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SECTION I
GENERAL  DESCRIPTION

1-1. GENERAL.

1-2. The WRL Model SM-90 Screen modulator is
made by WRL Electronics, Inc. of Council
Bluff's, Iowa. The Screen Modulator is designed
recifically for use with the Globe ief
ransmitter, Model 90, but may also be used
with any other transmitter such as the Heath
AT-1, Johnson Adventurer, Knight 50 Watt
Transmitter, etc. using one or two 807 or 6L6
tubes in the final R.F. amplifier, with suit-
able modifications. The Screen Modulator per-
mits radio-telephone operation of a C.W.
transmitter at minimm cost.

1-3. DESCRIPTION.

1-4. The Model SM-90 Screen Modulator is com-
pletely self-contained in a 54x2-7/8x2-1/8"
chassis, with the tubes and interstage trans-
former projecting above the chassis. An octal
plug projects from the chassis and plugs into
the auxiliary socket on the rear of the Model

90 Globe Chief transmitter, providing all in-

terconnections between the two wunits and

mountm% the Screen Modulator on the Globe .

Chief. Use of aprinted circuit board simpli-
fies wiring.

TABLE 1. TUBE COMPLEMENT.
QUANTITY | TYPE FUNCTION

1 12AX7 | Speech Amplifier
1 12AU7 | Driver and Screen Modulator

1-5. THEORY OF OPERATION.

1-6. The Model SM-90 Screen Modulator operates
by virtue of the flact that the screen voltage
of a tetrode or pentode tube determines the
glate airrent and power input of that tube.
y varying the screen voltage of a tetrode or
pentode R.F. amplifier tube at an audio rate,
AM. modulation can be applied to the radio
frequency signal. In the Model SM-90 Screen
Modulator, the 12AX7 and one section of the
12AU7 serve to amplify the audio voltage
from the microphone to a level of roxi-
mately 200 volts. This voltage is applied to
the second half of the 12AU7, which operates
as a cathode follower. The volta%gA at the
cathode of the second half of the U7 pro-
vides the modulated D.C. for the screen of
the R.F. amplifier tuwbe in the fransmitter.

1-7. Power for the Model SM-90 Screen Modu-
lator is obtained from the transmitter with
which the Screen Modulator is being used. A
plug on the Screen Modulator allows it to be
conveniently plugged directly into the AUX.
SOCKET of the Globe Chief, Model 90, Trans-

mitter. Modification of the AUX. SOCKET on _

the transmitter is necessary. (See 3-1.)

SECTION II

MOUNTING AND WIRING PROCEDURE

2-1. GENFRAL.

2-2. A printed circuit board is used in the
Model SM-90 Screen Modulator, which makes it
extremely easy to wire the unit neatly and
correctly. However, it is necessary to ob-
serve a few simple precautions:

(a) USE ONLY ROSIN CORE OR "RADIO" SOLDER.

NEVER USE ACID CORE SOIDER FOR ANY ELFCTRON-
IC WORK.

(b) It is best to use a small pencil-type 25
watt soldering iron. If a larger iron is used,
be careful not to apply heat to the printed
circuit board for more than a couple of sec-
onds when soldering in a component, as ex-
gessr(iive heat may damage the printed circuit

oard.

(c) Inhandling the printed circuit board, be
careful not to forcibly bend the board, as
this may crack the conductive copper coating

and cause an intermittent circuit.

2-3. The printed circuit board is marked to
indicate what components go into which holes,
simplifying the wiring and parts mounting.
Each hole has one ard only one wire in it at
completion; if any of the holes in the print-
ed circuit board end up with more than one
wire or with no wires in them at completion,
a wiring error has been made.

2-4. The printed circuit board is mounted on
the chassis by means of four screws with nuts
and spacers. Also mounted on the chassis are
the following: an octal plug, (PL-6), an oc-
tal socket,n%SO—-’?) . the interstage transform-
er, (T-1), the microphone jack, (mic) and a
solder lug. These parts are mounted on the
chassis before the printed circuit wiring be-
gins, as indicated in the step-by-step in-
structions. When wiring: (S) means solder,
(NS) means do not solder yet.



SECTION II

MOUNTING AND WIRING PROCEDURE
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Figure 2. Component Placement on Printed
Circuit Board.




SECTION I1I

MOUNTING AND WIRING PROCEDURE
2-6. STEP BY STEP MOUNTING AND WIRING IN- of the board is up. Solder the tube
STRUCTIONS. socket pins to the board, being care-

ful to use enough heat to make a firm
(0 1. One side of the chassis has a large Joint to the copper of the board, but
hole and a small hole in it. Mount the

not enough heat to bum the board. We
microphone cormector (mic) in the small
hole and the octal socket (S0-7) in the
large hole. Position the socket as in
Figire 1, with the keyway pointing
toward the microphone comector.

