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SECTION 1
CHARACTERISTICS

General Information

The Tektronix Type 647 is a general purpose, high-per-
formance oscilloscope designed to operate under severe
environmental conditions. The oscilloscope requires a Tek-
tronix 10-Series vertical plug-in unit in the left-hand compart-
ment and a Tektronix 11-Series horizontal plug-in unit in
the right-hand compartment.

The electrical characteristics listed below are those of
the Type 647, independent of the plug-in units. The
environmental characteristics apply to the Type 647 and
its plug-in units as a system.

NOTE

Range | and Range I, referred to in certain parts
of this section, are the ambient air temperature
ranges that apply for a particular characteristic.
These ranges are—Range |: 0° C to 440° C,
Range 1l: —30° C to 465° C.

Vertical Amplifier (Range )
Sensitivity
300 mv/em, ==1%, through 186 Q push-pull.

Risetime

5.5 nsec, +=7%.
Bandwidth

Dc to —3db at 64me, *=7%.
Display Linearity

A 2cm centered signal will not change amplitude over
=1 mm when offset to top or bottom of graticule.

Trace Finder

Compresses display to bring it within graticule area. Used
to determine nature of improper deflection signal. Push-
button also actuates trace-finder switch in Horizontal Am-
plifier. See Section 2.
Horizontal Amplifier
Sensitivity

347 pafem per side, +1%, push-pull.
Maximum Calibrated Deflection Rate

10 nsec/cm.
Bandwidth

Dc to —3db at 3mc, or higher.

Trace Finder

See “Trace Finder” in Vertical Amplifier characteristics.

®

Single-Sweep Reset

Connection between J101 on the rear panel and the 11-
Series plug-in unit interconnecting socket provides for ex-
ternal reset of the single-sweep circuit in certain plug-in
units. See J101 under “Rear Panel Connectors” in Section 2.

Cathode-Ray Tube

Type
T6470-31-1.

Phosphor
Type 31 normally supplied.

Accelerating Potential
14 kv.

Graticule Area
6 x 10cm.

Graticule Markings

Internally marked in é vertical and 10 horizontal 1-cm
spaces. 2-mm divisions marked on the vertical and horizontal
centerlines. No parallax.

Graticule lllumination

Variable edge-lighting produces white (no filters) or red
(with filters) graticule markings.

Unblanking

Bias-type, dec-coupled from 11-Series plug-in unit.

Crt Grid Z-Axis Modulation

Dc-coupled from rear-panel CRT GRID binding post. In-
put resistance about 22 kQ. Bandwidth for small signals is
dc to —3 db at 10 mc, or higher. Typically, =2 volts peak
will produce a visible change in display brightness.

Crt Cathode Z-Axis Modulation

Ac-coupled from rear-panel CRT CATHODE binding post.
Input time constant is about 330 usec {0.015 uf and 22 kQ).
Typically, a ==3-volt, fast-rise pulse will produce a visible
change in display brightness.

Multi-Trace Chop Blanking

Crt circuitry permits multi-trace plug-in units, operating in
chopped mode, to momentarily blank the display while
switching between input channels.
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Characteristics—Type 647 Mod 165K

Trace Rotation Control

Permits alignment of the trace with the graticule lines.

1-Kc Calibrator
Output Voltage Range
Square waves, 0.2 mv to 100 v peak-to-peak and 100 vdc.

Output Voltage Accuracy

{Load resistance 10 megQ or higher)
0.1 and 100 VOLTS All Other Voltages

Range | Range I Range | Range I
*+1% +1.59% +2% +3%
Output Resistance
0.2 mVOLTS to 0.1 VOLTS: 509, +0.25%
0.2 VOLTS: 50Q, =1%

0.5 to 100 VOLTS: Varies with switch

setting; about 4kQ
maximum.

Current Through Loop

Square wave at 5ma peak-to-peak, ==1.5%.

Frequency
1000 cps, *0.1% (Range II).

Duty Factor
0.5, ==0.1% (Range ).

POWER REQUIREMENTS
Voltage Ranges

95 to 122 vac

100 to 130 vac

106 to 137 vac
When shipped, instrument is wired for voltage range in-
dicated on rear panel. Voltage range can be changed; see

diagram attached to power transformer and fuse data pro-
vided in Section 4.

190 to 244 vac
200 to 260 vac
212 to 296 vac

Line Voltage Distortion

For proper power supply operation at the lower line
voltage limit, the line-voltage sine wave distortion must not
exceed 1%.

Line Frequency
50 to 400 cps, #=10%.

Power Consumption

About 185 watts (with Type 10A2 and Type 11B2 plug-in
units and 117-volt line).

1-2

Power Output Connector J101

Provides power from the regulated supplies of the Type
647 for operating external devices. Also provides an input
connection for an external signal to reset the single-sweep
circuit in certain 11-Series plug-in units. See Section 2.

ENVIRONMENTAL CHARACTERISTICS
Operating

Temperature

—30°C to +65°C continuous when the instrument is not
tipped more than 20° in any direction from level position.
Other positions require a decrease in maximum tempera-
ture. If operating at —30°C, allow 30 minutes for stabiliza-
tion.

if simultaneously operated at maximum alfitude and
maximum line voltage in a particular operating voltage
range, maximum operating temperature must be limited to
455°C. A self-resetting thermal cutout disrupts instrument
power if internal temperature becomes excessive.

Altitude

15,000 feet, maximum.

Vibration

0.025 inch peak-to-peak, 10-55-10 cps {4 G's) for 15 minutes
on each axis in one-minute sweeps.

Non-Operating

Temperature
—55°C to +75°C.

Altitude
50,000 feet, maximum.
Humidity

Meets Mil-Std-202B, method 106A through five cycles (120
hours), freezing and vibration excluded.

Shock

20 G's, one-half sine, for 11 milliseconds. Two shocks
each direction along each of the three major axes (total of
12 shocks).

Vibration

Same as under “Operating”.

Transit

Meets National Safe Transit type of test when factory
packaged: Vibration for one hour at slightly greater than
1 G. 30-inch drops on corners, edges, and flat surfaces.

®



Characteristics—Type 647 Mod 165K

MECHANICAL CHARACTERISTICS ACCESSORIES INCLUDED

Construction
. . . . Tektronix
Front panel is photo-etched, anodized aluminum. Chassis Part No
is aluminum-alloy. )

2—Instruction Manuals

Dimensions 1—Polarized Filter 378-540
145 inches high. 1—3-Conductor Power Cord 161-013
10 inches wide. 1—3-Wire fo 2-Wire Adapt 103013
23 inches deep. Torvire o Z-Wire Adapter i

1—BNC to Binding Post Adapter 103-033

Weight 1—20-Inch 50 @ Coaxial Cable 012076

40.5 pounds, net. with BNC Connectors






SECTION 2
OPERATING INSTRUCTIONS

Introduction

The Type 647, when combined with a 10-Series and an
11-Series plug-in unit, is a complete oscilloscope system,
The 10-Series plug-in unit can be operated only in the left
compartment and the 11-Series in the right.

This section of the manual describes the function of each
control and connector on the Type 647, as well as general
operating information.

Operating Temperature

The Type 647 Oscilloscope can be stored where the am-
bient air temperature is between —55°C and +75°C, and
operated where the ambient air temperature is between
—30°C and +65°C. After storage at temperatures beyond
the operating limits, be certain to allow the chassis tempera-
ture to come within the operating limits before power is
applied.

Proper cooling of the Type 647 depends on convection.
It is important to choose a location for operation where
the required air flow, particularly to the bottom and rear of
the instrument, is not restricted. Moreover, if operated when
the ambient temperature is near 4+65°C, the instrument must
not be tilted more than 20° in any direction from the level
position.

When the instrument is operated both at maximum alti-
tude and maximum line voltage in a particular operating
voltage range, limit the maximum operating temperature to
+55°C.

FIRST-TIME OPERATION

The following describes one way to properly set the
FOCUS, ASTIGMATISM, and TRACE ROTATION controls.

1. Install the plug-in units,

2. Set the Type 647 INTENSITY control fully counterclock-
wise and apply power to the instrument. Allow several
minutes for warmup.

3. Set the controls on the plug-in units and the Type 647
INTENSITY control for a free-running, vertically-centered
trace of moderate intensity.

4. Set the controls on the 11-Series plug-in unit for a 100
usec/cm sweep rate.

5. Set the controls on the 10-Series plug-in unit for a vertical
sensitivity of 0.05 volt/cm.

6. Set the 1KC CALIBRATOR switch to .2 VOLTS and attach
a cable from the CAL OUT connector to the vertical in-
put.

7. Set the controls on the 11-Series plug-in unit for a trig-
gered display.

8. With the FOCUS and ASTIGMATISM controls set at
midrange, set the INTENSITY control so that part of the
vertical portion of the trace can be seen.

9. Set the ASTIGMATISM control so that the horizontal
and vertical portions of the display are equally focused,
but not necessarily well focused.

10. Set the FOCUS control so that the vertical portion of
of the trace is as thin as possible.

11. Repeat steps 9 and 10 for best results. Make the final
settings with the INTENSITY control set for the desired
display brightness.

NOTE

To check for proper setting of the ASTIGMATISM
control, slowly turn the FOCUS controi back and
forth through its optimum setting. If the ASTIG-
MATISM control is properly set, the horizontal and
vertical portions of the trace will individually come
into sharpest focus at the same position of the
FOCUS control. This setting of the ASTIGMATISM
control should be correct for any type of display.
However, it may be necessary to reset the FOCUS
control slightly if a large change is made in the
INTENSITY control setting.

12. Disconnect the input signal and obtain a free-running,
vertically-centered trace.

13. If necessary, set the TRACE ROTATION control (a
screwdriver adjustment concentric with the ASTIG-
MATISM control) so that the trace is parallel with the
graticule lines.

FUNCTION OF CONTROLS

Permits control of display brightness. Low-
est useable brightness is generally best
for precise measurements since trace thick-
ness decreases as intensity decreases.

INTENSITY

FOCUS Adjusted in conjunction with the ASTIG-
MATISM control to obtain sharp display
definition. See 'First-Time Operation” (at
left) for a recommended adjustment

method.

ASTIGMATISM  Adjusted so that the vertical and hori-
zontal portions of a display are individual-
ly brought into sharpest focus at the same

position of the FOCUS control.

TRACE A screwdriver adjustment concentric with

ROTATION the ASTIGMATISM control. Permits the
operator to offset any trace tilt introduced
by the earth magnetic field.
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Operating Instructions—Type 647 Mod 165K

SCALE ILLUM Permits brightness of the graticule mark-
ings to be varied.

1 KC Permits selection of the accurate peak-

CALIBRATOR to-peak square-wave voltage available at
the CAL OUT connector. 100-volts dc and
5-ma square wave (through the current
loop) also provided. Square-wave fre-
quency is an accurate 1 ke. (See the dis-
cussion under "1 KC CALIBRATOR" in this
section.)

HORIZ Used to move the display horizontally.

POSITION These controls are electrically part of

and VERNIER whichever 11-Series plug-in unit is installed

in the Type 647.

TRACE FINDER  When excessive deflection or improper
centering result in loss of display, push
the TRACE FINDER button so that the dis-
play is compressed within the graticule
area. Center the display with the position-
ing controls and establish a vertical de-
flection amplitude of about 4cm or less.
Release the TRACE FINDER button. The

display should then be restored.

OFF—
POWER ON

Line switch for oscilloscope. Pilot lamp
brightness can be varied by turning the
bezel on the lamp housing.

1-KC CALIBRATOR

The following characteristics of the 1-Ke Calibrator pro-
vide a convenient means of verifying the accuracy of an
oscilloscope system:

1. Accurate peak-to-peak and dc voltage output.

2. Accurate 5ma peak-to-peak closed-loop current signal.
3. Accurate frequency.
4

Square-wave output signal.

Voltage

The 1-Kc Calibrator provides peak-to-peak voltages from
200 pvolts to 100 volts into high-resistance loads. With
switch settings of .2 VOLTS and below, the output source
resistance is 50 Q as indicated by the voltages printed in
red on the panel of the Type 647. The voltage across a
50 Q termination will then be accurate at one-half the value
indicated by the switch setting, provided the termination
resistance is an accurate 50 Q.

The +100-volt dc output of the calibrator has many uses,
limited only by its current capability. The load resistance
should be as high as possible {the output voltage will drop
to 99 volts at about 35kQ).

Current

The current loop, located above the CAL OUT connector,
provides a 5-ma peak-to-peak square wave which can be

2-2

used for calibrating and checking current-probe systems such
as the P6016/131. This current signal is obtained by clipping
the probe through the loop and by setting the 1 KC CALI-
BRATOR switch to the first position clockwise from OFF.

The arrow on the front panel above the current loop
indicates conventional current: + to —.

Frequency

The 1Kc Calibrator is crystal controlled so that the fre-
quency is accurate at 1ke and the duty factor is stable at
0.5. Thus, the calibrator signal can be used as a time
reference for checking or calibrating the basic sweep rate
adjustments of 11-Series plug-in units such as the Type 11B2.

Wave Shape

The calibrator square-wave output signal can be used as
a reference wave shape when checking or adjusting the
compensation elements in passive, high-resistance, voltage
probes. Since the flat-top characteristic of the square wave
is known, the probe compensation is adjusted so that the
signal delivered by the probe produces a flat-topped square-
wave display.

REAR-PANEL CONNECTORS
J101

Ten-contact connector J101 on the rear panel of the Type
647 provides power from the regulated low-voltage sup-
plies for operating external devices and the signal input
connection for external single sweep reset of certain 11-
Series plug-in units such as the Type 11B2. Mating connec-
tors for J101 are available from Tektronix by part number
131-300.

J101 Voltage 'Maximum

Contact Current*
A —75y 50 ma
B —15v 20 ma
C ground
D +15v 200 ma
E +100v 20 ma
F Single sweep

reset Input.

G nc
H nc
J nc
K nc

*When the Type 10A2 and 11B2 plug-in units are used.

Fig. 2-1 illustrates two ways to provide an external single-
sweep reset pulse suitable for the Type 11B2 plug-in unit.

®






SECTION 3
CIRCUIT DESCRIPTION

Introduction

This section of the manual contains descriptions of each
circuit in the Type 647 Oscilloscope. Block diagrams are
included in each description to show the major stages of the
circuit and the signal flow.

A complete block diagram, showing the relationship be-
tween major circuits in the Type 647, is located in Section 6.
Complete schematics for each circuit are also located in
Section 6.

VERTICAL AMPLIFIER

The Type 647 Vertical Amplifier block diagram is shown
in Fig. 3-1. It is a dc-coupled push-pull voltage amplifier
having a maximum gain of about 42. A delay line is pro-
vided so that the rising portion of a fast-rise event which
internally triggers a sweep will be displayed on the crt.
RC networks in the emitter circuits provide the high-fre-
quency peaking required to obtain broadband operation.

If the display is driven out of the graticule area by an
excessive deflection signal, the TRACE FINDER button may

be pressed to actuate switches in the vertical and horizontal
amplifiers. The vertical deflection signal is compressed
within the limits of the graticule so that the direction of the
display loss can easily be determined.

The 186 Q delay line delays the vertical signal for about
140 nanoseconds. The Phase and Amplitude Equalizers
compensate for distortion introduced by the delay line.

The VERT GAIN control R414 delivers the required por-
tion of the vertical deflection signal to Q423 and Q433.
These emitter followers drive Q444 and Q454 which form a
paraphase amplifier with R445, R447, R457, and R448 as
the basic common-emitter elements. The series-parallel RC
components in the common-emitter circuit maintain the
stage gain at high frequencies. DAMPING control R456D is
set to obtain critical damping of the compensation network.
VERT CENT control R441 is set to balance the amplifier.

When the TRACE FINDER button is pressed, the dynamic
range of the Q444-Q454 stage is decreased. This limits the
vertical deflection to less than ==3 centimeters.

The Q444-Q454 collectors drive parallel, push-pull ampli-
fiers Q464A-Q474A and Q464B-Q474B. The common-emitter
circuits of these amplifiers are compensated for high fre-
quencies in much the same manner as the previous stage.

UPPER

[ W

Q444 Q464A and B Q484

To
Vertical
Deflection
Plates

PUSH-PULL

Stage No. 2

PUSH-PULL
OUTPUT DRIVER

Y

-
.)\N\f Q423
N,
/7 [] o
5 1
! )
z | w
w E Qm 1 2~
g5 =X il 9
8 N o2
w £ E; | o
[} 1 [Ty
oo i 1 &
-2 Dz 1 EU
o [¢] -&
L 1 =
] 3
7 '
N f-
‘ )
!
- : Q433
- I
I — —_ VERT GAIN

—
Q454 Q474A and B| \
p—

LOWER
L» PLATE
AMP
Q494

Fig. 3-1. Vertical Amplifier block diagram.
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Circuit Description—Type 647 Mod 165K

The collectors of the parallel, push-pull amplifiers provide
current drive to the emitters of output amplifiers Q484 and
Q494. Feedback to the bases of Q484 and Q494 permits
the output voltage swing to be shared by the driver stage.

HORIZONTAL AMPLIFIER

The Type 647 Horizontal Amplifier block diagram is
shown in Fig. 3-2. The dc-coupled amplifier consists of two
independent current-driven operational amplifiers. A 1-ma
change in input current will produce about 22-volts change
in the output voltage with the HORIZ GAIN control set to
midrange. The feedback circuit in each operational ampli-
fier is compensated for best high-frequency response.

If the display is driven off the graticule by an excessive
deflection signal, the TRACE FINDER button may be pressed
to actuate switches in the horizontal and vertical amplifiers.
When the switch in the horizontal amplifier is actuated, one
of the operational amplifiers is disabled so that the overall
sensitivity decreases by two-to-one. The clipping levels of
the remaining operational amplifier will compress the hori-
zontal deflection within the limits of the graticule.

Current-driven operational amplifiers, such as those used
in the Type 647, have a low input impedance due to the
negative feedback. Any change in the input current results
in a nearly equal change in the feedback current. Since the
open-loop sensitivity of the operational amplifier is very
high, a minute difference between the input and feedback
currents is sufficient to control a large voltage swing at the
output.

The feedback impedance value determines the magnitude
of the output voltage swing according to Ohm's law as fol-
lows:

Avompuf

Zfeed back

D361, D371, D362, and D343 limit the dynamic input cur-
rent range to about 55 ma per side; a range adequate to
provide horizontal deflection to about 2.5¢m beyond the
edges of the graticule. D360 shunts excess signal current
when D361 and D362 are off due to excess deflection to the
left of the graticule.

The voltage at the junction of Zener diode D397 and R3%96
is about +120 volts. Clamp diode D395, connected to this
voltage, prevents the output of the Q373-Q374 amplifier
from going higher than 4120 volts. Diode D396 serves the
same purpose for the Q393-Q394 amplifier.

When the TRACE FINDER button is pushed, a known cur-
rent is supplied to the Q393-Q394 amplifier which sets
the output voltage at +55 to +75 volts. This is approxi-
mately the same voltage as would be produced by a “zero
deflection” input signal. With one of the two dynamic
deflection signals eliminated, the observed deflection is re-
duced two-to-one and the dynamic range of the Q373-Q374
amplifier, working alone, is insufficient to deflect the beam
beyond the graticule limits.

HORIZ CENT is set so that the spot will be centered in
the graticule when a "zero deflection” current signal is ap-
plied to the Horizontal Amplifier.

- AIfeedback ~ AIlnpuf

EMITTER OUTPUT
FOLLOWER > AMP — —
Q373 Q374
W Y
> D361 FEED- + CLAMP
8~ > D371 BACK — D374
D395
HORIZ
/ POSITION 120
23 > +120v
5| HORIZ To
25 DIODE Horizontal
~ LIMITER GAIN Deflection
o Plates
212 R377
$
5
K@
D360 FEED. + CLAMP
9 > D362 BACK <
D363 D396
N I
EMITTER OUTPUT
FOLLOWER N AMP . .
Q393 Q394

Fig. 3-2. Horizontal Amplifier block diagram.
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Variable capacitors C377 and C378 and C379 are set to
provide the best amplifier linearity and correct response
at high sweep rates.

LOW-VOLTAGE POWER SUPPLY

The Type 647 Low-Voltage Power Supply consists of two
positive and two negative interdependent accurately-regu-
lated supplies and one positive unregulated supply. See
Fig. 3-3. The most negative supply, —75 volts, is regulated
by reference to a Zener diode, while the remaining regu-
lated supplies are referenced to the —75-volt supply. The
supplies are also dependent on one another since the error
amplifier in each supply is powered by at least one of the
other supplies.

The basic operating principle of the supplies is illustrated
in Fig. 3-4. A variable resistance, in series with the load
across an unregulated dec source, is varied as required so the
supplied current will produce the proper voltage across the
load. Control of the series resistance element, a transistor,
is provided by the error amplifier which constantly com-
pares the voltage across the load to a reference voltage.
The error amplifier must detect a constant relationship be-
tween the output and reference voltages and will adjust the
series resistance value as required to maintain that relation-
ship.

With a line voltage near the center of the instrument
operafing range, the voltage across C612 in the —75-volt
supply is about 105 volts dc. Of this voltage, 75 volts is
across the load and the remainder is across the series com-
bination of R613, R637, and Q437.

Circuit Description—Type 647 Mod 165K

Since the Q637 emitter current is also the load current,
its magnitude determines the output voltage across the load.
The output voltage is sampled by divider R630-R631-R632-
R634 and sets the Q614B base voltage. If the voltage
across the load begins to change, the Q614B base voltage
will change. The Q614A collector current will then change
due to common-emitter coupling between Q614A and
Q614B. The variation in Q614A collector current is ampli-
fied by Qé623-Q633 and changes the Q637 current, restor-
ing the voltage across the load to the proper value.

This negative feedback causes voltage comparator Q614A-
Q614B to seek a condition of equal base voltages. The
Q614A base voltage is fixed at about —9 volts by Zener
diode D609. Thus, the voltage comparator forces the supply
to provide an output voltage which, when divided by
R630-R631-R632-R634, will also be —9 volts at the Q614B
base.

It is important to note that the voltage comparator will
have equal base voltages with any setting of —75
VOLTS adjustment R631 even though the output voltage
may not be exactly —75 volts. To obtain a —75-volt output,
R631 is set so that the resistive division ratio equals the
ratio of 9 volts to the desired output voltage.

The high gain of the error amplifier at dc gives the sup-
ply a high degree of dc stability.

One difference between the —75-volt supply and the
three remaining regulated supplies is in the way the volt-
age comparators are connected. For example, in the 4+100-
volt supply, divider R730-R731-R732 is connected between
the —75-volt reference and the +100-volt output. Since the

+300v
Unreg. +100v +15v —15v —75v
? o [ (] (o]
0—|I| 0—“-
SERIES SERIES SERIES SERIES
| REG ] REG - | REG " ] REG "
Q737 Q697 Q667 Q637
rﬂ F—"
ERROR ERROR ERROR ERROR
AMP AMP AMP AMP
Q723 Q683
Q733 Qé74 Q653-Q663 Q623-Q633
Q714 Q689 Q693 Q659-Q644 Q614A and B
« I+« [+« [+« [
+ —
RECT RECT RECT RECT RECT
D742 D702 D672 D642 D612
D745

Fig. 3-3. Low-Voltage Power Supply block diagram.
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Fig. 3-4. Series regulated supply principle.

emitter of Q714 is connected to ground, any change in the
+100-volt output will change the Q714 base current. This
same form of voltage comparator is used in the -+15-volt
supply.

In the —15-volt supply, two connections are interchanged
from those in the two positive voltage supplies. The emitter
of Q667 is connected to ground and the emitter of Q644 is
connected to the supply output. However, the operation is
the same as in the +15- and -100-volt supplies; any
change in the —15-volt output will produce a change in
the Q644 emitter current.

CRT CIRCUIT

The Crt Circuit consists of a cathode-ray tube, its regu-
lated high-voltage power supply, and a Z-axis (intensity)
modulation amplifier. See Fig. 3-5. The crt requires opera-
ting voltages of +11.8kv (post accelerator), —2.2 kv (cath-
ode), —2.25kv variable (control grid), and several lesser
variable and fixed voltages for control of focus, astigma-
tism, geometry, etfc.

The high-voltage power supply contains a controlled-ampli-
tude oscillator which drives a step-up transformer. Recti-
fiers in the transformer secondaries provide the three high
voltages for the crt. Negative feedback from the —2.2-kv
supply through a voltage comparator regulates the oscillator
output amplitude so that the —2.2 kv remains constant with
variations in load. To protect the oscillator transistor from
excessive dissipation, a protection circuit turns off the oscil-
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lator for about 4 seconds if the —2.2-kv supply is overload-
ed.

The correct ratio between the crt cathode supply voltage
and the control-grid and post-accelerator supply is estab-
lished by the turns ratio of the high-voltage transformer and
by the CRT GRID BIAS calibration control which has the
effect of a variable volts per turn ratio.

The Z-axis (intensity modulation} amplifier permits chang-
ing the crt control grid bias so that the display brightness
can be controlled. The amplifier output is connected to the
positive end of the floating high-voltage crt control-grid
supply, and can vary the grid over a range of about 90
volts. The current input signal for the dc-coupled amplifier
is obtained from the INTENSITY control, either or both
plug-in units, and/or an external source through the CRT
GRID connector on the rear of the instrument. Sensitivity
of the wide-band, negative feedback amplifier is about
30 v/ma.

High-Voltage Power Supply

Q820 and the T820 primaries form an Armstrong oscil-
lator. Q804 is a shunt regulator of the Q820 base drive.
If Q804 conducts heavily, the base current and therefore
the collector current of Q820 decrease. This decreases the
ampere-turns ratio in the T820 primary, which results in a
decrease in the dc high voltages developed in its secon-
daries. Conversely, if the Q804 conduction decreases, the
magnitude of the dc high voltages will increase.



Circuit Description—Type 647 Mod 165K

. <o UNBLANK
- Z-AXIS ~1 11-Series
RECT AMP A
ERROR CHOP-BLANK
P .| osc 82;2 ¢——010-Series
820 Q883 A
A A Py <O
A | crT GRID
PROTECTION
MULTI
RECT ( +11.8kv INTENSITY
Q814
TRIPLER |+
RECT
A
Y 1295 kv

—2.2 kv

S~

CRT CATHODE

Y
A |

Fig. 3-5. Crt Circuit block diagram.

The conduction level of Q804 is controlled by error am-
plifier Q803A-Q803B which monifors the output of the
—2.2-kv crt cathode supply and compares it with the +-100-
volt supply. When HIGH VOLTAGE control R801 is set so
that the output high voltage is —2.2kv, there is a 110
pampere current through resistors RB02A-R802F. Any change
in the crt cathode voltage will change the R802A-R802F
current. An amplified current change at oscillator Q820 will
cause a change in the oscillator output amplitude, restoring
the high voltage to the proper value.

The Q814A-Q814B multivibrator protects oscillator Q820
from damage by attempting to correct for certain abnormal
loads, such as accidental shorting of the high voltage dur-
ing maintenance. In attempting to correct for overloads,
the dissipation rating of transistor Q820 could be exceeded.

Under normal conditions, Q814A is saturated and Q814B
is off. The low QB814A collector voltage holds off diode
D811 and transistor Q814B. With QB814B off, capacitor
C818 is charged to about 29 volts.

If the —2.2-kv supply goes out of regulation with a de-
crease in output voltage, the voltage at the junction of
R810 and D815 will become more negative. This turns on
diodes D815 and D816, diverting R817 current from the
base of Q814A. The QB814A collector voltage then rises,
turning on Q8148B.

When QB814B turns on, its collector drops and the charge
on C818 turns off D817 and Q814A. This positive feedback
drives Q814B into saturation. When Q814A turns off, diode

®

D811 turns on, clamping the Q804 base at a level which
turns off oscillator Q820. Diodes D815 and D816 prevent
the D811 turn-on from turning on Q814A.

When Q814B turns on, C818 begins to discharge through
R817. The charge will have decreased sufficiently in about
4 seconds to turn on QB814A. Positive feedback (via the
Q814B collector and C818) will drive Q814A into saturation
and turn off Q814B and D811.

When D811 turns off, Q804 turns on oscillator Q820.
Since no high voltage was produced while the oscillator
was off, the error amplifier causes Q820 to immediately
produce a very high-amplitude output. I the cause of the
original overload has been removed, the crt cathode volt-
age will rapidly increase to —2.2kv. The error amplifier
will then decrease the Q820 output amplitude to the normal
level before the temperature of transistor Q820 has risen
enough to cause damage.

The protection circuit will not respond to this momentarily
large error signal at the Q804 base. When QB814B turns
off, C818 must be recharged. A major portion of the required
charge current is supplied by QB814A base current. Thus,
QB814A will be unaffected by the Q803B collector current
level for about 250 milliseconds while the C818 charge is
being restored. Then, if the high-voltage overload still
exists, the QBO3B error signal will again actuate the pro-
tection circuit.

Since only the —2.2-kv supply is regulated directly, the
correct crt control-grid and post-accelerator supply voltages

3-5



Circuit Description—Type 647 Mod 165K

BISTABLE
MULTI
Q935 Q945
OSCILLATOR
Q910 A A
Q924
100-Volt
Square Wave
or Dc

Y

ATTENUATOR

CURRENT-LOOP

Fig. 3-6. 1-Kc¢ Calibrator block diagram.

are established by the turns ratio of transformer T820 and
by the setting of CRT GRID BIAS R832. The high-voltage
oscillator will produce whatever amplitude is required to
maintain the correct voltage at the negative end of C832,
regardless of the voltage value at the positive end of C832.
For example, if the R832 setting is changed from zero to
+100 volts, the high-voltage oscillator amplitude must
increase to produce an additional 100 volts across C832.
The increased oscillator amplitude will also increase the
voltage across C822 in the crt control-grid supply. But since
the voltage at the positive-end of C822 does not vary with
the setting of CRT GRID BIAS R832, the full variation ap-
pears at the crt control grid. The setting of R832 has only
a slight affect on the post-accelerator supply (voltage-
tripler) voltage.

Z-Axis Amplifier

The voltage at the positive end of C827 in the crt control-
grid supply can be varied with no affect on the voltage
across the capacitor. By varying the voltage at the positive
end of C827, the crt bias and therefore the display bright-
ness can be varied. The multiple-input Z-axis modulation
amplifier provides the means for varying this bias.

Q894 provides current drive to an operational amplifier
consisting of Q883 and QB874. The operational amplifier
drives emitter follower Q873 which sets the voltage at the
positive-end of the control grid high-voltage bias supply.
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Four sources can vary the Q894 emitter current:
1. The INTENSITY control.
2. The unblanking signal from the 11-Series plug-in unit.

3. The chopped-mode bianking pulse from the 10-Series
plug-in unit,

4. An external source connected to the rear-panel CRT
GRID binding post.

Since the operational amplifier negative feedback via
R878 makes the Q883 base a low-impedance point, the
Q894 collector and Q883 base voltages are essentially
constant. When any of the four current sources increases
the Q894 current, the D886 current will increase causing a
decrease in the Q883 and Q874 currents. The Q874 col-
lector voltage will then rise to a level where, according to
Ohm'’s Law:

AVos7s collector = Rreza X Alpgge

Thus Algers essentially equals Alpggs. (Algers is less than
Alpgse by an amount equal to Alpgg divided by the opera-
tional amplifier open-loop gain. Since this gain is quite
high, the difference is slight.) The Q874 collector voltage

®



is applied to emitter follower Q873 which sets the crt con-
trol-grid voltage.

Capacitors €878, C877, and C879 provide control over
the high-frequency response of the amplifier. During a
rapid positive-going change at the emitter of Q873, C874
turns off diode D874 and boot-straps R874 to a more posi-
tive voltage, enabling the Q873 base current to rise rapidly.
During a rapid negative-going change at the collector of
Q874, Q873 may momentarily turn off and diode D873
will turn on to pull down the Q873 emitter voltage.

Diode D884 will clamp the Q894 collector at about +2
volts if an excessive input signal drives Q894 near turnoff.
Diodes D870 and D871 protect the amplifier from the high
voltage across C827 in the event that the crt control grid
is shorted to chassis.

Trace rotation coil L861 provides the means for rotating
the display to align the trace with the internal graticule.

1-KC CALIBRATOR

As shown in Fig. 3-6, the calibrator consists of a crystal-
controlled 4-kc oscillator driving a bistable multivibrator
which has clamped output levels of zero and 4100 volts.
These clamp levels provide a precise 100-volt peak-to-peak
square wave which may be selected for output or divided
to one of 17 lower amplitudes by a precision attenuator.
100-volts dc and a 5-ma square-wave output through a cur-
rent loop are also available.

The clipped output of crystal-stabilized oscillator Q910-
Q924 is applied to the bistable mulitivibrator through
capacitors C924 and C925. Assume that Q935 has just
switched off and Q945 has just switched on. When Q935
turned off, the positive-going change at its collector turned
on diode D933. C924 then charges through R933 and places
a substantial reverse bias on D932.

Circuit Description—Type 647 Mod 165K

When Q945 turned on, the negative-going change at its
collector turned off D943. C925 then began to discharge
through R942. The discharge period is such that the nega-
tive-going portion of the first oscillator cycle following
Q945 turn-on does not turn on D942. But after skipping
one cycle, the C925 charge is depleted and D942 turns on
during the fast, negative-going change in the second oscil-
lator cycle. This diverts current from the Q945 base, causing
the multivibrator to switch states.

Since only every other cycle of the oscillator signal causes
the multivibrator to switch states, the frequency division
factor is 4, instead of the usual 2.

When Q945 is on, its collector voltage is about —14
volts which turns off D948, since the attenuator series re-
sistors are returned to chassis. When Q945 is off, D944
is off and R947 turns on both D947 and D948. The voltage
across the series combination of D947 and R%46 will essen-
tially equal the voltage across D948. Thus, the voltage at
the junction of D948 and R948B will switch between an ac-
curate 4100 volts, established by the 100-volt supply, and
zero volts.

The attenuator accurately divides the basic 100-volt
square wave to lower amplitudes and provides an accurate
50 Q output resistance with a switch setting of .2 VOLTS
and below. If the 50 Q output is terminated in 50 Q, the
peak voltage across the termination will be one-half that
indicated by the switch setting.

100-volts dc is available for use as a reference when the
—15-volt supply is disconnected from the Q935 and Q945
emitters by the switch.

When the attenuator switch is set to the 5-ma square-
wave position, an accurate 5ma through the current loop
is switched on and off. The accuracy of this current is estab-
lished by the accurate 20-kQ series resistance of attenuator
resistors R948B through R948K.
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SECTION 4
MAINTENANCE

PREVENTIVE MAINTENANCE

Cleaning the Interior

Internal cleaning should precede calibration since the
cleaning process could alter the setting of certain calibration
controls.

One way to clean the interior is by vacuum and/or low-
pressure compressed air (high-velocity air could damage
certain components). Hardened dirt may be removed with
a soft paint brush, cotton-tipped swab, or cloth dampened
with a water and mild detergent solution. Pay special at-
tention to high-voltage circuits where conductive dust can
cause arcing.

The contacts on the plug-in interconnecting jacks and
plugs should be lightly lubricated with an oil of the type
used on rotary-switch contacts. To extend the life of the
contacts, clean and relubricate if the oil becomes contamin-
ated with abrasive dust.

The plug-in unit frame-rod contact springs (located just
inside the upper corners of the plug-in unit compartments)
should be lubricated with a grease of the type used on
rotary-switch detents (e.g. Beacon No. 325).

Visuval Inspection

The instrument should be inspected occasionally for such
defects as poor connections, broken or damaged ceramic
terminal strips, improperly seated tubes or transistors, and
heat-damaged parts. The remedy for most visible defects is
obvious. But overheating is usually a symptom of other
unseen defects and unless the cause is determined before
parts are replaced, the damage may be repeated.

Tube and Transistor Checks

Periodic preventive maintenance checks on the tubes and
transistors used in the instrument are not recommended. The
circuits within the instrument generally provide the most
satisfactory means of checking tube or transistor perfor-
mance, Performance of the circuits is thoroughly checked
during recalibration so that substandard tubes and trans-
istors will usually be detected at that time.

Recalibration

To insure accurate measurements, the instrument calibration
should be checked after each 500 hours of operation or
every six months if used intermittently. Complete calibra-
tion instructions are ccntained in Section 5 of this manual.

The calibration procedure can be helpful in isolating
major troubles in the instrument. Moreover, minor troubles
not apparent during regular operation may be revealed
and corrected during calibration.

®

Cleaning the Exterior

Loose dust may be removed with a cloth and a dry paint
brush. Water and mild detergents such as Kelite or Spray
White may be used. Abrasive cleansers should not be used.

The graticule and crt face-plate may be cleaned with a
soft, lint-free cloth dampened with denatured alcohol.

COMPONENT REPLACEMENT

General Information

Certain parts in the instrument are best replaced if defi-
nite procedures are followed as outlined in the following
paragraphs.

Many electrical components are mounted in a particular
way to reduce or control stray capacitance and inductance.
When selecting replacement parts, it is important to remem-
ber that the physical size and shape of a component may
affect its performance at high frequencies. After repair,
portions of the instrument may require recalibration; see
Section 5.

Standard Parts

Many components in the instrument are standard elec-
tronic parts available locally. However, all parts can be
obtained through your Tekironix Field Engineer or Field
Office. Before purchasing or ordering, consult the parts list
to determine the value, tolerance, and rating required.

Special Parts

Some parts are manufactured or selected by Tektronix to
satisfy particular requirements, or are manufactured for
Tektronix to our specifications. These and most mechanical
parts should be ordered directly from your Tektronix Field
Engineer or Field Office. See "Parts Ordering Information”
and "Special Notes and Symbols” on the first page of Sec-
tion 6.

Soldering

Special silver-bearing solder is used to establish a bond
to the ceramic terminal strips in Tektronix instruments. This
bond may be broken by repeated use (especially if ordinary
tin-lead solder is used) or by excessive heating. We recom-
mend solder containing about 39, silver. A small supply
of this solder is provided on a spool mounted inside the
instrument. Additional silver-bearing solder is usually avail-
able locally or may be purchased in one-pound rolls through
your Tekrtonix Field Engineer or Field Office. Order by part
number 251-514.
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3. Replace the base socket, deflection plate leads, and anode
lead.

4. Clean the crt face-plate and face-plate shield, and then
mount the face-plate shield and the bezel. Tighten the
four bezel nuts.

5. Push lightly on the crt base socket to be certain that the
crt is as far forward as it will go and then tighten the base
clamp.

To Remove and Replace the Cri Shield:

1. With the crt removed, take out the four screws holding
the front end of the shield and the two screws holding the
rear.

2. Remove the grommet from the anode connector opening.

3. Slide the shield out so that the Trace Rotation Coil leads
are accessible. Unsolder the leads, noting the polarity
for reinstallation. The shield can now be separated from
the instrument.

4. To reinstall the shield, reverse the above procedure.

CORRECTIVE MAINTENANCE

Troubleshooting Aids

This manual and the instrument contain many features
intended to speed and simplify maintenance.

The schematics in Section 6 provide a circuit reference
number for each electrical component as well as important
operating voltages, signals, and conditions for their measure-
ment. The range of circuit reference numbers associated
with a particular schematic appear on that schematic. The
block diagram provides an overall picture of instrument
operation.

Most of the wire in the instrument is cclor striped to aid
in circuit tracing. All regulated low-voltage power supply
leads are coded as follows:

1. The basic wire color indicates voltage polarity: tan for
negative, white for positive.

2. The stripe colors indicate supply voltage according to
the standard EIA color code. Stripes are read in order
of decreasing width.

1st Sig. Fig.

2nd Sig. Fig.
3rd Sig. Fig.
Multiplier

Tolerance
\

Fig. 4-2. Standard EIA color code for metal film resistors.
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Fig. 4-3. Diode polarities.

For example, the —75-volt supply leads are tan wire
{(negative} bearing stripes of violet (seven), green ({five},
black (no zero).

The instrument contains a number of stable metal-film
resistors identified by their gray background color and color
coding. If a resistor has three significant figures and a
multiplier, it will be EIA color coded. If it has four significant
figures and a multiplier, the value will be printed on the
resistor. For example, a 333 k resistor will be color coded,
but a 333.5k resistor will have its value printed on the
resistor body. The color coding sequence is shown in Table
4-1 and Fig. 4-2.

TABLE 4-1
Color Code Sequence
1st | 2nd | 3rd (=) %
Color Sig. | Sig. | Sig. Multiplier | Tolerance
‘ Fig. | Fig. | Fig. |

Black 0 0 0 —
Brown 1 1 1 |10 1
Red 2 2 2 | 100 2
Orange 3 3 3 1,000 —
Yellow 4 4 4 10,000 —
Green 5 5 5 100,000 0.50
Blue 6 6 6 . 1,000,000 0.25
Violet 7 7 7 10,000,000 0.10
Gray | 8 8 8 | 100,000,000 0.05
White | 9 9 9 | 1,000,000,000 —
Gold | 0.1 5
Silver | 0.01 —
No Color | | 10
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Switch wafers shown on the schematics are coded
to indicate the physical positions of the wafers on a rotary
switch. The number portion of the code refers to the wafer
position as counted from the front- or driven-end of the
switch shaft. Letters F and R indicate whether the front or
rear of the wafer is used to perform the particular switching
function.

Important test points are marked (e.g. TP374) on the
schematics and on the instrument chassis. Pictures on a
fold-out page following the schematics show the general
locations of these test points.

Fig. 4-3 identifies the polarity of the various diode types
used in the instrument.
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The following chart lists the proper current ratings for
fuses in the Type 647.

Fuse 117-Volt Range 234-Volt Range
F601 3 amp slow-blow 1.5 amp slow-blow
F602 4 amp slow-blow

F613 0.5 amp fast-blow
F703 0.75 amp fast-blow
F743 0.75 amp fast-blow
F820 2 amp fast-blow



SECTION 5
CALIBRATION

Introduction

This section of the manual contains a complete calibration
procedure for the Type 647 Oscilloscope. The instrument
will not require frequent recalibration, but occasional adjust-
ments will be necessary as components age or are replaced.

Calibration is a valuable part of preventive maintenance
since many types of minor troubles may be discovered and
corrected before they become serious enough to disable the
instrument. Major troubles are often more easily isolated
to a particular section of the instrument by attempting cali-
bration.

Equipment Required
1. Tektronix Type 10/11M1 Test Unit.

2. Tektronix 11-series time base plug-in unit.

3. Autotransformer such as Variac or Powerstat. Required
characteristics: Output voltage range covering the full line-
voltage range of the Type é47. Volt-ampere rating of at
least 500.

4. Ac voltmeter, calibrated in rms, for minitoring the
autotransformer output. Required characteristics: 2% ac-
curacy over the full line-voltage range of the Type 647.

5. Dc voltmeter such as the Fluke Model 803 or the
Electro Instruments Model Eitronic 880. Required Charac-
teristics: Input resistance at least 1 megohm. Accuracy
at least #=0.05% of reading between 100 millivolts and
100 volts.

6. Oscilloscope such as the Tektronix Type 540- or 550-
series with a Type D Plug-In and a Type L Plug-In. Required
characteristics: Type D Plug-In—Maximum calibrated sensi-
tivity of at least 5 mvolis/div. Type L Plug-In—Bandpass of
at least 20 me.

7. Dc voltmeter. Required characteristics: Range to at
least 2.5kv full scale. Input resistance of at least 20 kQ/v.
Accurate within 2% at 2.2 kv and within 10% at 300 volts.

8. Time-mark generator such as the Tektronix Type 180A.
Required characteristics: Marker intervals of 1 millisecond
and 20 nanoseconds (50-mc sine wave). Accuracy of at least
+0.01%.

9. Constant-Amplitude Signal Generator, Tektronix Type
190A or 190B. Signal Generator used must provide a 200-
millivolt signal variable in frequency from 500 ke to 50 me.
The signal amplitude must remain constant (200 mv) over
the entire frequency range.

10. TU-5 Pulser complete kit, Tektronix Part No. 015-043,
contains the following items*:

*If desired, any of the following items can be ordered separately
through your local Tektronix Field Engineering Office. When order-
ing, give complete description and part number.
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Qty. Description Part
Number

T TU-5 Pulser (alone) with BNC plug-and- 015-038
jack connector fittings.

1 50-ohm termination with BNC plug-and- 011-049
jack connector fittings.

1 50-ohm 10:1 T atienvator, Y, w, with 010-314
BNC plug-and-jack connector fittings.

1 Connector adapter with UHF-plug and 103-015
BNC-jack connector fittings.

1 50-ohm (nominal impedance] coaxial 102-057

cable, 42" long, with a BNC connector
on each end.

11. Tektronix 50 Q 5XT attenuator: part number 011-060.
12. Miscellaneous
1—Insulated screwdriver: part number 003-001.

1—Adapter, BNC to alligator clips: part number 013-
076.

PRELIMINARY PROCEDURE
1. Remove the covers from the Type 647.

2. Disengage the captive screws which hold the heat-
sink door closed.

3. Install the Type 10/1TM1 plug-in unit in the horizontal
compartment of the Type 647.

4. Connect the Type 647 and the ac voltmeter to the
powerline autotransformer output,

5. Connect the autotransformer to the appropriate line-
voltage source and set for an output near the center of
the line-voltage range for which the Type 647 is wired.

6. Set the controls on the Type 647 and Type 10/11MI
as listed in Table 5-1.

TABLE 5-1
Type 647
INTENSITY Counterclockwise
FOCUS Midrange
ASTIG Midrange
SCALE ILLUM Counterclockwise
1 KC CALIBRATOR OFF
HORIZ POSITION Midrange
Type 10/11M1
Horiz Cal 5
Load Zero
Source (voltage) —75v
{function} Cnd
Pulse Rate OFF
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7. Turn on the instrument power and allow several
minutes for warmup.

NOTE

Pictures on a fold-out page preceding the sche-
matics show the location of each calibration
control and each of the numbered test points listed
in the schematics.

CHECK AND ADJUSTMENT PROCEDURE

Low-Voltage Power Supplies
1. Adjust Voltage; Check Ripple and Regulation
NOTE

The foilowing ripple checks can produce erroneous
indications unless ground-loop hum is minimized.
To minimize hum the Type 647 and the ripple-
monitoring test oscilloscope should be powered
from the same convenience outlet.

Proper power supply operation at the lower line-
voltage limit requires that the line-voltage sine
wave contains less than 1% distortion,

a. Connect the dc voltmeter between TP632 in the —75-
volt supply and ground. Connect the ground lead to the
power supply chassis as near as possible to the test point.
Adjust —75 VOLTS R631 for a meter reading of —75 volts.

CAUTION

Do not reset the —75 v control unless the power
supply voltages are actually out of tolerance
(see Table 5-2} or you are planning to perform
a complete calibration of the instrument.

b. Connect a coaxial cable from the OQutput connector
on the Type 10/11M1 to the input connector on the plug-in
of the test oscilloscope. Set the test oscilloscope controls
to trigger and display automatically a line-frequency wave-
form with an amplitude of 5 mvolts or less. The waveform
must be dc-coupled into the vertical amplifier of the test
oscilloscope.

c. With the Source function switch on the Type 10/11M1
set at Gnd, position the trace on the test oscilloscope to
a convenient reference point. With the test oscilloscope and
plug-in set as in step (b), each 5 mvolts of deflection away
from the reference point will indicate 0.1% of error in the

supply voltage. The allowable error in each supply can be
found in Table 52

d. Set the Source function switch on the Type 10/11MI
to Dc Error and reset R631 (—75 VOLTS) for no deflection
of the trace on the test oscilloscopes as the Source function
switch is moved between the Gnd and Dc Error positions.

e. Set the 10/11M1 Source function switch to Dc Error
and the Load switch to Full. Check that the trace deflection
does not equal more than 0.19% providing the supply was
adjusted in step (d). Set the Load switch to Zero and the
Source function switch to Ripple.

f. With the power-line autotransformer set for a line-
voltage near the center of the Type 647 operating range
(indicated on a metal tag on the rear panel), check that the
ripple is within the limits given in Table 5-2.

g. Set the power-line auvtotransformer for the lower line-
voltage limit (design-center voltage less 10%) of the Type
647 and the 10/11M1 Load switch to Full. Check that the
ripple is within the limit given in Table 5-2.

h. Set the power-line auvtotransformer for the upper line-
voltage limit (design-center +10%) of the Type 647 and
the 10/11TM1 Load switch to Zero. Check that the ripple
is within the limits given in Table 5-2 in each of the four
regulated supplies.

i. Reset the power-line autotransformer for a line voltage
near the center of the Type 647 operating range Disconnect
the voltmeter and reset the Type 10/11MI1 controls to the
positions listed in Table 5-1 except for the Source voltage
switch.

i. Repeat steps {a) through (i) for each remaining supply
in the order listed in Table 5-2. Be sure to adjust the supplies
in the order listed and then recheck all supply voltages. It
may be necessary to adjust the supplies a second time.

After the regulation checks have been made on the —15-
volt supply, the test oscilloscope may be disconnected from
the Type 10/11M1 plug-in. The +300-volt supply is checked
using the dc voltmeter at TP742. The ripple is checked at
TP742 by connecting a probe between the test point and the
test oscilloscope.

Crt Circuit
1. Adjust HIGH VOLTAGE R801

a. Connect the high-voltage dc voltmeter between the
chassis and the HV TEST POINT TP833,

b. Adjust R801 for an exact 2.2 kv meter indication.

TABLE 5-2
Tolerance at Maximum

Supply Test Midrange Ripple Yoltage
Voltage Point Line Voltage {mv p-p) Control
—75v TP632 +0.3% 2 —75 VOLTS Ré31
+100v TP737 +0.5% 2 +100 VOLTS R731
+15v TP697 +0.59% 1.5 +15 VOLTS Ré91
—15v TP644 +0.59% 1.5 —15 VOLTS Ré61
+300 v TP742 +10% 10v Unregulated
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2. Check High-Voltage Regulation

a. Set the power-line autotransformer for the lower-limit
operating voltage of the Type 647.

b. With the crt beam positioned off-screen, slowly turn
the INTENSITY control from stop to stop several times
and check that the high voltage remains constant.

NOTE

Few high-voltage meters will resolve the slight
voltage change (less than 10 volts) that normally
occurs. Hence, unless a high-resolution meter is
used, no change in the high voltage should be
detected.

¢. Reset the power-line autotransformer for a voltage near
the center of the Type 647 operating range.

d. Reset the INTENSITY control counterclockwise and
disconnect the voltmeter.
3. Adjust CRT GRID BIAS R832

a. seh:

CRT GRID BIAS R832 Counterclockwise
POSITION (Type 10/11M1) Midrange

b. Set the INTENSITY control so the knob-pointer indicates

¢. Turn CRT GRID BIAS clockwise to obtain a dim spot.
d. Reset the INTENSITY control to 0.

4. Adjust TRACE ROTATION (front panel)

a. Remove the Type 10/11M1 from the horizontal com-
partment and install a 10-series plug-in in the vertical com-
partment and an 11-series plug-in in the horizontal compart-
ment.

b. Set the 11-series plug-in for a free-running sweep with
a rate of 1 msec.

c. Set the INTENSITY control for a trace of moderate
brightness.

d. Center the trace vertically and horizontally.
e. Set the FOCUS control for minimum trace thickness.

f. Adjust TRACE ROTATION (front panel) so that the
trace is parallel with the horizontal graticule lines.

5. Adjust GEOMETRY R863

a. Set:
1 KC CALIBRATOR 2 VOLTS
Input coupling (10-series) Ac
Time/cm (11-series) 1 msec
Trigger mode (11-series) Automatic
Source {11-series) internal

b. Connect a coaxial cable between the CAL QUT con-
nector and the vertical input connector.

©
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c. Set the volts/cm switch (10-series) to .2 and turn the
variable control counterclockwise to obtain a é-cm display
amplitude.

d. Set the 11-series trigger level control, if used, for a
triggered display.

e. Set the FOCUS and ASTIG conirols for a well defined
display.

f. Adjust GEOM R863 so that the row of pulse tops
and the row of pulse bottoms form straight lines.

g. Increase the intensity to observe the vertical lines of
the display.

h. Adjust R865 (Y AXIS ALIGN]) so that the vertical lines
of the pulses are perpendicular to the horizontal graticule
lines.

i. Set the INTENSITY control counterclockwise and re-
move the signal connection,

6. Adjust Z-Axis Amplifier High-Frequency Response
C879

a. Set:

Time/cm (11-series) 5 psec

Trigger mode (11-series) Free running

b. Set the INTENSITY control for a dim trace.

¢. Horizontally position the trace so the left end is near
the center of the graticule.

d. Slowly turn C879 and note the action of the adjustment.
A small segment (about 1-millimeter long) at the left end of
the trace should vary in brightness.

e. Adjust C879 so the brightness of the trace segment most
nearly matches that of the remainder of the trace.

f. Set the INTENSITY control to 4 and the time/cm con-
trol of the 11-series plug-in to .1 usec.

g. Connect a 10X probe from the test oscilloscope (with
20 mc plug-in installed) to TP873 and observe a pulse about
35 volts high with a dc level of about 410 volts. Set the
sweep rate of the test oscilloscope to 1 msec/cm.

h. Rotate the INTENSITY control from 0 to 8.5 and observe
a pulse which varies from zero volts amplitude with a dc
level of 410 volts to an amplitude of about 455 volts with
a dc level of 440 volis.

i. Set the INTENSITY control to obtain a pulse with a
30-volt amplitude at TP873.

i Check the risetime of the pulse in step (i); it should be
less than 50 nsec. The overshoot on the pulse should be
less than 3%.

k. Turn the INTENSITY control fully clockwise. Set the
trigger mode control of the 11-series plug-in to single sweep,
and position the spot off the crt.

I. Connect the output of a Type 190B to the CRT GRID
connector.

m. Adjust the Type 190B controls to obtain a 4-volt 50-kc
signal at TP873.
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n. Adjust the test oscilloscope so that the 4-volt 50-kc
signal is ac coupled into the test oscilloscope and will pro-
duce a 4-division display.

o. Increase the Type 190B output frequency to 10 MC
and check the display of the test oscilloscope for a signal
amplitude of at least 2.8 divisions.

p. Disconnect the Type 190B and test oscilloscope.
q. Set the INTENSITY control for normal trace brightness.

7. Check Alternate Sweep and Chopped Blanking

a. Do not do this check unless your 10-series plug-in has
alternate and/or chopped provisions.

NOTE

Due to the type of attenuator used in the 1 Kc
Calibrator, the remaining voltages need not be
checked.

f. Turn off the instrument power and install transistor
Q945.

g.- Restore instrument power.

2. Check Frequency Accuracy

b. Set:
Mode (10-series) Alternate
Time/cm (11-series) .5 psec

Mode (10-series)

a. Set:
1 KC CALIBRATOR (647) 1 VOLTS
Volts/cm (10-series) 2

To display one
channel only

Trigger mode (11-series) Free running

¢. Check for dual trace in all sweep rates,

d. Set the mode switch {10-series) to chopped, the time/
cm switch (11-series) to 5 usec, and the trigger mode switch
(11-series) to normal.

e. Adjust the trigger level control (11-series) to obtain
a stable display and check for no vertical lines being visible
at normal intensity.

1-Ke Calibrator
1. Check Voltage Accuracy

a. Turn off the instrument power and remove transistor

Q945.
b. Restore instrument power.

c. Connect the precision dc voltmeter to the CAL OUT
connector with a coaxial cable.

d. Set the 1 KC CALIBRATOR switch to 100 VOLTS or
100 VDC and check that the output dec voltage is between
99 and 101 volts.

NOTE
The accuracy of the 1 Kec Calibrator 100-volt out-
put is dircetly determined by the accuracy of the
<+ 100-volt power supply.

e. Check the output voltage at each switch setting listed
in Table 5-3.

TABLE 5-3
1 KC

CALIBRATOR Tolerance
50 VOLTS 4951 v
20 VOLTS 19.6—20.4 v
10 VOLTS 9.8—10.2v
5 VOLTS J 4951 v
2 VOLTS | 1.96—2.04v
1 VOLT | 0.98—1.02v
5 voLT | 0.49—0.51 v
2 VOLT | 0.196--0.204 v
.1 VOLT | 0.099—0.101 v

Time/em {11-series) 1 msec

Trigger mode (11-series) Normal

Trigger level {11-series) 0

Coupling (11-series) Ac low-frequency
reject

Source (11-series} External

b. There should not be a trace on the crt. Connect a
coaxial cable between the CAL OUT and the trigger input
(17-series) connectors. There should now be a trace on the
crt.

c. Apply 1-millisecond and 1-second markers from the
Type 180A to the vertical input. Set the trigger level con-
trol on the 11-series plug-in for the most stable display.

d. Check the frequency accuracy by checking the drift of
the 1-millisecond markers across the crt for a period of 10
seconds, using the 1-second markers to count the 10-second
time period. There should be no more than 5cm of drift
in the 10-second time period.

e. Remove the signal connections.

Horizontal Amplifier
1. Adjust HORIZ CENT R364

a. Remove the 10- and 11-series plug-ins from the Type
647 and install the Type 10/11M1 in the horizontal com-
partment.

b. Set Type 10/11M1:

Horiz Cal 5

Load Zero
Pulse Rate Off
Position Midrange

c. Set the INTENSITY, FOCUS, and ASTIG controls for a
fine and dim spot.

d. Adjust R364 HORIZ CENT to position the spot on the
center vertical graticule line.
2. Adjust HORIZ GAIN R377

a. Set the Type 10/11M1 Horiz Cal to 1 and adjust R377
HORIZ GAIN to place the spot on the first centimeter line.

®



Set the Horiz Cal to 9 and check that the spot is on the
ninth centimeter line; if it is not adjust the HORIZ GAIN
until the spot is on the first and ninth centimeter graticule
lines as the Type 10/1TM1 Horiz Cal control is switched
between 1 and 9.

b. Recheck the HORIZ CENT to insure that the spot is still
on the center vertical graticule line when the Type 10/11MI1
Horiz Cal control is set to 5.

3. Adjust C378, C377, and C397

a. Remove the Type 10/11M1 from the Type 647 and
install an 11-series plug-in in the horizontal compartment and
a 10-series plug-in in the vertical compartment.

b. Set:
Input coupling (10-series) Ac
Volts/cm (10-series) 2
Time/cm (11-series) 2 psec
Trigger mode (11-series) Normal
Source (11-series) internal

c. From the Type 180A, apply a 50 MC sine-wave signal
to the vertical input connector of the 10-series plug-in and
adjust the trigger level control of the 11-series plug-in for
a stable display.

d. Set the HORIZ POSITION so that the display is cen-
tered. Turn the 11-series plug-in magnifier so that a sweep
rate of 20 nsec/cm is achieved.

e. Push the TRACE FINDER and cdjust C397 for best
linearity.

f. Release the TRACE FINDER and set the sweep rate
to 10 nsec.

g. Set the HORIZ POSITION control to position the first
five centimeters of sweep to the left of the first centimeter
graticule line.

h. Adjust C377 so that the 1 cycle/2 cm display has a
peak lined up with the first and ninth centimeter graticule
lines. The peaks between the first and ninth graticule lines
should be within == 2 mm of their respective graticule lines.

i. Repeat steps (d), (e}, (f), {g), and (h) to obtain optimum
linearity and timing.

i Remove input signal.

Vertical Amplifier

1. Adjust VERT CENT R441

a. Remove the 10-series plug-in from the vertical com-
partment and install the Type 10/11MI1 into that compart-
ment.

b. Set:
Vertical (Type 10/11M1) Time Mark
Pulse Rate (Type 10/11M1) Off
Position (Type 10/11M1) Midrange

Calibration—Type 647 Mod 165K

Magnifier (11-series) Off
Trigger mode (11-series) Normal
Trigger level {11-series) 0

Source (11-series} External
Display (11-series) Time base

c. Adjust R441 VERT CENT to position the spot on the
center horizontal graticule line.

