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SPECIFICATIONS

VERTICAL CHANNEL:
Sensitivity:, . . . ....... s e v e et e e e 0.025 volls (rms) per inch at 1 ke,
Frequency Response:, ..., .. s he e d e e +1 db from 8 ¢ps to 2.5 mc.

+1.,5 10 -5 db from 3 ¢ps to 5 mc,

Response at 3,58 me: - 2.2 db.

(All response measurements referred to 1 ke.)
Rise Time:, ., .. ...+ . . e e e e e s s 0,08 microseconds or less,
Qvershoot:, . .. ...... ... C o r e e e e 10% or less,

Input Impedance:, , ., .vvr v v v s v v o0 0o u

Attenuator:, . .. ... .. ... e sy e e
Input Characteristics:, . .. . . ... ..o ov
Vertical Positioning:. .. .. ...« v v v v v v s .

HORIZONTAL CHANNEL:

Sengitivitv:, , ... .. ...

Frequency Response:,

S w & & & ¥ K Y F ¥ ¥ K ¥ ¥ ¥ ¥ %

Abtenualor:, . . .. e v v i n s e v n v

Input Characteristics:, .

e & & 4@ @ & & & ¥ v 2 ¥ ¥ @

SWEEP GENERATOR:

Ty‘pe-...,--.a.--.-‘.q-vvq ......

In X1 attenuator position, 2.9 megohms shunted
by 21 upf. (1 ke impedance: 2,7 megbhms),
In X10 and X100 positions, 3.4 megohms shunted
by 12 puf., (I ke impedance: 3.3 megohms).

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

Special low-capacity inpul terminal;, built-in
blocking capacitor rated at 600 wvolts DC,

DC type; permits placement of undeflected trace
at any horizontal level on usable area (x1-1/2"
from center) of screen; positioning is almost
instantaneous and free of drift,

0.3 volts {rms) per inch at 1 ke,

11 db from 1 cps to 200 ke,
43 db from 1 ¢ps to 400 ke,

30 megohms shunted by 31 uuf,
(1 k¢ impedance: 4,9 megohms),

Low-impedance type in cathode {ollower output,

Selector switch permits use of external input
through panel terminal, line-{requency sweep of
variable phase, either o¢f two preset sweep
freguencies, or variable internal sweep from
the sweep generator,

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

Recurrent type,
circuit,

utilizing HEATHKIT saweep
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Range:, ... ...co 0 v s

Preset Control Range:,......

Synchronizing:, . . ...... ..

GENERAL:

Hetrace Blanking:. .. ...

Phasing Control.. . .. ...,

Z- Axis Modulation:, . .. ..

Access Panel:., . .. .,. ...

v e =z

Cathode Ray Tube:, . ... ..

Power Supplies:. . ... ... .

Power Requirements:, . . ..

x

Dimensiongi. « « . . . e e s

Net Weight:, . ... ......

Shipping Welght:. ., . ...

10 cps to 500 ke in five atepg; each range is ap-
proximately as follows: 10 to 100 cps, 100 to
1000 cps, 1 to 10 ke, 10to 100 ke, 100 to 500 ke,

Preset number 1, 10 to 100 ¢ps; preset number
2, 1000 to 10,000 cps. May be easily changed to
cover any frequency between 10 ¢ps and 500 ke,

Autgmatic lock-in circuit using self-limiting
synchronizing c¢athode 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,

Blanking interval less than 30% of sweep rate re~
gardless of sweep speed, Blanking amplifier pro-
vided,

Provides fully controlled phase shift for line
sweep applications, Phasing is continuously
variable from zero to over 135 degrees,

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

Provision for intensity modulation of electron
stream through high-voltage isclation capacitor;
8 to 20 volts {(rms) required for complete blank-
ing of trace,

Removable panel at rear of cabinet for easy
access to Z-axis binding post.

5UPL, 5" screen, green, medium-persisfence
phosphor,

High-voltage supply: transformer-rectifier type,
developing 1200 volta at output of RC filter sys-
tem,

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

105-125 volt 50/60 cycles AC at 80 watts; fused
for 1 ampere.

