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Correction
Delete from Box 54 the four trim panels.

On Figure 2-7, 7-88, 7-108B and 7-130: add resistor R-156, 560 ohms, between junction
»f C-147 - R-136 and P-101 no. 9; add note that C-185 is used only on AM-450 and AM-
451/FRR-24.

On Figure 2-10 add resistor R-338, 100 ohms, between terminal 1 of Z-301 and pin 1 of
V-301.

On Figure 2-15, 7-91, 7-111 and 7-147: add capacitor C-515, 100 mmf, between V-401
cathode and ~hassis,

On Figure 2-19 and 7-91: change the value of R-416 thru R-423 to 560,000 ohms

On Figure 2-43, 7-98, 7-119 and 7-187: change the value of R-1245 to 47,000 ohms;
change the value of R-1246 to 100 ohms; add capacitor C-1257, 10,000 mmf, between pin 5

of V-1209 and chassis.

- On Figure 3-1 add a sixth cahinet bolt clearance hole at the bottom left rear of the cabi-

net.

Delete from Box 54 the four trim panels.

Para, 1, Step 11: Add the following: These screws are secured by nuts on the inside of
the cabinet. The top three screws hold the warm air stop in position and they must be re-
placed to secure the air stop.

Para. 2. a. Step 1, add the following: A sixth hole is provided at the bottom left rear of
each cabinet which is used to mount a grounding strap (packed in Box 51) between adja-
cent cabinets. Slip the bolt through a grounding strap then through the cahinet, The
orher end of the strap is then slipped over the end of the bolt and the nut securely fasten-
ed-

Para. 2. a. (2). Step 2, add the following: A ground strap is packed in Box 51 to be used to
ground the equipment when a suitable ground source is available adjacent to the mounting
surface of the equipment. The bond to ground is effected by slipping the ground strap
over one of the mounting bolts before it is passed through the bottom of the cabinet and
then soldering the other end of the strap to the ground connection.

Para. 2. b. (1) Step 7. Change the first sentence to read: The comb-shaped air stop
plates contain enough slots to accomodate all cables.

Para, c, Step 1, paragraphs 2 and 3: interchange units 4N and 4M.

If the antenna lead-in access holes mentioned in the second paragraph are not used the
rubber grommets should be replaced by the plug buttons packed in Box 51.

Para. 2. b. (3). Delete Step 3.

On Figure 7-90, 7-110 and 7-140: add resistor R-338, 100 ohms between terminal 1 of
Z-301 and pin 1 of V-301; add resistor R-339, 100 ohms, between terminal 1 of Z-302
and pin 1 of V-302; add resistor R-340, 100 ohms, between terminal 1 of Z-303 and pin 1
of V-303; add resistor R-341, 100 ohms, between terminal 1 of Z-304 and pin 1 of V-304.
On Figure 7-91, 7-111 and 7-146: add resistor R-479, 1800 ohms, between P-401 no. 9
and C-4S2,

Change cciumn 9 of C-101 to 84,
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8-14 Add to column 8 of C-183: C-515; change column 9 to 21.

8-15 Add to column 8 of C-302: C-1257; change column 9 to 128; delete ‘rom C-185 ‘part of
7-101! and z-102%"

8-32 Add: C-515 Same as C-183 V-401 cathode

8-61 Add: C-1257 Same as C-302 V-1209 grid

8-217 Delete from column 8 of R-101: R-1246 and add R-1245,

8-218 Add: R-479 Same as R-103 B minus filte:

8-220 Add to column no. 8 of R-118: R-338, R-339, R-340 and R-341; change column 9 to read
120; delete from column 8 of R-118; R-1245 and add R-1246.

8-224 Add: symbol designation: R-156; description: Resistor, fixed: composition; 560 ohms

+10%; 1/2 watt; F characteristic; JAN-R-11 spec; function: V-107 p.ate decoupling; JAN
type RC20BFS61K; SNSN N16-R-49805-811; Mfr; 63; contractor dwg: M828-5; all symbol
desig; R-150; total no. per equip: 12,

8-228 Delete from column 8 of R-405: R-416 thru R-423; change column 9 to read 24,
8-228 Add the following:
R-338 Same as R-118 parasitic suppr :Ssc.
R-339 Same as R-118 parasitic suppressor
R-340 Same as R-118 parasitic suppressr
R-341 Same as R-118 parastiic suppressr
8-229 Change R-416 to: description: Resistor, fixed composition; 560,000 chms +10%, 1/2 watt;

F characteristic; JAN-R-11 spec; JAN type RC20BF564K; SNSN: Ni6-R-50856-0811; mfr:
273: contractor dwg: M828-25: symbol desig: R-416 thru R-423; total nn. per equip: 24.

8-229 Change R-417 thru R-423 to read same.as R-416.
8-232 Add: R-479 Same as R-103 B minus filter.
8-252 Change: R-1245 toread Same as R-101; change R-1246 to read Same as R-118,
8-356 Delete from column 2 of Z-lOll; C-185; delete fromcolumn 2 of Z-101" C-185.
) T-1 p0932
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GUARANTEE

The equipment including all parts and spare parts,
except vacumm tubes, batteries, rubber and material
normmally consumed in operation, is guaranteed for a
period of one year from the date of delivery of the
equipment to and acceptance by the Government with
the understanding that all such items found to be de-
fective as to material, workmanship or manufacture
will be repaired or replaced, f.o.b. any point within
the continental limits of the United States designated
by the Government, without delay and at no expense
to the Govemment, provided that such guarantee will
not obligate the Contractor to make repair or replace-
ment of any such defective items unless the defect
appears within the aforementioned period and the
Contsactor is notified thereof in writing within a rea-
sonable time and the defect is not the result of nor-
mal expected shelf life deterioration.

To the extent the equipment, including all parts and
spare parts, as defined above is of the Contractor’s
design or is of a design selected by the Contractor,
it is also guaranteed, subject to the foregoing condi-
tion, against defects in design with the understanding
that if ten percent (10%) or more of any such said
item, but not less than two of any such item, of the
total quantity comprising such items furnished under
the contract, are found to be defective as to design

v RESTRICTED SECURITY INFORMATION

such item will be conclusively presumed to be of de-
fective design and subject to one hundred percent
(100%) correction or replacement by a suitably rede-
signed item.

All such defective items will be subject to ultimate
return to the Contractor. In view of the fact that nor-
mal activities of the Naval Service may result in the
use of equipment in such remote portions of the world
or under such conditions as to preclude the return of
the defective items for repair or replacement without
jeopardizing the integrity of Naval communications,
the exigencies of the Service, therefore, may necessi-
tate expeditious repair of such items in order to pre-
vent extended interruptions of communications. In
such cases the return of the defective items for exam-
ination by the Contractor prior to repair or replace-
ment will not be mandatory. The report of a responsi-
ble authority, including details of the conditions sur-
rounding the failure, will be acceptable as a basis
for affecting expeditious adjustment under the provi-
sions of this contractual guarantee.

The above one year period will not include any por-
tion of tme the equipment fails to perform satisfac-
torily due to any such defects, and any items repaired
or replaced by the Contractor will be guaranteed anew
under this provision.

ORIGINAL



AN/FRR-24
FRONT MATTER

. RESTRICTED
NAVSHIPS 91580

Safety Notice and Installation Record

" SAFETY NOTICE

* The attention of officers and operating personnel is

directed to Chapter 67 of the Bureau of Ships Manual

or superseding instructions on the subject of radio-
safety precautions to be observed. ‘ '
This equipment employs voltages which are danger-
ous and may be fatal if contacted by opefating per-
sonnel. Extreme caution should be exercised when

KEEP AWAY FROM LIVE CIRCUITS:

Operdting personnel ‘must at all times observe all
safety regulations. Do not change tubes or make ad-
justments inside equipment with high voltage supply
on. Under certain conditions dangerous potentials
may exist in circuits with power controls in the off

position due to charges retained by capacitors. To
~avoid casualties always remove power and discharge
and ground circuits prior to touching them,

working with the equipment.

While every practicable safety precaution has been
incorporated in this equipment, the following rules
must be strictly observed.

RESUSCITATION

AN APPROVED POSTER ILLUSTRATING THE
RULES FOR RESUSCITATION BY THE PRONE
PRESSURE METHOD SHALL BE PROMINENTLY
DISPLAYED IN EACH RADIO, RADAR, OR SONAR
ENCLOSURE. POSTERS MAY BE OBTAINED UPON
REQUEST TO THE BUREAU OF MEDICINE AND
SURGERY.

INSTALLATION RECORD

Contract NObsr-39402 30 June 1947

Serial NUmBEr Of @qQUIPMENE ......coeoeeeeverrererreeersssesseseiessssssssseesessseenssssatesssssssaresssassssassssnasnsnne

Date of acceptance by the Navy ............... et ee et — et ettt ettt ettt
Date of delivery to contract desStin@lion ............cocieeiiiiiiinniini e
Date of completion of tnStall@tion ...........oiiiiiiiiiiiiieniiiinii i s

Date Placed in SETVICE ...cooceviiiiieiiniiiiiiictrrecre sttt et s e

Blank spaces on this page shall be filled in at time of installation.
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REPORT OF FAILURE

Report of failure of any part of this equipment, dur- report shall cover all details of the failure and give
ing its endre service life, shall be made to the the date of installation of the equipment. For proce-
Bureau of Ships in accordance with current regula- dure in reporting failures see Chapter 67 of the

tions using form NAVSHIPS NBS 383 (revised). The Bureau of Ships Manual or superseding instructions.

ORDERING PARTS

Al requests or requisitions for replacement mater- the following shall be specified:
ial should include the following data: 1. Equipment model or type designation, circuit
1. Standard Navy Swock Number or, when ordering symbol, and item number.
from a Marine Corps or Signal Corps depot, the Signal 2.. Name of part and complete description.
Corps stock number. 3. Manufacturer’s designation.
2. Name and short description of part. 4. Contractor’s drawing and part number.
If the appropriate stock number is not available 5. JAN or Navy type number.
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SECTION 1
GENERAL DESCRIPTION

1. PURPOSE AND BASIC PRINCIPLES,

Radio Receiving Set AN/FRR-24 is a double-con-
version superheterodyne type diversity receiver conm-
tained in four rack cabinets for installation at Naval
Radio Shore Stations. The complete receiving equip-
ment consists of a group of three radio receivers to-
gether with the switching-combining circuits neces-
sary to receive the following types of signals in
single-channel, space or frequency dual or triple di-
versity operation:

a. Double-sideband radio-telephone.

b. On-off keyed radio-telegraph.

c. Frequency-shift keyed telegraph (to operate

single-channel teletype at 24.5 dot-cycles and/or up
to four-channel multiplex at 98 dot-cycles).
An LF. frequency output circuit is available for con-
nection to suitable auxiliary apparatus to permit re-
ception of single-channel facsimile and telephoto sig-
nals employing frequency shift of the radio-frequency
carrier, The receiver covers the tuning range of 2.0
to 32.0 megacycles in four tuning bands.

The space and frequency diversity systems of re-
ception as employed in the AN/FRR-24 are based
upon the fact that a high-frequency signal as used for
long-distance communications does not always fade
simultaneously at two locations separated by as
little as several wavelengths. In the high-frequency
ranges rapid fading conditions are brought about by
multipath propagation. Under such conditions, the
signal induced in a receiving antenna by a distant
transmitter may be the resultant of two or three sepa-
rate waves each propagated over a different path. If
two waves arrive over paths differing in length by an
odd number of half wavelengths the resulting 180°
phase difference causes maximum cancellation, On
the other hand if the paths differ in length by an inte-
gral multiple of whole wavelengths the waves ar-
rive in phase and maximum reinforcement results.
The difference in path lengths may at times be as
great as 500 to 1500 kilometers (delay time of 2 to 5
milliseconds) which in the high frequency region cor-
tesponds to thousands of wavelengths. Under these
maximum conditions waves at one frequency may ar-
rive in phase while waves at a frequency a few hun-
dred cycles away may arrive in phase opposition.