2. Adjust VERT GAIN R414

a. Set the Type 10/11M1 Vertical to 43 c¢cm Dc Calibrate
and adjust R414 VERT GAIN to place the spot on the top
graticule line. Set the Vertical to —3 em Dc Calibrate and
check that the spot is on the bottom graticule line; if it is
not adjust the VERT GAIN until the spot is on the top and
bottom graticule lines as the Type 10/ 11M1 Vertical control
is switched between -3 cm and —3cm Dc Calibrate posi-
tions.

b. Recheck the VERT CENT to insure the spot is still on
the center horizontal graticule line when the Type 10/11M1
Vertical control is sef to Time Mark.

3. Adjust Vertical-System High-Frequency Response

a. Set:

Vertical (Type 10/11MT)
Pulse Rate (Type 10/11M1}

+ Pulse Polarity

One of the middle
ranges

To obtain a 4-cm
high pulse.

Amplitude (Type 10/11M1)

Position (Type 10/11M1) To position top of
pulse 2cm above

horizontal center-

line.

Trigger mode (11-series) Automatic

Slope (11-series) +

Coupling (11-series) Ac low - frequency
reject

Source (11-series) Internal

b. Adjust the trigger level for a stable display.

c. Adjust sweep rate of 11-series plug-in to obtain enough
magnification to see the effect of the adjustment being made.

d. Adjust the high-frequency compensation:

1. Adjust R456D DAMPING to produce ringing on the
front corner of the pulse, and then turn the control back
until the ringing just disappears.

2. Adjust C484 and then C467 to make the front 10-50
nsec region of pulse top as straight and level as possible.

3. Adjust C456D to make the front pulse corner appear
square with less than ', m of overshoot, rolloff, or ring-
ing.

e. Repeat the adjustments in step (d) until the best possi-
ble response is obtained. It may be necessary to slightly
readjust R456D DAMPING to obtain minimum aberrations
in the top of the waveform.
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Fig. 5-1. Measuring positive going pulse risetime.

f. Set the 11-series plug-in for a sweep rate of 10 nsec/
cm.

g. Check the risetime of the display (see Fig. 5-1); it
should measure 6 nsec or less, from the 109 point to the
909% point.

4. Check Vertical-System Negative Response

a. Set:
Vertical (Type 10/11M1) — Pulse Polarity
Amplitude (Type 10/11M1) To obtain a 4cm
high pulse.

Position (Type 10/11M1} To position bottom

of pulse 2 cm below
horizontal  center-
line.

Slope (11-series} —

b. Check for the same response as seen in steps (d)
and (e).

c. If necessary readjust R456D, C484, C467, and C456D
slightly to obtain the same pulse shape in the negative
polarity as in plus polarity.

d. Set the 11-series plug-in for a sweep rate of 10 nsec/
cm.

e. Check the negative risetime of the display (see Fig.
5-2); it should measure 6 nsec or less, from the 10% point
to the 90% point.

5. Check Step Response Variation and Amplitude and
Dynamic range (X9 cm)

a. Set:

Vertical (Type 10/11M1)
Amplitude (Type 10/11M1)

— Pulse Polarity

To obtain a 6cm
high pulse.

Position (Type 10/11M1) To position bottom
of pulse on bottom

graticule line.

Slope (11-series) +

Fig. 5-2. Measuring negative going pulse risetime.

b. Vary the Type 10/1TM1 Amplitude control and check
for step reponse variations.

c. Set the Amplitude control as in step (a).

d. Check for less than 2 mm of overshoot on the bottom
of the waveform.

e. Position the bottom of the pulse to the top graticule
line. The rolloff at the front bottom corner should be less
than 2 mm.

f. Set:

Vertical {Type 10/11M1)
Position (Type 10/11M1)

+ Pulse Polarity

To position top of
pulse to top grati-
cule line.

g- Do steps (b) and (¢} for the + pulse.

h. Check for less than 2mm of overshoot on the top
of the waveform.

i. Position the top of the pulse to the bottom graticule
line. The rolloff of the top corner should be less than
2 mm,

i. Position the top of the pulse 1 cm above the centerline
and then adjust the pulse amplitude to obtain a 2 cm high
pulse.

k. Position the pulse to the top and bottom areas of the
graticule and note the compression or expansion of the dis-
play. The total compression and expansion must be less than
1/, mm.

6. Check Delay Line Aberrations and Termination

a. Set:

Vertical (Type 10/11M1)
Amplitude (Type 10/11MT1)

-+ Pulse Polarity
To obtain a 4cm
high pulse.

To center pulse on
crt.

Position (Type 10/11M1)

Slope (11-series) —

b. Check the aberrations on the bottom of the waveform.
They should not exceed ', mm in height.



c. Remove the Type 10/1TM1 and install a 10-series plug-
in in the vertical compartment.

d. Set:

Position {10-series) Midrange

Volts/em (10-series) .01

Input coupling (10-series) Dc

Time/cm (11-series) 0.1 psec

Magnifier {11-series) Off

Trigger Mode (11-series) Normal

Slope (11-series) +

Coupling (11-series) Ac low-frequency
reject

Source (11-series) Internal

e. Connect a Type TU-5 Pulser to the test oscilloscope
1 KC Cal Out connector with a 50-chm coax cable and set
the test oscilloscope Calibrator to 100 YVOLTS. DO NOT use
the Type 647 1KC CALIBRATOR. It will not run the Type
TU-5.

f. Connect the Type TU-5 to the vertical input connector
of the 10-series plug-in through a 5XT attenuator and a
50-ohm termination.

g. Adjust the Type TU-5 until it generates a fast-rise
pulse on the crt of the Type 6é47.

h. Adjust the trigger level control to obtain a stable dis-
play.
i. Check the top of the waveform for overshoot, rolloff

or ringing. Any that appears should be less than 0.025 X
waveform amplitude, above the top of the waveform.

i. With the variable on the 10-series plug-in, adjust the
waveform so that it is 4 cm high.

k. Position the 4-cm high waveform to the center of the
crt.

|. Set the sweep rate of the 11-series plug-in to 10 nsec/
cm.

m. Measure the risetime of the waveform. It should be
less than 7 nsec from the 10% point to the 90% point.

n. Remove the Type TU-5 and set:
Volts/cm (10-series) 01
Variable {10-series) Calibrated
Time/cm (11-series) 1 msec
Magnifier {11-series) Off

o. Apply a 50-ke signal from a Type 190B through a
50-ohm coax cable and a 50-ohm termination to the ver-
tical input connector of the 10-series plug-in.

p. Adjust the amplitude of the Type 190B signal to obtain
a 4-cm high signal.

q. Increase the output frequency of the Type 190B to
50 MC and check for at least a 2.8 cm signal still remaining
on the crt of the Type 647.

Miscellaneous Checks

1. Check External Crt Cathode Input

a. Remove ground strap between CRT CATHODE and
GND.

©
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b. Connect a jumper between the CRT CATHODE and CAL
OUT connectors.

c. Set:

Magnifier {11-series) Off
Time/cm (11-series} 1 msec

Trigger Mode (11-series) Free running

d. Set the 1 KC CALIBRATOR to 5 VOLTS and check for
intensity modulation.

e. Remove jumper and reconnect the ground strap be-
tween the CRT CATHODE and GND connectors.

2. Check External Crt Grid Input
a. Set:

Magnifier (11-series) Off
Time/cm (11-series) 1 msec

Trigger mode (11-series) Free running

b. Set the 1 KC CALIBRATOR to 5 VOLTS and connect
a jumper from the CAL OUT connector to the CRT GRID
connector.

c. Check for intensity modulation.

d. Remove the jumper.

3. Check J101 For Voltages and External Single Sweep
Reset

a. Check for proper voltage at pins A through E. See
Table 5-4.

b. Set the 1 KC CALIBRATOR to 5 VOLTS and connect a
coax cable between the CAL QUT connector and the ver-
tical input connector on the 10-series plug-in.

c. Set:
Volts/ecm (10-series) 2
Trigger Mode (11-series) Normal
Trigger level (11-series) For a stable dis-
play
Trigger level {11-series) Internal

d. After obtaining a stable display set the trigger mode
switch on the 11-series plug-in to single sweep.

e. Remove the coax cable or set the input coupling (10-
series) to ground and push the reset button on the 11-series
plug-in.

f. Check that the ready neon lights and remains stable.

g- Reconnect the coax cable or reset the input coupling

(10-series) to ac and note that one sweep occurs and that
the ready light extinguishes.

h. Remove all connections.

TABLE 5-4
A —75v
B —15v
C ground
D +15v
E +100 v




a or amp
BHS

cer
cm
comp
cps
crt
CsK
dia
div
EMC
EMT

ext

F&l
FHS

Fil HS
gor G
Ge
GMY

hex
HHS
HSS

1D

incd
int

k or K
ke

mc

Use

SECTION 6
PARTS LIST and DIAGRAMS

PARTS ORDERING INFORMATION
Replacement parts are available from or through your local Tektronix Field Office.

Changes to Tektronix instruments are sometimes made to accommodate improved
components as they become available, and to give you the benefit of the latest circuit
improvements developed in our engineering department. It is therefore important, when
ordering parts, to include the following information in your order: Part number including
any suffix, instrument type, serial number, and modification number if applicable.

If a part you have ordered has been replaced with a new or improved part, your
local Tektronix Field Office will contact you concerning any change in part number.

ABBREVIATIONS AND SYMBOLS

amperes mm millimeter
binding head steel meg or M megohms or mega (10%)
carbon met. metal
ceramic © micro, or 10°®
centimeter n nano, or 1077
composition Q ohm
cycles per second oD outside diameter
cathode-ray tube OHS oval head stee!
counter sunk P pico, or 107"
diameter PHS pan head steel
division piv peak inverse voltage
electrolytic, metal cased plstc plastic
electroyltic, meta! tubular PMC paper, metal cased
external poly polystyrene
farad Prec precision
focus and intensity PT paper tubular
flat head steel PTM paper or plastic, tubular, molded
fillister head steel RHS round head steel
giga, or 10° rms root mean square
germanium sec second
guaranteed minimum value Si silicon
henry S/N serial number
hexagonal torT tera, or 10"
hex head steel LI toroid
hex socket steel THS truss head steel
high voltage tub. tubular
inside diameter vorV volt
incandescent Var variable
internal w watt
kilohms or kilo {10°%) w/ with
kilocycle w/o without
milli, or 1073 ww wire-wound
megacycle
SPECIAL NOTES AND SYMBOLS
X000 Part first added at this serial number.
000X Part removed after this serial number.
*000-000 Asterisk preceding Tektronix Part Number indicates manufactured by or for Tektronix,
or reworked or checked components.
000-000 Part number indicated is direct replacement.

0 Internal screwdriver adjustment.

—1 Front-panel adjustment or connector.
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EXPLODED VIEW

Rer. | paRr  [SERIAL/MODEL NoO.| Q

NO. NO. p— orsC. ; DESCRIPTION

1 337-573 ] SHIELD, implosion

2 }200-556 1 COVER, graticule and trim assembly
----- - Mounting Hardware: (not included)
210-571 4 NUT, graticule cover

3 | 426-223 1 FRAME, implosion shield

4 A-S332 1 BRACKET, resistor mounting board

5 1366-220 1 KNOB, small charcoal, SCALE [LLUM
----- - Includes:
213-020 1 SCREV, set, 6-32 x 3 inch HHS

6 | 366-254 1 KNOB, small charcoal, ASTIGMATISM
----- - includes:
213-020 1 SCREVV, set, 6-32 x 3 inch HHS

7 | 366-220 1 KNOB, small charcoal, FOCUS
----- - Includes:
213-020 1 SCREW, set, 6-32x Vs inch HHS

8 | 366-220 1 KNOB, small charcoal, INTENSITY
----- - Includes:
213-020 1 SCREW, set, 6-32x V3 inch HHS

9 |----- - Mounting Hardware For Each Pot:
210-590 1 NUT, hex, -32 x 7/;4 inch
210-840 1 WAGSHER, .390 ID x %4 inch OD
210013 1 LOCKWASHER, internal, 3/ x V44 inch
210-207 1 LUG, solder, 34 inch

10 C-S315 1 PANEL, front
----- - Mounting Hardware: (not included)
213-088 2 SCREW, thread forming, 4-40 x '/, inch PHS phillips

11 }387-775 1 PLATE, front subpanel
----- - Mounting Hardware: (not included)
213-123 10 SCREW, tap tite, 6-32 x %, inch FHS phillips

12 D-S155 1 FRAME, front
----- - Includes:
354057 1 RING, ornamental

13 (122112 1 ANGLE, frame, top right
122-113 1 ANGLE, frame, top left
----- - Mounting Hardware For Each: (not included)
211-538 4 SCREW, 6-32 x 5/;4 inch FHS phillips
210-457 2 NUT, keps, 6-32 x 5/;4 inch

14 | 337-576 1 SHIELD, focus and intensity, calibration
----- - Mounting Hardware: (not included)
211-007 4 SCREW, 4-40 x 3/, inch BHS

15 [----- - Mounting Hardware For Resistor
211-553 1 SCREW, 6-32x 1%, inch RHS phillips
210-601 1 EYELET
210-478 1 NUT, hex, 5-10 watt resistor
211-507 1 SCREW, 6-32 x 5/ inch BHS

16 | 352-066 5 HOLDER, ceramic capacitor
----- - Mounting Hardware For Each: [not included)
361-007 2 SPACER, nylon, .063 inch

17 | 441-485 1 CHASSIS, calibrator/focus and intensity
----- - Mounting Hardware: (not included)
211-504 6 SCREW, 6-32 x V/, inch BHS
212-004 3 SCREW, 8-32 x 54 inch BHS
210-458 3 NUT, keps, 8-32x 13, inch
210-457 1 NUT, keps, 6-32 x 5/;4 inch

18 {136-153 1 SOCKET, crystal
----- - Mounting Hardware: {not included)
213-055 2 SCREW, thread cutting, 2-32 x 3/14 inch PHS phillips

® 6-3



Parts List—Type 647 Mod 165K

EXPLODED VIEW (Cont'd)

REE. PART |SERIAL/MODEL NO.[ @
NO. NO. - Py : DESCRIPTION
19 1381-218 1 BAR, top support with handle
----- - Includes:
20 |344-098 2 CLip
212-507 2 SCREW, 10-32 x 3/g inch BHS
21 367-037 1 HANDLE
----- - Mounting Hardware: {not included)
212-039 4 SCREW, 8-32 x 3/3 inch THS phillips
22 |381-073 1 BAR, retaining
23 {----- - Mounting Hardware For Miniature Pots:
210-583 16 NUT, hex, 4-32 x 5/14 inch
210-046 12 LOCKWAGSHER, internal, .400 OD x .261 inch ID
210-940 9 WASHER, Y, ID x 3 inch OD
210-223 3 LUG, solder, Y, inch
210-598 5 NUT, hex, miniature pot locking
24 |406-929 1 BRACKET, pot
----- - Mounting Hardware: (not included)
211-507 1 SCREW, 6-32 x %/ inch BHS
210-006 1 LOCKWAGSHER, internal, #6
210-407 1 NUT, hex, 6-32 x '/, inch
25 1210-201 20 LUG, solder, SE4
----- - Mounting Hardware For Each: {not included)
213-044 1 SCREW, thread cutting, 5-32 x 3¢ inch PHS phillips
26 B-S275 1 PLATE, vertical amplifier
----- - Mounting Hardware: (not included)
211-504 10 SCREW, 6-32 x '/, inch BHS
27 {136-161 8 SOCKET, 3 pin transistor
----- - Mounting Hardware For Each: (not included)
213-113 2 SCREW, thread cutting, 2-56 x %, inch RHS phillips
28 1407-028 1 BRACKET, CRT shield
----- - Mounting Hardware: {not included)
211-507 4 SCREW, 6-32 x 5/14 inch BHS
210-457 4 NUT, keps, 6-32 x %4 inch
29 {214-317 5 HEAT SINK, insulator disc
----- - Mounting Hardware For Each: {not included)
352-062 1 HOLDER, transistor heat sink
343-097 1 CLAMP
211-008 2 SCREW, 4-40 x '/, inch BHS
211-012 2 SCREW, 4-40 x % inch BHS
210-406 4 NUT, hex, 4-40 x %/,4 inch
210-599 2 NUT, sleeve
214-368 1 SPRING, transistor heat sink holder
210-627 1 RIVET
30 | 348-002 5 GROMMET, Y, inch
31 348-005 3 GROMMET, Y, inch
32 |136-095 24 SOCKET, 4 pin transistor
----- - Mounting Hardware For Each: (not included)
213-113 2 SCREW, thread cuting, 2-56 x %/,¢ inch RHS phillips
33 |348-012 1 GROMMET, 54 inch
34  {352-031 1 HOLDER, fuse, single
----- - Mounting Hardware: {not included)
211-511 1 SCREW, 6-32 x /5 inch BHS
210-006 1 LOCKWASHER, internal, #6
210-407 1 NUT, hex, 6-32x Y, inch
35 |----- - Mounting Hardware For Transistor:
387-345 1 PLATE, insulator
211511 2 SCREW, 6-32 x '/, inch BHS
210-935 2 WASHER, fiber, .140 ID x.375 inch OD
210-202 1 LUG, solder, SE6
210-006 1 LOCKWASHER, internal, #6
210-407 2 NUT, hex, 6-32x ', inch
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EXPLODED VIEW (Cont'd)

Ref. | paRT  [SERIAL/MODEL NO.| Q
T DESCRIPTIO
NO. NO. EFF. pisc. | vy. N
36 | 343-001 1 CLAMP, cable, V4 inch
----- - Mounting Hardware: (not included)
211-511 i SCREW, 6-32x Y, inch BHS
210-863 1 WASHER, “D" type
210-006 ] LOCKWASHER, internal, #6
210-407 1 NUT, hex, 6-32 x 1/, inch
37 | 352-063 2 HOLDER, graticule light
----- - Mounting Hardware For Each: (not included)
213-123 1 SCREW, tap tite, 6-32 x %3 inch FHS phillips
38 | 348-049 1 GROMMET, CRT shield
39 | 131-301 i CONNECTOR, anode with lead
40 | 260-515 1 SWITCH, toggle, POWER
----- - Mounting Hardware: (not included)
210-473 1 NUT, switch, 12 sided
210-902 1 WAGSHER, .470 ID x 2%, inch OD
354-055 1 RING, locking, switch
210-414 1 NUT, hex, 5/4,-32 x %4 inch
41 366-117 1 KNOB, large charcoal, 1 KC CALIBRATOR
_____ - Includes:
213-004 1 SCREW, set, 6-32 x 3/;, inch HHS
42 | 214-335 1 BOLT, current loop
..... - Mounting Hardware: (not included)
361-059 1 SPACER, current loop
210-593 2 NUT, hex, current loop, 5-40 x '/, inch
210-849 2 WASHER, fiber, #4
210-201 2 LUG, solder, SE4
210-442 2 NUT, hex, 3-48 x %/, inch
43 | 131-274 1 CONNECTOR, chassis mount, 1 contact, BNC
----- - Mounting Hardware:
NO NUMBER 1 NUT, hex, BNC connector
210-241 1 LUG, ground
44 A-S333 1 CLAMP, CRT anode
45 1 136-160 1 SOCKET, indicator light
----- - Mounting Hardware:
210-414 1 NUT, hex, 1%/3,-32 x %4 inch
210-241 1 LUG, ground
46 | 384-293 1 ROD, extension, switch, with molded knob
47 122-118 2 ANGLE, bottom rail
----- - Mounting Hardware For Each: (not included)
212-039 4 SCREW, 8-32 x 3/3 inch Truss HS phillips
210-458 2 NUT, keps, 8-32 x /35 inch
48 | 348-052 4 FOOT, molded gray
----- - Mounting Hardware For Each: (not included)
212-071 2 SCREW, 8-32x 1 inch Fil HS
210-458 2 NUT, keps, 8-32x '3, inch
49 | 366-031 1 KNOB, small red, VERNIER
..... - Includes:
213-004 1 SCREW, set, 6-32 x 3/, inch HHS
50 | 366-142 ] KNOB, charcoal, HORIZ POSITION
..... - Includes:
213.004 1 SCREW, set, 6-32 x 3/;¢ inch HHS
51 214-384 2 SPRING, latch bar
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REE. PART SERIAL/MODEL NO.| Q
NO. NO. p DIsC. ; DESCRIPTION
52 [214-396 2 LATCH, plug-in, assembly
----- - Each Consisting Of:
351-069 1 GUIDE, rail, bottom, plug-in
351-071 1 GUIDE, latch release bar, delrin
214-372 1 LATCH, delrin
214-374 i SPRING, latch
210-694 1 RIVET, latch hinge
358-230 1 BUSHING, latch hinge
366-258 1 KNOB, nylon with release bar
214-369 1 PIN, latch
----- - Mounting Hardware For Each: (not included)
211-522 1 SCREW, 6-32 x 5z inch FHS phillips
211-507 1 SCREW, 6-32 x 5/;5 inch BHS
53 [214-459 4 SPRING, plug-in ground
----- - Mounting Hardware For Each: {not included)
212023 1 SCREW, 8-32 x 3 inch BHS
210-458 1 NUT, keps, 8-32 x '3, inch
54 |351-060 2 GUIDE, rail, top, plug-in
----- - Mounting Hardware For Each: (not included)
211-507 ] SCREW, 6-32 x 5/ inch BHS
211-531 1 SCREW, 6-32 x 3/g inch Fil HS
210-457 1 NUT, keps, 6-32 x 5/,¢ inch
214-376 1 SPRING, plug-in rail (not shown)
55 1262-569 1 SWITCH, wired, CALIBRATOR
----- - Includes:
260-536 1 SWITCH, unwired, CALIBRATOR
----- - Mounting Hardware: (not included)
210-413 1 NUT, hex, 34-32x '/, inch
210-840 1 WAGSHER, .390 ID x %, inch OD
210-013 1 LOCKWAGSHER, internal, 3 x '/;4 inch
56 |337-572 1 SHIELD, CRT
----- - Mounting Hardware: (not included)
211-590 4 SCREW, 6-32 x '/, inch BHB
211-589 2 SCREW, 6-32 x 5;¢ inch BHB
57 |387-771 1 PLATE, plug-in roof
----- - Mounting Hardware: (not included)
211-541 2 SCREW, 6-32x '/, inch FHS phillips
210-457 2 NUT, keps, 6-32 x 5 inch
212-004 9 SCREW, 8-32 x 5/ inch BHS
58 |358-166 1 BUSHING, black plastic
59 |387-773 1 PLATE, plug-in housing, left
----- - Mounting Hardware: [not included)
212-004 3 SCREW, 8-32 x 5/1¢ inch BHS
212-039 1 SCREW, 8-32 x 3, inch Truss HS phillips
210-458 3 NUT, keps, 8-32x V35 inch
60 ]384-291 1 ROD, push switch
61 1387-816 1 PLATE, heat sink
----- - Mounting Hardware: {not included)
211-507 3 SCREW, 6-32 x 5/15 inch BHS
210-006 3 LOCKWAGSHER, internal, #6
210-407 3 NUT, hex, 6-32 x 1/, inch
62 |260-516 2 SWITCH, push, TRACE FINDER
----- - Mounting Hardware: (not included)
211-100 2 SCREW, 2-56 x 3/; inch RHS
210-001 2 LOCKASHER, internal, #2
210-405 2 NUT, hex, 2-56 x %4 inch
63 | 406-905 1 BRACKET, push switch
----- - Mounting Hardware: (not included)
211-504 2 SCREW, 6-32x '/, inch BHS
64 1 136-078 2 SOCKET, 8 pin transistor
----- - Mounting Hardware For Each: ([not included)
213-055 2 SCREW, thread cutting, 2-56 x 3/14 inch PHS phillips
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REF. PART  [SERIAL/MODEL NO.| Q

NO. NO. p— BrsC. ; DESCRIPTION

65 D-5154 1 CHASSIS, horizontal
----- - Mounting Hardware: (not included)
211-504 6 SCREW, 6-32 x /, inch BHS
212-070 3 SCREW, 8-32 x 514 inch FHS phillips
212-004 2 SCREW, 8-32x %/, inch BHS
210-458 5 NUT, keps, 8-32 x 13, inch

66 [119-029 1 DELAY LINE ASSEMBLY
----- - Includes:
380-049 1 HOUSING, delay line
200-482 1 COVER, delay line housing
131-271 1 CONNECTOR, right hand
131272 1 CONNECTOR, left hand
131-157 2 CONNECTOR, terminal stand-off
131-158 2 CONNECTOR, terminal fed-thru
211-517 1 SCREW, 6-32x1 inch BHS
211-513 4 SCREW, 6-32 x %3 inch BHS
211011 2 SCREW, 4-40 x 5,4 inch BHS
210-004 2 LOCKWASHER, internal, #4
210-406 2 NUT, hex, 4-40 x 3/;4 inch
210-407 5 NUT, hex, 6-32 x Y, inch
----- - Mounting Hardware: (not included)
210-457 1 NUT, keps, 6-32 x 5/, inch

67 1214153 1 FASTENER, snap, double pronged

68 |406-930 1 BRACKET, transistor
----- - Mounting Hardware: {not included)
211-504 2 SCREW, 6-32 x '/, inch BHS

69 | 343-089 12 CEAMP, cable, delrin

70 1214-365 1 HINGE, bottom
----- - Mounting Hardware: (not included)
212-010 1 SCREW, 8-32 x % inch BHS
212-033 1 SCREW, 8-32 x 3/, inch BHS
210-458 2 NUT, keps, 8-32 x 13, inch

71 |----- - Mounting Hardware For Transistor:
352-069 1 HOLDER, transistor mounting
387-867 1 PLATE, mica, transistor
211-510 2 SCREW, 6-32 x 33 inch BHS
210-967 2 WASHER, teflon insulator
210-803 2 WASHER, 6L x %, inch
210-006 2 LOCKWAGSHER, infernal, #6
210-407 2 NUT, hex, 6-32x 1/ inch

72 | 210-204 3 LUG, solder DEé
----- - Mounting Hardware For Each: (not included)
213-004 1 SCREW, thread cutting, 5-32 x 3,4 inch PHS phillips

73 | 348-003 6 GROMMET, %4 inch

74 | 348031 5 GROMMET, poly snap-in

75 | 406-301 1 BRACKET, resistor mounting
----- - Mounting Hardware: (riot included)
211-513 1 SCREW, 6-32 x %3 inch BHS
210-006 1 LOCKWASHER, internal, #6
210-407 1 NUT, hex, 6-32x Y/, inch

76 | 200-255 1 COVER, capacitor, small

77 | 200-259 4 COVER, capacitor, large

78 | 260-551 1 SWITCH, thermal cutout
----- - Mounting Hardware: {not included)
213-044 2 SCREW, thread cutting, 5-32 x %,¢ inch PHS phillips

79 | 387-870 1 PLATE, thermal cutout cover
----- - Mounting Hardware: {not included)”
385-080 2 ROD, hex
211-504 2 SCREW, 6-32 x /, inch BHS
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80 | 354-215 1 RING, CRT clamping, assembly
----- - Consisting Of:
354-211 1 RING, clamping
211-585 1 SCREW, 6-32x1 inch RHS phillips
220-419 1 NUT, square, 6-32 x /4 inch

81 124-160 1 STRIP, liner, CRT clamp

82 | 214-207 1 NUT, adjusting, securing
----- - Mounting Hardware: (not included)
211-576 2 SCREVY, 6-32 x 73 inch socket head
210-949 2 WASHER, %4 ID x Y, inch OD

83 | 406-904 1 BRACKET, rear CRT support
----- - Mounting Hardware: (not included)
211-504 4 SCREW, 6-32 x /4 inch BHS

84 | 441-484 1 CHASSIS, power
----- - Mounting Hardware: (not included)
211-504 6 SCREW, 6-32 x '/, inch BHS
212-004 1 SCREW, 8-32 x %4 inch BHS
210-458 1 NUT, keps, 8-32 x V3, inch

85 | 214-366 1 HINGE, top
----- - Mounting Hardware: (not included)
212010 1 SCREW, 8-32 x 5 inch BHS
212-033 1 SCREW, 8-32 x 3/, inch BHS
210-458 1 NUT, keps, 8-32 x '35 inch

86 | 387-768 1 PLATE, rear overlay

87 131-299 1 CONNECTOR, chassis mount, 10 pin
----- - Mounting Hardware: (not included)
211071 4 SCREW, 4-40 x 3/3 inch PHS phillips
210-586 4 NUT, keps, 4-40 x '/, inch

88 | 334-882 1 TAG, voltage rating
----- - Mounting Hardware: (not included)
213-088 2 SCREW, thread forming, 4-40 x '/, inch PHS phillips

89 | 214-362 1 HEAT SINK
----- - Mounting Hardware: (not included)
213-128 2 SCREW, captive, 6-32x.875 inch
354-233 2 RING, retaining

90 | 346-027 1 STRAP, ground

91 129-066 2 POST, binding, 5 way
----- - Mounting Hardware For Each: (not incuded)
358-213 1 BUSHING, nylon
210-457 1 NUT, keps, 6-32 x %/4 inch

92 | 129-066 1 POST, binding, 5 way
----- - Mounting Hardware: (not included)
210-457 1 NUT, keps, 6-32 x %4 inch

93 | 200-500 4 COVER, transistor
----- - Mounting Hardware For Each: (not incuded)
211093 2 SCREW, 4-40 x 3/, inch Allen HS
210-004 2 LOCKWASHER, internal, #4
210-406 2 NUT, hex, 4-40 x 3/, inch

94 | 200-548 10 COVER, nut

95 | ----- - Mounting Hardware For Each Diode:
220-411 ] NUT, hex, 10-32 x 3/ inch
210-010 1 LOCKWAGSHER, internal, #10
210-805 1 WASHER, 10s x 7/, inch
210-910 1 WASHER, insulator, teflon, /44 OD x 3/ inch ID
210-909 2 WASHER, mica, .625 OD x.196 inch ID
210-224 1 LUG, solder, #10

% | ----- - Mounting Hardware For Small Capacitor:
386-252 1 PLATE, fiber flange
432-047 1 BASE, small capacitor
211-514 2 SCREW, 6-32 x 3/, inch BHS
210-006 2 LOCKWASHER, internal, #6
210-407 2 NUT, hex, 6-32 x '/, inch




Parts List—Type 647 Mod 165K
EXPLODED VIEW (Cont'd)

REF. PART SERIAL/MODEL NO.| Q
NO. NO. p— s ; DESCRIPTION
97 | 214-344 2 HARDWARE, transistor mounting package
98 [----- - Mounting Hardware For Each Large Capacitor:
386-254 1 PLATE, fiber flange
432-048 1 BASE, large capacitor
211514 2 SCREW, 6-32x 3/, inch BHS
210-006 2 LOCKWASHER, internal, #6
210-407 2 NUT, hex, 6-32x Y, inch
99 | 352073 1 HOLDER, fuse, 3 pole
----- - Mounting Hardware: (not included)
211-559 2 SCREW, 6-32x 3/3 inch FHS phillips
210-006 2 LOCKWASHER, internal, #6
210-407. 2 NUT, hex, 6-32x Y/, inch

100 j----- - Mounting Hardware For Resistor:

211-544 1 SCREW, 6-32 x 3/, inch Truss HS phillips
210-478 1 NUT, hex, 5-10 watt resistor
211-507 1 SCREW, 6-32 x 5/;5 inch BHS
101 | 348-053 4 FOOT, body and cord holder
348-054 4 FOOT, cap
----- - Mounting Hardware For Each: (not incuded)
213-125 1 SCREW, 10-32 x 17/, inch socket head cap
102 | 387-806 1 PLATE, back, heat sink
----- - Mounting Hardware: (not included)
211-504 4 SCREW, 6-32 x /4, inch BHS
103 | 105-046 1 STOP, top
----- - Mounting Hardware: (not includedy}
212010 1 SCREW, 8-32 x % inch BHS
212-033 1 SCREW, 8-32 x 3/, inch BHS
210-458 2 NUT, keps, 8-32x '3, inch
104 | 119-028 1 FILTER, line
----- - Mounting Hardware: (not included)
212-039 2 SCREW, 8-32x 3/ inch THS phillips
210-008 2 LOCKWAGSHER, internal, #8
210-409 2 NUT, hex, 8-32 x %4 inch
105 | 352-002 2 HOLDER, fuse, assembly
----- - Each Consisting Of:
352-010 ] HOLDER, fuse
200-582 1 CAP, fuse
210-873 ] WASHER, rubber, ', ID x 'V, inch OD
NO NUMBER 1 NUT, fuse holder
106 1§ 131-150 1 CONNECTOR, motor base
----- - Consisting Of:
129-041 1 POST, ground, 4-40 thread one end
200-185 1 COVER, 3 wire motor base
205-014 1 SHELL, mounting
210-003 2 LOCKWASHER, external, #4
210-551 2 NUT, hex, 4-40 x '/, inch
211015 1 SCREW, 4-40 xV/; inch RHS
214-078 2 PIN, connecting
377-041 1 INSERT, black urea
----- - Mounting Hardware: (not included)
213-104 2 SCREW, 6-32 x 3/3 inch THS phillips
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EXPLODED VIEW (Cont'd]}

SERIAL/MODEL NO.| Q
REF. PART
T DESCRIPTION
No. NO. EFF. DIsC. | v.
107 | 105-048 1 STOP, bottom
----- - Mounting Hardware: {not included)
212-010 1 SCREW, 8-32 x 5/ inch BHS
212033 1 SCREW, 8-32x 3/, inch BHS
210-458 2 NUT, keps, 8-32 x 1V/3, inch
108 | 387-749 1 PLATE, rear subpanel
..... - Includes:
354-057 1 RING, ornamental
109 | 380-048 1 HOUSING, high voltage
----- - Mounting Hardware: (not included)
211-504 3 SCREW, 6-32x 1/, inch BHS
110 | 381-225 1 BAR, heat sink, high voltage box
Mm |----- - Mounting Hardware For Large Capacitor:
386-254 1 PLATE, fiber flange
432-048 1 BASE, large capacitor
211-588 2 SCREW, 6-32 x 3/, inch Hex HS
210-006 2 LOCKWAGSHER, internal, #46
210-407 2 NUT, hex, 6-32 x 1/, inch
112 | 200-475 1 COVER, high voltage
----- - Mounting Hardware: (not included)
211-521 2 SCREW, 6-32x 1/, inch RHS
M3 |----- - Mounting Hardware For High Voltage Transformer:
211-521 2 SCREW, 6-32x 1Y, inch RHS
358-228 2 BUSHING, insulator, recessed
358-231 4 BUSHING, rubber, transformer
114 1214-210 1 SPOOL, solder assembly
----- - Mounting Hardware: (not included)
361-007 1 SPACER, nylon, .063 inch
115 | 337-583 1 SHIELD, high voltage box
----- - Mounting Hardware: (not included)
211-007 2 SCREV, 4-40 x 3/;, inch BHS
213-035 3 SCREW, thread cutting, 4-40 x V4 inch PHS phillips
116 D-5153 1 BOARD, high voltage
----- - Mounting Hardware: (not included)
211-504 1 SCREW, 6-32 x 1/, inch BHS
117 | 348-006 3 GROMMET, 3/, inch
g f----- - Mounting Hardware For High Voltage Capacitor:
211.587 1 SCREW, 6-32 x 7/3, inch Hex HS
210-966 1 WASHER, silicon rubber
210-261 2 LUG, solder, high voltage
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REF. PART SERIAL/MODEL NO.|] Q
NO. NO. p— vy ; DESCRIPTION
119 | 166-320 1 SLEEVE, high voltage anode lead
166-319 2 SLEEVE, high voltage
120 | 124-119 1 STRIP, ceramic, 714 inch x 2 notches
----- - Includes:
355-046 1 STUD, nylon
----- - Mounting Hardware: (not included)
361-007 1 SPACER, nylon, .063 inch
121 | 348-004 1 GROMMET 3/; inch
122 | 131-097 2 CONNECTOR, chassis mount, 32 pin
----- - Mounting Hardware For Each: (not incuded)
211-014 2 SCREW, 4-40 x '/, inch BHS
166-029 2 TUBE, spacer
210-004 2 LOCKWAGSHER, internal, #4
210-406 2 NUT, hex, 4-40 x 3/, inch
123 | 387-807 1 PLATE, transformer support
----- - Mounting Hardware: (not included)
212-004 2 SCREW, 8-32 x %4 inch BHS
212-045 2 SCREW, 8-32x '/, inch THS phillips
385-172 2 ROD, support spacer
210-458 4 NUT, keps, 8-32 x '3, inch
124 | ----- - Mounting Hardware For Transformer:
212-079 2 SCREW, 8-32x '/, inch Allen HS
212-565 4 SCREV, 10-32x 4"/, inch Hex HS (not shown}
210-812 4 WASHER, fiber, #10
210-010 4 LOCKWAGSHER, internal, #10
210-564 4 NUT, hex, 10-32 x 3% inch
125 | 387-770 1 PLATE, frame, center, vertical
----- - Mounting Hardware: (not included)
211-583 4 SCREW, 6-32x1 inch Fil HS
210-592 4 NUT, rod, 6-32 x 3/;4 inch
212-004 2 SCREW, 8-32 x %4 inch BHS
211.538 1 SCREW, 6-32 x /14 inch FHS phillips
210-457 1 NUT, keps, 6-32 x 54 inch
126 | 387-774 1 PLATE, plug-in housing right
----- - Mounting Hardware: (not included)
212-004 3 SCREW, 8-32 x 5/ inch BHS
212-039 1 SCREW, 8-32 x % inch Truss HS phillips
210-458 3 NUT, keps, 8-32x /3, inch
127 | 406-947 2 BRACKET, guide rail
----- - Mounting Hardware For Each: {not included)
210-004 2 LOCKWAGSHER, internal, #4
210-406 2 NUT, hex, 4-40 x 3/;4 inch
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REF. PART  |SERIAL/MODEL NO.| @
NO. NO. p— DIsC. ; DESCRIPTION
128 | 358-224 4 BUSHING, pin
129 | 441-482 1 CHASSIS, capacitor
_____ - Mounting Hardware: (not included)
212-004 6 SCREW, 8-32 x %/ inch BHS
210-458 4 NUT, keps, 8-32 x 1/, inch
130 |----- - Mounting Hardware For Pot:
210-413 1 NUT, hex, 3/3-32 inch x //, inch
210-840 1 WASHER, .390 ID x %, inch OD
210-013 1 LOCKWAGSHER, internal, % x 1/} inch
131 | 210-202 4 LUG, solder, SE6
_____ - Mounting Hardware For Each: (not included)
211-504 1 SCREW, 6-32 x '/, inch BHS
210-407 1 NUT, hex, 6-32 x '/, inch
132 |----.- - Mounting Hardware For Each Transistor:
387-345 1 PLATE, insulator
211-511 2 SCREW, 6-32x '/, inch BHS
210-935 2 WASHER, fiber, .140 ID x .375 inch OD
210-803 2 WASHER, 6L x % inch
210-006 1 LOCKWAGSHER, internal, #6
210-202 ] LUG, solder, SE6
210-407 2 NUT, hex, 6-32 x /, inch
133 | 214-333 1 PINCHER, push switch rod
134 | 214-373 2 SPRING, plug-in release
_____ - Mounting Hardware For Each: (not included)
211-504 2 SCREW, 6-32 x /4 inch BHS
135 | 129-053 1 POST, ground, assembly
..... - Consisting Of:
355-507 1 STEM, adapter
200-103 1 CAP
..... - Mounting Hardware: (not included)
210-455 1 NUT, hex, /4-28 x 3% inch
210-046 1 LOCKWASHER, internal, .400 OD x .261 inch ID
136 | 348-057 1 FOOT, flip stand bail
...... Mounting Hardware: {not included)
214-408 2 NUT, cam, locking
137 | 343-110 1 CLAMP, CRT coil form
138 | 343-013 1 CLAMP, cable, 3/ inch
...... Mounting Hardware: (not included)
211-510 1 SCREW, 6-32x 3 inch BHS
210-863 i WASHER, "D" type
139 129-069 6 POST, capacitor tie off
,,,,,, Mounting Hardware For Each: (not included)
361-008 1 SPACER, nylon, .188 inch
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REF. PART
T DESCRIPTION

NO. No. EFF. DISC. | v.
140 B-S281 2 HANDLE, knob protector rail

------ Mounting Hardware For Each: (not included)
141 B-S276 2 COUPLING, knob protector handle
142 A-5331 2 STUD, knob protector handle

354-219 2 RING, retaining
143 | 391-057 1 BLOCK, flip stand pivot, left

391-058 1 BLOCK, flip stand pivot, right
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CABLE HARNESS AND CERAMIC STRIP DETAIL

REF. PART  [SERIAL/MODEL NO.[ Q
NO. NO. = DISC. ; DESCRIPTION
1 179-752 1 CABLE HARNESS, CRT socket
----- - Includes:
136-162 1 SOCKET, CRT assembly
----- - Includes:
136-117 1 SOCKET, CRT
387-393 1 PLATE, back, CRT socket
213-086 2 SCREW, thread cutting, 2-32 x 7/;¢ inch PHS phillips
131-178 11 CONINECTOR, cable end, CRT socket
2 |179-747 1 CABLE HARNESS, power
3 |179-798 1 CABLE HARNESS, heat sink
4 [179-802 1 CABLE HARNESS, 110 volt
5 1179-751 1 CABLE HARNESS, vertical amplifier
6 |179-748 1 CABLE HARNESS, connector
7 |179-753 1 CABLE HARNESS, high voltage
8 |179-754 1 CABLE HARNESS, unblanking
9 1179-749 1 CABLE HARNESS, focus and intensity
10 | 179-750 1 CABLE HARNESS, calibrator
1 124-148 2 STRIP, ceramic, 7/;s inch x 9 notches
----- - Each Includes:
355-046 2 STUD, nylon
----- - Mounting Hardware For Each: (not included)
361-009 2 SPACER, nylon, .313 inch
12 | 124-145 8 STRIP, ceramic, 734 inch x 20 notches
----- - Each Includes:
355-046 2 STUD, nylon
----- - Mounting Hardware For Each: (not included)
361-008 2 SPACER, nylon, .188 inch
13 124-147 3 STRIP, ceramic, 7/;5x 13 notches
----- - Each Includes:
355-046 2 STUD, nylon
----- - Mounting Hardware For Each: {not included)
361-009 2 SPACER, nylon, .313 inch
14 | 124-149 1 STRIP, ceramic, 7/;4 inch x 7 notches
----- - Includes:
355-046 2 STUD, nylon
----- - Mounting Hardware: (not included)
361-009 2 SPACER, nylon, .313 inch
15 124-145 2 STRIP, ceramic, 7/;4 inch x 20 notches
----- - Each Includes:
355-046 2 STUD, nylon
----- - Mounting Hardware For Each: (not included)
361-009 2 SPACER, nylon, .313 inch
16 | 124-146 4 STRIP, ceramic, 7/;5 inch x 16 notches
----- - Each Includes:
355-046 2 STUD, nylon
----- - Mounting Hardware For Each: (not included)
361-007 2 SPACER, nylon, .063 inch
17 | 124147 13 STRIP, ceramic, 7/14 inch x 13 notches
----- - Each Includes:
355-046 2 STUD, nylon
----- - Mounting Hardware For Each: {not included)
361-007 2 SPACER, nylon, .063 inch
18 | 124-148 4 STRIP, ceramic, 7,4 inch x 9 notches
----- - Each Includes:
355-046 2 STUD, nylon
----- - Mounting Hardware For Each: {not included)
361-007 2 SPACER, nylon, .063 inch
19 | 124-145 7 STRIP, ceramic, 7/;4 inch x 20 notches
----- - Each Includes:
355-046 2 STUD, nylon
----- - Mounting Hardware For Each: {not included)
361-007 2 SPACER, nylon, .063 inch
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CABLE HARNESS AND CERAMIC STRIP DETAIL (Cont'd])

SERIAL/MODEL NO.| Q

REF. PART

NO. NO. p— Py ; DESCRIPTION

20 124-092 1 STRIP, ceramic, 7/;4 inch x 3 notches
----- - Includes:
355-046 2 STUD, nylon
----- - Mounting Hardware: (not included)
361-007 2 SPACER, nylon, .063 inch

21 124-164 2 STRIP, ceramic, 4 notches

22 1124-163 4 STRIP, ceramic, 2 notches

23 124-162 1 STRIP, ceramic, 7/;¢ inch x 4 notches
----- - Includes:
355-046 1 STUD, nylon
----- - Mounting Hardware: (not included)
361-007 ] SPACER, nylon, .063 inch

24 124-149 2 STRIP, ceramic, 7/;4 inch x 7 notches
----- - Each Includes:
355-046 2 STUD, nylon
----- - Mounting Hardware For Each: (not included)
361-007 2 SPACER, nylon, .063 inch

25 |124-147 2 STRIP, ceramic, /14 inch x 13 notches
----- - Each Includes:
355-046 2 STUD, nylon
----- - Mounting Hardware For Each: (not included)
361-008 2 SPACER, nylon, .188 inch

26 |124-149 1 STRIP, ceramic, 7/;4 inch x 7 notches
----- - Includes:
355-046 2 STUD, nylon
----- - Mounting Hardware: (not included)
361-008 2 SPACER, nylon, .188 inch
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CABINET

Parts List—Type 647 Mod 165K

REE. | parr [SERIAL/MODEL No.| Q
NO. NO. EFF. DISC. ; DESCRIPTION
1 387-772 2 PLATE, cabinet side
----- - Each Includes:
2 | 214-361 2 LATCH, quarter turn, assembly
----- - Each Consisting Of:
3 | 214-400 1 PIN, securing, index
4 358218 1 BUSHING, latch bearing
5 |387-871 1 PLATE, latch index
6 | 387-804 1 PLATE, latch locking
7 |214-359 1 SPRING, latch
8 |387-797 1 PLATE, bottom
----- - Mounting Hardware: (not included)
212-075 4 SCREW, 8-32 x ' inch Truss.HS phillips
211-542 2 SCREW, 6-32 x %14 inch Truss HS phillips
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ELECTRICAL PARTS

Values are fixed unless marked Variable.

Ckt. No.

B604
B&05
B&06
B852
B853
B854

Tektronix
Part No.

150-029
150-029
150-029
150-030
150-030
150-030

Description

Bulbs

Incandescent G.E. 349
Incandescent G.E, 349
Incandescent G.E. 349
Neon NE-2V
Neon NE-2V
Neon NE-2V

Capacitors

Tolerance of all electroytic capacitors as follows (with exceptions):

Tolerance of all electrolytic capactors as follows (with exceptions):

3V— 50V = —10%, +250%
51V —350V = —10%, +100%
351V — 450V = —10%, +50%

C365
C366
C377
C378

C397
C398
C404A
C404B

C404C
C406A
C4068B
C406C
c417

C443
C445
C456B
C456D
C456E

C456F
C464
C465
C466
C467

®

283-068
283-068
281-095
281-077

281-095
285-572
281-503
281-503

283-557
281-503
281-503
283-557
283-079

283-081
281-592
281-603
281-081
281-602

281-602
281-603
281-576
281-586
281-079

.01 uf Cer
01 pf Cer
2-15pf Teflon Var
1.3-5.4 pf Air Var
2-1.5pf Teflon Var
T uf PTM
8 pf Cer
8 pf Cer
200 pf Mica
8 pf Cer
8 pf Cer
200 pf Mica
01 uf Cer
R ,uf Cer
4.7 pf Cer
39 pf Cer
1.8-13 pf Air Var
68 pf Cer
68 pf Cer
39 pf Cer
11 pf Cer
25 pf Cer
1.59.1 pf Air Var

Parts List—Type 647 Mod 165K

500 v
500 v

200 v
500 v
500 v

500 v
500 v
500 v
500 v
250 v

25v
500 v

500 v

500 v
500 v
500 v
500 v

S/N Range

SCALE ILLUM
POWER ON

=+0.5 pf
=+0.5 pf

10%
=+0.5 pf
=+0.5 pf
10%

=+0.5 pf
5%

5%

5%
5%
5%
5%
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Capacitors (Cont'd]

Tektronix
Ckt. No. Part No. Description
C469 283-081 T uf Cer 25v
C474 281-603 39 pf Cer 500 v
C475 281-576 11 pf Cer 500 v
C476 281-603 39 pf Cer 500 v
C483 283-079 O1 uf Cer 250 v
C484 281-076 1.2:35 pf Air Var
ceor
cen2 | t
C603
C609 290-171 100 uf EMT 12v
Cé10 285-644 033 uf PTM 600 v
cé11 285-572 T uf PTM 200 v
o C612200- o1ty - oF  P0FER 400 pf EMC 250 v
Cé15 285-623 A7 uf PTM 100 v
C622 285-569 01 pf PTM 200 v
C631 290-198 17 uf EMT 150 v
nuC6422d0-086-01 290184 3900 pf EMC 30v
Cé60 283-078 001 pf Cer 500 v
Cé61 290-162 22 uf EMT 35v
Cé63 285-598 01 uf PTM 100 v
ALCE720%¢-0867 01 ggezteg 3900 uf EMC 30v
C690 283-078 001 puf Cer 500 v
C691 290-162 22 uf EMT 35v
C692 283-078 001 uf Cer 500 v
C694 283-081 A uf Cer 25v
C701 285-644 033 pf PTM 600 v
ALy C702340~ 01~ 0% 29aetE 400 uf EMC 250 v
C714 285-622 R PTM 100 v
C731 290-198 17 uf EMT 150 v
C739 281-524 150 pf Cer 500 v
C741 285-644 033 uf PTM 600 v
a7 CTuo 285~ Obuy- 0o ©-033uF g Prmn o oov
742 2590-202 170 uf EMC 250 v
C743 290-171 100 uf EMT 12v
C744 285-598 - 01 pf PTM 100 v
C745 285-587 A PTM 600 v
€802 283-010 05 uf Cer 50v
€803 283-010 05 pf Cer 50 v
c8l 283-081 AT Cer 25y
C815 285-598 01 uf PTM 100 v
C818 290-189 33 uf EMT 35y
€820 290-117 50 uf EMT 50v
€821 285-623 A7 uf PTM 100 v
C822 283-042 015 pf Cer 3000 v
C827 283-042 015 uf Cer 3000 v
C831 285-572 N PTM 200 v
C832 283-042 015 uf Cer 3000 v
€833 283-044 001 pf Cer 3000 v

tFurnished as a unit with *119-028 (Line Filter).
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Capacitors (Cont'd)

Tektronix :
Ckt. No. Part No. Description S/N Range
835 281-556 500 pf Cer 10,000 v
C836 281-556 500 pf Cer 10,000 v
Cc837 281-556 500 pf Cer 10,000 v
C838 283-096 500 pf Cer 20,000 v
C844 283-042 015 uf Cer 3000 v
C845 283-042 015 uf Cer 3000 v
C846 283-042 015 uf Cer 3000 v
C851 285-572 d uf PTM 200 v
C854 283-042 015 uf Cer 3000 v
863 283-079 01 uf Cer 250 v
C864 285572 A uf PTM 200 v
C870 283-079 01 put Cer 250 v
C874 281-543 270 pf Cer 500 v 10%
c877 281-534 3.3 pf Cer =+.25 pf
878 281-500 2.2 pf Cer 500 v =+0.5 pf
c879 281-005 1.5-7 pf Cer Var
882 285-569 01 utf PTM 200 v
C891 283-080 022 uf Cer 25v
C902 285-627 .0033 pf PTM 100 v 5%,
C903 285-626 0015 pf PTM 100 v
C914 285-622 g uf PTM 100 v
C916 290-026 5 uf EMT 25v
€923 283-081 A uf Cer 25v
C924 285-627 .0033 pf PTM 100 v 5%
C925 285-627 .0033 pf PTM 100 v 5%
C926 290-026 5 uf EMT 25v
C935 281-519 47 pt Cer 500 v 10%
C936 283-081 q uf Cer 25v
Cc937 283-081 g uf Cer 25v -
C945 281-504 10 pf Cer 500 v 10%
C946 285.572 T uf PTM 200 v
C948A 281-534 3.3 pf Cer =+.25 pf
C948K 281-525 470 pt Cer 500 v
C948Z 281-523 100 pf Cer 350 v
Diodes
D360 152141 Silicon 1N3605
D361 152-141 Silicon 1N3605
D362 152-141 Silicon 1N3605
D363 152-141 Silicon 1N3605
D371 152-141 Silicon 1N3605
D374 152-126 Zener 1N3024A 15v
D395 *152-061 Silicon Tek Spec
D396 il *152-061 Silicon Tek Spec
ﬁLq.D397ﬁ“’fg§i‘ oo - 152.060 Zener 1M20Z10 20v
D&09 152-124 Zener 1N938A 9v
Dé11 *152-061 Silicon Tek Spec
Dé12AB,CD, 152-066 Silicon 1N3194
D636 152-096 Zener 1N2997B 51 v
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Ckt. No.

D642AB,CD
D669
D672AB,CD
D699
D702

firecnalive
Y4D714 {52 024§ = oC

D716
D736
D737
D739

D742
D743
D745 e

D804 152~ 0agi-c0
D811

D815
D816
D817
Ay D805 - 0o~ 0o
D870

D871
D872
D873
D874
D884

D886
D891
D932
D933
D942

D943
D944
D947
D948

F601
Fé02
F613

F703
F743
F820
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Tektronix
Part No.

152-113
152-141
152-113
152-141
152-066

152-135
152-134
152-133
152-066
152-141

152-066
152-066
152-066
152-119
152141

152-141
152-141
152-141
52704
152-002

152-002
*152-061
152-141
*152-061
152-141

152-141
152-141
152141
152-141
152-141

152-141
*152-061
*152-061

152-141

159-005
159-027
159-025

159-042
159-042
159-021

Silicon 40108
Silicon 1N3605
Silicon 1N3605

Silicon RCA40108

Silicon 1N3194

Diodes (Cont'd)

Description

Zener 1N3042A 82v
Zener 1N3044A 100 v
Zener 1N3001B é8v
Silicon TN3194
Silicon TN3605

Silicon 1N3194
Silicon TN3194
Silicon 1N3194
Zener 1N969A 22v
Silicon TN3605

Silicon 1N3605
Silicon 1N3605
Silicon TN3605
Zener 1N3016A 68v
Silicon TN1329

Silicon T1N1329

Silicon Tek Spec

Silicon TN3605

Silicon Tek Spec

Silicon 1N3605

Silicon TN3605
Silicon TN3605
Silicon TN3605
Silicon 1N3605
Silicon TN3605

Silicon TN3605

Silicon Tek Spec
Silicon Tek Spec

Silicon 1N3605

3 Amp
4 Amp
5 Amp

75 Amp
75 Amp
2 Amp

3AG
3AG
3AG

3AG
3AG
3AG

Fuses

Slo-Blo
Slo-Blo
Fast-Blo

Fast-Blo
Fast-Blo
Fast-Blo
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Inductors
Tektronix

Ckt. No. Part No. Description S/N Range

1394 108-254 600 ph

LR400 *108-278 3 uh (wound on a 3.3Q, 5% resistor)

LR401 *108-278 3 ph (wound on a 3.3Q, 5% resistor}

L403 *119-029 Delay Line Assembly

L404 *108-220 15 ph

1405 *108-277 .07 ph

L406 *108-220 15 ph

L407 *108-088 3.2 uh

L414 *108-182 3 ph

1443 *108-088 3.2 ph

L469 *108-260 A ph

L479 *108-260 1 ph

1487 276-532 Core, Shield Bead

L497 276-532 Core, Shield Bead

1861 *108-279 Beam Rotator (X-Axis)

L865 *108-295 Beam Rotator (Y-Axis} X450-up
Resistors

Resistors are fixed, composition, =10% unless otherwise indicated.

R350A ; 311-401 1k 2w Var HORIZ POSITION
R350B 5k 2w Var VERNIER
R360 324-317 19.6 k Tw Prec 1%

R361 323-302 137k Vow Prec 1%

R362 323-347 402k Yow Prec 1%

R363 323-338 324k Vow Prec 1%

R364 311-400 2 x 500 Var HORIZ CENT
R365 302-274 270k ow

R366 302-274 270k Yo w

R367 301-153 15k Vow 5%

R370 323-352 453k Yow Prec 1%

R371 323-237 2.87 k ow Prec 1%

R373 301-222 22k Yo w 5%

R374 308-178 15k 8w wWw 5%

R376 324-296 11.8k Tw Prec 1%

R377 311-326 10k Var HORIZ GAIN
R378 321-251 4.02k aw Prec 1%

R379 321-251 402k oew Prec 1%

R390 324-289 10k Tw Prec 1%

R391 323-237 287k Vaw Prec 1%

R393 301-822 8.2k Yow 5%

R394 *310-615 88k 10w WWwW 1%

R396 324-296 11.8k Tw Prec 1%

R397 302-104 100 k ow

R398 301-270 27 Q ow

R404 321-047 30.1Q Yow Prec 1%

R406 321-047 30.1Q Yow Prec 1%
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Ckt. No.

R407
R410
R411
R414AB
R416

R417
R421
R423
R425
R433

R441
R442
R444
R445
R447

R448
R452
R454
R456B
R456D

R456E
R456F
R457
R458
R465

R466
R467
R468
R469
R475

R476
R477
R478
R480
R481

R482
R483
¥4 RAS4A
R484B
R490

R491
R492
R601
R604
R607
R609
Ré10
Ré11
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Tektronix
Part No.

315-751
321121
321-121
311-379
322171

322-187
315-151
315-39%
315-221
315-391

311-389
315-472
323-105
322-093
323-607

303-121
315-472
323-105
315-680
311-095

321-195
315-822
323-607
301-472
321-097

315-151
*310-610
*310-610

301-100

321-097

315-151
*310-610
*310-610

323-245
*310-609

323-207
301-100

L&o—%oi‘agg -

J!u 6 Pbs§ - o
323-245

*310-609
323-207
302-105
311.377
304-333
324-284
304-333
314-101

750 Q
178Q
178 Q
2x200Q
550 @

866 Q

2x 10k
47k
121 Q
90.9 Q
600 Q

120Q
47k
121 Q
68 Q
500 @

1.05k
82k
600 Q
47k
100 Q

150 Q
970 Q
970 Q
100
100 @

150 Q
970 Q
970 Q
3.48k
4k

1.4k
10Q

1400 Q
3.48k

4k
1.4k

1 meg
250
33k
8.87 k
33k
100Q

Description

Vew
Vs w
Vs w

YVaw

Vaw
Vaw
Yaw
Yaw
Vew

YVew
Yy w
Vaw
aw

Vew
aw
Ve w

Ve w
Vaw
Yo w
o w
Ve w

Yew
2w
2w

Vaw

Yew

Vaw

o w

Resistors (Cont'd)

Var

Var

Var

Mica
Mica

Mica
Mica

Mica

Mica

Mica

Var

Prec
Prec

Prec

Prec

Prec
Prec
Prec

Prec

Prec
Prec

Prec

Plate
Plate

Prec

Plate
Plate

Prec
Plate

Prec

Plate Center Tapped

Prec

Plate
Prec

Prec



Tektronix
Ckt. No. Part No.
R612 323-348
R613 307-009
R614 323-418
Ré615 302-102
R622 302-331
R623 302-333
R630 308-254
R&31 311-421
R632 308-259
R633 302-333
R634 322-147
R636 304-470
R637 308-123
R642 302-103
R644 316-224
R649 *308-087
R653 316-683
R660 308-257
R661 311-378
R662 308-243
R663 306-271
R664 302-223
R669 323-391
R672 302-103
R674 316-184
R679 308-244
R683 302-223
R690 308-255
Ré91 311-378
R692 308-261
R693 302-273
R694 316-101
R&99 323-385
R702 304-473
R703 308-179
R714 302-103
R716 316-224
R719 302-473
R723 302-333
R730 308-264
R731 311-380
R732 308-240
R733 302-333
R736 vse 308-223
R737 308-279
R739 323-387

66.5k
47Q
221 k

330Q

33k
137k

10.7 k
33k

3320
47 Q
200

220k

5Q
68k
511k
250 Q
154k

270Q
22k
115k
10k
180 k

3Q
22k
3.65k
250Q
15k

27k
100Q
100 k
47 k

10k

220k
47 k

215k
500 Q

133k
33k
3BQ
200
105k

Resistors (Cont'd)

Description

YVow

Var

Var

Var

Var

Parts List—Type 647 Mod 165K

Prec

Prec

WW
WwW

WW

Prec

Prec

wWw

wWwW
WWwW

wWwW
wWwW

WWwW
Prec

S/N Range
1%
1%

1%
—75 VOLTS
1%

1%
5%

1%
1%
—15 VOLTS
1%

1%

1%
415 VOLTS
1%

1%

5%

+100 VOLTS

3%
1%
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Tektronix

Ckt. No. Part No.

