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SPECIFICATIONS

VERTICAL CHANNEL:

Sensitivity:. . ., ......... e et e e e

RiseTime:.........................

Overshoot:. ., ...................
Input Impedance:. . .. ..................
Attenuator:, . .. .....................
Input Characteristics:. . ............... .

Vertical Positioning:, . . . . ce b s et e s s e e s

HORIZONTAL CHANNEL:

Sensitivity:, . . . . . . . . e
Frequency Response:. . v e e et e e e
Input Impedance:, . .,. .. . e e e e e e .
Attenuator:, . ............. e o e e e
Input Characteristics:, . ....... et e s e .
Horizontal Positioning:, ... ... . c e s

Type:. . . . o i ...

70 mV P-P per inch at 1 ke,

+1 db from 8 cps to 2.5 mec.,

+1.5 to -5 db from 3 cps to 5 me,

Response at 3,58 mec: - 2.2 db,

(All response measurements referred to 1 ke,)

0.08 microseconds or less,
10% or less.

In X1 attenuator position, 2.9 megohms shunted
by 21 puf, (1 kc impedance: 2.7 megohms),
In X10 and X100 positions, 3.4 megohms shunted
by 12 pupf. (1 kc impedance: 3.3 megohms),

Three-position, switch-type, fully compensated;
no visible change in wave shape at any attenuator
setting,

Low-capacity input terminal; built-in blocking
capacitor rated at 600 volts DC.

DC type; permits placement of undeflected trace
at any horizontal level on usable area (#1-1/2"
from center) of screen; positioning is almost
instantaneous and free of drift,

1.0 volts P-P per inch at 1 ke,

+1 db from 1 cps to 200 ke,
+3 db from 1 cps to 400 ke,

30 megohms shunted by 31 puf,
(1 ke impedance: 4,9 megohms),

Low-impedance type in cathode follower output,

Selector switch permits use of external input
through panel terminal, line-frequency sweep of
variable phase, either of two preset sweep
frequencies, or variable internal sSweep from
the sweep generator,

DC type; permits wide range of positioning to ex-
amine any part of trace even with full horizontal
gain,

Recurrent type.
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RANZE. . v vvvre vttt evennnoennnnnos 10 cps to 500 kc in five steps; each range is ap-
proximately as follows: 10 to 100 cps, 100 to
1000 cps, 1 to 10 ke, 10t0100 k¢, 100 to 500 ke,

Preset Control Range . .v.oees e o o000 06 0o Preset number 1, 10 to 100 cps; preset number
2, 1000 to 10,000 cps, May be easily changed to
cover any frequency between 10 cps and 500 kc,

Synchronizing:, . . voeeee v oo e o ov s eseesss Automatic lock-in circuit using self-limiting
synchronizing cathode follower, Holds sweep
speed essentially independent of vertical gain
settings, Selector switch permits synchronizing
with either positive or negative signal pulses
internally, with external source through panel
terminal, or with line frequency,

GENERAL:

Retrace Blanking:, . . .......c00c00 .. e Blanking interval less than 30% of sweep rate re-
gardless of sweep speed, Blanking amplifier pro-
vided,

Phasing Control:, . . v vvee v e v 0o e s oo .o Provides fully controlled phase shift for line
sweep applications, Phasing is continuously
variable from zero to over 135 degrees,

Voltage Calibrator:, .......... e e e s e e Built-in source, 1 volt peak-to-peak; calibrated
grid screen and input attenuator permit voltage
measurements over range of 10,000 to 1,

Z-Axis Modulation:, . . . . vrv e v v vt 0 e 0o Provision for intensity modulation of electron
stream through high-voltage isolation capacitor;
8 to 20 volts (rms) required for complete blank-
ing of trace,

Access Panel:, . , . ... ve o nnnnnn Removable panel at rear of cabinet for easy
access to Z-axis binding post,

Cathode Ray Tube:, . . c v v v s oo v v s v evoevs 5UP1, 5" screen, green, medium-persistence
phosphor,

Power Supplies:, . . . ¢ v ee e s v e e s cersenn High-voltage supply: transformer-rectifier type,
developing 1200 volts at output of RC filter sys-
tem,

Low-voltage supply: transformer-rectifier type,
electronic voltage regulation for all critical
amplifier, sweep generator, and positioning
potentials,

Power Requirements:, . ........ et e e e e 105-125 or 210-250 volts AC, 50/60 cycles, 80
watts, Fused for 1 ampere at 120 volts or 1/2
ampere for 240 volts,

DimensSionS e v e oo oo veeevosessooassass 8-5/8'" wide x 14-1/8" high x 16" deep.
Netweight:.....................--.. 20"1/21bso
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INTRODUCTION

The RCA Institutes Model 825 Oscilloscope is a wide-range,
general-purpose oscilloscope, designed to satisfy the needs of
both the electronic serviceman and the technician. Many
years of refinements on earlier models have culminated in
this troublefree performer.

The use of two preset adjustments in the hori-
zontal oscillator circuit facilitate instantaneous
horizontal lock-in for often-used sweep fre-
quencies, This is especially handy in servicing
the vertical and horizontal circuits of television
receivers,

CIRCUIT DESCRIPTION

Reference to the fold-out Schematic at the rear
of the manual, and to the Block Diagram which

follows, will prove helpful in thoroughly under-
standing this description.

VERT.
GAIN
VERTICAL V1 CONTROL V2A V2B V3A
INPUT VERTICAL INPUT
o | <o CATHODE «———{ VERTICAL
ATTENUATOR FoLiowee 2 AMPLIFIERS VERTICAL
DEFLECTION
AMP.
INT. SYNC.
viB
ExT V4 A V4B V5 A V58
XT. SYNC SYNC s
WEEP BLANKING | TO CR TUBE
O——|
SELECTOR CATHODE GENERATOR IER CATHODE
SYNC FOLLOWER AMPLIFIE E_’ cR
J VIA TUBE
| HORIZ. HORIZ.
v GAIN DEFLECTION
A FIL o erea V6 A CONTROL Y AMP.
HOR / FRE
C';“TPH%EE @4 HORIZ.
SELECTOR AMPLIFIER
FOLLOWER V7B

HORIZONTAL I
&
INPUT

POWER
SUPPLY

VO b—————————— HIGH VOLTAGE

V8 VIOL— . g B+

8 FILAMENT

VERTICAL AMPLIFIER

A signal applied to the VERT, INPUT terminals
is coupled through the frequency-compensated
vertical attenuator to V1, From input cathode
follower V1, the signal is coupled through VERT,
GAIN control R8 to amplifiers V2A and V2B.

From V2B, the signal is applied through the
series peaking coil to the push-pull vertical
deflection amplifier, Positioning of the trace
is accomplished by adjusting VERT. POS. control
R18, which changes the relative DC grid voltages

between the halves of the push-pull amplifier,
The fixed tap of control R18 provides the ref-
erence voltage for V3A.

Push-pull output stage V3A and V3B drives the
vertical plates of the CRtube toprovide balanced
deflection of the electron beam. (Common ca-
thode coupling applies the signal from V3A to
V3B.) A small portion of the signal is coupled
from the plate circuits of the push-pull stage
to the SYNC. SELECTOR switch to facilitate
positive or negative internal sweep synchroniza-
tion,
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SWEEP GENERATOR

The SYNC SELECTOR switch is used to select
the desired sweep synchronizing signal, This
signal is applied to the sweep generator by
means of the common cathode resistor, R38,
of V4A and V4B. V4A is the sync cathode fol-
lower. V4B and V54, the sweep multivibrator,
with their associated circuit components, create
the horizontal sweep waveform, The sweep
timing capacitor that is switched into the cathode
circuit of V5A, determines the coarse horizontal
sweep frequency as it discharges through R47
and FREQ, VERNIER control R48, Fine fre-
quency adjustment of this sawtooth waveform is
obtained by varying the FREQ., VERNIER con-
trol (or the PRESET ADJUST controls),

A retrace blanking. signal is coupled to the CR
tube through blanking amplifier V5B from the
sweep generator. The positive going portion of
the sweep waveform is used for this purpose.

HORIZONTAL AMPLIFIER

The HOR./FREQ. SELECTOR is used to select
the desired sweep signal and apply it to input
cathode follower V6A. This sweep signal maybe
from the sweep generator, 60 cycle line sweep,
or an external sweep signal from the HOR, IN-
PUT.

The sweep signal is coupled from V6A through
the HOR. GAIN control and through amplifier
V6B to the push-pull horizontal deflection am-
plifier, V7A and V7B. The HOR. POS. control is

used to position the trace by changing the rela-
tive DC grid voltages of the push-pull ampli-
fier,

The push-pull horizontal deflection amplifier
drives the horizontal plates of the CR tube to
provide balanced horizontal deflection of the
electron beam.

CATHODE RAY TUBE

Operating and accelerating voltages are supplied
to the cathode ray tube (CR tube) by a bleeder
network connected from the high voltage power
supply to ground. This network contains the
FOCUS and INTEN, controls, and supplies bias
voltage to regulator tube V10, Intensity modu-
lation of the electron beam may be accomplished
by connecting an external signal to the Z-
AXIS input of the CR tube,

PGOWER SUPPLY

High voltage for the CR tube is supplied by
V9, the high-voltage rectifier, B+ is supplied by
full-wave rectifier V8 and its associated cir-
cuitry, V10 is used to prevent power line surges
from appearing on the B+ voltages, Two sep-
arate filament windings are used on the power
transformer, one for the CR tube alone, The
other winding supplies filament voltage to all
other tubes, and supplies AC voltage to the
HOR./FREQ, switch for line sweep to the
PHASE control, and to the 1-V, P-P binding
post,

A power transformer having dual primary wind-
ings is used, Refer to the Specificationsfor sup-
ply voltage ranges,
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CONSTRUCTION NOTES

Resistors generally have g tolerance rating ot
10% unless otherwise stated in the Parts List,
Tolerances on capacitors are generally even
greater. Limits of +100% and -20% are common
for electrolytic capacitors,

This manual ig Supplied to assist you in every
way to complete your kit with the leagt possible

of dependability, We Suggest that you retain the
manual in your files for future reference, both
in the use of the instrument and fop its main-
tenance,

You will receive your 825 Oscilloscope in six individually
packaged kits. If, at the completion of a kit, you have parts
left over, do not discard them. They will be used in a later
kit.

UNPACK EACH KIT CAREFULLY AND CHECK EACH
PART AGAINST THE PARTS LIST. In so doing, you will
become acquainted with the parts. Refer to the charts and
other information on the inside covers of the manual to help
you identify the components.

We suggest that you do the following before work
is started:

1.

2.

Lay out all parts so that they are readily
available,

Provide yourself with good quality tools,
Basic tool requirements consist of g screw-
driver with a 1/4" blade; a small screw-
driver with a 1/8" blade- long-nose pliers;
wire Cutters, preferably separate diagonal
cutters; a pen knife or a tool for Stripping
insulation from wires; a soldering iron (or
gun) and rosin core solder. A set of nut
drivers and a nut starter, while not neces-
sary, will aid extensively in construction of
the kit.
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PART

KIT 1

PARTS LIST

Refer to the Parts Pictorial (fold-out from Page 13).

PARTS DESCRIPTION
No. Per Kit

TUBE SOCKETS (Circuit Board type)

434-45
434-46

RESISTORS

1/2 Watt
1-84
1-3
1-45
1-6
19
1-57
1-13
1-46
1-19
1-20
1-21
1-22
1-25
1-26
1-33
1-35
1-38
1-71
1-70

Power

1-22-1

1-28-1

3
2

b e e ND R e b e QO Rl B = RN = e N =

7-pin
9-pin

62 Q2 (blue-red-black)

100 & (brown-black-brown)

220 Q (red-red-brown)

470 Q (yellow-violet-brown)

1 KQ (brown-black-red)

2.2 K (red-red-red)

2.7 K (red-violet-red)

3.9 K (orange-white-red)

6.8 KQ (blue-gray-red)

10 K2 (brown-black-orange)

15 K& (brown-green-orange)

22 KQ (red-red-orange)

47 KQ (yellow-violet-orange)

100 KQ (brown-black-yellow)
470 KQ (yellow-violet-yellow)

1 megohm (brown-black-green)
3.3 megohm (orange-orange-green)
4.7 megohm (yellow-violet-green)
22 megohm (red-red-blue)

1.5 K21 watt
(brown-green-red)
100 K2 1 watt
(brown-black-yellow)

PART
No. Per Kit

PARTS DESCRIPTION

Power {cont'd.)

