


At each of the following locations you
will find a broadcast specialist who is
ready to help you with your problems:

36 W. 49TH ST. 502 CITIZENS & SOUTHERN BANK BLDG. 1355 MARKET ST.
NEW YORK 20, N. Y. ATLANTA 3, GA. SAN FRANCISCO 3, CALIF.
718 KEITH BLDG. 221 W. 18TH ST. 1560 N. VINE ST.
CLEVELAND 15, OHIO KANSAS CITY 8, MO. LOS ANGELES 14, CALIF.
666 N. LAKE SHORE DRIVE 1907-11 McKINNEY AVE, 2400 3RD AVE.
CHICAGO 11, ILLINOIS DALLAS 1, TEXAS SEATTLE, WASH.
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OUR COVER, appropriately we think, is a Koda-
chrome of the power amplifier tank circuits of
the new BTF-50A KW FM Transmitter described
in Charlie Starner’s article beginning on Page 8.
This photo was made in the transmitter laboratory
by Jim Gaynor, Manager of our photographic de-
partment. The red glow is the reflection of the
filaments in the big tubes from the copperlined
interior of the tank elements.

SUPER-POWER FM s no longer confined to the
laboratory. As this is written three RCA 50 KW

FM transmitters are on the air—and several others
are underway. Two of these installations, WTM]J-
FM, Milwaukee and WBRC-FM, Birmingham, are
described at some length in this issue. The third,
WMCF, Memphis, has been on only a short
time and we have not yet received a description.
However, we’re hoping to have this in a forth-
coming issue (Ed Frase, please note). It should
be a dandy too, because WMC has not only AM
and FM, but also TV, all in the same building and
all radiated from the same tower. This is the first
time this has been done commercially, and Ed
reports that it works f.b. in all respects. WTMJ-FM
and WBRC-FM articles (Pages 18 and 24, respec-
tively) are noteworthy, we think, for the wealth
of information on how the equipment was actually
installed. The photographs (particularly behind-
the-panel views) and floor plans should be of
considerable help to station engineers planning
similar setups.

PHILOSOPHY is a new word for Broapcast NEws.
Ordinarily our pages are reserved for the prac-
tical aspects of broadcast engineering and opera-
tion—the “how-it-was-done” and “how-to-do-it” kind
of articles. Anything that smacks of theory we
avoid like the plague. But in TV engineering we
encounter a somewhat different situation. Here is
a field with which the average station engineer has
had almost no contact. Chances are he hasn’t, until
very recently, paid any attention at all to it. And
yet it is not a new field. RCA engineers, and others
too, have been working continuously on TV devel-
opment for over twenty years. They have gone
through some six or seven distinct stages (differ-
ent number of lines, different frequency bands,
etc.). At each of these stages meetings were held
with industry and FCC engineers. Problems were
discussed mutually and forward-looking standards
adopted. It was in this way that our present TV
system was established (those who are interested
in the detailed record will find it in Don Fink’s
book, “TELEVISION STANDARDS AND PRAC-
TICE—N.T.S.C.”).

A broadcast station engineer, faced with the
problem of becoming a TV expert “overnight,”
will more easily understand the working of the
TV system—as a system—if he is familiar with
the background thinking on which our present TV
standards are based. John Roe’s article on “The
Philosophy of Our TV System” (Page 73) explains
some of this thinking—and hence we feel is impor-
tant reading for every TV neophyte.

John’s article is so long we plan to run it in
three installments in the next three issues of
Broapcast News. However, if you cant wait for
“the next episode” we will (on request) send you
a preprint of the whole thing.

NAB ENGINEERING MEETING at the Stevens

Hotel, Chicago, April 6.9, promises to be the
biggest and best yet. Doc Howard and Neil
McNaughton are working up a list of engineer-
ing papers which will set a new high in practicality
and usefulness. And they’ll be the things you are
interested in—Ifor the list of subjects has been
drawn from the answers to the questionnaire sent

out by NAB.

In addition to the papers, the equipment ex-
hibits promise to be even bigger and ®more interest-
ing than ever. As usual we will have most of our
current equipment items on display—plus a num-
ber of new things which will be unveiled for the
first time. We’ll have lots of space—and lots of
easy chairs. Make our booth your headquarters.
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Directional characteristics of a
typical KB-2C microphone.

MUSIC y \N

!
A voice

h !

1,000 10,000 15,000
FREQUENCY IN CYCLES PER SECOND ™

Open Circuit Frequency Response
of a typical KB-2C microphone.

ECAUSE this man is talking into the
B new miniature KB-2C, his audi-
ences hear him . .. and see him! Hear
him —because the KB-2C has ““big
mike’’ quality. See him-—because the
KB-2C is one of the smallest high-
quality microphones yet designed. It’s
ideal for conventions and night clubs.
And it’s ideal for general station and
other indoor uses.

Using highly efficient magnetic ma-
terial . .. and a magnet structure that’s
a part of the microphone case itself, here’s
a microphone that’s as “light as a
feather’’—and so small it fits into your
pocket. Its directional characteristics
provide @ symmetrical figure eight . . .
with surprisingly uniform frequency
response between 80 and 8,000 cps.
Hum level, —108 dbm. Effective output

__ RCA TYPE KB-2¢C
80 to 8,000 cycles
Price *502°

e KB-2C shown beve is actual size.

VELOCITY MICROPHONE 75 ;7 g%@ /

level, =56 dbm. Three output imped-
ances provided; 30, 150,and 250 ohms,
in accordance with RMA standards.

Plenty of operating conveniences,
too. You can tilt the KB-2C backward
and forward on its swivel through an
angle of about 30 degrees. You can
select your bass response by means of
a screwdriver-type switch located
under the swivel pivot. You can dis-
connect the cable right at the micro-
phone. For desk positions, use RCA’s
type KS-2A low-height stand. For
other services, use any standard floor
stand or collapsible stand.

More about the 12-ounce KB-2C

from your RCA Broadcast Sales Engi-
neer. Or write Dept.

BROADCAST EQUIPMENT

RADIO CORPORATION of AMERICA

ENGINEERING PRODUCTS DEPARTMENT, CAMDEN, N.J.