ORIGINAL
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Since the path lengths are constantly changing, the
transmission at a given frequency is subject to wide
variations in amplitude and phase with time. When
the difference in path lengths is not great enough to
cause frequencies in one portion of a communication
channel to fade differently from those in another por-
tion, the term ‘non-selective’ or ‘flat’ fading is ap-
plied. When the difference in path lengths becomes
great enough to cause considerable amplitude or
phase distortion over the transmission band the term
‘selective fading’ is used. Since the propagation
paths existing at a given moment vary for different
antenna sites, the fading patterns obtained from two
or three antennas separated by several wavelengths
usually show a considerable phase difference so that
a given frequency is not likely to fade into the noise
level at all antennas simultaneously. By employing
separate receivers for each antenna and suitably com-
bining or selecting the demodulated outputs, a system
is obtained which is much less susceptible to fading,
Such a method is called space diversity reception.
Inasmuch as fading over a given combination of paths
is highly selective with respect to frequency much
the same effect is obtained by frequency diversity re-
ception. When this method is employed the intelli-
gence is transmitted on (wo or more frequencies
simultaneously and then received by separate receiv-
ers from a single antenna and the resulting demodula-
ted signals combined or selected as for space diver-
sity. Similarly it is also possible to use a different
frequency for day, night and interim reception. This
is valuable during the period when frequencies are
being changed.

To obtain reliable operation in the high-frequency
range it is common practice to employ space diversity
reception, The use of frequency diversity, with the
increase of transmitted power and greater frequency
space required, is seldom justified if space diversity
reception can be arranged. For Al, A2 and A3 recep-
tion, double or triple-space diversity arrangements
are frequently used.
generally employs two separate frequencies, it is
more likely to be effected by selective fading than

Since a frequency-shift signal

an amplitude-modulated signal. However, a double-
space diversity system of reception for frequency-
shift signals gives sufficient diversity action provid-

1-1
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ing it is of a type that permits switching between
channels at signaling speed without causing appre-
ciable distortion. This is necessary since it is a
frequent occurence that the mark of one channel may
fade, leaving a good space while the opposite may
occur on a second channel. Since a frequency-shift
system can accept rapid level changes, the main pur-
pose of diversity methods is to insure that both the
mark and space portion of .the signal will be received
above the noise level. In the case of AM telegraph,
wherein rapid level changes cannot be accepted, di-
versity operation is important not only in keeping the
signal above the noise but also in averaging out
some of the rapid level changes. For this reason
AM systems usually show considerable improvement
in going from double to triple diversity.

The three individual antennas comprising a diver-
sity antenna system may be of any type. Where avail-
able space is very limited, the use of one horizontal
and one vertical doublet located quite close to each
other will give a worth-while diversity effect. For
best results, however, three horizontally polarized
antennas of a type affording good directional charac-
teristics should be employed. These are normally
placed 1000 feet apart. Spacing much less than this
would result in less improvement due to the lesser
diversity of fading experienced at the less distantly
spaced points. On the other hand spacing much
greater than the nominal 1000 feet, while offering
some improvement, is generally not warranted due to
the increase in land area and the loss in the neces-
sarily longer transmission lines.

Antennas ordinarily used in the diversity system
are hot sharply tuned and the sa-called optimum fre-
quency is therefore merely the approximate mid-fre-
quency of the band over which the antenna will be
used. Where several sizes of antennas are available
for the desired direction, the one whose nominal fre-
quency rating is nearest the frequency of the desired
signal will give the best results.

Both the originating and terminating stations of a
diversity communications system may be at a local
or’ remote point from thé transmitting or receiving
station with interconnections by land lines of a

communications system.
2. DESCRIPTION.

a. GENERAL.-The AN/FRR-24 is contained in
four rack cabinets (bays). The four bays are per-
manently connected together by a system of intercon-
necting cables and plugs. Each bay contains its
own power supply for distribution of plate and fila-
ment voltages to all units within the bay. R.F. or

A.F. circuits emanating from different units are inter-
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connected as necessary to condition the complete
equipment for any one of the specified modes of re-
ception through the use of patch cords which are in-
serted into connectors on the front of the patch panel.
The removal of any basic unit is effected with a mini-
mum of effort without the aid of hand tools or the re-
moval of multiple mounting screws. All units except
the Patch Panels and Power Supplys are fitted with
runners and tilting mechanisms to permit the easy
sliding of the unit out of its cabinet and its tilting
to an angle of 45° 90° or 135° in either direction
from a horizontal plane to provide access to the top,
bottom or sides of the unit without the necessity of
The Patch Panel
and Power Supply units can be withdrawn from their

removing the unit from the rack.

cabinets but cannot be tilted. All permanent inter-
connections between the units and external equip-
ment are made through a blister unit located at the
rear of each cabinet. A single blower unit is mount-
ed in each of the first three bays whereas a dual
blower unit is incorporated in the fourth bay. The
equipment is effectively shielded to permit its opera-
tion in strong fields of radiated radio-frequency ener-
gy. This shielding permits operation of the receiver
in a field of at least three volts per meter without
the output exceeding standard output level with the
receiver adjusted for standard gain.

(1) BAYS 1, 2 AND 3.~Essentially each of the
first three bays inthe AN/FRR-24 is a radio receiver
complete within itself and suitable for the reception
of Al, A2, and A3 transmissions. [Lach receiver
comprises the following basic units:

Four Amplifier-Converter units AM-450/FRR-24
through AM-453/FRR-24 contain the R.F. amplifier
stages, converter and H.F. oscillator stages neces-
sary to ptovide selectivity and amplification over a
nominal tuning range of 2.0 to 32.0 megacycles. The
Control Panel SB-142/FiRK-24 provides a means of
selecting which one of the four Amplifier-Converter
units shall be placed in an operative condition and
also selects the source of oscillator excitation i.e.,
local or remote. Tuning of the R.F. amplifiers, con-
verters and 1.F. oscillator is accomplished by a
front-panel mounted control dial which drives a seven
section ganged capacitor. The main tuning drive is
geared to three individual dial scales. The large
drum scale indicates frequencies in megacycles
whereas the smaller scale has linear niarkings for
logging purposes. The projection dial indicates fre-
quencies in kilocycles. Two concentric tuning knobs
are employed to obtain both fine and coarse tuning.

A Frequency Converter CV-126/FRR-24 provides an
intermediate step in sharpening the broad selectivity
and lowering the 1750 kc. intermediate frequency ob-
tained from the Amplifier-Converter units to 50 kilo-
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cycles. This unit contains four input [.F. amplifier
chanpels to accomodate the 1750-kilocycle output
from the Amplifier-Converter units. A crystal or

variable oscillator operating at a frequency of 1700

kilocycles is used to provide oscillator injection volt-
age to the second converter.

A Filter Assembly F-99/FRR-24 consisting of
several LF. amplifier stages determines the final
bandwidth and LF. selectivity before demodulation.

An R.F. Amplifier AM-454/FRR-24 comprised of
"several I.F. Amplifiers, a meter rectifier circuit and a

second L.F. Level meter provides the major portion of
the receiver gain without adding appreciably to the
selectivity.

An Amplifier-Detector AM-439/FRR-24 provides a
means of aurally monitoring each bay. A heterodyne
detector and tunable B.F. oscillator are contained
within this unit for the reception of code telegraph
signals. An A.G.C. circuit and a crystal oscillator
are also incorporated in this unit. The crystal oscil-
lator makes possible critical zero beat tuning.

A dual eight-channel crystal Oscillator Assembly
0-131/FRR-24 located in bay 2 is utilized to provide
outputs on two separate independent frequencies
simultaneously. The two output frequencies are

available in separate output circuits to permit crys-
tal converter excitation of two channels operating in
frequency diversity. In addition, each output circuit
permits crystal controlled operation of three channels
on the same frequency for space diversity reception.

Each bay contains its own electronically regulated
" power supply to provide all necessary operating volt-
ages. Power Supplies type PP-S90/FRR-24 located
in bays 1, 2 and 3, are designed for operation from a
105/115/125 wvolt, 50/60 cycle, single phase A.C.
source of supply. - A.C. is distributed to the power
supplies through the Power Distribution Panel Si3-
141/FRR-24 located in bay 3.

(2) BAY 4.—Bay 4 comprises the following basic
units necessary to obtain single-channel reception of
F4 signals and single or double or triple diversity re-
ception of Al, A2, A3, F1 and F4 transmissions:

Amplifier-Detector AM-440/FRR-24 is a single de-
tector unit utilized to amplify and detect the 50-kc.
L.F. signal, provide a keyed D.C. output, an audio
output and also provide a source of A.G.C, voltage.

Amplifier-Detector AM-438/FRR-24 is a triple de-
tector unit which is designed to provide a means of
combining or selecting one of the 50-kilocycle out-
puts of three receivers operating in diversity. The
unit also provides a keyed D.C, output, an audio out-
put and a source of A.G.C. voltage.

Frequency Shift Converter CV-127/FRR-24 is utiliz-
ed to convert frequency-shift signals received from
the R.F, Amplifier AM-454/FRR-24 to Mark and Space
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voltages for application to the Comparator Keyer CM-
32/FRR-24. ,

Keyer KY-62/FRR-24 is provided to key an audio
frequency tone on and off in accordance with the po-
larity of the input D.C. signal. The internal tone os-
cillator associated with the tone keyer is continuous-
ly variable over a frequency range of 400 to 5000 cyec-
les. In addition an 8-position selector switch is pro-
vided to tune the oscillator by steps of 170 cycles
from 595 to 1785 cycles. Provisions are also provid-
ed for using an external tone source up to 5000 cycles
at an input level of 0.7 volts RMS. The keyer is
capable of operating at a maximum speed of 500 words
per-minute.

Comparator-Keyer CM-32/FRR-24 receives the key-
ed D.C, pulses from any or all of the Frequency Shift
Converters CV-127/FRR-24 and combines and ampli-
fies these pulses to a suitable level to key a tele-
typewriter loop and/or Keyer KY-62/FRR-24. The
keyed D.C. pulses from one of the Frequency Shift
Converters CV-127/FRR-24 may be switched to a
second keyer in this unit to key a second teletype-
writer loop and/or Keyer KY-62/FRR-24, when it is
desired to operate dual diversity telet&pe on one cir-
cuit and single channel téletype on a second circuit.

Power Supplies PP-G48/FRR-24 and PP-G49/FRR-
24 provide all the necessary operating voltages for
bay 4. These Power Supplies are designed for opera-
tion from a 105/115/125 volt, 50/60 cycle, single
phase A.C, source of supply. A.C. is connected into
the power supplies through the Power Distribution
Panel SB-141/FRR-24 located in bay 3.

b, DESCRIPTION OF UNITS.

(1) AMPLIFIER-CONVERTER UNITS AM-450/FRR
-24, AM-451/FRR-24, AM-452/FRR-24, AM-453/FRR-
24. (See Figures 1-2 and 1-3).—These units amplify
the incoming R.F. signal and heterodyne this signal
to an output intermediate frequency of 1750 kilocycles.
The frequency range of these units is 2 to 32 mega-
cycles.

Four separate nine-tube Amplifier-Converters each
with a 2 to 1 frequency range are employed to cover
the entire frequency band. Selection of the band to
be employed is accomplished by means of the Band
switch located in the associated Control Panel SB-
142/FRR-24, All the units are identical except for
frequency coverage and tuned circuit components.
The following table lists the Amplifier-Converters
and their frequency coverage.

Amplifier-Converter AM-450/FRR-24 -- 2-4 mcs.

Amplifier-Converter AM-451/FRR-24 -- 4-—-8 mcs.

Amplifier-Converter AM-453/FRR-24 -- 8—16 mcs,

Amplifier-Converter AM-452/FRR-24 -- 16-32 mcs.