R742 304-104 100 k

R744 302-560 56 Q

R744 302-121 120Q

R745 302-270 27 Q

R800 323-498 1.5 meg

R801 311-408 20k

R802A 324-531 3.32 meg

R802B 324-531 3.32 meg

R802C 324-531 3.32 meg

R802D 324-531 3.32 meg

R802E 324-531 3.32 meg

R802F 324-531 3.32 meg

R803 323-476 887 k

R804 316-103 10k

R805 316-123 12k

R806 316-222 22k

R807 316-335 3.3 meg

R808 304-223 22k

R809 316-101 100 Q

R810 316-563 56 k

R811 315-132 1.3k

R812 315-432 43k

R814 316-103 10k

R815 316-105 1 meg
AeyR817 301~ st -co  B=5EE B SLoK .

R818 301222 22k

R819 316-101 100 Q

R820 306-151 150 @

R821 316-563 56 k

R824 316-183 18k

R825 316-105 1 meg

R826 306-106 10 meg

R827 306-106 10 meg

R828 306-106 10 meg

R829 306-106 10 meg

R831 302-102 1k

R832 311-329 50 k

R833 302-103 10k

R834 302-103 10k

R838 302-105 T meg

R840 306-395 3.9 meg

R841 306-395 3.9 meg

R842 306-395 3.9 meg

R843 306-395 3.9 meg

R844 311121 5 meg

R845 302-275 2.7 meg

R850 316-473 47 k

R851 316-563 56 k
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Resistors (Cont'd)

Description

Tw
Yaw
Vaw
aw
Yaw

Vo w
Vaw
V2w
2w
2w
2w

YVow
Vi w
YVaw

Var

Var

Var

Prec

ww

Prec
Prec
Prec
Prec
Prec

Prec
Prec



Ckt. No.

R852
R853
R854
R855
R856

R8617
R863
R864T
R865
R870
R871

R873
R874
R875
R876
R878

R882
R884
R885
R886
R891

R892
R893
R8%4
R895
R896

R897
R902
R903
R904
R911

R914
R916
R921
R923
R924

R926
R931
R932
R933
R934

R935
R937
R941
R942
R943

TR861 and R864 furnished as a unit.

®

Tektronix
Part No.

302-101
301-223
302-105
302-101
302-104

311-412
311-110
311-412
311-458
316-101
316-102

306-333
305-622
308-178
316-470
323-335

315-202
316-332
321-379
324-317
316-682

316-470
316-470
301-223
322-229
321-253

31-011
316-183
316-183
316-332
316-103

316-222
316-472
316-103
316-470
315-222

315-272
316-683
323-483
316-103
316-152

316-392
302-100
316-683
323-483
316-103

100 Q@
22k
1 meg

100 k

3.9k

1.05 meg
10k

Resistors {Cont'd)

Description

aw

]/4W

Vew

Yew

Ve w
Vaw
Yo w
YVew
Vew

YVaw
YVow
Vi w
aw
Vaw

Var
Yar
Yar
Var

Var

Parts List—Type 647 Mod 165K

wWWwW

wWWwW
wWwW

ww

Prec

Prec
Prec

Prec

Prec

Prec

Prec

S/N Range

5%

TRACE ROTATION
GEOMETRY
ASTIGMATISM

5% X450-up

5%
5%

1%
5%

1%
1%

5%
1%
1%

INTENSITY

>%
5%
1%

1%
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Tektronix
Ckt. No. Part No.
R944 316-152 1.5k
R945 316-392 39k
R946 302-100 100
R947 308-025 20k
R948B 323289 10k
R948C 323-635 6.667 k
R948D 323-634 1789k
R948E 323-633 801 ©Q
R948F 323-632 452 Q
R248G 323-631 146.1 Q
R948H 323-630 724 Q
R948) 323-629 4310
R948K 323-628 28,6 Q
R948L 323-627 2140
R948X 323-636 50 k
R948Y 323-638 50 k
R948Z 323-637 50Q
R949 *308-090 V. Q

Unwired  Wired

Resistors [Cont'd)

Description

Vaw

Switches

SW360 260-516 Push Button
SW458 260-516 Push Button
SW401 260-515 Toggle
SW948 260-536 *262-569 Rotary
Thermal Cutout
TK601 260-551 Thermal Cutout 187°
Transformers
ALY T400T05¢e = 0go3- o *PXSDDE Line Filter
T401 *120-331 LV. Power
T601 *120-339 L.V. Power
7820 *120-332 H.V. Power
Transistors
Q373 *151-133 Selected from 2N3251
Q374 *151-124 Selected from TA1938
ficg Q393451~ 133 - Qo "WEEESS Selected from 2N3251
Q394 *151-124 Selected from TA1938

T Furnished as a unit with C601, C602 and Cé603.
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Prec
Prec
Prec
Prec
Prec

Prec
Prec
Prec
Prec
Prec

Prec
Prec
Prec

wWw

TRACE FINDER
TRACE FINDER
POWER ON

1 KC CALIBRATOR



Ckt. No.

Q423
Q433
Q444
Q454
Q464A

Q464B
Q474A
Q474B
Q484 }
Q494

Q614
Q623
Q633
Q637
Qé44

Q653
Q659
Q663
Q667
Qé74

Q683
Q689
Q693
PLy Q697 ASI- Do =00
Q714

Q723
Q733
ALyQ737 481 -0 - ©0
Q803
Q804

Q814A
Q8148
Q820
Q873
Q874

Q883
Q8%4
Q910
Q924
Q935

Q945

®

Tektronix
Part No.

*151-127
*151-127
*151-127
*151-127
*151-127

*151-127
*151-127
*151-127

*153-524

*151-104
*151-096
*151-096

151-113
*151-126

*151-103
*151-103
*151-103

151-112
*151-126

*151-103
*151-103
151-125
1578
*151-126

*151-103
*151-103

hE ===
*151-104
*151-103

*151-103
*151-103

151-112
*151-124
*151-124

*151-108
*151-108
*151-126
*151-103
*151-103

*151-124

Transistors {Cont'd)

Description

Selected from 2N2349
Selected from 2N2349
Selected from 2N2349
Selected from 2N2349
Selected from 2N2349

Selected from 2N2349
Selected from 2N2349
Selected from 2N2349

Matched pair

Replaceable by 2N2913
Selected from 2N1893
Selected from 2N1893
2N1488

Replaceable by 2N2484

Replaceable by 2N2219
Replaceable by 2N2219
Replaceable by 2N2219
2N1489

Replaceable by 2N2484

Replaceable by 2N2219
Replaceable by 2N2219
2N1701

152-04 Westinghouse
Replaceable by 2N2484

Replaceable by 2N2219
Replaceable by 2N2219
151-07 Westinghouse

Replaceable by 2N2913
Replaceable by 2N2219

Replaceable by 2N2219
Replaceable by 2N2219
2N1489

Selected from TA1938
Selected from TA1938

Replaceable by 2N2501
Replaceable by 2N2501
Replaceable by 2N2484
Replaceable by 2N2219
Replaceable by 2N2219

Selected from TA1938

Parts List—Type
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Y900

6-30

Tektronix
Part No.

154-051
154-051
154-051
154-051
*154-424
*154-448
154-051

158-015

Electron Tubes

Description

CRT T6470-31-1 Standard Phosphor
CRT T6470-31-1
5642

Crystal

4 KC

S/N Range

100-449
450-up
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SECTION 1
CHARACTERISTICS

General Information

The Type 10A2 Dual-Trace Amplifier plug-in unit is part
of a wide-band oscilloscope system designed for severe
environmental operation and storage. |t contains two identi-
cal vertical preamplifiers that can be used singly or combin-
ed for a variety of measurements. The Type 10A2 operates
in the Type 647 Oscilloscope.

ELECTRICAL

The following electrical characteristics are divided into
general operating characteristics and environmental specifi-
cations. All data applies to the Type 10A2 as operated in
a Type 647 Oscilloscope.

Deflection Factors

Each channel has eleven calibrated steps from 10 mv/cm
to 20 volts/cm in a 1, 2, 5 sequence. A variable control
with at least a 2.5:1 uncalibrated range extends the maxi-
mum deflection factor to 50 volts/cm.

Calibration Accuracy
Adjustable to 0% at 10mv/cm at the front panel.

Attenuation Accuracy
+29% from —30°C through +65°C.

Risetime (0°C to +440°C)

Typically 6.4 nsec, never longer than 7 nsec, 10% to 90%,
for all positions of VOLTS/CM switch. {50 Q signal source
impedance with 50 Q termination at the Type 10A2 input.)

Frequency Response (0°C to 40°C)

Dc to 50 mc minimum. Ac Coupled: 2 cps to 50 mc mini-
mum.

Input Impedance

1 megohm paralleled by 20 pf.

Maximum Input Voltage

600 volts combined dc and ac peak.

Operating Modes
Channel 1 only, normal or inverted.

Channel 2 only, normal or inverted.

B

Alternate between channels.
Chopped between channels at 1-mc rate.

Added algebraically.

Channel Isolation
At least 80 db up to 20 mc (input circuits).

Algebraic Addition Common-Mode Signal

Maximum of 50 X the VOLTS/CM switch setting {limited
to 600 volts at 20 volts/cm) for linear display operation.

Algebraic Subtraction Common-Mode Rejection
Ratio

At least 20:1 for common-mode signals up to 10 ¢cm from
dc to 25mec.

Trace Drift

At 25°C ambient temperature: Typically 2 mm/hr after
15-minute warmup.

Internal Triggering Information

Internal triggering information to the time-base plug-in
unit can be selected from the common output amplifier or
from the Channel 2 input signal only. Signal to the time base
allows reliable internal triggering to a frequency beyond
50 me.

Channel 2 Output Signal

Front-panel BNC connector labeled CH 2 OUT provides
a dc-coupled signal from Channel 2. Output level centered
at ground. Output signal: 100 mv/cm related to crt display.
Output impedance: 100 Q.

ENVIRONMENTAL
TABLE 1-1
| 0°Cto +40°C|—30°Cto +65°C

Characteristic
Ac Gain Stability

Display Signal +1.5% +3%

CH 2 OUT Signal *=1% ‘ =+2%,
3-db Bandwidth

Display Signal 50 me, minimum | 40 me, minimum

CH 2 OUT into 50 Q |20 mc, minimum | 20 mc, minimum

Chopped Mode 1
Frequency, 1 Mc +10%

Dc Trace Displacement| 1cm/20°C |

+159%
<1em/20°C

1-1
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Storage

The Type 10A2 Dual-Trace Amplifier can be stored alone,
or in the Type 647 Oscilloscope at any temperature between
—65°C and +75°C. After storage at either extreme, the
instrument must be allowed sufficient time for all components
to return to the operating ambient temperature range of
—30°C to +65°C.

MECHANICAL

Construction

Aluminum-alloy chassis with chrome-plated brass side
rails.

Finish

Photo-etched, ancdized aluminum panel.

Dimensions
6/, inches high, 4/, inches wide, 14", inches deep.

Weight
5 pounds net.

Accessories
2—Instruction Manuals—Tektronix Part No. 070-376.
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INVERT
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SECTION 2
OPERATING INSTRUCTIONS

FUNCTION OF FRONT PANEL CONTROLS

In the DC position, both the ac and dc
components of input signals are displayed.
In the AC position, a capacitor blocks dc
components of the signal. The low-fre-
quency limit (3-db point) of the AC posi-
tion is about 2 cps (0.2 cps when a 10 meg
Q 10X probe is used). In the GND posi-
tion, the Type 10A2 input circuit is ground-
ed (it does not ground the signal).

An 1l-position switch that sets the verti-
cal deflection factor of the Type 10A2.
All positions are calibrated when the red
VARIABLE knob is in the switch detent at
the CALIB position. Range is from 0.0T to
20 volts/cm.

Red knob concentric with the VOLTS/CM
switch provides continuously variable re-
duction in amplifier gain (uncalibrated) to
at least 2.5 to 1. For example, if the
VOLTS/CM switch is in the T position, the
VARIABLE control will vary the sensitivity
between the deflection factors of 1 volt/
em and about 2.5 volts/cm. When used
in conjunction with the oscilloscope cali-
brator voltage, this control permits setting
any specific deflection factor within the
range of the instrument,

A neon lamp that lights when the VARI-
ABLE control is turned away from its
CALIB position.

Varies the vertical position of the trace.

A two-position switch that presents the
signal in normal or inverted polarity.

A five-position switch that sets the mode
of operation. The positions are as follows:

CH 1: Connects the internal circuits to
operate Channel 1 only. The signal in
Channel 2 is still applied to the CH 2
OUT connector.

CH 2: Connects the internal circuits to oper-
ate Channel 2 only.

ALTER: Sets the amplifier channels to dis-
play on alternate sweeps. For example,
the first sweep would be the Channel 1
signal; the second sweep the Channel 2
signal. The flicker between channels will
depend on the sweep rate.

TRIGGER

GAIN

VAR ATTEN
BAL

1.

CHOP: Electronic switching changes the
display between channels at a 1-mc rate.
Each display segment lasts for about 0.5
usec.

ADDED: The algebraic sum of the Channel
1 and Channel 2 signals will be displayed
with the MODE switch in this position. To
measure the algebraic difference between
signals, use one PULL TO INVERT knob.

A two-position switch that selects the trig-
ger signal to the time-base plug-in unit
trigger circuits. Either Channel 2 or the
signal driving the crt vertical deflection
plates can be selected.

A screwdriver adjustment that permits the
gain of the channel to be correctly set.

A screwdriver adjustment that balances the
amplifier so that with no signal applied
there is no vertical shift of the trace as
the VARIABLE VOLTS/CM control is turn-
ed.

FIRST-TIME OPERATION

The Type 10A2 should be inserted into the left-hand
(Y-axis) opening of the Type 647 Oscilloscope. A time-base
plug-in unit such as the Type 11B2 should be inserted in the
right-hand (X-axis) opening.

The following procedure will help you become familiar
with the Type 10A2 operation:

Set the front-panel controls as follows:

AC-DC-GND
VOLTS/CM
VARIABLE
POSITION
MODE

PULL TO INVERT

TRIGGER

DC (both channels)

.01 (both channels)
CALIB (both channels)
Midrange (both channels)
CH 1

Pushed in (both channels)
NORM

Apply a 20-mv signal from the oscilloscope calibrator to
both Type 10A2 input connectors. Adjust the time-base
controls for a stable display. Use ac low-frequency re-
ject internal-trigger coupling. The display will be a rec-
tangular waveform 2 divisions in amplitude. With the
Channel 1 POSITION control, move the display above
the graticule centerline.

2-1
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3. Turn the MODE switch to CH 2. A similar two-division
waveform will be displayed. With the Channel 2 POSI-
TION control, move the display below the graticule
centerline.

4. Set the MODE switch to ALTER. If necessary, adjust the
time-base triggering for a stable display. Both signals
should be displayed. The switching rate will depend on
the sweep rate.

5. Set the MODE switch to CHOP, and the TRIGGER switch
to CH 2 ONLY. If necessary, adjust the time-base trig-
gering for a stable display. Two separate traces should
appear.

6. Set the MODE switch to ADDED. There should be one
display 4 divisions in amplitude. This is the addition of
the Channel 1 and 2 waveforms (2 divisions each).
Notice that either POSITION control can move the trace
vertically.

7. Pull the Channel 1 PULL TO INVERT switch. Free run
the time base. The display should be a straight line,
indicating the algebraic difference between the two sig-
nals. Since the signal amplitudes are equal, the differ-
ence is zero.

Variable Attenuvator Balance and Gain Adijust-
ment

Before the Type 10A2 is used for accurate measurements,
the VAR ATTEN BAL and GAIN controls (front-panel screw-
driver adjustments) for each channel should be checked and
adjusted as necessary. The GAIN should also be checked
each time the Type 10A2 is moved from one Type 647 Oscil-
loscope to another,

If the variable dc balance of a channel is not properly
set, the position of a no-signal trace will shift vertically as
the VARIABLE VOLTS/CM control of that channel is turned.

Adjust the VAR ATTEN BAL control as follows:

1. Set both AC-DC-GND switches to GND.

2. Set the MODE switch to CH 1 and position a free-run-
ning sweep to the center of the crt.

3. Adjust the Channe! 1 VAR ATTEN BAL control to a point
where there is no trace shift as the VARIABLE VOLTS/
CM control is turned throughout its range.

4. Repeat the preceding steps for Channel 2.

Set the GAIN control as follows:
1. Set the TRIGGER switch to NORM.

2. Set the Channel 1 AC-DC-GND switch to DC and the
MODE switch to CH 1.

3. Set the Channel 1 VOLTS/CM switch to .01 (or other
required position) and the VARIABLE control to CALIB.

4. Set the time-base plug-in unit for a free-running 0.1
msec/cm sweep.

5. Apply 50mv {or other required value) from the
oscilloscope calibrator to the Channel T input connector.

6. There should be 5 cm of display; if not, adjust the GAIN
control.

7. Repeat the preceding steps for Channel 2 GAIN adjust-
ment.

General Operation

Either of the two preamplifier channels can be used inde-
pendently by setting the MODE switch to CH 1 or CH 2
and connecting the signal to be observed to the appropriate
input. Table 2-1 lists several input systems suitable to the
Type 10A2 input. Fig. 2-1 shows a block diagram of the
input when using Method 7 of Table 2-1.

TABLE 2-1
Signal Coupling Methods

Method Advantages Limitations Accessories Source loading. Precautions
Required See Fig. 2-2 & 2-3,
Input R, & C,
Curves.

1.0pen test Simplicity. Limited frequen- BNC to Banana 1 meg Q & 20 pf Stray pickup.
leads. Cy response. Jack adapter af input, plus test

Subject to stray (103-033). Two leads.

pickup. test leads.

2. Unterminated Full sensitivity. Limited frequen-

Coax cable with 1 meg @ & 20 pf High capacitive

coax cable. cy response. BNC connector- plus cable cap- loading.
High capaci- (s). acitance.
tance of cable.
2-2 ®
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TABLE 2-1 (cont'd)

Method

Advantages

Limitations

Accessories
Required

Source Loading.
See Fig. 2-2 & 2-3,
Input R, & C;
Curves.

Precautions

3. Terminated co-

ax cable. Termi-
nation at 10A2 in-

Full sensitivity.
Total 10A2/647
bandwidth. Rel-

Presents R, (typi-
cally 50 Q) load-
ing at end of co-

Coax cable with
BNC connec-
tor(s). R, termina-

R. plus 20 pf at
10A2 end of co-
ax can cause re-

Reflection from
20 pf at input.
D¢ and ac load-

put. atively flat - re- ax. May need tion at 10A2 in- flections. ing on test point.

sponse  resistive blocking capaci- put. (BNC 50Q Power limit of ter-

loading. Long tor to prevent dc Termination 011- mination,

cable with uni- loading or dam- 049).

form response. age to termina-

tion,

4. Same as 3, Less reflection Sensitivity is re- BNC coaxial at- R, only. Dc¢ and ac load-
with coax attenu- from 20 pf at ter- duced (increased tenuators. ing on test point.
ator at termina- mination. deflection fac- Power limit of at-
tion. for). tenuator.
5. Tap into termi- Permits signal to 20-pf load at tap BNC Tee and 1 meg Q & 20 pf Reflections from
nated coax sys- go to normal point. BNC connectors at tap point. 20 pf input.

tem. (BNC Tee:
UG-274/U at 10-
A2 input.)

load. Dc or ac
coupling without
coaxial attenua-
tors.

on signal cables.

6. 10X, 10 meg Q
probe.
100X, 9.1 meg Q
probe.
1000X, 100 meg Q
probe.

Reduced resistive
and capacitive
loading; nearly
full bandwidth
of 10A2/647.

X0.1 sensitivity.
X0.01 sensitivity.

X0.001 sensitivity.

P6006, P6008,
P6003: 10X (P-
6005 is 100X,
P6015 is 1000X).

P6006: ~7 pf, 9
meg Q.

P6008: =7 pf, 10
meg .

P6003: 12 pf, 10
meg Q.

P6005: 26 pf, 9.1
meg Q.

P4015: 3 pf, 100
meg Q.

Check probe fre-

quency compen-
sation. Use square
wave frequency

less than 5ke,
preferably 1 ke.

7. 500 Q and 5kQ Reduced capaci- Resistive loading. P6043: 10X. P6034: 500 @, 0.7 Dc and ac load-
probes. {Must be tive loading to X0.1 or X0.01 P6035: 100X. pf. ing.
terminated in 50 about 07pf sensitivity,  May ltems in Fig. 2-1. P6035: 5k Q, 0.6 Voltage rating of
Q at 10A2 input.) Bandwidth  that need blocking pf. probe.
of 10A2/647. capacitor to pre- See R, & G
vent dc loading curves in Fig.
or damage to 2-2.
termination. Limi-
ted low-frequen-
cy response
when ac coup-
led. See Fig. 2-1.
8. Current trans- Current trans- RMS current rat- CT-1: Coax. ad- CT-1: Insertion; Not a quick-con-
former. Terminat- former can be ing: apter and BNC 1Q paralleled nect device.
ed in 50 Q at 10- permanent part CT-1—0.5 amp. termination. CT- by about 5 puh. CT-1: low-fre-
A2.  Bandwidth of test circuit. CT-2—2.5 amps. 2: Nothing extra Up to 1.5pf quency limit
that of 10A2/647. Less than 2.2 pf Sensitivity: [perhaps addi- CT-2: Insertion; about 75 ke.
to test circuit CT-1—5 mv/ma. tional coax. 0.04 Q parallel- CT-2: low-fre-
chassis. Measure CT-2—1 mv/ma. cable for either ed by about quency limits
signal currents in transformer). 5uph. Up to 22 about 1.2 ke, and
transistor circuits: pf. is 1/5th as sensi-

CT-1—20 amps
pk.

CT-2—100 amps
pk.

tive as the CT-1.
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To
oo ton2 B I — B[S —— =

Input 50 Q Connector *RG-8A/U or \
Term. Adapter RG-58A/U
011-049 017-064 Extension j
*2XT 50 *Dc Cable '
Atten.  017-046 Blocking
// Reduces GR 874.K
Reflections Coaxial
Coupling
Capacitor
\ 017-028
_E_'I
*Optional
Fig. 2-1. Rec ded comp it sequence when using the P6034 or P6035 Probe.
100 k v
~
AN
h \
\
\\ \
10 k \A . v
AN A Y
AN N N\
AN NN
NN A N
AN
N
N -
Ohms \\\ \\\ Ry P6035
1
\ XC X» P6034
N and P6035
\ \ N\ R, P6006
1k e k'vx R, P6003
N
N
x 7R, P6034
I
‘\\xp P6006
- L -
X, P6008
0.1k ]
1 10 100

Frequency in Megacycles

Fig. 2-2. Nominal input resistance (R,), and capacitive reactance (X;), of several attenuator probes when properly compensated and used
with a Type 10A2,
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SECTION 3
CIRCUIT DESCRIPTION

General Information

The Type 10A2 Dual-Trace Amplifier is a wide-band
vertical plug-in unit for the Type 647 Oscilloscope.

The VOLTS/CM attenuators permit large signal amplitudes
to be reduced before being amplified. Drift and noise char-
acteristics are the same for all positions of the VOLTS/CM
switch since the amplifier gain is not changed when switching
between various deflection factors.

The Input Amplifiers raise the signal level before position-
ing is added. The Input Amplifier essentially changes the
input voltage signal to an internal current signal. Thus, the
positioning is by current offset of the Input Amplifier output.
The PULL TO INVERT switch is between the Input Amplifier
and the POSITION control to permit inverting the display
without inverting the POSITION control action.

The Channel 2 Input Amplifier sends an isolated signal to
the Channel 2 Trigger Amplifier. The Channel 2 Trigger
Amplifier sends the Channel 2 signal to both the Trigger
Amplifier {for internal triggering) and to the front-panel CH
2 OUT connector.

The Switching Circuit accepts one channel at a time or
both channels together for use by the Output Amplifier. The
MODE switch sets the Switching Circuit operating conditions.

The Output Amplifier sends an isolated output signal to
the Trigger Amplifier for internal triggering.

The Trigger Amplifier receives information from either the
Channel 2 Trigger Amplifier or the Output Amplifier through
the TRIGGER switch. Thus, the time-base plug-in unit can
be triggered either from the (composite) vertical information,
or from Channel 2 information only.

Input Circuit

The Type 10A2 input connectors are the BNC type. The
input signals pass through frequency-compensated voltage
dividers, except at 0.01 volt/cm. All deflection factors pre-
sent T megQ paralleled by 20 pf to the input circuit (see Fig.
2-2 and Fig. 2-3). Each position of the VOLTS/CM switch
{see Attenuators schematic) is individually adjustable for in-
put capacitance and frequency compensation. This system
permits the full bandpass of the instrument to be used at
all deflection factors.

Each attenuator is made up of two or three resistors in
series and two capacitors in series, forming a frequency-
compensated attenuator. An additional small shunt input
capacitor permits adjusting each attenuator to exhibit a 20 pf
input.

®

Channel 1 Input Amplifier

Input tube V133 is a cathode follower that drives the
Input Amplifier. The plate voltage for V133 comes from
cascaded emitter followers Q123 and Q133. By adjusting
the plate voltage of V133, its cathode voltage is set to the
correct value of about +1.2 volts. Any grid current of
V133 is offset by a small negative voltage set by R117, the
CH 1 GRID CURRENT ZERQO internal control.

The cathode voltage of V133 is adjusted to be equal to
the voltage at the junction of R135-R136. The GAIN
(R138) and VARIABLE (R144) resistors have no dc current
through them. Thus, either control can be turned without
shifting the crt display vertically. The base current of Q154
(that would otherwise apply current to the VARIABLE con-
trol) is canceled by R140, the Q154 BASE CURRENT internal
control.

By proper adjustment of the plate voltage and grid cur-
rent of V133 and the base current of Q154, the GAIN
and VARIABLE controls pass no dc current when the input
signal is zero.

Q154 is one-half of a paraphase amplifier stage (with
fixed emitter degeneration) that drives a second push-pull
amplifier stage (Q174-Q184). The CH 1 GAIN RANGE
control in the emitter circuit of Q174-Q184 permits adjust-
ing the total Input Amplifier gain so the front-panel GAIN
control has its proper range of adjustment.

The dc balance of the two amplifier stages is set at
the base of Q164 by CH 1 INV BAL control R160. R160 is
adjusted during calibration, using the PULL TO INVERT
switch to check the amplifier balance.

The dc level of the push-pull output leads of the Input
Amplifier is set by varying the supply voltage to Q154-
Q164 with the CH 1 COM MODE CURRENT control R150.

First-order temperature compensation of Q174-Q184 s
by D157 in the base ground-return lead. The change in
voltage across D157 with temperature is almost equal to
and is opposite the change across the base-emitter diodes
of Q174-Q184.

Protection for Common Base stage Q304-Q314 from
overdrive is by D192-D193. Should the signal to one of
the common-base amplifiers be great enough to reverse
bias its emitter-base junction, one of the diodes will con-
duct. Conduction of D192 or D193 prevents the reverse
biasing, and assures a rapid amplifier recovery after over-
load.

Signal Tracing vs Current Gain

Correct analysis of the Input Amplifier requires consid-
eration of both current gain and voltage gain. To show
the true conditions, Table 3-1 lists voltage and current sig-
nals in one-half the Input Amplifier.

3-1



Circuit Description—Type 10A2 Mod 165K

TABLE 3-1

Approximate Voltage and Current Gains of One-Half the Input Amplifier

Test Point Approximate ‘ Mv/Cm | Ma/Cm Gain: A = Voltage, G = Current
Impedance i |
Q154 Base 2600 Q | 57 ! 0.0022 (Q154 and Q174 B= 40 each)
Q154 Collector 114 Q | 10 | 0.088
Q174 Base 2400 Q | 10 \ 0.0042 Q1548 to Q174B: A = 175, G = 1.95
Q174 Collector | 95Q | 16 | 0.168 Q154B to Q174C: A = 28, G = 764
Q174 collector drives common-base amplifier Q304 single-channel operation remains the same. The switching

through R190 and R192 (PULL TO INVERT switch pushed in).
About a 1 mv/cm signal can be measured at the emitter
of Q304 even though it is being driven at 0.168 ma/cm.

Fig. 3-1 shows the dc current and voltage conditions of
the switching diodes, except for the ADDED mode of opera-
tion. Fig. 3-1 and the Channel 1 Input Amplifier schematic
shows that measuring the dc level or signal voltage at the
collector of Q174 does not indicate that Channel 1 is being
displayed.

Common-Base Stage of Switching Circuit

The ‘“pentode-like” characteristics of the collectors of
Q304-Q314, and their common-base circuit, permit their
collector voltages to be changed without affecting the Input
Amplifier. Switching multivibrator Q345-Q355 diverts the
collector current of the common-base stage of the channel
not being displayed. Fig. 3-1 shows that the common base
stage current is independent of operating mode.

Added mode of operation combines the output of both
input amplifiers. (See Fig 3-2.) This requires 12 ma in each
base lead from the Q413-Q423 input circuit. R318 and R338
are placed in parallel with the current supply to common-
base stages R411-R317 on one side and R421-R337 on the
other. The dc current through resistors normally used for

multivibrator is set so it does not supply current to either
channel common-base stage.

Output Amplifier

The voltage level at the base of Q413-Q423 (6.6 volts)
is set by the emitter return voltage of Q434-Q444. The
base-emitter diode drop of each transistor is about 0.7
volt which elevates the 5.1 volts at the emitters of Q434-
Q444 to 6.6 volts at the bases of Q413-Q423.

Q413 and Q423 are emitter followers with shunt feedback
for stabilized current gain. Their emitters are isolated so
they are not in push-pull. Q434-Q444 emitters are also
isolated, but feedback to their bases makes them part of
push-pull cutput pair Q454-Q4é4. The static current of the
Output Amplifier three transistor pairs, and thus the com-
mon-mode dc output voltage, is set at the bases of Q413-
Q423 by MAIN AMP CURRENT control R33é.

Feedback resistors R450 and R460 set the current gain of
output transistors Q434-Q444 and Q454-Q4é4 to a low
value so the multi-stage current gain will be virtually inde-
pendent of transistor beta throughout the required tempera-
ture and frequency ranges.

Table 3-2 shows the voltage gain and current gain data
for the Output Amplifier.

TABLE 3-2

Approximate Voltage and Current Gains of One-Half the Output Amplifier

Test Point Approximate Mv/Cm Ma/Cm | Gain: A = Voltage, G = Current
Impedance
Q413 Stage Input ~3 0.132
Q434 Stage Input 50 ~1.6 0.317 Q413 stage input to Q434
| stage input: A~ 0.53, G=24
Q434 Collector . 154 ~48 0.312
Q454 Base 17 kQ ~~48 0.028 (Z and Ma/Cm only theoretical.)
Q454 Collector 46 Q 75 1.62 Q434 stage input to Q454C:
| A=48, G=53.
Type 647 Input | 93 Q 75 0.81
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Fig. 2-3. Type 10A2 nominal input resistance and capacitive reactance vs frequency at any position of the VOLTS/CM switch.

Input Coupling

To display both the ac and dc components of an applied
signal, set the appropriate AC-DC-GND switch to DC; to
display only the ac component of a signal, set the switch
to AC. In the AC position of the switch, the dc component
of the signal is blocked by a capacitor in the input circuit.
The low-frequency ac —3-db point is about 2 cps when the
source impedance is low. Therefore, some low-frequency
distortion of signals with components near this frequency
can be expected when using the AC position. When using
a 10X 10 megQ probe, the low-frequency response is about
0.2 cps in the AC position.

Deflection Factor

The amount of vertical deflection produced by a signal is
determined by the signal amplitude, the attenuation factor
(if any) of a probe, the setting of the VOLTS/CM switch,
and the setting of the VARIABLE VOLTS/CM control. Cali-
brated deflection factors indicated by the VOLTS/CM
switch apply only when the VARIABLE control is set fully
clockwise to the CALIB position.

The range of the VARIABLE VOLTS/CM conirol is at
least 2.5:1 to provide variable (uncalibrated) vertical deflec-
tion factors between calibrated settings of the VOLTS/CM
switch,

®

The VARIABLE VOLTS/CM control extends the vertical de-
flection factor of the Type 10A2 to above 50 volts/cm.

Dual Trace Operation

The choice of alternate or chopped mode of operation
can be made from the following discussions and Table 2-2.

Displaying Two Non-Repetitive Signals. The chop mode
of operation allows good resolutions of non-repetitive sig-
nals to be obtained using sweep rates as fast as 10 usec/
cm. The 10 usec/cm sweep rate is probably the fastest
sweep rate you will want to use and still get good resolu-
tion. Thus, non-repetitive signals up to 0.1 msec duration
will produce a useful display with about 100 segments
making up each tfrace.

To obtain useful displays when observing fast non-repeti-
tive signals with the faster sweep rates, use one-channel
operation.

Displaying Two Repetitive Signals. When displaying two
repetitive signals using the alternate mode of operation, use
sweep rates of 0.5 msec/cm or faster. When viewing a
repetitive display from signals 250 cps or higher, alternate
mode of operation produces an uninterrupted display (the

2-5
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TABLE 2-2

Dual-Trace Internal Triggering

MODE TRIGGER | Time-Base

Signals Switch Switch | Triggering
1. Two of same or har- ALTER CH 2 AC
monically related fre- ONLY
quency, 250 cps and
above. (Lower frequen-
cy into Channel 2.)
2. Two of same or har- CHOP CH 2 |AC, DC, or
monically related fre- ONLY [ AC LF REJ
quency, anywhere with-
in full bandwidth.*
3. Two of dissimilar | ALTER NORM | AC LF REJ
{(not harmonically relat- only
ed) frequency, 1 kc and
above
4. Two one-shot sig- | CHOP CH 2 |AC, DC, or
nals.  First signal to ONLY | AC LF REJ
Channel 2. Sweep rate
limited to 10 usec/cm,
max.

* Occasionally the signals will be harmonically related to the
chopping rate, then at sweep rates above 10 usec/cm the chop
segments may be too obvious.

alternate-mode switching cycle is sufficiently fast to produce
an apparently steady display). If slower sweep rafes are
used for viewing signals 250 cps or lower, the alternate-
mode switching cycle becomes more apparent and you may
prefer to use chopped mode of operation.

Voltage Measurements

To measure the voltage between two points on a signal
(such as peak-to-peak ac volts), measure the vertical dis-
tance in graticule divisions between the two points and
multiply by the setting of the VOLTS/CM switch and the
attenuation factor, if any, of a probe. Be certain that the
VARIABLE VOLTS/CM control is in the CALIB position.

For example, assume you use a 10X probe with the
VOLTS/CM switch set to .02, and your display has a verti-
cal deflection of 4 cm. In this case, 4 divisions X 0.02 volt/
div = 0.08 volt. This voltage times the probe attenuation
factor of 10 shows a true peak-to-peak voltage of 0.8 volt.

To measure the dc level at a given point on a waveform,
proceed as follows:

1. Set the VOLTS/CM switch so that the expected voltage
(at the input connector} is not more than six times the
setting. Be sure the VARIABLE VOLTS/CM control is in
the CALIB position.

2. Set the time-base controls so that the sweep free runs.

3. Set the AC-DC-GND switch to GND, and use the POSI-
TION confrol to align the trace with one of the graticule
lines. This line is a ground {or zero) reference. The posi-
tion selected for this reference line depends on the po-
larity and amplitude of the signal to be measured. Do
not move the POSITION control once the reference line
has been established.

4. Set the AC-DC-GND switch to DC.

5. Apply the signal to the input connector and set the
time-base triggering controls for a stable display.

2-6

6. Measure the vertical distance, in major graticule divi-
sions, from the ground (zero) reference line to the point
on the waveform that you wish to measure.

7. Multiply this distance by the setting of the VOLTS/CM
switch and any probe attenuation factor. This is the
instantaneous dc level of the point measured.

Check the zero reference line ot any time by setting the
AC-DC-GND switch to GND. It is not necessary to discon-
nect the signal probe from the Type 10A2. To use a refer-
ence other than zero, set the AC-DC-GND switch to DC
and touch the signal probe to the reference voltage; then
use the POSITION control to align the trace with a reference
graticule line.

Voltage Comparison Measurements

In some applications, a set of vertical deflection factors
other than those set by the VOLTS/CM switch need to be
used. This is convenient for measuring signals that are multi-
ples of fractional voltages between VOLTS/CM switch posi-
tions. To establish a set of deflection factors based on some
specific voltage, use the following procedure:

1. Apply the new voltage reference signal to either Type
10A2 input connector. Set the VOLTS/CM switch and
the VARIABLE control so that the display covers an
exact number of graticule divisions. Do not move the
VARIABLE control.

2. Divide the amplitude of the reference signal (in volts)
by the product of the deflection established in step 1
(in centimeters) and the setting of the VOLTS/CM switch.
The result is the deflection Conversion Factfor.
Conversion Factor =

Amplitude of reference signal (in volts)
Amount of deflection X VOLTS/CM switch setting

3. To calculate the true deflection factor at any position

of the VOLTS/CM switch, multiply the switch setting by the

deflection Conversion Factor:

True Deflection Factor =
VOLTS/CM switch setting X Conversion Factor

This new set of deflection factor values applies to this
channel only, and only if the VARIABLE control is not
moved.

Accurate Dc Millivolt Measurements

Operation of the Type 10A2 at 0.01 mv/cm may be quite
common when working with 50-ohm coaxial systems near
the upper frequency limit of the Type 647 system. Measure-
ment accuracy requires careful attention to both the VAR
ATTEN BAL adjustment and the input-stage grid current.
The VAR ATTEN BAL adjustment must be made first as
described under "First-Time Operation” in this section.

To check the input-stage grid current, warm up the Type
10A2 at least 10 minutes. Check grid current as follows:
1. Set the MODE switch to the channel in use.

2. Adjust the VAR ATTEN BAL control.

3. Set the VOLTS/CM switch to .01, VARIABLE to CALIB,
and input selector to GND.

. Center a free-running sweep. Switch input selector to DC
and watch for a trace shift. If the trace shifts, you may
wish to touch-up the internal GRID CURRENT ZERO

adjustment in the affected channel. See Section 4,
“Dc Adjustments”, step 10.

S
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Fig. 3-1.

Channel 2 Input Amplifier

The Channel 2 Input Amplifier is identical with that of
Channel 1, except for the trigger takeoff point in the emitter
crcuit of Q274-Q284. The emitter-circuit resistors are dif-
ferent than in Channel 1 to keep the emitter degeneration
the same while providing the trigger takeoff as if from an
emitter follower. The Channel 2 trigger signal goes first
to the base terminals of Q504-Q514, then to the TRIGGER
switch.

Trigger Amplifiers

The Channel 2 Trigger Amplifier and the Trigger Ampli-
fier are similar with low input impedance and high current
output. Each has a stabilizing feedback loop that keeps
the stage current gain virtually independent of transistor
parameter changes throughout the required temperature and

Dc current flow and voltage levels at switching diodes for a centered trace.

A: Channel 1 displayed. B: Channel 2 displayed.

frequency ranges.

Signal voltage and current data for both amplifiers is
in Table 3-3. The information is based upon the TRIGGER
switch being at CH 2 ONLY.

Dual-Trace Switching Multivibrator

The dual-trace multivibrator transistors Q345-Q355 con-
duct current only when the MODE switch is at either CHOP
or ALTER. In the Chopped mode, the emitter leads are con-
nected to the —15-volt supply through R345-R355 and the
primary of T371. The multivibrator free runs and the blanking
amplifier delivers an output signal. In the Alternate mode,
the multivibrator emitter leads are connected to the —15-
volt supply through D348-D358 and R364-Q364. The multi-
vibrator is then bistable and the blanking amplifier is in-
operative.

TABLE 3-3

Approximate Voltage and Current Gain of One-Half the Trigger Amplifiers

Test Point | Mv/Cm Ma/Cm Gain: A = Voltage, G — Current
Q504 Stage Input 0.8 0.042
Q523 Base 19
Q523 Emitter 17 1.0 Q504 stage input to Q523E: A =~ 22, G = 24
Q554 Stage Input =15 0.10
Q574 Base I 50
Q574 Collector [ 100 1.13 Q554 stage input to Q574C: A = 70, G = 11
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Fig. 3-2. Dc current flow and voltage levels for Added mode operation.

The voltages at the multivibrator test points are listed
for all modes of operation in Table 3-4. The emitter volt-
ages listed in Table 3-4 do not indicate transistor conduc-
tion for the Ch 1, Ch 2 or Added modes, but rather are a
measure of the base voltage set by the base divider resis-
tors.

TABLE 3-4
Switching Multivibrator Conditions
MODE
Test Point CH1 ! CH2| ALTER|CHOP|ADDED
TP345 +28*% | 488 | +65 | +65| +28

\
TP355 | 488 |[+28 | +65 | +65]| +28
Q345 Emitter | +2.0 |[+20 | +09 | +1.8| +20
Q355 Emitter |  +2.0 |+20 | 409 | +18 | 420

* Meter: 20,000 2/volt.

Chopped-Mode Operation

The multivibrator is a non-saturating form with the switch-
ing time-constant network connected between emitters. The
capacitors in the base circuits are for coupling only.

Chopped-mode multivibrator waveforms are shown in
Fig. 3-3. They show that the emitter of conducting Q345
(Q345E) rests at 2.5 volts until the emitter voltage of Q355
(Q355E) falls to —1.6 volts at the flip point. As the flip
action begins, Q345 cuts off; its collector goes positive
(TP345) taking the base and emitter of Q355 positive. As
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the emitter of Q355 rises, it takes the emitter of Q345 to
+4.3 volts via C348, assuring that Q345 goes deep into
cutoff. Then the RC fall of C348-R345 takes the Q345
emitter negative (the slope from +4.3 to —1.6 volts). As
soon as the Q345 emitter drops below its base voltage, the
multivibrator flips back to the first condition.

NOTE

Fig. 3-3 through Fig. 3-8 were taken with a Tek-
tronix C-12 Camera, a Type 535A Oscilloscope
with Type CA Dual-Trace Plug-In Unit, and two
10X, 10 megQ probes. The oscilloscope was ex-
ternally triggered from TP345 and the plug-in unit
operated in the Alternate mode.

Crt Blanking

The Type 647 crt is blanked during the brief Chopped-
mode switching time of the Type 10A2. The blanking
pulse is generated by Q374, Q383, and Q390.

Q374 is energized by the MODE switch and turns on
briefly each time the Q345-Q355 multivibrator switches. As
the multivibrator flips, the positive pulse from the multi-
vibrator emitters is coupled through T371, in phase, to the
base of Q374. Q374 turns on to saturation and its collector
falls to about —12 volts (see Fig. 3-4). The signal to the
base of Q383 is greatly attenuated by R374 and R375 in
series fo ground. As the voltage across T371 collapses,
Q374 is turned off and held off by the stored charge on
C371 until the next multivibrator pulse turns it on.
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Fig. 3-3. Chopped mode signals of Q345 and Q355. Type 543A Oscilloscope with Type CA Dual-Trace Plug-in Unit.
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Fig. 3-5. Chopped-mode Q383E waveform ex-

plained in Fig. 3-6.

Q383 voltages.

The base voltage of Q383 rests at about 0.7 volt when
Q374 is off. The emitter of Q383 is at about zero volts
(see Fig. 3-5). C387 is at zero volts keeping Q390 at cutoff.

®

rQ383 cutoff; slope set by RC discharge.

still in cutoff.

Q390E clamped by D387,
( —Quiescent level, Q383 conducting.
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Fig. 3-6. Chopped-mode
Q390.

blanking circuit voltages of Q383 and

As Q374 saturates, Q383 is cut off and its emitter starts to
fall at a rate set by C387 and the current through R387 and
R384. As soon as C387 reaches about —0.7 volt, Q390
conducts and regenerates in blocking oscillator action. The
base winding of T390 takes the base of Q390 from ground
to about +4 volts (see Fig. 3-6) and sends about 100 mv
of signal through D392 to the Type 647. The pulse lasts
about 0.08 usec.

Alternate-Mode Operation

When the MODE switch is at ALTER, Q364 is energized
and Q345-Q355 emitters are connected to the —15-volt
supply through D348-D358, and R364. The multivibrator
emitter impedance is such that a trigger is required before
it will switch. The trigger arrives from terminal 17 of P11
and the Type 647. The signal at terminal 17 rests at about
+5 volts, and goes rapidly to ground at the end of each
sweep (see Fig. 3-7).
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Fig. 3-7. Alternate mode. Type 11B2 Time Base free running at
0.2 usec/cm.

The alternate trigger-amplifier base voltage is about
—10.9 volts, (the decoupled —t15-volt supply is about —11.6
volts) and the collector voltage is about —11.5 volts; Q364
is saturated. The junction of D348-D358 and R364 rests at
+1 volt.

The negative trigger arriving at the base of Q364 momen-
tarily turns Q364 off {see Fig. 3-7). The conducting multi-
vibrator transistor turns off and as Q364 turns back on, the
stored charge on C348 causes the opposite multivibrator
transistor to turn on. Thus, the Time Base negative trigger
at the end of successive sweeps switches the display first
from Channel T to Channel 2 and back.

Fig. 3-8. Alternate mode. Type 11B2 Time Base free running at
0.2 usec/em.

The relationship between the Alternate-mode triggers
to the bistable multivibrator and the voltages that control
the channel diode switches is shown in Fig. 3-8.

Voltage-Source Transistors

Two voltage-setting emitter followers provide special sup-
ply voltages within the Type 10A2. They are: Q483, dia-
grammed with the Switching Circuit and Output Amplifier
schematics, and Q593, diagrammed with the Trigger Ampli-
fier schematic. Each transistor provides two low-current
voltage sources for special use. The voltage value is set by
two precision resistors in the base lead. Q483 supplies +5.1
and +4.8 volts, and Q593 supplies —3.45 and —4.2 volts.



SECTION 4
MAINTENANCE AND CALIBRATION

Introduction

Maintenance of the Type 10A2 is similar to that of the
oscilloscope and is therefore described in the oscilloscope
instruction manual.

The Type 10A2 is a stable instrument which will provide
many hours of trouble-free operation. However, to insure
measurement accuracy, it is suggested that you recalibrate
the instrument after each 500 hours of operation, or every
six months if used intermittently. It will also be necessary
to recalibrate certain sections of the instrument when tubes,
transistors, or other components are replaced.

This section of the manual contains a complete recalibra-
tion procedure for the Type 10A2. The steps should be per-
formed in the order they appear.

NOTE

The performance standards described in this sec-
tion of your manual are provided strictly as guides
to calibration of your instrument and should not be
construed as advertised performance specifications.
However, if your instrument performs within the
guide tolerances given in the calibration proced-
ure, it will also perform as listed in Section 1 of
this manual.

Recommended Test Equipment

1. Oscilloscope such as the Tektronix Type 647. This pro-
cedure assumes that the oscilloscope has been calibrated
independently. If this is not the case, refer to the oscillo-
scope instruction manual for information about calibrating
the Type 10A2 and the oscilloscope as a system.

2. Tektronix 11-Series time-base plug-in unit such as the
Type 11B2. This plug-in unit must be calibrated.

3. Plug-in unit extension (optional). Tektronix part number
012-080 (30-inch flexible} or Tekironix part number 013-077
(12-inch rigid).

4. Dc voltmeter.

5. {2 eq) 50 Q@ coaxial cables about 20-inches long and
fitted with BNC connectors.

6. Tektronix BNC 50 Q termination unit. Tektronix part
number 011-049.

7. Square-wave generator such as the Tektronix Type 105.
Required characteristics: Output frequency of 2.5kc. Out-
put impedance of 600 Q or less. Output amplitude of about
100 volts peak-to-peak when unterminated. Risetime of
1 microsecond or less when unterminated.

8. UHF male to BNC female coaxial adapter. UG-273/U.

9. Tektronix BNC 50 Q X10 coaxial attenuator: Tektronix
part number 010-314,

®

10. Tektronix BNC 20 pf input time-constant standardizer.
Tektronix part number 011-066.

11. Pulse generator such as the Tekironix Type 109. Re-
quired characteristics: Risetime no longer than 2 nano-
seconds. Amplitude about 50 millivolts across a 50 Q ter-
mination. Repetition rate of at least 275 pulses per second.

12. Charge-line for the pulse generator, Tektronix Type 113
delay cable preferred. Electrical length should be at least
30 nanoseconds.

13. RG-58A/U coaxial cable equipped with GR Type 874
connectors and having an electrical length of 2 nanoseconds
(about 1-foot long) or less. Tekironix part number 017-505.
For use with Tektronix Type 113 delay cable.

14. (2 ea.) Tektronix GR Type 874, 50 Q X10, coaxial at-
tenuator. Tekironix part number 017-044.

15. RG-8A/U coaxial cable equipped with GR Type 874
connectors and having an electrical length of 10 nano-
seconds or less.

16. GR Type 874 to BNC jack coaxial adapter: GR part
number 874-QBPA.

PRELIMINARY PROCEDURE

1. Remove the left side cover from the Type 647.

2. Install the Type 10A2 in the left-hand compartment of
the Type 647 and an 11-Series plug-in unit such as the
Type 11B2 in the right-hond compartment. A plug-in unit
extension will be helpful for troubleshooting, but should
not be used when making final adjustments.

3. Set the Type 10A2 front-panel controls as follows:

CH1and CH 2.

VAR ATTEN BAL 180° from fully clockwise

GAIN 180° from fully clockwise
POSITION Centered
PULL TO INVERT Pushed in
VOLTS/CM .01
VARIABLE Fully counterclockwise
AC-DC-GND GND
MODE CH1
TRIGGER CH 2 ONLY

4. Set the Type 647 INTENSITY control fully counterclock-
wise. Turn on the instrument power and allow several
minutes for warmup.

5. Set the 11-Series plug-in unit controls for a free-running,
non-magnified sweep at about 0.5 msec/cm.

6. Set the Type 647 INTENSITY control to obtain a trace.
If no trace is obtained, use the CH 1 INV BAL R140
adjustment as a position control to obtain the trace.
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8. BASE CURRENT Final Adjustment
a. Adjust BASE CURRENT R140 (R240) so that the trace

does not move as the VARIABLE VOLTS/CM control
is turned throughout its range.

9. INV BAL Final Adjustment
a. Adjust INV BAL R160 (R260) so that the trace posi-

10.

a

tion is the same within 2 mm with the PULL TO IN-
VERT knob either pulled out or pushed in.

GRID CURRENT ZERO Adjustment

. Use the CH 1 (CH 2) POSITION control to move the

trace to the center of the graticule.

b. Adjust GRID CURRENT ZERO R117 (R217) so that the

11.

a

trace position is the same with the CH 1 (CH 2)
AC-DC-GND switch set to DC as with it set to GND.

Channel 2 Adjustments

. Set the MODE switch to CH 2 and repeat steps 1

through 10 for Channel 2.

12. COM MODE CURRENT and MAIN AMP CURRENT

Final Adjustments

a. Connect the dc voltmeter to 'TP453.

With the MODE switch set to CH 2, adjust CH 2
COM MODE CURRENT R250 for a 0-volt indication
on the meter.

Set the MODE switch to ADDED.

Adjust CH 1 COM MODE CURRENT R150 for a O-
volt indication on the meter.

Set the MODE switch to CH 1.

Adjust MAIN AMP CURRENT R336 for a 0-volt indica-
tion on the meter.

g. Set the MODE switch to CH 2.
h. Adjust CH 2 COM MODE CURRENT R250 for a O-

volt indication on the meter.

Check that the meter indicates 0, =50 millivolts,
with the MODE switch set to CH 1, CH 2, or ADDED.
If not, repeat steps (a) through (h).

Disconnect the voltmeter.

13. MAIN AMP DIFF BAL Adjustment

qa.

b.

Set the MODE switch to CH 2.

Set the CH 2 POSITION control to align the trace
with the graticule centerline.

Set the MODE switch to ADDED.

. Set the CH 1 POSITION control to align the trace

with the graticule centerline.
Set the MODE switch to CH 1.

Adjust MAIN AMP DIFF BAL R335 to align the trace
with the graticule centerline.

Maintenance and Calibration—Type 10A2 Mod 165K

g. Set the MODE switch to CH 2.

h.

Set the CH 2 POSITION control to align the trace
with the graticule centerline.”

Check that the trace remains within 1 minor graticule
division (2 mm} of the graticule centerline when the
MODE switch is set to either CH 1 or ADDED. If
not, repeat steps (a) through (i).

14. NORM TRIG DC BAL Adjustment

a.

Set the Type 647 1KC CALIBRATOR switch to .2
VOLTS.

Attach a coaxial cable between the Type 647 CAL
OUT and the Type 10A2 CH 1 input connectors.

Set the MODE switch to CH 1, the TRIGGER switch
to NORM, the CH 1 VOLTS/CM switch to .1, the
VARIABLE VOLTS/CM controls (both) fully clockwise,
the CH 1 AC-DC-GND switch to AC, and the CH 1
POSITION control to center the free-running square-
wave display.

Set the 11-Series plug-in unit controls for internal,
dc-coupled automatic triggering with the triggering
level control set to zero. A triggered display may
or may not be obtained.

Adjust NORM TRIG DC BAL R546 to obtain a trig-
gered display. Then refine the adjustment so that
R546 is centered in the range where the triggered
display is obtained with the 1KC CALIBRATOR
switch setting reduced to 20 mVOLTS.

Disconnect the input signal and restore the free-
running sweeps.

15. CH 2 OUT DC LEVEL Adjustment

. Set both AC-DC-GND switches to GND.

Connect a coaxial cable between the CH 2 OUT
connector and the CH 1 input connector.

Set the CH 1 POSITION control to align the trace
with the graticule centerline.

Set the CH 1 AC-DC-GND switch to DC.

Adjust CH 2 OUT DC LEVEL R530 to align the trace
with the graticule centerline.

Remove the coaxial cable.

Gain Adjustments
GAIN RANGE Adjustment

1.

Q.

Set the CH 1 and CH 2 VOLTS/CM switches to .01,
VARIABLE controls to CALIB, AC-DC-GND switches
to AC, and PULL TO INVERT knobs pushed in. Set
the MODE switch to CH 1.

. Set the Type 647 1KC CALIBRATOR switch to 50

mVOLTS.
Connect a coaxial cable between the CAL OUT con-

nector and the CH 1 input. You should obtain two
free-running sweeps separated by about 5cm.
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SECTION 5
PARTS LIST AND SCHEMATICS

PARTS ORDERING INFORMATION

Replacement parts are available from or through your local Tektronix Field Office.

Changes to Tektronix instruments are sometimes made to accommodate improved
components as they become available, and to give you the benefit of the latest circuit
improvements developed in our engineering department. It is therefore important, when
ordering parts, to include the following information in your order: Part number including
any suffix, instrument type, serial number, and modification number if applicable.

If a part you have ordered has been reploced with a new or improved part, your
local Tektronix Field Office will contact you concerning any change in part number.

ABBREVIATIONS AND SYMBOLS

a or amp amperes mm millimeter
BHS binding head steel meg or M megohms or mega (109
C carbon met. metal
cer ceramic M micro, or 107*
cm centimeter n nano, or 1077
comp composition Q ohm
cps cycles per second oD outside diameter
crt cathode-ray tube OHS oval head steel
CSK counter sunk p pico, or 1072
dia diameter PHS pan head steel
div division piv peak inverse voltage
EMC electrolytic, metal cosed plstc plastic
EMT electroyltic, metal tubular PMC paper, metal cased
ext external poly polystyrene
f farad Prec precision
F&I focus and intensity PT paper tubular
FHS flat head steel PTM paper or plastic, tubular, molded
Fil HS fillister head steel RHS round head steel
gor G giga, or 10° rms root mean square
Ge germanium sec second
GMV guaranteed minimum value Si silicon
h henry S/N serial number
hex hexagonal torT tera, or 107
HHS hex head steel H[b] toroid
HSS hex socket steel THS truss head steel
HV high voltage tub. tubular
iD inside diameter vorV volt
incd incandescent Var variable
int internal w watt
k or K kilohms or kilo {10%) w/ with
ke kilocycle w/o without
m milli, or 1073 WW wire-wound
mc megacycle
SPECIAL NOTES AND SYMBOLS
X000 Part first added at this serial number.
000X Part removed after this serial number.
*000-000 Asterisk preceding Tektronix Part Number indicates manufactured by or for Tektronix,
or reworked or checked components.
Use 000-000 Part number indicated is direct replacement.
0 Internal screwdriver adjustment.

