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70 VU KNOW WHAT
MALE HIGH-PONER
AR-LHIED
TRANSHITTERS

¢ For many years just one detail prevented the designing
ol successful 5- 1o 50-kw air-cooled transmitters — an
eflective means of air-cooling the tubes.

In the middle 1930’s RCA engineers pioncered in design-
ing an elhicient radiator for large air-cooled tubes. The
lamous 5D series of RCA air-cooled transmitters urlized
tubes with these new radiators. They set a new standard
ol performance for the hroadcast industry, eliminating the
necessity for complicated water-cooling systems and attend-
ant maintenance problems.

Air-cooling features of these RCA transmitters have since
been adopted by every American transmitter manufacturer.
Al of the modern 50,000-walt transmitters are now com-
pletely air-cooled—{or air-cooled transmitters are cheaper,
casier to install, surprisingly easy to operate and maintain.
Come postwar, stalions now using water-cooled equipment
will be able to replace 1t with air-cooled equipment.

RCA tube designers have only one job — creating and
building better tubes. Tn air-cooled tubes for brouduagt
transmitters, RCA oflers such outstanding types as the

RCA-827R, 8911, 892R, 893AR, and 9C22.

RA D I 0 c 0 R P 0 R ATI 0 N When you need replacement tubes for your transmitter,
specily RCA. There is an RCA broadeast specialist avail-
0 F A M E R I c A Z[l)»l:-‘a? n:aed to gil;:;yi)u l;lick, eﬂi::ie:n‘ sl(rrviife. |
RCA VICTOR DIVISION e CAMDEN, N. J.
THE FOUNTAINHEAD OF MODERN TUBE DEVELOPMENT IS RCA

62.6536.77
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OUR COVER for this issue is an especially attractive
kodachrome of the large-screen, projection-type re-
ceiver developed by RCA engineers for home use.
This picture was made by Frank Ross, RADIO NEWS
Staff Photographer, in the home of one of our en-
gineers. Because of the lighting required for color-
photographs we had to dubb the scene on the screen.
However, we have taken pains to make it look as
nearly like the actual reproduction as the limitations
of photography and printing will allow. A picture of
an actual transmission photographed directly from
the screen of this receiver appears on Page 3 of
this issue.

THE LARGE-SCREEN RECEIVER itself is described

in detail in the article which begins on Page 2. The
relatively large amount of space we have given to
this story retlects our feeling that the importance of
this development can hardly be overstressed. The one
important criticism of pre-war television was the oft-
repeated, “The picture is too small.” The large-screen
receiver seems to be the answer. Tests indicate that
the picture can be viewed with comfort from any
point in a fairsized living room!

The reflective optical system used in the large-screen
receiver receives the major share of the attention.
One reason, of course, is its importance, which may
be judged by ihe comparative pictures on Page 11.
Another reason is the feeling that the manner in which
this optical system works is not generally understood.
This we have attempted to remedy by a picture-draw-
ing presentation in which the working of the optical
system is explained in easy stages.

This optical system is similar in principle to the
Schmitt system used in some recent astronomical tele-
scopes. It was first applied to projection television
by Dr. I. G. Maloff of RCA Victor and Dr. D. W.
Epstein of RCA Laboratories in 1940 (RCA REVIEW,
July, 1941). 1t was used in the RCA Theatre Tele-
vision Demonstration at the New York Theatre, New
York, on May 9, 1911.

What is really new is the adaptation of such a pro-
jection system to home receiver use. This involved
the working out of a method of making the lenses at
a low cost, the development of a suitable high-voltage
projection tube, and other problems incident to build-
ing up a complete system into a relatively small
cabinet. The answer—developed exclusively by RCA,
but likely to be a prototype for the industry—is shown
on the following pages.

SHORTWAVE FIFTIES also come in for some atten.

tion in this issue. RCA, during the war, has built for
OWI, Lend-Lease and the Army, more than twenty-
five fifty-kilowatt broadcast transmitters. All of these
were Type 50 S-W’s (described in the January 1944
issue). This is by far the most transmitters of this
power ever built in so short a time. Today these
are all in operation—-one or more on every con-
tinent. CBS operates two on the West Coast in addi-
tion to the two at Wayne, N. J. which are described
in this issue. NBC has three at Bound Brook, N. ]J.
and two at Dixon, Calif. Associated Broadcasters
operate two, as described by Royal Howard’s article
(Page 39). Installations at Rio de Janiero and Brazza-
ville, French Equatorial Africa were described in
previous issues. The one at Leopoldville, in the Bel-
gian Congo is described in the article starting on
Page 51. Locations of the others is still “restricted.”

FM PLANNING is the subject matter of two articles
in this issue (Pages 26 and 32). This continues the
series on this subject which started with the article
“Antennas For FM” in the August 44 issue and was
continued with “Selecting A Site For FM” in the
January ’45 issue.

Dick Newman’s article (Page 12) continues the
series on FM station operation written from the “how-
to-do-it” angle. Next issue we’ll have an article on
how to make a field intensity survey on an FM station.

DESIGN OF VIDEO AMPLIFIERS—by Elliot Henry,
which begins on Page 50, departs somewhat from our
guiding idea that BROADCAST NEWS should be de-
voted solely to station installation, engineering, and
maintenance (with the advanced design stuff left to
others). We feel that as broadcast engineers get into
television they will want to understand the funda-
mentals of television equipment design—even though
they will not, in all probability, ever build such-equip-
ment themselves. This article of Mr. Henry’s—orig-
inally written for publication elsewhere—impressed us
so with its understandability that we thought it might
be a desirable place for you to “start in television.”
Let us know what you think! Do you want more of
this kind of material?
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RCA ENGINEERS DEVELOP
PROJECTION-TYPE TELEVISION RECEIVER

A preview of postwar television-—the real thing, not the the
“dreamstufl” —is afforded by the RCA projection-type home tele-
vision receiver shown on the opposite page. This receiver, which
has recently been demonstrated for various groups in the indusiry,
is- a relatively compact console model in which a picture
16 inches x 215 inches in size is projected on a built-in, trans-

tucent screen. Through the use of a new highly-efficient oplical

Above: With the 715" x 10" picture on
a pre-war direct-viewing receiver the
optimum viewing distance was aboul
2% feet. This is satisfactory for small

groups, but results in crowding when

o)
there are more than three or four

lookers-in.

Right: With the 16”7 x 21!
on the RCA Large-Screen Receiver the

picture

optiumum viewing distance is about 8
feet. Much larger groups can look-in
without crowding. In fact, tests indicate
that a picture of this size may be satis-
factorily viewed from any point in a
fair-sized living room,

system a picture is produced which has about the same bright-
ness and contrast as that of pre-war, direct viewing tubes—while
the size is such as lo overcome the one important objection to pre-
war television receivers; namely, that “the picture is too small.”
A comparison of this new receiver with the hest of pre-war types is
provided by the illustrations on this page. A technical descrip-
tion of the new receiver will he found on the following pages.

»

A developmental model of the RCA
Large-Screen Television Receiver for
home use. This is an unretouched pic-
ture taken during an experimental trans-
mission of slide films. 1t should be re-
membiered that the 120-line screen used
in- making half-tone cuts such as this
tends to reduce the resolution.
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Projection Receiver (con.)

I'he projection set shown on these pages is an “experimental”
model and obviously has not been “styled” or otherwise dressed
up. However, the general arrangement of the components in this
sel approxunates that which may be expected in post-war pro-
duction models and. therefore, will serve as a satisfactory example
of the principles involved.

There are four features of this set which represent outstanding
engineering accomplishments. These are:

(1) A simple, but ingenious arrangement which allows a pro-
jection system having a “throw” of nearly three feet to be
mounted, together with high voltage power supply and other

components, in a cabinet only a little larger than many pre-war
consoles or phonograph combinations.

(2) A new projection-type 5-inch kinescope in which a very
bright image is produced by operating with 27,000 volts on the
anode and a high beam current.

(3) A new type highly efficient oplical system in which an
aspherical correcting lens is used in conjunction with a large
spherical mirror.

(4) A method of manufacturing (at low cost) the aspherical
correcting lens by molding it of clear thermoplastic material.

l. Arrangement of the Projection System

Flat
Inclined
Mirror

Aspherical !
. /
Correcting
l

Lens
(Molded Plastid/
I

NN
7

Viewing Screen

Loudspeaker
Grille
Kinescope ,i - [}
(Receiving I
Tube) ;

The projection receiver illustrated on the preceding
pages is a self-contained unit containing all elements
of the system from antenna lead-in to viewing screen.
In this respect it differs radically from most of the
proposed projection receivers in which the picture is
usually intended to be projected onto a wall or screen
some distance away.

The built-in system has many advantages. It is a
much less awkward addition in the average living room;
it is more convenient to use—doesn’t need to be re-setup
each time the furniture is moved; it can have a fixed
focus—eliminating one control and simplifying the
optical system; and, for viewing under semi-light con-
ditions, the translucent screen represents a more effi-
cient use of the available image illumination than
would a reflective screen.

Getting all the components of this receiver into a
single unit, without making that unit unreasonably
large, represents more of an achievement than an out-
ward look at the cabinet would indicate. The major
problem, of course, was the optical projection system
proper. The magnification which can be obtained with
a given lens arrangement depends, of course, on the
“throw” (i.e., distance from lens to screen). For a
picture of the size desired the required distance was
about three feet. Obviously, the cabinet couldn’t be
that deep. The answer was to mount the projection sys-
tem vertically. To keep this from making the receiver
too high, a reflective arrangement was used. This is
illustrated in the diagram at the left.

In addition to the optical system it was also necessary
to provide space for the receiver chassis, the video
diflection circuit chassis, the audio chassis, the high
voltage power supply, and the loudspeaker. The first
three of these are simply modifications of the standard
chassis used in the pre-war TRK-12 Receiver. The de.
velopment of a stabilized 27,000 volt power supply (in
itself something of an engineering achievement) that
could be mounted complete on a small chassis made
it possible to group the four chassis around the outside
cabinet; thus leaving the center free for the projection
system. The loudspeaker is mounted in the usual posi-
tion toward the base of the cabinet.

www.americanradiohistorv.com
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ll. The High-Voltage Projection Kinescope

The earliest projection television systems consisted of a
standard direct-viewing kinescope plus a lens suitable for pro-
jecting an enlarged image on a screen some feet away. The
picture projected in this way had very low illumination. There
were two reasons: first, the optical systems suitable for use with
such a projection system had low “light-gathering” power and
hence made available only part of the light in the original image
and, second, the light thus made available was spread over a
much wider area and hence the average illumination was greatly
reduced.

It will be apparent that a successful projection tube must have
much higher illumination than a direct-viewing picture tube. For
instance, the 16 inch x 21% inch picture on the receiver shown
on the preceding pages has an overall area a little more than
four times that of the 774 inch x 10 inch picture on a standard
12-inch viewing tube. If the projection optical system were
100 percent efficient (which, of course, it is not) the total illumi-
nation required would be four times as great. Moreover. since
the projection tube should preferably be smaller than direct
viewing tubes (in order to use small-size lenses) the average
illumination or brightness on its face must be even greater. For
example, the 5-inch projection tube, shown at the right in the
picture helow, produces an image about 3 inches x 4 inches in
size. Thus, in an area approximately one-sixth that of the picture
on the 12-inch viewing tube, there must be produced a total
illumination four times as great. This means an average illumi-
nation (or brightness) some 2% times that of the image on the
direct viewing lube. When the loss in the optical system is taken
into consideration these ratios must be even greater.

Increased brightness of the beam spot in a kinescope (and
hence of the average illumination) can be obtained by increasing

the second anode voltage and thereby causing the electrons in
the beam to travel faster, or by increasing the number of elec-

KINESCOPE

SMALL AREA

MUCH LARGER AREA
SAME TOTAL AMOUNT
OF LIGHT.

trons in the beam (i.e., the beam current). Both entail difficulties.
Increasing the voltage requires greater spacing and better insula-
lion within the tube. Increasing the current requires higher
emission cathodes.

RCA engineers have been working on this problem for more
than ten years. The projection tube shown below is the result
of this long-extended research. This tube operates satisfactorily
with 27,000 volts on the anode (approximately four times that
of the standard 12-inch viewing tube). It produces an image
having an overall illumination about 12 times that of 12-inch,
pre-war, direct-viewing tubes. Used with the improved optical
system described in the following pages this tube is capable of
producing 16 inch x 21% inch pictures having an average illumi-
nation comparable to that of home movies.

PRE-WAR 12" DIA.
DIRECT-VIEWING TUBE
PICTURE SIZE 7" x 10"

ANODE VOLTAGE 7,000

www.americanradiohistorv.com

NEW RCA 5" DIA.
PROJECTION TUBE
PICTURE SIZE 2" x 3”7
ANODE VOLTAGE 27,000
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lll. How the Optical System Works

It would seem on first thought that the projection of television
pictures could easily and satisfactorily be accomplished with a
simple projection lens system such as that used in motion pic-
ture projectors. The first projection receivers were, in fact, so
constructed. However commercially available lenses of the type re-
quired have relatively low light-gathering power (which means, in

I. na typical motion picture system, such as shown
in the diagram at the right, light from a lamp or arc
is converged by a condensing lens so that as it strikes
the film it consists of a bundle of nearly parallel rays.
Nearly all the light which strikes the film passes
through (except, of course, that part which is stopped
by the dark part of the film). Moreover, as the light

rays emerge from the far side of the film, they diverge LIGHT
SOURCE

only slightly. Thus, all the light originally falling on
the film eventually reaches the screen, except that part
stopped by the picture on the film. For comparative
purposes (and disregarding losses) such an optical
system can be said to have a very high efficiency. This
fact, together with the relatively intense illumination
of the film, makes for a very satisfactory projection
system.

2. Now, what happens when the same optical system
is used to project a television picture as shown by this
sketch. The only source of light in this case is that
in the picture itsc!’. Moreover, this light does not
emerge from the fluorescent screen in parallel, or even
nearly parallel rays. Rather, since the screen is a per-
fectly diffusing surface, these rays emerge in all direc-
tions and only a small part are gathered in and brought
to a focus by the lens system. Thus, the overall effi-
ciency of the optical system is very low. Maloff and
Epstein have calculated that good, commercially avail-
able (f/2) lenses, when used at the magnification
typical of home television receivers, will collect and
deliver to the screen less than five percent of the light
generated.

3. From the foregoing, it would seem that the ohvious
answer would be to increase the size of the lens and
thereby increase the amount of light it will collect.
This, however, brings up another problem; when the
rays from a single point source are refracted on dif-
ferent parts of a large spherical lens, they do not all
meet accurately at a single focus. Instead, the rays re-
fracted by the outer portions of the lens come to focus

KINESCOPE

FLUORESCENT /‘
SCREEN

KINESCOPE RAYS DO NOT

eftect, that they gather light in from a relatively small angle).

As a result, when these lenses are used for television projec-
tion, the overall efficiency of the optical system is very poor.

The reason for this can best be understood by comparing the
arrangement used for television projection with that used in |
motion picture work, as shown below.

CONDENSER
LEND

PROJECTOR
LENS

VIEWING
SCREEN

e = e

S it A e

<<

[
PROJECTION .
LENS .

VIEWING
SCREEN

nearer to the lens than those that pass through the MEET AT A !
. . s e . . r
central portion. This dissimilarity of focus—known SINGLE POINT /
technically as “spherical aberration”——can be avoided FLU:::?EE‘NT i
by masking all but the central part of the lens (“stop- VIEWING
ping it down,” as the photographers say). Doing this, ATl SCREEN
. LENS

however, cuts down the “light-gathering” power again
so that the net amount gained by going to a larger lens
size is relatively small.

6
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4. In the actual arrangement of the optical system for
a home receiver, a reflective system is used as shown
in the diagram at the right. The main “lens” in this
arrangement consists of a bowl-shaped spherical re-
flector some 12 inches in diameter. When the fluorescent
screen of the projection kinescope is placed at a point
hetween the principal focus and the center of curva-
ture, an enlarged image is projected on the screen. The
tube itself blocks off a small part of the reflected rays,
but does not affect the image (just as reducing the
aperture on a camera reduces the light, but does not
affect the size of the picture). Unfortunately, a reflector
such as shown here—if of large size, introduces “spher-
ical aberation” with the result that the image is not
sharply focused. '

B. In order to correct this “spherical aberration,” an
aspherical correcting lens is arranged as shown in this
sketch. A hole is cut out of its center so that it can fit
over the neck of the tube. This lens is shaped in
such a way that it bends slightly the rays reflected
from the outer part of the reflector and thus brings
these to a focus at the same point as the rays re-
flected from the center part. By locating this lens at
the center of curvature of the reflector, a minimum
of shaping is required. The reflector itself is polished
glass with an aluminized surface. The center part of
this mirror is masked (actually, it is cut away) since
most of the light reflected by this part is blocked by
the tube; masking prevents reduction in contrast which
would be caused by the light it would otherwise reflect
on the face of the tube. So efficicnt is this arrangement
that the overall system has an efficiency of approxi-
mately 30 percent (equivalent to an aperture of £/.9).
This is six to eight times better than direct projection
optical systems.

>

6. The final step in the development of the projection
optical system is shown here. In order to get the whole
system into a cabinet of relatively shallow depth, the
main axis ol the system is arranged vertically. The
projection kinescope tube points downward. The image,
projected downward from the tube, is reflected straight
up by the spherical reflecter, passes through the correct-
ing lens, strikes a 45° mirror near the top of the
cabinet and is projected forward onto the transluscent
screen in thesfront of the receiver. Some added advan-
tage is gained here since a transluscent screen can be
made to have a higher efficiency than a diffusive, re-
flective screen. The picture on this screen actually has
a brightness in the highlights of approximately 8 foot-
lamberts, which is about the same as that of home
movies.

VIEWING
SCREEN

SPHERICAL Jf’f{
REFLECTOR —LIGHT RAYS
DO NOT MEET
AT A SINGLE
POINT
VIEWING
SCREEN
—
KINESCOPE
\
SPHERICAL ASPHERICAL
REFLECTOR CORRECTING LIGHT RAYS
LENS ALL MEET
AT A SINGLE
POINT
-——
45° MIRROR —,
S~TRANSLUSCENT
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IV. How the Lenses are Made

In order to make the reflective optical system, described in the
previous pages, a practical solution for home receiver use it was
necessary to find some way of producing the required lenses
at a relatively low cost. The spherical mirror, while of larger
size, presented no problem because such a surface is naturally
generated. Most optical lenses are of spherical shape (largely
for this very reason) and equipment suitable for grinding such
lenses in quantities is available.

The correcting lens, however, since it is of non-spherical shape,
presents a much more difficult problem. No machines are avajl.
able for mass production of aspherical glass surfaces of the type
required. To make them by laboratory methods would make such
lenses far oo expensive for use in home receivers. The problem,
therefore, was one of finding a new method of making the
aspherical lens. How RCA engineers did this is shown in the
illustrations below.

A N

I UPPER PLATTEN

L

PREHEATED

| |

L= UPPER PLATTEN ]

I N

[ UPPER PLATTEN |

| LOWER PLATTEN

—d

T i

[ LOWER PLATTEN |

1. rca engineers solved this problem of
making aspherical lenses at low cost by
developing o method of molding  these
lenses from a clear thermoplastic material
called methyl methacrylate (sold under
the trade names of L:ucite and Plexiglass).
Essentially, this proe ss consists of placing
a flat disk of the thermoplastic material
in a molding press (as shown here) and
applying high heat and pressure to make
this disk assume the shape desired. It is
then cooled under pressure so that when

2. This scemingly easy solution was not
arrived at without plenty of headaches. In
order that the lens will have just the right
bending action on the light rays, the con-
tour of dies (shown here partly closed )
must be exactly true. Moreover, the faces
of these dies must he free from any trace
of scratch or blemish. To achieve this,
stainless steel plates are carefully ground
and polished to exact shape, hardened so

that they will resist abrasion, and polished

3. In order to speed the molding process,
the methyl methacrylate disks are pre-

heated before being placed in the mold.
The mold itself is heated by passing steam
through pipes inside it. Since the metha-
crylate is a thermoplastic and does not
harden with heat (as thermosetting plastics
do) it must also be cooled in the mold.
This is done by running cold water into
the pipes that previously passed steam.
When the shaped lens is down to room
temperature it can be removed and it will

removed it retains its shape permanently. to a mirror finish.

RF
POWER
GENERATOR.

hold its shape indefinitely.

METAL
ELECTRODEDS

DISC TO BE
HEATED

&

4. RCA engineers have added a final touch to this molding pro-
cedure by using radio frequency power as the means of pre-

heating the thermoplastic disks. R-F current from an 8 Me
oscillator is caused lo flow through the disk to be heated as shown

8

CONCENTRIC LINE

in the diagram above. The resistance of the material to the passage
of the current causes heat to be generated in the material. It is
then placed in the mold and pressure applied as described above.
The process is illustrated in the pictures on the following pages.

www.americanradiohistorv.com
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9. A methyl-methacrylate disk, 8 inches in diameter and 4 inch
thick, is placed hetween metal electrodes connected to a radio-
frequency power generator. Application of power (1 KW) for
314 minutes heals the disk to a temperature of 150° throughout.
The electrodes are located in an interlocked, screened enclosure

6. The heated disk (usually referred to as a “preform™) is soft
and flexible as it comes from the radio-frequency preheating
cabinet. The molds, heated hy steam pipes, keep it soft during
pressing. When the heating cycle is completed, steam is shut off
and cold water turned on.

1. When the mold has cooled to near room temperature, the press
is opened and the fully shaped lens removed. Except for boring
the hole in the center for accommodating the neck of the projec-
tion tube, the lens is ready for use as it comes from the mold.
No polishing or finishing of any kind is required.

8. Lenses molded in this way have excellent optical properties.
They have slightly better light transmission than glass and slightly
less light scattering—bhoth of which are, of course, advantageous.
They do not have the surface hardness of glass, but in tests
have stood up well without any special care.

www.americanradiohistorv.com


www.americanradiohistory.com

p-"" L yararee ‘- - 'y wll
A T O |

9. The spherical mirror which forms the main “lens” in the re-
flective optical system is shown here before aluminizing. It is a
salad-bowl shaped piece of glass 11 inches in diameter with a
4-inch hole in the center. The inner surface is ground to a true
spherical shape on a standard optical grinding machine.

ey
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s

10. The aluminizing procedure consists of placing the glass bowl
—1inner side down—in a bell jar which is then evacuated. In the
jar are two aluminum filaments from which aluminum is evap-
orated by heating to incandescence. The aluminum vapor which
is driven off condenses on the under side of the glass.

1. The spherical mirror, removed from the bell jar after alumi-
nizing has been completed, is shown in this illustration. The
polished, aluminized inner surface has a true “mirror-finish” of
high reflective properties. As a ‘“lens” it has very high light
gathering power.

10

12. The two lenses, completed and ready for mounting in the pro-
jection-type home receiver. In the background is the standard
RCA Type 15-B Radio Frequency Generator used in preheating
the plastic disks before molding. At the right rear is the screened
enclosure containing the heating electrodes.

www.americanradiohistorv.com
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V. Testing the Lenses

PROJECTED
SPHERICAL PROJECTION . TEST IMAGE
MIRROR IMAGE \ .

\ b

1. This is a temporary test setup used to check the molded correcting lenses before they are mounted
in a receiver. The box in the foreground contains a standard spherical mirror mounted on the inner
surface of the near side. At the proper focal point is an illuminated image simulating the face of
the projection tube. In this view, no correcting lens is in place, hence the projected picture is very fuzzy.

