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GUARANTEE

The equipment described herein is sold ander the followiag guarantieel

Coilins agrees to repair or replace, without cbarge, any equipmesnt, paris or accessories which
are defective as to design, workmanahip or material, and which are returaed to Gollias at its fac-
tory in Cedar Rapids, Towa, traasportation prepaid, provided that the foregoing shall not be applic-
able to.

la? PBguipmeat or accessories as to which notice of the claimed de-
fect is not given Collins within one year from date of delivery

{b} Eguipment and accessories manufactured by others than Collias,
tubes and batteries, all of which are subject only to such ad-
justmezt as Collies may oblain from supplisr thereof;

{c) Equipment or accessories which shall fail 1o aperate iz a tormal
or proper manier due Lo exposure to excessive moisture inthe atl-
mosphere or otherwise after delivery, ausy such failure not being
dezmed a defect within the meaning of the foregeing provisioas,

Collims further guarantees that any vradio traasmitler described herein will deliver fall radio
frequency power outpust at the astenns lead whes connected to a suitable load, but such guarantee
shall not be comstrued as a guarantee of any defimite coverage or range of said apparatus,

The guarantee of these paragraphs is void if equipmeni is altered or repaired by others than
Collins,

Notice of any claimed defect must be given to Cplliass prior to return of awny item. Such notice
mugt give full information as 1o nature of defect asd identification {including part number if pos-~
siblel of part cossidered defective., Upon receipt of such motice, Collins will promptly advise re-
specting returns of equipment, Failure lo sacure our advice prior to the forwardirg of goods for re-
turn may cause unnecessary deliay in the bandling of such merchandise.

No other warranties, expressed or implied, shall be applicable to said equipment, and the fore-
going shail constitete the Buyer's sole right and remedy uwader the agreemenis ia this paragraph coa-
tained, Im no event shkall Cogllias have any liability for comsequential damages, or for loss, damage
or expense directly or indirectly arising from the wse of the prodacts, or any inability to use them
either separately or is combination with other eguipmeni or malerials, or from aay cause,

HOW TO ORDER REPLACEMEHT PARTS

¥hen ardering replacement paris, Jyou sbould direci your order as isdicated below and Iurrish
the followirg information iasofar as applicable:

Address: Lollinms Radio Company
Sales Service Department
Cedar Rapids, Iowa

Information Feeded:

i3 Quantity reguired

{B} Part pamber of item

{C]  Item number {obtais from Parts List or Schematic Diagraml
(b} Type number of unit

tE]  Seriasl sumber of uwpit

{F} Serial number of eguipment

HOW TO RETURM MATERIAL OR EQUIPHENT

If, for any reason, vou should wis return maierial or eguipmerti, whether uader the guaran-
tee or otherwise, Fou should sotify ugy ‘iag fall garziculars incleding the details listed below,
insofar as applicable. Upon receipt of Such notice, Uclliss will prompily advise you respecting the
return, Failure to secure our advice grzor tothe forwarding of the goods or failure to provide full

Zpartlculars may CauSe UNDECRBA3ATY delay im- ﬁaﬁdllng of vour returned merchandise,

Address: Colliss Radio Company
Sales Service Deparimesnt
Cedar RaﬁidS, Towa

Ipformatiosn Needeé

{) Date of delzverv of eguipment
{B) Date placéd ifi sérvice

[C) Nuomber of Bodfs in service
IDY Pary pumberiofitem

YE) Itemonambeér lobidin from Parts List or 3chkematic Dxagram}
{F1  Type-dumber ©f . wzit from which part is removed
! Seriaildumbericl unit

) Serfial numberis? the complete eguipment

To Watdreet faiince

1 Casselofs fallure'
'} Eemarks' :
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GINERAL PESCRIPTION

SECTION 1

GENERAL DESCRIPTIOH

1.1, GENERAL,

lolede PURPOSE UOF BOOK, = This instruction book has been prepared ta assist

in the installation, operation, and maintenance of the Colling 51J-3 Radio
Communications Recsiver,

1.1.2, PURPOSE CF EQUIPMENT., - Collins 517-3 Receiver is designed for

communiication applications which require the highest order of stability and
dial accuracy. Under ncrmal operating conditions, the receiver tunes the
range of C,5 to 30.5 me with a normal setting error and drift of lsss than
1 ke at any freguency wibhin its range. Designsd primsrily for amplitude-
modulated and continuous-wave reception, the accuracy snd stability of the
receliver also make it suitable for applications where 1% is desired %o
receive or set definite frequencies without searching or frequent adjusting.

l.1,3, DESCRIPTION.

{a) MECHANICAL, ~ The 51J-3 receiver is constructed in a panel and
ghelf assembly designed for mounting in a standard rack casbinet. Oversll
dimensions are 19 inches width, 10-1/2 inches panel height snd 13-1/2 inches
depth behind the panel, Damage from dust and other foreign matter is
prevented by s dust cover which fits over the top of the chassis,

The following controls are located on the front panel:

B-F GAIY CRYSTAL PILTER SELECTIVITY
AUDIC GATH CRYSTAL FILTER PHASING

BFD ON=0FF OFP-STANDBY-0N

CALIBRATE ON-OFF MEGACYCLE TUNING {BAND CHANGE)
BFO PITCH KEILOCYGLE TUNING

AVC ON-OFF ZERC ADJ.

LIMITER ON=OFF METER QUTPUT-INFUT

ANT, TRIM CAL. {100 KC ADJUSTMENTS)

The funing range of .5 to 30.5 me 1s divided into 30 bands, each
one megacycle wide., Bands are selected by the BAND CHANGE knob and in=-
dicated by & slide-rule type disl calibrated al one~tenth megacyele
{100 ke) intervals. The kilocycls tuning control covers each of these
megacyele Intervals with ten turns of a 100-division circular dial calw
ibrated at-ons kilocycle intervals. 7The stability of the receiver is
consistent with this finely divided calibration evern at the highest fre-
usnceisds g

A four-ohm headphone jack and a 600~ohm speaker jack are pro-
vided on the froni penel. The antenns connsctor , 50-ohm i-f output

2019 1-1




GEHZRAL DESCRIPTION

commector, break-in relay terminals and four-chm snd 600-ohm sudic cutput
terminals are provided on the rear, Also, a heavy duly a-c power cord
extends from the resar of the chassis,

