RF-250

250 Watt FM Transmitter

Incorporating the NEW

Phase Shift Modulation



YOU CAN GET ALL OF THESE

il IMPORTANT FEATURES
ONLY FROM RAYTHEON

Simplified circuit design throngh the Cascade system gives stability and efficiency
to Ravtheon FM.

Direct crystal control, independent of modulation. gives positive and automatic
control of the mean carrier frequency. No complicated electronic or mechaniecal fre-
quency stabilizers are used. A single high quality erystal does the job.

An inherently lower noise level is achieved by Cascade Phase Shift Modulation
which adds the phase shift of six simple stages. No single complicated stage. nor a large
mumber of nmltipliers with resnlting high noise level. is necessary.

Very low harmonic distortion —less than 1.0 from 50 to 15000 CPS with 100 K.
frequency deviation.

A built-in tuning meter, conveniently located on front panel. allows the operator

to check any cirenit. instantly. while on the air.

Conservatively operated circuits assure a high fidelity signal without program in-
terruption over long periods of continued operation. Normal life of all tubes and com-

ponents is materially inereased: annoving replacements are reduced to a minimum.

No expensive special tubes. The modulator unit uses only inexpensive receiver
type tnbes of proven reliability.

Simple, very fast tuning. Periodic circuit tune-ups. although rarely necessary. are
easily accomplished in two or three minutes. and the transmitter requires virtually no
adjustment between service periods. All eireuits are stable—require no eritical adjust-

ments. No external measuring instruments are ever needed.

Lasting economy. A Ravtheon transmitter not only costs less to purchase but through
increased aperating efficiency vou continue to save daily on power costs. Advanced en-

gineering design plus modern styvling guarantee vour satisfaction for many vears.

Easy to service. Excellent mechanical layout. vertical type chassis and full height
front and rear doors make servicing both fast and easy.

Unit construction. There is no ohsolescence to Raytheon FM Transmitters. This 250
watt transmitter is also the basic exciter unit for all higher powers and later you can
add an amplifier to give any increased power vou desire. All units are perfectly matched
in size. stvling and colors. '
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Schematic Diagram of the
RAYTHEON
250 Watt FM Transmitter

RF-250

Simplicity and straightforward circuit design
are evident from the RF-250 schematic. The
modulator and low frequency multiplier
stages are shown within the white area.

Phase shift modulation permits direct crys-
tal control of the carrier frequency and the
Cascade svstem makes possible direct multi-
plication (972 times overall) from the crystal
to the final carrier {frequency. The modulator
chassis contains the crystal vscillator, a regu-
lar and standby crvstal in temperature con-
irolled ovens, the six cascade phase shift stages
and amplifiers and multipliers which provide
output at about 1.2 MC from erystal frequen-
cies centering around 100 KC.

It should be noted that great care has been
taken in all amplifier and multiplier stages to
veduce to a minimum the harmnonic and spu-
rious signals which would otherwise be pres-
ent. Band puss, overcoupled, double tuned cir-
cuits are used when required for good attenu-
ation and adequate band width. Higher fre-
queney multipliers are of the single tuned type
and above 30 MC all tunk circuits have linear
type elements 1o provide high “Q" and further
reduction of unwanted signals.

By using pentode und tetrode RF multiplier
and amplifier tubes a minimum of stages are
required to give increased efficiency and re-
liability. The RF output from the final ampli-
fier is terminated in an end seal fitting for
attaching standard 51 ohm coaxial line. A gas
inlet is provided where a pressurized line is
used.

Control circuits provide simple and positive
protection of all operations. On those circuits
subject to possible overload, such as the final
amplifier power supply, circuit breaker pro-
tection is used to provide instant reoperation
after the fault has cleared. Fuses with indi-
cator lights protect other components from
abnormal faults. All control circuits are ar-
ranged for interconnection with higher power
units providing unified control.

Adequate metering allows instant check of
all circuit operations for rapid maintenance
and service checks. Rapid tube chunge is pos-
sible through quick-opening doors wherever
shielding is employed.
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The rear of the modulator shows the avdio in-

put and RF output receptacles and the intercon-
necting terminal strip.

»

What is this entirely new

CASCADE SYSTEM

of Phase Shift Modulation?

