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GUARANTEE

The equipment described herein is sold ssder the {ollowiag guaraniee:

Collins agrees to repair or replace, without charge, any equipment, parts or accessories which
are defective as to design, workmanship or material, asd which are retiurned to Cpllias at its fac-
tory in Cedar Rapids, Towa, traasportation prepaid, provided that the foregoing shall mot be applic-
able 1o,

la) EBguipmesi or acceéssories as to which potice of the claimed de-
fect is not given Collins within ome ¥ear from date of delivery;

(b} FEquipment and accessories manufactured by others than Collias,
tubes and baitteries, all of which are sabject only to such ad-
justment as Collins may obiain Trom supplisr thereoi;

tc! Eguipment or accessories which shall fail to cperate in a normal
or proper manser due to exposuTe lo excessive moisture inthe at-
mosphere or otherwise afier delivery, any such failure not being
desmed & defect within the meanping of the foregoing provisions.

Collias further guarantees that any radio trassmitler described hereins will deliver full radio
frequency power outpul at the anmtenna load whes connected to & suitable load, bat such guaraatee
shall not be counstrued as a guaraatee of any defiamile coverage or range of said apparatlus.

The guarantee of these paragraphs is void 1f equipmeni is altered or repaired by others than
Collins,

Notice of aay claimed defect must be given to Colliss prieor to return of any item, Such notice
must give full information as 1o mature of defect and identification {includinmg part mumber if pos-
sible} of part comsidered defective, Upon receipt of such notice, Collias will promptly advise re-
specting return of eguipment, Failure o secure our advice prier to the forwarding of goods for re-
iurn may cause umnecessary delay in the bandling of such merchaadise.

No other warranties, expressed or implied, shball be applicable to said equipment, and the fore-
going shall comstitute the Buyer's sole right and remedy uader the agreements ie this paragraph con-
tained. I3 no event shall Colliss have any 1iability for comsequential damages, or for loss, damage
or expease directly or iadirectly avising from the use of the productis, or any inability to use them
either separately or is combination wilh other eguipmeni or materials, or from any cause,

HOW TO ORDER REPLACEMENT PARTS

¥hen ordering replacement paris, Jyoe shouwld direct your order as indicated below and Zfurnish
the foliowing information imsofar as applicabdle:

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

Information Feeded:

i3 Quantity reguired

{B} Part namber of item

{C)  Item number {obtais from Paris List or Schematic Diagram)
(b} Type number of unit

tE]  Serial sumber of wpit

{F} Serial number of eguipment

HOW TO RETURM MATERIAL OR EQUIPMENT

If, for any reason, you sbhould wigh To returs material or equipment, whether under the guaran-
tee or otherwise, 7¥ou shouid notify us; cing full garticulars including the details listed below,
insofar as applicable. Upos receipt of suck notice, Ucllias will promptly advise you respecting the
return, Failure to secure onr advice pridr.tothe forwarding of the goods or failure to provide full
particulars may cause unnecessary delay in bsndlisg of ¥Your returned merchandise,

Address: Collims. ﬁadie'uempaﬂy
Sales Sefv¥ice Depaciment
Cedar Ragxds,_{cwa

Informatiosn Needeé"

{4} Date of ﬁelzyerv of equipment
{Bl  Date placed ifi-sérvice

t0) Humber of Bofdrs in service
iD} Pari number cflitem

{81 Ttvem ngmber fobtdin from Paris Lisi or Schematic Dxagrami
- 4F]  Type somber ofiusit from which part is removed
{6} Serial dumbBiigf wnit

{#) . Ssrial. number ol the complete equipment

{11 Nature af failire
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GINERAL PESCRIPTION

SECTION 1

GENERAL DESCEIPTICH

1.1, GENERAL,

lolede FPURPOSE 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 51J-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 srror and drift of less than
1 ke at any freguency within its range. Designsd primsrily for amplitude-
modulated and continuous-wave reception, the accuracy snd stability of the
recelver also make it suitable for applications where 1t is desired %o
receive or set definite frequencles without searching or frequent adjusting.

1.1,3, 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:

R-F GAIN CRYSTAL FILTER SELECTIVITY
AUDIC GATH CRYSTAL FILTER PHASING

BF0 ON-OFF OFF=-STANDRY -0ON

CALIBRATE ON=0FF MEGACYCLE TUNING {RBAND CHANGE)
BFO PITCH EIIOCYCLE TUNING

AVC ON-QOFF ZERO ADJ.