{b) ELECTRICAL, - Where advantageous, the 51J-3 Becsiver uses single,
double or triple conversion in tuning the entire freguency spectrum of .5
to 30.5 me, Eighteen tubes, three of which are dual tubes, are smployed in
the receiver., With the exception of the rectifier tubse, all are of the
miniature type. The tuning renge is divided into 30 onammebac /cle bands by
g system of switches and colls that are parts of the r-f amplifier and first
mixer circuits., Bands are changed by moving powdered ircn slugs into the
coils in ons megacyeles sbeps until the colls! inductance 1limits are resched,
then chenging coils and repeating. Tuning involves posiitioning these slugs
within the one-megacyels intervals, Injection voltege for the first mixer
is obtained from either the fundamental or the harmonic oulput of an oscile
lator, the frequency of which is controlled by one of ten quartz crystals
selected by the BAND CHANGE sontrel. The kilocyele tuning control drives
a vernler disl ecalibrated in 100 one-kilocycle divisions, This control
operates through a differential mechanism to move the slugs in the ceils
until they cover the range between the one megacycle band change steps, Thus
the BAND CHANGE control selects colls and erystals and roughly positions
the tuning slugs, It also selects one of two ranges of the variable i-f
channel and tunes the selected I-f coils along with the r-f coils,

hat the

Crystal freguenciss for first mixer injection ars so chosen i}
Frequency produced Q; the Plfsﬁ mizsr siways falls in either the 1,

2.5 me or the 2.% to 2,5 me range of the variable i-f channel,

t:)
5%

Excepiions fo the operation Just described are bands 1, Z and 3. Band
1{.5% %0 1.5 me} uses an intermediate mixsr beiween the first nixer and the
variable i-1 coiis, ?him mixer ascepts Ffrequencies in the range of 10.5 to
11,5 me from the first mixer, These freguencies are produced by applying
to the first mixer a 12 me signel from the crystal oscillator. This
osecillator also appiles an B mc voltsge to the band 1 mixer to produce a
signal within the range of fthe i=f shannel thal tunes from 2.5 to 3.5 mso.
Bands 2 and 3, which cover 1.5 %0 2.5 me and 2.5 to 3.5 me respeciively,
are identical in span to sach channel of *he yarishle freguendy i-0 coils:
thus they feed through %o the second mixer without utilizing the first mixer.

Following the variable 1,7, and the second mixer are the crysial

fiiter and a thres-stage fixzed Intermediasts~frequency amplifier, OLon=-
version to the fixed 1.f, of 500 ko is accomplished by injecting into the
second mixer a 2 to 3 mo sigasl from 2 Collins 70E-15 oscilliator. This

oscilletor signal combines with either of the two varlabls intermedisztes
frequeQGLea 1.5 t0 2,5 and 2.5 03,5 mc, to produce the difference fregquency

500 ke, The 70B-15 oscillator is tuned by the kilosyele tuning conirel

in siep with all other circuits,

1=2




GENERAL DESCRIPTION

Stability of ths 70E-15 oscillator is assursed by femperature~cole
pensated components operating in a sesled and molsture-~procf housing.

Separate rectifiers are used to produce automatic volume control
and audlo voltages. D-C amplification of the automatic volume control
voltage is provided to obtain essentially uniform input to the detéctor.
Audic power output is held within 3.5 db over signal input voltage ranges of
five to 125,000 microvolts at the antenna terminals. A series type noise
limiter ¢lips modulation at 30 percent., This allous good reception in
the presence of sirong noise pulses,

1,2. VACUUM TURBE TABLE,

The following table lists the tubes employed in the circuits just
described.

SYMROL TURE

DESTIGNATIOR TYPE FUNCTION
V1ol OAK 5 Radio-frequency amplifier
V102 6BES First mixer
V103 6BEC Band 1 mixer
V104 6BA6 Calibration oscillator
V105 6AK 5 High-freguency crystal oscillator
Y106 6BED Second mixer
107 6BAS First 500 ke i-f amplifier
V1.08 ERAG Second 500 ke i-f amplifier
V109 . 6BAS Third 500 ke i-f amplifier
Vii0 I28%7 Detector and A.V.C. rectifier

viit 1R2E0G7 A.V.C. amplifier and i-f output
S cathode follower
Holse limiter and first asudio amplifier
Audic power amplifier
Beat frequency oscillater
Power rectifier
Voltage regulator
Variable freguency oscillator
Oscillator iscolstion amplifier

..; &?1$2

n megacyclss and kilocycles

niform bandspresad

calibration at roomismperatire is within 300 cops
nearest 100 ke calibration point is used to
5t the Tidueial,




GENERAL DESCRIPTION

TEVPERATURE RANGE: ~20°C to +60°C
SENSITIVITY: Band 1 - Less than 15 pv gives 1 watt with 10 db s/n
Bands 2 o 30 - Less than 5 v gives 1 watt with 10 db s/n
SELECTIVITY: Totel bandwidth is 5,5 to 6.5 at 6 db down and 17 to 20 ke at
60 db down, With crystal filter in, total bandwidth is 0.2 ke
2t 6 db down and 12 ke at 60 db down.
SFURIOUS FREQUENCY RESPONSE: Down at least 40 db
AUTCMATIC VOLUME CONTROL: Less than 3.5 db increase in audio power outpubd with
: an increase in r-f signal from 5 to 125,000 BV
S5 METER: Meter calibrated in 20, 40, 60, 80, 100 db above AVC threshold and
=10 to +6 db audic level with & mw as refersnce
NCISE LIMITER: Seriles type ahead of the first audio stage
AUDIC POWER OUTPUT: 1-1/2 watts at 1000 eps with less than 15% distortion
AUDIO FREQUENCY RESPONSE (overall)s Not more than 3 db at 200 cps and not
more than 7 db at 2500 cps
AUDIO CGUTPUT IMPEDANCE: 4 and 600 ohms
I=F QUTPUT IMPEDANCE: 50 ohms
H-F INPUT IMPEDANCE: Designed to operate into a high impedance whip or
single-ended antenna
POWER REQUIREMENTS: 85 watts at 115 volts 45/70 cps. Same power
required when recomnected for 230 volt 45/70 cps
operation
DIMENSIONS: Panel - 10-1/2 inches high, 19 inches wide, noiches for standard
rack mounbting
WEIGHTs 43 pounds

