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OUR COVER for this issue 1s reproduce(i from 2

4-color photograph of the new RCA 3 KW FM Trans-
mitter. This photograph was made in the engineering
laboratory by Rod Alen of our photographic section.
We think it’s a right nice picture even though the
limitations of space prevented really adequate light-
ing—and this, in turn, resulted in a reproduction
which does not give an entirely correct impression of
the transmitter coloring. Actually, these new trans-
mitters are finished in the two tones of umber gray
which were standardized before the war for all RCA
broadcast transmitter equipment. For those not ac-
quainted with this color it may be described as a
smooth, brown-gray which is very attractive in itself,
but is of sufficiently neutral tone that it will blend
pleasingly with room surroundings of almost any
color. The main front panels of the transmitters are
finished in the dark tone of umber gray while the
streamlined end pieces and the meter panels are fin-
ished in the light tone. Style strips and door handles
are chrome-plated.

THE NEW FM TRANSMITTERS, because of their
timeliness, come in for most of the attention in this
issue of BROADCAST NEWS. There are no less than
four articles—36 pages in all—on the transmitters
themselves, and a fifth article on the new Super-Turn-
stile Antenna. In reading these articles you may get
the impression that we are mighty proud of these
new FM transmitters. You’ll be right, we are. And,
there are plenty of reasons why. One of these is the
number of new features—things like Grounded-Grid
and the new 7C24 tube—which they incorporate. Qur
engineering groups, headed by J. E. Young (that’s
Jack on the cover), Tom Boerner, and Nils Oman,
had many months when war work kept them away
from broadcast designing—but they could, and did,
think in their spare moments of the new ideas they
were going to put in these new postwar transmitters.
As a result, when the lid came off and Bill Tucker
and his design group went to work on the trans.
mitters described in this issue, they had a hatful of
new ideas to work with,

GROUNDED -GRID operation is, of course, the big

feature of these new transmitters. Grounded-Grid gets
rid of neutralization, makes 100 mc operation as stable
as 50 mc operation, and provides a big advantage in
add-on-amplifier design. Why all this is so can be
best appreciated by studying Charlie Starner’s article
(Pg. 26). We think this is one of the best “how-it-
operates” articles we’ve ever published. Here’s our tip
on reading it: First, read it through rapidly (not stop-
ping to resolve the minor points). This will take
about fifteen minutes and will give you the general
idea. Then start over again and take a half hour or
an hour to study it through carefully. When you’ve
done that you should understand Grounded-Grid;
and when you understand it you’ll be sold on it.

BEAUTY is as beauty does, and the attractive design
of the new FM transmitters would not be justified if
it did not serve a functional purpose as well. The
several outstanding features of Multi-Unit construc-
tion (as made use of in these transmitters) are pointed
out in the article by John Ciba on Pg. 32. Not the
least of these features is the fact that this type of con-
struction provides a “unified front” appearance while
at the same time allowing the equipment to be broken
down into units small enough to be easily handled
on passenger elevators or trucked to remote locations.

JOE EPPERSON joins the staff of BROADCAST
NEWS with this issue. Joe’s been in broadcasting
quite a while and will need
no introduction to many
broadcasters, particularly
those in the southeast. Be-
fore the war he was chief
engineer of the Scripps-
Howard Stations, WNOX,
WMPS and WCPO. Dur-
ing the war he was with
Dr. Everitt’s group in the
Office of the Chief Signal
Officer, Washington, D. C.
The article on the new
77.D Microphone on Pg. 65
- " is, we expect, just the first

of many good technical

stories Joe will do for us. His knowledge of broad-
cast engineering will also be evident in the editing
and arrangement of much of the other material in

future issues of BROADCAST NEWS.
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1. GROUNDED-GRID circuits provide greater output
from an amplifier using a tube of given size— thus making
possible the use of smaller, less-expensive tubes. Only
a relatively few types are used, thereby reducing number
of spares required. Overall tube costs are less.

2. GROUNDED-GRID amplifiers are more stable and re-
quire less critical adjustment than conventional-type
100 mec. amplifiers. Neutralizing is very simple —and
not required at all for low powers. Maintenance problems
are fewer and maintenance costs are lower.

3. GROUNDED-GRID circuits make feasible and econom-
ical an arrangement of amplifiers that are integral units.
These units are small in size, easy to handle, and require

a minimum of inter-unit wiring. Their use simplifies
installation problems and reduces installation costs.

4. GROUNDED-GRID circuits are simpler and require
fewer components than conventional amplifiers. They
tune easier, introduce less distortion—thus insure better
program quality.

v

See Page 30
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New FM TRANSMITTERS

NOW IN PRODUCTION

By R. J. NEWMAN

Engineering Department
Engineering Products Divison

Three new FM Broadcast Transmitters—in powers of 250 watts,
1000 watts, and 3000 watts—have been placed in production at
Camden. Transmitters of still higher power are nearing com-
pletion of design. These new transmitters, which have been desig-
nated the “BTL™ series (for B-roadcast T-ransmitters F-requency
modulated), are completely new from exciter to power amplifier.
They employ new circuils, new tubes and a new kind of construc-
tion. Features include a new exciter of entirely different type,
2 new tube especially designed for 100 me operation and the
use of new grounded-grid circuits which are at once simpler
and more stable than any heretofore employed.

Possibly the most striking feature of the new BTF transmitters
(three of which are shown on following pages) is the manner
in which the several power calegories have heen integrated in
design. As a result of the wartime restrictions on transmitter
construction, an opportunity was presented to design a whole
new line, and RCA engineers grasped this chance to show what
they could really do in (esiening an integrated line. They began
by standardizing on a unit enclosure which could be used on
all power sizes, thereby insuring absolute match in appearance

and facilitating installation. Next, they worked out the use of
grounded-grid amplifier circuits—circuits which are simpler and
more stable at 100 mc than conventional circuits—and which
make amplifier step-up ratios of three-to-one not only eonomical,
but actually more efficient than higher step-up ratios. Then, in
conjunction with RCA tube engineers, they developed a tube
which was especially suited for use in these circuits, and which
could satisfactorily and economically be used in the 1 kw and 3 kw
stages. Iinally, the engineers added a whole host of other fea-
tures based on RCA’s experience in installing more than 300 of
the country’s present-day broadcast stations of both amplitude
and frequency modulated types.

On pages 8 to 17, which follow, will be found a more com-
plete description of the numerous features which are common
to all of the BTF transmitters. On pages 18 to 23 are the speci-
fications of the three types on which design work has been com-
pleted. And, in the remaining pages of this issue, will be found
several articles of a technical nature on such subjects as the
new exciter and the grounded-grid amplifier.

1. GROUNDED-GRID CIRCUITS

Eliminate need for neutralizing amplifier stages, im-
prove high-frequency stability and greatly simplify
See pages 12 and 30

circuits and wiring.

2. NEW 7C24 TUBE

Especially designed for Grounded-Grid operation.
Makes possible simple circuits of high efliciency.
Used as output tube in 1 KW and 3 KW, as driver
in higher powers. See page 13

3. DIRECT FM EXCITER

An entirely new design; uses small number of tubes,
all of inexpensive types: no trick circuits. Provides

crystal-controlled stability. See pages 11 and 24

4. ADD-ON-AMPLIFIER DESIGN

Design of all transmitters integrated so that adding
an amplifier (in any power category) entails very
little extra equipment or cost. See page 9

IMPORTANT FEATURES OF THE NEW RCA FM TRANSMITTER

5. UNIT CONSTRUCTION

All transmitters made up of basic units only 25 inches
square by 84 inches high. Easily handled in tight
places, or trucked to remote locations.

See pages 10 and 36

6. VERTICAL ASSEMBLY

All units feature vertical chassis construction provid-
ing unimpeded up-draft ventilation. Full-length, full-
width doors provide quick access to all parts.

See page 14

7. COMPLETE DUST-PROOFING

Only openings into cabinets are through dust filters
in base. All units have either blowers in base or
ventilating fans in top. See page 15

8. UNIFIED APPEARANCE

Matching appearance and full-width doors on all
units provides appearance of “unified” front while
retaining advantages of unit construction.

See pages 7 and 8
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| (Left) —The newwe RCA Type BTF-2504 Transmitter for 250-Watt FM
[ station. For specifications, dimensions, etc., see Page 18.
! !
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(Right)—The new RCA Type BTF-IC Transmitter
for 1000-Watt FM station. For specifications, dimen-
sions, etc., see Page 20.
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FEATURES OF NEW FM TRANSMITTERS

NO. 1. ADD-ON-AMPLIFIER DESIGN PROVIDES FOR EASY EXPANSION

In the new RCA FM transmitters increase of power is made
easy by the fact that each successive power category is formed
by adding an amplifier to the next lower-powered unit. Thus, the
BTF-250 (250 watt) transmitter plus an amplifier becomes the
BTF-1C (1000 watt) transmitter; the BTF-1C plus an amplifier
becomes the BTT-3B (3000 watt) transmitter, and so on.

Ordinarily, it would not be economical to add an amplifier
for a three-to-one slep up in power because conventional tubes
and circuits are usually designed for, and operate most efficiently
at, step-up ratios of the order of ten-to-one. As a result, with
conventional amplifiers, the combination of a low-power unit
plus an amplifier costs more than a unit built originally for the
higher power. However, when grounded-grid- amplifiers are
used, as in the new RCA FM Transmitters, this is not true—
for with grounded-grid circuits the driver stages also contribute
to the actual antenna output of the transmitter. Thus, a much
smaller amplifier tube can be used (than in conventional cir-
cuits) and a three-to-one step up becomes more economical and

oogQoo opoa0

BYF-250A +

AMP.
(250 WATTS)

o000 |0o00o0o oooo

— BTF-3B

BTF-IC (I + [|amP.
(000 WATTS)
oo0oa gooa Qooag oooano Dooo
BTF-3B + AV
(3000 WATTS)

more practical. The new RCA FM transmitters have been de-
signed to facilitate the addition of amplifiers to increase power.

It is worth noting also that another feature of the new FM
transmilters adds naturally to the ease of power increase. This
is the aptly titled Multi-Unit construction whereby all of these
transmitters are made up of standard cabinet units which go to-
gether like building blocks. With this type of construction the
addition of amplifier units is relatively easy. The extra units fit
directly on the original units: no additional air or wiring ducts
are required. And, not the least important, the overall installation
has a maltching appearance; it looks like an equipment designed
originally as a single unit, which, as a matter of fact, it was.

Even for the station that never actually makes use of the add-
on-amplifier feature, it has some value. This is because stand-
ardization greatly increases the quantity of low-power units
manufactured and thereby substantially reduces the cost of each.
This is one of the features which makes it possible for RCA to
offer transmitters which truly represent more for the money.

0000 | 0000

— BTF-IC
(1000 WATTS)

Dooo | oooo | 0000

(3000 WATTS)

gooa oooo oooo 00ao joooao

BTF-10B
(10000 WATTS)

oooo oooo gooo oooo gooo gooao oooo
BTF-10B + AMP = HIGHER
(0000 WATTS) POWER

The new RCA FM Transmitters are designed for easy power increase.
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FEATURES OF

NEW FM TRANSMITTERS

NO. 2. MULTI-UNIT CONSTRUCTION SIMPLIFIES INSTALLATION

All the new RCA FM Transmitlers are housed in unit en-
closures of a unique new design. The number of these unit en-
closures varies with the power of the transmitters. Thus, there
is one unit for the 250 watt transmitter, two for the 1000 watt
transmitter and three for the 3000 watt transmitter. But, while
the number of these unit enclosures or cabinets varies, all of
them are basically alike. They all have the same framework,
the same front and rear doors, the same air filter arrangement,
the same meter panel, ete. And they are, of course, all of exactly

the same dimensions.

The basic cabinet unit from which all of the new FM
Transmitters are built up.

This type of construction has several advantages. The most
important is that it simplifies and reduces the cost of installation.
Many I'M transmitters will be located in relatively inaccessible
locations so that moving equipment into place is, in itself, quite
a problem. For example, they will, in many instances, be located*
on the top floors of tall buildings. In such cases the available
elevators, as well as the various passageways to be negotiated,
will limit the size and weight of units. Other FM transmitters
will be located on mountain tops—often accessible only by very
poor roads. Here again size and weight of units is a consideration.

The unit enclosures of which the RCA FM transmitters are
made up (see illustration at left) have maximum dimensions of
25" x 28" x 80", They can be easily handled by two men; can
be wheeled on a small dolly; can be taken through an ordinary
door; and can be easily managed on even small passenger ele-
vators. The heaviest unit weighs less than 300 pounds. This
weight is less certain demountable units, such as the heavier trans-
formers, which are shipped separately.

A second advantage of this type of construction is that it re-
sults in a lower manufacturing cost. The type of enclosure used
in these transmitters has been standardized and will be used
in many other RCA transmitters as well. As a consequence, rela-
tively large quantities can be manufactured at one time and the
costs of tools and of setting up production (major items) may
be spread over many units. Unce again the station owner benefits
because he thereby obtains a far better equipment than could
be oftered if the units were manufactured in small quantities.
A careful comparison will bear this out.

The frames and enclosures used in these M transmitters have
been carefully engineered. The basis of the enclosures is a rigid
frame fabricated from !y steel angle. The construction of the
door is particularly noteworthy. l'abricated from sheet steel these
doors are braced to form a particularly rigid and durable struc-
ture free of weave or whip. Although they open full length,
they always close smoothly and fit snugly against the frame.
They are the same width as the frames so that when closed they
appear to form a continuous panel. Windows in both front and
rear doors provide for observation of the interior during opera-
tion. (For further infomation on this new development in trans-
mitter construction see “Multi-Unit Construction, A Feature of

New FM Transmitters” on page 30.)