The electrical circuits comprise three stages of
R.F. amplification, a converter stage, H.F. oscillator

1-3




1 Ssection RESTRICTED AN/FRR-24
Faragraph 2 b (1) NAVSHIPS 91580 GENERAL DESCRIPTION

Figure 1=2. Amplifier-Converter Units AM-450/FRR-24, AM-451/FRR-24, AM-452/FRR-24, AM-453/FRR-24

V-105
A.6.C.
— 12AX7
INPUT A.G.C.BIAS
v-10l v-102 V-103 V-104
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TNPUT = 6BA6 9003 9003 6BE6 I.F. TRANS. [™"I.F OUTPUT
1sT.R.F, AMP. 2n0.R.F. AMP. 3r0.R.F. AMP. CONVERTER
CRYSTAL
CALIBRATE
INPUT |
V-106 v-108 V-109
oB2 6ANS 6ANS 05"25,_[_"20477%?
VOLTAGE LOGAL REMOTE  [«~—0SCILLA:
REGULATOR R. F.AMP. R.F. AMP.
LOCAL
OSCILLATOR
QUTPUT
V-107
6C4
H.F. OSGILLATOR

Figure 1=3. Amplifier-Converter Units AM-450/FRR-24, AM-451/FRR-24, AM-452/FRR-24, AM-453/FRR-24,
Functional Block Diagram

stage, an A.G.C. bias tube, a local R.F. amplifier and Assembly O-131/FRR-24. The local H.F. oscillator
a remote R.F. amplifier. Oscillator excitation may be can also be connected into one or two other Ampli-
cbtained from either the local H.F. oscillator, the fier-Converter units to provide oscillator excitation
Ligh-frequency oscillator from another Amplifier-Con- for these units for common oscillator space diversity
verter unit or a crystal oscillator in the Oscillator reception. Automatic gain control voltage is connect-
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ed into the unit from an associated unit. For cali-
bration checking a crystal calibrator located in the
Oscillator Assembly 0-131/FRR-24 is connected in-
to the unit and is used as a tuning marker. Tuning
of the R.¥., converter and H.F. oscillator stages is
accomplished by a front-panel mounted control dial
which drives a seven-section ganged capacitor. A
linear potentiometer ganged to the main tuning capa-
citor is utilized to hold the gain flat within 6 db over

the frequency range of any one band.
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Components of the Amplifier-Converters are mounted
on cast aluminum chassis to assure optimum mechani-
cal stability. Adequate shielding of the H.F. oscil-
lator and R.F. amplifier stages is obtained by mount-
ing the tuned circuits in completely shielded compart-
to maintain

ments. Feedthru capacitors are used

shielding integrity. A projection dial system is uti-
lized to facilitate dial readings. The heater voltage

of the H.F. oscillator and local amplifier tubes is re-

gulated by the use of a current regulator.

Figure 1~4. Frequency Converter CV-126/FRR-24

1750 e v-301 V-305 V=310 v-311 50
. C.
] I.F. AMP. . et I.F. AMP proesedie!  SEC. CONVERTER [l I.F. AMP T
9003 9003 6BE6 6C4
s V-302
L—%‘} I.E AMP i V-306 V-308
9003 SEG. CONVERSION SEC. GONVERSION
CRYSTAL OSG. VARIABLE OSGC.
6AUS 6AUS
-
/750K v-303
o a— I.F AMP. com
9003
V-309 V-307 1700 K
R.F. AMP R.F. AMP. —em—f—
6AK6E 6AG5
v-304 1700 Ko. 5
% I.F. AMP. - our
9003
Figure 1-5. Frequency Converter CY-126/FRR-24, Functional Block Diagram
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(2) FREQUENCY CONVERTER CV-126/FRR-24.
(See Figures 1—4 and 1--5).—This unit provides an in-
termediate step in sharpening the broad selectivity
and lowering the 1750-kc. intermediate frequency ob-
tained from the Amplifier-Converter units preceding
the CV-126/FRR-24 unit to the sharp selectivity and
50-kc. intermediate frequency of Filter Assembly
F-99/FRR-24. The frequency changing function also
provides a convenient point for vernier tuning or auto-
matic frequency control tuning. If this intermediate
unit were not employed, the undesired image response
could not be attenuated sufficiently. If the frequency
were not converted to some low frequency, the requir-
ed selectivity could not be obtained in the Filter As-
sembly F-99/FRR-24. Even though two frequency
conversions are employed, the undesired image res-
ponse resulting at each conversion is attenuated many
times more than would be possible with a single-fre-
quency conversion circuit.
Four 1.F. input channels are provided to accept the
outputs of the four Amplifier-Converter units in the
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same bay. The channel in use corresponds to the
Amplifier-Converter unit selected by means of the
Band switch on the Control Panel SB-142/FRR-24.

Two LI.F. amplifier stages employing five L.F. trans-
formers tuned to a frequency of 1750 kilocycles are
used with the output of the second stage being ap-
plied to the control grid of the second converter tube.
The 1750-kilocycle I.F. input signal is converted to
an output signal of 50 kc. through the use of a con-
verter and 1700-kilocycle crystal oscillator or vari-
able oscillator. One I.F. amplifier stage tuned to 50
kilocycles is used with its output applied to output
connector J-305. An external source of 1700 kilo-
cycles can be applied to this unit through connector
J-306. A 1700-kilocycle crystal controlled oscilla-
tor or variable oscillator output is available for use
in other bays at output connector J-306. The Second
Conversion Oscillator Selector switch selects the
oscillator to be placed into operation i.e., VFO,
Crystal or External,

Figure 1-6. Amplifier-Detector AM-439/FRR-24

(3) AMPLIFIER-DETECTOR  AM-439/FRR-24.
(See Figures 1—6 and 1-7).—Amplifier-Detector AM-
439/FRR-24 provides a means of aurally monitoring
any Al, A2, A3, F1 or F4 signal of any single signal
channel prior to subsequent combining etc. A hetero-
dyne detector and tunable B.F, oscillator are used
for the reception of code telegraph signals. The
built-in monitor loudspeaker, headphones connected
to the Phones Jack and/or a transmission line and
suitable terminal apparatus connected to the Line
jack or audio output connector may be used to monitor
the audio intelligence at the output of this unit, The
A.G.C. stage can be used to provide A.G.C. voltage
for other units as required. The crystal oscillator
makes possible critical zero-beat tuning.

1-6

RES TRICTED SECURITY INFORMATION

A 50-kilocycle LI.F, signal derived from the R.F. Am-
plifier AM-454/FRR-24 is applied to the input stage.
In the case of A2 or A3 reception this input signal is
amplified, detected and the detected audio is filtered
and then amplified by a two-stage audio system., In
the case of A] reception the heterodyne detector and
B.F. oscillator are used to provide an audible tone
which is separately filtered and then applied to the
common audio system. Accurate zero-beat tuning is
made possible by use of the crystal oscillator and
heterodyne detector.

A noise limiter is associated with the detector used
for A2 and A3 reception. A.G.C. voltage is developed
by this detector for application to other units as re-
quired, It will be required when this unit is used in
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B.F. 0SCa
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V-709
0A2
VOLTAGE
REGULATOR

Figure 1=7. Amplifier-Detector AM-439/FRR-24, Functional Block Diagram

place of one of the Amplifier-Detector units AM-440/
FRR-24,

The two-stage audio system provides an audio out-
put of 60 milliwatts into each of from one to five 600-
ohm loads (telephone transmission lines, headphones
etc.) in parallel.

(4) FILTER ASSEMBLY F-99/FRR-24. (See
Figures 1—-8 and 1-9),—The Filter Assembly F-99/
FRR-24 provides no gain to the receiver but affords a
means of selecting one of eight bandwidths to cope
with varying receiving conditions during Al, A2, A3,
F'l or F4 reception. The purpose of this unit is to

ORIGINAL
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determine the final bandwidth and LF. selectivity
before demodulation.

The L F. amplifier stages in this unit provide a
choice of eight bandwidths as selected by the set-
ting of the Selectivity switch S-401. A system of
T-pad coupling networks is employed to maintain a
constant overall gain of 1 to 1. The sharpest band-
widths are suitable for Al reception. The medium
bandwidths are suitable for Al, A2, A3, and F1 recep-
tion. The broadest bandwidths are suitable for A3
and F4 reception,

1-7
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Figure 1-8. Filter Assembly F-99/FRR-24

125 CYCLE
g — Z-401 -
250 GYGLE
50 Ke. - Z-402 o
INPUT A
V-401 500 GYGLE Z-403 V-402 Z-405 Ss ZEIE
I.F. AMP = ) T.F. AMR ) == N
GAGS 7-404 5003 2 -406 SELEGTIVITY
SWITGH
$-40IA
V-403 V-410
$-4018 I Ke. z-407 Z-409
SELECTIVITY > 7-408 I-;(-)g;’"’- 7-410 s I.l;.cA‘;MP.
SWITCH
50 Ke.
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z-41 Z-413 -4l ouTPUT
L sap P TFAw D LF. AMR ;_412 S
- 92003 9003
V-406 V-407
: - - ey
oko | § ::; st T.F. AMP ;_:'290 I.F. AMR ; ::2 o
9003 9003 i
v-408 -
2-423 Z-425 V-409 z-427
12Ko z-424 I.F AMR 7-426 I.F. AMR z-428 |
i 6AGS5 6AGS -

Figure 1-9. Filter Assembly F-99/FRR-24, Functional Block Diagram
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50,
INPUT

GRIGINAL

Figure 1-10. R.F. Amplifier AM-454/FRR-24

A.G.C.
INPU V-605
AGC BIAS
6ALS
V-60l V-602 V-603 V-604 50 Ko
TIF AMP ey IF AMP fewwesde  TF AMP — L
9003 2003 2003 6C4 AM OUTPUT
V- 606 V- 607
IF AMP SMETER RECT.
6AK6 6ALS
V- 608 50 KG FS CONS
IF AMP FS OUTPUT " OUTPUT
6AKE

Figure 1-T1. R.F. Amplifier AM-454/FRR-24, Functional Block Diagram
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(5) R.F. AMPLIFIER AM-454/FRR-24. (See Figures
1—-10 and 1-11).—~The major portion of the receiver
gain is provided by this unit without adding appreci-
This unit operates at S50
kilocycles and receives its input signal voltage from
Filter Assembly F-99/FRR-24.
mediate frequency is produced at the output of the

ably to the selectivity.
The second inter-

second heterodyne frequency converter stage located
in the Frequency Converter CV-126/FRR-24. The de-
sired 50-kilocycle selectivity characteristic is pro-
vided by the Filter Assembly F-99/FRR-24 which is
located in the electrical circuit between the Frequen-
cy Converter CV-126/FRR-24 and R.F. Amplifier
AM-454/FRR-24.

The R.F. Amplifier AM-454/FRR-24 provides out-
puts at two different levels, One output level is for
Al, A2 and A3 signals. The second output is for F1
si'gnals,. The unit is designed to develop an overall
gain of 77 db. from input to AM output.
gain is 76 db. from input to the plate of the F.S. out-
pu circuit . Matching transformers located in the out-
put of the R.F. Amplifier AM-454/FRR-24 and in the
input of the Frequency Shift Converter CV-127/FRR-
24 maintain essentially the 76 db. gain between the

The overall

input grids of the two units.

Three stages of I.F. amplification are used to pro-
duce the desired 50-kilocycle AM output level. A
cathode follower is used to provide a low impedance
to feed the output coaxial lines. Additional stages
are used to produce the desired levels for the fre-
quency shift output circuit and the frequency shift
carrier-operated-noise-suppression (C.O.N.S.) circuit.
The frequency shift C.O.N.S. circuit also includes a

RESTRICTED
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milliammeter arranged to indicate the level of the sig-
nals in the unit.

Provision is made in this unit to provide a pro-
tective bias for the tubes in case of failure of the in-
coming A.G.C. voltage or accidental removal of the
patching cords.

(6) OSCILLLATOR ASSEMBLY 0-131/FRR-24. (See
Figures 1—12 and 1-13).—This unit utilizes 16 cry-
stals in the frequency range of 3.75 to 15 mes. to pro-
vide heterodyne voltages for crystal-controlled opera-
tion of one or more Amplifier-Converter units, Two
separate oscillators are used to provide these output
voltages. Each oscillator has three parallel outputs
with equal amplitude at an impedance of 23 ohms. A
200-kilocycle oscillator and harmonic generator are
contained in this unit to provide marker frequencies
for injection to the Amplifier-Converter unit for cali-
bration checks. Two front-panel mounted crystal
switches are used to select the crystals necessary
to produce the heterodyne voltage required for recep-
The above
crystals are employed with a multiplication factor of

tion of the chosen frequency channels,

1, 2 or 3 times the crystal frequency to cover the tun-
ing range of the Amplifier-Converter units, Two fre-
quency charts are mounted opposite the oscillator
unit to identify the frequency of the crystals associ-
ated with each crystal position and the signal fre-
quency as read on the Amplifier-Converter unit.