LIMITER ON-OFF METER OUTPUT-INPUT

ANT, TRIM CAL. {100 KO 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-one kilocycle intervals. The stebility of the receiver is
consistent with this finely divided calibration evern at the highest fre-
uencisész

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

2019 1-1




GENERAL DESCRIPTION

connector, bresk-in relay ierminals and four-ohm and 600-ohm audie ocutpub
terminals are provided on the rear, Alsc, a heavy duly a-c power cord
axtends from the rsar of the chassis.

{v) ELECTRICAL, = Whers advantageous, the 51J~3 Receiver uses singls,
double or tripls conversion in tuning the entirs frequency specitrum of .5

to 30.%5 me, Eighteen tubes, Three of which are dual tubes, are employed in
the recsiver, With ths exception of the rectifier tube, all are of the
ministure type. The tuning renge is divided into 30 onammepacvcle bands by
a gystem of switches and coils that are parts of the r-f amplifier and first
mixer circuits, Bands are changed by moving powdersd iron slugs into the
coils in one megacyoele sieps until the collst induc+aﬁce iimits are resched,
then changing coils and repeating. Tuning involves positioning these slugs
within the one-megacycis intervels, Injection voltesge for the first mixer

is cobitained from elther the fundamental or the harmonic cubtput of an oscil-
lator, the frequency of which is conirolled by one of ten gquertz crystals
selected by the BAND CHANGE control., The kilocycle tuning control drives

a yernier disl ecalibrated in 100 ons-kiloeyecle divisions. This control
operates through a differential mechanism to move the slugs in the coils
until they cover the range betwsen the one megacycle band change steps, Thus
the BAND CHANGE control sslecis coils and crystals and roughly positions

the tuning slugs, It also selects ons of twe ranges of the wvariable i-f
channel and tunes the selected 1-f coils along with the »-f coils,

1

'y

Crystal f,QQ enel
frequency produced by
2.5 me or the 2,5 to

s for first mixer injection are so chosen that the
he Pl?st mixer aiways falls in either the 1,
»D 1

¢ range of the variable i-=f channsl.

=
S
s

&
5%

Exrap¢1ons to the operation just described are bands 1, 2 and 3. Band
1{.5 %o 1,5 me} uses an  intermediate mixer beilwesn the first mixer and the
variable i-f coiis, This mixer gccepts frequencles in the rangs of 10.5 do
11,5 me from the first mizxsr. ' These frequenciles are produced by applying
to the first mixer a 12 me signal from the crystal oscillator. This
wseillator also applies an B me volisge to the band 1 mixer to produce a
sigpnal within the range of the i-f channel that tunss from Z.5 o 3.5 me.
Bénds 2 and 3, which sover 1.5 to 2.5 me and 2.5 to 3.5 mc respectively,
are identical in span %6 ssch channel of *he yariable freguendy i-f coilsg
thus they feed through %o the second mixer without utilizing the first mixer,

Following the variable 1,f, and the second mixer are the crysial
filter and a thres-stage fized intermediate~frequency amplifier, Gone
version to the fixed 1.8 of 500 ko is accompliished by injecting into ithe
second mixer s 2 to 3 me signal from a Collins 708-15 oscillator., This
seilletor signal combines with either of the two variable intermedlate
freguencies 1.5 %o 2,5 and 255 t03,5 mc, 1o produce the difference freguency
500 ko, The 70E-15 osoillator iz btunsd by the kilooycels tuning control
in step with all other civeuits.

i=2




GENERAL DESCRIPTION

Stability of the 70E~15 cscillator is assured by temperaturs—come
pensated components operating in a sealed and moisture-proci 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 detsctor.
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.