Another feature of these transmitters, which makes installa-.

tion simpler and less expensive, is the provision of a base frame
on which the unit enclosures are mounted. This frame, which is
four inches high, has screened openings at the front through
which air enters to reach the filters. In this way, no air duct is
required. At the rear of the frame is a 4" x 4" wiring duct
through which all inter-unit wiring runs. Complete wiring kits
are furnished with each transmitter. All that is required is to
make the few external connections needed and the equipment is
ready for tune up. In transmitiers of 3 kw and less, no other
wire duct or conduct is necessary except for incoming power,
audio, and monitoring leads.
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FEATURES OF

NO. 3.

An exciter unit of enurely new design is one of the features
of the BTF Transmitters. This exciter, shown below, is used in
all models from 250 watts up. In the 3 kw and higher-powered
transmitters, space is provided for mounting an additional or
“spare” unit. When it is desired 1o provide a spare with the 250
walt or | kw transmitters, an additional standard cabinet can
be added. This cabinet can also be used to house the monitors

and other transmitier accessories.

The circuit employed in the new RCA FM Exciter Unit retains
the advantages of simplicity and fewer tubes which are inherent
in “Direct-'M”” while at the same time it provides the frequency
stability of crystal control. In the *Direct-FM” circuit the
“carrier,” or cenler frequency is gen-
eraled by an oscillator operating at
a medium frequency. This oscillator
is modulated by push-pull reactance
tubes. Thus, frequency modulation is
accomplished directly and without
the necessity of proceeding through
numerous multiplier and converter
stages, each of which would un-
avoidably add its contribution of
noise and distortion products. All
components are mounled on a single
vertical panel and are easily ac-
cessible. An oscilloscope for check-
ing circuits 18 built in.

Center-frequency stability is main-
lained by comparing a sub-harmonic
of the modulated signal with a
standard frequency developed by
a temperature-controlled precision-
ground quarlz-crystal oscillator. Any
difierence between the mean fre-
quency of the modulated signal
and that of the standard actuates
a two-phase molor which drives a
frequency compensating condenser
mounted on its shaft and connected
across the tuned-circuit of the mod-
ulated oscillator. The motor turns

until the condenser reaches a posi-

Exciter unit used in all of the new FM

Transmitters. In the 3 KW and larger

sizes space is available for mounting a
spare exciter unit.

NEW

FM TRANSMITTERS

NEW EXCITER USES “DIRECT-FM"” CIRCUIT

tion at which the center frequency is exactly synchronized with
the proper multiple of the standard frequency. Thus the trans-
mitted frequency is maintained to the same precision as that
of the crystal.

This automatic frequency control circuit is completely inde-
pendent of the modulation circuit. Frequency subdivision is ob-
tained through locked-in oscillators used as frequency dividers.
Two quartz-crvstals are provided for the {requency standard.
The standby unit is maintained at operating temperature and is
connected into the circuit by the flick of a switch. For complete
details on the FM Lxciter refer to “A New LExciter of Greatly
Improved Performance” on page 24 of this issue.

Psrans

I
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FEATURES OF

NEW FM TRANSMITTERS

NO. 4. GROUNDED-GRID AMPLIFIERS SIMPLIFY CIRCUITS AND ADJUSTMENTS

Grounded-grid amplifiers are used in all of the BTI trans-
milters of powers above 250 waltts. Amplifiers of this type are
extremely stable, and in this respect are superior to either con-
ventional triode circuits or those employing screen grid tubes.
This fact is particularly important at {requencies above 50 mc
where circuils must be kept simple and where feedback, either
through tube or circuit, is particularly hard to control. They
require no neutralizing, and the associated circuils are simpler
and require fewer components. Moreover, more power output
can be obtained from an amplifier using a tube of a given size,
thereby making possible the use of smaller, less expensive tubes
with a consequent reduction in overall operating cost.

In the grounded-grid amplifier, as the name indicates, the grid
of the tube is at r-f ground potential (instead of the filament as
in conventional amplifiers). Normal bias is necessary and is
supplied in the same manner as that of the conventional grounded-

CONVENTIONAL AMPLIFIER

GRID EXCITED

FILAMENT GROUNDED

- -_———
"\ g
e
\ | |
& )| > 1€ D=
Rq

(Right)—In the Grounded-Grid amplifier the grid is at r-f

ground potential and the filament is excited. Greater stability,

elimination of neutralizing and greater efficiency are basic

advantages. For a more detailed explanation of Grounded-Grid
operation see Page 30.

12

cathode circuit. Since the grid is at ground potential, it performs
the dual function of acting as the control grid, and as a screen
between plate and cathode circuits. It follows that if a tube
which has been properly designed to take advantage of the screen-
ing action is used, no neutralizing circuits are required. \

Grounded-grid amplifiers require more power from the driver
stage than do conventional amplifiers. This, however, does not
represent a loss of efliciency for all the extra driver power
actually appears in the plate circuit of the amplifier tube as out-
put power. In other words, in this type of amplifier the actual
output power comes partly from the amplifier stage and partly
from the driver stage. This characteristic is used to advantage
in the BTF transmitters since it makes possible the efficient use
of amplifiers of three-to-one step-up ratio. Moreover, it allows the
same type of tube to be used in the 1 kw and 3 kw stages. (For
more information see “The Grounded-Grid Amplifier”, page 30.)

(Left)—The diagrams at the left and below illustrate schemat-

tcally the fundamental difference between the conventional

(grounded filament) amplifiers used in old-style transmitters

and the new Grounded-Grid amplifiers used in the new RCA
FM Transmitters.

GROUNDED GRID AMPLIFIER

FILAMENT EXCITED
GRID GROUNDED

I {
I\
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A
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FEATURES OF NEW FM TRANSMITTERS

NO. 5. ESPECIALLY DESIGNED AMPLIFIER TUBE FOR 100 MC STABILITY

In order to obtain the most out of the grounded-grid amplifier
circuits in the BTF Transmitters, an entirely new type of tube
was developed especially for the purpose. This new tube—the
RCA 7C24 shown below—resembles in size and appearance the
RCA 827-R which was a popular and very successful feature
of RCA prewar transmitters. In design, however, it differs
markedly from the 827-R. For one thing, it is a triode, while
the former was a tetrode. Moreover, the construction is quite
different. The 7C24 is provided with a grid structure specifically
designed to offer a maximum of shielding between the plate and
filament electrodes, resulting in a very low plate flament

capacily. The grid connection is a disc seal hrought out through
the glass all the way around the tube. When this is utilized in
conneclion with an external shield, the input (filament) and out-

put (plate) circuits of the amplifiers are very well isolated.

The RCA 7C24 tube, in combination with the grounded-grid
amplifier circuits of the BTl Transmitlers, resulls in a unique
arrangement; namely, the use of the same type tube in the 1 kw
and 3 kw stages. This has the very considerable advantage of
reducing the number of types used and thereby lessening the

number of spares that must be kept on hand.

The new RCA 7C24, a tube especially designed for Grounded-Grid operation (reproduced approximately full size).

13

www americanradiohistorv com


www.americanradiohistory.com

FEATURES OF

NEW FM TRANSMITTERS

NO. 6. VERTICAL PANELS FOR ACCESSIBILITY

One feature of the new BTI transmitters is new only in the
way it is used; this is the vertical panel construction. RCA en-
gineers first used vertical panel construction in AM transmitters
some ten years ago, and in recent years all RCA Broadcast trans-
mitlers, and many others as well, have been built in this fashion.
This type ol construction, in which all components are mounted
on vertical panels (as shown in the view below) has numerous
advantages. Most obvious is that air entering through the filters
at the bottom travels upward in an unobstructed manner, thus
providing most eflicient cooling. This is in contrast to the old-
stvle shelf-mounted types in which components were mounted on

horizontal shelves or chassis which almost completely blocked
air passage. Another important advantage is in accessibility. The
front doors of the BTF unit-enclosures give immediate access
to the front of the vertical panels on which the circuit com-
ponents are mounted, while the rear doors afford access to the
wiring and other parts on the rear of the vertical panels. (All
wiring is in the clear with every terminal legibly marked and
easily accessible for check). Still another advantage is the fact
that these panels can be assembled and wired on a bench and.
after completion, mounted in the enclosure proper. This results
in better assembly and better wiring.

Interior of the center and righthand units of the 3 KW Transmitter shows front panel accessibiliry.

www americanradiohistorv com
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FEATURES OF NEW FM TRANSMITTERS

NO. 7. AIR FILTERS PROTECT EQUIPMENT, REDUCE MAINTENANCE

Early broadcast transmitters had open sides, or sides with
many louvres. Circulation of air was uncontrolled and dust in
great quantities collected on all the components. Several years
ago, when RCA engineers introduced forced-air-cooled tubes, they
provided dust filters in the inlets. Low power slages, however,
were still unprotected. In the BTI transmitters the trend has

been carried a step further.

Each compartment is equipped with an air filter located in the
bottom of the compartment frame. The four-inch base contains
cutouts along the front side which act as individual air inlets.
In compartmenlts containing air-cooled tubes, individual blowers
pull the air through the filter and deliver it to the tubes. The
exhaust air is expelled out the top. Compartments not containing
forced air-cooled tubes also receive their air through a filter and
exhaust it by means of an exhaust fan located in the roof of the
compartment. Special dust shields prevent dirt from settling
inside the cabinet while the transmitter is shut down. There are
no louvres in the BTI" transmitters and the doors close snugly
so that no air can enter. Thus, very little dust can enter the
enclosures either during operation or standby. As a result,
troubles due to dust on contacts are lessened; maintenance time
and cost are reduced. Morcover, cooling i1s more efficient, com-
ponents operate well below temperature ratings and failures are

less likely to occur.

The dust filters are standard units which may be easily removed and
cleaned (by washing). Their use insures a nearly dust-free transmitter,
thereby reducing maintenance costs.

A spun-glass dust filter is located in the base of each unit. A wiring
duct (the openings are visible in this view) is located just in front
of the filters.

The dust filters mount on top of the base frame. Air is drawn in through
openings in the rear of the base frame (or may be supplied by «a
floor duct).

15
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FEATURES OF NEW FM TRANSMITTERS

NO. 8. AUTOMATICALLY-TRIPPED OVERLOAD
PROTECTION

In the BTE Transmitters, all power circuits are protected by
magnetically or thermally-tripped circuit breaker switches. These
circuit breakers automatically open under overload conditions
and thus isolate the fault from the a-c bus. They are used in
high power, filament, blower and low-power circuits. Their use
eliminates the delay and danger involved in replacing fuses in
these circuits. (The only fuses in these transmitters are the two
in the crystal heater circuits for the exciter unit.) In the 3 kw
transmitter, high-speed overload relays are provided in the high
power circuits in order to give additional protection to expen-
sive components. In all transmitters, an interlocking control pre-
vents the application of plate power until the rectifier filaments
have reached operating temperature.

NO. 9. AUTOMATIC STARTING AND RECYCLING

In the BTF-3B both manual and automatic starting are pro-
vided. When in the Automatic position, a 3-shot recycling
sequence is provided by the control “brain center” which auto-
matically returns the transmitter to the air up to three times in
case of repeated overloads and then, if the overload condition
persists, automatically shuts the transmitter down. The carrier
monitor is connected to this circuit; hence, any arc on the trans-
mission line will cause the transmitter to shut down momentarily
to permit the arc to clear. A special hold-in circuit permits the
transmitter to return instantly to the air in case of a momentary
power line failure, thus avoiding the 30 second delay required
for the plate time-delay relay to close. A power reduction switch
located in the primary circuit of the main rectifier provides a
reduced power position for tune-up and emergency operation.

NO. 10. NEW TYPE RECTIFIER TUBES

In the BTF-3B transmitter a new type rectifier tube—the
RCA 8008—is used. In prewar transmitters of this power cate-
gory 872 or 872-A’s were used. While these tubes have ratings
sufficient for the service, it was found that many transmitter
outages resulted from rectifier failures (because of the number
of these tubes involved). Since the cost of these tubes is rela-
tively small it seemed worthwhile to consider means of obtain-
ing longer life. However, to go to the next larger size would
entail using tubes altogether too large. This problem has been
solved by the production of the RCA-8008. Essentially the same
internally as the 872/872A, the 8008 has a larger base and pins,
and an improved anode cap. It is expected to give much less
trouble and considerably improved life.

16

RCA-8008 Rectifier tubes are used in

transm:itters.
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NO. 11. EASILY-READ, BLACK-FACE METERS

All the meters and indicator lights in the BTF Transmitters
are grouped on meter panels at the top of the standard en-
closures. Four-inch-case meters are used, with the meters ar-
ranged four to each unit. White letters on a dark face make
reading easy under any type of lighting. In addition to line
voltage, filament voltage, and plate and grid current meters,
there is an “output” meter which can be adjusted to read “100
per cent” for the output power determined as necessary to serve
the specified area. '

NO. 12. ALL CONTROLS CENTRALIZED
ON CONTROL STRIPS

For neatness and convenience, all the necessary power and
tuning controls of the BTF Transmitters are grouped on control
strips which are rigidly mounted on the inner frames of the
individual enclosures. Openings in the doors of the enclosures
are provided so that the panel is flush when the door is closed—
while the controls project just enough for satisfactory operation.
As shown here, these panels have a painted finish; however, the
production models.will have brushed-chrome finish in order to
set them off better against the grey panels.