In Canada: RCA VICTOR Company Limited, Montreol
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FOR EVERY STATION NEED—AM-FM-TV

Available now for immediate delivery—
more than 100 high-quality items to meet

yodr installation requirements

MAIL THIS COUPON FOR YOUR FREE COPY
IE'--_-----_-------_—I
RCA’s NEW AUDIO ACCESSORY

BULLETIN —

RCA Engineering Products Dept.
Camden, New Jersey

Please send me my copy of your bulletin on RCA’s Audio
Equipment Accessories.

Name

Address

Station Position
City State

REPRESENTED HERE are items from broadcasting’s most com-
plete line of fine audio accessories. Microphone stands . . .
studio warning lights ... cabinet racks . . . panel-mounted aux-
iliary units. .. transformers of many kinds. In all, more than
100 different items—with every type of unit you need from
large size cabinet racks down to patch cords.

Designed by audio men for andio men, these accessories are
built with the professional thoroughness needed to meet the most
exacting requirements of broadcast use. Mechanically and elec-
trically, every unit is built to “take it.”

For information on RCA’s complete line of audio accessories
... immediately available from stock ... call your RCA Broad-
cast Sales Engineer, or Dept. 7-G, Engineering Products, RCA,
Camden, New Jersey.

BROADCAST EQUIPMENT

a)\ RADIO CORPORATION
of AMERICA

ENG/NEERING PRODUCTS DEPARTMENT. CAMDEN, N.J.

In Canada: RCA VICTOR Company Limited, Montreal



TYPE 70-D
RCA HIGH-FIDELITY
TRANSCRIPTION TURNTABLE

- Standard of the Studios-NEw EDITION

Over 3000 units of this professional series

® Type 70-D is designed specifically to meet
your needs for higher and higher reproduc-
tion quality in studio transcriptions.

In this unit—latest of the ““70 series’’—you
will find all the exclusive features of the pre-
vious models . . . and important new ones.
There’s the universal lightweight pick-up
with the diamond-point stylus. .. unexcelled
for high-fidelity characteristics on either
vertical or lateral recordings. And the me-
chanical filters and spring clutch assembly

that completely isolate the driving motor
from the platter and fly-wheel assembly.

There’s the heavy-duty, constant-speed
synchronous motor with all the driving
power you need for recording and reproduc-
ing at 33Y% or 78 rpm. And there’s the hand-
some new hinged-door metzl cabinet with
its durable formica top . . . with the inside
space to house booster amplifiers and record
cueing amplifiers . .. and with accommoda-
tions on the formica top for adding an RCA.

are now Iin use

72-Dor72-DX Recording Attachment when
you decide to go into recording.

For the finest response from your record-
ing . .. for dependable timing to the very
last second. .. for even running and smooth
starts and stops, this studio turntable has it!
Available in two cabinet-top heights ... 28
inches and 30 inches. Equipped with con-
venience-plug outlets for a-c and audio cir-
cuits. Ask your RCA Broadcast Sales Engi-
neer for complete data, or write Dept. 115-L.,

TYPICAL LATERAL RESPONSE OF AN MI-.4875.G PICK UP

AND FILTER

TYPICAL VERTICAL RESPONSE OF AN M}.4875.G PICK UP AND FILTER
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DECIBELS

DECIBELS

TRANSCRIPTIONS NAB LATERAL

e-s= L-2 HOME 500 CPS CROSS-OVER FREQUENCY

~— = L-3 HOME 300 CPS CROSS-OVER FREQUENCY

w=.= L-4 FLAT RESPONSE {OPEN AT HIGHER FREQUENCIES)

— 1

V-1 NAB Standard Vertical

V.2 Transcriptions {worn)

00

1000
FREQUENCY IN CYCLES PER SECOND

1000
FREQUENCY IN CYCLES PER SECOND




HOW TO SHOCK MOUNT
70 SERIES TURNTABLES

by W. E. STEWART
Audio Engineering Section
Engineering Products Department

Transcription turntables are often used
in control rooms and other positions where
there is not much isolation from building
noises. Elevators, heavy walking, and other
forms of vibration can be heard in the
quiet passages of transcriptions. There is
a simple method to check the level of such
noise. First play the 1000 cycle note of a
standard test record, such as the Victor
Record #460625-6. Set the levels of the
transcription amplifiers so the VU meter
reads zero. Then, leaving the pickup in
the groove of the record, turn off the motor
and stop the turntable. Turn up the gain
control in the channel until the building
rumble can be read on the VU meter. If
the gain control is raised 20 db and the
meter reads —20 VU the noise level can
be said to be 40 db below standard record
level. Frequently the noise is very irregu-
ular in form and requires a comparatively
long observation of the meter. The pickup
should be lifted from the groove with the
finger to check whether the noise is
mechanically transmitted from the turn-
table or comes from electrical sources in
the channel.

The ideal method to filter out noise from
the floor is to mount a heavy slab of con-
crete on springs or rubber so that the res-
onant frequency of the system is very low,
say 10 cycles per second, when the turn-
table is mounted on it. Such an arrange-
ment can be made for factory test posi-
tions, but usually is not practical in a con-
trol room or studio. Fortunately a simpler
method is available that will sufficiently
improve many turntable locations.

In our design laboratories, Mr. W. E.
Newman, turntable design engineer, set up

a simple vibration table and mounted a
70-D turntable on it. He then adjusted
the 30 cycle vibration frequency of the
table until a rumble level of —40 db was
observed. The turntable was then separated
from the vibration table by three shock
mounts which are described below. This
resulted in a reading reduced to —46 db,
or 6 db improvement with the mounts at
30 cycles. Higher frequencies would show
greater improvement. A reading taken
with and without the mounts on a fac-
tory floor indicated about the same 6 db
improvement.