— Front-panel adjustment or connector.
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Parts List—Type 10A2 Mod 165K
EXPLODED VIEW

REE. PART  |SERIAL/MODEL NO.| Q
NO. NO. p— - ; DESCRIPTION
1 361-056 4 SPACER
337-582 2 SHIELD, attenuator
...... . Mounting Hardware For Each: {not included)
211-504 2 SCREW, 6-32 x Y/, inch BHS
2 | 214-348 2 CASTING, attenuator
...... . Mounting Hardware For Each: (not included)
211-538 2 SCREW, 6-32 x 5/14 inch FHS phillips
358-029 1 BUSHING, panel
3 | 214-350 2 GEAR, miter
...... . Each includes.
213-020 2 SCREW, set, 6-32 x Y5 inch HSS allen head
4 | 214-272 2 GEAR, miter
...... . Each Includes:
213-020 2 SCREVV, set, 6-32 x Vg inch HSS allen head
210-839 2 WASHER, Y, ID x 7/;4 inch OD; rippled
5 | 384-273 1 ROD, extension
6 |131-183 4 CONNECTOR, feed thru
358-136 4 BUSHING, teflon
7 | 384-276 2 ROD, extension
8 | 376-030 2 COUPLING
...... . Each Includes:
213-048 2 SCREW, set, 4-40 x Y3 inch HSS allen head
9 | 406-916 1 BRACKET, pot

...... . Mounting Hardware: (not included)
211-504 4 SCREW, 6-32 x , inch BHS

10 | B-5284 1 BRACKET, switch
...... . Mounting Hardware: (not included)
211-504 2 SCREW, 6-32 x Y/, inch BHS
1 210-201 1 LUG, solder, SE 4
...... . Mounting Hardware For Each: {not included)
213-044 1 SCREW, thread cutting, 5-32 x 3/ inch PHS phillips
12 | 426-121 2 MOUNT, toroid
361-007 2 SPACER, nylon
13 131-096 1 CONNECTOR, chassis mount, 32 pin
...... . Mounting Hardware: (not included)
210-201 2 LUG, solder, SE 4
210-406 2 NUT, hex, 4-40 x 3/;¢ inch
211-008 2 SCREW, 4-40 x '/, inch BHS
14 | 351-063 2 GUIDE, shoe
...... . Mbunting Hardware For Each: {not included)
210-004 2 LOCKWAGSHER, int. #4
210-406 2 NUT, hex, 4-40 x 3/ inch
211-013 2 SCREW, 4-40 x %, inch BHS
15 | 384-272 2 ROD, extension
376-029 2 COUPLING

...... . Each Includes:
SCREW, set, 4-40 x V5 inch HSS allen head

[}
~
@
S
5
&
[\

16 | ...... . Pot Mounting Hardware
210-583 1 NUT, hex, 4-32 x Y4 inch
210-940 1 WASHER, ', ID x 3/ inch OD
17 | 352067 2 HOLDER, neon
...... . Mounting Hardware For Each: {not included)
210-406 2 NUT, hex, 4-40 x 3/ inch
211-031 1 SCREVW, 4-40 x 1 inch FHS
378-541 2 FILTER, lens
18 | 136-101 2 SOCKET, 5 pin tube
...... . Mounting Hardware For Each: (not included)
213-055 2 SCREW, thread forming, 2-56 x 3/ inch PHS phillips
19 | 131.235 2 CONNECTOR, terminal
358-136 2 BUSHING, teflon
20 | 348-003 14 GROMMET, rubber 5/, inch
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Parts List—Type 10A2 Mod 165K

EXPLODED VIEW (Cont'd)

REF. PART |SERIAL/MODEL NO.| Q
NO. NO. — o ; DESCRIPTION
21 136-161 38 SOCKET, 3 pin transistor
...... . Mounting Hardware For Each: (not included)
213-113 2 SCREW, thread cutting, 2-32 x 5/4 inch RHS phillips
22 | 210-204 3 LUG, solder, DE 6
...... . Mounting Hardware For Each: {not included}
213-044 1 SCREW, thread cutting, 5-32 x 3/ inch
23 1387-777 1 PLATE, rear
24 ]214-370 2 PIN, locating
25 | 384-275 2 ROD, slide switch with molded knob
26 | 384-615 4 ROD, spacer
...... . Mounting Hardware For Each: (not included)
212-044 1 SCREW, 8-32 x Y, inch RHS phiilips
27 |210-223 3 LUG, solder, , inch
28 | 131-106 1 CONNECTOR, chassis mount
...... . Mounting Hardware For Each:
210-012 1 LOCKWASHER, int. % x Y, inch
210-413 1 NUT, hex, 34-32 x ;, inch
29 | 358-075 2 BUSHING, pot
Q¥30 | WEED |3bb0rs 0L 1 KNOB, lever, AC-DC-GND, charcoal
31 | 366-230 1 KNOB, VOLTS/CM, large charcoal
...... . Includes:
213-004 1 SCREW, set, 6-32 x 3/;4 inch HSS allen head
32 | 366-225 1 KNOB, trigger, charcoal
...... Includes:
213-020 1 SCREW, set, 6-32 x 3 inch HSS allen head
33 | 366-081 1 KNOB, VARIABLE, small red
...... . Includes:
213-004 1 SCREVY, set, 6-32 x 3/,4 inch HSS allen head
34 | 358-216 2 BUSHING, front panel
35 | 366-230 1 KNOB, VOLTS/CM, large charcoal
...... . Includes:
213-004 1 SCREV, set, 6-32 x 3/, inch HSS allen head
36 | 366-081 1 KNOB, VARIABLE, small red
...... . Includes:
213-004 1 SCREW, set, 6-32 x 3/;4 inch HSS allen head
37 |129-035 1 POST, ground assembly
...... . Includes:
200-103 1 CAP
210-046 1 LOCKWASHER, Int., .400 OD x .261 inch ID
210-455 1 NUT, hex, /,-28 x 34 inch
355-507 1 STEM, adaptor
38 | 366-225 1 KNOB, POSITION, charcoal
...... . Includes:
213-020 ] SCREW, set, 6-32 x Y3 inch HSS allen head
39 [333-751 1 PANEL, front
40 |387-784 1 PLATE, front subpanel
41 |...... . Pot Mounting Hardware
210-583 1 NUT, hex, ,-32 x 3%/, inch
210-940 1 WASHER, /, ID x 3/ inch OD
42 | 366-220 1 KNOB, MODE, charcoal
...... . Includes:
213-020 1 SCREW, set, 6-32 x 4 inch HSS allen head
43 | 366-225 1 KNOB, POSITION, charcoal
...... . Includes:
213-020 1 SCREV, set, 6-32 x '/ inch HSS allen head
ALu| 44 | SR 3o~ oXs-{CT 1 KNOB, lever, AC-DC-GND, charcoal
45 | 441-491 1 CHASSIS
...... . Mounting Hardware: (not included)
210-457 2 NUT, keps, 6-32 x 3%, inch
211-507 4 SCREW, 6-32 x %/14 inch BHS
211-538 4 SCREW, 6-32 x 3/, inch FHS phillips




EXPLODED VIEW (Cont'd)

Parts List—Type 10A2 Mod 165K

REF. PART |SERIAL/MODEL NO.[ @

NO. NO. p— BISC. ; DESCRIPTION

46 179-759 1 CABLE, harness, Channel 2

47 1179-758 1 CABLE, harness, Channel 1

48 179-760 1 CABLE, harness, MODE switch

49 179-797 2 CABLE, harness, input

50 124-147 6 STRIP, ceramic, 7/;4 inch x 13 notches
...... . Mounting Hardware: (not included)
361-009 12 SPACER, nylon

51 124-146 6 STRIP, ceramic, 7/;4 inch x 16 notches
...... . Mounting Hardware: (not included)
361-009 12 SPACER, nylon

52 | 124148 6 STRIP, ceramic, 7/;s inch x 9 notches
...... . Mounting Hardware: (not included)
361-009 12 SPACER, nylon

53 124-145 3 STRIP, ceramic, 7/, inch x 20 notches
...... . Mounting Hardware: {not included)
361-009 6 SPACER, nylon

54 | 384-281 2 ROD, shaft

55 1129070 2 POST, tie

56 131-342 2 CONNECTOR, BNC

57 200-497 5 COVER, transistor
...... Mounting Hardware: (not included)

58 352-071 5 HOLDER, transistor cover

59 129-007 X159 1 POST, connector, insulated
...... Mounting Hardware: {not included)
210-006 1 LOCKWASHER, int. #6
210-407 1 NUT, hex, 6-32x 7/,

60 A-5204 1 TAG, identification
...... Mounting Hardware: (not included)
213-035 4 SCREW, thread cutting, 4-40 x '/, PHS, phillips
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SWITCHES

(—_
-l

TRIGGER |

——

=

e
S )
T |

n

i
@ VOLTS/CM !
CHANNEL 1 & 2 !
MODE
s
PULL TO INVERT AC-DC-GND
CHANNEL 1 & 2 CHANNEL 1 & 2

Rer. | parr |SERIAL/MODEL NO.| Q

NO. NO. oy e DESCRIPTION

1 1260-523 1 SWITCH TRIGGER, unwired
...... Mounting Hardware: (not included)
210-012 1 LOCKWASHER, internal 3% x %, inch
210-413 1 NUT, hex, 34-32 x Y/, inch
210-840 1 WASHER, flat

2 ]262-566 2 SWITCH VOLTS/CM, wired Channel 1 and 2
...... Each Includes:
260-522 1 SWITCH VOLTS/CM, wired Channel 1 and 2
...... . Mounting Hardware For Each: (not included)
211-008 1 SCREW, 4-40 x '/, inch BHS

3 | 260-524 1 SWITCH MODE, unwired
...... . Mounting Hardware: (not included)
210-012 1 LOCKWASHER, internal 3, x ', inch
210-413 1 NUT, hex, 34-32 x Y, inch
210-840 1 WAGSHER, flat

4 | 260-447 2 SWITCH slide PULL TO INVERT, unwired Channel 1 and 2
...... . Mounting Hardwaie For Each: (mot included)
210-406 2 NUT, hex, 4-40 x 3/4 inch

5 | 406-917 2 BRACKET, slide switch
...... . Mounting Hardware For Each: (not included)
211-504 2 SCREW, 6-32 x 1/, inch BHS

6 | 406-918 2 BRACKET, slide switch actuator

7 | 260-492 2 SWITCH lever AC-DC-GND, Channel 1 and 2
...... . Mounting Hardware For Each: (not included}
210-004 2 LOCKWASHER, internal #4
210-406 2 NUT, hex, 4-40 x 3/ inch
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ELECTRICAL PARTS

Values are fixed unless marked Variable.

Tektronix
Ckt. No. Part No. Description
Bulbs
B119 150-030 Neon NE 2V
B144 150-027 Neon NE 23
B219 150-030 Neon NE 2V
B244 150-027 Neon NE 23
Capacitors

Tolerance 209 unless otherwise indicated.

Tolerance of all electrolytic capacitors as follows (with exceptions):
3V — 50V = —10%, +250%

51V — 350V = —10%, +100%
351V — 450V = —109%, +-50%

clo1 +285.634 1 uf MT

102 281-558 18 pf Cer

C103 281-064 215 pf Tub Var
CT04A Use 281-547 2.7 pf Cer

C104B 281-064 215 pf Tub Var
C104C 281081 1813 pf Air Var
C104D 281-592 47 pf Cer

C105A 281-572 6.8 pf Cer

C1058 281027 7.3 pf Tub Var
C105C 281-027 7.3 pf Tub Var
C106A 281.572 6.8 pf Cer

C1068 281027 7.3 pf Tub Var
C106C 281027 7.3 pf Tub Var
C107A 281572 6.8 pf Cer

C1078 281027 7.3pf Tub Var
C107¢C 281027 7.3 pf Tub Var
C107E 281512 27 pf Cer

C108A 281-503 8 pf Cer

C108B 281027 7.3 pf Tub Var
C108C 281027 7.3 pf Tub Var
C108E 281519 47 pf Cer

C109A 281-503 8 pf Cer

C1098 281027 7.3 pf Tub Var
Cloot | 281.071 215pf/100pf  Mica Var
C109E 4P P

C110A 281-503 8 pf Cer

C1108 281027 73 pf Tub Var
ciioc . .

o % 281-069 Zi5pf/200pf  Mica Var
®

Parts List—Type 10A2 Mod 165K

600 v
500 v

500 v

800 v
500 v

500 v

500 v

500 v
500 v

500 v
500 v

500 v

S/N Range

UNCAL
UNCAL

10%

=+.5pf

10%

10%

10%

10%
=+.5pf

10%
=+.5pf

10%

=+.5pf

10%
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Ci34

C192

193
C199
C201
C202
€203

C204A
C204B
C204C
C204D
C205A

C205B
C205C
C206A
C206B
C206C

C207A
C2078B
C207C
C207E
C208A

C2088
C208C
C208E
C209A
C209B
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Tektronix
Part No.

Use

281-503
281-027

281-072
281-503

281-027
281-073

281-503
281-027

281-074

281-614
283-079
285-622
283-079
281-519

283-081
281-577
281-081
281-081
281-504

281-504
290-183
*285-634
281-558
281-064

281-547
281-064
281-081
281-592
281-572

281-027
281-027
281.572
281.027
281-027

281-572
281-027
281.027
281.512
281-503

281-027
281-027
281-519
281-503
281.027

8 pf
7-3 pf

2-1.5 pf/500 pf

8 pf

7-3pf

2-1.5 pf/1000 pf

8 pf
7-3pt

2-1.5 pf/2000 pf

.0068 pf
01 pf
q pf
01 pf
47 pf

A uf
14 pf
1.8-13 pf
1.8-13 pf
10 pf

10 pf

1 uf

J uf

18 pf
2-1.5pf

2.7 pf
2-1.5pf
1.8-13 pf
4.7 pf
6.8 pf

7-3pf
7-3 pf
47 pf
8 pf
7-3pf

Description

Cer
Tub

Mica

Cer

Tub

Mica

Cer
Tub

Mica

Cer
Cer
PTM
Cer
Cer

Cer
Cer
Air
Air
Cer

Cer
EMT
MT
Cer
Tub

Cer
Tub
Air
Cer
Cer

Tub
Tub
Cer
Tub
Tub

Cer
Tub
Tub
Cer
Cer

Tub
Tub
Cer
Cer
Tub

Capacitors (Conf'd)

Var
Var

Var
Var

Var
Var

Var
Var

Var

Var
Var

Var
Var

Var
Var

Var
Var

Var
Var

Var

500 v

500 v

500 v

500 v
250 v
100 v
250 v
500 v

25v
500 v
800 v
800 v
500 v

500 v

20v
600 v
500 v

500 v
800 v

500 v

500 v

500 v

500 v
500 v

500 v
500 v

S/N Range
=+.5 pf

10%
=+.5 pf

10%
=+.5 pf

10%

10%

5%

10%

10%
10%

10%

=+.5pf

10%

10%

10%
10%

=+.5 pf

10%
+.5pf



Tektronix
Part No.

281-071

281-503
281-027

281-069

281-503
281-027

281-072
281-503

281-027
281-073

281-503
281-027

281-074

281-614
283-079
285-622

283-079
281-519
283-081
281-577
281-081

281-519
281-081
281-519
281-504
281-504

290-183
283-078
283-078
283-084
283-080

283-088
283-084
283-080
283-084
283-095

283-080
283-080
283-084
283-080
283-081

281-578
283-080
283-080
283-080
281-519
281-519

Capacitors (Cont'd)

.2-1.5 pf/100 pf

8 pf
7-3pf

.2-1.5 pf/200 pf

8 pf
7-3 pf

.2-1.5 pf/500 pf
8 pf

7-3pf
.2-1.5 pf/1000 pf

8 pf
7-3 pf

2-1.5 pf/2000 pf

0068 uf
01 uf
d uf

01 pf
47 pf

g uf

14 pf
1.8-13 pf

47 pf
1.8-13 pf
47 pf
10 pf
10 pf

1 pf

001 pf
001 pf
270 pf
022 pf

0011 pf
270 pf
022 pf
270 pf
56 pf

022 pf
022 pf
270 pf
022 pf
q pf

18 pf
022 uf
022 uf
022 pf
47 pf
47 pf

Description

Mica

Cer
Tub

Mica

Cer
Tub

Mica
Cer

Tub
Mica

Cer
Tub

Mica

Cer
Cer
PTM

Cer
Cer
Cer
Cer
Air

Cer
Air
Cer
Cer
Cer

EMT
Cer
Cer
Cer
Cer

Cer
Cer
Cer
Cer
Cer

Cer
Cer
Cer
Cer
Cer

Cer
Cer
Cer
Cer
Cer
Cer

Var
Var

Var

Var
Var

Var
Var

Var

Var

Yar

Var

Parts List—Type 10A2 Mod 165K

500 v

500 v

500 v

500 v

500 v
250 v
100 v

250 v
500 v

25v
500 v
800 v

500 v
800 v
500 v
500 v
500 v

20v
500 v
500 v
1000 v
25v

500 v
1000 v
25v
1000 v
200 v

25v
25v
1000 v
25v
25v

500 v
25v
25v
25v

500 v

500 v

10%
=+.5 pf

10%
+.5pf
10%

=+.5 pf

10%
=+.5 pf

10%

10%

5%

10%
10%
10%
10%

10%
3%
5%
5%

2%
10%

5%

5%

10%
10%

S/N Range
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Diodes
Tektronix
Ckt. No. Part No. Description
D125 152-061 Silicon 6061
D133 *152-075 Tek Spec
D157 Use 152-141 Silicon 1N3605
D192 *152-075 Tek Spec
D193 *152-075 Tek Spec
D225 152-061 Silicon 6061
D233 *152-075 Tek Spec
D257 Use 152-141 Silicon TN3605
D292 *152-075 Tek Spec
D293 *152-075 Tek Spec
D302 152-065 Silicon HD5000
D305 152-065 Silicon HD5000
D309 152-065 Silicon HD5000
D312 152-065 Silicon HD5000
D322 152-065 Silicon HD5000
D325 152-065 Silicon HD5000
D329 152-065 Silicon HD5000
D332 152-065 Silicon HD5000
D348 *152-075 Tek Spec
D358 *152-075 Tek Spec
D369 *152-075 Tek Spec
D387 152-141 Silicon TN3605
D391 *152-075 Tek Spec
D392 152-065 Silicon HD5000
Inductors
L343 276-507 Core, Ferramic Suppressor
L353 276-507 Core, Ferramic Suppressor
L390 108-226 100 ph
L392 *108-146 5 ph
L434 *108-260 1 ph
L444 *108-260 1 ph
L465 *114-160 J-12 ph Var
L504 *108-211 S ph
L514 *108-211 5 ph
L527 *108-260 .1 ph
L554 *108-112 3 ph
L564 *108-112 3ph
L577 *108-220 A5 ph
Resistors

Resistors are fixed, composition, ==10% unless otherwise indicated.
p

R102 315-470 47 Q Vaw

R104C . 322-610 500 k Vaw Prec
ALYRI0D4E3RA2- 0431~ O sgpoeer 1 meg YVew Prec

R105C 323-620 800 k Vow Prec

R105E 321-618 250 k Vew Prex

5-10



Tektronix

Ckt. No. Part No.
R106C 323-611
R106E 321-617
N R107Cga3-obia-ol 323432
R107E 321-616
R108C 323-621
R108E 321615
R109C 323-614
R109D 315-470
R109E 321-614
R110C 322-625
R110D 315-620
R110E 321613
RIT1C 322-628
R111D 315-220
R111E 321-222
R112C 322-629
R112D 315-331
R112E 321-193
R113C 323-481
R113D 315-300
AL¢RI13E S -Obia- 01 32782
R114 323-481
R115 316-101
R116 316-104
R117 311-390
R118 301-105
R119 316-100
R120 311-328
R120 311-387
R121 321-209
R122 311-387
R123 323-305
R125 303-153
R129 315-153
R130 308-077
R132 315-151
R133 322-225
R134 315-510
R135 321-251
R136 321-153
R138 311-169
R140 311-390
R142 321-325
R143 315-823
R144% 311-385
R148 322-215

T Furnished as a unit with SW144,

®

900 k
111k
950 k
52.6k
980 k

204k

215k

402k
383 Q
100 Q@

25k
237k
82k
250 Q
1.69 k

Resistors (Cont'd)

Description

aw
Viw

Vaw

Yaw
Tw

Vaw

YVaw

Ve w
Vaw
Ve w
Vaw

Ve w
Vaw
aw
YVew

Yar

Var
Yar

Yar

Var

Var

Var

Parts List—Type 10A2 Mod 165K

Prec
Prec
Prec
Prec
Prec

Prec
Prec

Prec
Prec

Prec
Prec

Prec

Prec

Prec
Prec

Prec
Prec

Prec

S/N Range

1%
3%
1%
1%
5%

1%
1%

CH 1 GRID CURRENT ZERO

5%

VAR ATTEN BAL  100-359
VAR ATTEN BAL 360-up

1%

CH 1 ATTEN BAL RANGE 100-359X

Prec

wWw

Prec

Prec
Prec

Prec

Prec

1%
5%
3%

5%

1%
5%
1%
1%
GAIN

BASE CURRENT
1%
5%
VARIABLE
1%



Parts List—Type 10A2 Mod 165K

Tektronix
Ckt. No. Part No.
R149 321-117
R150 311-258
R151 322-097
R154 322-161
R157 321-129
R158 322-211
R159 321-097
R160 311-3%0
R161 321-297
R163 321-103
R144 322-141
R165 322-202
R167 321-129
R168 322-211
R169 321-080
R170 321-257
R171 321-121
R174 321-081
R176 311-258
R178 321-223
R180 321-257
R181 321121
R184 321-081
R188 321223
R190 321-073
R19N 321073
R192 321-049
R193 321-069%
R195 315-103
R196 311-389
R197 315-103
R199 315-510
R202 315-470
R204C 322-610
Ay R204E 322 - o4g)-01 FEZEEBT
R205C 323-620
R205E 321618
R206C 323-611
R206E 321-617
Ay ROZE 323~ b2 - o) 323582
Kaoice
R207E 321616
R208C 323-621
R208E 321-615
R209C 323-614
R209D 315-470

5-12

1620
100 Q@
100 Q
464 Q
2159

1.54 k
100 ©

12.1 k
1150

464 Q
124k
2150
1.54 k
66.5Q

4.64k
178 Q
68.1Q
100 Q
205k

4.64k
178 Q
68.1Q
2.05k
5620

562Q
511 Q
5110
10k

2 x 10k

10 k
51Q
47 Q
500 k
1 meg

800 k
250 k
900 k
1M1k
950 k

52.6k
980 k
204 k
990 k
47 Q

Resistors (Cont'd]

Description

YVew
YVew

Yew
Vew

Vaw
Ve w
Vs w

Ve w

Ve w
Vaw

Ve w

Ve w

Vo w
Ve w
Ve w
Vaw

Vaw

YVaw

Var

Yar

Var

Var

Prec

Prec
Prec
Prec

Prec
Prec

Prec
Prec

Prec
Prec
Prec
Prec
Prec

Prec
Prec
Prec

Prec

Prec
Prec
Prec
Prec
Prec

Prec
Prec
Prec

Prec
Prec

Prec
Prec
Prec
Prec
Prec

Prec
Prec
Prec
Prec

S/N Range

1%
CH 1 COM MODE CURRENT
1%
1%
1%

1%
1%
CH 1 GRID CURRENT ZERO
1%
1%

1%
1%
1%
1%
1%

1%
1%
1%
CH1 GAIN RANGE
1%

1%
1%
1%
1%
1%

1%
1%
1%
5%
POSITION

2%
5%
5%
1%
1%



Aty

Tektronix

Ckt. No. Part No.
R209E 321-614
R210C 322-625
R210D 315.620
R210E 321-613
R211C 322-628
R211D 315-220
R211E 321222
R212C 322-629
R212D 315-331
R212E 321-193
R213C 323-481
R213D 315-300
R21BE R -Cpia-p; 32612
R214 323-481
R215 316-101
R216 316-104
R217 311-390
R218 301-105
R219 316-100
R220 311-328
311-387

R221 321-209
R222 311-387
R223 323-305
R225 303-153
R229 315-153
R230 308-077
R232 315-151
R233 322-225
R234 315-510
R235 321-251
R236 321-153
R238 311169
R240 311-390
R242 321-325
R243 315-823
R244% 311-385
R248 322-215
R249 321-117
R250 311-258
R251 322-097
R254 322-161
R257 321-129
R258 322-211
R259 321-097
R260 311-390

+ Furnished as a unit with SW244,

®

10.1k
995k
620Q

5.03 k
998 k

20

999 k
33Q
1k

1 meg
300

500 @
1 meg
100 Q

100 k
25k
1 meg
10Q

5k

1.47 k

147 k
15k
15k

Tk

150 Q
215k
51Q
402k

383Q
100 ©
25k
237k
82k

250 k
1.69 k
162 Q
100 @
100Q

464 Q
215Q
154k
100 Q
25k

Resistors {Cont'd)

Description

Yo w
Vaw
Vi w
Ve w
Viw

Viw
Ve w
Vew
Vaw
Vew

Vow
Vaw
YVaw
Vaw
Vaw

Vaw

aw
Vaw

Vo w
Vo w

Yaw

Vaw
Vi w
Vew
Vs w

Ve w

Yo w
Vaw

Vaw
Yaw
Ve w

Vaw

YVew
Ve w
YVew
Yew

Var

Var
Var

Var

Var
Var

Var

Var

Var

Parts List—Type 10A2 Mod 165K

Prec
Prec

Prec
Prec

Prec
Prec

Prec

Prec

Prec
Prec

Prec
CH

Prec

WW

Prec

Prec

Prec

Prec

Prec
Prec

Prec

Prec
Prec
Prec
Prec

S/N Range

CH 2 GRID CURRENT ZERO
5%

VAR ATTEN BAL  100-359
VAR ATTEN BAL 360-up

1%
2 ATTEN BAL RANGE 100-359X
1%
5%
2%

3%
1%
5%
1%

1%

GAIN

BASE CURRENT
1%
5%

VARIABLE
1%
1%

CH 2 COM MODE CURRENT
1%

1%
1%
1%
1%

CH 2 INV BAL
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Parts List—Type 10A2 Mod 165K

Tektronix
Ckt. No. Part No.
R261 321-297
R263 321-103
R264 322-161
R265 322-202
R267 321-129
R268 322211
R269 321-080
R270 322-197
R271 321-085
R272 321-097
R273 323-163
R274 321-081
R276 311-258
R278 321223
R280 322-197
R281 321-085
R282 321-097
R283 323-163
R284 321-081
R286 315-120
R288 321-223
R290 321-073
R291 321-073
R292 321-069
R293 321-069
R295 315-103
R296 311-389
R297 315-103
R299 315510
R314 315-270
R317 321-193
R317 321-204
R318 321-201
R334- 315-270
R335 311-328
R336 311-328
R337 321-193
R337 321-204
R338 321-201
R341 315-101
R342 315-332
R343 323-125
ALy, R344323-0213 -00  PEAJ
aLy R345%23~ 0213-00" JZLFF)
R347 321-249
R351 315-101
R352 315-332
5-14

Resistors (Cont'd)

Description

Ve w
Vew
Y, w
Vew
Ve w

YViw
Vew
Viw
Ve w
Ve w

aw
Ve w

Yew
Yaw

Vew
Yo w
aw
Ve w
Vaw

Ve w
Ve w
Ve w
YVaw
Vaw
Vaw

Vew

I/AW

Var

Var

Var
Var

Prec
Prec
Prec
Prec
Prec

Prec
Prec
Prec
Prec
Prec

Prec
Prec

Prec
Prec

Prec
Prec
Prec
Prec

Prec
Prec
Prec
Prec
Prec

Prec
Prec
Prec

Prec
Prec
Prec

Prec

Prec
Prec
Prec

S/N

1%
1%
1%
1%
1%

1%
1%
CH 2 GAIN RANGE
1%
1%

1%
1%
1%
1%
5%

5%
POSITION
5%
5%
5%

1%
1%
1%
5%

Range

101-459
460-up

MAIN AMP DIFF BAL
MAIN AMP CURRENT

1%
1%
1%
5%
5%
1%

101-459
460-up



Parts List—Type 10A2 Mod 165K

Resistors (Cont'd)

Tektronix .
Ckt. No. Part No. Description S/N Range
R353 323-125 196 Q Yow Prec 1%
R354 321213 1.62k Ve w Prec 1%
R355 322-181 750 @ Vaw Prec 1%
R357 321-249 3.83k Vaw Prec 1%
R364 323-153 383Q aw Prec 1%
R365 Use 315-153 15k VA 5%
R367 315-152 15k Vaw 5%
R369 315-682 6.8k Vaw 5%
R371 315-224 220k Vaw 5%
R373 321-289 10k Vow Prec 1%
R374 315-332 33k Ve w 5%
R375 321-161 464 Q Ve w Prec 1%
R382 315-152 15k Vaw 5%
R384 32221 1.96 k YVaw Prec 1%
R387 315-330 300 Vaw 5%
R389 321.069 51.1Q Ve w Prec 1%
R3%0 315-221 220Q YVaw 5%
R391 315-221 2200 Vaw 5%
R392 315-222 22k Vaw 5%
R4 321-161 464 Q Vo w Prec 1%
R412 321-080 665Q ow Prec 1%
R413 321-145 316 Q Vew Prec 1%
R415 321-157 422Q Vaw Prec 1%
R421 321-161 464 Q Ve w Prec 19
R423 321-145 316Q Vo w Prec 1%
R425 321-157 4220 Ve w Prec 1%
R432 322-133 237 Q Vaw Prec 1%
R434 321-115 154 Q Vaw Prec 1%
R444 321-115 154 Q Vaw Prec 1%
R450 321-109 133Q o w Prec 1%
R452 322.085 75Q Viw Prec 1%
R453 321-629 511k Vo w Prec V2%
R454 322-094 93.1Q Vaw Prec 1%
R455 321-630 6.81 k Vow Prec Y%
R456 322173 6190 Vaw Prec 1%
R457 323137 261 Q Vaw Prec 1%
R458 323137 261 Q Vaw Prec 1%
R459 322-043 27.4Q Vaw Prec 1%
R460 321-109 133Q Vaw Prec 1%
R462 315-242 2.4k Vaw 5%
R464 322-094 9310 Vaw Prec 1%
R465 321-080 665Q ow Prec 1%
R466 322-173 619 Q Vaw Prec 1%
R467 323137 261 Q Vo w Prec 1%
R468 323137 261 Q Vo w Prec 1%
R481 322-193 1k Vaw Prec 1%



Parts List—Type 10A2 Mod 165K

Ckt. No.

R482
R483
R485
R487
R494

R496

R497

R498 ;
g R504 823 - 6122 700
Acu R514223~ 0125 - 00

R525
R526
R527
R529
R530

R531
R532
R533
R535
R536

R539
R541
R543
R545
R546

R548
R550
R551
R554
R560

R561
R564
A-+-R574"
R576
R577

R579
R584
R586
R589
R591

R592
R595
R597

5-16

Tektronix
Part No.

321-173
301-151
315-100
315-151
*310-606

*310-606
322-073
322-085
35
5

321-161
321-058
321-053
323-170
311-390

315-392
323-181
321-103
321-161
321-058

323-170
315-820
315-820
321-289
311-390

321-105
321-065
321-297
321-127
321-065

321-297
321127
323-181
323-173
321-073

321-145
323-181
323173
321-145
321-169

321-230
315-270
303-221

619 Q
150 Q@
10Q
150 Q
67 Q

67 Q
5620
75Q
196 Q
196 Q

39k

750 @
150
464 Q
3920

576 Q
820
820Q
10k
25k

121 Q
46.4Q
121k
205 Q
46.4Q

12.1k
205Q
TEEG TS0 oh g
619 Q
56.2Q

316 Q
750 Q
619Q
3160
562 Q

243k
27 Q
220Q

Resistors (Cont'd)

Description

Vew
aw
Y, w
Y, w
4w

4w
Vaw
Ve w
Ve w
YVew

Vs w
Ve w
Ve w
o w

Yaw
Vo w
Yo w
e w
Ve w

YVaw
Yaw
Vaw
Yo w

Ve w
Yo w
Ve w
Ve w
Y w

Ve w
Yo w
Vaw
Yo w
Ve w

Vo w
Vaw
o w
Yo w
Vs w

Yo w
Vaw
1w

Mica

Mica

Var

Var

Prec

Prec
Prec
Prec
Prec

Prec
Prec
Prec
Prec

Prec
Prec
Prec
Prec

Prec

Prec

Prec
Prec
Prec
Prec
Prec

Prec
Prec
Prec
Prec
Prec

Prec
Prec
Prec
Prec
Prec

Prec

S/N Ra

1%

1%

1%
1%
1%
1%

CH 2 OUT DC LEVEL

5%
1%
1%
1%
1%

1%
3%
5%
1%

NORM TRIG DC BAL

1%
1%
1%
1%
1%



Parts List—Type 10A2 Mod 165K

Switches
Tektronix -
Ckt. No. Part No. Description S/N Range
Unwired Wired
SWI101 260-492 Lever AC/DC Ground
SWI110 260-522 *262-566 Rotary YOLTS/CM
SW144t  311-385
SW1%90 260-447 Slide PULL TO INVERT
SW201 260-492 Lever AC/DC Ground
SW2i0 260-522 *262-566 Rotary YOLTS/CM
SW2441t 311-385
SW290 260-447 Slide PULL TO INVERT
SW350 260-524 Rotary MODE
SW540 260-523 Rotary TRIGGER
Transformers
T371 *120-273 Toroid, Bifilar 5T-10T
T390 *120-273 Toroid, Bifilar 5T-10T
Transistors
Q123 *151-103 Replaceable by 2N2219
Q133 *151-103 Replaceable by 2N2219
Q154 *151-109 Selected from 2N918
Q164 *151-109 Selected from 2N918
Q174 *151-109 Selected from 2N918
Q184 *151-109 Selected from 2N918
Q223 *151-103 Replaceable by 2N2219
Q233 *151-103 Replaceable by 2N2219
Q254 *151-109 Selected from 2N918
Q264 *151-109 Selected from 2N918
Q274 *151-109 Selected from 2N918
Q284 *151-109 Selected from 2N918
Q304 *151-109 Selected from 2N918
Q314 *151-109 Selected from 2N918
Q324 *151-109 Selected from 2N918
Q334 *151-109 Selected from 2N918
Q345 *151-103 Replaceable by 2N2219
Q355 *151-103 Replaceable by 2N2219
Q344 Use *151-108 Replaceable by 2N2501
Q374 *151-103 Replaceable by 2N2219
Q383 *151-103 Replaceable by 2N2219
Q390 *151-108 Replaceable by 2N2501
Q413 *151-120 Selected from 2N2475
Q423 *151-120 Selected from 2N2475
Q434 *151-109 Selected from 2N918

T Furnished as a unit with R144.
Tt Furnished as a unit with R244.
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Parts List—Type 10A2 Mod 165K

Ckt. No.

Q444
Q454
Q464
Q483
Q504

Q514
Q523
Q533
Q554
Q564

Q574
Q584
Q593

Vi33
V233

5-18

Tektronix
Part No.

*151-109
*151-120
*151-120
*151-103
*151-120

*151-120
*151-120
*151-120
*151-120
*151-120

*151-120
*151-120
*151-103

*157-080
*157-080

Transistors (Cont'd)

Description

Selected from 2N918
Selected from 2N2475
Selected from 2N2475
Replaceable by 2N2219
Selected from 2N2475

Selected from 2N2475
Selected from 2N2475
Selected from 2N2475
Selected from 2N2475
Selected from 2N2475

Selected from 2N2475
Selected from 2N2475
Replaceable by 2N2219

Eleciron Tubes

7586
7586

S/N Range
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SECTION 1
CHARACTERISTICS

General Information

The Type 11B2 Time Base plug-in unit is part of a wide-
band oscilloscope system designed for operation and storage
under severe environmental conditions. The Type 11B2 oper-
ates in the right-hand compartment of a Tektronix Type 647
Oscilloscope. The environmental characteristics of the Type
11B2 and Type 647 are the same and are described in
Section 1 of the Type 647 instruction manual.

Special circuits incorporated in the Type 11B2 permit an
accurate, continuously variable delay of up to 50 seconds
in the presentation of a sweep after the receipt of a trig-
gering impulse. This delayed-sweep feature permits highly
magnified displays of a small portion of an undelayed
sweep, accurate measurement of signal time-jitter, and
precise time measurements, as well as many other uses.

The following characteristics apply only when the Type
11B2 is operated in a calibrated oscilloscope such as the
Tektronix Type 647.

NOTE

Range | and Range Il, mentioned in various parts of
of this section, refer to the ambient air tempera-
ature ranges that apply for a particular character-

HORIZONTAL DEFLECTION

Sources
Sweep Generator A
Sweep Generator B—Delayed, or delayed and triggered

External sources

A Sweep and Delay Generator

24 calibrated steps provide sweep rates from 5sec to 0.]
usec/cm. An uncalibrated control provides continuously vari-
able sweep rates between 0.1 usec/cm and about 12 sec/cm.
The sweep magnifier (MAG at X10) extends the fastest cali-
brated sweep rate to 10 nsec/cm {nanosecond=10"7 second).
Panel lamps light when the magnifier is on and when the
sweep rates are uncalibrated. When used as a delay genera-
tor, Sweep Generator A provides 21 over-lapping, calibrated
delay-time ranges from 50 sec to 1 usec. The three fastest
A sweep ranges are not normally used for delay generation.

istic. Range | is from 0°C to +440°C; Range Il Accuracy
from —30°C to +465°C. See Table 1-1.
TABLE 1-1
A TIME/CM and Displayed Sweep
DELAY TIME Rate ' Delay
l Range | | Range I Range | } Range I
| 4% | - 3%
5 SEC—.1 SEC +39% ° =+2.5%
| 3% e, / —6%
50 mSEC — .1 uSEC +1.5% +2.5%
50 mSEC — 1 uSEC +19, +2%
Added when MAG is
set to X10 up to 50 +=19% +1.59%
nsec/cm i
Added when MAG is f
set to X10: 20 nsec/ +2% +2.59%,
cm and 10 nsec/cm |
! See Section 2, **Non-Triggered Delay Sweep'', for additional details.
B Sweep TABLE 1-2
24 calibrated steps provide delayed sweep rates from Displayed Sweep
S5sec to 0.1 usec/cm. An uncalibrated control provides B TIME/CM Rate
continuously variable sweep rates between 0.1 usec/cm and Range | L Range I
about 12 sec/cm. The sweep magnifier [MAG at X10) extends 5SEC — .1 SEC —+39, +29%,
the fastest sweep rate to 10 nsec/cm. Panel lamps light when — 59
Lﬁzf;agnifier is on and when the sweep rates are uncali- 50 mSEC — .1 uSEC 159 2%
' Added when MAG switch
is set to X10 up to 50 +19%, +1.59
nsec.
Added when MAG is set
Accuracy to X10: 20nsec/cm and | =+29% 257
See Table 1-2 10 nsec/cm

®
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Characteristics—Type 11B2 Mod 165K

External Horizontal Input (to B TRIG OR EXT IN-
PUT connector)

Sensitivity About 1 volt/cm with MAG switch set
to OFF. About 0.1 volt/cm with MAG
switch set to X10. A lamp on the front
panel next to the MAG switch lights
when the X10 position is used.

2 Bandwidth Dc to at least 3 mc (—3-db point) with
B COUPLING switch set to DC.

About 16 cps to at least 3 me (—3-db
points) with B COUPLING switch set to
AC.

Input R and C  About 1 megohm paralleled by about
30 pf.

* Referenced to 6 cm, centered deflection, at 50 ke.

TRIGGERING
A Sweep
Facilities
SOURCE Internal, Line, External, and External
= 10.
COUPLING Ac, Ac Low-Frequency Reject, and Dc.
SLOPE + or —,
TRIG MODE Free Run, Automatic, Normal, and
Single Sweep.
TRIG LEVEL See Table 1-6.
HF STABILITY  For jitter reduction at high frequencies.

Internal Triggering Sensitivity (with Type 10A2 plug-in
unit)

See Table 1-3.
TABLE 1-3
Frequency |Peak-To-Peak Crt Deflection {Range 1)
Typ. | Min,
To 50 kc 1 mm 2 mm
*To 50 mc 10 mm

External Triggering Sensitivity

See Table 1-4.
TABLE 1-4
Frequency | Peak-To-Peak Voitage (Range I}
| Typ. | Min.
To 50 ke 75 mv | 125 mv
3To 50 mc 150 mv | 250 mv

*HF STABILITY control used to minimize jitter above 5 or 10 mc.

A TRIG IN Connector Input Characteristics
See Table 1-5.

1-2

TABLE 1-5
CS
Iy
O I — { O
A
TRIG R
IN Ce
I
Max
O R, Input
SOURCE|COUPLING | (pf) C. {megQ) |Voltage
{Peak)
DC ~=25 | shorted =1 +75v
EXT AC ~25 | =0.01 uf| =1 +500v
AC LF REJ | =25 | =100 pf| =0.091 | =500v
EXT DC =5 |shorted | =10.1 +=500v
= AC ~5 | =0.01 uf| =10.1 =500 v
10 AC LF REJ | =5 | =100pf| =92 =500 v

A TRIG LEVEL Control Voltage Range (external triggering)
See Table 1-6.

NOTE

The voltage range of the TRIG LEVEL control in-
dicates the maximum external peak voltage that
will permit triggering at any amplitude point on
the signal. Signals with greater amplitudes can be
used and will provide triggering, but the range of
trigger-point selection is still limited to the TRIG
LEVEL control voltage range.

TABLE 1-6
SOURCE l COUPLING Voltage Range
| Typ. ' Min,
EXT J AC, DC, or +6.5v +5v
AC LF REJ
EXT + 10 | AC or DC +65v =50 v
| AC LF REJ +500 v

Automatic Triggering

The A sweep ftriggering characteristics stated previously
also apply for automatic triggering except that the triggering
signal frequency must be higher than about 20 cps.

A Single Sweep

Permits only one triggered sweep following each reset
pulse. Reset pulse can be supplied internally or externally
{see Section 2, "Normal Sweep Operation’}. External pulse
amplitude must be at least 5 volts peak; risetime must be
10 wsec or less.



B Sweep (triggered after delay)

Facilities
SOURCE Internal and External.
COUPLING Ac and Dec.
SLOPE + or —.
TRIG LEVEL See "B TRIG LEVEL Control Voltage

Range”.
Triggering Sensitivity
Same as for A Sweep.
B TRIG IN Connector Input R and C
See Table 1-7.

TABLE 1-7

CS
- o
B

TRIG Rp
IN Co
I 0

1

COUPLING |C, (pf) C, Ry Max. Input
(MQ) | VYoltage {Peak}
DC | =30 [shorted =1 500 v
AC | ~30 |=001puf| =1 500 v

B TRIG LEVEL Control Voltage Range {external triggering)

Typically =13 volts, =10 volts minimum (see NOTE
under “A TRIG LEVEL Control Voltage Range’).

Characteristics—Type 11B2 Mod 165K

OUTPUT SIGNALS

+ GATE (A and B)

About +15.2 volts peak into a high
resistance load.
About 1600 ohms.

About 9 ma into zero ohms.

Output Voltage

Output Resistance
Output Current

SWEEP (A and B)

Output Voltage About +10 volts peak into a high

resistance load.
About 750 ohms.
About 13 ma peak into zero ohms.

Output Resistance
OQutput Current

MECHANICAL CHARACTERISTICS

Construction

Aluminum-alloy chassis with chrome-plated brass side
rails.

Front panel is photo-etched, anodized aluminum.

Dimensions (approx.)
6'/; inches high.
4Y, inches high.

143/, inches deep (overall).

Weight
About 6.5 pounds, net.

Accessories Included

Tektronix
Part No.
1—BSM to BNC coaxial adapter 103-036
2—Instruction Manuals
1-3






SECTION 2
OPERATING INSTRUCTIONS

FIRST-TIME OPERATION

The following control and switch settings for the Type
11B2 can be used for a wide range of measurement appli-
cations with maximum convenience for the operator. The
operating conditions established by these settings also provide
a starting point for the operator who is learning to use the
instrument.

HORIZ DISPLAY A
TRIG MODE AUTO
A COUPLING AC
A SOURCE INT
VARIABLE A (TIME/CM} CALIB ({fully clockwise}

MAG OFF

The Type 11B2 now provides the time base for a wide
range of measurements with vertical deflection signals
above about 20 cps. In many cases, only the A TIME/CM
switch and A TRIG LEVEL control may require setting for
a particular measurement,

The appropriate A TIME/CM switch sefting depends on
the frequency of the applied signal and the type of measure-
ment. For example, to observe about 2 cycles of the oscillo-
scope 1-Ke Calibrator signal, set the A TIME/CM switch
to .2 mSEC.

In order to obtain a triggered display of the vertical
deflection signal with the control settings mentioned, three
conditions must be met:

1. The frequency of the vertical deflection signal must
be about 20cps or greater (below 20cps, TRIG MODE
switch must be set to NORM).

2. The vertical deflection amplitude must be at [east
one-half centimeter.

3. The A TRIG LEVEL control must be properly adjusted.

If the first two conditions are met, a stable display can
be obtained with the A TRIG LEVEL control set near zero.
When the observed deflection amplitude is a fraction of
a centimeter, the range of adjustment is relatively narrow,
but broadens with increased vertical deflection.

CONTROL AND SWITCH FUNCTIONS

NOTE

A more complete description of the controls and
switches is included at the rear of this section.

TRIGGER A
TRIG MODE Triggering mode. Selects the manner
in which each Time Base A sweep will
be initiated:
FREE RUN Provides recurrent sweeps; the comple-

tion of one sweep causes the next
sweep to begin.

AUTO

NORM

SINGLE SWEEP
and RESET

SOURCE

INT

LINE

EXT and
EXT = 10

COUPLING

AC

AC LF REJ

DC
SLOPE (4 or —}

TRIG LEVEL

HF STABILITY

Automatic. Permits each sweep to be
triggered when the triggering signal
repetition rate is about 20cps or
greater. For lower repetition rates or
in the absence of a triggering signal,
the sweeps are recurrent, as in the
FREE RUN position.

Normal. Each sweep will be triggered
by the signal from the Trigger Gener-
ator.

Often used when displays of nonrepe-
titive signals are photographed. When
the RESET lamp is lit, the time base is
ready to produce one triggered sweep.
When the one sweep is complete, the
RESET lamp will not be lit and the
time base will no longer be trigger-
able. Before the cycle can repeat,
the RESET button must be pushed or a
reset pulse must be applied to pin F
of J10T on the rear of the oscillo-
scope (pin C is ground).

Selects the source of the triggering
signal:

Internal. Obtains the sweep trigger-
ing signal from the vertical plug-in
unit.

Obtains the sweep triggering signal
from a low-voltage winding on the
oscilloscope power transformer.

External and external divided-by-ten.
Permits external signals applied to the
TRIG IN connector to be used for
sweep triggering. High amplitude
triggering signals can be attenuated
by using the EXT < 10 position.

Permits acceptance or rejection of some
triggering signal characteristics:

Rejects dc and attenuates very low-
frequency ac triggering signals.

Ac low-frequency reject. Rejects dc
and ac triggering signals below about
1000 cps.

Accepts ac and dc triggering signals.

Determines whether sweep triggering
will occur during the positive-going
(+) or negative-going (—)} portion
of the triggering signal.

Triggering level. Selects the ampli-
tude point on the triggering signal
where sweep triggering will occur.

High-frequency stability. Used if neces-
sary with triggering signals above

2-1



Operating Instructions—Type 11B2 Mod 165K

TIME/CM AND
DELAY TIME

VARIABLE A

DELAY TIME MULT

about 5-10 mc to obtain best display
stability. Has no effect at lower trig-
gering signal frequencies.

TIME BASE A

Provides 24 calibrated display sweep
rates and 24 calibrated ranges of
time delay for delayed sweep opera-
tion. The number bracketed by the
two black lines on the clear plastic
knob fiange is the sweep time per
centimeter and the delay time range.
To change the sweep rate and delay
range, the concentric A flange and
B knob must first be interlocked by
positioning the dot on the B knob be-
tween the two black lines on the
flange.

Provides continuously variable uncal-
ibrated sweep rates and delay ranges
between about 0.4 and 1.0 times that
indicated by the TIME/CM AND DELAY
TIME switch. Whenever VARIABLE A
is not set to CALIB, the UNCAL lamp
will light.

Delay time multiplier. A continuously
variable control that accurately multi-
plies the delay time indicated by the
DELAY TIME switch to a maximum of
ten times.

HORIZONTAL DISPLAY

HORIZ DISPLAY
B DLY'D BY A

A INTEN BY B

A INTEN BY B
and
B DLY'D BY A

2.2

B sweep delayed by A sweep [to the
left of A on the panel). The oscillo-
scope horizontal deflection is provided
by Time Base B. The beginning of
B sweep is delayed from the begin-
ning of A sweep by a time equal to
the product of the A DELAY TIME
switch and DELAY TIME MULT dial
settings.

A sweep display intensified by B sweep
(to the left of A on the panel]. The
oscilloscope horizontal deflection s
provided by Time Base A. A portion
of the display has greater brightness
than the remainder. The intensified
zone provides a visual check on the
relative duration and time-position of
the delayed B sweep with respect
to A sweep.

The oscilloscope horizontal deflection
is provided by Time Base A. Delayed
sweep is inoperative.

A sweep display intensified by B
sweep and B sweep delayed by A
sweep. Same as previously described
for A INTEN BY B and B DLY'D BY A.
Addition of the arrows indicates that
the B [DLY'D SWEEP] triggering con-

EXT INPUT

MAG

trols and switches must be used. In-
stead of B sweep beginning at the end
of the selected delay period, Time Base
B becomes triggerable. B sweep must
be triggered after the delay period, but
before the end of A sweep.

External input. External signals applied
to the B TRIG IN OR EXT INPUT con-
nector provide horizontal deflection if
the B SOURCE switch is set to EXT. The
B COUPLING switch provides either
ac or dc signal coupling.

Magnifier. In the X10 position, the
one-centimeter segment at the center
of an unmagnified crt display is hori-
zontally expanded to full graticule
width. Any other one-centimeter seg-
ment of the original unmagnified dis-
play may then be observed in mag-
nified form by turning the oscilloscope
HORIZ POSITION control. The lamp
below the X10 designation on the in-
strument panel lights whenever the
magnifier is on.

TRIGGER B (DLY'D SWEEP)

For trigger

purpose,

NOTE
the SOURCE, COUPLING,

and SLOPE switches, and the TRIG LEVEL control
operate only when the HORIZ DISPLAY switch
is set to either of the delayed sweep positions
which have arrows pointing to the trigger B block.
The SOURCE and COUPLING switches have addi-
tional functions when the HORIZ DISPLAY switch
is set to EXT INPUT.

SOURCE

COUPLING

AC

DC
SLOPE (+ or —]}

TRIG LEVEL

Permits the B sweep triggering signal
to be obtained from the vertical plug-
in unit (INT} or from the TRIG IN
connector (EXT). When external hori-
zontal deflection signals are used, the
SOURCE switch must be set to EXT.

Permits acceptance or rejection of some
triggering signal or external horizontal
deflection signal characteristics:

Rejects dec and attenuates very low-
frequency signals.

Accepts ac and dc signals.

Determines whether B sweep trigger-
ing will occur during the positive-going
(+)} or negative-going {—) portion of
the triggering signal.

Triggering level. Selects the amplitude
point on the triggering signal where
B sweep triggering will occur.



TIME BASE B (DLY’'D SWEEP)

TIME/CM Provides 24 calibrated delayed-sweep
rates. To set the delayed-sweep rate
without changing delaying (A} sweep,
pull outward on the DELAYED SWEEP
knob. Turn the knob at least one posi-
tion clockwise before allowing it to
move inward. DELAYED SWEEP can
now be changed independently as long
as it is not set to the same position as
delaying sweep.

B (variable) Provides continuously variable uncali-
brated B sweep rates between about
0.4 and 1.0 times the rate indicated
by the TIME/CM switch. Whenever B
is not set fo CALIB, the UNCAL lamp

will light.

NORMAL SWEEP OPERATION
General Information

The control and switch settings listed previously under
“First-Time Operation”" establish the basic conditions neces-
sary for most measurements.

The following paragraphs describe in detail each con-
trol and switch used in normal sweep operation.

Sweep Triggering

In most cases, it is desirable for a repetitive signal to
produce a stationary display on the crt so the waveform
can be examined in detail. As a necessary condition for
this type of display, the start of each sweep must bear o
definite fixed-time relationship to the events in the input
signal. This can be accomplished by using the displayed
signal or another related signal to start {trigger) each single
or repetitive sweep.

The following controls provide complete control over the
means of triggering the A sweep.

TRIG MODE

FREE RUN. Free-running operation produces continuously
repetitive sweeps, independent of any triggering signal.
These sweeps provide a reference trace, as does the AUTO
position. This method of operation is useful in applications
where a device under test requires a trigger or input signal.
The front-panel +GATE A or SWEEP A output signal may
be used to operate the device under test. The resulting
signals displayed on the crt will then be synchronized with
the sweep.

AUTO. Automatic triggering is frequently used for ease of
operation and because of the reference trace produced in
the absence of a triggering signal. It can be used to ob-
serve a large variety of signals with ease, requiring little
or no resetting of the triggering controls.

Automatic triggering is useful for obtaining stable dis-
plays of signals above about 20 cps. In AUTO, the normal
condition is for the time base to free run. If a triggering
signal is received, the free-running condition is interrupted,
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but this first event in the signal does not trigger a sweep.
If the first signal event is followed by a second event within
about 80 milliseconds, a triggered sweep is initiated, and
if not, the free-running sweep resumes.

Since the dormant period is limited to about 80 milli-
seconds, signals having frequencies below about 20 cps
cannot produce a triggered sweep in the AUTO mode.
For such signals, the NORM mode must be used.

NORM. In the NORM or normal mode, the usual condi-
tion is for the time base to be dormant. Each sweep is
initiated by the triggering signal.

SINGLE SWEEP. Single sweep is often used when photo-
graphing nonrepetitive waveforms and in other applications
where the vertical input signal continually varies in ampli-
tude, shape, or time interval. A continuous display of such
signals would appear as a jumbled mixture of many dif-
ferent waveforms and would yield litle or no useful in-
formation.

The Type 11B2 permits you to obtain a single sweep
presentation and eliminate all subsequent sweeps so in-
formation is clearly recorded without confusion resulting
from multiple traces.

When the TRIG MODE switch is set to SINGLE SWEEP,
time base A becomes inoperative. The time base can be
“reset" to the triggerable condition by pressing the RESET
button or by applying a fast-rise positive-going pulse of
about 5-volts amplitude to pin F of J101 on the rear panel
of the oscilloscope (pin C is ground). If there is sufficient
delay before triggering, the RESET lamp will light to show
that time base A is ready to be triggered. When the time
base has been triggered and one sweep completed, the
time base again becomes inoperative and the lamp will
be extinguished.

SOURCE

INT. It is usually convenient to obtain the sweep frigger-
ing signal internally {INT) from the vertical deflection
system.

LINE. If the displayed signal frequency is related to the
power-line frequency, the line source can be used. This
source is particularly useful when the displayed signal will
not allow stable internal triggering.

EXT. External triggering is often used when signal tracing
in amplifiers, phase-shift networks, and wave-shaping cir-
cuits. The signal from a single point in the circuit can be
connected to the TRIG IN connector through a signal probe
or a cable. With this signal triggering the sweep, it is
possible to observe the shaping, amplification, and time
relationship of a signal at various points in the circuit with-
out resetting the triggering controls.

EXT = 10. The only difference between external (EXT)
and external divided-by-10 (EXT - 10} is that the latter
aftenuates the external triggering signal. Attenuation of
high-amplitude external triggering signals is desirable to
broaden the TRIG LEVEL control range. (The division factor
is X100 when ac low-frequency reject coupling is used.)

COUPLING

The trigger A COUPLING switch permits you to accept
or reject certain properties of triggering signals. Three
means of coupling are provided:
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DC. Dc coupling allows the trigger circuits to receive sig-
nals of all frequencies and dc levels.

AC. Ac coupling rejects the dc component of triggering
signals and attenuates ac signals below about 20 cps.

AC LF REJ. Ac low-frequency reject coupling rejects the
dc component of triggering signals and rejects ac signals
below about 1000 cps.

In general, ac coupling is used. It will be necessary to
dc couple for very low-frequency triggering signals. If
line-frequency hum is mixed with the desired high-frequency
triggering signal, best results may be obtained using ac
low-frequency reject coupling.

Ac low-frequency reject coupling should also be used
when triggering internally from multi-trace plug-in  units
operated in the alternate-trace mode (unless the “trigger
from a single channel only” feature of the plug-in is used).
For additional information, see the multi-trace vertical
plug-in unit instruction manual.

SLOPE

Sweeps can be triggered during either the rising or falling
portion of the triggering signal. When the display consists
of several cycles of the input signal, either setting of the
SLOPE switch may be used. However, if you wish to dis-
play less than one full cycle of the input signal, the SLOPE
switch permits you to start the sweep on the desired slope;
either rising (4 slope) or falling (— slope).

TRIG LEVEL

The TRIG LEVEL control determines the instantaneous
voltage on the triggering signal at which the sweep is
triggered. (This instantaneous voltage can include a dc
component if the COUPLING switch is set to DC.) With
the SLOPE switch at -+, adjustment of the TRIG LEVEL
control makes it possible to trigger the sweep consistently
at virtually any point on the positive slope of the trigger-
ing signal. Likewise, with the SLOPE switch at —, adjust-
ment of the TRIG LEVEL control makes it possible to trigger
the sweep consistently at virtually any point on the nega-
tive slope of the friggering signal.

HF STABILITY

The HF STABILITY control is used only when the trigger-
ing signal frequency is above 5 or 10 megacycles, and then
only if the triggered sweep display tends to jitter hori-
zontally. In such cases the control may be set for mini-
mum jitter. At lower frequencies the setting of the HF
STABILITY contro!l is not important.

Sweep Rates

Time Base A has 24 calibrated sweep rates ranging from
0.1 microsecond per centimeter to 5 seconds per centi-
meter. Calibrated sweep rates are obtained only when the
VARIABLE A control is snapped in the fully clockwise posi-
tion. The VARIABLE A control and MAG switch, used in
conjunction with the TIME/CM switch, permit the sweep
rate to be varied continuously between 10 nanoseconds and
about 12 seconds per centimeter. (The MAG switch is dis-
cussed under "Sweep Magnification”.}) All sweep rates ob-

2-4

tained with the VARIABLE A control in any but the fully
clockwise position are uncalibrated. Uncalibrated sweep
rates are indicated when the UNCAL lamp is lit. How-
ever, this lamp will also light when the B variable control
is not set to CALIB.

The sweep-rate value being used appears between the
two black lines on the clear plastic flange of the TIME/CM
knob. If the DELAYED SWEEP knob is pulled outward, it
will disengage from the clear plastic flange. This permits
changing the sweep rate of the delayed sweep without a
change in the delay time generated by the delaying sweep.
Hence, at times you may find that turning the knob will not
change the A sweep rate. If this occurs, turn the knob until
the indicator dot is between the black lines on the flange.
The knob and the flange will then lock together and the
A sweep rate can be changed.

Sweep Magnification

Any signal displayed on the oscilloscope can be expanded
horizontally 10 times by setting the MAG switch to X10. This
switch has the same effect whether the horizontal deflection
is produced by one of the time bases in the Type 11B2 or
by an external signal passing through the amplifier in the
Type 11B2. The lamp next to the X10 panel marking lights
whenever the magnifier is turned to XI10.

When internal sweeps are used, the magnifier increases
the observed sweep rate by 10 times the TIME/CM switch
setting. The true sweep rate is then found by multiplying
the setting of the TIME/CM switch by 0.1

The 1-centimeter portion at the horizontal center of the
graticule of an unmagnified display is expanded and re-
mains centered in the full 10-centimeter width of the grati-
cule when the magnifier is turned on. Any other 1-centi-
meter portion of the original unmagnified display can then
be observed in magnified form by using the HORIZ POSI-
TION control to position that portion on the crt.

NON-TRIGGERED DELAYED SWEEP

Introduction

The following procedures describe various measurements
and other operations that can be performed by using de-
layed sweep.

First, set the controls and switches as listed in Table
2-1. Then, set the oscilloscope HORIZ POSITION control
so the trace begins precisely af the left edge of the grati-
cule. Notice the position of the intensified segment in the
trace.

Now set the A DELAY TIME switch to 2SEC and B
TIME/CM  switch to 20 mSEC. The intensified segment
should be at the same position as with the previous sweep
rates.

Connect the SWEEP B output on the Type 11B2 to the
vertical plug-in unit input. Notice that the B sweep saw-
tooth and the intensified segment in the trace start and
end at the same time. This display shows that B produces
one sweep during each A sweep. The B ftrigger switches
and B TRIG LEVEL control have no effect on the operation.
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The A sweep rate is 0.2 second per centimeter and the
intensified segment begins 5 centimeters after the beginning
of the trace. Hence, the B sweep starts one second after
the A sweep (0.2 second per centimeter times 5 centimeters).

The number of centimeters between the beginning of the
trace and the beginning of the intensified segment is estab-
lished by the setting of the DELAY TIME MULT dial. There-
fore, with any dial setting, the time difference between
the beginning of the A and B sweeps is the product of the
A DELAY TIME switch and the DELAY TIME MULT dial set-
tings.

TABLE 2-1
Set the applicable front-panel controls as follows:
Type 11B2
A TRIG MODE AUTO
A SOURCE INT
A COUPLING AC
A SLOPE +
A TRIG LEVEL 0
A DELAY TIME 1 mSEC
B TIME/CM .1 mSEC
VARIABLE A (and B) CALIB

HORIZ DISPLAY A INTEN BY B non-triggered

{to the left of A on the panel)

MAG OFF
DELAY TIME MULT 5.00
Oscilloscope
1KC CALIBRATOR 10 VOLTS
HORIZ POSITION Centered

INTENSITY So both intensity levels in

the trace are easily seen

Vertical Unit

VOLTS/CM 5
VARIABLE CALIB
AC-DC-GND DC
MODE CH 1
POSITION Trace centered
TRIGGER NORM
PULL TO INVERT Pushed in

The following procedures describe five common applica-
tions of the delayed-sweep feature. The applications in-
clude time measurements which are more accurate than
those obtained directly from the crt display, and other
operations that can only be performed on oscilloscopes
having a delayed-sweep feature.

Demonstration 1

Demonstration 1 describes how to measure the time be-
tween two pulses; the first of which triggers Time Base A.
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Set the Type 11B2 controls as listed in Table 2-1 except
as follows:
A DELAY TIME
B TIME/CM

.1 mSEC
1 uSEC

Apply the oscilloscope 1-Kec Calibrator signal to the
vertical input. If necessary, adjust the A TRIG LEVEL con-
trol to obtain a stable display. The display should consist
of about one cycle of the square-wave signal.

Set the DELAY TIME MULT dial so the falling portion of
the square wave is intensified. Set the HORIZ DISPLAY
switch to B DLY'D BY A non-triggered (to the left of A
on the panel). The display should now be a horizontally
expanded version of the signal observed in the intensified
segment of the previous display.