'NO. 13. VERNIER-TYPE 'REMOTE TUNING CONTROLS

The tuning controls of each r-f unit are grouped on a control
strip similar to.the one shown at-the right. In general there is
a control for each tuned circuit plus an additional control which
allows the power output to be 'smoothly varied through a ratio
of three or four-to-one. The controls shown here are of two types:
the vernier control and the lever switch. The vernier type is
operated by a hand crank and incorporates a calibration dial
which provides pre-set tuning information for future reference.
The tuning handle is inserted ~nly during actual tuning, thereby
avoiding possibility of inadvertent detuning during operation.
The lever type switches control the motors used in the motor-
driven tuning units of the grounded-grid amplifiers.

NO. 14. HARMONIC ATTENUATOR

Another distinctive feature of the new line of RCA Trans-
mitters is the fixed-tuned harmonic attenuator included as stand-
ard equipment with 1 kw and higher power types. This attenuator
is designed to reduce all harmonics by 30 db or more. Located
in the transmitter output circuit this unit requires no adjustments
and guarantees a transmitted carrier free of spurious signals.

NO. 15. MONITOR FOR ANTENNA AND LINE PROTECTION

In the past, little attention has been given to the protection

of the antenna and its transmission line against excess voltage
arcs or thesdanger of serious burnout. To guard against such .

contingencies, a carrier monitor is supplied with the BTF
Transmitters. Located in the transmission line, this unit acts as
a watchman over the carrier. Any- discontinuity will ‘actuate the
monitor and cause it to shut down the transmitter. This protec-
tive feature is further improved on the BTF-3B by combining

the operation of the monitor with the three-cycle overload circuit -

so that carrier power is automatically removed long enough for
the fault to clear itself. Then the carrier is reapplied. Should
the fault persist the transmitter, after three successive attempts,
will “lock itself out.”

Easilv-read black face meters with scales marked in white.

All controls are grouped on waist-high panels.

Low-power controls are mechanical, vernier-type;
high-power are motor-driven.

www americanradiohistorv com
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SPECIFICATIONS OF THE TYPE BTF-250A TRANSMITTER

The Type BTF-250A Transmitter is designed for operation at
output powers of 50 watts to 250 watts. While this transmitter
is the smallest of the new RCA FM Transmitters, it incorporates
the same circuits as those in the larger transmitters, uses the
same type of components and is built to the same standards as
the larger equipments. In fact, this same unit is used, with minor
modifications, as the driver unit of the  higher-powered trans-
mitters. Thus it makes available to “community” stations and
educational slations a transmitter which, although of relatively
low power, will nevertheless meet the same standards of per-
formance and reliability as the largest and most deluxe types.
Moreover, because of the saving effected in manufacturing stand-
ardized units in large quantities, it costs no more than similar
powered equipments which are built in much less substantial
manner.

Electrically the BTF-250A consists of a standard exciter (de-
scribed on page 24) followed by two r-f amplifier stages. The
output frequency of the exciter falls in the range of 44 to 54 mc.
This is doubled to the final operating frequency in the first
4-125A stage. This stage drives a final amplifier which employs
two Type 4-125A tubes in parallel. There are two rectifiers; a
iow-voltage unit utilizing one RCA 5U4G and a high voltage unit
employing two RCA 866A /806’s.

Mechanically, the BTF-250A consists of a single cabinet of
the type standardized for all RCA FM Transmitters. In this

cabinet (drawing is shown on opposite page) are the FM exciter
unit, its power supply, the r-f amplifiers, their power supplies,
and the necessary control circuits.

PERFORMANCE SPECIFICATIONS

Frequency Range............ Any specified frequency between
88 and 108 mc

Power Output (into transmission line).......... 50 to 250 watts
R-F Output Impedance.................c..... 35 to 75 ohms
Carrier Frequency Stability. .. .Deviation less than 2000 cycles
Modulation Capability.................c.ooui..... *+100 ke
Audio Input Impedance.......................... .600 ohms
Avg. Program Level.......................... +4 =2 vu.
100% Modulation Level................... +12 +2 dbm
Audio Frequency Response (30 to 15,000 cycles, 1000 cycles
reference) ........i it Within +1 db

Audio Frequency Distortion (30 to 15,000 cycles, including all
harmonics up to 30 ke/s at *=75 kc swing)
Less than 1.5% rms

FM Noise Level, below =75 ke swing.................. 65 db
AM Noise Level, below 100% amplitude modulation. . .... 50 db
Power Line Requirement—Transmitter
Line Voltage ......cooiiieieiiiiiinnnnenn. 208/230 volts
Frequency ......oiviiiiiiiiiiiinnninnnn, 50/60 cycles
Power Consumption ........cooveteveneennnnnns 1050 watts
Power Line Requirements—Crystal Heaters
Line Voltage ........cviiiiiiiiiiiiiinnninnn.n. 115 volts
Frequency ......ccoiiiiiiiiiiiiiiiiiinaas, 50/60 cycles
Power Consumption ........civviiniiiieiinnnnn.. 28 watts

I TYPE 4-125A
DOUBLER

2TYPE 4-125A
POWER AMPLIRIER

FM EXCITER
MI=-701S

"'
ik
3 r
il

o € HIGH VOLTAGE
VOLTAG

RECTIFIER RECTIFIER

1 ACA SU4G 2RCA 8664/ 806

Simplified schematic diagram of the BTF-250A4 Transmitter. Schematic of the exciter is shown on Page 29.
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SPECIFICATIONS OF THE TYPE BTF-1C TRANSMITTER

The type BTF-1C Transmitter is intended for operation at out-
put powers of 250 watts to 1000 watts. It is built in the same
manner as the larger RCA FM Transmitters, uses the same cir-
cuits and components and can, at reasonable cost, be increased
in power by addition of standard amplifier units. It is well
suited for the requirements of stations in metropolitan centers
of medium size and may also be used by larger educational sta-
tions when the very highest standards of performance and re-
liability are desired.

The electrical circuits of the BTF-1C are similar to those
of the BTF-250A with the addition of an extra amplifier stage to
give the increased power. A standard exciter is followed by a
Type 4-125A as a doubler. This doubler is followed by an inter-
mediate r-f stage employing two Type 4-125A’s in parallel. This
stage acts as the driver for a grounded-grid amplifier stage in
which one of the new RCA-7C24’s is used to furnish the required
power to the antenna transmission line. In addition there is a
low-power rectifier using one RCA 5U4G and a high-voltage
rectifier using four RCA 8008’s.

All the components of the BTF-1C are mounted in two of the
new standard transmitter cabinets. In the right-hand cabinet are
mounted the high-voltage rectifier and the standard FM exciter
unit; in the left-hand cabinet, the r-f amplifiers. Additional space
in this cabinet is utilized when it is desired to increase output
power above 1000 watts.

The controls on the right-hand door are the filament rheostat
and filament and plate switches. The controls located in the
left-hand door are for tuning purposes. From right to left they

tune successive stages. The final control on the extreme left
varies the power output from 250 to 1000 watts, the level being
indicated in per cent by the power output meter above, which
is adjusted to read 100 per cent when the output is determined
for the specified coverage.

PERFORMANCE SPECIFICATIONS

Frequency Range............ Any specified frequency between
88 and 108 mc

Power Output (into transmission line)....... 250 to 1,000 watts
R-F Output Impedance....................... 35 to 75 ohms
Carrier Frequency Stability. .. .Deviation less than 2,000 cycles
Modulation Capability ........................... +100 ke
Audio Input Impedance .......................... 600 ohms
Avg. Program Level.......................... +4 %2 vu.
100% Modulation Level.................... +12 *+2 dbm
Audio Frequency Response (30 to 15,000 cycles, 1,000 cycles
reference) ......... ... ., Within +1 db

Audio Frequency Distortion (30 to 15,000 cycles, including all .

harmonics up to 30 kc/s at =75 ke) . . .Less than 1.5% rms

FM Noise Level, below =75 ke, swing................. 65 db
AM Noise Level, below 100% amplitude modulation. .. .. 50 db
Power Line Requirement—Transmitter

Line Voltage ............................. 208/230 volts

Frequency (50 cycle available at slightly higher cost)
50 or 60 cycles

I TYPE 4-123A 2 TYPE 4-125A

bousLER WTERMEDATE POWER AWPLIFIER

Tl

FM EXCITER
Mi-T7013 r

Instantaneous Regulation (maximum)................. 5%

Power Consumption (approximate).............. 3000 watts
Power Line Requirements—Crystal Heaters

Line Voltage ......... ... o, 115 watts

Frequency .......... .. ... ..o i, 50/60 cycles

Power Consumption ............................ 28 watts

POWER AMPLIFIER

HARMONC
ATTENUVAT OR

LOwW
VOLTAGE
RECTFILR
(RCA3U4G

HIGH VOLTAGE RECTIFIER
4RCA 8008

Simplified schematic diagram of the BTF-1C Transmitter. Schematic of the exciter is shown on Page 29.
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SPECIFICATIONS OF THE TYPE BTF-3B TRANSMITTER

The Type BTF-3B Transmitter is suitable for stations requir-
ing a power output (to the transmission line) of 1000 to 3000
watts. Circuits, components and construction are essentially the
same as those of the other BTF transmitters. All of the fea-
tures listed in pages 8 to 17 of this issue are included in the
BTF-3B. It is probable that this transmitter will be used by many
stations in metropolitan areas and this possibility has been given
special consideration in the design. Space in which a spare ex-
citer unit may be mounted is one of the features.

Electrically the BTF.3B has the same circuits as the BTF-1C
plus an additional amplifier stage. The standard exciter unit is
followed by a doubler stage using a Type 4-125A and two r-f
amplifier stages using, respectively, two Type 4-125A’s and an
RCA 7C24 (the latter operating as a grounded-grid amplifier).
This stage acts as the driver for a final output stage which con-
sists of another RCA-7C24, also using a grounded-grid circuit.
The use of the same size tube in both driver and output stages
is made practical by the fact that with the grounded-grid circuit
(see page 24) the driver stage contributes a substantial share
of the output power, thereby making it possible to use a much
smaller tube in the output stage than would be required with
a conventional grounded-filament circuit. Rectifiers included in
the BTF-3B included a low-voltage unit using one RCA 5U4G
and a high-voltage unit using six RCA 8008’s. The control cir-
cuit includes the automatic starting and recycling described on
page 16.

Structurally the BTF-3B consists of three of the standard trans-
mitter cabinets. The exciter (and a spare, if used) and its power
supply are located in the center cabinet. The r-f ahjpliﬁer cir-
cuits are located in the left-hand cabinet and the high-voltage
power supply and control circuits are in the right-hand cabinet,

PERFORMANCE SPECIFICATIONS

Frequency Range............ Any specified frequency between
88 and 108 mc

Power Output (into transmission line) .. ... 1,000 to 3,000 watts
R.F Output Impedance....................... 35 to 75 ohms
Carrier Frequency Stability. .. .Deviation less than 2,000 cycles
Modulation Capability ........................... *+100 ke
Audio Input Impedance........................... 600 ohms
Avg. Program Level.......................... +4 =2 vu.
100% Modulation Level .................... +12 #=2 dbm
Audio Frequency Response (30 to 15,000 cycles, 1,000 cycle
reference) uniform within....................... +1 db

Audio Frequency Distortion (30 to 15,000 cycles, including all
harmonics up to 30 kec/s at =75 ke swing)

Less than 1.5% rms

FM Noise Level, below =75 ke swing. .................. 65 db
AM Noise Level, below 100% Amplitude Modulation. . ... 50 db
Power Line Requirement—Transmitter
Line Voltage ............... ... .. .. ..., 208/230 volts
Frequency ......... ... ... il 50 or 60 cycles
Power Consumption (approximate).............. 8300 watts
Power Line Requirements—Crystal Heaters
Line Voltage ......... ... ... ... . i i, 115 volts
Frequency ........... ... ... il 50/60 cycles
Power Consumption .............. A 28 watts

U TYPR 4284 2 YYPL 4-23A
oousLER U AF AwPLIFIER

T

"FM EXCITER
o MISTONS

SPARE
FM EXCITER
Mi=-7015%

IRCA.TC24
INTERMEDUTE POWER AMAMLINER

1 RCA-7C24
POWER AMPLIFICR

HARMONIC
ATTENUATOR

Low
YOLTAGE
RECTIFIER
I1RCA 3U4C

HIGH YOLTAGE RECYIFIER
¢ RCA 3008

Simplified schematic diagram of the BTF-3B Transmitter. Schematic of the exciter is shown on Page 29.
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A NEW FM EXCITER UNIT OF
GREATLY IMPROVED PERFORMANCE

by N. J. OMAN

Transmitter Engineering Department
Engineering Products Division

An Exciter Unit of entirely new design is u feature of the new
line of RCA I'M Broadcast Transmitters and is used in all of
the new models,

Mechanically, the new Lxciter consists of two vertical panels,
as shown in Iligure 1. One panel contains the r-f and modulator
circuits and the other the regulated power supplv. These panels
are mounted in one of the standard cabinet units of which all
of the new I'M transmitters are made up. The construction em-

ploved in the units themselves provides a degree of accessibility

24

seldom realized in this type of equipment. All tubes and main
components are mounted on the front of the panel. Wiring on
the rear of the panel (Figure 2) is “in the clear” with all
terminals clearly marked and easily accessible. Doors on the

iront and back of the cabinet provide quick access to either side
of the panel.