Out of several combinations tried the
best mount appeared to be a pad made
of sponge rubber. A kneeling pad ¥4 inch
thick from a dime store supplied the mate-
rial. Three pieces of 74 inch plywood were
cut out 3 x 3 inches. A 1¥5 inch diameter
hole was bored in the center and through
only the top layer of each plywood square.
A 3 inch square of the sponge rubber was
cemented to the bottom of each piece of
plywood. A layer of heavy bond paper was
cemented to the bottom of the rubber.
One pad was slipped under each glide of
the turntable. The recess in the plywood
supplies positioning for the glide to pre-
vent its slipping off the mounts. The paper
prevents the rubber from cementing to the
floor with age.

This mount raises the turntable only
half an inch higher than normal and pro-
vides stability as well as isolation. The
load is light enough to give reasonably
long life to the rubber pads, though no
tests have been made of this feature, and
will depend on the material chosen.

Larger, smaller, and double thickness
combinations were tried with little

im-

provement. Some combinations gave a

wobbly and unstable mount for the
turntable.

FIG. 4 (at left). Only three,

easy-to-construct mounts like

the one shown here are re-

quired. Note that top of shock

mount is recessed to accom-

modate the turntable glide

button and to avoid slippage
of turntable.

FIG. 1. View of popular RCA type 70-D turntable
equipped with three simple sponge rubber shock
mounts which effect an improvement of 6 db.

FIG. 2. Closeup of the shock mounting which
elevates the turntable only one-half inch.

PLYWOOD

SPONGE RUBBER

FIG. 3. Sketch showing constructional details of
the sponge-rubber shock mountings, which are
made of inexpensive, easily-obtained materials.
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BTF-30A, 50-KW FM TRANSMITTER

As frequency modulation became estab-
lished as a broadcasting service the need
arose for 50 KW transmitters in the fre-
quency range from 88 to 108 megacycles.
To produce a transmitter of this power
presented a major problem to both the tube
and circuit designer calling for laboratory
development in advance of actual commer-
cial design. It is the intent of this article
to give a brief history of the development
of a 50 kilowatt FM transmitter and to
describe the final design of a commercial
equipment.

Development

Circuit development was conducted sim-
ultaneously with the development of a
suitable high power tube since, to a great
extent, the circuit at these frequencies is
dependent on the tube design and must
necessarily be contingent upon tube de-
velopment. Work on the amplifier was first
started at 50 mc since this frequency was
in the range then employed. It was felt
that a conventional type triode used in a
grounded-grid circuit offered the greatest

FIG. 1 (below).

C. J. STARNER

Transmitter Engineering Section
Engineering Products Department

possibilities for reliability and simplicity,
while the use of air cooling provided sim-
plicity of equipment and minimum mainte-
nance. Accordingly, an air-cooled triode
was produced with a special low inductance
grid header, and with inter-electrode spac-
ing insuring adequate efficiency (minimized
transit time effect). At the same time an
amplifier using special open line tank cir-
cuits was set up for test.

First tests were successful in producing
stable power, but also brought to light
problems in tube and circuit design, such
as the necessity for a high conductivity seal
between metal and glass and the need, from
a circuit standpoint, for careful attention
to current distribution from circuit ele-
ments to tube connections. Radiation prob-
lems were also encountered.

Calculations indicated that the tube de-
veloped for 50 megacycles, with minor
modifications and with slight derating could
be used for the 88 to 108 mc range. The
amplifier circuit, while satisfactory at 50
megacycles was not satisfactory for use at

108 megacycles and was therefore replaced
by a circuit having a concentric line type
of construction. Experience gained at 50
megacycles indicated the advantages of
parallel tube operation over push-pull oper-
ation. In the case of parallel operation
adjustment proved much easier and design
became simpler as there is no problem in
driving from a single ended stage and feed-
ing an unbalanced load. From the stand-
point of harmonic radiation push-pull oper-
ation offers no real advantage since it is
impossible to eliminate electrostatic coup-
ling from the load. However, air-cooled
tubes large enough to produce 20 kilowatts
at 108 megacycles are necessarily large in
terms of a quarter wave length, and it
seemed doubtful whether they could be
coupled tightly enough to really operate
in paralle] without going into push-pull
operation or producing parasitic frequen-
cies. Three identical amplifiers were built.
One amplifier was used to drive the other
two operating in parallel and feeding a
common load. Precautions to prevent radia-
tion were taken to the extent that all con-

The BTF-50A block diagram below illustrates how simplified circuit design was followed throughout to reduce tubes and transmitter

components to a minimum. “Direct FM,” grounded-grid circuits, single-ended amplifiers and instantaneous power cutback are typical features included.

EXCITER

MI-70l16
MI-7017

AMPLIFIERS
I-4-125A
2-4-125A

RF
IPA

AMPLIFIER
2-RCA-7C24

2-RCA-7C24

CONTROL

AE INPUT DESK

MAIN
AIR CIRCUIT
BREAKER

460V 607U
3WIRE 3PHASE

AUTOMATIC
REGULATOR

PLATE
AIR CIRCUIT
BREAKER

S50 K.W

AMPLIFIER

TO TRANS, LINE
3-RCA-5592 '

RECTIFIER
6-RCA-857-B

LEGEND

POWER
CHANGE
* SWITCH




(above). The final, commercial design 50 kilowatt FM transmitter as installed at WTM]-FM, Milwaukee. The unified-front panel is finished in a
two-tone umber gray to match companion equipment. In foreground is the BTC.1A supervisory console supplied with the transmitier.

FIG. 3 (at right). This model of the
50 KXW FM transmitter made during
early design stages shows how the en-
tire BTF-50A equipment may be installed
on one floor. Entrance doors (at left) to
the H.P. blower room and {at right) to
the overall transmitter enclosure pro-
vide complete walk-in accessibility.
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32W x 40LG x 50
HIGH APPROX.

APPROX.WT.2000LBS.

70

\ AIRFILTER
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40
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il C.F.m. OF AIR

SIZE |
SIE | 50 KW BLOWER

5000 3516 x.32
x 25 HIGH

| From ouTSIDE[  AppROX.
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[
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0TOR

NOTE 1—440 VOLT SUPPLY FEEDER WILL CONNECT
AT.CONTROL & DISTRIBUTION UNIT

28 FT.
- 2% FT. -

EXHAUST AIR FAN

C_—_Cxr— )

WT. 2200 LBS.
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RECTIFIER :
50W x 700G x 84 HIGH APPROX. OVERHEAD THROAT

PLATE TRANSFORMER
25W x 491G x 50 KIGH APPROX.