Tead,




seked in g number

sullins 51J-3 receiving equipment is p

el 7 for a 1list of all sguipment

) T T to avoid damaging the cone
tents, e the packing 1, =& fully 1if% the units out of
the carions, Search all packing ﬁﬁﬁa?iai for bma¢i parcels, Extra pilod
iight bulbs and fuses are suppiied with sach equipment, Inspect each unit
for locse screws and bolits, Meke surs that*?i.ﬁoatrajs uuch s switches
and dials work pre c-?vg 417 sims for damage should i fii@d promobly

Ef a2 claim iz to be i' ed, the original

with the transp
&1 be preserved,

packing cass

2.2, IHSTALLATION |

Zefgto GENERAL . ~ The rsceiver should be mounted in a standard wack Outem
line and mounting dimensions are given im figure 2-1, The front panel is
slotted for mounting st 1=1/2, 3=-3/4, 63 inches from the bottom.
Panel height is 10-1/2 inches and panel wl g 19 inches,

When
sonvenion

o ;
Cand to convan

ing a positilon for the receiver, give consideration to
antenna and ground connections, to placement of cables
servicing the sguipment, Rear pansl connections are

shown in figa
 Zedels i1 SQ%&&GTZM# - ﬁ@%ﬂuﬁ% E cable from & kigh impedance whip
Qar 5 ﬁi la ‘ﬂﬁﬁ antenns’ Eﬂ au?@nﬁa

ack Ji01 on rear panel. [f the re-
-3 tr&q%mﬂiter? the v-T input circuitl

in reley B101 to operate when the
cblons zire describsd in parse

N
Ea
i.m

neh diameter audio output jacks
ignated PHONES and the other

nd 600 ohms respsctively. An audio
eax panel., Terminal G is a ground
outputs of 4 and 600 ohms ime
*13@&@& in paralle; wlth the FHONES

(3

-200 millivolt, 50 ohm, 500 ke i-f

4 o hhe rvesr panel,




. INSTALLATION

2.2,5, REMOTE STANDBY CONNECTIONS. - Break-in relay comnections are availe
able at terminal strip E101 at the rear of the chassis, Terminals are

marked 1, 2 and 3. Terninzl 1 is connechtaed to receiver ground. Terminsls

= and 3 are connected to the break-in relay coil, which is rated at 8.5

dwe volis and 135 ohms dec resistance, During operaticn, terminals 2 and 3
are usually connecied to 2 set of normally closed contacts on the carrier
control relay of & transmitter in order to silence the receiver during trans
mission. When the break-in relay coil is energized, one pair of contacts
shorts the antenna %o ground; another pair, connected in series with & section
of the OFF-STANDBY-OF switch, remcves plate voltage from the three i-f
amplifier stages. In STANDBY position, the OFF-STANDBY-ON switeh also re-
moves plate voliage from the i-f stages,

2:2,6. POWER CONNECTION, — Make power connection by using the rubber -
covered cord thal is permanently attached at the rear of the chassis., This
cord is six feet long and is equipped with a standard a-c plug. The power
source mist supply 85 watts at 115 volts, 45/70 cps. If 230 volt operation
is desired, reconnect transformer T8 by removing the jumpers between
verminals 2 snd 4 and between 1 and 33 then comnect & jumper between termi-
nals 2 and 3,

2.2:7, TUBES, - Before turning on the equipment for the first time insvpect
the tubes, Be sure that they are in their correct positions, znd that they
are Dirmly sested in their socketis,

2.2.8, FUSE, - The fuse is located on the rear of the chassis, It can be
removed for inspsction by turning the cap of the fuse post to the lefit and
pulling straight up until the cap and fuse come free, This fuse should be
the slow-blow type, with a rating of 1.5 amperes,
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ADJOSTMENT AND OPERATION

SECTION 3

ADJUSTMENT ARD OPERATION

3 o l 2 ADJ’HSTE’%E‘]T o

3edlolo GENERAL, —~ Other than zercing the S meter no p
adjustmentq are necessary. Should the S matar requlre zeroi ngg turn tbe
recelver O, BFO OFF, AVC ON, and the 100 KC CRYSTAL OFF; then turn the
BF G&IN Llly ciovxwﬁseu Short the antenna terminals; ben turn the
meter zeroing control until the § meter reads serc., Refer to figurs 5«1
for locatlon of this conirol, 4

¥r

3.2, CPERLTION, v

3e2ele FUNCTION OF CONTROLS, ~ Operation of the 517=2 receiver is exe
veedingly simple if the functioning of the controls is understood. The
following parageaphs explsin the funciions of controls on the receiver's
front panel,

[y

{a) OFF-STANDBY-ON, - In the OFF position, this control opens the
primary power cirecult to turm the eguipment completely of f, Tn the STAND-
BY position ihe power transformer is excited, thus producing filament
voltage for all stages and plate voltage for 91¢ except the threse i-f
amplifier stages. In the ON position the rsceiver is completely operative,

{b) RF GAIW. - The RF GATN control is located in the srid return
circuit of the ave controllsd. tubss and is operative at all times. I
._varies the amount of ibxed O]aS giaced upon the grids of these iubes,

b

\ ¢} AUDIO GAIW, @AY IG u&iﬂ contrel is locatsd in the grid
gc;rcaif of %the ?1rst ﬁuéiﬁ amnlifzer amﬂ is Gpufative at all times., It
: 51 the @Wid op *%is ﬁube, and

af the 30 bands may be selected by 1/2
cthis knob. 4 stiff detent accurately

:cﬁ@sfon gach band,

ig on the slide-vule type dlal.
ach of which squals one full

i to 295 me acd 2.5 to 3.5 me
iaiag & rad zcale on ithe KILOGYDLE
“Lhege ba_dso Begimning with 3.5 mc
3297 ne are indicated by green stripes
ter on the MEGACYGLE dial is operated by




ADJUSTMENT AND OPERATION

the KILOCYCLE control while the scale is changed by operstion of the BAND

MIT TR : ]
CHANGE control,

°} KILOCYCLE, —~ The KILOCYCLE dial is the main tuning control on the
cgiver, Each division on its circular face represents cne kilosycle.

division of the MEGACYCLE scale., To read the tuning dials, merely combine
the figures of the MEGACYCLE disl with those of the XKILOCYCLE cial, thus
artiving at the freguency in kiloeycles, For example, a reading of 14,1 on
the MEGACYULE dial ang of 78 of the KILOCYCLE dial indilcates a frequency of
14178 ko, The XKIIOCYCLE scale for the 1.5 to 2.5 and 2.5 to 3.5 me bands is
in reverse order to ithe scale for the rest of the bands, and 18 printed in
red similar Yo corresponding scales on the MEGACYCLE dial,

