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1-1. GENERAL SPECIFICATIONS

1-2. Description of the Tektronix Type 945. The
Type 945 is a rugged precision oscilloscope with
plug-in preamplifier, Delaying Sweep, amplitude
calibrator, and a wide range of sweep rates. It
was designed to meet military test equipment
specifications, therefore it is capable of operat-
ing in a variety of severe environments,

1-3. The Type 945/MC design is based on the
requirements of MIL-T-945A: Test Equipment,
for General Use with Electronic Equipment,
General Specification for,. Since this is a

general specification, certain areas have
required interpretation. The electrical-
environmental specifications describe the

capabilities of the Tektronix Type 945/MC and
take preference over any conflict with MIL-
T-945A. MIL-T-21200 and MIL-E-16400 are
general specifications similar to MIL-T-945A,
Portions of these specifications are applicable
to the Type 945/MC. The parts, materials and
processes of MIL-T-945A are followed in most
cases. Where a deviation exists, the intent of
the specifications has been met by performing
to the required environment.

1-4. The Electrical Requirements embody the
following environmental tests: Storage, Temp-
erature, Altitude, Water drip, Primary power
frequency, Humidity, Fungus, Vibration, Shock
Radio interference and Salt spray. If no state-
ment is made to modify a characteristic or
tolerance for any of the above environments,
it may be assumed that it will remain within
stated accuracy.

1-5. Advantages of the Type 945 in addition
to the electronic capabilities. The oscilloscope
will survive extreme shipping and storage
conditions. It will perform with good accuracy
and reliability in severe environment. Additional
reliability is obtained if it is used in a non-
severe environment. Spare parts stocking

Section I
Paragraphs 1-1 to 1-7
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problems are minimized by the use of standard
military components.

1-6. Knowledge of capabilities. The user of
the Type 945 should know and understand its
capabilities both electronically and environmen-
tally, in order to enjoy the maximum advantages
of the instrument.

1-7. The Type 945/MC canbe supplied with front
and rear protective panels that contain all of
the accessory items and instruction manual.

Standard Accessories:

2 - 10X attenuator Type P6003 probes with
42" cables, holders, tips and ground leads.

2 - Coax cable, RG58C/U, 50Q, 24" , BNC

2 - Binding Post
(special), BNC

Adaptors UG 1090/U,

1 - Green light filter
1 - Instruction manual
Additional accessories with Panel Covers:
1 - Coax cable, RGS8C/U, 50Q, 48" A BNC
2 - Adaptors, Conn., UG 273/U, UHF, plug

2 - Adaptors, Conn., UG 274/U, BNC tee

2 - Adaptors, Conn., UG 914/U, st. BNC
2 - Adaptors, Conn., UG 255/U, BNC Jack
2 - Alignment tools

1 -

Screwdriver

S - Allen Key Wrench - one each: #4, #8,
3/3211 , 3/16" , 1/411 .

Specifications - Type 945 1-1



Section 1

TABLE 1-1

ELECTRICAL SPECIFICATIONS

Characteristics Requirements
VERTICAL DEFLECTION
Type MC Dual Channel Plug-In Preamplifier
Modes A only, B only, Chopped, and Alternate

Deflection Factor Range

0.05 volts/cm to 50 volts/cm. .05 volts/cmto 20 volts/cm in nine
calibrated steps. 1, 2, 5, 10 sequence

Variable Attenuator

2.5 to 1 uncalibrated variable attenuator extends range to 50
volts/cm

Deflection Factor Absolute
Accuracy

Adjustable to 0% error on front panel, at 0.05 volts/cm

Attenuator Accuracy

+or- 3% -20°C to +55°C, +or- 5% -40°C to -20°C, +or-59

Vibration and Shock

Attenuator Compensation

Within +or- 19.

Frequency Response

DC to 24 MC, +§ MC; +or- 3 MC, Humidity, Fungus, Vibration

and Shock. H1gh frequency response no greater than 30% (3db)
down from 50 kc.

Low frequency response; no greater than 2% down from 1 kc
to DC.

Risetime

15 nsec or less, at 0.05 volts/cm.

Transient Response

Rolloff, overshoot, ringing, no greater than +or-1% at 0.05
volts /cm; +or-2% Humidity, +or-3% Fungus, Vibration and Shock.

Linearity

+or- 2.5% from 2 cm to 4 cm.

Input Impedance

1 Meg;or-S%, 20 pF +or-5%

Trace Drift

+or-lcm, -20°C to +55°C; +or-2cm, -40°C to+70°C (Temp. only)

Maximum Input Voltage

600 volts (DC + peak AC)

Microphonics

5 mm maximum during Vibration test only.

Channel Isolation

80 db minimum, with 1 kc Amplitude Calibrator square wave,
80 volts; 20 volts /cm and 0.05 volts/cm.,

1-2
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Type P6003 Probe, with 42 inch cable

Attenuator Ratio

10:1, +or- 5%

Frequency Response

DC to 24 MC, 2 MC. +or- 3 MC Humidity, Fungus, Vibration

and Shock. High frequency response; no greater than 30%
(3 db) down from 50 kc. Low frequency response; no greater
than 2% down from 1 kc to DC.,

Risetime

15 nsec or less

Input Impedance

10 Meg +or-5%, 10 pF +o0r-5%

Maximum Input Voltage

600 Volts (DC +peak AC)

Amplitude Calibrator

Voltage Range

0.2 millivolts to 100 volts pk-pk, in 1, 2, 5, 10 sequence.

Accuracy +or- 2% -40°C to +55°C
+0r- 49 +55°C to0 +71°C
Frequency 1 kc +or- 409 square wave
HORIZONTAL DEFLECTION

Main Sweep

Time/cm Range

0.02 us/cm to 12 s/cm
0.1 pus/cm to 5 s/cm in 24 calibrated steps; 1, 2, 5, 10 sequence.
Uncalibrated vernier extends range to 12 s/cm.

|Accuracy

+or- 3% -20°C to +55°C
+or- 5% -40°C to +71°C .
+or- 5% Vibration and Shock

‘|Sweep Expansion

X5 +or- 3% -20°C to +55°C, +or- 5% -40°C to +71°C
Extends range to 0.02 us/cm

Triggering

External
AC, AC LF REJECT, DC and AUTO. 0.5 v to 100 v
Internal
AC and AC LF REJECT 2 mm or less
DC and AUTO 4 mm or less
HF SYNC 30 MC or greater, (2 cm deflection and 2 mm
maximum horizontal jitter).

Trigger Input
Impedance

1 Megohm +or-10%
30 pF +or-15% AC and AC LF REJECT

Single Sweep

Manual or electronic reset. Electronic reset is obtained by use
of the delaying sweep with external trigger.

Specifications - Type 945 1-3
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Time/cm Range

Delaying Sweep

2 ps/cm to 10 ms/cm in 12 calibratedsteps; 1, 2, 5, 10 sequence.

Accuracy +or- 3% -20°C to +55°C
+or- 5% -40°C to +71°C
+or- 5% Vibration and Shock
Triggering 1 volt to 100 volts
Jitter 1720000 at 1 ms/cm, (5 mm at 1000 expansion using Delay

Time Multiplier and Main Sweep Display)

Sweep Length

Delay Time Range

Continuously variable from 4 cm +or- 0.5 cmto 10 cm -0 +1 cm.

Variable Time Delay

1 usec to 100 msec
2 psec to 10 msec in 12 calibrated steps; 1, 2,5, 10
sequence.

Calibrated 10 turn vernier/multiplier extends range to 1 usec
and 100 msec

Accuracy

External Input

+or- 1% -20°C to +55°C
+o0r- 3% -40°Cto +71°C
Incremental 0.2% -40°C to +71°C at 500 psec

Horizontal Amplifier

DC Coupled

Deflection Factor

Continuously variable from 0.2 volts/cm or less to 10 volts/cm
or greater with 5X magnifier on.

Attenuator Accuracy

X10
+or- 3% -40°C to +55°C

Attenuator Compensation

Within +or- 3% in X1 and X10, at maximum variable gain.

Frequency Response

DC to 1 MC at maximum gain; high frequency no greater than
30% (3db) down from 1 kc; low frequency response no greater
than 3% down from 1 kc to DC.

Input Impedance

1 Meg +o0r-5%, 47 pF +or- 5%

OUTPUT SIGNALS
+ Gate Main Sweep
Volts, pk-pk 25 +or- 50%
1-4 Specifications - Type 945
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Volts, pk-pk

Volts, pk-pk

Volts, pk-pk

Volts, pk-pk

Sawtooth Main Sweep

165 +or- 20%

Delayed Trigger

7 +or- 50%

+ Gate Delaying Sweep

20 +or- 50%

Vertical Signal Out

2 +or- 50% per cm of vertical deflection.

Frequency Response

20 cps to 4.5 MC. No greater than 30% down, 50 kc reference.

Power Source

115/230v +or- 10%, 1 §, 50 to 400 cps +or- 10%,700 watts
maximum

Regulation -

At voltage limits 103.5 and 126.5 no greater than the following
change from 115v line will be observed:

Deflection Factor +or- 1.5%, +or- 2% Humidity, Fungus,
Vibration and Shock (Both channels at 0.05 volts/cm)

Amplitude calibrator, +or- 0.5% at 100 volts

Time Base +or- 0.75% Main and Delaying Sweep at 1 ms/cm

GENERAL

Warm-up Time

20 min. for rated accuracies

CRT T945P2
Accélerating Potential 10KV
Useful Scan 4 X 10 cm

Visual Writing Rate

Visible trace in darkened room with no brightened spot at start
of sweep. Sweep at 0.02 usec/cm, 10 cps trigger rate.

Geometry

No greater than 1 mm of tilt or bowing.

Focus

Horizontal; 1 mm markers distinguishable over 8 cm. Vertical,
with 2 lines/mm raster, distinguishable lines can be observed
over entire 4 cm of vertical deflection with nominal intensity.

Cathode Modulation

Intensity modulation can be obtained with 20 volts pk-pk or more.

Specifications - Type 945 1-5
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TABLE 1-2 ]
ENVIRONMENTAL SPECIFICATIONS

Storage

As a result of preconditioning test Para. 4.4.1 of MIL-T-945A
+85°C, -65°C, 50,000 ft., there will be no visible damage or
electrical malfunction. Adjustments may be performed if neces-
sary to meet required accuracies.

Temperature

Following Para. 4.4.4 of MIL-T-945A, -40°C to +85°C, the
instrument will perform to the limits indicated in the individual
characteristic requirements.

Maximum continuous operating temperature is +55°C for all rated
accuracies. Operation from +55°C to +71°C is limited to one
hour. The amplitude calibrator, main sweep, delaying sweep and
time delay have specific tolerances upto +71°C. Other character-
istics will deteriorate an unspecified amount depending on the
length of time and how high above + 55°C the operation takes place.

Overheat warning light turns on at +5%°C +or- 3°C. The thermal
cut-off functions at +75°C +or- 3°C for complete shut-down.

Minimum operating temperature is -40°C.

Altitude

The instrument is capable of operating up to 20,000 ft. altitude
with the maximum continuous operation temperature reduced to
+50PC. Test is performed accordingto Para. 4.4.40f MIL-T-945A
with 20,000 ft. altitude, instead of 10,000 ft.

Water Drip

The enclosure test is performed to meet Para. 5.2.3 of MS-108D,
as called out in Para. 4.4.8 of MIL-T-945A. A stream of water
directed at an angle of 15° from vertical, from a nozzle 3" above
specimen, 1 ft. head, all surfaces for a period of 5 minutes.
The instrument will meet all electrical specifications as indicated
in individual characteristic requirements. Minor water entry will
be tolerated.

Primary Power
Frequency

The instrument will meet electrical requirements at 50 to 400
cps +or- 109%.

Humidity

Para, 4.4.2 of MIL-T-945A refers to MS-170 10 day Humidity
test. +18°C to +65°C, 90% to 98% R.H. The instrument will
perform to the limits indicated in the individual characteristic
requirements.

Fungi

The instrument is placed in a Fungus test chamber for 28 days
as described in Para. 4.4.3 of MIL-T-945A, +30°C +or- °C,
90 to 100% humidity. After 48 hours drying at room conditions,
all electrical specifications are met, modified as indicated in
the individual requirements,

1-6
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Vibration

Para. 4.4.5 of MIL-T-945A requires:
10 to 33 cps 0.06" pk-pk, 15 min. cycling
10 to 55 cps 0.03" pk-pk, 15 min. cycling, in each of three
major axis.
Also, 3 min. at each of four most severe resonant points.

The Type 945/MC will meet these requirements. The instrument
is energized with all circuits functioning. There will be no
intermittent or erratic behavior of display. Visible breakage,
loosening of parts, excessive wear or fatigue will not be per-
missible. All electrical specifications are met after the test,
modified as indicated in the individual characteristic requirement.

Shock

The instrument will meet the 400 lb. hammer drop test of MIL-
T-945A, Para. 4.4.6, a total of nine blows:

Back and side, 1, 2 and 3 feet; top, 2, 3, and 4 feet.
Specimen is energized. Minor damage is permissible. After the
test, the instrument will meet all electrical specifications as
modified in the individual requirements.

Radio Interference

The Type 945/MC meets limits for broadband radiated and
conducted interference of MIL-I-16910A, MIL-1-26600, MIL-I-
11748B from 14 kc to 1000 mc. It also meets susceptibility
test of MIL-T-945A, Para. 3.43.1.2, 1 mv, 50 kc to 400 mc.

Salt Spray

Parts are finished so there will be no destructive corrosion
after 100 hour salt spray test according to Fed. Std. 151, Para.
3.35, MIL-T-945A.

TABLE 1-3
MECHANICAL SPECIFICATIONS

Ventilation

Safe operating temperature is maintained by filtered, forced-air
ventilation., A minimum of 2" of unobstructed clearance around
the instrument is recommended for adequate ventilation.

Finish

Military gray enamel per MIL-E-15090, Class 2, Film E, on
cabinet and front panel. Photo-etched lettering.

Dimensions

18.1 in. high; 13.4 in. wide; 25.3 in. deep -- without panel covers
18.4 in. high; 13.8 in. wide; 26.4 in. deep -- with panel covers

Weight

Without Plug-in Preamplifier 78 lbs
Type MC Plug-in Preamplifier - 5.51bs
Front and rear panel covers with accessories 14 lbs

Power Cable

Permanently attached three wire with a MIL-C-3432A plug.
(2 or 3 prong).

Connectors

All input and output signal jacks are of the BNC type.

Specifications - Type 945 1-7
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2-1. GENERAL INFORMATION

2-2. The Type 945 Oscilloscope and MC Plug-
In Preamplifier Unit form a versatile com-
bination adaptable to a number of uses. To
make full use of the potentialities of the instru-
ment, it is necessary that you understand
the operation of each control. This section
of the instruction manual provides you with
basic information you will require.

2-3. Plug-In Units

2-4. While a special plug-in  the Type MC Unit,
is provided for the Type 945 oscilloscope, it
is possible to use other Tektronix plug-ins
with the Type 945*., To use a Tektronix
commercial type plug-in, remove the Type MC
unit from the Type 945 plug-in compartment

Section II
Paragraphs 2-1 to 2-4

SECTION 2

OPERATING
INSTRUCTIONS

and insert the desired plug-in instead. Press
the plug-in firmly into the compartment to
insure that all the connectors have seated
properly. Tighten the locking control (a grey
knob at the bottom of the plug-in panel) to
hold the unit securely in place. Forinformation
on the operation of commercial plug-ins see
the instruction manual for the plug-in you
wish to use.

*The Type 945 oscilloscope will accommodate
Tektronix commercial type plug-in units with
the following designations: Type 53 (followed
by a letter designation, for example, Type353A.)
Type 53/54 (followed by a letter designation,
for example, Type 53/54A.) Type (followed
by a letter designation, for example, Type A.)
Plug-ins with other designations will not operate
in the Type 945.

TABLE 2-1

FUNCTIONS OF CONTROLS, INDICATORS AND CONNECTORS

NAME OF CONTROL

FUNCTION

HORIZONTAL
DISPLAY

Four position switch that sets up the four different types of sweep operation.
This switch is the key to main circuit connections. The various circuit
connections with each switch setting are shown in block diagram form
in Schematic Diagrams 81-0001-01 through 81-0001-04. In the MAIN
SWEEP NORMAL and the MAIN SWEEP DELAYED positions, the output
of the Main Sweep is connected to the sweep-amplifier input. In the
DELAYING SWEEP position, the output of the Delaying Sweep is connected
to the sweep-amplifier input. In the MAIN SWEEP DELAYED and the
DEL'G SWEEP positions, the Main Sweep is held inoperative--" locked
out" --until after a delay time following triggering of the Delaying Sweep.
(See DELAY-TIME MULTIPLIER, p. 2-3). Inthe EXT. SWEEP position,
the TRIGGER OR EXT. SWEEP IN connector is connected to the sweep-
amplifier input. Output from the Main Sweep can be obtained but the
Delaying Sweep and the Delay Pickoff circuits are disabled. (When the
HORIZONTAL DISPLAY switch is in the EXT. SWEEP position, the
5X MAGNIFIER switch should be turned ON,)

Operating Instructions - Type 945 2-1
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MAIN SWEEP

TRIGGER SLOPE

Black TRIGGER SLOPE switch selects Main Sweep triggering signals.
The triggering sources are: the displayed signal (+INT. or -INT.),
a signal fed to the TRIGGER INPUT connector (+EXT. or -EXT.), and
the power-line wave (+LINE or -LINE). In +INT., +EXT. and + LINE

- positions, triggering occurs during the voltage rise of the triggering

waveform. In - slope positions, triggering occurs during the voltage
fall portion.

TRIGGERING
MODE

Five-position switch (red knob) selects one of four types of triggering
(AUTO., AC, DC or AC LF REJECT), or synchronized operation (HF
SYNC). Seediscussion of these operating modes on p. 2-13 to 2-16.

STABILITY

Red. STABILITY control adjusts Main Sweep for triggered or free-
running operation. With Main Sweep TRIGGERING MODE switch in
AC, DC or AC LF REJECT, Main Sweep STABILITY can generally be
used in PRESET. (For manual operation of Main-Sweep STABILITY
control, see p. 3-3). This control is the synchronizing control when
the TRIGGERING MODE switch is in HF SYNC. Main Sweep STABILITY
is disabled when Main Sweep TRIGGERING MODE is in AUTO.

TRIGGERING
LEVEL

Black TRIGGERING LEVEL control determines at what voltage on the
input triggering signal the horizontal trace will start. This control
is disabled when the Main-Sweep TRIGGERING MODE switch is in the
AUTO. or HF SYNC positions.

TIME/CM

Eight-position switch (black knob) to control Main Sweep rate.

MULTIPLIER

Six-position switch (black knob). Three positions marked in black,
indicate factors by which TIME/CM settings are to be multiplied to

obtain Main Sweep rate. Three positions, marked inred, provide variable |

(uncalibrated) Main Sweep rate control by means of associated red
knob.

5X MAGNIFIER

When the red 5X MAGNIFIER knob is turned from the OFF position
to the ON position, that part of the display which occupied the middle
two divisions of the graticule is expanded to fill the graticule horizontally.
Turn the 5X MAGNIFIER ON when you set the HORIZONTAL DISPLAY
switch to EXT, SWEEP.

TRIGGER INPUT

Connector for accepting an external triggering signal for the Main-
Sweep generator when the Main-Sweep TRIGGER SLOPE switch is in
the + EXT. or the -EXT. position.

SAWTOOTH Connector supplying a positive-going sawtooth having a peak value of about

MAIN SWEEP + 150 volts. The rising part of the sawtooth coincides with the left-to-right
trace of the Main Sweep. The rate at which the sawtooth rises is controlled
by the Main-Sweep TIME/CM switch and by the black and red MULTIPLIER
controls.

2-2 . Operating Instructions - Type 945
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+GATE Connector supplying a positive-going rectangular wave having a maximum

MAIN SWEEP value of about +20 volts. Its starting time and duration correspond
to the starting time and duration of the positive-going part Qf the saw-
tooth available at the SAWTOOTH MAIN SWEEP connector.

RESET Push-button which produces manually-controlled single sweeps (p.3-21),
or which arms the Main Sweep for triggered single sweeps (p.3-21).

DELAYING SWEEP
SLOPE +, - Two-position switch. In the +position, triggering of the Delaying Sweep

(toggle sw.)

occurs during the voltage rise of the triggering waveform. In the -positions,
triggering of the Delaying Sweep occurs during the voltage fall of the
triggering waveform.

STABILITY OR

Red control adjusts the Delaying-Sweep generator for triggered or free-

EXT. SWEEP running operation. When the HORIZONTAL DISPLAY switch is in the

ATTEN. EXT. SWEEP position, red control provides variable control of the
horizontal deflection.

TRIGGERING Black control determines at what voltage on the Delaying-Sweep input

LEVEL triggering signal the Delaying Sweep will start.

TIME/CM OR Twelve-position switch to control Delaying Sweep rate. (See also DELAY-

DELAY TIME TIME MULTIPLIER, below).

DELAY-TIME Ten-turn control. When the HORIZONTAL DISPLAY switch is in the

MULTIPLIER DEL'G SWEEP or the MAIN SWEEP DELAYED positions, the Main

1-10 Sweep is held inoperative-'" locked out" -until after a delay time following
the triggering of the Delaying Sweep. This delay time is the product
of the settings of the TIME/CM OR DELAY TIME control and of the
DELAY-TIME MULTIPLIER control. (See also DEL'D TRIG. FROM
MAIN OR DEL'G SWEEP, below.)

DEL'D TRIG. Connector supplying delayed positive-going triggering signals. When

FROM MAIN OR
DEL'G SWEEP

the HORIZONTAL DISPLAY switch is in the MAIN SWEEP NORMAL
position, the output triggering signal occurs following the start of the
Main Sweep, after a delay equal to the product of the settings of the
Main-Sweep TIME/CM control, the MULTIPLIER control and the DELAY-
TIME MULTIPLIER control. When the HORIZONTAL DISPLAY switch
is in the MAIN SWEEP DELAYED or in the DEL'G SWEEP position,
the output triggering signal occurs following the start of the Delaying
Sweep, after a delay equal to the product of the settings of the TIME /CM
OR DELAY TIME control and the DELAY-TIME MULTIPLIER control.

LENGTH Sweep-length control permits delaying sweep to be reverted immediately
after delayed Main Sweep is triggered, to increase possible duty cycle.
(Normally control will remain in fully clockwise position.)

+ GATE Connector supplying a positive-going rectangular wave having a maximum

DEL'G SWEEP

value of about +20 volts. Its positive portion coincides with the left-
to-right trace of the Delaying Sweep.
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TRIGGER OR
EXT. SWEEP IN

Coaxial connector that accepts triggering signals for the Delaying Sweep
when the HORIZONTAL DISPLAY switch is in any position except EXT.
SWEEP. When the HORIZONTAL DISPLAY switch is in the EXT. SWEEP
position, this connector accepts external horizontal-deflection waveforms
(See ATTEN., below.)

ATTEN., X1, X10
(toggle sw.)

Two-position switch. When waveforms supplied to the TRIGGER OR
EXT. SWEEP IN connector exceed about 10 volts, use the X10 position.
Otherwise, use the X1 position.

OTHER FRONT-PANEL CONTROLS, CONNECTORS AND INDICATORS

FOCUS Control operated in conjunction with ASTIGMATISM to obtain a sharp,
clearly defined trace or spot.

INTENSITY Control used to adjust the brightness of the oscilloscope display.

ASTIGMATISM Control operated in conjunction with FOCUS to obtain a sharp, clearly

defined trace or spot.

SCALE ILLUM.

Control used to adjust intensity of graticule illumination.

HORIZONTAL Black knob positions trace horizontally.

POSITION

VERNIER Red knob provides fine control of horizontal position of trace.
AMPLITUDE Black knob selects any one of nine calibrated square-wave output ampli-
CALIBRATOR tudes. Red knob (three-position switch) selects black-knob range in

either VOLTS or mVOLTS; also turns Calibrator OFF.

CALIBRATOR OUT

Connector for supplying square-wave output voltage from Calibrator.

VERTICAL SIGNAL
ouT

Connector supplies vertical waveform being displayed on oscilloscope.
Approximately 2 volts peak-to-peak for each centimeter of vertical
deflection.

CRT CATHODE

Connector for accepting intensity-modulation voltage. Capacitively coupled.
When not in use, this connector should be grounded by attaching its cover.

Ground

Connector for grounding auxiliary equipment to chassis of oscilloscope.

POWER

Switch applies line voltage to power transformer.

Pilot Light

Red indicator lamp lights when power transformer is in operation.

READY

OVERHEAT White indicator lamp turns on at +59°C. +o0r-3°C. Operation of instru-
W ARNING ment between +55°C, and +71°C. is limited to one hour.
Neon indicator lamp lights when Lockout Circuit has made MAIN SWEEP

ready to receive a trigger.

Beam Position
Indicators

Indicator lamps marked with arrows, show the direction in which the

beam is off the screen if it is not visible.

2-4
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LINE FUSES

Fuse Holders provide easy access to line fuses: 7-ampere fuses for
115-volt operation; 4-ampere fuses for 230-volt operation.

SPARE FUSES

Fuse Holders provide convenient storage for spare fuses.

2-5. FIRST TIME OPERATION
(oscilloscope)

2-6. Preparation for Use

2-7. When the plug-in unit has been selected,
insert it into the plug-in compartment of the
oscilloscope and press firmly to insure that
the connectors make proper contact. Close the
plug-in unit locking handle to hold the unit
securely in place and turn the oscilloscope
INTENSITY control fully counterclockwise.
Connect the power cord to the power line.

Fig. 2-1. (a) Type MC Plug-In Unit in Type 945 with the latch released.
(b) Proper insertion of the Type MC Unit in the Type 945.

CAUTION: The cathode-ray tube in
this instrument has an accelerating
potential of 10,000 volts. Theinten-
sity of a sharply focused spot can
be bright enough to burn the screen
phosphor if the spot remains in
one place. Be careful not to leave
a fixed bright spot on the screen.
Turn the INTENSITY down so that
the spot is dim or extinguished if
you leave theinstrument unattended.