SYMBEOL TUBE

DESTGNATION 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 frequency oscillator
Oscillator iscolstion amplifier

..; &?1$2

n megacyclss and kilocycles
niform bandspresad

calibration at roomismperatire is within 300 cops
5 nearest 100 ke calibration point is used to




GENERAL DESCRIPTIOHN

TEMPERATURE RANGE: ~-20°C to +60°C
SENSITIVITY: Band 1 = Less than 15 uv gives 1 watt with 10 db s/n
Bands 2 to 30 =~ Less than 5 jv gives 1 watt with 10 db s/n
SELECTIVITY: Total bandwidbth is 5,5 to 6.5 at 6 db down and 17 to 20 kc at
60 db down, With crystal filter in, total bandwidih is 0.2 kc
at 6 db down and 12 ke at 60 db down,
SPURIOUS FREQUENCY RESPONSE: Down at least 40 db
AUTCMATIC VOLUME CONTROLs Less than 3.5 db increase in audio power outpub with
an increase in r-f signal from 5 to 125,000 BY
S METER: Meter calibrated in 20, 40, 60, 80, 100 db above AVC threshold and
=10 3o +6 db audic level with & mw as refersnce
NOISE LIMITER: Series iype ahead of the first audio stage
AUDIC POWER QUTPUT: 1-1/2 watts at 1000 cps with less than 15% distortion
AUDIO FREQUENCY RESPONSE {overall): Not more then 3 db at 200 cps end not
more than 7 db at 2500 cps
AUDIC CUTPUT IMPEDANCE: 4 and 600 ohms
I=F QUTPUT IMPEDANCE: 50 olms
R-F INPUT IMPEDANCE: Designed to operate into a high impedance whip or
gingle-ended antenna
POWER REGQUIREMENTS: 85 watts at 115 volts 45/70 cps. Same power
required when reconnected for 230 volt 45/70 cps
operation
DIMENSICHS: Panel - 10-1/2 inches high, 19 inches wide, notches for stendard
rack mounting
WEIGHT: 43 pounds

14,
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Zelsds FHOCEDURE . ~ (ollins 51J-3 recelving equipment is packed in a nunber
g I i for a 1list of all squipment
to avold damaging the cone
th
L

2

SUPDLL s 71

tents, e the packing 1, =& fully 1if% the units out of
the carions, Search all packing ﬁﬁﬁa?iai for bma¢i parcels, Exira piloid
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 o srdy,  ALD aimg Tor damage should ? fii@d promptbly

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

with the transp
packing cass &

be preserved,

2.2, INSTALLATIDN

ad dn 2 standsrd rack. Oube
_ D g Thm front panel 1s
glotted for mo 3 ; by Do inches from the bottom.
Panel helght 1z 10~1/%7 dnches and panel width iz 19 inches,

When ing a positlon for the receiver, give consideration to
» antenna and ground connections; to placement of cables

servicing the sguipment, Rear pansl connections are

asonvenieng )
Cand to convan
shown

"‘;5

L CONNECTION S b ﬁ@%ﬂuﬁ% = zable from & high impedance whip

2oy RET&%
1a

Qar 8 ﬁi endﬁﬁ antennsg, EQ au?@nﬁa ack J101 on rear panel. If the re-
» ba t "-3 tr&q%mﬂiter? the v-T input circuitl
e in reley B101 to operate when the
5 T ay gonnectlons are dsscribsd in parg-
bel

o

]
,‘“N
N
§ N

aok dlameter audio ouiput jacks
ignated PHONES and the othsy

and 600 ohms respectively. An audio

rear panel, Terminal G is & ground

di outputs of 4 and 600 ohms ime

d in parallel with the PHOEES

el with ths SPEAXER jack, Use

50 obm, 500 ke i-f

vangl.
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. INSTALLATTON

2:2.5, REMUTE STANDBY CONNECTIONS, - Bresk-in relay connections are avall-
able at terminal strip E101l at the rear of the chassis, Terminals are
merked 1, 2 and 3, Terminal 1 is connected to receiver ground. Terminals

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

dwc volis snd 135 chms dwc resistance, During operation, terminals 2 and 3
are usually connectad 1o a geit of normally closed contacts on the carrier
contrel relay of & transmitter in order io silence the recelver during itransSe
mission., Whsn the break-in relay coil is energized, one pair of contachs
shorts the antenna to ground; another pair, connscted in series with a section
of the OFF-8STANDBY-ON swiich, removes plate volitage from the three i=f
amplifier stages. In STANDBY position, the OFF-STANDBY-ON switch also re-
moves plate voltege from the i-f siages,

2.2.6, PUWER CONNECTION, = Make power connection by using the rubber -
covered cord ithat is permanenily atitached at the rear of the chassis, This
cord is six feet long and 1s equipped with a standard a-c plug. The power
source must supply 85 watts at 115 volts, 45/70 cps. If 230 volt operation
is desired, reconnsct iransformer 7108 by removing the Jjumpers between
terminals 2 and 4 znd between 1 and 3; then connect 2 jumper batwsen termi-
nslis 2 snd 3.