[n the transmitters of 3 KW and higher power ratings, space
is provided for permanent mounting of an additional Exciter
Unit; thus providing a spare which may be quickly cut-in in
case of failure. If it is desired to provide
a “spare” unit with the lower power trans-
mitters, an additional cabinet unit can be
furnished which may be used to house this
and other accessories.

Electrically, the new Exciter includes all
of the frequency generating, modulating,
and [requency multiplying circuits of the
transmitter (except the final doubler). A
new and greatly improved form of the
direct FM circuit developed by RCA en-
gineers is employed. Features of this new
design include:

(1) Simplicity of reactance-tube modula-
tion system.

(2) Crystal-controlled frequency stability.

(3) Distortion of less than 0.5% through
entire range of 30 to 15,000 cycles.

(4) Stability independent of circuit ad-
justments.

(51 Frequency dividers of relatively high
ratio and simple design; thus fewer
tubes and circuits are required.

(6) Only crystal unit is temperature con-
trolled.

(7) Every component and connection is
easily accessible. _

(8) An ingenious built-in checking device
which includes everything necessary
for checking performance of fre-
quency control circuits, frequency
multipliers and reactance modulators.

In evaluating the importance of these
features a discussion of the development
and operation of the circuits used in the
new exciter should be of assistance.

FIG. 1. Front view of the new-type exciter unit

used in all of the new RCA FM Transmitters.

Other photos of this unit are shown on pages
11 and 14.
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FIG. 2. Rear view of the new exciter unit. All the wiring is ‘in the
clear” and all terminals are plainly marked for easy identification.

ADVANTAGES OF “DIRECT” FM

A good exciter for a frequency- modulated transmitter should
be capable of producing a variation of frequency about a mean
frequency in .'ve'ry exact duplication of the program material.
In addition, the stability should be such that any shift in fre-
quency is in response to signal voltage and nothing else; thus,
when modulation is not present, the frequency will be the exact
center of the band assigned to that particular broadcast station.

There are a number of methods of producing the desired
frequency modulation. These are géner.ally classified under two
headings—“Direct” and “Indirect.” The Direct method, developed
by RCA engineers, uses fewer tubes and introduces less audio
distortion (especially at extreme high and low frequencies) than
the Indirect method. In this system the mean or ‘“carrier” fre-

. §:14.T015.67 M.C. .

AUDIO [REACTANGE ;‘;E‘agi?g; FREQUENCY| nf
INPUT TUuBES OSCILLATOR MULT|PL|ER%OUT‘
_ PUT
+oc §
\
IMC. CRYSTAL
DISCRIMINA- MIXER oSellLATOR
TOR
f+ IM.C.

15 TO17.67 M.C.

RCA PRE WAR FM EXCITER

FIG. 4. Block diugram of the-RCA prewar FM exciter (shown for

purposes of discussion only).

50° W FM
gsheT[IF T T ouTPUT

REACTANCE B+
TUBE SCREEN

OSCILLATOR

FIG. 3. Simplified diagram of the reactance modulator circuit de-
veloped by RCA engineers. This circuit accomplishes frequency modu-
lation directly without need of trick tubes or circuits.

quency is produced in simple and straightforward fashion by
a masler oscillator, operating at a medium frequency, followed
by a relalively small number of mulllpllel stages. I'requency
modulation of the master oscillator is accomplished directly by
means of a reactance tube modulator. A simplified diagram of
such a system is shown in Figure 3. With this arrangement a
change in voltage on the grid of the reactance tube causes a
change in the reactance which it places across the tank circuit
of the oscillator, and hence a change in the oscillator frequency.
When an audio modulating voltage is fed to the grid of the
reactance tube the frequency of the oscillator is caused to vary
in exact accordance with the modulating frequency. This is un-
questionably the simplest method of producing high-fidelity
frequency modulation.

THE PREWAR MODEL

In the past the problem with the Direct FM circuit has been
that of compensating for the drift in frequency of the master
oscillator. The RCA prewar I'M Exciter (Figure 4) accomplished
the frequency regulating function by beating the master oscillator
with a signal from a crystal-controlled oscillator to produce a
beat note at approximalely one megacycle. The fluctuation in
the one megacycle frequency caused by variation of the master
oscillator frequency was converted to a varying d-c potential by

FIG. 5. Rear view of prewar exciter. Comparison with Figure 2 shows
advance made in mechanical construction and arrangement.
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means of a discriminator. The varying d-c potential so obtained
was passed through a filter to remove rapid fluctuation, such as
would be caused by modulation. The filtered Direct current was
used to control the grid potential of one of the reactance tubes
in such polarity as to reduce any change in frequency of the
master oscillator.

This method of frequency control is very simple and its opera-
tion is easily understood. However, the d-c control potential is de-
pendent on the discriminator characteristic; it fluctuates because
of changes of contact potential of the rectifier required for oper-
ation of the discriminator. By placing the master oscillator, the
reactance tube modulator and the discriminator in a temperature
controlled oven, as shown in Figure 5, it was possible to obtain
very good performance. From an operating standpoint, however,
the oven tended to offset the desirable feature of circuit simplicity
because it made access to circuit elements difficult and time
consuming.

NEW METHOD OF FREQUENCY CONTROL

The new RCA FM Exciter has been designed to overcome these
objections. As noted previously, all the parts are mounted on a
flat panel with ample area so that they are readily accessible.
The only temperature-controlled part is the crystal unit of the
reference oscillalor. The frequency control circuit adopted repre-
sents a considerable improvement over previous circuits of this
type. In particular it reduces the number of parts and required
adjustments. Another big advantage of the circuit is that no
adjustment has any effect on the accuracy of frequency control.

Referring to the block diagrams, Figure 6, the operation of
the control may be described as follows: Two balanced modu-
lators are set up to obtain in the output of each a beat frequency
corresponding to the difference between the crystal reference fre-
quency and that of the master oscillator. The signal output from
the crystal oscillator divides and feeds through phase shift net-
works designed to give a 90° displacement in phase between the
inputs to the two modulators. The signal from the master oscil-
lator is of the same phase in both modulators. It is rather obvious
that the 90° displacement in the crystal oscillator signal will
result in a 90° displacement of the beat frequencies in the
output circuits of the two modulators. Not so obvious, but never-
theless true, the direction of rotation of the two 90° vectors, that
might be considered as generating the two-beat frequency out-

§t
SCILLATOR
! § )
BEAT FR'EQUENCLMuxER-‘_ f SHIFT
90° 90°
+
S RN
BEAT FREQUENCY |MIXER
1 - SHIFT
B it CRYST-
AL
osc. | §
FUNDAMENTAL FREQUENCY CONTROL CIRCUIT

FIG. 6. This is the basic control circuit used in the new exciter. Two

beat frequency voltages, 90° out of phase, are used to drive a two-

phase motor which controls the position of the frequency-determining
condensor,
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puts, changes from clockwise to counterclockwise depending on
whether the master oscillator frequency is higher or lower than
the crystal frequency. In other words, there is a reversal of one
phase of the two-phase output of the two modulators when the
master oscillator frequency passes thru zero beat with the crystal
frequency. If the two-phase output of the two modulators is
utilized to energize the field windings of a two-phase motor,
the direction of rotation of the motor shaft will be clockwise
if the master oscillator frequency is higher than that of the
crystal oscillator, and counterclockwise if the master oscillator
frequency is lower than that of the crystal. The motor can there-
fore be used to turn a capacity or other tuning means to effect
a correction of the master oscillator frequency should it depart
from that of the crystal oscillator. A preliminary arrangement
of this kind is illustrated in Figure 7.

DIRECT MOTOR DRIVE

If the frequency control is to be a precision device the method
of drive (or the mechanical coupling) between the motor and
the tuning element is very important. It will be recognized that
the system, as described so far, has a very desirable feature in
that the rate of rotation of the free motor shaft would, within
limits, be proportional to the difference of the oscillator frequen-
cies, as opposed to an on-off device that would give full motor
speed up to correct frequency. This characteristic of the system
Lielps reduce difficulties with hunting so prevalent with automatic
controls of similar type. In preliminary tests of this control a
worm-and-pinion speed-reduction gear was used between motor
and tuning condenser. This method of drive proved to be un-
satisfactory. When sudden large frequency corrections were re-
quired, a relatively long time was consumed by the operation.
For small frequency deviations the action was sluggish, since the
motor turned very slowly. It had first to take up lost motion in
the gearing and it had to develop enough torque to overcome
static friction.

To correct the above-mentioned condition the tuning condenser
rotor was mounted on an insulator on one end of the motor shaft.
The fixed plates of the condenser were split in half, one half
was grounded, the other half was connected to the master oscil-
lator plate circuit (see Figure 8). This construction eliminates
all backlash or lost motion, and also eliminates friction other
than that of the motor bearings. With this construction the motor

4.5-6M.C.
FREQUENCY
AUDIQIREACTANCE| imoouLateD [yl x3 |36 x3 [9flpa | 9F,
INPUT| TUBES OSCILLATOR OUTPUT
B | 1 T
f BaL.[_f, D |
MOTOR/ “Imop e 1 ,[sHiFT
€T 90
Y - BAL. :l ¢
MOD.[“Pf  [SHIFT]
A y
XTAL
> . 0SC.f—
4.5-6MC.
PRELIMINARY FREQUENCY CONTROL
FMEXCITER

FIG. 1. Block diagram of the preliminary form of the new exciter unit,

In this arrangement the crystal-controlled oscillator operates in the

4.5 to 60 megacycle band, thus permitting direct comparison with
modulated oscillator frequency.
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FIG. 8. Front and rear views of the two-phase motor with the frequency- determining capacitor mounted directly on the motor shaft. On the front
end of the shaft (enclosed in the Lucite case) is an otl dampening unit which prevents overshooting.

is never required to turn more than #45° to include the full
range of control. and friction is reduced to a minimum. The
action is fast and positive. The motor can easily follow the
slightest variations in frequency. The rate of [requency correc-
tion is limited only by the requirement of not causing demodula-

tion of the lowest signal frequency.

ADVANTAGE OF INDUCTION-TYPE MOTOR

Several types of two-phase motors were considered for the
control. One was of synchronous type wilth a permanent magnet
rotor. This motor provided very accurate control, but none tested
would start if the initial frequency exceeded 00 cycles-per-second.
No damping could be used with this synchronous motor and
inertia had to be kept low so as not to hamper starting. A second
type tested was an induction motor. This had torque enough to
start at frequencies up to 1000 cycles-per-second. l'urther tests
with this induction motor, with viscous damper and direct-
mounted condenser, demonstrated that it would respond to the
slightest rotation of its magnetic field. This motor, therefore, was

selected as most suitable for the control.

REASON FOR FREQUENCY DIVISION

Since the limit on the control range with this system is the
high frequency response limit of the motor, an increase in the
range of control can be obtained by dividing the modulated
oscillator frequency, so that it can be compared to a crystal
oscillator at a lower frequency. The range of control can thus
be increased by a factor equal to the division in frequency.
There are several ways of accomplishing the required {requency
division. One is by the use of frequency dividing stages employ-
ing the principle of regenerative modulation, whereby a sub-
harmonic is obtained by a modulation process. Since the output
cnergy is obtained by a modulation process involving both the

input and output waves, the output signal will appear only when
an input wave is applied and bears a fixed frequency ratio with
respect to it. The circuit makes use of copper oxide modulators
and the output circuit is tuned to one-half the input frequency.
The tuned circuits are made sulliciently broad to permit sub-
stantial output voltage over a frequency range of =1.5%. The
disadvantage of this circuit is the number of tubes and circuits

required.

Another possible wav to obtain frequency division would be
io make use of multi-vibrators. The wave shape would be poor,

but it would be possible to gel higher division per stage.

LOCKED-IN OSCILLATORS AS DIVIDERS

The third circuit considered was the locked-in oscillator fre-
quency divider as shown in Figure 9. This circuit reduces the

number of circuit components to a minimum. The wave shape

6AC7 AS A TRIODE

/n

)i

1L
[AY

=

LOCKED-IN OSCILLATOR §

FREQUENCY DIVIDER B +

FIG. 9. Circuit of the Beer's Locked-In Oscillator as used in the new

exciter unit. This circuit permits division ratios of as much as five-to-

one, thereby reducing the number of frequency divider stages which
are required.
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RCA FM EXCITER

FIG. 10. Block diagram of the final arrangement of the exciter unit.
The crystal-controlled oscillator operates in the 94 to 125 kilocycle
band.

of the output is sufficiently good for the purpose. It will cover
the tuning range required for the exciter by means of an

adjustable iron slug in the coil. The lock-in range may be as
high as =*5%.

FREQUENCY OF COMPARISON

Having selected a circuit for frequency division the next con-
sideration was to fix the frequency at which the comparison of
frequencies was to be made. During the war the RCA crystal
group has developed a crystal and holder designed to operate
in the frequency range of 90 to 125 kc. The performance of
these units has been very good and they, therefore, were selected
for use as a frequency standard for RCA postwar FM exciter.