PROJECTED
. TEST IMAGE
SPHERICAL PROJECTION CORRECTING
MIRROR IMAGE LENS
: \

2. In this view, one of the molded correcting lenses has been placed in the correct relative position .
on the front of the box (the far side). The picture, as will be seen, is now very much sharper
and brighter. (In these two views certain details of the test box have been retouched, but in neither
case has the projected picture been retouched at all.)

11
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AUDIO FREQUENCY RESPONSE AND DISTORTION
MEASURING TECHNIQUES FOR FM TRANSMITTING SYSTEMS

How to make the response and distortion measurements

required for ““proof of performance’’ of FM installations

by R. J. NEWMAN

Engineering Department
RCA Victor Division

Section 6 of FCC Form No. 320 (Application for High Fre-
quency Broadcast Station License) is entitled, “Proof of Per-
formance of Audio Frequency Operating Characteristics.” In
order to comply with the requirements of this section it is neces-
sary Lo file complete data relative to audio frequency response,
both FM and AM noise levels, and audio frequency distortion.
All measurements must be made with the equipment adjusted
for normal program operation and should include all circuits
between the main studio microphone terminals and the antenna
output, including telephone lines, pre-emphasis circuits and any

equalizers employed, but excluding the compensated icro-

phone amplifier if used. This data is easily obtained, provided
standard measuring equipment is available. The best and easiest
method for making frequency response measurements is with
an RCA 322-A FM Modulation Monitor, a Beat Frequency
Oscillator of good stability and low distortion (such as the
RCA 68-A or 68-B) and an RCA 89-B Attenuator Panel. The
Modulation Monitor is part of the monitoring equipment re-
quired by the FCC while the 68-B Beat Frequency Oscillator
and 89-B Attenuator Panel are standard test equipment used
by both FM and AM Broadcast Stations. Harmonic Distortion
measurements can be made with this same equipment plus a

Distortion and Noise Meter such as the RCA 69-B or 69-C.
PRE-EMPHASIS

o bl N E f i P i { i i ; ! ! ' ' Measuring techniques employed in AM
20 R l__ l ! i . N N A N [ ' a broadcast stations are equally applicable
‘ ‘ t ' | . i B A in FM stations providing due considera-
18— - ’ S Pl ?,'_:_ 1 T ; s . tion is given to the pre-emphasized fre-
: | e N i j i E : i ‘ I i/ quency response characteristic which is
(GRS l - {I» - R l i /SR standard in all FM transmitting systems.
: Do ] [ ’ i ' ! T : ‘ L5 E j / Incorporated in the audio frequency cir-
14 e ”‘T";”‘ 1‘, R % |L % E_ !/ cuit of the FM broadcast transmitter is
0 | EEE Ll / A a resistive-reactive circuit, having a time
T o | WL"—”’:"T Y* S TS R E— / FFT 7] constant of 100 microseconds which
g | ,i auk o boosts the response of the audio signal
= T T HWWLV - 0 as much as 19.5 db at 15,000 cps over
: | ! i B RN the level of frequencies below 200 cps..
w 5| e 2 . N This frequency characteristic, plotted in
g GIL—~~ ) : ~ ’_;;,ﬁjﬁ_,‘_‘jf:j:'_zf'j Figure 1, is the standard RMA Pre-
| 3 0 o R emphasis Response Curve. Pre-emphasis
4‘ - S ‘ ; of high audio frequency energy is pos-
: ! ot rr“ sible due to the relatively low peak
zi ...... ‘ s energy existing at these frequencies and
; RS N it is desirable because it increases the
or z » By i signal-to-noise and signal-to-distortion

| S ] | i-; ratio.
30" oo — 300 ﬂ[idxllo’oo e : In most installations it is compara-

FREQUENCY IN CYCLES
FIG. 1. RM A Standard Pre-emphasis Curve which is incorporated in FM Transmitting Systems
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tively easy to switch the pre-emphasis net-
work out of the audio circuit and to make
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the necessary audio measurements with “flat response.” However,
it is desirable to check the transmitting system under actual
operating conditions. Therefore, it becomes necessary to take
into consideration the added “gain” of the high audio frequencies.

The standard method for measuring the a-f response of audio
and broadcast transmitting equipment consists of determining the
audio input level at a reference point of 1000 cps required to
produce the desired output (for example, 95% modulation for
an AM transmitter) and then, holding this input signal constant,
measure the output level obtained (on an AM Modulation Mon-
itor) as the frequency of the input is varied over the audio range.

If this procedure were applied to the FM transmitting system,
the pre-emphasis network would cause the transmitter to be over-
modulated at frequencies above 1000 cps and undermodulated
at frequencies below this reference point. An alternate method
which works well consists of setting the system up for 100 per
cent modulation at the highest audio frequency to be broadcast,
then noting the increase in signal input required to maintain
the 100% modulation as the frequency of the signal is lowered.

ARRANGEMENT OF EQUIPMENT

A typical setup for making measurements of this type is shown
in Figure 2. To insure that the readings obtained are a true

measure of the equipment under test and do not include ex-
traneous fields picked up by the measuring equipment, all of
the latter should be securely grounded. This can best be accom-
plished by “tieing” all of the test apparatus to the system
ground with a copper strip two to four inches wide. Ordinary
single conductor or stranded wire should not be used. At high
radio frequencies such a wire has appreciable inductive react-
ance and, therefore, instead of furnishing a ground actually
raises the equipment above ground.

All interconnecting r-f and audio conductors running between
the test and transmitting equipments should be shielded cable
with a cotton braid, or equivalent, covering the shield to insulate
it from ground. The shields are then grounded at one end only
to prevent circulating ground currents. For the r-f circuits,
single-conductor shielded cable of the low-capacity type is best.
Two-conductor twisted pair encased in a shield braid and cotton
outer braid is standard audio cable.

CALIBRATING THE AUDIO OSCILLATOR

Prior to actual response measurements, the 68-B Beat Fre-
quency Oscillator must be calibrated in order to assure a precise
source of audio frequencies. While this is a simple operation,
its importance should not be overlooked. A correct knowledge

322-A

FM |/\

FM MODULATION

TRANSMITTER \

~—

o

AUDIO

- MONITOR

89-A

EQUIPMENT

FIG. 2. Arrangement for test equipment for measurement
of frequency response of FM transmitting systems.

=
- |ATTENUATOR PANEL

68-B
AUDIO
OSCILLATOR
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of the signal frequency is vital to the proper adjustment of the
transmitting system. This calibration is accomplished as follows:

1) Throw the “Power” switch to “On" and allow approxi-
mately 10 minutes for the circuits to “warm-up” and arrive
at a steady-state condition.

(21 Rotate the “Cal. Gain™ control fully counterclockwise. The
eve of the electron ray tube should appear about half-closed.

(3) Set the main frequency control to a dial reading correspond-
ing to the power-supply frequency. This will probably be
30 or 60 cycles.

(4) Turn the “Volume” control to maximum; that is, fully
clockwise.

(5) Advance the “Cal. Gain” control to about one-quarter of
the total rotation from the minimum (one-quarter from fully
counterclockwise).

(6) Turn the "Cal. Adj.” control to the extreme clockwise posi-
tion and return slowly toward minimum (rotate counter-
clockwise) until the plate milliammeter needle pulsates,
which indicates proximity to zero beat. Now reverse the
direction of rotation again, turning the control knob very
slowly clockwise until the eyve of the electron-ray tube again
swings open and then closes as far as possible. At the exact
setting, the eye deflection will remain fixed.

(7) Adjust the “Cal. Gain” control until the eye is completely
closed, reducing the gain if the images overlap or increas-
ing the gain if the deflection is insuflicient. The size of the
shadow obtained in the preceding step (6) will depend
upon the phase relationship between the power-supply and
beat-frequency voltages.

(8) Check the calibration by observing the appearance of the
image upon the eye of the electron-ray tube.

(a) At one-half or twice the reference frequency (power-
supply frequency), each half of the deflecting area of
the eye will appear to have two images, one super-
imposed upon the other and moving in opposite direc-
tions. That is, the eye will appear to have two pairs
of shutters with one pair opening while the other is
closing and vice versa.

(b) Similarly at one-third or three times the reference
frequency, there will be three superimposed images on
each half of the deflecting area.

It is a good practice to check the calibration by setting the main
frequency control to the second and third harmonic of the supply
frequency and observe the above images. For example, if the
supply frequency were 60 cycles, the second harmonic would be
120 cycles and the third would be 180 cycles.

FREQUENCY RESPONSE MEASUREMENTS

To determine the fidelity of an FM broadcast transmitting
system, the output is determined for 100 per cent modulation
at 15,000 cycles modulating frequency; this output level is held
constant and the input level is varied to maintain it. The pro-
cedure is as follows:

(1) A 15,000-cycle signal furnished by the 68-B B.F.O. through
the 89-B Attenuator Panel is fed into the RCA 76-B Con-
solette. From here it goes through the S-T link to the input
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of the FM transmitter. The RCA 322-A FM Modulation
Monitor (which is inductively coupled to the transmitter
output) measures the percentage of modulation.

With the various gain controls set for normal operation,
adjust the volume level of the 68-B oscillator until 100 per
cent modulation is indicated on the 322-A Modulation Mon-
itor. Note and record the audio-input level as metered by
the volume indicator on the 89-B Attenuator Panel.

13) Adjust the 68-B B.F.O. to the next lower audio frequency
to be checked, and bring the input signal level up until
the 100 per cent modulation mark is again reached. Note
and record the input level indicated on the 89-B Attenuator

Panel.

(4) Continue this procedure for the entire audio range (30 to
15,000 cps). It will be necessary to increase the audio input
level considerably as the 30-cvcle point is approached. Since
this level will change approximately 20 db, it is desirable
to start at the 15,000-cvcle measurement with 20, 10. and
5 db attenuator pads cut in on the 89-B Attenuator Panel
so that the proper combination of pads may be selected for
the desired input level to the speech input equipment. Of
course, these attenuator pads must be included in determin-
ing the actual volume level being fed into the equipment
under test. The true audio level is the algebraic sum of the
pads in the circuit plus the signal level indicated by V1
on the 89-B Panel.

(5) Record the data as shown in the first two columns of Table 1.
Correct the readings for reference to 200 cycles as shown
in the third column. Subtract the values of standard pre-
emphasis curve (shown in the fourth column). The results,
shown in the fifth column, represent the values for the curve
as referred to 200 cycles. This can now be corrected to refer
to 1000 cycles as shown in the sixth column.

(6) Plot the values given in the sixth column of Table 1 against
frequency as shown in Figure 3. Repeat the measurements

at 75, 50 and 25 per cent modulation levels and plot the
corresponding curves. This series of form curves should be

filed as exhibits with Form No. 320.

TABLE 1

Audio Freq.
Response

Corrected for
200 Cyc.as Standard Deviation 1000 Cycle

Audio Input Level

Input  Corrected for
Audio Mod. Levelfor

Freq. 100% Mod. Ref.Point Curve from Std. Ref. Point
CPS DB DB DB DB DB
30 —+6.1 —0.1 0 —0.1 —+0.1
50 6.0 0 0 0 -+0.2
100 6.1 —0.1 0 —0.1 -+0.1
200 6.0 0 0 0 -+0.2
300 5.9 -+0.1 +0.2 —0.2 0
500 5.7 0.3 04 —0.1 -+0.1
1000 4.7 1.3 1.5 —0.2 0
2000 1.4 1.6 4.1 --0.5 -+0.7
3000 —1.3 7.3 6.7 +0.6 —+-0.8
5000 —4.7 10.7 10.4 -+0.3 +10.5
7500 —8.1 14.1 13.6 —+0.5 +0.7
10000 —10.4 16.4 16.1 -+0.3 —+0.5
12000 —11.8 17.8 17.6 -+0.2 0.4
15000 —14.0 20.0 19.5 -+0.5 0T
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-Noise Level” switch

to the “0” position, and the “Input” switch to the “Check”

.

322-A is being metered through the
1stortion

“Distortion-Noise Level”” switch at the “Cali-

urement. Prior to making measurements, however,
brate” position adjust the “zero” control for a meter read-

the 69-C should be calibrated in the following manner

S

tions and the “Iine” control with the pointer approx

.

a clockwise direction and wait at least five minutes to
posi

allow voltages to stabilize.
ing of zero per cent (not 0 db).

mately vertical. Also, set the “Di

A few simple directions are all that is necessary for using this
and with the

If the output from the
de-emphasis network then the standard method of taking

(1) Turn the power on by rotating the “Calibrate” control in
(2) With no input signal to the “Osc.” binding posts or jacks
(3) Set the coarse and medium “Amplitude” controls to “0”

response measurements may be followed and the customary re

ence point of 1000 cycles used.

method of mea

ing

This de-

for this type

of measurement. The procedure employed here deviates from that
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igure 4 shows the complete equipment “setup
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-transmitter system.

fonitor.

22.A FM Modulation Monitor now acts
I\y

tor or demodulator of the FM signal, deliver
omponent of the detected signal to a pair of terminals

tor monitoring or measuring purposes. Into this audio circuit Is
built a de-emphasis network which is the counterpart of the

pre-cmphasis circuit employed in the transmitter.

3

C

Distortion and Noise Meter is employed as an output
and this reading maintained constant instead of that

c

.

.
]

-

-
ussed above in that once the audio level for 100 per cent

modulation has been determined an arbitrary level is set up on

69-(

<
.

A second and more flexible method for measuring the a-f
response is similar to that just described with the exception that

the 69

(

USING THE 69-C DISTORTION AND NOISE METER

FOR FREQUENCY RESPONSE MEASUREMENTS

the

therchy making it possible to measure either the pre-emphasis
on the 322-A Modulation

emphasis network may be switched in or out of the circuit,

level indicator. The

solely as a dete

the audio

or flat response of the studio
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answer to Par. 6(a) of Form No. 320.
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A set of curves similar to these must be filed in

FIG. 3. Frequency response cur
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position. Adjust the *Gain” control for full-scale meter
reading (0 db).

This completes the calibration of the Distortion and Noise Meter:
next. set up the 100 per cent level as follows:

(1 Be sure the a-f output of the 322-A is connected to the
Hi-Audio terminals of the 69-C. Rotate De-emphasis In-Out
switch (located adjacent to a-f Output Terminals) to de-
sired position.

(5) Following the procedure outlined under the first method of
a-f response measurement, adjust the audio input level to
the transmitting system for 100 per cent.

(61 Place the "Distortion-Noise Level” switch on =07, the Input-
Switch should be on “Hi-Audio”, and adjust the Amplitude
controls  for approximately mid-scale deflection of the

instrument.

{70 Holding this level constant proceed as outlined earlier for

7N

the tvpe of characteristic to be measured (flat or de-
emphasized as determined by position of switch-—see step 4,
above).

HARMONIC DISTORTION MEASUREMENTS

The circuit arrangement shown in Figure 4 may also be used
for checking the amount of harmonic distortion present in the
transmitted signal. If the speech input equipment and transmitter
are installed in the same room, a system check can be made;
otherwise, individual measurements will be necessary on the.
transmitting and speech input units. The reason for this is that
it 1s undesirable to operate the Distortion and Noise Meter re-
motely from the oscillator (68-B) since they are interconnected
and the effects of noise and distortion in long interconnecting
lines may be great enough to seriously affect the accuracy of
the measurements.

In making distortion measurements the indicating instrument
on the 69-C Distortion Measuring Meter denotes the distortion
factor; i.e., the ratio of the rms total distortion to the funda-

69-C ——
DISTORTION METER [~

322-A

Y

FM

FM  MODULATION

\
TRANSMITTERY

AUDIO -

MONITOR

— e e e e — /

S e — — ——" . . . . . S em— — e . — — — — ——

89-A /

EQUIPMENT

[}

FIG. 4. Arrangement of test equipment for measurement

of distortion in FM transmitting systen.

ATTENUATOR PANEL|-—~

68-B
AUDIO
OSCILLATOR
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FIG. 5. Typical distortion versus frequency curve for un FM transmitting system. A curve of
this type must be filed in answer to Par. 6(d) of Form No. 320.

mental amplitude. This is accomplished by suppressing the funda-
mental frequency component of the wave in question and meas-
uring the rms total of the remaining components. Elimination
of the fundamental frequency component is secured by adding
to the signal, from the equipment under test, a sine wave of the
same frequency, equal in amplitude to the fundamental com-
ponent, but 180 degrees out of phase with it. This voltage is
secured from the same oscillator (68-A or 68-B) which supplies
the signal to the equipment under test and is adjusted in ampli-
tude and in phase by use of the controls on the panel of the
Distortion and Noise Meter. Distortion readings directly in per
cent of the fundamental amplitude are obtained by first adjusting
the meter to read full scale (100 per cent) with only the sine
wave input connected.

Distortion measurements are accomplished as follows:

(1) Check the calibration of the Distortion and Noise Meter as
outlined in the section for frequency response measurements
(see steps 1 through 3).

(2) By regulating the volume control knob on the 68-B B.F.O.;
adjust the audio input level to the equipment under test to
produce 100 per cent modulation (as indicated by the 322-A
FM Modulation Monitor). It is desirable to operate the
B.F.O. at as high an output as practicable, thus improving
the signal to noise ratio; therefore, one or two attenuator
pads on the 89-B Attenuator Panel should be “cut in.”

(3) Apply a signal from the 89-B Attenuator Panel to the Dis-
tortion and Noise Meter by plugging in a “patch cord” be-
tween the jack marked “Dist. Meter” on the Attenuator Panel
and the jack labeled “Oscillator” on the 69-C. Place the
“Distortion-Noise Level” switch on “Cal.” and adjust the
“Calibrate” control for full-scale reading. This setting should
remain unchanged. If a full-scale reading is unattainable by
adjustmeént of the Calibrate Control it will be necessary
either to ‘“cut out” or “cut in” some of the pads on the
attenuator panel. Should any change in the pads be neces-
sary, a readjustment of the volume control knobs on the
B.F.0O. will also be required to bring the audio level
back to the required for 100 per cent modulation of the
transmitter.

(4) Place the “Distortion-Noise Level” switch on “0”, the Input
Switch should be on *“Hi-Audio” (the 322-A Monitor is
connected to these terminals) and adjust the Amplitude
Controls for full scale deflection of the meter.

(5) Place the “Distortion-Noise Level” switch on “100” and
adjust the “Phase” controls until the meter reading is below
the calibrated portion of its scale. Turn the “Distortion-
Noise Level” switch to *“30” and by further adjustment
of both the “Phase” and “Amplitude” controls obtain a
minimum meter reading, turning the ‘Distortion-Noise Level”
switch for increased sensitivity as required.

With the selector switch placed on “Cal.” during distortion meas-
urements, the meter reading may vary with the position of the
“Phase” controls. This is a normal characteristic resulting in
an error of not more than 10 per cent on the “% Distortion”
scale indication. In order to eliminate this error, place the selector
switch on “Cal.” (after adjusting the phase controls for a bal-
anced condition) and readjust the “Calibrate” control for a full
meter indication. A slight readjustiment of the “Fine” amplitude
control will then be necessary for the final balance.

After obtaining an exact balance, the amount of total distor-
tion is obtained by reading both the “meter” and “switch” scales.
After a. reading has been taken the switch should be returned
to the “Cal.” position before making any adjustments to the
equipment, in order to protect the meter. Distortion measure-
ments should be made in this way at frequencies of 50, 100, 400,
1000, 5000, 10,000 and 15,000 cycles for 100 per cent modula-
tion. The readings may be conveniently plotted in the form of
a curve of distortion vs. frequency as shown in Figure 5.

FM AND AM NOISE LEVEL MEASUREMENTS

The necessary measurements of FM noise level may also be
made with the test equipment shown in Figure 4. The 69-C is
adjusted for full-scale deflection at the 100 per cent modula-
tion level. The input signal is removed from the transmitting
system and the input terminals shorted. The residual noise and
hum is amplified until a reliable meter deflection is obtained.
The noise level is then read directly in decibels from the meter
and attenuator scales.

For measuring the AM noise component of an FM carrier, a
simple, untuned r-f rectifier inductively coupled to the PA plate
tank coil is substituted for the 322-A FM Modulation Monitor.
The rectified or demodulated output signals from this diode
rectifier are fed into the 69-C Distortion and Noise Meter. In
order to “calibrate™ the 69-C a special procedure must be fol-
lowed. The article “FM Noise evel and AM Noise Level” printed
in the January 1944 issue of Broabpcast NEws describes this
procedure in detail.

17
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WOOC...... WOOW

INTERNATIONAL BROADCAST STATIONS INSTALLED
By CBS AT WAYNE, N. J.

by R. N. DeHART

General Engineering Department
Columbia Broadcasting System, Inc.

R dio programs originating in the United States are being
successtully rveceived in both the “European Theater” and the
“Pacihe Theater” of the present world conflict. Shortwave trans-
mitters located in this country and operating on frequencies
within the various international bands from 6 to 21 megacycles
are beaming transmissions directed at all the major areas of
the world. These transmissions are received direct by listeners
emploving shortwave recciving sets i the enemy homeland and
occupied territories. To augment this service, these same trans-
missions are picked up and relaved by transmitiers located in
ailied and liberated territorv which operate on frequencies in
the “broadcast band.” Thus, people in enemy territory have the
opportunily of hearing the Uniled States” messages of liberation
even though the receiving sets in their possession may nol be
capable of tuning through the international bands. In addition
to foreign language programs, entertainment is broadcast by
the Armed l'orces Radio Service 1o men of the United States
Armed Forces stationed throughout the world and includes the

18

retransmission of popular programs carried by the major net-
works in this country.

With this country’s entry into World War Il all of the then
existing shortwave broadcast facilities located in the United
States “went to war.” Transmissions originating at the Columbia
Broadcasting Svstem plant located at Brentwood, New York, were
heard in Europe and Latin America over stations WCBX, WCRC
and WCDA.". 2. ¢

Early in 1943 the United States Government, through the
Ofhice of War Information (OWI), completed plans to expand
greatly the International Broadecast transmitter facilities within’
this country. The Columbia Broadcasting Systems’ part in this
expanston included:

l. Placing a fourth transmitter in operation at Brentwood
employing a carrier power of 50 kw and identified by the

call letters WCBN.

2. The construction of a “super-power” international trans-
mitting plant near Los Angeles, California where two new
50 kw transmitters, KCBA and KCBF, “took to the air” in
November, 1941, and where construction is now progress-
ing towards the completion of a third transmitter capable
of emitting a carrier power of 200 kw.

www.americanradiohistorv.com
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FIG. 1. Longitudinal section of transmitter building, located at Wavne, N. J., which houses
OWI-CBS International shortwave stations WOOC and WOOW'.
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FIG. 2. Floor plan of OWI-CBS plant showing general placement of the two RCA 50 KW shortwave transmitters. Three complete r-f channels are
mounted adjacent to one another on one side of the transmitter room and twe complete modulator-power supply units are on the opposite side.
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FIG. 3. View of WOOC and WOOW transmitter panels at Wayne for the three RCA r-f channels; each channel consists of a complete exciter unit,
from eryvstal oscillator to driver stage, including a 50 KW r-f power amplifier.

5. The installation of two new 50 kw transmitters at the former
WABC transmitter site located at Wayne, New Jersev.

In order to place these latter transmitters in operation in a
minimum of tine, it was decided to utilize the existing building
and land at Wayne. By so doing, a building planning and con-
struction period ol from four to six months was eliminated.

Two modilied RCA Tvpe 50-5W, 50-kw tran=mitters were in-
stalled and three directional antennas of the rhombic tvpe con-
structed. The engineering and installation plans were fashioned
with the main ohjective of placing this plant in operation in the
least possible time. Delivery of transmitler equipment was ac-
cepted from RCA as it became available at the factorv. Com-
ponent parts, which usuallv arrive as part of a completed trans-
mitter, were installed long before fabrication of the transmitter
proper was completed at the RCA factory. The major part of
atl wiring and plumbing was finished prior to the delivery of
the transmitters.