Operating Instructions - Type 945

2-8. Set the front-panel controls as shown:

FOCUS mid-scale
INTENSITY full-left
ASTIGMATISM centered
SCALE ILLUM. centered
MAIN SWEEP section

STABILITY full right
TRIGGERING LEVEL full right
TRIGGERING MODE +INT.
TRIGGER SLOPE AC LF REJECT
TIME/CM 10 uSEC
MULTIPLIER 1
5X MAGNIFIER OFF
HORIZONTAL MAIN SWEEP

DISPLAY NORMAL
ATTEN X1
SLLOPE +
HORIZONTAL

POSITION centered
VERNIER centered
AMPLITUDE

CALIBRATOR 50 mVOLTS
POWER ON

2-9. Time Delay

2-10. The time delay relay used in the Type
945 Oscilloscope delays operation of theinstru-
ment for 30-45 seconds after the POWER
switch is turned ON to allow a brief tube-
warmup period. The delay allows the tubes
sufficient time to heat before the dc operating
voltages are applied. The OVERHEAT WARNING
light will glow until the time delay relay
operates. ’

2-N. If the ac power is off for only an instant,

the normal 30-45 second delay will occur before
the instrument returns to full operation. This
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delay will occur regardless of whether the
ac power is off because of a momentary power
failure or is turned off with the POWER switch.

2-12. Focus and Astigmatism Controls

2-13. The FOCUS and ASTIGMATISM controls
operate in conjunction with each other to allow
you to obtain a sharp, clearly defined spot or
trace. The proper setting of the ASTIGMATISM
control is obtained by rotating the FOCUS con-
trol fully clockwise, setting the HORIZONTAL
DISPLAY switch at EXT. SWEEP, and adjust-
ing the INTENSITY control to obtain a dim
spot on the screen. After positioning the spot
to the center of the screen, the ASTIGMATISM
control is adjusted for the most nearly circular
spot possible. The FOCUS control is then
adjusted to reduce the spot diameter as much
as possible, (You must be certain that all
input signals to theoscilloscope aredisconnected
when you adjust the FOCUS and ASTIGMATISM
controls.)

2-14. Intensity Control

2-15. The INTENSITY control is used to adjust
the brightness of the oscilloscope display.
This permits you to compensate for changes
in brightness resulting from changes in the
sweep or triggering rate. The INTENSITY
control is rotated clockwise to increase bright-
ness and counterclockwise to decrease bright-
ness. Care must be taken when using the
INTENSITY control that the brightness is not
turned up to the point where the face of the
cathode-ray tube is permanently damaged. If
the intensity of the beam is turned up too far,
the phosphor on the face of the crt may be
burned. The intensity of the beam should
never be turned up to the point where a halo
forms around the spot.

2-16. Graticule 1llumination Control

2-17. The graticule used with the Type 945
Oscilloscope is accurately marked with 10
horizontal and 4 vertical 1-centimeter divisions
with 2-millimeter markings on the centerlines.
These graticule markings allow you to make
time and voltage measurements from theoscillo-
scope screen.

2-6

2-18. The graticule is illuminated by two lamps
located at the top end of the graticule. This
illumination can be controlled so that the
graticule markings appear either red or white,
as desired. The graticule markings arechanged
from red to white or from white to red by
removing the graticule cover and rotating the
graticule through 180° about an axis through
the center of the graticule (see Figure 2-2).
As a general rule, white graticule markings
are superior to red for photographic purposes.

Fig. 2-2. Rotating the graticule to change the color of the graticule
markings from red to white or from white to red.

2-19. Graticule illumination is adjusted by the
SCALE ILLUM control located just under the
oscilloscope screen. Rotating the control clock-
wise increases the brightness of the graticule
markings and rotating the control counterclock-
wise decreases the brightness.

2-20. Positioning Controls

2-21. Four controls are used with the Type
945 Oscilloscope with Type MC Preamplifier
Unit to allow you to position the traces to
the desired point on the oscilloscope screen.
Two of these controls are used to set the
horizontal position of the traces and arelocated
on the front panel of the instrument. The
other controls are used to set the vertical
position of the traces and are located on the

Operating Instructions - Type 945



front panel of the plug-in unit used with the
oscilloscope.

2-22. The two HORIZONTAL POSITION con-
trols cause the trace to move to the right when
they are rotated in the clockwise direction
and to the left when they are rotated counter-
clockwise. The combination of the two controls
has a total positioning range of approximately
12 centimeters with the sweep magnifier OFF
or approximately 60 centimeters with the
sweep magnifier ON. The black HORIZONTAL
POSITION control has approximately threetimes
the range of the red VERNIER control. The
fine range of adjustment of the VERNIER
control makes this control particularly use-
ful whenever fine horizontal positioning is
required, as for example, when the sweep
magnifier is used.

2-23. The Type MC vertical positioning controls
have sufficient range to allow either trace
to be positioned completely off the top or
bottom of the screen or to any intermediate
point. The trace moves up when the control
is rotated clockwise and down when the control
is rotated counterclockwise.

2-24. Beam Position Indicators

2-25.Four small indicator lights located just
above the oscilloscope screen indicate the
position of the spot or trace. When one of these
lamps is lit, it indicates that the trace is
off-centered in the direction of the arrow.
These four lights allow you to position the
spot to the center of the screen even though
the intensity is so low that the trace is not
visible. When the sweep is running, the spot
moves from the left side of the screen to
the right and may cause both horizontal lamps
to light each time the sweep runs.

2-26. Input Signal Connections

2-27. The electrical waveform to be observed
is applied to the plug-in unit input connector.
The waveform is then connected through the
vertical-deflection system of the plug-in unit
and the oscilloscope to cause the spot to be
deflected vertically and to trace out the wave-
form on the screen of the crt. The vertical
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size of the displayed waveform is adjusted
with the plug-in unit VOLTS/CM switch. The
VOLTS/CM switch is an accurately calibrated
control which, when used with the graticule,
allows you to make precise voltage measure-
ments from the displayed waveforms.

2-28. Certain precautions must be{‘taken when
you are connecting the oscilloscope to the input
signal source toinsurethat accurateinformation
is obtained from the oscilloscope display. This
is particularly true when you are observing
low-level signals or waveforms containing high-
or extremely low-frequency components. For
applications where you are observing low-level
signals, unshielded input leads are unsatis-
factory due to their tendency to pick up stray
signals which produce erroneous oscilloscope
displays. Shielded cables should be used when-
ever possible, with the shield connected to
the chassis of both the oscilloscope and the
signal source. Regardless of the type of input
lead used, leads should be kept as short as
possible,

2-29. Distortion of the input waveform may
result if very low-frequency input signals are
ac coupled into the oscilloscope, if high-
frequency waveforms are not properly ter-
minated, or if the input waveform contains
high-frequency components which exceed the
bandpass of the oscilloscope and plug-in
unit combination. You must be aware of the
limitations of the instrument.

2-30. In analyzing the displayed waveform,
you must consider the loading effect that the
oscilloscope has on the input-signal source.
In some cases this loading effect is negligible;
however in other applications, loading caused
by the oscilloscope may materially alter the
results obtained. In such cases the amount
of loading may be reduced through the use
of a probe.

2-31. Use of Probes

2-32. Occasionally connecting the input of an
oscilloscope to a signal source loads thesource
sufficiently to adversely affect both the operation
of the source and the waveform displayed on
the oscilloscope. In such cases an attenuator
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probe may be used to decrease both the
capacitive and resistive loading caused by the
oscilloscope.

2-33. In- addition to providing isolation of the
oscilloscope from the signal source, an atten-
uator probe also decreases the amplitude of
the displayed waveform by the attenuation factor
of the probe. Use of a probe allows you to
observe the vertical-deflection signals which
are beyond the normal limits of the oscillo-
scope and plug-in combination. Signal ampli-
tudes, however, must be limited to the maximum
allowable value for the probe used.

2-34. Before using a probe you must check
(and adjust - if necessary) the compensation
of the probe to prevent distortion of the applied
waveform. To adjust the probe compensation
place the HORIZONTAL DISPLAY switch at
MAIN SWEEP NORMAL, the Main Sweep
TRIGGERING MODE switch at AUTO., and
the Main Sweep TRIGGER SLOPE switch at
+INT. Turn up the intensity until the trace is
visible and connect the probe tip to the CALI-
BRATOR OUT connector. Set the AMPLITUDE
CALIBRATOR switch for 2 centimeters of
displayed signal. Set the Main Sweep TIME/

CM switch to display approximately 3 or 4
cycles of the Calibrator waveform and adjust
the probe compensation control to obtain flat
tops on the displayed Calibrator square-waves
(see Figure 2-3). Since the Type P6003 probe
is used with the Type 945, it is necessary
to first unlock the Locking Sleeve by turning
it counterclockwise. The probe is then com-
pensated by rotating the probe body while
watching the oscilloscope display for thedesired
waveform. When compensation is completed,
carefully turn the Locking Sleeve clockwise
to lock it without disturbing the adjustment
of the probe.

2-35.Check the FIRST TIME OPERATION of
the preamplifier plug-in unit (such as the
Type MC).

2-36. Horizontal Sweep

2-37. The usual oscilloscope display is a
graphical presentation of instantaneous voltage
versus time., Voltage information is presented
by vertical deflection of the trace and time
information is presented by horizontal deflec-
tion. To obtain a useful display, it is necessary
for the spot formed by the electron beam to

Adjust for flattop

Input H ] o

Rotate barrel to compensate

Rotate ring clockwise to lock

Fig. 2-3. When compensating the probe it 1s adjusted toobtain an undistorted presentation of the calibrator

square-waves.
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Fig. 2-4. Front-panel controls and connectors of the Type 945 Oscilloscope.
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be deflected horizontally at a known rate so
that any horizontal distance on the screen
represents a definite known period of time. The
trace formed by the deflection of thespot across
the screen is known as the horizontal sweep.
Since the horizontal deflection of the spot bears
a definite relationship to time and provides
the means for making time measurements from
the screen, the horizontal sweep is also known
as the time base.

2-38. The Type 945 Oscilloscope features two
independent time-base units: MAIN SWEEP
and DELAYING SWEEP. Either of the two
time bases may be displayed on the oscillo-
scope screen at any time. Controls affecting
MAIN SWEEP and DELAYING SWEEP operation
are in the correspondingly labeled blocks on
the oscilloscope front panel. The HORIZONT AL
DISPLAY switch determines which time base
is used and the type of display to be presented.
This switch is the key to the operation of the
sweep as emphasized by the block diagrams
in the schematic section. The functional block
diagrams show the circuitry changes with each
position of the HORIZONTAL DISPLAY switch.
The Main Sweep is selected when the HORI-
ZONTAL DISPLAY switch is in the MAIN
SWEEP NORMAL position and the Delaying
Sweep time base is selected when the switch
is in the DEL'G SWEEP position.

2-39. The rate at which the spot is deflected
across the screen is accurately controlled by
the setting of the appropriate TIME/CM controls.
The settings of the TIME/CM controls determine
the sweep speed and the horizontal size of
the displayed waveform. The controls are set
to display the portion of the waveform you
wish to observe,

2-40.The Main Sweep has 24 accurately cali-
brated sweep speeds ranging from .1 micro-
seconds to S5 seconds per centimeter. The
MULTIPLIER and TIME/CM controls permit
you to vary the sweep speed between .1 micro-
seconds and approximately 12 seconds per

centimeter, The 3 variable ranges of the
MULTIPLIER switch are not accurately
calibrated.

2-10

2-41. The Delaying Sweep has sweep speeds
ranging from 2 microseconds to 10 milliseconds
per centimeter in 12 steps. There is no
MULTIPLIER control for the Delaying Sweep.
The red LENGTH control adjusts the sweep
length between approximately 4 and 10
centimeters.

2-42. MAIN SWEEP TRIGGERING

2-43. The oscilloscope display is formed by
the repetitive sweep of the spot across the
oscilloscope screen. If the sweeps are allowed
to occur at random or at a rate unrelated to
the rate of occurrence of the input waveform,
the displayed waveform will be traced out at
a different point on the screen each time the
sweep runs. This will either cause the wave-
form to drift across the screen or to be
indistinguishable. ‘

2-44. In most cases it is desirable for a
repetitive waveform to appear stationary on
the oscilloscope screen so that the character-
istics of the waveform can be examined in
detail. As a necessary condition for this type
of display, the start of the sweep must bear
a definite, fixed-time relationship to the appear-
ance of the input waveform. This means that
the sweep must be synchronized with the input
waveform. In the Type 945 Oscilloscope that
is accomplished by starting (triggering) the
sweep with the displayed waveform or with
another waveform bearing a definite time
relationship to the displayed waveform.

2-45. The following paragraphs outline the
means for selecting the triggering source,
triggering slope, triggering mode and trig-
gering level with specific information regarding
the operation of the controls affecting triggering.
More specific information on the selection
of the triggering signal source is given in
Section III. These pages give the more exact
settings for each mode of operation of the
Type 945 Oscilloscope.

2-46. Selecting the Triggering Source

2-47.In preparing the Type 945 Oscilloscope
for triggered operation of the Main Sweep, it is
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Displayed Waveform

Line-Frequency Waveform

VAVAVAVA

Line

Int.

Trigger Slope
Switch

External Triggering Waveform -

EXI’.—C)
Trigger

Input Connector

Oscilloscope
Sweep Starting
Circuits

Fig. 2-5. The triggering signal is selected from three possible sources with the TRIGGER SLOPE control.

first necessary to select the triggering signal
source which will provide the best display for
the particular application. The sweep can be
triggered by the displayed waveform, a line-
frequency waveform, or by an externally derived
waveform. This selection is made by thesetting
of the TRIGGER SLOPE control. Each type
of triggering has certain advantages for some
applications.

2-48. Triggering from the displayed waveform
is the method most commonly used. The dis-

Operating Instructions - Type 945

played waveform is selected when the TRIGGER
SLOPE control is in either the +INT. or -INT.
position. Internal triggering is convenient since
no external triggering connections arerequired.
Satisfactory results are obtained in most
applications.

2-49. When you are observing a waveform which
is related to the line frequency, you may wish
to trigger the sweep from a line-frequency
waveform. This can be done by placing the
TRIGGER SLOPE switch in either the +LINE
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or the -LINE position. This type of triggering
is particularly useful in observing waveforms
which bear a definite relationship to the line
frequency. The shape and amplitude of the
triggering waveform remains constant to provide
extremely stable triggering.

2-50. To trigger the sweep from some external
waveform, connect the triggering waveform to
the appropriate TRIGGER INPUT connector and
place the TRIGGER SLOPE switch in either
the +EXT. or -EXT. position. External trig-
gering provides definite advantages over other
methods of triggering in certain cases. With
external triggering, thetriggering signalusually
remains -constant in amplitude and shape. It
is thereby possible to observe the shaping and
amplification of a signal in an external circuit
without resetting the oscilloscope triggering
controls for each observation.

2-51. Also, time and phase relationships between
the waveforms at different points in the circuit
can be seen. If for example, the external
triggering signal is derived from the waveform
at the input to a circuit, the time relationship
and phase of the waveforms at each point in
the circuit are compared to the input signal
by the display presented on the oscilloscope
screen. When you are using external triggering
and a stable triggering signal, it is possible
to observe and accurately measure jitter of the
displayed waveform. This is not possible when
the sweep is triggered internally. '

2-52. Selecting the Triggering Slope

2-53. The horizontal sweep can be triggered
on either the rising (+slope) or falling (-slope)
portion of thetriggering waveform as determined
by the position of the TRIGGER SLOPE switch.

+

+ M — Slope

Input Waveform

+

Trigger Slope

Trigger Slope

Oscilloscope Display

::::k\:'::,'(é:/::i:\\w - !4

Sweep Triggered on + Slope

Oscilloscope Display

GHHHH /.(—\ HH /T‘,\
N/ NN

Sweep Triggered on - Slope

Fig. 2-6. Effects on the oscilloscope display produced by+ and - settings of the TRIGGER SLOPE control.
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When the switch is in one of the + positions,
the sweep is triggered on the rising portion
of the triggering waveform; when the TRIGGER
SLOPE switch is in one of the - positions,
the sweep is triggered on the falling portion
of the waveform (see Fig. 2-6).

2-54. In many applications the triggering slope
is not important since triggering on either
slope will provide a display which is suitable
to the application. However, in many other
cases, such as pulse measurements, the trig-
gering slope is very important. If, while using
a fast sweep, you may wish to observe the
rise of a pulse at a fast sweep speed, it may
be necessary to trigger the sweep on the falling
portion of the waveform by placing the TRIGGER
SLOPE switch in one of the - positions. In
either case, selection of the wrong triggering
slope may make it impossible for you to observe
the portion of the waveform you wish to check.

2-55. Selecting the Triggering Mode

2-56. After selecting the triggering source and
triggering slope, it is next necessary to select
the triggering mode which will allow you to
obtain the desired display. There are five
triggering modes for the Type 945 Oscilloscope.

2-57. Each of the triggering modes is designed
to provide stable triggering from a certain
type of waveform. For most applications,
however, several of the triggering modes will
work equally well. For applications of this
type, the triggering modeusedis purely a matter
of choice. The primary thing to consider in
choosing the triggering mode is whether or not
it allows you to obtain the display you want.

2-58. To determine the best mode of operation
for a particular application, it is usually best
to try each triggering mode in the application.
The Automatic mode should be tried first
since this triggering mode provides stable
triggering in most applications without the
necessity of setting the STABILITY or TRIG-
GERING LEVEL controls. If the Automatic
mode does not provide the desired display,
it will then be necessary for you to try one
or more of the other triggering modes.

Operating Instructions - Type 945
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2-59. Automatic Triggering Mode

2-60. The automatic mode is most frequently
used because of its ease of operation. This
mode is useful in obtaining stable triggering
from waveforms with frequencies of from
approximately 60 cycles to 2 megacycles. The -
principal advantage of this type of operation
is that it is not necessary to adjust either the
STABILITY or TRIGGERING LEVEL controls
to obtain a stable display. This permits you
to observe a large number of waveforms with
different shapes and amplitudes without adjusting
any of the triggering controls. In the absence
of a triggering signal, the sweep continues to
run to provide a convenient reference trace
on the oscilloscope screen.

2-61. The automatic triggering mode is selected
by placing the TRIGGERING MODE switch
in the AUTO. position. The triggering source
and slope is then selected and the input signal
is applied to the oscilloscope. No other control
adjustments are required. Since the TRIG-
GERING LEVEL control has no effect on the
display when automatic triggering is used, it
is impossible to select the point on the trig-
gering waveform where the sweep is triggered.:
Each sweep is instead triggered at the average
voltage point of the waveform.

2-62. DC Triggering Mode

2-63. The DC triggering mode is selected by
placing the TRIGGERING MODE switch in the
DC position. This mode permits excellent
triggering on all types of waveforms in the
frequency range from dc to approximately Smec.
The DC mode also permits the selection of
the point on the triggering waveform where the
sweep is triggered through the use of the
TRIGGERING LEVEL control.

2-64. To use the DC triggering mode you must
set the STABILITY and TRIGGERING LEVEL
controls after first selecting the triggering
signal source and slope. The method used
to set the STABILITY and TRIGGERING LEVEL
controls is the same for theDC mode, AC mode,
and AC Low Frequency Reject mode. The
STABILITY control must be set properly before
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Fig. 2-7. Effects on the oscilloscope display produced by + and - settings of the TRIGGERING LEVEL
control. When the TRIGGERING LEVEL control is set in the + region, the sweep is triggered on the upper
portion of the input waveform; when it is set in the - region, the sweep is triggered on the lower portion
of the input waveform. The TRIGGER SLOPE control determines whether the sweep is triggered on the
rising portion or the falling portion of the input waveform.
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the TRIGGERING LEVEL control can be
adjusted.

2-65. The STABILITY control has a PRESET
position at the fully counterclockwise setting
of the control. This position permits proper
triggering in most applications without necessi-
tating additional adjustment of the STABILITY
control. If it becomes impossible or difficult
for you to obtain proper triggering with the
STABILITY control at PRESET, you must then
adjust the control. This is done with the
TRIGGERING LEVEL control fully clockwise.
The proper setting for the STABILITY control
is obtained by rotating the knob clockwise from
the PRESET position until a trace appears
on the screen, then turning it slowly counter-
clockwise until the trace just disappears again.
A triggered display may then be obtained with
the TRIGGERING LEVEL control.

2-66. The TRIGGERING LEVEL control deter-
mines the point on the triggering waveform
where triggering of the sweep occurs. This
control is set to provide the display you want
while at the same time causing stable trig-
gering. Rotating the control clockwise causes
the sweep to trigger at more positive points
on the waveform, while rotating the control
counterclockwise causes the sweep to trigger
at more negative points. If the displayed wave-
form is vertically centered under the graticule,
setting the TRIGGERING LEVEL control at O
will cause the sweep to start at approximately
the mid-voltage point of the waveform. In
the DC mode, rotating the VERTICAL POSITION
control will change the point on the triggering
waveform where the sweep is started.

2-67. The + and - markings for the TRIGGERING
LEVEL control should not be confused with
similar markings for the TRIGGER SLOPE
control. The markings on the TRIGGER SLOPE
control indicate only whether triggering occurs
on the rising or falling portion of the trig-
gering waveform. The markings for the TRIG-
GERING LEVEL control indicate whether
triggering occurs on the upper portion or lower
portion of the waveform.

2-68. AC Triggering Mode

2-69. Selection of the AC triggering mode is
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made by placing the TRIGGERING MODE switch
in the AC position. This mode provides useful
triggering in the frequency range of approxi-
mately 15 cycles to 5 mc. These frequency
limits vary slightly depending upon the shape
and amplitude of the triggering waveform.
In the AC mode, triggering is unaffected by
the dc components of the triggering signal
or by the vertical positioning of the trace.
The triggering level can be selected to provide
the desired display using the STABILITY and
TRIGGERING LEVEL controls. These two con-
trols are set as described for the DC triggering
mode.

2-70. AC Low Frequency Reject Triggering
Mode

2-71. The AC Low Frequency Reject triggering
mode is used when the TRIGGERING MODE
switch is in the AC L F REJECT position.
This mode is similar to the AC mode except
that low-frequency waveforms are rejected by
the triggering circuit. This triggering mode
works well with high-frequency waveforms, but
it may be difficult to obtain stable triggering
with frequencies below approximately 1000
cycles.

2-72. Occasionally you may be required to
obtain stable triggering from a fairly high-
frequency waveform that is mixed with a great
deal of low-frequency noise or line-frequency
pickup. In such cases the additional noise and
pickup can make it very difficult to obtain
a stable display. If this occurs, you can select
the AC Low Frequency Reject mode, thereby
eliminating the effects of the low frequency
noise and pickup. The low frequencies are
blocked from the triggering circuit while the
high-frequency triggering waveform is passed
to produce the stabletriggering that you require.
In all other respects the AC Low Frequency
Reject triggering mode is identical to the AC
mode.

2-73. High Frequency Synchronization Mode

2-74. The High Frequency Synchronization mode
permits stable displays of waveforms with
frequencies higher than approximately S mc.
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Stability of the display is adjusted with the
STABILITY control. The TRIGGERING LEVEL
control is not used. To use the High Frequency
Synchronization mode, place the TRIGGERING
MODE switch in the HF SYNC position. Rotate
the STABILITY control clockwise until a trace
appears. Continue to adjust the STABILITY
control until a stable display is obtained.

F ree-running sweep

Gate or sawtooth wave-
forms are connected to
the external equipment

Output of the external
equipment is applied to
the oscilloscope input

Equipment to be trig-
gered or synchronized
by the oscilloscope

Fig. 2-8. Using the Gate or Sawtooth output waveforms to synchronize
or trigger external equipment.

2-75. Although the  synchronization signal
source is selected with the TRIGGER SLOPE
control, the slope cannot be selected. Also
you cannot use the PRESET position of the
STABILITY control in this mode.

2-76. Free-Running Sweep Operation

2-77. In the usual oscilloscope application,
the sweep is triggered or synchronized by the
input waveform. However, in some applications
it may be more desirable to reverse the
process and initiate the input waveform through
use of a periodically recurrent waveform from
the oscilloscope. In this type of application
the sweep is caused to free-run and an output
from either the +GATE or SAWTOOTH con-
nectors is used to trigger or synchronize the
input waveform (see Fig. 2-8).

2-78. The sweep can be made to free-run
with any setting of the TRIGGERING MODE
switch by rotating the STABILITY control fully
clockwise. In all positions of the TRIGGERING
MODE switch except AUTO., the number of
sweeps per second is determined by the setting
of the TIME/CM controls. Inthe AUTO. position,
the sweep repetition rate remains at appro-
ximately 50 sweeps per second regardless
of the setting of the TIME/CM control.

2-79. In addition to providing the means for
controlling an applied waveform, afree-running
sweep also provides a convenient reference
trace on the oscilloscope screen without requir-
ing an input signal. This trace can then be
used to position the sweep or to establish a
voltage reference line.

2-80. Delayed Sweep

2-81. With the Type 945 Oscilloscope the start
of the horizontal sweep can be delayed for a
period of from 3 microseconds to 100 msec
after application of the triggering waveform.
This is done through simultaneous use of
both sweeps. In this application the Delaying
Sweep is used to provide the accurate time
delay while the Main Sweep presents a normal
horizontal sweep at the end of the delay period.
The duration of the sweep delay is controlled
by the Delaying Sweep TIME/CM OR DELAY
TIME switch and the DELAY-TIME MUL-
TIPLIER control.

TIME/CM OR  DELAY-TIME
DELAY TIME MULTIPLIER

X = DELAY TIME

Fig. 2-9. Calculating delay time.

2-82. The delayed sweep feature of the Type
945 Oscilloscope can be used in a number of
special applications to increase the versatility
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of the instrument. Such applications include
high magnification of a selected portion of an
undelayed sweep, accurate time measurements,
and accurate measurements of waveform jitter.
Also, it is possible to pick off and display any
desired line of a television scan or to check
pulse-time modulation. In addition, the delayed
sweep feature is readily adaptable to a great
number of other applications.