{g) ZEBD ADJ, - The ZERQO ADJ moves the indicator line on the KILOGYCLE
control 8 few divisions in either dirsction for calibration purposes., The
~ receiver may be calibrated against elther any receivable station whose fre-
gquency is known or the Internal calibration oscillator. This oscillator emiis
a harmonic every 100 ke in the tuning spectrum. An example of how the re-
ceiver may be calibrated using this oscillator follows, If the desired
gignel is abouit 14100 ke, turn the 100 KC CRYSTAL CN end the BFO ON. Next,
using the KILOCYCLE knob, tune o zero beat with the 100 k¢ marker at 14100
ko, Then move the ZERO ADJ control until the hair line is exactly on 14100
kz. The dial reading in this region is now vary accurate, and the recelver
mey be seit wilthin s few hundred sycles of the desired frequency.

S i

HOTE

e R R e R R

WHEN RBADING THE FREQUENCY OF AN INCOMING SIGNAL,
THE BFO PITCH CONTROL MUST BE LEFT IK THE SAME
POEITION A5 IT WAS WHEN THE RECEIVER WAS CALIw

T IR
BHATED,

4 ien division scale (five divisions either side of center) is
engraved on the lower edge of the escuicheon opening for the KILOCICLE dial,
and is used to log the calibrated position of the hsir line on the various

¥

bhands in ileuw of recsllibrating esch Lime the band is used.
{n} METER INPUT-OUTPUT. »~ The METER switch is 2 momeniary spring-
return type toggle switeh. In the normsl or INPUT position the meter is

connected as an 8 meter, In the OUTPUT position, the meter is comnected in
the audio cutpult circuit as z db meler.

{4} BFD QFF=0N. - In the ON position this control turns ON the beal
frequency oscillator for CW reception, TIn the OFF posiition, it grounds the

2017
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ADJUSTMENT AND OPERATION

sceraen grid of the BFD tube.

{3} BFO PITCH., = The BFO pitech control wvaries the fregusncy of the
e beat frequency oscillator to change the pitch of the audio tone which is
produced by combining the BFU signal with the incoming signal. 4 range

of about £ 3 ke minimum can be obtainsd with this control,

(k] CALIBRATE OFF-ON. - This switch is in the cathods circuit of
100 ke crysital oscillator tube V104 and turns the 100 ke oscillator ON
or UFF. For an explanation of how to use the oscillator, see paragraph
(g) above.,

(1) AVC QFF-ON. ~ This switch turns AVC ON or OFF. In most cases
AVC should be ON for both AM and CW reception, but may be turned OFF for
CW reception if desired.

{(m} LIMITER OFF-0N. = The noise limiter is ussful for bobth AM and
OW reception., When noise 1s not a problsm, turn tnu LIVET to OFF, as
the distoriion will be less in this posifion. When noise of the impulse
type is belng received, turn the LIMITER to ON. Adjustment of RF and
AF gain controls is necsssary for best CW noise limiting.

{n) CRYSTAL FILTER,

SELECTIVITY, ~ In position O of this control, the crystel filter
is not used and selectiviity is determined by the receiver's tuned circuits
- alere. In positions 1 through 4, the crystal filter is in the clreult,
o+ the selectivity being inecreased 45 position 4 iIs approached. Positien 4
. ..g1ves 8 bapdw;dth of abgqt 200 CpS at & db down., oo

the control 1s properly
If s high freguency
vOﬁtro back and
If the

1recap 1om move uhe

 Her'1s calibrated in 20, 40, 60, 80 and
esding r-f input, When readlng audio
rom 10 to +6 db, zero reference being

“dccurate, Tpis oscillator freguency
mits by turning the CALlcontrol with a
Jean be obtained by turning 0169, located




CIRCULT DESCRIFPTION

SECTTON b

CIRCULT DESCRIPTION

%.1ﬂ MECHANICAL DESCHIPTION

4,1.1. BAND CHAEGE - Collins 51J-3 Receiver covers the freguency range
of 0.5 to 30.5 me in 30 bands: 0.5 to 1.5, 1.% to 2.5, and so on up to
30.5 me. Each band is one megacycle wide. Clrcuites affected by band
changes are the r-F amplifier grid, first, =econd, and third mixer grids,
crystal zelector, and crystal hsrmonic tuning circuits. The third mixer

—

is switched in only on band 1 (.5 to 1.5 me). See figure L-1

Operations involved in the changing of bands congist of seleclting
the proper coils in fhesge circuits by means of tap switches and changing
the position of the r-f smplifier and first mixer slug tables. All stages
are permeability tuned by powdered iron slugs. The r-f amplifier and
firet mixer slug tables change position a Tull megecycle in tuning each
time a band is changed. This ig true of all three slug tables, which tune
L1CGL through L113. However, the tap switches select the proper set of
coils for the freguency degired.

Slug tables are driven from two zources: the main tuning knob and
the BAND CHANGE knob. These two driving sources are connected to the slug
_tables through a differential gear mechanism. Thig is necessary since the
coils for bands & to 7, 8 to 15, and 16 to 30 cover these tuning ranges
ﬁ;w1tﬁ one complete excurgioh of the tuning slugs. Tor instance, the band
Lk tc T siug table LTunes its: agsociated colle through four megacycles; in
L one megacyele jumps when operateé.by the BAND CHANGE knob, and in complete
" lcoversge in between when opérated by the tuning knob. An interesting
:featufe of the dir erentlal géarlng ig its ability to combine the move-
m sjaf the two driving sources =0 that the slug table is moved exactly
one megacyc?e in pach.band change,- The other glug tables operate similarly
shiko 7 table,.exce@ﬁ that the band 8 to 15 table tunes 1is ssscciated
-through 8 mc, &n& the hanﬁ Aé to 30 table tunes its assoclated coils
- ug tabies are moved simulibasneously by means

{ucouﬁLer This overtravel coupler drops the
nﬁ#a&es to operate oae pogition for each band

- BAND -EﬁﬂCE kn@b throngh the overtravel shaft and shaft G.