Mount the octal plug (PL-6) in the
large hole on the %osite side of the
chassis. Position plug so its key-
way points the same way as the octal
socket (S0-7), as shown in Figure 1.

Mount a gromet in each of the 13/32
holes on top of the chassis.

ILeads of transformer T-1 should now be
trimmed to length as follows: Green
lead, 2". Black lead, 3". Blue lead,
3%". Red lead, 4%". Strip the insula-
tion from the ends of the leads, leav-
ing about 1/8 inch of bare wire.

Mount the transformer on top of the
chassis, bringing the green and black
leads through the grommet nearest the
center of the chassis, and the red and
blue leads through the other grommet.
(See Fig. 1 for correct lead place-
ment.) Use 6-32 screws and nuts to
mount, the transformer, with a lock-
washer under the nut nearest the octal
socket (S0-7) and a ground lug under
the nut rearest the octal plug (PL-6).

Comect a yellow wire from pin 6 of the
octal socket (S0-7) ﬁsg to pin 6 of the

octal flug (PL~-6) (S). See Figure 8,
page 11, on how to make a good solder
comection.

Cornect a yellow wire from pin 7 of
the octal socket (SO-7) (S) to pin 7
of the octal plug (PL-6). .

Comect a yellow wire from pin 5 of
{.he oE:Sfjal plug (P1-6) (S) to the ground
ug. .

Set the chassis aside for the time
being and take out the E)rinted circuit
board, the resistors, the corndensers,
and the small 9-pin tube sockets.

. Mount the tube sockets in the approp-
riate holes as in Figure 2. One or two
of the pins may be bent slightly to
hold the sockets in place. Turn the
printed circuit board over on your
workbench so the tube sockets are on
the bench and the printed—circuit side

advise the use of a small pencil type
soldering iron.

(J 11. Prepare the resistors for mounting and

soldering. The easiest way to mount the
resistors in the printed circuit board
is this: Bend the leads of the resis-
tor at right angles to the body of the
resistor and insert through the proper
holes in the board, then bend each lead
down ainst the board and cut the
lead off short right next to the hole.
Then solder each lead to the board.

Note that the board is marked so as to
identifg which resistors go into which
holes. Begin with the 22K resistor (R1)
(red-red-orange.) Mount it and solder
as explained in step #11.

Mount and solder the 100K resistor
(P4) (brown-black-yellow).

Mount and solder the 390K resistor (R2)
(orange-white-yellow) .

. Mount and solder a 2200 ohm resistor

(R3) (red-red-red) in the holes near
the 390K resistor just mounted.

. Mount and solder the small (% watt) 47

K resistor (R7) (yellow-purple-orange) .
This is the next resistor back from
the 2200 ohm resistor mounted in step
15.

Mount and solder a 2200 olm resistor
(R9) (red-red-red) in the marked holes
Just back of the 47K resistor mounted
in step 16.

- Mount and solder a 1 megohm resistor

(R10) (brown-black-green) in the mark-
ed holes just back of the 2200 ohm re-
sistor mounted in step 17.

Mount ar(xd s)olzier' the 47Kf 1 watt)re—
sistor (R12) (yellow-purple-orange) in
the marked holes JLSE to the rear of
;.ge 1 megolm resistor mounted in step

Mount and solder the 2.2 megohm resis-
tor (R11) (red-red-green) adjacent to
the 47K, 1 watt mentioned in step 19.

Mount and solder the remaining 2200
ohm resistor (R6) (red-red-red).

[} 2. Mount and solder the 1 megolm resistor



SECTION II
MOUNI ING AND WIRING PROCEIXRE

(R5) (brown-black-green) adjacent to

the 2200 ohm resistor mounted in step
21.

[J] 23. Mount and solder the remaining 1 meg-
ohm resistor (R8) (brown-black-green).

[] 24. Mount and solder the 500 MMF (.0005MF)
condenser (C2) in the holes marked
.0005. This is the smallest condenser.
Bend it flat against the board.

[C] 25. Mount. and solder the .005 MED conden-
ser (C3) in the holes marked .005.
Bend this corndenser over so that it
lies on top of the 47K resistor. R7.

CAUTION

For a neater job it is adviseable to remove
from the printed circuit board any rosin that
may have been deposited while soldering, A
cloth moistened with carbon tetrachloride or
alchohol or similar solvent may be used to
wipe away the rosin. Do this before mounting
the 8 mfd at 450 volt electrolytic corndenser
(C-1), as this condenser will make it diffi-
cult to get at certain portions of the board.

[] 26. Find the holes marked 8/450. The 8 mfd
at 4950 volt electrolytic condenser
(C-1) mounts in these holes, but it
mounts underneath the board as in Fig.
1. Mount this condenser so that the
MINUS end (the silver—colored end) is
closest to the erd of the board and
the PIIS end (brown end) is closest to
the center of the board. (8).