1-37-1 1
34-7 1
CAPACITORS
219 1
21-13 1
23-3 1
21-38 1
23-59 1
23-63 2
25-28 1
25-31 1

WIRE-SLEEVING

340-8 1
344-59 1
346-1 1

MISCELLANEOUS

85-14-1 1

3.3 megohm 1 watt
(orange-orange-green)
5000 7 watt wire-wound

100 uuf ceramic

500 puf ceramic

.01 ufd paper tubular, 400 V
.02 ufd ceramic, 1600 V
.05 ufd plastic molded
tubular, 200 V

.25 pfd plastic molded
tubular, 400 V

100 ufd electrolytic, 50 V
20-20-20 ufd at 250 V -
250 V - 250 V electrolytic

Length bare wire
Length hookup wire
Sleeving

Large circuit board
Manual (See front cover for

part number.)
Solder
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KIT 2
PARTS LIST
PART PARTS DESCRIPTION PART PARTS DESCRIPTION
No. Per Kit _No._ Per Kit
RESISTORS Capacitors {cont’d.)
: 23-28 4 .1 pfd plastic molded
1/2 Watt tubular, 200 V
1-3 4 10082 (brown.black.brown) 25-20 1 40 ufd electrolytic, 150V
190 2 2 KS2 (red-black-red)
1-57 1 2.2 KQ (red-red-red) TUBE SOCKETS
1-14 3 3.3 K£2 (orange-orange-red)
1-38 1 3.3 megohm (orange-orange-green) 434-46 3 9-pin circuit board type
140 3 10 megohm (brown-black-green)
COILS
Power
45-25 1 30 uh (green band)
1-2-1 2 1 KQ 1 watt 45-23 2 61 yh (red band)
(brown-black-red) 45-24 2 90 uh (blue band)
1-27-1 2 33 KQ 1 watt
(orange-orange-orange) CONNECTOR-TERMINALS
1-19-2 1 1.2 KQ 2 watt
(brown-red-red) 100-16-2 1 Binding post cap, black
1-1-2 2 2.7 KQ 2 watt 427-3 1 Binding post base
(red-violet-red)
1-22-2 1 12 KQ 2 watt HARDWARE
brown-red-orange
( nee) 252.3 1 6-32 nut
254-1 1 #6 lockwasher
CAPACITORS
MISCELLANEOUS
21-16 1 .01 ufd ceramic
21-38 1 .02 ufd ceramic, 1600 V 85-12-2 1 Small circuit board
KIT 3
PARTS LIST
PART PARTS DESCRIPTION PART PARTS DESCRIPTION
| No. Per Kit No. Per Kit
CONTROLS-SWITCHES Controls-Switches {cont'd.)
10-234 1 7.5 megohm linear control
10-261 1 2000 £ linear control 10-115 2 7.5 megohm linear control,
with dummy lug tab-mounting
10-258 1 10 K£2 linear control 19-126 1 500 K2 control with SPST switch
10-260 1 20 K£2 control, center-tapped and dummy lug
10-256 1 200 K£2 control, center-tapped 63-508 1 3-position switch
10-257 1 500 K£2 linear control 63-509 1 4-position switch
10-259 2 2 megohm linear control 63-510 1 9-position switch
TN Y ol e AT T R
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PART PARTS DESCRIPTION PART PARTS DESCRIPTION
No. Per Kit No. Per Kit
METAL PARTS CAPACITORS
100-296 1 Panel ring 21-5 1 20 ppf ceramic
203-219-5 1 Front panel 21-21 1 200 puf ceramic
204-362 1 Control mounting bracket 21-36 2 .002 ufd ceramic
21-31 1 .02 ufd ceramic, 500 V
CONNECTORS-INSULATORS-SOCKET 23-58 2 .2 ufd plastic molded
tubular, 200 V
75-17 12 Binding post insulator
100-16-2 2 Binding post cap, black
100-16-18 2 Binding post cap, red HARDWARE
100-534 2 Binding post cap, white
427-3 10 Binding post base 25049 18 3-48 x 1/4” screw
434-22 1 Pilot lamp socket 250-89 22 6-32 x 3/8” screw
250-137 4 8-32 x 3/8” screw
LAMP 252-1 18 3-48 nut
2524 4 8-32 nut
412-1 1 #47 lamp 252-7 13 3/8”-32 control nut
253-10 13 Steel flat washer,
RESISTORS 5/8” OD (control)
254-2 4 #8 lockwasher
145 1 220 2 1/2 watt 254-4 9 Control lockwasher
(red-red-brown) 259-1 10 #6 solder lug
1-22 1 22 K 1/2 watt 259-10 4 Control solder lug
(red-red-orange) 252-3 45 6-32 nut
1-24 1 33 KR 1/2 watt 254-1 35 #6 lockwasher
(orange-orange-orange)
1-27 3 150 KQ 1/2 watt
(brown-green-yellow)
1-71 1 4.7 megohm 1/2 watt
(yellow-violet-green)
1-34-1 1 1 megohm 1 watt
(brown-black-green)
KIT 4
PARTS LIST
PART PARTS DESCRIPTION PART PARTS DESCRIPTION
No. Per Kit No. Per Kit
CONTROL INSULATORS
10-32 1 1 megohm linear control 73-1 2 3/8” grommet
73-2 2 3/4” grommet
TERMINAL STRIPS-SOCKET
METAL PARTS
431-2 2 2-lug terminal strip
431-45 1 6-lug terminal strip 100-833 1 Chassis
434-16 2 9-pin socket 204-361 1 Rear support bracket
481-1 1 Capacitor mounting wafer, 204-363 2 CR tube mounting bracket
metal 204618 1 Stiffener bracket
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PART PARTS DESCRIPTION PART PARTS DESCRIPTION
No. Per Kit No. Per Kit
TRANSFORMER RESISTORS
54-103-24 1 Power transformer 1-2-2 1 4.7 KQ 2 watt
(yellow-violet-red)
3-15-7 1 1000 2 7 watt wire-wound
CAPACITORS
MISCELLANEOUS
21-31 1 .02 ufd ceramic, 500 V
25-32 1 40-20-20-50 ufd at 450 V-450 V- 421-23 1 1 ampere slow-blow fuse
450 V-300 V electrolytic 423-1 1 Fuseholder
PART PARTS DESCRIPTION PART PARTS DESCRIPTION
No. Per Kit No. Per Kit
RESISTORS Capacitors {cont'd.)
23-28 2 .1 ufd plastic molded
1/2 Watt tubular, 200 V
”2*4 1 820 Q2 (gray-red-brown) 23-63 1 25 pfd plastic molded
1- 1 33 KQ (orange-orange-orange) tubular, 400 V
1-88 1 36 KS2 (orange-blue-orange) 25-20 1 40 pfd electrolytic, 150 V
1-27 1 150 K2 (brown-green-yellow) 31.12 1 Dual trimmer
1-87 1 330 KQ (orange-orange-yellow)
1-33 1 470 KQ (yellow-violet-yellow) WIRE
1-35 1 1 megohm (brown-black-green)
2-129 1 3.3 megohm 5% precision 134-19 1 Cable assembly
CAPACITORS METAL PARTS
21-3 1 10 puf ceramic 206-144 1 Top shield plate
20-1 1 A7 pyf mica 206145 1 Bottom shield plate
(yellow-violet-black)
2043 1 390 uuf mica
: (orange-white-brown) CONNECTORS-BINDING POSTS
23-59 1 .05 ufd plastic molded
tubular, 200*V 431-12 2 4-lug terminal strip
27-112 1 1 pfd Mylar®, 600 V 431-1 1 Dual-lug terminal base

*DuPont Registered Trademark
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KIT 6
PARTS LIST
PART PARTS DESCRIPTION PART PARTS DESCRIPTION
No. Per Kit ‘ No. Per Kit
RESISTORS Terminal Strips-Socket {cont'd.)
431-2 1 2-lug terminal strip
1-26 1 100 K 1/2 watt 434-41 1 12-pin socket
(brown-black-yellow) 43847 2 Banana plug
1-35 1 1 megohm 1/2 watt
(brown-blackgreen) HARDWARE
1-32-1 1 470 KQ 1 watt
(yellow-violet-yellow) 250-8 3 #6 sheet metal screw
250-29 2 6-32 x 3/4” screw
CAPACITORS 25048 4 6-32 x 1/2” screw
250-83 2 #10 sheet metal screw
23-62 2 .1 ufd paper tubular, 1600 V 259.35 4 Thumbnut
253-9 4 #8 flat washer
CHOKES 253-39 4 Steel flat washer, 9/16” OD
45-12 2 33 ph on 3300 £2 1 watt TUBES®
resistor
INSULATORS-WIRE 411-4 1 6C4 tube
411-153 3 12AU7/ECC82 tube
73.3 4 1/2” grommet 411-49 1 5UP1 cathode ray tube
73-5 1 Cushion strip (CR tube)
75-71 1 Strain relief, flat cord 411-58 1 6AB4 tube
89-23 1 Line cord 41165 1 1V2 tube
3411 1 Length black test lead 41168 1 GANS tube
341-2 1 Length red test lead 411-73 1 12BH7 tube
347-2 1 Length 300  twin lead 411-79 1 6J6 tube
411-110 1 EZ81/6CA4 tube
METAL PARTS
MISCELLANEOUS
90416 1 Cabinet (with cover plate)
2071 2 CR tube clamp 211-5 1 Handle
210-13-1 1 Bezel 261-9 4 Rubber foot
414-11 1 Green grid screen
TERMINAL STRIPS-SOCKET 414-10 1 Grid screen window
432-27 1 Line cord adapter
70-10 1 Banana plug sleeve, black 455-50 12 Knob bushing
70-11 1 Banana plug sleeve, red 462-245 8 Pointer knob
260-1 2 Alligator clip 462-250 4 Small knob

*The type markings on the tubes furnished with this kit may
or may not be followed by the letter “A.”
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STEP-BY-STEP PROCEDURE

IMPORTANT: READ CAREFULLY

The following instructions are presented in a logical
step-by-step sequence to enable you to complete your kit
with the least possible confusion. Be sure to read each step all
the way through before beginning the specified operation.
Also read several steps ahead of the actual step being
performed. This will familiarize you with the relationship of
the subsequent operations. When the step is completed,
check it off in the space provided. This is particularly
important as it may prevent errors or omissions, especially if
your work is interrupted.

The fold-out diagrams in this manual may be removed and
attached to the wall above your working area; but, because
they are an integral part of the instructions, they should be
returned to the manual after the kit is completed.

In general, the illustrations in this manual correspond to the
actual configuration of the kit; however, in some instances
the illustrations may be slightly distorted to facilitate clearly
showing all of the parts.

The various lengths of wire to be used in this kit are specified
in the construction steps. After cutting the wire to the
LENGTH SPECIFIED, strip the insulation 1/4” off each end.
The exposed wire will be used to make the actual connection
to the solder lug.

The abbreviation “NS” indicates that a connection should
not be soldered yet as other wires will be added. When the
last wire is installed, the terminal should be soldered and the
abbreviation “S” is used to indicate this. Note that a number
will appear after each solder instruction. This number
indicates the number of leads that are supposed to be
connected to the terminal in point before it is soldered. For
example, if the instruction reads, “Connect a lead to lug 1
(8-2),” it will be understood that there will be two leads

connected to the terminal at the time it is soldered. (In cases

where a lead passes through a terminal or lug and then
connects to another point, it will count as two leads, one
entering and one leaving the terminal.)

The steps directing the installation of resistors include color
codes to help identify the parts. Also, if a part is identified
by a letter-number designation on the Schematic, its
designation will appear in the construction step which directs
its installation.

CIRCUIT BOARD PARTS MOUNTING

These photographs show right and wrong ways of mounting
various parts. Make sure the leads of disc capacitors are
straight. Parts with lugs need no preparation unless the lugs
are bent, in which case they should be straightened with
pliers.

RIGHT

WRONG

Mount each part in the right place. Parts should be mounted
tightly against the circuit board (unless the step directs
otherwise).

The leads of each part should be inserted through the correct
holes in the board, and then bent outward on the other side
of the board, as shown, to hold the part in place. After a
group of parts has been installed, solder each lead to the foil
and clip off excess lead lengths close to the board.
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STEP-BY-STEP ASSEMBLY

KIiT 1
LARGE CIRCUIT BOARD WIRING

Refer to Pictorial 1 (fold-out from this page) and Detail 1A
for the following steps.

( ) Before working on the circuit board, read the Circuit
Board Parts Mounting on Page 13.

Insert 7-pin molded sockets in the holes marked V1, V4 and
V10, in the large circuit board as follows:

( ) Place the body of each socket on the
phenolic side of the board, withthe contacts
extending through to the pattern or foil side,
Align the blank space of the socket with the
arrow printed on the circuit board. Fan out
the socket contacts enough to prevent the
socket from falling out,

() Rotate the socket slightly to obtain exact
alignment between socket contacts and cir-
cuit pattern, BE SURE that no socket con-
tact falls in the blank area of the circuit
pattern,

( ) Now, carefully solder each contact tothe ad-
jacent foil pattern. Do not attempt to cut off
the tip of the contact after soldering,

( ) Install the 9-pin sockets V5 and V6 in the
same manner,

Pictorial 1 shows the wiring sequence for the large circuit
board. Start with Step 1, in the upper left corner and follow
the numbered operations around the board in clockwise
order.

Observe the special instructions for mounting
the 5000 £ 7 watt resistor in Step 7. This part
is mounted above the circuit board to provide
better heat dissipation.

DO NOT CONFUSE 1/2 WATT AND 1 WATT
RESISTORS. Be sure to use the part called out,
In most cases, the lead holes are spaced pre-
cisely to accept the leads of the component,
when they are bent down near the body of the
component,

IF THE PARTDOES NOT SEEM TO MATCH THE
HOLES, RECHECK YOUR WORK. It is possible
that the part is not the proper one.

Observe the polarity markings of the capacitor
installed in Step 37.

Use bare wire in steps 1, 15, 23, and 36.

Detail 1A

When all parts have been mounted, go back and
recheck your work thoroughly. An error found
now will save much difficulty later, When you are
satisfied that the parts are correctly wired,
carefully solder each lead to the circuit foil
pattern, using the technique outlined previously.
Then cut off the excess leadsneatly, close to the
soldered point,

AFTER the operations outlined in Pictorial 1 have been
completed:

( ) Mount the 3-prong filter capacitor can at
F. Match the markings stamped in the
insulator at the base of the capacitor, with
those printed on the phenolic side of the
board, DO NOT attempt to mount this ca-
pacitor by twisting the mounting lugs in
- conventional fashion; instead, solder the
mounting lugs to the circuit pattern sur-
rounding the slots, Then solder the ca-
pacitor terminals in the same way. Do not
attempt to cut off the tips of the lugs or
terminals,

KIT 2
SMALL CIRCUIT BOARD WIRING

Refer to Pictorial 2 and Detail 2A for the following steps.

( ) Mount the three 9-pin sockets and fan out the lugs
(NS).
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ﬂum. { ) R222, 100 2 re- “

mlabne (hamsarm himeb

| T vY VYT | [ . L cand 2% e D wess | I & () R22T. 1 KQ | watt —



Of boGrd.

R222. 100 Q re-
sistor (brown-black-
brown)j.

33.

R226. 1 KQ 1 watt
resistor (brown-black-
red).

32.

R225. 3.3 KQ2 re-
sistor (orange-or-
ange-red).

31.

90 h coil
(blue-band),

30.

R224. 2.7 KQ 2 watt
resistor (red-vio-

START J

* Before installing, slip 3/8" lengths of sleeving over
both leads to lift resistor body off circuit board.

i i VIMIAL |

1. ()} Ra22l. 1.2 KR 2 watt 3. ( } R229. 2.7 K2 2 watt 5. { ) R227. 1KQ 1 watt
* resistor (brown-red- resistor (red-violet- resistor {(brown-
red). * red) black-red) .