Set the DELAY TIME MULT dial so the trace starts at
about the 50% amplitude level of the falling portion of
the square wave. Multiply the DELAY TIME MULT dial
reading (e.g. 5.03) by the A DELAY TIME switch setting.
The product is the time duration of the square-wave posi-
tive-going half cycle.

Accuracy. Determined by the combination of ALL the
following factors:

1. The basic accuracy of time measurements made by
using the Time Base A Generator is as stated in Section 1
of this manual. In measurements made directly from the
crt, the accuracy figure is the percentage of the total time
represented within the 10-centimeter graticule (percent of
full scale). However, when the measurement is made by
using the sweep-delay feature, the accuracy is a percentage
of the time being measured.

2. The effect of sweep-delay system linearity on mea-
surement accuracy depends on the DELAY TIME MULT
dial setting used. Inaccuracy due to non-linearity is gen-
erally negligible when dial settings above 2.0 or 2.5 are
used. It is usually possible to avoid lower dial settings by
setting the DELAY TIME switch for the shortest calibrated
interval that will provide adequate delay range.

3. The triggering point can affect measurement accuracy,
since the triggering signal does not rise instantaneously.
For example, if the first portion of a pulse rise triggers
the sweep, most of the pulse risetime will be included in
the measurement. This is of little concern in measurements
such as Demonstration 1 where the risetime is small in re-
lation to the measured time. As the risetime, in relation
to the measured time increases, it becomes more impor-
tant that the triggering point be known. One way to estab-
lish a known triggering point is to set the TRIG LEVEL con-
trol at one end of the range in which a stable-triggered A
intensified by B display is obtained. Most of the signal rise-
time will be included in the measurement when:

a. The A trigger SLOPE switch is set to 4+ and TRIG LEVEL
control is set to the — end of the triggering range
{positive-going signals).

b. The A trigger SLOPE switch is set to — and TRIG LEVEL
control is set to the + end of the triggering range
(negative-going signals).
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4. The A Trigger Generator, Time Base A Generator, and
Time Base B Generator circuits typically require a net total
of about 30 to 40 nanoseconds to respond to the signal
event which triggers A. This small inherent delay need not
be considered unless it is a significant percentage of the
time being measured. When necessary, add the net circuit
delay time to the measured time.

The “method described in Demonstration 1 will provide
a time measurement accuracy within 1.5% of reading. Ac-
curacy will be greatest when:

a. DELAY TIME MULT dial settings above 2.0 or 2.5
are used.

b. The event triggering A has a fast risetime.

c. DELAY TIME switch settings of 1 usec/em or slower
are used.

Demonstration 2

Demonstration 2 describes how to measure the time be-
tween two pulses, neither of which triggers A.

Set the Type 11B2 controls as listed in Table 2-1 except
as follows:

A DELAY TIME .2 mSEC

Apply the oscilloscope 1-Kc Calibrator signal to the
vertical input. If necessary, adjust the A TRIG LEVEL con-
trol to obtain a stable display. The display should consist
of about two cycles of the square-wave signal. Set the
DELAY TIME MULT dial so the square-wave rise located
near the center of the display is intensified.

Set the HORIZ DISPLAY switch to B DLY'D BY A non-
triggered {to the left of A on the panel). The display should
now be a horizontally expanded version of the intensified
segment observed in the previous display.

Set the DELAY TIME MULT dial so the 50% amplitude
level of the square-wave rise intersects the vertical line at
the center of the graticule. Note the exact DELAY TIME
MULT dial setting (e.g. 5.04). Turn the DELAY TIME MULT
dial clockwise until the 50% amplitude level of the square-
wave fall intersects the same vertical graticule line used
with the previous dial setting. Again note the exact DELAY
TIME MULT dial setting.

Subtract the first dial setting from the second. The
product of this difference and the A DELAY TIME switch set-
ting equals the time duration of the square-wave positive-
going half cycle (between the 50% amplitude points). In
this case, the time duration should be between 0.494 and
0.506 millisecond.

Accuracy. Determined by the combination of ALL the fol-
lowing factors:

1. The basic accuracy of the A delay time as described
in Demonstration 1.

2. The error that the sweep delay system linearity adds
to the measurement depends on the numerical difference
between the two dial settings used. The error decreases as
the numerical difference increases. The time error in this
type of measurement is less than 0.15% of the full-scale
delay (£0.15% of ten times the A DELAY TIME switch
setting). However, this applies only when the DELAY TIME
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MULT dial settings are separafed by at least one full dial
turn.

NOTE
When the separation between dial settings is one
full dial turn or less, the desired time measure-
ment can often be made more accurately by direct
reading from a magnified crt display. See Demon-
stration 3.

3. The accuracy of time measurements made according
to Demonstration 2 is independent of the inherent circuit
delays and of the triggering point (discussed in Demonstra-
tion 1), provided the A TRIG LEVEL control setting is the
same for each of the two dial readings.

The method described in Demonstration 2 provides time
measurement accuracy within 1.5% of reading. Accuracy
will be greatest when:

a. The numerical difference between the two DELAY
TIME MULT dial settings is greatest.

b. DELAY TIME switch settings of 1 usec/em or slower
are used.

Demonstration 3

Demonstration 3 describes how to accurately magnity
any event within a series of events by factors of two to
several thousand.

Complex signals often consist of a number of individual
events of different amplitudes. Since the trigger circuits of
the Type 11B2 are sensitive to signal amplitude, a stable
display will normally be obtained only when the sweep is
triggered by the event having the greatest amplitude. The
B DLY'D BY A non-triggered mode (to the left of A on the
HORIZ DISPLAY switch) permits the start of a sweep to be
delayed for a selected time after the signal event having
the greatest amplitude. Any event within the series of
events may then be displayed in magnified form as follows:

Set the Type 11B2 controls as listed in Table 2-1. Apply
the oscilloscope 1-Ke Calibrator signal to the vertical input.
If necessary, adjust the A TRIG LEVEL control to obtain
a stable display. The display should consist of several
cycles of the square-wave signal. Set the DELAY TIME
MULT dial to intensify one of the positive-going pulses.

Set the HORIZ DISPLAY switch to B DLY'D BY A non-
triggered (to the left of A on the panel). The display now
contains the same signal information as the intensified trace
segment in the previous display, but horizontally expanded
(magnified) ten times.

Increase the B sweep rate to 1 microsecond per centi-
meter. Set the DELAY TIME MULT dial to position a square-
wave rise on the crt. The display now provides X1000
magnification over that previously observed with the HORIZ
DISPLAY switch in A INTEN BY B.

Slowly turn the DELAY TIME MULT dial. Note that any
portion of the square-wave display can be brought into
view in magnified form.

The DELAY TIME MULT dial indication corresponds to the
number of centimeters between the beginning of the A
INTEN BY B trace and the beginning of the intensified trace
segment (e.g. 7.00 = 7 centimeters}.



The B DLY'D BY A display will probably exhibit some
horizontal jitter. The time jitter contributed by the de'ay
system is less than 5 X 10* times the A DELAY TIME
switch setting. Since the sweep rate of the delayed sweep
is now 1 microsecond per centimeter, the jitter due to the
delay system is less than one-half centimeter.

Accuracy. Depends solely on the displayed B sweep-rate
accuracy as listed in Section 1 of this manual.

Demonstration 4

Ordinarily, the signal to be displayed is also used to
trigger the oscilloscope. In some instances, it may be de-
sirable to reverse this situation. The sweep-related output
pulses, available at the front panel of the Type 11B2 can
be used as the input or triggering signal for external de-
vices. The output signal of the external device will then
produce a stable display while the oscilloscope sweep
free runs.

Set the Type 11B2 controls as listed in Table 2-1 except
as follows:

A SOURCE EXT
DELAY TIME MULT 1.00

Connect the Type 11B2 + GATE B output to the vertical
input. The display should consist of a positive-going pulse
about T-centimeter wide. This pulse is available from the
Type 11B2 during each A sweep. In a practical applica-
tion, the pulse would not be applied to the vertical input
but to some external device to be tested. The puise would
serve as the trigger pulse or input signal for the external
device and the output of the device would be displayed on
the oscilloscope. Since the pulse has a known time rela-
tionship to each A sweep, the output of the device would
provide a stable display on the oscilloscope, as though the
oscilloscope were triggered in the normal manner.

Demonstration 5

The Type 11B2 + GATE B output signal can provide a
pulse with a variable up rate and duty factor.

Set the Type 11B2 controls as follows:

HORIZ DISPLAY A INTEN BY B non-triggered
{to the left of A on the panel)

DELAY TIME MULT About 0.30
TRIG MODE FREE RUN

The pulse signal is available at the + GATE B connector.
Monitor the signal on another oscilloscope and establish the
desired pulse repetition rate by setting the A DELAY TIME
switch and VARIABLE A control. Establish the desired duty
factor by setting the B TIME/CM switch and variable B
control.

The maximum pulse-repetition frequency that can be
obtained in this manner is about 130 kc. Maximum duty
factor is about 0.9, decreasing to about 0.15 with faster
sweep rates.

TRIGGERED DELAYED SWEEP

Complex signals often contain a number of individual
events of different amplitudes. Since the trigger circuits
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in the Type 11B2 are sensitive to signal amplitude, a stable
display will normally be obtained only when the sweep
is triggered by the event having the greatest amplitude.

The B DLY'D BY A triggered position (to the right of A
on the HORIZ DISPLAY switch) provides a means of trigger-
ing the sweep by events other than those having the greatest
amplitude. The following instructions demonstrate that Time
Base B can be triggered by virtually any event within a
series of events.

Set the Type 11B2 controls as listed in Table 2-1 except
as follows:

B COUPLING AC
B SOURCE INT
B SLOPE +
B TRIG LEVEL 0

Connect the oscilloscope CAL OUT signal to the vertical
input. If necessary, adjust the A TRIG LEVEL control to
obtain a stable square-wave display.

Turn the DELAY TIME MULT dial about 2 turns in either
direction. Notice that the brightened segment in the display
moves smoothly across the crt.

Set the DELAY TIME MULT dial so the brightened seg-
ment begins about the middle of a pulse top. Set the HORIZ
DISPLAY switch to B DLY'D BY A non-triggered {to the left
of A) and notice that this display also begins in the middle
of a pulse top. Now, set the HORIZ DISPLAY switch to A
INTEN BY B triggered {to the right of A). Notice that the
brightened segment in the display has shifted to the next
pulse on the right. {If the brightened segment is not present,
or is unstable, readjust the B TRIG LEVEL control) Turn
the DELAY TIME MULT dial several full turns. The bright-
ened segment in the display should jump from one pulse
to the next. Set the HORIZ DISPLAY switch to B DLY'D BY A
triggered {fo the right of A) and notice that the display
now begins within the rising portion of the pulse. With
the present display, turning the DELAY TIME MULT dial will
cause no change in the display, since all of the 1-Kc Cali-
brator pulses are the same shape. However, if the input
signal consists of a repeating series of dissimilar pulses,
turning the dial will provide a triggered display of each
pulse in the series {provided the B TRIG LEVEL control is
set for triggering on the smallest pulse).

The display is produced in the following manner:

Time Base B produces one sweep during each A sweep.
B sweep will begin at some time after the start of A sweep.
This time is the total of the A DELAY TIME switch setting
multiplied by the DELAY TIME MULT dial setting, plus the
time between the end of this delay interval and the next
event in the signal which can trigger B.

B sweep occurs only if B is triggered before A sweep
ends. I[f A sweep ends while B sweep is in progress, B
sweep will also terminate. If this occurs, a B delayed by A
display will not be the full width of the graticule.

EXTERNAL HORIZONTAL DEFLECTION

For special applications, you can produce horizontal de-
flection with an externally derived signal. This permits
you to use the oscilloscope system to plot one function
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against another (e.g. Lissajous figures). However, the system
is not intended for qualitative phase-angle measurements.

To use an external signal for horizontal deflection, con-
nect the signal to the B TRIG IN OR EXT INPUT connector.
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Set the HORIZ DISPLAY switch to EXT INPUT and the B
SOURCE switch to EXT. The signal can be either ac or
dc coupled to the deflection amplifier by setting the B
COUPLING switch. The MAG switch can be turned to
X10 fo increase the horizontal deflection by a factor of 10.



SECTION 3
CIRCUIT DESCRIPTION

General Information

This portion of the instruction manual presents a detailed
discussion of the Type 11B2 circuitry. This discussion refers
to various block diagrams inserted in the text and to the
schematics in Section 5.

A block diagram of the Type 11B2 is also provided in Sec-
tion 5. The relationship of the circuits in each block to
those in other portions of the system is discussed in the
detailed description of that block.

TRIGGER GENERATOR

For best triggering stability, the time-base generators re-
quire trigger pulses that are representative of the triggering-
signal frequency, but with greater wave-shape consistency
than the signals generally encountered. The Trigger Gen-
erator converts the triggering signal into a pulse having a
consistently fast risetime while retaining the characteristic
repetition frequency of the triggering signal. The converted
pulse is then used to trigger the time-base sweep.

Sections A and B of the Trigger Generator operate sim-
ilarly for sweep triggering; but section B has an alterna-
tive function. The input cathode follower in section B is
used as an isolation stage when external horizontal de-
flection signals are used.

The block diagram, Fig. 3-1, shows the basic elements of
the Trigger Generator.

The A triggering signal can be selected from three sources:
internal, line, or external. External (EXT) triggering signals
are connected to the A TRIG IN connector and high-
amplitude external signals can be attenuated by setting
the A SOURCE switch to EXT = 10. This forms an input
divider consisting of R29 and R30A. [If the COUPLING
switch is set to AC LF REJ, about 100 times attenuation is
obtained because R30B parallels R30A.

The line-source signal comes from a divider connected
to a low-voltage winding of the oscilloscope power trans-
former.

The internal-source signal comes from the vertical deflec-
tion plug-in unit to the Type 11B2 Internal Trigger Preamp.
The Preamp consists of a push-pull driven, single-ended
output, paraphase amplifier driving a complementary
emitter follower.

The samples of the vertical defiection signal applied to
the bases of Q14A and B are of opposite polarity. If, for
example, the signal increases the QI14A current, it will
decrease the QI14B current. Due to the common-emitter
coupling, a current increase through Q14A will compound
the current reduction in Q14B. INT TRIG DC LEVEL (R7}
is adjusted during calibration so the "no signal” dc volt-
age delivered to the SOURCE switch will be zero volts
when the trace is vertically positioned near the center of
the graticule.

A TRIG IN
D55 Q64
p— PULSE AUTO-TRIGGER
T OBXT g OuT PULSE
>——»{al4Aa Qz3A Int CATHODE as4
Q238 FOLLOWER l SWEEP-GATING
LINE vas Q44A Q448 TR'E&E’;
FROM INTERNAL | CURRENT
VERT. TRIGGER SWITCH <———I
PLUG-IN PREAMP
EMITTER A
FOLLOWER TRIG
>—»{0148 Q43 LEVEL
A
B
D95
—— ]
PULSE
out
CATHODE —
L O@—o0p| FOLLOWER Q94
B TRIG IN INT v73 SWEEP-%?TINEG
OR EXT (O—»—0 gﬁsg
INPUT EXT CURRENT
= SWITCH 4—‘—“
Q84A Q848
EMITTER B
FOLLOWER TRIG
Q83 LEVEL

Fig. 3-1. Trigger generator block diagram.
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The amplified triggering signal from the paraphase ampli-
fier is applied to the base of Q23A, and in slightly atten-
vated form, to the base of Q23B. The combined function
of Q23A and Q23B is that of an emitter follower, but this
special configuration overcomes a common limitation of
conventional emitter followers by providing equally fast re-
sponse for both positive- and negative-going portions of a
signal. The output signal is available to both the A and B
SOURCE switches.

in the AC position of the COUPLING switch, C30A and
R30A provide a coupling time contant such that dc and very
low-frequency ac signals are rejected. In the AC LF REJ
position, the coupling time constant is decreased so the
ac rejection includes somewhat higher frequencies. This
rejection is primarily intended to prevent triggering on the
dc-level switching information encountered in alternate-trace
operation of vertical plug-in units. The signal from the A
COUPLING switch is applied to the grid of cathode follower
V33. R30C, D30, and D31 protect V33 from triggering sig-
nals with excessive amplitude.

The triggering signal from the cathode follower is applied
to the base of Q44A. D33 protects Q44A by limiting nega-
tive voltage excursions to about —16 volis.

Q44A and Q44B form a sensitive current switch. If the
instantaneous triggering signal voltage at the base of Q44A
is more positive than the voltage established at the base of
Q44B by the TRIG LEVEL control, Q44A will conduct. Unless
the base voltages are very nearly equal, the two transis-
tors cannot conduct at the same time due to the common-
emitter coupling. Hence, as the positive-going portion of the
triggering signal drives the base of Q44A from negative to
positive, with respect to the base of Q44B, the current
through R44 switches from Q44B to Q44A.

When the SLOPE switch is set to 4+, Q44A collector cur-
rent must pass through D45A. The current then divides with
the greatest portion passing through tunnel diode D55. This
current puts the tunnel diode in its high state (see Fig. 3-2).

When Q44A is off, the tunnel diode is in its low state.
With the SLOPE switch set to —, the Q44B collector cur-
rent controls the tunnel diode. Hence, with the SLOPE
switch set to -, the tunnel diode will switch to its high
state when Q44A comes into conduction, and with the
SLOPE switch to — the tunnel diode will switch to its high
state when Q44B comes into conduction.

As is characteristic of a tunnel diode, the transition from
the low-voltage state to the high-voltage state occurs very
rapidly, no matter how slowly the current increases. There-
fore, this switching action of the tunnel diode provides the
base of Q54 with a fast-rise, negative-going pulse.

When the tunnel diode suddenly drives the Q54 base
negative, Q54 is driven into heavy conduction. While the
Q54 steady-state current passes through the high resistance
of R53, the very fost-rise base pulse enables Q54 to pass
considerable current through C53 and the series combina-
tion of Cé3, Qé4, and Ré1. Due to the short time constants
in the Q54 emitter circuit, the Q54 current- rapidly de-
creases to the steady-state level, even though the tunnel
diode may remain in the high state. Thus, fast-rise positive-
going pulses are developed simultaneously at the collectors

of Q54 and Qé4.
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Fig. 3-2. Tunnel diode characteristics.

When the friggering signal resets the tunnel diode to
its low state, Q54 turns off, but rapidly recovers to the
steady-state conduction level. The output pulses produced
at reset have no effect on Sweep Generator A.

The operation of section B of the Trigger Generator is
similar to section A until the signal reaches the cathode
circuit of V73. When the HORIZ DISPLAY switch is set to
B DLY'D BY A non-triggered, A INTEN BY B non-triggered,
or A, the —15-volt source at the ends of R75D and R75F, and
the cathode potential of V73, back bias D73 and D74, Hence,
no signal passes this point. Current is diverted through
R75A to maintain the proper current value through V73.
When the HORIZ DISPLAY switch is set to EXT INPUT, D73
remains back biased, but D74 conducts and an external
horizontal deflection signal will be passed to the Horizontal
Preamp. The network consisting of R73, D75, R75E, and
R76, offsets a zero-referenced signal to about +7 volts.
This is approximately the voltage at the 50% amplitude point
on the A and B sawtooth sweep signals. Thus, if the operator
centers the A or B sweep display and then sets the HORIZ
DISPLAY switch to EXT INPUT, a display produced by a
zero-referenced horizontal deflection signal will also be
centered.

With the HORIZ DISPLAY switch set to A INTEN BY B
triggered or B DLY'D BY A triggered, D74 is back biased
while D73 passes the triggering signal to the base of Q84A.

The remainder of section B is identical to section A, with
two exceptions. B Sweep Generator has no automatic
triggering circuit; thus section B of the Trigger Generator
has no automatic trigger pulse output amplifier. Also, the
B TRIG LEVEL control is connected differently. When an
external triggering signal is used for section B, the B trig-
gering-level voltage range is about twice that obtained in
section A when the A SOURCE switch is set to EXT.
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SWEEP GENERATOR A

Sweep Generator A produces four simultaneous output
signals (see Fig 3-3.)

1. A positive-going sawtooth that is applied to the Delay
Pickoff section of Sweep Generator B, and which can be
applied to the Horizontal Preamp by proper setting of the
HORIZ DISPLAY switch. The positive-going sawtooth s
also available for external use at the SWEEP A front-panel
connector.

2. A negative-going crt unblanking pulse having the same
duration as the sweep sawtooth rise. Coupled to the
oscilloscope Crt Circuit when the Type 11B2 HORIZ DIS-
PLAY switch is set to A or A INTEN BY B (triggered and
non-triggered).

3. A positive-going pulse {(+ GATE A} having the same
duration as the sweep sawtooth rise. Coupled to a front-
panel connector for external use.

4. A negative-going multi-tfrace sync pulse occurring at
the end of the sweep sawtooth rise. Coupled to the vertical
plug-in unit interconnecting socket. Causes a multi-trace
plug-in unit, operating in the alternate mode, to switch
channels.

In most applications, each cycle of events is started by
a trigger pulse from the Trigger Generator. However, it is
also possible to free run Sweep Generator A; that is, the end
of one cycle will cause the next cycle to begin. The desired
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operation is selected by setting the TRIG MODE switch. The
four operating modes provided by the TRIG MODE switch are
described in Section 2 of this manual.

The block diagram, Fig. 3-3, shows the basic elements
of Sweep Generator A,

The Sweep-Gating Multi is an electronic switch that drives
the Gate Amplifier to turn the Disconnect Diode on and
off. When the Disconnect Diode is switched off, the Miller
Runup Integrator begins to produce a sawtooth signal.
A sample of the sawtooth is fed back to the Gate Enable
Multi to reset the Sweep-Gating Multi as the sawtooth
reaches a certain amplitude. As the Sweep-Gating Multi
resets, the Disconnect Diode is switched on, and the Miller
Runup resets to form the retrace or falling portion of the
sawtooth. Following a short stabilization period, Sweep
Generator A is ready to repeat the sequence.

The TRIG MODE switch provides four ways to switch the
Sweep-Gating Multi so that the sweep will begin. In NORM,
the multi is switched by a pulse from the Trigger Generator.
In SINGLE SWEEP, two pulses are required to start EACH
sweep. First, a pulse from the Reset Amplifier {originating
at the RESET pushbutton or from an external device through
pin F of JI01 on the rear panel of the oscilloscope) resets
the Gate-Enable Multi. Then, after reset, the Sweep-Gating
Multi can be switched by a pulse from the Trigger Generator.
FREE RUN results in recurrent sweeps that are independent of
any triggering signal. The retrace portion of one sawtooth
switches the multi to begin the next sawtooth.

'—-———RESET
RESET EXT RESET
QI95A  QI95B AMp INPUT
Q204
GATE-
ENABLE -
MULTI < - - l >
r—P
Q183 Q1738
Q
AUTO- =
TRIGGER AUTO- Q173A (si‘\yvig’o?m
PULSE —» TRIGGER — ¢ MILLER
MuLTI D158 RUNUP
D105 Ql14 GATE .
AMP
-— 9
SWEEP-GATING Q124 Q154 D159 V16l
TRIGGER PULSE [
SWEEP- + Q164
GATING
MuLT
- BLANKI
D125 & UN NG
l————»—O{ )+ GATE A
+GATE & MULTI- =
L »] " TRACE SYNC —»?YUJL"TRACE
AMP
Q134A Q1348
Fig. 3-3. Sweep Generator A block diagram.
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AUTO is a combination of NORM and FREE RUN. If there
are no trigger pulses coming from the Trigger Generator,
the Auto-Trigger Muiti holds the Sweep-Gating Multi in the
“free run” condition. When a pulse comes from the Trigger
Generator, the Auto-Trigger Multi switches the Sweep-Gating
Multi to the “normal” condition, but this first trigger pulse
does not start a sweep. If the first trigger pulse is followed
by a second within about 80 milliseconds, the Sweep-Gating
Multi will switch and a sweep will begin. If trigger pulses
continue to arrive every 80 milliseconds or less, the Auto-Trig-
ger Multi will remain in the normal condition and each sweep
will be a triggered sweep. Whenever the period between
trigger pulses exceeds 80 milliseconds, the Auto-Trigger Multi
will revert to the free-run condition until the next trigger
pulse arrives.

The following description refers to the Sweep Generator
A schematic in the back of this manual. The first portion
of the description pertains to operation with the TRIG
MODE switch set to NORM.

Quiescent Conditions

In the quiescent state; that is, when the sweep generator
is triggerable but no sweep is being generated, the circuit
conditions are as follows:

Q1958 is conducting and Q195A is cut off. Q1958 estab-
lishes current through the parallel arrangement of D125,
D118, and D121. Tunnel diede D125 is in the low-voltage
state (see Fig. 3-2) so that Q124 is off. With Q124 off,
the series combination of R124 and R127 is effectively in
parallel with R154. Q154 conducts at a level which for-
ward biases Disconnect Diode D159 and diode D158,

The conduction of Q154 through R127 and R124 produces
about +6.5 volts at the Q124 collector. This voltage is
divided to about zero volts at the unblanking signal output
{see Interconnecting Plug schematic). Q134 conducts heavily,
but its collector and the + GATE A connector output are
clamped at about —0.6 volt by diode D133. Q134B is cut off
and the voltage on the multi-trace sync-pulse bus is about
+5 volts.

With Disconnect Diode D159 conducting, the grid of V16]
is clamped at about zero volts. D158 clamps the sawtooth
output bus at about +2.4 volts to provide a stable, repeat-
able sawtooth starting voltage. This starting voltage can
be set during calibration by adjusting DELAY START (R150).
The arm of the control is connected to the equivalent point
in Sweep Generator B so both will have the same sawtooth
starting voltage and will therefore produce sweeps that start
at the same point on the crt. The starting voltage is variable
over a small range to permit calibration of the DELAY TIME
MULT dial.

V161, Q164, and Q173A form a Miller Runup Integrator.
The tube and transistors are clamped at moderate conduc-
tion levels by D158 and D159. The QI73B emitter voltage
is about +1.8 volts, forward biasing D180 and D181. Q183
conducts heavily and reverse biases D183. Q195B is held on
by the divider consisting of R184, R185, R199, R193, and R194
paralleled by D193 and Q183.

With the TRIG MODE switch set to NORM, Q114 has no
collector supply and the Auto-Trigger Multi is disabled.
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Cycle of Operation

A sweep-gating trigger pulse will tum on D120 and turn
off D121. The Q195B current does not decrease yvhen D121
cuts off, but is transferred instead to tunnel dlodg D125,
rapidly switching it to its high-voltage state (see Fig. 3-2).

When the tunnel diode switches, Q124 turns on. The nega-
tive voltage step at the collector of Q124 provides the oscil-
loscope crt unblanking signal. Q134A cufs off, forming the
rise of the +GATE A connector output signal. QI34B
remains cut off.

The negative-going voltage step at the collector 9f Q124
is applied to the emitter of Q154, turning the transistor off.
Thus, Disconnect Diode D159 is rapidly switched off.

When the Disconnect Diode turns off, the current through
timing resistor R; does not cease, but instead begins to
charge timing capacitor C;. As the timing capacitor charges,
the grid of V161 goes negative. But the inverted and greatly
amplified change at the emitter of Q173A is fed back to the
timing capacitor and opposes the grid voltage chcpge. (The
positive-going change also turns off D158~)' _Thls action
persists throughout the sawtooth period and limits the total
grid voltage change to less than 0.02 volt. Since the voltage
drop across the timing resistor is held neGﬂY constant, ’rh.e
current through the resistor is essentially a'ﬂxed vclue.. This
fixed current flows into the timing capacitor, producmg a
linearly increasing voltage (sawtooth) across the capacitor.
D159 is a special diode that exhibits very low leakage upder
reverse-bias conditions. This characteristic prevents the diode
from effectively altering the timing resistance value.

The rate of the sawtooth rise is a function of the RC time
constant of the timing resistor and capacitor, gnd Of_ the
voltage magnitude at the negative end of the timing resistor.
Increasing the voltage across the timing resisfor increases
the current info the timing capacitor and therefore increases
the sawtooth rate of rise. The voltage across the fiming
resistor can be varied over about a 9-volt range k?)’ adjusting
A SWP CAL (R160W) shown on the Timing Swﬁcheg sche-
matic. R160W is adjusted during calibration to establish the
correct absolute rate of sawtooth rise and affects all A
sweep rates equaily.

The VARIABLE A front-panel control operates In mu.ch
the same manner as A SWP CAL, but permits a wider varia-
tion in sweep rate. This control permits the operator to
obtain uncalibrated sweep rates as much as two and one-
half times slower than the calibrated rates obtained with
the control set fully clockwise.

The sawtooth signal at the emitter of Q173A is C‘VC"'?b’e
to the Horizontal Preamp through the HORIZ DISPLAY switch,
and is applied to the Delay Pickoff circuit and the bose.of
Q173B. The rising voltage at the emitter of Q173B supplies
the front-panel A SWEEP connector output signal and charges
holdoff capacitor Cp o through D180 and D181. As the hold-
off capacitor charges, the base and emitter of Q183 go
more positive. D183 will become forward biased .cmd the
positive-going change at the emitter of Q183 .VY'” dr.lve
the base of Q195B more positive. As the posifive-going
Q195B base voltage equals and then surpasses fhe Q195A
base voltage, the R195 current switches regeneratively from
QI95B to QI195A.

When Q1958 turns off, tunnel diode D125 reverts to ifs
low-voltage state. The time duration of the sweep-gating
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trigger pulse, which started the cycle of operation, will
always be considerably less than the time duration of the
sweep. However, once the sweep-gating pulse switches
the tunne! diode to its high-voltage state, additional trigger
pulses can have no further affect on the operation. The
tunnel diode will revert to its low state only when Q195B
turns off.

As the tunnel diode reverts to its low state, Q124 turns
off. The Q124 collector voltage rises, blanking the oscil-
loscope crt. QT34A turns on, forming the falling portion of
the + GATE A connector output signal and driving Q134B
into conduction. C136 quickly discharges and Q134B turns
off. Thus, the multi-trace sync pulse is negative-going and
has a very short duration.

The positive-going voltage step at the collector of Q124
turns on QI154, forward biasing Disconnect Diode DI159.
Since the timing capacitor still holds the charge developed
during the sweep, D158 remains back-biased. The timing
capacitor begins to discharge through D159, Q154, and the
series-parallel combination of R154, R124, and R127. D158
will not conduct until the charge is nearly depleted.

The removal of the timing capacitor charge forms the
retrace or falling portion of the output sawtooth. As the
Q173B emitter voltage falls, D180 becomes back biased.
During the sawtooth rise, hold-off capacitor C,, charged
through D180, but must now discharge through the high
resistance of R180 and R181. Thus, timing capacitor C; will
have discharged, restoring the Miller Runup circuit to the
quiescent condition before the Q183 base voltage reaches
the quiescent level. This time lag can be varied slightly by
adjusting the front-panel HF STABILITY control. The need
for this variable time lag is discussed in a later paragraph.

As the hold-off capacitor discharges, the Q183 emitter
voltage falls. However, this falling voltage does not immed-
iately cause the R195 current to switch to Q195B. The volt-
age drop across R193 and R194, produced by the conduction
of Q195A, is divided by R199, R185, and R184 and holds
off Q195B. When the Q183 emitter voltage becomes low
enough to forward bias D193, the added current through
R193, R199, R185, and R184, pulls down the Q195B base
voltage and switches the R195 current to Q195B. The entire
sweep generator is then restored to the quiescent condition
described previously.

HF STABILITY control (R181) permits the operator to vary
slightly the time between the completion of a sweep and
the instant when the sweep generator again becomes
triggerable. As Q195B turns on after a sawtooth retrace,
a very short but sometimes significant amount of time is
required for the current through tunnel diode D125 to reach
the quiescent level. This recovery time is significant only
under the following conditions:

1. When the A sweep rate is faster than about 0.2 micro-
second per centimeter.

2. When the triggering frequency is above about 5 mega-
cycles.

3. When the relationship between the sweep rate and
triggering frequency is such that the sweep-gating trigger
pulse tends to frigger each new sweep while the tfunnel-
diode current is approaching the quiescent level.

A display obtained under these conditions may jitter
horizontally. The operator can minimize and often eliminate
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the jitter by resetting the HF STABILITY control. This will
either advance or delay the Q195B turn-on time so D125
can stabilize at the quiescent level in an interval between
sweep-gating trigger pulses.

FREE RUN Mode. Differs from the NORM mode as follows:

When TRIG MODE is set to FREE RUN, R117 is connected
to +15 volts and D118 is reverse biased. The Q195B cur-
rent that was carried by D118 in NORM operation is now
carried by tunnel diode D125. As Q195B turns on follow-
ing a sawtooth retrace, D125 will switch to its high-voltage
state without waiting for a sweep-gating trigger pulse.
(Moreover, trigger pulses will have no effect on the overall
operation.) Thus, the completion of one sweep causes the
next to begin.

AUTO Mode. The basic operation of the Auto-Trigger
Multi was described previously in the Sweep Generator A
block diagram discussion. The conduction state of the Auto-
Trigger Multi determines whether diode D118 will be for-
ward biased or reverse biased. When forward biased,
Sweep Generator A operates exactly as described for the
NORM mode. When D118 is reverse biased, Sweep Gen-
erator A operates as described for the FREE RUN mode.

When C102 has received no trigger pulse for more than
80 milliseconds, tunnel diode D105 will be in its high-voltage
state (see Fig. 3-2) and Q114 will be turned off. D114
conducts through R116, reverse biasing D118, and Sweep
Generator A free runs. The current paths, static current
magnitude, and voltages with the circuit in this condition
are shown in Fig. 3-4.

The first portion of the following discussion describes the
sequence of events caused by a single auto-trigger pulse.
The only effect of such a pulse would be an interruption of
the free-running A sweeps. The latter portion of the dis-
cussion describes how triggered sweeps are produced by
triggering signals occurring more often than every 80
milliseconds.

When a current pulse is applied to €102, D102 conducts
by diverting current from tunnel diode D105. The tunnel
diode rapidly switches to its low-voltage state, driving
Q114 into saturation. The Q114 collector drops to about
—14 volts, reverse biasing D114, and D118 turns on. (It
is probable that D118 will turn on while a "free-run initi-
ated A sweep is in progress. If this occurs, Sweep Genera-
tor A will complete the sweep and can become triggerable
at the end of the usual sweep hold-off period.)

As Q114 goes into saturation, the greater portion of its
collector current passes through R114 and begins to dis-
charge C114. The voltage across C114 decreases and D113
begins to conduct, decreasing the current through R112.
The R106 current no longer carried by R112 is diverted to
tunnel diode D105, switching it to its high-voltage state.
(By this time, the auto-trigger pulse current through D102
will have subsided) Q114 turns off, but C114 must re-
charge for the Q114 collector voltage to rise. Hence, D114
remains off and D118 remains on.

As Q114 turns off, C114 begins to charge through R114
and R116 in parallel with R113. When the voltage at the
junction of C114 and R114 reaches about —7 volts, D113
turns off and C114 continues to charge through R114 and
R1T6.
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Fig. 3-4. Avuto Trigger Multi static conditions.

D114 will turn on when the Q114 collector reaches about
zero volfs, D118 will then turn off and Sweep Generator A
is returned to the free-running condition.

As stated previously, the Auto-Trigger Multi probably will
turn on diode D118 while a free-run initiated A sweep is
in progress. Hence, Sweep Generator A cannot become
triggerable until the end of the hold-off period for this
sweep. But from then on, every A sweep will be a triggered
sweep if the repetition rate of the auto-trigger and sweep-
gating trigger pulses is greater than about 20 pulses per
second.

If an auto-trigger pulse arrives at C102 after tunnel diode
D105 has reset to its high state, but before C114 has com-
pletely recharged, D105 will again switch to its low state.
Qi14 will turn on and discharge the partially recharged
C114 as discussed previously. Additional avto-trigger pulses
that may arrive while the tunnel diode is in its low state
will have no significant effect on the circuit. But pulses that
arrive while the tunnel diode is in its high state will switch
the diode back to its low state if the D113 current has
decreased sufficiently. Thus, auto-trigger pulses with «a
repetition rate greater than about 20 pulses per second
will repeatedly switch the multi, preventing C114 from
charging enough to turn on D114, With D114 turned off
continuously, Sweep Generator A will operate exactly as it
does in the NORM mode. The negative-going pulse follow-
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ing each positive-going auto-trigger pulse has no effect on
the Auto-Trigger Multi except that it discharges C102 through
D103.

SINGLE SWEEP Mode. As described previously in the
NORM mode discussion, the retrace portion of a sawtooth
normally allows discharging hold-off capacitor Ci, to pull
down the Q183 base to near zero volts. D193 would then
conduct and turn on QI195B. However, in the SINGLE
SWEEP mode, R182 is connected to 415 volts, forming a
divider with R180 and R181. This divider stops the hold-off
capacitor discharge at about +4.5 volfs. Thus, the Q183
emitter does not drop far enough to cause D193 to conduct,
and Q195B does not turn on. D180 becomes reverse biased,
but D181 in series with the divider remains on.

Since Q195B does not turn on following a sweep, Sweep
Generator A becomes locked in an inoperative state. With
Q195A on, Q184 is held off and RESET lamp Bi186 is not
lit, indicating the inoperative state of the generator.

The generator can be reset to the operative state either
by pressing the RESET button or by applying a positive-
going pulse to pin F of JI01 on the rear panel of the
oscilloscope.

In SINGLE SWEEP mode, Q204 is normally off. The
RESET button is connected to a divider consisting of R18%A
and R189B. When the RESET button is pressed, neon lamp
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B200 fires, supplying a fast-rise turn-on pulse to Q204.
The negative-going pulse at the collector of Q204 is ap-
plied to the base of Q183. (At this time, D181 serves its
only purpose; it is reverse biased by the pulse so that the
hold-off capacitor will not pass the pulse to ground.) The
pulse pulls down the Q183 emitter and turns on DI193.
Q195B and Q184 turn on and RESET lamp B186 lights to
indicate that the generator is ready to be triggered. At
the end of one conventionally-triggered sweep, the gen-
erator will again become inoperative.

An externally applied reset pulse can turn on Q204.
The pulse must have a reasonably fast rise for adequate
energy to pass through C204.

SWEEP GENERATOR B

Sweep Generator B produces the same output signals as
Sweep Generator A, except for a multi-trace sync pulse.

The principle difference between Sweep Generators A
and B is that Sweep Generator B can produce no more
than one sawtooth for each A sawtooth and only while the
A sawtooth is in progress. The A sawtooth signal, applied
to Sweep Generator B through the Delay Pickoff circuit,
conirols this operation.

B sweep cannot begin until the A sawtooth has reached
an amplitude (which represents a certain amount of time
from the beginning of the A sweep) selected by setting the
DELAY TIME MULT dial. If non-triggered delayed sweep
is used, B sweep will begin at the selected A sawtooth
amplitude. But if triggered delayed sweep is used, B sweep
will begin AFTER the A sweep sawtooth reaches the se-
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lected amplitude when a B sweep-gating trigger pulse
is applied. However, if a sweep-gating trigger pulse has
not been applied to Sweep Generator B before the end
of A sweep, B will not produce a sawtooth. Regardless
of whether triggered or non-triggered delayed sweep is
used, if B sweep is in progress when A sweep ends, the
retrace portion of the A sawtooth will cause Sweep Gen-
erator B to reset to the quiescent condition.

The block diagram in Fig. 3-5 shows the basic elements
of Sweep Generator B,

The Sweep Generator A sawtooth output is permanently
connected to the base of Q214A. When Sweep Generator
A is in the quiescent condition, the conditions in Sweep
Generator B are as follows:

DELAY TIME MULT can be set so the Q214B base volt-
age will equal the instantaneous A sawtooth voltage at any
point along the sawtooth (except for the sawtooth portion
which produces approximately the first 3 millimeters of de-
flection and the portion which produces deflection beyond
10 centimeters). Hence, Q214A will be off and Q214B will
be on.

When Q214A is off, the voltage at its collector and
therefore at the base of Q219 will be about +17 volts.
Since the emitter of Q219 is clamped at about +15.6 volts,
Q219 is off. With Q219 off, Q295A and B have no current
source and are also off. When Q295B is off, tunnel diode
D225 is in its low-voltage state and cannot be switched to
its high-voltage state by a sweep-gating trigger pulse. Thus,
the remainder of Sweep Generator B is in a quiescent condi-
tion similar to that described previously for Sweep Gen-
erator A,

A
SAWTOOTH
INPUT
Q219
[ —»Q295A Q2958 [« - O
GATE- A
ENABLE —
MuLTI Q273| SWEEP B
DELAY
—®1  PICKOFF ——»% (SAWTOOTH)
Q214
)
DELAY TIME MULT D258 MILLER
———— ] -
GATE RUNUP SAWTOOTH
AMP out
SWEEP-GATING
TRIGGER PULSE Q254
Q224 D259
SWEEP-
GATING L—-—»
MULT! V261 Q264
UNBLANKING
D225
[—>—O: )+ GATE B
+ GATE
AMP
Q234
Fig. 3-5. Sweep Generator B block diagram.
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At the beginning of an A sawtooth, the base of Q214A
will be less positive than the base of Q214B. But at a
selected point along the sawtooth rise, this situation will
reverse and the R215 current will switch from Q214B to
Q214A. The voltage at the collector of Q214A and the
base of Q219 will drop, turning on Q219. Because of its
large emitter resistor, Q219 becomes a stable source of
about 6 ma for the transistors connected to its collector.

The Q295B base voltage is less positive than that of
Q295A; therefore, Q295B turns on and holds off Q295A by
common-emitter coupling. Depending on the setting of the
HORIZ DISPLAY switch, one of three things can now happen:

1. If set to A, R296C will conduct nearly all of the Q2958
collector current. The current change through tunnel diode
D225 wil be insignificant and Sweep Generator B will remain
inoperative and insenstive to sweep-gating trigger pulses.

2. If set to A INTEN BY B triggered or B DLY'D BY A
triggered, tunnel diode D225 will be in its low-voltage state,
but conducting enough of the Q2958 collector current so a
sweep-gating trigger pulse will switch it to its high-voltage
state.

3. If set to A INTEN BY B non-triggered, B DLY'D BY A
non-triggered, or EXT INPUT, R294A will carry very little of
the Q295B collector current, and tunnel diode D225 will
switch to its high state immediately when Q295B turns on.

The remainder of Sweep Generator B is nearly identical
to portions of Sweep Generator A; thus, the Sweep Gen-
erator A circuit description applies also to Sweep Gen-
erator B.

The B unblanking signal can be one of two amplitudes
depending on the setting of the HORIZ DISPLAY switch
(see the Interconnecting Plug schematic). When either B
DLY'D BY A position is used, the display brightness will be
about the same as obtained using the A position. When
either A INTEN BY B position is used, the B unblanking signal
will brighten the A trace for the duration of the B sweep.

As the B sawtooth rises, D273 (connected to the emitter
of Q273) becomes forward biased and the Q295B base
voltage begins to rise. As the Q295B base voltage sur-
passes the Q295A base voltage, the Q219 collector current
switches to Q295A. Tunnel diode D225 reverts to its low-
voltage state and Sweep Generator B resets as described
for Sweep Generator A. (Sweep Generator B needs no
hold-off capacitor since it cannot produce another sweep
during the present A sweep.) The coupling between the
collector of Q295A and the base of Q295B prevents the
sawtooth retrace from turning on Q295B.

During the A sawtooth retrace, the R215 current will
switch from Q214A to Q214B. The Q214A collector volt-
age will rise, furning off Q219. Thus, both sweep generators
are returned to their quiescent conditions described pre-
viously.

If the A sweep retrace occurs while B sweep is in
progress, Q219, rather than the B sawtooth rise, will turn
off Q295B. If this occurs, tunnel diode D225 will revert
to its low state and the B sweep retrace will begin before
the sawtooth has reached its usual amplitude.
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HORIZONTAL PREAMP

The Horizontal Preamp input signal can come from Sweep
Generator A, Sweep GCenerator B, or from an external
source, depending on the HORIZ DISPLAY switch setting.
The push-pull output of the preamp connects to the input
of the oscilloscope horizontal amplifier through pins 8 and
9 of the interconnecting plug. The operator can increase
the preamp gain ten times by setting the MAG switch to
X10.

The block diagram in Fig. 3-6 shows the basic subcircuits
of the Horizontal Preamp. Q343 provides a signal-voltage
offset and a constant source impedance to Q344. Q313
couples the horizontal positioning voltage to Q324 and pro-
vides a low source impedance. Q324 and Q344 form a
paraphase amplifier.

Refer to the Horizontal Preamp schematic in the back
of this manual. This description assumes that the Hori-
zontal Preamp input signal is the Sweep Generator A
sawtooth.

The sawtooth swings symmetrically around approximately
+7 volts dc. Zener diodes D340 and D341 negatively offset
the signal by about 18 volts. Zener diode D343 establishes
a fixed voltage across R342 so that D340 and D341 are
provided with a stable holding-current. Thus, the signal
at the base of Q344 swings symmetrically around approxi-
mately —11 volts dc, with peak voltages of about —é and
—16 volts.

The oscilloscope HORIZ POSITION controls provide the
means for varying the Q324 base voltage between about
—4 and —18 volts; a range which exceeds the peak volt-
ages of the signal at the base of Q344

Transistors Q344 and Q324 operate as a paraphase
amplifier with degenerative emitter coupling. The resistance
between the emitters and the —75-volt supply is quite high.
Because of this high resistance, the total current through
the two transistors is nearly constant and the input signal
only reapportions the current. For example, an increase in
current through Q344 would be offset by a nearly equal
decrease in current through Q324. MAG REGIS (R339) is
set during calibration to balance the output currents when
Q344 and Q324 have equal emitter voltages.

The effective resistance between the base of Q344 and
the stable voltage at the base of Q324 (via the degenera-
tive emitter circuit) is much lower than the resistance to the
—75-volt supply. Thus, Q344 can be considered as an
emitter follower with the base circuit of Q324 acting as the
signal ground point. The input signal voltage divides pro-
portionally between the internal emitter resistance of Q344,
the degenerative emitter coupling network, and the internal
emitter resistance of Q324.

Since the internal emitter resistances of Q344 and Q324
are essentially equal, the two transistors receive base-
emitter drive signals of essentially equal magnitude, but
opposite phase. The ratio of the degenerative emitter-
coupling resistance to the internal emitter resistances deter-
mines the magnitude of the base-emitter drive signals and
therefore determines the magnitude of collector current swing
of both Q344 and Q324. The resistance between the emit-
ters is about 2.5k when the MAG switch is set to OFF
and about 250 Q when set to X10. These resistances are
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I
! |
| 1 EMITTER
: 1 FOLLOWER —>
|
L) Q313
HORIZ POSITION L
—1 Q324
TO HORIZONTAL
HORIZ DISPLAY PARAPHASE AMPLIFIER IN
B SWEEP OSCILLOSCOPE
-
— O
/4 ) EMITTER
A —O<+—0 ™ FoLLOWER
SWEEP Lo
;O Q343
\EXTERNAL Q344 o
SIGNAL
Fig. 3-6. Horizontal Preamp block diagram.
set during calibration to provide two precise current gain- potential and connected to the low-impedance input of the
factors which differ by a factor of ten-to-one. oscilloscope horizontal amplifier. Because of this low input
impedance, the Horizontal Preamp of the Type 11B2 pro-
The collectors of Q344 and Q324 are near ground vides a current output at an essentially fixed voltage.



SECTION 4
MAINTENANCE AND CALIBRATION

Introduction

Maintenance of the Type 11B2 is similar to that of the
oscilloscope and is therefore described in the oscilloscope
instruction manual.

The Type 11B2 is a stable instrument which will provide
many hours of trouble-free operation. However, to insure
measurement accuracy, it is suggested that you recalibrate
the instrument after each 500 hours of operation, or every
six months if used intermittently. It will also be necessary
to recalibrate certain sections of the instrument when tubes,
transistors, or other components are replaced.

This section of the manual contains two procedures: a
calibration and verification procedure and an abridged ad-
justment procedure. In the calibration and verification pro-
cedure, the title of each numbered step begins either with
“Adjust” or “Check”, thereby identifying the step function
as calibration or verification. To further identify the cali-
bration steps, an asterisk (*) precedes the step number, The
steps are identified in this manner because any or all
groups of numbered “Checks” can be skipped without
disrupting the continuity of the procedure. However, ad-
justments must be completed in the order given and none
should be skipped. Remember that you can be certain
of proper overall operation only when all steps in the
procedure have been completed.

The abridged adjustment procedure contains only the in-
formation necessary to adjust all seven internal calibration
potentiometers without any test equipment. The only items
required are an oscilloscope in which to install the Type
11B2, a vertical plug-in unit for the oscilloscope, an ad-
justment fool, and a 15-inch coaxial cable fitted with BNC
connectors. The oscilloscope crystal-controlled 1-Kc Cali-
brator provides the required accurate time reference.

Adjustment of the four variable timing capacitors which
control the accuracy of the six fastest sweep rates of each
sweep generator is not described in this procedure since a
timing standard other than the oscilloscope 1-Kc Calibrator
would be required.

The abridged adjustment procedure, complete with a list
of initial control settings and other necessary information
is located at the end of this section. Extra copies of the
abridged procedure may be obtained from your Tektronix
Field Engineer.

NOTE

The performance standards described in this sec-
tion of your manual are provided strictly as guides
to calibration of your instrument and should not
be construed as advertised performance specifi-
cations. However, if your instrument performs with-
in the guide tolerances given in the calibration
procedure, it will also perform as listed in the
Characteristics section of this manual.

CALIBRATION AND VERIFICATION

Equipment Required

1. Oscilloscope such as the Tektronix Type 647. This pro-
cedure assumes that the oscilloscope has been calibrated in-
dependently. If this is not the case, refer to the oscilloscope
instruction manual for information about calibrating the Type
11B2 and the oscilloscope as a system.

2. Tektronix 10-Series vertical plug-in unit such as the
Type 10A2. This unit need not be calibrated, but must oper-
ate in all respects.

3. Constant-amplitude sine-wave generator such as the
Tektronix Type 190A or 190B. Required characteristics: (a)
output frequencies of 50 k¢, 3 mc, and 50 mc, (b} output volt-
age adjustable from about 0.3 volt to 4.0 volts peak-to-peak
when terminated in 50 Q, and (c} provisions for maintaining
constant amplitude {manually or automatically) with a change
in frequency.

4. Tektronix 50 @ BNC termination, part no. 011-049.

5. UHF-BNC adapter, for connecting Type 190A or 190B
to the BNC termination (UG-255/U).

6. Tekironix P6006 or P4008 Probe.

7. Time-mark generator such as the Tektronix Type 180A.
Markers required at 1 and 5 seconds; 100, 10, and 1 milli-
seconds; 100, 50, 10, 5 and 1 microseconds; 5, 10, and 50-mc
sine wave. All outputs should have a time accuracy of at
least 0.01%.

8. Coaxial cables, fittings, and adjustment tools as re-
quired.

Preliminary Instructions

1. Remove the access panel from the right-hand side of
the oscilloscope.

2. Set the controls and switches as follows:

Oscilloscope

INTENSITY Low brightness
T1KC CALIBRATOR 1 VOLTS
Type 11B2
HORIZ DISPLAY EXT INPUT
MAG OFF
B COUPLING AC
B SOURCE INT
B SLOPE +
B TRIG LEVEL 0
A and B TIME/CM 5 mSEC
VARIABLE A CALIB
B (variable) CALIB
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TRIG MODE FREE RUN
A SLOPE +
A COUPLING DC
A SOURCE INT
A TRIG LEVEL 0
DELAY TIME MULT 0.30

Vertical Plug-In Unit

NOTE
If a multi-trace plug-in unit is used, use channel 1.
MODE CH 1
YOLTS/CM 5
VARIABLE CALIB
AC-DC-GND DC
PULL TO INVERT Pushed in
POSITION Spot centered
TRIGGER NORM

3. Apply power to the instruments and allow several
minutes for warmup before beginning calibration.

NOTE
Photographs on a foldout page following the sche-
matics in the back of this manual show the location
of each calibration adjustment control and test
point.

Procedure
*1. Adjust INT TRIG DC LEVEL (R7)}
a. Remove the vertical plug-in unit.

b. Move B COUPLING switch back and forth between
AC and DC, and adjust INT TRIG DC LEVEL (R7) so
the spot on the crt remains stationary.

c. Reset B COUPLING switch to AC and reinstall the
vertical plug-in unit.
2. Check A Free-Run Mode
a. Set HORIZ DISPLAY switch to A.
b. With TRIG MODE switch set to FREE RUN, check for a
trace on crt,
3. Check A Normal Mode

a. Set TRIG MODE switch to NORM, and check for no
trace on the the crt.

b. Set:
A SOURCE switch to LINE
A COUPLING switch to AC

c. Connect a X10 probe between the vertical input and
a source of a power-line frequency sine-wave signal
(such as pin 30, = 6.3 volts ac, of the horizontal
interconnecting plug in the oscilloscope).

d. Check that a triggered display can be obtained by ad-
justing the A TRIG LEVEL control. Note whether the
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e.

f.

display begins within the rising or falling portion of the
sine wave.

Set A SLOPE switch to — and repeat step {d). The
display should begin within the opposite portion of the
sine wave (rise or fall) from that noted in step (d).

Disconnect the probe.

4. Check A Single-Sweep Mode

a. Set:

A TRIG LEVEL control to 0
A SLOPE switch to +
A and B TIME/CM switch to 50 mSEC

TRIG MODE switch to SINGLE SWEEP

Set A SOURCE switch to EXT and check that the RESET
lamp is not lit and that there is no trace on the crt.

Push the RESET button.
Check that the RESET lamp is lit.

. While watching the crt, set A SOURCE switch to LINE.

Sweep Generator A should produce only one sweep
on the crt and the RESET lamp should extinguish.

Set A SOURCE switch to EXT.

g. Set the oscilloscope TKC CALIBRATOR to 5 VOLTS.

a.

Momentarily connect the calibrator output to pin F
of J101 on the rear panel of the oscilloscope.

Repeat steps (d) and (e).

. Check A Automatic Mode

Set:
A SOURCE switch to EXT
A and B TIME/CM switch to 10 uSEC
TRIG MODE switch to AUTO

Connect the constani-amplitude sine-wave generator
to the A TRIG IN connector. Terminate the generator
with a Tektronix 50 @ BNC termination unit (part no.
011-049}), using a UHF to BNC adapter (part no.
103-032).

Set the generator for a 125-millivolt peak-to-peak out-
put at 50ke. (When a Tektronix Type 190A or 190B
is used, a 125-millivolt peak-to-peak output across the
termination is obtained when the attenuator is set to
0.5 volt and the meter indicates 5 volts on the 10-volt
scale.)

. Connect a Tektronix P6006 or P6008 Probe between the

vertical input and the terminal on the rear of the A
TRIG IN connector or the bottom of the 2.1-megohm
resistor on the A SOURCE switch. Connect the probe-
body ground lead to the Type 11B2 chassis.

Set the vertical plug-in VOLTS/CM switch to .01.

Check that a stable sine-wave display can be obtained
by setting the A TRIG LEVEL control with the A SLOPE
switch set to either 4+ or —.



g. Repeat step (f} with A COUPLING switch set to AC LF

REJ and then to DC.

h. Change the generator frequency to 50 mc and output
amplitude to 250 millivolts peak-to-peak. (With a
Tektronix Type 190A or 190B, set the attenuator to 0.5

volt and use a meter indication of 10 volts.)

NOTE

The input amplitude may be vertified with a sam-
pling oscilloscope system by using a probe such
as the Tektronix P6034. This probe should be con-
nected in parallel with the probe used in step (d})
and should be left connected through step (j).

i. Set:
A and B TIME/CM switch to .1 uSEC
MAG switch to X10
A COUPLING switch to AC

i Repeat step {f). It may be necessary to use the HF

STABILITY control to obtain a stable display.

k. Disconnect the probe and move the generator con-

nection to the vertical input.

. Set:
A SOURCE switch to INT

MAG switch to OFF
A ond B TIME/CM switch to 20 pSEC
VOLTS/CM switch (vertical plug-in) to 2

m. Set the generator to 50kec and reduce the output
amplitude for 2mm of deflection. Check that the A

TRIG LEVEL control will stabilize the display.
n. Set:
A and B TIME/CM switch to .1 uSEC
MAG switch to X10
VOLTS/CM switch (vertical plug-in) to .5

o. Set the generator frequency to 50 me and change the
output amplitude as required for 10 mm of deflection.
Check that the A TRIG LEVEL control will stabilize
the display. (it may be necessary to use the HF

STABILITY control.)
p. Disconnect the generator.

g. Set:
A SOURCE switch to EXT = 10
A and B TIME/CM switch to 1 mSEC
MAG switch to OFF
VOLTS/CM switch (vertical plug-in) to 2

1KC CALIBRATOR switch (oscilloscope) to 5 VOLTS

r. Connect the oscilloscope calibrator output to the A

TRIG IN connector and to the vertical input.

s. Check that a stable display can be obtained by setting

the A TRIG LEVEL control.

t. Remove the signal connections.

6. Check B External Triggering Sensitivity

a. Set:
A SOURCE switch to INT

Maintenance and Calibration—Type 11B2 Mod 165K

n.

0.

a.

b.

B SOURCE switch to EXT
A TIME/CM switch to 50 uSEC
B TIME/CM switch to 10 uSEC

HORIZ DISPLAY switch to A INTEN BY B
{triggered)

VOLTS/CM switch {vertical plug-in) to .01

Connect the sine-wave generator to the B TRIG IN
connector, see step 5b.

Connect a Tektronix P6006 or P6008 Probe between
the vertical input and the solder connection on the
rear of the B TRIG IN connector. Connect the probe-
body ground lead to the Type 11B2 chassis. Do not
use a plug-in extension between the Type 11B2 and the
oscilloscope.

. Set the generator for a 50-kc output at 125 millivolts

peak-to-peak as described in step 5c.
Set A TRIG LEVEL control for a stable display.

Check that a stable intensified zone can be obtained
near the left end of the display by setting the B TRIG
LEVEL control.

. Set B SLOPE switch to — and repeat step {f).

Set:
A TIME/CM switch to .5 uSEC
B TIME/CM switch to .1 uSEC
MAG switch to X10

Change the generator frequency fo 50 mc and output
amplitude to 250 millivolts peak-to-peak. (With a
Type 190A or 190B, set the attenuator to 0.5 volt and
use a meter indication of 10 volts.)

Set A TRIG LEVEL and HF STABILITY controls as re-
quired for a stable display.

Set HORIZ DISPLAY switch to B DLY'D BY A
(triggered).

Check that a stable display can be obtained by setting
the B TRIG LEVEL control.

. Set:

B SLOPE switch to +
B COUPLING switch to DC

Repeat step ().

Disconnect the probe.

7. Check B Internal Triggering Sensitivity

Set:
B SOURCE switch to INT
B COUPLING switch to AC

HORIZ DISPLAY switch to A INTEN BY B
(triggered)

MAG switch to OFF

A TIME/CM switch to 50 uSEC

B TIME/CM switch to 10 uSEC
VOLTS/CM switch {vertical plug-in) to 1

Move the generator connection to the vertical input.
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Change the genrator frequency fo 50 ke and reduce
the output amplitude for 2 mm of deflection.

Set A TRIG LEVEL control for a stable display.

Check that a stable intensified zone can be obtained
near the left end of the display by setting the B TRIG
LEVEL control.

Set:
A and B TIME/CM switch to .1 uSEC
MAG switch to X10
VOLTS/CM switch (vertical plug-in) to .2

Change the generator frequency to 50 mc and set the
output amplitude for 10 mm of vertical deflection.

Set A TRIG LEVEL and HF STABILITY controls for a
stable display.

Set HORIZ DISPLAY switch to B DLY'D BY A (triggered).

Check that a stable display can be obtained by setting
the B TRIG LEVEL control.

Disconnect the input signal.