8-5/8" wide x 14-1/8" high x 16’ deep,

20-1/2 lbs,

21 Ibs,
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INTRODUCTION

The HEATHKIT Model 1I0-12 Oscilloscope is a
wide-range, general-purpose oscilloscope, de-
signed to satisfy the needs of both the electronic
serviceman and the ham operator, or hobbyist,
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 Vi CONTROL V2A ves V3A
INPUT VERTICAL INPUT ]
o= ATTENUA?&'; GATHODE - PLIFIERS bl L
AMPLIFIERS
FOLLOWER) £ | DEFLECTION
AMP,
INT SYNC X —
v3e
EXT va A vage Y54 v5B
SYnNC SYNC SWEEP TO CR TURE 7
o1 N L JBLANKING |4
SELECTﬂ CATHODE GENERATOR CATHODE
SYMNC FOLLOWER AMPLIFLER CR
J via TUBE
o HORIZ. HOR)Z.
J GALN DEFLECTION
O— FIL Tvea | CONTROL V6o ke
Pop | AMP.
HOR 7 FREQ INPUT
oy C ATHODE g, HORR
SELECTQ
FOLLOWE AMPLIFIER ?' vITB
HORIZONTAL 1
<
INFPUT
Vg ——— ¥ HIGH VOLTAGE
jD— POWER P I
_ |surPy
L~ FILAMENT

VE*T ! TAL AMPLIFIER

A signal applied to the VERT, INPUT terminals
is coupled through the trequency-compensated
vertical attenuator to V1, From input cathode
followsr V1, the signal is coupled through VERT,
GAIN control R8 to amplifiers V2ZA and V2B,

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

tetween the halves of the push-pull amplifier,
The fixed tap of contrpol R18 provides the ref-
erence voltage for V3A,

Push-pult 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 VAA and V4B, V4A is the sync cathade fol-
lower. V4B and V5A, the sweep multivibrator,
with their associated circuit components, create
the horizontal sweep waveform., The sweep
timing capacitor that 13 switrhedinto the cathode
circuit of V5A, deternnnes . .e coarse horizontal
gweep frequency as il discharges through R47
and FREQ. VERNIER contraol R48, Fine fre-
quency adjustment of this sawtooth waveform 1s
obtained by varying the FREQ. VERNIER con-
trol {(or the PRESET ADJUST cont: :is).

A retrace blanking signal 18 coupled to the CR
tube through blanking amplifier V5B from the
sweep generator, The posative going portion of
the sweep waveform ig used f{or 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 may be
from the sweep generator, 60 cycle line sweep,
or an external sweep signal from the HOR. IN-
PUT.

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

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 heam,

CATHODE RAY TUBE

Operating and accelerating voltages are supplied
to Uie 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 nas
voltage to regulator tube V10, Intens:ity modu-
lation of the electron beam may be accomplished
by connecting an external signal to the Z-
AXIS input of the CR tube,

POWER 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-
wiitey, V10 is used to prevent power line Surges
from appearing on the B+ voltages, Two sep-
arate filnment windingd 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,
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PARTS LIST

Refer to the fold-out Parts Pictorial on page 13 PART PARTS DESCRIPTION
of this manual, No, Per Kit

SCRIPTION
e DESRH 1 Resistors gcont’d,)

No, Per Kit

Resistora TR Getowrioret. areen)
1-40 3 10 megohm 1/2 watt

1-84 1 82 2 1/2 watt
(blue-x{ed-black) {brown-black-blue)

1-3 5 100 © 1/2 watt 1-70 1 22 megohm 1/2 watt
(brown«black-brown) (red-red-blue)

1-45 3 220 2 1/2 watt 1A-2 2 1 KQ 1 watt
(red-red-brown) (brown-black-red)

1-86 1 470 © 1/2 watt 1A-22 i 1.5 KR 1 watt
(yellow-violet-brown) (brown-green-red)

1.8 1 820 © 1/2 watt 1A-27 2 33 K2 1 watt
(gray-red-brown) (orange-orange-orange)

1-9 1 1 K 1/2 watt 1A-28 1 100 K& 1 watt
(brown-black-red) (brown-black-yellow)

1-30 2 2 KQ 1/2 watt 1A-32 1 470 K2 1 watt
(red-black-red) (yellow-viclet-yellow)

1-57 3 2.2 KQ 1/2 watt 1A-34 1 1 megohm 1 watt
(red-red-red) (brown-black-green)

1-13 1 2.7 KQ 1/2 watt 1A-37 1 3.3 megohm 1 watt
(red-viglet-red) {orange-orange-green)