] 27. The printed circuit board may now be
mounted in the chassis, using the 4
long screws, the 4 metal standoffs,
and 4 nuts. The easiest way to do this
is to set the chassis rightside up,
put the screws in the holes, and then
seaure the screw heads with tape (scotch
tape, adhesive tape, electrical tape,
etc.—anything that will hold the screws
in place for a few minutes without
marking the chassis.) Then tum the
chassis upside down, drop a metal stand-
off on each screw, and put the printed
circuit board on the screws as in Fig.
1. Then put the nuts on the screws.
Tighten the nuts securely enough to
hold solidly, but be sure not to over-

tighten, as this might crack the board.
Remove the tape which was used to hold
the screws in place.

[} 28. Comect a wire from the insulated cen-
ter post of the mike jack (S) to the
c%o;; on the circuit board marked "MIC".
S).

[] 29. Comect the green lead from the trans-
former to the dot on the circuit board
marked "G". (S).

(] 30. Comect the black lead from the trans-
former to the dot on the circuit board
marked "B". ().

[] 31. Comect the blue lead from the trans-
former to the dot on the circuit board
marked "BIU". (S).

[7] 32. Comect the red lead from the trans-
former to the dot on the circuit board
marked "R". (S).

] 33. Comect a wire from pin 3 of the octal
plu% (PL~6) (S) to the dot on the cir-
ai1it board marked + (plus) (S).

] #A. Comect a wire from pin 2 of the octal
plug (PL-6) (S) to the dot on the cir—
cuit board marked "0". (S).

[] 35. Comect awire from pin 8 of the octal
plug (PL-6) to the dot on the circuit
board marked "FIL". (S).

'[J 36. Comect a wire from pin 1 of the octal

plug (PI-6) (S) to pin 1 of the octal
soéﬁet (0-7). ().

2-6. This completes the wiring of the Model
SM-90 Screen Modulator. Slide the top halfof
the chassis into the bottom half of the chas-
sis and insert and tighten the four self-
tapping screws. Imsert the 12AU7 tubeinto the
socket nearest the transformer. Insert the
12AX7 tube into the other socket.

2-7. The wnit is now ready to comect to the
transmitter and operate. All that is left is
to modify the transmitter. Instructions for
modifying the WRL Globe Chief Model 90, the
Heath Model AT-1, Johnson Adventurer and the
Knight 50 Watt Transmitter are given in Sec-
tion III.



SECTION III
TRANSMITIER MODIFICATIONS

of terminal strip X-6 (S) to pin 3 of
socket X-4. (S).

3-8. This completes the internal modifications
of the Adventurer. For CW operation: Comect
a wire from pin 3 to pin 6 of an octal plug
and plug it into socket X—4. For phone op-
eration with the WRL Screen Modulator Model
SM-90, an adapter cord is necessary. Parts
needed for the adapter cord are: 1 octal plug,
1 octal socket, amd several feet of wire
(length of wire depending on how you wish to
locate or mount the screen modulator. Any
lerngth to five feet of cable is satisfac-
tory.) following steps may be followed
to make the adapter cord.

[} 1. Cut 4 pieces of wire to the same length
(any length from six inches to five
feet). Strip the imsulation from the
ends of the wires.

1 2. Comect a wire from pin 2 of the oc-
tal pluz (S to pin 5 of the octal
socket. (S).

[(1 3. Commect a wire from pin 5 of the octal
}()éslg (S) to pin 3 of the octal socket.

(1 4. Comect a wire from pin 6 of the octal
}E%I)Jg (S) to pin 2 of the octal socket.

(J 5. Comect a wire from pin 7 of the octal
plug (S) to pin 8 of the octal socket.

3-9. This completes the Adapter Cord. To op-

A

TO
ANTENNA

=
HT

OF AUX. SOCKET $0-6

erate on phone: Plug the WRL Screen Modulator
Model SM-90 into tre socket on tie adapter
cord. Remove the plug from socket X-4 of the
Adventurer and imnsert the plug of the adapter
cord instead.

3-10. MODIFICATION OF THE KNIGHT 50 WATT
TRANSMITTER T0 USE THE WRL SCREEN MOD-
ULATOR MODEL SM-90.

[] 1. Remove the tw leads from pin 2 of J4
and commect them to pin 8 of J4.

] 2. BRemove lead from pin 6 of J4 and con-
nect to pin 3 of J4.

] 3. Remove wire lead from pin 7 of J4 and
comect to pin 3 of J4.

[J 4. Remove the two leads from pin 1 of J4
and comect them to pin 5 of J4.

] 5. Remove the erd of resistor R5 from pin
7 of J4 and comect it to pin 4 of J4.

(] 6. Comect a lead from pin 2 of V2 to pin
2 of J4.

7. Modify P-1 as follows: Remove the jump-
= er wire from pins 6 and 7 and ir%t;all
- jumper from pin 3 to pin 4.

3-11. This completes the necessary modifica-
tions and operation on phone may be accomp—
lished by removing P-1 from J4 and inserting
PL-6 of the screen modulator into J4. For CW
operation reverse the above procedure.