Reset:
MAG switch to OFF
A SLOPE switch to +

8. Adjust DELAY START (R150) and A SWP CAL
(R160W)

a. Set:
TRIG MODE switch to AUTO
A COUPLING switch to AC
A TIME/CM switch to 1 mSEC
B TIME/CM switch to 2 uSEC
DELAY TIME MULT dial to 1.00
HORIZ DISPLAY switch to A INTEN BY B

(non-triggered)

VOLTS/CM switch (vertical plug-in} to 2
INTENSITY control for normal brightness

b. Apply 1-millisecond markers to the vertical input.

Set A TRIG LEVEL control for a triggered display.

Set INTENSITY control so the small brightened spot
near the left end of the trace is easily seen.

. Adjust DELAY START (R150) so the peak of the Tst

marker (not counting the marker at the left end of
the trace) is intensified.

Set DELAY TIME MULT dial to 9.00.

. Adjust A SWP CAL (R160W) so the peak of the 9th

marker (not counting the marker at the left end of the
trace) is intensified.

If necessary, repeat steps (e) and (g) until the effects of
adjustment interaction are minimized.

Set:
HORIZ DISPLAY switch to B DLY'D BY A (non-
triggered)
DELAY TIME MULT dial to 1.00
B TIME/CM switch to 10 uSEC

Adjust DELAY START (R150) so the trace begins near
the base of the leading edge of the time marker
displayed on the crt.

Set DELAY TIME MULT dial to 9.00.

Adjust A SWP CAL (R160W) so the trace begins near
the base of the leading edge of the time marker
displayed on the crt.

. Repeat steps (i) through (I) until there is no further

improvement.

9. Check Delay Linearity

a.

Using the same setup as in step 8, turn DELAY TIME
MULT dial clockwise to about (2.00} until the marker
peak is at the left end of the trace.

Check that DELAY TIME MULT dial indicates (2.00),
=+0.015.

Repeat steps (a) and (b) for
DELAY TIME MULT dial:
tolerance at each setting is

each major digit on the
3.00 through 8.00 The
=+0.015.

10. Check Delay-Time Jitter

*12.

*13.

Set B TIME/CM switch to 1 uSEC.

. With 1-millisecond time markers applied to the vertical

input, set DELAY TIME MULT dial near 9.00 to position
the rise of a marker near the center of the graticule.

Check that the marker jitters horizontally 0.5 centi-
meter or less.

. Repeat steps (b) and (c} with DELAY TIME MULT dial

set near 1.00.

. Adjust NORM GAIN (R331)
. Set HORIZ DISPLAY switch to A.

Adjust NORM GAIN (R331) for 1 marker/cm. Refine
this adjustment so the 1st and 9th markers are aligned
with the 1st and %9th major graticule lines. (The
marker at the beginning of the trace and the line at the

extreme left edge of the graticule are each counted
as 0)

Adjust MAG GAIN (R334)

. Set MAG switch to X10. Check that the MAG lamp on

the front panel of the Type T1B2 is lit.

Apply 100-microsecond markers to the vertical input.
If necessary, set A TRIG LEVEL control for a stable
display.

Adjust MAG GAIN (R334} for 1 marker/cm. Refine
this adjustment so markers are exactly aligned with
the 1st and 9th major graticule lines.

Adjust MAG REGIS (R339)

. Apply 5-millisecond time markers to the vertical input.
. With MAG switch to X10, set HORIZ POSITION con-

trol so that the peak of the marker nearest the center
of the expanded trace is at the exact center of the
graticule.

Set MAG switch to OFF.



15.

16.

. Check A Sweep Length:

. Adjust MAG REGIS (R339) so the peak of the center

time marker is again positioned to the exact center
of the graticule.

. If necessary, repeat steps (b} through (d} until there is

no further improvement.

Reset MAG switch to OFF.

10.5—11.0 cm

. Apply 1-millisecond markers to the vertical input.

. Set HORIZ POSITION control so the 1st marker is

aligned with the 0 graticule line. (This will put 1
centimeter of the trace outside the left edge of the
graticule.)

. Check that the right-hand end of the trace is within

the last one-half centimeter of the graticule.

Check VARIABLE A Range and UNCAL Lamp

. Apply 10-millisecond markers to the vertical input.

Set HORIZ POSITION control so the 0 marker is aligned
with the 0 graticule line.

Slowly turn VARIABLE A control counterclockwise.
The distance between markers should decrease smooth-
ly. With VARIABLE A control fully counterclockwise,
there should be 4 centimeters or less between markers.

Check that the UNCAL lamp is lit.

. Reset VARIABLE A control to CALIB.

Check A Delay-Time Ranges: 10 .SEC—5 SEC

. Set:

A TIME/CM switch to {10 «SEC)

B TIME/CM switch to (.5 uSEC)

HORIZ DISPLAY switch to A INTEN BY B
(non-triggered)

TRIG MODE switch to NORM

. Apply (10-microsecond) markers to the vertical input.

Set A TRIG LEVEL control for a triggered display.

. Check for (1) marker/cm and that markers can be

simuftaneously aligned with the 1st and %th graticule
lines. (With a 10-microsecond/cm sweep rate, the
tolerance for exact marker alignment at the 9th line,
when a marker is aligned with the 1st line, is ==1.2 mm.)

. Set INTENSITY control so both brightness levels in the

display are easily seen.

Set DELAY TIME MULT dial so the 1st marker is inten-
sified.

. Set HORIZ DISPLAY switch to B DLY'D BY A (non-

triggered).

. Set DELAY TIME MULT dial so the trace begins during

the marker rise. Record the exact DELAY TIME MULT

dial indication.

Set DELAY TIME MULT dial near 9.00 so the trace again
begins during the marker rise. Record the exact DELAY
TIME MULT dial indication.
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Subtract the first dial indication from the second. The
difference should be 8.00 {#-0.08 when the A sweep
rate is 10 microseconds/cm).

k. Repeat steps (a) through () for each A sweep rate
listed in Table 4-1.
TABLE 4-1
Step A Step B Step D Step J
DELAY
A B TIME
TIME/ TIME/ Time |Markers| Tol. MULT
CM CM Marker | Per Cm | (mm) Tol.
10 uSEC .5 uSEC 10 psec 1 +1.2 +008
20 4SEC 5 uSEC 10 psec 2 +12 =008
50 uSEC 2 uSEC 50 psec 1 +1.2 +0.08
1 mSEC 5 uSEC 100 psec 1 *+1.2 +008
T mSEC 50 uSEC 1 msec 1 +12 *o08
10 mSEC 5 mSEC 10 msec 1 +1.2 +0.08
.1 SEC 5 mSEC 100 msec 1 +24 +020
1 SEC 50 mSEC 1 sec 1 +24 020
2 SEC 50 mSEC 1sec | 2 *24 +0.20
5 SEC 2 SEC 5sec | ] +24 +0.20
I. Reset TRIG MODE switch to AUTO.
*17. Adjust A Sweep Rates and Delay Time: 5 uSEC-
.1 uSEC
a. Set:
A TIME/CM switch to 1 uSEC
B TIME/CM switch to .1 uSEC
HORIZ DISPLAY switch to A INTEN BY B (non-
triggered)
b. Apply 1-microsecond markers to the vertical input.

Set A TRIG LEVEL control for a triggered display.
Adjust C160C for T marker/cm.

Check the adjustment of C160C by using steps 16e
through 16j.

If step 16j indicates an error greater than ==0.08 on
the DELAY TIME MULT dial, readjust C160C.

. Repeat steps 16f through 16 until the dial indicates an
error less than =#-0.08. Be certain that the requirement
of step 17d is retained.

. Set:

A and B TIME/CM switch to .5 uSEC
HORIZ DISPLAY switch to A
Horizontally position the marker that is about 2 centi-

meters from the beginning of the trace to the line that
is 1 centimeter from the left edge of the graticule.

Adjust C160A for 1 marker/2 cm. Refine the adjust-
ment so markers can be exactly aligned with the 1st
and %9th graticule lines.

Set A and B TIME/CM switch to .2 ;iSEC.

Apply 5-mc markers (sine waves) to the vertical input
and obtain a triggered display.
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m. Check for 1T marker/cm and that the 1st and 9th markers

18.

a.

b.

C.

d.

can be simultaneously aligned with the 1st and %th
graticule lines. With this sweep rate, the tolerance for
exact marker alignment at the 9th centimeter line,
when a marker is aligned with the Tst centimeter line,
is £=1.2 mm.

. Set A and B TIME/CM switch to .1 pSEC.

. Apply 10-mc markers (sine waves) to the vertical in-

put and obtain a triggered display.

. Repeat step (m).

Check 10-Nanosecond/Cm Sweep Rate (.1 pusec/cm
with MAG switch to X10)

Set MAG switch to X10.

Apply 50-mc markers (sine waves) to the vertical input.

Set A TRIG LEVEL and HF STABILITY controls for a
stable, triggered display.

Check for 1 marker/2 cm and that markers can be simul-
taneously aligned with the 1st and 9th graticule lines.
The tolerance for exact marker alignment at the 9th
line, when a marker is aligned with the Tst line, is
+2.8 mm.

NOTE

The accuracy of the 10 nanosecond/cm sweep
rate depends, to a large degree, on the high-fre-
quency response of the main horizontal amplifier
in the oscilloscope.

e,

Reset MAG switch to OFF.

*19. Adjust B SWP CAL (R260W)

a.

. Apply

Set:
HORIZ DISPLAY switch to B DLY'D BY A (non-
triggered)
A TIME/CM switch to 2 mSEC
B TIME/CM switch to T mSEC
DELAY TIME MULT dial to 0.30

1-millisecond markers to the vertical

input.

c. Set A TRIG LEVEL control for a stable display.

20.

. Set HORIZ POSITION control so the marker nearest

the left end of the trace is aligned with the Tst grati-
cule lire.

. Adjust B SWP CAL (R260W} for 1 marker/cm. Refine

the adjustment so markers can be simultaneously
aligned with the 1st and 9th graticule lines.

Check B Sweep Length: 10.2—10.7 Cm

. Set DELAY TIME MULT dial near 0.50 so the trace

begins at a marker peak.

. With a stable display of 1-millisecond markers, set

HORIZ POSITION control so the 1st marker is one and
one-half minor divisions to the right of the 0 graticule
line.

Check that the right-hand end of the trace is within
the last one-half centimeter of the graticule.

d. Horizontally center the display.

21. Check B (Variable) Control Range and UNCAL
Lamp

a. Set B TIME/CM switch to .1 mSEC.

b. With a stable display of 1-millisecond markers, slowly
turn B (variable) control counterclockwise. The distance
between markers should decrease smoothly. With
B (variable) control fully counterciockwise, there should
be 4 centimeters or less between markers.

c. Check that the UNCAL lamp is lit.

d. Reset B (variable) control to CALIB.

22. Check B Sweep Rates: 10 uSEC—S5 SEC

a. setf:

VARIABLE A control to midrange

A and B TIME/CM switch to {10 u.SEC)
TRIG MODE switch to NORM

DELAY TIME MULT dial to 0.30

b. Apply (10-microsecond) markers to the vertical input.

c. Set A TRIG LEVEL contro! for u stable display.

d. Check for (1} marker/cm and that markers can bg
simultaneously aligned with the 1st and 9th grati-
cule lines. (With a 10 microsecond/cm sweep rate,
the tolerance for exact marker alignment at the 9th
line, when a marker is aligned with the Ist line, is
+1.2 mm)

e. Repeat steps (a) through (d) for each B sweep rate listed
in Table 4-2.

TABLE 4-2
Step A Step B Step D
A and B Time Markers Tol.
TIME/CM Marker Per Cm {mm)
10 1SEC 10 psec 1 +1.2
20 nSEC 10 psec 2 +=1.2
50 uSEC 50 usec 1 +1.2
.1 mSEC 100 psec 1 +=1.2
1 mSEC 1 msec 1 +=1.2
10 mSEC 10 msec 1 +1.2
.1 SEC 100 msec 1 +2.4
1 SEC 1 sec 1 +24
2 SEC 1 sec 2 +24
5SEC 5 sec 1 +24
f. Reset TRIG MODE switch to AUTO.

*23. Adjust B Sweep Rates: 5 ySEC—.1 .SEC

a. Set:

VARIABLE A control to midrange
A and B TIME/CM switch to 1 4SEC

b. Apply T-microsecond markers to the vertical input.

®



c. Set A TRIG LEVEL control for a stable display.

24.

> «

25.

. Adjust C260C for 1 marker/cm. Refine this adjust-

ment so that markers can be simultaneously aligned
with the 1st and 9th graticule lines.

. Set A and B TIME/CM switch to .5 uSEC.

Adjust C260A for 1 marker/2cm. Refine this adjust-
ment so that markers can be simultaneously aligned
with the 1st and 9th graticule lines.

Check B Sweep Rates: .2 uSEC and .1 .SEC

. Set A and B TIME/CM switch to .2 uSEC.
. Apply 5-mc markers (sine waves) to the vertical input.

. If necessary, set A TRIG LEVEL and HF STABILITY con-

trols for a stable display.

. Check for T marker/cm and that the Tst and 9th markers

can be simultaneously aligned with the 1st and 9th
graticule lines. The tolerance for exact marker align-
ment at the 9th line, when a marker is aligned with
the 1st line, is #=1.2 mm.

. Set A and B TIME/CM switch to .1 uSEC.

Apply 10-mc markers {sine waves) to the vertical input.

. Repeat steps (c) and (d).
. Reset VARIABLE A control to CALIB.

Disconnect the input signal.

Check External Horizontal Deflection Sensitivity

. Set:
A and B TIME/CM switch to 1 mSEC
INTENSITY control to 0
HORIZ DISPLAY switch to EXT INPUT
B COUPLING switch to DC
B SOURCE switch to EXT
1KC CALIBRATOR switch to 5 VOLTS
. Connect oscilloscope calibrator output to B TRIG IN

OR EXT INPUT connector.

. Set INTENSITY control to obtain a display. The dis-

play should consist of two spots or short horizontal
lines.

. Check that the peak-to-peak horizontal deflection is

between 4.5 and 5.5 centimeters.

. Set 1KC CALIBRATOR switch to 5 VOLTS.

Horizontally center the display.

. Set MAG switch to X10.

Maintenance and Calibration—Type 11B2 Mod 165K

h.

26.

a.

b.

27.

28.

a.

Repeat step {(d).

Disconnect the input signal.

Check External Horizontal Frequency Response
Set MAG switch to OFF.

Connect the constant-amplitude sine-wave generator
to B TRIG IN OR EXT INPUT connector. Terminate
the generator with a Tektronix 50 Q termination {(part
no. 011-049), using a UHF to BNC adapter {part no.
103-032).

. Set the generator frequency to 50 k¢ and output am-

plitude to produce 4 centimeters peak-to-peak horizon-
tal deflection.

. Without changing the output amplitude, increase the

generator frequency to 3 mc.

. Check that the peak-to-peak horizontal deflection is

at least 2.8 centimeters.

Disconnect the generator.

. Reset:

HORIZ DISPLAY switch to A
MAG switch to OFF
INTENSITY control for normal trace

(Optional) Check Alternate-Trace Vertical Opera-
tion

Set TRIG MODE switch to FREE RUN.

Set the vertical plug-in unit {e.g. Type 10A2) switches
for alternate-trace operation,

Check that the appropriate number of traces are
obtained.

Check + GATE and SWEEP Connector Output Sig-
nals

Set:
TRIG MODE switch to FREE RUN
A TIME/CM switch to .5 uSEC
B TIME/CM switch to .2 nSEC
DELAY TIME MULT dial to 0.30

HORIZ DISPLAY switch to A INTEN BY B (non-
triggered)
VOLTS/CM switch (vertical plug-in) to 5

. If the sensitivity of the vertical plug-in unit is known

to be correct, use it to check for the following output
voltages. Otherwise, use a separate oscilloscope.
+ GATE A = 15v
+ GATE B = 15v
SWEEP A = 10v
SWEEP B =~ 10v
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Abridged Adjustment Procedure

Introduction

This procedure contains only the information necessary
to adjust the seven internal calibration potentiometers with-
out test equipment. The time-accuracy of these adjustments
is derived from the oscilloscope crystal-controlled 1-Ke Cali-
brator. Adjustment of the four variable timing capacitors
which establish the accuracy of the six fastest sweep rates
of each sweep generator is not described here because a tim-

ing

standard other than the 1-Kc Calibrator would be re-

quired.

Preliminary Instructions

1.

Remove the access panel from the right-hand side of

the oscilloscope.

2.

3.

Set the controls and switches as follows:

Oscilloscope

INTENSITY Low brightness
1 KC CALIBRATOR 1 VOLTS
Type 11B2
HORIZ DISPLAY EXT INPUT
MAG OFF
B SOURCE INT
A TIME/CM 1 mSEC
VARIABLE A CALIB
B TIME/CM 1 uSEC
(variable) B CALIB
TRIG MODE AUTO
A SLOPE +
A COUPLING AC
A SOURCE INT
DELAY TIME MULT 1.00
Vertical Plug-In Unit
VOLTS/CM 5
VARIABLE CALIB
AC-DC-GND AC
POSITION Spot centered
MODE CH 1
TRIGGER NORM
PULL TO INVERT Pushed in

Apply power to the instrument and allow several minutes

for warmup.

Procedure
1. Adjust INT TRIG DC LEVEL (R7)

a.

b.

Remove the vertical plug-in unit

Move B COUPLING switch back and forth between AC
and DC, and adjust INT TRIG DC LEVEL (R7) so the
spot on the crt remains stationary.

. Reset B COUPLING switch to AC and reinstall the

vertical plug-in unit.

2. Adjust DELAY START (R150) and A SWP CAL

{R160W)

a. Set:

HORIZ DISPLAY switch to A INTEN BY B (non-
triggered)
INTENSITY control for normal brightness

. Connect the oscilloscope 1-Ke Calibrator signal to the

vertical input.

. Set A TRIG LEVEL control for a triggered display.
. Set INTENSITY control so the small brightened spot near

the left end of the trace is easily seen.

. Adjust DELAY START (R150) so the rise of the 1st pulse

{not counting the pulse at the extreme left end of the
trace) is intensified.

Set DELAY TIME MULT dial to 9.00.

. Adjust A SWP CAL (R160W) so the rise of the 9th pulse

(not counting the pulse at the extreme left end of the
trace) is intensified.

. If necessary, repeat steps (e) and (g) until the effects

of adjustment interaction are minimized.

Set:

HORIZ DISPLAY switch to B DLY'D BY A {(non-
triggered)

DELAY TIME MULT dial to 1.00
B TIME/CM switch to 10 uSEC

Adjust DELAY START (R150) so the pulse rise is at the
left end of the trace.

. Set DELAY TIME MULT dial to 9.00.

Adjust A SWP CAL (R160W) so the pulse rise is at the
left end of the trace.

. Repeat steps (i) through (I} until no further improvement
can be made.

3. Adjust NORM GAIN (R331)
a. Set HORIZ DISPLAY switch to A.
b. Adjust NORM GAIN (R331) for 1 pulse/cm. Refine this

adjustiment so the rise of the Ist and 9th pulses are
aligned with the Tst and 9th graticule lines. (The
pulse rise at the beginning of the trace and the line at
the extreme left edge of the graticule are each counted
as number 0.)

4. Adjust MAG GAIN (R334)
a. Set:

A and B TIME/CM switch to 10 mSEC
MAG switch to X10



Maintenance and Calibration—Type 11B2 Mod 165K

b.

Adjust MAG GAIN (R334) for 1 pulse/cm. Refine
this adjustment so pulse rise can be exactly aligned
with the Tst and 9th graticule lines.

5. Adjust MAG REGIS (R339)

Set A and B TIME/CM switch to .1 mSEC.

With MAG switch set to X10, set HORIZ POSITION
control so that the pulse fall near the center of the
expanded trace is at the exact center of the graticule.

Set MAG switch to OFF.

Adjust MAG REGIS (R339) so the peak of the 0 pulse is
again positioned to the exact center of the graticule.

If necessary, repeat steps {b) through (d) until no further
improvement can be made,

f. Reset MAG switch to OFF.

6. Adjust B SWP CAL (R260W)

a. Set:
HORIZ DISPLAY switch to B DLY'D BY A (non-
triggered)
A TIME/CM switch to 2 mSEC
B TIME/CM switch to 1 mSEC
DELAY TIME MULT dial to 0.30

b. Set HORIZ POSITION control so the pulse rise nearest

the left end of the trace is aligned with the 1st grati-
cule line.

c. Adjust B SWP CAL (R260W) for 1 pulse/cm. Refine
the adjustment so pulse rises can be simulianeously
aligned with the 1st and 9th graticule lines.



a or amp
BHS

cer
cm
comp
cps
crt

Use

SECTION 5
PARTS LIST and DIAGRAMS

PARTS ORDERING INFORMATION
Replacement parts are available from or through your local Tektronix Field Office.

Changes to Tektronix instruments are sometimes made to accommodate improved
components as they become available, and to give you the benefit of the latest circuit
improvements developed in our engineering department. It is therefore important, when
ordering parts, to include the following information in your order: Part number including
any suffix, instrument type, serial number, and modification number if applicable.

If a part you have ordered has been replaced with a new or improved part, your
local Tektronix Field Office will contact you concerning any change in part number.

ABBREVIATIONS AND SYMBOLS

amperes mm millimeter

binding head steel meg or M megohms or mega (10%)
carbon met. metal

ceramic M micro, or 10°*
centimeter n nano, or 1077
composition Q ohm

cycles per second oD outside diameter
cathode-ray tube OHS oval head steel
counter sunk p pico, or 1072
diameter PHS pan head steel
division piv peak inverse voltage
electrolytic, metal cased plstc plastic

electroyltic, metal tubular PMC paper, metal cased
external poly polystyrene

farad Prec precision

focus and intensity PT paper tubular

flat head steel PTM paper or plastic, tubular, molded
fillister head steel RHS round head steel
giga, or 10° rms root mean square
germanium sec second

guaranteed minimum value Si silicon

henry S/N serial number
hexagonal tor T tera, or 10"

hex head steel ™ toroid

hex socket steel THS truss head steel
high voltage tub. tubular

inside diameter vorV volt

incandescent Var variable

internal w watt

kilohms or kilo (10%) w/ with

kilocycle w/o without

milli, or 1073 wwW wire-wound
megacycle

SPECIAL NOTES AND SYMBOLS

X000 Part first added at this serial number.
000X Part removed after this serial number.
*000-000 Asterisk preceding Tektronix Part Number indicates manufactured by or for Tektronix,
or reworked or checked components.
000-000 Part number indicated is direct replacement.
0 Internal screwdriver adjustment.

— Front-panel adjustment or connector.
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EXPLODED VIEW

REF. PART SERIAL/MODEL NO.| Q@
NO. NO. pr— DISC. ; DESCRIPTION
1 | 441-486 . 1 CHASSIS, B time base
2 210-259 . 11 LUG, solder #2
213-113 11 SCREW, thread forming, 2-32 x %/;4 inch RHS, phillips
3 |214-340 2 PIN, hinge
...... . Mounting Hardware For Each: {not included)
211-016 2 SCREV, 4-40 x 5/3 inch RHS
210-004 2 LOCKWASHER, steel, internal #4
4 |214-329 2 FASTENER, retractable screw, assembly
5 |348-050 . 5 GROMMET, nylon
pLy. 6 B2 00800 . Pot Mounting Hardware For Each:
210-583 1 NUT, hex, brass, /4-32 x 5/, inch
210-940 1 WASHER, steel
7 1136-101 o thoire 4 SOCKET, 5 pin
Dex e |R179397° [ 4] : Mounting Hardware For Each: (not included)
: 213.055 [(ovefitent) 5 SCREW, thread forming, 2-56 x ¥ inch PHS
8 | 441-488 ' 1 CHASSIS, A time base
...... . Mounting Hardware For Each: [not included)
211-504 4 SCREW, 6-32 x 1/, inch BHS
9 210-204 2 LUG, solder, DE6
213-044 2 SCREW, thread cutting, 5-32 x 3/¢ inch PHS
10 210-201 23 LUG, solder, SE4
213-044 23 SCREW, thread cutting, 5-32 x 3/;4 inch PHS
11 358-210 2 BUSHING, nylon
12 136-161 35 SOCKET, transistor
...... . Mounting Hardware For Each: [not included)
213-113 2 SCREW, thread forming, 2-32 x %4 inch RHS, phillips
13 | 348-003 2 GROMMET, rubber, 5/ inch
14 | 406-908 2 BRACKET, chassis latch
...... . Mounting Hardware For Each: {not included])
211-504 2 SCREW, 6-32 x '/, inch BHS
15 B-5283 1 PLATE, bulkhead, alum
16 ]103-036 1 ADAPTER, connector, BSM to BNC (Accessory)
17 {358-215 3 BUSHING, black plastic
18 §...... . Switch Mounting Hardware
210-494 1 NUT, hex, alum, %3-32 x Y, x 'V, inch
210-012 1 LOCKWASHER, steel, pot, internal, 34 x Y, inch
210-013 1 LOCKWASHER, steel, internal, 3/ x 'Y, inch
19 | 131-106 2 CONNECTOR, chassis mount, BNC, 1 contact
...... . . Each Includes:
210-413 1 NUT, hex, brass, 3/;-32 x , inch
210-012 1 LOCKWASHER, steel, pot, internal, 34 x Y, inch
20 |387-778 1 PLATE, subpanel, front
21 333-750 1 PANEL, front
22 366-249 1 KNOB, TRIG LEVEL, charcoal
...... . Includes:
213-004 1 SCREW, set, 6-32 x 3/;4 inch HSS
23 | 366-255 1 KNOB, HF STABILITY, red
...... . Includes:
213-020 1 SCREW, set, 6-32 x V5 inch HSS
Aoy 24 | BEEED 3pb— o5 oo 6 KNOB, lever switch
25 | 331-096 1 DIAL, with charceal knob
...... . Includes:
213-022 1 SCREW, set, 4-40 x 3/, inch HSS
26 }131-282 4 CONNECTOR, bulkhead receptacle
...... . Mounting Hardware For Each: (not included)
210-583 1 NUT, hex, brass, /,-32 x 3/;4 inch
210-046 1 LOCKWASHER, steel
210-223 1 LUG, solder, ¥, inch
27 | 366-220 1 KNOB, TRIG MODE, charcoal
...... . Includes:
213-020 1 SCREV, set, 6-32 x V3 inch HSS
® 5-3
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EXPLODED VIEW (Cont'd)

k. | parr  [SERIAL/MODEL NO.f Q

NO. NO. — ey ; DESCRIPTION

28  |366-232 1 KNOB, variable B, red
...... . Includes:
213-020 1 SCREW, set, 6-32 x 15 inch HSS

29  |366-222 1 KNOB, VARIABLE A, red
...... . Includes:
213-004 1 SCREW, set, 6-32 x 3/14 inch HSS

30 |366-194 1 KNOB, TIME/CM AND DELAY TIME, charcoal
...... . Includes:
213-022 2 SCREW, set, 4-40 x 3/;4 inch HSS

31 331-092 1 KNOB, dial window

32 }366-140 1 KNOB, MAG, red
...... . Includes:
213-004 1 SCREW, set, 6-32 x 3/14 inch HSS

33 |366-250 1 KNOB, HORIZ DISPLAY, charcoal
...... . Includes:
213-004 1 SCREW, set, 6-32 x 3/;4 inch HSS

34 |366-220 1 KNOB, TRIG LEVEL, charcoal
...... . Includes:
213-020 1 SCREW, set, 6-32 x ' inch HSS

35 |352-064 1 HOLDER, double neon
...... . Mounting Hardware: [not included)
211-031 1 SCREW, 4-40 x 1 inch FHS
210-406 2 NUT, hex, brass, 4-40 x 3/, inch

36 |343-004 2 CLAMP, cable, %/, inch plastic
...... . Mounting Hardware For Each: (not included)
210-863 1 WASHER, steel, "D" type #10
210-458 1 NUT, steel, 8-32 x /35 inch

37 1343-093 4 CLAMP, plug-in rod
...... . Mounting Hardware For Each: (not included)
211-094 1 SCREW, 4-40 x '/, inch PHS

38 124-145 2 STRIP, ceramic, 20 notches, 3 x 7/;4 inch
...... . Mounting Hardware For Each: {not included)
361-009 2 SPACER, nylon

39 124-149 2 STRIP, ceramic, 7 notches, 1542 x 7/;4 inch
...... . Mounting Hardware For Each: (not included)
361-007 2 SPACER, nylon

40 124-145 22 STRIP, ceramic, 20 notches, 3 x 7/;4 inch
...... . Mounting Hardware For Each: (not included)
361-007 2 SPACER, nylon

41 179-755 1 CABLE, harness, A chassis

42 179-820 1 CABLE, harness, horizontal amplifier

43 179-756 1 CABLE, harness, B chassis

44 124-146 2 STRIP, ceramic, 16 notches, 27/14 x /14 inch
...... . Mounting Hardware For Each: (not included)
361-007 2 SPACER, nylon

45 1384-615 4 ROD, spacer, hex tubing, 12/, inch long
...... . Mounting Hardware For Each: (not included)
212-044 2 SCREW, 8-32 x '/, inch
214-370 2 PIN, locating, 1%/ inch long, with 8-32 thread

46 |...... . Capacitor Mounting Hardware
210;524 ] NUT, hex, steel, %423 x 5 x 34 inch
210-018 ] LOCKWASHER, steel, %4 inch

47 406-906 1 BRACKET, capacitor mounting
...... . Mounting Hardware: (not included)
211-504 2 SCREW, 6-32 x Y, inch BHS
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EXPLODED VIEW (Cont'd)

Rer. | paRT  [SERIAL/MODEL NoO.| Q@
NO. NO. — e ; DESCRIPTION
48 D-S152 1 CHASSIS, horizontal amplifier
...... . Mounting Hardware: (not included)
211-504 3 SCREW, 6-32 x /4 inch BHS
210-457 3 NUT, steel, 6-32 x 5 inch
49 |...... . Capacitor Mounting Hardware
210-457 4 NUT, steel, 6-32 x %/, inch
50 1343-089 2 CLAMP, cable, size “D", delrin snap
51 348-031 1 GROMMET, polypropylene, snap-in, V; inch
52 ..., . Capacitor Mounting Hardware
210-524 1 NUT, hex, steel, %¢-24 x o x 344 inch
210-018 1 LOCKWAGSHER, steel, %/, inch
53 | 406-907 1 BRACKET, time/cm switch, alum
54 136-078 1 SOCKET, No. 704 BC, subminiature
...... . Mounting Hardware: [not included)
213-055 2 SCREW, thread forming, 2-56 x 3/14 inch PHS
55 131-096 1 CONNECTOR, chassis mount, 32 contact
...... . Mounting Hardware: (not included)
211-008 2 SCREW, 4-40 x '/, inch BHS
210-201 2 LUG, solder, SE4
210-406 2 NUT, hex, brass, 4-40 x 3/;4 inch
56 351-063 2 GUIDE, shoe, white delrin
...... . Mounting Hardware For Each: (not included)
211-013 2 SCREW, 4-40 x 3/ inch RHS
210-004 2 LOCKWASHER, steel, internal #4
210-406 2 NUT, hex, brass, 4-40 x 3/, inch
57 | 387-777 1 PLATE, rear, alum
58 |...... . Pot Mounting Hardware:
210-012 1 LOCKWASHER, steel, pot, internal, 3/ x ¥, inch
210-840 1 WASHER, steel
210-413 1 NUT, hex, brass, 33-32 x '/, inch
59 |...... . Pot Mouting Hardware:
210-012 1 LOCKWASHER, steel, pot, internal, 34 x '/, inch
210-978 1 WAGSHER, 3, IDx '/, inch OD
210-5%90 1 NUT, hex, %4-32x 714
60 | A-S336 1 BRACKET, switch mounting
...... . Mounting Hardware: (not included)
210-457 1 NUT, keps, 6-32 x /¢ inch
211-507 1 SCREW, 6-32 x %14 inch
61 | A-S335 1 BRACKET, switch mounting
...... . Mounting Hardware: (not included}
211-008 2 SCREW, 4-40 x /4 inch BHS
62 | A-S334 1 CLAMP, switch
...... . Mounting Hardware: (not included)
211-007 2 SCREW, 4-40 x ¥4 inch BHS
63 | 343-088 3 CLAMP, cable, delrin
...... . Mounting Hardware For Each: (not included)
361-007 1 SPACER, nylon
64 348-002 1 GROMMET, rubber, 1/, inch (not shown)
65 | 385-109 2 ROD, nylon, %4x 544 inch
...... . Mounting Hardware For Each: (not included)
211-010 1 SCREW, 4-40 x /4 inch RHS
66 | A-S204 1 TAG, ldentification
...... . Mounting Hardware: (not included)
213-035 2 SCREV, thread cutting, '4-40 x /4 inch PHS phillips
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SWITCHES
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SWITCHES
REE. PART SERIAL/MODEL NO. ? DESCRIPTION
NO. NO. EFF. DIsC. | v.
1 262-567 1 SWITCH, TIME/CM, wired
...... . Includes:
260-543 1 SWITCH, TIME/CM, unwired
2 | 179-757 1 CABLE, harness
3 |210-413 2 NUT, hex, brass, 34-32 x 5, inch
210-012 1 LOCKWASHER, steel, pot, internal, 3 x ', inch
4 [210-407 2 NUT, hex, brass, 6-32 x /4, inch
210-006 2 LOCKWASHER, steel, internal #6
5 1406-907 1 BRACKET, alum
6 |376-032 1 COUPLING, switch shaft
...... . Includes:
213-004 2 SCREW, set, 6-32 x 3%/, inch HSS
...... . Switch Mounting Hardware: {not included)
210-579 2 NUT, mounting, switch, %5-24 x ¥, inch
210-049 ] LOCKWASHER, steel, internal, %4 inch ID
211-504 2 SCREW, 6-32 x Y/, inch BHS
7 |260-518 1 SWITCH, push, RESET SPST with red indicator light
Mounting Hardware: (not included)
210-012 1 LOCKWASHER, steel, pot, internal, 3 x Y, inch
210-978 1 WAGSHER, %; IDx '/, inch OD
210-590 1 NUT, hex, %.-32 x 7,4 inch
8 |260-519 1 SWITCH, lever, COUPLING A
...... . Mounting Hardware: (not included)
210-406 2 NUT, hex, brass, 4-40 x 3/4 inch
210-004 2 LOCKWASHER, steel, internal #4
9 260-640 1 SWITCH, lever, SOURCE B
...... . Mounting Hardware: (not included)
210-406 2 NUT, hex, brass, 4-40 x 3/4 inch
210-004 2 LOCKWASHER, steel, internal #4
10 | 260-546 1 SWITCH, lever, SOURCE A
...... . Mounting Hardware: (not included)
210-406 2 NUT, hex, brass, 4-40 x 3/, inch
210-004 2 LOCKWASHER, steel, internal #4
11 260-472 3 SWITCH, lever, SLOPE A, SLOPE B, COUPLING B
...... . Mounting Hardware For Each: (not included)
210-406 2 NUT, hex, brass, 4-40 x 3/, inch
210-004 2 LOCKWASHER, steel, internal #4
12 | 260-545 1 SWITCH, TRIG MODE
...... . Mounting Hardware: (not included)
358-029 1 BUSHING, brass, hex, 3/4-32 x '3/, inch
210-013 1 LOCKWASHER, steel, internal, 33 x Y4 inch
210-494 1 NUT, hex, alum, 34-32 x Y, x /4 inch
210-012 1 LOCKWASHER, steel, pot, internal, % x %, inch
13 | 262-568 1 SWITCH, HORIZ DISPLAY, wired
260-544 1 SWITCH, HORIZ DISPLAY, unwired
...... . Mounting Hardware: [not included)
358-029 1 BUSHING, brass, hex, ¥5-32 x 1%/, inch
210-413 2 NUT, hex, brass, 33-32 x /, inch
210-840 2 WAGSHER, steel
210-012 1 LOCKWASHER, steel, pot, internal, 34 x , inch

5-7



Parts List—Type 11B2 Mod 165K

CERAMIC STRIPS AND MOUNTINGS

3/4 inch
%’J 1 notch ........ 124-100
2 notch ........ 124-086
3 notch ..o..... 124-087
4 notch ........ 124-088
7 notch ........ 124-089
9 notch ........ 124-090
1 notch ........ 124-091
7/16 inch
@ 1 notch ........ 124-118
E’%’)] 2 notch ........ 124119
Dé"_r] 3 notch ........ 124-092
Qﬁ}ﬂ? 4 notch ........ 124-120
M 5 notch ........ 124093
%’gﬂl’%’gj 7 notch ........ 124094
% N % 9 notch ........ 124-095
[ESM%’;] 1 notch ........ 124106

7/16 inch SMALL NOTCH -—Short Stud
Qggmi%? 7 notch ........ 124.149
Qé”ﬂ“%ﬂ 9 notch ........ 124-148
%ﬂ‘”m_mmﬁ”—fu—ﬂ 13 notch ........ 124-147
[{”ag“_wm_m%gj 16 notch ........ 124-146
Q g 2 ﬂ 20 notch ........ 124-145
7/16 inch SMALL NOTCH —Tall Stud
Q%TEE? 7 notch ........ 124-158
[%ISW_mf%}f] 9 notch ........ 124-157
QFT_ﬁ%ﬂ 13 notch ........ 124-156
[%Blwﬂcﬁﬂ 16 notch ........ 124155
M 20 notch ........ 124-154
MOUNTINGS
% Stud, nylon, short..355-046
%5 Stud, nylon, tall .. 355-082
g Spacer, Vs, inch. .361-039
g Spacer, ¥ inch .. 361-009
g Spacer, '/ inch...361-008
= Spacer, %, inch. . .361-007

Ceramic strips include studs, but spacers

must be ordered separately by part

no.
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ELECTRICAL PARTS

Values are fixed unless marked Variable.

Tektronix
Ckt. No. Part No. Description S/N Range
Bulbs

B160X 150-030 Neon, NE-2V

B186t 260-518 Neon, NE-2V RESET

B200 150-030 Neon, NE-2V

B330 150-030 Neon, NE-2V

Capacitors

Tolerance ==20% unless otherwise indicated.

Tolerance of all elecirolytic capacitors as follows (with exceptions):

3V — 50V = —10%, +250%

51V — 350V — —10%, +100%
351V — 450V = —10%, +50°%

c12 283-080 022 uf Cer 25v

Cl4 283.080 022 uf Cer 25 v

cl5 281.516 39 pf Cer 500 v 10%
cal 281.518 47 pf Cer 500 v

C23 283078 001 pf Cer 500 v

C25 283-080 022 pf Cer 25v

C26 283-080 022 pf Cer 25v

c7 281.542 18 pf Cer 500 v 10%
c29 281.557 1.8 pf Cer 500 v

C30A 283-068 01 pf Cer 500 v

C308 281-523 100 pf Cer 350 v

C30C 281525 470 pf Cer 500 v

C32 283.079 01 pf Cer 250 v

C43 283-080 022 pf Cer 25v

C44C 283078 001 pf Cer 500 v

C44D 283078 001 pf Cer 500 v

C4é 283-080 022 uf Cer 25 v

C53 281-603 39 pf Cer 500 v 59,
C54 281.525 470 pf Cer 500 v

C63 281-549 68 pf Cer 500 v 109
C70A 283-068 01 pf Cer 500 v

c70C 281.525 470 pf Cer 500 v

c72 283079 01 pf Cer 250 v

C75A 283-078 001 pf Cer 500 v

C76 283-079 01 uf Cer 250 v

c83 283-080 022 pf Cer 25v

C84C 283-078 001 pf Cer 500 v

C84D 283078 001 pf Cer 500 v

C86 283-080 022 pf Cer 25y

C93 281.603 39 pf Cer 500 v 59,

TFurnished as a unit with SW201.
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Capacitors {Cont'd)

Tektronix
Ckt. No. Part No. Description
C94 281-525 470 pf Cer
C102 281-543 270 pf Cer
C104 283-078 001 uf Cer
c109 283-080 022 uf Cer
Ci114 290-189 33 uf EMT
C122 281-525 470 pf Cer
c127 281-542 18 pf Cer
C130 281-518 47 pf Cer
132 283-081  uf Cer
C136 281-516 39 pf Cer
Ci53 290-139 180 uf EMT
Ci56 281-523 100 pf Cer
Cl160A 281-010 4.5-25 pf Cer
C140B 283-097 84 pf Cer
CiéoC 281-010 4.5-25 pf Cer
C160D 283-097 84 pf Cer
C160F .001 uf 1
C160G 01 pf
C160H *295-082 d uf Timing Series
Cié60J 1 uf
Cl160K ) 10 pf J
C160R 281.525 470 pf Cer
Ci62 283-079 01 uf Cer
Cl1é5 281-577 14 pf Cer
C169 283-078 .001 uf Cer
C170 290-135 15 uf EMT
171 283-079 01 uf Cer
C180D 281-525 470 pf Cer
C180F 281.536 .001 uf Cer
C180G 285-598 01 uf PTM
G180H 290-188 . uf EMT
C180J 290-183 1 uf EMT
C180K 290-167 10 uf EMT
C186 285-629 047 uf PTM
Ci9l 283-080 022 uf Cer
Ci98 281-549 68 pf Cer
Ci99 281-523 100 pf Cer
C200 285-622 d uf PTM
C201 281-543 270 pf Cer
C202 281-524 150 pf Cer
C203 281-525 470 pf Cer
C204 281-543 270 pf Cer
C207 283-078 001 pf Cer
C210 290-137 100 pf EMT
Cc213 283-080 022 uf Cer
C222 281-525 470 pf Cer
5-10

500 v
500 v
500 v
25v
35v

500 v
500 v
500 v

25v
500 v

350 v

Var
1000 v

Var
1000 v

500 v
250 v
500 v
500 v

20v

250 v
500 v
500 v
100 v

20v

15v
100 v
25v
500 v

350 v
100 v
500 v
500 v
500 v

500 v
500 v
30v
25v
500 v

10%

10%

10%

2%
2%

3%

10%

5%
10%
10%

10%

10%

10%

S/N Range



Tektronix
Ckt. No. Part No.
C227 281-542
C230 281-518
C232 283-081
C253 283-080
C256 281-523
C260A 281-010
C2408B 283-097
C240C 281-010
C260D 283-097
C260F
C260G
C260H *295-082
C260)
C260K
C260R 281-525
C262 283-079
C245 281-577
C270 283-081
C271 283-081
C291 283-080
C310 283-081
C320 283-080
C340 283-080
C409 283-079
C410 283-080
C411 283-080
C414 283-079
D30 152-045
D31 152-045
D33 152-141
D44A 152-141
D44B 152-141
D44C 152-075
D44D 152-075
D45A 152-141
D45B 152-141
D55 152-125
D56 Use *152-153
D57 *152-153
D70 152-045
D71 152-045
D73 152-141
D74 152-141

Capacitors (Cont'd)

Description
18 pf Cer
47 pf Cer
J uf Cer
022 pf Cer
100 pf Cer
4.5.25 pf Cer
84 pf Cer
4.5-25 pf Cer
84 pf Cer
001 pf
01 uf
A uf Timing Series
1 uf
10 pf
470 pf Cer
01 uf Cer
14 pf Cer
A uf Cer
d uf Cer
022 uf Cer
A uf Cer
022 pf Cer
022 pf Cer
01 uf Cer
022 pf Cer
022 uf Cer
.01 uf Cer

Diodes

Silicon 6045
Silicon 6045

Silicon TN3605
Silicon TN3605
Silicon TN3605

Germanium 6075
Germanium 6075
Silicon TN3605
Silicon TN3405

Tunnel STD 704 4.7 ma

Silicon, Replaceable by 1N4244
Silicon, Replaceable by 1N4244

Silicon 6045
Silicon 6045
Silicon TN3605
Silicon 1N3605

Var

Var

Parts List—Type 11B2 Mod 165K

500 v
500 v
25v
25v
350 v

1000 v

1000 v

500 v
250 v
500 v
25v
25v

25v
25v
25v
25v

250 v
25v
25v

250 v

10%

2%
2%

3%

S/N Range
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Tektronix

Ckt. No. Part No.
D75 152-139%
D84A 152-141
D848 152141
D84C 152-075
D84D 152-075
D85A 152-141
D85B 152-141
D95 152-125
D96 Use *152-153
D102 Use *152-153
D103 Use *152-153
D104 152-141
D105 152-125
D113 152-141
D114 152-141
D118 152-141
D120 Use *152-153
D121 Use *152-153
D125 152-125
D133 152-141
D155 152-141
M.DISS 152-141
prnobie D159582-044 - Use *152-161
D163 152-141
D180 152-141
D181 152-14]
D183 152-141
D193 152-141
D200 152-141
D214A,B *152-151
D219 152-141
D220 Use *152-153
D22 Use *152-153
D225 152-125
D233 152-141
D255 152-141

D258 pirecnafive - 152-141
pry D259i52° 0249-dgse *152-161

D263 152-141
D273 152-141
D293 152-141
D321 152-141
D340 152-123
D341 152-123
D343 152-034

Diodes {Cont'd)

Description

Zener IN751 5.1 v
Silicon TN3605
Silicon TN3605
Germanium 6075
Germanium 6075

Stlicon TN3405

Silicon TN3605

Tunnel STD 704 4.7 ma
Silicon, Replaceable by TN4244
Silicon, Replaceable by 1N4244

Silicon, Replaceable by 1N4244
Silicon TN3605

Tunnel STD 704 4.7 ma
Silicon TN3605

Silicon TN3605

Silicon 1N3605

Silicon, Replaceable by 1N4244
Silicon, Replaceable by TN4244
Tunnel STD 704 4.7 ma
Silicon TN3605

Silicon TN3405
Silicon TN3605
Ga-As diffused w/axial leads
Silicon TN3605
Silicon TN3605

Silicon TN3605
Silicon TN3605
Silicon TN3605
Silicon TN3605
Diode Assembly

Silicon TN3605

Silicon, Replaceable by 1N4244
Silicon, Replaceable by 1N4244
Tunnel STD 704 4.7 ma
Silicon 1N3605

Silicon TN3605
Silicon TN3605
Ga-As diffused w/axial leads
Silicon TN3605
Silicon TN3405

Silicon TN3405
Silicon TN3605
Zener TN935A 9.1v
Zener 1N935A 9.1v
Zener 1N753 6.2 v
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Diodes (Cont'd}

Tektronix

Ckt. No. Part No. Description S/N Range

D346 152-141 Silicon TN3605

D407 152-123 Zener IN935A 9.1v
Inductors

L14 Use 276-507 Core, Ferramic Suppressor

L43A Use 276-507 Core, Ferramic Suppressor

L43B Use 276-507 Core, Ferramic Suppressor

L45 *108-112 3 ph

Ldbrog-0j07. o  *H0870 5 ph

L83A Use 276-507 Core, Ferramic Suppressor

L83B Use 276-507 Core, Ferramic Suppressor

L85 *108-112 3 ph

L86 108- 0170 - 0 *108-170 5 ph

L125 *108-147 2.2 ph

L225 *108-147 2.2 ph

L1320 Use 276-507 Core, Ferramic Suppressor
Resistors

Resistors are fixed, composition, ==109% unless otherwise indicated.

R7 311.326 10k Var INT TRIG DC LEVEL
R% 316-392 39k Vaw

R10 315-101 100 Q Viw 5%
R1 315-101 100 Q Vaw 5%
R12 316-330 33Q Vaw

R13 323-161 464 Q Vaw Prec 1%
R14 302-391 3900 Vo w

R15 321-101 110Q Vo w Prec 1%
R16 32319 953 Q Vo w Prec 1%
R17 323-191 953 Q Vaw Prec 1%
R19 316-100 100 Vaw

R20 303-153 15k Tw 5%
R21 321-225 215k Ve w Prec 1%
R22 323-313 178k Yow 1%
R23 315-751 750 @ Vew Prec 5%
R24 316-472 47k Vew

R25 316-472 47k Vaw

R26 316-471 470 Q VA

R27 316-470 47 Q Vaw

R28 302-100 100 Vow
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Tektronix
Ckt. No. Part No.
R29 301915 9.1 meg
R30A 301-105 1 meg
R308B 316-104 100 k
R30C 302-105 1 meg
R30D 316-470 47 Q
R31 316-470 47 Q
R32 316-471 470Q
R33 305-912 9.1k
R40 315-102 1k
R4ATT 311-272 5k
R42A 315-822 8.2k
R42B 315-821 820 Q
R43 316-683 68 k
R44 305-682 68k
R45 315-750 75Q
R46 316-470 47 Q
R47 316-100 10Q
R53 323-321 215k
R54 315-222 22k
R55 321-245 3.48k
Ré1 316-101 100 @
R63 301-223 22 k
R64 315-242 24k
R70A 302-100 10Q
R70B 301-105 1 meg
R70C 302-105 1 meg
R70D 316-470 47 Q
R71 316-470 47 Q
R72 316-471 470Q
R73 305-512 51k
R75A 302-472 47k
R75C 302-472 47k
R75D 316-104 100 k
R75E 301-362 3.6k
R75F 316-104 100 k
R76 303-103 10k
R80 315 621 620 Q
R81+t 311-272 5k
R82A 315-273 27 k
R82B 315-332 33k
R82C 315-332 33k
R83 316-683 68 k
R84 305-682 6.8k
R85 315-750 75Q

tFurnished as a unit with R8T.
ttFurnished as a unit with R41.
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Resistors (Cont'd)

Description

Vew
Vew
Ve w
2w

Yew
Yew
Vew
ow
Vew

o w
Vew
Vaw
Yew
Vaw

o w

YVaw

Yaw

YVaw

YVow
Ve w
Y, w
2w
Yiw

Var

Var

Prec

Prec

S/N Range

5%
5%

5%
5%

A TRIG LEVEL
3%
5%

5%

5%

1%
5%
1%

3%
5%

5%

5%

5%

5%

5%
B TRIG LEVEL
5%

3%
5%

3%
5%



Ckt. No.

R86
R87
R93
R94
R95

R104
R105
R106
R109
R110

R1M

R116

R160A

R160E

Tektironix
Part No.

Use

316-470
316-100
323-321
315-222
321-245

316-471
301-112
323-281
316-330
321-105

321-303
321-229
321271
315-471
321-245

316-392
321-258
321-258
315-101
321-243

301-112
316-331
315-112
321-250
322-341

314-101
315-162
323-171
321173
316-472

315-122
315-621
311-405
315-472
323-184

3214131
315-392
315-512
316-101
316-101

323-654
323-654
315-392
323-653
323-657

47 Q
10Q
215k
22k
348k

470 Q
1.1k
8.25k
3Q
121 Q

14k

2.37k
649k
470 Q
3.48k

39k

475k
475k
100 Q
3.32k

1.1k
330Q
1.1k
3.92k
348k

100 @
1.6k
590 @
9 61§ Ohms
47 k

12k
620 Q
10k
47k
806 Q

226 Q
3.9k
51k
100Q
100 @

75k
75k
3.9k
221 k
750 k

Resistors {Cont'd)

Description

Vaw
YVaw
Yow
Vaw
Ve w

YVew
aw
Vaw
Y, w
YVow

Vaw
Vew
YVew
Vew
ew

Vo w
Yew
Yo w
Ve w
Vew

o w
Vew
Vaw
Yaw
Vew

Yiw
Yew
Vo w
ew
YVew

Yew
Vaw

Vew
Yo w

Ve w
Vaw
Viw
Vew
Vaw

aw
aw
Vaw
Vo w
Vaw

Var

Parts List—Type 11B2 Mod 165K

Prec

Prec

Prec
Prec
Prec
Prec

Prec

Prec

Prec
Prec

Prec

Prec
Prec

Prec
Prec

Prec

Prec
Prec

Prec
Prec

S/N Range

1%
3%
1%

5%
5%
DELAY START
5%
1%

1%
5%
5%

V2%
2%

5%
Ya%
1%
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Tektronix

Ckt. No. Part No.
R160F 323-655
R160G 323-655
R160H 323-656
R160J 309-440
R160K 309-441
R160L 309-442
R160R 316-470
R160T 316-182
AR160VTan ono2~07 A
R160W 311-404
R160X 316-184
R160Y 316-223
R161 316-470
R162 316-221
R163 315-471
R164 323-315
R165 316-220
R168 304-223
R170 316-100
R171 316-470
R172 316-220
R173 316-220
R174 301-183
R176 316-470
R177 316-471
R178 315-751
R179 315-333
R180 315-124
R181 31-117
R182 316-153
R183 302-393
R184 322-357
R185 321-225
R186 316-225
R187 316-473
R188 316-473
R18%A 316-564
R189B 316-333
R190 321-207
R191 321-257
R193 321-171
R194 321-189
R195 324-305
R196 315-113
R197 316-221

tFurnished as a unit with SW160V.

5-16

750 k
750 k
1.5 meg
3.74 meg
7.50 meg

22.6 meg
47 Q
18k

20k

1k

180 k
22 k
47 Q
2200
470 Q

187k
2Q
22k

10Q
47 Q

750 Q
33k
120 k

15k

39k
51.1k
215k
2.2 meg
47 k

47 k
560 k
33k
1.4k
4.64k

590 Q
909 Q
147 k
1Mk

2200

Resistors (Cont'd)

Description

hw
aw
Vaw
o w
Vaw

ow
YVew
Vaw

YVaw

Vaw

Vo w
Vaw
Vs w
YVaw
YVew

Yew
Vaw
Yew
Vs w
Ve w

Yo w
Ve w

Tw
YVaw
Vaw

Var
Var

Var

Prec
Prec
Prec
Prec
Prec

Prec

ww

Prec

Prec
Prec

Prec
Prec

Prec
Prec
Prec
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Resistors (Cont'd)

Tektronix
Ckt. No. Part No. Description S/N Range
R198 316-101 100Q Vew
R199 321-225 215k Vew Prec 1%
R200 316-104 100 k Vew
R201 316-473 47 k Vew
R202 316-472 47 k Vew
R203 316-104 100 k Vaw
R204 316-102 1k Vew
R207 316-103 10k Vew
R208 316-104 100 k Vew
R210 Use 322-130 221Q Viw Prec 1%
R211 311-386 2k Var ww DELAY TIME MULT 1-10
R212 323-639 11k Vaw Prec V%
R213 322-124 191 Q Vaw Prec 1%
R214 301-625 6.2 meg Vow 5%
R215 323-333 287 k Vow Prec 1%
R217 316-473 47 k Vaw
R218 316-102 1k Yew
R219 323-302 137k Vo w Prec 1%
R220 321-258 475k Vew Prec 1%
R222 315-101 100Q Vaw 5%
R223 321-243 332k Vaw Prec 1%
R224 301-112 11k Vow 5%
R225 314-331 3300 Vaw
R227 315-112 1.1k Yew 5%
R230 321-250 3.92k Vew Prec 1%
R231 322-341 348k Vew Prec 1%
R232 314-101 100 @ Vew
R233 315-162 1.6k Vaw 5%
R234 323-171 590 Q Vow Prec 1%
R235 321-173 619 Q Vew Prec 1%
R251 315-682 68k Vaw 5%
R252 321-201 121k Vow Prec 1%
R253 321-143 301 Q Vs w Prec 1%
R254 315-392 39k Vaw 5%
R255 315-512 51k Viw 5%
R256 316-101 100 @ Vaw
R258 314-101 100 @ Vaw
R259 316220 22Q Viw
R260A 323-654 75k YVow Prec Va%
R260B 323-654 75k Vo w Prec V2%
R240C 315-392 39k Viw 5%
R260D 323-653 221 k Vow Prec Y%
R260E 323-657 750k Vo w Prec 1%
R260F 323-655 750k Vow Prec %
R260G 323-655 750 k Vo w Prec Vo %
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Tektronix
Ckt. No. Part No.
R260H 323-656
R260J 309-440
R260K 309-441
R260L 309-442
R260R 316-470
R260T 316-182
ALR260V T3~ ow02=°T  I=A0D
R260W 311-328
R260Y 316-223
R261 316-470
R262 316-221
R263 315-471
R264 323-315
R265 316-220
R268 305-752
R270 316-101
R271 316-100
R274 315-751
R275 315-333
R290 321-207
R291 321-257
R293 315123
R294 321-261
R296A 315-113
R296C 316-222
R296E 321-245
R297 322-349
R298 321-257
R307 Use 316-333
R308 321-193
R310 323-321
R3N 316-183
R313 302-223
A R3213broiot=%  Yse 316-184
R323 321-291
R324 Use 323-324
R330 316-104
R331 311-095
R332 321-231
R333 321097
R334 311-169
R335 322-133
R337 324-289

tFurnished as a unit with SW260V.

5-18

1.5 meg
3.74 meg
7.50 meg
22.6 meg
47 Q

1.8k
20 k

22k
47 Q

220Q
470Q
187k
220
75k

100 Q
100
750 Q
33k
1.4k

4.64k
12k
511k
Nk
22k

3.48k
422k
4.64k
33k
1k

215k
18k

22k

% JoeKk
10.5k

205k
100 k
500 Q
249k

100 ©
100 Q
237 Q
10k

Resistors {Cont'd)

Description

aw
aw
hw
Vo w
VAY

Vaw

e w

Vaw

o w
Vow
o w
Vaw
Vs w

Vo w
Vew

Vs w

Var
Var

Var

Yar

Prec
Prec
Prec
Prec

Prec

Prec

Prec

Prec

Prec
Prec
Prec
Prec

Prec

Prec

Prec

Prec

Prec

Prec
Prec



Ay

At SWI160VT =02

ot

Tektronix

Ckt. No. Part No.
R338 324-289
R339 311-328
R340 Use 322-357
R341 316-471
R342 Use 321-247
R343 304-822
R344 Use 323-324
R345 321-291
R346 8iv cop-&  Use 316-184
R407 305-202
R409 307-103
R410 303-200
R411 303-200
R414 307-103
R420 321-239
R421 315-181
R422 321-273
R423 316-273
R426 315-183
R427 315-393
R428 321237
R429 321-271

Unwired Wired
SW30A 260-564
SW30B 260-519
SW30C 260-472
SW70A Use *050-211
SW70A 260-640
SW70B 260-472
SW70C 260-472
SW114 260-545 4

i ) /
SWI160A B 2665437280887

3= wsd= o
SW2011+  260-518
SW260VT11311-402

SW300A
SW300B }260-544 *262-568

Q14A *151-108
Q148 *151-108
Q23A *151-108
Q23B#5)~ 0% 00 A5y
Q43 *151-087

TFurnished as a unit with R160V.
ttFurnished as a unit with B186.
tTtFurnished as a unit with R260V.

®

Resistors (Cont'd)

Description
10k Tw
1k
511k Vaw
470Q Vew
3.65k Vs w
82k Tw
20.5k Vo w
10.5k Vew
ek {oox Vaw
2k 2w
27Q Viw
200 1w
200 1w
27Q Yaw
30Tk Vew
180 Q Vew
6.81 k Ve w
27 k 1/4 w
18k Viw
39k YVaw
287 k Vaw
649k e w

Switches

Lever

Lever

Lever

Lever

Lever

Lever

Lever

Rotary

Rotary

Push

Rotary
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Parts List—Type 11B2 Mod 165K

Tektronix
Ckt. No. Part No.
Q44A *151-103
Q44B *151-103
Q54 151-131
Q64 151107
Q83 *151-087
Q84A *151-103
Q84B *151-103
Q94 151131
Q114 *151-103
Q124 *151-108
QI134A *151-108
Q134B *151-108
Q154 151-107
Q164 *151-127
Q173A *151-108
Q1738 *151-103
Q183 *151-087
Q184 *151-096
ALy QI95A WIZ 0330 151129
Ay Q195BsI- €133 705w S99
Q204 *151-103
Q214 *151-104
P Q2195013300 *
Q224 *151-108
Q234 *151-108
Q254 151107
Q264 *151-127
Q273 *151-103
Q295A *151-087
Q2958 *151-087
Q313 *151-103
Q324 *151-108
Q343 *151-103
Q344 *151-108
V33 154-306
V73 154-306
V161 154-306
V261 154-306

5-20

Transistors (Cont'd)

Description

Replaceable by 2N2219
Replaceable by 2N2219
2N964

2N967

Selected from 2N1131

Replaceable by 2N2219
Replaceable by 2N2219
2N964

Replaceable by 2N2219
Replaceable by 2N2501

Replaceable by 2N2501
Replaceable by 2N2501
2N9é7

Selected from 2N2369
Replaceable by 2N2501

Replaceable by 2N2219
Selected from 2N1131
Selected from 2N1893
Selected from FT1746
Selected from FT1746

Replaceable by 2N2219
Replaceable by 2N2913
Selected from FT1746

Replaceable by 2N2501
Replaceable by 2N2501

2N967

Selected from 2N2349
Replaceable by 2N2219
Selected from 2N1131
Selected from 2N1131

Replaceable by 2N2219
Replaceable by 2N2501
Replaceable by 2N2219
Replaceable by 2N2501

Electron Tubes

7586
7586
7586
7586
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A.L2, July 68

VOLUME 3D
SCALE OF SERVICING SPARES

FOR

10S/6625-99-9522040
OSCILLOSCOPE SET, CT536

Note:—T7his Scale of Servicing Spares is based on the
most up-to-date information available at the
time of printing. Any aspect of the scale
thought to be unsatisfactory is to be reported in
accordance with A.P.3158, Vol. 2 (2nd Edn.),
Leaflet D.6 (A.L.184), to Ministry of Defence
(Air), (ADE.25 (RAF)), via Command Head-
quarters.