2-83. The delayed sweep is selected when
the HORIZONTAL DISPLAY switch is in the
MAIN SWEEP DELAYED position. The amount
of delay occurring from the application of the
triggering waveform until the sweep runs is
indicated directly by the settings of the TIME/CM
OR DELAY TIME switch and the DELAY TIME
MULTIPLIER control. The settings of the two
controls are multiplied together to obtain the
actual delay time. For example, if the TIME/CM
OR DELAY TIME switch is set at 1 MILLISEC
and the vernier dial of the DELAY TIME
MULTIPLIER control indicates 6.75, the delay
time is 6.75 milliseconds. When the Main
Sweep STABILITY control is in the fully clock-
wise position, the horizontal sweep starts
immediately at the completion of thedelay period
at a rate determined by the settings of the
Main Sweep TIME/CM controls.

2-84. There are actually two modes of delayed
sweep operation available in the Type 945
Oscilloscope. In one mode the delayed sweep
is started immediately after the completion
of the delay time. This is the mode described
previously and is obtained with the Main Sweep
STABILITY control fully clockwise. This mode
permits you to select continuously variable
delay times and is the mode of operation used
to make accurate time and waveform jitter
measurements as well as most other
measurements.

2-85. The second delayed-sweep mode is dif-
ferent from the first in that the sweep does
not start at the completion of the delay time
until a triggering waveform is applied to the
MAIN SWEEP. The delay time in this mode
is not continuously variable and is dependent
not only on the settings of the delay-time
controls, but on the occurrence of the MAIN
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SWEEP triggering waveform as well. The
primary purpose of this mode is to eliminate
jitter from the displayed waveform. Since the
sweep is triggered by the input waveform,
jitter is eliminated from the display even though
it is inherent in the input waveform.

2-86. The second delayed-sweep mode is also
obtained with the HORIZONTAL DISPILAY switch
in the MAIN SWEEP DELAYED position. In
this mode, however the MAINSWEEP triggering
controls are set to provide normal triggering.
The STABILITY control is not placed in the
fully clockwise position.

2-87. When the HORIZONTAL DISPL AY switch
is placed in the DEL'G SWEEP position, you can
obtain a normal sweep presentation using this
sweep. With all other controls set for delayed
sweep operation, the Main Sweep TIME/CM
switch set for a faster sweep rate than the
DELAYING SWEEP control, and the Main Sweep
STABILITY control fully clockwise, a portion
of the displayed waveform will be brightened.
The start of this brightened portion indicates the
start of the delayed sweep and the length of the
brightened portion indicates the delayed sweep
duration. The start of the brightened portioncan
be positioned left or right withthe DELLAY-TIME
MULTIPLIER control. The length of the bright-
ened portion can be adjusted with the Main Sweep
TIME/CM control. Using these two controls, it
is possible to include any portion of the displayed
waveform in the brightened area.

2-88. To expand a portion of the display
obtained with the HORIZONTAL DISPLAY switch
in the DEL'G SWEEP position, adjust the
DELAY-TIME MULTIPLIER and Main Sweep
TIME/CM controls to include the portion you
wish to expand in the brightened area. Using
AC LF REJECT, AC, or DC triggering of the
Main Sweep leave the Main Sweep STABILITY
control full right. Then place the HORIZONTAL
DISPLAY switch in the MAINSWEEP DELAYED
position. This expands the brightened portion
to the full width of the screen. The amount
of magnification is the ratio of the Delaying
Sweep TIME/CM OR DELAY TIME control
setting to the Main Sweep TIME/CM control
setting. For example, if the Delaying Sweep
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INPUT WAVEFORM

CASE 1: MAIN SWEEP STABILITY CONTROL FULLY CLOCKWISE JT

DELAYED MAIN SWEEP PRESENTATION

G

DELAYING SWEEP TRIGGER PULSE DELAY TIME

TO 10 SECONDS)

INPUT WAVEFORM

(VARIABLE FROM 1 MICROSECOND

CASE 2: MAIN SWEEP STABILITY CONTROL SET FOR TRIGGERED OPERATION

] |
. | l MAIN SWEEP RUNS ’i

READY LIGHT
GOES ON

DELAYED MAIN SWEEP PRESENTATION

-

DELAYING SWEEP TRIGGER PULSE
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>

READY LIGHT
GOES ON

MAIN SWEEP RUNS
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TRIGGER PULSE
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Fig. 2-10. Comparison of the two delayed-sweep modes. In each case the waveform shown represents
the input to the oscilloscope. The waveform shown in the delayed-sweep presentation represents the
portion of the input waveform that is actually displayed on the oscilloscope screen. Note that in Case 2

an addirional triggering pulse is required before the delayed sweep will occur.

TIME/CM OR DELAY TIME switch is set
at 1 MILLISEC and the Main Sweep TIME/CM
switch is set at 1 4SEC, the brightened portion
of the sweep is magnified horizontally 1,000
times. Using this method, practical sweep
magnifications up to approximately 10 000 times
are attainable. '

2-89. At times when you are using the delayed
sweep with high magnification the intensity of
the trace will be so low that it is difficult
to see. In many of these cases the intensity
cannot beimproved significantly with the INTEN-
SITY control. However, the intensity can often
be increased by using the Delaying Sweep
LENGTH control to increase the duty cycle.
To set the Sweep LENGTH control, place

2-18

the HORIZONTAL DISPLAY switchin theDEL'G
SWEEP position. Adjust the Sweep LENGTH
control until the sweep runs to a point just
past the brightened portion of the trace. Then
return the HORIZONTAL DISPLAY switch to
the Main Sweep DELAYED position.

2-90. Delayed Trigger

2-91. A delayed triggering pulsecanbeobtained
from the DEL'D TRIG. connector of theoscillo-
scope. When using the Main Sweep for control,
the triggering pulse occurs any time from .l
microseconds to 50 seconds after the start of
a sweep. Whenthe oscilloscope is set for delayed
sweep operation, the delayed trigger pulse
occurs at the start of the delayed Main Sweep.
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Fig. 2-11. Correlation of the DEL'G SWEEP and MAIN SWEEP
DELAYED positions of the HORIZONTAL DISPLAY switch.

This delayed triggering pulse can be used to
initiate some action after a knowntime interval,
and when used with the Delaying Sweep, permits
you to observe the resulting action.

Section II
Paragraphs 2-92 to 2-96

2-92. In the DEL'G SWEEP, MAIN SWEEP
DELAYED and EXT. SWEEP positions of the
HORIZONTAL DISPLAY switch, the delayed
trigger output is controlled by the Delaying
Sweep. In the other position of the HORI-
ZONTAL DISPLAY switch, the delayed trigger
output is controlled by the Main Sweep.

2-93. To obtain a delayed trigger you must
first adjust the appropriate time-base unit
for triggered operation or for free-running
operation, depending upon the application. The
delay is then set with the appropriate TIME/CM
control and the DELAY-TIME MULTIPLIER.

2-94. Single-Sweep Operation

2-95. The usual oscilloscope display formed
by a repetitive sweep is entirely satisfactory
for most applications. However, in applications
where the displayed waveform is not repetitive
or varies in amplitude, shape, or time interval,
a repetitive sweep produces a jumbled display.
When observing a waveform of this type, it
is usually advantageous to use a single-sweep
presentation.

2-96. The single sweep feature is selected
by placing the HORIZONTAL DISPLAY switch

W\ANW

SINGLE-SWEEP PRESENTATION

REPETITIVE-SWEEP PRESENTATION

Fig. 2-12. Comparison of single sweep and repetitive sweep presentation of a damped sine wave. In the
repetitive sweep presentation, it is difficult to determine what is being presented. However, in the single
sweep presentation the damped sine wave can be clearly seen.
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in the MAIN SWEEP DELAYED position and
the Delaying Sweep STABILITY control MUST
be FULLY counterclockwise to the stop position.
The RESET button controls the start of the
single sweep.

2-97. When the STABILITY control is set fully
clockwise or the TRIGGERING MODE switch
is in the AUTO. position, a single sweep
runs immediately each time the RESET button
is depressed. However, if the Main Sweepis set
for triggered operation with the TRIGGERING
MODE switch in other than the AUTO. or
HF SYNC positions, the single sweep does not
occur when the RESET button is depressed
unless a triggering signal is applied to the
Main Sweep. Instead the READY lamp lights
to indicate that the sweep is ready to be
triggered. When a triggering signal occurs, the
single sweep runs and the READY light goes
out. Each time the RESET button is depressed
the procedure is repeated.

2-98. External Horizontal Input

2-99. For special applications you can deflect
the trace horizontally with some externally
derived waveform. This allows you to use
the oscilloscope to plot one function versus
another.

2-100.To use an external horizontal input,
connect the externally derived waveform to
the EXT. SWEEP IN connector, place the
HORIZONTAL DISPLAY switch in the EXT.
SWEEP position, and 5X MAGNIFIER ON. The
horizontal deflection factor may be varied
by a factor of 10 with the ATTEN. switch.
+or - polarity may be selected with the SLOPE
switch,

2-101. Sweep Magnifier

2-102. The sweep magnifier allows you to expand
any two-centimeter portion of the displayed
waveform to the full ten-centimeter width of
the graticule. This is done by first using the
HORIZONTAL POSITION control to move the
portion of the display you wish to expand to
the center of the graticule, then placing the
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5X MAGNIFIER switch in the ON position.
Any portion of the original unmagnified display
can then be observed by rotating the HORI-
ZONTAL POSITION controls. The sweep
magnifier can be used with either time base
unit.

5X MAGNIFIER

MAGNIFIER ON
OFF ON
5X MAGNIFIER MAGNIFIER OFF ¢ 7
OFF ON ]
L lrn 3 miies
e et s — e

Fig. 2-13. Operation of the sweep magnifier.

2-103. In magnified sweep operation, the sweep
speed indicated by the position of the TIME/CM
control is divided by S to obtain the actual
time required for the spot to move one centi-
meter. For example, if the TIME/CM control
is set at 5 mSEC, theactual timeper centimeter
is 5 milliseconds divided by 5, or 1 millisecond
per centimeter. The actual time per centimeter
must be used for all measurements of time.

2-104. Amplitude Calibrator

2-105. The amplitude calibrator provides a
convenient source of square waves of known
amplitude at a frequency of approximately
1 kc. The square waves are used primarily -
to adjust probes and to verify the calibration
of the vertical-deflection system of the oscillo-
scope and plug-in unit.

2-106. Calibrator square-waves are adjustable
from .2 millivolts, peak-to-peak, to 100 volts,
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peak-to-peak. The three-position center switch
selects mVOLTS, VOLTS, or OFF. The outer
switch selects the value of the mVOLTS or
VOLTS. The amplitude is controlled by the
setting of the AMPLITUDE CALIBRATOR switch
and is accurate within 2% of the AMPLITUDE
CALIBRATOR switch setting when the output
is connected to a high impedance load.

2-107. Intensity Modulation

2-108. The crt display of the Type 945 can
be intensity modulated by an external signal
to display additional information. This is done
by connecting the modulating signal to the
CRT CATHODE connector on the front panel
of the instrument.

2-109. The connector cover used on the CRT
CATHODE connector automatically grounds the
connector when it is in place. Be sure to

replace the cover when you do not wish to use
intensity modulation.

Fig. 2-14. Location of the access opening for the crt deflection plates.

2-10. When you wish to make very accurate
time measurements from the crt display, you
can intensity modulate the beam with time
markers and make your measurements directly
from the time markers presented onthescreen.
A positive signal of approximately 25 volts
is required to cut off the beam from normal
intensity.
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2-111. Direct Connection to CRT Deflection
Plates

2-112. The vertical deflection plate pins are
located on the side of the crt neck. The
horizontal deflection plate pins are located
on the top. In some applications, it is advan-
tageous to connect a signal directly to either
one, or both sets of these deflection platepins--
bypassing the internal oscilloscope amplifiers.
Maintain the average dc voltageon thedeflection
plates between +275 and +300 volts. If the
voltage is not within this range, thecrtdisplayed
becomes defocused.

To Delay Line Output

Damping Resistor

Coupling Capacitor
.001puf

)
/1

(RN

To Signal Source

Leak Resistor
100K

Clips to Deflection Plate Pins

Fig. 2-15. Connecting directly to the crt deflection plates by AC
coupling.

2-113. For dc coupling, it is necessary to
supply positioning voltages from the signal
source. These voltages should fall within the
+275 and +300 volt range. When dc coupling
the signal to the deflection plates, you should
tape the ends of the wires you have removed
from the crt pins. This prevents shorting
to the chassis and damage to the amplifier.
The external signal source is then connected
to the crt pins. No leak resistors are used.

2-114. In many applications, it is advantageous to
use ac coupling. Thisisnecessary for those sig-
nals which cannot be made to have the right dc
voltage. For this type of application, the wires
you have removed from the crt pins are connected
through 100K leak resistors tothe new crtleads.
See Figure 2-15. Dc positioning voltage is
supplied from the oscilloscope through these
wires, using the normal positioning controls.

2-115. Direct connection to the crt deflection
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plates is usually used to utilize the ultimate
rise-time capability of the crt. The connect-
ing network between the external coax and
the crt pins must be short. The coax should
be hung from the oscilloscope chassis so
that no pressure is applied to the crt pins.

2-116. Referring to Fig.2-15, connect onedamp-
ing resistor to the coax center conductor.
Connect the other damping resistor to the
coax outer conductor. The size of the damping
resistor will depend upon the coaxial line
impedance, the lead lengths, and the coupling
capacitor type. The best value is found by
passing a fast-rise signal through the coax
and adjusting the resistance until the display
is just short of overshoot. A good starting
value is 68 Q for a 52-& coaxial cable. No
damping resistors are needed for cables with
impedances above approximately 200 Q.

2-117. In order to realize the desired amount
of deflection sensitivity in the Type 945P2
Cathode Ray Tube, the deflection plates have
been placed as close as possible to the path
of the electron beam. As a result, a small
amount of current will flow in the deflection
plate circuits. This current flow varies non-
linearly with the beam position, increasing
rapidly in that plate toward which the beam
is positioned. In the Type 945 oscilloscope,
the effects of these currents are negligible.
However, when using ac coupling for an external
signal, these currents can cause objectionable
voltage drops if large leak resistors are used.
For resistance values greater than 110K you
may experience some difficulty from deflection
plate current. Some defocusing or distortion
may be evident. These effects are most notice-
able when the display is positioned close to
the limits of the crt graticule.

2-118. The low frequency response required
will determine the size of the coupling capacitor
needed. The formula for the size of the coupling
capacitor is C = \/2WRF, where R is the leak
resistor, and F is the desired low-frequency
cutoff. For example, to find the coupling capaci-
tor needed when the low frequency cutoff is
1600 cps and the leak resistor is 100 K, take
the reciprocal of 2wRF. The coupling capacitor
is .001 uf.

2-22

2-119. The coupling capacitor should be spaced
about 1/4" to 3/8" from the damping resistors,
and should be of the ceramic disc type, or
equivalent, to preserve the fast-rise capability
of the Type 945-P2 crt.

2-120. To simplify making thedirect connection
to the crt vertical deflection plates, you can
order a plastic plate and mounting bracket
from Tektronix Inc. The mounting bracket
is designed to clamp around the neck of the
crt shield, adjacent to the deflection plate
connections. When mounted correctly, the plate
will be accessible through the crt deflection
plate access hole in the left side panel. The
bracket and plate may be ordered with or
without thenecessary parts for vertical position-
ing voltages. Specify Tektronix part number
013-008 (Environmental N/A) for the blank
unit without parts, or Tektronix part number
013-007 (Environmental N/A) for the wired
unit. Holes can be drilled in the plastic plate
for mounting coaxial cable and other connectors.

2-121. MEASUREMENT METHODS

2-122. Voltage Measurements

2-123. The Type 945 Oscilloscope can be used
to measure the voltage of the input waveform
by using the calibrated vertical-deflection
factors of the instrument and associated plug-in
unit. The method used for all voltage measure-
ments is basically the same although the actual
techniques vary somewhat depending on the
type of voltage measurements required. Essen-
tially there are two types of voltage measure-
ments: ac-component voltage measurements
and instantaneous voltage measurements with
respect to some reference potential. Many
waveforms contain both ac and dc voltage com-
ponents. It is often necessary to measure one
or both of these components.

2-124. When making voltage measurements, you
should display the waveform over as large
a vertical portion of the screen as practical
for maximum resolution. Also, it is important
that you do not include the width of the trace
in your measurements. You should consist-
ently make all measurements from one side
of the trace. If the bottom side of the trace
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PROBE ATTEN-

Volts/cm Switch
UATION FACTOR X

Setting

Volts
peak-to-peak

VERTICAL
DEFLECTION

Fig. 2-16. Measuring the peak-to-peak ac component voltage of an applied waveform.

is used for one reading, it should be used
for all succeeding readings. The VARIABLE
VOLTS/CM control mustbeinthe CALIBRATED
position.

2-125. AC Component Voltage Measurements

2-126. To measure the ac component of a
waveform, the plug-in unit input selector switch
should usually be set to one of the AC positions.
In these positions only the ac components of
the input waveform are displayed ontheoscillo-
scope screen. However, when the ac component
of the input waveform is of very low frequency
it is necessary for youto make voltage measure-
ments with the input selector switch in one
of the DC positions to prevent errors.

2-127. To make a peak-to-peak voltage
measurement on the ac component of a wave-
form, perform the following steps (see Figure
2-16):

a. With the aid of the graticule, measure the
vertical distance in centimeters from the

positive peak to the negative peak.

b. Multiply the vertical distance measured by

Operating Instructions - Type 945

the setting of the plug-in unit VOLTS/CM
control to obtain the indicated voltage.

c. Multiply the indicated voltage by the atten-
uation factor of the probe used to obtain the
actual peak-to-peak voltage.

2-128. As an example of the method, assume
that using a 10X probe and a deflection factor
of 1 volt per centimeter, you measurea vertical
distance between peaks of 4 centimeters. In
this case then, 4 centimeters multiplied by
1 volt per centimeter gives you an indicated
voltage of 4 volts peak-to-peak. The indicated
voltage multiplied by the probe's attenuation
factor of 10 then gives you the true peak-to-
peak amplitude of 40 volts.

2-129. When  sinusoidal  waveforms  are
measured, the peak-to-peak voltage obtained
can be converted to peak, rms, or average
voltage through use of standard conversion

factors.

2-130. Instantaneous Voltage Measurements

2-131. The method used to measure instant-
aneous voltages is virtually identical to the
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method described previously for the measure-
ment of the ac components of a waveform.
However for instantaneous voltage measure-
ments the plug-in unit input selector switch
must be placed in one of the DC positions.
Also since instantaneous voltages are measured
with respect to some potential (usually ground)
a reference line must be established on the
oscilloscope screen which corresponds to that
potential. If, for example, voltage measure-
ments are to be made with respect to + 100
volts, the reference line would correspond to
+100 volts. In the following procedure the
method is given for establishing this reference
line as ground since measurements with respect
to ground are by far the most common type.
The same general method may be used to
measure voltage with respect to any other
potential, however, so long as that potential
is used to establish the reference line.

2-132. To obtain an instantaneous voltage
measurement with respect to ground, perform
the following steps (see Figure 2-17):

a. To establish the voltage referenceline, touch
the probe tip to an oscilloscope ground terminal
(or if the reference line is to represent a

voltage other than ground, to a source of that
voltage) and adjust the oscilloscope controls to
obtain a free-running sweep. Vertically position
the trace to a convenient point on the oscilloscope
screen, This point will depend on the polarity
and amplitude of the input signal, but should
always be chosen so that the trace lies along
one of the major divisions of the graticule.
The graticule division corresponding to the
position of the trace is the voltage reference
line and all voltage measurements must be
made with respect to this line. (Do not adjust
the vertical positioning control after therefer-
ence line has been established.)

b. Remove the probe tip from ground and
connect it to the signal source. Adjust the
triggering controls for a stable display.

c. Using the graticule, measure the vertical
distance in centimeters from the desired point
on the waveform to the voltage reference line.

d. Multiply the setting of the VOLTS/CM control
by the distance measured to obtain theindicated
voltage.

) ]
\ / Reference line

'Probe Attenuation VOLTS/CM Vertical Deflection Instantaneous
x X £ - VOltage to
: . rom —
Factor (Switch Setting) Reference
Reference line
voltage

Fig. 2-17. Measuring the instantaneous voltage with respect to ground (or some other reference voltage.)
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=X cm=|

TIME/CM

(Switch Setting) x

Horizontal Distance == Time

Sweep Magnification

Fig. 2-18. Measuring the time interval between events displayed on the oscilloscope screen.

e. Multiply the indicated voltage by the atten-
uation factor of the probe you are using to
obtain the actual voltage with respect to ground
(or other reference voltage).

2-133. As an example of this method, assume
that you are using a 10X probe and deflection
factor of .2 volts per centimeter. After setting
the voltage reference line at the second from
the bottom division of thegraticule, you measure
a distance of 3 centimeters to the point you
wish to check. In this case, then, 3 centimeters
multiplied by .2 volts per centimeter gives
you an indicated .6 volts. Since the voltage
point is above the voltage reference line the
polarity is indicated to bepositive. Theindicated
voltage multiplied by the probe's attenuation
factor of 10 then gives you the actual voltage
of positive 6 volts.

2-134. Time Measurements

2-135. The calibrated sweeps of the Type 945
Oscilloscope cause any horizontal distance on
the screen to represent adefiniteknown interval
of time. Using this feature you can accurately
measure the time lapse between two events
displayed on the oscilloscope screen. One

method which produces sufficient accuracy for
most applications is as follows (see Figure 2-18):

a. Using the graticule, measure the horizontal
distance between the two displayed events whose
time interval you wish to find.

b. Multiply the distance measured by thesetting
of the appropriate TIME/CM control to obtain
the apparent time interval. (The VARIABLE
TIME/CM control must be in the CALIBRATED
position).

c. If the MAGNIFIER is ON, divide the apparent
time interval by 5 to obtain the actual time
interval.

2-136. For example, assume that the TIME/
CM switch setting is 1 mSEC, the magnifier
is on, and that you measure a horizontal
distance of S centimeters between events. In
this example then, 5 centimeters multiplied by
1 millisecond per centimeter gives you an
apparent time interval of 5 milliseconds. The
apparent time divided by 5 then gives you the
actual time interval of 1 millisecond.

2-137. Another method for measuring time
intervals involves the use of the delayed sweep
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|=——10 cm ——|

JAVAVAVA

Number of Cycles

(over 10 cm of X

graticule length)

1

10 X TIME/CM == Frequency

(Switch Setting)

Fig. 2-19. Measuring the frequency of a repetitive input signal.

feature of the Type 945 Oscilloscope. Time
measurements of better than 1% accuracy can
be obtained by this method. In this method
the HORIZONTAL DISPLAY switch is placed
in the DEL'G SWEEP position tc brighten
a portion of the trace. The brightened portion
of the trace and the DELAY TIME MULTI-
PLIER control are then used to make the
time measurements. This method provides a
very high degree of accuracy when care is
taken in making the measurements. Themethod
is summarized as follows:

a. Place the HORIZONTAL DISPLAY switch
in the DEL'G SWEEP position and adjust the
Delaying Sweep triggering controls for a stable
display of the input waveform. Adjust the
Main Sweep for free-running operation.

b. Turn the intensity down until the brightened
portion of the trace is easily distinguishable.
Adjust the Main Sweep TIME/CM controls to
reduce the brightened area to a small spot
or to cover as small a portion of the trace
as possible,

c. Using the DELAY TIME MULTIPLIER con-
trol, position the start of the brightened portion

to the beginning of the interval you wish to
measure. Record the setting of the DELAY
TIME MULTIPLIER control.

d. Using the DELAY TIME MULTIPLIER con-
trol, position the start of the brightened portion
of the trace to the end of the interval you wish
to measure. Again record the setting of the
DELAY TIME MULTIPLIER control.

e. Subtract thefirst DELAY TIME MULTIPLIER
control setting from the second and multiply
the result by the setting of the Delaying Sweep
TIME/CM control. The figure obtained is the
time interval between the two events. The
figure obtained is correct regardless of whether
the magnifier is onor off. Even greater accuracy
may be obtained by the improved resolution
with the HORIZONTAL DISPLAY switch in
the MAIN SWEEP DELAYED position.

2-138. Frequency Measurements

2-139. Using one of two main methods described
in the previous section, you can measure
the period (time required for one cycle) of

2-26 Operating Instructions - Type 945



a recurrent waveform. The frequency of the
waveform can then easily be calculated since
frequency is the reciprocal of the period. For
example, if the period of a recurrent waveform
is accurately measured and found to be 0.2
microseconds, the frequency is the reciprocal
of 0.2 microseconds, or 5 MC.

2-140. At any given oscilloscope sweep speed,
the number of cycles of the input waveform that
is displayed on 10 centimeters of the screen
is dependent on the frequency of the input
waveform. Frequencies canusuallybemeasured
faster by the following method than by the one
given in the last paragraph.

2-141. If you divide the cycles per unitof length
by the time required for the input waveform to
sweep this unit of length, you get the frequency.
The total number of cycles are found for 10 cm
for greater accuracy. Since the TIME/CM
switch gives time for 1 cm, multiply this
setting by 10 to have the time required for
10 cm. (See Fig. 2-19.)

2-142. To obtain the frequency of a repetitive
input signal, perform the following steps:

a. Adjust the TIME/CM control to display
several cycles of the input waveform. Insure
that the VARIABLE TIME/CM control is in
the CALIBRATED position.

b. Count the number of cycles of the waveform
shown on the 10 centimeters of the graticule.

Operating Instructions - Type 945
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c. Divide this number by 10 times the TIME /CM
switch setting. This gives you the frequency
of the input waveform.