A preliminary test of the performance of the frequency con-
trol with frequency comparison made at 100 ke gave excellent

187, | 2ND.
MULTY IMLLTL
2NQ MULTY

SROMLLTT Y

FIG. 11. Closeup of the built-in oscilloscope checking device. The switch
in the center is used to select the stage to be monitored.
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performance, except for loss of control in the presence of tone
frequency modulation when the modulating frequency was below
one hundred cycles. A fundamental characteristic of frequency
modulation is that the power output (or the energy in the modu-
lated signal) does not change with the degree of modulation.
However, as the amount of modulation is increased from zero,
there is a transfer of power from the carrier to the sidebands
lying above and below the carrier frequency. This effect con-
tinues with increasing modulation until a point is reached where
all the energy is in sidebands and there is no power in the carrier.
With further increase in modulation, or frequency swing, the
carrier again reappears. With the ==75 kc swing of frequency
used for broadcasting, there are several cycles of this effect at
low modulating frequencies. In early experiments where the fre-
quency comparison was made at 5 mc (Figure 7) this phenom-
enon showed only as a loss of torque in the motor.

Theoretically we should have been able to find conditions of
modulating frequency and degrees of modulation where there
was no torque. Actually these points were so critical and sharply
defined that it required some care to find them. In actual opera-
tion with program modulation, the condition of no-torque would
not exist long enough to lose control.

The effect of frequency division is to reduce the swing of
frequency with modulation, along with the reduction of carrier
frequency. This is carried far enough (when the frequency com-
parison is made at 100 kc) that carrier loss occurs only at fre-
quencies of modulation below 100 cycles and for 100 cycle
modulation only with full frequency swing of 100% modulation.

This effect was not serious with program modulation, but in
taking performance data on a transmitter with tone modulation
it would be apparent. An additional division by 5. to 20 ke
eliminates this trouble except for modulation below 20 cycles
which is low enough to be neglected.

OVERALL CIRCUIT OF EXCITER

The final circuit of the new exciter is shown in this block
diagram of Figure 10. The tubes in the top row are, from left
to right, the reactance tubes, modulated oscillator, a frequency
tripler, followed by a second tripler, and a power amplifier. The
power amplifier is used to get suflicient power to feed through
a transmnission line to the main transmitter. The output frequency
of the exciter will fall in the range of 40.5 to 54 mc. With a
multiplication of two in the main transmitter a frequency
range of 81 to 108 mc is provided.

A lead shown at the left in Figure 10 conducts synchronizing
voltage from the modulated oscillator to the first divider at the
lower left. The dividers are set up as shown with four stages,
giving a total division of 240. This places the output frequency
of the last divider in the range of 18.75 to 25 kc. The output
of the last divider is connected directly to the two balanced
modulators.

The crystal oscillator shown at the lower right may operate
at any frequency between 94 and 125 kc. This is accomplished
without the use of any tuning adjustments. The crystal output
synchronizes a divider at one-fifth the crystal frequency. This
frequency is also fed to the balanced modulators, but in this case
a phase shifting network is included in the lead to each modu-
lator adjusted to maintain a 90° displacement in phase between
the modulators over the range of frequencies involved. The only
tuning required in the crystal or reference frequency part of

the ciruit is to set the slug in the divider so that its frequency '

is locked to one-fifth of the crystal frequency.
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FIG. 12. Schematic diagram of the new exciter unit used in all RCA FM Transmitters. Note that all tubes are of inexpen-
sive, well-known types available everywhere. The circuits are simple and straightforward, easily checked. Only one crystal
is in actual use, the second being a spare provided for emergency operation.

OPERATION OF FREQUENCY CONTROL MOTOR

Each balanced modulator has a pair of 6L6 tubes biased to
cut off and connected push-pull. The induction motor used has
high impedance center-tapped windings on each phase so that
it can work in the plate circuit of the balanced modulator tubes
without the use of matching transformers. In this way the motor
receives full voltage down to d-c beat frequency. The need for
this is evident when one considers that the motor must respond
to a beat frequency lower than one part in a million at 20 ke.
This comes out to be .02 cycles-per-second or 1.2 cycles-per-
minute. This rather surprising performance from an induction
motor is largely made possible by the elimination of load on
the motor. The absence of gearing and the use of viscous damp-
ing establish a condition in which there is little or no resistance
lo small or slow rotation of the motor shaft. The motor responds
to frequencies up to 1000 cycles whereas the motors used in
previous exciters of this general type were limited to 60 cycles,
thereby requiring comparison at about 5 kc instead of the higher
frequency. ~

BUILT-IN CHECKING DEVICES

The operation of the circuits may be checked easily and rapidly
by means of test equipment built into the exciter. A cathode-ray
oscilloscope, with a selector switch, is provided making it pos-
sible to check the operation of each divider and also the tripler
amplifiers by means of lissagous figures. A three position selector
switch enables the operator to apply a d-c potential to either
reactance tube grid, causing the frequency of the modulated
oscillator to shift high or low over a range considerably in ex-
cess of the range encountered due to ambient temperature

humidity or line voltage variation. The behavior of the frequency
control motor and the relative rotation of the shaft required to
correct the artificial frequency shift may be observed on a dial
on the motor shaft. This operation gives a rapid check of the
performance of the reactance tubes and the frequency control
mechanism. A meter is provided to read the plate current of the
reactance tubes and the modulated oscillator. A buzzer, oper-
ated by a cam switch on the frequency control capacitor shaft,
gives warning if for any reason the frequency control is about
to fail because of passing through maximum or minimum
capacity. The buzzer will sound only if there is maladjustment
of oscillator tuning control or for the failure of all but a few of
the frequency control circuit elements.

PERFORMANCE OF EXCITER

The accuracy of the frequency control is limited by the heat
cycle of the crystal oven. On test this effect shows a regular
variation of =40 cycles at 100 mc as the thermostat of the
crystal oven goes on and off. The control action is smooth and
rapid. There are no critical adjustments. The range of control

can be as high as #1000 cycles at 20 kc or =*=5%. At 100 mc
this amounts to ==5 mc.

In case of failure of the frequency control during a program,
operation can be continued with manual frequency control by
locking the motor shaft and adjusting frequency with a vernier
tuning control on the master oscillator tank coil.

The distortion in the frequency modulated output of the ‘ex-
citer is of the order of .5% for modulating frequencies from
30 cycles to 15,000 cycles. The noise level in the output is
74 db below 1009% modulation.
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THE GROUNDED-GRID AMPLIFIER

by

C. J. STARNER

TRANSMITTER ENGINEERING DEPARTMENT

The use of Grounded-Grid amplifiers is one of the outstand-
ing features of RCA’s new line of FM Broadcast Transmitters.
The grounded grid circuit has several very important advan-
tages at M frequencies and its use in the new RCA FM Trans-
mitters makes these units superior in a number of respects to
transmilters using amplifiers of conventional type. These points
of superiority include:

(a) Circuits which are simpler and require fewer components
than conventional amplifiers.

tb) Neutralizing, when necessary, is very simple. It is not re-
quired at all for low powers.

(c) Stability and lack of critical adjustment not previously ob-
tained in 100 mc transmitters.

td) Greater output from an amplifier using a tube of a given
size, making possible the use of smaller, less expensive
types.

(e) Use of same tube types in driver and power amplifier—
reducing number of tube types required.

This list of advantages naturally prompts the question: what
is a grounded-grid amplifier? As the name implies, in a grounded-
grid amplifier the grid is at a-c ground potential and the drive
is applied between cathode and ground, either element being at
the necessarv d-c bias potential. The d-c and a-c potentials and
currents are the same in the conventional and in the grounded-
grid circuits as far as the tube itself is concerned; consequently,
ratings that apply to one apply equally to the other. As will be
shown, however, the power output of the grounded-grid circuit
will be greater as will be the driver power requirement. Neutral-
ization is either unnecessary, depending on frequency, or, if
necessary, it is very easily achieved. Circuit simplicity is a direct
result with better stability and easier adjustment at higher fre-
quencies than otherwise attainable. Such a circuit is therefore
particularly useful at high frequencies.

THEORY OF OPERATION

Simplified circuit diagrams of a grounded-grid amplifier and
a comparable conventional amplifier grounded cathode are shown
in Figure 1 and Figure 2. In order to aid in visualizing the
operation of the two circuits the variations of the plate, grid
and cathode voltages for each circuit are shown for a complete
cycle. For the sake of simplicity no neutralizing circuits are
shown. The effect of neutralization will be considered later.
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Operation to the diode line (ie., the point at which max-
imum positive grid voltage equals the minimum plate voltage)
is assumed here; hence, for the conventional circuit the maximum
plate swing will be the plate supply voltage minus the positive
grid swing. In the grounded-grid amplifier the grid is held
constant at zero a-c potential while the cathode voltage varies

about the zero potential line. When the cathode swings negative, .

it produces the same eflect as the grid voltage swing positive in
the conventional circuit (i.c., both cause the plate voltage to
drop). In other words the cathode voltage E, is in phase with
the plate voltage E,, and the limit of downward swing is now
—E. instead of the positive grid swing. Thus the a-c plate
volis to ground, in terms of the conventional circuit, will be the
plate voltage swing E,, plus the grid voltage swing E,.

EL — Ep + E:: (1)

In order to meet the original conditions (i.e., that tube potentials
and currents are the same in bhoth cases) the load resistance Ry,
must increase to a value R’ to keep I the same in both cases.

E,

1{’[‘ = RL (]. + F ) (2)
“p

If P, is the power output, E, the grid voltage, E, the plate
voltage swing, P, the drive power required, R; the load re-
sistance, and I the peak a-c plate current (all values being
those applying to conventional operation) then P',, the power

output as a grounded-grid amplifier, is,

I, X Ei (3)

P, =
2

Since the normal power output of a conventional amplifier is

_ ll' >< E]I (4)
o=
and since E;, = E, + E,, the ratio of the power output of the

grounded-grid amglifier to the power output of the conven-

tienal amplifier is:

P'o 1|) (Ep + Eg) >< 2 (5)

Po 7l XOE, X 2
E, .
or P,o = Po (]- + E—') (())
p
and the power increase is

<) | (7)
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This power increase does not come from the tube itself, but
must he supplied by the driver; therefore, the driver power must
be increased by this same amount. Thus the power required
from the driver of a grounded-grid amplifier is

m:m+m(%) (8)
p

Note here that the power required from the driver increases but
that the actual power into the grid of the power amplifier tube
remains the same, and that the extra power appears as useful
power in the output circuit.

The grounded-grid amplifier may be represented as two gen-
erators in series as shown in Iigure 3.

~)Ep

R9 (N E9

FIG. 3.

Here E, is the input voltage and K, is the plate to cathode
voltage. Actually the driver must furnish hoth power to the load
and the grid losses of the tube and bias resistor. These latter
we may represent by R,, remembering that the generator E,
supplies no power to R, (a requisite of neutralization).

Referring to the input, the exciling power supplies the losses
in the grid circuit (Rg 1,%), and at the same time supplies the

load with power k., . From the driver viewpoint, the load

2
presented to it becomes two resistances in parallel,
R, and—I'“'—: Ry, as shown in Figure 4.

p

FIG..4.

Ry, representing the grid losses, is substantially a constant re-
sistance, if E; is constant, but the value of R, varies inversely
as the plate load current, becoming infinite if no load current
flows (plate circuit open) and being the lower of the two re-
sistances at normal load. The total resistance presented to the
driver varies inversely as the plate load current, and since the
driver is required to develop substantially the same value of E,
into lower resistance, more power must be supplied by the
driver. The circuit is thus seen to be highly degenerative, de-
manding increased power from the driver in proportion to any
increase in plate load current. This increase in power shows
up as an increase in output power.
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NEUTRALIZATION

Neutralization of a grounded-grid amplifier may be necessary
at higher frequencies either because of the presence of inductance
between the active grid element and the common returns of the
input and output circuit (due to tube lead inductance) or be-
cause of the plate-to-cathode capacitance, (i.e., the feed-through
capacitance) which may have to be neutralized if it is of appre-
ciable magnitude. The cathode-lo-plate capacitance of tubes
designed for grounded-grid operation will usually be low enough
so that neutralization will not be necessary. Also at these fre-
quencies the inductance from the active portion of the grid-to-
ground (tube lead) will be small enough to be ignored, since
it will have a tendency to neutralize the plate-to-cathode capacity.
From the standpoint of stability a certain amount of capacity
feed-through may be tolerated, since the degeneration of the
circuit causes the input impedance to be lower than in the con-
ventional amplifier, and so calls for considerably more power
transfer from output to input in order to sustain oscillation.

However, as the frequency is raised a point will be reached
at which either or both of these effects will cause the feed-back
energy to be sufficient to overcome the degeneration, and neu-
tralization will be necessary.