1-14 3 3.3 KQ 1/2 watt 1B-18 1 1.2 K 2 watt
(orange-orange-red) (brown-red-red)

1-48 2 3.9 KQ 1/2 watt 1B-1 é 2.7 KR 2 watt
{orange-white-~red) (red-violet-red)

119 1 6.8 K 1/2 watt iB-2 1 4.7T K2 2 watt
(blue-gray-red) (yellow-violet-red)

1-20 3 10 K0 1/2 watt 1B-22 1 12 K 2 watt
(brown-black-orange) (brown-red-orange)

1-21 1 15 KQ 1/2 watt 2-129 1 3.3 megohm 1/2 watt
(brown-green-orange) 5% precision

1-22 2 22 KQ 1/2 watt 3G-15 1 1000 2 7 watt wire-wound
(red-red-orange} 3G-4 1 5000 @ 7 watt wire-wound

1-24 2 33 K2 1/2 watt Controls-Switches
(orange-orange-orange) 10-65 1 2000 @ linear control with

1-88 1 38 KD 1/2 watt dummy lug
(orange-blue-orange) 10-31 1 10 KQ linear control

1-25 1 47 KQ 1/2 watt 10-41 1 20 K control, center-tapped
(yellow-violet-orange) 10-13 1 200 K9 control, center-

1-26 2 100 K 1/2 watt tapped
(brown-black-yellow) 10-26 1 500 K€ linear control

127 4 150 KQ 1/2 watt 10-32 1 . 1 megohm linear control
(brown-green-yellow) 10-39 2 2 megohm linear control

1-87 ! 330 K@ 1/2 watt 10-45 1 7.5 megohm linear control
(orange-orange-yellow) 10-115 2 7.5 megobm linear control,

1-33 3 470 K 1/2 watt tab-mounting
(yellow-violet-yellow) 19-40 1 500 KQ control with SPST

1-35 3 1 megohm 1/2 watt switch and dummy lug
(brown-black-green) 63-47 1 3-pasition switch

1-38 2 3.3 megohm 1/2 watt 63-88 1 4-position switch
(orange -orange-green) 63-237 1 §-position switch
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DESCRIPTION

10 puf ceramic

20 u pf ceramic

47 ppf mica (yellow-violet-
black)

100 ppuf ceramic

200 puuf ceramic

390 puf mica (orange-white
brown)

500 puf ceramic

.002 ufd ceramic

.01 pfd ceramic

.01 pfd paper tubular, 400 V
.02 pfd ceramic, 500 V

.02 ufd ceramic, 1600 V
.05 ufd plastic molded tubu-
lar, 200 Vv

.1 pfd paper tubular, 600 V
.1 pfdplastic molded tubular,
200 v

.1 pfd paper tubular, 1600 Vv
.2 pfdplastic molded tubular,
200 v

.25 pfd plastic molded tubu-
lar, 400 V

40 pfd electrolytic, 150 V
100 ufd electrolytic, 50 V
20-20-20 pufdat250Vv-250V-
250 V electrolytic
40-20-20-50 pfd at 450 V-
450 V- 450 V- 300V electro-
lytic

Dual trimmer

30 ph (green band)

33 ph on 3300 © 1 watt
resistor

61 ih (red band)

90 uh (blue-band)

Capacitors
21-3 1
21-5 1
20-1 1
21-9 1
21-21 1
20-43 1
21-13 1
21-36 2
21-16 1
23-3 1
21-31 1
21-38 2
23-59 2
23-11 1
23-28 6
23-62 2
23-58 2
23-63 3
25-20 2
25-28 1
25-31 1
25-32 1
31-12 1
Chokes-Transformer
45-25 1
45-12 2
45-23 2
45-24 2
54-103 1

Insulators-Wire

73-1
73-2
73-3
73-5
75-24
89-1
134-19
340-8
341-1
341-2
344-1
346-1
347-2

[ N ol e il el el ol ~ S\ 2N )

Power transformer

3/8" grommet

3/4" grommet

1/2" grommet
Cushion strip

Line cord strain relief
Line cord

Cable assembly
Length bare wire
Length black test lead
Length red test lead
Length hookup wire
Length 1/16' sleeving
Length 300 § twin lead