Tuning meters are provided to indicate the magni-
tude of each oscillator output. Individual switches
Osc. A and Osc. B, permit simultaneous operation of
the oscillators.,

Figure 1~12. Oscillator Assembly 0-131/FRR-24
RESTRICTED SECURITY INFORMATION
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V-80lI V-802
CRYSTAL METER 0SC. A
0SC. A ) RECTIFIER OUTPUT
6AH6 6ALS
V-803 V-804
CRYSTAL METER osc. B
0SC. B ) RECTIFIER ) OUTPUT
6AHS6 6ALS
V-805 V-806
200 KC. HARMONIC CRYSTAL
0SC. GENERATOR > %A(/L;ﬁ’;'qrrs
6AU6 6AGS

Figure 1=13. Oscillator Assembly 0-131/FRR-24, Functional Block Diagram

(7) .CONTROL PANEL SB-142/FRR-24. (See Fig-
ure 1—14).—Control Panel SB-142/FRR-24 provides a
means of selecting which one of the four Amplifier-
Converter units shall be placed in an operative condi-
tion and also selects the source of oscillator excita-
tion i.e., local or remote. In the local condition, the
Control Panel makes oscillator voltage from the se-
lected Amplifier-Converter available for patching into
any other Amplifier-Converter unit of the same fré;
quency range in another bay. In the remote condition,

the Control Panel makes it possible for oscillator
voltage from another source to be patched into the se-
The Control Panel
also serves as an intermediate step in the application
of power from Power Supply PP-590/FRR-24 to the
four Amplifier-Converters.

lected Amplifier-Converter unit.

The unit contains a ganged seven-section DBand
switch, a ganged four-section Heterodyne Oscillator
switch and a multiple arrangement of input and output
connectors,

Figure 1-14. Control Panel SB-142/FRR-24
RES TRICTED SECURITY INFORMATION

ORIGINAL

1-1




1 Section
Paragraph 2 b (8)

RESTRICTED
NAVSHIPS 91580

AN/FRR-24
GENERAL DESCRIPTION

Figure 1-15. Amplifier-Detector AM-440/FRR-24

50 Ke.
AM

INPUT Z-902

6Kc.
AUDIO FILTER
V-90i1 v-902
6AK6 _— 6ALS L
I.F. AMP DETECTOR
Z-903
e «6Kc.

AUDIO FILTER

V-903A AGLG
A 6.C.
26ALS I ouTeuT
A.G.C. DELAY
KEYED D.C.
__9
V-9038 OUTPUT
. 5 6ALS
NOISE LIMITER
v-904 V-905 TRA:ga—gEsSION
6BA6 — 6AKB - NS
IsT. AUDIO AMR AUDIO OUTPUT AUDIO
OUTPUT

Figure 1-16. Amplifier-Detector AM-440/FRR-24, Functional Block Diagram

(8) AMPLIFIER-DETECTOR AM-440/FRR-24. (See
Figures 1—15 and 1-16).—This is a five-tube single
detector unit designed to amplify and detect the 50-
ke. LF. signal, provide a keyed D.C. output, an audio
output and also provide a source of A.G.C. voltage.

The electrical circuits in the unit comprise one
stage of LF, amplification, a dual diode detector, two

1-12
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stages of audio amplification and a dual diode which
utilizes one set of elements in an A.G.C. delay cir-
cuit and the other set of elements as a noise limiter.
A front-panel mounted phones jack which is connected
across the secondary winding of the output transfor-
mer provides a monitoring means.
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Figure 1-17. Amplifier-Detector AM-438/FRR-24

(9) AMPLIFIER-DETECTOR AM-438/FRR-24. (See
Figures 1—17 and 1-18).~The Amplifier-Detector AM-
438/FRR-24 is an eleven-tube triple detector unit de-
signed to provide a means of combining or selecting

one of the outputs of three receivers operating in di-
versity. The unit also provides a keyed D.C. output
The electrical cir-
cuits consist of three separate 50-kilocycle input LF.
stages. Each LF. stage has its own dual low-pass
audio bandwidth filter and detector circuit. Combin-
ing or selecting of the diversity signal is accomplish-

ed by feeding the outputs of each of the three detect-

and a source of A.G.C. voltage.

load resistor. A dual diode is employed which uti-
lizes one set of elements in an A.G.C, delay circuit
and the other set of elements as a noise limiter. Two
stages of audio amplification are employed to provide
an audio output of 60-milliwatts into each of from one
to five 600-ohm loads in parallel.

A front-panel mounted phones jack which is connect-
ed across the secondary winding of the output trans-
former provides a monitoring means. A front-panel
mounted milliameter is utilized to measure the indi-
vidual diode currents or combined diode currents as

selected by the setting of the Level Indicator switch.

ors through the three switching diodes into a common

7-1004
6 Ko, AUDIO
V-1001 v-1002 e V-1003A
50 Ko, SWITGHING
= IF.AMR k=3l DETECTOR oione [
WPUT 6AKE 6ALS Leas
7-1005 XA
.6 Kc. AUDIO ourPUT
. FILTER M-1001 ' v-1008A V-1010
€ oversiTy R wNoise 1'sT. AUDIO
LEVEL LIMITER 2 AMP.
METER $6ALS 6BA6
2-1006
6 Ko, AUDIO vf v *
v100s 1005 FILTER V-10038 5-1002 V-10098 v-1o11
50 K. . y SWITCHING LEVEL A.G.C. AUDIO
%W > LFAMR =3 DETECTOR oooe [T  woicaTor DELAY OUTPUT
INPUT BAKE BALS + 6ALS SWITCH + 6ALS 6AKE
z-1007
.6 Ko. AUDIO
FILTER
4.6.C. PHONES
ouTPUT TRANSMISSION LINE
AUDIC OUTPUT
2-1008
6 Kc. AUDIO
FILTER
V-1006 V-1007 V1008
50 Ke. SWITCHING | _]
Zofogl LF AMR == DETECTOR SloDE
INPUT 6AKS 6ALS 6ALS
Z-1009
.6 Kc. AUDIO
FILTER
Figure 1-18. Amplifier-Detector AM-438/FRR-24, Functional Block Diagram
r
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V-1202
6AGS 2-1204
DISCRIMINATOR 1807
V-120l DRIVER V-1204 V1205 V1206 L P FILTER
50 Ke. 1I2AX7 6ALS 1I2AX7 6C4
F.S. INPUT 50 Kc. DISGRIMINATOR [ D.C. "1 D.C.
LIMITER V-1203 AMPLIFIER AMPLIFIER
DISCRIMINATOR 600"\
>
V-1213 . .
« 12AX7 Figure 1-19. Frequency Shift Converter CVY- 127/FRR-24
VERTICAL (10) FREQUENCY SHIFT CONVERTER CV-1 i i ifi d hort 1
AMPLIFIER ‘ REQ : L -127/ scope w1t}'1 assoc.:xated .amphflers an a horizonta
v FRR-24. (See Figures 1—19 and 1-20).-The purpose sweep oscillator is provided to monitor the detected
D.C. REFERENCE of this unit is to convert frequency-shift signals re- signal output. A Carrier-Off-Noise-Suppression cir-
V-12Hi V-i216 V-1215 v-12i4 <VOL7'/JGE' TNPUT ceived from the R.F. Amplifier AM-454/FRR-24 to cuit is included which opens the signal circuits in
OA2 2BPI ¢ 12AXT . 2021 ‘ Mark and Space voltages for application to the Com- the absence of a usable signal and places the D.C,
VOLTAGE CATHODE RAY HORIZONTAL HORIZONTAL V-1210 parator-Keyer CM-32/FRR-24. This latter unit is reference potential at the output connector J-1204,
REGULATOR MONITOR AMPLIFIER SWEEP O0OSC. 6ALS used to actuate a teletypewriter or other similar ter- which causes the associated keyer to hold the tele-
MARK il minal equipment. typewriter on mark.
< DETEGCTOR The signal circuits of the CV-127/FRR-24 comprise (11) KEYER KY-62/FRR-24, (See Figures 1-21
a 50-kc. limiter, two discriminator drivers, a discrimi- and 1—-22).—The keyer is utilized to accept a D.C. in-
nator and two D.C, amplifiers. The unit also contains put signal, amplify this signal and provide an audio
a 1700 +2.5 kec. oscillator whose output is fed back tone at its output suitable for transmission over land
4 to the Frequency-Converter CV-126/FRR-24 to re- lines to equipment capable of operating from a G00-
V-1207 V-1209 FS place the oscillator in that unit during frequency-shift ohm source. Three stages of D.C. amplification are
1700 Kc. 6J6 V-1208 6J6 K-1201 KEYED D.C operation. The frequency of this oscillator is auto- employed to key the audio amplifier tubes in accord-
W R.F. e €AU6 < FREQUENGCY R B—— CONS o . matically varied over a 42,5 kc. range by an A.F.C, ance with the incoming Al or F1 radio-frequency sig-
AMPLIFIER OSCILLATOR GONTROL RELAY ouTPUT circuit to hold constant the S0-kc. output frequency nals. Audible monitoring of the output signal is made
from the CV-126/FRR-24. Means of reversing the possible by insertion of headphones into the Phones
) polarity of the signal input is provided. An oscillo- jack. The input signal is derived from Amplifier-De-
3
V-1217
12AU7
CONS
AMPLIFIER
v-iz2i2
0AZ2 > A
VOLTAGE
REGULATOR
FS CONS
INPUT
Figure 1—20. Frequency Shift Converter CV-127/FRR-24, Functional Block Diagram
1—14 RESTRICTED SECURITY INFORMATION ORIGINAL Figure 1-21. Keyer KY-62/FRR-24
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Figure 122, Keyer KY-62/FRR-24, Functional Block Diagram

Figure 1-23. Comparator Keyer CM-32/FRR-24
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Figure 1-24. Comparator Keyer CM-32/FRR-24, Functional Block Diagram
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6C4
D. C.
AMPLIFIER

FS /(EYED»
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tector AM-438/FRR-24, Amplifier-Detector AM-440/
FRR-24 or the Comparator-Keyer CM-32/FRR-24. The
front-panel mounted Tone switch selects the mode of
operation i.e., Fixed Frequency, Variable Frequency
or External Tone. The fixed frequency circuit is de-
signed to vary the output tone in eight steps of 170
cycles each from 595 to 1785 cycgles. The variable
tone circuit is continuously variable over a frequency
range of 400 to 5000 cycles. The unit will operate
from an external tone source up to 5000 cycles with
an input level of at least 0.7 volt R.M.S. The unit
provides an output signal of 12 milliwatts. The keyer
is capable of operating at a maximum speed of SO0
words-per-minute.

(12) COMPARATOR KEYER CM-32/FRR-24. (See
Figures 1-23 and 1-24),—The purpose of this unit is
to receive the keyed D.C. pulses from any or all of
the Frequency Shift Converters CV-127/FRR-24 and
to combine and amplify these pulses to a suitable
level to key a teletypewriter loop. This keyer has
two channels, each channel capable of receiving
separate transmissions. In addition, it can actuate
one Keyer KY-62/FRR-24 for each channel. The
Keyer KY-62/FRR-24 is used when it is necessary to
transmit the F1 message over a telephone line from

the receiving site to terminal equipment.

The two separate channels contained in the Compa-
rator Keyer are identical electrically except for the
input circuits. Three input signals may be fed into
one channel for triple diversity operation or one input
signal may be used for single channel operation leav-
ing the remafning two inputs for dual diversity opera-
tion. Two different transmissions may be fed into the
Comparator Keyer CM-32/FRR-24 when this unit is
used in the latter mode of operation. When this unit
is used for diversity operation, the Mark and Space
elements of the frequency shift keyed information are
applied to three combining diodes. The strongest sig-
nal is selected and delivered to the D.C. restorer
where the Mark and Space voltages are restricted in
amplitude and clamped with the negative peak at
ground potential. Following the D.C. restorer is a
driver tube which reproduces this Mark and Space volt-
age and couples it to the first flip-flop circuit. A
second flip-flop circuit which is capacitively coupled
is used to control the output tubes which key the
D.C. loop circuit. A separate triode is used to pro-
vide a Mark and Space voltage which is capable of
operating the Keyer KY-62/FRR-24.