2.2,7, TUBES, =~ Before turning on the equipment for the first ftime inspect
the tubes, Be sure that they are in their correct positions, znd that they
are firmly sested in their sockeis.

2o 8, PFUSE, = The fuse is located on the rear of the chassis. 1t can be

removed for inspection by turning the cap of the fuse post to the left and
pulling streight up until the ecap 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

ADJUSTMENT AND OPERATION

3 o l 2 ADJ’HSTE’%E‘]T o

AL
B G&IN Llly ciovxwﬁseu Short the antenna terminals
for location of this control,

3.2, CPERLTION,

3e2ele FUNCTION OF CONTROLS, - Operation of the 51772
ceedingly simple if the functioning of the controls is
following parageaphs explein the funcitions of controls
front pansl,

i Jret

{b) RF GAIW, - The RF GAIN control is located

b

o) AUDIO GAIN,
the @Wid op
{a)f&mﬂcmmﬁh-

tervals by near
cneﬁ om gach band.,

3edlolo GENERAL, —~ Other than zercing the S meter no p
adjustmentq are necessary, oShould the S matar requlre
receiver ON, BFO OFF, AVC OF, and the 100 XC CRYSTAL ©

TR
Iy

o3
meter zeroing control until the S meter reads zero, Re:

zeroi ngg turn

tbe

then turn the

73
ben turn the
sr to figure

S5=1

receiver 1S exe
understood, The
on the receiverts

{a) OFF-STANDBY-ON, - In the OFF position, this control opens the
primary power cireculi to turnm the egquipment completely off,
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,

Tn the STAND=

n the grid return

circuit of the ave controllsd. tubss and is operative at all times, I
._varies the amount of szed O]aS giaced upon the grids of these tubes,

. gAY IG u&iﬂ control is locatsd in the grid
gc;rcaif of %the ?1rst ﬁuéiﬁ amnlifzer amﬂ is Gpufative at all times,
: 51 *%is ﬁube, and

t

It

jl-the 30 bands may be selected by 1/2
this knob, 4 sidff detent accurstely

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 KILOGYCDLE
“Lhege ba_dso Begimning with 3.5 me
3 29,7 ne are indicated by green stripes
ter on the MEGACYGLE dial is operated by
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ADJUSTMENT AND OPERATION

bhe KILLCYCLE control while the scale is changed by operation of the BAND

CHANGE control,

°) KILOCYCLE, - The KILOCYCLE dial is the main tuning control on the
cgiver, Each division on its circular face represents cone 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 kilogycles, 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) ZERD ADJ, =— The ZERQ ADJ moves the indicator line on the XILOCYCLE
control 8 few divisions in either dirsction for calibration purposes., The
receiver may be calibrataed asgainst sither any recelveble station whese fre-
guency 1s known or the internal calibration oscillator. This oscillator emits
a harmonic every 100 ke in the tuning specirum. An example of how the re-
ceiver may be calibrated using this coscillator 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 set wilthin s few hundred sycles of the desired frequency.

HOTE

WHEN RBADING THE FREQUENCY OF AN INCOMING SIGNAL,
THE BFO PITCH CONTROL MUST BE LEFT IK THE SAME
POSITION 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 peosition of the hsir line on the various
bands in lieu of recaslibralting each time the band is used,

{n) METER INPUT-OUTPUT. -~ The METER switch is & momentary 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} BFO QFF=0N. - In the ON position this control turns ON the beal
frequency oscillator for CW reception, In the OFF posiition, it grounds the
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ADJUSTMENT AND OPERATION

sceraen grid of the BFD tube.