Basically the Cascade Phase Shift system consists of a
crystal oseillator operating at about 100 KC whose RF
voltage is phase modulated by six simple phase shift
networks. The six phase shift networks are in cascade
for RF voltages but the audio voltages controlling then
are in parallel. Thus the phase shift produced hy each
section i# additive so that approximately six times the
phase shift of a single section is obtained without mul-
tiplication of the carrier frequeney. The output of the
last phuase shift section is then amplified and multi-
plied by a factor of 12 within the modulator unit. ('The
overall multiplication is 972 from crystal frequeney o
carrier frequency ).

The basic constant impedance phase shift network

DEVYOTED

PHASE SHIFT MODULATION

R

The front view of the modulator unit shows the simplicity
of parts and layout. A single tuning meter makes possible a
rapid check or tune-up of all circuits. A running time meter
provides a record of all “on the air’” hours. Dual crystal
sockets, with instantaneous changeover, are provided.
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Constant Impedance Network

is shown above. When X is made equal to 2X¢ any
variation in R, will have no effect upon the magnitude
of the impedance across terminals 1 and 2. The phase
of the output voltage will shift, however, between the
limits of plus 907 and minus 90° as R. is either open
circuited or short circuited. With R, open, current will
flow only through Xy and must he inductive with the
voltage leading the current by 90°. With R. short cir-
cuited and X1, = 2X¢, the current through X¢ will be
twice that through Xy, and the net current will be capa-
citive with the voltage lagging by Y07, With R. at inter-
mediate values the voltage vector will he at some inter-
mediate angle. By replacing Ry with the cathode to
ground resistance of « vacuum tube we have a means
ol controlling the phase shift with audio frequency
voltages. If six of these circuits with appropriate am-
plitier tubes are placed in cascade, and the grids of the
audio controlled resistance tubes are paralleled. a six
stage Cascade Phase Shifter results.

Six stages are required because the largest phase shif
obtainable, with low distortion, in any single phase
shifter is about 25° or ahout 13 eycles frequency change

TO RESEARCH AND MARNUFACTURE
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Open front view, above, shows complete metering and
simplicity of controls. Each fuse has un indicator light
and all are located on the front panel to give instant
at‘,urSaibi}ily.

The tull height rear view shown at right emphasizes
the clean vertical chassis type of construction used
throughout. The final amplifier, driver and tripler
slages are located at the top in a completely shielded
compartinent. Each of these stages is further shielded
{rom the others, giving complete stability and mini-
muin radiation external to the cabinet. This lack of
external radiation is of great importance when low
level audio equipment is 10 be operated in close prox-
imity to the transmitter.

Below these stages is a panel carrying additional
multiplier circuits. The control panel with its switches.
push-buttons and indicating lights iz located at a con-
venient height for ease of operation.

[mmediatelv below the control panel is the Cascade
Phase¢ Shift Modulator chassis which is described in
detail on pages 6 and 7. The power supplies for the
modulator and low level RF stages arve just below the

modulator.

On the floor of the cabinet are located the compo-
nents for high voltage power supplies, power input cir-
cuits, ete. A line voltage regulator mounted on the el
ide wall supplies regulated AC for the modulator
power supply.

All units are readily accessible for maintenance and
servicing. All components have been carefully selected
to assure excellence in performance and long trouble-
free service.

The view above shows the
linear type tank circuits used
on all stages operating above
30 MC. Though more expen-
stve than the conventional
“coil and condenser” type
the use of linear tanks as.
sures stability, reliability.
high efficiency, high spurious
signal attenuation and ease
of adjustment.

Power components are lo-
cated on the bottom of the
cabinet with a wiring duct
for interconnection of the
RF-250 with units of higher
power
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Open front view, above, shows complete metering and
simplicity of controls. Each fuse has an indicator light
and all are located on the front panel to give instant
accessibility.

The full height rear view shown at right emphasizes
the clean vertical chassis type of construction used
throughout. The final amplifier, driver and tripler
stages are located at the top in a completely shielded
compartment. Each of these stages is further shielded
from the others, giving complete stability and mini-
inum radiation external to the cabinet. This lack of
external radiation is of great importance when low
level audio equipment is to be operated in close prox-
1mity to the transmitter.

Below these stages is a panel carrving additional
multiplier circuits. The control panel with its swiiches.
push-buttons and indicating lights is located at a con-

venient height for ease of operation.

linmediatelv below the control panel is the Cascade
’hase Shifr Modulator chassis which is described in
detail on pages 6 and 7. The power supplies for the
modulator and low level RF stuges are just below the

modulator.

On the floor of the cabinet are located the compo-
nents for high voltage power supplies, power input ¢ir-
cuits, ete. A line voltage regulator mounted on the lefi
side wall supplies regulated AC for the modulator
])()\Vl'l' Slll)l)iy.