6. ( ) R228. 3.3 K% re-
sistor {orange-or-
ange-red).

2, () can. o001

disc).

capacitor (ceramic

4. ()

90 1.h coil
{biue band).

\

7. { ) R260.- 33 K 1 watt
resistor (orange-
orange-orange).

8. ( ) R261. 33 KQ 1 watt
resistor {orange-
orange-orange).

9. ( »R259. 100 @ resis-
tor (brown-black-

brown).

10. ( ) R254. 10 megohm re-
sistor (brown-black-
blue).

11. () R257. 100 Q resistor

(brown-black-brown).

€230. 0.1 200 V ca-
pacitor {(molded tubu-
lar}.

—
g

R258. 12 K2 2 watt
resistor (brown-red-
orange).

-
w

Cc128. 0.1 200 V ca-
pacitor (molded tubu-
lar).

14, (

C225. 0.02 1.6 KV
capacitor {ceramic
disc).

15. ¢

4 let-red).
29. { ) R220. 100 @ re-
sistor {brown-black-
brown).
28. ) R216. 3.3 megohm
resistor (orange-or-
ange-green).
27. ) R215. 2 K2 resistor
(red-black-red).
26. } 30 uh coil
(green band).
25, ) 61 uh coil
(red band). /
24, ) R214. 2 KR resistor
(red-black-red).
23 ) €210. 0.1 2060 V ca- C209. 0.1 200 V ca-
pacitor (motded tubu- 2.t pacitor (molded 18. ( ) R211, 2.2KQ re-
lar). tubular). sistor (red-red-red).
22. } R213. 10 megohm 21. { )} R210. 10 megohm re- 19.( } R212. 3.3 K2 re- . 61 uh coil
resistor {brown- sistor (brown-black- sistor (orange-or- 17 () :\mm c%%n“v

black-blue).

16. ( } C208. 40 utd 150 V
capacitor *(electro-
Iytic tubular).

* OBSERVE POLARITY.

blue).

ange-red).

PICTORIAL 2
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LUG 1&6
NOT
SOLDERED

Detail 2A

() Connect short bare wires between lugs 3
and 8 of sockets V3 and V7,

() Connect a bare wire between lugs 3 and 9
of socket V2,

() Except for lugs 1 and 6 of V7, solder the
socket lugs and the jumper wires to the
circuit pattern,

Now wire the circuit board as directed in Pictorial 2. Start at
Step 1 at the top of the board and progress clockwise. When
mounting the five peaking coils, hold the coil form tightly
against the circuit board while spreading the terminals
slightly. This will insure that the coil form is perpendicular to
the circuit board when the connections are soldered.

When all parts have been mounted, go back and
recheck your work thoroughly. An error found
now will save much difficulty later, When you
are satisfied that the parts are correctly wired,
carefully solder each lead to the circuit foil
pattern, using the technique outlined previously,
Then cut off the excess leads neatly, close to
the soldered point,

AFTER the operations outlined in Pictorial 2 are completed:

() Assemble the Z-axis binding post to the circuit board
using the 5/32” hole provided. The binding post base
goes on the foil side of the circuit board. Use a 6-32
nut and lockwasher on the lettered side. (See Detail
2A.) Install the black cap on the binding post base.

2A.) Install the black cap on the binding post base.

KIT3
FRONT PANEL ASSEMBLY

Mount each of the following components as they appear in
Pictorial 3 (fold-out from Page 17). Place a soft cloth over
your work area to keep from scratching the front panel.

NOTE: A plastic nut starter has been provided with this kit.
Use it to hold and start nuts on screws.

( ) R45, R46. Mount the two 7.5 megohm twist-tab
controls (#10-115) on the control mounting bracket

TAB
MOUNTING
CONTROLS
C(*10-115)

7~
/'® 6-32 NUT

6 SOLDER LUG

CONTROL

MOUNTING
BRACKET
C#204-362)

Detail 3A

( ) Mount a #6 solder lug on the control
mounting bracket with a 6-32 x 3/8" screw
and a 6-32 nut,
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( ) RS32. Fasten the control mounting bracket to the front
panel by installing 10 KQ control F (#10-258) but do
not tighten yet. Place the control lockwasher between
the control and the mounting bracket. See Detail 3B.

( ) R72. Similarly, install 500 KQ control G (#10-257)

through the bracket. Now tighten the control nuts,

( ) R78. Mount 500 K control and switch A (#19-126)

with a control lockwasher, flat control washer, and a

control nut as shown in Detail 3B.

CONTROL

\\ % CONTROL SOLDER

M======4 == [YG OR LOCKWASHER

=F = = = PANEL OR CHASSIS
S0 AT WASHER

:]:::D NUT

1

CONTROL MOUNTING
WITH GROUND LUG

Detail 3B

() R80, Mount 2 megohm control B (#10-259) in
the same manner,

( ) R18, Mount 20 KQ control D (#10-260) using

a control solder lug in place of the control

lockwasher,

R55, Install 200 KQ control E (#10-256) using
a control solder lug in place of the control
lockwasher,

( ) Install switch L (#63-510), making sure that

it is oriented properly by checking the posi-
tion of lug 11,

Install switch K (#63-509), using a control
solder luginplace of the control lockwasher,

()

In the same manner, but using control lock-
washers, mount:

() Switch Q (#63-508),

() RS, 2000 €2 control P (#10-261).

() R48, 7.5 megohm control M (#10-234),

() R31, 2 megohm control N (#10-259),

() Install the six binding posts at the bottom of the panel
in the manner shown in Detail 3C. Face each solder lug
as shown in Pictorial 3. Orient the holes in the binding
post base parallel to the bottom of the panel.

( ) Install a red binding post cap on the VERT. INPUT and

HOR. INPUT binding posts.
() Refer to Detail 3D and slightly spread the open end of
the binding posts with a phillips screwdriver after the
binding post caps have been screwed on. Tap the

(

(

sinoing [
PosT cap |l

BINDING
POST BASE

BINDING
POST BASE
INSULATOR

&
&

56 SOLDER LUG S

Detail 3C 43 Detail 3D
POST BASE BINDING jmmm
INSULATOR POST CAP
6-32 NUT ] -

~—

N—

)

S

N

~—

6-32 NUT :

screwdriver lightly. This will keep the binding post cap
from falling off.

Install a black binding post cap on eachof the
GND binding posts at the bottom of the panel,

Install white binding post caps on the
1-V P-P and EXT SYNC binding posts,

Install the pilot lamp sock-
et, as shown in Detail

3E, and install the #47
lamp in the socket.

Detail 3E @@

R79, Connect a 1 megohm (brown-black-
green) 1 watt resistor from lug 3 (S-1)
to lug 4 (NS) of control A.

Connect a 3-1/2" length of hookup wire from
lug 4 of control A (S-2) to lug 3 of control
B (s-1). =

R19, Connect a 33 KQ (orange-orange-
orange) 1/2 watt resistor from lug 1 (S-1)
to lug 2 (S-1) of control D,

R56. Connect a 22 KQ (red-red-orange)
1/2 watt resistor from lug 2 (NS) to lug 3
(S-1) of control E,

Connect a 2-1/4" length of hookup wire
from lug 3 of control F (NS) to solder lug
DD (NS).
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) Connect a 3" length of hookup wire from lug
3 of control F (S-2) tolug 2 of control E(S-2),

Connect a 2-3/4" length of hookup wire from
lug 3 of control H (NS) to lug 4 of switch L
(8-1).

R84.Connect a 150 K2 (brown-green-yellow)
1/2 watt resistor from lug 2 of control H
(S-1) to ground lug DD (lower hole) (NS).

Connect a 3-1/2" length of hookup wire
from lug 2 of control J (NS) tolug 3 of switch
L (8-1).

R83.Connect a 150 KQ (brown-green-yellow)
1/2 watt registor from lug 3 of control J
(S-1) to the lower hole of ground lug DD (NS).

Connect a 1-1/2" length of hookup wire from
lug 3 of control M (S-1) to lug 11 of switch
L (S-1).

Connect a 5-3/4" length of hookup wire from
lug 1 of switch L (S-1) to the HOR, INPUT
solder lug (S-1).

R47, Connect a 150 KQ (brown-green-yel-
low) 1/2 watt resistor from solder lug DD
(NS) to lug 2 of control M (S-1). Use sleev-
ing on both leads,

Strip both ends of an 11-1/2" length of
hookup wire and connect one to lug 4 of
control D (S-1). Route the other end of the
wire across the panel as shown, It will be
connected later,

Connect a 5'" length of hookup wire from
lug 2 of switch K (S-1) to lug 2 of control
N (S-1).

Connect a 3-1/2" length of hookup wire
from lug 1 of control N (S-1) to the EXT,
SYNC, solder lug (S-1).

C23. Connect a .2 pfd 200 V capacitor
from lug 2 of control J (S-2) to lug 6 of
switch K (S-1).

C21, Connect a .2 ufd 200 V capacitor
from lug 5 of switch L (NS) to solder lug
DD (NS). Use sleeving on both leads and
place the capacitor as shown,

( ) R43, Connect a 4.7 megohm (yellow-violet-
green) 1/2 watt resistor from ground lug
DD (NS) to lug 9 of switch L (NS).

( ) C22, Connect a .002 pfd ceramic capacitor
from lug 3 of control H (S-2) to ground lug
DD (8-"17).

( ) C17. Connect a 20 uuf ceramic capacitor
from lug 9 (S-2) to lug 8 (NS) of switch L.

( ) C18, Connect a 200 puf ceramic capacitor
from lug 8 (S-2) to lug 7 (NS) of switch L.

( ) C19. Connect a .002 pfd ceramic capacitor
from lug 7 (S-2) to lug 6 (NS) of switch L.

( ) C20. Connect a .02 pufd ceramic 500 V
capacitor from lug 6 (S-2) to lug 5 (S-2) of
switch L.

( ) R9. Connect a 220 Q (red-red-brown) 1/2
watt resistor from lug 1 (NS) to lug 4 (S-1)
of control P. Use sleeving on both leads.

Note: The other end of each of the following wires
will be connected later,

() Connect a 2-1/2" length of hookup wire to
lug 2 of switch L (S-1).

( ) Connect a 4” length of hookup wire to lug 12 (both
the front and rear lugs) of switch L (S-1).

( ) Connect a 2-3/4” length of hookup wire to lug 10 of
switch L (S-1).

( ) Connect a 3-3/4” length of hookup wire to lug 3 of
control G (NS).

( ) Strip 3/4" of insulation from one end and
1/4" of insulation from the other endof a 3"
length of hookup wire, Insert the 3/4" strip-
ped end through lug 2 (NS) to lug 1 (S-1) of
control G. Now solder lug 2 (S-2).

() Connect a 3" length of hookup wire to lug 2 of
control F (S-1),

( ) Install the panel ring on the front panel with four
binding post bases, #6 lockwashers, and 6-32 nuts as
shown in Detail 3F. (See fold-out from this page.)
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KIT4

REAR SUPPORT BRACKET ASSEMBLY

Refer to Pictorial 4 (fold-out from this page) for the
following steps.

( ) Install the rear support bracket on the
chassis with four 6-32 x 3/8" screws, #6
lockwashers and 6-32 nuts, Install the #6
solder lug and 2-lug terminal strip Ybelow
the chassis as shown,

( ) Install the small circuit board on the rear
support bracket with the foil side toward
the bracket as shown in Pictorial 4, Use
eight 3-48 x1/4" screws and eight 3-48 nuts,

( ) Install a 3/8" grommet in the small hole
near the top of the rear support bracket,

( ) Install a 3/4" grommet in the larger hole
near the top of the rear support bracket,

( ) Install the two CR tube mounting brackets
(#204-363) using 6-32 x 3/8" screws, #6
lockwashers and 6-32 nuts,

CHASSIS ASSEMBLY

Refer to Pictorial 5 for the following steps.

( ) Mount the large circuit board on the top
side of the chassis, as shown in Detail 5A,
using six 3-48 screws and six 3-48 nuts.

3 48x1/8 @
SCREW \\K\k\\ﬁ? ﬁiﬁB

<D

S
.
\/

Detail S5A

-

~

CIRCUIT
BOARD

( ) Install the front panel on the chassis with
four 6-32 x 3/8" screws and 6-32 nuts,
Place #6 lockwashers under the two upper
nuts and place #8 solder lugs, oriented as
shown, under the two lower nuts,

NOTE: Be sure to mount the tube sockets on
the bottom surface of the chassis to avoid
possible short circuits,

( ) Mount 9-pin tube sockets V8 and V9 using
3-48 screws and 3-48 nuts, Be sure to
align the blank spaces in the direction
shown by the arrows,

( ) R75, Mount the 1 megohm Spot Shape control
(#10-32) using a control solder lug in place
of the control lockwasher, Positionthe con-
trol solder lug adjacent to lug 3 of the Spot
Shape control, but do not solder the lugs
until later,

( ) Mount 2-lug terminal strip W using a 6-32
x 3/8" screw, #6 lockwashers, and a 6-32
nut, Use a lockwasher both above and below
the mounting foot of the terminal strip as
shown in Detail 5B,

6-32 NUT
5 76 LOCKWASHER

Detail 5B

6-32x 3'SCREW

( ) Install 3/4" grommet BB and 3/8" grom-
met AA,

() Mount the capacitor mounting wafer on top of
the chassis using 6-32 x 3/8" screws, #6
lockwashers, and 6-32 nuts, Install a 6-lug
terminal strip with two lockwashers on the
6-32 screw closest to the rear of the
chassis,

( ) Install the 4-prong filter capacitor in the
capacitor mounting wafer by twisting the
outer lugs as shown in Detail 5C, Make sure
that the lug marked with the triangle, C38,
is mounted closest to the front of the chas-
sis,
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I. NOTE MARKINGS (O0,4.8) NEXT TO LUG.
2. ORIENT THEM ACCORDING TO PICTORIAL .,

3. INSERT CAPACITOR SO SMALL 4. |[MPORTANT: PUSH CAPACITOR

LUGS PROJECT THROUGH BODY FIRMLY AGAINST WAFER
WAFER SLOTS, WHILE TWISTING LUGS
APPROXIMATELY L TURN.
Detail 5C

( ) Mount the fuseholder on the rear lip of the
chassis as shown in Detail 5D,

( ) Install the 1 ampere fuse in the fuseholder. NOTE: If
you intend to wire your kit for 240 volt operation (see
Page 20), use a 1/2 ampere slow-blow fuse; this fuse is
not furnished with the kit and should be obtained
locally.