2-143. For example, assume that when you are
using a sweep speed of 50 milliseconds per
centimeter, you count 7.2 cycles in 10 centi-
meters. The frequency is 7.2 cycles divided
by 50 milliseconds times 10, or S00 milli-
seconds. 500 milliseconds are 500 x .00l
seconds, or .5 seconds. 7.2 cycles per 1/2
second gives you 14.4 cycles per second.

2-144. Low Voltage Power Supply
Connections and Fuse Rating

2-145. The low voltage power transformer
operates on either 115 volts or 130 volts, .
50 to 400 cycles/sec ac. Unless otherwise
tagged, the instrument is wired for 115-volt
operation. Provision is made, however, for
easy conversion to 130-volt operation by chang-
ing connections on the split input windings.
Terminals #13 and #20 (Fig. 5-2) are con-
nected to one input winding, and terminals
#14 and #19 to the other input winding. The
leads from the power line are always attached
to terminals #13 and #19. For 115-volt operation
(parallel connected) terminal #13 is joined to
#14 with a bus wire, and terminal #19 is
joined to #20 in the same manner. To convert
to 230-volt operation (series connected) remove
these two bus wires and join terminals #14
and #20 with a single bus wire.

2-146. Correct line fuse size is: 7 amperes
for 115-volt operation; 4 amperes for 230-
volt operation.
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3-1. MAIN SWEEP OPERATION

3-2. Selecting the Triggering Signal Source

a. To trigger the sweep from the waveform
being observed set the black TRIGGER SLOPE
knob to +INT. or to -INT,

b. To trigger the sweep from the power-line
wave, as in the case where you are observing
a waveform which has a time relationship
to the power-line wave, set the TRIGGER
SLOPE knob to + LINE or to -LINE,

c. To trigger the sweep from some externally
derived waveform which has a time relation-
ship to the observed waveform, connect the
source of triggering waveform to the TRIG-
GER INPUT connector. Set the TRIGGER
SLOPE knob to + EXT. or to -EXT,

3-3. If you want the start of the display, at the
left-hand end of the graticule, to occur at
a time when the triggering signal is rising
(has a positive slope), use the +INT., the
+LINE or the + EXT. position of the TRIGGER
SLOPE knob, as described above. If you want
the start of the display to occur when the
triggering signal is falling (has a negative
slope), use the -INT., the -LINE or the -EXT.
position of the TRIGGER SLOPE knob.

3-4.If a display fails to appear after completing
the detailed instructions given for each mode,

refer to the final paragraph in this section,
3-50, POSSIBLE CAUSES OF IMPROPER
DISPLAY.

3-5. Triggered (AUTOmatic mode)
3-6. Useful for periodic signals 60 cycles to 2

megacycles. This is an especially useful trig-
gering mode because it does not require the
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SECTION 3

TRIGGERING
INSTRUCTIONS

adjustment of the STABILITY and TRIGGERING
LEVEL controls. It also provides a desirable
horizontal reference trace during intervals
when no triggering signals are being received.

Control Position
HORIZONTAL MAIN SWEEP NORMAL
DISPLAY

TRIGGER SLOPE *1 INT. or -INT.
TRIGGERING MODE  AUTO
TRIGGERING LEVEL not used in this mode

3-7. Set TIME/CM and MULTIPLIER controls
for a sweep rate suited to the waveform being
observed.

3-8. This mode is particularly useful when
you are testing equipment by moving the input
connection from one point in the circuit to
another. Because they are notusedin this mode,
it is not necessary to place the STABILITY
and TRIGGERING LEVEL controls in the
positions shown in the photograph.

3-9. Triggered (AC mode)

3-10. Useful for transient or periodic signals
20 cycles to 5 megacycles.

Control Position
HORIZONTAL MAIN SWEEP NORMAL
DISPLAY

TRIGGER SLOPE *+INT. or -INT.
TRIGGERING MODE AC

TRIGGERING LEVEL full right or full left
STABILITY **PRESET

*See Paragraphs 3-1 through 3-3 for instruc-
tions on selecting the triggering signal source.

**Turn the STABILITY control to the left
until the PRESET switch is actuated.
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a. Set TIME/CM and MULTIPLIER controls
for a sweep rate suited to the waveform being
displayed.

b. Turn the TRIGGERING LEVEL control toward
the center of its range for a stable display
of input signal.

3-11. In this mode, the TRIGGERING LEVEL
control determines the height on the waveform
at which the display will start. If you experience
difficulty in getting a stable display, you may
want to manually adjust the STABILITY control
(see Paragraphs 3-27 and 3-28).

3-12. Triggered (DC mode)

3-13. Useful for transient or periodic signals DC
to 5 megacycles.

3-14. This mode is especially useful for signals
that change slowly.

Control Position
HORIZONTAL MAIN SWEEP NORMAL
DISPLAY

TRIGGER SLOPE *+INT. or -INT.
TRIGGERING MODE DC

TRIGGERING LEVEL full right or full left
STABILITY **PRESET

a. Set TIME/CM and MULTIPLIER controls
for a sweep rate suited to the waveform
being observed.

b. Turn the TRIGGERING LEVEL control toward
the center of its range for a stable display
of input signals. The final setting of the control
will depend upon the setting of the VERTICAL
POSITION control. If the display is positioned
to the top or bottom of the graticule, the
TRIGGERING LEVEL control will be set to
one side or the other of the midrange position.

3-15. In this mode, the TRIGGERING LEVEL
control determines the height on the graticule
at which the display will start. When the
control is set at O (mid-range), the display
will start at the center horizontal graticuleline.

3-16. Triggered (AC LF REJECT mode)

3-17. For transient or periodic signals, 10 kc
to 5 MC. For most cases, the AC mode (para-
graph 3-9) is preferable to AC LF REJECT. AC
is principally for use with Type MC Dual-
Trace Plug-In Unit (Paragraphs 3-19). Aside
from this use, AC LF REJECT may reduce
jitter due to hum in the triggering signal.

Control Position
HORIZONTAL MAIN SWEEP NORMAL
DISPLAY

TRIGGERING SLOPE *+INT. or -INT.
TRIGGERING MODE AC LF REJECT
TRIGGERING LEVEL full right or full left
STABILITY **PRESET

a. Set TIME/CM and MULTIPLIER controls
for a sweep rate suited to the waveform being
observed.

b. Turn the TRIGGERING LEVEL control toward
the center of its range for a stable display
of input signal.

3-18. This mode is particularly useful for dis-
playing signals when low-frequency interference
is present in thetriggering signal. For example,
interference from 60- or 120-cycle hum can
be reduced by using this mode.

3-19. Dual-Trace Operation

3-20. Alternate Sweeps using Type MC Plug-In
Preamplifier.

3-21. Here, waveforms fed to CHANNEL A
INPUT and to CHANNEL B INPUT are dis-
played alternately.

*See Paragraphs 3-1 through 3-3 for instruc-
tions on selecting the triggering signal source.

**Turn the STABILITY control to the left
until the PRESET switch is actuated.
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Control Position
HORIZONTAL MAIN SWEEP NORMAL
DISPLAY

TRIGGER SLOPE *+INT. or -INT.
TRIGGERING MODE  AC LF REJECT**
TRIGGERING LEVEL full right or full left
STABILITY ***PRESET
MODE ALTERNATE

(on Type MC)

*See Paragraphs 3-1 through 3-3 for instruc-
tions on selecting the triggering signal source.

**It may be preferable to use AC if one
(or both) of the signals displayed is of
low frequency.

***Tyurn the STABILITY control to the left
until the PRESET switch is actuated.

a. Set TIME/CM and MULTIPLIER controls
for a sweep rate suited to the waveform
being displayed.

b. Turn the TRIGGERING LEVEL control toward
the center of its range for a stable display
of input signal.

3-22. Place the MODE switch ontheplug-in unit
in the CHOPPED position to view low-frequency
signals, or in the ALTERNATE position to
view high-frequency signals. The inset picture
shows the MODE switch in the ALTERNATE
position.

3-23. Synchronized (HF SYNC mode)
to 25

3-24. Useful for periodic signals 5
Megacycles.

3-25. In contrast to triggered operation synch-
ronized operation gives you a recurrent hori-
zontal sweep which can be synchronized, by
means of the STABILITY control, with wave-
forms in the range from 5 megacycles to
25 Megacycles.

Control Position
HORIZONTAL MAIN SWEEP NORMAL
DISPLAY

Section III
Paragraphs 3-22 to 3-30

TRIGGER SLOPE *+INT. or -INT.
TRIGGERING MODE HF SYNC

TRIGGERING LEVEL not used in this MODE
STABILITY full right

*The sweep can be synchronized with an
external signal by placing the switch in
the + EXT. or -EXT, position.

a. Set TIME/CM and MULTIPLIER controls
for a sweep rate suited to the waveform being
displayed.

b. Turn the STABILITY control left until you
get a stable display of the input signal.

3-26. In this mode, the final setting of the
STABILITY control depends upon the nature
of the synchronizing signal. It may vary from
one extreme of the range of the control to
the other.

3-27. Using the Variable Stability Control

3-28. For a few particularly difficult triggering
applications, you may wish to use a setting
of the STABILITY control other than the one
available in the PRESET position. You can do
this if' you are using triggered operation in
any of these modes: DC, AC, or AC LF

REJECT.

a. Start with the STABILITY and TRIGGERING
LEVEL controls turned full right. Use other
control settings as given in the preceding

instructions for the desired triggering mode.

b. Turn the STABILITY control left until the
trace disappears, then two or three degrees
further left.

c. Turn the TRIGGERING LEVEL control slowly
toward O for a stable display of th€ input
signals.

3-29. DELAYING SWEEP OPERATION

3-30.1f you wish, you can use the Delaying
Sweep, rather than the Main Sweep, indisplaying
an input signal.
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INPUT norma inverteo POSITIO sl\éﬁm%ﬁl-],
10 POWER
'/ ON LINE FUSES
I MEG. 20pf 20 -05 7A/ 4A
CALIBRATED
DUAL -TRACE
— CHANNEL B cou::ms |g:£:°s‘|h1;\'r‘ mss'rms
\ L.oo-2ovtul> olused) ) SPARE FUSES
OVERHEAT ] _L_

3-4

WARNING =
DO NOT EXCEED
| HR. OPERATION

Fig. 3-1. Typical AC Measurement settings.
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CAUTION: READ INSTRUCTIONS
PACKED WITH EQUIPMENT BEFORE USING

' \
MAIN SWEEP
STABILITY TRIGGERING MODE | [ cRT
TRIGGERING LEVEL  TRIGGER SLOPE | %]
F ReJecT < AG»
/ \ L RedecT T4 N
= + LINE EXTde——
I+ |
AUTO. DeC
PRESET HF SYNC
p J
TIME / CM | HORIZONTAL DISPLAY|
OFFs»x MAGNIFIERON A AN
7100 S DELAYED  NORMAL
mSEC USEC
10 IS
. DEL'G. EXT.
100 4 | sweep SWEEP
| SEC
(e —)
DELAYING SWEEP|
- S
. . +
MULTIPLIER TRIGGERING LEVEL s
2.5-1 S o] L
(o}
FOCUS INTENSITY ASTIGMATISM SCALE ILLUM. [ 3572 2 —'/ \+ £
@ @ 12-5 | -
A
T
T
4
N
J X10
J
VARIABLE 7 —) DELAY TIME
ICAUTION: READ INSTRUGTIONS rTlME/CM orR DELAY TIME TRIGGER OR
VOLTS / CM |pacKED WITH EQUIPMENT BEFORE USING MUL|T 'I’;L'ER EXT.SWEEP IN
= 2 5 VERTICAL -
lNPUTT 5 ° NOPReALLAIrﬁleIT!D POSITION
' LTI
IO A DEL'G. SWEEP
IMES. 20p1 ) _05/
. DC CALIBRATED
GAIN o¢ T GATE
AG CHANNEL A ADJ. BAL. DEL'G. SWEEP
J J
A ONLY — HORIZONTAL AMPLITUDE_GALIBRATOR
MODE{ & °NL"_© POSITION mvoLTs TEAKTD PEAN o 1g
CHOPPED— VERNIER
ALTERNATE-
VARIABLE AIN )
6 DG
VOLTS /CM  apu. BAL. oFF (.5
AG 2 ' 5
POLARITY VERTICAL
5 2
INPUT normaL nverteo POSITION TG
10 1 POWER SIGNAL OUT
/ ON LINE FUSES
I MEG. 20pf 20 .05 7A/ 4A
CALIBRATED
1 DUAL -TRACE
— CHANNEL B COUPLING m'r_znsn'v RISETIME
— J SPARE FUSES [
OVERHEAT
WARNING =

DO NOT EXCEED
| HR. OPERATION

Fig. 3-2. Typical DC Measurement settings.
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N

3-6

NG
DO N EXCEED
| HR. OPERATION

Fig. 3-3. Tyvpical Frequency Measurement settings.

Triggering Instructions - Type 945

LCAUTION: READ INSTRUCTIONS
PACKED WITH EQUIPMENT BEFORE USING
r N\
\ MAIN SWEEP
STABILITY TRIGGERING MODE | | cRT
TRIGGERING LEVEL TRIGG;EmTiL?cPE
LF REJECT =
/ \ EeT O+ I’
- + LINE EXTde——
[+ &
AUTO. DG
PRESET HF SYNC
J
(¢ + GATE
TIME / CM | HORIZONTAL DISPLAY]|uain sweep
5X MAGNIFIER MAIN MAIN
OFF A Tloo M SWEEP SWEEP
f 10 DELAYED NORMAL
mSEC 4 SEC
10 |
100 | DEL'G. EXT.
1] | sweep SWEEP
i
! SEC RESET
MAIN SWEEP
(- 2\
DELAYING SWEEP
oR ERT SWELP ATTEN +
MULTIPLIER TRIGGERING LEVEL s
L
[o]
FOCUS INTENSITY ASTIGMATISM SCALE ILLUM. 2 b ’E)
12-5 -
e O O O .
A
T
T
E
N
XI10
( VARIABLE TIME DELAY TIME 5
CAUTION:  READ INSTRUGTIONS /CM or DELAY TIME TRIGGER 0
VOLTS / CM |packED WITH EQUIPMENT BEFORE USING ( LENGTH MULT_'P'-'ER EXT. SWEEP IN
= 2 ' s v VERTICAL - N 1-10
INPUT - s NORMAL mvsm’so POSITION
DEL'D. TRIG.
FROM MAIN OR
IO @ @ DEL'G. SWEEP
IMEG.20pF
DG CALIBRATED
GAIN oc S S
B - CHANNEL A 5o o o 2 |
AN
A ONLY — HORIZONTAL AMPLITUDE GALIBRATOR
B ONLY— POSITION mVOLTS PEAK TO PEAK
MODE{ ¢hoppen— VERNIER
ALTERNATE-
( VARIABLE )
GAIN
VOLTS /CM  iou BAL. ofF(.5
AC 2 5
POLARITY VERTICAL
5 . POSITION
INPUT NORMAL INVERTED SI\(/;%&E%TJL.I_
10 POWER
/ ON LINE FUSES
1 mee. 20pf 20 .05 7A/ 4A
CALIBRATED
=i DUAL -TRACE ]
= CHANNEL B [esgel o |
SPARE FUSES
QVERHEAT _|:



HHHH

4

/

FOCUS INTENSITY  ASTIGMATISM SCALE ILLUM.

o O O O

CAUTION: READ msmucnons]
PACKED WITH EQUIPMENT BEFORE USING
( N\
MAIN SWEEP
STABILITY TRIGGERING MODE GRT
TRIGGERING LEVEL ~ TRIGGER SLOPE FATHODE
/ 0\ LF REJECT NT— ac
A~ AN
—_ + LINE EXT 4¢——
[+ -
AUTO. e
PRESET HF SYNG
J
TIME / CM [HORIZONTAL DISPLAY]|nain sweee
5X MAGNIFIER MAIN MAIN
OFF\ T1o0 N SWEEP Sweep
stel 10%¢ec | DELAYED  NORMAL
10 |
DEL'G.
100 ] | sweep
| SEC ESET
MAIN SWEEP
[DELAYING SWEEP)
OR E%IAS?”“E-S;YATTEN
. . +
MULTIPLIER TRIGGERING LEVEL ) s
L
[o]
£
12-5 -

(

Y

VARIABLE

AUTION:  READ INSTRUGTIONS

VOLTS/CM PACKED WITH EQUIPMENT BEFORE USING
o , ! 5 v VERTICAL
INPUT " 5 NORMAL mvsﬁr:o POSITION

M ELAY DELAY TIME
(11 E/CxNoGl:S A TIME MULTIPLIER
»~ = 1-10

DEL'D. TRIG.,
FROM MAIN OR
DEL'G. SWEEP

IMEG.20pf
DC CALIBRATED
5 5
GAIN DC
ac CHANNEL A %% i || o, 2 )
VAN
A ONLY — HORIZONTAL AMPLITEPETgéLlBRATOR
B ONLY— POSITION
MODE{ CHOPPED—Q VERNIER mVOLTS VOLTS
ALTERNATE-
\
VARIABLE GAIN oG
VOLTS /CM  apu. BAL. oFF (.5
AG PRI
POLARITY VERTlCAL
5 2 POSITIO
INPUT NORMAL INVERTED sl\élE&L‘nanT
10 POWER %
/ ON LINE FUSES
I MEc. 20pf 20 .05 78/ 4A
CALIBRATED
DUAL -TRACE

TCHANNEL B [soustiss umensis e

SPARE FUSES

OVERHEAT
WARNING
DO NOT EXCEED
| HR. OPERATION

Fig. 3-4. Typical setting for Triggered (AUTOMATIC Mode).
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CAUTION: READ INSTRUCTIONS
PACKED WITH EQUIPMENT BEFORE USING

3-8

e N\
MAIN SWEEP
STABILITY TRIGGERING MODE CRT
TRIGGERING LEVEL TRIGGER SLOPE | L%
/ \ LF REJEGT (7 AG
~ AN
— + LINE EXTde—
I+ &
AUTO. DC
PRESET HF SYNC
— J
+GATE
TIME / GM [HORIZONTAL DISPLAY]|naw Sweee
OFFSX MAGNIFIERON s’clAE'E‘P s'c’AE"E‘P
100 5 DELAYED  NORMAL
mSEC u SEC
10 {
DEL'G. EXT.
100 1 | sweep SWEEP
i
| SEC
(. n\
DELAYING SWEEP
OR E?IAS?J'E-&EYATTEN +
MULTIPLIER TRIGGERING LEVEL ) s
2.5-1 S 0 L
0
FOCUS INTENSITY ASTIGMATISM SCALE ILLUM. | 372 2 _’/ \+ 4
12-5 | —
X1
A
T
T
E
N
J X10
J
(" VARIABLE DELAY TIME
CAUTION: _ ReAo insTRuGTIos| [ TIME/GM or DELAY TIME TRIGGER OR
VOLTS/ CM PACKED WITH EQUIPMENT BEFORE USING LENGTH MULTIPLIER EXT.SWEEP IN
= 2 v VERTICAL - 1-10
INPUT " 5 NORMAL mvem:o POSITION
Q Q DEL'D. TRIG.:
|O FROMMAIN OR
DEL'G. SWEEP
| MEG. 20 pf 20 .05'/
DG CALIBRATED
S S5
GAIN nC FGATE
AC CHANNEL A ADJ, BAL. \M' \/ ) DEL'G. SWEEP
VAN
" A ONLY — HORIZONTAL AMPLIIEPKET?»&I{‘I%RATOR
B ONLY— POSITION
MODE{ c“-?::ﬁi;_@ VERNIER mVOLTS VOLTS
AL -
( DC VARIABLE h
GAIN oG
VOLTS /CM  apu. BAL. oFF|.5
AG 2 ' s
POLARITY VERTICAL
INPUT 5 2 normaL nverteo POSITION
VERTICAL
10 POWER SIGNAL OUT
/ ON LINE FUSES
i mec.20pf 20 .05 78/ 44
CALIBRAT
- DUAL -TRACE |
= CHANNEL B COUPLING| INTENSITY | RISETIME .
L 0c [ .05-20vAM[?.01 uSEC| y SPARE FUSES
OVERHEAT _[
WARNING =

DO NOT EXCEED
| HR. OPERATION

Fig. 3-5. Triggered (AC Mode).
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FOCUS INTENSITY ASTIGMATISM SCALE ILLUM.

O O O O

READ INSTRUCTIONS

AUTION
PACKED WITH EQUIPMENT BEFORE USING

STABILITY

( MAIN

TRIGGERISIG LEVEL

e,
©

N\

SWEEP

TRIGGERING MODE CRT
TRIGGER SLOPE SATHODE
LF nsazcr G INT, AC

LINE EXT--——
AUTO

VARIABLE  [cAUTION: READ INSTRUCTIONS
VOLTS / CM |paCKED WITH EQUIPMENT BEFORE USING

|
put 2 5 VERTICAL
INPUT " 5 N!):ehAmvcmzn POSITION

-(O), O O

| MEG. 20 pf

PRESET HF SYNC
g
TIME / CM | HORIZONTAL DISPLAYI
5X MAGNIFIER MAIN MAIN
OFF ON SWEEP SWEEP
el m DELAYED NORMAL
mSEC uSEC
10 SAWTOOTH
MAIN SWEEP
DEL'G. EXT.
00 | sweep SWEEP
USE 53X
MA
| SEC RESET
MAIN SWEEP
p— \
DELAYING SWEEP!
OR EglAS%V”E-S;Y TT
. ATTEN. +
MULTIPLIER TRIGGERING LEVEL l s
2.5-1 5 (0] L
- + 3
12-5 -
X1
A
T
T
E
N
J X10
DELAY TIME
ﬁ'ME/CLMEN?TEE"AY TINE MULTIPLIER A
~ 1-10

EL'D. TRIG.
FROM MAIN OR
DEL'G. SWEEP

20
DG CALIBRATED
3
AC CHANNEL A GAAE;':}‘ Bo‘f-' J ot‘gfwzep
J
A ONLY — HORIZONTAL AMPLlTUDE CALlBRATOR
wooe 8385 PO s
ALTERNATE?
\
VARIABLE GAIN oG
VOLTS /CM  aou. BAL. oFfF|.5
AG 2 ' 5
POLARITY VERTICAL
INPUT 5 2 wormaL inverTeo POSITION SI%%T%?JLT
10 POWER
'/ ON LINE FUSES
1 mec. 205t 20 .05 7a/ 4A
CALIBRATED
= . DUAL -TRACE |
TCHANNEL B [ umarsfasenug] | rne ruscs
OVERHEAT ‘
WARNING =

DO NOT EXCEED
| HR. OPERATION

Fig. 3-6. Triggered (DC Mode).
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CAUTION: READ INSTRUCTIONS
PACKED WITH EQUIPMENT BEFORE USING

'Y N\
MAIN SWEEP
STABILITY TRIGGERING MODE CRT
TRIGGERING LEVEL TRIGGER SLOPE FATHODE
or BSect ( T~
/ \ = A
— + LINE EXT.fe——
[+ -)
AUTO. DC
PRESET HF SYNG
- J
+ GATE
TIME / CM [HORIZONTAL DISPLAY] na $weee
5X MAGNIFIER MAIN MAIN
OFF+ oo~ SWEEP SWEEP
mSEcl 10 S SEC DELAYED NORMAL
10 |
DEL'G.
00 A SWEEP
| SEC RESET
MAIN SWEEP
DELAYING SWEEP)
oR EXT SWEEP ATT
. P ATTEN. +
MULTIPLIER TRIGGERING LEVEL | s
2.5-1 S (0] L
o
FOcUS INTENSITY  ASTIGMATISM SGALE ILLUM. | 572 2 _’/ \+ e
12-5 | -
X1
A
T
T
N
J XI10
J
P
VARIABLE DELAY TIME
CAUTION: READ INSTRUGTIONS T|ME/CM oR DELAY TIME TRIGGER OR
) VOLTS / CM [pacKED WITH EQUIPMENT BEFORE USING, LENGTH MULTIPLIER EXT.SWEEP IV
= 2 ' 5 v VERTICAL “ X 1-10
INPUT ™ 5 NORMAL mvsn'r:o POSITION
Q Q DEL'D. TRIG,
10 FROM MAIN OR
DEL'G. SWEEP
IMEG.20pf
06 CALIBRATED
S 5
GAIN DC T Gate
AC CHANNEL A ADJ. BAL. w] 2 ‘ J DEL'G. SWEEP.
\\
A ONLY — HORIZONTAL AMPLIIngErgeIEl%RATOR
B ONLY— A
MODE{ CHOPPED—O P%gm&” mVOLTS voLTS
ALTERNATE-
( VARIABLE )
GAIN DC :
VOLTS /CM ADJ. BAL. oFF(.5
AC 2 5
POLARITY VERTICAL
INPUT 5 2 wormaL nverTeo POSITION
VERTICAL
10 POWER SIGNAL OUT
/ ON LINE FUSES
i mEG.20pf 20 .05 7A/ 4A
CALIBRAT
-1 DUAL -TRACE ]
— CHANNEL B COUPLING| INTENSITY | RISETIME
.0l u!
neC 05 -20VAM [ 22,01 USEC ) SPARE FUSES
OVERHEAT _[

WARNING -
DO NOT EXCEED
| HR. OPERATION

Fig. 3-7. Triggered (AC LF REJECT Mode).