PART PARTS DESCRIPTION

No, Per Kit

Connectors-Terminal Strips-Sockets

70-5 1 Banana plug sleeve, black

70-86 1 Banana plug sleeve, red

T5-117 12 Binding post insulater

100-M16B 5 Binding post cap, black

100-M16R 2 Binding post cap, red

260-1 2 Alligator clip

427-2 11 Binding post base

431-1 1 Dual-lug terminal strip

431-2 3 2-lug terminal strip

431-12 3 4-lug terminal strip

434-16 2 9-pin socket

434-22 1 Pilot lamp socket

434-41 1 12-pin sacket

434-45 3 T-pin socket - circuit board
type

434-46 b} 9-pin socket - circuit board
type

438-13 2 Banana plug

481-1 1 Capacitor mounting wafer,
metal

Sheet Metal Parts

90-234 1 Cabinet

100-M294 1 Chassis

100-M296 1 Panel ring

203-219F752, 753, 154

1 Front panel

204-M361 1 Rear support bracket
204-M362 1 Control mounting bracket
204-M363 2 CR tube mounting bracket
206-M144 1 Top shield plate
206-M145 1 Bottom shield plate
207-M1 2 CR tube clamp
210-21F 1 Bezel
Hardware
250-8 3 #6 sheet metal screw
250-29 2 6-32 x 3/4" screw
250-48 4 6-32 x 1/2'" screw
250-49 18 3-48 x 1/4" screw
250-83 2 #10 sheet metal screw
250-89 20 6-32 x 3/8" screw
250-1317 4 8-32 x 3/8" screw
252-1 18 3-48 nut
252-3 37 6-32 nut
252-4 4 8-32 nut
252-1 13 3/8'"-32 control nut
252-35 4 Thumbnut
253-9 4 #8 flat washer
253-10 13 Steel flat washer, 5/8" OD

{control)
253-39 4 Steel flat washer, 9/16" OD
254-1 33 #6 lockwasher
254-2 4 #8 lockwasher
254-4 9 Control lockwasher
259-1 10 #6 solder lug

259-10 4 Control solder lug
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PART PARTS DESCRIPTION

No, Per Kit

Tubes*-Lamp -

411-4 1 6C4 tube 5‘,5"7

411-153 3 12AU7/ECCB2 tube U -

411-49 1 5UP1 cathode ray tube (CR
tube)

411-58 1 6ABA tube

411-65 1 1V2 tube

411-68 1 6ANS tube

411-173 1 12BHT tube

411-19 1 6J6 tube

411-110 1 EZ81/6CA4 tube

412-1 1 #47 lamp

*The type markings on the tubes furnished with
this kit may or may not be followed by the
letter "A.M

HEATHIKIT
PART PARTS DESCRIPTION
No, Per Kit
Miscellaneous
85~-12F179 1 Small circuit board
85-14F178 1 Large circuit board
211-15 1 Handle
261-9 4 Rubber feet
414-11 1 Green grid screen
414-10 1 Grid screen window
421-23 1 1 ampere slow-blow fuse
423-1 1 Fuseholder
462-138 4 Small knob
462-139 8 Large knob
463-27 8 Knob pointer
995-561 1 Manual

PROPER SOLDERING TECHNIQUES

Only a small percentage of HEATHKIT equip-
ment purchasers find it necessary to return an
instrument for factory service, Of these instru-
ments, by far the largest portion malfunction
due to poor or improper soldering,

If terminals are brightand cleanandfree of wax,
frayed insulation and other foreign substances,
no difficulty will be experienced in soldering,
Correctly soldered connections are essential if
the performance engineered into a kit is to be
fully realized. If you are a beginner with no
experience In soldering, a half hour's practice
with some odd lengths of wire may be a worth-
while investment.

For most wiring, a 30 to 100 watt iron or its
equivalent in a soldering gunis very satisfactory.
A lower wattage iron than this may not heat the
connection enough to flow the solder smoothly
over the joint. Keep the iron tip clean and bright
by wiping it from time to time with a cloth.

CHASSIS WIRING AND SOLDERING

1. Unless otherwise indicated, all wire used
is the type with colored insulation (hookup
wire); the size of the conductor is the same
for all colors of hookup wires furnished with
this kit, Inpreparing alength of hookup wire,
1/4" of insulation should be removed from
each end unless directed otherwise in the
construction step.