APPROX

50 KW PA
43W x 851G x 23 HIGH APPROX.
APPROX. WT. 3000 LES.
!

FOR FLOOR PLAN OF P. A
EQUIPMENT SEE W-303298

NOTE 2—TOTAL HEAT DISSIPATION INTO TRANSMITTER ROOM
1700 BTY PER'MINUTE. CUSTOMER TG PROVIDE COOLING

LOADING DOOR

CONTROL DISTRIBUTION
48W x §2LG x 80 HIGH APPROX,
~APPROX. WT. 4500 LIBS.

10 KW BLOWER
28W x 2816 x
30 HIGH
APPROX.

wwkw | 3kw  |FmExCITER

25W x 25LG x § 25W x 250G x ¢ 25W x 25LG x
S84 HIGH | 84 HIGH | 8 HIGH

APPROX. WT. 3-UNITS 2500 LBS.

NOTE 3—MINIMUM CEILING 103 INCHES

TO HOLD AMBIENT TEMPERATURE BELOW 45 C

trol wiring was kept out of the r-f fields,
and radar type plumbing was used in the
r-f circuit.

The amplifier when completed proved
satisfactory in providing stable power with
flexibility and ease of adjustment, and in
having practically no stray radiation. The
stability and lack of the idiosyncrasies
commonly associated with high frequency
amplifiers were gratifying. Refinements in
the tube centered about improved methods
to raise seal conductivity and to lower grid
inductance between the active grid and the
grid terminal. This also resulted in better
shielding of the filament from the plate
thus eliminating feedback capacity. An
overall plate efficiency of 65 per cent was
achieved, considering plate input as the
input into the driver and both output
stages. Tuning was not critical, and the
frequency range of 88 to 108 megacycles
was covered with no trick gadgets or sup-
pressing circuits.

Final Design

After preliminary development was com-
pleted the commercial transmitter was de-
signed and designated RCA type BTF-50A.
The entire transmitter is air cooled. Only
two types of high power r-f tubes, 7C24
and 5592 are used in this transmitter both
of which are fin-cooled external anode
triodes. Both types, having low current
density grid and plate glass-to-metal seals,
are well adapted for use in grounded grid
circuits. Both types employ grid header
construction for good cathode-to-plate
shielding and low grid inductance. The
type 7C24 tubes are operated in cascade
to approximately the 7.0 kilowatt level.
The type 5592 tube is used from the 7.0
kilowatt to the 50 kilowatt level. Use of
grounded-grid circuits with proper control
of power gain per stage, permits a remark-
ably good utilization of tube capability,
and at the same time allows the higher
power level tubes in each chain to operate
under more favorable conditions.

The external anode tubes employ special
low impedance concentric line circuits, with
the cooling fins of the tube forming part of
the line.

The exciter unit includes all the fre-
quency generating, modulating, and fre-

FIG. 4 (above). Suggested station floor plan for

installation of the BTF-50A transmitter in a one-

floor arrangement. Equipment may also be located

at two levels if convenient (see WTMJ]-FM,
this issue).

FIG. 5 (at left). Closeup of the low-power
grounded-grid amplifiers. 1 and 3 KW units are
in left cabinet, and 10 KW at right, Note molors
provided for easy push-button tuning of all slages.



quency multiplying circuits of the trans-
mitter, except the final doubler. The ci:-
cuit employed provides all the advantages
of direct FM plus the frequency stability
of crystal control. Center-frequency stabil-
ity is maintained by electronically compar-
ing the sub-harmonic of the modulated
signal with a standard frequency developed
by a temperature controlled crystal oscil-
lator. Any difference in frequency actu-
ates a two-phase induction motor which
drives a frequency compensating capacitor
mounted on its shaft and connected across
the tuned circuit of the oscillator. The
center frequency is thus held synchronized
to a multiple of the standard frequency
generated by the crystal and the trans-
mitted frequency is thus held within the
frequency limits determined by the crystal.

The exciter drives two conventional
grounded-cathode amplifiers using RCA
type 4D21 tubes. The first of these ampli-
fiers operates as a frequency doubler, while
the second operates as a conventional am-
plifier. These amplifiers in turn drive two
grounded grid amplifiers using RCA type
7C24 tubes. Driving power for the inter-
mediate power amplifier is obtained from
these amplifiers operating in cascade.

The Intermediate Power Amplifier em-
ploys two type 7C24 air-cooled tubes oper-
ating in parallel in a grounded-grid circuit.
The electrical circuit is the same as that
used in the previous type 7C24 amplifier
stages and like these amplifiers employs
tuned transmission-line type circuits. Since
the grid is grounded for radio-frequency
voltages, the driving voltage is applied be-
tween ground and filament. A pi type
matching network is used with two ele-
ments tuned to control driving power. The
output of the driving stage is coupled to
this network by means of a small coupling
loop fed from a concentric transmission
line.

Fach plate tank is concentric with the
anode of the tube and its air cooler and
forms the upper end of the inner con-
ductor of the transmission line. Tuning is
accomplished by adjusting the position of
capacitor-type shorting bars by means of
motor-driven screws. Output coupling is
effected by small loops properly oriented
within the space between the inner and
outer conductors of the plate lines. Power
output tuning, like input and plate circuit
tuning, is controlled from the front panel
through a tuning switch and motor.

The 50 KW amplifier incorporates fea-
tures evolved in the advanced development
work previously discussed. It consists of
three identical amplifiers, each using an
RCA type 5592 tube. The construction of

FIG. 6 (above). C. J. Starner inspecting one of the 50 KW FM tank units during
engineering tests. The grounded-grid unit at left is the driver, and the two grounded-
grid units (parallel-connected) at right form the final amplifier. Each concentric-line
tank employs an RCA type 5592 tube. Each unit forms an integral part of the
overall circuit. Complete shielding is provided. Neutralizing is not required.