Figure 1--25. Power Distribution Panel $8-141/FRR-24



(13) POWER DISTRIBUTION PANEL SB-141/FRR-
24, (See Figure 1-25).—The Power Distribution Panel
SB-141/FRR-24 is located in bay 3 of the AN/FRR-
24 Radio Receiving Set. A.C. power is distributed to
the five power supplies through this unit. Separate
switches with built-in ten-ampere circuit breakers are
provided to connect A.C. into each of the five power
supplies. A neon lamp is connected at each inpurt to
indicate the application of A.C, voltage to the select-
ed power supply.

(14) POWER SUPPLY PP-590/FRR-24. (See Fig-
ures 1—-26 and 1—-27).~The Power Supplies are twelve-
tube electronically regulated units utilized to provide
all necessary voltages for bays 1, 2 or 3 of the AN/
FRR-24. Two Primary Tap switches, one in the plate
transformer and one in the filament transformer, are
provided to permit operation from an A.C. supply of
105/115/ or 125 volts, 50/60 cps.

Two type 5R4GY full-wave connected rectifiers plus
an associated capacitor-input filter network and volt-
age regulating circuit comprise the positive 210-volt
regulated supply. The negative 210-volt supply con-
sists of a SR4GY full-wave connected rectifier plus
an associated capacitor-input filter network and volt-

age regulating circuit. Both positive and negative
rectifiers operate from the dual output windings of
the plate transformer. Separate circuit breakers are
connected in each leg of the plate transformer primary
and the filament transformer 6.8-volt secondary wind-
ings. The filament circuit breakers operate to open
the primary power citcuit to both the filament trans-
former and the plate transformer. Both sides of the
A.C. line to the blower are protected by one-ampere
fuses. Three spare fuses, a failure indicator lamp,
a heater primary lamp and a plate power lamp are pro-
vided on the front panel. A voltage test position is
also provided to set the value of load voltage which
the power supply should maintain.

The A.C. input is connected from the Power Distri-
bution Panel SB-141/FRR-24 to the PP-590/FRR-24
via the A.C. input connector. Two overload pro-
tective devices and a failure indicator lamp are pro-
vided in the A.C. input circuit. An overheat thermo-
stat is mounted inside the cabinet.

The negative power source is fixed at 210 volts by
the use of two voltage regulator tubes. The negative
105 volts is fixed by the use of one voltage regulator
tube.

Figure 1-26. Power Supply PP-590/FRR-24
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Figure 1-27. Power Supply PP-590/FRR-24, Functional Block Diagram
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Figure 1=29. Power Supply PP-648/FRR-24, Functional Block Diagram
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© OUTPUT

Figure 1-28. Power Supply PP-648/FRR-24

(15) POWER SUPPLY PP-648/FRR-24. (See Fig-
ures 1-28 and 1-29),—The PP-648/FRR-24 is a fif-
teen-tube electronically-regulated power supply locat-
ed in bay 4 of the AN/FRR-24 Radio Receiving Set.
The A.C. input circuit, filamert transformer, plate
transformer and rectifier circuits are similar to those
in Power Supply PP-590/FRR-24 described in fore-
going paragraph 2 b. (14). The A.C. input is con-
nected from the Power Distribution Panel SB-141/
FRR-24 to the PP-648/FRR-24 via the A.C. input
connector J-2203. The A.C. control circuits are also

similar to those in the PP-590/FRR-24 except that an
additional overvoltage trip relay is provided in the
negative 300-volt circuit.

The regulated positive 300-volt supply is obtained
through three parallel connected dual-triode regulator
tubes.

The regulated negative 300-volt supply is obtained
through one regulator tube, Two voltage test posi-
tions are provided to set the value of the positive
300-volt and negative 300-volt outputs which the
power supply should maintain.



Figure 1-30. Power Supply PP-649/FRR-24

(16) POWER SUPPLY PP-649/FRR-24. (See Fig-
ures 1-30 and 1--31).—The PP-649/FRR-24 is a fif-
teen-tube electronically-regulated power supply locat-
ed in bay 4 of the AN/FRR-24 Radio Receiving Set.
The A.C. input circuit, filament transformer, plate
transformer and rectifier circuits are similar to those
in Power Supply PP-590/FRR-24 described in para-
graph 2. b, (14). The A.C. ioput is connected from
the Power Distribution Panel SB-141/FRR-24 to the
PP-649/FRR-24 via the A.C. input connector J-2103.
The A.C. control circuits are also similar to those in
the PP-590/FRR-24 except that an additional Over-

voltage Trip Relay K-2102 is provided in the positive
300-volt circuit.

The r}:gulated positive 300-volt supply is obtained
through three parallel connected dual triode regulator
tubes. The regulated positive 210-volt supply is ob-
tained from the regulated positive 300-volt source
through one voltage regulator tube.

The negative 105 volts is fixed by the use of a volt-
age regulator tube, Two voltage test positions are
provided to set the value of the positive 210-volt and
300-volt outputs which the power supply should main-
tain.
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(17) PATCH PANELS. (See Figures 1-32 thru
1-35).—~The patch panels are utilized to arrange the
equipment for a particular mode of operation and to
connect various circuits to circuits in other units.
All of these types of connections are made by means
of the patch cords associated with each patch panel.
The four patch panels used in the AN/FRR-24 equip-
ment are as follows:

Bay 1 -- SB-138/FRR-24
Bay 2 -- SB-140/FRR-24
Bay 3 -- SB-169/FRR-24
Bay 4 -- SB-143/FRR-24

Observation of the patch panel units will reveal that
each connector has an identifying tab. A connector
is provided for each of the inputs and outputs of the
major units which may require changing when arrang-
ing the equipment for any mode of operation. To
guard against unwanted signal pick-up and/or spuri-
ous radiation several connectors on the Patch Panel
are fitted with covers and/or terminating plugs.
These govering devices should be removed -only when
the connector is to be used and when its use is end-

ed the cover must always be replaced.

Figure 1-32. Patch Panel $B-138/FRR-24

Figure 1-33. Patch Panel SB- 140/FRR-24
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Figure 1-35. Patch Panel $SB-143/FRR-24

3. REFERENCE DATA.

a. NOMENCLATURE.-Radio Receiving Set AN/
FRR-24.

b. CONTRACT NUMBER AND DATE.-Contract
NObsr-39402, dated 30 June 1947.

c. CONTRACTOR.~National Company, Inc., Malden,
Massachusetts, U.S.A,

d. COGNIZANT NAVAL INSPECTOR.—Inspector of
Naval Material, Boston 10, Massachusetts.

e. NUMBER OF PACKAGES INVOLVED PER COM-
PLETE SHIPMENT OF EQUIPMENT.-55 boxes (see
table 1-3).

fo TOTAL CUBICAL CONTENTS.

(1) CRATED.— _____ Cu, ft. (see table 1~3)

(2) UNCRATED.~ ____ Cu. ft. (see table 1-1)
g. TOTAL WEIGHT.

(1) CRATED.~ ____ lbs. (see table 1-3)

(2) UNCRATED.— _____ 1bs. (see table 1-1)

b. FREQUENCY RANGE.-2.0 to 32.0 megacycles.
i, TUNING BANDS. -Four.

(1) 2—4 megacycles.

(2) 4—8 megacycles.

(3) 8—16 megacycles.

ORIGINAL

RESTRICTED SECURITY INFORMATION

(4) 16—32 megacycles.

j. NUMBER OF PRE-SET FREQUE NCIES, —None.

k. TYPE OF FREQUENCY CONTROL.-Manual tun-
ed with tuneable oscillator or crystal-controlled os-
cillator (16 crystals),

{. TYPES OF RECEPTION.

(1) Al - Telegraph without the use of modulating
audio frequency (On-Off keying).

(2) A2 - Telegraph by the keying of a modulating
audio frequency or audio frequencies or by the key-
ing of the modulated emission.

(3) A3 . Telephony, double sideband, full carrier.

(4) F1 - Telegraphy without the use of modulating
audio frequency (frequency shift keying).

(5) F4 - Facsimile (I.F. output circuit for connec-
tion to suitable auxiliary apparatus).

m. TYPE OF RECEIVER.~Double superheterodyne.

n. INTERMEDIATE FREQUENCY.-~First Conver-
sion LF. frequency of 1750 kcs., Second Conversion
frequency of 50 kecs.

o. ANTENNA INPUT IMPEDANCE.-70 ohms nomi-
nal, uabalanced,

p. OUTPUT CIRCUITS.

(1) AUDIO. =60 milliwatts into each of from one to
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five 600-ohm resistive loads in parallel.

(2) FREQUENCY SHIFT FACSIMILE.~50 kec. L.F,
at 1-volt nominal.

(3) TELETYPE.

(a) CURRENT.~60 ma. (110 volts and 666 ohms
in teletype; loop current must be supplied from exter-
nal loop circuit).

(4) KEYED D.C. TONE.-12 milliwatts into 600
ohms,

q. CRYSTALS.

(1) 16 crystals type CR-18/U in Oscillator O-131/
FRR-24. (See Section 3 par. 2. d. to determine requir-
ed Xtal frequency for any desired signal frequency).

(2) One type CR-25/U, 200-kilocycle crystal in
0-131/FRR-24 (crystal calibrator).

(3) One type CR-18/U, 1700-kc. crystal, in CV-
126/FRR-24.

(4) One 50-kc. crystal, Western Electric Co. type
21NA (or equivalent) in AM-439/FRR-24 (BFO).

r. FREQUENCY STABILITY DATA.

(1) TEMPERATURE.-0.002% per °C frequency
variation; 6 db. gain variation,

(2) HUMIDITY.—-0.025% total frequency variation
6 db. total gain variation.

s, OSCILLATOR RADIATION.~less than 400 micro-
microwatts.

t. INTERMEDIATE FREQUENCY REJECTION.-
greater than 100 db.

u. IMAGE FREQUENCY REJECTION.~greater than
110 db.

v. RESONANT OVERLOAD.—-60 milliwatts minimum
into G00-ohm load or 300 milliwatts into a 120-ohm
load.

w. MAXIMUM UNDISTORTED OUTPUT.-60 milli-
watts minimum into a G00-ohm load or 300 milliwatts
into a 120-ohm load.

x. AUTOMATIC GAIN CONTROL TIME CONSTANT.

(1) FAST.—0.01 second.

(2) MEDIUM.~0.1 second.

(3) SLOW.~1.0 second.

y. SENSITIVITY

(1) A2, A3.~2 microvolts or better.

(2) Al, A4, Fl.—3 microvolts or better.

z. GAIN VARIATION.-Within 6 decibels over any
one tuning band.
aa. RESERVE GAIN.-12 decibels.
bb. TUNING LINEARITY.-Using the average fre-
quency variation per linear dial scale division, as

determined for the limits of the working frequency
range of any frequency band as a reference value, the
variation in frequency per division for any 100-divi-
sion dial scale increment in the working frequency
range of any frequency band is not less than 80% nor
more than 110% of the reference value.
cc. FREQUENCY OVERLAP.-Not less than 1% at
each end of any frequency band.
dd, KEYING SPEED.~500 words-per-minute (Al on-
off keying).
ee. CHARACTERISTIC OF POWER SUPPLIES
PROVIDED FOR OPERATION.
(1) TYPE.-Self-contained full wave rectifier.
(2) A.C. VOLTAGE.~-105/115/125 volts.
(3) FREQUENCY.~50/60 cycles.
(4) NUMBER OF PHASES.~Single phase.
(5) POWER CONSUMPTION AND CURRENT
DR AIN.
Watts V.A. Drain (Amps.)

A.C. Line to Bay 1 345 368 3.2
A.C. Line to Bay 2 365 391 3.4
A.C. Line to Bay 3 345 368 3.2
A.C, Line to Bay 4 510 552 4.8
(AM. units A, B, C,

G, H, J, M)

A.C. Line to Bay 4 480 506 4.4
(F.S. units D, E, F, - =~

L, N) '

ff. BASIC SIMILARITIES AND DIFFERENCES IN
THE AN/FRR-24 RADIO RECEIVING SET AND THE
MODEL RCP DIVERSITY RADIO RECEIVING
EQUIPMENT.

(1) SIMILARITIES.-Basically the AN/FRR-24
Radio Receiving Set performs the same function as
that of its predecessor the Model RCP Diversity
Radio Receiver except that in addition it provides a
means of receiving frequency shift telegraphy signals.

(2) DIFFERENCES.-The AN/FRR-24 is entirely
different in its electrical design and mechanical
construction from that of the previous unit. The AN/
FRR-24 is intended for operation in the frequency
range of 2.0 to 32.0 megacycles whereas the Model
RCP operates in the frequency range of 3.0 to 24.0
megacycles.

gg. EQUIPMENT REQUIRED BUT NOT SUPPLIED.