Construction work at Wavne was started on July 1, 1943 and
the last shipment of transmitter equipment from RCA was re-
ceived in November 1913, The WOOC and WOOW transmitters
were placed in test operation in December 1943 and officially took
the air for regular operations on December 31, 1943. The fol-
lowing is a description of some of the more interesting features
of this installation.

BUILDING
Although considerable time was saved by utilizing an existing
building, it did offer some problems. Usually the area required
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to house the transmilting equipment is laid out and a building
designed accordingly. In this case, however, this practice could
not be followed. Instead, the equipment layout was tailored to
fit the building in a manner which would require the fewesl
possible alterations. The major building alteration consisted of
the removal of a section of a main bearing wall at the entrance
to the transmitter room proper. A horizontal lintel was placed
to take the load originally carried by this section. This alteration
provided enough additional area in the transmitter room to house
the control console and associated audio and test equipment racks.
Figure I shows a longitudinal section through the building.

The floor trench system required to accommodate the inter-
connecting wiring of the various transmitter units was constructed
in the following manner. A false concrete and cinder fill of
approximately six inches was laid over the existing concrete
floor. The proper form work provided the required trenches.

The transmitter units on the first floor were so located that
advantage could be taken of the existing transformer vaults in
the basement. Figure 2 shows the floor plan of the first floor
of the building.

TRANSMITTER DETAILS

The standard RCA Type 50-SW, 50 kw shortwave transmitter
consists of two complete r-f channels, each capable of being tuned
throughout the International bands of 6 to 21 megacycles, and
one modulator-power supply unit. Switching facilities are pro-
vided enabling the modulator-power supply unit to energize
either of these two r-f sections. With this arrangement it is

www.americanradiohistorv.com
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FIG. 4. General view of modulator-power supply panel arrangement. To place these units, as well as the r-f channels, within existing CBS building
area required an alteration in the standard RCA enclosures and panels.

possible to pre-set an idle r-f channel and then instantly change
operating frequency at the desired time. This transmitter has
been previously described in detail in Broancast News, (“The
50-SW”, Broapcast News, No. 38, Jan. 1944).

The RCA transmitter equipment furnished by OWI for in-
stallation at Wayne consisted of two complete modulator-power
supply units and three complete r-f sections; these were of
standard design and assembled by RCA in accordance with their
regular layout. In effect, therefore, we had one complete standard
RCA 50 kw transmitter including the two r-f channels and asso-
ciated switching facilities, and one RCA 50 kw transmitter with
one, instead of the usual two, r-f channels.

Building layout requirements, and a desire to provide a flexible
switching system whereby each of the two modulator-power supply
units coull be switched so as to energize two r-f channels, neces-
sitated consilerable additions to the standard RCA circuits and
layout. The standard RCA panels and transmitter enclosures of
the r-f sections and the modulator-power supply unit were de-
signed and constructed to be mounted adjacent to one another.
As can he seen from the Wayne floor plan drawing, these units
were nol placed in this fashion. The three r-[ sections were
localed adjacent to each other on one side of the transmitter
room (see Figure 3) and the two modulator-power supply units
on the opposite side (see Figure 4). The separation of these sec-
tions required some alleration in the transmitter enclosures
and panels. This work was done at the RCA factory to CBS
specifications.

MODULATOR AND POWER SUPPLY SWITCHING

Figure 5 shows a simplified block diagram of the transmitter
switching circuit used at Wayne. It illustrates how r-f channel
#2 can be switched to either modulator “A” or modulator “B”,
whereas r-f channel #1 can be energized only from modulator
“A” and r-[ channel #3 onlv from modulator “B.” It will be

R.F. RF R.F.
CHANNEL CHANNEL CHANNEL
*, *, *3
o— © —
e
MODULATOR MODULATOR

POWER SUPPLY POWER SUPPLY

UNIT A UNIT 8

FIG. 5. Simplified block diagram of transmitter switching circuit in use

at OWI-CBS International transmitting plant located at Wayne, N. J.

It illustrates how r-f channel #1 can be energized from modulator “A”.

and r-f channel #3 from modulator “B”; whereas r-f channel #2 can
be switched to either modulator “4” or modulator “B”.

21
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FIG. 6. Hlustration of multiple-wire rhombic antennas emploved at Wayne plant. Three different sizes are in use, their dimensions being determined
by design frequencies of 9.6 Me, 118 Mce and 153 Mec. These are connected as terminated rhombics and each can be operated over a relatively
wide band of frequencies providing antenna facilities for the International frequency range of 6 to 21 megacycles.

noted that three basic circuits are switched: the 10 kv modulated
plate supply for the final r-f stage, the 5 kv plate supply in-
tended for the r-f driver stage, and a 1.5 ky plate supply voltage
used for the remaining r-f stages of the transmitter.

From a design and construction requirement, this switching
system appears relatively simple. However, the necessary circuit
changes from the standard RCA layout were quite complex and
required the addition of numerous multiple contact relays and
contractors. The complexity of the switching system results from
the fact that a large number of auxiliary circuits must be switched
as well: ie., all overload protection, interlock circuits, control
circuits, and indicating circuits. I'rom an operations standpoint
the system is simple and foolproof. It is possible to pre-set the
transmitter combination desired and, by the use of one manually-
operated switch, transfer a given modulator unit to a pre-tuned
r-f channel. Antenna selection is performed in this same opera-
tion as detailed below. The time required to make a switch is
approximately five seconds. The switching system is completely
interlocked. It is impossible for an operator to switch a “hot”
unit or place two r-f channels on one modulator unit.

ANTENNAS

The OWI and the International Broadcast Licensees, with the
cooperation of the FCC, standardized on the type of antenna to
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be installed at the various International transmitter plants during
the present war. The rhombic was chosen as standard because it
possesses the following advantages:

1. Requires less “critical” material for its construction.
2. Is easily constructed.

3. Can be operated over a wide band of frequencies and
thereby reduces the number of antennas required, at a
given plant, to cover the International bands of 6 to 21 mec.

These rhombics, Figure 6, are of the “multiple wire” type;
each side consisting of three conductors. The purpose of using
this type of design is to minimize terminal impedance variations
with frequency. The use of multiple wires compensates for the
increasing distance between the antenna conductors as the side
poles are approached, the maximum separation occurring at this
point. The three wires are joined at each end pole and taper
to a maximum separation, in the vertical, at the side poles. In
effect, this increases the antenna wire diameter as the sides of
the rhombus separate.

To obtain the desired characteristics of a rhombic antenna, its
open end must be terminated in an impedance equal to the char-
acteristic impedance of the antenna. Provision must be made in
this termination to dissipate from one-third to one-half of the
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power fed to the antenna. the exact amount depending

ANTENNA 2 ANTENNA 3

HQI,] - iﬁ‘*

on the operating frequency. A high-attenuation trans-

mission line was constructed at Wavne to serve as
a dissipation network. Stainless steel wire po-sesses
hoth the desired attenuation characteristic and long

life. It was therefore selected to he ueed in the con-

struction of the dissipation lines. The impedance of

—

these lines is approximately 600 ohms. obtained with
a wire size 20, apaced 12 inches. A value of 600 ohms
approximates the open end terminal impedance of the
rhombics at their design frequency,

The antenna swilching system emploved at Wayne
i« «shown in Figure 7. 10 s decigned around a “trip-
lock™ type r-f contactor and s operated by applving
a momentary pulse to its solenoid coil. This puls»

causes the contractor arm to lock n one of its two

Lo —_— e —J
O . o
O— A\r s
P o\r o o -
Pa2 L]

FIG. 7. Schematic diagram of the antenna switching svstem. A “tripJock™ tvpe of

r-f contactor is operated by applving a momentary pulse to its solenoil coil. wchich

plmiliﬂllﬂ.

Ten comactors are required at Wayne o facilitate
selecting any of the three antennas to be connected
to any of the three r-f channels, Provi-ions were made
to inerease readily the switching capacity  of this
system o as to accommodate additional antenna~. This svstem of
contactors 1s mounted on a framework located over the r-f chan-
nels, The antenna transmission lines are brought into the huilding
at this point.

The selection of a desired antenna to be driven from a given
r-f channel is made by operating a small selector switch located
on the transmitter control panel. This panel is mounted in the

equipment racks that contain the audio measuring equipment and

is readily aeccessible from a position at the control console. As

causes the contactor arm 1o lock in one of its twee positions. The antenna seiection
and modulator r-f channel transfer is performed by the same aperation. The entire
system can be pre-set and the manual operation of one sicitel acill connect the
seloctod antenna to the correct r-f channel. and at the same time o given modulator

will be connected through to the pre-selected rf channel.

mentioned above under “Transmitter Details.” the antenna and
modulator r-f channel transfer is performed by the same opera-
tion. The entire system can be pre-set and at the desired time
the manual operation of one switch will connect the zelected
antenna to the correet r-f channel. At the same time. a given
modulator will be connected through 1o the jre=elecied r-f
channel.
As with the modulator r-f channel transfer svstem. the antenna
swilching svstem is completely interlocked. Tt is impossible 1o
switch a “hot”™ antenna. nor can plate
power be applied to an v-f channel not

connected through to an antenna.

AUD!O FACILITIES AND
MEASURING EQUIPMENT

The audio facilities at Wavne were de-
signed and azsembled by CBS. Two
identical audio channels provide an in-
dependent feed 1o either of the two
medulators, This lavout follows the con-
ventional practice whereby  the  studio
line-cireuits normally supply program to
to the transmitters. In an emergency.
however. a ltranseription  turntable or
microphone can be operated direct at the
Wavne plant.

Fach channel includes an automatic
program amplifier capable  of heing
adjusted for a value up to approximately
15 db of limiting. The use of this large
amount of lmiting is a wartime measure
intended to inercase the coverage of a

given transmitter.

FIG. 8. The RCA control consoles include
both an andio mixer panel and a transmitter
supervisory control panel. The control panel
contains transmitter-indicating lamps. overload
re-sets. and transmitter-plate-voltage controls.
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The RCA r-f transmitter channels received at Wayne did not
contain an r-f monitor circuit for driving a monitor-speaker
system as an air-check. Therefore, three diode rectifier units were
constructed for use with each of the three r-f channels. A system
of relays, operated in conjunction with the r-f modulator transfer
system. automatically connects the output of a given r-f rectifier
to the correct monitor-speaker channel. Two monitor-speaker
channels are provided. each being associated with one of the
two call letters, WOOC and WOOW. These speakers are mounted
in baffles located directly above the audio racks.

Two RCA control-console desk assemblies were furnished as
part of the Wayne transmitter equipment. These control consoles
consist of both an audio mixer panel and a transmitter control
panel. The transniitter control panel contains the usual trans-
mitter indicating lamps, overload re-sets, PA plate supply con-
trols, ete. The CBS audio facilities were designed so as to utilize
components of the RCA mixer. The two RCA control turrets were
structurally modified and mounted one above the other as shown
in I'igure 8. The rack equipment layout is illustrated in Figure 9.
Five racks were installed; three of these house the audio and
the monitoring equipment: the remaining two are used to mount
various measuring equipment and control panels. In this way
all equipment that requires a source of r-f is segregated into
two of the racks. thereby minimizing the possibility of r-f pickup
by the audio circuils.

The measuring equipment complement includes: GR 731-A
modulation monitors, RCA 303-A and 300-A frequency deviation
monitors., HP audio frequency oscillators, and a GR 732-B noise
and distortion measuring unit. R-I' switch panels were constructed

and installed. These enable the connecting of any of the various

test equipment to an r-f source from any of the three trans-
mitter channels.

PRIMARY POWER FACILITIES

Power is supplied to the Wayne plant by the Jersey Central
Power Company. Two independent circuits terminate at the CBS
Fower mat, which is located a short distance from the main
trtansmitter building. Each of these is 4160 volt, 4 wire, 3 phase.
Three transformers, each rated at 200 kva, are Y-delta con-
nected to obtain the 2400 volts fed to the transmitter building.
This provides a 2400 volt, 3 phase source capable of handling
a maximum load of 600 kva.

At the transmitter building the 2400 volt, 3 phase circuit is
fed to each of the two RCA modulator-power units. In addition,
a bank of general distribution transformers are energized. These
furnish both a 120-volt, single phase, and a 208 volt, 3 phase
source, used for building lighting and general utility.

Of the two 4160 volt circuits supplied by Jersey Central Power,
one is intended as a regular line, the second as an emergency
service. Automatic switching gear has been installed at the power
mat. In the event of a failure of the regular circuit, the switch
gear instantly selects the emergency line. When the regular line
has been restored to normal, the switch-back to this circuit is
effected by the push of a button located in the transmitter room
proper. Indicating lamps are provided at the transmitter build-
ing, showing which of the two circuits is in service at a given
time.

CONCLUSION

The OWI-CBS international transmitting plant located at
Wayne has now been successfully operated for over a year.
Stations WOOC and WOOW have regu-
larly transmitted on a schedule averaging
twenty hours daily. The “hour-meters”
of the two RCA transmitters now read
8,600 each, or a total 50 kw carrier time
of approximately 17,200 hours.

The overall performance of the Wayne
plant has been in agreement with the
original design requirements and little
scheduled transmission time has been
lost as a result of equipment failure.

1'A. B. Chamberlain, “CBS International
Broadcast Facilities,” Proceedings of the
IRE, Vol. 30, No. 3, p. 118 (March, 1942).

2 H. Romander, “New 50 KW CBS Interna-
tional Broadcasters,” Electrical Communi-
cation, Vol. 21, No. 2, p. 112 (1943).

3 H. A. Chinn, “Audio and Measuring Facilities
for the CBS International Broadcast Sta-

No. 3, p. 174 (1943).

FIG. 9. Audio and measuring equipment cab-

inet racks employed at shortwave station

WOOC and WOOW. Five racks are shown.

Three of these house the audio and the moni.

toring equipment, and the remaining two are

used to mount various measuring equipment
and control panels.
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BUY MORE WAR BONDS i

(;;?F'

ELECTRONIC TELEVISION
IS AN RCA DEVELOPMENT

This is the first of a series of advertise-
ments which will show that RCA en-
gineers developed the basic essentials of
the electronic television system — in-
cluding tubes and circuits.

RCA built the first all-electronic tele-
vision transmitters and receivers—the
first commercial television station —
established the first television relay sys-
tem -— presented the first electronic
theatre television — was the first to
televise a baseball game, and a Broad-
way play; and was first to televise from
an airplane.

RCA is, and will continue to be, the
leader in practical, successful commer-
cial television. You may expect the best
of all kinds of television transmitting
and receiving equipment from RCA.

RACTICAL TELEVISION began when
P television became all-electronic.
ALL-electronictelevision began with
the RCA Iconoscope.

The desirable possibility of dis-
placing mechanical scanners by an
all-electronic system was recognized
very early. However, a practical elec-
tronic television pick-up device re-
quired a sensitivity that no ordinary
tube possessed.

The Iconoscope, developed by Dr.

V. K. Zworykin, Associate Director
of RCA Laboratories. was the first
electron tube to answer this need.
By utilizing the now famous “stor-
age principle.” in which energy is
stored up between successive scan-
nings. the Iconoscope made elec-
tronic television a reality.

Under the direction of Dr. Zwory-
kin, RCA engineers have brought
the Iconoscope to its present high
degree of perfection.

The Fountainhead of Modern Tube Development Is RCA

RADIO CORPORATION OF AMERICA

RCA VICTOR DIVISION . -CAMDEN, NEW JERSEY
In Canada, RCA VICTOR COMPANY LIMITED, Montreal

Wy americanradiehistorv.com
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HOW TO DETERMINE THE AREA
AN FM STATION SHOULD SERVE

Details of the procedure to be followed in determining

the ““trade area’” and ““service area’’ of an FM station

by JOHN P. TAYLOR
RCA Victor Division

’].1 he f{irst steps in planning an I'M station are to decide on the
type of station to be installed and the frequency for which to
apply. When these decisions have been made, the next step is
to determine, at least approximately, the area which the station
will be required to serve. It is desirable that this be done before
an attempt is made to choose a location for the transmitter
since, as will be made evident later, the area to be served has
an important bearing on the choice of a location.

The method of determining the service area of an FM station
is described, in some detail, in the Rules and Regulations of
the IFCC and should be followed as closely as possible. Two
procedures are described: one for the case where there are

existing stations (or applications) in the community and an-
other for the case in which the application in question i$ the

first to be filed.

IF THERE ARE EXISTING FM STATIONS IN THE AREA

Rule 3.227 of the FCC states that: “Stations located in the
same city shall have substantially the same service area.” There-
fore, if an application is to be made for an FM broadcast station
in a locality where one or more such stations are already oper-
ating (or have been granted construction permits), the new
application should, as a rule, specify a service area approximately
coinciding with that of the existing station or stations. In other
words, the proper service area for that locality has (presum-

Fre- Cov-
Carr StaTte anp City L1CENSEE QUENCLY ERAGE
(megs.) (sq. mi.)
CALIFORNIA

KHIJ-FM Los Angeles Don Lee Broadcasting System 44.5 6,944

KRTLO “lLos Angeles M-G-M Studios 46.1 7,000
CONNECTICUT

WTIC-IFM Hartford The Travelers B € Service Corp. 45.3 6,100

WDHRC-FM Hartford WDHRC, Incorporated 46.5 6,100
ILLINOIS

WHEBM-IM Chicago Columbia Broadcasting System 46.7 10,800

WHLEM Chicago Moody Bible f[nstitute of Chicago. 47.5 10,800

WGNB Chicago WGN, Incorporated 45.9 10,800

WEHS *Chicago WHI'C, Incorporated . 483 10,800

WWZR Chicago Zenith Radio Corporation............. 45.1 10,800
INDIANA

WMLE, Evansville Fvansville On The Air, Inec. = 8,400

WOWO-I'M lort Wayne Westinghouse Radio Stations, Inc. 449 6,100

WARBW *indianapolis Associated Broadcasters, Inc. . 473 8,?00

wSsBF South Bend South HBend Tribune.. ... 47.1 4,300
LOUISIANA

WRBRL Baton Rouge Baton Rouge Broadcasting Co. 44.5 8,100

MASSACHUSETTS

WRBZ-FM Boston Westinghouse Radio Stations, Inc. 46.7 6,700

WANMTW Boston The Yankee Network, Imc. ... 439 31,000

WGTR Boston The Yankee Network, Inc. ... .. 443 19,230

WBZA-FM Springfield Westinghouse Radio Statiens, Inc. 48.1 2,500

WIEAG-FM Worcester Worcester Telegram Pub. Co. ....... 46.1 4,465
MICHIGAN

WILOU Detroit John lLord Booth s 449 6,732

WENA Detroit Evening News Association ... . 44.5 6,820
MISSOURI

KOZY Kansas City Commercial Radio Equipment Co. 44.9 4,410

KMBC-FM Kansas ity Midland Broadcasting Company.... 46.5 6,700
NEW JERSEY

WIMN Alpine Edwin H. Armstrong 43.1 15,610

WAAW *Jersey City Bremer Broadeasting Corporation 49.5 6,200

COMMERCIAL FM STATIONS

. ) . Fre- Cov-
CaLL StaTE ANp CaTY LiCENSEE QUENCY ERAGE
(megs.) (sq. mi.)
MEW YORK
WNBF-FM Binghamton Wylie B. Jones Adv. Agency . 449 6,500
“'llANl New York Bamberger Broadcasting Service 47.1 8,500
WNYC.FM New York City of New York Municipal Broad-
casting System 43.9 3,900
WABC-FM New York Columhia Broadcasting System 46.7 14,150
wWOXQ New York Interstate Broadcasting Co., Inc. 45.9 8,500
“ﬁHNF New York Marcus Loew Booking Agency.. 46.3 8,500
WABF New York Metropolitan Television, Inc. . 475 8,500
WGYN New York Muzak Radio Broadcasting Sta-
tion, Inec. B . 44.7 8,500
WEAF-FM New York National Broadcasting Co., Inec... 45.1 8,500
WFGG *New York Wm. G. H. Finch.... ... 45.5 8,500
WHFM Rochester Stramberg-Carlson Company . 45.1 3,200
WHEF Rochester WHEC, Incorporated .. 44.7 3,200
WBCA Schenectady Capitel Broadcasting Co., Inc. 44.7 6,589
WGFM Schenectady General Electric Company . 48.5 6,600
NORTH CAROLINA
WMIT Winston-Salem Gordon Gray 4.1 69,400
OHIO
WELD Columbus WBNS, Incorporated ... . 445 12,400
PENNSYLVANIA
WPEN-FM Phitadelphia Wm. Penn Broadcasting Company 47.3 9,352
WIP-FM Philadelphia Pennsylvania Broadcasting Co. SR ¥ St 9,300
WLBG *Philadelphia Seahoard Radio Broadcasting Corp. 46.5 9,300
WCAU-FM Philadelphia WCAU Broadcasting Company .. 46.9 9,300
KYW.FM Philadelphia Westinghouse Radio Stations, Inc. 45.7 9,300
WFIL-FM Philadelphia WFIL Broadcasting Company .. ... 45.3 9,300
KDKA-FM Pittsburgh Westinghouse Radio Stations, Inc. 47.5 8,400
WTNT Pittsburgh WWSW, Iucorporated ... .. 44.7 8,400
TENNESSEE
WSM-FM Nashville National Life & Accident TInsur-
ance Company ... ... 44.7 16,000
UTAH
KSL-FM *Salt Lake City Radio Service Corp. of Utah. ... 44.7 700
WI1SCONSIN
WMFM Milwaukee The Journal Company.. e 45.5 8,500
WDUL Superior Head of the Lakes Broadcasting
Company ... - . 445 407

* —Construction Permit only.

FIG. 1. Commercial FM stations as of February 1, 1945. Note that stations in the same area are assigned the same “Coverage” area.
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ably) been determined by the previous
application. In this case, the new appli-
cant should consult the files of the ['CC
to find out what. this area is, and (un-
less there are good reasons for doing
otherwise) use it in planning the sta-
tion as outlined in the following sections
(Figure 1).

It should be noted that while this
“freezes” the area to he served by sta-
tions in a given locality, it does not
necessarily result in the use of the same
power by these stations. Because of dif-
ferences in antenna elevation and antenna
gain, the power required by two stations
serving the same area may be quite dif-
ferent. This will be true particularly in
larger cities where one station may be
successful in locating a tall building
while late-comers may have to use much

lower buildings.

IF THE APPLICATION
IS THE FIRST IN THE AREA

If there has been no previous appli-
cation for an M broadcasl station in the
area, then the proper service area must
be determined by the method outlined by
the IFCC in the release entitled, “Con-
cerning Applications for High Frequency
Broadcast Stations” (Form 43759). In
brief, this method consists of two steps.
The first step is to make up a composite
map on which are drawn the boundaries
of the trade area as given by several
authorities. The second step is to draw
on this map an average boundary which
is then considered as the area which the
station should (at least theoretically) be
planned to serve. The procedure is oul-

lined in detail below.

OBTAINING THE
“TRADE AREA” MAPS

There are a number of economic
authorities who produce maps showing
“retail shopping” or “trade” areas which
may be used for this purpose. The FCC
rules mention four of these, as follows:
1. RETAIL. SHOPPING AREAS (J.