Neutralization, where required, may be accomplished by in-
serting an inductance in series with the grid. For values of
plate-to-cathode capacity normally encountered in tubes adapt-
able to grounded grid use, the inductance in the grid-to-ground
circuit will be sufficient and in some cases even series capacitance
may be required. The tube electrode capacities are shown in
Figure 5A. These can be represented by an equivalent star con-
nection of three capacitors as shown in Figure SB. If we connect
a suitable inductance I, (Figure 5C) in series with C., so that
C. and L., are resonant, then the point O is at ground potential.
This will prevent any transfer of energy from P to K, since there

now exists no common coupling impedance. The value of C, in

terms of C,y, C,x and Cy is

. Cm‘f an i Cpk C;:k =+ C;:k Cpg

Ce. 9
o o
and the inductance required is
1
Lo = o7 (10)

It is apparent that when C,y is small compared with Cp; and Cex
that C; is a large value and the required value of L, is small.
In practical cases the value of 1., needed can be adjusted closely
enough by proper choice of the bias blocking capacitor (L, being
supplied by the tube and lead inductance) to give neutraliza-
tion over a wide frequency range. At frequencies where the
physical size of the tube becomes an appreciable part of a
quarter-wavelength, it may become necessary to use a tuneable
bias blocking capacity to reduce the tube element inductance
to a value low enough for neutralization. As has been noted
before, depending on the tube design and size, operation without
neutralization may be accomplished up to frequencies of the
order of 40 megacycles, for certain high power tubes, and to
hundreds of megacycles for smaller ones. When neutralization
1s required, we have a circuit as shown in Figure 6 where C is
a blocking capacitor to allow application of bias potential to the
grid. From Figure 6, it is apparent that the actual neutralizing
circuit is a bridged-T network adjusted to a null, the current
through the T being advanced 270° in phase, and that through
the capacitor bridge C, being advanced 90°, There is then
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(270° — 90°) a 180 phase difference, and when the amplitudes
are equal, the net transmission is zero. However, while there
is no transmission of energy through the tube, the grid is now
above ground by whatever voltage is developed in L,. Irom
Figure 6, it is apparent that some circulating current from the
output circuit flows through L, and that the grid is raised above
ground by the reactive drop in L,. This drop is always regenera-
tive and the voltages as shown in Figure 1 must be modified
lo those shown in Figure 7, where F'; is the voltage developed
across L,. The net result is a lowering of drive power require-
ment, with a subsequent increase in power gain (ratio of input
to output power) at the cost of somewhat lowered power outpul.
In tubes having a large ratio between C,; and C,g, the change
is small and is desirable since the increase in power gain is
usually more important than the slight loss of power output
capability.

TUBE REQUIREMENTS

From the above it is apparent that the first requirements of a
tube for a grounded-grid amplifier is that it have a low value
of C,y, since this dictates the necessity for neutralization. Or,
more properly, it should have a high ratio of C,; to C since
the improvement in high-frequency performance is directly pro-
portional to this ratio. (C,, is the feed-through capacitance for
grounded cathode operation, while C,y is the feed-through capac-
itance in the grounded-grid case.) Low grid to ground inductance

| )
£ L=

Cxa Cra =<

Ln

__C

-DC

- BIAS =3 -

FIG. 6.
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K P
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FIG. 5.

is important since the minimum attainable is usually more than
required for neutralization. liconomy of grid drive and high
efliciency have the same importance here as in the conventional
amplifier.

POWER GAIN

I we define power gain as the ratio of driver power to tolal

output power. then the power gain becomes

e :
I I
" g

I L T R O el
— e = S (rn
P, D i
B I)Lr —+— l)() (—FL_ ) I)‘: —|“‘ l)o (_I“L‘g )
‘p ‘p

Thus we see that both the actual grid drive power and the
voltage at which this power 1s required control the power gain,
with the latter being the larger factor. This is obvious when we
note that the driver must furnish two components of power,
. kB X
one being —

2
E. X I,
2

e . .

£ (power dissipated by grid) and the other
(power supplied to output). When the amplifier is
loaded the latter term is much the larger factor. To have a

high power gain we must then have a large ratio of E, to E,,

and since the bias voltage aflects the value of ¥, while affecting

-EC \_/ G
Eq
FIG. 7.
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the value of E, by a much smaller percentage, we can adjust
the power gain by changing the grid bias. Tubes are available
which will give power gains of from 5 to 7 when used in a
class C grounded-grid amplifier and operated at normal conditions
of bias. These power gains can be adjusted downward to values
of the order of three if we wish to divide power output between
driver and amplifier output. The usual limit here is the maximum
bias potential allowed by the tube rating.

This is the case when a tube is used as a grounded-grid driver
for two tubes of the same rating in a grounded-grid amplifier.
Here the driver stage is operated at the lowest bias compatable
with tube efficiency to get maximum power gain. The final am-
plifier stage is operated with a high bias, so that low power
gain results. Consequently, a larger amount of power is required
from the driver, the greater part of which appears in the output.
If the power gain of the final amplifier is in the order of three,
then the driver will contribute approximately one-fourth of the
total output, or approximately seven-tenths of the power con-
tributed by each of the two final tubes.

EFFICIENCY

Since the tube does not know which of its elements are
grounded (i.e., all potentials and currents are the same) the effi-
ciency of the tube is the same in either the grounded-grid or
conventional case. However, since the driver supplies power to
the output, the usual efliciency equation

P, .

—5—— X 100 in per cent. (12)

Pln

(Where Py, is the plate input of the final amplifier) does not

give the true efliciency of the amplifier, and must be corrected

to take care of the power contributed to the output by the driver.
The true efliciency is

Viz. n =

P’o - Po (%—)
D

’

X 100 in per cent. (13)

"= P,
with the power contributed by the driver being represented by
the factor P, (-%g—). The quantity P, (-%g- ) is a function of
P p

tube parameters and operating conditions, varying directly as
the amplifier plate current. The driver contribution has been

shown to be

P, (

Ee ) _ B X1
E, 2

If we hold the drive constant, the driver contribution to the
output is directly proportional to plate current, and will be a fixed
percentage of the measured output at any value of amplifier
plate input, if the plate input is varied in the usual manner
(i.e., by changing the plate current). This analysis is not rigorous,
but the errors involved are small and compensate each other.
Hence, it is possible to assign an efficiency to any given grounded-
grid amplifier design, which will apply in the same manner as
that for a conventional amplifier, that is,

o _ P X (1)
°™ 100
where 1 has a value determined by measurement, and applies

to one amplifier design only.

At high frequencies, the true amplifier efficiency will usually
be better than that of the conventional amplifier since the in-
herent stability of the circuit eliminates the necessity for para-
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sitic suppressing chokes or resistors, with their attendant power
loss.

AMPLITUDE MODULATION

If the grounded-grid amplifier is to be plate-modulated, the
driver rating obtained from the foregoing must be its carrier
rating when operated as a plate-modulated amplifier, since it is
necessary to modulate the driver simultaneously with the power
amplifier to obtain satisfactory distortion characteristics. If we
refer to Figure 4, it is apparent that as the power amplifier is
modulated, the resistance represented by R, will change. Rg will
also change slightly, and in a direction to unload the driver on
upward modulation, which gives a slight but beneficial rise in
excitation voltage. However, in grounded-grid service, this change
is swamped out in the change of R,. Since I, is proportional to
modulation, the driver load will change from R; at the trough

of modulation to R in parallel with—l;—o— at the peak of modu-

lation. No economical driver can be expected to supply constant
voltage into such a load, and since the regulation which does
occur is in such a direction as to increase non-linearity of the
PA, the driver must be modulated simultaneously with the PA.
If the ratio of E; to I, is to be held constant, the driver must
be modulated 100%.

If the driver operates at the same plate supply voltage as
the power ampliher, and the same modulator is used for both,
the modulator will work into a load resistance

Ey d-c values (15)

IPA + IDriver

Where Iprver includes the screen current if the driver is a
pentode. If the modulator power required is compared to that
for a conventional PA, of the same efficiency and carrier output,
the modulator power output is larger by the amount required
to modulate the drive. If 0 and n" are the efficiencies of driver
and PA respectively, then the modulator power output required
for the grounded-grid amplifier is

1 (Po + Py)
2 n” r (]'6)
as compared to
1 (P)
2 (17)

for the conventional amplifier. (For simplicity a conventional
amplifier large enough to supply the same output as the grounded-
P, and

grid amplifier is assumed.) Assuming that P, —= Tlf)—

N = 70%, the grounded-grid amplifier will require %Tl' X Py,

or about 14% increase in power. If the driver of the grounded-
grid amplifier were not modulated, then the modulator power
would be the same as that for the conventional amplifier of
the same carrier output, but the load resistance would be
higher; R = Ep + B since the plate voltage must then be

Ipa
carried negative E; volts (in excess of E,) to bring the output

to zero. Hence, in a grounded-grid amplifier, failure to modulate
the driver has the effect of increasing the plate supply voltage
of the PA, while modulating the driver effectively puts the two
in parallel and their r-f outputs in series. There are three sources
of distortion in an amplitude modulated grounded-grid amplifier.
These are, (1) Distortion arising from non-linearity of the PA.
(2) Distortion due to non-linearity of the driver, which is intro-
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duced directly into the output, and (3) distortion due to reaction
of the non-linear elements on the modulator. In order to make
the distortion arising from (1) a minimum, approximately 60%
driver modulation is necessary, while it is necessary to use 100%
driver modulation to make (2) a minimum. This same ratio
holds for (3). These conflicting driver modulation requirements
make a compromise value necessary, which experience has shown
to be approximately 80%. This gives a minimum overall dis-
tortion value when these three distortion factors are considered
as adding to give the overall distortion product. With careful
design the distortion of the grounded-grid amplifier will be some-
what less than that of the conventional amplifier.

OPERATING NOTES

The adjustment and operation of a grounded-grid amplifier
presents no unusual problems. Some differences in adjustment
do appear, but on the whole, adjusting and operating procedures
are quite familiar. Freedom from instability and lack of spurious
oscillations is marked.

Where neutralization adjustment is necessary, a somewhat dif-
ferent procedure must be followed. Since the cathode is driven
negative rather than the grid positive, the plate and grid will
have a positive potential relative to the cathode over part of
the r-f excitation cycle. If a path is provided for d-c plate cur-
rent flow (plate supply grounded or left with rectifier filaments
excited) the plate ammeter will indicate plate current even
though neutralization is complete. At the same time the a-c com-
ponents flow through the plate circuit and cathode circuit, de-
veloping a-c voltage in both of these circuits. The a-c component

of power will be delivered to the load while the d-c compstient
is supplied to the rectifier. Under these conditions the output
power cannot be reduced to zero by neutralization. Consequently,
neutralization can be accomplished only by removing the filament
power from the amplifier tube. Neutralization for minimum feed-
through under this condition (cold filament) may not be exact
when the tube filament is excited, due to changes in tube capacity,
and neutralization may be checked by observing behavior under
power conditions.

The usual criterion of neutralization may be accepted, that is,
if maximum grid current coincides with minimum plate current,
and the degeneration is symmetrical on both sides of resonance,
the amplifier is exactly neutralized.

The fact that d-c plate current appears in the amplifier with
the application of drive, may be used to tune the plate circuit
to resonance and, to a certain extent, to adjust the loading, before
applying plate voltage to the amplifier. Since the grounded-grid
circuit is highly degenerative, the driver power demands will
vary over a wide range according to the amplifier plate input.
Accordingly, the drive must be readjusted for each value of
amplifier plate load, in order to maintain the required value of
d-c grid current. The design of transmitters utilizing grounded-
grid amplifiers requires a somewhat different approach from that
of the ordinary circuits because of the output power by the driver.
However, the simplicity of the circuits, and the remarkable free-
dom from parasitics and self-oscillations experienced with such
amplifiers make them extremely attractive, not only to the de-
signer, but to the operator as well.

THE RED SEAL DELUXE RECORD—A PLASTIC “PLATTER” FOR HOME USE

RCA announced the greatest improvement in phonograph
records during the past 45 years when they introduced, recently,
their new non-breakable Red Seal DelLuxe record. This is the
record which home record users have been waiting for ever since
“talking pictures” originated.

The need for a “quiet” record became imminent with the
arrival of sound films in the motion picture industry. The sur-
face noise from the regular shellac records was being magnified
by the sensitive equipment used for sound transmission. After
much experimentation, a suitable record was evolved by the use
of a plastic compound which does not require a mineral filler,
such as is used in shellac records. Besides reducing the surface
noises, this record had the added advantage of being flexible and,
therefore, far more durable. Plastic discs were soon being used
for radio broadcasts and later for V discs used by our armed
forces overseas.

These same “extras” attracted home record users, too, since
there is such a breakage of the brittle shellac discs. The cost
of plastics, however, made the use of these records prohibitive
for home use. To remedy this situation, RCA engineers con-
tinued their research in an effort to produce a comparable record
at a reasonable price. The Red Seal DeLuxe record was the
achievement of their goal. It was made possible by the develop-
ment of a formula for a compound composed almost entirely
of vinyl-resin plastic. The result was a new transluscent, ruby-
red colored record which is far lighter in weight than ordinary
records, has the same flexibility as the expensive transcription
records, a fidelity of reproduction which truly has a concert-hall
quality, and is inexpensively priced.
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MULTI-UNIT CONSTRUCTION
A FEATURE OF NEW FM TRANSMITTERS

by JOHN L. CIBA

Transmitter Engineering Department
Engineering Products Division

Us|- of a standardized unit-enclosure is one of the features of the straightforward fashion, the number of units that may be needed
new series of RCA FM Transmitters. The basic design of this unit- to house the equipment components. A 250-watt transmitter, for
enclosure provides suflicient flexibility that it can be used equally instance, will be housed in a single unit—while a 1 KW trans-
well for audio, r-f, or power-supply circuits. Thus transmitters mitter will occupy two units, a 3 KW, three units, and a 10 KW,
of powers up to 10 KW can be made up by combining, in five units.

| 1
TG AAEAN T

o

1. BASIC ELEMENT of the unit-enclosure is a frame which is 2. DOORS provided on both front and rear of the unit en-

25 inches square and 80 inches high. This is constructed of heavy closure open the full width of the unit and the full length except :

gauge steel angle welded at the corners. Horizontal channel sec- for the meter panel on the front. Access is thereby provided to '

tions having a series of mounting holes are welded on the inside both the front and back of the vertical panel on which the equip-

left and right side of the frame. ment is mounted. ;
1

3¢
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3. BASE FRAME made of channel iron is provided. A con- 4. UNIT-ENCLOSURES are holted to this frame. When several
linuous trough, which is a part of the base, provides a practical

units are used together, as in larger transmitiers, this {rame serves
space for inter-unit wiring.

to hold them together.