{3} BFO PITCH, - The BFO pitech comtrol wvaries the fregusncy of the
beat frequency oscillator to change the pitch of the audio tone which is
produced by combining the BFU signal with the incoming signal. A4 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-ON. =~ The noiss limiter is useful for both AM and
UW reception. When noise is not a problem, turn the LIMITER o OFF, as
the distortion will be lsss in this position, When noise of the impulse
type is being rece*ved? 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 crystal filter
is not used and selectiviiy is determined by the receiver's tuned circuits
- alere. In positions 1 through 4, the crystal filter is in the clreult,

. i the selectivity being increased as position 4 is approached. FPosition 4
. ..g1ves 8 bapdw;dth of abgut 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 sudio
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 DESCRIPTICE

SECTION &

CIRCUIT DESCRIPTION

}4 1. MECHANICAL DESCHIPTION

4,1.1. BAND CHAEGE - Gollins 51J-3 Receiver covers the freguency range
of 0.5 1o 30.5 me in %0 bands: 0.5 to 1.5, 1.5 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 fhese circuits by means of tap switches and changing
the position of the r-f amplifier and first mixer slug tables. All stages
are permeabllity tuned by powdered iron slugs. The r-f amplifier and
firsgt mixer slug tables change position a full megacycle in tuning each
time = band is changed, This is true of all three slug tables, which tune
L1CGL through L113. However, the tap switches select tThe proper set of
coils for the freguency degired.

Slug tables are driven from two zources: the main tuning knob and
the BAWND 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 excursgioh of the tuning slugs. Tor instance, the band
Lk tc T siug table LTunes its: agsociated colle through four megacycles; in
L ohe 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 ferential: 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 1its ssscciated
-through g e, and’ bhe hanﬁ Aé to 30 table tunes its assoclated coils
; ' TQESﬂ thre ug tables are moved simultsneously by means

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

! : qu
= BOND 'EﬁﬂCE kn@b throngh th@ overtravel shaft and shaft G.




CIRCUTT DESCRIFPTION

v 7 colls are selected by the BAND CHANGE kncbh through
and 5na ts G and K, varisble 1-f coils 1116 through L119
icnal r-T colls on these bands. On bands 4 to T, the colls
are %vLe”+ﬁa by the BAND CHANGE knob through the overtrsvel shaft and shaft

G, and the position of the slug fable is changed through shafts A, B, C, and
D. On these Dands the same coils are used for each band. Band ehange is
accomplished by moving the buping slug in the coll an amount ogual o one
megscyele in Fregusnoy, The slug moves in the coil 0.2%0 inches for a one
meggoyele change. On bands 8 te 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 shafis A, B, C and D. The movement of the slug
table for a one megacycle change 1is G.l25 inches. On bands 16 4o 30, the

r-f coils are switched through the overtravel shaft and shaft § to position
16 where the band switch remaing for bands 16 to 30 while the overbravel
coupler allows shafh @ to robate through to the thirtieth band. The slugs

in the r-f colls are driven through shafts 4, B, ¢, and D. The slugs travel
30,0625 ineh x5 during band change. During operastion on any band between

4 and 30 the varia‘n1 i-f chanpel ig alternated from one variable 1T to

the other By shafts G and K. Crystals are selected by operation of the

BAND CHAWNGE knob through the 15-pogition Genevs sysbem and shafis G, H,

and I.

h,1.2. TUNTHG, - ALl 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 oub of the coils at a

rate determined by 2 cam or by a lead screw. Four slug racks or tables

are used in the 5iJ-3 receiver to perform the function of tuning the r-I,

mlixer and varisble 1-¥ 5tages, The group of three slug tables in the rear

portion QI the sgis nes 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, locsled 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 me,

mis alug table tunes Snl the variable i-f coils 1116 and L11H, During

tuning, positions of the slug tables are varied by a system of gears and

cams; see figure 4-2, On band 1 {0.5 to 1.5 me) coils L10L and L110 are

tuned through this freqyeﬂcy range by the main tuning knob Ghrough shafts

A, B, © and E. On bands 2 and 3 {2.5 to 1.5 and 3.5 to 2.5}, btuning is

dome by the main buning kneh through the same shafts -- A, B, € and E. On

band & to 7, the main buning knob tunes coils L1004k, 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 coills’ tuning range and The shafts sre positioned 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

ot

Lop
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CIRCUTT DESCRIPTION

knob. On bands 8 to 15, coils 1105, 1108, and T112.are tuned through
shafts A, B, {, D and the differentisl. Bands 16 to 30 are also tuned
through shafts 4, B, C, D and the differential. Each of the two variable
frequency 1~ channels covers one megacycle 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, EIECTRICAL DESCRIPTION.