2, To avoid breaking internal connections when
stripping insulation from the leads of trans-
formers or similar components, care should
be taken not to pull directly on the lead. In-
stead, hold the lead with pliers while it is
being stripped,

3. Leads on resistors, capacitors and similar
components are generally much longer than
they need to be to make the required con-
nections, In these cases, the leads shouldbe
cut to proper length before thepartisadded
to the chassis, In general, the leads should
be just long enough to reach their termin-
ating points,

4, Wherever there isapossibility of bare leads
shorting to other parts or tothe chassis, the
leads should be covered with insulating
sleeving, Where the use of sleeving is spe-
cifically intended, the phrase ''use sleeving'"
is included in the associated construction
step, In any case where there is the pos-
sibility of an unintentional short circuit,
sleeving should be used, Extra sleeving is
provided for this purpose.

5, Crimp or bend the lead (or leads) around the
terminal to form a good joint without re-
lying on solder for physical strength. If
the wire is too large to allow bending or if
the step states that the wire is not to be
crimped, position the wire so that a good
solder connection can still be made.
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POINTER

CLIP THE POINTER
ONTO THE KNOB
OPPOSITE THE
SETSCREW AS
SHOWN.

SETSCREW

Detail 11A

NOTE: In the following step, use care when in-
stalling tubes in the circuit board. If 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 = 12AUT

V2 = 6ANS V7 = 12AUT

V3 = 12BHT V8 = EZ81/BCA4
V4 = 6J6 V9 = IV2

V5 = 12AU7 V10 = 6C4

6-32 HUT

O

( ) 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 intothe handle
first, and then removed, before the handle
is installed,

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

( ) Assemble the pair of test leads, one red
and one black, as shown in Detail 11C.

This completes the construction and wiring
of your HEATHKIT oscilloscope.

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, Nowproceed
to the ADJUSTMENT section,

(€5) Y8 FLAT WASHER \*7?
>

30OLDER

8-32x1/2" SCREW

Detail 11B

Detail 11C

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 ascilloscaope,

Some of the adjustments which must be made on

the instrument cannot be performed with the cab-
inet in place. Whenever the gscilloscope 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,
Saome of the highest voltages inthe 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 terminals,
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{ ) Set the conirols 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-
clockvise,
SYNC, SELECTOR - EXT., Spot Shape (on

chassis) - At approximate center of rotation,

( ) Connect the line cord to a 105-125 volt
50/80 cycle AC outlet, CAUTION: This
mstrument will not operate and may be
seriously damaged if connected to a DC
or 25 cycle AC power sopurce,or to an AC
line of more than 125 volts,

{ ) 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 spol at once by rotating
the INTEN, control counterclockwise, Now,
adjust the FOCUS control to reduce the size
of the gpot 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-
1AL 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 spol is
centered on the screen,

If no spot appears, rotate the HOR. control,
gince this control may position the spot well
off the screen. It may alsc be necessary to
readjust the FOCUS and INTEN. controls
to form the spot. If still no spot can be seen,
refer to the IN CASE OF DIFFICULTY
gection 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
c¢ircuite, The resull 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,

( ) 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 gspot should
now become a horizontal line, whose length
increases to a maximum of about 1-1/4"
as the HOR. GAIN control ig advanced, If
the trace is not level, turn off the power,
loosen the tube clamp on the base ofthe 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 SEVEREELECTRIC
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,




Page 31

A B
a A
A 8 C
TRIMMER CAPACITY TRIMMER CAPACITY TRIMMER
LOW HIGH PROPERLY ADJUSTED
Figure 2

( ) 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 checkindicates that
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,

Figure 1

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 {ront 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 will notice 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.

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 on Page 32,

( ) The chassis should now be installed in the
cabinet, Pags the line cord through the 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,
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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 width
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 contrcls the phase shift of the
line-frequency voltage and is 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 sweep 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 aperates 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.

LINE: The sweep generator is synchronized
with the line frequency or its harmonics,

EXT.: The sweep generator is synchronized
with any 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 againuntil the measure-
ment is completed, Disconnect the calibrating
voltage and apply the unkmown voltage to the
VERT, INPUT post, Setthe VERT, INPUT switch
to the X100 position, Now, a 1" deflection indi-
cates a peak-tao-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.
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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 [requencies, 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 c¢ps to
100 cps, and the frequency range of PRESET
ADJUST control number 2 is from 1000 c¢ps
to 10 kc. By changing the values of C22 or
C23 to the values of C17, Cl18, 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 baoth the television
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.