CIRCUTT DESCRIFPTION

s sre selected by the BAND CHANGE kncok through
G and K, variable i.f coilg L116 through L119

: ullS on these bands. On bands 4 to 7, the colls

are selected by the BAND CHANGE knob through the overtravel shaft and shaft

4, and the positicn of the slug table is changed through shalts A, B, C, and . "

D. Om iﬁesp bands the gsme coils are used For each hand. Rand ehange is -

acoompllis by moving the buping slug in the colil an amount eguwal o one

meg acvsie freguency. The slug moves in the coil 0.2%0 inches for a one

meggoyole change. On bands 8 to 15, the r-f colle are changed by the over-

travel shaft and shaft G, and the position of the slug teble is changed one

megacyele per band through shafts A, B, C and D. The movement of the slug

table for a one megacycle change is G.l25 inches. On bands 16 4o 30, the

r-f coils are switched through the overtravel sghaft and shaft § to pogition

16 where the band switch remains for bands 16 to 30 while the overbravel

coupler allows shafh @ to robate through to the thirtieth band. The slugs

in the »-f colls are driven through shafis A, B, C, and . The slugs Travel

30,0625 ineh x5 during band change. During operation on any besnd between

4 and 30 the wvariable i-T chanpel ig alternated from one variable 1-T to

the other By shalts G and ¥, Crystals ave selected by operation of the

BANMD CHANCE knob through the 15-position Geneva sysbem and shefis G, H,

and 1.

h,1.2. TUNTHG, - A1l r-f, mixer and variable i-f coils, ag well as the
variable freguency oscillabtor coil, ere permesbllity-tunsd by powdered
iron coreg. While tuning, these slugs move in and out of the coils at a
rate determined by 2 cam or by & lead screw. Four slug racks or tables
are used in the 5iJ-3 receiver to perform the function of tuning the r-If,
mlixer and varisble 1-¥ 5tages, The group of three slug tables in the rear
portion QI the sgis nesg the r-f and first mixer stages when the receiver
ig opersting in the 3. 5 to 30.5 me freguency range ( bands 4 to 30)? The
Tourth slug table, located at the right hand edge of the receiver, tunes
the r-T stage, the first mixer grid, the third mixer grid and the variable
T coils when raﬁeiving in the range G.5 te 1.5 me. It tunes the r-T
tage and variable 1-7 coils L11S and L1180 when receiving in the range
QS to 2.5 and 2.5 te 3.5 me. When recelving in the ranze 3.5 to 30.5 ne,
this ajug table tunes Snl the variable i-f coils 1116 and L1138, During
tuning, positions of the slug tables are varied by a system of gears and
cams; ses Tigure 4-2. On band 1 (0.5 to 1.5 mo) coils L1101 and 1110 are
tuned uﬁf@ﬁgﬂ this freguency range by the main tuning koob Lthrough shafts
A, B, T and E. On bands 2 and 3 (2.5 to 1.5 and 3.5 to 2,5)} tuning is
dome by the main buning kneh through the same shafts -- A, B, € and E. On
band & to 7, the main buring knob tunes coils 1104k, L107.and L1311 over one-
Fourth of thelr tuning range throwgh shafts A, B, C and D and the differ-
tial shafts. The BAHD CHANGE knob moves this same rack through shafts
G, C, D, and the differential In fouwr steps. Bach step is equal Lo one-
fourth of the coils’ tuning range and The shafts sre peositioned by means of
the detent. Thus L1004, L107, and L1111 are tuned in one megacyele steps by
the BAND CHANGE knob, snd belween thege steps are tuned by the maln tuning

Lop
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CIRCUTT DESCRIPTION

knob. On bands 8 to 15, coils 1105, 1108, and L112.are tuned through
shafts A, B, ¢, D and the differential. Bands 16 to 30 are also tuned
through shefts 4, B, C, D and the differential. Each of the two variable
freguency 1-T channels covers one megscycle range and is tuned by mesns
of the main tuning knob through shafts A, B and E. The propsr channel

iz selected Dby the BAND CHANGE knob through shafts § and K.

L,1.3. FREQUENCY INDICATION. - The band on which the receiver is
operating 1z indicated on the drum dial that is rotated by the BAND
CHANGE knob through shaft G. The 100 ke divisions are indicated by a
pointer on the slide rule dial. This pointer is driven from the main
tuning knob through shaft A, Kilocycle divieions are indicated by the
riastic dial mounted on shaft A. Two scales are necessary on this dial
because bands 2 and 3 run in opposite directions., Mechanical stops are
mounted on the control shsfts to prevent overtravel.

Lh,2, EBEIECTRICAL DESCRIPTION.

L,2.1, QENERAL. - Collins $1J-3 Receiver is a complete coverage super-
heterodyne receiver capable of AM and CW reception in the frequency
range of 0.5 to 30.%5 megacycles. The get covers the tuning range in 30
bands, each band one megacyele wide. Various portions of the tuning
gpectrum use single, dual and triple comversion. Three stages of
intermediate-~fregquency amplification and a crystal filter produce the
desired degree of selectivity. The recelver also features a low
impedance AVC, & good noise limiter, two steges of audic amplification
and a 100 ke frequency spotter or calibrator.

The receiver employs dusl conversion on most bgnds and single or
triple on others in order to obtain full coverage economically with a
minimup of imesge and other spurious responses on all bands. Band 1, 0.5
to 1.5 me uses triple conversion, bands 2 and 3, 1.5 to 3.5 me, use
single conversion, and bands 4 to 30, 3.5 to 30.5 me, use dusl conversion.
Fach bpand is mumbered on the bhand¥s center frequency. For instance,
band 1 covers 0.5 to 1.5 me, baid 2 covers 1.5 to 2.5 me, and so on.

On band 1, where triple conversion is nscessary, an intermediate
ixer is employed betwesen the Tirst and second mixers used in the regulsr
dual conversion scheme. The 6.5 to 1.5 me carrier on band 1 is fed to the

firgt mixer where 1t Is beat against a 12 me gignal from the h-f crystal
osclilator %o produce an 11.5 to 10.5 me signal. This signal is beat
agalinst an 8 mc signal in the intermediate mixer to produce the variable
i.f. of 3.5 to 2.5 mec. The wvarisble i1.4. i3 then combined with the 3 to

2 me varisble oscillator cutput to prodoee the Fixed 500-kc i.f. On bands
2 and 3, the 1.5 1o 3.5 me carrier isifed directly to the second mixer
where 1t is combined with the same variable oszcillator output to produce

. the 500-ke fixed 1.f. On bands 4 to 30 the regular dual cornversion

. gchemwe is employed. On the even numbered bands the signal frequency is
oo beat against the high freguency oscillator ocutput to produce & varieble




CTROUTY DESCRTIPTION

Lo 5 me. On the odd numbered bands s variable 1.7, of 3.5 to
produced. The variable 1.f., is then combined in the second mixer
with the v.T.0. oubput to produce the 500-ke fixed 1.7. The detailed
operation of the various receiver circuits is oubtlined in the following
paragraphs.