( ) Measure from where the leads leave the transformer
and cut the black and black-green leads to a length of
6. Cut the black-yellow and black-red leads to a length
of 5-1/2”. Remove 1/4” of insulation from the ends of
each lead.

8-32x3/8"
~ SCREW

STIFFENER

6-32X3/8"
SCREW

il SE
( ) Mount the power transformer and the stif- Detail 5

fener bracket as shown in Detail 5E, Use the
four 8-32 screws, #8 lockwashers and 8-32
nuts at the four corners of the transformer
and the two center holes of the stiffener

( ) Connect one yellow transformer lead to
lug 5 (S-1) and connect the other yellow

bracket, Use 6-32 x 3/8'" screws, #6 lock- trarll{sfto;rger lead to lug 4 (S-1) of tube
washers and 6-32 nuts in the two end holes socke .
of the stiffener bracket, ( ) Connect the red-yellow transformer lead to

the capacitor mounting lug between C31 and
C38 (S-1), Now solder this lug to the ca-

( ) Twist the two green transformer leads to- pacitor mounting wafer,

gether, then connect one lead to lug 1 (NS)

‘ and connect the other lead to lug 2 (NS) Twist together the black, black-green, black-
of terminal strip W, yellow, and black-red leads of the power trans-

. former and connect them to terminal strip X
( ) Twist the two brown transformer leads as follows: P

together and insert them up through grom-

met AA to be connected later, ) Black lead to lug 1 (NS).

(
( ) Twist the two red transformer leads to- () Black-green lead to lug 2 (NS),
gether, then connect one lead to lug 1
(S-1) and connect the other lead to lug 7 (') Black-yellow lead to lug 4 (NS),
(S-1) of tube socket V8, ( ) Black-red lead to lug 5 (NS),
3/4 .y2% (o) 1" " 3” 4" 5 6"
l P S I 1 l 1 l 1 l Il l | l 1 | :}

i
I [
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NOTE: The power transformer has a dual pri-
mary winding and can be wired to operate from
either 120 volts or 240 volts, Determine the AC
line voltage in your area and follow the proper
set of steps to wire the power transformer,

120 Volt Wiring

( ) Connect a 1" bare wire from lug 2 (S-2)
to lug 1 (NS) of terminal strip X,

( ) Connect a 1" bare wire from lug 4 (S-2)
to lug 5 (NS) of terminal strip X,

240 Volt Wiring

Refer to the inset drawing on Pictorial 5for the
following steps:

( ) Remove 1/4" of insulationfrom eachendofa
1-1/4" hookup wire,

( ) Connect this 1-1/4" wire from lug 2 (S-2)
to lug 4 (S-2) of terminal strip X,

COMPONENT WIRING

( ) Insert a 4" length of bare wire through
the top hole of lug 3 (NS) to the top hole
of lug 9 (S-1) of tube socket V8,

( ) Place a 2-1/2" length of sleeving over
the end of this wire, and connect it to
capacitor lug C40 (S-1),

( ) R68, Connect a 4,7 KQ (yellow-violet-red)
2 watt resistor from lug 3 of tube socket
V8 (NS) to capacitor lug C38 (NS), Use
sleeving on both leads,

( ) R69. Use sleeving on both leads, and connect a 1000 £
7 watt resistor from capacitor lug C39 (NS) to lug 3 of
tube socket V8 (S-4). (The bare wire counts for two
leads in this solder instruction, one coming and one
going, as was stated on Page 13.)

( ) Connect a 6-1/2" length of hookup wire to
capacitor lug C38 (NS), Connect the other
end of this wire to Ga on the large circuit
board (S-1),

( ) Connect a 6" length of hookup wire to
capacitor lug C39 (NS). Connect the other
end of this wire to lug 1 of the Spot Shape
control (NS),

( ) Connect a 6" length of hookup wire to ca-
pacitor lug C31 (NS), Connect the other end
of this wire toG= onthelarge circuit board
(S-1), Make sure that this wire does not
short circuit to the chassis,

( ) Connect a 2-3/4" length of hookup wire
from lug 1 of the Spot Shape control (S-2)
to QQ3 on the large circuit board (S-1),

( ) C43, Connect a ,02 ufd ceramic 500 V
capacitor from lug 2 (NS) to lug 3 (S-2) of
the Spot Shape control, The control solder
lug and one lead of the ,02 ufd ceramic ca-
pacitor should now be soldered to lug 3 of
the Spot Shape control,

( ) Connect a 3-1/4" length of bare wire to
lug 9 of tube socket V9 (S-1), Place 2-1/2"
of sleeving over this wire and connect it to
lug 1 of terminal strip Y (NS),

NOTE: The purpose of using twisted pairs of
hookup wire is to provide cancellation of hum in
the filament leads, Best results will be obtained
if the wires are twisted approximately two full
turns per inch,

( ) Twist two 14-1/2" lengths of hookup wire
together, At one end, connect one wire to
lug 1 (NS) and connect the other wire to lug
2 (NS) of terminal strip W, Route this
twisted pair of wires up to the circuit board,

( ) At the other end of this twisted pair,
connect one wire to point X at lug 3 (S-1),
and connect the other wire to point X at
lug 4 (S-1) of tube socket V10 onthe circuit
board,

( ) Connect a 2'" length of hookup wire from lug
5 of tube socket V8 (S-1)tolug1 of terminal
strip W (NS),

( ) Connect a 2'" length of hookup wire from lug
4 of tube socket V8 (S-1)tolug?2 of terminal
strip W (NS),
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Detail 6A *

( ) Twist two 10" lengths of hookup wire to- ( ) Fasten the bottom shield first with 6-32 x

gether, and at one end, connect one wire to
lug 1 (S-4) and connect the other wireto lug
2 (8-4) of terminal strip W, Route the other
end of this twisted pair of hookup wires up
through grommet AA to be connected later,

Connect a 5" length of hookup wire from lug

6 of terminal strip X (NS) to lug 2 of the
fuseholder (S-1),

KIT5

INSTALLING THE SHIELD PLATES
Refer to Detail 6A for the following steps.

3/8" screws, #6 lockwashers, and 6-32
nuts, installed loosely in the mounting holes,
Install a 4-lug terminal strip, with two lock-
washers on each screw, as shown in Detail
6A.

NOTE: Position the bottom shield carefully so
as not to short out any of the other foils that are
close to its position on the board,

( ) Now slide the top shield in place beneath
the heads of the screws, and thentightenthe
screws,
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CHASSIS FRONT PANEL WIRING

Refer to Pictorial 6 (fold-out from Page 23) for the following
steps.

( ) R34. Connect a 1 megohm (brown-black-
green) 1/2 watt resistor from lug 3 (NS) to
lug 4 (NS) of terminal strip S,

( ) C13, Connect a 10upuf disc capacitor from
lug 3 (NS) to lug 4 (NS) of terminal strip S,

( ) R35, Connect a 470 KQ (yellow-violet-
yellow) 1/2 watt resistor from lug 4 of
terminal strip S (NS) to lug 1 of terminal
strip U (NS).

( ) R38, Connect an 820 Q (gray-red-brown)
1/2 watt resistor from lug 1 (NS) to lug 2
(NS) of terminal strip U.

( ) R37, Connect a 150 KQ (brown-green-yel-
low) 1/2 watt resistor from lug 3 (NS) to
lug 4 (NS) of terminal strip U,

( ) Connect a 1-1/4" length of bare wire from
lug 3 of terminal strip U (S-2) to capacitor
lug F a (S-1).

( ) R36, Connect a 33 KQ (orange-orange-
orange) 1/2 watt resistor from lug 2 (NS)
to lug 4 (NS) of terminal strip U.

( ) Ci14, Connect a .1 pfd 200 V capacitor
from lug 2 (S-3) to lug 4 (NS) of terminal
strip U,

( ) Connect a 1-3/4" length of hookup wire from
lug 1 of terminal strip U (S-3) to point KA
on the circuit board (S-1).

—~~

) Twist two 5" lengths of hookup wire together,
and at one end connect one wire to point
PP1 (S-1) and connect the other wire to
point PP2 (S-1) on the circuit board, The
other end of this twisted pair will be con-
nected later,

~—~

) Connect a 2-1/4" length of hookup wire from
lug 3 of terminal strip S (S-3) to point GR
on the circuit board (S-1),

() Connect a 4" length of hookup wire from lug
4 of terminal strip U (S-4) to point PL on
the circuit board (S-1).

( ) C12, Connect a .25 4fd 400V capacitor from
lug 1 (NS) to lug 4 (S-4) of terminal strip S.
Use sleeving on both leads,

( ) Install the cable assembly as shown in Pic-
torial 6, Bend the front section of the cable
around the front lip toward the top of the
chassis, Insert the rear section of the cable
up through grommet BB. Now inspect the
cable carefully to make sure that the wires
emerge as shown in Pictorial 6,

Connect each of the five wires (red, yellow,
orange, black, black) that emerge from the cable
near tube socket V9 as follows:

CONNECT THE  TO

( ) Red wire C31 (S-2)
( ) Yellow wire C38 (S-3)
() Orange wire C39 (S-3)

( ) Longer black
wire

lug 1 of terminal strip
X (S-3) (S-2for 240 VAC
wiring)
( ) Shorter black lug 6 of terminal strip
X (S-2)

() Connect theheavygray wire coming from the
cable to lug 2 of the Spot Shape control (S-2),

() Connect the heavy orange wire comingfrom
the cable to point ORG -HV on the circuit
board (S-1),

( ) Connect the white wire coming from the
cable to point WH on the circuit board
(S-l)c

DUAL TRIMMER PREWIRING

Place the dual trimmer in front of youas shown
in Detail 6B,

Make the following connections to the dual
trimmer,

( ) R1, 3.3 megohm 5%precision resistor from
lug 1 (NS) to lug 2 (NS),
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INSULATOR
VERTICAL TRIMMER

Detail 6B

) C2, 47 puf capacitor from lug 2 (NS) to lug 3
(Ns),

) R2, 330 KQ (orange-orange-yellow) resistor
from lug 2 (NS) to lug 3 (NS),

) C3, 390 puf capacitor from lug 3 (NS) to lug
4 (NS),

) R3, 36 KQ (orange-blue-orange) resistor
from lug 3 (NS) to lug 4 (NS),

) 3" bare wire to lug 1 (S-2), Leave the other
end free to be connected later,

) 2-1/4" bare wire to lug 4 (S-3). Leave the
other end free to be connected later,

) 2" bare wire to lug 3 (S-5), Leave the other
end free to be connected later,

Refer to Pictorial 6 for the following steps.

(

) Install the dual trimmer assembly as shown
with 6-32 x 3/8" screws, #6 lockwashers,
and 6-32 nuts, :

) Connect the 3" wire coming from lug1 of the

dual trimmer through the VERT., INPUT lug
(NS) to lug 4 of switch Q (S-1). Now solder
the VERT. INPUT lug (S-2).

Connect the 2" bare wire coming from
lug 3 of the dual trimmer to lug 2 of switch
Q (s-1).

Connect a 2-1/2" bare wire from lug 3 of
switch Q (S-1) to lug 2 of the dual trimmer
(S'4)-

Place sleeving over the 2-1/4'" bare wire
coming from lug 4 of the dual trimmer and
connect it to the GND lug (NS),

Connect a 2-1/4" bare wire from lug 3 of
control N (S-1) through the GND lug (NS)
to the panel mounting solder lug (S-1), Now
solder the GND lug (S-3).

Connect a 5" length of hookup wire to the
1-V, P-P solder lug (S-1). Route the other
end of this wire up past control M, to be
connected later,

Connect a 4" length of hookup wire to lug
3 of switch K (S8-1). Route the other end of
the wire past control M, to be connected
later,

Connect a 4-3/4" length of hookup wire from
lug 1 of switch K (S-1) to lug 1 of terminal
strip S (S-2).

Solder the GND lug near the HOR. INPUT
to the panel mounting solder lug adjacent
to it (S-1).

Connect the twisted hookup wires coming
from PP1 and PP2 to the pilot lamp socket,
Connect either wire to the front lug (S-1),
and connect the remaining wire to the rear
lug (S-1).
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Refer to Pictorial 7 for the following steps,

Connect the wires that emerge from the cable
assembly as follows:

A~

(

(

CONNECT THE TO

) Blue lug 3 of control D (S-1)

) Gray lug 5 of control D (S-1)
) Small brown lug 4 of control E (S-1)
) White lug 5 of control E (S-1)
) Violet lug 1 of control E (S-1)
) Large yellow lug 2 of control B (S-1)
) Large orange lug 1 of control B (S-1)
) Large red lug 1 of control A (S-1)

) Large brown lug 2 of control A (S-1)

) Black either rear lug of con-
trol A (8-1)

) Black other rear lug of control
A (8-1)

) Connect the 4" wire coming from lug 3
of switch K to NN3 on the front circuit
board (S-1).

) Connect the 5" wire coming from the
1-V, P-P lug to VV on the front circuit
board (S-1).

) Connect the 2-1/2" wire coming from lug 2
of switch L to FF5 onthefront circuit board
(S-1).

) Connect the 3-3/4'" wire coming from lug 3
of control G to MMS3 on the front circuit
board (S-1).

) Connect the 4" wire coming from lug 12 of
switch L to FF7 on the front circuit board
(S-l)o

()

Connect the 2-3/4" wire coming from lug
10 of switch L to FF9 on the front circuit
board (S-1).

Connect the 3" wire coming from lug 2 of
control G to MM2 on the front circuit board
(8-1).

C41. Connect a .05 ufd 200 V capacitor
from lug 3 of control G (S-2) to the PHASE
connection on the large circuit board (S-1).
Use sleeving,

Connect the 3" wire coming from lug 2 of
control F to GG2 on the front circuit
board (S-1).