FIG. 8 (below). Closeup view of one section of the 50 KW P.A. unit
with panel removed to show plate line, “shorting-bar,” output coupling
loop and balancing meter, as well as tuning indicators.
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these amplifiers is unusual in that the outer
conductor of the concentric plate line tank
is square and forms the skeleton of the
unit.

Each unit is self-contained, housing all
electrical components associated with its
operation. The base of the unit forms a
plenum chamber for cooling air and con-
tains the control wiring and high voltage
bus. The concentric plate line is formed
by the frame of the unit and a center con-
ductor mounted on a ceramic socket. The
tube in turn is mounted on top of this
center conductor and its cooling fins be-
come a part of the conductor.

Plate voltage is fed to the base of the
center conductor and the plate choke is
the quarter wavelength of bus which con-
nects this point to a de-coupling capacitor.,

Tuning of the plate line is accomplished
by moving a shorting bar vertically along
the center conductor by means of motor

FIG. 7 (at left). The tube hoist shown here is

used for easy and quick tube removal, and is

supplied as standard BTF-50A equipment. The

fube may be raised or lowered by handle visible
at right in photo.

FIG. 9 (below). Mechanical sketch of a typical BTF-50A amplifier unit,
illustrating detcils of construction and operation., All tuning is push
button, motor-ccnirolled frcm the transmitter front panel.
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driven lead screws. The shorting bar is
fabricated in the form of a box, fourteen
inches in length and an inch smaller in
width than the space enclosed by the outer
conductor of the plate line, with spring
contacts engaging the center conductor.
This arrangement forms an open line be-
tween the surface of the “shorting-bar”
and the inner surface of the outer con-
ductor. The capacitive reactance of this
line is low enough that the r-f voltage
developed across it is of moderate value.
It is, however, of sufficient value to mate-
rially lengthen the plate line electrically,
allowing it to tune to a higher frequency
than if direct contact to the outer shell
were used. (The converse is, of course,
true at low frequencies.) In order to take
advantage of this condition at the upper
frequency limit and still keep the phys-
ical length of the plate line short at the
lower frequency limit, the shorting bar is

Rear view of the 50 KW FM
ductwork and

FIG. 10 (at right).
amplifier unit showing exhaust
coaxial lines.

FIG. 11 (below), Closeup rear view of a 50 KW
amplifier unit with panels removed to show fila-
ment line and capacitors at top., as well as
filament transformer and grid resistors below.

equipped with two sets of inner contact
fingers of which the set at the top of the
shorting bar is removable, while the set
at the bottom of the bar is permanent.
Removing the top set of contact fingers
leaves a section of shorted line, next to the
inner conductor, of the proper length and
characteristic impedance to resonate at 88
megacvcles. This method allows tuning of
the plate line over the frequencv range
of 88 to 108 megacycles with a total short-
ing travel of approximately seven inches.
This provides a compact line and helps to
keep the amplifier at a convenient height.

The use of a grounded-grid circuit re-
quires as nearly complete shielding between
plate or output circuit, and cathode or
input circuit as is possible in order to in-
sure stability. At the same time the use
of an air-cooled tube calls for clear space
around the grid header to allow free pass-
age of air from the cooling fins. To meet

these conflicting requirements the grid
blocking capacitor is made in four sections
which are symmetrically disposed around
the grid connection of the tube, on the
plate which forms the ground plane be-
tween input and output circuit. A satis-
factory compromise between free space and
good shielding was effected by breaking
the area into small units, leaving no large
unshielded area. Each capacitor section is
of flat plate construction with mica di-
electric of ample size to carry the current
required, and with voltage breakdown suf-
ficientlv high to withstand gas arc volt-
ages. The total capacity of the four
sections is of the right value to irsure
neutralization. :

The physical size of the tube is such
that at the top frequency of 108 niega-
cvcles the electrical length from active fila-
ment to filament terminals is nearly a
quarter wavelength. Therefore, a capacity-
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loaded three-quarter wave line, shorted at
the input, is used for the filament circuit.
This line is formed by the power-frequency
filament buses which are folded over and
pass down at the back of the plate line.

The input end of the filament line is
isolated from ground for direct current and
for the power-frequency filament current,
but is shorted to ground through two flat
plate mica capacitors for r-f frequencies.
Tuning through the frequency range is ac-
complished by the use of two flat plate
air-dielectric tuning capacitors, located
along the first electrical half-wave from
the shorted end of the line. Two capacitors
are used In covering the entire frequency
range in order to break up harmonic im-
pedances and to enable the use of lower
voltage capacitors. Each capacitor is a
balanced unit, tuning both filament buses
in parallel, with a plate connected to each
bus and an associated ground plate. One
capacitor is motor driven while the other
is manually adjusted.

Coupling r-f energy to the filament line
is accomplished through a loop located at
the grounded end of the line. Provision is
made for matching the impedance of the
coupled circuits and in the case of the out-
put stages, for balancing the driving cir-
cuit. The entire filament line is shielded

FIG. 12 (below).
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and the filament transformers and grid re-
sistors are placed directly below the line
for convenient connection, but are shielded
from radio frequencies. Output coupling is
motor controlled and 1s accomplished
through the use of a coupling loop with
its reactance tuned out by a series capac-
itor located at the ground end of the loop.
This capacitor and the motor mechanism
to operate the loop constitute a separate
assembly located external to the plate line.
A coaxial capacitor is used so that the
capacity remains constant when the loop
coupling is changed. The loop moves
through a 60-degree angle around a ver-
tical axis, giving a wide variation of load-
ing with smooth control.

All r-f fields and currents are confined
within shields while the tuning mechanisms
and wiring are external to all r-f fields.
Spring fingers are used to insure good con-
tacts where panels are not bolted with the
result that there is an almost total absence
of radiation from the unit.

Tubes may easily be changed by first
removing two quick acting snap fasteners.
When these fasteners are removed spring
loading raises the hood a short distance
actuating an interlock switch which re-
moves all plate voltage from the trans-
mitter. Further opening of the hood oper-

View of the blower and motors used for supplying cooling air
to the 50 KW driver and final amplifier unit.

ates a positive mechanical grounding switch
on the high voltage bus. When the hood
has been raised, removal of the filament
connectors and the grid connectors, both
of which are of a quick acting type, allows
the grid separation plate to be raised on
hinges to a vertical plane where a snap
hook engages it.