————> 710
RECEIVER

TRANSMITTER

TOPIN7
OF AUX. SOCKET $0-6

Figure 3. Antenna Relay. (PDT Relay, Ceramic
Insulation, 115 V. A.C. Coil).



SECTION III

TRANSMITTER MODIFICATIONS

3-1. MODIFICATION OF WHL GIOBE CHIEF MODEL

90 TO USE THE WRL SCREEN MODULATOR MODEL

m‘% . ’

3-2. These modifications are listed in section
4-9 of the Globe Chief Instruction Manual but
are repeated here for your convenience.

[] 1. Comect a 5" piece of wire from lug 1
of tie-lug strip TS-5 (S) to pin 3 of
Aux. Socket (SO-6). (S).

[] 2. Remove the following 2 or'an%e/white
wires: from pin 2 of S04 to Iug 5 of
TS-5 and from pin 2 of SO-3 to lug 5
of TS-5.

[ 3. Comect a 3" piece of wire from pin 2
of S04 (S) to lug 2 of TS-5. (NS).

[ 4. Comect a 3" piece of wire from pin 2
of S0-3 (S) to lug 2 of TS-5. (NS).

(] 5. Comect a 6" piece of wire from lug 2
of TS5 (S) to pin 2 of Aux. Socket
(80-6). (S).

[] 6. Comnect a 6" piece of wire from lug 5
of TS5 és; to pin 4 of Aux. Socket
(s0-6). ().

(] 7. Comect a 23" piece of wire from pin
5 of Aux. Socket (S0~6) (S) to the
nearest solder lug. (S).

(J 8. Comect a 53" piece of wire from pin 8
&f)' é\ux.(ss)ocket (S0-6) (S) to pin 1 of

3-3. This completes the modification of the
Globe Chief Model 90 for use with the WRL
Screen Modulator Model SM-90. To returmn the
Globe Chief to C.W. operation, cormmect pins
2 and 4 of an octal plug together and plug
into Transmitter Aux. Socket (S0-6).

3-4. Should it be desired to use an antenna
relay and "one-switch" operation, the fol-

lowing additional modifications must be in-
cluded.

[J 1. Comect an 113"" piece of wire from lug
2 of keyjack J-1 (S) to pin 1 of Aux.
Socket, (0-6). (9).

[ 1 2. Commect the contacts of an anterma re-
lay as shown in Fig. 3. Commect the
coil wires of the relay to pins 6 and
7 of an octal plug.

[J 3. Comect the coil leads of a SPST nor-
mally open 115 VAC relay to the coil
of the antenna relay. Comect the con-
tacts of this relay to pins 1 and 5 of
the octal plug mentioned in step 2.

[J 4. Plug the octal plug into the socket

(S0-7) on the WRL Screen Modulator
Model SM-90.

[] 5. The TUNE-TRANSMIT switch on the Globe
Chief Transmitter Model 90 will now
control the relays and the modulator
for one switch operation.

3-5. MODIFICATION OF THE HEATHKIT AT-1 TRANS-
MITTER TO USE THE WRL SCREEN MODULATOR
MODEL SM-90.

7] 1. BRefer to Heathkit Model AT-1 instruc-
tion manual for the following comec-
tions. Comect a wire from pin 2 of
socket D (S) to pin 8 of socket E. (S).

] 2. Comect a wire from pin 5 of socket E
(S) to the nearest ground comection
of socket E. (S).

[ 3.. Remove the 22K 2 watt resistor (red-
red-orange) which is comected from
lug 3 of terminal strip TC to pin 4 of
socket B.

] 4. Comect this 22K 2 watt resistor from
pin 1 of socket E (S) to pin 4 of sock-
et E. (NS).

] 5. Comect a wire from pin 4 of socket B
() to pin 2 of socket E. (S).

[[] 6. Comect a wire from pin 3 of socket E
(S) to pin 4 of socket E. (S).

(] 7. Remove the cap from the octal plug
which is plugged into socket E. Con-
nect a wire from pin 2 of the plug (S)
to pin 1 of the plug. (S).

3-6. This completes the modification of the
AT-1 for use with the WRL Screen Modulator
Model SM-90. For phone use, remove the octal
plug from socket E and plug in the modulator.
For CW use, unplug the modulator and plug the
octal plug into socket E.

3~7. MODIFICATION OF THE JOHNSON ADVENTURFR TO
USE THE WRL SCREEN MODULATOR MODEL SM-90.

[[] 1. Refer to the Johnson Adventurer in-
struction manual for the following con-
rections: Discomect R-11 (20K, 10
watt) from pin 2 of socket X-2, the
807 socket.

[] 2. Comect the free lead of R-11 (the
lead just discommected from X-2) to
lug 4 of terminal strip X-6. (NS).