C127, Connect the negative (-) lead of a
40 ufd 150 V electrolytic capacitor to lug 1
of control F (S-1). Use sleeving,

Connect the positive (+) lead of this ca-
pacitor to H-GAIN on the large circuit
board (S-1). Use sleeving, and be sure
that the body of the capacitor will not
prevent tube V6 from being installed,

Connect the 11-1/2" wire comingfrom con-
trol D to CC4 on the large circuit board
(s-1).

C5. Connect a .1 ufd 600 V Mylar capacitor from lug 1
of switch Q (S-1) to VERT. INPUT on the large circuit
board (S-1). Use sleeving.

Connect a 2" length of hookup wire from
lug 2 of control P (S-1) to EE2 on the
front circuit board (S-1).

Install a dual-lug terminal strip at the hole
in the upper shield, Use a 6-32 x 3/8"
screw, two #6 lockwashers, and 6-32 nut.

C7. Connect a .1 pfd 200 V capacitor from
lug 3 of control P (S-1) to the dual lug
terminal strip (NS). Use sleeving,
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Refer to Pictorial 8 (fold-out from Page 27) for the following ( ) Connect an 8-3/4" length of hookup wire

steps. from the dual-lug terminal strip (S-2)
(be sure to solder both sides) to VERT. IN.
( ) Route the main body of the cable assembly on the small circuit board (S-1).

up the corner of the rear support bracket

and through the 3/4" grommet, to the rear.
( ) Route the twisted pair of brown transformer

leads up the corner of the rear support
bracket and through the 3/8" grommet, to the
rear of the bracket,

Connect and solder cable wires to the small
circuit board as follows:

CONNECT TO
( ) Red wire RED

( ) Strip one end of a 13" length of hookup wire
( ) Gray wire GRAY and connect it to the point marked ""H-OUT"
(S-1) on the front circuit board, Pull the
( ) Violet wire VIOLET wire straight back, around the body of sock-
et V6 and to the rear circuitboard, Measure
( ) Brown wire BROWN carefully to the point marked "HOR. IN,"
allow about 1" for stripping, strip and push
() Yellow wire YELLOW the wire through the hole. Then pull it taut,
so that the wire clears the 7 watt resistor
( ) Orange wire ORANGE on the front circuit board and solder the con-
: nection at the rear, Do not cut off the ex-

( ) Blue wire BLUE cess wire; it will be required later,

- ( ) Route the twisted pair of hookup wires

L coming from grommet AA across the chas-

3in sis as shown, Connect one wire tothe upper ()
E il X (S-1) and connect the other wire to the

lower X (S-1) on the circuit board.

Strip both ends of a 20" length of hookup
wire, Connect one end of this wire to CRT3
on the large circuit board, Route the other
i, ( ) Connect a 14" length of hookup wire from end of this wire to the corner of the rear
it lug 1 of front panel control P (S-2) to EE1 support bracket, and up through the 3/4"
on the small circuit board (S-1). grommet, to be connected later.




Page 27

KIT 6

( ) Prepare a 15-3/4" length of 300 © twin ( ) At the other end of this twin lead, connect
one lead to SYNC- (S-1) and connect the
other lead to SYNC+ (S-1) on the small
circuit board, Do not twist the twin lead
between the front panel and the small cir-
cuit board,

lead as shown in Detail 8A, At one end of
this twin lead, connect one conductor to lug
4 (8-1) and connect the other conductor to
lug 5 (S-1) of front panel switch K,

i

i

( ) Cut a piece of twin lead to a length of
15-3/4", Prepare each of the four ends
in the manner shown,

R/
I

REMOVE WIRES
FROM INSULATION.
TWIST STRANDS,

\\ BENDBACK.,_“_

CUT
OUTER
INSULATION

DIMENSION

Detail 8A

of wires from separating. After youtineach
wire, apply heat to it and slap it sharply
against a firm surface, This will shake off
all the excess solder,

{ ) Tin all four leads. This prevents the strands }

CUT OFF
CENTER STUB
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PICTORIAL 10

( ) Connect the solid lead from one of the

( ) Connect the solid lead from the other 33 wh
33 ph chokes to CRT7 on the small circuit
board (S-1).

choke to CRT6 on the small circuit board
(S']-)-

( ) Connect the stranded lead of this choke to
lug 7 of the CR tube socket (S-1).

( ) Connect the stranded lead of this choke to
lug 6 of the CR tube socket (S-1).
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PICTORIAL 11

FINAL CHASSIS WIRING

Refer to Pictorial 11 for the following steps.

( ) RT1, Connect a 470 KQ (yellow-violet-
yellow) 1 watt resistor from lug 1 (NS) to
lug 2 (NS) of terminal strip Y,

( ) C37, Connect a ,1 ufd 1600 V capacitor
from lug 1 of terminal strip Y (S-3) to the
solder lug near grommet AA (NS).

( ) C36. Connect a .1 ufd 1600 V capacitor
from lug 2 of terminal strip Y (NS) to the
solder lug near grommet AA (S-2).

( ) Connect both of the heavy red wires coming
from the cable to lug 2 of terminal strip Y
(S'4)-

NOTE: Observe that the two edges of the flat
line cord are different, One edge is smooth but
the other edge is ribbed for identification,

() Separate the three wires of the line cord for
a distance of 3", Then cut the smooth line
cord wire to a length of 1-3/4",

( ) Remove 1/4" of insulation from the end of
each lead and melt a small amount of solder
on the ends of the wires to hold the fine
strands together,

( ) Pass the line cord through hole CC from
the rear of the chassis,

Connect the three wires of the line cord as
follows:

() Smooth lead to lug 1 of the fuseholder (S-1),
( ) Green lead to lug 3 of terminal strip X (S-1),

( ) Ribbed lead to lug 5 of terminal strip X (S-3
for 120 volt wiring; S-2 for 240 volt wiring),
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Detail 11A

() Refer to Detail 11A and install the strain relief in hole
CC as shown.

KNOB INSTALLATION

The knobs supplied with this kit use knob bush-
ings that provide permanent positive action with-
out the use of setscrews,

In the following steps you will install knobs on
the switch and control shafts, Perform these
steps carefully, as a knob bushing cannot be
removed from a knob after it has been fully
inserted, Detail 11B shows the manner in which
both the small knobs and the pointer knobs are
installed,

() Push aknobbushingpart way onto each of the
twelve shafts, Then turn all shafts to their
full counterclockwise position,

TOOL
HANDLE 0

N

LARGE
OPENINGQ
\4
Q

KNOB
BUSHING

/%I/@ KNOB

POINTER

SMALL
OPENING

Detail 11B

() Install the four small knobs on the INTEN,
FOCUS, VERT POS, and HOR POS shafts
by first lining up the white knob index marks
at the 7 o'clock position (INTEN knob at AC
OFF), Then push each knob onto the knob
bushing with just enough pressure so that
the knob bushing and knob can be removed
together from the shaft,

() Place eachknobona table or other hard sur-
face; then press the knob bushing firm1ly into
the knob, Use a towel or soft cloth on the
work surface to avoid scratching the knob,

( ) Press each knob and bushing firmly onto its
shaft,

( ) At the eight remaining shaft positions,
line up the pointer of a knob with the full
counterclockwise marking on the panel,
Then press a pointer knob lightly onto the
knob bushing as before,

() At each switch, turn the knob clockwise to
each of the switch stop positions, Check to
see that the pointer lines up with eachpanel
marking,

NOTE: Perform the next three steps only if the
pointer does not line up at each switch marking,

1. () Turn the knob pointer to the mid-
position marking on the panel,

2. ( ) Remove the knob from the bushing and
align the pointer with the midposition
marking,

3. () Press the knob onto the knob bushing,
Then turn the knob to each switch posi-
tion and recheck the pointer alignment,
If more than a slight error is noticed
at either end position, repeat these
three steps,

( ) Carefully remove each knob bushing and
knob together, Be careful to keep eachknob
identified with its shaft,

( ) As before, press eachknob bushing fully into
the knob,

() Press each knob and bushing firmly onto its
switch shaft,
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NOTE: In the following step, use care when in-
stalling tubes in the circuit board, I the tubes
are forced into their sockets with extreme
pressure, the circuit board may crack.

( ) Insert the tubes in their sockets asfollows:
(See Pictorial 8.)

V1 = 6AB4 V6 = 12AU7

V2 = 6AN8 VT = 12AU7

V3 = 12BHT V8 = EZ81/6CA4
V4 = 6J6 V9 = IV2

V5 = 12AU7 V10 = 6C4

( ) Secure the cover plate on the back of the
cabinet with a #6 sheet metal screw,

( ) Install the handle on the top of the cabinet,
using the #10 sheet metal screws. It maybe
helpful if the screws are run into the handle
first, and then removed, before the handle
is installed,

@ 6-32 NUT

wlt) #6 LOCKWASHER

@ #8 FLAT WASHER

é 6-32x1/2" SCREW

Detail 11C

( ) Install the rubber feet in the bottom of the
cabinet as shown in Detail 11C, Use 6-32 x
1/2" screws, #8 flat washers, #6 lock-
washers, and 6-32 nuts,

REMOVE THE INSULATION FROM EACH END OF
THE RED TEST LEAD AND TWIST TOGETHER
THE FINE WIRES.

|.3/4.._,1 1/4.._1 |‘_

ez . ]
INSERT THE 3/4" BARED WIRE INTO THE
BANANA PLUG. BEND BOTH WIRE ENDS

\ FLAT AGAINST THE PLUG BODY.

l ~INSULATOR

BANANA PLUG Oc@ﬁj:

INSULATED WIRE
SCREWDRIVER SHAFT

PLACE THE BANANA PLUG ON A SMALL
PHILLIPS SCREWDRIVER ( OR SIMILAR TOOL )
AND PUSH THE INSULATOR OVER THE
BANANA PLUG AND WIRE UNTIL THE

1/g* INSULATOR SNAPS IN PLACE.

INSERT THE OTHER END OF THE TEST LEAD
INTO THE ALLIGATOR CLIP. SOLDER THE LEAD.

Detail 11D

( ) Assemble the pair of test leads, oneredand
one black, as shown in Detail 11D,

Before attempting to operate the instrument,
remove any loose bits of solder or wire clip-
pings. Check the instrument against the pictorial
diagrams for any obvious mistakes, Now proceed
to the ADJUSTMENT section,
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ADJUSTMENT

CAUTION: The voltages in the instrument are
dangerous. Extreme care should be exercised
whenever the instrument is connected to the AC
line without being installed in its case, DO NOT
connect the line cord to an AC outlet until you
have read and fully understand the following
instructions on testing the oscilloscope,

Some of the adjustments which must be made on
the instrument cannot be performed with the cab-
inet in place, Whenever the oscilloscope is oper-
ated without the cabinet, be sure to remove the
line cord from the outlet before attempting to
change the position of the scope on the bench,
Some of the highest voltages in the circuit appear
on the INTEN, and FOCUS control terminals,
just below the top edge of the panel, It is easy
to get a finger on one of these terniinals,

() Set the controls as follows BEFORE con-
necting the line cord to an AC outlet:

INTEN, - Full counterclockwise,
FOCUS - At approximate center of rotation,
VERT. POS. - At approximate center of ro-
tation,
HOR. POS. - At approximate center of ro-
tation,
VERT, GAIN - Full counterclockwise,
HOR./FREQ., SELECTOR - Full counter-
clockwise,
HOR. GAIN - 0,
VERT. INPUT - X100,
FREQ. VERNIER - 50.
PHASE - At approximate center of rotation,
EXT. SYNC, AMPLITUDE - Full counter-
clockwise,

SYNC SELECTOR - EXT. Spot Shape (on
chassis) -At approximate center of rotation,

( ) Connect the line cord to an electric outlet of
the proper voltage, CAUTION: This instru-
ment will not operate or may be seriously
damaged if connected toaDC or 25 cycle AC
power source, or to an AC line of improper
voltage,

( ) Turn the INTEN. control full clockwise,
The pilot light should light and all tube
filaments (except IV2) should show color.,
Allow about one minute for the tube fila-
ments to reach operating temperature.

( ) Watch the screen of the CR tube carefully
until a green spot appears, Reduce the
brightness of the spot at once by rotating
the INTEN control counterclockwise, Now,
adjust the FOCUS control to reduce the size
of the spot to a minimum,

CAUTION: DO NOT PERMIT A HIGH INTEN-
SITY SPOT TO REMAIN STATIONARY ON THE
SCREEN FOR ANY LENGTH OF TIME. THIS
MAY DESTROY THE FLUORESCENT MATER-
IAL ON THE SCREEN AND LEAVE A DARK
SPOT,

( ) Rotate the HOR. POS. control and notice
that the spot moves horizontally across
the screen, Now, using the VERT. POS,
control, move the spot up and down. Adjust
these two controls so that the spot is
centered on the screen,

If no spot appears, rotate the HOR, control,
since this control may position the spot well
off the screen, It may also be necessary to
readjust the FOCUS and INTEN. controls
to form the spot, I still no spot can be Seen,
refer to the IN CASE OF DIFFICULTY
section of this manual,

( ) With the spot centered on the screen,
adjust the Spot Shape control (at the right
side of the chassis) to make the spot as
round as possible, It may be necessary to
readjust the FOCUS and INTEN. controls
several times during this procedure as
there is some interaction between the

circuits, The result should be a sharply
defined spot of small size, the brightness
of which can be varied with the INTEN,
control, CAUTION: In making this adjust-
ment, be careful not to touch any of the
wiring at the rear of the chassis.
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( ) Using one of the test leads, connect a

jumper from the 1-V, P-P terminal to
the HOR. INPUT terminal, Turn the HOR.,
GAIN control clockwise, The spot should
now become a horizontal line, whose length
increases to a maximum of about 1-1/4"
as the HOR, GAIN control is advanced. If
the trace is not level, turn off the power,
loosen the tube clamp on the base of the CR
tube and rotate the tube slightly to make
the trace horizontal, Tighten clamp and
check trace to see that it is level,

CAUTION: DO NOT ATTEMPT TO MAKE THIS
ADJUSTMENT WITHOUT TURNING OFF THE
INSTRUMENT. SOME SOCKET CONTACTS ON
THE CR TUBE ARE APPROXIMATELY 1200
VOLTS "HOT'"., CONTACT WITH THESE TER-
MINALS WOULD CAUSE A SEVERE ELECTRIC
SHOCK.