(1) A 70-ohm antenna.
(2) Headphones.
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TABLE 1-1. EQUIPMENT SUPPLIED
QUAN- OVERALL
TITY AN OR DIMENSIONS
PER NAVSHIPS
EQUIP- DESIGNA- VOLUME [WEIGHT
MENT 4 NAME OF UNIT TION HEIGHT {WIDTH §{ DEPTH |CU. FT.| LBS.
3 Control Panel SB-142/FRR-24 57/32” 19" 15 7/16” | 0.89 33
3 Amplifier Converter AM-450/FRR-24 |} 631/32” | 19”7 16 15/167°} 1.29 58
3 Amplifier Converter AM-451/FRR-24 6 31/327 19" 16 15/16"} 1.29 58
3 Amplifier Converter AM-452/FRR-24 6 31/32” 19” 16 15/16"} 1.29 58
3 Amplifier Converter AM-453/FRR-24 6 31/32” 19” 16 15/167%%F 1.29 58
3 Frequency Converter CV-126/FRR-24 57/32” 19” 16 15/16f 0.97 33
3 Amplifier-Detector AM-439/FRR-24 5 7/32” 19’ 16 15/16°] 0.97 36
3 R.F. Amplifier AM-454/FRR-24 5 7/32” 19” 16 15/16’°) 0.97 32
1 Patch Panel SB-138/FRR-24 |5 7/32” 19” 15 5/16”’ | 0.87 21
1 Patch Panel SB-140/FRR-24 5 7/32" 19”7 15 5/16” } 0.87 21
1 Patch Panel SB-143/FRR-24 57/32" 19’ 15 5/16" | 0.87 21
1 Patch Panel SB-169/FRR-24 5 7/32" 19” 15 5/16” 0.87 21
3 Filter Assembly F-99/FRR-24 57/32” 19 16 15/16’% 0.97 45
1 Tool Box 6 31/32” 19" 16 15/16"} 1.29 41
1 Oscillator Assembly 0-131/FRR-24 6 31/32” 19" 16 15/16’1 1.29 42
1 Power Distribution Panel SB-141/FRR-24 631/32” | 19” 15 5/16” | 1.17 28
3 Power Supply PP-590/FRR-24 8 23/32" | 19” 15 5/16” | 1.46 96
2 Amplifier-Detector AM-440/FRR-24 57/32” 19" 16 15/16’] 0.97 31
1 Amplifier-Detector AM-438/FRR-24 | 57/32"” 19" 16 15/16’% 0.97 36
3 Frequency Shift Converter CV-127/FRR-24 57/32” 19 16 15/16’F 0.97 35
3 Keyer KY-62/FRR-24 s 7/32” 19" 16 15/16’% 0.97 39
1 Comparator-Keyer CM-32/FRR-24 57/32" 19” 16 15/16’1 0.97 33
1 Power Supply PP-648/FRR-24 | 823/32” | 19 |155/16” | 1.46 96
1 Power Supply PP-649/FRR-24 |} 8 23/32” | 19” 15 5/16” | 1.46 96
4 Cabinet CY-860/FRR-24 84"’ 20 7/8’°1 14.3/4” 14.97 | 215
ORIGINAL RESTRICTED SECURITY INFORMATION 1-23
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TABLE 1-2. TUBE COMPLEMENT
NUMBER OF TUBES OF TYPE INDICATED
slole|Slalel-l2 sl gl o ol olel.]el-8alzl85l8 8 %
UNIT g8 28|83 ]¢9 i N R R E R -
(3) AM-450/FRR-24 | 3 | 6 |3 {3 |3 |6 |3 27
(3) AM-451/FRR-24 6 13 |3 |3 [6 |3 27
(3) AM-452/FRR-24 6 3 27
(3) AM-453/FRR-24 6 3 27
(3) CV-126/FRR-24 15 3 36
(3) AM-439/FRR-24 3 16 27
(3) AM-454/FRR-24 9 6 24
(3) F-99/FRR-24 18 30
0-131/FRR-24 2 6
(3) PP-590/FRR-24 12 6 6 36
(2) AM-440/FRR-24 4 10
AM-438/FRR-24 6 11
(3) CV-127/FRR-24 3 316 51
(3) KY-62/FRR-24 30
CM-32/FRR-24 1|6 21
PP-648/FRR-24 4 2 4 15
PP-649/FRR-24 3 2 4 15
Totals 6 34 3220 36 14 420
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TABLE 1-3. SHIPPING DATA

Section 1

SHIPPING CONTENTS OVERALL DIMENSIONS (IN.)
BOX VOLUME | WEIGHT
NO. NAME DESIGNATION HEIGHT (WIDTH DEPTH CU. FT. LBS.
1 Control Panel SB-142/FRR-24 11 3/4 24 3/8 211/8 3.5 83
2 Control Panel SB-142/FRR-24 11 3/4 24 3/8 211/8 3.5 83
3 Control Panel SB-142/FRR-24 {11 3/4 24 3/8 211/8 3.5 83
4 Amplifier-Converter AM-450/FRR-24 |13 1/2 24 3/8 211/8 4.1 108
5 Amplifier-Converter AM-450/FRR-24 {13 1/2 24 3/8 211/8 4.1 108
6 Amplifier-Converter AM-450/FRR-24 |13 1/2 24 3/8 211/8 4.1 108
7 Amplifier-Converter AM-451/FRR-24 |13 1/2 24 3/8 |211/8 4.1 108
8 Amplifier-Converter AM-451/FRR-24 |13 1/2 24 3/8 211/8 4.1 108
o Amplifier-Converter AM-451/FRR-24 {13 1/2 24 3/8 211/8 4,1 108
10 Amplifier-Converter AM-452/FRR-24 {13 1/2 24 3/8 211/8 4.1 108
11 Amplifier-Converter AM-452/FRR-24 {13 1/2 24 3/8 211/8 4.1 108
12 Amplifier-Converter AM-452/FRR-24 |13 1/2 24 3/8 21 1/8 4.1 108
13 Amplifier-Converter AM-453/FRR-24 {13 1/2 243/8 |211/8 4,1 108
14 Amplifier-Converter AM-453/FRR-24 {13 1/2 24 3/8 | 211/8 4.1 108
15 Amplifier-Converter AM-453/FRR-24 |13 1/2 243/8 | 211/8 4.1 108
16 Frequency Converter CV-126/FRR-24 {11 3/4 243/8 | 211/8 3.5 83
17 Frequency Converter CV-126/FRR-24 |11 3/4 243/8 | 211/8 3.5 83
18 Frequency Converter CV-126/FRR-24 |11 3/4 24 3/8 | 211/8 3.5 83
19 Amplifier-Detector AM-439/FRR-24 |11 3/4 24 3/8 211/8 3.5 86
20 Amplifier-Detector AM-439/FRR-24 |11 3/4 243/8 | 211/8 3.5 86
21 Amplifier-Detector AM-439/FRR-24 |11 3/4 24 3/8 211/8 3.5 86
22 R.F. Amplifier AM-454/FRR-24 |11 3/4 24 3/8 211/8 3.5 82
23 R.F. Amplifier AM-454/FRR-24 |11 3/4 24 3/8 211/8 3.5 82
24 R.F. Amplifier AM-454/FRR-24 |11 3/4 24 3/8 211/8 3.5 82
25 Patch Panel SB-138/FRR-24 |11 3/4 24 3/8 211/8 3.5 71
26 Patch Panel SB-140/FRR-24 |11 3/4 24 3/8 211/8 3.5 71
27 Patch Panel SB-169/FRR-24 |11 3/4 24 3/8 211/8 3.5 71
28 Patch Panel SB-143/FRR-24 |11 3/4 24 3/8 211/8 3.5 71
29 Filter Assembly F-99/FRR-24 11 3/4 24 3/8 211/8 3.5 95
30 Filter Assembly F-99/FRR-24 11 3/4 24 3/8 211/8 3.5 95
31 Filter Assembly F-99/FRR-24 113/4 24 3/8 211/8 3.5 95
32 Tool Box 13 1/2 243/8 1 211/8 4.1 91
33 Oscillator Assembly 0-131/FRR-24 13 1/2 243/8 211/8 4.1 92
34 Power Distribution SB-141/FRR-24 |13 1/2 243/8 | 211/8 4.1 78
Panel
35 Power Supply PP-590/ FRR-24 | 15 243/8 | 211/8 4.45 146
36 Power Supply PP-590/FRR-24}15 243/8 | 211/8 4.45 146
37 Power Supply PP-500/FRR-24 | 15 243/8 | 211/8 4.45 146
38 Amplifier-Detector AM-440/FRR-24]11 3/4 24 3/8 211/8 3.5 81
39 Amplifier-Detector AM-440/FRR-24|11 3/4 24 3/8 | 211/8 3.5 81
40 Amplifier-Detector AM-438/FRR-24111 3/4 243/8 1 211/8 3.5 86
41 Frequency Shift CV-127/FRR-24}11 3/4 243/8 | 211/8 3.5 85
Converter
42 Frequency Shift CV-127/FRR-24] 11 3/4 24 3/8 211/8 3.5 85
Converter
43 Frequency Shift CV-127/FRR-24] 11 3/4 24 3/8 211/8 3.5 85
Converter
44 Keyer KY-62/FRR-24 | 11 3/4 24 3/8 211/8 3.5 89
45 Keyer KY-G2/FRR-24 | 113/4 24 3/8 211/8 3.5 89
46 Keyer KY-62/FRR-24 |11 3/4 243/8 ] 211/8 3.5 89
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TABLE 1-3. SHIPPING DATA (CONT’D)
SHIPPING CONTENTS OVERALL DIMENSIONS (IN.)
BOX VOLUME | WEIGHT
NO. NAME DESIGNATION {HEIGHT | WIDTH | DEPTH CU. FT. LBS.
47 Comparator-Keyer CM-32/FRR-24 | 11 3/4 243/8 {211/8 3.5 83
48 Power Supply PP-648/FRR-24} 15 243/8 | 211/8 4.45 146
49 Power Supply PP-649/FRR-24}| 15 243/8 | 21 1/8 4.45 146
50 Set of Eight Test Cables 16 7/8 335/8 | 13 7/8 4.55 90
51 Cabinet CY-860/FRR-24| 87 1/2 251/4 | 19 24.4 465
Mounting Hardware
One Single blower
Two Instruction Books
Two Operator’s
Handbooks
Two Maintenance
Handbooks
One Spare Parts Catalog
52 Cabinet CY-860/FRR-24| 87 1/2 251/4 | 19 24.4 465

One single blower
Five trim strips
53 Cabinet CY-860/FRR-24} 87 1/2 251/4 | 19 24.4 495
One single blower
Eleven Interconnecting
Cables

Forty-five patch

cords

Terminal box

54 Cabinet CY-860/FRR-24] 87 1/2 251/4 | 19 24.4 485
One double blower
Eight handles
Interconnecting cable
assembly

Sixteen panel screws
Four trim panels

55 Equipment Repair Parts 16 7/8 335/8 | 137/8 4.55 145

1—26 RESTRICTED SECURITY INFORMATION ORIGINAL




*
NAVSHIPS 91580 RESTRICTED |
SECURITY INFORMATION _

INSTRUCTION BOOK
for

RADIO RECEIVING SET |
' AN/FRR-24

SECTION 2—THEORY OF OPERATION

NATIONAL COMPANY, INC.
MALDEN 48, MASSACHUSETTS

BUREAU OF SHIPS NAVY DEPARTMENT

1 * ,
- Contract: NObsr-39402 Approved by BuShips: 15 April 1952

e A o R i i et o . e e o ol e i e o it 0 e G s on ,f;.,;-r.,;aw.,. ,A,),&A;wwrnp@ﬁ



AN/FRR-24
THEORY OF OPERATION

RESTRICTED
NAVSHIPS 91580

Section 2
Sections, Contents and lllustrations

TABLE OF SECTIONS

Section Page Section Page
1. General Description ......ccccooeeiiiiiiinnnninnns 1-0 5. Operator’s Maintenance ......c..ccoeeveernnen. 51
2. Theory of Operation ........ccoviiiiininsiinnenne 2-1 6. Preventive Maintenance .......c.cccccceeeiiinninnd 6-1
3. Installation .......ccoooiiiiiiciiicniniiies e 31 7. Corrective Maintenance ........ccccoeevvevvnnnennnn.. 70
4. OPEration ......occcoecvoiniieiiiienencieeeccenans 4-1 8. Parts LiSt cccovivereecieeiciciceiese e 8—1