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 swecp 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 inthe 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 contro! 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 mayproduce patterns on the screen,
This is equivalent tothe noise abtained 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 intericre with proper operation.

The maximum undistorted input 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 avallable screen area, Verticaldeflection
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-
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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 gweep rates
and represents a compromise with the abilityto
follow high sweep rates,

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

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

2.  When adjusting for minimum spot size, some
deflection of the beam will take place dueto
external magnetic fields, This condition will
remain, even with both the HOR. and YERT.
GAIN controls set to minimum, It is caused
by magnetic {ields generated by other elec-
trical equipment in proximity to the oscil-
loscope and the extent of such fields is
often amazing. Thege extraneous fields can
be identified by observing whether the spot
shape, adjusted for minimum size, seems to
change with orientation of the instrument,
To cheek, turn the scope cabinet around
its vertical axis, Soldering gunsg, fan motors,
power transformers, voltage regulators,
and conduit carrying heavy AC conductors
are particularly bad offenders in this re-
gpect, In the past, such deflections have
been swamped out by the relatively large
minimum spot size whichcould be resolved,
With the present dayhigh resolution cathode
ray tubes and improved circuitry, the effect
is much more noticeable,

3, 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 & harmonic of it,
Although not so easy to identify, one can
ugually spot this effect by varying the
gweep 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,

4,

At signal frequencies of 1 megacycle and
higher, some fuzziness of the trace is
normal, With signal freguencies 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 verticalamplifier. 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 arepronetocreate
this condition themselves, be sure of the
output waveform of your generator,

As gweep rates are increased, particularly
above 200 k¢, a definite reduction in a-
vailable sweep amplitude will be noted.
This {8 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 freguencies
and may be heard on adjacent radio re-
ceivers,

At reduced intensity settings and lowsweep
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,
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10, In operating the posgitioning 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 be experienced at
the extreme right-hand edge of the {race.
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

OSCILLOSCOPE

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

which will in no way interfere with normal
oscilloscope operation,

12, H 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 i8 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 width isin-
creased beyond this, the trace intensity
will be reduced,

APPLICATIONS

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,
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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 signalfrequency, Therefore, more
than one complete cycle of the signal is shown
on the screen,

With this brief background, we have described
below the more comymon 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 faull. 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 atheoret-
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
gseparated 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 mayassume,
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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tion of the wave indicates the performance of
the amplifier in the low frequencyrange, Figure
5C ia 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.

Further discussion of this method is beyond the
scope of this manual, Interested readers are
referred to the BIBLIOGRAPHY for f{urther
sources of information,

Servicing Television Receivers

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

in the design of the oscilloscope,

1. Alignment of atelevisionreceiver is virtually
impossible without the use of an oscilloscope and
a television alignment generator. This generator
supplies an RF signal over all VHF {requencies
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 starts at a base frequency
and sweeps at a uniform rate from the base fre-
quency to afrequency several megacycles higher,
The oscillator output 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 voltage 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, thereceiver, andthe oscil-
loscope. The exact procedure for alignment
varies greatly, This information is generally
available in the TV manufacturer's service
idormation, Usually, a drawing of the desired
response curve isgiven, 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 ascilloscope is re-
quired to attenuate, amplify, and digplay voltage
changes over an extremely widefrequency 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 or video amplifier sections,
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 am-
plitude-modulated envelope of the carrier and

must be detected, or demodulated, before it
can be shown on the ascilloscope, The HEATH-
KIT Demodulator Probe is designed for this
purpose. At any point after the video detector,
no such probe isnecessaryand 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 bhorizontal 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 ugeful in investigating
these horizontal or vertical sweep circuits, See
the PRESET ADJUST section on Page 33,

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
sorne 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-

Figure 7
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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, Alsq, bear
in mind that the plate-circuit indication with
respect to peolarity 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 measuredin
exactly the same manner described for testing
audio amplifiers, and againa square-wave signal
is the most efficient method to use, Because a
video amplifier must pass signals as low as 20
cyclea and as high as 4 or 5 megacycles, how-
ever, a more comprehensive test is required.
Usually a 60 cycle check is made ta 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 onthe partof
the oscilloscope, and these requirements are
fully met by the oscilloscope, The signal-tracing
technique can be used in these teosts 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
1solated. 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 ig highly specialized,
and it is obviously impossible to cover each here,
We again refer you to the BIBLIOGRAPHY for
further reading.