()

()

Next, connect the jumper from the 1-V,
P-P terminal to the VERT,INPUT terminal,
Turn the HOR. GAIN to "0.'" Rotate the
VERT. GAIN control clockwise and notice
that the trace is now vertical and controlled
in length by the VERT. GAIN control setting.
Switch the VERT. INPUT to X10. The line
now can be extended to the same lengthat a
fairly low setting of the VERT, GAIN control.

Set the SYNC. SELECTOR switch to the
+INT,. position, the HOR. GAIN control to
30, the VERT. INPUT switch to X10, and
the VERT. GAIN control to 100, Now set
the HOR./FREQ. selector to the dot be-
tween 10 and 100, and adjust the FREQ,
VERNIER to obtain a pattern consisting of
four complete sine waves similar to that
shown in Figure 1. This check indicates that

Figure 1

A

FRONT TRIMMER CAPACITY
SET TOO LOW, OR REAR

()

(

(

TRIMMER CAPACITY SET

TOO HIGH.

)

the sweep generator is operating normally
at a frequency of 60/4, or 15 cycles per
second, Reduce the HOR. GAIN setting if
necessary., The breaks in the trace are
caused by the fields of the power transform-
er. This will not be present with external
signals,

Disconnect the jumper from the 1-V, P-P
terminal, Turn off the power and connect
the free end of the jumper to the excess lead
coming from HOR. IN. on the rear circuit
board. Set the HOR./FREQ. SELECTOR to
the dot between 1000 and 10 kc, and the
FREQ. VERNIER to 0. Now turn on the
power, You should get a trace similar to
that in Figure 2A or B. Reduce both GAIN
control settings so that the trace is about
2" long,

With the VERT. INPUT switch in the X10
position, adjust the front trimmer of the
dual trimmers until the AB portion of the
trace disappears and only a straight sloping
line remains, (The dual trimmer is located
on the left front part of the chassis.)

Switch the VERT. INPUT to X100 and adjust
the rear trimmer of the dual trimmer to
obtain the same result as in the preceding
step. In this adjustment, you willnotice that
the slope of the BC portion of the trace is
more nearly horizontal because of the lower
vertical gain being employed. The adjust-
ment can still be made very accurately,
Turn power off and disconnect jumper from
rear circuit board, Clip off the excess wire
at HOR. IN.

B C

FRONT TRIMMER CAPACITY TRIMMER

SET T00 HIGH.OR REAR PROPERLY ADJUSTED.
TRIMMER CAPACITY

SET T0O LOW.

Figure 2
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The adjustments just made are to compen-
sate the vertical input attenuators so that
they are not frequency conscious, This
compensation preserves the excellent fre-
quency response of the vertical amplifier
even with high input attenuation,

NOTE: Adjustment of the PRESET ADJUST
controls is described in the OPERATION section
of this manual,

( ) The chassis should now be installed in the
cabinet. Pass the line cordthroughthe large
hole in the back of the cabinet, then slide
the chassis in and fasten it in place, using
two #6 sheet metal screws through the back
of the cabinet and into the rear chassis
apron. Be careful not to pinch the wires
along the edge of the front panel when
installing the cabinet,

OPERATION

The operation of an oscilloscope and its many
controls is quite simple once the basic princi-
ples are clear,

The controls can be divided into groups with
specific functions,

Two knobs, marked INTEN, and FOCUS, control
the quality of the trace, The INTEN. control
adjusts the brightness and the FOCUS control
adjusts the sharpness of the trace on the oscil-
loscope screen,

Two knobs, marked VERT. POS. and HOR.
POS., control the location of the trace on the
screen, Turning the VERT, POS. knob shifts
the trace up or down; the HOR. POS. knob is
used to move the trace left or right,

The knob marked HOR. GAIN, varies the length
of the pattern on the screen,

Two knobs, marked VERT, GAIN and VERT.
INPUT, control the height of the pattern on
the screen,

The PHASE knob controls the phase shift of the

line-frequency voltage used for LINE sweep
(LINE SW.).

Three knobs, marked HOR./FREQ. SELECTOR,
FREQ. VERNIER and EXT. SYNC. AMPLI-
TUDE, control the operation of the sweep gen-
erator, The HOR./FREQ. SELECTOR and FREQ.
VERNIER permit selection of the desired sweep-
ing rate to provide a clear pattern. The EXT.
SYNC. AMPLITUDE control operates only on
external synchronization to adjust the voltage
input to the synchronizing circuit,

The HOR./FREQ. SELECTOR switch also per-
forms the following functions:

EXT. INPUT: The HOR. INPUT binding
post is connected directly to the input grid
of the horizontal amplifier system. The
Sweep generator is not operating and ex-
ternal signals can be applied to the binding
posts,

LINE SW.: Line frequency voltage, control-
led in phase by the PHASE control, is
applied to the horizontal amplifier system.
The sweep thus applied to the amplifier is
sinusoidal in waveform,

PRESETS #1 and #2: Often used horizontal
sweep frequencies (such as the sweep fre-
quencies of a TV set) can be preadjusted
by means of the screwdriver adjustments
available on the front panel of the oscillo-
scope,

See the ADJUSTMENT section (Page 33) for these controls.

The SYNC. SELECTOR switch operates as fol-
lows when the sweep generator is operating,

-INT. and +INT,: The sweep generator is
synchronized internally with the signal
applied at the VERT. INPUT binding post;
in the +INT. position, the sweep will start
on the positive slope of the signal, and in
the -INT. position, the sweep starts on the
negative slope.

LINE: The sweep generator is synchronized
with the line frequency,
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EXT,: The sweep generator is synchronized
with the signal applied to the EXT, SYNC,
binding post,

The 1-V, P-P binding post supplies a voltage
for establishing the overall gain of the vertical
amplifier, When this voltage is applied to the
VERT. INPUT terminal and the VERT. GAIN
control and VERT,. INPUT switch are set for a
given measured vertical deflection on the grid
screen, it becomes a simple matter todetermine
the peak-to-peak value of any unknown voltage,
For example; a service specification referstoa
particular waveform, designating the normal
peak-to-peak voltage as 25 volts, Connect the
1-V, P-Pterminaltothe VERT. INPUT terminal,
With the VERT. INPUT switch in the X10 posi-
tion, adjust the VERT, GAIN control for a de-
flection of 1' on the grid screen, Do not touch
the VERT. GAIN control again until the measure-
ment is completed, Disconnect the calibrating
voltage and apply the unknown voltage to the
VERT, INPUT post. Setthe VERT, INPUT switch
to the X100 position, Now, a 1" deflection indi-
cates a peak-to-peak voltage of 10 volts, (With
the VERT. INPUT switch in the X1 position,
it would indicate 0.1 volts,) Adjust the sweep
controls to lock the waveform and adjust the
positioning controls for convenient vertical
measurement, Observe that the unknown voltage
shows a peak-to-peak deflection of 2.5", or
25 volts,

ADJUSTING THE PRESET ADJUST CONTROLS

Adjustment of the PRESET ADJUST controls may
be made directly from the front panel of the
oscilloscope with a screwdriver, making
possible two completely preadjusted horizontal
sweep frequencies, The instrument does not

need to be removed from its case for these two
adjustments. The frequency range of PRESET
ADJUST control number 1 is from 10 cps to
100 cps, and the frequency range of PRESET
ADJUST control number 2 is from 1000 cps
to 10 ke, By changing the values of C22 or
C23 to the values of C17, C18, or C20, the
PRESET controls may be used to set fixed
sweep frequencies at any frequencies within
the range of the sweep generator,

Since the most common use of this facility will
be in television repair work, we will describe
the adjustment procedure for presetting them for
the vertical and horizontal sweep frequencies
of a television set,

NOTE: When making these adjustments, be care-
ful not to come into contact with the high voltages
present in television sets,

PRESET ADJUST 1

( ) Connect the vertical input of the oscillo-
scope to apoint where a waveform is present
in the vertical section of a television set,

( ) Allow sufficient time for both thetelevision
set and the oscilloscope to warm up thor-
oughly, and turn the SYNC. SELECTOR
switch of the oscilloscope to the EXT. posi-
tion, Turn the HOR./FREQ. SELECTOR to
PRESET 1,

( ) Turn PRESET ADJUST control number 1
until two complete cycles appear on the -
oscilloscope. Now check this adjustment
by turning the SYNC, SELECTOR to the
INT. position to make sure the waveforms
lock in solidly,
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PRESET ADJUST 2

( ) Turn the HOR./FREQ, SELECTOR to PRE-
SET 2. Turn the SYNC. SELECTOR back
to the EXT. position.

() Connect the vertical input of the oscilloscope
to a point where a waveform is available
in the horizontal section of a television set,

( ) Turn PRESET ADJUST control number 2
until two complete cycles of the horizontal
waveform appear on the oscilloscope, Now
check the waveform for stability by turning
the SYNC. SELECTOR back to the INT,
position.

NOTES ON OSCILLOSCOPE OPERATION

One of the outstanding features of this instrument
is the ease with which the sweep may be syn-
chronized with the incoming signal, You will
notice that the EXT. SYNC. AMPLITUDE control
has no effect at any setting of the SYNC. SE-
LECTOR switch except in the EXT. position, The
AMPLITUDE control is unnecessary in the other
positions because of the built-in sync, limiting
circuit, This circuit makes synchronization
easily adjustable by the FREQ, VERNIER con-
trol. Settings of this control may become quite
critical at low vertical gain settings and at
very high frequencies,

When operating on external synchronization, the
EXT. SYNC. AMPLITUDE control should be set
just above the lowest setting which will give the
desired synchronization,

At maximum gain settings, the sensitivity of the
amplifiers is very high, Therefore, without a
signal source connected to the input terminal,
stray pickup may produce patterns on the screen,
This is equivalent tothe noise obtained from high
gain audio amplifiers when the pickup or the
microphone is disconnected, Such behavior is a
normal characteristic of the instrument and
does not interfere with proper operation.

The maximum undistorted output voltage of the
vertical amplifier generally does not provide
deflection much in excess of 5", Maximum de-
flection of 3" will provide adequate utilization
of the available screen area, Vertical deflection
of greater than 3" will give an apparent distor-
tion, as the trace is then operating inthe curved
portion of the CR tube face. Some scope manu-
facturers incorporate vertical limiting circuits
or a mask to limit the trace to 3", which.then
utilizes only the flat portion of the CR tube
giving greatest accuracy,

At low sweep rates (30 cycles or less) the screen
has insufficient persistence to provide a steady
picture, The resulting flicker is inherent with
medium persistence screens at low sweep rates
and represents a compromise with the ability to
follow high sweep rates,

In addition to the above notes, there are several
other effects which might be noticed under actual
operation of the scope. All the following char-
acteristics are normal to the oscilloscope de-
sign and should cause no concern:

1. At extreme sweep rates with high intensity
settings, some indication of the retrace,
particularly atthe left side, is to be expected,
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2,

When adjusting for minimum spot size, some
deflection of the beam will take place due to
external magnetic fields, This condition will
remain, even with both the HOR. and VERT.
GAIN controls set to minimum, I is caused
by magnetic fields generated by other elec-
trical equipment in proximity to the oscil-
loscope and the extent of such fields is
often amazing, These extraneous fields can
be identified by observing whether the spot
shape, adjusted for minimum size, seems to
change with orientation of the instrument,
Soldering guns, fan motors, power transformers, voltage
regulators, and conduit carrying heavy AC conductors
are particularly bad offenders in this respect. In the
past, such deflections have been swamped out by the
relatively large minimum spot size which could be
resolved. With the present day high resolution cathode
ray tubes and improved circuitry, the effect is much
more noticeable.

The same magnetic deflection mentioned
above may cause a 'breathing'' or hum-
modulation effect on any waveform dis-
played, if the sweep circuit is operating
near the line frequency or a harmonic of it,
Although not so easy to identify, one can
usually spot this effect by varying the
sweep speed slightly to present one less
or one more full cycle in the display; the
"breathing" rate will change and may even
become evident as a dual trace under some
conditions.

At signal frequencies of 1 megacycle and
higher, some fuzziness of the trace is
normal. With signal frequencies higher
than 3 mc, settings of thefrequency vernier
become critical and great care must be
used,

Vertical positioning range is deliberately
limited to #1-1/2" from center, while
horizontal positioning has been extended

to several times screen width at normal
sweep frequencies, This limited vertical
positioning is required to maintain proper
operating conditions in the vertical de-
flection amplifier and no attempt to cor-
rect it should be considered,

You will note that it is impossible to turn
the signal entirely off with the vertical gain
control. This has been done purposely in
order to force the user of the scope to re-
duce gain with the vertical input switch to
keep from overloading the input stage of
the vertical amplifier. If you cannot reduce
the waveform heighton the screento a use-
able level with these controls, an external
attenuator probe or voltage divider may be
used to reduce the input signal.