L,2.1. GENERAL, - 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 set covers the tuning range in 0
bandes, each band one megacycle 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 bgndz and single or
triple on others in order to oblain full coverazge 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
mixer is employed between the first and second mixers used in the regular
dual conversion scheme. The 0.5 %o 1.5 me carrier on band 1 is fed to the
first mixer where it is beat agsinst 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 me. The wvarisble i.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 prod@ce
. 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

. On the 0dd numbered bands s varisbkle 1.7. of 3.5 to

i.f. of 2. 5 m
& ed, ihe yariable 1.f., is then combined in the second mixer

2.5 me 1

-
dew
Huoe

i3

o ﬁ
with the v.f.0. oulput to produce the 500-ke fixed 1.7. The detailed
£t

'"cﬁ I

operation o
paragraphs.

he various receiver circuits iz cublined in the following

4Y.2.2, RADIO FREQUENCY AMPLIFICATION, - Refer to the block dizgram, Tigure
L3, Ope stage of radio frequency amplification is {(VI01) used on all
bands. 4 type 68XK5 miniature r-f pentode is employed in this sbage be-
cause of its low noiss and good sensitivity characteristics abt high fre-
gquencies. The anbtemnms 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 ant are tuned by‘slugs mounted on the variable i-f
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 clusteresd at the
rear of the chassgis and are tuned by sluge mounted on the three r-f and
mixer slug tables,

When operating in the American broadcast band (band 1), the plste
circult of the r-f tube is impedance-coupled to the grid circuif of the
first mizer tube by resistor RLIO5, capacitor (117, and inductor 1110. Om
bands 2 snd 3 the pilate of r-f amplifier tube V101 is switched directiy
to primary colls of the variable 1-F funer where additional selectivity
is obltained, s*ncle conversion being used on these Ltwo 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 1 - The first mixer stage consiste of a type 6BE6
miniatur e tuke, This stage is used on bard 1 and bands L 4o
30 {Qw§ to 1.5 me and 3.9 to 30.5 mc} bufh 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
shage Vi0l. The plate cirauiﬁ_of’first mixer tube V112 is thuned to either
2.5 to 1.5 me or 3.5 to 2.5 me, depending on which band between L and 30

iz being operated. However, this circuit is buped to the 11.5 to 10.5 me
spectrun when the receiver 1s timed to the American hroadcast band {band
1), ©n bands 13 4o 30, the hetercdyning signal for the first mixer is
chtained from crystal cscillator stage V105 through the proper crystal
OS’EilauOI pxat@ tuning ceils. On bands L to 12 po plate tuning coils are
used. On bands b to 30 the~ ouﬁbﬁtfﬁf“%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 mizer is 11.% to 10.5 mCIWhLCh when mixed in the third mixer
with an & mc signal from the drystal oScillath, vroduces a 3.5 to 2.5 mc
Gk

2140
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CIRCULT DESCRIPTION

voltage Tor presentation to the variable 1-f coils. QCutput of the first
mixer is switched from the variable 1-f coilg to the grid of the third
mixer by means of switch ples 8106 and S107.

{b) SECOND MIXER STAQGE, - The second mixer stage, V106, also
employe & 6BES miniature converter tube. Input to this stage is always
zither 3.5 to 2.9 me or 2.5 to 1.5 me from the variasble 1. coils L116/
1218 and 1L117/1129. The 3 to 2 mc output of the permesbility tuned
oscillator is fed into the second mixer tube at grid number one %o
heterodyne against the input signal to produce a 500 ke intermediate
frequency. This mixer stage is always used for all bands.

(c) THIRD MIXER STAGE. - The third, or band 1, mixer stage is
used only when receiving on band 1. A type 6BE6 miniature converter
tube 18 used in this applicstion alsc. Grid number 3 of thisg tube 1s
excited by a2 11.5 to 10.5 me signal from the plate cirecuit of first
mixer tube V101, and grid number one is excited by a heterodyning 8 me
signal from the crystal oscillator. The ocutput of the third mixer is
then 3.5 to 2.5 mc, 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 ag this stage is not used on the other bands.