3-10 Triggering Instructions - Type 945



Ve

TRIGGERING LEVEL

CAUTION:  READ INSTRucnons—‘
PACKED WITH EQUIPMENT BEFORE USING
MAIN SWEEP )
STABILITY TRIGGERING MODE R e

TRIGGER SLOPE

o or Aecr G INT— AC
PN ol ~

Fig. 3-8. Dual-Tra

—_ + LINE EXT.+——-
i+ -
AUTO. e
PRESET HF SYNC
- v
TIME / CM |HORIZONTAL DISPLAY|
OFFSX MAGNIFDERON S’a‘ggp s"clAE"éP
100 TN DELAYED  NORMAL
mSEC u SEC
10 |
DEL'G.
100 | sweep
1 SEC RESET
MAIN SWEEP
—
DELAYING SWEEP)
OR EXT SWERD ATTE
. N. +
MULTIPLIER TRIGGERING LEVEL Y s
2.5-1 5 0\ L
(o)
FOCUS INTENSITY  ASTIGMATISM SCALE ILLUM. | 3572 2 _'/ + 3
12-5 1 -
A
. T
T
E
) N
X10
J
VARIABLE TIME/CM oR DELAY TIME DELAY TIME TRIGGER OR
CAUTION: READ INSTRUCTIONS
VOLTS / CM |PaCKED WITH EQUIPMENT BEFORE USING r LENGTH MU'-'T_ ! 'Z)'-'ER EXT.SWEEP IN
1L, s POLARITY VERTICAL “ X !
INPUT 5 NORMAL |stm:o POSITION
. Q O BT
DEL'G. SWEEP
| MEG. 20 pf 20
DC CALIE!RATED m'SEG USEC
GAIN DC <+ GATE
AC CHANNEL A ADJ. BAL. 10 2 DEL'G. SWEEP
- . /
A ONLY — HORIZONTAL AMPLITUDE CALIBRATOR
B ONLY— POSITION A
MODE{ cnoppen—@ VERNIER mVoLTS yoLrs
ALTERNATE-
VARIABLE )
GAIN DC
VOLTS /CM  ADu. BAL. ofFF|.5
AC 2 ' s
POLARITY VERTICAL
5 2 POSITION
INPUT NORMAL INVERTED
SIGRAL GUT
10 POWER
/ ON LINE FUSES
( MEG. 20pf 20 .05 7A/ 4A
CALIBRATED
a9 DUAL -TRACE |
~CHANNEL B [eopefuasirizer coare Fuske
OVERHEAT
WARNING -

DO NOT EXCEED
| HR. OPERATION

ce Operation.

Triggering Instructions - Type 945
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CAUTION:

READ INSTRUCTIONS

PACKED WITH EQUIPMENT BEFORE USING

7

MAIN SWEEP
STABILITY TRIGGERING MODE CRT
TRIGGERING LEVEL TRIGGER SLOPE | 7%
/ \ or miSecr ( T~ Aac
a N
- + LINE EXTqe—
[+ -
AUTO. DG
§5 PRESET HF SYNC
T J
S (—— +GATE
b i TIME / GM [HORIZONTAL DISPLAY]|nainsweee
S °F‘5x — Zon s'#e‘gp SweEp
I 7100 DELAYED  NORMAL
3 mSEC USEC
10 |
100 1| | DEL' 6. EXT,
1) | sWweeP W
[Y%5ae ]
| SEC e
[DELAYING SWEEP)
OR ERT SWELP ATTEN +
MULTIPLIER TRIGGERING LEVEL Y7 s
L
_ 2 5-1 O~ :
FOCUS INTENSITY ASTIGMATISM SCALE ILLUM. - + E
12-5 -
O O O O .
A
T
T
|3
N
X10
( VARIABLE 2 (TIME DELAY TIME R
CAUTION:  READ INSTRUGTIONS| /CM or DELAY TIME TRIGGER 0
VOLTS / CM |paCKED WITH EQUIPMENT BEFORE USING LENGTH MU'-'T_'PL'ER EXT.SWEEP IN
X 2 5 RITY VERTICAL X 10
INPUT ™ 5 NORMAL mvmrEn POSITION
DEL'D. TRIG.
10 Q O FROM MAIN OR
DEL'G. SWEEP
IMEG. 2001 ‘05
DC CALIBRATED
GAIN oC
ac CHANNEL A aou. sl | J
A ONLY — HORIZONTAL AMPLITEDKE galdeRATOR
B ONLY— POSITION
MODE{ CHOPPED—O VERNIER mVOLTS VO
ALTERNATE-
( 7
VARIABLE GAIN c
VOLTS /CM  ou oA oFF
AC 2 5
POLARITY VERTlCAL
5 2
INPUT normaL inverteo POSITIO R
10 POWER SIGNAL OUT
/ ON LINE FUSES
i wee. 20pf 20 -05 74/ 4A
CALIBRATED
DUAL -TRACE
— CHANNEL B COUPLING| INTENSITY RISETDME 1
~ = y SPARE FUSES L_
OVERHEAT
WARNING =

3-12

DO NOT EXCEED
| HR. OPERATION

Fig. 3-9. Synchronized (HF SYNC Mode).

Triggering Instructions - Type 945



CAUTION:

READ INSTRUCTIONS
PACKED WITH EQUIPMENT BEFORE USING

\
f MAIN SWEEP
STABILITY TRIGGERING MODE CRT
TRIGGERING LEVEL TRlefﬁﬂ'i-gPE .
/ \ LF REJECT
= + LINE Texr.
i+ &
AUTO. DG
PRESET HF SYNG
J
+GATE
TIME / GM [HORIZONTAL DISPLAY||nam sweer
5X MAGNIFIER MAIN MAIN
OFF ON SWEEP SWEEP
1100 5 DELAYED  NORMAL
mSEC U SEC
10 |
100 \ DEL'G. EXT.
* SWEEP SWEEP
i
| SEC RESET
MAIN SWEEP
- n
DELAYING SWEEP
OR EXT.SWEEP ATTEN
. . +
MULTlF'LIER TRIGGERING LEVEL I s
2 5-1 '5
FOCUS INTENSITY ASTIGMATISM SCALE ILLUM. E
O O «
A
T
T
E
N
XI0
VARIABLE (TIME /GM or DELAY TIME DELAY TIME TRIGGER OR
CAUTION:  READ INSTRUCTIONS|
VOLTS / CM |packeD wiTH EQUIPMENT BEFORE USING LENGTH MUU;' PLIER EXT.SWEEP IN
ull 2 ' 5 v VERTICAL - X I-10
INPUT® 5 NORMAL mv:nv:o POSITION
DEL'D. TRIG,
10 bee. Sweer
IMEG.20p1
oG cALIBRATED
GAIN e
ac CHANNEL A o, BAL.
J _/
A ONLY— HORIZONTAL AMPLITUDE GALIBRATOR
B ONLY— POSITION
MODE{ CHOPPED—Q VERNIER mVoLTS yoLrs
ALTERNATE-
N\
DC VARIABLE GAIN G
VOLTS / CM ADJ. BaL. oFF (.5
POLARITY VERTlCAL
|
INPUT wnormaL inverteo POSITIO SIYS%}E%%LT
POWER
/ ON LINE FUSES
| MEG. 20 pf .05 TA/ 4R
CALIBRATED
DUAL “TRAGE
— CHANNEL B cou::mc 4::_:::&:; mse’rlu: ) T

OVERHEAT
WARNING
DO NOT EXCEED
| HR. OPERATION

Fig. 3-10. Delaying Sweep Operation.
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3-14

H+H

-

/

FOCUS

O

INTENSITY ASTIGMATISM SCALE ILLUM.

o O O

READ INSTRUCTIONS

CAUTION:
PACKED WITH EQUIPMENT BEFORE USING

p— \
MAIN SWEEP
STABILITY TRIGGERING MODE GRY
TRIGGERING LEVEL TRIGGER SLOPE | -{A™"%%
/ 0\ LF REJECT q_mt:l AG
~ AN
- + LINE EXTde——
[+ -\
AUTO. DC
PRESET HF SYNC
J
-
TIME / CM | HORIZONTAL DISPLAY|
OFFSX MAGNIFIERON SW‘E";P s“chE"éP
mefol r'%m DELAYED NORMAL
10 |
DEL'G.
100 A | sweep
! SEC RESET
MAIN SWEEP
(DELAYING SWEEP)
OR Ei:l‘rASBVI'%g;YATTEN
MULTIPLIER TRIGGéngG LEVEL \ + s
2.5-1 5 L
5-2 2 _’/ \+ :
E
12-5 1 -
)

J
VARIABLE . (TIME /GCM oR DELAY TIME DELAY TIME
CAUTION:  READ INSTRUGTIONS /CM or
r ) VOLTS / CM [pACKED WITH EQUIPMENT BEFORE USING LENGTH MULIT_ 'I%LIER
= 5 POLARITY VERTICAL - X
INPUT " 5 2 normaL inverTeo POSITION
DEL'D. TRIG
10 A beve. Sweep
I MEG. 20 pf 20 05/ ]
oG GALIBRATED
GAIN D F GATE
AC CHANNEL A ADJ. BAL. DEL'G. SWEEP
\__ J J
A ONLY — HORIZONTAL AMPLlI:JPKETSeIE_IERATOR
B ONLY— POSITION A
MODE{ CHOPPED—Q VERNIER mVoLTS yoLrs
ALTERNATE-
(- VARIABLE )
GAIN DG
VOLTS /CM  apu. gAL. oFF (.5
AC 2 ' s
POLARITY VERTICAL
INPUT 5 2 yormaL inverteo POSITION e
10 A POWER oA OV
/ ON LINE FUSES
1 mee. 20pt 20 .05 7a/ 4A
CALIBRATED
- GHANNEL DUAL -TRACE
= HA B COUPLING m‘r_ensnv RISETIME
D¢ [.05-20vAM[,01 uSEC) SPARE FUSES _L_—
OVERHEAT
WARNING =

DO NOT EXCEED
| HR. OPERATION

Fig. 3-11. Delayed and Triggered Operation.
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CAUTION: READ INSTRUCTIONS
PACKED WITH EQUIPMENT BEFORE USING

—~
\ ( MAIN SWEEP
STABILITY TRIGGERING MODE CRT
TRIGGERING LEVEL TRIGGER SLOPE | -$4THo0%
\ LF RAE?ch( NT\/ AC
LINE_ PexTde—
-
AUTO DC
RESET HF SYNC
TIME / GM “HORIZONTAL DISPLAY|
5X MAGNIFIER MAIN MAIN
°F‘ °N SWEEP SWEEP
mSEcl |oussc DELAYED  NORMAL
10
DEL'G. EXT.
SWEEP SWEEP
| SEC
[DELAYING SWEEP)
OR EXT AERP ATTEN
MULTIPLIER TRIGGERING LEVEL \ *
2.5-1 L
(o)
FOCUS INTENSITY  ASTIGMATISM SCALE ILLUM. @ 3
O O O O .

( VARIABLE (11 DELAY TIME
CAUTION: _ Rea insTRucTioNs| [ TIME/CM oR DELAY TlME
VOLTS / CM |packED WITH EQUIPMENT BEFORE USING LENGTH MU'—T_'PL'ER
= 2 5 Ty VERTICAL |- - N 1-10
INPUT~ 5 NDRMAL mv:a'rzo POSITION
DEL'D. TRIG,
lo O Q FROM MAIN OR
DEL'G. SWEEP
IMEG.20pf
06 CAL|BRATED
GAIN nC FGATE
ac CHANNEL A  aou. BAL. 5 DEL'G.SWEEP
J
A ONLY— HORIZONTAL AMPLITUDE GALIBRATOR
B ONLY— POSITION
MODE{ CHOPPED_Q OSITIo! mVOLTS VOLTS
ALTERNATE-
( VARIABLE GAIN oG )
VOLTS /CM apu BAL. OFF
AC 2 .5
POLARITY VERTICAL
5 . 1T)
INPUT normaL inverteo POSITION T
10 i POWER SIGNAL OUT.
/ ON LINE FUSES
1wes. zopr 20 .C?L5IBRATED TA/ 44
= DUAL -TRACE ]
= H N L B COUPLING INY.ENSITV RISETIME
L CHANNE o - SPARE FUSES

OVERHEAT
WARNING
DO NOT EXCEED
| HR. OPERATION

Fig. 3-12. Delayed Main-Sweep Operation.
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-

CAUTION: READ INSTRUCTIONS
PACKED WITH EQUIPMENT BEFORE USING

—~

e A
MAIN SWEEP
STABILITY TRIGGERING MODE GRT
TRIGGERING LEVEL ~ TRIGGER SLOPE | 1™
/0\ LF REJEGT S INT~ ac
A~ AN
- + LINE EXTde—
[+ -
AUTO. DC
PRESET HF SYNC 5
vy
TIME / GM [HORIZONTAL DISPLAY][uain sweee
5X MAGNIFIER MAIN MAIN
OFF 1 Moo N SWEEP SWEEP
1 10 DELAYED  NORMAL
mSEC u SEC
10 |
DEL'G.
100 | sweep
 sec RESET
MAIN SWEEP
- 2\
DELAYING SWEEP
OR EgIAS%lI%E;YATTEN
. . +
MULTIPLIER TRIGGERING LEVEL l s
2 5-1 o} L
0
FOCUS INTENSITY ASTIGMATISM SCALE ILLUM. —/ \4. E
12-5 -
o O O O ‘
. A
A
T
E
N
XI0
VARIABLE (TIME/CM oR DELAY TIME DELAY TIME TRIGGER OR
CAUTION: READ INSTRUCTIONS
VOLTS / CM |pACKED WITH EQUIPMENT BEFORE USING LENGTH MU'-'T_'P'-'ER EXT.SWEEP IN
2 ' s RITY VERTICAL X 10

NORMAL mvemeo POSITION

INPUT™ ¢
(00O
| MEG. 20 pf 20 .05/
DC CALIBRATED
ac CHANNEL A o, &,

DEL'D. TRIG.
FROMMAIN OR
DEL'G. SWEEP

-+ GATE
DEL'G.SWEEP

\_ VAN

A ONLY — HORIZONTAL AMPL'IEP.F:%'E{%RATOR

B ONLY— POSITION

MODE{ CHOPPED—Q VERNIER mVvoLTS yors
ALTERNATE-
( VARIABLE )
GAIN 0C
VOLTS /CM  aDu. BAL. OFF (.5
AG 2 ' 5
POLARITY VERTlGAL
5 2 POSITIO
INPUT NORMAL INVERTED s'\{;%ﬁl%ﬁl}
10 POWER
/ ON LINE FUSES
| Mec. 20pf 20 .05 7A/ 4A
CALIBRAT
DUAL -TRACE
— CHANNEL B cOUPLING INTENSITV mss'rm:
J | SPARE FUSES _r
OVERHEAT
WARNING =

3-16

DO NOT EXCEED
| HR. OPERATION

Fig. 3-13. Single Sweep (Manual Operation).
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Fig. 3-14. Single Sweep (Triggered Operation).
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Fig. 3-15. X-Y Measurements.
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Control Position

HORIZONTAL DEL'G SWEEP*
DISPLAY

Main Sweep full left**
STABILITY

Del. Sweep full right
STABILITY

Del. Sweep full right or left
TRIG. LEVEL

Del. Sweep LENGTH  full right
SLOPE toggle switch + or -
ATTEN. X1

*With operation described in this section,
no delaying operation is applied to the sweep.

**Not so far left as to operate the PRESET
switch.

a. Connect VERTICAL SIGNAL OUT or an
external triggering signal to TRIGGER OR
EXT. SWEEP IN,

b. Advance INTENSITY setting somewhat beyond
setting used with Main Sweep.

c. Set TIME/CM OR DELAY TIME control
to reasonable setting for desired signal.

d. Turn Delaying-Sweep STABILITY left until
trace disappears, then two or three degrees
farther left.

e. Turn Delaying-Sweep TRIGGERING LEVEL
toward 0 for stable display of input signal.

3-31. To trigger the Delaying Sweep, it is
necessary to connect thesourceof thetriggering
signal to the TRIGGERING OR EXT. SWEEP
IN connector. In some instances the source
of the triggering signal is the VERTICAL
SIG. OUT connector.

3-32. Operating the oscilloscope inthe manner
described on these pages is useful as a quick
check on the operation of the Main Sweep.

3-33. Delayed Main-Sweep Operation
3-34. Useful for transient or periodic signals.

Main Sweep is used in displaying the input
signal. Display begins after a predetermined

Section III
Paragraphs 3-31 to 3-37

delay time following receipt of Delaying-Sweep
triggering signal.

a. Obtain a display using the Delaying Sweep,
as described in paragraphs 3-29 through 3-31.

b. Set the TIME/CM OR DELAY TIME control
and the DELAY-TIME MULTIPLIER control
for the desired delay time (equal to the product
of these controls).

c. Set the Main-Sweep TIME/CM and MULTI-
PLIER controls for the desired Main-Sweep
rate (in general, a rate faster than that for
which you set the TIME/CM OR DELAY TIME
control),

d. Set the Main-Sweep TRIGGERING MODE con-
trol to AC, and turn the Main-Sweep STABILITY
control full right. The brightened portion of
the trace is that part which will be displayed
on the Main Sweep in Step e.

e. Set the HORIZONTAL DISPLAY switch to
MAIN SWEEP DELAYED. The portion of the
display which appeared brightened in Step d
will now be displayed across the entire graticule
length.

3-35. This mode of operation is particularly
useful for displaying a pulsetrain where several
pulses of the same amplitude are preceded
by a synchronizing pulse of greater amplitude.
The Delaying Sweep can be triggered by the
synchronizing pulse and subsequent pulses
viewed with the Delayed Main Sweep. This
permits examination of each pulse at a faster
sweep rate than would be otherwise possible.

3-36. Delayed-and-Triggered Main-Sweep
Operation

3-37. Useful for transient or periodic signals.
Main Sweep is used in displaying the input
signal. Display cannot begin until after a
predetermined delay time following receipt of
Delaying-Sweep triggering signal. After this
delay, the display begins upon receipt of the
first succeeding Main-Sweep triggering signal.

a. Turn the HORIZONTAL DISPLAY switch
to MAIN SWEEP. With the TRIGGER SLOPE
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control in +INT. or -INT. and the TRIGGER-
ING MODE switch at AC, adjust the TRIGGER-
ING LEVEL control to obtain a stable display.

b. Turn the HORIZONTAL DISPLAY switch
to DEL'G SWEEP and adjust the Delaying sweep
controls for a stable display. (Para. 3-29
to 3-31).

c. Set the TIME/CM OR DELAY TIME control
and the DELAY-TIME MULTIPLIER control
for the desired delay time (equal to the product
of the reading of these controls).

d. Set the Main-Sweep TIME/CM and MULTI-
PLIER controls for the desired Main-Sweep rate
(in general, a rate faster than thatfor which you
set the TIME/CM OR DELAY TIME control).

e. Turn the HORIZONTAL DISPLAY switch
to MAIN SWEEP DELAYED. Each Delaying-
Sweep triggering signal will now permit the
Main Sweep to be triggered once, after the
predetermined delay time following the
Delaying-Sweep triggering signal.

3-38. With this mode of operation, it is
frequently possible to markedly decrease the
jitter in adisplay resulting from a low-frequency
interfering signal. To do this, connect the
source of the jitter-producing signal to the
TRIGGER OR EXT. SWEEP IN connector and
adjust the oscilloscope controls as described
above,

3-39. RATE-GENERATOR FEATURE

3-40. While you are using the Main Sweep to
display a waveform from some source, you
can at the same time use the Delaying Sweep
to perform these two simultaneous functions:
(1) to actuate or trigger the source of the
waveform being displayed, and (2) to trigger
the Main Sweep so that the display will be
stable,

a. Turn the Delaying-Sweep STABILITY con-
trol full right. Set the Delaying-Sweep repeti-
tion rate to the desired value. In general,
when the Delaying-Sweep LENGTH control
is turned full right, this repetition rate will
be somewhat less than one-tenth the setting

of the TIME/CM OR DELAY TIME control.
You can make a precise determination of the
repetition rate as follows:

(1) Connect the probe cable to the INPUT
connector, and connect the probe tip

to the+ GATE DEL'G SWEEP connector.

(2) Set the HORIZONTAL DISPLAY switch
to MAIN SWEEP NORMAL. Set the Main
Sweep controls to display the + GATE
DEL'G SWEEP waveform  using the
AUTO. or AC mode (p. 3-1).

(3) The repetition rate of the+ GATEDEL'G
SWEEP -waveform is equal to the
reciprocal of the product of the setting
of the Main Sweep TIME/CM and MULTI-
PLIER controls and the horizontal
distance in centimeters on the graticule
occupied by one cycle of the waveform.
The Delaying-Sweep LENGTH control
provides a fine control of the repetition
rate.

b. Connect the +GATE DEL'G SWEEP output
signal to the Main-Sweep TRIGGER INPUT
connector. Also connect the +GATE DEL'G
SWEEP connector so that the leading edge
of its output will trigger or actuate the source
of the waveform being observed. (NOTE:
Alternatively, you can use the output from
the DEL'D TRIGGER FROM MAIN OR DEL'G
SWEEP connector to actuate the source of
the waveform to be observed. In this case,
the source of the waveform to be observed
will be actuated after the Main Sweep is trig-
gered. The delay time involved will be equal
to the product of the settings of the TIME/CM
OR DELAY TIME control and the DELAY-
TIME MULTIPLIER control.)

c. Feed the waveform to be observed into the
INPUT connector.

d. Set the Main-Sweep TRIGGER SLOPE con-
trol to + EXT. Set the Main-Sweep TRIGGER-
ING MODE, STABILITY and TRIGGERING
LEVEL controls for triggering in the AC
or in the AUTO. mode (paragraph 3-S5 or
paragraph 3-9).
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3-41. SINGLE SWEEPS
(Manual operation)

3-42. Useful in photographing recurrent
phenomena when succeeding waves are similar
but not necessarily identical--for example, in
certain biological work. Also useful in dis-
playing result of an action initiated by + GATE
MAIN SWEEP output.

Control Position
HORIZONTAL MAIN SWEEP
DISPLAY DELAYED*
Main Sweep full right
STABILITY
Del. Sweep full left
STABILITY

*With operation as described on this page,
no delaying operation is applied to the sweep.

a. Set TIME/CM and MULTIPLIER controls
to reasonable setting for desired signal.

b. When photographic equipment has been pre-
pared to receive picture, push RESET button
once and close the camera shutter.

3-43. In this mode of operation, theoscilloscope
can be used as a pulse generator to initiate
some action and as a recorder to photo-
graphically record the results of the action.
A positive-going pulse is present at the + GATE
MAIN SWEEP connector simultaneous with the
start of the left-to-right travel of the crt beam.
The pulse can be used to initiate the action,
which, in turn, is displayed through the vertical-
deflection system of the oscilloscope.

3-44. SINGLE SWEEPS
(Triggered operation)

3-45. Permits photography of asingletransient,
without interference in the photograph from
succeeding signals.

a. Set HORIZONTAL DISPLAY switch to MAIN
SWEEP NORMAL, Delaying-Sweep STABIL-
ITY full left. Get a stable display of CALI-
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BRATOR signal whose amplitude is about that
expected of the desired signal. Use either
AC (paragraph 3-9) or DC (paragraph 3-12),
If EXT. triggering is to be used, see also 3-48.

b. Turn HORIZONTAL‘ DISPLAY switchto MAIN
SWEEP DELAYED*, Trace should disappear
and READY lamp should extinguish.

c. Remove CALIBRATOR lead and connect
source of expected signal to plug-in INPUT.
Operate RESET pushbutton. READY lamp
should now light.

d. The next trigger signal received will cause
a single trace to be displayed. The READY
light will now go out. To repeat the operation,
operate the RESET push-button again, causing
the READY lamp to light.

*With operation as described on this page,
no delaying operation is applied to the sweep.

3-46. This modeof operation is useful whereitis
desired to photograph the display resulting from
a single action occuring at an unpredictabletime.
For example, the instrument could be prepared
as part of an experiment to observe the effect
of a lightning stroke.

3-47. EXTERNAL SWEEP

3-48. Here, horizontal deflection of thebeam is
effected from an externally derived signal (fed
to the TRIGGER OR EXT.SWEEP IN connector),
and vertical deflection is effected from asecond
externally derived signal (fed to the INPUT
connector of the plug-in preamplifier). This
operation can be useful when these two signals
are related with respect to time.

a. Turn 5SX MAGNIFIER ON, Turn Main-Sweep
STABILITY full left (but not so far left as
to operate the PRESET switch on the control).

b. Connect external source of horizontal-sweep
voltage to the TRIGGER OR EXT. SWEEP
IN connector. This sweep voltage should not
have a large dc component, because of result-
ing horizontal-positioning problems.

3-21



Section III
Paragraphs 3-49 to 3-50

c. Set HORIZONTAL DISPLAY to EXT. SWEEP.
Set ATTEN. toggle switch to X10 if the
horizontal-sweep source delivers more than
about 10 volts. Set ATTEN. toggle switch
to X1 if this voltage is less than about 10 volts.

d. Adjust STABILITY OR EXT.SWEEP ATTEN.
for a horizontal sweep of the desired length.
When sinusoidal sweep signals above 1 MC
are used, it is necessary to limit the maximum
horizontal sweep in order to prevent distortion.

3-49. When using an externally derived signal
to deflect the crt beam, set the TRIGGERING
MODE switch to some position other than
AUTOMATIC and turn the STABILITY control
as far to the left as possible without actuating
the internal PRESET switch. (This disables
the oscilloscope sweep generator and prevents
possible objectionable brightening of parts of
the display resulting from unblanking pulses
being fed to the crt.)

3-50. POSSIBLE CAUSES OF IMPROPER
DISPLAY

a. The INTENSITY control is not turned suf-
ficiently to the right. (Caution: Do not allow
the spot to be excessively bright or allow
it to remain long in one position, as the
screen might be damaged in a few seconds.)

b. The TIME/CM and MULTIPLIER settings are
too fast or too slow to present the display
correctly.

c. The VOLTS/CM control on the plug-inunitis
not set properly for the waveform under obser-
vation. If the sensitivity setting is too high, the
trace may be deflected off the screen at the top
or bottom. If the settingis too low, the deflection
may be insufficient to show the display.

d. The beam may be positioned off the screen.
Observe indication of beam-position indicator
lamps, and adjust VERTICAL POSITION or
HORIZONTAL POSITION control accordingly.
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4-1. BLOCK DIAGRAM
4-2. General

4-3. The Block Diagram shows the intercon-
nections between the major functional sections
of the oscilloscope. Functions of the switches
are shown instead of their actual connections.