Three of the units just described are
utilized in the 50 KW amplifier. One unit
operates as a driver, and two units operate
in parallel as the output stage. The output
of the driver is fed to the filament lines of
the output stage through coaxial lines ar-
ranged so that an equal length of line feeds
each of the output amplifiers. Each of the
output amplifier filament lines has indi-
vidual tuning and coupling adjustments to
provide drive balance and phasing.

The power from the output stage is fed
to a coaxial line transformer section of
twentv-four ohms characteristic impedance
so that each amplifier feeds a load im-
pedance of approximately fifty ohms. Indi-
vidual motor driven output coupling pro-
vides easy load balancing between the two
amplifiers as well as adjustment of power
output.

An amplifier balance meter indicates
whether the amplifiers feeding the load are
equally balanced. A crystal rectifier feed-
ing a d-c meter is connected across a slot
located in the center of the outer conductor
which interconnects the two output ampli-
fiers. A voltage across this slot is caused
by the current flowing from one amplifier
to the other and not by the current flowing
from each amplifier to the load. The meter
will, therefore, register onlv when the out-
puts of the amplifiers are unbalanced.

The amplifier tuning controls are lo-
cated on the {ront panel. One set of con-
trols operates the driver tuning motors and
another set of controls operates the tuning
motors of both output amplifiers. A differ-
ential key switch designated “balance-tune”
switch mounted adjacent to the output-
stage tuning controls, allows the tuning
motors in the output amplifiers to operate
simultanecusly in either the same or in
opposing directions. Operating both tuning
motors in the same direction affords simul-
tanecus {uning of both amplifiers. Oper-
ating them in opposing directions balances
the amplifiers with practicallv no effect on
the tuning or loading of the output stage.



Tuning adjustments are simple and un-
critical and absolute stability is obtained
under conditions of zero biis, no drive, as
well as normal operating conditions.

While the two parallel amplifiers feeding
the common load are called the output
stage, the driving amplifier contributes
materially to the output power. Power gain
of the output stage is such that each output
amplifier contributes approximately 19 KW
to the load while the driver contributes
12 KW. Under these conditions we have
a three-tube 50 KW amplifier.

Provision is made for operating the
transmitter in emergency at a reduced
power of 7.5 kilowatts. In case of failure
in the 50 KW amplifier output stage oper-
ation of a front panel control switch will
automatically shut off the plate power, dis-
connect the driver and final amplifiers,
ground their d-c feed, transfer the antenna
from the 50 kilowatt amplifier to the inter-
mediate power amplifier, then reapply plate
power to the intermediate power amplifier.
At the same time all protective interlocks
on the 50 kilowatt amplifier are by-passed,
allowing air and filament power to be re-
moved. The 50 kilowatt amplifier and the
blower are isolated thus permitting tubes
to be changed and servicing to be done
while the transmitter is operating at re-
duced power.

Removal of the plate power from the 50
kilowatt amplifier is accomplished by a
double throw single pole contactor of trip-
latch type located in the rectifier cabinet.
Pilot contacts on this relay in conjunction
with interlocks operated by the transmis-
sion line switches, give proper sequencing
to the transfer operation.

Switching of the antenna from the 50
kilowatt amplifier to the intermediate
power amplifier is accomplished by means
of new type triple-latch transmission-line
switches (see “50-KW FM Power Cutback
Switch,” this issue, for complete descrip-
tion). The antenna at all times remains
mechanically connected to the 50 kilowatt
amplifier. Electrical switching is accom-
plished by using impedance characteristics
of a shorted quarter-wave section of a
transmission line, with the switches short-
ing these sections.

One switch is located midway in the line
between the output of the intermediate
power amplifier stage and the antenna
junction box; this line is of the proper
length to provide a quarter-wave section

FIG. 13 {(at right). Closeup
view of the harmonic atten-
uator and transmission line
monitor provided as a part
of the transmitter equipment.

FIG. 14 (below). D. G.
Robertson, RCA engineer,
illustrates how hinged turret
panels of the BTC-1A super-
visory console provide com.
plete accessibility. Note that
individual meter panel may
be tilted back for easy zero
adjustments. Transmitter con-
trol turret is at left; audio
control turret, at right.




on either. side of the switch. It is evident
that closing this switch will create a high
impedance on either the amplifier or the
antenna side. A second switch is located a
quarter wavelength from the intermediate
power amplifier in the line feeding the 50
kilowatt amplifier, while a third switch is
located a quarter wavelength from the an-
tenna junction box, in the output line from
the 50 kilowatt amplifier. Use of these
three switches will connect or isolate the
antenna and amplifiers as required.

All plate power to the transmitter is
supplied by one rectifier unit using 6 RCA
857-B mercury-vapor tubes connected in
a three phase full wave circuit, with a tap
to supply the lower power stages. In case
a tube fails, a pre-heated spare tube
may be manually switched in place of any
of the six operating tubes, at the same time

FIG. 15 (below).

removing the defective tube from the cir-
cuit. A reactor input filter is used in the
high voltage output with a resistor in series
with the filter capacitor to limit peak dis-
charge current to safe values in the event
of gas arcs in the output tubes. Filter con-
stants are chosen to limit ripple voltage
well below noise level specifications. The
center tap filter is in two sections with the
output capacitor having a series resistor
to limit its peak discharge surge current.

The plate transformer is an air-cooled,
natural-draft unit, totally enclosed and ar-
ranged for either throat or conduit con-
nection. Primary taps are provided to
accommodate line voltages from 440 to
480. An extended winding on the primary
provides for tune up voltages of approxi-
mately 57 per cent of the full operating
voltage.

The high-voltage rectifier employs six long-life 857-B tubes and furnishes plate

voltage for entire transmitter. A pre-heated spare which may be switched in place of any one of
the operating tubes is provided. Full width door provides walk-in access to all rectifier components.