L.2.L. HAIGH FREQUENCY OSCILLATOR. - The high Trequency oscillator usesg a
6AKS miniature pentode tube In a modified Colpitts oscillator circuit. No
tuned colls are needed to make the circullt oscillabte because in-phase
feedback wolbtage is produced across r-f choke L120. Ten guartz crystals
are used to control the freguency of the oscillator output for the wvarious
bands. At the minimum, each crystal is used for two adjacent bands, i.e.
1-2, 3=, 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 alsc used for bands 13 and 24 by utilizing its second harmonie
at 16 me. In those instances where harmonic operation is used, a tuned
circult picks off the correct harmonic. Thiz tuned circult is in the
.plate clreult of oscillator tube V105 and consists of the primary ccil of
L121 and a number of tuning capacitors. The latter asre selected for the
proper band by switch pile 8108, The secondary of coil 1121 is tuned to

& me and is used when operating om band 1 to furnish the third mixer
“with an eight mec heterodyning signal (second harmonic of the b4 me crystal).

 f A+ the same time, the primary of L121 is tuned to 12 me (third harmonic of
o the Eme crystal) to furnish the first mixer with the required 12 mc
'3:]H€teroﬁjn1ng gignal. A list of the crystals and the Dbands upon Whlch they

'functlon is outlined bn’ the following page:
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CIRCULT FREQUENCY

CRYSTAL RECETVER INJECTION
FREQUENCY FREQUENCY BAND FREQUENCY

b 0.5 to 1.5 1 8 angd 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 8
5.5 to 6.5 6 8
12.5 to 13.5 13 15
13.5 to 1.5 ik 18
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 1i8.5 18 20
76.5 to 27.5 27 30
27.5 to 28,5 28 30
12 8.5 to 9. g iz
9.5 4o 10.5 10 12
20.5 to. Z1.5 21 oh
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 £5.5 25 28
25.5 to 26.5 26 28
g 14,5 to 15.5 15 18
15.5 to 16.5 156 18
S11 18.5 to 19.5 19 2p
L1905 to 20.5 20 22
13 22.5 to 23.5 23 26
23:5 o 2h.5 2k 26
10.67 - 28.5 10 29.5 25 32
29.5 to. 30:5 30 32

4.2.5. VARIABLE INTERMEDIATE FREQUENCY, - The varisble intermediate freguency
gection consigts of two chammels; one for a frequency 2.5 to 1.5 me and the
other for 3.5 to 2.5 me.  The 2.5 t¢ 1.5 mc i-f is used on the even numbered
bande which employ doublé conversion, and the 3.5 to 2.5 me i~f is 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 ar #dditional tuned r-f circuit. The 3.5 to

2.5 varisble i-T is used on band I as an additional twned r-f circuit and om
band 1, in the ususl spplicabion, 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 freduency oscillator, since each crystal's

h-6
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fundamental freguency or useful harmonic is used for two bands. Inductors
L1116 and 1118 form the lower frequency i-T coils (2.5 to 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 signais 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 wvariasble
fregquency i-f. The resulbting 500 ko signal is amplified by the 500 ke i-7
amplifisr.

The coil in the oscillator is 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 is 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 crystal 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 highk 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 crystal filter action when 8114 is in position O; selectivity is
determined by the receiver's tuned circuits alone. When 8114 is in any
other position, crystal filter actloﬁ takes place--position 4 giving the
greatest gelectivity.

To anzlyze The operstionyof this circuit consider only the loop
containing TLOL secondary; crystal Y112, and tuned circuit T102. Assume
that 85114 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




vtel ds very low--of the order of 2000 Lo
of the order of 100,000 chms. Thus,
gppearing across TLOL secondary ig fed

Z@@OO ohma , and
at 560 ko pract
Lo the grid of

: ‘ lovyeles Turther ¥ Trom 500 the lmpedance
of the ffyﬂlai ineresges greatly. When the cryshal imgedaﬁae eguals that of
T2, only coe-half the voltage on TIOL sscondary #ppesrs on the grid of V107.
Ag the crystal impsdance becomes still greater, the voltage sppearing on V10T
grid decreasses., This resulbs in & nerrower 1-T response curve, or in greater
selectivity, than that obbained without crystal filtering. Switching S114 %o
positions 2,3, or 4 merelvy shunis Ti02 with resistance, which effectively
lowers the impedance of Ti02 for those posiﬁiogsa Wﬁﬁs “esultg in =a more
repid decregse in YiOY grid volitsge s3 the 1
kc. Hence, as the effective impedsace of TL
In the sharpest position the bandwidth at 6

i

A
2 iowewsﬁ selevﬁlfwty increases.
o down is from 200 to 300 cps.