A slight overshoot or ringing effect may
be noticed with square-wave inputs at fre-
quencies of 100 kc and higher, This effect
should not exceed 10%. However, since
square-wave generators are prone tocreate
this condition themselves, be sure of the
output waveform of your generator,

As sweep rates are increased, particularly
above 200 kc, a definite reduction in a-
vailable sweep amplitude will be noted,
This is a function of the rapidly-falling
frequency response of the horizontal am-
plifier and is perfectly normal, At maxi-
mum sweep rates, at least 4" of horizontal
deflection should be obtained with full
horizontal gain, Bear in mind that under
these conditions, the sweep generator is
operating at broadcast band frequencies
and may be heard on adjacent radio re-
ceivers,

At reduced intensity settings and low sweep
Speeds, some intensity modulation of the
trace may be noticed. Thig condition is
normal and may be eliminated by a slight
increase in trace intensity,




Page 39

10, In operating the positioning controls, you
will observe a ''dead spot" at about the
center of rotation; that is, the position
of the spot does not change even though the
control is turning through several degrees,
This is perfectly normal, and is caused by
the slider of the control passing over the
tap position on the resistance element,
At this tap position, no change in re-
sistance takes place, hence the spot does
not change position,

11. Some defocusing may he experienced at
the extreme right-hand edge of the trace.
This condition does not indicate a fault
in the CR tube. It is caused in part by
amplifier design and is an intended compro-
mise between sensitivity and bandwidth

which will in no way interfere with normal
oscilloscope operation,

12, If the scope is operating with a total hori-
zontal sweep width of 4", for example, and
the HOR. GAIN setting is increased to give
a much greater sweep width, the apparent
intensity of the trace will be reduced. This
action is normal, It is caused by the fact
that the trace intensity is inversely related
to the writing rate of the electron beam. As
the sweep width is increased, this rate
increases also and the intensity will drop,
If proper voltages are obtained at the CR
tube socket, and adequate intensity is a-
vailable under normal room lighting with
5" total sweep width, your oscilloscope is
performing normally, As sweep widthis in-
creased beyond this, the trace intensity
will be reduced,

OSCILLOSCOPE APPLICATIONS

The cathode ray oscilloscope is a most versa-
tile device, It has the unique ability to measure
the basic electrical quantities and, more im-
portant, to show the relationships between as
many as three of these quantities at any one
time. Or, it can relate one or two of the
variables against a controlled time reference.
Therefore, it can indicate such characteris-
tics as frequency, phase relations, and wave-
form,

By the use of supplementary devices, called
transducers, a great variety of other physical
attributes can be investigated with the oscil-
loscope, These transducers are used to convert
sound, heat, light, stress, or physical move-
ment into electrical impulses. The impulses

can be studied by displaying them on the
screen of the oscilloscope.

The following portion of this manual is pro-
vided simply to familiarize you with the basic
applications of your oscilloscope. Each one of
the uses described is well within the capa-
bilities of the oscilloscope,

CAUTION: The circuit ground and the case of this
instrument are both connected to the power line
ground through the green wire of the line cord,
Always connect the ground test lead of this device
to the chassis, or ground, of the circuit being
tested or measured,
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WAVEFORM

Probably the major use of most oscilloscopes
is in the study of recurrent or transient varia-
tions in an electrical quantity. Since the oscil-
loscope is a voltage-operated device, these
variations must be first converted into changes
in voltage,

It is common practice to apply the signal voltage
to the vertical input of the oscilloscope. By means
of attenuators and amplifiers, this voltage is
made to vertically displace the electron beam
in the cathode ray tube, At the same time, the
beam is being swept horizontally by the sweep
generator within the instrument, The sweep
frequency is normally a sub-harmonic or simple
fraction of the signal frequency. Therefore, more
than one complete cycle of the signal is shown
on the screen,

With this brief background, we have described
below the more common applications of the os-
cilloscope in studying waveforms,

Testing Audio Amplifiers and Circuits

Figure 3 shows the conventional setup of equip-
ment for this application, The audio generator
should be capable of producing a pure sine wave
with very low harmonic distortion, The load
resistor should match the output impedance of
the amplifier. The usual practice is to perform
all tests at an input voltage sufficient to develop
a reference power output, This prevents over-
loading of any portion of the amplifier and conse-
quent inaccuracies in measurements,

INVESTIGATION

Figure 4A shows serious flattening of one peak,
representing about 10% harmonic distortion in
the amplifier. This condition may be caused by
incorrectbias on any stage, or by aninoperative
tube in a push-~pull stage. Figure 4B indicates
third harmonic distortion, a particularly ob-
jectionable fault. Figure 4C shows flattening of
both peaks, usually an indication of overload
somewhere in the amplifier circuit,

Although the use of sine-wave inputtellsusa lot
about an amplifier, the use of a square wave input
waveform gives a very accurate and extremely
sensitive indication of the performance of the
audio system with respect to both amplitude
distortion and phase shift, Assume that we apply
a wave of the form shown in Figure 5A, with a
fundamental frequency of 60 cycles, In a theoret-
ically perfect amplifier, the output waveform
would be an exact duplicate except at a greater
power level as determined by the gain of the
amplifier, Actually, the distortion of this wave-
form as shown in the scope tells a great deal
about the amplifier at frequencies considerably
separated from the test frequency, If the high
frequency performance of the amplifier is ex-
cellent, the front of the square wave will be
sharp cornered and clean, A distortion similar
to that shown in Figure 5B indicates poor high
frequency response, which may be amplitude
distortion, phase shift, or both, We may assume,
therefore, that the shape of the rising portion
of the waveform indicates the ability of the
amplifier to faithfully reproduce high frequen-
cies. Conversely, the slope of the flat-top por-
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Figure 4

Figure 5

tion of the wave indicates the performance of
the amplifier in the low frequency range. Figure
5C is the characteristic indication of an ampli-
fier with poor low frequency response, Again,
the square-wave generator used must be capable
of producing the desired waveform with excellent
voltage regulation and low inherent distortion,

Servicing Television Receivers

Servicing of television receivers is a rapidly
expanding application of the cathode rayoscillo-
scope, Each of the following basic uses requires
some additional equipment, but none of them
can be performed without using an oscilloscope.
This particular field was given specific attention
in the design of the oscilloscope.

1. Alignment of atelevision receiver is virtually
impossible without the use of an oscilloscope and

a television alignment generator. This generator
supplies an RF signal over all VHF frequencies
involved in modern television receiver opera-
tion, The signal can be frequency modulated at
60 cycles per second with a deviation of several
megacycles, The generator also provides a 60
cycle sweep voltage, controllable in phase, to
drive the horizontal deflection amplifiers in the
oscilloscope, It also provides a blanking system
which cuts off the RF output of the generator
during one-half of its operating cycle, In effect,
the generator output sweeps several mega-
cycles at a uniform rate, The oscillator out-
put is then cut off, and the cycle is repeated,
The vertical input to the scope is driven by
the voltage developed at the input to the video
amplifier in the television set, Since this volt-
age varies in exact accordance with the gain of
the RF and/or IF amplifier stages over the
frequency range being swept, the trace on the
Scope screen is actually a graphic representa-
tion of the response of the amplifiers being
tested,
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Figure 6 outlines the connections between the
alignment generator, the receiver, and the oscil-
loscope, The exact procedure for alignment
varies greatly, This information is generally
available in the TV manufacturer's service
information, Usually, a drawing of the desired
response curve is given, together with a sequence
of adjustments to roughly approach the desired
pattern, Final adjustments are made while
watching the trace on the oscilloscope,

2. The waveform of the complex television pic-
ture signal asitispassedthroughthe receiver is
undoubtedly the most important characteristic
of the signal voltage. In order to properly dis-
play the minute variations in waveform, which
incidentally make the difference between good
and bad picture quality, the oscilloscope is re-
quired to attenuate, amplify, and display voltage
changes over an extremely wide frequency range
without in any way distorting them, The per-
formance of the oscilloscope is entirely adequate
for this application,

Again, you must rely upon the manufacturer to furnish
representative patterns showing the waveform to be expected
at specific test points within the receiver. You will find that
these diagrams cover the entire receiver with the exception of
the “front-end,” or tuner portion. However, in order to pick
off the modulation envelope in the IF amplifier section, a
demodulator probe is used to make connection to the plate,
grid, or cathode of the stage being investigated. This is
necessary since the signal in these stages is still contained in
the amplitude-modulated envelope of the carrier and must be
detected, or demodulated, before it can be shown on

the oscilloscope. At any point after the video detector, no
such probe is necessary and a simple shielded low capacity
cable can be used.

NOTE: For simplicity, all amplifier stages are
shown within one block in the diagram, Tests
may be made at the input or output of indi-
vidual amplifier stages using the indicated mode
of operation. At several of the points designated
"R", some waveform distortion may result, due
to capacitive loading, If this problem exists, it
is recommended that a low-capacity scope in-
put probe be used,

In either case, the signal voltage is fed into the
vertical amplifier of the oscilloscope as shown
in Figure 7, Atany point up tothe video detector,
the voltages picked off will be quite small, and
very little vertical attenuation will be required,
Within the sync circuits and deflection circuits,
however, these voltages can reach very re-
spectable proportions, and considerable attenu-
ation is required. It is for this reason that the
vertical input section of the oscilloscope utilizes
fully compensated attenuators, Any other method
of reducing such voltages would result in enough
distortion to render the displayed signal com-
pletely useless,

In checking waveform, remember that twobasic
frequencies are involved in the television sig-
nal, The vertical, or field frequencyis 60 cycles
per second. Any investigation of the circuit,
except within the horizontal oscillator, its dif-
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ferentiator network, and the horizontal ampli-
fier stages, can generally be made using a
sweep generator frequency of 20 to 30 cycles,
thus showing two or three complete fields of
the signal. In order to study the horizontal pulse
shape, or the operation of the horizontal de-
flection system, it is generally necessary to
operate the sweep generator at 15,750 or 7,875
cycles per second. This sweep rate will show the
waveform of one or two complete lines of the
signal. The use of PRESET ADJ. #1 and PRESET
ADJ. #2 are especially useful in investigating
these horizontal or vertical sweep circuits, See
the PRESET ADJUST section on Page 34,

The signal-tracer method of analysis is most
helpful in going through a receiver in this fashion,
since faulty receiver operation is generally
caused by the loss of all or a significant por-
tion of the picture information and pulses at
some stage within the receiver, With a basic
understanding of the function of each part of the
signal, and with the means available to deter-
mine what the signal actually looks like at any
part of the receiver, it is a comparatively
simple matter to isolate the defective portion,
and the particular component, causing the fail-
ure,

Remember, in making connections to the test
points, that grid circuits are generally high~-im-
pedance points, and that the addition of any ca-

pacity can disrupt the performance of the stage
to some degree, Plate circuits and cathode cir-
cuits are usually lower-impedance points, and
more desirable for testing purposes, Also, bear
in mind that the plate-circuit indication with
respect to polarity will be exactly opposite to
indications obtained on grid or cathode, since a
phase difference of 180 degrees takes place with-
in the tube, Therefore, the pattern shown on the
scope screen may be inverted when such inter-
changes are made, The form of the wave will not
be changed, however.

3. Video amplifier response can be measured in
exactly the same manner described for testing
audio amplifiers, and again a square-wave signal
is the most efficient method to use. Because a
video amplifier must pass signals as low as 20
cycles and as highas 4 or 5 megacycles, how-
ever, a more comprehensive test is required.
Usually a 60 cycle check is made to cover low
and medium-frequency characteristics, A sec-
ond check at 25,000 cycles covers the high-fre-
quency portion of the response curve, Again,
such tests require extreme fidelity on the part of
the oscilloscope, and these requirements are
fully met by the oscilloscope, The signal-tracing
technique can be used in these tests also. The
Squarewave generator is fed directly into the
first video amplifier grid, Very low signal input
will be required, Then the oscilloscope is con-
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Figure 8

nected to various tube plates, starting near the
output end and working back until any distortion is
isolated, Patterns such as Figure 8B are re-
sponsible for poor picture detail, or ""fuzziness,"
while distortion of the form shown in Figure 8C
can cause shading of the picture from top to
bottom.

Miscellaneous Waveform Measurements

In this category, we can place such waveform
investigations as measurement of modulation
percentage, studies of noise and vibration, sub-
sonic and ultrasonic-applications and hundreds of
others, Each of these fields is highly specialized,
and it is obviously impossible to cover each here,

AC VOLTAGE MEASUREMENTS

Because of its peculiar characteristics, the
oscilloscope is particularly suited to the meas-
urement of AC voltages, With the advent of
television, it has become imperative that such
measurements be made accurately without re-
spect to waveshape. Most television service
bulletins specify peak-to-peak voltages which
appear at various points of the circuit, Other
applications for such measurements are be-
coming more common every day,

The oscilloscope was designed to accurately
measure and display these voltages. Former
instructions have shown how to calibrate the
instrument for direct measurement of peak-
to-peak amplitudes., The attenuators are es-
pecially designed for maximum accuracy, and
readings can be relied on to within +2 db when
referred to a calibration voltage of the same

frequency. An additional error of 1 db may be
encountered when the calibrating voltage and
the signal voltage are greatly different in fre-
quency,

When using the grid screen for AC voltage
measurements, it is sometimes helpful to use
the EXT. INPUT setting for the HOR./FREQ,
SELECTOR switch, This produces a vertical
line which can be focused and centered exactly
for the most accurate readings,

The following relationships exist between sine
wave AC voltages:

rms times 1,414 = peak voltage,

rms times 2,828 = peak-to-peak voltage,
Peak voltages times 0,707 = rms voltage,
Peak-to-peak voltage times 0,3535 = rms
voltage,

AC CURRENT MEASUREMENTS

To measure AC currents, the unknown current
must be passed through a resistor of known
value, The voltage drop across this resistor is
measured as described above, From Ohm's law,
I equals E/R, the current can be calculated,
It is important that the resistor be non-reactive
at the frequency involved, It should alsobe rela-
tively small with respect to the resistance of the
normal circuit load,

FREQUENCY MEASUREMENTS

Frequency measurements can be made with an
accuracy limited only by the reference fre-
quency source available, In most cases, this
can be the 60 cycle line frequency which is
usually controlled very closely. The unknown
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frequency is applied to the vertical input, and
the reference frequency to the horizontal input,
(Sweep generator input is not used,) The re-
sultant pattern may take on any one of a number
of shapes. Typical patterns are shown below:

HORIZONTAL
TANGENT LINE

/

fx=f / fx = 2f

VERTICAL fx =
TANGENT LINE

N~

Figure 9

The frequency ratio can be calculated from the

formula:
fx = Th x f

T

v

where fy is the unknown frequency; f is the
reference frequency; T}, is the number of loops
which touch the horizontal tangent line; Ty is
the number of loops which touch the vertical
tangent line,

When using Lissajous patterns, as these curves
are called, it is good practice to have the fig-
ure rotating slowly rather than stationary, This
eliminates the possibility of an error in count-

A O

180 * 150%2i0* 120%,240°

OO

90°,270°

ing the tangent points, If the patternis stationary,
a double image may be formed. In such cases, the
end of the trace should be counted as one-half a
tangent point rather than a full point. This con-
dition may occur when neither frequency can be
varied,

PHASE MEASUREMENTS

It issometimes necessary to determine the phase
relationship between two AC voltages of the
same frequency, This can be accomplished quite
easily by applying one of the voltages to the
horizontal input and the other voltage to the
vertical input. The phase relationship can be es-
timated from Figure 10,

To calculate the phase relationship, use the

following formula:
& Sin 6 = %

+

Figure 11

The distance A is measured from the X axis to
the intercept point of the trace and the Y axis,
The distance B represents the height of the
pattern above the X axis. The axis of the ellipse
must pass through point 0.