4-4. Plug-In Preamplifier

4-5. In the top part of the Block Diagram is
shown the vertical-deflection system. Theblock
labeled Preamplifier Plug-In represents a Tek-
tronix Unit such as the Type MC Unit, which
accepts the vertical input signal. Connections
for power in and signal out are made through
a multiple-contact mating plug and socket.

4-6. Vertical Amplifier

4-7. The Vertical Amplifier amplifies thesignal
and drives the delay line which terminates
in the vertical deflection plates. The trigger
pickoff circuits obtain a sample of the vertical
signal for triggering the sweep.

4-8. Delay Line

4-9. The balanced, 50-section delay line adds
0.2 microsecond of delay to the signal so the
sweep circuits will have time to get the cathode-
ray spot unblanked and sweeping before the
signal reaches the vertical deflection plates.

4-10. Trigger Pickoff

4-11. The Trigger Pickoff amplifies the ver-
tical signal and delivers it to the VERTICAL
SIGNAL OUT connector, and to the Main Sweep
trigger circuit.

Section IV
Paragraphs 4-1 to 4-21

SECTION 4

CIRCUIT
DESCRIPTION

4-12. Main Sweep Trigger

4-13. The trigger circuit converts the vertical
signal into negative pulses for triggering the
sweep-gating multivibrator. Either the rising
or the falling portion on the signal may be
used to produce a trigger, depending on the
setting of the Slope switch, and the level is
determined by the Triggering Level control.

4-14. Sweep-Gating Multivibrator

4-15. The sweep-gating multivibrator turns on
the sweep generator through the disconnect
diodes, and generates the crt unblanking pulse
wnen it is switched from its quiescent state.
The sharp negative-going trigger signal from
the trigger circuit trips the multivibrator,
which thereafter stays in its second state until the
sweep generator reverts to its quiescent state.

4-16. Main Sweep Generator

4-17. The sweep generator is a Miller integrator
that produces a positive-going sawtooth about
150 volts peak-to-peak. The sweep generator
turns itself off when it reaches alevel prescribed
by the setting of the sweep length control,
by transmitting a signal through the trigger-
holdoff circuits to the sweep gating multi-
vibrator.

4-18. Holdoff Circuit

4-19. The trigger-holdoff circuit transmits the
sweep turn-off signal to the multivibrator and
briefly holds off subsequent trigger signals
from starting the sweep again until all parts
of thecircuit havereached their quiescent states.

4-20. Lockout Multivibrator

4-21. With Stability set properly, the Lockout
Multivibrator permits the sweep-gating multi-
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vibrator to turn on the sweep generator for
one sweep when a trigger pulse arrives. Sub-
sequent pulses are locked out--have no effect
on the circuits--until the circuit is reset.

4-22. Trigger Amplifier (Delaying Sweep)

4-23. The " Delaying Sweep trigger circuit
operates only on externally applied pulses,
usually from the VERTICAL SIGNAL OUT
connector, and supplies negative pulses to the
sweep-gating multivibrator of the Delaying
Sweep generator. Controls in this circuit also
provide for application of an external sweep
when HORIZONTAL DISPLAY switch is in
EXT. SWEEP IN position.

4-24. Sweep-Gating Multivibrator (Delluying
Sweep)

4-25. The multivibrator turns on the sweep
generator through the disconnect diodes, and also

generates an unblanking pulse which isfed to the
unblanking mixer in the main sweep generator.

4-26. Sweep Generator (Delaying Sweep)

4-27. The sweep generator is a Miller integra-
tor similar in operation to that described
for the Main Sweep generator.

4-28. Holdoff Circuit (Delaying Sweep)

4-29.The Delaying Sweep holdoff circuit is
similar in operation to that in the main sweep.

4-30. Horizontal/Sweep Amplifier

4-31. The sweep amplifier converts the saw-
tooth output of the sweep generators into push-
pull output at low impedance to drive the
horizontal deflection plates of the crt. The
amplifier gain can be increased by a factor
of five for sweep magnification.

4-32. Delay Pickoff

4-33. The output from either sweep generator
is applied to a comparator-circuit in the delay
pickoff. With the Delay Time Multiplier control
the point at which the main sweep will operate
can be selected.

4-2

4-34. Unblanking Mixer

4-35. This circuit transmits unblanking pulses
from one or both sweep-gating multivibrators
through a floating high-negative-voltage supply
to the control grid of the crt.

4-36. High-Voltage Supply

4-37. A single oscillator furnishes approxi-
mately 50 kc excitation for the high-voltage
rectifiers. Separate supplies for the grid and
cathode isolate the accelerating voltage from
the unblanking pulses applied to the grid of
the crt.

4-38. VERTICAL DEFLECTION SYSTEM
4-39. General

4-40.The dc-coupled, push-pull, main Vertical
Amplifier provides the necessary gain to drive
the Delay Line and the vertical deflection
plates of the crt. The main units of the Vertical
Amplifier are the Input Amplifier stage V32
and V33, the cathode follower stages V34 and
V36, and the 6-section Distributed Amplifier
output stage. Other circuits of importance are
the Trigger Pickoff Amplifier V35 and V37,
the Trigger Pickoff C.F. V39B, the Vert. Sig.
Out C.F. V39A, and the Indicator Amplifiers
and Lamps, V38A and DS9, and V38B and DS10,
respectively.

4-41. Input Circuit

4-42. The signal input from the plug-in unit
is coupled through terminals 1 and 3 of the
interconnecting plug to the grids of the Input
Amplifier stage. R236, VA Gain Adj. varies the
cathode degeneration, and thus sets the gain
of the stage to agree with the Preamplifier's
front-panel calibration when the VARIABLE
knob is in the CALIBRATED position.

4-43. The Input Amplifier is coupled to the
Distributed Amplifier by the cathode followers
V34 and V36. The cathode followers isolate
the Distributed Amplifier from the Input
Amplifier, and provide the necessary low-
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impedance drive for the Distributed Amplifier's
grid line. '

4-44 ., High-frequency compensation for the Input
Amplifier is provided by the variable peaking
coils Tl and T2. Variable inductors L3 and
L4 provide additional peaking at the very high
frequencies.

4-45. Output Stage

4-46. The output stage is a 6-section Distri-
buted Amplifier. The tapped inductors in the
transmission line, between each grid and between
each plate, isolate each section from the
capacitance of the adjacent sections.

4-47. The input signal for each tube is obtained
from the grid line, which is driven by the
cathode followers V34 and V36. The amplified
signal at each plate, fed to the plate line,
becomes an integral part of the wave traveling
down the line toward the deflection plates.

4-48. The vertical signal is delayed 0.2 micro-
second between the input to the grid line and
the vertical deflection plates. This delay insures
that the very "front" of fast vertical signals
can be observed. About 0.015 microsecond
of the total delay time occurs in the Distributed
Amplifier; the remaining 0.185 microsecond
occurs in the Delay Line.

4-49. The tapped inductors between each section
of the Distributed Amplifier provide about0.003
microsecond of delay. By making thedelaytime
in the grid and plate lines equal, the signal
arriving at each plate, through the electron
stream of the tube, will be synchronous with

the signal moving down the plate line from the

preceding sections.
4-50. DC Shift Compensation

4-51. DC shift in the amplifier--a condition
whereby the dc and very low-frequency trans-
conductance is less than at mid-frequencies--
is compensated for in two ways. R257 and C67,
in plate line T3, and R271 and C71 in plate
line T6, form a low-frequency boost network;
the time constant of this network is such that
the termination resistance of the line is

Section IV
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increased in the range from very low fre-
quencies to dc. A longer time conmstant, for
extremely low-frequency and dc compensation,
is provided by R228, R227 and C67 in one
plate line, and by R243, R242 and C71 in the
other, which provide a small amount of positive
feedback from the platelines to theplate circuits
of the Input Amplifier. A variable resistor
R244, the DC Shift Comp. control, is connected
between the two networks to adjust for the
proper amount of compensation.

4-52.Beam-Positioning Indicators

4-53. The beam-position indicators DS9 and
DS10, located on the front panel above the crt,
indicate the relative vertical position of the
trace with respect to the center of thegraticule,
When the beam is centered vertically, the
potential across either neon is insufficient to
light it. As the beam is positioned up or
down the screen, however, the current through
the Indicator Amplifiers, and hence the voltage
across the neons, will change. The voltage
across one neon will increase, causing it to
light, and the voltage across the other will
decrease, causing it to remain extinguished.
The neon that lights will indicate the direction
in which the beam has been moved.

4-54. Trigger Pickoff

4-55. When internal triggering of the Time
Base Generator is desired (black TRIGGER
SLOPE knob is either the + or -INT. position),
a '"sample" of the vertical signal is used
to develop the triggering pulse. This " sample"
is obtained from the trigger pickoff circuit
consisting of the Trigger Pickoff Amplifier
V35 and V37, and Trigger Pickoff C.F. V39B.

4-56. This " sample" of the vertical signal is
also ac-coupled, through V39A and C80, to a
front-panel connector labeled VERTICAL SIG-
NAL OUT.

4-57. Delay Line

4-58. The output signal fromthe Vertical Ampli-
fier is coupled through the balanced Delay
Line to the vertical deflection plates of the
crt. The function of the Delay Line is to retard

Circuit Description - Type 945 4-3



Section IV
Paragraphs 4-59 to 4-69

the arrival of the waveform at the deflection
plates until the crt has been unblanked and the
horizontal sweep started. This delay, as
mentioned previously, insures that the very
"front" of fast vertical signals canbeobserved.
The line is adjusted, by means of the variable
capacitors connected across the line, for
optimum transient response.

4-59. The entire Delay Line, which includes
the plate line in the Distributed Amplifier,
is reverse-terminated in its characteristic
impedance. The Termination Network, shown
on the Vertical Amplifier diagram, is designed
to dissipate both the dc and signal energy
in the line by presenting a constant resistance
over the frequency range of the amplifier.
The terminating resistors are specially made,
wirewound, noninductive, distributed resistors.
The 600 ohms total resistance in each is
" tapered" | or distributed, in steps. Thelargest
segment of the terminating resistance appears
nearest the line; the smallest segment appears
at the opposite end. Each step of the resistance
is then tuned, by means of the variable
capacitors, so that the network will present an
optimum load to the line,

4-60. HORIZONTAL-DEFLECTION SYSTEM

4-61. Time-Base Trigger

4-62. Trigger Slope

4-63. The function of the Main Sweep Trigger
circuitry is to develop a negative-going trig-
gering pulse to trigger the Main Sweep Generator
in the proper time sequence. The signal from
which the negative-going triggering pulse is
produced may emanate from one of three
sources, as determined by the setting of the
TRIGGER SLOPE switch. When the switch is
in the + or -EXT. position, an external signal
is employed in the development of the trig-
gering pulse. When the switch is in the + or
-INT. position, the vertical signal itself is
used to develop the triggering pulse. In the
+ or -LINE position of the switch, a voltage
at the power line frequency is used to develop
the triggering pulse.

4-64.In addition to selecting the source of
the triggering voltage, the TRIGGER SLOPE
switch also arranges the input circuit of the
Trigger-Input Amplifier so that a negative-
going pulse is always produced at the plate
of V2B regardless of whether the switch is
in the + or - position of the EXT. K INT. or
LINE setting.

4-65. Trigger-input Amplifier

4-66. The Trigger-Input Amplifier V1 is a
polarity-inverting, cathode-coupled amplifier.
The output is always taken from the p]\ate
of V1A, but the grid of either stage may
be connected to the input signal source. When
the TRIGGER SLOPE switch is in the - position
(EXT., INT. or LINE range), the grid of V1B

is connected to the input source. The grid

of V1A is connected to a dc bias source,
adjustable by means of the TRIGGERING LEVEL
control. This bias voltage establishes the
quiescent voltage at the plate of V1A, When
the TRIGGER SLLOPE switch is in the + position
(for any of the three ranges), the grid of VIA
is connected to the signal input and the grid
of V1B is connected to the bias source.

4-67. The voltage at the grid of V1B and the
voltage at the plate of V1A are in phase with
each other. Therefore, when the switch is in
any of the - positions (the signal applied to
the grid of V1B, the voltage at the plate of
V1A is in phase with the input signal voltage.
By this arrangement V1B acts as a cathode
follower, having a gain of approximately unity,
and the signal voltage developed across the
cathode resistor becomes the signal input to
V1A.

4-68. When the switch is moved to any of
the + positions, the grid of V1A is connected
to the input signal source. With this con-
figuration, the signal at the plate of V1A
will be 180 degrees out of phase with the
input signal. Thus, depending on the setting
of the switch (+ or -), the plate-signal swing
of V1A may be in phase, or 180 degrees out
of phase, with the input signal.

4-69. Trigger Multivibrator
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4-70. A Schmitt Trigger circuit V2 is used
as the Trigger Multivibrator. In the quiescent
state, i.e., ready to receive a signal, V2A
is conducting and its plate is down. This holds
the grid of V2B below cutoff, since the two
circuits are dc-coupled. With V2B cutoff its
plate voltage is up; hence no output is being
developed.

4-71. A negative-going signal is required at
the grid of V2A to drive the multivibrator into
its other state in which a triggering pulse can
be produced. However, the signal coupled to
the grid of V2A is a component of the vertical
input signal, and therefore contains both
negative- and positive-going voltages.

TRIGGER AMPLIFIER

+iooVv

HF SYNC —150V

AC LF REJ

TRIG SENS
R28
TRIGGERING
LEVEL

CONNECTED ONLY IN HF SYNC MODE
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plate voltage drops, creating a negative step
at the output. This transition occurs very
rapidly, regardless of how slowly the grid
signal of V2A falls.

4-73. When the signal at the grid of V2A
starts in the positive direction, justtheopposite
will occur. That is, V2A will start conducting
again, V2B will be cutoff, and the circuit
will revert to its original state with the plate
voltage of V2B up. This completes the negative
step-voltage output from the Schmitt Trigger
circuit.

4-74. The operation of the Schmitt Trigger
circuit is exactly the same for + or - positions

SCHMITT TRIGGER

+225V

—150V

Fig. 4-1. Type 945 Simplified Main Sweep Trigger Circuitry.

4-72. The negative-going portion will drive the
grid of V2A in the negative direction, and the
cathodes of both tubes will follow the grid
down. At the same time the plate voltage of
V2A starts rising, which causes thegrid voltage
of V2B to rise. With the grid of V2B going up
and its cathode going down, V2B starts con-
ducting. The cathodes will now follow the grid
of V2B; hence the cathode voltages start going
up. With the grid of V2A down and its cathode
up, this tube cuts off. As V2B conducts its

Circuit Description - Type 945

of the TRIGGER SLOPE knob. However, since
there is a reversal in signal polarity--between
these two settings--at the output of the Trigger-
Input Amplifier, triggering will occur at dif-
ferent points with respect to the signal being
observed. For example, when the switch is
in the + position, triggering will occur during
the positiveslope of thewaveform beingobser-
ved. That is, the start of the trace will occur
when the waveform is going in the positive
direction. Conversely, when the switch is in
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the - position the trace will start when the
waveform is going in the negative direction.

4-75. Trigger Sensitivity

4-76. The hysteresis of the Trigger Multi-
vibrator is determined by the setting of the
Trigger Sensitivity control R29. Increasing
the resistance of R29 reduces the loop gain
and decreases the hysteresis. The lower the
hysteresis the greater the sensitivity of the
circuit. Increasing the resistance of R29 there-
fore increases the trigger sensitivity.

4-77. The Trigger Level Centering control
R28 is adjusted to set the dc quiescent condition
of the Multivibrator about the same as that
of the Trigger Amplifier.

4-78. Triggering Mode

4-79. The TRIGGERING MODE switch selects
the type or mode of triggering. In the DC
position the triggering signal is dc-coupled
to the Trigger Input stage, which in turn is
dc-coupled to the Trigger Multivibrator circuit.

4-80.In the AC and AC LF REJECT modes,
capacitor C2 removes the dc component of the
triggering signal; the Trigger Input stage is
still dc-coupled to the Multivibrator, however.
The AC LF REJECT mode contains a high-
pass filter C3-R6 to remove any low-frequency
components from the triggering signal and allow
fast recovery of the trigger circuits in the
presence of dc level changes.

4-81. In the AUTO. mode the Schmitt circuit
is converted from a bistable multivibrator to
a recurrent configuration. This is accomplished
by coupling the grid circuit of V2B to the grid
circuit of V2A via R22. In addition, the dc
coupling between the Trigger Input stage and
the Multivibrator is removed in this mode
of triggering.

4-82. The addition of R22 to the circuit causes
the Multivibrator to free-run in the absence
of a triggering signal. For example, assume
the grid of V2A is just being driven into
cutoff., The voltage at its plate starts to rise,
carrying with it the voltage at the grid of V2B.

Since the two grids are dc coupled through R22
and R19, this action will pull the grid of V2A
back up. The time constant of the r-c network
R22, R19 and C6 is such that it takes about .01
second for the grid voltage of V2A to rise
exponentially from its starting point below
cutoff to a value where plate current can flow.

4-83. As V2A starts to conduct its platevoltage
drops, which in turn lowers the grid voltage
of V2B. The voltage at the grid of V2A then
starts dropping exponentially toward cutoff.
When this tube cuts off, the circuit has completed
one cycle of its approximately 50-cycle
repetition rate.

4-84.The hysteresis of the circuit (the range
of voltage at the grid of V2A between V2A
cutoff and V2B cutoff) is about 6 volts when
triggering in the AUTO. mode. This is increased
from about 0.25 volt, for the DC, AC and
AC LF REJECT modes, by the addition of
R22 and R23 to the circuit. Since the grid
of V2A is never more than 6 volts from cutoff,
a triggering signal with a peak-to-peak amplitude
of 6 volts can drive the grid to cutoff at any
time and produce a trigger output. Smaller
signals can also produce a trigger output,
but only if they occur at a time when the sum
of the signal voltage and the triode grid voltage
is sufficient to drive the grid of V2A to cutoff.
However, the duty cycleof operationis somewhat
reduced when smaller triggering signals are
being received.

4-85. With the circuit configuration just
described, the horizontal sweep canbetriggered
with repetitive signals, over a wide range of
frequencies, without readjustment. When not
receiving triggers, the sweep continues at
approximately a 50-cycle rate. Thus, in the
absence of any vertical signal, the sweep
generates a base line which indicates that
the oscilloscope is adjusted to display any
signal that might be connected to the vertical
deflection system.

4-86. When the TRIGGERING MODE switch is
in the HF SYNC position, the Trigger circuits
are bypassed and the input " triggering" signal
is applied directly to the Main Sweep Generator.
This signal now acts as asynchronizing voltage,
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superimposed on the hold-off waveform (to
be discussed in the section that follows). This
synchronizes the Main Sweep at a sub-multiple
of the triggering-signal frequency. This mode
is useful for input signals in the range from
S MC to 30 MC.

4-87. MAIN SWEEP GENERATOR

4-88. The Trigger circuit produces a negative-
going waveform which is coupled to the Main
Sweep Generator. This waveform is differ-
entiated in the grid circuit of V8B to produce
a sharp negative-going triggering pulse to trig-
ger the Main Sweep Generator in the proper
time sequence. Positive-going pulses are also
produced in the differentiation process, but
they are not used in the operation of the Main
Sweep Generator.

4-89. The Main Sweep Generator consists of
three main circuits: a Sweep-Gating Multi-
vibrator, a Miller Runup Circuit, and a Hold-
Off Circuit. The Sweep-Gating Multivibrator
consists of V8B, V9 and the cathode follower
V8A. The essential components in the Miller
Runup circuit are theMiller Tube V12 the Sweep
Gen. C.F. V13, the Disconnect Diodes V11, the
Timing Capacitor C26 and the Timing Resistor
R82. The Hold-Off Circuit consists of the Hold-
Off C.F.'s V6A-V5SB, the Hold-Off Capacitor
C21 and the Hold-Off Resistors R100 and R78.

4-90. Sweep Gating Multivibrator

4-91. The Sweep-Gating Multivibrator operates
as a bistable circuit. In the quiescent state
V8B is conducting and its plate is down. This
cuts off V9 through V8A and the divider R55-
R56, and the common cathode resistor R76.
With V9 cutoff, its plate is clamped about 3 volts
below ground by the conduction of diodes V11
(A and B) through R59 and R74. Conduction
of the lower diode VI11A through the Timing
Resistor R82 then clamps the grid of the
Miller tube at about -3.5 volts. Synchronizing
pulses for multi-trace plug-inunits are supplied
by V6B. When the negative multivibrator, V9,
generates its positive plate step, it also gen-
erates a sharp differentiated positive trigger
voltage at its screen. This occurs because L1
(which is actually wound around a damping
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resistor) connects the screen to + 100 volts.
The positive screen trigger pulse is coupled to
the grid of V6B through C22. Grid bias of about
-9 volts is set by divider R79, R80, between
ground and -150 volts. Plate voltage and cathode
circuits are completed in the plug-in unit.

4-92. Miller Runup Circuit

4-93. The quiescent state of the Miller circuit
is determined by a dc network between plate
and grid. This network consists of the neon
glow tube DS2 the Sweep Gen. CF V13 and
the Disconnect Diodes V11. The purpose of this
network is to establish a voltage at the plate
of the Miller tube of such a value that the
tube will operate within- the linear region of
its transfer characteristic curve. This quiescent
plate voltage is about +43 volts.

4-94. Sweep Generation

4-95.If the STABILITY and TRIGGERING
LEVEL controls are now adjusted for triggered
operation, a negative trigger will drive the grid
of V8B below cutoff and force the Sweep-
Gating Multivibrator into its other state in
which V9 is the conducting tube. As V9 con-
ducts its plate drops, cutting off the Disconnect
Diodes V11. Any spiking that may occur during
this transition is attenuated by the C23-R75
network.

4-96. With V11 cutoff the grid of the Miller
tube and the cathode of the Sweep Gen C.F.
are free to seek their own voltages. The
grid of the Miller tube then starts to drop,
since it is connected to the -150-volt bus
through the Timing Resistor R82. The plate
of the Miller tube starts to rise, carrying with
it the grid and cathode of V13. This raises
the voltage at the top of the Timing Capacitor
C26, which in turn pulls up the grid of the
Miller tube and prevents it from dropping.
The gain of the Miller tube, as a Class A
amplifier, is so high that the voltage coupled
back through C26 keeps the grid constant
within a fraction of a volt.

4-97. The Timing Capacitor then starts charging

with current from the -150-volt bus. This
charging current flows through the Timing
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Fig. 4-2. Type 945 Simplified Main Sweep Generator Circuitry,
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Resistor R82. Since the voltage at the grid of
the Miller tube remains essentially constant the
voltage drop across the Timing Resistor remains
essentially constant. This provides a constant
source of current for charging C26. By this
action C26 charges linearly, and the voltage
at the cathode of V13 rises linearly. Any
departure from a linear rise in voltage at
this point will produce a change in the voltage
at the grid of the Miller tube in a direction
to correct for the error.

4-98. Timing Switch

4-99. The linear rise in voltage at the cathode
of V13 is used as the sweep time-base. Timing
Capacitor C26 and Timing Resistor R82 are
selected by the TIME/CM switch. R82 deter-
mines the current that charges C26. By means
of the TIME/CM switch both the size of the
capacitor being charged and the charging current
can be selected to cover a wide range of
sawtooth slopes (sweep rates). For high-speed
sweeps, bootstrap capacitor C27 helps supply
current to charge the stray capacitance at the
plate of the Miller tube; this permits the
plate voltage to rise at the required rate.

4-100.If uncalibrated sweep rates are desired,
the VARIABLE TIME/CM (red knob) control
may be turned away from the CALIBRATED
position. (See Timing Switch diagram.) This
control, varies the sweep rate over a 2.5
to 1 range.

4-101. Sweep Length

4-102. As explained previously, the sweep rate
(the rate at which the spot moves across the
face of the crt) is determined by the timing
circuit C26 and R82. The length of the sweep
(the distance the spot moves across the face
of the crt), however, is determined by the
setting of the Sweep Length control R98. As
the sweep voltage rises linearly at the cathode
of V13 there will be a linear rise in voltage
at the arm of the Sweep Length control R98.
This will increase the voltage at the grid and
cathode of V6A and at the grid and cathode
of V5B. As the voltage at the cathode of V6A
rises, the voltage at the grid of VSB will
rise. When the voltage at this point is suf-
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ficient to bring V8B out of cutoff, the multi-
vibrator circuit will rapidly revert to its
original state with V8B conducting and V9
cutoff. The voltage at the plate of V9 rises,
carrying with it the voltage at the diode plate
V11A. The diode then conducts and provides
a discharge path for C26 through RS9 and R74
and through the resistance in the cathode circuit
of V13. The plate voltage of the Miller Tube
now falls linearly, under feedback conditions
essentially the same as when it generated the
sweep portion of the waveform except for a
reversal of direction. The resistance through
which C26 discharges is much less than that
of the Timing Resistor (through which it
charges). The capacitor current for this period
will therefore be much larger than during the
sweep portion, and the plate of the Miller Tube
will return rapidly to its quiescent voltage.
This produces the retrace portion of the sweep
sawtooth during which time the crt beam
returns rapidly to its starting point.

4-103. Hold -Off

4-104 . The Hold-off Circuit prevents the Main
Sweep Generator from being triggered during
the retrace interval. That is, the hold-off
allows a finite time for the Main Sweep circuits
to regain a state of equilibrium after the
completion of a sweep.

4-105. During the trace portion of the sweep
sawtooth the Hold-Off Capacitor C21 charges
through V6A, as a result of the rise in voltage
at the cathode of V6A. At the same time the
grid of V8B is being pulled up, through VSB,
until V8B comes out of cutoff and starts con-
ducting. As mentioned previously, this is the
action that initiates the retrace. At the start
of the retrace interval C21 starts discharging
through the Hold-Off Resistor R78. The time
constant of this circuit is long enough, however,
so that during the retrace interval (and for a
short period of time after the completion of
the retrace) C21 holds the grid of V8B high
enough so that it cannot be triggered. However,
when C21 discharges to the point that V5B
is cut off it loses control over the grid of V8B
and this grid returns to the level established
by the STABILITY control. The hold-off time
required is determined by the size of the
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Timing Capacitor. For this reason the TIME/
CM switch changes the time constant of the
Hold-Off Circuit simultaneously with the change
of Timing Capacitors. (In the .1, 1 and 10
LSEC position of the TIME/CM switch R78
is shunted by either R100A or R100B, shown
on the Timing Switch diagram.)

