from normal load of
.46 milliamperes to .50 milliamperes
under the severe direct short circuit.
There is no quick motion of the nee-
dle, because the ballast action and
the high speed blowing of the fuse
released so little energy into the
meter circuit. After the fuse blows

1/600 sec..
Fuse blows

3 D

3/200 sec.

tecting meter against direct overload

the circuit is opened and the needle
slows up and returns to zero in 1/6
second.

The reason for this fact action of
the fuse is better described with
time-current curves on the standard
fuses. The curve for the fuse in
this test is on the bottom of the
graph, and shows that an overload
of .02 amperes will blow the fuse in
.1 second, but an overload of .1 am-
pere is interrupted in .0002 second.
On an extreme overload, the blowing

time is instantaneous, because the

time required for an instrument fuse
to blow is an inverse function of
the degree of overload. This is a
very important characteristic when
protecting the calibration of a deli-
cate instrument.

Now, let us use the same meter,
but add a 300 ohm resistor for added

ballast and connect it in series with
the fuse to slow up the action of the
needle still more. After the overload
occurs (direct short across 110 volt
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d-c line in series with the 3,000
ohm resistor) the movement and
needle point keep in step with
each other. The action starts at
normal Jload of .46 milliamperes
and moves up to .52 in 1/100 second;
up to .74 milliamperes in 41/600
seconds. At this point, the pointer is
just gaining momentum; then, the
fuse blows, and the needle drops to
zero. The entire action takes place
in 4/15 second, and the highest read-
ing was only .74 milliamperes. Then
the fuse blew before the movement
could gain sufficient inertia to hit the
stop and bend the needle or dull the
bearing points. With this test, no
quick action was noticed to damage
even the most delicate instrument.

A word may be said about the
construction of the instrument fuse
used in these experiments. Platinum
wire .000075 of an inch in diameter
was soldered across a bridge of two
parallel wires supported by a small
glass bead. This is the same con-
struction as the bead inside automo-
bile lamps. The entire unit was her-
metically sealed inside a 1” x 3" glass
tube with .025 brass ferrules, form-
ing the caps, which were mounted
into clips, supported at the base of
the meter panel. The fuse resist-
ance was 116 ohms in all tests, and
their action was identical.

This 1/100 ampere fuse wire is 30
times finer than a human hair; it
costs $11,280,000 per pound, but one
pound would measure 25,100,000
feet; it is 16,800 times heavier than
air yet it floats in air like a spider
web; it is twice the size of the 1/200
ampere fuse wire, and both these
wires are in commercial use today.
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Broadcast Station Statistics

Capital investment, maintenance costs, revenue from sale of time, broadcast station per-

sonnel by occupation and average weekly salary, are among credit and debit items in

broadcast station operation

LTHOUGH carefully regulated
by the Federal Communications
Commission which issues licenses
for their operation, although pro-
viding  entertainment, education
and news of one type or another,
and although frequently engaged in
interesting and exciting program
pick-ups as well as the more usual
and prosaic routine testing of equip-
ment, broadcast stations are pri-
marily operated for profit and to
make a living for their owners. And
whatever glamor or commonplace
affairs may enter into station activ-
ities, the operation and maintenance
of broadcast stations are subject to
the same economic principles and
laws that govern other businesses.
The costs going into the construc-
tion and operation of broadcasting
stations, the revenue from sale of
time on the air, the number of per-
sons necessary to keep the station
in operation, the distribution of per-
sonnel according to occupational
function, and wage expenses are
problems that are answered here
for the typical or “average” broad-
cast station of the United States.
The material presented on these
pages has been taken from the sta-
tistical surveys made by the United
States Department of Commerce and
the National Advisory Council on
Radio in Education.

From Table I it can be deter-
mined that (excluding those items
which depend very largely on local
economic conditions) the capital in-
vestment of broadcast stations is
approximately proportional to the
square root of the power rating. The
cost of the transmitter is also pro-
portional to the square root of the
power and varies from 35% to 65%
of the total capital investment. The
studio speech input expense varies
with the power of the station up to
50 kilowatts, after which it is
constant.
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From Table II, showing the an-
nual maintenance costs of stations
it can be determined that salaries
vary approximately as the cube root
of the station power and form from
76% (in the case of 100 watt sta-
tions) to 35% (estimated for 500
kw stations) of the total mainte-
nance charges. Tube replacement
costs are proportional to the cost
of the transmitter, except that 50
kw stations appear to be unusually
economical as regards this item.

In all of the pie charts, the val-
ues are given in thousands of dol-
lars. In the field of local advertis-
ing, stations up to 100 watts account
for 209 of the revenue, stations
between 100 watts and 1 kw account
for 229, and stations between 1 kw

and up to (but not including) 5 kw
account for 349% of the total reve-
nue. In the case of regional and
national advertising, however, the
lowest power group accounts for
2.9%, the next two groups for 10.4%
and the 1 to 5 kw group accounts
for 29.6% of the total revenue. The
highest power group accounts for
499% of the total regional and na-
tional advertising, as measured by
sales revenue.