Walter Thompson)

Available from American Map Co.,

16 East 42nd Street, New York City—

also contained in Market Data Hand-

hook of U. S. Domestic Commerce

Service, No. 30, obtainable from
Documents, Government

Supt.  of
Printing Office, Washington, D. C.
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FIG. 2. 4 section of one of the “Trade Ared” maps suggested for use in determining the service

areas of I'M stations. The “Trade Areas” surrounding “Principal Cities” are shown by heavv lines.
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FIG. 4. A4 section of another “Trade Area” map for the same general area. It will be noted that

the boundaries of the individual “Trade Areas” vary somewhat from those shown in Figure 1.
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Rouge “Trade Area” as shown by the maps of Figure 2 and Figure 4,
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2. CONSUMER TRADING AREAS
(Hearst Magazines, Inc.)
Available from Hearst Magazines,
Inc., Marketing Divisions, 57th and
8th Avenue, New York City—also con-
tained in Market Data Handbook.
(See 1, above.)

3. TRADING AREAS (Rand McNally
Map Co.) \
Available from Rand McNally Map
Co., 536 South Clark Street, Chicago,

[Hinois.

4. FOUR-COLOR RETAIL TRADING
AREA MAP (Hagstrom Map Co.)
Available from Hagstrom Map Co.,
20 Vessey Street, New York City.

The FCC rules also state that other
sources of information may be used when

available.

USING THE MAPS

The method of using the maps in de-
termining a particular service area can
be best shown by a specific example. The
example used will be that of a basic
trade area station located at Baton
Rouge, La. Figure 2 shows a part of one
of the trade area maps listed above. As
the first step, the trade area shown on
this map for Baton Rouge is transposed
to a map of the State of Louisiana as
illustrated in Figure 3. In Figure 4 is
shown a part of another of the trade area
maps mentioned above. It will be noted
that on this map the trade area indicated
for Baton Rouge is somewhat different
from that shown in Figure 2. This area,
therefore, is also plotted on the State
map, as illustrated in Figure 5. This same
procedure is followed with each of the
other two maps until the areas outlined
on all four have been noted on the one
map as shown in Figure 0. Since most of
the mapping authorities follow county
lines in delineating the trade areas, this
is not hard to do. After the four boundary
lines have been drawn in this way, a
sort of average boundary can be drawn
by simple inspeciion. The best way to
do this is by placing a piece of tracing
paper over Figure 6 and sketching in the
boundary. The result will have the ap-

pearance of the heavy line of Figure 7.
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It is desirable, of course, that the bound-
ary be nearly circular, so that the re-
quired coverage pattern can be obtained
with a standard antenna. In the case of
WBRI,, it was found that a circle of 50
mile radius was a satisfactory average.
The area enclosed within the boundary
drawn in this manner is the area which.
by the FCC’s rules, the FM station should
provide with service. Stated in another
way, the 50-microvolt/meter contour of
the station (which is the boundary of
the area receiving the required minimum
signal) should coincide as nearly as pos-
sible with the average trade area bound-

ary as determined by the above procedure.

IF APPLICATION IS FOR
“LIMITED TRADE AREA” STATION

The method of determining trade area
as above described applies directly only
to stations of the basic trade area type.
In the case of limited trade area stations,
it is also necessary to establish a service
area. For this purpose, the FCC suggests
the Hagstrom Four-Color Retail Trading
Area Map mentioned above. This partic-
ular map shows the shopping areas for
smaller cities and towns as well as prin-
cipal cities and is, therefore, particularly
useful for this purpose. In many cases, it
will be possible to supplement this with
information from other sources, par-

ticularly those with direct local contact.

OTHER CLASSES OF STATIONS

For stations designed to cover large
rural areas. the criterion in the estah-
lishment of a service area is coverage of
the maximum area that is practical, con-
sidering the elevations available in the
region. This must, in any event, be not
less than 15,000 square miles. In such
cases, the service area map will usually
be left for .determination after the site,

antenna, and power have been decided on.

For stations designed to cover unusual
areas, the service area will also probably
be determined by practical transmitting
considerations, together with, as a rule,
data or information to show the need

for special consideration.
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FIG. 6. The same map after the boundaries of the Baton Rouge “Trade Area” as given bv the

form authorities (mentioned in the text) have been plotted.

BOUNDARY OF TRADE
AREA AS GIVEN BY
VARIOUS AUTHORITIEDS

'AVERAGE BOUNDARY
OF TRADE AREA

FIG. 7. Outline map made by tracing the important boundaries of the map in Figure 6 and
drawing in a curve corresponding approximately to the average of the four trade area boundaries.

This “average boundary” is the area which the station should be designed to serve.
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Left — The control room in the studios
shared by FM station WSBEF and AM station
WSBT. Two RCA 76-B2 Consolettes handle
the output of two studios. A master control
console (center) provides monitoring and
switching of outgoing lines to the two
transmitters, The RCA 70-C Turntables
may be seen in the foreground. In the
studios RCA 41-BX Microphones are used.

Below—"The FM-10-A Transmitter at WSBF
is installed in the center of the operating
room. This 10 KW Transmitter, presenlly
operated at reduced power, will resume
operation at full-power rating as soon as
wartime restrictions are lifted. To the left
and right of the FM transmitter are racks
containing the AM and FM monitors; and
bevond them, at either end, are the main
and standby transmitters of WSBT,



www.americanradiohistory.com

A-LI5E

SO

WSBF, the FM station of the South Bend

\ 3 Tribune, uses RCA equipment throughout. In
the studios are RCA -+1-BX Microphones; in the control

room are RCA 70-C Turntables, RCA 76-B Consolettes
and a special RCA-built master control console. At
the transmitter building are an RCA FM-10-A Trans-
mitter and RCA frequency and modulation monitors.
The antenna is an RCA-developed four-bay turnstil

using concentric {eeders.

WSBF is a sister station of WSBT. the AM station
operated by the South Bend Tribune. It is interesting
to note that WSBT, like hundreds of other AM

stations is also completely RCA equipped. Operators
of AM stations know the meaning of “RCA all the
way.” And they know that in RCA FM equipment
thev will find the same dependability and the same
advanced design (eatures that they have come to
expect in RCA AM equipment

Operators of both AMand I'M stations—and station
applicants—can make reservations right now for carly
delivery of RCA pastwar hroadeast equupment. For
information on our Broadeast Egquipment Priovity
Plan write Broadecast Fquipment Section, Radia Cor-
poration of America, Camden, N. L

BUY WAR BONDS

Below—The transmitter building and antenna sys-
tem of the South Bend Tribune's dual installation.
This building houses the 10 KW FM Transmutter of
WSBF. the 1 KW AM Transmitter of WSBT, an
auxiliary AM transmitter. audio and monitoring
equipment for both AM and F\M svstems and neces
sary maintenance facilities. The 1-bav turnstle of
WSRF is mounted on the top of ane of the towers
of WSBT's 3-taner directional array.

RADIO CORPORATION OF

RCA VICTOR DIVISION « CAMDEN, N.

AMERICA

In Canada, RCA VICTOR COMPANY LIMITED, Montreal
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HOW TO DETERMINE THE REQUIRED
TRANSMITTER POWER OF AN FM STATION

Method of calculating the transmitter power required
to provide coverage of a specified service area when

the antenna elevation and gain are known

by JOHN P. TAYLOR
RCA Victor Division

Thc regulations of the Federal Communications Commission
state, in effect. that the actual operating power of an FM station
must be that power which will provide a signal of 50 microvolt/
meter to an area which coincides as closely as possible with the
service area as determined by the method previously deseribed
("How to Determine the Required ‘Service Area’ of an FM
Station™ ). For example, if the service area is roughly hounded
by a circle having a radius of 10 miles, then the transmitter
power must be such that the 50-microvolt contour line is as

nearly as possible a cirele with a radius of 40 miles (Figure 1),

If the power required to do this comes out to be 3215 watts
then that is the power at which the transmitter must be operated.
As a result, FM operating powers are, in general, odd numbers
rather than the round figures encountered in AM broadcasting.
Also. they do not as a rule coincide with the maximum capability
of the transmitter which is installed (since transmitters are
manufactured in a relatively few power categories, whereas there
will be almost as many operating powers as there are stations).

The 'CC when granting an I'M station construction permit
does not specify the operating power, but instead specifies a
service area (in square miles) with the
understanding that the proper power to
cover it will be used. However, one ques-

AVERAGE BOUNDARY
OF TRADE AREA

ACTUAL BOUNDARY
OF SERVICE AREA
(50 4V/M CONTOUR)

tion on the application form requires
that the proposed operating power be
specified. Moreover, it is of course neces-
sary to know this power, at least approxi-
mately, in planning the installation and
deciding on the type and power of the
transmitter and accompanying equipment.
The calculation of operating power,
therefore, is a necessary and important
step in the overall planning of an FM
station. Unfortunately, it is a rather
complicated procedure (particularly in
cases of rugged terrain) and one which
will ordinarily have to be done by an
engineer who has had allocation experi-
ence. But, whether or not a consultant is
to make the final computations, it is
likely that the station manager and en-
gineer will want to understand the pro-
cedure in order to make their preliminary
plans in an intelligent way.

FIG. 1. The power and location of an FM

station should be such that the 50 microvolt

contour coincides as nearly as possible with
the “service area.”
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The approximate area to be covered, the location of the trans- AN EXAMPLE

mitter, the height of the antenna, and the power gain of the In order to help those unacquainted with allocation procedures
antenna will have a great effect on the power required and, to understand and visualize the steps in calculaling power, it
therefore, must be known before the power can be calculated. will be best to use a specific station inslallation as an example.
Assuming, that this information is available, what is the method The station in this case is WBRIL, the M broadcast station of
to Le followed in calculating required operating power? The the Baton Rouge Broadcasting Company (WJBO) at Baton
arswer is to be found in the Standards of Good Engineering Rouge. La. The various maps and figures used as examples here
Practice (FCC Form 41831) Section I, and the discussion which are reproduced from exhibits filed with the application of this
follows is essentially an elaboration of the material published station which was granted a CP in 1941 and which has now
there:n. been on the air more than four years.

FIG. 2. On « topographic map of the area. the transmitter site is carefully plotted and eight radials (spaced 45° apart) are drawn. Contour levels
along these radials are tabulated and plotted as shown in Figure 3.
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There is, of course, considerable danger in using a specific
example since local conditions may make any particular case
quite different from the example. However, the advanlages of
following one study through the conseculive steps will outweigh
possible disadvantages. providing the reader keeps in mind
that modifications of the method are sometimes required.

THE STARTING DATA

As already noted, it is necessary to know the following:
(a) the area to be served
(h) the location and height of the antenna

(c¢) the gain of the antenna.

Since. WBRL was to be a trade area station, the first step
was to draw the composite map showing the trade area as
given by the various authorities. This is reproduced in Figure |.
The heavy solid line is a sort of average boundary which
is considered to be the approximate area which the station should
serve. In this particular case this area is a circle with a radius
of about 50 miles. This is part (a) of the required starting data.
Next the site: since the -190-foot tower of WJBO (the applicant’s
AM station) was the highest point in the area, it was decided
to locate the FM station at the AM site. This gives additional
needed data. viz.. th) the antenna location and height (i.e., 190
feet plus ground level at the site of 20 feet, giving an overall
elevation of 510 feet). After some consideration a six--layer
squarc-loop antenna was decided on. This antenna was assumed
to have a power gain of 0.0 times, which gives the final part (¢)
of the starting information.

OBTAINING TOPOGRAPHIC MAPS

The next step is 1o obtain a topographic map of the area to he
served, that is. a map which shows the actual contours of eleva-
tion over the arca. The best maps of this kind are the Quadrangle
Charts prepaved by the Ul S0 Geodetie Survey Service, These
can be obtained from the Geological Survey, L. S. Depart-
menit of the Interior, Washington, D. C. and in many localities
from city. county, or state engineers’ oflices. Unfortunately, the
whole United States has not been thus mapped as yet and there
will be many places where they are, therefore, not available.
In such arcas other maps equally good may often be found.
These are the topographic maps prepared by waterway, flood
control, soil conservation and other similar public authorities.
Another type of map which the FCC mentions is the Aeronautical
Charts, available from the Civil Aeronautics Authority, Wash-
ington, D. C. talso at many airports). These show only the 1000-
foot interval contours, which generally is not considered sufli-
cient. lHowever, they may be acceptable where nothing e's> is
available. In the case of WBRL a map prepared for a Vississippi
River flood control project was found to give the deired con-

tours for most of the area concerned.

DRAWING THE RADIALS

On the topographic map selected the site of the station is
carelully plotted and from this point eight radials, spaced approx-
imately 13° apart, are drawn. Iigure 2 shows the WBRL map
with these radials drawn. (The 1000 microvolt and 50 microvolt
contours shown on this map should be disregarded for the
moment as they are drawn on later.)

FIG. 3. Elevations in each of eight directions are plotied as shown here.

Average elevations for each five mile sector are determined by “counting
" . . . .

squares” or planimetering. Data is tabulated as shown in Table No. 1.

34

By following along one of the radials and noting the distance
at which it crosses the various elevation contours a “profile
graph” of elevation vs. distance can be drawn as shown in
Figure 3. This is done for each radial in turn. Usually, the
complete set of graphs is plotted as shown in Figure 3. These
profile graphs indicate at a glance the nature of the terrain in
each of the eight directions from the station and they form the
basis for estimating the signal range in these directions.

OTHER SOURCES OF ELEVATION DATA

It will be noted that the map illustrated in Figure 2 does not
show contour lines all the way to the edge of the area in sev-
eral directions. This was because such data was not available
for that part of the area—a condition that will probably be met
with frequently. In such cases the proper procedure is to use
the next best information as to elevation. There are many such
secondary sources, most of them of a local nature. In most cases
there will be at least a few benchmarks available. Occasionally
it will be found that maps showing location and elevation of
wells are available in county offices. In other cases surveyors
may be able to furnish useful information. Such data is col-
lected, tabulated, and where necessary interpolated to provide
as many points as possible along each radial. In Figure 3 the
parts of the “profiles” determined by this means are shown
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DIVIDING INTO SECTORS

Assuming that the profiles have all been drawn, the next step
is to divide these into sectors; after which the average elevation
of each sector is determined and used in figuring coverage. The
division into sectors is by miles along the radial. Thus, in
Figure 3, 0 to 5 miles is one sector, 5 to 10 miles another, etc.
There should be at least ten sectors on each radial between the
site and the proposed 50 microvolt line. Since the distance for
the expected WBRL coverage was 50 miles, each sector was made
five miles long. Had this distance been 30 miles, each sector
would have been three miles. Had it been 65 miles, 13 sectors
cach of five miles would have been required.

After the profi'es have been divided into sectors the elevations
throughout each secior should he averaged by counting squares
or plainimetering. (In Figure 3, the average elevation of each
sector s marked directly on the graph sheet.) These elevations
are tabulated as shown in Table No. 1 and this information is
used in figuring the coverage in each direction.

DETERMINING COVERAGE FOR A GIVEN POWER

The next step is lo ascume a certain transmitter power and.
from the curves relating power, height and distance, determine
the coverage in each of the radial directions. To illustrate, in

the WBRL case, a | KW transmitter was tentatively planned.
From this 1000 watts at the transmitter it was. of course, neces-
sary to subtract the expected transmission line loss. Available
tables indicated that 500 feet of 74" concentric line would intro-
duce a loss of 1.6 db.. or 300 watts. Thus., 700 watts would enter
the antenna proper. Multiplving this by the power gain of six
(for this type antenna) gave a figure of 1200 watts for the
“effective power radiated” if the full power of the transmitter
were used. Assume for the moment that it would be.

For elevation there must be used in each instance the figure
obtained by subtracting from the antenna elevation (above sea
level) the average elevation over the area to the 50 microvolt
line. As a start. the “average” over the ten sectors should be
used. For WBRL the antenna height was 510 feet. The average
elevation along Radial A (on Table 2) was 155 feet. Thus, the
relative antenna elevation to be used in entering the curves was
355 feet.

The curves used for this purpose may be either those given
in the chart entitled, “Signal Range For High Frequency Broad-
cast Stations” (which is a part of Annex I of the FCC Standards
of Good Engineering Practice, part of which is reproduced in
Figure 4) or the set worked out by Mr. R. D. Duncan. Jr. (see
“Coverage Curves for FM Antennas”). The latter are derived
from the I'CC curves, but are spread out for easier reading and
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DISTANCE IN MILES OR TRANSMITTING ANTENNA HEIGHT IN FEET,

are particularly useful when a turnstile antenna is to be used.

Assuming the FCC curves are to be used, a start is made by
noting the point corresponding to 355 feet on the scale at the
left (Figure 4). From this point a line is drawn horizontally
across the chart until it intersects the slant line corresponding
to the “ellective power radiated” as calculated above. Since there
is no slant line shown for 4.2 KW, the point where the horizontal
line intersects the next nearest power category (in this case
5 KW) is marked and from this a vertical line is dropped to
the bottom of the chart. This is illustrated by the line marked
“A” on Figure 4. The abscissa of the chart is called 6. From
the way this chart was drawn it is known that 8 varies as the
square root of the power, thus:

B /42
05 K B 'v 2.0

92 X 65 g

and,

Bi 2 10w 92 X 800 736
Using this new value of 4, the chart is re-entered and a vertical

line continued upward to the curved line corresponding to the

height (in the case illustrated, the 500-foot curve is used since
no lower ones are shown). From this point, a line is followed
horizontally to the left and the distance read as 47 miles. This
whole procedure is shown graphically by the heavy solid line
with arrows.

By this means it is determined that the coverage for the as-
sumed power is 47 miles, providing the average elevation is
355 feet. But this was the elevation as averaged over 50 miles.
It is necessary, therefore, to check the average elevation over
47 miles and this is where the elevations by sectors become useful.
In this particular case it can be seen at a glance that the eleva-
tion averaged for 47 miles would not be very different from
that for 50 miles and the 17 miles is, therefore, allowed to stand
as the final figure. However, had the coverage come out appre-
ciably different (say 40 miles, so that the average elevation was
markedly changed) it would have been necessary to enter the

curves again and determine a new distance corresponding to the

changed elevation. In a very bad case it might he necessarv lo
go back and forth several times, each time reducing the error
by cut-and-try until the coverage comes out to correspond closely

to the distance represented by the average elevation used,
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FIG. 4. Purt of the FCC chart “Signal Range for High Frequency Broadcast Stations.” Using this chart the distance to the 50 microvolt line for a
given elevation and power can be determined as shown bv the solid line with arrows (see text). Distance to 1000 microvolt line is determined as
shown by the dotted line with arrows.
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COVERAGE IN EIGHT DIRECTIONS

The procedure above outlined for determining the range for
a given elevation profile must be carried through for the profile
graphs which correspond to each of the eight radials. This data
is collected and tabulated as shown in Table No. 2. After this
has been done, the same procedure is followed in determining
the distance to the 1-millivolt/meter contour. In this case, how-
ever, the markings “Power For 1000 uv/m Contour” are fol-

lowed. Since there is a curve for 34 KW—which, within the limits

of accuracy of the method, can be used for a calculated power
of 4.2 KW—there is no need to determine an equivalent 6 as
was done before. Instead, a vertical line is dropped from the
point where the horizontal line corresponding to the elevation
{445 feet for Radial A) and the slant line marked 4 KW
intersect. This line is then drawn to the curved line marked
E00 feet, and a horizontal line is drawn from this point to the
scale at the left. This course is illustrated on the graph by the
heavy- dotted line marked “B”. The distance to the 1000 micro-
volt contour is thus determined as 18 miles. The same procedure
is followed for each radial direction and the data tabulated as

in Table No. 3.

From the data in Tables No. 2 and No. 3 we can now plot
the 50 microvolt and 1000 microvolt contours which establish
the “actual service area” for the assumed power of the trans-
mitter. This is done by laving out on the topographic map
(Figure 2} the distances to these contours in each of the eight
directions and drawing throuch the eight points a smooth line.
This line may or may not be a circle, depending on the slope
of the terrain in the several directions.

In the case of WBRI,, the terrain was fairly even so that the
distances 1o the 50-microvolt contour varied from a minimum
of 47 miles to a maximum of 52 miles. Thus the contour is a
circle slightly squashed in on one side.

Referring to Figure 2, it will be noted that the heavy line
corresponding to the 50 microvolt contour (which was determined
as described above for an assumed power of 4200 watls) corre-
sponds fairly well with the average trade area, as shown by
the broken line which is a circle of 50 mile radius. Since this
represented a coincidence as good as could be practically
achieved, the figure of 1000 watts was confirmed as the required
operating power. Suppose, however, that the service area, as
so determined, had fallen well outside the trade area boundary.
In that case, it would have heen necessary to assume some lower
power, go through the whole process as above outlined and again
check against the trade area. In theory it might be necessary to
go through this cut-and-try process a number of times until the
exact power is decided. In practice it is usually possible to come
near enough on the second or third try.

THE EFFECT OF AVAILABLE TRANSMITTER POWER

Supposing that in the above case of WBRL it had turned out
that not 1000 watts, but for instance, 1100 watts appeared to
be required. The next available transmitter size is 3 KW—
obviously an uneconomical alternative. What should be done?
There are several possibilities. One would be simply to let the
service area remain a little smaller than the optimum: as a
rule there is enough leeway in interpreting the average trade

area to allow this to be done within the present rules. Another

TABLE NO. 1
Sea-level elevations by sectors in eight radial directions
Radial A Radial B Radial C Radial D Radial E Radial F Radial G Radial H
Interval of Sector NO°E N45°FE N9° E N135° FE N I180° E N 225° F N270°F N 3I5°F
1. Oto S5mi......... 50 15 30 25 20 20) 20) 20)
2. 5t 10 “ ... .. 50 50 10 20 20 20) 15 25
3. 10to 15 “ ........ 60 60 30 15 20) 0 10 25
4. 15t0 20 “ ..., 100 80 30 15 15 0 5 2.?
5 20to 25 ¢ ........ 130 120 30 10 10 0 0 2.3
6. 2510 30 “ ........ 180 165 30 10 0 0 0 25
7. 30to 35 “ ........ 210 210 30 10 0 0 0 30
8. 35t 10 “ ..., 225 250 30 15 0 0 0 30
9. 40to 45 “ ........ 270 275 30 15 0 5 0 30
10, 45 to 50 *° ........ 275 275 30 10 0 10 5 30
TABLE NO. 2
Average elevati~n and distance to 50 microvolt contour
Average elevation ) )
to 50 miles. .......... 155 153 31 14 3 5 5 21
Elevation relative to 3 o
antenna height ........ 355 357 179 496 502 503 505 - 486
Distance to 50 micro- ) ) o
volt contour .......... 47 47 51 52 52 52 52 51.5
TABLE NO. 3
Average elevation and distance to 1000 microvolt contour
Average elevation
to 20 miles........... 65 59 32 19 19 10 12 21
Elevation relative to ;
antenna height ........ 445 451 478 191 191 500 198 186
Distance to 1000 micro-
volt contour .......... 18 18 18.5 19 19 19 19 19
37

www.americanradiohistorv.com

.


www.americanradiohistory.com

S

RCA ENGINEERS WIN PROMOTIONS

DR. C. B. JOLLIFFE, formerly Chief Engineer

of the RCA Victor Division, has heen elected
Vice President of Radio Corporation of Amer-
ica in charge of RCA Laboratories.

A native of Morgantown, West Virginia, Dr.
Jolliffe was graduated from West Virginia Uni-
versity, receiving a B.S. degree in 1915 and
the M.S, degree in 1920, In 1922 he was awarded
a Ph.D. by Cornell University.

From 1922 to 1930, Dr. JoHifle served as
physicist in the radio section of the Bureau
of Standards, resigning to become Chief En-
gineer of the Federal Radio Commission, which
shortly thereafter became the Federal Com-
munications Commission. In 1935 he joined the
Radio Corporation of Anierica as Engineer-in-
Charge of the RCA Frequency Bureau and in
September 1912, was appointed Chief Engineer

of the RCA Victor Division.