4.2.2, RADIO FREQUENCY AMPLIFICATION, - Refer to the block diagram, Tigure
L3, Ope stage of radio frequency amplification is (VI101) used on all
bands. 4 type 68XK5 miniature r-Tf pentode is employed in this sbage be-
cause of its low noiss and good sensitivity characteristics abt high fre-
gquencies. The anbtemms iscapaciiively-eoupled to the grid of the r-7T
gtage on all bands, The r-f colls for bands 1, 2, and 3 are mounted in
the variable i-T gr@up antd are tuned by‘slugs mounted on the variable i-T
glug table which iz at the extreme right hand edge of the recelver as
viewed from the front. The colls for Gands 4 to 30 are clustersd at the
rear of the chassgis and are tuned by sluge mounted on the three r-f and
mixer slug tables,

When opersting in the American broadcast band (band 1), the plate
cirveult of the r-f tube is impedance-coupled te the grid circuit of the
first mixer tubs by resistor RIO5, capacitor (117, znd inductor L110. On
bands 2 snd 3 the pilate of r-f amplifier tube V101 is switched directiy
to primary colls of the variable 1-7 funer where additional selectivity
is obltained, s*ncle conversion being used on these two bands. When
operated on vands L to 30, the plate circultwof the r-f stage is tuned
and capacitively-coupled to the tuned circult in the grid of the first
mixer siaze.

L.2.3, WIXER STAGES,

(a) FI ¥R, ~- The first mixer stage consists of a type 6EE6
miniatur e tuke, Thie stage is used on bard 1 and bands L 4o
30 {0.5 4o 1.5 me and 3.5 to 30.5 me) bub not on bands 2 and 3 (2.5 %
1.5 and 3.5 to 2.5). In the range .5 to 1.5, the grid circuit of this
tubs is tuned by L1116, €318 and 110, Tn the range of 3.5 to 30.5, the

grid civeuit is capaclitlvely-coupled to the tuned plate ecireuit of r-f

stage ViOL. The plate cireunlt of Tirst mixer tube V112 is tuned to either

.5 to 1.5 me or 3.5 to 2.5 me, depending on which band between L and 30

iﬁg operated. However., this circuit is fumed to the 11.9 to 10.5 me

wrm when the receiver 1s timed to the American hroadcast band {band

Om bands 13 to 30, the heterodyning signal for the first mixer is
ained from crystal cscillator stage V105 through the proper crystal

OB 1ilauor pxat@ tuning ceils. On bands L to 12 po plate tuning coils are
da On bends 4 to 30 the” ouﬁ@aﬁfﬁf“%ﬁe Tirst wixer is always belbween

1.% 4o EnS me or 2.9 bho 3.5 me When uged on band 1, the Tirst wmixer is
fed a 12 mc heterodyning szg¢al from oscillator tube ViO5. The output of
the first mixer is 11.5 to 10.5 mCIWhLCh when mixed in the third mixer
with an 8 mc sigpal Ffrom The cryshal oScillath, vroduces = 3.5 to 2.5 me
Ll

2140
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voltage for presentation to the variable i-f coilsz. Qutput of the first
mixer is switched from the variable i-f coils to the grid of the third
mixer by means of switeh pies 85106 and 5107.

{b) SECOND MIXER STAQE. - The second mixer stage, V106, also
employs a 6BES miniature converter tube. Imput te this stage is always
zither 2.5 to 2.5 mc or 2.5 to 1.5 me from the varisble i-f coils Lllé/
1118 and Ll¢7/21¢9 The 3 to 2 mc output of the permeability tuned
oscillator is fed into the second mixer tube at grid number one 1o
heterodyne against the input signal to produce a 500 ke intermediate
freguency. Thie mixer sbage is always used Tor all bands.

{c) ‘I'HIRD MIXER STAGE. - The third, or band 1, mixer stage is
used only when receiving on band 1. A type 6BES miniature converter
tube 1s used in this applicstion also. Grid number 3 of this tube is
excited by a 11.% to 10.5 me signal from the plate clreuit of first
mixer tube V101, and grid number one is excited by a heterodyning 5 mc
signal from the crystal oscilletor. The output of the third mixer is
then 3.5 to 2.5 me, which is then™fed to the grid of the second mixer
through the varisble i~-f coils. This, of course, takes place only when
receiving on band 1 as this siage is not used on the other bands.

.ok, WIGH FREQUENCY COSCILLATOR. - The high freguency oscillator uses a
6AKS miniature pentode tube In a modified Colpitts oseillator circuit. No
tuned coils are needed to make the cirecull oscillate because in-phase
feedback woltage is produced aecross r-f choke 1120, Ten guartz crystels
are used to control the fregquency of the oscilliator output for the various
bands. At the minimum, each crystal is used for two adjacent bands, i.e.
1-2, 3-b4, 5.6 and so on. The harmonics of certain crystals are used also
for other higher bands. For instance, the & mc crystal used for bands

5 and 6 is also used for bands 13 and 14 by utilizing its second harmonic
at 16 me. In those instances where harmonic operation is used, a tuned
circuit picks off the correct harmonic. This tuned cireult is in the
rlate clrcuit of oscillator tube V105 and consists of the primary coil of
1121 and a number of tuning capacitors. The latter are gelected For the
proper band by switch pile 85108. The secondary of coil L121 is tuned to
.8 me and is used when operating on band 1 to furnish the third mixer
“oUwith an eight mc heterodyning signal {second harmonic of the b me crystal).

 fi_Aﬁ'the game time, the primary of LiZ1 is tuned to 12 me (third harmonic of
"L ﬁhé_h me ecrystal) to furnish the first mixer with the required 12 me

‘fﬁéiérwdyning gignal. A list of the crystals and the bsnds upon whlch they
'funetlon ig outlined bn the following page:
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CIRCUIT FREQUENCY