In the analysis of revenue by geo-
graphical districts the Middle At-
lantic and East North Central states
account for 43.2% of the local ad-
vertising revenue and 51.9% of the
regional and national advertising.
All of the southern groups combined
account for only 21.5% of local ad-

TABLE 1-Capital Investment of Broadcast Stations

CAPITAL INVESTMENT

POWER OF BROADCAST STATIONS

100 W KW 5KW 50 KW 500 KW

PLANT

Transmitter .................. $4,000 $12,500 $29,000 $120,000 $375,000

Speech Input Equip........... o 2,000 2,500 3,500 5,000

Installation ............... ... 200 1,000 3,500 10,000 25,000
RADIATING SYSTEM

Antenna System _..... . ... 2,000 4,000 6,000 15,000 40,000

Ground System ... .......... 1,500 2,000 3,000 5,000
STATION BUILDING

Structure, etc. .............. M 7,500 15,000 40,000 75,000

Furniture, etc. ... ... ... ..... 100 400 1,000 3,000 6,000
SERVICE

Power Lines, etc. .. .. .. .. 2,000 20,000 30,000

Water System...............
Telephone Lines

Dependent Upon Local Conditions

Dependent Upon Local Conditions

ENG'G. SURVEYS, ETC. 100 500 1,000 3,000 6,000
MISCELLANEOQUS ... ... 200 600 1,000 6,000 15,000
STUDIOS, OFFICES, ETC. . Dependent Upon Specifications Adopted

STUDIO SPEECH EQUIP . 2,000 4,000 6000 12,000 12,000
OUTSIDE PICK-UP EQUIP . ... 1,600 1,600 3,200 3,200
TOTAL (Excl. Real Estate) ..... $8,600  $35600  $70,600 $238,700 $597,200
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TABLE Il-Maintenance Costs of Broadcast Stations

ANNUAL MAINTENANCE

POWER OF BROADCAST STATIONS

COST 100 W
5% INTEREST ON CAPITAL $325
DEPRECIATION
Transmitter [At 20%)... ... .. 1,320
Buildings (At 3%)...........
Furnishings (At 10%)........ 10

I KW  5KW 50 KW 500 KW
$1,500 $3,000 $10,200 $27.600
6,000 12,000 40,800 110.400
Depends Upon Investment

40 100 300 600

RENTAL ... ... Depends Upon Local Conditions
SALARIES
Executives e 2,650 9,000 9.000 20,000 31,000
Office and Clencal .......... 940 2,340 3,080 5,200 7,500
Technicians 1,230 5,250 11,000 31,200 49,500
Artists ... .. . 1,250 5,400 10,600 25,100 60,500
Announcers ... .. ... ... ... 2,110 4,500 5,050 7.000 13,500
Salesmen and Others. .. ... 2,180 5,500 6,300 10,600 11,200
POWER 400 1,500 4,000 19,000 100,003
MAINTENANCE OF PLANT
Electrical ........... .. .. .. 300 1,000 2,000 5,000 8,000
Structural ..., .. ... ... .. 100 200 300 500 1,000
Tube Replacements.. .. 600 2,000 4,000 10,000 60,000
WIRE LINES . .............. .. 3,600 7,500 15,000
MISCELLANEOQUS ... .. ....... 350 1,000
TOTAL .. ... ... ... ......... $13,415 $44,230 $70,430 $188,070 $496,800
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vertising revenue and 18% of the
regional and national revenue.

The individual bar charts are not
all drawn to the same scale although
the bars in each individual chart
are proportionally correct. One
chart cannot, therefore, be compared
directly with another and still main-
tain a proportionally correct visual
picture. The upper half of the page
shows the number of persons en-
gaged in broadcast activities, classi-
fied according to power of station
and occupational function. The to-
tal number of persons of one par-
ticular occupational classification en-
gaged in broadcasting in the United
States is shown at the bottom of the
separate bar charts.

The lower half of the page gives
the average weekly salary of the
various occupational groups accord-
ing to station power. These figures
are averages for the United States
and are subject to fairly wide geo-
graphical variations. Obviously in-
dividual wages are subject to still
wider fluctuations. —B. D.
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BROADCAST PERSONNEL BY OCCUPATION AND STATION POWER
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Nomogram for Coil Calculations

Chart for determining inductance-dimension data of single-layer solenoids. based on the

Nagaoka formula, which eliminates the need of calculation.

transmitting coils

Applicable especially to

HE chart printed on the reverse

gide of this sheet is a nomogram
based on the Nagaoka formula
(Bureau of Standards Circular, No.
74) which gives the inductance of
a single-layer solenoid in terms of
its length, diameter, and winding

pitch. The formula is:
0.025 D*1 K
L =
p'.

where L is the inductance in micro-
henries, D the diameter of the coil
(helix) in inches, ! the length of the
coil in inches, p is the pitch of the
coil (inches per turn), and K is
the Nagaoka “form factor” which
is a function of Dy/l. This ratio
D/l can be calculated if desired, but
it may be found also by reference
to Fig. 1 below. By connecting the
given values of D and ! with a
straight line, the right-hand scale
marked R gives the ratio D/I. This
value of D/l is then used in connec-
tion with the scale marked R in the
inductance nomogram.