A harmonic filter and a protective device
are provided as a part of the transmitter
equipment. Both devices are important to
continuous trouble-free operation of the
station. The harmonic filter (connected in
the transmission line between the trans-
mitter and the antenna) by attenuating all
frequencies above the fundamental, insures
that ether services, operating on higher
frequencies will be free of interference even
though located close to the transmitter.
The protective standing wave detector
monitors the antenna transmission line and
will cut off the carrier if there is a sudden
change in the standing wave ratio such as
would result from a transmission line or
antenna element arc over.

High Power FM Installations

Representing the first commercial type
50 KW IM transmitter to be air-tested
in early 1947, the BTF-50A is now in-
stalled and operating regularly at WBRC-
FM in Birmingham, Alabama and WTM]-
FM in Milwaukee (see Broabncast NEws,
this issue) and WMCF, Memphis.

The RCA 50 KW FM transmitter, type
BTF-50A, when used with the RCA eight-
section Pylon antenna, enables high-power
I'M broadcasters to serve primary service
areas up to nearly 200 miles in radius,
when mountain elevations are used for the
high-power, high-gain antenna. Up to 600
KW of effective radiated FM power is
possible (see WBRC, this issue) when
this combination is employed.

Performance Specifications

A summary of the performance charac-
teristics for the BTA-50F transmitter is
as follows:

(1) 50,000 watts of radio-frequency power
are delivered into an output impe-
dance of 51.5 ohms, with front of
panel controlled emergency output of
7500 watts.

(2) Carrier frequency stability deviation
is less than 1000 cycles.

(3) Audio frequency response is flat within
+ 1 dectbel from 30 to 15,000 cycles
at all percentages of modulation up to
100 (=75 kilocycle swing).

(4) Audio frequency distortion is less than
1 per cent, root mean square, from
30 to 15,000 cycles, at 100 per cent
modulation (=75 Kkilocycles).

(5) FM noise level measured —70 decibel
below 100 per cent modulation (=75
kilocycles swing).

(6) An input power is required of approxi-
mately 118 kilowatts from a 3 phase
60 cvcle, 460 volt line.
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FIG. 16 {above). The complete high-voltage rectifier is housed in FIGS. 17 and 18 (below). Frequency Response and Audio Distortion
the cabinet at left above. At center is the H-V plate transformer; curves plotted from engineering test floor data. Response is flat
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THE 50-KW FM POWER CUTBACK SWITCH

by C. J. Starner

Transmitter Engineering Section
Engineering Products Department

The RCA Transmission line shorting
switch fills the need for a means of switch-
ing r-f power at high frequencies and high
powers in coaxial-type lines while intro-
ducing little or no discontinuity in the
lines. Standing wave ratios are virtually
unchanged by the introduction of the
switch in the line and shielding remains
complete. Electrical switching is accom-
plished by using the impedance character-
istics of a shorted quarter wave section of
line, with the switch furnishing the means
of shorting the sections (see diagrams of
Figs. 4 and 5). Switches in combinations
may be used to perform many types of
switching functions, with the assurance
that complete isolation or complete con-
nection will occur. Used in a 3%%-inch
coaxial impedance, the switch will handle
50 KW of r-f power at 100 megacycles
with a standing wave ratio as high as
2 to 1. Fig. 1 shows the switch inserted
in a transmission line, illustrating the self-
supporting in line method of clamping on
the transmission line. In Fig. 1, the trans-
mission line shorting switch is used in con-
junction with the new RCA BTF-50A,
50 KW FM transmitter. Control and inter-
locking wiring is carried in the conduit

FIG. 1. View of the BTF-50A,
50 XW FM tanks. Arrows (plus
diagram of Figs. 4 and 5) show
how the transmission line
switch impedance arrangement
is used to effect instantaneous
power cutback, when desired.

at the bottom of the switch. Two typical
switching combinations are shown in the
following line diagrams of Figs. 4 and 5.

Fig. 2 is a semi-exploded view of the
shorting switch with the mounting flange
and dust cover removed, and shows the
contact fingers in the closed (shorted)
position. Mechanically, the operating mech-
anism approximates the operation of a
conventional camera shutter with the oper-
ating power supplied by electrical solenoids.

Operation is of the latch-trip type with
the solenoid being used to operate, but not
to hold the mechanism. In the position
shown here, the left hand solenoid has
operated to move the switch to the closed
position. Before the solenoid was energized,
however, the switch was held in the open
position by a positive mechanical latch.
When the solenoid is energized and starts
its travel, it first disengages this latch and
then moves the switch to the open posi-
tion where a similar mechanical latch again
locks the mechanism. Adjustment is pro-
vided at the end of both the open and
closed travel, to give correct spring tension
to the contact fingers on the center con-
ductor and to insure that these contact

fingers withdraw to the outer conductor
diameter of the line when in the open posi-
tion. The contact fingers are pivoted on
pins and have a slot in the end opposite
the contact surface. This slot engages a

pin set on a ring, this ring being rotated
by movement of the solenoid as described
above,

In the picture of Fig. 2 the pivot point
is the smaller (inside) circle of pins, while
the actuating pin and slot are the larger
(outside) circle of pins. It is apparent then
that a slight rotary movement will cause
the contact fingers to open and fall back
to a larger diameter. The ring upon which
the actuating pins are mounted moves with
movement of the two ears extending above
the solenoids and is thus rotated by linear
movement of the solenoids.

Shown in Figs. 2 and 3 is the flange
mounting for inserting the switch in a
transmission line. Contact to the line is
assured by clamping, and contact to the
switch body is obtained through the six
mounting bases, against which the flange
is bolted. An expanding type split con-
nector, not shown in the picture, is used
between the center conductors of the in-
coming and outgoing line, and forms the
contact surface for the fingers.

Electrically, we have, in the shorted
position, 12 contact fingers, each forming
a direct radial connection between inner
and outer conductors of the line. Each con-
tact finger is three-eighths inch wide with
ample silver contact surface on the inner
conductor and with tension contact on both




FIG. 2 (at right). Closeup of the transmission line
shorling switch with cover removed. Note that
contact fingers are in the “‘closed” position.

the pivot point and the actuating pin sur-
face insuring positive contact to the outer
conductor.