CRYSTAL RECETVER INJECTION
FREQUENCY FREQUENCY BATD FREQUENCY =

L 0.5 to 1.5 1 8 and 12
1.5 to 2.5 2 Hone
2.5 to 3.5 3 Hone
6 3.5 to h.5 b 6
8 k.5 to 5.5 5 &
5.5 to 6.5 6 8
2.5 to 13.5 13 15
13.5 to 1.5 iy 16
10 6.5 to 7.5 7 10
7.5 to 8.5 8 10
16.5 to 17.5 17 20
17.5 to 18.5 18 20
26.5 to 27.5 27 30
27.5 to 28.5 28 30
12 8.5 to 9. Tg i2
9.5 to 10.5 190 12
20.5 to. 91.5 21 24
21.5 to 22.5 22 24
1k 10,5 to 11.5 11 1ih
11.5 to 12.5 12 14
2h.5 to 25.5 25 28
25.5 to 26.5 26 28
g 14,5 to 15.5 15 18
15.5 to 16.5 16 18
Tl 18.5 to 19.5 19 22
1945 to 20.5 20 22
13 22.5 to 23.5 23 26
23:5 1o 2h.5 2k 26
10.67 - 28.5 to 29.5 29 32
29.5 to. 305 30 32

4h,2.5. VARIARLE INTERMEDIATE FREQUENCY, - The wariable intermediaste frequency
gection consigts of two chanmels, one Tor a frequency 2.5 to 1.0 me and the
other for 3.5 to 2.5 me.  The 2.5 t¢ 1.5 me i-f is used on the even numbered
bands which employ doublé conversion, and the 3.5 t0 2.5 me i-f iz used on

the odd numbered bands which employ .double conversion. The 2.5 to 1.5 me

i-f is also used on band 2 &g an #dditional tuned r-f circuit. The 3.5 to

2.5 varisble i-T is used on bBand I as an additional tuned r-f circuit and om
band 1, in the ususl spplication, as a variable i~f for the odd numbered bands.
Using two varisble i-f channelg in this manner cuts in half the number of
crystals needed by the high frequency oscillator, since each crystal's

h-6
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fundamental fregquency or useful harmonic is usged for two bands. Inductors
1116 and L118 Fform the lower freguency i-T coils {2.5 %o 1.5) and are the
coils in which the tuning slug travels. The 3.5 to 2.5 me i-7 is obtained
by shunting L116 across 1117, and L1118 across L119 teo lower the inductances
of 1116 and 1118. Switch sections 8110 and 8111 alternately switch the
shunting coils in and out as tThe BAND CHANGE kncb isg rotated. The varisble
i-f coils are in the grid circuit of the second mixer stage.

h.2.6, VARIABLE FREQUENCY OSCILLATOR, -~ The receiver circuits described

50 far have the function of receiving the spectrum in 1 megacycle bands

that are presented to the grid of the second mixer. The scheme for obtaining
high stability is completed by & method of heterodyning the signsls fo a
lower, fixed intermediate frequency. In this application, a highly stebil-
ized 3 %o 2 mc permeability tuned cscilletor, Model TCE-15, isg employed to
heterodyne against the 2.5 to 1.5 and the 3.5 to 2.5 mc oubtput of the wvarisble
frequency i-f. The resulting 500 ke gignal is amplified by the 500 ke i-7
amplifier.

The coil in the oscillator ig cam wound to produce extremely linear
frequency change with linear movement of the tuning slug. The circult is
temperature-compensated and the components are sealed agsinst changes in
hmidity. Ten turns of the osclllator lead screw produce a linear frequency
change of one megacycle. The inductance of the oscillistor coil ig trimmed
by an iron core sgeries ipductor, the value of which is adjusted at the
factory and sealed.

& type 6BAG is used for isolation purposes following the oscillator
tube. This isclation tube, VO02, is an integral part of the oscillator.

h.2.7. CRYSTAL FILTER. - Selectivity of the 51J-3 recelver is improved
greatly by use of a crysital filter in the 500-ke i-f channel. The

erystal filter circuit consigts primerily of S00-ke i-T input transformer
T101, a 500-kc crystal, and 8 higk impedance tumad elLQQLi Ti02, connected
as shown in Figure 7-7. When SELECTIVITY switch 8114 is in position O

the crystal is shorted and TIOL is connescted directly Bo T102. Thus, there
ig no erystal filter action when 8114 is in position O; selectivity is
determined by the receiver's tunmed circuits alone. When S114 is in any
other position, crystel filter actloﬁ takes place--position 4 giving the
greatest gelectivity.

To anzlyze The operstionrof this circuit consider only the loop
containing TLOL secondary; crystal Y112, and tuned circuit T102. Assume
that S114 is in position 1. The secondary of T10L is a low impedance coil
with a grounded center tap. The brimary of TL01 is tuned to 500 ke.
Consider crystal Y112 in seriés with T102 as a voltage divider, grid voltage
to Vi07 being taken from the boint between Y112 and Ti02. For an i.f. of




%

exactly 500 {cﬁ impedance of the « very low--of The order of 200040
oo g , and. the impedance Ti0 of the order of 100,000 chms. Thus,
at 500 ke practicslliy all the voltsge sppearing across TLOL secondary ig fed

to the grid of ViOT.

For frequencies a few kilocycles further away from 500 the lmpedance
of the crystal increases gresi. When tne crvetal 1lmpedance equals that of
T102, only one-half the voltage on 1101 secondary azppears on the grid of ViOT.
Ag tnm crystal impedsnce beoomes still gresber, the voltage appearing on VIOT
grid decreases., This results in a narrower 1-T response curve, or in greater
gelectivity, than that obiained without crysbal filt

tering. Switching 511k %o
positions 2,3, or & merely sbunts TI02 with resistance, which effectively
lowers the impedance of Ti02 for those positiocms. This results 1n a more
rapid decrease in V107 grid volbage as the i.f. deviates to either side of 500
ke. Hence, sg the effective impedance of T102 lowers, selectivity lncreases.
In the sharpest pozition the bandwidih at £ 4b down is Ffrom 200 fo 300 cps.

The primery purpose of PHASING capacitor C188 ig to produce a cols
treliable rejection notek in the i-T resp@ﬁﬁ@ curve s0 that uvowanted heter-
odynes may be tuned oub. The section of 0188 conmected to the wottom end
of T101 secondsry providss a capacitive path avcund the crystal that balances
out the shunt capacitance of the ecrystal in its holder and external capacitor
C187. Varying (188 either side of the balance point varies the anti-resonant
freguency of the crystal cireulit within 3 ke either gide of 500. fince the:
Fpadanti ool the crystal cirﬂuit at snhbi-resopance is extremely high, the
crystal filter rejects signalg at the anti-resonant frequency.