Al units are readily accessible for nraintenance and
servicing. All components have been carefully selected
to assure excellence in performance and long trouble-
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Schematic Diagram of the
RAYTHEON
250 Watt FM Transmitter

RF-250

Simplicity and straightforward circuit design
ave evident from the RF-250 schematic. The
modulator and  low frequency wmultiplier
stages are shown within the white area.

Phase shift modulation permits direct crys-
tal contro! of the carrier frequency and the
Cascade system makes possible direct multi-
plication (972 times overall) from the crystal
to the final carrier frequency. The modulator
chassis containz the crvstal oscillator, a regu-
lar and standby crystal in temperature con-
trolled ovens, the six cascade phase shift stages
andh amplifiers and multipliers which provide
output at about 1.2 MC from erystal frequen-
cies centering around 100 KC.

Tt should be noted that great care has been
taken in all amplitier and multiplier stages to
reduce to @ minimum the harmonie and spu-
vious signals which would otherwise be pres-
ent. Band pass, overcoupled, double tuned cir-
cuits are used when required for good attenu-
ation and adequate band width. Higher fre-
quency multipliers are of the single tuned type
and above 30 MC all 1ank circuits have linear
type elements to provide high “Q” and further
reduction of unwunted signals.

By using pentode and tetrode RF multiplier
and amplifier tubes a minimum of stages are
required to give increased efficiency and re-
liability. The RF output from the final ampli-
tier is terminated in an end seal fitting for
attaching standard 51 ohm coaxial line. A gas
inlet is provided where a pressurized line is
used.

Control circuits provide simple and positive
protection of all operations. On those circuits
subject to possible overload, such as the final
amplifier power supply, circuit breaker pro-
tection is used to provide instant reoperation
after the fault has cleared. Fuses with indi-
cator lights protect other components from
abnormal faults. All control circuits are ar-
ranged for interconnection with higher power
units providing unified control.

Adequate metering allows instant check of
all circuit operations for rapid maintenance
and service checks. Rapid tube change is pos-
sible through quick-opening doors wherever
shielding is employed.

POWER

CUTPUT TO ANT,

POWER LMF,

0 =

POWER
ouUTPUT
XY Ve
Q J
e
L e =
i PLAYE
CONTALTOR f_m‘ ACTOR [—C

TWE DELAY OVEILD‘D

-

INTERLOCK

Bl

FiL. O% - OFF PLATE O - oF 5

N

FOWER DUTPUY CONTROL FIL.YOLTAGL RMEOSTAT
A

FREQ.

wONITOR

P

58 ARM
s

D* o€
"

-

3

]

@
e e

3
W
¥

-
'
|

FREG. A TIPLIER
[ 22 FILS

f =~ 1 [+
NR § 48]

POWER SUPPLY I
1wPUT J

o [°]
X \J

M0 By wop FuS

J.ore

T [

J

b 4

2zavoC

InFPUY

o
R Sreslel

Q
v

6 <

SI3vhC

POWER SUPPLY

s



TRIPLER

TaipLER
BZ3-0

AWPUIFIER

aze-@

z-n

L R )

& o

e
~

E3VAC

Yo

8+
223vDC

P

DOUBLER

G

¢

% i

T g e ey

P

AMPLIFIER

GND L ___J
= %

[ S|

GND

H

|
i
&

G _____J

AUDIO AMP.

PRE - EMPHASIS

MOD. TUNING METER

CRYSTAL OSCILLATOR

P

P

-t
IS & iy

— IST PHASE SiFTER

&P

A4
!
1
|
|
f
|
1
1
|
|
:
!
1
¢+

%'

AY
7

END. PHASE SHIFTER

! =
! - 1
o - 1
- e
i
.r- ! 4
R SN 8]
b 2
y ~ m_
2 £E
« ° g3
z
3

N -~

3

3RD PHASE SHIFTER

A
Py

P

[Epaf=s-a GNP w ¢

%’

-4

[ S A

—— " o

4TH PHASE SHIFTER

RESISTANCE TUEBE
65SNT

i€

__--________,____fg'_"/

i

i
-

ROOO YOC

3 VAG
4-1R8A FILS.

9&

o
-

e

HV. PLATE SUPPLY
o
v

J

muY

S VAC FIL.SUPPLY
o ©
L

30 YOC
529 2IAS YOLTAGE
{ v

€29 RLATES o

S0 VOC

!