4-106. Stability

4-107. The operational mode of the Main Sweep
Generator is determined by the setting of the
STABILITY control R39. By means of this
control the sweep can be turned off, adjusted
for triggered operation, or adjusted for free-
running operation. The STABILITY control,
through cathode follower V4, regulates the
grid level of V8B. (V5A is inoperative for
MAIN SWEEP NORMAL operation).

4-108. For triggered operation, the STABILITY
control is adjusted so that the grid of V8B
is just high enough to prevent the Sweep-
Gating  Multivibrator from free-running.
Adjusted in this manner a sweep can only
be produced when an incoming negative trig-
ger pulse drives the grid of V8B below cutoff.

4-109. Moving the arm of the STABILITY con-
trol toward ground (ccw rotation), but not so
far as to actuate the PRESET switch, will raise
the grid level of V8B and prevent the Sweep-
Gating Multivibrator from beingtriggered. This
action turns off the sweep. Moving the arm
toward -150 volts drops the grid of V8B to
the point where the discharge of the Hold-Off
Capacitor C21 can switch the multi. Adjusted
in this manner  the Sweep-Gating Multivibrator
will free-run and produce a recurrent sweep.

4-110. When the STABILITY control is turned
full ccw to the PRESET position, R39 is switched
out of the circuit and R40 is switched in. This
control, screwdriver adjustment labeled PRE-
SET ADJUST, provides a fixed dc voltage for
the grid of V8A. When properly adjusted,
PRESET operation can be used for most trig-
gering applications. Where triggering may be
difficult, however, the manual STABILITY cont-
rol R39 should be used.

4-111. Lockout Multivibrator

4-10

4-112. The Lockout Multivibrator is set up in
the sweep circuitry when the HORIZONTAL
DISPLAY switch is the MAINSWEEP DELAYED
or DEL'G SWEEP position and the Delaying
Sweep STABILITY control is turned fully
counterclockwise.

4-M3. To operate the lockout circuitry the
Main Sweep STABILITY control is set up as
it would be for normal operation. The desired
triggering signal source is connected to the
Main Sweep triggering circuits.

4-114. With the controls set as detailed above,
V4 and VSA form a bistable multivibrator.
At the completion of one sweep and before the
RESET button is pushed, V5A is conducting.
The conduction occurring in VSA determines
the cathode level common to V4 and VSA.
This level is high enough to prevent V8B
from triggering on pulses fed to its grid by
the Main Sweep trigger circuitry.

4-115. Operation of the RESET control (shown
on the Delay Pickoff diagram) applies anegative
pulse to VS5A, cutting it off. As VSA cuts
off V4 begins to conduct. V4 now controls the
common cathode level. This lowers the common
cathode level, and hence the grid of V8B,
into the range at which the next trigger pulse
to arrive will cause the Sweep-Gating Multi-
vibrator to operate. At the end of the sweep
cycle in the Sweep Generator K V5B, the Holdoff
Cathode-Follower, raises the common cathode
level up again momentarily, switching VSA
on, and returning the Lockout Multivibrator

to its first stable state.

4-116. Ready Light

4-117. The READY light, DS1, shows when V4
is conducting. When V4 conducts it pulls down
the grid of VSA, raising the plate high enough
to light the neon glow lamp.

4-118. When the READY lightis glowing, a single
negative-going pulse at the grid of V8B will
trigger a single sweep and the circuit will
then be disarmed for subsequent triggering
pulses.
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4-119. Unblanking

4-120. The control-grid voltage for the CRT
is produced by a winding and rectifier, V67,
similar to the crt cathode supply, but insulated
from it. The positive end of the control-grid
supply is connected to the cathode of unblanking
mixer V7, and the negative end at -1450 volts
is connected to the crt control grid through
potentiometer R407, labeled INTENSITY on the
front panel. When the unblanking pulse is
produced at the cathode of theunblanking mixer,
it drives the whole grid-voltage supply with
it, winding, filter, potentiometer, so that the
same pulse appears at the cathode-ray tube
grid 1550 volts below. Since this is a dc
connection, the unblanking pulse may have any
duration with no change in grid voltage. C208
transmits the leading edge of the unblanking
pulse to reduce unblanking time for fast sweeps,
and R404, R408, and R409, provide the right
time constant to prevent overshoot.

4-121. DELAYING-SWEEP CIRCUITS
4-122. Horizontal-Display Switch

4-123.The HORIZONTAL DISPLAY switch
selects the source of signal to the sweep ampli-
fier and unblanking circuits, and connects the
delayed trigger to the main-sweep circuits. The
functional block diagrams show the effects of the

Section IV
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various HORIZONTAL DISPL AY switch settings.
Each switch setting has a corresponding block
diagram, #81-0001-01 through #81-0001-04.

4-124.In the MAIN SWEEP NORMAL position,
this switch connects the main-sweep generator
to the sweep amplifier, grounds the grid of
the delaying-sweep unblanking mixer and
supplies main-sweep sawtooth to the delay
pickoff.

4 -125. In the DEL'G SWEEP position the switch
connects the delaying-sweep generator to the
sweep amplifier and to the delay-pickoff com-
parator circuit, and connects thedelaying-sweep
gate to the unblanking mixer. Both the main-
and the delaying-sweep unblanking signals
unblank the cathode-ray tube.

4-126. In the MAIN SWEEP DELAYED position
of the switch, the Main Sweep generator is
connected to the horizontal/sweep amplifier,
the delaying sweep generator is connected to
the delay pickoff  and the delaying sweep unblank-
ing mixer grid is grounded.

4-127. In the EXT. SWEEP position the switch
rearranges the delaying-sweep trigger shaper
into a cathode follower and connects its output
to the sweep-amplifier input. It also biases

TYPE MC VERTICAL CRT
UNIT 7] AMPLIFIER 1 circuiT
[ 1
|
|
|
|
EXTERNAL ] MAIN SWEEP MAIN SWEEP HORIZONTAL
T caBLE TRIGGER GENERATOR AMPLIFIER
|
| A
} (DEL'D TRIG)
|
T A
E
TRIGGER GENERATOR PICKOFF
Fig. 4-3. Type 945 Block Diagram showing the circuitry with the HORIZONTAL DISPLAY switch in
the Main Sweep Delayed position.
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off the delay-trigger circuit and the delaying-
sweep multivibrator, and supplies a positive
dc bias to the unblanking circuit to hold the
cathode-ray tube unblanked.

4-128. Delayed-Trigger Amplifier

4-129. The delayed trigger from the delay-
pickoff circuit described in a later paragraph,
is amplified in V3, and applied to the grid
of delayed-trigger cathode follower V5A through
compensated voltage-divider C15, R67, R66.
The cathode voltage of V5SA is determined
by current through R68 which is returned
to -150 volts.

4-130. Current through R68 can be contributed
by cathode current through any of three cathode
followers, V4, the stability tube; V5B, the
holdoff tube; or VSA, the delayed-trigger tube,
depending on the position of the HORIZONTAL
DISPLAY switch, the setting of the STABILITY
control, and the stage of the trigger-and-sweep
sequence,

4-131. With the MAINSWEEP NORMAL position
the plate of VSA is disconnected and screen
current furnishes the cathode current of V4.
With the switch in the MAIN SWEEP DELAYED
and the DEL'G SWEEP positions plate voltage
is connected to V5A. The plate of V4 is
connected to the grid of V5A through com-
pensated voltage divider C15, R66, R67, in
such a way that V4 and VSA becomes a bistable
multivibrator.

4-132. In the quiescent state V5A conducts and
holds the common-cathode voltage so high V4
is cut off. A positive pulse at the grid of V3
will therefore become a negative pulse at its
plate. This negative pulse drives the grid of
VSA down below cutoff, and the multivibrator
assumes the second stable state in which V4
conducts and VS5A is cut off. The cathode
level in this state can be set by means of
the bias voltage determined by the setting of
the STABILITY control.

4-133.By setting the cathode level past the
threshold of triggering for the sweep-gating
multivibrator, a sweep will not be triggered,
but the grid will be placed close enough to

triggering that a negative trigger pulse from
the main-sweep trigger circuit will trigger a
sweep.

4-134. Two methods of delayed triggering are
thus available. The first method in which the
delayed trigger actually triggers the sweep is
the ordinary system. Thesecond method permits
the sweep to be triggered actually from the
delayed pulse you want to observe. The delayed
trigger opens up the normal trigger channel
that has been closed up to that time so as to
hold off undesired triggers.

4-135. DELAY PICKOFF

4-136. The delay pickoff circuit is a sawtooth
comparator circuit arranged to produce a
positive output voltage at the time of pickoff.
Before the pickoff time, V24 is cut off. Its

cathode is tied to the cathode of V25 which

is conducting and therefore determining the
common-cathode voltage.

4-137. The common-cathode voltage is adjust-
able by means of R169, a 10-turn helical
resistor, labeled DELAY-TIME MULTIPLIER
on the front panel. V26A is a constant-current
tube supplying cathode current to the com-
parators from the -150-volt supply. This
arrangement permits the cathode of V25 to
follow its grid over a wide range with very
little variation of cathode current.

4-138. Plate current through R165 therefore
also remains very nearly constant while V25
is conducting, no matter at what voltage the
grid is set by the DELAY-TIME MULTIPLIER
control, R169. This is important because the
plate voltage of V25 is required to hold the
grid voltage of the Delay Trigger Multivibrator,
V27 A, near the triggering level.

4-139. The positive-going delaying-sweep saw-
tooth raises the grid of non-conducting V24
toward its cathode voltage. When the grid
rises past the cathode voltage set by the
DELAY-TIME MULTIPLIER control, V24 con-
ducts and V25 cuts off.

4-140. Delay ed-Trigger Shaper
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4-141. When V25 cuts off, because of con-
duction in V24, its plate rises carrying the
grid of Delay Trig. Multivibrator V27 A positive
past its transition point. The Delay Trig.
Multivibrator stage is regenerative so as to
produce a fast transition, and the resulting
positive step at the plate of V27B is differ-
entiated through C47 and used to arm or to
trigger the main-sweep circuits. The sharp
differentiated pulse is transmitted to the suc-
ceeding circuits through cathode follower V26B.

PICKOFF
COMPARATOR

+350V

DELAY TRIGGER
MULTIVIBRATOR CF
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of the delay sawtooth accurately so that the
zero setting of the DELAY-TIME MULTIPLIER
control corresponds to the start of the delaying
sawtooth.

4-143. DELAYING-SWEEP TRIGGER

4-144. The Delaying-Sweep Trigger can per-
form either of two functions: it develops a
trigger pulse to initiate a cycle of action in

DELAY PICKOFF

+350V

TO MAIN SWEEP

VZ2T7A

R165
LI

i
i
AN :

GENERATOR

+225Vv

SAWTOOTH FROM

MAIN OR DELAYING
S

WEEP RIG8

R169
DELAY -TIME
YMULTIPLIER
1 —1o

—150Vv

=150V

s
i

Cisov DEL'D. TRIG.

FROM MAIN OR
DEL'G. SWEEP

Fig. 4-4. Type 945 Simplified Delay Pickoff Diagram.

4-142. Two internal screwdriver controls
accessible from the right side permit you to
adjust the delay time more accurately if nec-
essary so you can read centimeters of delay
within a fraction of one per cent directly from
the micrometer dial of the 10-turn DELAY-
TIME MULTIPLIER control. R168 adjusts the
total dc voltage across R169 so that each of
the ten turns of this resistor positions the point
of delay pickoff one centimeter of horizontal
beam displacement. R170 sets the dc level

Circuit Description - Type 945

the Delaying-Sweep generator, or acts as a
preamplifier for the Horizontal/Sweep Amplifier
when external sweep or X-Y use of the oscillo-
scope is desired.

4 -145.The input signal for the Delaying-Sweep
Trigger circuitry is from a front panel con-
nector. Either X1 or X10 attenuation of the
input signal may be selected with the ATTEN.
switch. X10 attenuation is developed by a fixed
attenuator. Input capacitance and response are
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varied by two capacitors adjusted during the
calibration of the instrument.

4-146. V14A and V14B are cathode-followers
for the push-pull input stage of the Delaying-
Sweep Trigger. The grid of one half of V14
is connected to a dc source adjusted by the
Delaying Sweep TRIGGERING LEVEL control.
The grid of the other half of V14 is connected
to the signal after it has passed through the
attenuator.

AMPLIFIER

NEGATIVE GOING

+joov

—\150v +100V

resistor, is connected between the cathodes
of VISA and VI15B. Resistor RI115 is ganged
with R124. It is controlled by the same knob
which controls the STABILITY of the Delaying
Sweep.

4-150. V16A and V16B form a Schmitt Trigger
circuit in all positions of the HORIZONTAL
DISPLAY switch except EXT. SWP. In this
position the connection between thetwo cathodes

SCHMITT TRIGGER

+2258VY

Fig. 4-5. Type 945 Delaying Sweep Trigger Circuitry showing the path of the positive-going signal.

4-147. The grid to which the input signal is
connected is selected by the SLOPE switch.
For triggering from positive-going signals the
grid of V14A is connected to the triggering
signal. For triggering from negative-going
signals the grid of V14B is connected to the
triggering signal.

4-148. The cathodes of V14A and V14B are
coupled through the resistor series R109,
R110, and RI11. Resistor R110 is adjusted
during calibration to remove dc shift as the
input attenuator is switched in and out.

4-149. The output of V14 is dc coupled to the
grids of VISA and V15B. RI115, a variable

is removed and V16A acts as a cathodefollower
to drive the Sweep Amplifier.

4-151. When V16A and V16B are connected as
a Schmitt Trigger V16A conducts during the
quiescent state of the multivibrator. With V16A
conducting its plate is down. This holds the
grid of V16B below cutoff, since thetwo circuits
are dc coupled. With V16B cut off its plate
is up; hence no output is developed.

4-152. A negative-going signal is required at
the grid of V16A to drive the multivibrator
into its other state in which a triggering
signal is developed. However  thesignal coupled
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to the grid of V16A contains both negative-
going and positive-going components.

4-153. The negative-going components will
drive the grid of V16A down, and the cathodes
of both tubes will follow the grid of V16A
down. At the same time, the plate of V16A
starts rising, which causes the grid voltage
of V16B to rise. With the grid of V16B going
up and its cathode going down V16B starts
to conduct. The cathodes will now follow the
grid of V16B; hence the cathode voltage starts
rising. With the grid of V16A down and its
cathode up this tube cuts off. As V16B conducts
its plate voltage drops, creating a negative
step at the output. This transition occurs
very rapidly, regardless of how slowly the
grid of V16A falls,

AMPLIFIER

POSITIVE GOING
SIGNAL—_

I

+100V
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is the same for either + or - settings of
the SLOPE switch. Since there is a reversal
of signal polarity between these two settings
triggering will occur at different points with
respect to the signal being observed. With
the SLOPE switch in the + position triggering
will occur during the positive-going portion
of the triggering waveform. With the SLOPE
switch in the - position triggering will occur
during the negative-going portion of the trig-
gering waveform.

4-156. DELAYING-SWEEP GENERATOR

4-157. The Delaying Sweep Trigger circuit
produces a negative-going waveform which is
coupled to the Delaying Sweep Generator. This
waveform is differentiated in the grid circuit

SCHMITT TRIGGER

+225Vv

Fig. 4-6. Type 945 Delaying Sweep Trigger Circuitry showing the path of the negative-going signal.

4-154.When the signal at the grid of V16A
becomes positive-going the action outlined above
reverses itself. V16A starts to conduct, V16B
is cut off, and the circuit reverts to its original
condition with the plate voltage of V16B up.
This completes the negative-step-voltageoutput
from the Schmitt Trigger.

4 -155. The operation of the Schmitt Trigger

Circuit Description - Type 945

of V17A to produce a sharp negative-going
triggering pulse to trigger the Delaying Sweep
Generator in the proper time sequence.
Positive-going pulses are also produced in the
differentiation process, but they are not used
in the operation of the Delaying Sweep Generator.

4-158. The Delaying Sweep Generator consists
of three main circuits: a Sweep-Gating Multi-
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Fig. 4-7. Simplified Delaying Sweep Generator Circuitry of the Type 945.
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vibrator, a Miller Runup Circuit, and a Hold-
Off Circuit. The Sweep-Gating Multivibrator
consists of V18B, V19 and the cathode follower
V18A. The essential components in the Miller
Runup circuit are the Miller Tube V22, the
Sweep Gen C.F. V23B, the Disconnect Diodes
V21, the Timing Capacitor C42 and the Timing
Resistor R148. The Hold-Off Circuit consists
of the Hold-Off C.F's V23A, V17B, the Hold-
Off Capacitor C38 and the Hold-Off Resistor
R132,

4-159. Sweep Gating Multivibrator

4-160.The Sweep-Gating Multivibrator oper-
ates as a bistable circuit. In the quiescent
state V18B is conducting and its plate is down,
This cuts off V19 through V18A and the divider
R137-R138, and the common cathode resistor
R139. With V19 cutoff, its plate is clamped
about 3 volts below ground by the conduction
of diodes V21 (A and B) through RI141 and
R142. Conduction of the lower diode V21B
through the Timing Resistor R148 then clamps
the grid of the Miller tube at about -3.5 volts.

4-161. Miller Runup Circuit

4-162. The quiescent state of the Miller circuit
is determined by a dc network between plate
and grid. This network consists of the neon
glow tube DS4, the Sweep Gen CF V23B and
of the Disconnect Diodes V21. The purpose
of this network is to establish a voltage at
the plate of the Miller tube of such a value
that the tube will operate within the linear
region of its transfer characteristic curve.
The quiescent plate voltage is about + 43 volts.

4-163. Sweep Generation

4-164. If the STABILITY and TRIGGERING
LEVEL controls are now adjusted for triggered
operation, a negative trigger will drive the grid
of V18B below cutoff and force the Sweep-
Gating Multivibrator into its other state in
which V19 is the conducting tube. As V19
conducts its plate drops, cutting off the Discon-
nect Diodes V21. Any spiking that may occur
during this transition is attenuated by the
R143-C41 network.

Circuit Description - Type 945
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4-165. With V21 cutoff the grid of the Miller
tube and the cathode of the Sweep Gen. C.F.
are free to seek their own voltages. The grid
of the Miller tube then starts to drop, since
it is connected to the -150-volt bus through
the Timing Resistor R148., The plate of the
Miller tube starts to rise, carrying with it
the grid and cathode of V23B. This raises
the voltage at the top of the Timing Capacitor
C42, which in turn pulls up the grid of the
Miller tube and prevents it from dropping.
The gain of the Miller tube, as a Class A
amplifier  is so high that the voltage coupled
back through C42 keeps the grid constant
within a fraction of a volt.

4-166. The Timing Capacitor then starts charg-
ing with current from the -150-volt bus. This
charging current flows through the Timing
Resistor R148. Since the voltage at the grid
of the Miller tube remains essentially con-
stant the voltage drop across the Timing
Resistor remains essentially constant. This
provides a constant source of current for
charging C42. By this action C42 charges
linearly, and the voltage at the cathode of
V23B rises linearly. Any departure from a
linear rise in voltage at this point will produce
a change in the voltage at the grid of the
Miller tube in a direction to correct for the
error.

4-167.Timing Switch

4-168. The linear rise in voltage at the cathode
of V23B is used as the sweep time-base.
Timing Capacitor C42 and Timing Resistor
R148 are selected by the TIME/CM switch.
R148 determines the current that charges C42.
By means of the TIME/CM switch both the
size of the capacitor being charged and the
charging current can be selected to cover a
wide range of sawtooth slopes (sweep rates).

4-169. Sweep Length

4-170. As explained previously, the sweep rate
(the rate at which the spot moves across the
face of the crt) is determined by the timing
circuit C42 and R148. The length of the sweep
(the distance the spot moves across the face
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of the crt), however, is determinedby the setting
of the LENGTH control R154. As thesweep vol-
tage rises linearly at the cathode of V23B
there will be a linear rise in voltage at the
arm of the LENGTH control R154. This will
increase the voltage at the grid and cathode
of V23A and at the grid and cathode of V17B.
As the voltage at the cathode of V17B rises,
the voltage at the grid of V18B will rise.
When the voltage at this point is sufficient
to bring V18B out of cutoff, the multivibrator
circuit will rapidly revert to its original state
-with VI18B conducting and V19 cutoff. The
voltage at the plate of V19 rises, carrying
with it the voltage at the diode plates V2I.
The diodes then conduct and provide a dis-
charge path for C42 through R141 and R142
and through the resistance in the cathode
circuit of V23B. The plate voltage of the
Miller Tube now falls linearily, under feed-
back conditions essentially the same as when
it generated the sweep portion of the waveform
except for a reversal of direction. The resis-
tance through which C42 discharges is much
less than that of the Timing Resistor (through
which it charges). The capacitor current for
this period will therefore be much larger
than during the sweep portion, and the plate
of the Miller Tube will return rapidly to its
quiescent voltage. This produces the retrace
portion of the sweep sawtooth during which
time the crt beam returns rapidly to its
starting point.

4-171. Hold-Off

4 -172. The Hold-off Circuit prevents theDelay-
ing Sweep Generator from being triggered during
the retrace interval. That is, the hold-off
allows a finite time for the sweep circuits to
regain a state of equilibrium after the com-
pletion of a sweep.

4-173. During the trace portion of the sweep
sawtooth the Hold-Off Capacitor C38 charges
through V23A, as a result of the rise in voltage
at the cathode of V23B. At the same time
the grid of V18B is being pulled up, through
V17B, until VI8B comes out of cutoff and
starts conducting. As mentioned previously, this
is the action that initiates the retrace. At
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the start of the retrace interval C38 starts
discharging through the Hold-Off Resistor R132.
The time constant of this circuit is long enough,
however, so that during the retrace interval
(and for a short period of time after the com-
pletion of the retrace) C38 holds the grid of
V18B high enough so that it cannot be trig-
gered. However, when C38 discharges to the
point where V17B is cutoff  itloses control over
the grid of V18B and this grid returns to the
level established by the STABILITY control.
The hold-off time required is determined by
the size of the Timing Capacitor. For this
reason the TIME/CM switch changes the time
constant of the Hold-Off Circuit simultaneously
with the change of Timing Capacitors.

4-174. Stability

4175. The operational mode of the Delaying
Sweep Generator is determined by the setting
of the STABILITY control R124. By means
of this control the sweep can be turned off,
adjusted for triggered operation, or adjusted
for free-running operation. The STABILITY
control, through cathode follower V17A  reg-
ulates the grid level of V18B.

4-176. For triggered operation, the STABILITY
control is adjusted so that the grid of V18B
is just high enough to prevent the Sweep-
Gating  Multivibrator from free-running.
Adjusted in this manner a sweep can only be
produced when an incoming negative trigger
pulse drives the grid of V18B below cutoff.

4-177. Moving the arm of the STABILITY con-
trol toward ground (ccw rotation), will raise
the grid level of V18B and prevent the Sweep-
Gating Multivibrator from beingtriggered. This
action turns off the sweep. Moving the arm
toward -150 volts drops the grid of V18B
to the point that the discharge of the Hold-
Off Capacitor C38 canswitchthemulti. Adjusted
in this manner, the Sweep-Gating Multivibrator
will free-run and produce a recurrent sweep.

4-178. HORIZONTAL/SWEEP AMPLIFIER
4-179. Amplifier

4-180. Input to the amplifier is selected by
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one of the positions of the HORIZONTAL DIS-
PLAY switch, S4. A cathode follower, V28B,
feeds the selected signal to a second cathode
follower, V28A, which in turn feeds a common-
cathode, grounded-grid phase inverter, V30A
and V29A. Gain of the phase-inverter stage
can be adjusted by adjusting R204 and R208,
labeled Sweep Cal and Mag. Gain onthe chassis
which determine the degree of coupling between
the two cathodes. Output from the phase-
inverter stage is applied to the horizontal-
deflection plates of the cathode-ray tubethrough
cathode followers, V30B and V29B.

4-181. 5 X Magnifier

4-182. A negative voltage feedback network,
made up of R195 and the parallel resistance
of R196 and R199, accurately determines the
gain of the sweep amplifier. This negative
feedback can be disconnected by means of S11,
labeled 5X MAGNIFIER, ON and OFF, in red
on the front panel. When the feedback is
removed, the gain of the amplifier is increased
by a factor of five for the magnified sweep.
R204 and R208 between cathodes of the phase-
inverter stage V30A and V29A arealso switched
by the 5X MAGNIFIER switch, to permit the
gains to be individually adjusted so as to keep
the ratio of gains exactly five times for the
two positions while permitting the spot speeds
to be accommodated to thegraticule. Aninternal
screwdriver adjustment, R198, labeled Swp./
Mag. Regis. adjusts the bias of the driver cathode
follower V28A so that it is the same for both
switch positions. This permits the magnified
and normal sweep traces to be kept in accurate
register, so that the center portion of the
normal sweep will be centered when magnified.

4-183. HF Current Booster

4-184. Cathode current for cathode follower
V30B which drives the negative-going, left-
hand plate of the crt, is determined by the
plate current of pentode V3l. The pentode
is used because its large plate current remains
nearly constant over a large range of plate
voltage, so that the cathode-follower current is
kept nearly constant even though its cathode
voltage drops through a range of about 150
volts. For the fastest sweeps, the maximum
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permissible continuous current through these
tubes is too small to discharge the capacitance
of the crt deflection plate and its associated
wiring at the required rate. To increase the
current through these tubes to the required
value, a positive, flat-topped pulse is applied
to the grid of the pentode during the period
of the sweep. The positive pulse is derived
by differentiating the positive-going sawtooth,
through an rc network. Its amplitude is thus
proportional to sweep speed. For the fastest
sweep, the tube currentis several timesnormal,
but at the reduced duty cycle of the sweep,
is well within the average dissipation limit
of the tubes.