A.P.117K-0104-3D



COLUMN HEADINGS AND SPECIAL NOTES
Col 1 - Section and Reference number.
Col 2 ~ Nomenclature.
Cel 3 - Oty off per equipment.
Col 4 - 4 montns staction ho 2.7 70 SULDUI T 0@ SQUIDTONT.
Col 5 - 4 moaths stavian ke.dine tn syppor™ +wo 3gyioments,
Col 6 - 4 months s*> lor ne cing to support *hres equipments.
Note | Quantities scalec in Zois 4, % and & are maximum station noidings.

Note 2 Items marked with ar asterisk () in Co! 4 may be demarced on s
one-for-one basis bv user units.

Col 7 - & months 3rg i{ine test equipment repair unit nolding.
|tems marked with an asterisk are to be demanded on & one—for-cne
basis {(See Note 3).
Col & - |tems marked @ affect caiiprstion of The squipmenr.
Col 9 = Clrcuit reference, par* number or other reference.

Note 3 Where mors than one circult reference Is guoted in Co!l 9 and the

calibration symbol (#) appears in Tol &, circul® references tha+r
affect calibration are under: ined.

i : o T f TTonTTTTmT e e
1 z 2 ' 2.4l516:7°8 3
z I A A
104C : o D
5340-99-580-1339 | RING, RETATNINS C o f S T LU
, ! S0l
5303-99~952—2576: SCREW, TXTERN..% RE_IZVES 80730 | ~ s* 2 ! ; *! ) DTy
1045 | | .
}
5330-99~952~20632 ' RUBBER STR7® tA A ® 7. -
| P wla L85=z
16D | S
6625-99-952-2193 | TIME Ba3E UNIT Pl ; : . TYFR 1182
108 | R
6625-99-952-2206 | CASE SUB-ASSEMBLY, CSCILICSCOPE 3 R % *; EPI,NO. N 2613
6625-9%-952~2207 ; COVER, CSCILLGSCCPE TASE L F } *% gPT,No< ON 36L%
6625-99-952~2208 | CASE, OSCILLCSIOPE AJCESSORIES Pl oix *i EP 2Nz OY 38Z0
6625-99-952-2209 | CASE, OSCILLOSCOPE 1 ! ; EP:,&ra LW 361w
6625-29-957-5068 | MODIFICATION KIT, ELECTRONIC 1 § i {PT NG, 63k L=
! Cido.
NN

ATS  Orr 26 Bl



28F

5330-99-942-8451

105L

£240-00-299-7035

6240-00-882-8487

6240-00-962-0525

110AC

5310-99-116-5124

5340-99-140-5712

5340-99-140-6045

5307-99-140-7296
6625-99-140-7298

110AD

6625-00-937-9978

6625~-00-980-9301

5825-99-196-8722

110AE

6625-00-078-5219

6250~-00-089-7366

6625-00-788-6811

6625-00~790-2001

5930-00-829-3251

WASHER, SEAL, FLAT

LAMP, NEON

LAMP, GLOW

BULB, MINIATURE

NUT, LOCKING

NUT, CAM, LOCKING

RING RETAINING

STUD, KNOB PROTECTOR HANDLE

COUPLING, KNOB PROTECTOR

CONTACT ELECTRICAL

HOLDER PROBE

ADAPTOR

PROBE TEST

LAMP HOLDER

CENTRE PTIN

PROBE, ELECTRONIC TEST

SWITCH, ELECTRICAL

PT.No. AGS
1186-7

PT.No. 150-0027-
00 Bl44, 244

PT.No. 150-0030-
00 B119, 160X,
200, 219, 330,
852, 853, 854
PT.No. 150-0029-

00 B604, 605,
606

PT.No. 210-0576-
00

PT.No. 214-0408-
00

PT.No. 354-0219-
00

PT.No. AS 331

PT.No. BS 276

PT.No. 166-0282-
PT.No. 352-0024-
00

PT.No. 103-0036-
00

PT.No. 010-0130-
PT.No. 352-0067-
00

PT.No. 214-0325-
00

PT.No. 010-0129-
00

PT.No. 260-0551-
00




AP 117K-0104-3D

1 2 9
110AK
5355-00-084-4331 | KNOB PT.No. 366-0250-
00
5355-00-422-2330 | KNOB, LEVER SWITCH PT.No. 366-0215~
01
5355-00-685-5580 | KNOB PT.No. 366-0031-
00
5355-00-833-9259 | KNOB PT.No. 366-0117-
00
5355-00-849-7445 | KNOB PT.No. 366-0142-
00
5355-00-870~1174 | KNOB PT.No. 366-0254-
00
5355-00-882-1194 | KNOB, TRIGGER PT.No. 366-0225-
00
5355-00-913-5493 | KNOB PT.No. 366-0140-
00
5355-00-918-9525 | KNOB PT.No. 366-0194-
00
5355-00-918-9527 | KNOB PT.No. 331-0092-
00
5355~-00-918~9528 | DIAL PT.No. 331-0096-
00
5355-00-926-5267 | KNOB, VOLTS/CM PT.No. 366-0230-
00
5355-00-939-1232 | KNOB, MODE PT.No. 366-0220-
00
5355-00-983-8715| KNOB, TRIGGER PT.No. 366-0081-
00
5355-99-140-5392 | KNOB PT.No. 366-0222-
00
5355-99-140-5432| KNOB PT.No. 366-0232-
00
5355-99-140-5433| KNOB PT.No. 366-0249—
00
5340-99-140-5434 | HANDLE PT.No. 367-0037-
00
6625-99-140-7297 | HANDLE, KNOB, PROTECTOR PT.No. BS 281

ATS5  Net 96
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1 2 3 5 7 9
110AL
5346-0,0-0_2=0589 | CAP, PROTECTIVE, DUST AND 2 * PT.No. 248-0050-
! MOTSTURE | no
© 3325-G0-0"1-6256 ;] GROMMET, PLASTICS | 6 1 *i PT.No. 348-0031~-
i ’g { : i O O
; ; : g
. 8305-00=-256-7752 | GROMMET I 1 S *& PT.No. 348-0049-
; L 00
3325-00-"76-4205 | GROMMET i3 %] | PT.No. 348-0005-
§ 00
5325-10-276-4257 | GROMMET 3 * PT.No. 348-0006-
00
5325-00-447-7140 | GROMMET 1 * PT.No. 348-0012-
00
5825-00-477~7833 | SHTELD, IMPLOSTON DMC 1 * PT.No. 337-0573-
00
5325-00-754~2165 | GROMMET 22 * PT.No. 348-0003-
00
5325-00-813-6936 | GROMMET 5 * PT.No. 348-0002-
00
A523=73-231-4561 | SLEEVR, LOCKING 1 * PT.No. 166-0285-
00
3910-10-556-6458 | SHIELD, CAPACITOR 4 PT.No. 200~0259
00
5325-00~%56-3933 | GROMMFT 1 * PT.No. 348-0004-~
i 00
5950-07-9:6~-8080 | INDUCTOR 2 * PT.No. 276-0532-
| 00 L1487, 497
6625-39-1.6~5800 ¢ SHTELD, FOCUS AND TNTENSITY 1 * PT.No. 337-0576-
; 00
|
H
1 ?, i
6625—00-‘68—0172} PRON TEST 1 * PT.No. 202-0116~
00
5826-00-612-6583 | CLAMP ASSEMBLY 1 PT.No. 200-0556-
00
5961-99-140-5407 | COVER, TRANSTISTOR 4 * PT.No. 200-0500-
00
5310-99~140-5408 | COVER, NUT 10 | * PT.No. 200-0548-
00
i
!

Fage
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110AR

5355-00-016-8665

3020-00-134-9321

3020-00-134-9322

6625-00-832-4555

6625-00-832-4562

5910-00-856-6461

5910-00-856-6465

5975-99-116~4655

6625-99-116-5756

5340-99-140-5430

5340~99-140-6037

5340-99-140-6038

5340-99-140-6074

5340-99-140-6075

5325-99-140-6175

110AS

6625-99-116-3630

BUSHING-SHAFT, PANEL

GEAR, BEVEL

GEAR, BEVEL

BUSHING, INNER BASE

BUSHING, BASE

SHIELD, CAPACITOR

SHIELD, CAPACITOR

BUSHING

BODY,TIP ASSEMBLY

FOOT, BODY AND CORD HOLDER

FOOT, ANTI-SLIDE

FOOT, FLIP STAND

BLOCK, FLIP STAND PIVOT LEFT

BLOCK, FLIP STAND PIVOT RIGHT

FASTENER, SCREW, RETRACTABLE

SHELL, COMPENSATOR

PT.No.
00

PT.No.
00

PT.No.
PT.No.
00

PT.No.
00

PT.No.
00

PT.No.
00

PT.No.
0n

PT.No.
00

358~0216-
214-0272-
214-0350-
358-0192-
358-0194~
432-0047~
432-0048-
358-0210~
204-0145%~ |
348-0053- 1
348-0052-
348-0057~
391-0057-
391-0058-

214-0329-

205-0046-

ALS5. Oct 86
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110AT

6210-00-103-6337

5825-00-477-7830

110B

5970-00-104-7899

5340-00-792-2001

5340-00-816-0002

110C

5910-00-014-6565

5910-00-050-8329

6625-00-056-2474

5910-00-436-3907

5910-00-879-0123

5950-00-070-7591

5915-00-070-7599

5950-00-070~-7600

5950-00-070-7601

5910-00-070-7610

5910-00-071-7356

5910-00-071~-7359

LENS LIGHT

FILTER, POLARIZED LIGHT

TNSULATOR DISC
SPACER, SLEEVE

SPACER, SLEEVE

CAPACITOR, FIXED, PAPER
DIELECTRIC
0.0033uF + 5%. 100V

CAPACITOR, FIXED, CRRAMIC
DIELECTRTC

27pF + 10%, 500V

DELAY LINE ASSEMBLY
CAPACTTOR, FIXED, CERAMIC,
DIELECTRIA

68pF, + 10%, 500V

CAPACITOR, FIXED, ELECTROLYTIC
50ufF - 10% + 250%, 50V

INDUCTOR, RADIO FREQUENCY
600uH

SUPPRESSOR PARASITIC
0.15uH

INDUCTOR, RADIO FREQUENCY
0.07uH

INDUCTOR, RADIO FREQUENCY
SHIELD, CAPACITOR

CAPACITOR, FIXED, ELECTROLYTIC
17uF - 10%Z + 100%, 150V
CAPACTTOR, FIXED, CERAMIC

DIELECTRI
84pF + 2%, 1000V

46

52

PT.No. 378-0541~-
00

PT.No. 378-0540-
08

PT.No. 214-0317-
00

PT.No. 361-0009-
00

PT.No. 361-0007-
00

PT.No. 285-0627-
00 €902, 924,
925

PT.No. 281-0512-
00 C107E, 207E

PT.No. 119-0029~
00 L1403

PT.No. 281-0549~
00 63, 198

PT.No. 290-0117-
00 €820

PT.No. 180-0254-
00 1L394

PT.No. 108-0220-
00 L4O4, 406,
577 —

PT.No. 108-0277-
00 L1405

PT.No. 108-0295-
00 1865

PT.No. 200-0255-
00

PT.No. 290-0198-
00 €631, 731

PT.No. 283-0097-
00

C160B,D

760B,D

Page 6
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110C

5910-00-081-6973

6625-00-082-7547

5950-00-083-5544

5950-00-085-0114

5910-00-103-0282

5910-00-103-0284

5910-00-103-9681

5910-00-104-7260

5910-00-126-1619

5910-00-226-0475

5950-00-241-3672

5910-00-436-4220

5910-00-451-3209

5910-00-472-6320

5910-00-472-6321

CAPACITOR, FIXED, ELECTROLYTIC
100uF - 10% + 250%, 30V

INDUCTOR, CORE

INDUCTOR, RADIO FREQUENCY
0.3uH

INDUCTOR, RADIO, FREQUENCY
0.3uH

CAPACITOR, VARIABLE
0.2-1.5/200pF + 10%

CAPACITOR, VARIABLE
0.2-1.5/2000pF + 10%

CAPACITOR, VARIABLE
0.2-1.5/100pF + 10%

CAPACITOR, VARIABLE
0.2-1.5/100pF + 10%

CAPACITOR, VARIABLE
0.2-1.5/100pF + 10%

CAPACITOR, FIXED, CERAMIC
DIELECTRIC
2.7pF + 0.25pF, 500V

INDUCTOR
0.5 uH

CAPACITOR, FIXED, CERAMIC
DIELECTRIC
18pF + 20%, 500V

CAPACITOR, FIXED, ELECTROLYTIC
22uF + 20%, 35V

CAPACITOR, FIXED, CERAMIC
DIELECTRIC
6.8pF + 10%, 500V

CAPACITOR, FIXED, CERAMIC
DIELECTRIC
4.7pF + 0.5pF

PT.No. 290-0137-
00 cC210

PT.No. 276-0507-
00 L1l4, 43A,43B,
83A,83B,320,343,
353

PT.No. 108-0278-
00 LR400, 401

PT.No. 108-0182-
00 L4lé4

PT.No. 281-0069-
00 cl10C, 210C,
110E, ZI0E

PT.No. 281-0074-
00 Ccl13C, 213C,
113E, ZI3E

PT.No. 281-0071-
00 C109C, 209C
109E, Z09E

PT.No. 281-0073- |
00 cli2c, 212c,
112E, 7I2E

PT.No. 281-0010-
00 C160A, 160C,
2604, 760C

PT.No. 281-0547-
00 Cl04A, 204A

PT.NO. 108-0170-
01 L46, 86

PT.NO. 281-0558-
00 €102, 202

PT.NO. 290-0162-
00 Cé61, 691

PT.No. 281-0572-
00 C105A, 1064,
107A, 205A, 206A
207A

PT.No. 281-0592-
00 Cl04D, 204D,
445

AL5. Oct 86
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110C

5910-00-577-1315

5910-00-682-3251

5910-00-682-3287

5950-00-683-3203

5910-00-683-3679

5950-00-686-6829

5910-00-713~-2011

5910-00-715-0452

5910-00-726-8952

5910-00-752-4290

5910-00-754-9826

5910-00-782-7614

5910-00-794-3318

5910-00-794-3408

CAPACITOR, FIXED, CERAMIC
DIELECTRIC
10pF + 10%, 500V

CAPACITOR, FIXED, CERAMIC
DIELECTRIC
470pF + 20%, 500V

CAPACITOR, FIXED, CERAMIC
DIELECTRI"
2.2pF + 0.5pF, 500V

INDUCTOR, RADIO FREQUENCY
3.2uH

CAPACITOR, FIXED, CERAMIC
DIELECTRIC
8pF + 20%, 500V

INDUCTOR, RADIO FREQUENCY
0.3uH

CAPACITOR, FIXED, CERAMIC
DIELECTRIC
100pF + 20%, 350V

CAPACITOR, FIXED, CERAMIC
DIELECTRIC
18pF + 10%, 500V

CAPACITOR, FIXED CERAMIC
DIELECTRIC
0.0068uF + 20%, 500V

CAPACITOR, FIXED, ELECTROLYTIC
10 uF - 10% + 250%, 15V

CAPACITOR, FIXED, CERAMIC
DIELECTRIC
1.8pF + 20%, 500

CAPACITOR, FIXED, CERAMIC
DIELECTRTC
0.1uF + 80% - 20%, 25V

CAPACITOR, FIXED, CRERAMIC
DIELECTRIC
39pF + 10%, 500V

CAPACITOR, FIXED, CERAMIC
DIELECTRIC
L150pF + 20%. 500V

11

16

15

PT.No. 281-0504—
00 C192, 193,
292, 293, 945

PT.NO. 281-0525-
00 €30C, 54,
70C, 94, 122,
160R, 180D, 203,
222, 260R, 948K

PT.No. 281-0500-
00 (878

PT.No. 108-0088-
00 L407

PT.No. 281-0503-
00 C108A, 109A,
110A,1114A, 1124,
1134, 208A, 209A
2104, 211A, 212A
213A,404A,B,
406A, B

PT.No. 108-0112-
00 L45, 185,554,
564

PT.No. 281-0523-
00 C30B, 156,
199,775%, J487

PT.No. 281-0542-
00 C27, 127,227

PT.No. 281-0614~
00 C118, 218

PT.No. 290-0167-
00 C180K

PT.No. 281-0557-
00 C29

PT.No. 283-0081-
00 C132, 134
232, 234,270,271
310,443,452, 469,
694,811,923,936,
937

PT.No. 281-0516-
00 C15, 136

PT.No. 281-0524-
00 €202, 739

b3
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5910~00-794-3710

5910-00-794-3888

5910-00-810-3819

5910-00-814-7525

5950-00-815-7309

5910-00-833-4685

5910-00-834-4931

5915-00-835-2984

5910-00-839-5603

5910-00-850-2124

5910-00-851-8654

5950-00-855-3989

5950-00-865-0250

5910-00-865-6900

5910-00-879-5921

CAPACITOR, VARIABLE
1.5pF - 7pF

CAPACITOR, FIXED, CERAMIC
DIELECTRIC
4.7pF + 10%, 500V

CAPACITOR, FIXED, CERAMIC
DIELECTRIC
0.001uF + 10% 500V

CAPACITOR, FIXED, CERAMIC
DIELECTRIC
0.01uF + 20%, 500V

INDUCTOR, RADIO FREQUENCY
2.2uH

CAPACITOR, FIXED, PAPER
DIELECTRIC
0.1uF + 20%, 600V

CAPACITOR VARIABLE
1.8pF-13pF + 207%

SUPPRESSOR, PARASITIC
0.5uF

CAPACITOR, FIXED, CERAMIC
DIELECTRIC
500pF + 20%, 10,000V

CAPACTTOR, FIXED, CERAMIC
DIELECTRIC
1pF + 0.1pF, 200V

CAPACITOR, FIXED, CERAMIC
DIELECTRIC
270pF + 10%, 500V

INDUCTOR, RADIO FREQUENCY

TRANSFORMER, RADIO FREQUENCY

0.1-0.12uH

CAPACITOR, FIXED, PAPER
DIELECTRIC
0.1uF + 20%, 200V

CAPACITOR, FIXED, CERAMIC
DIELECTRIC
0.05 uF + 20%, 50V

PT.No. 281-0005-
00 €879

PT.No. 281-0519-
00 C108E, 132,
208F, 232, 771
78T, 550, 560,
935 — T

PT.No. 281-0536-
00 C180F

PT.No. 283-0068-
00 C30A,70A,365,
366

PT.No. 108-0147~
00 L125, 225

PT.No. 285-9634—~
00 £101, 201

PT.No. 281-0081~

00 C456,104C,
204C, 169,269,
2767

PT.No. 108-0146~
00 1392

PT.No. 281-0556~-
00 €835, 836,
837

PT.No. 281-0599~
00 C103

PT.No. 281-0543-
00 C102, 201,
204

PT.No. 108-0279-
00 1861
PT.No. 114-0160-
00 1465

PT.No. 285-0572-
00 €398,611,831,
851864, 946

PT.No. 283-0010-
00 £802, 803

AL5. Oct 86
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5910-00-879-6813

5950-00-882-2752

5910-00-882-7003

5910-00-889-4824

5910-00-890-4499

5910-00-890-5707

5910-00-900-1102

5910-00-900~1104

5910-00~914-4085

5915-00-914-4106

5910-00-916-8011

5910-00-917-0559

5910~-00-919-4374

5910-00-924-4338

5910-00-931-7067

CAPACITOR, FIXED, CERAMIC
DIELECTRIC
39 pF + 5%, 500V

INDUCTOR, RADIO FREQUENCY
0.5uH

CAPACTITOR, FIXED, CRRAMIC
DIELECTRIC
0.001 uF + 20%, 3000V

CAPACITOR, FIXED, PAPER
DIELECTRIC
0.1uF + 20%, 600V

CAPACITOR, FIXED, MTCA
DIELECTRIC
200 pF + 10%, 500V

CAPACITOR, FIXED, ELECTROLYTIC

400uf - 10% + 100%, 250V

CAPACTITOR, VARTABLE
9.35 pF

CAPACITOR, FIXED, PAPER,
DIELECTRIC
0.01 uF + 5%, 100V

CAPACITOR, FIXED, CERAMIC
DIELECTRIC
500pF + 207% 20,000V

SUPPRESSOR, PARASITIC
0.1 uH

CAPACITOR, FIXED, CERAMTC
DIELECTRTC
68 pF + 5%, 500V

CAPACITOR, FIXED, CERAMIC
DIELECTRIC
0.0011 uF + 5%, 500V

CAPACTITOR, FIXED, CERAMIC
DIELECTRIC
270 pF + 5%, 1,000V

CAPACITOR, FIXED, CERAMIC
DIELECTRIC
0.015 uF + 20%, 3,000V

CAPACITOR, FIXED, CERAMIC
DIELECTRIC
0.022uF + 80% - 20%, 25V

26

PT.No. 281-0603-
00 €53,93,4568,
464 474,476

PT.No. 108-0211-
00 1504, 515

PT.No. 283-0044~-
00 C833

PT.No. 285-0587-
00 C745

PT.No. 283-0557~
00 C404C,406C

PT.No. 290-0169-
01 c612, 702

PT.No. 281-0063~-
00 Cl104

PT.No. 285-0598-
00 C180G,663,744
815

PT.No. 283-0096~-
00 838

PT.No. 108-0260~
00 L434,444
469,579,527

PT.No. 281-0602-
00 C456E,456F

PT.No. 283-0088~-
00 €348

PT.No. 283-0084-
00 343,353,366
387

PT.No. 283-0042-
00 822, 827,
832,844,845,846,
854

PT.No. 283-0080-
00 c12,14,25,26,
43,46,83,86,109,
191,213,253,291,
320, 340,344,354,
371,382,390,410,
411,483,497,498,
896
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5910-00-932-9453

5910~-00-937-0660

5910-00-938-4696

5910-00-947-9498

5910-00-947-9499

5910-00-949-4995

5910-00-950-3924

5910-00-951-0668

5910-00-978-2441

5910-99-116-5759

5910-99-116-5760

5910-99-116-5761

5910-99-116-5762

5910-99-140-5418

5910-99-140-5419

CAPACITOR, VARIABLE
0.2 - 1.5 pF - 20%

CAPACITOR, FIXED, ELECTROLYTIC

5 uF - 10% + 250%, 25V

CAPACITOR, FIXED, CERAMIC
DIELECTRIC
0.001 uF + 20%, 500V

CAPACITOR, FIXED, CERAMIC
DIELECTRIC

CAPACITOR, FIXED, CERAMIC
DIELECTRIC
18pF + 5%, 500V

CAPACITOR, FIXED, CERAMIC
DIELECTRIC
11 pF + 5%, 500V

CAPACITOR, VARIABLE
0.7 - 3 pF + 20%

CAPACITOR, FIXED, CERAMIC
DIELECTRIC
47 pF + 207, 500V

CAPACITOR, FIXED, CERAMIC
3.3 pF - 0.25 pF

CAPACITOR, VARTIABLE
1.2 pF - 3.5 pF + 20%

CAPACITOR, VARIABLE
1.5 pF - 9.1 pF + 207

CAPACITOR, FIXED, CERAMIC
DIELECTRIC
25 pF + 5%, 500V

CAPACITOR, FIXED, ELECTROLYTIC

170 uF - 10%, + 100%, 250V

CAPACITOR, FIXED, ELECTROLYTIC

15 uF - 10% + 250%, 20V

CAPACITOR, FIXED, ELECTROLYTIC

180 uF - 10% + 250%, 6V

14

26

PT.No. 281-0064-
00 C103,104B,203

204B

PT.No. 290-0026-
00 €916, 926

PT.No. 283-0078-
00 C23,44C,44D,
75A 84C, 84D,
104,169,207,314,
334,660,690,692,

PT.No. 281-0577-
00 C159,165,
259,765

PT.NO. 281-0578-

00 C462

PT.No. 281-0576-
00 C465, 475

PT.No. 281-0027-
00 C105B,C,
1068,C,1078,¢C,
1088,c,1098,1108
111B,1128,113B,
2058, C,2068,0,
207B,C,2088,C,
2098,2108,2118,
212B,213B

PT.No. 281-0518-
00 €21,130,230
PT.No. 281-0534~
00 C877,C948A

PT.No. 281-0076-
00 C484,

PT.No. 281-0079-
00 C467,

PT.No. 281-0586-
00 C466
PT.No. 290-0202-
00 C742

PT.No. 290-0135-
00 C170

PT.No. 290-0139-
00 C153,
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110C

5910-99-140-5421

5910-99-140-5422

5910-99-140-5423

5910-99-140~-5424

5910-99-140-5425

5950-99-140-5628

5910-99-140-5720

5910-99-140-5721

5910-99-140-5722

5910-99-140-5727

5910-99-140-5728

5910-99-140-5731

5910-99-140-5732

5910-99-140-5733

5910-99-140-5734

CAPACITOR, FIXED, ELECTROLYTIC
100 uF - 10% + 250%, 12V

CAPACITOR, FIXED, ELECTROLYTIC
1 uF + 10%, 35V

CAPACITOR, FIXED, ELECTROLYTIC
3900 uF - 10% + 250%, 30V

CAPACITOR, FIXED, ELECTROLYTI"
0.1 uF + 10%, 35V

CAPACITOR, FIXED, ELECTROLYTIC
33 uF - 10% + 250%, 35V

INDUCTOR
100 uH

CAPACITOR, VARTABLE
0.2 = 1.5/500 pF + 10%

CAPACITOR, VARTABLE
1.3 pF - 5.4 pF + 20%

CAPACITOR, VARIABLE
0.2 pF - 1.5 pF + 20%

CAPACITOR, FIXED, CERAMIC
DIELECTRIC
0.01 uF + 20%, 250V

CAPACITOR, FIXED, CERAMIC
DIELECTRIC
56 pF + 10%, 200V

CAPACITOR, FIXED, PAPER
DIELECTRIC
0.01 uF + 20%, 200V

CAPACTTOR, FTXED, PAPER
DIELECTRIC
0.1 uF + 20%, 100V

CAPACITOR, FIXED, PAPER
DIELECTRIC
0.47 uF + 20% 100V

CAPACITOR, FIXED, PAPER
DIELECTRI"
0.0015 uF + 20%, 100V

16

PT.No. 290-0171-
00 C609,743

PT.No. 290-0183-
00 C108J,199,299

PT.No. 290-0186-
00 C642,672

PT.No. 290-0188-
00 C180H

PT.No. 290-0189-
00 C114,818

PT.No. 108-0226-
00 1390

PT.No. 281-0072-
00 clllc, 211c¢,
111, T

PT.No. 281-0077-
00 €378,

PT.No. 281-0095-
00 €377, 397

PT.No. 283-0079-
00 C€32,72,76,
123,131,162,171,
223,231,262,409,
414,417,483,863,
870

PT.No. 283-0095-
00 C367

00 €622, 882

PT.No. 285-0622-
00 €130,200,230,
714,914

PT.No. 285-0623-
00 C615-821

PT.No. 285-0626-
00 €903
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110C

5910-99-140-5735

5910-99-140-5736

5910-99-140-5738

110CV

5961-00-018-1179

5961-00-018-1180

5961-00-045-4196

5961-00-051-4719

CAPACITOR, FTXED, PAPER
DIELECTRIC

0.047 uF + 20%, 100V
CAPACITOR, FIXED, PAPER
DIELECTRIC

0.033 uF + 20%, 600V
CAPACITOR SET

matched set of 5 capacitors
+001uF,0.01uF,0.1uF,1uF, 10uF

TRANSISTOR

TRANSISTOR

SEMICONDUCTOR, DEVICE, DIODE

DIODE

32

57

[Re]

1

PT.No. 285-0629-
00 C186

PT.No. 285-0644—
00 C610, 701,
740,741

PT.No. 295-0082-
00 C160 F-K
EZEE_E:E

PT.No. 151-0103-
00 Q44A,B,84A,
B,114,123,133,
173B,204,223,233
273,313,343,
345,355,374,
383,483,593,
653,659,663,683,
%89,773,737,80%,
BT4A, 5,974,975

PT.No. 151-0133=
00 023B,1954,
B,219,373,393

PT.No. 152-0141-
00 N33,44A,B,
45A,8,73/4,
84A,B,85A,8,
104,113/4,118,
133,155,157,158,
163,180/1,183,
193,200,219,233,
255,257,258,263.
273,293,321, 344,
346,347,360, 363,
371,387,669,699,
739,811,815/7,
873,884,886,891,
932,933,942/3,
948

PT.No. 152-0113-
00 D642A,B,C,D
D672,A,8,C,D
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110CV

5961-00-051-5975

5961-00-070-7609

5961-00-078-0628

5961-00-226-8581

5960-00-230-5321

5961-00-710-2771

5961-00-713-7393

5961-00-724-2136

5961-00-724-2138

5960-00-755-0184

5961-00-759~-9393

5961-00~781-6825

5961-00-837-9286

5961-00-849-4186

5961-00-855-3997

5961-00-857~1914

5961-00-865-9229

TRANSISTOR

SEMICONDUCTOR DEVICE, DIODE

SEMICONDUCTOR DEVICE, DIODE

TRANSISTOR

VALVE, ELECTRONIC

SEMICONDUCTOR DEVICE, DIODE

SEMICONDUCTOR DEVICE, DIODE

TRANSISTOR

TRANSISTOR

VALVE, ELECTRONIC

TRANSISTOR

TRANSISTOR

DIODE

SEMICONDUCTOR DEVICE, DIODE

TRANSISTOR

SEMICONDUCTOR DEVICE, DIODE

SEMICONDUCTOR DEVICE, DIODE

15

PT.No. 151-0126-
00 Q644,674,714
910

PT.No. 152-0151-
00 D214A,B

PT.No.
152-0124- 00
D609,

PT.No. 151-0131-
00 Q54,94

PT.No. 154-0051~-
00 V822,832,842,
852, 862

PT.No. 152-0065~
00 D302,305,309,
312,3272,325,329,
VI

PT.No. 152-0034~
00 D343,

PT.No. 151-0113-
00 Q637

PT.No. 151-0140-
00 Q697

PT.No. 154-0306-
00 v33,73,161,
261

PT.No. 151-0096-
00 Q184,623,633

PT.No. 151-0108-
00 Ql4A,B,23A,
124,134A,8,173A,
224,234,324, 344,
364,390,883,894

PT.No. 152-0135-
00 D714

PT.No. 152-0291-
00

PT.No. 151-0112-
00 Q667,820

PT.No. 152-0060-
00 D397,

PT.No. 152-01233
-00 D340,341,407
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110CV

5961-00-879~-7448

5961-00-900-6703

5961-00-905-6871

5961-00-908-7598

5961-00-914-3329

5960-00-920-7941

5960-00-920-7942

5960-00-920-7996

5961-00-923-9763

5961-00-923-9772

5961-00-923-9773

5961-00-923-9775

TRANSISTOR

TRANSISTOR

SEMICONDUCTOR DEVICE, DIODE

SEMICONDUCTOR DEVICE, DIODE

SEMICONDUCTOR DEVICE, DIODE

VALVE, ELECTRONTC

VALVE, ELECTRONIC

VALVE, ELECTRONTC

SEMICONDUCTOR DEVICE, DIODE

SEMICONDUCTOR DEVICE, DIODE

SEMICONDUCTOR DEVICE, DIODE

TRANSISTOR

14

14

10

PT.No. 151-0109-
00 QL54,164,174,
184,254,264 ,274,
284 304,314,324,
334,434, 444

PT.No. 151-0107-
00 Q64,154,254

PT.No. 152-0061-
00 D125,225,395,
396,611,872,874,
944,947

PT.No. 152-0075-
00 D44C,D, 84C,
D,133,192,193
233,7297,793,348,
358,369,397

PT.No. 152-0126-
00 D374

PT.No. 152-0161-
00 D159,259

PT.No. 154-0448-
00 V859

PT.No. 157-0080-
00 V133,233

PT.No. 152-0066-
00 D6124A,B,C,D,
702,737,742,743,
745

PT.No. 152-0125-
00 D55,95,105,
125,225

PT.No. 152-0153-
00 D56,57,96,
102,103,120,121,
220,221

PT.No. 151-0127-
00 Q164,264,423
433,444,454 TGEA
YL,V —
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110CV

5961-00-923-9776

5961-00-923-9777

5961-00-923-9778

5961-00-927-2932

5961-00-965-6721

5961-00-968-0084

5961-00-989-2434

5961-99-037-4910

5961-99-116-5752

5961-99-116-5753

5961-99-116-5754

5961-99-116-5755

5961-99-118-3882

5961-99-140-5647

5960-99-197-7928

110F

5930-00-051-2205

5930-00-833-4653

5930-00-833-4654

TRANSISTOR

SEMICONDUCTOR DEVICE SET

(Matched Pair)

TRANSISTOR

TRANSISTOR

SEMICONDUCTOR

TRANSISTOR

SEMICONDUCTOR
TRANSISTOR

CV 7528 Q637
TRANSISTOR
SEMICONDUCTOR
SEMICONDUCTOR
SEMICONDUCTOR
SEMICONDUCTOR

TRANSISTOR

SEMICONDUCTOR

SWITCH, ROTARY

SWITCH, LEVER

SWITCH, ROTARY

DEVICE,

DEVICE,

DEVICE,

DEVICE,

DEVICE,

DEVICE,

DEVICE,

DIODE

DIODE

DIODE

DIODE

DIODE

DIODE

DIODE

12

PT.No. 151-0120
00 Q413,423,454
464,504,514 ,523,
533,554,564 ,574 ,
584

PT.No. 153-0524-
00 Q484,494

PT.No. 151-0104-
00 Q214,614,803

PT.No. 151-0124-
00 Q374,394,
873)8;2;,92;5)

PT.NO. 152-0045-
00 D30, 31, 70,
71

PT.No. 151-0087-
00 Q43,83,183
2958,

PT.No. 152-0002-
00 D870,871

PT.No. 151-0125-
00 Q693

PT.No. 152-0096-
00 D636

PT.No. 152-0119-
00 D804

PT.No. 152-0133-
00 D736

PT.NO. 152-0134-
00 D716

PT.No. 151-0209-
00 Q737

PT.No. 152-0290-
00 D820

PT.No. 260-0472-
00 SW30C,70B,C

PT.No. 260-0492-
00 SW101,201

PT.No. 260-0523-
00 SW540
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110F

5930-00-833-4655

5930-00-920-3670

5930-00-937-0872

5930-99-116-5757

5930-99-116-5758

5930-99-140-5411

5930-99-140-5412

5930-99-140-5413

5930-99-140-5414

5930-99-140-5415

5930-99-140-5416

5930-99-140-5717

5930-99-140-5718

5930-99-140-5800

5340-99-140-6110

110H

5920-00-082-7561

5935-00-103-1696

SWITCH, ROTARY

SWITCH, LEVER

SWITCH, SLIDE

SWITCH, LEVER

SWITCH. ROTARY

SWITCH, TOGGLE

SWITCH, PUSH

SWITCH, PUSH

SWITCH, LEVER

SWITCH, ROTARY

SWITCH, ROTARY

SWITCH, ROTARY

SWITCH, ROTARY

SWITCH

ROD, EXTENSION SWITCH

FUSE
4 amp

CONNECTOR, RECEPTACLE

PT.No. 260-0524-
00 SW350

PT.No. 260-0640-
00 SW70A

PT.No. 260-0447-

00 SW190,290

PT.No. 260-0564~-
00 SW30A

PT.No. 262-0566-
00 SW110,210

PT.No. 260-0515-
00 Sw601

PT.No. 260-0516~
00 SW360,458

PT.No. 260-0518~-
00 SwW201,B186

PT.No. 260-0519-
00 SW30B

PT.No. 260-0545-
00 SW116

PT.No. 262-0569-
02 SW948

PT.No. 262-0567-
00 SW1604,B

PT.No. 262-0568-
00 SW300A,B

PT.No. 311-0385-
00 SWl44,R144,
SW244 ,R244

PT.No. 384-0293-
00

PT.No. 159-0027-
00 ¥602

PT.No. 131-0299-
00
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1104

5935-00-109-9850

5961-00-177-6535

5940-00-179-2819

5999-00-224-4375

5920-00-280-4960

5340-00-469-6192

5920-00-538-3494

5935-00-665-6544

5940-00-686-6057

6625-0N-788-6815

5920-00~794-4158

5935-00-832-4946

5920~-00-836-0763

6250-00-871-7347

5935-00-892-9180

5935-00-900-1236

5935-00-901-9702

5920-00-933-5439

5940~-00~937-0882

5940-00~-937-0883

5940-00-937-0884

SOCKET, PLUG-TN-ELECTRICAL
TERMINAL, STUD
TERMINAL CONNECTOR

CAP ELECTRTCAL

FUSE

2 amp

CLIP

FUSE

3 amp

ADAPTOR, TONNEZTOR
TERMINAL POST

TTP, TEST PROD

FUSE HOLDER

PLUG, PROBE

FUSE

0.75 amp
HOLNER,GRATICULE LIGHT
PLUG, ELECTRICAL
CONNECTOR, RECEPTACLE
CONNECTOR,PLUG,ELECTRTCAL
FUSE

0.5 amp

TERMINAL BOARD

TERMINAL BOARD

TERMTNAL STRTP

27

PT.No. 136-0101-
00

PT.No. 136-0235-
00

PT.No. 131-0183-
00

PT.No. 200-0015-
00

PT.No. 159-0021-
00 F820

PT.NO. 344-0098-
00

PT.No. 159-0005-
00 F601

PT.No. 103-0033-
00

PT.No. 129-0035-
00

PT.No. 013-0052-
00

PT.No. 352-0002-
00

PT.No. 134-0044~-
00

PT.NO. 159-0042-
00 F703, 743

PT.No. 352-0063-
00

PT.No. 131-0572~-
00

PT.No. 131-0106-
00

PT.No. 131-0274-
00

PT.No. 159-0025-
00 F613

PT.No. 124-0145~-
00

PT.No. 124-0146-
00

PT.No. 124-0147-
00
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110H

5940-00-937-0886
5961-00-969-9096
5940-00~983-8310
5935-99-116~-5751
5935-99-116-5799
5940-99-140-5398
5935-99-140-5399
5935-99-140-5401
5935-99-140-5643
5935-99-140-5644
5935-99-140-5645
5935-99-140-5646
5910-99-140-6042
5920-99-140-6044

110 HS

6625-00-771-5495
6625-00-850-2104

6625-00-060-9051

TERMINAL BOARD

SOCKET

CLIP, ELECTRICAL

SOCKET, TRANSISTOR

SOCKET, INDTCATOR LIGHT

TERMINAL, POST

CONNECTOR

CONNECTOR, ANODE

CONNECTOR

SOCKET, TUBE

SOCKET

SOCKET, CRYSTAL

HOLDER CAPACITOR

HOLDER, FUSE, TRIPLE

LEAD, TEST

CABLE ASSEMBLY

CABLE ASSEMBLY, POWER ELECTRICAL

24

82

PT.No. 124-0148~
00

PT.No. 136-0095-

PT.No. 344-0046-

00

PT.No. 136-0161~-
00

PT.No. 136-0160-
00

PT.No. 129-0066-
00

PT.No. 131-0097-

PT.No. 131-0301-

PT.No. 131-0096-

PT.No. 136-0078-

PT.No. 136-0117-

00

PT.No. 136-0153-
00

PT.No. 352-0066-

PT.No. 352-0073-
00

PT.No. 175-0263-
01

PT.No. 175-0262~
01

PT.No. 161-0024~-
03
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110HS

6625-00-916-8025

5995-00-978-8538

6625-01-016-8693

110K

5950-00-014-5742

5950-00-855-3990

5950-00-865-0260

110P

6625-99-116-6377

110Q

5950-00-850-2114

5950-00-850-2121

1108

6625-00-798-1508

6625-00-798-1515

6625-00-830-5719

6625-00-964-9327

6625-00~983-6437

110W

5905-00-010-5383

5905-00-063-6851

CABLE ASSEMBLY

LEAD, ELECTRICAL

LEAD, ELECTRICAL, TEST 12in 1g

TRANSFORMER, POWER
STEP-UP AND STEP-DOWN

TRANSFORMER, POWER, STEP-UP

INDUCTOR, AUDIO FREQUENCY

FILTER LINE ASSEMBLY

COTL, VARTABLE
0.15 uH to 0.25 uH

CO1IL, VARIABLE

0.6 uH to

TIP, TEST

TIP, TEST

TiP, TEST

TIP, TEST

TIP, TEST

RESISTOR,
500 ohms

RESISTOR,

1.1 uH

PROD, STRAIGHT

PROD

PROD

PROD

PROD

VARTABLE

FIXED, WIREWOUND

0.5 ohms + 1%, 1W

PT.No. 012-0076-
00

PT.No. 175-0124-
00

PT.No. 175-0125-
00

PT.No. 120-0339-
00 T601

PT.No. 120-0332-
00 T820

PT.No. 120-0273-
00 T371,390

PT.No. 050-0503-
00 T600, C601,
€602, €603

PT.No. 114-0153-
00 1103

PT.No. 114-0156-
00 1104

PT.No. 206-0015-

PT.No. 013-0071-
00

PT.No. 134-0013~-
00

PT.No. 206-0105-
N0

PT.No. 206-0060-
00

PT.No. 311-0380~
00 R731
PT.No. 308-0087-
00 R649

Page 20




AP 117K-0104-3D

9

110W

5905-00-070~-5852

5905-00-070-5854

5905-00-072-8055

5905-00-102-2444

5905-00-102-5294

5905-00-104-8581

5905-00-104-8582

5905-00-106-1317

5905-00-111-8454

5905-00-135-3973

5905-00-171-1997

5905-00-190-8867

5905-00-192-3979

5905-00-192-3982

5905-00-192-3987

5905-00-196-4533

5905-00-247-2661

5905-00-249-1555

5905-00-252-1671

RESISTOR, FIXED, COMPOSITION
27K ohms + 10%, 1/2W

RESISTOR, FIXED, COMPOSITION
2.7M ohms + 10%, 1/2W

RESISTOR, VARIABLE
5K ohms

RESISTOR, FIXED, COMPOSITION
47K ohms + 10%, 1W

RESISTOR, FIXED, COMPOSITION
100 ohms + 5%, 1/4W

RESISTOR, FIXED, COMPOSITION
14.7K ohms + 1%, 1W

RESISTOR FIXED, COMPOSITION
19.6K ohms + 1%, 1W

RESISTOR, FIXED, COMPOSITION
1M ohms + 1%, 1/4W

RESISTOR, VARIABLE
1K ohms

RESISTOR, FIXED, COMPOSITION
220 ohms + 5%, 1/4W

RESISTOR, FIXED, COMPOSITION
330 ohms + 10%, 1/2W

RESISTOR, FIXED, COMPOSITION
5.1K ohms + 5%, 2W

RESISTOR, FIXED, COMPOSITION
33K ohms 107%, 2W

RESISTOR, FIXED, COMPOSITION
1M ohms + 10%, 1/2W

RESISTOR, FIXED, COMPOSITION
100K ohms + 10%, 1/2W

RESISTOR, FIXED, COMPOSITION
Not known

RESISTOR, FIXED, WIREWOUND
35 ohms + 5%, 3W

RESISTOR, FIXED, WIREWOUND
0.3 ohms + 10%, 2W

RESISTOR, FIXED, COMPOSITION
2.2M ohms + 10%, 1/4W

PT.No. 302-0273~
00 R693

PT.No. 302-0275-
00 R845

PT.No. 311-0458-
00 R865

PT.No. 304-0473-
00 R702

PT.No. 315-0101-
00 R10,11,122,
222,341,351

PT.No. 324-0305-
00 R195 (11B2)

PT.No. 324-0317-
00 R360,886

PT.No. 322-0481-
01 R104E, 204E,

PT.No. 311-0404~
00 R160W

PT.No. 315-0221-
00 R390,391,425

PT.No. 302-0331~-
00 R622

PT.No. 305-0512~
00 R73

PT.No. 306-0333-
00 R873

PT.No. 302-0105-
00 R30C,70C,
601,838,854

PT.No. 301-0104~
00 R397,856

PT.No. 302-0100-
00 R837 R946

PT.No. 308-0223-
00 R736

PT.No. 308-0244-
00 R679

PT.No. 316-0225-
00 R186
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110W

5905-00-279-1749

5905-00-299-2019

5905-00~-299-2031

5905-00-405-7972

5905-00-426-7707

5905-00-426-7708

5905-00-426-7723

5905-00-426-7754

53905-00-426-7783

5905-00-426-7791

5905-00-434-5053

5905-00-434~-5059

5905-00-434-5068

5905-00-434-5438

5905-00-434-5439

5905-00-434~5442

5905-00-436-9382

5905-00-436-9764

5905-00-436-9789

RESISTOR, FIXED, COMPOSITION
6.2M ohms + 5%, 1/2W

RESISTOR, FIXED, COMPOSITION
22K ohms + 10%, 1W

RESISTOR, FIXED, COMPOSITION
8.2K ohms + 10%, 1W

RESISTOR, FIXED, COMPOSITION
909 ohms + 1%, 1/8W

RESISTOR, FIXED, COMPOSITION
2k ohms + 1%, 1/8W

RESISTOR, FIXED, COMPOSITION
2.05K ohms + 1%, 1/8W
RESISTOR, FIXED, COMPOSITION
2.37K ohms + 1%, 1/8W

RESISTOR, FIXED, COMPOSITION
3.32K ohms + 1%, 1/8W

RESISTOR, FIXED, COMPOSITION
3.83K ohms + 1%, 1/8W

RESISTOR, FIXED, COMPOSITION
5.11K ohms + 1%, 1/8W

RESISTOR, FIXED, COMPOSITION
1.21K ohms + 1%, 1/8W
RESISTOR, FIXED, COMPOSITION
1K ohms + 1%, 1/8W

RESISTOR, FIXED, COMPOSITION
10K ohms + 1%, 1/8W

RESISTOR, FIXED, COMPOSITION
10 ohms + 5%, 1/4W

RESISTOR, FIXED, COMPOSITION
1K ohms + 5%, 1/4W

RESISTOR, FIXED, COMPOSITION
10K ohms + 5%, 1/4W
RESISTOR, FIXED, COMPOSITION
2.7K ohms + 57, 1/4W

RESISTOR, FIXED, COMPOSITION
2.4K ohms + 5%, 1/4W

RESISTOR, FIXED, COMPOSITION
27 ohms + 5%, 1/4W

PT.No. 301-0625-
00 R214

PT.No. 304-0223-
00 R168,808

PT.No. 304-0822-
00 R343

PT.No. 321-0189-
00 R194

PT.No. 321-0222-
00 R111E, 211E

PT.NO. 321-0223-
00 R178, 188,
278, 288

00 R112

PT.No. 321-0243-
00 R123, 223

PT.No. 321-0249-
00 R347, 357

PT.No. 321-0261-
00 R294

PT.No. 321-0201-
00 R252, 318,
338 —

PT.No. 321-0193-
00 R112E,212E,
308

PT.No. 321-0289-
00 R373,545

PT.No. 315-0100-
00 R485

PT.No. 315-0102-
00 R40

PT.No. 315-0103-
00 R195, 197,
295, 297

PT.No. 315-0272~
00 R926

PT.No. 315-0242-
00 R64, 462

PT.No. 315-0270-
00 R314,334,595
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5905-00~-437-0051

5905-00-437-0272

5905~-00-437-0833

5905-00-437-0891

5905-00-437-0896

5905-00-437-0908

5905-00-437-0913

5905-00-437-0917

5905-00-437-0942

5905-00-437-1780

5905-00-437-1782

5905-00-445-3708

5905-00-445-3739

5905-00-445-3781

5905-00-445-3801

5905-00-445-3826

RESISTOR, FIXED, COMPOSITION
4.7K ohms + 5%, 1/4W

RESISTOR, FIXED, COMPOSITION
51 ohms + 5%, 1/4W

RESISTOR, FIXED, COMPOSITION
33 ohms + 5% 1/4W

RESISTOR, FIXED, COMPOSITION
47 ohms + 5%, 1/4W

RESISTOR, FIXED, COMPOSITION
1K ohms + 10%, 1/4W

RESISTOR, FIXED, COMPOSITION
2.2K ohms + 10%, 1/4W

RESISTOR, FIXED, COMPOSITION
68 ohms + 5%, 1/4W

RESISTOR, FIXED, COMPOSITION
750 ohms + 5%, 1/4W

RESISTOR, FIXED, COMPOSITION
68K ohms + 10%, 1/4W

RESISTOR, FIXED, COMPOSITION
470 ohms + 5%, 1/4W

RESISTOR, FIXED, COMPOSITION
4.7K ohms + 10%, 1/4W

RESISTOR, FIXED, COMPOSITION
18K ohms + 5%, 1/4W
RESISTOR, FIXED, COMPOSITION
2K ohms + 5%, 1/4W

RESISTOR, FIXED, COMPOSITION
1.1K ohms + 5%, 1/4 W

RESISTOR, FIXED, COMPOSITION
12 ohms + 5%, 1/4 W

RESISTOR, FIXED, COMPOSITION
12K ohms + 5%, 1/4W

PT.No. 315-0472-
00 R151,442,452

PT.No. 315-0510-
00 R134, 199,
234, 299

PT.No. 315-0331-
00 R112D,212D

PT.No. 315-0470-
00 R102,202,109D
209D

PT.No. 316-0102~

00 R204,218,871

PT.No. 316-0222-
00 296C,806,914

PT.NO. 315-0680-
00 R456B

PT.No. 315-0751~
00 R23, 176,274
407

PT.No. 316-0683~
00 R43,83,653,
931, 941

PT.No. 316-0471-
00 R26, 32, 72,
104, 177, 341

PT.No. 316-0472-
00 R24,25,754,
75C,136,202,916

PT.No. 315-0183~
00 R426

PT.No. 315-0202-
00 R54, 94, 392,
882, 924

PT.No. 315-0112-
00 R127, 227

PT.No. 315-0120~
00 R286

PT.No. 315-0123~
00 R123, 223
293
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5905-00-445-3831

5905-00-469-2916

5905-00-472-6188

5905-00-475-8262

5905-00~-476-0080

5905-00-476-0094

5905-00-476-5759

5905-00-476-5763

5905-00-476-5790

5905-00-496-9488

5905-00-497-0809

5905-00-504-4702

5905-00-577-9598

5905-00-577-9666

5905-00-577-9676

5905-00-581-6481

5905-00-682-4099

RESISTOR, FIXED, COMPOSITION
1.5K ohms + 5%, 1/4 W

RESISTOR, FIXED, COMPOSITION
10 ohms + 10%, 1/4W
RESISTOR, FIXED, COMPOSITION
39K ohms + 10%, 1/2W

RESISTOR, FIXED, COMPOSITION
4.75K ohms + 1%, 1/8W

RESISTOR, VARIABLE
500 ohms

RESISTOR, VARTABLE
2 x 200 ohms

RESISTOR, FIXED, COMPOSITION
IM ohms + 1%, 1/2W
RESISTOR, FIXED, COMPOSITION
50K ohms + 1%, 1/2W

RESISTOR, FIXED, COMPOSITION
121 ohms + 1%, 1/2W

RESISTOR, FIXED, COMPOSITION
3.3K ohms + 5%, 1/4W

RESISTOR, VARIABLE
Not known

RESISTOR, FIXED, COMPOSITION
82K ohms + 5%, 1/4W

RESISTOR, FIXED, COMPOSITION
150 ohms + 5%, 1/4W

RESISTOR, FIXED, COMPOSITION
15K ohms + 5%, 1/2wW

RESISTOR, FIXED, COMPOSITION
8.2K ohms + 5%, 1/4W

RESISTOR, FIXED, COMPOSITION
270K ohms + 10%, 1/2w

RESISTOR, FIXED, COMPOSITION
4.3K ohms + 5%, 1/4W

**

PT.No. 315-0152-
00 R367, 382

PT.No. 316-0100-
00 R19, 47, 87,
119,170,219,271

PT.No. 302-0393-
00 R183

PT.No. 321-0258-
00 R118,120,220

PT.No. 311-0095~
00 R331, 456D

PT.No. 311-0379-
00 RA414A,B

PT.No. 323-0481-
00 R113C, 114,
213C77T6 T

PT.No. 323-0636-
00 R948X

PT.No. 323-0105-
00 R444,454

PT.No. 315-0332-
00 R82B, 82C,
342, 352, 374

PT.NO. 311-0402-
01 SW160v,
R10V, SW260V,
RZ60V

PT.No. 315-0823-
00 R143, 243

PT.No. 315-0151-
00 R132,232
421,466,476 ,487

PT.No. 315-0153-
00 R129,229,
365

PT.No. 315-0822-
00 R42A, 456F

PT.No. 302-0274-
00 R365,366

PT.No. 315-0432-
00 R812
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1 2 3 9
110W
5905-00-688-3474{ RESISTOR, FIXED, COMPOSITION 1 PT.No. 302-0270-
27 ohms + 10%, 1/2W 00 R745
5905-00~-724-5713| RESISTOR, FIXED, COMPOSITION 2 PT.NO. 321-0204~-
1.3K ohms + 1%, 1/4W 00 R317, 337
5905-00~-725-9141| RESISTOR, FIXED, WIREWOUND 1 PT.No. 308 0090-
0.25 ohms + 10%, 1W 00 R949
5905-00-726-5340| RESISTOR, FIXED, COMPOSITION 16 PT.No. 316-0101~
100 ohms + 10%, 1/4W 00 R61,115,132,
156,158,198.215.,
237,256,258,270,
E ’E! ’80-9_’5[ b
870
5905-00~-727-3569| RESISTOR, FIXED, COMPOSITION 4 PT.No. 306-0395-
3.9 ohms + 10%, 2W 00 R840, 841,
= 842,843,
5905-00-728-3217| RESISTOR, VARIABLE 3 PT.No. 311-0389-
2 X 10K ohms + 10% 00 R196,296,441
5905-00-732-4188| RESISTOR, FIXED, WIRE WOUND 1 PT.No. 308-0025-
20K ohms + 5%, 10W 00 R947
5905-00~754-5750| RESISTOR, VARIABLE 1 PT.No. 311-0011~-
5K ohms 00 R897
5905-00-789-5945| RESISTOR, VARIABLE 1 PT.No. 311-0386-
2K ohms 00 R211
5905-00-794-3697| RESISTOR, FIXED, COMPOSITION 17 PT.No. 316-0470-
47 ohms + 10%m,1/4W 00 R27,30D,31,
- 46,70D,71,86,
160R, 161,171,
176,260R,261,876
892,893,923
5905-00-794-3698| RESISTOR, FIXED, COMPOSITION 2 PT.No. 316-0105~
IM ohms + 10%, 1/4W 00 R815, 825
5905-00-801-0443| RESISTOR, FIXED, COMPOSITION 1 PT.No. 315-0124~
120K ohms + 5%, 1/4W 00 R180
5905-00-813-5968] RESISTOR, VARIABLE 3 PT.No. 311-0169~

5905-00-816-3350

5905-00-825-9572

5905-00-839-4857

100 ohms

RESISTOR, VARIABLE
5M ohms + 20%, 0.2W

RESISTOR, VARIABLE
5K ohms

RESISTOR, FIXED, COMPOSITION
115K ohms + 1%, 1/2W

00 R138,238,334

PT.No. 311-0121-
00 R844

PT.No. 311-0117-
00 R181

PT.No. 323-0391-
00 R669
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5905-00-842-9545

5905-00-850-2126

5905~-00-851-1486

5905-00-851-2120

5905-00-851-2122

5905-00-851-2123

5905-00-856-9615

5905-00-856-9636

5905-00-863-6240

-1 5905-00-863-6242

5905-00-865-0275

5905-00-873-6919

5905-00-873-6934

5905-00-873-6939

5905-00-879-7815

5905-00-887-4441

5905-00-887-4442

5905-00-890-9372

RESISTOR, FIXED, COMPOSITION
15K ohms + 5%, 1/2W

RESISTOR, VARIABLE
1K ohms

RESISTOR, VARIABLE
2 X 500K ohms

RESISTOR, FIXED, COMPOSITION
700 ohms + 1%, 20W

RESISTOR, FIXED, COMPOSITION
4K ohms + 1%, 2W

RESISTOR, FIXED, COMPOSITION
970 ohms + 1%, 2W

RESISTOR, FIXED, COMPOSITION
20.4K ohms + 1%, 1/8W

RESISTOR, FTXED, COMPOSITION
998K ohms + 1%, 1/4W

RESISTOR, FIXED, COMPOSITION
250K ohms + 1%, 1/8W

RESISTOR, FIXED, COMPOSITION
801 ohms + 1%, 1/4W

RESISTOR, FIXED, COMPOSITION
67 ohms + 1%, 4W

RESISTOR, FIXED, COMPOSTTION
10K ohms + 10%, 1/4W

RESISTOR, FIXED, COMPOSITTON
IM ohms + 5%, 1/2W

RESISTOR, FIXED, COMPOSITION
560K ohms + 5%, 1/2W

RESTSTOR, FIXED, COMPOSTTION
1.4K ohms + 1%, 1/8W

RESISTOR, VARIABLE
250 ohms

RESISTOR, VARIABLE
"A" 1K ohms "B" 5K ohms, 2W

RESISTOR, VARTABLE

R861 2x1K ohms, R864 1N0K ohms

PT.No. 301-0153-
00 R367

PT.No. 311-0249-
00 R104

PT.No. 311-0400-
00 R364

PT.No. 310-0608-
00 R484,A,B,

PT.No. 310-0609-
00 R481,491

PT.No. 310-0610-
00 R467,468,477,
478

PT.No. 321-0615-
00 R108E, 208E

PT.No. 322~0628~-
00 R11C,211C

PT.No. 321-0618-
00 R105E, 205E

PT.No. 323-0633-
00 R417,R948E

PT.No. 310-0606-
00 R494,496

PT.No. 316-0103-
00 R207,804,814,
921,933,943

PT.No. 301-0105-
00 R30A,70B,118,
218

PT.No. 301-0564-
00 R817

PT.No. 321-0207-
00 R190,290

PT.No. 311-0378-
00 R661,691

PT.No. 311-0401-
00 R350A,B

PT.No. 311-0412-
00 R861, 864

’
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5905-00-890-9377

5905-00-890-9395

5905-00-893-1240

5905-00-893-1242

5905-00-893-1243

5905-00-893-1286

5905-00-893-1289

5905-00-893-1290

5905-00-893-1292

5905-00-900~-1112

5905-00-902-5928

5905-00-904-4397

5905-00-906-6360

5905-00-908-5410

5905-00-909-1778

5905-00-910-0763

5905-00-913-7117

RESISTOR, VARIABLE
10K ohms

RESISTOR, VARIABLE
5K ohms

RESISTOR, FIXED, COMPOSITION
52.6K ohms + 1%, 1/8W

RESISTOR, FIXED, COMPOSITION
10.1K ohms + 1%, 1/8W

RESISTOR, FIXED, COMPOSITION
995K ohms + 1%, 1/4W

RESISTOR, FIXED, COMPOSITION
111K ohms + 1%, 1/8W

RESISTOR, FIXED, COMPOSITION
205 ohms + 1%, 1/8W

RESISTOR, FIXED, COMPOSITION
100 ohms + 1%, 1/8W
RESISTOR, FIXED, COMPOSITION
46.4 ohms + 1%, 1/8W

RESISTOR, FIXED, COMPOSITION
5.03K ohms + 1%, 1/8W

RESISTOR, FIXED, COMPOSITION
110 ohms + 1%, 1/8W

RESISTOR, FIXED, COMPOSITION
6.81K ohms + 1%, 1/8W

RESISTOR, FIXED, COMPOSITION
100K ohms + 1%, 1/2W

RESISTOR, FIXED, COMPOSITION
1K ohms + 10%, 1/2W

RESISTOR, FIXED, COMPOSITION
750 ohms + 1%, 1/2W

RESISTOR VARIABLE
100 ohms

RESISTOR, FIXED, COMPOSITION
12.1K ohms + 1%, 1/8W

00 R150

PT.No. 311-0272-
00 R41,81

PT.No. 321_0616_
00 R107E, 207E

PT.No. 321-0614-
00 R109E,209E

PT.No. 322-0625-
00 R110C, 210C

PT.No. 321-0617-
00 R1O6E, 206E

PT.No. 321-0127-
00 R554,564

PT.No. 321-0097-
00 R159,259,272,
282,333,465,475

PT.No. 321-0065-
00 R550,560

PT.No. 321-0613-
00 R110E,210E

PT.NO. 321—0101—
00 R15

PT.No. 321-0273-
00 R422

PT.No. 323-0385-
00 R699

PT.No. 302-0102-
00 R615,831

PTONOO 323—0181—
00 R532,574,584

PT.No. 311-0258-
00 R150,176,250,
276

PT.NO. 321—0297-
00 R161,261,551,
561
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5905-00-916-5598