MR. D. F. SCHMIT, formerly Assistant Chief

Fngineer, has been appointed Director of En-
gineering of the RCA Victor Division, thereby
taking over the post vacated by Dr. Jolliffe.

Mr. Schmit has held important engineering
posts in the RCA Victor organization and its
predecessor companies for more than fifieen
vears. A native of Port Washington, Wisconsin,
Mr. Schmit was graduated from the University
of Wisconsin with an electrical engineering de-
gree. He joined the RCA Radiotron Company
in Harrison, N. J, in 1930. A few years later
he was placed in charge of tube design and
application. His next position was as Manager
of Research and Engineering at the Harrison
plant. In 1939, he was named Manager of the

New Products Division of the company and in_

1943 became Assistant Chief Engineer of the
RCA Victor Division.

4

MR. G. L. BEERS, formerly on the Engineer-
ing Administrative Staff of the RCA Victor
Division, has been appointed Assistant Director
of Engineering in charge of advance develop-
ment for the Division.

Mr. Beers, a graduate of Gettyshurg College,
began his engineering career with Westing-
house Co. in 1921. From 1922 to 1930 he was
in charge of Superheterodyne Receiver devel-
opment. In 1930 he joined RCA and from that
date until 1940 he was a Section Engineer in
the Research Department. From 1940 to 1942
he was in charge of the Advanced Development
Division; from 1942 to 1943, Manager of the
Engineering and Manufacturing Service Divi-
sion; and since 1943, he has been on the En-
gineering Administration Staff. Mr. Beers is
well-known in the industry for his develop-
ment of the locked-in oscillator circuit used in

RCA FM receivers.

(Continued from preceding page)

alternative is to consider means of increasing antenna gain by
adding layers. A third possibility is to try to reduce line losses.
The one expedient that is not allowed (under present rules) is
to increase the output of the transmitter above the manufacturer’s
rating.

SIMULTANEOUS CONSIDERATION OF POWER
AND LOCATION

The possibility that the required power will come out an odd
figure, as above noted, shows one of the difficulties encountered
when power determination is left to the last (as it normally
would be in the procedure described here). It is even possible
that the required power will come out some impossibly large
figure so that the entire location must of necessity be shifted
and, possibly, even the classification of the station must be
changed. As a result, practical planning of an I'M station usually
requires a more or less simultaneous consideration, not only of
location, height and antenna type, but also of required power.

38

The usual procedure is: first, study the curves to get some gen-
eral idea what can be done; second, pick a tentative site; third,
check through the calculations roughly to see if the arrange-
ment will permit an approach to a practical solution; and,
fourth and finally, go through the detailed calculations as de-
scribed above. The power so determined is used in answering -
question No. 21 (e) of Form 322. It is also used in making
the initial adjustments of the actual installation.

Finally the Regulations of the FCC also require that, within
one year after start of operation, the station shall make, or have
made, a field intensity survey. If this survey shows the actual
50 microvolt contour to be approximately the same as the pre-
dicted contour, then the power, as determined above, becomes
the permanent operating power. If the actual contour lies some
distance beyond (or short of) the predicted contour, power must
be reduced (or increased) in whatever degree required to make
the actual area served as similar to the predicted area as possible.
The new power then becomes the permanent operating power.
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~ASSOCIATED BROADCASTERS INSTALL
50KW SHORTWAVE AND EQUIPMENT
For New International Studios

bty ROYAL V. HOWARD

Vice President in Charge of Engineering
The Associated Broadcasters, Inc.
The Universal Network
San Francisco, Calif.

S ometime before Pearl Harbor, it was
realized that facilities for disseminat-
ing truth about America via interna-
tional short wave were inadequate in
the Pacific area. In the fall of 1911,
the Associated Broadcasters, Inc.. oper-
ators of Standard Broadcast Station
KSFO, San Francisco, was asked by
the Government to install a 100 kilo-
watt short wave transmitter, and a con-
struction permit was granted by the
Federal Communications Commission.
The Associated Broadcasters, who
maintained a dominant position in the
broadcasting industry on the Pacific
Coast, immediately started their Engineering Department to
work on the designs for this super-power station.

With the advent of the war, the urgency of such a voice in
the Pacific theatre was magnified many fold and immediate steps
were then taken to secure a transmitter. At that time, only one
transmitter was available, a 100 kilowatt model. Contracts were
rushed for its purchase and construction of the antennas and

building was started.

On May 5, 1942, eleven weeks after start of construction, nine
months to a year ahead of schedule, 100 kilowatt KWID was
placed in operation. Since that time, the Corporation, in’ co-
operation with the Office of War Information, has expanded its
facilities to include the very fine RCA Type 50 S-W, 50 kilowatt
international transmitter KWIX. This transmitter, one of more
than twenty-five of this type now being used by the Office of
War Information, the Coordinator of Inter-American Affairs and
the Armed. Forces Radio Service, was described in detail in

Broapcast NEws.!

The additional facilities imposed a very large studio produc-
tion problem and new studios were constructed, at Pine and
Mason Streets atop Nob Hill in San Francisco. This large studio
structure, one of the few to be constructed in wartime, was

completed in the spring of 1943.

1 BROADCAST NEWS, January 1944, “The 50 SW, A New Trans

mitter For Imternational Broadcasting.”

ROYAL V. IOWARD

Taking advantage of improvements
in the art and experience gained from
previous studio construction® by the
Engineering Department of the Asso-
ciated Broadcasters, Inc., the studios
represent the latest word in modern
American design principles. Thirteen
studios are included in the building.
Also included is a large recording
laboratory which, due to the almost
universal use of delayed program
malerial in international broadcasting,
turns oul many hundreds of sixteen
inch sides a month for various Gov-
ernment oflices. This heavy load con-
stitutes a fine endorsement of the
veliability and ruggedness of the RCA
73-A recording lathes and associated
equipment.

STUDIOS

The new studios were huilt as an
addition to the world-famous Mark
Hopkins Hotel high above San IFran-
cisco and from the oflices a fine view
overlooking the city is obtained. It is of modern, fireproof con-
struction. While an addition to the Mark Hopkins Hotel, it has
a separale and distinct entry way. The major portion of the
studivs, recording laboratory, Master Control room and kindred
offices are a part of the main hotel building. Being built on the
side of Nob Hill, the design of the huilding is such that all work-
ing offices and the lobby receive direct daylight, with southern
exposure, by windows running from floor to ceiling. This
building handles the major studio and business aclivities of the
Corporation.

The principal operational studios and booths, eight in num-
ber, are grouped around the Master Control room. The planetary
placement enables the engineer in charge at the RCA Master
Control Desk to readily view the operations occurring in each
of the studios. Some of these studios are of the announce and
play-back type and are intended for simultaneous separate pro-
gramming in multi-station operation. International broadcasting
differs mainly from standard broadcasting in that practically
all programs are recorded. These programs may be released
simultaneously or separately and oftentimes may be repeated
on different beams and different frequencies to different countries.
The booths surrounding Master Control are primarily for this
purpose while other small studios are used for the recording
of small shows, i.e., commentaries, news and small cast features.

2 BROADCAST NEWS, January 1939, “One of America’s Most Modern
Radio Stations,” by James L. Middlebrooks and Royal V. Howard.
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The larger, secondaryv studios, two of them located
within view of Master Control, are used for the pro-
duction and recording of programs requiring larger
facilities. These may also be used for live direct shows
where required.

Located directly behind the Master Control operator
1s the equipment room. This room is a development
that should prove of interest to all stations. Open
racks, that is to say, racks without separate enclosures,
are lined up in two parallel rows with equipment fronts
out to form two walls. The enclosure is completed by
a wall at the far end. The other end, with a suitable
door, is closed over, thus making a room with the
equipment control panels on the outside and accessible
by a short hall. Into the interior of this room is hrought
filtered, refrigeraled air so as to keep the equipment
at the desired temperature. All movement of air is out
through the louvres and jack holes. With a slight posi-

tive pressure prevailing, no dirt or dust enters the

FIG. 1. (‘Top left) Master Control Room. From his posi-
tion at the control desk, the engineer can view the oper-
ations going on in the eight studios which are grouped

around the master control room.

FIG. 2. (Center left) Another view of the master control
desk. The equipment room can be seen directly behind
the operator. The equipment is completely enclosed be-

hind and is “pressurized” with filtered, refrigerated air.

FIG. 3. (Bottom left) The Recording Laboratory. Inter
national broadcasting entails a large amounnt of record-
ing. At KWIX, six RCA Tvpe 73-A Deluxe Recorders

installed (n special room handle «ll requirements.

FIG. 4. (Below) One of the control booths associated
with the smaller “announce and play-back” studios. RCA

70-C Turntables and special control consoles are used.
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FIG. 5. Interior of the control room for the large studio which is separate from Master Control Group.

room. Such a scheme, pioneered by the Associated Broadcasters,
has cut maintenance requirements lo an amazing extent. The
keeping of the equipment and tubes at the proper temperature

has extended the life of the equipment several hundred percent.

It should be noted that such a system makes the wiring readily
accessible for maintenance and repair in addition to the obvious
nstallation advantage afforded. A centralized grouping of the
studios and equipment around the Master Control console makes
practical the use ol troughs to all points thus allowing ample
room for future expansion. Further, such a design permits very

short runs for all equipment.

With the exception of the equipment for the large type studio
all the usual studio amplifiers and associaled [acilities are
mounted on the main equipment room bay-frames. This system
climinates the need for the extra space usually requived in
such small studios for the apparatus. Their operation is entirely
a-c, and special emergency thrown-on relays to other sources
provide fors power failures. Small low consoles are the only
equipment installed in the operational booths, with the excep-
lion of microphone, turntables RCA 70-C1 and the loudspeakers.
These consoles, in addition to the usual attenuators, have tran-
scription “run in” positions on the loudspeaker for checking
before playing.

A loudspeaker amplifier input selector, of the rotary lype,
enables the operating personnel to select the next program source
or 1o listen for special cues. Also, on the console in these studios,
is located the output feed interlocked selector system. The oper-
ating personnel, by the use of these buttons, may select their
correct oulgoing feed to any group of transmitters, or whatever

is desired, by means of a pre-select system located on the Master
Control console. Such a system permits Master Control to operate
over long periods of time relatively unattended. Original plans
called for an automatic dialing communication system, but due
to war conditions this has been postponed until equipment is
available. A standard PBX switchboard is emploved for the
communication lo program originalion points.

The program production studios are of standard “room within
a room” lype constructed with acouslical material of the rock
wool and perforated board type. The lighting of these studios is
attained by recess glass reflectors thus assuring ample illumina-
tion without glare or shadows. The lighting units themselves are
recessed inlo the ceiling <o that no direct glare is produced to
either the control room personnel or the talent. The studios are
equipped with the usual number of microphone, utility and tele-
phone outlets. A-C convenience outlets are distributed throughout.

A large studio is separate from the Master Control grouping
and is of the same general design with the exception that, in
this case, the control and observation rooms are placed eight
feet above studio level so as to provide an unobstructed view.
Below these is located a slorage room for chairs, sound effecl
and other miscellaneous equipment normally required for pro-
duction of feature programs. This studio’s equipment is placed
in standard racks in the control room. Also provided is the equip-
ment for the studio sound reinforcing system used on audience

shows.

RECORDING LABORATORY

The recording laboratory is located adjacent to the Studio
Master Control group and consists of six RCA Type 73-A
recording lathes. These six lathes have their equipment mounted
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FIG. 6.

The RCA
Type 50 S-i
Transmitter

at KWIX.

FIG. 7.

Another view
of the KWIX

Transmitter.
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in a dust proof enclosure under the tables themselves and between
each pair of lathes is located their control panel. This panel has
input selector rotors and instantaneous switch buttons so ar-
ranged that each lathe may cut separate and distinct programs
or, if desired, all lathes may record the same program. Thus
set up, each pair of lathes acts as its own little master control.
Such a system further simplifies the operation of the Master
Control dispatcher as usually an entire day’s recording schedule
is either normalled through or set up in advance and will re-
quire no further attention. These lathes are kept running twenty-
four hours a day. Standard NAB recording characteristics are
employed.

OFFICES

The offices and business administration section of the building
are of modern functional design and the office furniture, also
styled in the modern manner, is of bleached Philippine mahogany.
The offices are grouped in such a way as to reduce traffic within
the building and are generally adjacent to the activities with
which they are most strictly connected.

TRANSMITTERS

The transmitters are located in the San Francisco Bay area.
The building design, like the studios, is modern American func-
tionalism. A technical description of the transmitters employed
will not be gone into as the details have been previously published
in various periodicals. The transmitter installation 1s straight
forward and, due to a very rigorous system of preventative
maintenance, an exceptionally fine record of “on-air” perform-

ance has been attained. Many of the details of these installations
will undoubtedly be disclosed when security permits.

The antenna systems employed may be generally classified as
being of the colinear curtain type although one antenna, de-
signated the BHT, employs new developments which enable it
to operate over a frequency range of three to one. It is re-
versible and its beam can be electrically steered to almost any
inhabited portion of the world. Both 100 kilowatt KWID and
50 kilowatt KWIX can be, and are, used simultaneously on one
antenna on two different frequency bands! No attempt will here
be made to describe the details of this antenna developed by
Associate Engineers, Mr. I'. Richard Brace, the author, and
A. E. Towne, for these details will be disclosed in a technical
article at a later date.

However, it should be said these antennas are currently pro-
ducing concentrations of energy, in both the vertical and hori-
zontal, of equivalent powers never before realized. In some
cases at the maximum of the beam the effective radiated carrier
energy is equivalent to ten million watts. This type of operation
is indicative of how far shortwave engineering has progressed
in the last few years.

The Associated Broadcasters, Inc. are also preparing for the
post-war world having filed applications with the Federal Com-
munications Commission for both FM and television stations.
The President of the Associaled Broadcasters, Inc. and The
Universal Network is Mr. Wesley I. Dumm; Mr. Allan A. Kees
is Chief Audio Engineer; and Mr. Alfred E. Towne, Chief

Transmitter Supervisor.

FIG. 8. Colinear curtain type antennas employed at KWIX to obtain high-gain in direction of transmission.
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FIG. 1. The Heucock Building after Manila 1was bombed.

FIGS. 2 and 3.

KZRIl's Control Room and Studio.

by JUDY J. ALESI
Assistant Editor

e

Blowing up Station KZRH was one of the saddest
events of my life. I suflered a deep personal sense of
loss.” That was the answer Bert Silen, NBC’s Manila
correspondent and manager of Radio Station KZRH,
gave interviewers during a recent visit to the Camden
plant of RCA. Mr. Silen is back in the United States
after fifteen vears in the Philippines and visited RCA
with Mr. John A. Malcolm, Vice President of the
Heacock Company, to make arrangements for the pur-
chase of new equipment so that “The Voice of the
Philippines” can speak again.

To go back to the night of the fireworks (which.
ironically, occurred on New Year’s Ilve, 1941) there
wasn’t much time for reminiscences and regrets when
Mr. Silen and some fellow radio men destroved this
radio station. The progress of Japanese troops was being checked
from a second floor window of the Heacock Building, where the
studios of KZRH were located; however, since they advanced so
rapidly, Mr. Silen and his men were given only five hours notice
in which to destroy their equipment. It was an especially painful
task since just the previous month they realized a long-standing
ambition when they converted the station from 5 KW to 10 KW.

While M. Silen’s group blew up their new RCA 10-DX
transmitter and their RCA 1 KW shortwave transmitter with
five cases of dynamite, the Japanese troops were taking care
of the studios with a thorough hombardment of the entire city.
Only the bare walls of the Heacock Building and one other
building remained intact. All that was lefi of this station, which
represenied an investment of approximately $100,000, were the
two 325-foot grounded towers which had supported the flat-top
antenna (it had been found that this type antenna gave the best
coverage for their particular problem).

44

FIG. 2.

V. BIDES IT FEEL TO BLOW. UP A

RAD/O STATION?

As soon as the Japs took over Manila, Mr. Silen was arrested and
accused of sabotage. The declaration of Manila as an Open City
meant that, according to International Law, anyone destroying some-
thing so vitally important would be tried for sabotage. He was
questioned for several days and would probably have been executed,
1ad it not been for a receipt, scribbled on the back of an old en.
velope, which had been given him by a United States Army officer
just before our troops pulled out of Corregidor. This, and some fast
talking. led the Japs to believe that the station had been destroyed
by our Army demolition squads.

Bert Silen and his family spent the following three years in the
Jap prison camp of Santo Tomas where they saw many of their close
friends killed or wounded by Jap soldiers. The Silen family, along
with the other more fortunate internees, were released on January 9,
1945, when returning United States forces reached Santo Tomas.
On I'ebruary 7, a mother’s prayers were answered when Mrs. Silen,
listening to her radio in San Francisco, heard her son as he deliv-
ered his now famous broad-
cast to the States over the
Army shortwave station —
which began, “Hello, NBC.
As | was saying, when 1 was
so rudely interrupted over
three years and a month
ago . . .”

Mzr. Silen, who flew back
to the United States, arrived
in New York on April 3rd.
He hopes that by the time
he goes back to San Fran-
cisco, where he will cover
the San Irancisco Confer-
ence for NBC and where he
will be reunited with his
family who left the Philip-
pines by boat, he will have
made all the necessary ar-
rangements for a new and

bigger Station KZRH.
FIG. 3.

AV 4
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The “dual” transmitter installation of the Baton Rouge Broad-
casting Co.—which comprises a 5 KW AM station (WJBO) and
a 1 KW FM station (WBRL)—=should he of considerable interest
to the many present AM station owners who are making plans to
install I'M equipments.

This installation has a number of unusual and interesting fea-
tures, not the least of which is the fact that the two transmitters
are located in the same room and are operated at times by a
single enginder. This, together with the use of one of the AM
towers as a support for the FM antenna, makes for an operation
which is economical, convenient and easy to maintain. While such
an arrangement may not be “ideal” for I'M in its eventual state,
it does represent one way of keeping down operating expense
during the “transition” period.

WBRL was the first FM station in the “deep South”; the
second anywhere in the South (the first was WSM). That such
pioneering should have been done by a relatively medium-sized
station is due to the foresight and vision of Mr. H. V. Anderson,
then manager of WJBO, and Mr. Charles P. Manship, President

of the Baton Rouge Broadcasting Co. and of the Baton Rouge

Advocate and State-Times. Having closely followed early I'M

tests they decided in 1940 1o file an application for an FM sta-
tion in Baton Rouge. A construction permit for this station was
granted early in 1941.

General plans for the station were drawn by Mr. Anderson.
Details were worked out by the station’s staff and RCA engineers.
The fortuitous circumstance that the AM station was being in-
creased from 1 KW to 5 KW at nearly the same time (and a
new (ransmitter being installed) made it possible to plan an
all-new AM-FM installation. Bob Holley of the RCA Styling
Department helped the project along by sketching designs for
an ultra-modern, streamlined transmitter room. Working from
his suggestions, the local architect and the building contractor
achieved a transmitter building which for simplicity, efficiency
and attractiveness is hard to beat.

The main features of the WBJO-WBRL transmitter installation
proper are illustrated on succeeding pages. The antenna of-the
I'M station (WBRL) was very briefly described in the last issue
of Broapcast NEws (No. 39, Pg. 12). This antenna, the antenna
coupling system and the WJBO-WBRL studios will be described
at further length in future issues of Broapcast NEws.
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THE ORIGINAL PLAN for the WJBO-WBRL transmitter installa-
tion 1s shown in the two styling sketches reproduced on this page
(Figs. 2 and 31. To enable single-operator control of both sta-
tions, all of the equipment was arranged in a U-shape with a
control console conveniently located in the center space. This
equipment includes AM and FM transmitters, audio input equip-
ment and monitoring for both transmitters, AM phasing equip-
ment and over-all power control for the installation. All of these
units are mounled on a level approximately a foot higher than

the floor of the center room and a walkway of the same height
and 3 feet in width extends all the way around the room. This
added height provided a space in which wiring and ventilating
ducts could be conveniently placed. Together with a valence in
which are recessed overhead lights it adds measurably to the
professional appearance of the installation. Use of chrome-plated

railings around the edge of the platform heightens this effect.
The two-tone umber-grey colors of the transmitters are followed
in the coloring of the walls. The linoleum floor is dark blue.
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AS CONSTRUCTED the transmitter room of WJBO-WBRL actu.
ally looks very much as envisioned in the artist’s sketches. Un:
fortunatelv, the fact that this room is shallow and rather wide.
made it impossible to get all of the equipment in a single photo

graph. However. a good idea of the appearance can be obtained

by mentally visualizing the two views on this page (Figs. +and 5)
joined together in proper perspective. The equipment units are
arranged as shown in the floor plan on the preceding page with
the exception that two racks. instead of one. are provided for
the FM auxiliary equipment. These racks (at the verv left of
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the Ut contain the N audio input and menitoring amplihiers,
the Al monitors, the distortion and noise measuring eqmpment
and AM and FM receivers. Next to these racks 1s the RCA
FALLT-B Transmitter. In the eonter of the 1« the ROA 53D\
AM Transmitter. On the right side of the U are the AM phasing
equipment cabinet and three dandard relay racks. One of thes
racks contains the RCA 300-A Phase Monitor, the 30018 Meter
Panel. the AM modulation and frequency manitors and the AM
audio input. The ather two rac ks contain a-c power controls

jack panels for line terminations and a monitaring system
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THE AM TRANSMITTER of WJBO is shown above and the
high-level modulation transformers and reactor and high-voltage
filter components of this transmitter in the photograph at the
left (Figs. 6 and 7). This rear view shows a part of the fenced-in
space immediately behind the transmitter. This space is approxi-
mately 6 feet deep and extends the full length of the AM trans.
mitter. The fence is provided with an interlocked gate near one
end. Outside the fence is a corridor about 4 feet wide which
extends all the way around the U. It is reached by doors in both
sides of the transmitter room proper. Since the FM transmitter
and the phasing cabinet have interlocked doors, no fence is neces-

sary along the rear of these. To provide easy accessibility to.
y g p y y

wiring between units, a metal duct 8 inches wide and 6 inches
deep runs all the way around the U at a distance of about a
foot behind the equipment units. Branches from this run under
each equipment. All wiring except the low-level input connec-
tions and the leads to the control console and high-voltage trans-
former (located outside) are run in this duct. R-f leads from
the AM phasing unit and the concentric ljine from the output of
the FM transmitter are run overhead. Telephone and power lines
entering the building are run underground from some distance
away. The ventilating system includes louvers around the base
of the raised platform which admit cool air to the transmitter
room in warm weather, and louvers over the AM transmitter
which admit warm air from the transmitter during cool weather.

www.americanradiohistorv.com
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THE FM TRANSMITTER of WBRL is shown above and a rear
view of this transmitter at the right (Figs. 8 and 9). This trans-
mitter is constructed in two sections, each about 36 inches wide.
The left-hand section (viewing it from the rear) contains the FM
exciter unit (the shelf-mounted unit in the upper center), the
high-voltage power supply (on left wall), and a low-voltage and
audio input unit (right wall). In the right-hand cabinet are lo-
cated the r-f amplifier stages which raise the FM modulated
output of the exciter unit to the 1 KW final output. These stages
consist of an 807 tripler, a pair of 809s as a second tripler, a
pair of 8001’s as an intermediate power amplifier and the final
stage consisting of a pair of RCA 872-R’s in push-pull. The
latter, which are beam-power tetrodes, are a unique feature of
the RCA 1 KW transmitter. Forced air-cooled (by a small blower
just beneath) these tubes have a high plate dissipation. A modi-
fication of the power supply is all that is required to obtain up
to 3 KW from the same r-f lineup. The arrangement of the
r-f circuits is such that they are very stable and seldom need
retuning. Even initial adjustments are relatively easy. Since the
low-power stages act as triplers and the IPA is well shielded, no
neutralizing is needed. The final stage is also well shielded due
lo the unique construction of the 827-R tube. Small tabs are pro-
vided for neutralizing, but the adjustment is not critical and is
easily made.
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TRANSMISSION LINES emerge from the building at a central
point and run to the three towers which make up the directive
antenna system of AM station WJBO (Fig. 10). The FM antenna
of station WBRL is mounted at the top of the 500 foot tower
which forms the center tower of this array. The transmission lines
for both the AM and FM radiators are supported by metal poles
spaced 30 feet apart. A rather unusual feature is the fact that
there are no lines of any kind underground. The six-wire open
wire lines feeding the AM radiators are mounted at the top of
the transmission line poles. Some 3 feet below these are messen-
ger cables which carry (11 the small concentric lines which feed
back r-f from a pickup coil in each antenna house to phase
monitor in the transmitter room, (2) the twisted pair line feeding
the remote-reading antenna meter in the main building, (3) the
supply line (220 volts) for the tower lights and (1) the intercom
lines. In the case of the center tower, the 7% inch concentric
line feeding the FM antenna system is also supported by one of
the messenger cables. This arrangement of the various lines was
easier to erect than underground lines, it is easier to service and
has been very satisfactory in every way.