R

604 300" 30! 330° 0*, 360*

Figure 10
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IN CASE OF DIFFICULTY

Recheck the wiring, Trace each lead in
colored pencil on the Pictorial as it is
checked, It is frequently helpful to have a
friend check your work, Someone whois not
familiar with the unit may notice something
consistently overlooked by the constructor,

It is interesting to note that about 90% of the kits that
are returned for repair, malfunction due to poor
connections and soldering. Therefore, many troubles
can be eliminated by reheating all connections to make
sure that they are soldered as illustrated.

Check to be sure that all tubes are in their
proper locations, Make sure that all tubes
light up properly.

Check the tubes with a tube tester or by
substitution of tubes of the same types
and known to be good,

Check the values of the component parts.
Be sure that the proper part has been
wired into the circuit, as shown in the
pictorial diagrams and as called out in the
wiring instructions,

Check for bits of solder, wire ends or other
foreign matter which may be lodged in the
wiring beneath the chassis,

If, after careful checks, the trouble is still not located
and a voltmeter is available, check voltage readings
against those found on the Schematic Diagram. Voltages
may vary 10% due to line voltage variations.

A review of the Circuit Description and
Block Diagram will prove helpful in in-
dicating where to look for trouble.

If the dot moves off the face of the CR tube
right after the oscilloscope warms up, and
cannot be brought back by adjusting the po-
sitioning controls, it is generally caused by a
defective deflection amplifier tube, If the
trace drifts up or down, check the 12BH7 at
V3. If the drift is right or left, check the
12AU7 at V7, Other probable causes are in-
correct or defective plate load resistors for
these stages, the 2,7 K 2wattand1 K 1 watt
resistors to V3, and the 33 K 1 watt re-
sistors to V7.

. If you are unable to obtain straight diagonal

lines when adjusting the vertical trimmers,
please refer to Figure 2 on Page 34. The
patterns shown there present a perfectly
straight line between points B and C on the
traces, Some users have raised questions
on this point, stating that they cannot
obtain a straight line between B and C. This
is perfectly normal. The indication whichis
significant is that portion of the trace be-
tween A and B. The intention of the adjust-
ment is to reduce this portion of the trace
to a point at the lower end of the trace, thus
indicating neither overshoot or slow rise
time on the sharp wavefront of the sawtooth
generated by the sweep oscillator, If the
remaining portion of the line bellies up or
down, a readjustment of the sweep oscillator
frequency will probably locate a point where
the effect is changed radically, This varia-
tion is due to minor phase shift relationships
in the amplifier circuits, not todefective or
improper compensating,

K you are troubled with hum or ripple
when the oscilloscope is operated with short- -
ed vertical input terminals, please make the
following checks,
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A, To determine if the hum level is ab-
normal, short the VERT, INPUT terminals,
increase the VERT. GAIN control to 100,
and set the VERT, INPUT attenuator to X1.
The total vertical trace width should not
exceed 1/16" peak-to-peak, With the input
terminals open-circuited and not shielded,
this deflection will increase several times
because of the normal pickup of the input
circuit, This condition is perfectly normal,
and is typical of any high-gain, high-im-
pedance amplifier circuit.

B. If the shorted-input condition results in
a trace more than 1/16" in vertical width,
connect a shorting lead between CRT6 and
CRTT on the cathode ray tube socket, This
will eliminate any electrostatic deflection
of the beam, which is the normal method by
which the scope operates. If the trace height
then appears to be normal (that is, in the
order of 1/16" or so) the difficulty lies in
the vertical deflection amplifier circuits and
may be isolated readily by tracing back
through the various stages until the source
of hum or noise is located.

C. K, with CRT6 and CRT7 shorted, the
vertical width of the trace exceeds 1/16",
the deflection or ripple is caused by mag-
netic deflection of the beam by stray mag-
netic fields passing through the beam path,
This is the same type of deflection used in
most modern television receivers.

The magnetic field creating the deflection is
almost always a composite of many separate
field patterns. A portion of this field is
created by the oscilloscope power trans-
former, but the relative positions of the CR
tube and transformer hasbeen carefully es-
tablished so that the sensitive portions of the
tube structure are located in a null of the
magnetic field surrounding the transformer,

Severe overloading of the power trans-
former will upset this balanced condition,
however, The greatest sources of trouble
in this respect are magnetic fields from
equipment external to the scope itself, Any-
thing which consumes power at power-line

frequencies creates a certain magnetic field.,
The worst offenders are those devices
which drawa considerable amount of current
such as soldering irons, soldering guns, AC
motors, electric heaters, and other similar
items,

s — L — [ ——

Figure 12

Figure 12A shows the general type of wave
shape caused by external magnetic fields,
Notice the semi-sawtooth wave shape, It is
possible to change the wave shape by simply
rotating the oscilloscope physically about
any of its axes. Figure 12B, for example, was
obtained by tilting the scope about 45 de-
grees to its left, Observe that now the
ripple has actually reduced itself in height,
but appears to sweep back on itself for 30%
of its cycle or so.

Variations in the ripple appearance with
changes in physical location of the scope are
definite proof that the deflection is not
caused by a defect in the oscilloscope andno
known way exists for eliminating the dif-
ficulty except by complete shielding of the
entire cathode ray tube from socket to face
with a high permeability metallic shield,

Fortunately, interference of this kindis us-
ually small in amplitude and presents no
problem to the average user. A little
judicious experimenting will isolate the
principal offender creating the field, Phy-
sical separation is in general a quick and
easy solution to the problem,

If you cannot locate the trouble after making the above
checks, write to RCA Institutes, Inc., Technical Services
Department, Home Study School, 320 W. 31st St., New
York, N.Y. 10001, for additional help. Home Study School
maintains facilities for the repair of your kit at a nominal
charge.
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REPLACEMENT PARTS PRICE LIST

PART PRICE DESCRIPTION PART PRICE DESCRIPTICN
No, Each No, Each

RESISTORS CONTROLS-SWITCHES

1-84 .10 62 Q 1/2 watt 10-261 .55 2000 © linear control with

1-3 .10 100 ©Q 1/2 watt dummy lug

1-45 .10 220 © 1/2 watt 10-258 .55 10 K@ linear control

1-6 .10 470 Q 1/2 watt 10-260 .60 20 K control, center-tapped

1-8 .10 820 Q 1/2 watt 10-256 .60 200 KQ control, center-

1-9 .10 1 K@ 1/2 watt tapped

1-90 .10 2 KQ 1/2 watt 10-257 .55 500 K linear control

1-57 10 2.2 KQ 1/2 watt 10-32 .45 1 megohm linear control

1-13 .10 2.7 KQ 1/2 watt 10-259 .45 2 megohm linear control

1-14 .10 3.3 K2 1/2 watt 10-234 .70 7.5 megohm linear control

1-46 .10 3.9 KQ 1/2 watt 10-115 .35 7.5 megohm linear control,

1-19 .10 6.8 KQ 1/2 watt tab-mounting

1-20 .10 10 KQ 1/2 watt 19-126 1,00 500 KQ control with SPST

1-21 .10 15 KQ 1/2 watt switch and dummy lug

1-22 .10 22 KQ 1/2 watt 63-508 .90 3-position switch

1-24 .10 33 K 1/2 watt 63-509 .95 4-position switch

1-88 .10 36 KQ 1/2 watt 63-510 1,35 9-position switch

1-25 .10 47 KQ 1/2 watt

1-26 .10 100 KQ 1/2 watt CAPACITORS

1-27 .10 150 KQ 1/2 watt 21-3 .10 10 ppuf ceramic

1-87 .10 330 KQ 1/2 watt 21-5 .10 20 puf ceramic

1-33 .10 470 KQ 1/2 watt 20-1 15 47 ppuf mica

1-35 .10 1 megohm 1/2 watt 21-9 10 100 puf ceramic

1-38 .10 3.3 megohm 1/2 watt 21-21 .10 200 ppf ceramic

1-71 .10 4,7 megohm 1/2 watt 20-43 .25 390 puf mica

1-40 .10 10 megohm 1/2 watt 21-13 .10 500 puf ceramic

1-70 .10 22 megohm 1/2 watt 21-36 .10 .002 ufd ceramic

1-2-1 .10 1 KQ 1 watt 21-16 .10 .01 pfd ceramic

1-22-1 .15 1.5 KQ 1 watt 23-3 .15 .01 pfd tubular, 400V

1-27-1 .10 33 KQ 1 watt 21-31 .10 .02 pfd ceramic, 500 V

1-28-1 .10 100 KQ 1 watt 21-38 .30 .02 pfd ceramic, 1600 V

1-32-1 .10 470 K 1 watt 23-59 .15 .05 ufd tubular

1-34-1 .10 1 megohm 1 watt 27-112 25 .1 pfd Mylar, 600 V

1-37-1 10 3.3 megohm 1 watt 23-28 20 .1 pfd tubular, 200 V

1-19-2 15 1,2 KQ 2 watt 23-62 .15 .1 pfd tubular, 1600 V

1-1-2 15 2,7 KQ 2 watt 23-58 .30 .2 pfd tubular, 200 V

1-2-2 15 4,7 KQ 2 watt 23-63 .35 .25 pfd tubular, 400 V

1-22-2 .15 12 KQ 2 watt 25-20 .60 40 ufd electrolytic, 150 V

2-129 .20 3.3 megohm 1/2 watt 25-28 .60 100 pfd electrolytic, 50 V
5% precision 25-31 1.15 20-20-20 ufd electrolytic

3-15-17 .15 1000 @ 7 watt wire-wound 25-32 2,10 40-20-20-50 pfd electrolytic

3-4-7 .15 5000 © 7 watt wire-wound 31-12 .50 Dual trimmer
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DESCRIPTION

CHOKES-TRANSFORMER

45-25 .25
45-12 35
45-23 .25
45-24 .25
54-103-24
13,20

30 ph (green band)

33 ph on 3300 © 1 watt
resistor

61 1h (red band)

90 ph (blue band)

Power transformer

INSULATORS-WIRE

73-1 .10
73-2 .10
73-3 10
73-5 10
75-T1 .10
89-23 15
134-19 3.00
340-8

341-1

341-2

344-59

346-1

347-2

J10/1t
Jd0/ft
J10/1t
.05/ft
Jd0/1t
.10/1t

3/8" grommet
3/4" grommet
1/2" grommet
Cushion strip
Strain relief, flat cord
Line cord
Cable assembly
Bare wire
Black test lead
Red test lead
Hookup wire
1/18" sleeving
300 @ twin lead

CONNECTORS-TERMINAL STRIPS-SOCKETS

70-10 .10
70-11 .10
7517 .10
100-16-2 .10
100-16-18 ,10
100-534 .10
260-1 .10
427-3 .10
431-1 .10
431-2 .10
431-12 .10
431-45 .10
434-16 .10
434-22 .45
434-41 .30
434-45 .10

Banana plug sleeve, black
Banana plug sleeve, red
Binding post insulator
Binding post cap, black
Binding post cap, red
Binding post cap, white
Alligator clip

Binding post base
Dual-lug terminal strip
2-1ug terminal strip
4-lug terminal strip
6-lug terminal strip
9-pin socket

Pilot 1amp socket
12-pin socket

T-pin socket

PART PRICE

No. Each

DESCRIPTION

Connectors-Terminal Strips-Sockets (cont'd.)

43446 .10
43847 15
481-1 .10

9-pin socket

Banana plug

Capcitor mounting wafer,
metal

SHEET METAL PARTS

90-416 8,50
100-833 3,05
100-296 1,00
203-219-5 1,70
204-361 1,05

204-362 25
204-363 .10
204-618 .25
206-144 .20
206-145 .30
207-1 .10
210-13-1 1,00
HARDWARE

250-8 .05
250-29 .05
250-48 .05
250-49 .05
250-83 .05
250-89 .05
250-137 .05
252-1 .05
252-3 .05
252-4 .05
252-7 .05
252-35 .05
253-9 .05
253-10 .05
253-39 .05
254-1 .05
254-2 .05
254-4 .05
259-1 .05
259-10 .05

Cabinet

Chassis

Panel ring

Front panel

Rear support bracket
Control mounting bracket
CR tube mounting bracket
Stiffener bracket

Top shield plate

Bottom shield plate

CR tube clamp

Bezel

#6 sheet metal screw
6-32 x 3/4" screw
6-32 x 1/2" screw
3-48 x 1/4" screw
#10 sheet metal screw
6-32 x 3/8" screw
8-32 x 3/8" screw
3-48 nut

6-32 nut

8-32 nut

3/8'"-32 control nut
Thumbnut

#8 flat washer

Steel flat washer
Steel flat washer

#6 lockwasher

#8 lockwasher
Control lockwasher
#6 solder lug
Control solder lug
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PART PRICE DESCRIPTION PART PRICE DESCRIPTION
No, Each No, Each
TUBES-LAMP Miscellaneous (cont'd.)
211-15 .20 Handle
411-4 .90 6C4 tube 261-9 .05 Rubber foot
411-153 1,20 12AU7/ECC82 tube 414-11 .65 Green grid screen
411-49 21,50 5UP1 cathode ray tube 414-10 .95 Grid screen window
411-58  1.25 6AB4 tube 421-23 .30 1 ampere slow-blow fuse
411-65 1,10  1V2 tube 423-1 .60  Fuseholder
Al 411-68 1.90 6ANS tube 331-6 .15 Solder
411-73 1,45 12BHT tube 432-27 .40 Line cord adapter
411-79 1,35 6J6 tube 455-50 .10 Knob bushing
411-110 1,00 EZ81/6CA4 tube 462-945 .25 Pointer knob
412-1 A5 #47 lamp 462-250 .25 Small knob
490-5 .10 Nut starter
MISCEL L ANEOUS 2.00  Manual
85-12-2 1.90 Small circuit board To ?rder parts, write to RCA Institutes, Inc., Technical
85-14-1 2.40 Large circuit board Services Department, Home Study Schools, 320 W. 31st. St.,

New York, N.Y. 10001.
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