5905-00-916-8019

5905-00-917-1870

5905-00-917-4147

5905-00-917-4148

5905-00~-917-4149

5905-00-919-3143

5905-00-928-3233

5905-00-932-7016

"1 5905-00-943-9071

5905-00-943-9072

5905-00-943-9076

5905-00-974-6076

5905-00-983-9317

5905-99-116-2646

5905-99-116-4650

5905-99-116-4740

5905-99-116-4743

RESISTOR, FIXED, COMPOSITION
90.9 ohms + 1%, 1/4W

RESISTOR, FIXED, WIRE WOUND
1K ohms + 10%, 3W

RESISTOR, VARIABLE
10K ohms

RESISTOR, FIXED, COMPOSITION
900K ohms + 1%, 1/2W

RESISTOR, FIXED, COMPOSITION
261 ohms + 1%, 1/2W
RESISTOR, FIXED, COMPOSITION
221K ohms + 1%, 1/2W

RESISTOR, FIXED, WIRE WOUND
15K ohms + 5%, 8W

RESISTOR, FIXED, COMPOSITION
1.5M ohms + 1%, 1/2W

RESISTOR, FIXED, COMPOSITION
500K ohms + 1%, 1/4W

RESISTOR, FIXED, COMPOSITION
120 ohms + 10%, 1/2W

RESISTOR, FIXED, COMPOSITION
33K ohms + 10%, 1/2W
RESISTOR, FIXED, COMPOSITION
47 ohms + 10%Z, 1W

RESISTOR, FIXED, COMPOSITION
215 ohms + 1%, 1/8W
RESISTOR, VARIABLE

100K ohms + 20%, 5W

RESISTOR, FIXED, COMPOSITION
28.6 ohms + 1%, 1/2W

RESISTOR, FIXED, COMPOSITION
30.1 ohms + 1%, 1/8W

RESISTOR, FIXED, COMPOSITION
30 ohms + 5%, 1/4W

RESISTOR, FIXED, COMPOSITION
4.7K ohms + 5%, 1/2W

PT.No. 322-0093-
00 R445

PT.No. 308-0077-
00 R130,230

00 R7, 377

PT.No. 323-0611-
00 R106C, 206C

00 R457,458,467,,
468

PT.No. 323-0418-
00 R6l4

PT.No. 308-0178-
00 R374,875

PT.No. 323-0498-
00 R800

PT.No. 322-0610-
00 R104C, 204C

PT.No. 302-0121-
00 R744

PT.No. 302-0333-
00 R623,633,723,
733

00 R636

PT.No. 321—0129—
00 R157,167,257,
267,

PT.No. 311—0110—
00 R863

PT.No. 323-0628-
00 R948K

PT.No. 321-0047-
R404, 406

PT.No. 351-0300-
00 R113D, 213D

PT.No. 301-0472-
00 R458
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5905-99-116-4744

5905-99~116-5370

5905-99-116-5763

5905-99-116-5764

5905-99-116-5765

5905-99-116-5766

5905-99-116-5767

5905-99-116-5768

5905-99-116-5769

5905-99-116-5770

5905-99-116-5771

5905-99-116-5772

5905-99-116-5775

5905-99-116-5777

5905-99-116-5778

5905-99-116~5779

5905-99-116-5780

5905-99-116-5781

RESISTOR, FIXED, COMPOSITION
800K ohms + 1%, 1/2W

RESISTOR, FIXED, COMPOSITION
68.1 ohms + 1%, 1/8W
RESISTOR, FIXED, COMPOSITION
10 ohms + 5%, 1/2W

RESISTOR, FIXED, COMPOSITION
150 ohms + 5%, 1/2W

RESISTOR, FIXED, COMPOSITION
120 ohms + 5%, 1W

RESISTOR, FIXED, COMPOSITION
150 ohms + 10%, 2W

RESISTOR, FIXED, COMPOSITION
1.3K ohms + 5%, 1/4W

RESISTOR, FIXED, COMPOSITION
12K ohms + 10%, 1/4W

RESISTOR, FIXED, COMPOSITION
3.3M ohms + 10%, 1/4W

RESISTOR, FIXED, COMPOSITION
133 ohms + 1%, 1/8W

RESISTOR, FIXED, COMPOSITION
422 ohms + 1%, 1/8W

RESISTOR, FIXED, COMPOSITION
1.05K ohms + 1%, 1/8W

RESISTOR, FIXED, COMPOSITION
5.11K ohms + 1/2%, 1/8W

RESISTOR, FIXED, COMPOSITION
619 ohms + 1%, 1/4W

RESISTOR, FIXED, COMPOSITION
750 ohms + 1%, 1/4W

RESISTOR, FIXED, COMPOSITION
866 ohms + 1%, 1/4W

RESISTOR, FIXED, COMPOSITION
1K ohms + 1%, 1/4W

RESISTOR, FIXED, COMPOSITION
1.1K ohms + 1%, 1/4W

PT.No. 323-0620-
00 R105C, 205C

PT.NO . 321"'0081-
00 R174,184,
274,284

PT-NO . 301_0100—
00 R469, 483

PT.No. 301-0151~
00 R483/10A2

PT.No. 303-0121-
00 R448

PT.No. 306—0151—
00 R820

PT.No. 315-0132-
00 R811

PT.No. 316-0123-
00 R805

PT.No. 316-0335-
00 R807

PT.No. 321-0109-
00 R450, 460

00 R415, 425

PT.No. 321-0195-
00 R456E

PT.No. 321-0629-
00 R453

PT.No. 322-0173-
00 R456,466

PT.No. 322-0181-
00 R345,355

PT.No. 322-0187-
00 R417

PT.No. 322-0193-
00 R481

00 R270,280
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5905-99-116-5782

5905-99-116-5783

5905-99-116-5784

5905-99-116-5785

5905-99-116-5786

5905-99-116-5787

5905-99-116-5788

5905-99-116-5789

5905-99-116-5790

5905-99-116-5791

5905-99-116-5792

5905-99-116-5793

5905-99-116-5794

5905-99-116-5795

5905-99-116-5796

5905-99-116-5797

5905-99-116~-5798

5905-99-116-5813

RESISTOR, FIXED,
1.54K ohms + 14,

RESISTOR, FIXED,
2.37K ohms + 14,

RESISTOR, FIXED,
999K ohms + 1%,

RESISTOR, FIXED,
1.4K ohms + 1%,

RESISTOR, FIXED,
1.62K ohms + 14,

RESISTOR, FIXED,
3.48K ohms + 14,

RESISTOR, FIXED,
887K ohms + 1%,

RESISTOR, FIXED,
600 ohms + 1%,

RESISTOR, FIXED
990K ohms

RESISTOR, FIXED,
980K ohms t+ 1%,

RESISTOR, FIXED,
21.4 ohms t 1%

RESISTOR, FIXED,
43.1 ohms t+ 1z,

RESISTOR, FIXED,
72.4 ohms + 1%,

RESISTOR, FIXED,
146.1 ohms * 1%,

COMPOSITION
1/4W

COMPOSITION
1/4w

COMPOSITION
1/4W

COMPOSITION
1/2w

COMPOSITION
1/8W

COMPOSITION
1/2w

COMPOSITION
1/2W

COMPOSITION
1/2W

COMPOSITION
, 1/2W

COMPOSITION
1/2w

COMPOSITION
COMPOSITION
1/2w

COMPOSITION
1/2w

COMPOSITION
1/2w

RESISTOR, FIXED, COMPOSITION
452 ohms + 1% 1/2W

RESISTOR, FIXED,

1.789K ohms + 1/

COMPOSITION
1/2w

RESISTOR, FIXED, COMPOSITION
6.667K ohms + 14, 1/2w

RESISTOR, FI§ED
100 ohms + 1%,

COMPOSITION

1/4W

PT.No. 322-0211-
00 R158,168,258,
268

PT.No. 322-0229-
00 R895

PT.No. 322-0629-
00 R112C, 212C

PT.No. 323-0207-
00 R482, R492

PT.No. 323-0213-
00 R344,354

PT.No. 323-0245-
00 R480, 490

PT.No. 323-0476-
00 R803

PT.No. 323-0607-
00 R447, 457

PT.No. 323-0614-
00 R109C, 209C

PT.No. 323-0621-
00 R108C, 208C

PT.No. 323-0627-
00 R948L

PT.No. 323-0629—
00 R948J

PT.No. 323-0630-
00 R948H

PT.No. 323-0631-
00 R948G

PT.NO- 323_0632—
00 R948F

PT.No. 323-0634~-
00 R948D

PT.No. 323-0635-
00 R948C

PT.No. 322-0097-
00 R151, 251
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110W

5905-99-116-5815

5905-99-116-5816

5905-99-140-4613

5905-99-140-4620

5905-99-140-5739

5905-99-140-5741

5905-99-140~-5742

5905-99-140-5743

5905-99-140-5744

5905-99-140-5745

5905-99-140-5747

5905-99-140-5748

5905-99-140-5754

5905-99-140-5756

5905-99-140-5757

5905-99-140-5758

5905-99-140-5759

5905-99-140-5760

RESISTOR, FIXED, COMPOSITION
27.4 ohms + 1%, 1/4W

RESISTOR, FIXED, COMPOSITION
178 ohms + 1%, 1/8W

RESISTOR, FIXED, COMPOSITION
4.02K ohms + 1%, 1/8W

RESISTOR, FIXED, COMPOSITION
10K ohms + 1%, 1/2W

RESISTOR, FIXED, COMPOSITION
1.1K ohms + 5%, 1/2W

RESISTOR, FIXED, COMPOSITION
18K ohms + 5%, 1/2W

RESISTOR, FIXED, COMPOSITION
2.2K ohms + 5%, 1/2W

RESISTOR, FIXED, COMPOSITION
22K ohms + 5%, 1/2W

RESISTOR, FIXED, COMPOSITION
27 ohms + 5%, 1/2W

RESISTOR, FIXED, COMPOSITION
3.6K ohms + 5%, 1/2W

RESISTOR, FIXED, COMPOSITION
8.2K ohms + 5%, 1/2W

RESISTOR, FIXED, COMPOSITION
9.1M ohms + 5%, 1/2W

RESISTOR, FIXED, COMPOSITION
390 ohms + 10%, 1/2W

RESISTOR, FIXED, COMPOSITION
47K ohms + 10%Z, 1/2W

RESISTOR, FIXED, COMPOSITION
10K ohms + 5%, 1W

RESISTOR, FIXED, COMPOSITION
15K ohms + 5%, 1W

RESISTOR, FIXED, COMPOSITION
20 ohms + 5%, 1W

RESISTOR, FIXED, COMPOSITION
220 ohms + 5%, 1W

00 R459

PT.No. 321-0121-
00 R171, 181,410
411

PT.No. 321-0251-
00 R135,235,378,
379 —

PT.No. 323-0289-
00 R948B

PT.No. 301-0112-
00 R105,124,224,

PT.No. 301-0183-
00 R174

PT.No. 301-0222-
00 R373, 818

PT.No. 301-0223-
00 R63,853,89%4

PT.No. 301-0270
00 R398

PT.No. 301-0362-
00 R75E

PT.No. 301-0822-
00 R393

PT.No. 301-0915-
00 R29

PT.No. 302-0391-
00 R14

PT.No. 302-0473-
00 R719

PT.No. 303-0103-
00 R76

PT.No. 303-0153-
00 R20,125,225

PT.No. 303-0200-
00 R410,411

PT.No. 303-0221-
00 R597
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5905-99-140-5763

5905-99-140-5766

5905-99-140-5768

5905-99-140-5769

5905-99-140-5770

5905-99-140-5771

5905-99-140-5772

5905-99-140-5773

5905-99-140-5774

5905-99-140~-5775

5905-99-140-5778

5905-99-140-5780

5905-99-140-5783

5905-99-140-5784

5905-99-140-5785

5905-99-140-5786

5905-99-140-5787

5905-99-140-5788

RESISTOR, FIXED, COMPOSITION
33K ohms + 10%, 1W

RESISTOR, FIXED, COMPOSITION
2K ohms +57%,2W

RESISTOR, FIXED, COMPOSITION
6.2K ohms + 5%, 2W

RESISTOR, FIXED, COMPOSITION
6.8K ohms + 5%, 2W

RESISTOR, FIXED, COMPOSITION
7.5K ohms + 5%, 2W

RESISTOR, FIXED, COMPOSITION
9.1K ohms + 5%, 2W

RESISTOR, FIXED, COMPOSITION
10M ohms + 10%, 2W
RESISTOR, FIXED, COMPOSITION
270 ohms + 10%, 2w

RESISTOR, FIXED, COMPOSITION
4.7 ohms + 10%, 1W

RESISTOR, FIXED, COMPOSITION
2.7 ohms + 5%, 1/4W

RESISTOR, FIXED, WIREWOUND
20 ohms + 5%, 5W

RESISTOR, FIXED, WIREWOUND
5 ohms + 5%, 5W

RESISTOR, FIXED, WIREWOUND
1.37K ohms + 1%, 1/2W

RESISTOR, FIXED, WIREWOUND
3.65K ohms + 1%, 1/2W

RESISTOR, FIXED, WIREWOUND
5.11K ohms + 1%, 1/2W

RESISTOR, FIXED, WIREWOUND
10.7K ohms + 1%, 1W

RESISTOR, FIXED, WIREWOUND
13.3K ohms + 10%, 1W

RESISTOR, FIXED, WIREWOUND
15K ohms + 1%, 1W

PT.No. 304-0333-
00 R607,610

PT.No. 305-0202-
00 R407

PT.No. 305-0622-
00 R874

PT.No. 305-0682-
00 R&44,84

PT.No. 305-0752-
00 R268

PT.No. 305-0912-
00 R33

PT.No. 306-0106-
00 R826,827,828,
829

PT.No. 306-0271-
00 R663

PT.No. 307-0009-
00 R613

PT.No. 307-0103-
00 R409,414

PT.No. 308-0123_
00 R637

PT.No. 308-0179~
00 R703

PT.No. 308—0254_
00 R630

PT.No. 308-0255-
00 R690

PT.No. 308-0257-
00 R660

PT.No. 308-0259-
00 R632

PT.No. 308-0260-
00 R732,

PT.No. 308-0261-
00 R692
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110W

5905-99-140-5789

5905-99-140-5790

5905-99-140-5791

5905-99-140-5793

5905-99-140-5794

5905-99-140-5795

5905-99-140-5796

5905-99-140-5798

5905-99-140-5799

5905-99-140-5802

5905-99-140-5804

5905-99-140-5805

5905-99-140-5813

5905-99-140-5819

5905-99-140-5821

5905-99-140-5824

5905-99-140-5828

RESISTOR, FIXED, WIREWOUND
15.4K ohms + 1%, 1/2W

RESISTOR, FIXED, WIREWOUND
21.5K ohms + 107%, 1W

RESISTOR, FIXED, WIREWOUND
20 ohms + 10%, 5W

RESISTOR, FIXED, COMPOSITION
3.74M ohms + 1%, 1/2W

RESISTOR, FIXED, COMPOSITION
7.5M ohms + 1%, 1/2W

RESISTOR, FIXED, COMPOSITION
22.6M ohms + 1%, 1/2W

RESISTOR, FIXED, WIREWOUND
8.8K ohms + 1%, 10W

RESISTOR, VARIABLE
1K
RESISTOR, VARIABLE
50K

RESISTOR, VARIABLE
25K ohms

RESISTOR, VARIABLE
20K ohms

RESISTOR, VARIABLE
1K

RESISTOR, FIXED, COMPOSITION
11K ohms + 5%, 1/4 W

RESISTOR, FIXED, COMPOSITION
1.6K ohms + 5%, 1/4W

RESISTOR, FIXED, COMPOSITION
22 ohms + 5%, 1/4W

RESISTOR, FIXED, COMPOSITION
220K ohms + 5%, 1/4W

RESISTOR, FIXED, COMPOSITION
27K ohms + 5%, 1/4W

PT.No. 308—0263-
00 R662

PT.No. 308-0264-
00 R730

PT.No. 308-0279-

00 R737

PT.No. 309-0440-
00 R160J, 260J

PT.No. 309-0441-
00 R160K, 260K

PT . NO . 309—0442_
00 R160L/260L

PT.No. 310-0615-
00 R394

PT.No. 311-0328-,
00 R260W, 335,
336, 339

PT.No. 311-0329—
00 R832

PT.No. 311-0390-
00 R117, 140,
160, 217, 240,
260, 530, 546

PT.No. 311-0408-
00 R801

PT.No. 311-0421-
00 R631

PT.No. 315—0113-
00 R196, 296A

PT.No. 315-0162-
00 R113, 233

PT.NO . 315_0220_
00 R111D, 211D

PT.No. 315-0224-
00 R371

PT.No. 315-0273"
00 R82A R321
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5905-99-140-5829

5905-99-140-5831

5905-99-140-5832

5905-99-140-5833

5905-99-140-5838

5905-99-140-5840

5905-99-140-5841

5905-99-140~-5843

5905-99-140~-5845

5905-99-140-5847

5905-99-140-5848

5905-99-140-5853

5905-99-140-5854

5905-99-140-5855

5905-99-140-5856

5905-99-140-5857

5905-99-140-5858

5905-99-140-5859

RESISTOR, FIXED, COMPOSITION
30 ohms i.SZ, 1/4W

RESISTOR, FIXED, COMPOSITION
33K ohms + 5%, 1/4W

RESISTOR, FIXED, COMPOSITION
3.9K ohms + 5%, 1/4W

RESISTOR, FIXED, COMPOSITION
39K ohms + 5%, 1/4W

RESISTOR, FIXED, COMPOSITION
5.1K ohms + 5%, 1/4W

RESISTOR, FIXED, COMPOSITION
62 ohms + 5%, 1/4W

RESISTOR, FIXED, COMPOSITION
620 ohms + 5%, 1/4W

RESISTOR, FIXED, COMPOSITION
6.8K ohms + 5%, 1/4W

RESISTOR, FIXED, COMPOSITION
75 ohms + 5%, 1/4W

RESISTOR, FIXED, COMPOSITION
82 ohms + 5%, 1/4W

RESISTOR, FIXED, COMPOSITION
820 ohms + 5%, 1/4W

RESISTOR, FIXED, COMPOSITION
100K ohms + 107%, 1/4W

RESISTOR, FIXED, COMPOSITION
1.5K ohms + 10%, 1/4W

RESISTOR, FIXED, COMPOSITION
15K ohms + 10%, 1/4W

RESISTOR, FIXED, COMPOSITION
1.8K ohms + 10%, 1/4W

RESISTOR, FIXED, COMPOSITION
18K ohms + 10%, 1/4W
RESISTOR, FIXED, COMPOSITION
180K ohms + 10%, 1/4W

RESISTOR, FIXED, COMPOSITION
22 ohms + 10%, 1/4W

11

PT.No. 315-0330-
00 R387

PT.No. 315-0333-
00 R179, 275

PT.No. 315-0392-
00 R154,160C,254
260C, 531

PT.No. 315-0393-
00 R427

234, 299
PT.No. 315-0512-
00 R155,255

PT.No. 315-0620-
00 R110D,210D

PT.No. 315-0621-
00 R80, 139

PT.No. 315-0682~
00 R251, 369

PT.No. 315-0750-
00 R45,85

PT.No. 315-0820-
00 R541, 543

PT.No. 315-0821-
00 R42B

PT.No. 316-0104-
00 R30B,75D,F,
116,200,203, 208,
776,321,330, 346

PT.No. 316-0152-
00 R934, 944

PT.No. 316-0153-
00 R182

PT.No. 316-0182-
00 R160T, 260T

PT.No. 316-0183-
00 R311, 824,
902, 903

PT.No. 316-0184-
00 R160X, 674

PT.No. 316-0220-
00 R165, 172
173,259,265

Page 34




AP 117K-0104-3D

9

110W

5905-99-140-5861

5905-99-140-5862

5905-99-140-5866

5905-99-140-5867

5905-99-140-5869

5905-99-140-5872

5905-99-140-5873

5905-99-140-5874

5905-99-140-5880

5905-99-140-5882

5905-99-140-5884

5905-99-140~-5885

5905-99-140-5887

5905-99-140-5891

5905-99-140-5892

5905-99-140-5895

5905-99-140-5896

5905-99-140-5897

RESISTOR, FIXED, COMPOSITION
22K ohms + 10%, 1/4W

RESISTOR, FIXED, COMPOSITION
220K ohms + 10%, 1/4W

RESISTOR, FIXED, COMPOSITION
330 ohms + 10%, 1/4W

RESISTOR, FIXED, COMPOSITION
3.3K ohms + 10%, 1/4W

RESISTOR, FIXED, COMPOSITION
3.9K ohms + 107, 1/4W

RESISTOR, FIXED, COMPOSITION
47K ohms + 10%, 1/4W

RESISTOR, FIXED, COMPOSITION
560K ohms + 10%, 1/4W

RESISTOR, FIXED, COMPOSITION
6.8K ohms + 10%, 1/4 W

RESISTOR, FIXED, COMPOSITION
34.8 ohms + 1%, 1/8W

RESISTOR, FIXED, COMPOSITION
39.2 ohms + 1%, 1/8W

RESISTOR, FIXED, COMPOSITION
51.1 ohms + 1%, 1/8W

RESISTOR, FIXED, COMPOSITION
56.2 ohms + 1%, 1/8W

RESISTOR, FIXED, COMPOSITION
66.5 ohms + 1%, 1/8W

RESISTOR, FIXED, COMPOSITION
115 ohms + 1%, 1/8W

RESISTOR, FIXED, COMPOSITION
121 ohms + 1%, 1/8W

RESISTOR, FIXED, COMPOSITION
154 ohms + 1%, 1/8W

RESISTOR, FIXED, COMPOSITION
162 ohms + 1%, 1/8W

RESISTOR, FIXED, COMPOSITION
226 ohms + 1%, 1/8W

PT.No. 316-0223-
00 R160Y,260Y

PT.No. 316-0224-
00 R644, 716

PT.No. 316~-0331-

"100 R125, 225

PT.No. 316-0332-
00 R884, 904

PT.No. 316-0392-
00 R9,117, 935,
945

PT.No. 316-0473-
00 R187,188,
201, 217, 850

PT.No. 316-0564-
00 R189A

PT.NO. 316-0682-
00 Rr891

PT.No. 321-0053~-
00 R527

PT.No. 321-0058-
00 R526, 536

PT.No. 321-0069-
00 R192,193,292,
293,389
PT.No. 321-0073-
00 R190,191,290
291, 577

PT.No. 321-0080-
00 R169, 269,
412, 465

PT.No. 321-0103~
00 R163,263,533

PT.No. 321-0105-
00 R110, 548

PT.No. 321-0015-
00 R434,444

PT.NOO 321-0117-
00 R149,249

PT.NO . 321_0131-
00 R153
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5905-99-140-5901

5905-99-140-5902

5905-99-140-5903

5905-99-140-5904

5905-99-140-5905

5905-99-140-5907

5905-99-140-5912

5905-99-140-5914

5905-99-140-5916

5905-99-140-5917

5905-99-140~-5918

5905-99-140-5922

5905-99-140-5926

5905-99-140-5927

5905-99-140-5930

5905-99-140-5932

5905-99-140-5934

5905-99-140-5935

RESISTOR, FIXED,

COMPOSITION

301 ohms + 1%, 1/8W

RESISTOR, FIXED,

COMPOSITION

383 ohms + 1%, 1/8W

RESISTOR, FIXED,

COMPOSITION

464 ohms + 1%, 1/8W

RESISTOR, FIXED,

COMPOSITION

562 ohms + 1%, 1/8W

RESISTOR, FIXED,

COMPOSITION

590 ohms + 1%, 1/8W

RESISTOR, FIXED,

COMPOSITION

619 ohms + 1%, 1/8W

RESISTOR, FIXED,
1.47K ohms + 1%,

RESISTOR, FIXED,
2.15K ohms + 1%,

RESISTOR, FIXED,
2.43K ohms + 1%,

RESISTOR, FIXED,
2.49K ohms + 1%,

RESISTOR, FIXED,
2.87K ohms + 1%,

RESISTOR, FIXED,
3.48K ohms + 1%,
RESISTOR, FIXED,
4.22K ohms + 17,
RESISTOR, FIXED,
4.64K ohms + 17,
RESISTOR, FIXED,
6.49K ohms + 1%,

RESISTOR, FIXED,
10.5K ohms + 1%,

RESISTOR, FIXED,

COMPOSITION
1/8w

COMPOSITION
1/8W

COMPOSITION
1/8w

COMPOSITION
1/8w

COMPOSITION
1/8w

COMPOSITION
1/8wW
COMPOSITION
1/8W
COMPOSITION
1/8W
COMPOSITION
1/8W

COMPOSITION
1/8W

COMPOSITION

14K ohms + 1%, 1/8W

RESISTOR, FIXED,
23.7K ohms + 1%,

COMPOSITION
1/8w

PT.No. 321-0143-
00 R253

PT.No. 321-0153-
00 R136,236

PT.No. 321-0161-
00 R375,411,421

525,535

PT.No. 321-0169-
00 R591

PT.No. 321-0171-
00 R193 (11B2)

PT.No. 321-0173~
00 R135,235,482

PT.No. 321-0209-
00 R121, 221

PT.NO- 321—0225-
00 rR21,185,199

PT.No. 321-0230-
00 R592

PT.No. 321-0231-
00 R332

PT.No. 321-0237-
00 R428

PT.No. 321-0245-
00 R55,95,116,
296E

PT.No. 321-0253-
00 R896

PT-NO- 321-0257_
00 R170,180,191,
291,298 —

00 RL13,429

PT.No. 321-0291-~
00 R323,345

PT.No. 321-0303-
00 R111

PT.No. 321-0335-
00 R142,242
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5905-99-140-5936

5905-99-140-5937

5905-99-140-5942

5905-99-140-5945

5905-99-140-5946

5905-99-140-5947

5905-99-140-5948

5905-99-140-5950

5905-99-140-5951

5905-99-140-5952

5905-99-140-5953

5905-99-140-5954

5905-99-140-5955

5905-99-140-5956

5905-99-140~-5957

5905-99-140-5959

5905-99-140-5960

5905-99-140-5961

RESISTOR, FIXED, COMPOSITION
86.6K ohms + 1%, 1/8W

RESISTOR, FIXED, COMPOSITION
500 ohms + 1%, 1/8W

RESISTOR, FIXED, COMPOSITION
6.81K ohms + %%, 1/8W

RESISTOR, FIXED, COMPOSITION
56.2 ohms + 1%, 1/4W

RESISTOR, FIXED, COMPOSITION
75 ohms + 1%, 1/4W

RESISTOR, FIXED, COMPOSITION
93.1 ohms + 1%, 1/4W

RESISTOR, FIXED, COMPOSITION
191 ohms + 1%, 1/4W

RESISTOR, FIXED, COMPOSITION
221 ohms + 1%, 1/4W

RESISTOR, FIXED, COMPOSITION
237 ohms + 1%, 1/4W

RESISTOR, FIXED, COMPOSITION
332 ohms + 1%, 1/4W

RESISTOR, FIXED, COMPOSITION
464 ohms + 1%, 1/4W

RESISTOR, FIXED, COMPOSITION
1.24K ohms + 1%, 1/4W

RESISTOR, FIXED, COMPOSITION
1.69K ohms + 1%, 1/4W

RESISTOR, FIXED, COMPOSITION
1.96K ohms + 1%, 1/4W

RESISTOR, FIXED, COMPOSITION
2.15K ohms + 1%, 1/4W

RESISTOR, FIXED, COMPOSITION
34.8K ohms + 1%, 1/4W

RESISTOR, FIXED, COMPOSITION
42.2K ohms + 1%, 1/4W

RESISTOR, FIXED, COMPOSITION
51.1K ohms + 1%, 1/4W

PT.No. 321-0379-
00 R885

PT.No. 321-0612-
00 R113E,213E

PT.No. 321-0630-
00 R455

PT.No. 322-0073-
00 R497

PT.No. 322-0085-
00 R452,498

00 R454, 464

PT.No. 322-0124-
00 R213

PT.No. 322-0130-
00 R210

PT.No. 322-0133-
00 R335,432

PT.No. 322-0147-
00 R634

PT.No. 322-0161-
00 RL54,164,254,
264
PT.No. 322-0202-
00 R165,265

PT.No. 322-0215-
00 R148,248

PT.No. 322-0221-
00 R384

PT.No. 322-0225-
00 R133, 233

PT.No. 322-0341-
00 R131, 231

PT.No. 322-0349-
00 R297

PT.No. 322-0357-
00 R184,340
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5905-99-140-5970

5905-99-140-5974

5905-99-140-5976

5905-99-140-5977

5905-99-140-5979

5905-99-140-5980

5905-99-140-5981

5905-99-140-5982

5905-99-140-5983

5905-99-140-5985

5905-99-140-5986

5905-99-140-5988

5905-99-140-5990

5905-99-140-5991

5905-99-140-5992

5905-99-140-5993

5905-99-140-5994

5905-99-140-5995

RESISTOR, FIXED,

COMPOSITION

196 ohms + 1%, 1/2W

RESISTOR, FIXED,

COMPOSITION

383 ohms + 1%, 1/2W

RESISTOR, FIXED,

COMPOSITION

464 ohms + 1%, 1/2W

RESISTOR, FIXED,

COMPOSITION

487 ohms + 1%, 1/2W

RESISTOR, FIXED,

COMPOSITION

576 ohms + 1%, 1/2W

RESISTOR, FIXED,

COMPOSITION

590 ohms + 1%, 1/2W

RESISTOR, FIXED,

COMPOSITION

619 ohms + 1%, 1/2W

RESISTOR, FIXED,

COMPOSITION

806 ohms + 1%, 1/2W

RESISTOR, FIXED,

COMPOSITION

953 ohms + 1%, 1/2W

RESISTOR, FIXED,
2.87K ohms + 1%,

RESISTOR, FIXED,
8.25K ohms + 1%,

RESISTOR, FIXED,
13.7K ohms + 1%,

RESISTOR, FIXED,
17.8K ohms + 1%,

RESISTOR, FIXED,
18.7K ohms + 1%,

RESISTOR, FIXED,
21.5K ohms + 1%,

RESISTOR, FIXED,
20.5K ohms + 1%,

RESISTOR, FIXED,
28.7K ohms + 1%,

RESISTOR, FIXED,
30.1K ohms + 1%,

COMPOSITION
1/2w

COMPOSITION
/2w

COMPOSITION
1/2W

COMPOSITION
1/2w

COMPOSITION
1/2w

COMPOSITION
1/2W

COMPOSITION
1/2w

COMPOSITION
1/2w

COMPOSITION
1/2w

PT.No. 323-0125-
00 R343,353,504,
514

PT.No. 323-0153-
00 R364,

PT.No. 323-0161-
00 R13

PT.No. 323-0163~-
00 R273,283

PT.No. 323-0170-
00 R529, 539

PT.No. 323-0171~
00 R134,234

PT.No. 323-0173-
00 R576, 586

PT.No. 323-0184-
00 R152

PT.No. 323-0191-
00 R1l6, 17

PT.No. 323-0237-
00 R371, 391

PT.No. 323-0281-
00 R106,

PT.No. 323-0302-
00 R219, 361

PT.No. 323-0313-
00 R22

PT.No. 323-0315~-
00 R164, 264

PT.No. 323-0321-
00 R53,93,310

PT.No. 323-0324-
00 R324, 344

PT.No. 323-0333-
00 R215

PT.No. 323-0335-
00 R878
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5905-99-140-5996

5905-99-140-5997

5905-99-140-5998

5905-99-140-5999

5905-99-140-6000

5905-99-140-6002

5905-99-140-6005

5905-99-140-6021

5905-99-140-6022

5905-99-140-6023

5905-99-140-6024

5905-99-140-6025

5905-99-140-6026

5905-99-140-6027

5905-99-140-6028

5905-99-140-6029

5905-99-140-6030

RESISTOR, FIXED, COMPOSITION
32.4K ohms + 1%, 1/2W

RESISTOR, FIXED, COMPOSITION
40.2K obhms + 1%, 1/2W

RESISTOR, FIXED, COMPOSITION
45.3K ohms + 1%, 1/2W

RESISTOR, FIXED, COMPOSITION
66.5K ohms + 1%, 1/2W

RESISTOR, FIXED, COMPOSITION
105K ohms + 1%, 1/2W

RESISTOR, FIXED, COMPOSITION
1.05M ohms + 1%, 1/2W

RESISTOR, FIXED, COMPOSITION
950K ohms + 1%, 1/2W

RESISTOR, FIXED, COMPOSITION
1.1K ohms + 1/2%, 1/2W

RESISTOR, FIXED, COMPOSITION
221K ohms + 1/4%, 1/2W

RESISTOR, FIXED, COMPOSITION
75K ohms + 1/2%, 1/2W

RESISTOR, FIXED, COMPOSITION
750K ohms + 1/2%, 1/2W

RESISTOR, FIXED, COMPOSITION
1.5M ohms + 1/2%, 1/2W

RESISTOR, FIXED, COMPOSITION
750K ohms + 1%, 1/2W

RESISTOR, FIXED, COMPOSITION
8.87K ohms + 1%, 1W

RESISTOR, FIXED, COMPOSITION
10K ohms + 1%, 1W

RESISTOR, FIXED, COMPOSITION
11.8K ohms + 1%, 1W
RESISTOR, FIXED, COMPOSITION
3.32M ohms + 1%, 1W

PT.No. 323-0338~
00 R363

PT.No. 323-0347-
00 R362

PT . NO . 323-0352_

{00 R370

PT.No. 323-0368-
00 R612

PT.No. 323-0387-
00 R739

PT.No. 323-0483-
00 R932,942

PT.No. 323-0612-
00 R107C 207C

PT.No. 323-0639-
00 R212

PT.No. 323-0653-
00 R160D, 260D

PT.No. 323-0654-
00 R160A,160B,
260A, 260B

PT.No. 323-0655-
00 R160F,G,260F,
G, B
PT.No. 323-0656-
00 R160H, 260H

PT.No. 323-0657-
00 R160E, 260E

PT.No. 324-0284-
00 R609

PT.No. 324-0289-
00 R337,338,390

PT.No. 324-0296-
00 R376, 396

PT.No. 324-0531-
00 R802,A,B,C,D,
EF

AL5. Oct 86
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5905-99-140-9200

5905-99-140-9201

5905-99-140-9202

5905-99-140-9579

5905-99-141-4688

5905-99-141-4700

5905-99-141-4713

5905-99-141-4740

5905-99-141-4748

5905-99-141-4750

5905-99-141-4766

5905-99-141-6337

5905-99-141~-6338

5905-99-196~-7414

5905-99-196-7432

5905-99-196-7587

5905-99-462-2806

5905-99-581-2786

RESISTOR, FIXED, COMPOSITION
50K ohms + 1%, 1/2W

RESISTOR, FIXED, COMPOSITION
50 ohms + 1%, 1/2W

RESISTOR, FIXED, COMPOSITION
56K ohms + 10%, 1/4W

RESISTOR, FIXED, COMPOSITION
180 ohms + 5%, 1/4W

RESISTOR, FIXED, COMPOSITION
3.65K ohms + 1%, 1/8W

RESISTOR, FIXED, COMPOSITION
3.92K ohms + 1%, 1/8W

RESISTOR, FIXED, COMPOSITION
100K ohms + 10%, 1W

RESISTOR, FIXED, COMPOSITION
3.01K ohms + 1%, 1/8W

RESISTOR, FIXED, COMPOSITION
75 ohms + 1%, 1/8W

RESISTOR, FIXED, COMPOSITION
1.2K ohms, + 5%, 1/4W

RESISTOR, FIXED, COMPOSITION
390 ohms + 5%, 1/4W

RESISTOR, FIXED, COMPOSITION
10K ohms + 10%, 1/2W
RESISTOR, FIXED, COMPOSITION
22k ohms + 10%, 1/2W

RESISTOR, VARIABLE
25 ohms, 12.5W

RESISTOR, FIXED, COMPOSITION
33K ohms + 10%, 1/4W

RESISTOR, FIXED, COMPOSITION
316 ohms + 1%, 1/8W
RESISTOR, FIXED, COMPOSITION
590 ohms + 1%, 1/4W

RESISTOR, FIXED, COMPOSITION
100 ohms + 10%, 1/2 W

00 R.948Y

PT.No. 323-0637~
00 R.948Z

PT.No. 316-0563-
00 R810,821,851,

PT.No. 315-0181-
00 R421

PT.No. 321-0247-
00 R342,

PT.No. 321-0250-
00 R130-230

PT.No. 304-0104~
00 R742

PT.No. 321-0239-
00 R420

PT.No. 321-0085-
00 rR271, 281

PT.NO- 315—0122_
00 R138

PT.No. 315-0391-
00 R423,433

PT-NO . 302—0103"‘
00 R642,672
714,833,834

PT.No. 302-0223-
00 R313,664,683

PT.No. 311-0377-
00 R604

PT.No. 316-0333-
00 R189B, 307

PT.No. 321-0145-
00 R413, 423,
579, 589

PT.NO. 322-0171~
00 R416

00 R852, 855
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5955~00-103-6455

6625
6625-00-056-2474

CRYSTAL UNIT, QUARTZ

DELAY LINE ASSEMBLY

PT.No. 158-0015-
00 Y900

PT.No 119-0029-
00
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SECTION 1
CHARACTERISTICS

General Information

The P6008 Probe, shown at left, is a passive
probe with 10X atenuation of signals. It is
designed for use with Tektronix Type 82 and
86 plug-in units. The probe provides a con-
venient means for coupling signals to the plug-
in unit with minimum loading and maximum
response.

The probe consists of a probe body assembly,
a 3Y-ft cable, a compensating box as-
sembly, and a BNC connector. The 9-megohm
resistor in the probe body assembly has ad-
justable capacitive compensation which may
be set to match the plug-in used. The com-
pensating box houses a network which pro-
vides optimum transient response.

The probe is factory calibrated for use with
plug-in units which have a 1-megohm input,
paratleled by 15pf. It may be used with units
which have up to 20-pf input capacitance, with
a corresponding decrease in frequency response.

Characteristics (when used with Type
82 or 86 plug-in unit)

Input Impedance

10 megohms paralleled by about 7 pf.
Fig. 2-3 shows input impedance vs fre-
quency up to 250 megacycles.

Attenuation

Dc attenuation is 10X, #=3%, with plug-in.
Probe attenuation is =+=29%.

Voltage Rating

Maximum dc or ac peak-to-peak below 20
megacycles: 600 volts. Above 20 mega-
cycles, maximum voltage must be derated
according to frequency duty factor. See
the curves in Fig. 2-4.

Frequency and Transient Response.

Probe alone has a characteristic risetime of
less than 3 nanoseconds, corresponding to
a frequency response of dc to 116 mega-
cycles or higher. With a Type 82 or 86 plug-
in unit and 580-Series Oscilloscope, typical
risetime with the GAIN switch set to X1 is 5
nanoseconds which corresponds to 70 mega-
cycles; a X10 GAIN risetime is 5.3 nano-
seconds which corresponds to 66 mega-
cycles.

Connecting Cable

Cable is 3',-ft long with a special re-
sistive center conductor which provides
critical damping of reflections. This allows
the probe to present a relatively high im-
pedance without mismatch when viewing
signals from low-impedance sources.

Environmental Capability

Probe will operate normally with tempero-
tures to 75°C.

Plug-In Connector
BNC type; mates with connectors of Type
82 and 86 plug-in units.

Accessories Supplied with Probe

Tektronix

Qty. Part No. Description

1 013-052  Bayonet Ground Assembly

*] 214-325  Center Pin

1 013-071  Pincer Tip

1 134-013  Banana Plug

1 175-124 5" Ground Lead

1 175-125 12" Ground Lead

1 175-263 3" Ground Lead

1 206-015 BNC Tip

1 206-060  Spring Tip

1 206-105  Hook Tip

2 344-046  Miniature Alligator Clips
(screw-on type to fit the end
of ground leads)

1 352-024  Probe Holder

1 070-362  Instruction Manual

Optional Accessories

013-054 BNC-to-Probe Adapter
206-061  Spring Tip (without shank}
206-054  Pinjack Tip (insulated)
206-052  Insert Tip

206-045  Pinjack Tip

206-034  Straight Tip

175-184 18" Ground Strap

*Added to probes manufactured after May 1, 1963.
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SECTION 2
OPERATING
INSTRUCTIONS

General Information

The P6008 Probe allows you to connect an
oscilloscope into a circuit with minimum load-
ing and without impedance matching. Before
using the probe, compensate it according to
the procedure given in the following para-
graphs. Always check compensation when con-
necting the probe to the plug-in, and recheck
it before making critical measurements. Slight
variations in input capacitance between different
plug-ins of the same type affect compensation.
Lack of compensation can cause measurement
error since it affects both waveshape and mag-
nifude of the display. The probe is therefore
provided with an adjustment to match it to the
plug-in used.

Compensation

To compensate the P6008 Probe, proceed as
follows:

1. Set the oscilloscope calibrator for an output
of suitable amplitude.

LOCKING
SLEEVE OUTPUT

2. Hold the probe body and tip assembly and
loosen the locking sleeve several turns {see Fig.
2-1).

3. Touch the probe tip to the oscilloscope cali-
brator output connector.

4. Set the sweep rate to display several cycles
of the calibrator output signal.

5. Hold the base bushing and turn the probe
body and tip assembly to obtain an undistorted
presentation of the calibrator output signal.

6. Hold the probe body and tip assembly and
carefully hand-tighten the locking sleeve.

If the probe changes adjustment while you are
tightening the locking sleeve, continue turning
the sleeve until it is just tight. Then, as a fine
adjustment, hold the probe body and the lock-
ing sleeve and turn the base bushing assembly
carefully in the direction that will properly com-
pensate the probe.

CALIBRATOR

/\ADJUST

|
,

TIGHTEN
PROBE PROBE BODY
BASE AND TIP ASSEMBLY
(a) Probe adjustments
- - |+ 4 |+ | — - — [— |- N~ - NF I (N
TS NS —+ [ - |71 ~t \~T T 7T —
{ g
1 K 1 I
Incorrect Correct Incorrect

(b) Waveforms from 1-kc oscilloscope calibrator

Fig. 2-1. Probe compensation.
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Operating Instructions—P6008

Connecting the Probe to the Signal
Source

The probe may be connected to the signal
source by means of the tips, leads, and con-
nectors supplied. Generally, you should select
the tips and leads that are best suited physi-
cally. When measuring high-frequency signals,
use the shortest ground connection possible.
Longer ground leads may result in ringing be-
cause of the inductive reactance of the ground
lead. Be careful not to short-circuit between
wires, connections, etc. in the circuit under test
with the probe tip. Always provide some form
of ground between the probe and the circuit
under test to prevent hum pickup, ringing, and
other spurious signals. The 5” and 12" ground
leads clip to the junction of the probe bushing
assembly and the cable assembly.

The 3-inch ground lead is used with the bay-
onet ground assembly (see Fig. 2-2). To con-
nect the 3-inch ground lead to the bayonet
ground assembly, slip the ground assembly onto
the probe body and tip assembly. Unscrew the
knurled nut and clip the ground lead to the pin
holder at the end of the holder opposite from
the knurled nut. Be careful not to drop the
pin or the spring.

Considerations

After compensating the probe, consider the

following before connecting the probe and mak-
ing meadsurements:

1. Loading—Fig. 2-3 is a graph of the probe
input resistance and reactance versus frequency
measured with the probe connected to the plug-
in and an R-X meter connected to the probe
input. X represents capacitive reactance, and
R represents resistance. The input impedance of
the probe may affect the operation of the cir-
cuit under test.

2. Frequency Response—The frequency re-
sponse of the probe, plug-in, and oscilloscope
is stated in Section 1. Although the system 3-db
point is near 70 megacycles, the probe and os-
cilloscope are useful at higher frequencies
with a corresponding decrease in gain.

3. Voltage Rating—Fig. 2-4 is a graph of the
maximum voltage rating at various frequencies
with various duty factors. At higher frequencies,
the moximum voltage decreases because charg-
ing currents in the probe cable, which charge
the input capacitance of the plug-in, increase until
the cable overheats. When computing duty fac-
tor, the maximum “on” time is one second. [f
“on” time and “off" time are less than one sec-
ond, then duty factor:

ON time
ON time 4 OFF time
(CW signals have a DF of 1)

DF =

= =

Fig. 2-2. Connecting 3-inch ground lead to bayonet ground assembly.
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Operating Instructions—P6008
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Fig. 2-3. P6008 Input Resistance and Reactance Versus Frequency.

2-3



Operating Instructions—P6008

%
a
2
G
>
600
500
Duty Factor is 1 second =
I N S AR A
Maximum Applied Voltage
at Particular Freq y =
b
Voltage from curve at that fr N in
4 cw = = = .
400 /Doty Factor DF 0.5 DF 0.25 TN DF 0.1 ]
N
Derating Curve for P6008 ™ N
Cable Length 427 d
300 Maximum Input Voltage >
600 v dec or 600 v ac
peak to peak M UL
B N Fts]
N
N
200
100
Frequency in Megacycles
10 20 30 40 50 60 70 80 90 100
Fig. 2-4. Maximum Applied Voltage At Specific Duty Factors.



SECTION 3
CIRCUIT DESCRIPTION

The P4008 Probe is a simple voltage divider
operating in conjunction with the input imped-
ance of the plug-in unit to provide 10:1 signal
division. The divider resistor is mounted in the
probe body and tip assembly. A spring con-
tact connects the resistor to the sleeve. Capac-
itance between the probe tip and the sleeve
is varied for frequency compensation by turning
the probe body and tip assembly with respect
to the base bushing to move it along the base
bushing assembly. Resistor location in the probe
body and tip assembly is carefully controlled
during manufacture; therefore, the resistor should
not be replaced in the field.

The 3V,-ft cable is critically damped by a
resistive center conductor which allows the
probe to drive the oscilloscope plug-in input
without ringing.

A compensating box at the plug-in connection
maintains response at high frequencies. The
circuit parameters in the compensating box are
adjusted at the factory for correct response
with plug-in units that have a T-megohm input
paralleled by 12 or 15pf. When interchanging
the P6008 Probe with other Type 82 or Type 86
plug-in units no retuning of the components in
the compensating box is necessary, other than to
ascertain that the probe is still compensated for
the input capacitance of the particular plug-in.

Two ferrite cores around the cable at the
compensating-box end sense ground currents in
the shield braid and magnetically couple them
to the center conductor, establishing common-
mode signals which will not be seen by the
oscilloscope.

3-1



SECTION 4
MAINTENANCE AND
CALIBRATION

MAINTENANCE

The Type P4008 Probe is designed to with-
stand normal operation and handling and should
give many hours of continuous use without fail-
ure. However, if the probe fails or breaks, re-
placement parts are available. See mechanical
and electrical parts lists in Section 5.

Replacing Cable Assembly

If the coaxial cable between the probe and
the compensating box should fail, the cable
assembly is available complete with fittings and
cable reliefs.

Replace the cable assembly as follows:

1. Remove the Compensating Box Cover by
unscrewing the Locking Nut that holds it in
place (see Fig. 4-2).

2. Unsolder the bare wire from the center
terminal of the Cable Assembly (next to L104).

3. Use thin 7/, and %4inch end wrenches
to remove the Cable Assembly from the Com-
pensating Box.

4. Turn the Llocking Sleeve to unlock the
Probe Body and Tip Assembly and remove both
by unscrewing from the end of the Base Bush-
ing Assembly (see Fig. 4-1).

5. Unscrew the Sleeve from the plastic Inner
Base Bushing.

6. Use thin '/3,- and 34-inch end wrenches
to remove the Base Bushing Assembly from the
end of the Cable Assembly.

7. Use a scribe to lift the wire from the thread
groove of the Inner Base Bushing and remove
the bushing.

8. Unsolder the bare wire from the center
terminal of the Cable Assembly.

install the new Cable Assembly by reversing
the above procedure. After assembling the

inner Base Bushing

From Cable
Assembly

Base Bushing Assembly

\\.__‘.’

Locking Sleeve

Probe Body and
Tip Assembly

wf) =

Fig. 4-1. P6008 Probe Body Assembly.



Maintenance and Calibration—P6008

L104

Cempensating
Box Cover

Locking

Compensating
Box

Fig. 4-2. P6008 Probe C

probe parts, be sure to compensate the probe
for low frequencies as described in Section 2.
Then compensate the probe for high frequencies
according to the procedure given in this sec-
tion.

Replacing Parts In the Compensating
Box

To replace parts in the Compensating Box,
you need only a pair of long-nose pliers and a
soldering iron. Use a heat sink {tip of long-nose
pliers) to protect the new components from ex-
cessive heat. If replacing a variable inductor,
be careful not to strip the plastic threads. If
you have a torque wrench, the proper nut
pressure is from 2 to 5 inch-pounds.

Replacing the Probe Body and Tip As-
sembly (with 9-megohm resistor fac-
tory installed)

If the 9-megohm resistor (R100) fails, do not

try to replace the resistor. Instead, replace the
whole Probe Body and Tip Assembly shown in

4-2

ting Box A bly.

P

Fig. 4-1. Order from your local Tektronix Field
Office.

CALIBRATION

The Compensating Box of the P6008 does not
have to be recalibrated if used with other
than a Type 82 or 86 plug-in. However it does
not give the optimum response with plug-in units
of different input capacitance. When used con-
sistently with Type 82 or 86 plug-in units, only
an occasional check of the high-frequency com-
pensation is required.

Equipment Required
1. Type 581 or Type 585 Oscilloscope.
2. Type 82 or 86 plug-in unit.

3. 50-ohm fast-rise square-wave generator, such
as the Tektronix Type 109 or Type 110. Risetime
must be less than 1 nsec, 10% to 90%.

4, 50-ohm BNC-to-BNC Termination, Tektronix
Part No. 011-049.

5. Probe-to-BNC Adapter, Tektronix Part No.
013-054.



6. GR Type 874-t0-BNC Jack Adapter (GR Type
874-QBJ), Tekironix Part No. 017-024.

7. 20-nsec 50-ohm cable, with GR 874 fitting.
Tektronix Part No. 017-504.

8. Special plastic ferrite core alignment tool.

Tool Tip—003-310.
Handle—003-307.

9. Small nonconducting screwdriver, such as
Jaco No. 125 with 1%,-inch shank, Tektronix
Part No. 003-000.

Tekironix Part Nos. 3

Preliminary Procedure

Check the transient response of the plug-in
and 580-Series Oscilloscope before attempting
to calibrate the P6008 Probe. Use the pro-
cedures in the instruction manuals for the plug-in
and oscilloscope.

Set the plug-in controls as follows:

AC-DC DC
VOLTS/CM R
VARIABLE VOLTS/CM CAL.
GAIN X1
* MODE A ONLY
* POLARITY NORMAL

* Type 82 only

Loosen the Locking Nut on the Compensating
Box and move the cover back onto the cable.
Connect the P6008 Probe to the INPUT (INPUT
A on Type 82) connector of the plug-in unit.

High-Frequency Compensation Proce-
dure (Early models)

Early models of the P6008 require a dif-
ferent calibration procedure from later models.
To ascertain which model you have, check
for the presence or absence of C103, a 1-pf
tubular capacitor mounted between the two
coils. Early models do not have this capacitor.

1. Set the oscilloscope sweep rate for 2 msec/
cm and the triggering controls for a - internal
trigger. Set the amplitude calibrator for a 2-volt
output.

2. Connect the probe tip to the center con-
ductor of the oscilloscope calibrator output con-

®
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nector. Adjust the triggering controls for a
stable display.

3. Set C104 (see probe schematic and Fig. 4-2)
to maximum capacitance. Maximum capacitance
of C104 is determined when the display shows
a minimum spike, or some roll-off.

4. Adjust the compensating capacitor by turn-
ing the Probe Body and Tip Assembly until the
square-wave display has a good flat top. Tight-
en the Locking Sleeve and check the flat top
display.

5. Use items 3, 4, 5, 6, and 7 of Equipment
Required, and connect the probe to the 50-ohm
fastrise square-wave generator. Use the 20-nsec
cable with the generator as the chargeline to
obtain a 40-nsec pulse.

6. Adijust the oscilloscope sweep rate for 0.05
psecf/cm. Turn up the intensity and focus dis-
play. It is possible to raise the intensity past
the point of being able to obtain a sharp
focus. Proper adjustment of the P6008 Probe is
easiest when the display is sharply focused.

7. Adjust R104 {near maximum resistance) for
a level display.

8. Adjust L103 for the correct front-corner
level.

9. Adjust L104 for proper level about 3 or
4 nsec after the display front corner.

10. Adjust the oscilloscope sweep rate for 0.2
psec/cm. Both square-wave corners should be
at the same level. [f not, repeat steps 6, 7
and 8, and recheck.

11. Set the oscilloscope sweep rate for 0.05
psec/cm and magnified 5X. The risetime (109
to 90%) should be 5nsec or less.

12. Replace the Compensating Box Cover.

High-Frequency Compensation Proce-
dure (Later models)

1. Set the oscilloscope sweep rate for 2 msec/
c¢cm and the triggering controls for 4 external
trigger. Set the amplitude calibrator for a 2-
volt oufput.

2. Connect the probe tip to the center con-
ductor of the oscilloscope calibrator output con-
nector. Adjust the triggering controls for a
stable display.

3. Set the 9-35pf capacitor (C104) in the
minimum capacitance position so that the dis-

4-3






Parts List—P6008

REPLACEABLE PARTS

N | PART :::'A" :Isoc" DESCRIPTION
010-130 PROBE, P6008
Includes:
1. 1 202-116 1 BOX, Compensator assembly for P6008 (wired)
Includes:
2. | 134-044 1 PLUG, probe, BNC
3. | 358-072 1 BUSHING, insulator
4. | 214109 1 PIN, probe contact, male
5. | 166-217 1 TUBE, spacer insulator, BNC
6. | 132-081 1 NUT
7. 1 213-020 1 SCREW, set, 6-32x /5 in. HHS
8. | 204-147 1 BODY, Compensator
9. | 210-577 2 NUT, hex, brass, 3 x %/35,-32 in. double chamfered
10. [ 213121 1 SCREW, 0-80 x ¥;, in. long
11. | 205-046 1 SHELL, Compensator
12. | 210-576 ] NUT, locking
13. | 175-262 1 CABLE, assembly, 42 in. long (BNC)
14. | 204-144 1 ASSEMBLY, body and tip
15. | 166-285 1 SLEEVE, locking
16. | 166-282 1 SLEEVE
17. | 358-194 1 BUSHING, base
18. | 358-192 1 BUSHING, inner base

5-3
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List—P6008

ELECTRICAL PARTS

REF. | PART SERIAL NO. (9
NO.| NoO. EFF. |DISC. ; DESCRIPTION
114-153 1103, COIL, .15-.25 ph, var.
See 114-156 L104, COIL, .6-1.1 ph, var.
Fig. | 281-599 C103, CAPACITOR, 1 pf, cer, 200 v, =.1 pf.
4.2 281-063 C104, CAPACITOR, 9-35 pf, cer, var.
311-249 R104, RESISTOR, 1k, var.
5-4



I COMPENSATING

PROBE BODY CABLE ASSEMBLY B0X
ASSEMBLY ASSEMBLY
% | | LIO3
r o |
i 1
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RI10O | O
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R1O4
* | K
ADJUSTED BY ROTATION
OF PROBE BODY AND TIP ASSEMBLY
cCl104
G- 25 pf

[ TIPARTS CHANGED -
FROM EARLY MODEL

nez
P 6008 PROBE



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59
	Page 60
	Page 61
	Page 62
	Page 63
	Page 64
	Page 65
	Page 66
	Page 67
	Page 68
	Page 69
	Page 70
	Page 71
	Page 72
	Page 73
	Page 74
	Page 75
	Page 76
	Page 77
	Page 78
	Page 79
	Page 80
	Page 81
	Page 82
	Page 83
	Page 84
	Page 85
	Page 86
	Page 87
	Page 88
	Page 89
	Page 90
	Page 91
	Page 92
	Page 93
	Page 94
	Page 95
	Page 96
	Page 97
	Page 98
	Page 99
	Page 100
	Page 101
	Page 102
	Page 103
	Page 104
	Page 105
	Page 106
	Page 107
	Page 108
	Page 109
	Page 110
	Page 111
	Page 112
	Page 113
	Page 114
	Page 115
	Page 116
	Page 117
	Page 118
	Page 119
	Page 120
	Page 121
	Page 122
	Page 123
	Page 124
	Page 125
	Page 126
	Page 127
	Page 128
	Page 129
	Page 130
	Page 131
	Page 132
	Page 133
	Page 134
	Page 135
	Page 136
	Page 137
	Page 138
	Page 139
	Page 140
	Page 141
	Page 142
	Page 143
	Page 144
	Page 145
	Page 146
	Page 147
	Page 148
	Page 149
	Page 150
	Page 151
	Page 152
	Page 153
	Page 154
	Page 155
	Page 156
	Page 157
	Page 158
	Page 159
	Page 160
	Page 161
	Page 162
	Page 163
	Page 164
	Page 165
	Page 166
	Page 167
	Page 168
	Page 169
	Page 170
	Page 171
	Page 172
	Page 173
	Page 174
	Page 175
	Page 176
	Page 177
	Page 178
	Page 179
	Page 180
	Page 181
	Page 182
	Page 183
	Page 184
	Page 185
	Page 186
	Page 187
	Page 188
	Page 189
	Page 190
	Page 191
	Page 192
	Page 193
	Page 194
	Page 195
	Page 196
	Page 197
	Page 198
	Page 199
	Page 200
	Page 201
	Page 202
	Page 203
	Page 204
	Page 205
	Page 206
	Page 207
	Page 208
	Page 209
	Page 210
	Page 211
	Page 212
	Page 213
	Page 214
	Page 215
	Page 216
	Page 217
	Page 218
	Page 219
	Page 220
	Page 221
	Page 222
	Page 223
	Page 224
	Page 225
	Page 226
	Page 227
	Page 228
	Page 229
	Page 230
	Page 231
	Page 232
	Page 233
	Page 234
	Page 235
	Page 236
	Page 237
	Page 238
	Page 239
	Page 240
	Page 241
	Page 242