THE ANTENNA SYSTEM of the AM station, WJBO, consists
of three self-supporting towers. The center tower, of which the
lower part is visible in the view at the right (Fig. 111, is 490 feet
above the insulators, while the two end towers, of which one is
visible in this picture, are 315 feet in height. All three towers
are used at night (directive operation), but only the center
tower is fed during daylight hours (non-directive operation).
The three towers are mounted on reinforced concrete abutments
approximately 10 feet high. This was done in order to insure
that the insulators would always be well above water level—a
necessary precaution inasmuch as the ground on which the trans-
mitter stands is occasionally flooded. Separate transmission lines
run from the main building to each tower. Two of these can be
seen in this picture. Spacious “dog-houses” are located within
the supporting abutment of each tower. The floors of these are
elevated and the phasing units and lighting equipment mounted
well above any likely water level.

ANTENNA COUPLING EQUIPMENT in the center tower dog-
house is shown at the right (Fig. 12). In the large box in the
center of this picture is mounted the AM antenna matching and
phasing unit (the antenna ammeter may be seen through the
hole). The lead from the top of this unit is a piece of 7% inch
copper pipe which passes out through the window and ties on to
the tower at a point immediately above. At the right of the
picture are the lighting chokes and condensers. These are double-
wound coils through which passes the 220 volt a-c for tower
lights and beacon. The leads from the top of these are passed
through the copper-pipe antenna lead to a junction box on the
tower. Just above the large cabinet in the center is the small
bakelite-enclosed coil which picks up a small amount of r-f
from the antenna lead and passes it back through a small con-
centric line to a phase monitor in the main building. At the very
left of the picture is the FM coupling unit. The purpose of this
unit is to pass the FM feed line “around” the AM tower in-
sulators. The operation of this unit will be the subject of a later
article,
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«SINGA PAMBA” . . . .“BUNCH OF WIRES”

Through RCA Radio Belgium Speaks from the Banks of the Congo
by L. A. THOMAS

RCA International Division

From deep inside fallen France in June of 1940, the refugee
Belgian radio four times sounded the Brabanconne, Belgium’s
national anthem, and then fell silent. Less than two years later
the voice of Belgium spoke again, but this time from Leopoldville
in the Belghan Congo. Chanting natives helped erect “Singa
Pamba” or “Bunch of Wires” as they called the RCA transmitter
that became the new voice of Belgium. By means of this powerful
50 kw short wave transmitter, the message of Belgium was lifted
from the shores of famed Stanleypool and carried over the
continents and seas to the invaded homeland and to all the world.

Today the original purpose for which this broadcast station
was erected, the freeing of Belgium from the invaders, has been
accomplished. Radio Leopoldville is a potent liaison agent be-
tween Belgium of today and Belgium of tomorrow. The story
of how this radio voice of Belgium was created is one in which
RCA has taken an important and stirring part.

This station is a link in what might be called the United
Nations network, for which RCA has built and installed more
than twenty 50 kw transmitters to help radio in its global war
missions.

The radios of invaded Belgium had scarcely signed off before
plans were being made to get on the air again. In London, plans
were made for the installation of a powerful station on free
sovereign Belgian territory so that the Belgian government could
speak directly to its people and to the world. Leopoldville was
chosen for the location of the new equipment because it was the
capital of the great Belgian Congo territory, because much broad-
casting experience had already been gained there, and because a
staff of technicians was already on the spot. However, several of
the staff, caught by the invasion while at home on vacations, were
never able to return. As a result the radio set-up at Leopoldville
was undermanned during the whole war period.

Sl
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EARLY RADIO SERVICE IN BELGIAN CONGO

Radio first came to the Belgian Congo in 1910 when the Belgian
Colonial office began to install radio stations in that territory.
Bv 1914, thirteen cities were linked by radio. The first short
wave link between Belgium and the Congo Colony was in-
augurated in 1925, and in 1927 bilateral communication between
Belgium and lLeopoldville was established.

In 1929, four kev stations, in LLeopoldville, Elizabethville,
Stanleyville, and Coquilhatville were in operation. Since then
radio-telephone service between Belgium and the Congo has been
established. Also a network of 37 telegraph and telephone
stations, interconnecting all the chief cities of the colony, was
gradually developed. The airports of the Belgian Congo are, of
course, radio equipped, m most cases with RCA radio beacons
and other types of RCA transmitting and receiving equipment.
Many private companies now also have their own radio-telephone

communication S)’S[ﬁllls.

In 1941 the first high powered broadcasting and communica-
tion transnutter was installed. This was a 7.5 kw RCA ET-4750
and is still used daily to broadcast programs to all parts of
Africa. Before the new 50 kw station was installed the 7.5 kw
equipment was also used to broadcast dailv news and information
to Belgium.

RCA 50 KW SHORTWAVE TRANSMITTER ORDERED

B. W. Moldowsky, now a technical adviser of the stafi of
the Belgian Embassy in New York City, was responsible for
planning the new station and making all arrangements for in-

RCA type 50SW trans-

the standard

FIG. 1.

— s

stalling 1. He selected

mitter for the job. This equipment has been described in detail
in the January 1944 edition of Broapcast News. The equipment
was built at Camden and then the decision as to how to ship it
salely to Africa, through the submarine menace, had to be made.
It was decided that each unit should be shipped separately on
different ships, in which case, if one unit were lost it could then
be replaced. All units, fortunately, arrived safely.

Welden Shaw of the RCA Service Company preceded the
shipment to the Congo. With the help of the local staff he was
on hand to install the equipment as fast as it arrived.

INSTALLATION CALLED FOR INGENUITY

According to Shaw, the unpacking of the transmitter equip-
ment was remindful of the Christmas season then being observed
back home. All boxes were opened and the contents inspected
with the zeal of curious youngsters on Christmas morning. The
¢quipment had landed in Africa in almost perfect condition, an
insulator on one of the rectifier transformers having been the
only part needing replacement, due to damage in transit.

The installation at Leopoldville is divided into three main loca-
tions—the transmitter building and antenmas called the “bheam”,
the studios near the center of town, and the receiving station,
including antennas, at N’gili.

Because of the pressure of routine work and maintenance of
all the existing communication equipment and the shortage of
help due to constant attacks of malaria, there were usually but
one man plus two or three native boys available at any one time
for assembly and wiring work. In spite of the apparent slow
progress, the complete assembly was finished in a little over a
month, the first broadcast being made February 3, 1943, six
weeks after the arrival at the “heam” of the equipment.

Putting the RCA Tvpe 50-SW Transmitter on the air for the first time.

o
a

-
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As construction of the studio building was
hehind schedule, studio racks were stored as
received in a warehouse for several months.
Some worry was caused regarding the eftects
of the high humidity, which was present at
all times, on this equipment. However, as a
precaution, electric light bulbs were installed
and turned on in the racks for several days
in order to dry them out before power was to
be applied. This apparently was successful,
for practically no trouble developed during
the tests or since.

The chief installation problem was the
moving of heavy equipment. This was accom-
plished by getting as many native bhoys as
could possibly cluster around the unit to
push the equipment, along greased metal
sheels used as rails, to the rhythmic chanting
of the natives which assured teamwork. Every-

thing was successfully moved into position.

Distilled water for the transmitter cooling
system was ohtained, not from the coffee col-
ored Congo River nearbv. but from the local
brewery. The installation of the transmitter
and transmitting antennas, of the studio
equipment, and the receiving equipment was
accomplished with little trouble and with
great speed, due in large part to the zeal and
training of the Belgian technicians. Manv of
those were refugees from the Nazis and many
had families whom thev have not seen or
heard from for several vears. All of the Bel-
gians in the Congo city took great pride in
seeing this modern, impressive 50 kw broad-
cast station rise to fght the Nazis. About
mid-June 1943, a report from occupied
Belgium stated that as early as the first of
June, transmissions from Leopoldville station
were being heard clearly by the Belgian
underground.

To the many visitors of all nationalities to
Leopoldville, this RCA equipment stands oul
as a monument of the modern age, sharply in
contrast to what one naturally expects to find
in the Congo region. Standing before the
transmitter console or the control panel in
the air-conditioned studio, they have the feel-
ing of being suddenly transported far from
the steaming tropics of Africa to a center of
technical civilization.

Among the many accessories which have
been assembled to complete this broadcasting
station in Africa, is a great library of Victor
records. These served, particularly at various
times during the period of installation, to en-
tertain small groups of Americans who got a
lift from listening to familiar symphonies and
other music while sitling in the air- and
sound-conditioned studio.

Weldon Shaw passes along the credit for
Radio Leopoldville to others. Shaw says that,

FIG. 3. RCA operating console, r-f section of RCA 50 KW transmitters and RCA test

equipment racks.

FIG. 4. Program Director’s Offices. Twenty hours a dav of programs, in seven or eight lunguages,
are planned here.

lj 3
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FIG. 5. Receiving Station at N’Gili. AR-77 and RCA AR-88 Receivers are principally used.

according to those who have seen the station in action, much of
the success of the installation at Leopoldville is due to the Chief
Engineer, Jean Jonlet, who is in charge of the complete com-
munications network of the Belgian Congo. His ability as a radio
engineer, his knowledge of propagation characteristics, his skill-
ful handling of his men and varying war situations deserve

high praise.

MODERN AIR-CONDITIONED STUDIOS

The building for housing the studios at Leopoldville was de-
signed especially for its purpose. There are four air conditioned
studios and two more are planned to accommodate the ever
growing services. The building which houses the transmitter is
not air conditioned but it has been found that almost no diffi-
culty and no serious trouble has been experienced on this account.

PROGRAMS IN MANY LANGUAGES

The station has been on the air every day since its opening.
It is now broadcasting about twenty hours a day. Its programs
originale in London and New York, as well as in Leopoldville
and are given in the following languages: French, Flemish, Eng-
lish, Portuguese, Afrikander. lL.uxemberger, Turkish and German.
Two wave lengths are used on all broadcasts, 19.78 and 25.71
meters,

WIDE COVERAGE

With the opening of this station, Belgium became the only
country at that time able to broadcast from three continents.
Belgian programs originally were regularly broadcast from
BBC London, from New York, set up by the Belgian Broadcasting
Services and broadcast through the facilities provided by the
New York Office of War Information, and from Leopoldville.
It was soon found that the Leopoldville station was able to reach
the Near East and South Africa better than any station then
on the air outside of Africa. As a result arrangements were
made with the British Broadcasting Company and with the
U. S. Office of War Information to rebroadcast programs to these
areas of Africa and the Near East which could not be reached
successfully from England or America directly.

The effective coverage of Radio Leopoldville has been much
greater than it would have been reasonable to expect. Reports
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of high signal strengths have been re-
ceived from large numbers of listeners all
over the world. It is especially strong
when beamed to North and South Amer-
ica, to Europe, the Near East, as well as
all over the Atlantic and, of course, Africa.

INVASION OF BELGIUM
ANTICIPATED

An interesting sidelight has been re-
cently revealed on the vitality and energy
of the people of Belgium during the in-
vasion and liberation as related to radio.
Years ago it was expected that invasion
woud again occur and plans for main-
taining radio broadcasting during a pos-
sible occupation were made, thanks to the
foresight of the General Director of the
Belgian Broadcasting Services, Mr. Theo
Fleischman. As a result, as soon as
the Germans appeared all broadcasting
equipment in the regular locations was
destroyed, but immediately the hidden
portable sets went into operation to aid
in the resistance which continued until “V” day. Conversely,
plans were also made to restore normal broadcasting on the
day when the Germans should leave. Old equipment was hidden.
New equipment, too, was sent into Belgium by air. This was
all ready for operation on D day, except for tubes which arrived
on schedule with the army of liberation.

BELGIAN PATRIOTS RESTORE RADIO SERVICE

Thus, on the very day that the Germans left, apparently de-
stroying all existing radio equipment, Belgium was ready to
resume broadcasting with equipment built, in many cases in
America, shipped through the submarine packs to England,
then dropped by parachute to Belgian patriots. These assembled,
within a stone’s throw of the enemy, their precious radio equip-
ment for the great day ahead. Thus eight complete broadcasting
stations were ready on the day of liberation to begin operations.
Nothing can better illustrate the value which people who love
freedom put upon the ability to say what they want to say by
means of radio. The Belgians, too, have demonstrated that no
personal risk is too great or no money cost too large to insure
the freedom of radio communications.

PLANS FOR FUTURE

In discussing the future service of this station, Richard
Zondervan, General Manager of the Belgian Broadcasting Serv-
ices, New York office, feels that Radio Leopoldville is strategically
located to render service to America, for example, as a rebroad-
cast station for American short wave programs to Africa and the
Near East. In addition, it will continue to serve, as it has in the
past, as a most powerful radio voice making known the presence

of Belgium again in the affairs of the world.

In summing up the value of the RCA 50 kw short wave station
at Leopoldville, Richard Zondervan said that, “It has performed
far beyond our own great expectations and its money cost is in-
significant compared to the service it has rendered to Belgium
freedom and to the allied cause as a whole.” Not only Belgian
and RCA engineers and service men, but radio men everywhere
may justly be proud of the contribution Radio Leopoldville
has made to the progress of Belgian freedom.
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ELECTRONIC TELEVISION
IS AN RCA DEVELOPMENT

This is the second of a series of adver-
tisements showing that RCA engineers
developed the basic essentials of the
electronic television system —including
tubes and circuits.

RCA built the first all-electronic tele-
vision transmitters and receivers — the
first commercial television station —
established the first television relay sys-
tem — presented the first electronic
theatre television — was the first to
televise a baseball game, and a Broad-
way play; and was first to televise from
an airplane.

RCA is, and will continue to be, the
leader in practical, successful commer-
cial television. You may expect the best
of all kinds of television transmitting
and receiving equipment from RCA.

BUY WAR BONDS

HE Iconoscope gave electronic

television its primary essential —
an electron tube that produces
electrical impulses corresponding,
with high fidelity, to the light energy
in the various areas of the scene
being scanned.

To reproduce the scene in a truly
electronic receiver, it was necessary
to create an electron tube in which
the energies of an electron beam

directed against a luminous screen
would be modified by the incoming
carrier wave with such fidelity as to
reproduce an accurate image of the
scene telecast. An image built up
dot for dot, line for line, by elec-
tronic scanning exactly synchronized
with the television camera.

This is the Kinescope, developed
by Dr. V. K. Zworykin, Associate
Director of RCA Laboratories.

The Fountainhead of Modern Tube Development is RCA

RADIO CORPORATION OF AMERICA

RCA VICTOR DIVISION ¢ CAMDEN, NEW JERSEY
In Canada, RCA VICTOR COMPANY LIMITED, Montreal
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PRACTICAL DESIGN OF VIDEO AMPLIFIERS

by Elliott A. Henry

Engineering Department
RCA Victor Division

ln the past few years many excellent articles and papers have
been published in various technical magazines on the subiject of
video amplifiers and the many types of compensation used to
extend the frequency range of resistance-capacity-coupled ampli-
fiers. The majority of these articles have dealt with the mathe-
matical analysis or have had primarily a theoretical approach.
A few have presented a generalized introductory discussion of
the subject. It seems that a wide gap exists in the published
information on this subject. 1t is the intent of this article to
attempt to bridge that gap by presenting practical design data
for video amplifiers. The mathematics will be kept to simple
algebra. Such other information as is pertinent to the subject,
for example some data on vacuum tubes, will be included for
the sake of completeness.

If the underlying causes of trouble or limitations of per
formance are thoroughly understood, it will be easier to com-
prehend the methods of overcoming these limitations. We shall,
therefore, commence this article with a discussion of the factors
limiting the frequency range of the conventional R-C (resistance-
capacitance) coupled amplifier.

As pentode tubes are almost universally used in video ampli-
fiers, the following discussion will be based primarily upon
their use and on the assumption that the value of the grid
resistor is much greater than the plate load impedance, as is
the case in video amplifiers. However, as triodes are occasionally
used, sufficient data are included to cover the compensation of
triode amplifier stages also.

In order better to understand the frequency response limita-
tions of conventional R-C coupled amplifiers, let us examine
the plot of output voltage versus frequency, Figure 2, of a
typical amplifier stage, Figure 1.

T2

FIG. 1. Conventional R-C coupled amplifier stage.
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FIG. 2. Gain-Frequency plot of Figure 1.
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At Fo, zero frequency, the output voltage is zero. As the fre-
quency is increased, the output voltage rises to a maximum
somewhat higher in frequency than F,, remains essentially con-
stant until the frequency is somewhat lower than F,, and then
continually decreases as the frequency is further increased. The
two frequencies, I, and F,, are considered the useful limits of
the pass-band of an audio frequency amplifier and are the fre-
quencies at which the output of the amplifier is 70.7% of the
output at the mid-frequency range. This loss of response, or
output, of the amplifier at F, and lower and at F, and higher
both result from the change of reactance (X¢) of condensers
with the change in frequency. Either the high or low frequencies
will be attenuated, depending upon the location or function of
the various condensers, including stray and circuit capacities.
In order to demonstrate this more clearly, high and low fre-
quency attenuation will be considered as separate problems,

Unequal gain in an amplifier is referred to as frequency dis-
tortion because a complex wave in passing through the amplifier
will have its wave shape altered, or distorted, if all of its
harmonic components do not receive the same degree of ampli-
fication. If the phase delay is not proportional to frequency,
the wave may be further distorted. This is called phase distortion.

In the following discussion major emphasis has been placed
on the frequency response rather than the phase characteristic
of amplifiers. This has been done for two reasons: First, to keep
the mathematics to simple algebra; second, an amplifier com-
pensated in accordance with the design data herein presented
will be corrected for both frequency and phase distortion and
it is perhaps easier to visualize results in terms of frequency
response rather than phase characteristic. The importance of
the phase characteristic of a video amplifier cannot be over
emphasized. For example, an amplifier stage with a response
curve such as Figure 2 would not be suitable for video work
as the phase angle would increase 45° at F, and decrease 45°
at I, from the mid-frequency value and therefore a change in
the phase angle of 90 over the operating range F, to Fs. Gen-
eral practice indicates that the frequency response should not
drop more than 2% at F, and F. in a video amplifier if these
frequencies are to be considered the limits of the useful pass

band of the amplifier.

LOW FREQUENCY ATTENUATION

Low frequency attenuation, or low frequency distortion as it
is sometimes called, may be introduced in any one of four
places or any combination of the four. Referring to Figure 1,
these four places or networks are: the grid resistor-condenser
coupling network, R;-C; or R4-C4; the cathode resistor by-pass
condenser network, Rs-Cs; the screen resistor by-pass condenser
network, R3-Cs; and the internal impedance, Z,, of the power
supply. How the grid resistor-condenser combination acts to
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reduce the gain at low frequencies may be seen by referring

to Figure 3.
! C

£

L]

FIG. 3. Grid coupling network.

With E constant, the voltage, V, impressed across the grid to
cathode may be expressed as and is equal to the resistance, R,

divided by the impedance of R and C or:
"R v
VR + X2 E

(Eq. 1)

As the reactance of a condenser is inversely proportional to

frequency, the ratio of resistance to impedance, and thus P—:
decreases as the frequency decreases. This means the voltage
available to drive the following stage is less at the low fre-
quencies than at the high frequencies; and with the gain in the

tube equal at both frequencies, the output voltage will be down

b

in the same proportion as the input voltage. This ratio Y,

expressed in percentage, is the coupling efficiency of the grid
resistor-condenser combination. For example, let us assign values
to R and C, Figure 3, and with a constant voltage, E,;, see how
V varies with frequency.

If C = .05 ufd.
R = 250,000 ohms
Ei. = 10 volts

and the two frequencies are
Fi = 30 cycles
Fo = 1000 cycles

1
then at Fo: X, = W — 3184 ohms.
From Equation 1:
\Y 25 X 104 250,000 1
10 /625 X 10° + 10.1 X 105 250,020

Therefore, V = 10 volts or a coupling efficiency of practically
100% at 1000 cycles.

At Fy: X, = 10.6 X 10* ohms
\% 25 X 10 _ B
10 /625 X 1085 + 112 X 108 272 ~ '

" So V == 9.2 volts and the coupling efficiency is 92% at 30 cycles.

Therefore, the output voltage of the stage will be 8% lower
at 30 cycles than at 1000 cycles, other factors being equal.

Low frequency distortion may result from the cathode resistor-
condenser combination, R,-Co of Figure 1. This results from
degeneration, as the impedance in the cathode circuit will vary
with frequency, and the gain of a stage with cathode degenera-
tion is reduced by the factor:

1
1 + G Z, (Eq.2)
In other words, the gain of a stage, other things being equal, is:
1 A,
— A, X = -t
S 1 4+ GuZ, 1+ Gn2,
(Eq.3)
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where A s the actual stage gain, and
A, is the stage gain without degeneration, |
G. is the mutual conductance in Mhos, ‘
Z, is the cathode circuit impedance (impedance of Ry-Co
in parallel) in ohms.
This impedance, Z,, is detailed in Figure 4 and is given by: |
. R X. \
KT VR4 XE

(Eq.4)

FIG. 4. Equivalent cathode or plate load network.

Thus if, in Figure 1, R, was 1000 ohms, C, was 10 ufd., G, 5000
umhos, and the stage gain without degeneration 10, the actual
gain at 1000 cycles would be:

Xe2 = 159 ohms at 1000 cycles

, _ 1000X159 15000 _ o
~ V/10° F 253 loooazs o Onm
B 10 10 095
1 4 .005 X159 1 4 .0795 —

or a loss of gain at 1000 cycles of 7.5%. Now let’s see what
the gain of the same stage is for a frequency of 20 cycles.
Xe2 == 800 ohms at 20 cycles

. 108 X 800 8 X 10°

T V10° £ 64 X 100 /164 X 10°
8 X 10°
- T 625 ohms

B 10 10

T 1 4 005 X 625 1 4+ 3125

= 242
4.125

Thus, the output of the stage under these conditions will be
only about one-fourth, at 20 cycles, of the output at 1000 cycles.