[] 3. Comect an 88" pjece of wire from pin
2 of socket X-2 (S) to pin 6 of socket
X-4. (S).

[] 4. Comect a 7" piece of wire from lug 4



SECTION

v

TUNE-UP PROCEDXRE

4-1. GENERAL

4-2. Tuning up with the screen modulator is
slightly different from the tune-up proced-
ures for CW operation. In general, the pat-
em is the same as for CW operation except for
lower meter readings.

4-3. TUNEAP PROCEDIRE WHEN USING THE WRL
SCREEN MODULATOR MODEL SM-90 WITH THE
GLOBE (HIEF MODEL 90 TRANSMITTER.

(] 1. Place transmitter controls as follows:
.C. POWER to ON. TUNE-TRANSMIT to
TUNE. Bardswitch to desired band of
operation. .0SC. TUNING, PIATE TUNING,
and ANTENNA IOADING all pointing to
the left side of the transmitter.

(] 2. Plyg in a suitable crystal for the de-
sired band as per Table Il,uagage 4, of
Globe Chief instruction manual.

[] 3. Pluginto keyjack J-1.

[} 4. Close key and adjust 0OSC. TUNING for max-
imum meter reading. This will be less
than for C.W. operation, and may even be
less than one dial division. Be certain

that the arrowon the 0SC. TUNING control -

is to the left of center on all bands
except 15 meters. On 15 meters it must
be to the right of center.

] 5« Open the key. Comect antenna to the
;ér;;)é)er anterma termimal. See the C.W.
up procedure for details.

[} 6. Place the TUNE-TRANSMIT switch in
TRANSMIT position. Close key. The met-

er should rise to between 110 and 150
ma.

[J 7. Rotate PIATE TUNING control for mini-
mum reading. Advance the ANIENNA 10OAD-
ING control toward maximum until the
meter returns to its or%inal reading.
Retune the PIATE TUNING for minimum
reading, which will now be higher than
it was at first. Repeat the process
until there is very little difference
between the minimum reading and the
maxinum, - i.e., the meter reading at
the "dip" point should be within 10
mill iamperes of the reading with the
PIATE TUNING tuned away from the "dip"
point. With any form of screen grid or
control grid modulation, very heavy
loading is essential if gpod ‘audio
quality is to be obtained.

[] 8. Comect a crystal or hi-impedance dy-
namic microphone to the cormector on
the modulator. Speak into the micro-
phore. A slight movement of the meter
imdicates modulation. The meter
should not move more than 10, or at

the most, 20 millijamperes.

] 9. To standby, simply open the key. To
transmit, close the key. If an anternna
relay is being used, it will also be
necessary to operate the TUNE-TRANSMIT
switch in order to operate the antenna
relay, just the same as in C.W. op-
eration.

4-4. If the anterma relay is being used and
it is desired to have truly "one-switch" op-
eration, this can be obtained by adding a
SPST 115 volt A.C. relay as follows:

] 1. Comect a 113" piece of wire from lug
2 of(‘ .)keyjack J-1 (S) to pin 1 of S0O-
6. (S).

- [ 2. Comect the leads from the coil of the

SPST 115 VAC relay to pins 6 and 7 of
the plug that plugs into S0-6.

[ 3. Comect the leads from the normall
open contacts of the relay to pins
and 5 of this plug.

4. After tuning up the transmitter as de-
= tailed in paragraph 4-3, the key may
be left open or may be removed entire-

ly. Setting the TUNE-TRANSMIT switch

to TRANMIT will cause the SPST relay

to close, shorting the keyjack and
turning on the transmitter. Setting

the TUNE-TRANSMIT switch to TUNE will
open the relay and turn the transmit-
ter off, thus allowing complete con-
trol of the transmitter with one switch.

4-5. TUNE-UP IROCEDURE WHEN USING THE WRL
SCREEN MDIULATOR MODEL SM-90 WITH OTHER
TRANSMITTERS.

4-6. Tuning up a transmitter with the screen
modulator attached is almost the same as tun-
ing up for CW operation. Follow the CW tune-
up procecre except for the amount of plate
current when fully loaded. It will be found
that the plate current will be from % to 2/3
as much as on CW. Also, for best results, it
is necessary to load up as heavily as possi-
ble. There should be hardly any dip in plate
current when tuning throt resonance. If an
output indicator is used (such as a neon
bulb), the loading should be increased just
past the point of maximum output for best
audio quality. A crystal or high-impedance
dynamic microphone should be attached to the
microphone comector of the screen modulator
before tuning up. Speaking into the micro-
phore after urur% up should cause a slight
increase in the plate current of the trans-
mitter. If the plate current decreases, try
loading more heavily. An output indicator
should show an increase in output when speak-
ing into the microphone.



SECTION

\'

TROUBLE SHOOTING

5-1. TROUBLE SHOOTING

5-2. In trouble-shooting for any possible er-
rors in wiring or faulty comporents, the fol-
lowing chart will be of great help. All re-

TABLE 1I. RESISTANCE READINGS

gistances in this chart are measured from a
socket pin to chassis ground, with no tubes
in the unit anmd the unit unplugged from the
associated transmitter.