POWER 3UPPLY
NPUT

.

ne



* 58 L 6 5 v E &

The rear of the modulator shows the audio in-
put and RF output receptacles and the intercon-
necting terminal strip.

?
What is this entirely new

CASCADE SYSTEM

of Phase Shift Modulation?

Basicaliy the Phase
crystal escillator operating at about 100 KC whose RF

Cascads Shift system consistz of «
voltage is phase modulated by six siimple phaze shift
networks. The six phase shift networks are in cascade
for RF voltages but the audio voltages controlling them
are in parallel. Thus the phase shift produced hy euch
section 18 additive so that approximately six times the
phase shift of a single section is obtained without muj-
tiplication of the carrier frequency. The output of the
last phase shift section is then amplified and mult-
plied by a factor of 12 within the modulator unit. (' The
overall multiplication is 972 from crystal frequency to
carrier frequeney ).

The bhasic constant impedance phase shift network

(2]

PHASE SHIFT MODULATION

orls

The front view of the modulator vnit shows the simplicity
of parts and layout. A single tuning meter makes possible a
rapid check or tune-up of all circuits. A running time meter
provides a record of all “on the air’* hours. Dual crystal

sockets, with instantaneous changeover, are provided.
JXe 1
- 1z
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Constant Impedance Network

is shown above. When X is made equal to 2X¢ any
variation in R, will have no effect upon the magnituds
of the impedanee across terminals | and 2. The phase
of the output voltage will shift, however, between the
Himits of plus 90° and minus 90° as R, is either open
circuited or short cireuited. With R, open, current will
flow only through X, and must be inductive with the
voltage leading the current by 90°. With
cuited and X, = 2X¢, the current through X¢ will be
twice that through Xp, and the net current will be capa-
-With R. atinter-

alues the voltage vector will he at some inter-

R. short civ-

citive with the voltage lagging by 90
mediate
mediate angle. Bv replacing Ry with the cathode 1o
ground resistance of a4 vacuum tube we have a means
of controlling the phase shift with audio frequency
voltages. If six of these circuits with appropriate am-
plifier tubes are placed in cascade, and the grids of the
awhio controlled resistance tubes are paralleled. a six
stage Cascade Phase Shifter results.

Six stages are required because the Largest phase shif
obtainable, with low distortion, in any single phase
shifter is about 25° or about 13 eyeles frequency change

EYOTED

TO RESEARCH AND MANUFACTURE



BRINGS YOU IMPORTANT NEW ADVANTAGES
ELIMINATES MAJOR DISADVANTAGES

for an audio frequency of 30 eveles. To produce the
required 75 KO deviation we multiply 13 by 6 which
gives 78 evoles shift produced by the six phase shift
sections and again multiply by the overall multiplica-
tion 19721 which follows. This gives 75.8 KC deviation.

The constant impedance tvpe network is required to
minimize amplitude modulation which. if present. in.
creases the distortion,

The complete cireuit is shown in white on the sche-
matie diagram.

What are the advantages

of the
CASCADE CIRCUIT?

The Cascade Phase Shift svstem has manyv exclusive
and outstanding advantages. Direet crystal control is
a basic requirement for anv broadcast transitter.
W hen this ean be accomplished without an excessively
high order of frequeney multiplication. without the
use of special purpose tubes and yet retain simplicity
of cireuit and components. this requirement hecomes
a must. All comparison oscillators. diseriminators.
motor controls. frequeney dividers and frequencey in-
dicators are immediately eliminated. The output fre-
quency depends only on the erystal!

Circuit simplicity permits the inecorporation of a
simple metering cireuit which makes possible com-
plete tune-up of the unit without the use of any ex-
ternal laboratory measuring equipment. This arrange-
ment al:o gives very adequate maintenance ansd serv-
ice tests which permit rapid isolation of possible faulis.

Tuning is exceptionally easv: hand pass eircuits have
push bhutton operated damping resistors which permit
simple “peaking” adjustments rather than complhi-
cated “sweep oseillator™ or other means of tuning. Ade-
quate metering is provided on all circuits bevond the
modulator and all essential circuits are metered with
large. easily read rectangular meters.

Linear tank cireuits used above 30 MC provide high

FOR THE BROADCASY INDUSTRY

eficiency, high “Q.” simple adjustinent and excellent
stability. Final amplifier efficiencies of from 75 to 80
per eent are easily obtained.

The output power control provided by a variable
screen voltage on the output stage gives a complete
power range from 50 to 250 or more watts without
change in output efficiency. Filament voltage control
is provided and a single transformer type automatic
voltage regulator supplies primary power for the
modulator power supply. No DC filament supplies are
required and no DC voltage regulator tubes or civeuits
are needed.