The effect of Ry-Cs, Figure 1, is similar in effect to the results
of cathode degeneration mentioned above; but as the screen
current is only about 10% of the plate current and the screen-
plate transconductance only about 12% of the control grid, or
cathode, to plate transconductance, the effect is much smaller
and can usually be made negligible by making the time constant
of R3-Cs at least three times as long as the period of the lowest
frequency it is desired to pass.

1

Or, TC = RC > 3 —l‘: (Eq. 5)

where C is in farads,

R is in ohms,

F is the lowest frequency in the pass-band.
The total impedance of the screen circuit is essentially the re-
actance of C,; and, whereas in the case of cathode degeneration,
if the product of G, Z, equals one, the gain will be reduced
50%, the eflect of the screen is so much less that a reduction
of gain, at the lowest frequency, of only 2% would result if
G, Z, equaled 2 (G, being the control grid-plate trans-
conductance).
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FFor example, a 0IG is desired to pass 30 cycles (Figure 1).
Zs = X¢y o then Xy Gy = 2
2 2 X 10°
N S ’
G 2500
Ny 800 ohms at 30 cycles = 06.64 ufd.
We would use the next larger commercial size, or 8 ufd. To
determine Ry

— 800 ohms.

| 3 3
RC =13 - = > = = 1
K 30
dX 108 105
R = - =
8 8

Therefore, we would use a value of 12,500 ohms or larger for R,.

12,500 ohms

In the event that the value of the screen voltage dropping
resistor, R as determined above, should be too large to allow
the proper screen current, R may be set by screen requirements
and the by-pass condenser C, determined from equation 5 using
R as selected and solving for C.

The fourth place for low frequency distortion is the internal
impedance of the power supply, Z,. Unless a regulated power
supply of the electronic type is used, the impedance is essen-
tially the reactance of the output filter condenser and will vary
with frequency as outlined previously. A method for making the
effect of this impedance negligible is the use of R-C filters.
These filters, if properly designed, may also provide correction
for either Ry-C; or Ro-Co, Figure 1, but not both at the same
time. Design data for these correction networks is given in the

section on low frequency compensation,

LOW FREQUENCY CORRECTION

Of the four places or networks at which low frequency dis-
tortion may be introduced, two, R;-Cy; and Z,, can be made
negligible by proper design. In addition to making negligible
the internal impedance of the power supply, we may correct
for either Ry-Cy or Ruo-Cs by the addition of an R-C filter,

Cs-Re, Figure 5.

@%

FIG. 5. Amplifier stage with low frequency correction network (ReC-).
To correet for Ry-Ci or Ry-Cy: Make the grid resistor (R,
or Ry) as high as permissible; 500,000 ohms is a convenient
value. Make the coupling condenser (C; or C4) a nominal value
such as .1 ufd. It is desirable 1o keep this value high but care
must be taken to avoid making the capacity too large or trouble
may be encountered from leakage and “hang over” effects. Now
make the time constant of the grid resistor-condenser (R;-C,
or Ry-Cy) equal 1o the time constant of R;-C; and make Ry greater
than 20 times the reactance of C; at the lowest frequency it is
desired to pass. For example: If in Figure 5 we make R, equal
200,000 ohms, Cy equal .1 ufd., R; equal 1000 ohms, and desire

to provide correction to 30 cycles, then the time constant of
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Rs-Cy will equal .05 seconds or 50,000 microseconds. Leaving
the TC in us. will give our answer directly in ufds.
TC = RC = .1 X 500,000 = 50,000
50,000
and C; —= 1.000 = 50 ufd.
and Rg > 20 X at 30 cycles = 20 X 106 — 2120 ohms
or grealer,
What actually happens is that as the voltage across Ry decreases,
as a result of the rising reactance of C, (as the frequency is
decreased), the reactance of C; also increases and as a conse-
quence, the parallel impedance of C;-Rg is added to R as part of
the plate load impedance. Where the plate load is small in
comparison to the plate resistance, the gain from grid to plate
is given by:
A = G, Z, (Eq.6)
where A is the stage gain,
Gu is the transconductance in mhos,
Z, is the plate load impedance.
As we have made the time constants of Cs-Ry and C5-R; equal,
the voltage across the plate load impedance will rise in propor-
tion to the loss of voltage across C; and the voltage across
R, will remain constant.

It might be pointed out that although at times it is expedient
to make either C; or R; somewhat lower in value, such as to.
use a standard size capacitor for Cj, this should be done with
caution. If the values of C; or Ky are reduced, the amount of
correction necessary is increased and errors become magnified.
Good practice demands good design first so that minimum cor-
rection need be used.

If it is desired we may use C;-Rg to compensate for the fre-
quency distortion of R.-C. instead of R;-C;. To see how this
can be done refer again to Figure 5. It has been previously
shown that the impedance in the cathode circuit varies with
frequency; and therefore, the AC voltage developed across this
impedance will be, according to ohms law:

E = 1Z (Eq.7)
and, therefore, a function of frequency. This voltage will appear
across the plate load resistor, R;, amplified by the stage gain.
Now the plate current flows through both R,-C, and R-C;, so
the same kind of distortion will be generated in both circuits
if the time constants are equal; but as the current flows through
these networks in opposite directions, the distortion across Rs,
resulting from R»-C., will be cancelled by the distortion from
C;-Rg, if the distortion components are equal in magnitude. This
condition is met when:

R2 C2 — R(; C5 (Eq 8)
C. R
d — = - = A
an C:, R2

where A equals the stage gain as defined in Equation 6 for
pentodes and Equation 11 for triodes. For example, if we assign
values of 200 ohms to Rs (Figure 5), a nominal value of 100 ufd.
to Cu, and a stage gain of 10, and wish to determine the value

of C; and R, then:

9 100

._g; — —Es- — 10 so C5 — 10 ufd.
R(}_ — RG — 10 so RO = 2000 ohms
Ro 200
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The second condition may be checked by substituting in Equa-
tion 8:
200 X 100 = 2000 X 10

1 =1
Therefore, both conditions have been met. There will be no
frequency distortion from plate to ground resulting from R,-C.
and the phase delay will be proportional to frequency. However,
more about the phase delay later.

We now find ourselves in the position of being able to
make two of the four circuits causing low frequency distortion
negligible and being able to compensate for either of the other
two but not both. Now without compensating, as previously
explained, the only way of minimizing the effects of the coupling
efficiency of Ri-C; or Ry-Cy, Figure 5, is by increasing the values
of either the resistor, condenser, or both. There are limits as to
how far this can be carried, and generally the reactance of the
coupling condenser cannot be kept low enough, at the lowesl
frequency, to give completely satisfactory results. So it is gen-
eraily good practice to utilize Cs-R¢ to compensate for Ri-C,
or R;-Cy and use other means to minimize the eflfects of R.-C.,
Fizure 5.

There are three methods generally used to accomplish this.
First, eliminate R.-Cs, ground the cathode directly, and apply
fixed bias to the tube through the grid resistor. Second, eliminate
the cathode by-pass condenser, C., and accept the consequent
loss in stage gain. The gain will be reduced by the factor given
in Equation 2; but the reduction in gain will be constant at all
frequencies, so with other factors being equal there will be no
low frequency distortion. The third method is to make C. very
large and accept what comes out. This is not as bad as it sounds,
since 1000 ufd. low voltage electrolytics are available at rea-
sonable costs and certainly cost less than an additional stage
which might be required to bring up the overall gain of the
amplifier. The reactance of a 1000 ufd. condenser at 30 cycles
is 5.31 ohms and in the average circuit will cause negligible
distortion.

HIGH FREQUENCY ATTENUATION

As we have seen from the foregoing, there are four places.
or networks, in the conventional amplifier at which the low
frequency output may be restricted, and actually only one place
that correction may be applied (the others however being made
negligible). The opposite is true for the high frequency limita-
tions. We have only one (or what may be summed up and
treated as one) place, or network, responsible for the reduc-
tion of output at the higher frequencies (F» and higher in
Figure 2), but we have a choice of several correction circuits.
For an explanation, let’s take another look at Figure 1. We
have a resistance, R, in parallel with a capacity, C. The impe-
dance of this network is given by:

R X X,

b Z= v Rz 4+ X2

(Eq.9)
and, therefore, the impedance Z will be a function of frequency.
Now if we let R, Figure 4, represent the plate load resistance
of an amplifier stage such as R; in Figure 1 and C represent
the total shunt reactance across this load resistor such as Cq in
Figure 1, we can calculate the effective load impedance for any
frequency. Equation 6 shows that where the plate load impe-
dance is much less than the plate resistance of the tube, the
gain of the stage is directly proportional to the plate load im-

pedance. In other words, if the Gy of a tube is 9,000 umhos

and the load impedance is 1000 ohms, the gain would he 9:
while if the load impedance were raised to 2000 olins, the gain
would be 18. 1t is this shunt reactance in parallel with the
plate load resistor that limits the high frequency response of
the amplifier. This reaclance is composed (Figure 1) of the
output capacity of Ty plus the input capacity of Ts plus the
stray circuit capacity, and summed up as Ci.

CIRCUIT AND STRAY CAPACITIES

Before taking up the problem of compensating for this condi-
tion, methods for determining Gy should be discussed, as all
systems of high frequency compensation depend wpon accurate
knowledge of this capacity.

The input capacity. Cy. of a tube is delined as the capacity
from the grid to all other elements and the output capacity. Coue
of a tube as the capacity from the plate to all other elements.
This is emphasized because of the nsual practice in tube manuals
of listing the static inter-element capacities of triodes and sum-
ming the capacities up into Cy, and C, for multi-grid tubes. A
good reason f{or this is that the dynamic capacities ol triodes are
more subject to variations than screen-grid tubes. Therelore,
when dealing with triodes. remember to add the grid-plate. Gy
capacity to the plate-cathode, C . capacity to determine the total
output capacity, Cou: or for triodes.

(:nnt — Cpk + (:LHu

In the case of a 6J5 where the tube manual lists C . as 3.0 uuf.

bRk
and Cg, as 3.k the output capacity will be 3.6 4 3.1 = 7.0 uul.

In determining the effective. or dynamie, input capacity of a
triode, the “Miller Effect” must he considered. When a triode is
acting as an amplifier. the grid and plate voltages are out of
phase. That is. if the grid voltage is changed one volt in the
positive direction and the gain is ten, the plate voltage will
decrease ten volts. This gives a net change of eleven volts be-
tween the grid and plate and results in a capacity current in
the grid circuit eleven times ahove the normal capacity current.
This is known as the “Miller Effect,”” and from the above it can
be seen that the dynamic input capacity is a function of the

stage gain. The dynamic input capacity of a triode is given by:
Cin = (‘L’k + [ (‘L’p (1 + "\, }

where (;, is the dynamic input capacity.

(Eq.10)

Cyp is the capacity from grid to cathode,
Cy, is the capacity from grid to plate,
A is the stage gain.

Irom Equation 10 it is evident that the stage gain must be
known before the dynamic input capacity can be determined.
The gain of a triode is given by:

u Zy,

Zi + Re

where A is the stage gain,

A= ‘
(Fq.11)

u is the amplification factor of the tube,
7y, is the plate load,
R, is the plate resistance of tube.

For example, determine the stage gain and dynamic input
capacity of a 6J5 working into a 20,000 ohm plate load. From
the tube manual the plate resistance is 6700 ohms, u is 20, C is
3.4 uuf., and G is 3.1 uuf.

From Equation 11: 17, = Ry)
20 X 2 X 104 4 X105
2 X 10* 4+ 67 X 102 267 X 104

~

>9
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From Equation 10:

C = 3.4 + [3.; (1 4+ 15)J = 3.4 4 5314 = 57.8 uuf.

which is quite an increase from the static capacities.

Where the load of a triode is in the cathode insiead of the
plate circuit, cathode follower stage, the dynamic input capacity
is given by Equation 31 in the cathode follower section. The
grid to cathode capacity C,. of any amplifier tube is modified,
where cathode degeneration exists, by the factor | + Gu R,
where the cathode is unby-passed, and | 4 G,, 7, where the
cathode is partially by-passed and Z, given by Equation 1. This
reduction factor is seen to be the same as for the reduction of
gain with cathode degeneration.

| o
1+ Gy 7, I + G 7,

~ ~

(,,.ff = (_Agk

(Eq.12)

K
Cux is the grid to cathode capacity without degeneration,

where C.; is the effective capacity grid to cathode, C

Gy, is the transconductance in mhos,
Z, is the cathode impedance.

In a pentode if the screen is by-passed 1o the cathode the entire
input capacity may be degenerated. This, however, reduces the
clfective shielding of the screen grid. For example, determine
the dynamic input capacity of an 1832 with an unby-passed
160 ohm cathode resistor (7, — R,).

From Equation 12:
‘ 11 1 g o
(,‘,”‘ = = = — 1‘.;)2 uu‘.
I+ 009 X 1060 I + 1.4t 2.1
With the screen hy-passed to ground the effective input capacity
would be about 10% higher.

Determining the stray capacity is perhaps the hardest job.
There are no hard and fast rules for determining these strays.
Sometimes the capacity of individual components to ground are
measured and summed up but generally they are estimated as
close as possible, which may invoive a bit of “cut and trv.”
Nominal variations are usually compensated for in eritical or
very wide band amplifiers by making the “peaking coil”™ with
a variable hi-permeability iron core and adjusting the inductance
during alignment of the amplifier. A close approximation of

the stray capacity is 10 to 15 uuf. in a well-designed layvout.

Another method of determining Cy is by measuring the gain
of an uncompensated amplifier stage. Figure 1. in the mid-
frequency range (between Iy and Vo, Figure 21 and then measur-
ing the frequency at which the gain drops to 70.7% of the mid-
frequency guin. This will be Iy in Figure 2. In an uncompen-
sated amplifier the magnitude of C; that, with a given plate
load resistor, will cause the gain of the amplifier to drop to
0.7% of the mid-frequency gain, F., Figure 2. is given by:

1
2= F R

where Cy is in farads.

Cp = T
(Fq.13)
I is in cycles,
R is in ohms.

Essentially this states that when the shunt reactance across
the plate load resistor and the resistor are equal, the response
will drop to 70.7% of the mid-range value (Equation -1).

For example, by using the circuit in Figure 1, with R; 1000

ohms, and a wide range vacuum tube voltmeler connected from
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plate to ground. We could determine Cp by measuring the
voltage across R;, with a constant voltage input to the grid of
Ty, around 2500 cycles and then increasing the frequency until
the voltage was 70.7% of the initial value. This frequency can
then be substituted in equation 13, and we can solve for Cy.
The Cy thus determined will include the input capacity of the
vacuum tube voltmeter and this vacuum tube voltmeter input
capacity must be subtracted from the calculated Cyp. In order
to minimize errors on the input voltage to the grid of Ty, result
ing from shunt reactance across the grid, R, should be made very
low in value, 50 to 100 ohms, while making the measurements.

As a practical example, if we proceed as above and measure
10 volts across R; at 2500 cycles and 7.07 volts at 2mc., then
substituting in equation 36:

1012 103

Cp = — - = -
! 6.28 X 2 X 105 X 108 12.56

= 79.6 uuf.

But we must subtract from this capacity the capacity of the
vacuum tube voltmeter and assuming the vacuum tube voli-
meter capacity to be 22 uuf., Cy will equal 79.6 minus 22 or
7.6 uuf. This value will include all circuit and stray capacity,
and may be used as the basis for calculating the high frequency
compensation networks, as outlined later. When the peaking
coil is added to the circuit, care should be used in its mounting
to disturh the circuit as little as possible. A good practice is
to have a peaking coil of the same physical size mounted in
place but shorted out during the above measurements. If the
peaking coil is placed as in Figure 6, the effect of the capacity
to ground of the peaking coil is minimum.

HIGH FREQUENCY COMPENSATION

In low frequency compensation we found it necessary to make
the plate load impedance, and consequently the voltage gain,
rise in proportion to the loss in voltage across C,, Figure 5. In
high frequency compensation, however, it is necessary to keep
the plate load impedance, and thus the stage gain, constant over
the desired frequency range.

One way of accomplishing this is to add an inductive reactance
to the plate load network to counteract the effect on impedance,
of the change of capacitive reactance with frequency, of the

shunt circuit and stray capacity. Such a network is shown in

FIG. 6. Basic shunt peaked network.

IFigure 0, and its impedance can be made essentially constant,
from zero frequency up to any frequency where the network
proportions are such that the reactance of C is equal to the
resistance- of R and twice the reactance of L. The impedance of
this network is given by:

: - R4 X2
Z = X. T AL
1/ R* 4+ (Xe — Xp)2 (Eq.14)

www.americanradiohistorv.com


www.americanradiohistory.com

]

Actually if a plot of impedance versus frequency is made,
using the proportions above, it will be found that the impe-
dance begins to rise at a frequency .2F where F is the chosen
correction frequency and gradually rises as the frequency is
increased lo approximately .6F° and then decreases, becoming
equal to the low frequency impedance at F. The magnitude of
this increase is about .5% at .2I" and 3% at .6I". For example,
if we assume F to be 5 mc., C to be 31.8 uuf., L. to be 15.9 uh,
and R to be 1000 ohms, the impedance, Iigure 6, will be:

At 5 mec. X, = 1000 ohms
X1, = 500 ohms

: 10° 4+ 25 X 10°
£ = 1000 4/ 10° 1100050092 — 1000
= 1000 \/1 = 1000 ohms

/ 1.25 X 105
1.25 X 108

At 4.5 me. X, = 1112 ohms

X, = 450 ohms
, 10° F 2025 X 10° 72025 X 107
o= ”121/ 105 £ (112-450)° — 24 Tamem X o
— 111283 = 1112 X 913 = 1016 ohms
Al 3 me. X, = 1668 ohms

300 ohms
106 4 9 X 10} 008 // 1.09 X 105
p— )19
10°F - (1668-300)2 4 987155 X 108
= 1668 \/.37906 = 1668 X 616165 = 1027 ohms

XI, e

7 — 1668

At 1 me. X, = 2000 ohms
X, 100 ohms
6 1 / M X 105
T10° 10 _sony 4 /LT X0
105 2101 1 2107 X 106 1 2501 X o
= 5000 \/.040384 = 5000 X .201 = 1005 ohms

This plate load network is a parallel resonant circuit of very
low Q and we are actually working along the resonance curve.
By increasing the correction frequency, I, the linearity over a
desired frequency range can be made almost perfect at a sacri-
fice of gain. Design data for this is covered under “Shunt
Peaking.”

Generally speaking, high frequency compensation of ampli-
fiers is based upon wave filter theory, and the more complex
the filter used, the higher the gain. The more complex types of
filters are usually used where highest possible gain or very
sharp cut-off characteristic are of prime importance. The most

_widely used types of high frequency compensation are:

1. Shunt Peaking
2. Series Peaking

3. Combination or Series-Shunt Peaking

N

The gain of the different types are in the order listed above,
with series peaking giving 50% more gain than shunt peaking
and combination peaking giving 80% more gain than shunt
peaking. Combination peaking is widely used as the best com-
promise between maximum gain and simplicity.

SHUNT PEAKING

Referring to Figure 7, there are three components which we
are interested in, in order to extend the high frequency range
of the stage.

Rl

Ll

B+

FIG. 7 Shunt peaked stage.

These are labeled Cq, Ry, and L. Cp can be determined by the
methods previously outlined. R; is made equal to the reactance
of Cyp at the highest flequency of correction. let us label this
frequency F.; then:

l{] = X(:T at I“(- (E([ ]5)

And Ly is such that its reactance at F. is one-half of XGpat Fo, or

XGp

XL, = T at I, (Eq.16)
R
or L, = - 1‘ (Eq. 17)
dar I'c

For example, suppose it is desired to extend the bandwidth of
the stage in Figure 710 5 megacyeles and Gy was 25 uaf. Then:
) 108

Nop =~ — - ——— — 127
0 0.28 X 5 X 108 X 25 X 10—12 — 785 — 1273 ohms

Therefore, R, cquals 1273 ohms (Equation 15) and:
1273 1273
" =1256 X5 X 108 028 X 10— 209
Iy == 20.3 uh.

X 10-% henries

The stage gain, given by Fqualion 6, assuming T to he an 1852,
will be 1273 times .009 or 11.15. Equations 15, 16 and 17 are
satisfactory for shunt peaking where only one or two stages are
required. Actually the response, using these formulae, at I, is
the same as the low frequency response, but there is about a
3% rise in output somewhat lower in frequency than .. Shunt
peaking can be made nearly perfect if I'. is made about 10%
greater than the highest correction frequency desired. As this
would result in a reduction in gain of 30%, an accepted com-
promise is lo design for a reduction in gainof 15%.

If a conservative design is desired. or several stages are to he
cascaded, the following formulae may be used. Still referring
to Figure 6, Equation 15 may be replaced by:

R] — .85 X(f'p at F(. (Eq. ]8)
and Equation 17 may be replaced by:
3
L] = .
(21 F.)2Cop (Eq.19)

If we recalculate the previous example,

Ry = .85 X 1273

R; and L., would be:

= 080 ohms

I, = =
L (6.28X5X1051225X10 12 T (3 1IX107)25X10- 12
3X10° 300
_ B 800 s
0.85X2.5X10%  21.0
and the stage gain will be .009 X 1080 = 0.72. " 4
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SERIES PEAKING

The basic circuit of a series peaked stage is shown in Figure 8.

T T2
e S ) lr ® -s
I ML l C
) (W] | <
-l: :1:
R! '}'cl ‘l'cz
4 L =
Cr = C1+C2

Be

FIG. 8. Series peaked stage.

Here again we are interested in three components, L;, R, and
Cr, broken down into C; and C;. Cr can be determined by the
methods previously outlined; but in addition to knowing Cy,
we want a 2/1 ratio between C, and C., although the ratio may
be reversed by moving R, to the opposite side of the coil 1,
Figure 8. The rule is to keep the load resistor on the low capacity
side of the filter. (See Figure 9.)

T2
? ﬁl}cc < =a
| [
| [
_l_ _1- Rt
“Tez 'lTél
!
o L -L
= = — -C =
Cr=Cl«C2

FIG. 9. Series peaked stage.

Usually, with a bit of juggling, the ratios may be kept close
to 2/1. For instance, the coupling condenser, C., could be
moved to the plate side of L,, Figure 8, thus shifting the
capacity to ground of C. from C. to C,;. Referring to Figures
8 or 9:

CT = Cnut Of Tl + Cin Of TL’ + Cstmy — Cl + C'.’ (Eq- 20)

C-_r - 2(:) (Eq. 21)
R, — 1.5 X Xcy at F. (Eq.22)
Ll B 1 = .67 CT R12 (Eq. 23)

2(7!’ FC)QCI
In using Equation 23, it is suggested that the second portion
be used, that is, where C; is used to determine L., because
Cr is more important than the division of C, and C. in the
compensation network and in all probability less error will

be made in determining Cr than C,.

For example let us calculate Ry, L,, and the stage gain of
Figure 8, assuming T, to be an 1852, F. to be 5 mc., and Cr to
be 30 uuf., with C, = 2C,.

Then from Equation 22:
R, = 1.5 X¢pr = 1.5 X 1060 = 1590 ohms

And from Equation 23:
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L, = .67 X 30 X 1072 X 1590 = 51 X 10—° henries
L1 =— 51 uh.

And the stage gain will be:
A =G, Z, = .009 X 1590 = 14.3

The series peaked network is characterized by a sharper cutoff
and a more linear phase characteristic than the shunt peaked
network.

SERIES-SHUNT OR COMBINATION PEAKING

Combination peaking, as its name implies, is a combination
of shunt and series peaking and has a still sharper cutoff than
series peaking. Here again our problem is similar to series
peaking in that a 2 to 1 division of the capacity Cy is required
for best performance of the stage. The same rule applies on the
location of the load resistor; that is, place the load resistor on
the low capacity side of Lo. (See Figures 10 and 11.)