TOCATION
Octal Socket

LOCATION
Octal Plug

PIN No. TOCATION TOCATION
12AX7 Socket 12AU7 Socket

1 *® e
2 1 megohm 900 K
3 2200 ohms open circuit
4 0 Ezero; open circuit
5 0 (zero open circuit
6 * sk
7 390 K 1 megohm
8 200 ohms 200 ohms
9 open circuit 0 (zero)

open circuit
open circuit
open circuit
open circuit
open circuit
open circuit
ogpen circuit

open circuit
open circuit
open circuit
open circuit
0 (zero)

open circuit
open circuit

% This circuit is commected to the electroly-
tic condenser. If the negative lead of the
ohmeter is grounded, the meter should start

ually increas

at some low resistance value and show a grad-

in(% reading up to 1/2 megohm or
more as the condenser charges.



SECTION VI
HELPFUL KIT BUIIDING INFORMATION

6-1. GENERAL.

6-2. This section contains information use-
ful in building or testing any radio or elec-
tronic equipment. The information included
will enable identification of capacitors, re-
sistors, transformer leads, the new schematic
symbols, etc.

6-3. Standard color codes are used to mark
values on such items as resistors and capaci-
tors, and to identify the leads on transfor-

mers. The resistor-capacitor color code is
given in Table III.

TABIE 1II. RESISTOR-CAPACITOR COLOR CODE.

Color (Signifi-{ Decimal Toler-| Voltage
cant Multiplier |ance% | Rating®
Figure
Black 0 1 — —
Brown 1 10 1* 100
Red 2 100 & 200
Orange 3 1000 F* 300
Yellow 4 10,000 4% 400
Green | 5  |100,000 5 500
Blue 6 1,000,000 6" 600
Violet | 7 10,000,000 | 7= 700
Gray 8 100,000,000 | 8% 800
White 9 1,000,000,000| 9* 900
Gold — 0.1 5 1000
Silver — 0.01 10 2000
Nocolor{ -- — 2 200

*Capacitors only.

6-4. Composition resistors are color coded
as shown in Figure 4. These bands of color
refer to the resistor-capacitor color code,
Table I1II. If the first band is of double
width, it means the resistor is a wire-wound
unit. Here is an example: First band, green.
Second band, blue. Third band, ora{%o. Fourth
band, silver. This would be a 56,

resistor; the first band, green, means the
first figure is a 5; the second band, blue,
means the second figure is a 6; the third
band, orange, means "multiply by 1000". 56
mil tiplied 1000 is 56,000. The fourth
band, silver, means the actual resistance is
within 10% of the marked value. If there were
no fourth band, it would indicate that the
resistor was within 20% of the marked value.

ey

A ~ FIRST SIGNIFICANT FIGURE OF RESISTANCE IN OHMS.

B — SECOND SIGNIFICANT FIGURE.

C — DECIMAL MULTIPLIER.

D — RESISTANCE TOLERANCE IN PER CENT. IF NO COLOR IS
SHOWN, THE TOLERANCE IS +20%.

Figure 4. Fixed Composition Resistor Code.

ohm 10%-

6-5. Ceramic capacitors of the general pur-
pose type use the same color code with re-
gard to significant figures and multipliers
as do resistors. See Figure 5. The fourth
band indicates tolerance.

A B CDE

A -~ DIELECTRIC CHARACTERISTIC.
B —~ PIRST SIGNIFICANT FIGURE.

C — SECOND SIGNIFICANT FIGURE.
D —~ MULTIPLIER.

E - TOLERANCE.

Figure 5. Tubular Ceramic Capacitor Code.

6-6. Mica capacitors have been marked with
many different color codes in the past. Shown
here are the three codes most likely to be
encountered. Most of the mica capacitors used
in WRL kits have the acutal mumerical value
stamped on the capacitor, making the use of a
color code urmecessary in such cases.

AWS AND JAN FIXED CAPACITORS

FIRST SIGNIFICANT FIGURE
MICA CAPACITORS SECOND
BLACK SIGNIFICANT FIGURE

{AWS PAPER
CAPACITORS SILVER}

(OO0 ]

L‘ % ;-
CHARACTERISTIC % DECIMAL MULTIPLIER

TOLERANCE

RETMA - 3-DOT 500 YOLT, +20% TOLERANCE ONLY

)

FIRST \. J
SIGNIFICANT FIGURE ——1 [ DECIMAL MULTIPLIER

SECOND SIGNIFICANT FIGURE

RETMA 6-DOT
FIRST

[————————3ECOND SIGNIFICANT F
SIGNIFICANT FIGURE ? E THIRD SIGNIFICANT FIGURE
—_——y —————— |
VOLTAGE RATING l DECIMAL MULTIPLIER
L TOLERANCE