The prim

mery purpose of PHASING capacitor C188 is to produce a conws
trolisblie relectl
L

] on uoteh in the 1-T response curve so that uowinted heter-

odynes may be bunsd oulb The section of (188 connected tc the woltonm end

of Ti01l secondary @rovmdeﬁ z capacitive path around The crystal that balances
out the shunt capaciftance of the crystal in ils holder and EXuarnal zapacitor
0187, Varying (0188 either side of the balance point varies the anti-resonant
freguency of the orystal cireuit within 3 ko sither side of 500.7 Since théd
tmpedanti-of the crystal civeuwld ab subi-resonance is extremely high, the
ER

-+
crystal filter rejects signsls st the anti-resonant freguency.

In order to avoid debuning tuned circuit T102 when varying €188, a
second section of C188 is shunbed scross T102. Since 188 has a split
stator and a single rotor, the fobal shunt capacitance meross 7102 remains
practically comstant as the setiing of C188 is varise

L,2,8, GSECOND INTERMEDIATE FREQUENCY. Me second intermediate freguency
is fixed-tuned Lo 500 kc. 1t congisss of three shtages and employs 6BAG
tubes in all three shages. Ifpwh tube VIOT iz excited by the crystsl filter
owbput coil TI02. Permesbilityebtumed fransformsrs, with oubtput taps teken
off the secondery colls nesr the ground end, sve used to produce the desired
1~ gelectivity. ALl thyes ghoges sre supplied wlth AVO wvwoltage.

b.2.G, DETECTOR. ~ The ﬁEﬂe&bOT ip the 51J-3 recelver congigts of one hali of
a 1287 dual triode tubse, 904 mmbers £, 7, and 8). The tube is used

ag o diode, with rectification taking place belween the plate and cathode,

the grid bveing conpected to the plate. EISO and RISL serve as load resisgtors
for the detector while (242 provides r-f Tiltering.

Hter is us
ter employs one-hall iglﬂ% L, 2 and 3)
! Refer bo figure -k, Due to a-c

4.2.10, 'Q¢SP TTMI“ZB - A geries type ncise 1
reciever.

x1 in the 51J-3
T a type 128X7
ading of the

5
o
O

~t
i




CIRCULT DESCRIFTLON

second detector, heavy noise impulses are automaticslly clipped from the
positive audio pesks in the detector. The noise appearing on the negative
gide of the audio cyele is clipped by the noise limiter 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 C210.
If the plate is driven more negative than the cathode, the tube will
cease to conduct and no audic will reach the grid of the following audio
tuve. The sudioc cannot reach the cathode of the limiter tube directly
from the bottom of the detector transformer because of the filtering
action of R152 andC205C. The value of rmodulation at which the limiter
clips can be adjusted by changing the value of some of the componrents 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 isg 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 woltage for
the ampiifier half of V111 is obtainesd Trom the voltage drop acrogs
resistors R164, R165 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 input to the receiver because of
appraximately 11 volitg of bizs that 1s placed upon ite grid by the
voltage drop through R16k. 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 sitrength 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 thus allows the receiver to function at full sensitivity on
weak signals. Resistor Riilh and capacitor CPOSR form the time constant
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ier tube is umsed in the audlo oubput stage. This stage
has &LX%& wizme obtained Prom the volhtage drop produced across R166 in the
cénber tap lesd of The high wvolibage trangformer secondsry. The sscondary
of the audioc oubtput trepsformer has both 600-chm and d-ohm oubtpubs. Both
the oubpubs zre terminsted on the resr of the ?haqgjs at terminal strip
E102. PFlugein comnnechicns to bobh oubdnmis arb-also-fede oh.the front panel.

E.2.13. 50 08 I-F OUIPUT, - One-half of dusl triode Vill supplies 50-obm,

508<ke 1T to Pﬁﬂﬁi 1 connector J104 on the rear of the chassis. Thls

saetion of Vi1 is us g o eabhode Tollower. IExoitetion is oblbained fronm
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the voltage drop soross RAI70, which is coanected in a series circuilt scross
the gecondsry of 1-T trangformer T105.

B2 k. 100 ¥e CALTERATOR. - This calibrator is included with the recelver
o uge When gracy of celibration in the order of 200 cycles is
degired, Tt te the grid of r-f amplifder tube VIOL, and is
made operable RATOR ON~OFF gwitech 8111 i fturmed on. The

it R&6H tube in g Plerce eireullt, a low drift 100 ko
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Figure 4-4. 51J-3 Noise Limiter Circuit
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