Fig. 3 shows the switch in the open posi-
tion. Note that the mechanism has rotated
and that the solenoid positions are re-
versed, causing the contact fingers to open
and fall back to the diameter of the outer
conductor of the line. The switch, elec-
trically, is now, as far as the transmission
line is concerned, non-existant. It should
be noted that, strictly speaking, a very
slight amount of inductance has been
added to the line, due to the enlargement
of the outer conductor for the length of
the switch mechanism. This length is short
and at frequencies in the order of a
hundred megacycles there is virtually no
dicontinuity.

Interlock switches are mounted on the
rear (not visible) of switches and are pro-
tected by covers. Two interlock switches
are provided to monitor the travel in both
the closed and open position. These inter-
lock switches are operated by movement
of the latching mechanism, and assure not
only that the switch has operated to the
desired condition, but that the latch
mechanism has operated and locked the
switch in the desired position.
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FIG. 5 (at right). High-Power Operation . . . Dur-
ing reqular operation (at full power output) switch
S: is closed and switches S: and S3 are open.
S: shorts the direct line between the 10 KW ampli-
fier and the antenna (dotted) and causes the out-
put of the 10 KW amplifier to be fed to the input
of the 50 KW amplifier. The output of the 50 KW
amplifier feeds the antenna through the line indi-
cated (in long dashes). S;, being a quarter wave
from point A and B, reflects infinite impedance at
these points and hence does not affect normal
operation.

50 KW
AMPLIFIER

FIG. 3 (above). View of the shorting switch in
the “open” position. Mounting flange is shown
at left and protective cover at right.

FIG. 4 (at left. Low-Power Operation ... For
emergency operation (at low power) switch S, is
open, allowing power to be fed (through the
dotted line) from the 10 KW amplifier directly to
the antenna. Switches S: and S3 are closed, effec-
tively shorting the input and output of the 50 KW
amplifier. Because S. is a quarter wave from A
it reflects infinite impedance at that point and
hence does not affect the output of the 10 KW
amplifier. Similarly, S2 is a quarter wave from B
and therefore does not affect the impedance at
that point.
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WTMJ-FM...WORLD'S FIRST “Super-Power FM

WTMJ-FM, formerly WS55M,

was one of the pioneer FM stations to
begin operating in January of 1940 and
was the first station to take the air west
of the Alleghenies utilizing this improved
system of FM broadcasting. On Septem-
ber 18, 1948, WTM]J-FM, owned and
operated by the Milwaukee Journal, began
regular operation of the first high-band
super-power FM station in the nation. An
effective power of 349 KW was radiated
from the antenna system located some one
thousand feet in elevation above the city
of Milwaukee. The transmitter used was
the newly-developed RCA BTF-50A,
50 KW FM transmitter. An eight-element
antenna located on top of a 550-foot tower
is used as the radiating system.

With this power, WTM]J-FM is able to
give the finest FM service to its listeners
within a radius of 105 miles, which corre-
sponds to the twenty micro-volt contour.
Signal strengths in the order of twenty-five
to thirty thousand micro-volts are obtain-
able over practically the entire metropol-
itan area of the city of Milwaukee. Pri-

FIG. 1 (below).

By PHILLIP B. LAESER

Chief Engineer
FM and Television Facilities

mary coverage, within the one thousand
micro-volt contour, is given to the four
largest cities in the state of Wisconsin,
namely Milwaukee, Madison, Racine and
Kenosha.

The RCA 50 KW transmitter is located
in a building atop Richfield Hill which is
about twenty-one miles from the down-
town metropolitan district of the city of
Milwaukee. Richfield, Wisconsin is directly
northwest of Milwaukee proper and about
fifteen miles inland from Lake Michigan.
If WTMJ-FM were located in Milwaukee
proper, some forty to fifty percent of the
area served would be over the waters of
Lake Michigan proper. By locating the
transmitter fifteen miles inland a land area
of 18,000 square miles is being served. The
population served, according to the 1940
census, 1S an estimated 2,432,000 people.

Antenna System

The antenna system at WTM]J-FM con-
sists of a Blaw-Knox, Type H-40, self-
supporting, heavy-duty, 550-foot tower.
The tower has a base spread of approxi-

View of the WTMJ-FM transmitier building. Part of the

nearby FM tower structure is also visible.
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mately seventy-one feet between the cor-
ner legs. One hundred sixty cubic yards
of concrete were used in the four tower
footings. Mounted on the top is an eight-
element antenna bringing the overall height
above ground up to 628 feet or approxi-
mately one thousand feet over the city
of Milwaukee. The antenna system is fed
by two 3l%-inch co-axial transmission
lines using flange couplers. In view of
previous experience, it was deemed advis-
able that the antenna be split using one
transmission line to feed the top four ele-
ments and the remaining line to feed the
bottom four elements. The phasing between
the two groups of antennas is accomplished
in the transmitter room below. The ad-
vantage of this dual system of transmis-
sion line lies in the fact that in the event
of failure in one of the antennas or trans-
mission line sections, it would be possible
to cut out the defective section and con-
tinue transmission on the remaining one-
half of the system at one-half transmitter
power. Under these conditions, only listen-
ers in the outer fringe area would notice
a change in the field strength from the
station.

Transmitter Building

The building (see Fig. 1) housing the
new WTM]J-FM commercial-type 50 KW
FM transmitter is a two floor brick build-
ing which is located about 130 feet from
the base of the tower. Figs. 4 and 5 show
the plan view of the building and trans-
mitter layout including caretaker’s room
and operators’ emergency living quarters.
On this floor of the building are located
the various units making up the main as-
sembly of the transmitter proper.

The 50 KW FM Transmitter

Mechanically, the entire transmitter con-
sists of a series of self-supporting sections
arranged in line behind a unified front
panel (84 inches high x 1612 feet long).
The direct FM exciter, low power ampli-
fiers (including the 1, 3 and 10 KW
grounded-grid stages) and necessary blower
are located directly behind the right-hand
front <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>