Figure 6. Mica Capacitor Color Code.
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6-7. With the increasing use of variable fre-
quency oscillators in amateur transmitters,
temperature compensating (TC) capacitors are
being used with increasing frequency. The
color code for temperature compensating capa-
citors is the same as for resistors in regards
significant figures and multipliers, but dif-
fers in the tolerance reading and in the
showing of temperature coefficient. See Fig-

ure 7.
‘% i) . fIERANE b BUE d
o . . gl N
TEMPERATURE CAPACITY TOLERANCE
COEFFICIENT  SIGNIFICANT MULTIPLIER MMF, PERCENT
FIGURES
BLACK ZERO (TCZ} o 1 120 + 20%
BROWN ... 1 o L t 1%
RED NOBO 2 100 2%
ORANGE N150 3 1000 L 2%
YELLOW 4 10,000 ..
GREEN N3I30(TCA) s + .5 ¥ 5%
BLUE & L GMV
VIOLET N7S0 {TCN) T e e
GREY . L] o1 O TP
WHITE . 1 +1.0 +10%

ORANGE-  N1%00(TCL) v e e
ORANGE

Figure 7. Color Coding For TC Type
Ceramic Capacitors.

6-8. The leads of a power trahsformer are of
different colors of wire. The wire color in-
dicates to which winding the lead is connec-
ted, as follows:

TABIEK TV. POWER TRANSFORMIER CODING.

Winding Color Code
Primary lLeads Black
if’ tapped:
Common Black
Tap Black/Yellow
Finish Black/Red
High Voltage Red
Center Tap Red/Yellow
Rectifier Filament Yellow
Center Tap Yellow/Blue
Filament No. 1 Green
Center Tap Green/Yellow
Filament, No. 2 Brown
Center Tap Brown/Yellow
Filament No. 3 Slate
Center Tap Slate/Yelle

6-9. In the past, the electronic and elec-
tric portions of the industry used different,
and sometime mitually confusing, symbols. Re-
cently, a single set of symbols have been
adopted. Those most applicable to electron-
ics and radio are shown in Figure 9.
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6-10. KIT ASSEMBLY. WRL kits come with all
holes prepunched, so that a minimm number of
tools will be needed for assembly of the kit.
The following are recommended as suitable:

1-small knife for scraping off enamel in-
sulation.

1-small screwdriver.

1-medium screwdriver.

1-1long nose pliers.

1-diagonal or side—cutting pliers ("dikes").

1-small-tip soldering iron, at least 100
watts, or.....

1-soldering gun, at least 100 watts.

Rosin core solder, the amount de&endjng
o the kit. DO NOT USE ACID CORE SOIIXR.
USE ONLY ROSIN CORE OR "RADIO" SOLDER.

Additional tools which are helpful, but not
absolutely necessary-

1set-"Spintite" or socket wrenches.
*1~6 inch crescent wrench.
1-Wire stripper.

In moumting the components of the kit, follow
the instructions closely and consult the
pictorial diagrams f{or positioning. You will
find in many cases a glance at the diagram
will explain far better than several para-
graphs of words. Route wires as shown in the
Béctur‘es, as wire placement may be important.
sure that, socket keyways are positioned
as in the pictures, so that the proper pin
numbers will be in the proper location.

6-11. SOIDIRING. A poor solder joint may
cause faulty operation of the equijyment. The
importance of a good soldering job cannot be
overstated. The secret of a good solder ‘Zoint
is simple: GET THE JOINT ITSELF HOT ENOUGH TO
MELT T™HE SOIDER. It is not sufficient to melt
the solder with the soldering iron and let it
drip upon the jointy the joint itself must be
hot enough to melt solder. Only in this way
will the solder flow onto the joint and make
a secure bond. Also, make a secure mechanical
canection before applying solder, as the
solder should be depended on only for an
electrical comection and not for mechanical
strength, i.e., twist the wire around a ter-
minal so that the twist will hold even before
solder is applied. Again, USE ONLY ROSIN CORE
OR "RADIO" SOIDFR. ACID CORE SOLDIR WILL
EAT AWAY THE WIRING AND IN TIME CAUSE FAITIRIE
OF THE EQUIPMENT. DO NOT USE SOLDERING PASIE



OR FLUX, AS IT WILL TEND TO BREAK DOWN IN-
SUIATION. Be sure that the surfaces to be
soldered are clean and bright. Scrape any

tamish or enamel insulation off any wires .

or terminals which are to be soldered. Keep

ROSIN
CORE
SOLDER

WIRE

SOLDER
LUG

RIGHT
GOOD SOLDER JOINT

SECTION VI
HELPFUL KIT BUILDING INFOBMATION

the tip of the soldering iron clean and
bright and well-tinned with solder. A piece
of steel wool is an excellent item with which
to clean a soldering iron tip, even when the
iron is on and hot.