Control circuits provide all needed starting. stop-
ping and interlocking operations and are coordinated
with higher power units for simplified control when
additional power amplifiers are added.

Simphicity of tube and circuit complement makes
the power consumption of this transmitter remarkably
low. Line voltage variations are readily accommodated.

The mechanical construction is such that in spite of
ample size and sturdy construction the unit can easily
he transported through standard doors. and in pas-
senger elevators where huilding top location is desired.
Additional high power amplifiers may be added at any
timie forming a unified design of modern pleasing ap-
pearance,

The actual performance of this transmitter iz con-
clusive proof of the sound design and advaneed en-
gineering incorporated throughout. Performanee is
superior to FCC and RV A requirements in all respeets
and simplicity and stability assure continued high
quality performance over long periods with minimum
maintenance and adjustment problems.

Inside view of complete modulator unit with back cover removed.
The extreme simplicity.-of the Cascade Phase Shift circuit is well
illustrated.,
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RAYTHEON 250 WATT FM TRANSMITTER

Output Frequeney . o000 0000000
Tvpe of Emission ......... ...
Power Output ..
Carrier Frequency Stability. ..
Tvpe of Oscillatov. ... ... ..
Tvpe of Modulation. ... ...

Modulation Capability. ... ...

\udio Input Impedance, ... .
Average Program Level ...
100% Modulation Level . .

Audio Frequeney Resporse. ...

Pre-omphasis. ... 00

50— 100 eveles .

100— 7,500 eveles © ..
7.500—15,000 ¢cveles . .

M Notse Nevel. ... .

Power Line Requirements:

RF-250

................. A-3
C.00-250 watts

c 235270 ohms
AN @G nin +1000 cycles
..................... ..Direct Crystal Control
.......................... Cascade Pliase Shifl
.............. 10 KC
............ 600 ohms 150/600 on special order
............................. +5 VU =2 VI
.............. +12VU +2VL{
50-15,000 eveles =1 db from 1000 evele reference

. Standard 75 micro second with removal switeh

5015000 eveles. oo 1.0%
......... 1.0%

........................................ 1.09%,
..................................... 1.0%

..................... 65 db below 75 KO swing

AM Noise Level. ... .

....... 0 db below 100% amplitude modulation

Voltage. ... ........... Y E SAEESTIAE »*laEe S n BE O .0 208/2300 three wire
EneqQuENCYur: vvr s viBErE Tus 595 Wl 880, sikes asis 2 Dol odk o - .50/60 cyeles
Plhase se. smch  evinma. o el Sow s . o . Wmrn wma AR . U E L wB . e B 1
Regulation. ... ... oo N rrea s maximum
Power Consumplion. ... . .. . ... 1400y watts approx.
Power Faetor. ... ... .. .. d - - Sl IENEle JENEE pee w3 GG we GEAE A3 DEs 033 DTN
Wechanical Specifications
Size, with trim. . .. T — height 847, width 367, depth 28”7
Size, without trim. .......... ... ... .. ... height 847 width 30", depth 28"
Weight! s ramvomzpe oil 8 altadba, . % e 1o oje ool A R T 1200 lbs.

TUBE COMPLEMENT

Modulator Unit:

R. F. Amplifiers:

Crystal Oscillator . ... .. 16817 Ist Quadrupler ....... 16AC7

Phase Shifters ........ 6 6817 lst Tripler .......... 16ACT
Resistance Tubes ... .. .3 6SN7 2nd Tripler ...... ... . 16AG7
Multipliers ...... ..368)7 3rd Tripler .. ... . ... 1829B
Awmplifier .................. 16SJ7 Amplifier. ......... ... 1 8298
Audio Amplifiers ........... 2 6SN7 Output Stage .. . ... .. 2 4-125A
Detector-Amplifiers . ....... 16SL7 300 Volt Supplies. . .......... 2 5U4G
600 Volt Supply .............2866A

2000 Volt Supply .......... .. 2 866A

Output Power Indicator ... . .16ALS

Complete FCC filing data will be supplied upon request.

in order to incorporate

constantly the finest in engineering, design

and components in our Broadcast Equipment, Raytheon reserves the

right toc make enginsering changes at any time.

RAYTHEON MANUFACTURING COMPANY

Broadcast Equipment Division
7517 North Clark Street, Chicago 26, lilinois

I

nted in U.S.A