In order to avoid debuning tuned circuit T102 when varying Cl88, a
second section of 0188 is shunted soross T102., Since €188 has a split
stator and a siagle robor, the hobael shupt capascitance meross T102 remsing
practically constia zg the setiing of C188 iz varie

L,2,8, SECOED MEDIATE FREQUENCY, - The second intermediate freguency
ig Tixed-tuned to 500 ko, 16 consists of three shtages and employs SBAS
tubes in all three shages. T¥pub fwbe V107 is excibed by the crystal filter
cutput coil Ti0F. Permeabilityebumed lramsformers, with output taps taken
off the seegadary‘ﬁoi?s nesr the ground end, are used to produce the desired
i-F gelectivity. A1l thies gboges sre supplled with AVC voltage.

4,2.9. DETECTOR. - Tae ﬁeme tor in the 51J-3 regeiver conslets of one hali of
a 128X7 dusl triocde +u§V, i mumbers 6, 7, end 5). The tube iz used
as a dicds, with rectificasion ing place Delween the plate zand cathode,
the grid beinz comneched 1o the plate. FIH0 apd RISL gerve as load resistors
for the detector while G202 provides r-f filtering.

b,2.10. ROISE LTMEWLB - A geries type neiss 1
recliaver. Tiids 1
dusl trigde tube,

riter 8 uged in the 51J-3
loys one-half {gln% 1, 2 and 3) of a type 124XY7
©bo flgure b-b, Due Yo a-c loading of the

L8




CIRCULT DESCRIFTLON

gecond detector, heavy noige impulses are automatically clipped frow the
positive audio pesks in the detector. The noise appearing on the negative
side of the audio cycle is clipped by the noise limifer in operation, a
negative voltage produced by rectification of the casrrier is developed
across capacitor C2050. This voltage cannot change rapidly due to the
value of CUPLD and R1GD through which C205C charged. This negative
potential is placed upon the cathode of the noise limiter tube through
R153. The cathode ig then negative in respect to the plate of the noise
limiter tube, due fo voltage divider action of RL50 and R151,and current
Tlows. This current is modulated by the audic which then appears on the
noise limiter cathode Lo which the grid Bf the audio amplifier section of
V112 1s commected. The noise limiter diode will conduct as long as the
cathode 1s negatlve in respect to the plate. However, should a heavy
noise impulse be received, the plate would bhe driven fiegative faster

than the cathode could follow due to the time constant of RIS2 and C21C.
If the plate is driven more negative than the cathode, the tube will
cease to conduct and no sudio will reach the grid of the following audic
tube. The audic cannot reach the cathode of the limiter tube directly
from the bottom of the detechor transformer because of the filtering
action of R152 andC205%C. The value of rmodulation at which the limiter
clips can be adjusted by changing the value of gome of the components in
the circuit. In this receiver, limiting starts between 50% and 85%
modulation. Switch S116 bypszsses the signal around the noise limiter when
recelving conditions do not reguire its use.

b.2.11. AUTOMATIC VOLUME CONTROL. - The problem of blocking that is
created by strong signals or heavy static ig eliminated by use of an
amplified AVC system and a low impedance AVC line. Refer to Tigure L-5.
The second tricde section of V110 is used ag an AVC rectifier to produce
control voltage Tor the AVC amplifier which uses one half of dual trilode
Vill. The AVE voliage that ig applied to grids of the controlled tubes
is produced when plate current flowing through one-half of AVC amplifier
tube V111 causes a volbage drop across resistor R146. Plate wvoltage for
the ampliifier half of V111 is obtainesd Trom the voltage drop acrogs
resistors R164, R16S5 and R166, which are in series with the center tap
of the power transformer to ground. However, V111 will not draw plate
current when there is no signal inpubt fo the receiver because of
approximately 11 volts of blas that is placed wupon its grid by the
voltage drop through R1ALk. This bias voltage for Vi1l is taken from the
end of RiL5 through which the rectified carrier flows in opposition to
the bias voltage. Thus, when the rectified carrier becomes strong enough
to overcome the bilas voltage op V111, V111 will drsw plate current and
produce a voltage drop across RiL&, thereby'produclng AVC volbage in
proportion to the strength of the received signal. The blag on the grid
of V111 is high enough to produce a delay in the generation of AVC
voltage and thues allows the receiver to function at full sensitivity on
weak signals. Resistor Riilh and capacitor CPOSR form the time constant




2 EUVE is wu

are ed in a degenerative gireult
gponding bo low audic fre quenﬁ1es,
roult of AVD swmpliflier tube VILL,
r~1T ampiifier Y101, th 5@@ ke
@f amdio ampliflc bion are employed
A second briode section
arrangement. A tyoel6ARYS miniature

ged in phe sudio cubput stage. This stege

has L¢XQi Dims OQJaLﬁeﬁ rom the volbage drop produced across R166 in the
cenber bap lesd of the Ligh volbage transformer secondsry. The secondary
of the sudic outpuh trensformer has both 600-ohm end b-ohm oubpubs. Both
the oubpubs sre terminsted on the rear of the ?haﬁsjs at terminal strip
Eig2. Plug-in conpechions to hokh oubtbris arb-alse made oh.the front panel.
h.2,13%,. 5O OFM I-F QUTPUT, - One-half of dusl triode V111 supplies 50-obm,
EO0-ke 1-F Lo cosxial comnechtor J104h om the resr of the chassis. This
geehion of V111 is uged ag o cabthode followsr. Excitation is obbai ed from
the voltage ur0§-aﬁfass R178, which is comnected in a series circuilt across
the gecondery of 1-T Transformer T105.

ho2.1b., 100 TOR, - This ealibrator is included with the receiver
oy uge when gracy of calibration in the order of 200 cycles 1z
desired., IE to the grid of r-f amplifier tube V101, and ig
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Figure 4-4. 51J-3 Noise Limiter Circuit
.
=
.
e
.
% R-F AMP FIRZT I-F AMP SECOND -F AMP THIRD F AP
5BAS EBAS BHAS
¥-107 W08 V108
T-103 ‘} 70 ;
.. 'y

s
@ ™ h St .
R-i38 3 T R-135 ™
1OK E s o o
AV

AMPLR.

G208 o 12ALY

[ Bie7 Yol

grar TO0K