WIRE
) SOLDERING

/ WIRE

SOLDER

SOLDER
LUG

Figure 8. How To Make A Good Solder Joint.
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M

Single Cell

=

Multicell

—h— 3

o0—o0

T

Split | Stat
ANTENNA Fixed Variable g °f Feed-through
BATTERIES CAP ACITORS
Male ——>
—.l i_. Female -—..<
115V AC
QUARTZ Contacts Receptacle Plug Coaxial Receptacle Coaxial Plug Female Male
CRYSTAL
CONNECTORS
FUSE EARTH GROUND HEADSET Basic Coil Iron Core Tapped Adjustable
INDUCTORS
Insert Approprloh Designations
A—~Ammeter M—Motor
T V-Voltmeter G~Generator
- X
Ma-Miliammeter etc.
KEY Incondescent Pilot Neon (AC)
LAMPS METERS MACHINES
D: > ; é /é/ ° "+— l‘r /‘717
CONTACT Fixed Tapped Adjustable Terminal Crossing Conductor Chassis
Conducters Joined Connection
MICROPHONE RECTIFIER RESISTORS Not Joined
o
ol o/° % o
o oo o
o] e}
° (o]
Air Core Iron Core  Adjustable Inductance Adjustable Coupling With Link SPST SPDT Multipoint
Toggle Toggle
TRANSFORMERS SWITCHES

Figure 9. Electronic Symbols.




SECTION VII

PARTS LIST
Quan. Description Circuit WRL WRL
D.‘gigrglna- ngt Quanti ty Description Part No.
: 1 Chassis 1700-007
1 943519080‘1,‘322, 8{1fd€ C-1 1106-013 2 Grommet, 3/8"0.D. 3200-001
Iytic o oo o 1 Tockwasher, No. 6 3101-002
1 Capacitor, 500mmfd, | C-2 1101-005 3 Nut, hex. , 4-40 2301001
Discceramic 2 Nut, hex.,6-32 2901-003
1 tapacitor, .005mfd, | C-3 | 1101-003) T3 PrintedCircul tBoard 3300-036
: : 4 Screw, machine; 4x40x3/4" | 2900-020
1 Comector, microphond MIC 2000-005 2 g;;g\g: machine; 6-32x 2900-004
1 Plug, Octal PL-6 2001-009 4 ?;Z%ws’ self-tapping, #6x | 2900-017
1| Resistor, 2K, 3 Rl | 1000-008) I Solder 1ug, No. Gbent 2006-004
1 Resistor, 390K, % R2 | 1000-015 4 g/tand—sn lgfgfhxshings,metal, 3300-037
wa
1 Resistor, 2200 ohm, R-3 1000-006 1 Tube, 12AU7
L | R oK.d 1 Tube, 124X7
vt Ors 100K Red | 1000008 i—orFE. | Wire, ook 2700-001
1 Reas tor, 1meg., % R-5 1000-014
wa
1 Resistor , 2200 ohm, R-6 1000-006 . _
gwatt HELPFUL TOOLS AND SUPPLIES
1 Resistor, 47K, R-7 1000-002
" vlviatii tor. 1 3 Item Price
w:zts r, 1meg., R-8 1000-023, g;gg no:g igé ieﬁ ( s 5.64
1 e cu pliers (Diagomals 2.64
S gror, 2000m, | RO | 1000-006) | Sjjer Fosin Core, 3 on 17
1 Resistor, lneg.,3 | 10 | 1000-014 ggéd“grx;{rg Iron, Handle for 25 watt 1.12
wa
1 Resititor s2.2meg. , R-11 1000-005 25 watt element and tip for above 1.00
wa
1 Resistor, 47K, 1watt | R-12 1001-009 ACCESSORIES
1 Socket, 3-pinminia-
. e s 9D 8: 12AU7 1600017 Tten Prive
SOthureet, 9—pinminia.— 12AX7 1600017 gT_t_'£ g{cmphom and stand 10.1z7)
c .
1 Socket Octal S0-7 1600-002 Octal Socket .20
1 Transformer T-1 1203-007 Anterma Change-Over Relay 3.75

13




‘mpJ3etq OTyeRWeUPS ‘Ol SMBTH

LXVYTL
Lnvet
*$114 O}
9 14 310
g *ON Nid Ol Nnﬁ\
P ey , vl rxvalk
N 4% | i
7, > | hﬂk
Sew z'g o/ NJ AW
(1% | - \_ \
1\
Bew | 12
1y
> 14k 4
nLT°T Mo-
[} }
M W t } ]
Sew1 T3
y % 06¢C
ra |
11 LY muwoot_ 0oL
— ) $
g =
| NwW
—— T ATT
[] [} |
| i1
Lnvzil InvzLd aWsoo0: LYYt d £000- z
1 1 £ 23 Sl Lxveik

Ja1y) 9qO|y J10j JOJB[NPOK UIIIIS

14