AC YOLTAGE 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 varous points of the circuit. Other
applications for such measurements are be-
coming more commoen 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,
SELECTOQR 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 shouldalsoberela-
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:

HORIZCNTAL
TANGENT LINE

fx=1 /1

T
VERTICAL x= 7
TANGENT LINE

Figure 9

The frequency ratio can be calculated from the

formula:
fx | Th x f

T

v

where f; is the unknown frequency; f is the
reference frequency; Ty 18 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 raotating slowly rather than stationary. This
eliminates the possibility of an error in count-

oo ooy 4

180 ¢ 1501210 12Q* 240"

90° 270"

ing the tangentpoints, if the pattern 1s 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 is sometimes necessary todetermine 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 phage relationship canbe es-
timated from Figure 10,

Tec calculate the phase relationship, use the

following formula: A
% Sin € = B

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 axisof thc ellipse
must pass through point 0.

|

60° 300" 30! 230° Q*, 360°

Figure 10
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While many issues of the popular radio and
service magazines have carried excellent art-
icles on the construction and application of
oscilloscopes, and their reading is highly rec-
commended, we also suggest the following
excellent books:

Ruiter; Modern Oscilloscopes and Their Uses,

BLIOGRAPHY

Hickok; How to Use the CR Oscilloscope in
Servicing Radio and TV.

Rider; The Cathode Ray Tube at Work,

Turner; Basic Electronic Test Instruments.
Editors and Engineers; Radio Handbook.

ARRL,; Radio Amateurs Handbook,

Rider and Uslan; Encyclopedia on Cathode Ray
Oscilloscopes and Their Uses,

IN CASE OF DIFFICULTY

1. 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 whoisnot
familiar with the unit may notice something
consistently overlooked by the constructor,

2. It is interesting to note that about 90%of the
kits that are returned for repair, mal-
function due to poor connections and solder-
ing, Therefore, many froubles can be elim-
inated by reheating all connections to make
sure that they are sgoldered as illustrated
in the Figures found in the SOLDERING
TECHNIQUES section of this manual,

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

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

5. 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.

6. Check {or bits of solder, wire ends or other
foreign matter which wmay be lodged in the
wiring beneath the chassis.

7. O, after careful checks, the trouble is still
not located and a vcltmeter is available,
check voltage readings against those {found
an the Schematic Diagram. NOTE: All
voltage readings were taken withan 11l meg-
ohm input vacuum tube voltmeter, Voltages
may vary 10% due toline voltage variations,

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

9. 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, itis 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 causesare in-
correct or defective plate load resistors for
these stages, the 2,7 K 2 wattand1l K 1 watt
resistors to V3, and the 33 K 1 watt re-
sistors to VT,

10. If you are unable to obtain straight diagonal
lines when adjusting the vertical trimmers,
please refer to Figure 2 on Page 31, The
patterns shown there present a perfectly
straight line hetween 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 which is
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.
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I you are troubled with hum or ripple
when the oscilloscope is operated with short-
ed vertical input terminals, please make the
following checks,

A, To determine if the hum level is ab-
normal, short the VERT. INPUT terminals,
increase the VERT, GAIN contreol 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
CRT7 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. If, with CRT6 and CRT7 shorted, the
vertical width of the trace exceedsg 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 deflectionis
almost always a composite of many separate
field patterns. A portion of this field 1s
created by the oscilloscope power trans-
former, but the relative position of the CR
tube and transformer has beencarefully es-
tablished so thatthe sensitive portions of the
tube structure are located in a null of the
rmagnetic field surrounding the transformer.

N B N

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 createsa 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,

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 uxes, Figure 12B, for example, was
obtained by tilting the scope about 45 de-
grees to its left, Observe that uow 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 thal the deflection is not
caused by a defect inthe ascilloscope andu
known way exists for climinating the dif-
ficulty except by complete shielding of the
entire cathode ray tube from socket to face
witn a high permeability metallic shield,
Such a shield would cost at least $15.00 far
the S5UPIL, and is an obvious ipipussibility
in a kit selling for as low a price as this
oscilloscope,

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

Should the procedure as outlined fail to
correct your difficulty, refer to the SERV-
ICE INFORMATION section of this manual,
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