TABLE OF CONTENTS
SECTION 2 — THEORY OF OPERATION
Paragraph Page Paragraph Page
1. General Description of Circuits ............ 2~1 3. Circuit Analysis ..coocvviiiiiiiciniiiininiinns 27
2. Modes of Operation ........ccooeeinnie. 2-1
LIST OF ILLUSTRATIONS
Figure Page Figure Page
2—1 AN/FRR-24 Radio Receiving Set, Schematic Diagram ....cccoovivinnnninannnn. 2-10
Functional Block Diagram Illus- 2-7 Local High Frequency Oscillator and
trating a Typical Circuit Arrange- Local-Remote R.F. Amplifier Stages,
ment for A3 Single Channel Opera- Simplified Schematic Diagram ................. 2-11
BLOML weviiiiiereeintiiee et see e eee e 22 2—~8 Crystal Oscillator Stages, Simplified
2-2 AN/FRR-24 Radio Receiving Set, Schematic Diagram .......ccocviininnniiinnnnn.n. 212
Functional Block Diagram Illustrating 2-9 200-kc. Oscillator and Harmonic Genera-
a Typical Circuit Arrangement for Al tor Stages, Simplified Schematic Diagram 2-13
Dual Diversity Operation .........cccoooeennin. 2-4 2~10 1750-kc. LLF, Amplifier Stages, Simpli-
2~3 AN/FRR-24 Radio Receiving Set, fied Schematic Diagram .....ccocvievirinnninnn. 2-14
Functional Block Diagram Hlustrating 2~11 Second Converter Stage V-310, Simpli-
a Typical Circuit Arrangement for F1 fied Schematic Diagram .........c..cccocevi. 2-15
Triple Diversity Operation ........c...ovoeee. 2-6 2--12 Second Conversion Crystal Oscillator
2—-4 AN/FRR-24, Overall Simplified Func- Stage V-306, Variable Oscillator
tional Block Diagram ..., 2-8 V-308 and R.F. Amplifier V-307,
2-5 R.F, Amplifier Stages, Simplified Simplified Schematic Diagram ................. 2=16
Schematic Diagram ..., 2-9 2—-13 R.F. Amplifier V-309, Simplified
2—6 First Converter Stage, Simplified Schematic Diagram ......ccoooiiiiiviiinenniiiiinan. 2-17
ORIGINAL RESTRICTED SECURITY INFORMATION i




2 Section

RESTRICTED
NAVSHIPS 91580

AN/FRR-24
THEORY OF OPERATION

LIST OF ILLUSTRATIONS (cont'd)

Hlustrations
Figure
2-14 LF. Amplifier V-311, Simplified
Schematic Diagram ........cccovveevrnivnnnnnnen.
2—15 LF. Amplifier V-401, Simplified
Schematic Diagram .......ccccoovcciinnninnne.
2-16 125-Cycle Filter, Simplified Schema-
tic Diagram .....cccoociiiiiiiiiiiiniiniiiiiiiaa,
2=17 250-cycle Filter, Simplified Schema-
tic Diagram ....c.oveeeeinnniiiiiiiccccenne
2-18 500-Cycle Filter, Simplified Schema-
tic Diagram .....cccoooviiini
2—=19 1-kilocycle Filter, Simplified Schema-
tic Diagram ..o,
2~20 3-kilocycle Filter, Simplified Schema-
tic Diagtam .....ccoooveeiiviineiinniiiiniians
2=21 6-kilocycle Filter, Simplified Schema-
tic Diagram .....cocoeviriciiiineiiniiineea,
2-22 12-kilocycle Filter, Simplified
Schematic Diagram .......cccocooiviiiinneas o
2=23 LF. Amplifier V-410, Simplified
Schematic Diagram ........cccccceoniiniinnnnn,
2—24 50-kc. LF. Amplifier Stages V-601,
V-602, V-603 and V-604, Simplified
Schematic Diagram .......ccccccoiiiiiinnan
2—-25 50-kc. F.S, LLF. Amplifier Stage
V-608, Simplified Schematic Diagram..
2—26 50-kc. F.S. CONS Stages V-606 and
V-607, Simplified Schematic Diagram..
2-27 LF. Amplifier V-701 and Detector
V-705, Simplified Schematic Diagram..
2--28 Heterodyne Detector V-702, Crystal
and Beat Frequency Oscillator V-703
and V-704, Simplified Schematic-
Diagram .......ocoooviiini
2-29 LF, Amplifier V-901, Detector V-902
and Audio Filter Stages, Simplified
Schematic Diagram .......cccoeciniiniinnnnis,
2—30 Switching Diode Stages, Simplified
Schematic Diagram ......cccccoeeiniiiinininnl,
2--31 A.G.C. and Noise Limiter Stages
V-706, Simplified Schematic Diagram..
232 A.G.C, Bias Stage V-105, Simplified
Schematic Diagram .......occooeiiiniieiiniannn,
2=33 A.G.C. Bias Stage V-605, Simplified
Schematic Diagram .......ccooceiciniinninnnn,
2—34 Audio Frequency Amplifier Stages
i

RESTRICTED SECURITY INFORMATION

Page

Figure

2-35

2-36

237
2-38
239

2=-40

2-41
2-42
2-43
2—~44
245
2-46
2—-47

2-48

Page
V-707, V-708, Simplified
Schematic Diagram .....ccooeninniiiieinns 2-~31
D.C. Amplifier Stages V-1101, V-1102,
Simplified Schematic Diagram ............... 2=32
Audio Amplifier Stages V-1103, V-1104
and V-1105, Simplified Schematic
Diagram ....ooovimiviiiieiniicenirecneninn 233
Monitor Circuit V-1110, Simplified
Schematic Diagram ..ccccemvivimninnriniennns 2=34
Tone Oscillator Circuits V-1106 and

V-1107, Simplified Schematic Diagram.. 2=35
50-kc. Limiter Stage V-1201, Simpli-
fied Schematic Diagram .......cccooiveenieees 2=36

Discriminator Drivers V-1202, V-1203

and Discriminator V-1204, Simplified
Schematic Diagram ......coocoeemiieiiiis cienees 2=36
D.C, Amplifier Stages V-1205, V-1206,
Simplified Schematic Diagram ................ 2-38
Mark Detector Stage V-1210, Simplified
Schematic Diagram .......ccccovveeiiiiieinnnenees - 2-42
Frequency Control V-1209, Simplified
Schematic Diagram .........cccce.ce. everreraas 240
Oscillator V-1208, Simplified Schema-

tic Diagram .....ccceevvniiiniee e 240"
R.F, Amplifier V-1207, Simplified

Schematic Diagram ......ccoceeevveeciniiinnieee 2—-41
Oscilloscope Circuits, Simplified

Schematic Diagram .......cccavimiiniinininne. 242
CONS Amplifier V-1217, Simplified

Schematic Diagram ........c.cooeiiiiiinainnnnen. 2—-42

Combining Diode Stages V-1301,

V-1302, V-1303, V-1304, Simplified

Schematic Diagram ........cccoooiiniininnnee. 244
Mark-Space Combiner Stages, V-1305,
V-1306, Simplified Schematic Diagram.. 2—45

D.C. Restorers V-1310, V-1318, Sim-

plified Schematic Diagram .................... 2—-46
Drivers V-1311, V-1319, Simplified

Schematic Diagram ..ococcveininnnnnnn. 2—46
Flip Flops V-1312, V-1320, Simplified
Schematic Diagram ...cccocoovviiineiinniinian, 2=47
Flip Flops V-1313, V-1321, Simplified
Schematic Diagram .....cccocoovniniininnicn. 2—48

D.C. Amplifier Output Stages, V-1314,
V-131s, V-1316. V-1322, V-1323,

ORIGINAL



AN/FRR-24
THEORY OF OPERATION

RES TRICTED
NAVS HIPS 91 580

Section 2

illus trations

LIST OF ILLUSTRATIONS (cont'd)

Figure Page

V-1324, Simplified Schematic

Diagram ...t e 2-49
2-~55 A.C. Circuits PP-590/FRR-24, Simpli-

fied Schematic Diagram ......cccccevnnniinns 250
256 Filament Control Circuits PP-590/FRR

-24, Simplified Schematic Diagram ........ 2-=51
2-57 Plate Control Circuits PP-590/FRR-24,

Simplified Schematic Diagram ............... 2-52
2-58 Rectifiers V-2001, V-2002, V-2003,

Simplified Schematic Diagram ............... 252
2-59 Positive 210-volt Regulative Circuit

V-2004, V-2005, V-2009, V-2010,

V-2011, Simplified Schematic Diagram.. 2-53
2—-60 Voltage Regulators V-2006, V-2007,

V-2008, Simplified Schematic Diagram.. 2-54
2—61 Voltage Regulator V-2012, Simplified

Schematic Diagram ....ccooooveiiiiiinnninns 2~55
2-62 A.C. Circuits PP-648/FRR-24, Simpli-

fied Schematic Diagram ...l 2-55
2-63 Positive 300-volt Regulative Circuit

V-2204, V-2205, V-2206, V-2212,

V-2213, V-2214, V-2215, Simplified

Schematic Diagram ....cccooviviiiiniininniin. 2-56
ORIGINAL

Figure

2-64

2-65

2-66

2-68

2-69

2=70

2~71

2=72

2-73

v Page
Negative 300-Volt Regulative Circuit
V-2207, V-2208, V-2209, V-2210,
V-2211, Simplified Schematic Diagram ..
A.C. Circuits PP-649/FRR-24, Sim-
plified Schematic Diagram .........ccceeen...
Positive 300-Volt Regulative Circuit
V-2104, V-2105, V-2106, V-2107,
V-2109, V-2110, V-2115, Simplified
Schematic Diagram ....cccccovveiiireniniennnne,
Positive 210-Volt Regulative Circuit
V-2111, V-2112, V-2113, V-2114, Sim-
plified Schematic Diagram ...........c......... 2~59
Power Distribution Panel S3-141/FRR-

24, Schematic Diagram ......cccccceevninnnnnne. 2—-60
Control Panel SB-142/FRR-24, Sche-

matic Diagram .......ccoooiiini i, 2-63
Patch Panel SB-138/FRR-24, Schema-

tic DIagram .ocoeevieriieiiiiiiiieie e es e 2—-64
Patch Panel SB-140/FRR-24, Schema-

tic Diagram ..ocoovveiiinieincini e 2—-65
Patch Panel S8-169/FRR-24, Schema-

tic Diagram ......cccoiiiinieniiniiini e, 2-66
Patch Panel SB-143/FRR-24, Schema-

tic Diagram ...coccoooiiiiiiniiie e 2-67

RES TRICTED SECURITY INFORMATION i




AN/FRR-24
THEORY OF OPERATION

RESTRICTED
NAVSHIPS 91580

Section 2
Paragraph 1

SECTION 2
THEORY OF OPERATION

1. GENERAL DESCRIPTION OF CIRCUITS.

The AN/FRR-24 Radio Receiving Set is a double-
superheterodyne type diversity
The complete receiv-

conversion receiver
contained in four rack cabinets,
ing equipment consists of a group of three radio re-
ceivers together with the switching-combining circuits
necessary to teceive the following types of signals in
single-channel, space or frequency, dual or triple di-
versity operation:

a. Double-sideband radio-telephone.

b. On-off keyed radio telegraph.

c. Frequency-shiftkeyed telegraph (to operate single-
channel teletype and/or up to four-channel multiplex).
An LF. output circuit is available for connection to
suitable auxiliary apparatus to permit reception of
single-channel facsimile and telephoto signals employ-
ing frequency-shift of the radio-frequency carrier.

The equipment is made up of several major units
which function as follows:

Control Panel $SB-142/FRR-24 -- provides a means for
selecting the frequency range to be used and the meth-
od of first frequency converter excitation i.e., local or
external oscillator.

Amplifier-Converters AM-450/FRR-24 through AM-
453/FRR-24 -- amplify the incoming R.F. signal and
heterodyne this signal to an output intermediate fre-
quency of 1750 kilocycles.