9. CURVED END PIECES are used to give a finished appear- 0. COMPLETED ASSEMBLY of these units presents the appear-
ance to the assemhbly. These end pieces are easily removed when ance of a single overall front panel; the doors on adjacent units
it is desired to add additional units.

fit flush together at the intersection.

R e e S el Wby
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1. REAR of the unit-assembly shown on the preceding page.
Full-length, full-width doors provide easy access. Peep-holes in
door allow observation of equipment in operation.

9. INSIDE of one of the cabinet units taken before equipment

panels were mounted in place. Vertical arrangement of panels
provides good ventilation.

8. CONCEALED HINGES are one feature of the door construc-

tion. Another is the use of a single panel structure with channel
seclion reinforcing around the periphery.

10. EQUIPMENT PANELS are mounted on the vertical side
members. These panels may be moved forward or backward as
required in order to provide for various sizes of components.
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ation shown on preceding pages 1s

11. ADDING AMPLIFIERS is greatly facilitated by the
unit cabinet arrangement. For example, the 3-unil combin

a 3 KW transmitter; adding 2 more unils, as above, converts thi
size

s to a 10 KW transmitter. Since the added units are of matching
and appearance the completed installation presents a pleasing “unified” appearance.
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12. HANDLING these units is much easier than with old-style equipments. The individual units are 84 inches high, approximately
25 inches square (less curved end pieces) —the heaviest weighs less than 500 pounds (less demountable units). They can be easily
handled on a dolly by one man; can be moved through ordinary doors and taken up on passenger elevalors. When equipment is to

be installed at a remote mountain-top location—or on the relatively inaccessible top floors of a tall building, their small size and

weight is a great convenience.

39
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RANGE PREDICTION
CHART FOR
M STATIONS

by FREDERICK C. EVERETT

Radio Facilities Engineering Group
National Broadcasting Company

With the assignment of the 88 to 106-me channels to FM (106 to 108 me in the
Northeastern area), it has become necessary to analvze many transmission factors
such as station ranges. The prediction of these ranges can he simplified by a chart,’
as we have at the right. With this chart it is possible to determine the signals that

can be expected with various powers, antenna heights and distances.

The heights indicated in the chart are those of the transmitting antenna over the
average terrain to the point in question and a receiving antenna height of 30 feet.
This average height is ordinarily obtained by plotting a ground contour profile
between the transmitter and the indicated point. Since such effects as shadows,
reflection and diffraction will be important, the values obtained can be taken as

median values of intensity to he expected.

EXAMPLES

To illustrate the use of the chart, two examples are offered; one for a North-
eastern metropolitan station and another for a transmitter site 1,000 feet high with

a d0-microvolt signal 70 miles away.

The range of a Northeastern metropolitan station is predicted on the range

provided by 20 KW radiated at an antenna height of 500 feet to I-millivolt contour.

In example 7 we have a dotted line drawn between 20 KW and the | millivolt /meter
field intensity. We note that this line intersects the microvolt plot for 1 KW at 224
microvolts. Drawing a solid line between this point and the 500-foot transmitting
antenna height plot indicates a distance of 32 miles. Thus we find that a station
with an antenna height of 500 feet over the average ground, and radiating 20 KW
will give a 1 millivolt-per-meter signal at 32 miles. According to the FCC plan of
allocation, metropolitan stations with higher antennas will he assigned powers such

that the T-millivolt signal will be at the same distance away.

In example 2 we have the case of a transmitter site, 1,000 feet high and the
need for a 50-microvolt (0.05 millivolt) signal 70 miles away. The dotted line
connecting 70 miles and 1,000 feet indicates that a 1.-KW station operating at this
height would radiate 21.5 microvolts at 70 miles. If we draw a solid line between
this point, the 0.05-millivolt point and the power scale, we find that a power of
5.0 KW would be required to produce the desired 50 microvolts at the 70-mile

distance with a 1,000-foot antenna height.

1 Chart has been prepared from data supplied by the FCC in their “Standards of Good
Engineering Practice”; with 98 me, horizontal polarization, used as a basis of computation.

2 Reprinted by courtesy of COMMUNICATIONS from their November, 1945 issue.
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THE SUPER

by R. W. MASTERS

Television Engineering Department
Engineering Products Division

’

A new type of antenna which has been developed

*‘j for FM and Television stations promises to lessen in-
= . : . &'&- stallation difficulties materially and, at the same time,
" LEanis | to improve performance and reliability. This antenna
' S o, - ﬁg% features a broad-band operating characteristic, simpli-
e fied feed system, and durable construction. A single
£ '; antenna design will operate equally well over the en-
€ _'_"’__? tire allocated FM band for any transmitter power up
-‘-;@; to 20 KW. Because this new antenna resembles, to

s some degree, the original Brown Turnstile—and be-

cause il is, in a sense, a super-version of the original,
4 it has been dubbed the “Super Turnstile.”

ADVANTAGES FOR FM USE

The prewar turnstile antenna had many factors in
4 its favor, among them being the inherently circular field
pattern, the suitability for mounting on a single pole,
J the low wind resistance, the relatively large gain and
the ease of installation.

i The Eroad-band characteristic of the Super Turnstile
offers two additional important advantages for FM use.

! One is that it eliminates the tricky field adjustments
necessary with the early turnstile and with other FM
antenna types. The second is that it makes possible a
degree of standardization which has, heretofore, been
out of the question. This is due to the fact that it is
now possible to design and build one antenna which
will operate equally well at any frequency in the FM
band (instead of having to cut the radiators to dif-
ferent lengths for each frequency, as was previously
required). Actually, in the new RCA FM antenna, this
standardization has been carried a step further by
making a single model which is good for all powers
up to 20 KW.

The standardization achieved in the production model

of the Super Turnstile means, of course, lowered pro-

! duction costs and, for the station owner, “more for the

money.” The latter is evident in such features as the
heavy durable construction.

A summary of the advantages of this antenna for
FM use make up an imposing list. They include:

(a) High-gain wide band.
(b) Can be used at any frequency from 88 to 108 mc,
(c) Can be used at any power up to 20 KW.
| (d) A “package” item—comes complete.
(e) Is easy to install.

a FIG. 1. Model of three-section Super Turnstile before trans-
mission lines are added. Pole is designed to carry airways
beacon,
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URNSTILE

(f) No field adjustment whatever—just put it up.
(g) Small number of feed points.

(h) Power rating easily increased by substituting a
kit of larger feed lines.

(i) Permits diplexing of more than one carrier on
same antenna.

(i) Simple structure—single pole mounting.

(k) Entire structure grounded.

To appreciate the advantages of the Super Turnstile
Antenna over the standard turnstile, it is necessary
only to note that the required number of end seals in
the feed system is reduced by one-half, while the band-
width has increased from a few percent to 109%. This
hitherto undreamed-of extension in bandwidth has made
it possible to design a single antenna which will prove
more than adequate in covering the entire allocated

I'M band; i.e., about 23%.

The attendant economies and advantages gained in
design, quantity manufacture (with its resultant cost
reduction), and the stocking of a single packaged unit,
have resulted in the adoption of the Super Turnstile
for Television, as well as for FM broadcasting.

ADVANTAGES FOR TELEVISION USE

For some time there has been an obvious need for a
television antenna which would combine a relatively
high gain with a bandwidth which would accommodate
the 6-megacycle television channel. The success of the
standard M turnstile (used by a great majority of the
I'M stations on the air today) led, very naturally, to
an investigation of the turnstile for television broad-
casting. For television use, this type of antenna enjoys
an additional advantage over all other types; namely
that, due to the nature of the turnstile itself, hoth
sound and picture transmitters can be fed into the
same antenna.

Television requirements, however, are stringent in
that the antenna impedance must remain so constant as
to cause a very low reflection on the transmission line
over the whole television channel. The necessity of find-
ing a reasonably simple radiator capable of handling
such a range led to the discovery and development of
the wide-band, current-sheet radiator. These current-
sheet radiators, when connected in turnstile fashion,
retain all the advantages of the standard turnstile and
at the same time provide the desired bandwidth (with
some (o spare).

FIG. 2. Experimental Engineering Model of single section

Super-Turnstile installed at a Television Station. Two trans-

mission lines are used to permit use of single antenna for

sound and picture. For FM, only one line is required between
the transmitter and the bottom of the current sheets.

s T
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HOW IT WORKS

The most noticeable feature of this new Super Turnstile (see
illustrations) is the use of “current-sheet” radiators in place of
the simple “dipole” arms in the prewar turnstile. In the original
model, these batwing-shaped elements were solid pieces of sheet
melal; hence the term “current-sheet.” Later it was found that
the same result could be achieved with an open (ramework. In
the production model this framework is made up of steel tubing

with cross members of solid steel.

The chiel eflect of the “current-sheet” radiators is to broaden
the antenna characteristic so that the impedance reflected on the
transmission line will be nearly equal to that of the line itself
over a frequency range of plus or minus 20% which, of course,

is nearly twice the entire FM band of 88 me¢ to 108 me.

The current sheets are attached 1o the pole (ground) at top
and bottom. The r-f currents in the radial members radiate more
or less proportionatelv to the length of the member and to the
magnitude of the current in the member. The longer members
have a far greater eflect in radiation than the shorter ones:
hence, a verv close approximation to the radiation pattern of

two simple dipoles, spaced one-hall wavelength apart, is obtained.

The radiators were originally worked out at high frequency
where solid sheets of metal were the casiest medium to employ.
The solid sheet has been replaced by a steel tubing framework
with cross rods of solid steel as the practical embodiment of

the design. This design reduces wind resistance.

CONSTRUCTION

The antenna and feed system of the Super Turnstile has been

designed to handle 20 kilowatts of power. For lower powered

stations, a reduction fitting may be used at the junction point,
so that a smaller line may be used to the transmitter. In cases
where a line length in the order of several hundred feet is re-
quired, however, it may be desirable to use a large-size coaxial
line even for low power so as to avoid a high attenuation loss.

Sleet melting protection may be provided if desired. The ver-
tical tube of the current-sheet is at ground potential on the ends;
hence, a heater unit can be connected into this vertical tubing.
This will prevent ice formation between the current-sheet and the
pole; this being the only place that might undergo an impedance
change due 1o ice formation. The structural design is such that
the antenna can withstand a half-inch ice coating under high

wind conditions or thicker ice under reduced wind condilions.

™.

FIG. 4. tpproximate Engineering Data for Super
Turnstile FM Antennas.

I'he fTollowing information has been prepared for antennas
covering frequency bands from 88 me. to 108 me.

The antennas are designed to withstand a maximum wind
velocity of 85 miles per hour when coated with 4" radial ice
and a maximum wind velocity of 95 miles per hour when there
is no ice. The antennas are designed for total transmitter power,
no greater than 20 KW, Maximum unit stress, 20,000 Ibs./in.?

No. Sections I Section 2—Section 3—Section
Power Gain
8 {tnominal) . .. 1.25 2.5 4.0
Field Gain
> fnominal) . .. 112 1.58 2.0
Frequency Band 88-108 me. 88-98 me. 98-108 me.  88-108 me.
I R a W Lbs..... 0625 1,280 1,286 1,763
‘ A ien iz i, em 52" 55" 55" 55"
o B ....... S (U B B 24 15 5 16’ 5" 25" 8"
' C o 5 014" 6’7" 57" 54"
() T 34 13747 13" 4”7 170"
Hz D. .......... 50" 70" 70" g8 0"
N . i R, * Lbs.... .. 304 1,083 1,083 1,640
‘ R: * Lbs...... 990 2,065 2,065 3,490
w 3 Ry * Lbs...... 1.58 3,148 3.148 5,130
Hy oo, 18" 0" 30007 300" A0 0"
Blos w scosgas ow 13707 23' 0" 230" 32'0”
Diameter al
Tower Top. . 115” 654" 658" 834"

* Reactions R, R, and R, as shown in table are for estimating pur-
poses only and are figured on the basis of 20 1bs./ft.2 of projected area
with 15”7 ice. All sections are rounds.

300 mm Beacon, pole steps and miscellaneous hardware.

Total weight, including pole. guide flunge, pole socket,
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WCAU PLANS NEW STUDIO BUILDING

Plans for the first radio and television center to be erected in
this country exclusively for television and sound broadcasting
were announced recently by WCALU, the 50,000 watt CBS
affiliate in Philadelphia. Costing $2,000.000, the center is expected
to be completed, even to a specially constructed landing field on
the roof for heliocopters which will be used for television broad-
casting from outside points, in December, 1947. At this time the
present building and facilities will be abandoned.

John G. Leitch, technical supervisor of WCAU since 1929, is
in charge of plans for the new WCAU center. Mr. Leitch has
just returned after four years with the Navy, where he served
as a commander. In 1932 Mr. Leitch supervised the planning
and construction of the present WCAU Building, which at the
time of its completion was the finest and most modern radio
station building in the world. The new building will dwarf the
present one in size and facilities and will, of course, provide
facilities for FM and Television—neither of which were even
dreamed of when the present building was planned.