In the nomogram it will be no-
ticed that there are five vertical
lines. The line at the extreme left
(marked V) is simply a turning
scale and is not graduated. The
inductance scale L is marked from 5
to 500 microhenries. The middle
scale gives the pitch P in inches and
also serves as a turning scale (Q).
Values of the ratio R = (D/1) from
0.1 to 10 are given. The scale at the
extreme right is graduated both in
length and diameter, covering val-
ues of I from 1 to 100 inches and of
D from 2 to 20 inches. The use of
turning scales and the combination
of D and I in one scale make the
nomogram highly compact without
lessening accuracy.

To find inductance when dimen-
sions are given, the line IpV is
drawn through the given values of
length and pitch. The intersection
of lpV with the V scale is then con-
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By CARL P. NACHOD

nected with the given value of diam-
eter, in the line VQD. Finally the
intersection of VQ@QD with the Q
scale (same line as p scale) and the
given value of R (as found from
Fig. 1) are connected in the line
LQR, intersecting the L scale in the
value of inductance. In the example
given, a coil 7 inches long, with a
winding pitch of 0.26 inches per
turn, and a diameter of 2.1 inches
is found to have an inductance of 10
microhenries.

When one dimension is to be found
from the given inductance and given
remaining dimensions, the order of

=
=

Q05 (QOF

Fig. 1.

drawing the lines is changed. For
example if p is to be found when
L, D and [l are given, the intersect-
ing lines are drawn in the order
LQR, DQV and lpV. The values of
l, D, and R used must always be in
the relation D/l = R and the lines
must always intersect the turning
scales V and Q.

By making use of Fig. 1, the value
of » = l/p which is the total num-
ber of turns in the coil can also
be found. Since single-layer sole-
noids are now used principally in
inductances for transmitting pur-
poses, rather than in receiving-set
applications, the dimensions in-
cluded in the scales apply to coils
of fairly large size.

Auxiliary nomogram for determining diameter-to-

length ratio and total number of turns
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SOL ENOID INDUCTANCE CHART

BY CARL P. NACHOD
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The Band-spread Problem

Adapting an earlier work in Electronics by Landon and Sveen to the problem of comput-
ing band-spread circuits for modern all-wave superheterodyne receivers

HE growing popularity of short

wave superheterodyne receivers
for both communication and amuse-
ment purposes has made it desirable
that there should be some simple and
accurate method of designing band
spread radio frequency and oscillator
tuning circuits without the necessity
of laborious ‘“‘cut and try.”

The majority of household multi-
wave receivers are equipped with
ingenious forms of mechanical band
spread, the idea apparently being to
make each receiver a “Jack of all
waves and Master of none.” If elec-
trical band spread were employed, it
would be possible to extend the pop-
ular broadcast areas, such as those
at thirty and fifty meters, over the
entire dial, and omit the “poor hunt-
ing grounds” lying in between.

This method of designing the band
spread tuning circuits (which, by
the way, is mathematically exact) is
an extension of the method given by
V. D. Landon and E. A. Sveen in
Electronics August 1932.

Fig. 1—Radio frequency and os-
cillator circuits

Figure 1 shows the radio fre-
quency and oscillator circuits, to-
gether with the symbols representing
the various component parts. While
the diagram shows the radio fre-
quency tuning circuit arranged for
simple parallel band spread, the ac-
tual type of band spread employed
in the radio frequency stages is im-
material as long as the symbol C’ is
taken to represent the equivalent ca-
pacity shunting the coil L when the
capacity of the variable gang tun-
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ing condenser is C. Series band
spread would probably be more satis-
factory for frequencies above ten
megacycles, as the L/C’ ratio will be
much higher. C, represents the self
capacity of the oscillator tuning coil
(of self inductance aL), while the
self capacity of the coil L is assumed
to be included in C,. In the work
that follows, all capacities are ex-
pressed in puf, inductances in ph,
and frequencies in megacycles, al-
though in most of the steps, the re-
sults do not depend on the units used
as long as they are used consistently.
The resonance equation expressed in
these units becomes:

Frequency = 1000+2x» \/(LC)

The steps are as follows:

(1) Calculate the values of the
fixed band spread condensers for the
r-f circuits to cover the desired band
of frequencies with the given vari-
able condenser. In the case of par-
allel band spread shown, C, is given
by the familiar relation:

(F mln)z(cmaz)—‘(p maz)z(cmin)

(Fm)”—(me)’

(&3

(2) Calculate L using the reson-
ance equation. In the case of par-
allel band spread, the values of (C»
+ Cmaz) and (Fmin) are substituted
in the equation.

(3) Choose the three frequencies
(F,, F,, F;) within the band at which
the tracking is to be perfect. For
optimum tracking over the entire
band, the positions of the three fre-