Frequency Converter CV-126/FRR-24 -- provides an
intermediate step in sharpening the broad selectivity
and converts the 1750-kc. intermediate frequency ob-
tained from the Ampl :r-Converter units to the sharp
selectivity and 50-kc. intermediate frequency of the
Filter Assembly.

Filter Assembly F-99/FRR-24 -- determines the final
bandwidth and I.F. selectivity before demodulation,

Amplifier-Detector AM-454/FRR-24 -- provides the
major portion of the receiver gain without adding ap-
preciably to the selectivity.

Amplifier-Detector AM-439/FRR-24 -- provides a
means of aurally monitoring each bay. A crystal os-
cillator incorporated in this unit makes possible criti-
cal zero beat tuning.

Patch Panels SB-138/FRR-24, SB-140/FRR-24, SB-
143/FRR-24 and SB-169/FRR-24 -- provide the means
for interconnecting various circuits emanating from dif-

ORIGINAL
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ferent units for a particular mode of operation. All
these connections are made by means of patch cords
associated with each Patch Panel.

Oscillator Assembly O0-131/FRR-24 -- provides a
means for crystal-controlled operation of one or more
Amplifier-Converter units,

Power Distribution Panel SB-141/FRR-24 -- distri-
butes AC power to the five Power Supplies.

Amplifier-Detector AM-440/FRR-24 -- amplifies and
detects the 50-kc. LF. signal from one receiver, pro-
vides a keyed D.C. output, andaudio output and also
provides a source of A.G.C, voltage.

AM-438/FRR-24 -- provides a
means of combining or selecting one of the outputs of
three receivers operating in diversity. This unit also
provides an audio output, a keyed D.C, output and a

Amplifier-Detector

source of A.G.C. voltage.

Frequency Shift Converter CV-127/FRR-24 -- converts
AM-454/
FRR-24, to Mark and Space voltages for application to
the CM-32/FRR-24.

Keyer KY-62/FRR-24 -- accepts a D.C, input signal,
amplifies this signal and provides a keyed audio tone
at its output suitable for transmission over land lines

frequency-shift signals, received from the

to equipment capable of operating from a 600-ohm

source.

Comparator-Keyer CM-32/FRR-24 -- receives the key-
ed D.C. pulses from any or all of the Frequency Shift
Converters CV-127/FRR-24, combines and amplifies
these pulses to a suitable level to operate a teletype-
writer or to be applied to Keyer KY-62/FRR-24.

Power Supplies PP-590/FRR-24, PP-648/FRR-24 and
PP-649/FRR-24 -- electronically regulated units utili-
zed to provide all necessary operating voltages for the
AN/FRR-24 Radio Receiving Set.

2. MODES OF OPERATION.

The AN/FRR-24 Radio Receiving Set is a very flexi-’
ble equipment in that it may be arranged in numerous
ways to receive the type of signals outlined in preced-
ing paragraph 1. The method of arranging the equip-
ment in these various ways is accomplished entirely by
means of front-papel controls and by suitable patching
on the four Patch Panel units, Figures 2—=1, 2-2 and
2—3 are overall functional block diagrams. Each dia-
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A.G.C.oUTPUT

_______________ -
Z2-902 V-903A |
6KC 172 6ALS
AUDIQ FILTER A G C DELAY |!
T |
|
2-903 V-9038 KEYED oO.C
06 KC 1/2 6ALS H—® oUTPUT
AUDIO FILTER NOISE LIMITER |
|
V-904 V-905 | EHONES.
6BA 6 6AK 6 H—TRANSMISSION LINE
IST AUDIQ AMP AUDIO OUTPUT J| AUDIO OUTPUT
4.6.C. oUTPUT
___________ ——
Z-902 V-903A
KC 172 6ALS |
AUDIO FILTER A G CDELAY |
|
Z-903 V-9038 I KEYED p.c

0.6 KC
AUDIO FILTER

1/2 6ALS

NOISE LIMITER ourpPUT

J

V-804
6BA6
1ST AUDIO AMP

V-3905

6AKE
AUDIO OUTPUT |!
-

Z-1006

>
c
[»]
oot

Z-1008
6KC
AUDIO FILTER

V-1003A
1/2 6ALS
SWITCHING DIODE

vV-1003B
1/2 6ALS
SWITCHING DIODE

V-1008
6ALS

SWITCHING DIODE

PHONES

AUDIo

F—>TRANSMISSION LINE

oQUTPUT

V-1009A
1/2 6ALS5
NOISE LIMITER

V~-1009B
1/2 6ALS
A G C DELAY

-
I
|
50 Ke.F 5. | v-1201
12AXT7
INPUT 7 50 KC. LIMITER
KY-62/FRR-24 |
oc s _V_HF. ______ v_ngz —————— v —m;—_—] ‘
KEYED OC 12AX7 — ce 6AK 6 |
INPUT D C AMP D C AMP AUDIO QUTPUT |, |
AUDIO
: ourpur}
V-1103 V=105
| 6AK6 6AKE |
| I1ST AUDIO AUDIO OUTPUT |, !
! i } | '
| V1106 V-1107 vVoii10 i |
J6 — 6AQS 6AQ5 i
| TONE OSC TONE OSC MONITOR OUTPUT | |
[ I oy — s e ———— J |
|
L
CV-127/FRR-24
-
i
!
v-t20l
50 Kc.FS.| V5ol
INPUT || 50 KC.LIMITER
|
"Ky-62/FRR-24 {
KEYED V-1101 V-1162 vV-1104 I
— 12aX7 — 6C4 5AKE |
pc. /vPUT || _D € AMP D C AMP AUDIO QUTPUTj}} , |
|
| ! OUTPUT |
vV-1103 V-i105 l l
| 6AKS 6AKSE
| 1 ST AUDIO AUDIO OUTPUT | |
| | :
| V-1106 V-1107 V-1110 |
646 Lo 6AQ5 6AQ5 I
Il TONE osc TONE OSC. MONITOR ouTPuT| | |
W\ = T | |
}
-
|
| CV-I127/FRR~-24
| KY-62/FRR-24 r
- e = == bl !
lkeYED V;A% V-l (l: 32 Vé ‘I\ ! r? 4 50 Ke.FS|
i ma— 6 -
'D,Ci/NPUTI D C AMP D C AMP AUDIO OUTPUT | I //vpu_or L :/2|A2x07|
l | | 'l s0 KE. LimITER
| |
‘g'B'g'GO I | V-i103 V1105 | 43%8”
6AKE 6AKE
1ST AUDIO AMP || : ST AUDIO AUDIO QUTPUT | |
| ' | |
v-loll ! : V-1106 v-1i07 V-II10 | !
SAKE ! 646 L—-c 6AQ5 64Q5 |
AUDIO QUTPUT |, | TONE 0SC. TONE 0SC. MONITOR OUTPUT_} |
e e e e e e e e e i e o —  ———— — — —
| |
1 |
| |
| ]
| |
| |
—— ] L

PHONES

TRANSMISSION LINE

AUDlo OUTPUT

CV-127/FRR-24

|

_______________________________________________ .
v-i2z02 Z-1204 ]
6AGS 180~ |
DISCR.DRIVER L P FILTER
V-1204 Vv-1205 vV-1206 |
6ALS — IZAXZAP b CecA«'awp |
DISCR DCA
V-1203 2-1205 | FS.KEYED
6AGS 00~ DC. OUTPUT
DISCR.DRIVER L P FILTER ]
* | OMZ32/FRR-24
¢ P : ! Es’“ﬂ V-1305 — — _ N
V=1213 v-1216 V-1215 V-i214 V-1210 0.C. 1M vV-130i > vV-1310 REN V-i312 V-13i3 v-13i4 !
{2 AX7 o ar2BEL pay 12AX7 k—— 2D2] GALS He 6ALS MARK Space 6ALS o] 12AU7 - 12 AUT o i2AUT 6 ANS
VERT AMP. o oRE Ty HORIZ. AMP HORIZ.SWEEP OSC. MARK DETECTOR | | PLCOMBINING DIODE COMEBINEE D C RESTORER DRIVER FLIP FLOP FLIP FLOP D C AMP |
[ ] l | I |
|
v-12Q7 V-1208 V-1209 K-1201 V-1302 V-1315 |
606 f—f 6AU6 L»—— 6 CONS, o 6ALS 6ANS
R F AMP 0SC | FREQ, CONTROL RELAY | I COMBINING DIODE D CAMP
|
T | | {
v-1217 | V-1303 vV-1316
12AU7 | G6ALS ca
CONS-AMP || 4 COMBINING DIODE D _C AmP !
________________ T T T == - __} FS. KEYED ]
1700 Kc. OUTPUT F.S. CONS. D.C. INPUT — Vo333 i
INPUT D REFERENCE DC.REFERENCE volAsgg 132
______________________________________________ N | VOLTAGE INPUT VOLTAGE OUTAPUT VR D C AMP |
v-1202 Z-1204 | |
6AGS 180~ | vV-1306 !
DISCR.DRIVER L P FILTER || v-1304 V2ATT v-1318 V-13i9 V1320 v-i32] v-i323 i
V-i204 v-1205 V1206 | | 6AL 5 MARK SPACE 6ALS —1 12AU7 - 12AU7 o 12AU7 6ANS
6ALS L 12AXT - 6Ca COMBINING DIODE COMBINER D C RESTORER DRIVER _FLIP FLOP FLIP FLOP D C AMP |
DISC D C AMP D C AMP | |
V-1203 Z-1205 F.S.KEYEL
6AGS 600 ~ rowr |
DiSCR.DRIVER L P FILTER || [pcourpy V-i324
N | 6C4
y ? | D C AMP
| L b e T i
V-1213 V-1216 V-1215 v-1214 vV-1210
12AX7 — 2BPL o —| 12AX7 S 2D2! 6ALS
VERT AMP CATHODE RAY HORIZ. AMP HORIZ.SWEEP 0SC. MARK DETECTOR
MONITOR |
7 | |
V-1207 V=208 V1209 K-1201 | D.C. REFERENCE
6J6 l— AUS 6J6 CONS.
R F AMP 0sC. FREG. CONTROL RELAY VOLTAGE INPUT
|
[
Vo217 !
12AU7
CONS.AMP }
_________________________ _§_ = =23
1700 K¢ OUTPUT F.5. CONS.
INPUT
_______________________________________________ .
V-1202 2-1204 |
DascsaAgg veR . pgloLﬁR | ~210V 6.8V -2I0V 6.8V -210V 6.8V +300V 6.8V -300v
. DRI - - - -
770 Vi&?s V;‘EQ | +2i0v |-i05v| | 12.6v  +210v|-108v| | 12.6v  +210v] -105v] | 12.6v  +210v 105V +300V 6.8V
6AL5 o I —
Disc D¢ Aame °.C.AMF 2-1205 ! F.S. KEYED e H“Eﬁv l [ lﬂ?ivl ] H l J
Ve"AZGC? 600~ | D'c. ouTPUT POWER SUPPLY POWER SUPPLY POWER SUPPLY POWER SUPPLY POWER SUPPLY
FILTER .C.
DISCR.DRIVER LP l“— |l PP-580/FRR-24 PP-590/FRR-24 PP-530/FRR-24 PP-649/FRR-24 PP-648/FRR-24
-
< v-1216 4 = ! BLONER 70 G Ti }o 70
V-[213 v-1215 V-12i4 vV-1210
Vo243 CATHzoaD Fé | ay k— MY o Y CALS Lte BLOWER BLOWER BLOWER BLOWER
VERT AMP ITOR HORIZ. AMP HORIZ. SWEEP 0SC MARK DETECTOR | |
£ l l | POWER DISTRIBUTION UNIT
Vo207 V-1208 V-1209 K-1201 | D.C.REFERENCE - -
646 K 6AU6 1 J ] ONS. I VOLTAGE INPUT SB-14i/FRR-24
R F AMP osc. FREQ.CONTROL RELAY
T I
v-t217 !
12407 ! a.c. INPUT
CONS. AMP i
_________________________________________ _%_ PR |
1700 Ke. OUTPUT F.5.CONS.
INPUT

TELETYPE
OUTPUT *2

FS KEYED
D.C. ourPUT

TELETYPE
OUTPUT <1

F.S5. KEYED
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