TI T2

R2 T2
2 A A A
b 1l P (1]
? L1}
| L2 | Ce
| |
k. L.
2T “72 Ll
c2 ) €I
L I ==
R
CT=Ct+C2
B+ =

FIG. 11. Combination peaked stage.

R, and L, may be reversed, and usually it is desirable to do
this as the stray capacity, which composes part of C; and Co,
would be smaller with a resistor connected to either side of
L, than if L, were so connected (smaller physical size,

primarily).

Referring to Figures 10 or 11, the design critera for com-

bination peaking is:

Cr = C, + C:
C. = 2C

L, = .12 X Cr X Ry? (Eq.24)
L, = .52 X Cp X Ry? (Eq.25)
R, = 1.8 Xcr at F, (Eq. 26)

If required, start with R, = 5R, by experiment.

A high distributed capacity in coil L2 or improper ratio be-
tween C, and C. may cause a rise in response in the higher
frequency portion of the pass-band. This rise can usually be
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flattened out by the addition of the resistor R,, Figures 10 and 11,
to lower the Q- of L,. The exact value will have to be determined
by experiment in each case. A good starting value is about five
times the value of the plate load resistor.

As an example, suppose we use the same specifications we
used in the example for series peaking, in calculating L;, Lo,
and R, Figure 10.

From Equation 26:
R = 1.8 X 1060 = 1908 ohms

From Equation 24:
Ly =.12X30X10-12X3.64 X10°=13.1 X 10-% H. = 13.1 uh.

From Equation 25:

Ly = .52X30X10-12X 3.64X 10° = 56.7 X 10~% H. — 56.7 uh.
And the stage gain is: A = .009 X 1908 — 17.17.

THE HIGH PEAKER STAGE

One problem usually encountered in transferring the video
voltage output of an Iconoscope into the grid of the first ampli-
fier stage is that of getting the maximum signal to noise ratio.
The most satisfactory method for accomplishing this is to pro-
vide the highest possible signal input into the grid of the first
amplifier stage without regard for frequency distortion, then
carefully preserve this distorted signal while it is being am-
plified in one or two stages, and finally introducing a comple-
mentary network that gives equal and opposite distortion to
that generated by the input network. With frequency components
from 30 cycles to about 4 mc. in the output signal of an Icon-
oscope, developed across R. in Figure 12, it is readily seen
that the shunt reactance of C; will severely limit the high fre-
quency components.

T

T [

| 1

L l
-~ //"

&

RZ .

FIG. 12. “Hi-Peaker” stage.

If the linearity is preserved, that is, compensating as previ-
ously outlined between T; and Ts, to keep intact this distorted
waveform, we can insert the network R;-L; as the load for Ts.
This network is complementary to the network R:-C;, and has
the opposite_impedance and phase characteristic, provided the
time constants are equal. The time constants will be equal when:

Ly

1

R, C; =
A stage with this type of correction is called a “High Peaker”
stage, and the design data are:
Ci = total ckt. and stray capacity (input stage)
Ca = total ckt. and stray capacity (hi-peaker stage)
Re = nominally 100,000 ohms

R; > 10 X XL, at F, (Eq.27)
Xc; < .1 Ry at lowest frequency (Eq.28)
R, _—ILwhere R = ohms, L. = uhenries.C — ufds.(Eq. 29)
2 Uy
25.33 X 103
L, = -
1 (2 F.J)2 X G, (Eq. 30)

where L is in uh.,
C is in uuf.,

F is in mec.

Thus, with Equations 27. 28, 29 and 30, we can design a satis-
factory compensating network. Equation 30 shows that the
resonant frequency of L,-C; is twice the cutoff frequency, F..

For an example let’s determine L,, R, R, and C; of Figure 12,
assuming C; to be 12 uuf. and C, to be 30 uuf., F,. is 5 mc., and
30 cycles the lowest frequency.

From Equation 30:

. -
L, — 25.33 X 10 _ 253.3 — 843 uh.
102 X 30 30

From Equation 29:
L, 8.43 843

= — 7.25 Ohms

R — =
"TTR.X G, 100X 12 X 106 12

From Equation 27:
R; > 10 X 6.28 X 5 X 10¢ X 8.43 X 10—% = 2650 ohms or greater

From Equation 28:
Xcg = < .1 X 2650 = 265 ohms or less

C; = 20 ufd. or more

And the stage gain, if Ty is an 1852, will be:
A = .009 X 7.25 = .06525

From this it is apparent that the stage is operating at a loss,
but the actual overall voltage output will be greater than if we
had used a much lower value for R in an attempt to preserve
the high frequency response into Ti; also the signal to noise
ratio will be better.

PHASE CHARACTERISTICS

These correction circuits will provide essentially flat frequency
response to F. and a phase shift proportional to frequency; or
saying it another way, the time delay is independent of frequency.
Up to now little has been said of the phase characteristic of
amplifiers. The phase characteristic is relatively unimportant
in amplifiers designed for audio work, as the human ear is very
insensitive to phase distortion, but becomes very important in
video work or wherever complex waves are to be amplified with-
out distortion. Without going too deeply into the subject of
complex waves, which is beyond the scope of this article, every
complex wave is composed of the fundamental frequency and
any number of harmonics, having various phase relationship
with each other, and whose amplitude and phase may be ex-
pressed by a Fourier Series. To see why it is important that
the phase shift be proportional to frequency, that is, the second
harmonic should be delayed twice as much as the fundamental,
the third harmonic three times, etc., let’s take a look at Figure 13.
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FIG. 13. Complex wave with components in phase.

Wave A is a complex wave composed of the fundamental
wave B and the second harmonic C in phase. If the wave A
is passed through an amplifier that delayed waves B and C the
same amount, for instance 30°, the wave shape would Dbe as
shown in Figure 11.

FIG. 14. Complex wave after both component waves are delayed 30°.

Wave C goes through two cycles, 720 electrical degrees, while
wave B goes through one cycle, 360 electrical degrees; or to
put it another way, with respect to time, wave C is traveling twice
as fast as wave B. Therefore, if both waves are delayed 30°,
wave C will be ready to repeat its cycle 50% sooner than
wave B; or with respect to wave B, wave C will be advanced
in phase. When these two waves are summed up, with the altered
phase relationship, we will get wave A in I'igure 11. Compare
this with wave A in ligure 13. Both are composed of the same
two frequencies, only the phase relationship has been changed.
If the phase characteristic of the amplifier is proportional to
frequency, the wave coming out of the amplifier would be the
same shape as the input wave, provided the frequency response
is uniform. As a point of interest, the shorter the pulse, the
greater the number of harmonics present and the wider the
bandwidth of the amplifier required to pass the pulse without
distortion. A single impulse of infinitesimal duration contains
all frequencies from zero to infinity of equal amplitude.

CATHODE FOLLOWERS

Cathode follower is the name given to a stage when the load
is in the cathode instead of the plate circuit. This type of cir-
cuit finds its widest use in video work as an impedance changing
device. As the output voltage of an amplifier taken from the
plate circuit is at a comparatively high impedance, unless changed
by an impedance changing device such as a transformer, securing
a proper match into a transmission line of nominal impedance
is therefore somewhat of a problem. This is especially true in
video work where a wide frequency range is encountered, and
the design of a transformer with flat output from 30 cycles to
4 or 5 mc. presents quite a few difficulties. The simplicity and
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low cost of the cathode follower is primarily responsible for
its popularity. Either pentodes or triodes may be used and a
conventional circuit for each is shown in Figures 15 and 16
respectively.

B+ B+

Zo
ouTPUT
R

Zo

38 ouTPUT _L

FIG.15. Pentode cathode follower. FIG. 16. Triode cathode follower.

Both the input conductance and the grid to cathode capacity
of the tube in a cathode follower stage are modified by the factor

1.
1 + Gn R,

The pentode cathode follower stage is used in preference to
the triode in applications where the lower input capacity or a
higher output voltage is desired. The effective internal impedance
of the tube is the reciprocal of the grid to plate transconductance
in mhos and must be added in parallel to the cathode resistor
to determine the output impedance, Z , Figures 15 and 16.

In a triode cathode follower stage, Figure 16, the dynamic
input capacity is given by:

Cy

CI'ff
1 + Gu R,

+ C,
F G (Eq.31)

and if a pentode is used, as in Figure 15, the dynamic input
capacity will be:

Cin
Ct'ff N
1 + G, R, (Eq.32)
And the stage gain is given by:
o Gm Rk
1 + G, R, (Eq.33)
The effective output impedance, Z,, is given by:
1
7. — Gn X R,
1
Gm + R, (Eq.34)

From Equation 33 it can be seen that the stage always operates
with a gain of less than 1 and the higher the value of R, the
closer to unity the gain becomes. The circuit in Figure 17 is
sometimes used to secure higher output voltages.

In this circuit R, is divided into two parts, Ry and R, ar-
ranged so the dc voltage drop across Ry is equal to the required
grid bias, and as the grid is returned to the junction of R; and
Ro, the correct bias will be obtained; the G, will not change,
but R, will be increased and thus the voltage output (Equa-
tion 33). Similarly Z, will be changed (Equation 34).

For example let’s determine the effective input capacity, stage
gain, and effective output impedance of an 1852 cathode fol-
lower stuge with a 160 ohm cathode resistor. From the tube
manual, Cy, is 11 uuf. and the G,, is 9,000 umho’s (.009 mho).
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From Equation 31:

11
Cw = = 1 = 4.52 uuf.
1 4+ 009 X 160 2.44
From Equation 33:
009 X160 144 59
1 4+ 009 X 160 244
From Equation 34:
] =__1_ —1n 7 — 111 X 160 657 ohms
Gn 009 271

FIG. 17. Cathode follower with 7, matched to load.

By using the arrangement in Figure 17, we could get a perfect
match into a 72 ohm line by leaving R, equal to 160 ohms
and by making R, equal to 15 ohms. The gain, A, and Z, would

be then:

unloaded— A = LIS v e .648

1 4+ .009 X 205 2845

72 X 205

009y 205

72 X 205

L4 0095 s
009 X 54.7 492
1 4 009 X 547 1.492

loaded— A =

L]
— .09

With a normal bias of 3 volts on the grid, the maximum
voltage output would be 3 X .33 or .99 peak volts. In terms of
peak to peak voltage, and assuming the grid swing was from
0 to 6 volts, the output would be 1.98 volts peak to peak.

The output impedance will be:

/7 — 11 X 205 =f2—27£: 72 ohms

? 316 316
DESIGN HINTS

It is evident, from the foregoing design data, that the limit-
ing factor, in securing good high frequency response, is the
shunt reactance across the plate load resistor and that this shunt
reactance has a direct bearing on the gain of the amplifier.
Therefore, good practice demands that every effort be made
to keep the stray and circuit capacity at a minimum. A well-
designed layout and careful planning will pay big dividends.

The practice of placing a small paper or mica condenser across
a large electrolytic by-pass condenser to by-pass the high fre-
quencies is sometimes dangerous, as far as flat frequency re-
sponse is concerned. The inductance of the electrolytic and the
paper or mica condenser may form a parallel resonant cir-
cuit; and this may cause either an increase or decrease in
the gain, depending on the location of the network, at its resonant
frequency.

Care should be used' in selecting resistors as there is a wide
variation in the high frequency characteristics between the
products of different manufacturers. Wire wound resistors for
plate loads should be used with extreme caution. The inductance
and distributed capacity may be quite high and upset the network.

When triodes are used in wide band amplifiers where the
required plate load is comparable to the plate resistance of
the tube, the plate resistance should be considered in select-
ing the plate load resistor value. The plate load resistor should
be of such a value that when it is in parallel with the plate
resistance of the tube, the resistance of the combination will
equal the calculated value. For example, if a 6J5 is used and
the calculated load resistance is 1000 ohms, a plate load resistor
of 1175 ohms would be used.

1000 X 6700

— == 1175 ohms
6700 — 1000

In critical applications, generally, the peaking coils are made
with a moveable hi-permeability iron core for adjusting the
inductance to take care of un-predictable minor variations in
circuit and stray capacities. The gain-frequency characteristic of
the amplifier may be checked with a good grade signal generator
supplying the constant voltage input and a wide range vacuum
tube voltmeter for monitoring the output. The response of the
amplifier may be observed visually using a video sweep gen-
erator and a wide range oscilloscope.

A standard oscilloscope may be used in place of the wide
range oscilloscope Dby inserting a linear detector between the
amplifier and oscilloscope input and using a sinusoidal voltage
equal to the sweep frequency for the time base.

ATTENUATORS

The effects of the circuit and stray capacities, Cy, Co, and Cs
in Figure 18a are negligible at audio frequencies but become

FIG. 18. Attenuating systems.

A. Uncompensated. B. Compensated.

increasingly important as the frequency is increased. At video
frequencies they cause reduced input impedance as well as fre-
quency and phase distortion. The frequency and phase distor-
tion, and to a certain extent, the input impedance will vary with
the position of the slider on R. This condition can be remedied
by use of a compensated step type attenuator. Figure 18b is a
schematic of the basic circuit of an input cable and attenuator
system generally used on wide range oscilloscopes.

Ignoring the input cable for the moment, the ratio of output
voltage, Ej, to the input voltage of the attenuator, E,, will be
independent of frequency if the time constants of Ri-Cy and
R.-C. are made equal. As C, is the sum of circuit and stray
capacities, and thus fixed, the design procedure is to set the
values of R, and R, for the voltage ratio desired, and then
make C; such value that:
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"

k. C,

FC = Rl (,1 == R*_D Cs or Cl Rl - (Eq35)

This means that a different value of C, will be required for each
step of the attenuator: and since, as will be explained below, it
is desirable to keep the total resistance of R, and R. constant,

these values will have to be changed for each step also.

It is generally desirable to load the circuit supplying the
signal voltage as little as possible. Yet means must, however, be
provided for making connection to the signal voltage source,
and a low capacity cable with an isolation resistor in the probe
is usually satistactory. Even with so-called low capacity cable,
the capacity of a five foot section plus fitting and circuit capacity

is considerable at video frequencies.

The voltage division can be made independent of frequency
in the same manner as outlined for the attenuator. That is, by
considering Ry and Ry as one resistor and summing up the cable
and fitting capacity together with the effective capacity of C,
and C, in series, as one capacity, C,, and then adding the capacity
C.

-3

across the isolation resistor, Ry, making its value such that
the time constants of Ry-C: and (R, + R.,)—C. are equal.
This is the same as Equation 35. This will mean, of course. that
R, + R.
R, + R, 4+ Ry

reduction a factor of 10 and increasing the gain of the amplifier

k. will become E;  but by making the

by the same factor, our overall gain remains the same and we
have secured a coupling and attenuating system that has a high
input impedance and gives minimum distortion of the wave

shape of the signal. The effective input impedance will be a re-

sistance equal to Ry 4+ Rs 4+ Ry with a parallel capacity equal
to C» and C. in series and may be calculated for any frequency
by Equation 4. For example, if we wished to have E, Figure 18b,
one-tenth of E., and E. oue-tenth of E,, and C, is 50 uuf. with
C. being 200 uuf.. we could proceed with design by making:

R, = 10,000 ohms
Rl = 90,000 ohms
R; — 900,000 ohms

c _ R.C 100X 50 50
' R,  9X10¢ 9

— 5.56 uuf.
(10* + 9 X 109200 2 X 107 200

- = = 21.1 uuf.
9 X 10d

C~_b — =
9-X 10° 9

And the input impedance will be one megohm with 19 uuf. in
shunt (21.1 and 200 uuf. in series). By always keeping the total
resistance of R, and R. equal to 100,000 ohms one setting of C.

would be correct for any setting of the attenuator.

SUMMARY

As a final summary, the following three design charts have

been prepared. There is one chart for compensated stages using
Shunt high frequency peaking, one for Series high frequency

peaking, and one for Combination high frequency peaking. Low
frequency compensation data is included on each to keep each

chart complete in itself,

Of the numerous reference sources used in writing this article,
the author desires to give special mention to lecture notes of
Mr. T. M. Gluyas of RCA, on the subject of “Generation and

Application of Non-Sinusoidal Waves.”

DESIGN CHART NO. 1

Compensated stage with shunt high frequency peaking.

Gain — G, R,
Cr = C,, + Cy of Ty and T,

respectively + wiring capacity

Fe highest frequency of correction

—
P}
—
13}

lowest frequency of correction

Ri, = Xy at l“uz
R, General
I Fo

R, — .85 \¢p at I)

9

3 Conservative

(27 Fi)? Cop i

lll =

Xey < e at I,

J
ez

Ry

R2
Ll

E
o
1"
—— == g —————

[}

! On
-

——AAAA

'l

Be

To compensate for R,—C, or C:—-_R-

C:z — Cg R2
Ry,

l{;; > 20 XC3 at F]

To compensate for R4—C,

RB C4

R, Cs

R4 C4 == R3 C3 and === Gm RL
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DESIGN CHART NO. 2

Compensated stage with series high frequency peaking.

T2

Gain = Gm RL
Cr=Cs + Cp
CB - 2 CA
B+
; Fc = highest frequency of correction
1
| F, = lowest frequency of correction
’ To compensate for R;—C; or Ry—Cs
R, = 1.5 Xcr at Fe C — Cs R,
Ry
L] — .67 CT R[,Q
R:{ > 20 XC3 at F]
XCS < L at F]
e To compensate for Ry—C,
3/F ]
RS > —— at Fl R4 C4 — R:«; C.‘t and Rd = C4 == Gm P\l.
S " Cs
i
DESIGN CHART NO. 3 T
| L | TZ
Compensated stage with combination high frequency peaking. | | e
Re I |
L -1
RN Tee
Gain = G,, Ry, ! ' R2
= na——: N
Cr = Cy + Cg
I CP, == 2 .CA -
Be
Fe = highest frequency of correction
i Fi — lowest frequency of correction
P\L = 1.8 XC'[‘ at FC
. To compensate for R;—C; or R,—C.
L] S .12 CT RL2
C C2 R2
. 3 = T
Lg == 52 CT RL‘! RL
2 R'} > 20 XC;; at F]
XC;; — ——— at F]
Rg > ——————:_)’/F at Fy To compensate for Ry—C,
B R C
R; C, = R: C d K = ! == Gm
R; = 5 Ry, by experiment P P an 4 Cs Re
67
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BUY WAR BONDS

oB. THE ORTHIC

N a paper presented before the

New York Section of the 1.R.F.,
June 7, 1939, Albert Rose and Harlev
lams, of the RCA Research Labora-
tories, announced the Orthicon, a
new television pick-up tube. In it
issue of the following month this
tube was characterized by “Elec-
tronics” as *...one of the most
significant advances in television
electronics since the advent of the
Iconoscope itself ... A new and
greatly improved form of the lcon-
oscope, using low-velocity electrons
for scanning, thereby avoids spurious

ELECTRONIC TELEVISION
IS AN RCA DEVELOPMENT

This is the third of a series of adver-
tisements showing that RCA engineers
developed the basic essentials of the
electronic television system —including
tubes and circuits.

RCA built the first all-electronic tele-
vision transmitters and receivers — the
first commercial television station —
established the first television relay sys-
tem — presented the first electronic
theatre television — was the first to
televise a baseball game, and a Broad-
way play; and was first to televise from
an airplane,

RCA is, and will continue to be, the
leader in practical, successful commer-
cial television. You may expect the best
of all kinds of television transmitting
and receiving equipment from RCA.

S
N

signal<, obtains storage efhiciency
ten to twenty times that of the
[conoscope, and produces an output
current linearly related to the
light input.™

With this tube, storage efhiciency
was stepped up to almost 100 per
cent. compared to 5 to 10 per cent
previously obtained, and overall
sensitivity increased 20 times. The
practical effect of this tube was to
free television from the limitations
of the studio and its artificial light-
ing, and make the whole world of
living events a stage for television.

The Fountainhead of Modern Tube Development is RCA

= 9) RADIO CORPORATION OF AMERICA

RCA VICTOR DIVISION o CAMDEN, NEW JERSEY

in Canada, RCA VICTOR COMPANY LIMITED, Montreal
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Jou can use rthe NWEW VOLTONM)ST
for checking FH Discriminator Alignment

(A ZERO-CENTER-INDICATOR IS INCORPORATED FOR THIS PURPOSE)

—and you can also use the 195-A Voltohmysr

As an ELECTRONIC D-C VOLTMETER

Measures d-c Voltage to 1000 volts in six ranges—has high
resistance input of 10 megohms constant on all ranges -
plus isolation resistor in probe for dynamic socket voltage
readings — polarity turnover switch eliminates confusion
in reversing test leads — positive and negative indications
are individually calibrated.

T ; P o As an ELECTRONIC OHMMETER
0 4 3
h‘,\’z\ ‘ _ Measures Resistance up to 1000 megohms with internal

\Rad] ~ source of only 3 volts —six resistance ranges indicating
eLecTROMR. X VOLTMETER

Ao OTAMCAKA CAMOtn 1 ) 05 from .1 ohm with shielded calile — zero resetting unnec-

essary with change of range — all ranges are indicated on

“OHMS” scale.

As an ELECTRONIC A-C VOLTMETER

Measures a-c Voltage to 1000 volts r.m.s. in six ranges —

with clear linear scale — Binding Jack with locking pin

VoLrOumyst = plug prevents accidental ground lead disconnection —
' meter protected against accidental burn-out.

4

As an ELECTRONIC A-F VOLTMETER

Measures a-f and Supersonic Voltage up to 100 volts with a
range of 20 to 100,000 cveles — internal self-balancing
diode— produces linear reading at anv frequency.

As an ELECTRONIC OUTPUTMETER

Measures Decibels based on a-f voltage — calibrated in
Volume Units for direct reading across 000 ohm audio
circuits with standard zero level of 1 mmlliwatt.

The New Model Of The Famous RCA Junior Voltohmyst

Incorporates Several New Features Including:

Buy More

A diode for a-c measurements (flat 20 with one-piece crystal-clear transparent War Bonds
cvelesto 100 hilocycles) ; linear a-cscale  front (no glass to break or loosen);

for all ranges; new plastic meter case  and a shielded a-¢c cable and probe.

TEST AND MEASURING EQUIPMENT SECTION
Radio Corporation of America
Camden, N, J.

RADIO CORPORATION OF AMERICA

RCA VICTOR DIVISION « CAMDEN, N. J.

Street Adcdress. - In Canada, RCA VICTOR COMPANY LIMITED, Montreal
City & State

r
|
|
|
|
| Name
|
(
|
e e = g R s e

1J9338 Printed in U. S. A.
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%z RCA microphones . . . used by a// foxr major networks . : . start most
of the nation’s finest radio programs on their way to you. The leadi.
television programs, sound motion pictures and phonograph records alsa)
get their start through RCA equipment.
Yes, the entertainment you like best begins with RCA, and you enjoy it b
through the “matched engineering’ of an RCA instrument at home.
When they are again available, insist on a genuine RCA Victor
Radio, Phonograph or Television Receiver. From

studio to you—if it's RCA, it /s the best.

7 Badiad

Famous Victor recording artist, appearing frequently over NBC. |
Her records reach the peak of fine reproduction on
RCA Victor Radio-phonographs—they’re quality-matched to each ot

LISTEN TO RCA’s radio program, " The Music America Loves
Best,” every Sunday afternoon, 4:30 P.M., EW'T, NBC Network.

RADIO CORPORATION OF AMERIC

RCA VICTOR DIVISION = CAMDEN, N.J.

LEADS THE WAY .. In Radio . . Television . . Tubes ... Phonographs i : Records . . Flect-un}
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