The plot on which the new WCAU building will be erected
takes up 81,756 square feet, an entire city block, on Philadel-
phia’s famed Broad Street with the main building of the center
a four-story structure, 252 feet by 207 feet, built of limestone
and stainless steel. Piercing the city’s skyline will be a tele-
vision and FM tower extending 612 feet above ground level.
more than 70 feet above the famed William Penn statue atop
Philadelphia’s City Hall, the highest building in the city.

The main floor will g A
TG W R >
have two large showrooms 2

and a 500-seat auditorium
for both sound and tele-
vision broadcasting. The

seating will be horeshoe
style with two stages that
will raise and lower by SR
hydraulic pressure, one
directly in front of the
other. The first stage will
be located in the center
of the horseshoe and can
be raised independently.
This will enable televi-
sion cameras to move all
around it so that the
action on the stage. as
well as the audience, can
bhe televised. The stage
directly in back can also
be raised  independently
and join the forward stage
for larger settings when
necessary.

{Right) —--Architect’s drawing
of the radio and television
center which will be erected
by WCAU, the 50,000-watt
CBS affiliate in Philadelphia.

There will also be a
large television studio
which will permit the
setting up of several sets
at one lime so that
action can be swung
from one camera to an-
other. This studio will
have a sound-proof col-
lapsible partition so that
it can be divided into
two sections if neces-
sary. Also included are
rehearsal studios for
television, film projec-

tion rooms, dressing

rooms, carpenter shop,

Commander John G. Leitch

paint shop and property
storage space.

The other part of the building will contain seven broadeasting
studios, administrative offices and the latest facilities 1o be found
in a modern radio and television center, including lounges for
employees and artists. music library, news room, special wrilers’
rooms and audition rooms, and many other facilities. All studios
will have the latest development in acoustics with a combination
of polyeylindrical construction and adjustable vanes,

www americanradiohistorv com
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FIG. 1. FM Discriminator.

NEW RATIO DETECTOR SIMPLIFIES
FM RECEIVER DESIGN

by STUART W. SEELEY

Manager, Industry Service Section
RCA Laboratories

Until recently it had been more or less taken for granted that
any detector in a frequency modulation receiver (usually called
the discriminator) would also respond to amplitude variations.
For this reason limiters were used ahead of the discriminator
in most FM sets in an attempt to “level off” the applied signals
before they were detected. Limiters need large signal amplitude
for proper operation which in turn requires excessive preceding
amplification with attendant regeneration and over-load diffi-
culties. Furthermore, limiters often act as phase modulators con-
verting peaks of interference into frequency variations, thus
indelibly impressing them upon the program content of the
received signal.

Recent circuit developments made in RCA Laboratories have
produced simple FM discriminators insensitive to amplitude
modulations and amplitude interference. There are many varia-
tions of these new discriminators and they give a new concept
of the design of FM receivers. With them it is no longer neces-
sary to provide the extremely high intermediate-frequency ampli-
fication for satisfactory noise “quieting,” for limiter stages are
omitted entirely.

Furthermore, while they are performing their normal function
of detecting frequency modulations, they also produce the correct
amount of automatic volume control voltage to regulate the
amplification of preceding tubes. Thus they prevent over-load
and cross-talk as well as phase modulation by amplitude inter-
ference in those stages and result in much improved receiver
performance.

The name Ratio Detectors for these new FM circuits was
derived from the fact that they utilize the ratio of two developed
intermediate-frequency potentials whose relative amplitudes are

46

a function of frequency, rather than the difference of those poten-
tials as has been done in the past. The ratio of those potentials
remains constant in the presence of amplitude variations whereas
the difference varies with the amplitude.

The diagrams above afford an interesting comparison of the
operation of the ratio detector and that of the standard FM dis-
criminator. (Note: In order to make the comparison simpler
these circuits have been drawn somewhat differently than usual;
however, the basic circuits have not been changed.)

Figure 1 is a simplified diagram of the discriminator circuit
widely used in prewar FM receivers. Fundamentally, this is an
adaptation of the so-called Seeley Discriminator which was first
used in AFC circuits (D. E. Foster and S. W. Seeley, Automatic
Tuning, Simplified Circuits, and Design Practice, PROC. LR.E.,
25, 289, 1937).

The operation may be briefly described as follows: L; and L,
form an interstage coupling transformer tuned to the mean or
“carrier” frequency. The r-f voltage E, in the primary induces
a voltage in the secondary which, for purposes of discussion,
may be divided into two components E, and E.. The r-f voltage
in the secondary is fed to the anodes of a pair of diodes as shown.
However, there is also a direct connection from one side of L,
to the center of Lj. This places Ly directly in the cathode return
circuit of the diodes. Thus, the total r-f voltage on the anode
of the first diode (VT-1) is E, -~ E,. These voltages must, of
course, be added vectorially. Figures 3 and 4 show the effect
of this addition. When the frequency of the r-f voltage from
the limiter is equal to the resonant frequency of the tuned cir-
cuit, the voltage in the secondary is 90° out of phase with that
in the primary, and voltage addition is as shown in Figure 3.
The r-f voltages E; and E,, which are fed to the diodes, are
equal and the d-c (or a-f) output of the diodes are also equal.
Since the output connections of the diodes are opposed, no
voltage will appear at the audio output terminals.

-
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FIG. 2. Ratio Detector.

Now consider what happens when the r-f input frequency is
different from the resonant frequency of the tuned circuit (as
occurs in the normal frequency swing, or “modulation”). The
secondary voltage leads the primary voltage by something less
than 90° and the voltage addition is as shown in Figure 4. The
r-f voltages E; and E. fed to the diodes are now different and
the rectified outputs are also of different values. Thus, a d-c
(or a-f) voltage, proportional to the frequency swing, is caused
to appear at the audio output terminals.

An important disadvantage of this standard FM circuit is
that while it is well-suited for FM detection, it is also sensitive
to AM fluctuations in the input. This will be evident from a
study of Figure 4 (i.e., the voltages E,, Ep and E. vary pro-
portionately with AM modulation, but E; increases more than
E,, thus causing distortion in the audio output). In order to
overcome the effects of AM modulation in receivers using the
standard FM discriminator, it has been necessary to resort to
the use of one or two limiter stages between the i-f stages and
the discriminator.

The ratio detector, a simplified schematic of which is shown in
Figure 2, is insensitive to AM modulation and hence requires
no limiter stages. The reason for this may be understood by
studying the two diagrams above. As will be noted, the input
sections of both diagrams are alike. The r-f voltages fed to the
diodes in the ratio detector are the same as those in the standard
FM discriminator and they vary with frequency swing in exactly
the same manner. However, in the ratio detector the diodes are

Eb Ec

connected in series, so that the d-c (or a-f) voltages which they
develop are additive (rather than being opposed as in the
standard discriminator). Moreover, the sum of these voltages
(E; -+ E,) is prevented from varying at audio frequencies by
the bypass condenser C-4.

While the sum of the diode output voltages E; and Eg is thus
held constant, the ratio of these voltages varies as the ratio of
the input voltages. Thus, if audio connections are made at points
“P” and “B” (i.e., in the cathode return circuit) an audio voltage
proportional to the frequency swing is made avaiable. In this
way, the ratio detector provides an FM detector equally as good
as the standard discriminator and free from the latter’s un-
wanted sensitivity to AM modulation.

Since the ratio detector does not respond to AM modulation,
it is unnecessary to use limiter stages. This reduces the number
of tubes required for the same performance. Moreover, since it

E.

FIG. 4.

is not necessary to saturate a limiter, much weaker signals can
be used and, therefore, a receiver using this circuit need not
have the extremely high i-f gain which is necessary for satis-
factory limiter action. This may make it possible to use fewer
tubes in the i-f stages. (A laboratory model with only one i-f
stage, and no limiters, has given very satisfactory performance
even on weak signals.)

Another advantage of the ratio detector which, although a
“by-product”, is of some importance is that it provides a source
of AVC voltage much more satisfactory than that available in
the standard discriminator circuit. This voltage can be fed back
to the amplifier stages thus maintaining the proper gain of the
set for any incoming signal and thereby preventing overloading
of the amplifier stages. Thus, interfering noises are less likely
to cross-modulate the received signal. This effect also results
in quieter and smoother reception.
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RCA'S NEW HIGH-SENSITIVITY CAMERA
REVOLUTIONIZES TELEVISION PICKUP TECHNIQUE

;X hitherto secret television camera tube of revolutionary design

and sensitivity was demonstrated last month by enginecrs of the
Radio Corporation of America. In a series of studio and remote
pickups it not only transmitted scenes illuminated by candle
and match light, but performed the amazing feat of picking up
scenes with infra-red rays in a blacked-out room.

The new tube, known as the RCA Tmage Orthicon, was demon-
strated to newspaper and magazine writers in a studio of the
National Broadeasting Company, Radio City, with the coopera-
tion of NBC’s engineering and production stafl. Ben Grauer, NBC
announcer, acted as program commentator. In the exhibition.
members of the audience saw themselves televised under lighting
conditions that convincingly proved the super sensitivity of the
new electronic “eye” which solves many of the major difficulties
of illumination in television programming and makes possible

‘round-the-clock television coverage of news and special events.

Further evidence of the tube’s superiority came in the trans-
mission of scenes from a special rodeo show arranged at Madison
Square Garden for the visiting United States Navy Fleet. Excit-
ing cowboy acts were picked up by the Image Orthicon and
transmitted to the studio in a comparative demonstration showing
its advantage over conventional television pickup tubes in provid-
g greater depth of perception and clearer views under shifting
light conditions.

RCA-NBC engineers capped the demonstration by blac King out
the studio where the writers were assembled and providing the un-
precedented spectacle of picking up television scenes in apparent
darkness, Unseen infra-red (black) lights were turned on, but it
was so dark that a member of the audience could not see the per-
son next to him. Then on the screens of television receivers in the
studio appeared bright images of a dancer and other persons who
were in the room. The Image Orthicon tube, it was explained,
achieved the feat through its sensitivity to the infra-red rays.
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ALADDIN’S LAMP OF TELEVISION

“This is the Aladdin’s Lamp of television,” declared John F.
Royal, NBC Vice-President in charge of television. “Its revolu-
tionary effect on lighting problems means that many of our major
difficulties of illumination will be eliminated.

“This new instrument, which is
easily portable and suitable for
use in every field of television,
opens new vistas that challenge
the imagination. It assures tele-
vision of twenty-four-hour cov-
erage, in daylight, twilight, or
moonlight—in good weather and

in bad.

“It is, in a word, revolutionary!”

Declaring the Image Orthicon to be 100 times more sensitive
than conventional pick-up tubes, E. W. Engstrom, Research
Director of RCA Laboratories, Princeton, N. J., explained de-
tails of the development of the tube. He said that early models
were built before the war in efforts of RCA television scientists
and engineers to improve the quality of television transmission.
When war came, the armed forces found urgent need for tele-
vision applications, and throughout the conflict RCA research
and aévelopment continued at an accelerated pace in response to
military requirements. Many advances were made.

The Image Orthicon—newest addition to a list of RCA
developments which includes the Iconoscope, the Kine-
scope, the Orthicon and the Projection Kinescope.

“The Image Orthicon tube, for example,” Mr. Engstrom said,
“emerged in its present form much sooner than would normally
have been the case. A military secret until now, il can be re-
vealed that it makes use of the most advanced results of more
than twenty years of research not only in television pick-up tubes,
but in electron optics, photo-emission processes, electron multi-
pliers, and special materials.”

MEN WHO DEVELOPED THE IMAGE ORTHICON

Credit for the tube’s development goes to three members of

the RCA research staff: Dr. Albert Rose, of Middletown, N. Y.;
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This simplified functional drawing of the new RCA Image Orthicon, an ultra-
sensitive television camera pick-up tube, shows how the tube's response to the
light of a single candle, or even a match, is built up to provide a signal which
i can reproduce images on home receiver screens. A light image from the subject
(arrow at extreme left) is picked up by the camera lens and focused on the
light-sensitive face of the tube, releasing electrons from each of thousands of
tiny cells in proportion to the intensity of the light striking it. These electrons
are directed on parallel courses from the back of the tube-face to the

HERE’'S WHAT HAPPENS IN RCA’S NEW "IMAGE ORTHICON" PICK-UP TUBE

—— ——

I
ELECTRON MULTIPLIER

\LOUTPUT

SIGNAL

target, from which each striking electron liberates several more, leaving
a pattern of proportionate positive charges on the front of the target.
When the back of the target is scanned by the beam from the electron gun in
the base of the tube, enough electrons are deposited at each point to neutralize
the positive charges, the rest of the beam returning, as indicated, to a series
of "electron multiplier” stages or dynodes surrounding the electron gun. After
the returning ''signal” beam has been multiplied many times, the signal is
carried out of the tube to the television broadcast transmitter.
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Dr. Paul K. Weimer, of Wabash. Ind.; and Dr. Harold
B. Law, of Kent. Ohio. The project is a continuation
of RCA Laboratories’ work on the pick-up tube over
the past twenty vears under the direction of Dr. V. K.
Zworvkin, Associate Director of RCA lLaboratories.
During part of that period, the work was headed by
B. J. Thompson, Associate Director of the lLabora-
tories, who was killed in action overseas in Julv, 1944,

while on a special mission for the Secretary of War.

Lngineers of the tube division plants in Lancaster,
Penn., and Harrison, N. J., have been engaged in
development of the Image Orthicon for military
applications and will be responsible for the final

commercial design of the tube for television uses.

Announcing incorporation of the image Orthicon
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