4-185. Beam-Position Indicators

4-186.Two neon glow lamps, DS7 and DS8,
connected across the deflection plates, indicate
which direction the spot is off the screen if
it cannot be seen. If either plate assumes a
voltage much higher than the average voltage,
the glow lamp connected to that plate will glow.

4-187. Positioning

4-188. The HORIZONTAL POSITION potentio-
meter, R188, and the VERNIER control, R194,
adjust the dc level at the grid of V28B. This
change 1n dc level changes the dc level on
the signal path through the amplifier, thus
changing the dc voltage applied to the crt
horizontal deflection plates and affecting hori-
zontal positioning. The VERNIER control moves
the spot about one-fifth as far as the HORI-
ZONTAL POSITION control does.

4-189. External Sweep Amplifier

4-190. When the HORIZONTAL DISPLAY
switch, S4, is in the EXT. SWEEP position,
the EXT. SWEEP connector connects to an
auxiliary amplifier which uses the tubes and
circuits of delaying-sweep phase inverters.

4-191. External-sweep signals are applied
either to the grid of V14A or V14B, depending
on the setting of SLOPE switch, S8. For
in-phase amplification the SLOPE switch should
be switched to -, and the signal will be con-
nected to V14B.
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4-192. The signal applied to V14B grid is
cathode coupled to VI15B, which with VI15A,
is a cathode-coupled, grounded-grid amplifier.
Gain of this amplifier can be adjusted by vary-
ing RI115 which determines the amount of
cathode coupling. The two cathodes must be
at the same dc voltage, or variation of R115
will change the dc level. R110 labeled Ext.
Swp. DC Bal. on the chassis can be adjusted
so that the cathodes of VISA and V15B are
at the same voltage.

4-193. Plate output from VI5A is connected
to the sweep amplifier through cathode follower
V16A in the EXT. SWEEP position of the
HORIZONTAL DISPLAY switch.

4-194 .Adjustment of the Delaying Sweep STA-
BILITY OR EXT. SWEEP ATTEN. control
will position the trace horizontally. Note that
the external sweep signal must not have a dc
component of its own or the dc balance of
the circuit will be upset.

4-195. LOW-VOLTAGE POWER SUPPLY

4-196. Plate and filament power for the tubes
in the Type 945 is furnished by a single power
transformer T1ll. The primary has two equal
windings which may be connected in parallel
for 115-volt operation, or in series for 230-
volt operation. The power supply will maintain
regulation over line voltage ranges of 103.5
to 126.5 volts, or 207 to 253 volts, rms,
50-400 cycles. Bridge rectifiers are employed
for the full wave power supplies. The supplies
furnish regulated output voltages of -150, + 100,
+ 225, +350, +500 volts and 12.6 volts.

4-197. -150-Volt Supply

4-198. Reference - voltage for the -150-volt
supply is furnished by a gas diode voltage-
reference tube V63. This tube, which has a
constant voltage drop, establishes a fixed
potential of about -87 volts at the grid of
V64A, one-half of a difference amplifier. The
grid voltage for the other half of the difference
amplifier, V64B, is obtained from a divider
consisting of R386, R391 and R397. The -150
Adj. control R391 determines the percentage
of total voltage that appears at the grid of
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V64B and thus determines the total voltage
across the divider. This control is adjusted
so that the output voltage is exactly -150-volts.

4-199. If line-voltage or load fluctuations tend
to change the output voltage, an error signal
exists between the two grids of the difference
amplifier. The error signal is amplified in
V64B and V62 and applied to the grid of
the series tube V60B. Capacitors C196 and
C198 improve the ac gain of the feedback loop
to increase the response of the regulator
circuit to sudden changes in output voltage.

4-200. A small amount of unregulated bus
ripple is coupled to the screen of V62 through
R381. The phase of the amplified ripple vol-
tage at the plate of V62 is such as to cancel
most of the ripple on the -150-volt bus.

4-201. +100-Volt Supply

4-202.The +100-volt supply is regulated by
comparing to ground (the cathode of V61)
the voltage of a point near ground potential
obtained from the divider R375-R376 connected
between the +100-volt bus and the regulated
-150-volt supply. Any error voltage that exists
is amplified and inverted in polarity by V61
and coupled through the cathode follower V60 A
to the output to prevent the output voltage from
changing. Capacitor C194 improves the ac
gain of this circuit.

4-203.A small sample of the unregulated bus
ripple appears at the screen of V61 through
R372. This produces a ripple component at
the grid of the cathode follower V60A that
is opposite in polarity to the ripple at the
plate; this tends to cancel the ripple at the
cathode and hence on the +100-volt bus. This
same circuit also improves the regulation in
the presence of line-voltage variations.

4-204.4225-Volt Supply

4-205.Rectified voltage from terminals 16 and
15 of the power transformer is added to the
rectified voltage from terminals 21, 22, and
27 to furnish power for the + 225-volt regulator.
This supply is regulated by comparing to
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ground (the grid of VS9A) the voltage of a point
near ground obtained from the divider R363-
R366 connected between the +225-volt bus
and the regulated -150-volt supply. Any error
voltage that exists between the grids of the
difference amplifier (V59) is amplified in both
V59 and V58, and coupled through the cathode
follower V54B to the + 225-volt bus. Thechange
in voltage at the cathode of V54B, due to the
regulator action, will be opposite in polarity
to the original error signal and will thus tend
to keep the output constant.

4-206.This supply also furnishes an unregulated
output of about +325 volts for the oscillator
in the crt high-voltage supply. Itisunnecessary
to regulate this voltage as the crt supply has
its own regulator circuits.

4-207.The unregulated D voltage for the fan
drive circuit is an unregulated output from
this supply also. The voltage in this circuit
is -90 volts during the 30-second warmup
period, and is +175 volts thereafter. The fan
drive circuitry is in the auxiliary -circuit
diagram section.

4-208.4350-Volt Supply

4-209 .Rectified voltage from terminals 16 and
15 of T11 is added to the rectified voltage
from 21 and 27 to furnish power for the +350-
volt regulator. This supply is regulated by
comparing to ground the voltage of a point
near ground obtained from the divider R352-
R353 connected between the +350-volt bus
and the regulated -150-volt supply. The
operation of the regulator circuit is the same
as that described for the +100-volt supply.

4-210. 4+ 500-Volt Supply

4-211. Rectified voltage from terminals 26 and
32 of TI11 is added to the regulated side of the
+ 350-volt supply to furnish power for the+ 500-
volt regulator. This supply is regulated by
comparing to the regulated +350-volts the vol-
tage of a point near +350 v obtained from the
divider R338-R339 connected between the +500-
volt bus and the regulated -150-volt supply.
The regulator action of this circuit is the same
as that described for the +100-volt supply.
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4-212. Time-Delay

4-213. A time-delay relay K2delays the applica-
tion of dc voltages to the amplifier tubes in
the instrument for about 45 seconds. This
delay is to allow the tube heaters time to
bring the cathodes up to emission temperature
before operating potentials are applied.

4-214. Fan Drive

4-215. This is a DC to AC converter to provide
power for an induction fan motor. The motor
is free of primary power frequency change
effect (50-400 cycles).

4-216. A transistor multivibrator (Q3-Q4)
switches two power transistors, Ql, Q2 alter-
nately on and off at approximately 100 cps rate.
This provides a square-wave source todrive the
bifilar wound, capacitor run, induction fan motor.

4-217. Regulated DC Heater Supply

4-218. To improve the stability of the Vertical
Amplifier, the supply voltage for the heaters
is regulated. The voltage appearing across
terminals 18 and 23 (center tapped at 24)
is rectified by afull-wave rectifier anddelivered
across the regulating circuit.

4-219. Reference voltage for the supply is
provided by a divider consisting of R447  R449,
and R450. Thereferencevoltagemay be adjusted
by R450 to correct the output voltage. A
Zener diode, CR25, protects thebaseto collector
junction of Q10 from an over-voltage condition.

4-220.CR22 clamps Q9 so it can't become
appreciably more positive than the emitter
line. Q9 and Q10 amplify the ripple and the
output of Q10, in the proper phase and amplitude
to correct for variations in line voltage.

4-221. The output of Q9 controls the series
regulators, Q5, Q6, Q7 and Q8. Output for
the supply is developed across the vertical
amplifier heaters. The 12.6-volt dc supply
is elevated to + 100 volts.

4-222. CALIBRATOR
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4-223. The calibrator is a symmetrical multi-
vibrator with V52A and V53 connected so as
to turn cathode follower V52B on and off as
it oscillates. During the negative pulse at
multivibrator V53, the grid of the cathode
follower is driven well below cutoff, so the
cathode is at ground voltage. During thepositive
pulse at the multivibrator the plate is cut
off and rests slightly below +100 volts. The
voltage of the plate during cutoff is determined
by the setting of R314, part of adivider between
+ 100 volts and ground. R314 is a screwdriver
adjustment labeled Cal. Adj. Cathodes of the
multivibrator are returned to -150 volts. The
multivibrator frequency is about one kilocycle.

4-224. Cathode follower V52B has a tapped
calibrated voltage divider for its cathode
resistor. When the Cal. Adj. controlis properly
set, the cathode-follower cathode is at + 100
volts when V53 is cut off. Taps on the divider
divide the 100 volts down to 50, 20, 10, 5, 2,
1, .5 and .2 volts. A second divider with a
division ratio of 1000 to 1, can be switched
in if desired to divide these voltages into
millivolts. C222 from the cathode to ground
corrects a slight overshoot. No internal con-
nection from the calibrator to the vertical-
deflection circuits is provided.

4-225. HIGH-VOLTAGE POWER SUPPLY AND
CRT CIRCUITRY

4-226. High-Voltage Supply

4-227. Accelerating voltages for the cathode-
ray tube are obtained by rectifying a 50-kc
high ac voltage produced by a vacuum-tube
oscillator. V65 is the oscillator tube connected
as a Hartley oscillator with the primary of
transformer T12 as the tapped inductor, and
C204 as the capacitor.

4-228. A voltage-tripler rectifier, consisting
of V68, V69, V70, C211, C212, and C210,
supplies about 8650 volts positive for the
post-deflection accelerating anode of the
cathode-ray tube,

4-229. High-Voltage Regulator

4-22

4-230.The crt cathode voltage is set to -1350
volts by R412 (HV Adj). A sample of the crt
cathode voltage is tapped off by R411 6 R412,
R413, R414, R415, R416, and applied to the
grid of the comparator tube, V66A. The cathode
of V66A is connected to -150 volts, and the
grid is compared to that voltage. The differ-
ence voltage is amplified in the comparator tube
and amplified again in shunt-regulator tube
V66B, whose plate voltage determines the screen
voltage of oscillator V63.

4-231.1f, for example, the high voltage should
become too high, it would make the grid of
the comparator tube more negative with respect
to its cathode. When the grid drops, the plate
rises, thereby raising the grid of V66B. When
its grid rises its plate drops, thereby dropping
the screen voltage of the oscillator tube, and
reducing the amplitude of oscillation. The
reduction of primary voltage of T12 reduces
the high voltage, thereby correcting theoriginal
departure, C205 at V66A grid reduces noise
and hum.

4-232. CATHODE-RAY TUBE CONTROL
CIRCUITS

4-233. CRT Geometry Adjust

4-234 .The second-anode voltage required for
best linearity at the extremes of deflection
may vary somewhat between tubes. R420, a
screwdriver control, labeled Geom. Adj. on
the chassis, permits this voltage to be adjusted.

4-235.The INTENSITY control R407 varies
the voltage at the grid of the crt to control
the beam current. The FOCUS control R415
varies the voltage at the focusing ring to
focus the trace. The ASTIGMATISM control
R421 varies the voltage at the astigmatism
anode to focus the spot in -both dimensions
simultaneously.

4-236.The CRT CATHODE connector is con-
nected to the crt cathode through C216 for
intensity modulation of the beam. Normally
there is a grounding BNC connector installed
at this point. This BNC connector is removed
and a signal applied to the CRT CATHODE
connector for intensity modulation.
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5-1. REMOVAL AND REPLACEMENT OF PARTS

5-2. The procedure required for replacement
of most parts in the Type 945 is obvious.
Detailed instructions arethereforenot required.
Other parts, however, can best be removed
if a definite procedure is followed. Instructions
for the removal of some of these parts are
contained in the following paragraphs. Because
of the nature of the instrument, replacement
of certain parts will require that you recali-
brate portions of the oscilloscope in order to
insure the proper operation of this instrument.
Refer to Section 7 for recalibration procedures.

5-3. Removal of Panels

5-4. The panels of the Type 945 Oscilloscope
are held in place by one-quarter-turnfasteners.
To remove thepanels,useascrewdriver. Rotate
the fasteners approximately one-fourth turn
counterclockwise; then pull the panels outward.
To remove the bottom panel, lay the instrument
on its back orfronthandles. Rotatethefasteners
approximately one-quarter turn counterclock-
wise, and pull off the panel. Panels arereplaced
by reversing the order of their removal.

5-5. Replacement of the Cathode-Ray Tube

5-6. To remove the cathode-ray tube, first
disconnect the tube socket and all leads connected
to the neck of the tube. Loosen the tube clamp
at the base of the crt. Remove the graticule
cover. Pull the crt straight out through the
front panel. When the new crt is in place,
the leads may be properly connected to the
neck of the tube by following the color code
information provided on the tube shield. After
replacing a crt, you must recalibrate the
oscilloscope.

Section V
Paragraphs 5-1 to 5-11

SECTION S
MAINTENANCE

Fig. 5-1. Locations of crt rotation handle and crt clamp.

5-7. Replacement of Switches

5-8. Methods for removal of defective switches
are, for the most part, obvious. Only a normal
amount of care is required. Single wafers
are normally not replaced on the switches
used in the Type 945. If one wafer is defective,
the entire switch should be replaced.

5-9. Tube Replacement

5-10. Care should be taken in preventive and
corrective maintenance that tubes are not
replaced unless they actually cause a circuit
malfunction. Many times, during routine main-
tenance, it will be necessary to remove tubes
from their sockets. It is important that these
tubes be returned to the same sockets, unless
actually defective. Replacement or switching
of tubes will often necessitate recalibration
of the instrument.

5-M. If tubes require replacement, they should
be replaced by previously checked high quality
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tubes of the same equivalent military type.
After replacing any vacuum tube, all related
circuitry must be checked for calibration. Tubes
for the Vertical Amplifier must also be checked
for balance in the system. See Paragraphs
7 -156 through 7-173.

5-12. When replacing a pair of matched 12BY7's
(both tubes should have the same codenumb ers)
at the Input Amplifier stage in the Vertical
Amplifier section, it is suggested that anumber
of checked tubes be tried. Tektronix specially
selects some aged tubes to meet certain bias
requirements at a constant current. Since the
whole oscilloscope DC balance may be widely
affected, the best possible tube should be
selected. If either 12BY7 is found defective,
both must be replaced with new checked-and-
aged tubes. The procedure for selecting and
balancing the input amplifier tubes is described
in Paragraphs 7-144, 7-149, 7-150 and 7-173
of this Manual. If these tubes (12BY7s) are
replaced the high-frequency adjustments must
be checked, and adjusted if necessary. See
Paragraphs 7-178 through 7-198.

5-13. HV Power Supply Replacement

5-14. When the HV Power Supply is found
to need replacement after troubleshooting, the
whole unit is replaced. This encapsulated supply
has some screws attaching it to the metal chassis
that need to be removed after unsoldering the
leads on the ceramic strips. These leads are
color-coded to permit easy identification.
Remember that a complete recalibration is
necessary when this supply is replaced.

.5-15. Power Transformer Replacement

5-16. When a complete examination shows that
the power transformer needs replacement, be
certain that the exact replacement is used.
Figure 5-2 shows the power transformer con-
nections for the Type 945 Oscilloscope. A
complete recalibration is required after power
transformer replacement.

5-17. Fan Motor and Fan Blades

5-18. Wipe fan blades when you clean the
air filter, about every three or four months.

Fig. 5-2. Power transformer terminal locations.

5-19. The fan bearings are sealed and do not
require oiling. If the fan motor seems unduly
noisy, check the fan drive symmetry as in
Paragraph 7-47. Within the range of 95 to
105 cycles, adjust the Freq. Adj., R437, until
the noise level is lowest. If the fan motor
still seems unduly noisy, check the bearings
and replace if play is excessive.

Fig. 5-3. Fan drive circuit showing -18v test point, 100 cps test
point and Freq. Adj. locations.

5-20. Air Filter

5-21. Care must be taken to assure free
ventilation of the Type 945 Oscilloscope inas-
much as some of the components are operated
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at dissipation levels suchthat excessiveinterior
temperatures will result without adequate air
circulation. To assure free passage of air
the instrument must be placed so that the air
intake is not blocked, and the filter must be
kept clean.
bottom cover must be in place for proper
air circulation; do not remove the covers
except during maintenance,

5-22. A washable " E-Z KLEEN" filter is
used at the air intake port of the instrument.
Under normal operating conditions the filter
should be inspected and cleaned if necessary
every three to four months. More frequent
inspection is required when the operating con-
ditions are more severe.

5-23. The following cleaning instructions are
issued by the filter manufacturer:

(1) If grease or dirt load is light, remove
filter from installation and rap gently
on hard surface to remove loose dirt.
Flush remaining dirt or grease with a
stream of hot water or steam; flush
from clean side.

(2) If load is too heavy for treatment
described in (1), prepare mild soap
or detergent solution in pan or sink
deep enough to cover filter when laid
flat., Agitate filter up and down in
solution until grease or dirt is loosened
and floated off.

(3) Rinse filter and let dry.

(4) Dip or spray filter with fresh Filter
Coat or Handi-Coater. These products
are available from the local repre-
sentative of the Research Products
Corporation, and from most air-
conditioner suppliers.

5-24. Soldering and Ceramic Strips

5-25. Many of the components in your Tektronix
instrument are mounted on ceramic terminal
strips. The notches in these strips are lined
with a silver alloy. Repeated use of excessive

Moreover, the side panels and .

Section V
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heat, or use of ordinary tin-lead solder will
break down the silver-to-ceramic bond.
Occasional use of tin-lead solder will not
break the bond if excessive heat is not applied.

 5-26. If you are responsiblefor themaintenance

of a large number of Tektronix instruments,
or if you contemplate frequent parts changes,
we recommend that you keep on hand a stock
of solder containing about 3% silver or Mil.
Part #01-0003-00. This type of solder is
used frequently in printed circuitry and should
be readily available from radio-supply houses.
If you prefer, you can order the solder directly
from Tektronix in one-pound rolls. Order by
Tektronix Military Part Number 01-0003-00.

5-27. Because of the shape of the terminals
on the ceramic strips it is advisable to use
a wedge-shaped tip on your soldering iron when
you are installing or removing parts from the
strips. Figure 5-4 will show you the correct
shape for the tip of the soldering iron. Be
sure and file smooth all surfaces of the iron
which will be tinned. This prevents solder from
building up on rough spots where it will quickly
oxidize.

Fig. 5-4. Soldering iron tip properly shaped and tinned.

5-28. When removing or replacing components
mounted on the ceramic strips you will find
that satisfactory results are obtained if you
proceed in the manner outlined below.

1. Use a soldering iron of about 75-watt
rating.
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2. Prepare the tip of the iron as shown in
Fig. 5-4.

3. Tin only the first 1/16 to 1/8 inch of the
tip. For soldering to ceramic terminal strips,
tin the iron with solder containing about 3%
gilver.

4. Apply one corner of the tip to the notch
where you wish to solder (see Fig. 5-5).

Fig. 5-5. Correct method of applying heat in soldering to a ceramic
strip.

5. Apply only enough heat to make the solder
flow freely.

6. Do not attempt to fill the notch on the
strip with solder; instead, apply only enough
solder to cover the wires adequately, and to
form a slight fillet on the wire as shown
in Fig. 5-6.

Fig. 5-6. A slight fillet of solder is formed around the wire when
heat is applied correctly.

5-29.In soldering to metal terminals (for
example, pins on a tube socket) a slightly
different technique should be employed. Prepare
the iron as outlined above, but tin with ordinary
tin-lead solder. Apply the iron to the part

Fig. 5-7. Soldering to a terminal. Note the slight fillet of solder--
exaggerated for clarity--formed around the wire.

to be soldered as shown in Fig. 5-7. Use
only enough heat to allow the solder to flow
freely along the wire so that a slight fillet
will be formed as shown in Fig. 5-6.

Fig. 5-8. A soldering aid constructed from a 1/4 inch wooden dowel.

5-30. General Soldering Considerations

5-31. When replacing wires in terminal slots
clip the ends neatly as close to the solder
joint as possible. In clipping the ends of
wires take care the end removed does not
remain in the instrument. -
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5-32. Occasionally you will wish to hold a
bare wire in place as it is being soldered.
A handy device for this purpose is a short
length of wooden dowel, with one end shaped
as shown in Fig. 5-8. In soldering to terminal
pins mounted in plastic rods it is necessary
to use some form of "heat sink" to avoid
melting the plastic. A pair of long-nosed
pliers (see Fig. 5-9) makes a convenient
tool for this purpose.

Fig. 5-9. Soldering to a terminal mounted in plastic. Note the use
of the long-nosed pliers between the iron and the coil form to absorb
the heat.

5-33. Mounting Ceramic Strips

5-34. To replace a ceramic strip, first remove
the original fittings from the chassis. Assemble
the mounting posts on the ceramic strip. Insert
the nylon collars into the mounting holes in
the chassis. Carefully force the mounting posts
into the nylon collars. Snip off any portion
of the mounting posts protruding below the
nylon collars on the reverse side of the chassis.

NOTE

Considerable force may be neces-
sary to push the mounting rods into
the nylon collars. Be sure that
you apply this force to that area
of the ceramic strip above the
mounting rods.

Section V
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Fig. 5-10. The ceramic strip mounting.

5-35. TROUBLESHOOTING PROCEDURE

5-36. This section of the manual contains
information for troubleshooting your oscillo-
scope. Before attempting to troubleshoot the
instrument, however, make sure that any
apparent trouble is actually due to a mal-
function within the instrument and not to
improper control settings or to a faulty plug-
in unit. Instructions for the operation of the
oscilloscope and general information concerning
plug-in operation, are contained in the Operat-
ing Instructions section of this manual. Operat-
ing instructions for a specific plug-in unit will
be found in the manual for that unit.

5-37. To determine whether or not the vertical
deflection system of the oscilloscope. is at
fault, the plug-in unit may be replaced with
another known to be in good operating condition.
If the trouble is still apparent, it is almost
a certainty that the oscilloscope is at fault.
However, should the trouble appear to have
been corrected by replacing the plug-in unit,
the trouble most likely lies within the original
plug-in unit and not the oscilloscope.

5-38. Tube failure is the most prevalent cause
of circuit failure. For this reason, the first
step in troubleshooting any circuit in theinstru-
ment is to check for defective tubes, preferably
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TABLE 5-1
GENERAL COLOR CODE

RED BACKGROUND - (B+)

2-0 +100V  Regulated

2-N +225V  Regulated

2-4 +350V  Regulated

2-5 +500V  Regulated

2-98 +100V  Unregulated A or
Switched + 100V

2-90 +100V  Unregulated B

2-9 + 225V  Unregulated

2-8 ‘ +75V  Regulated

2-0+ Stripe Decoupled + 100V

2-Stripe Decoupled + 225V

2-4+ Stripe Decoupled + 350V

2-9+Stripe  The number 9 in this place

indicates unregulated. The
stripe usually refers to

power supply color code.

OTHER STRIPES TO IDENTIFY

BLUE BACKGROUND - PLATES EXCEPT B+

Stripe to identify

GREEN BACKGROUND - CONTROL. GRIDS

Stripe to identify

ORANGE BACKGROUND - SCREEN GRIDS

Stripe to identify

PURPLE BACKGROUND - (B-)

-4 -1350V
-5 -150V  Regulated
-53 Decoupled -150V

NN

YELLOW BACKGROUND - CATHODES

Stripe to identify

BROWN BACKGROUND - HEATERS

1-99 Elevated to -1350V Return
1-4 Elevated to + 350V

1-44 Elevated to +350V Return
1-2 Elevated to + 225V

1-22 Elevated to + 225V Return
1-0 Elevated to + 100V

1-00 Elevated to + 100V Return
1-25 Regulated Heaters - Elevated

to + 100V Return

BLACK BACKGROUND - GROUNDS

Stripe to identify

GREY BACKGROUND - AC POWER LINES

Stripe to identify

WHITE BACKGROUND - MISCELLANEQUS

Stripe to identify

by direct substitution. Do not depend on tube
testers to adequately indicate the suitability of
a tubefor certain positions within the instrument.
The criterion for usability of a tube is whether
or not it works satisfactorily in the instru-
ment. Be sure to return each good tube to its
original socket; if this procedure is followed,
less recalibration of the instrument' will be
required upon completion of the servicing.

5-39. When replacing any tube in the instru-
ment, check first to seethat components through
which the tube draws current have not been
damaged. Shorted tubes will sometimes over-
load and damage plate-load and cathode
resistors. These damaged components can
generally be located by a visual inspection of
the wiring. If no damaged components are
apparent, and if tube replacement does not
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TO CHANNEL A

CALIBRATOR

TO CHANNEL B

VERTICAL SIGNAL OUT

MC UNIT f——p VERTICAL AMPLIFIER —p»| CRT CIRCUIT

Y

MAIN SWEEP TRIGGER p——————————p MAIN SWEEP [—————— HORIZONTAL AMPLIFIER

f

DELAYING SWEEP
TRIGGER

DELAYING SWEEP
GENERATOR

———————p| DELAY PICKOFF

Fig. 5-11. Circuit configuration of the Type 945/MC combination when in the self-checking mode.

restore operation, it will be necessary to
make measurements or other checks within
the circuit to locate the trouble,

5-40. The component number of each resistor,
inductor, capacitor, vacuum tube, control, and
switch is shown on the circuit diagrams.

5-41. The Self-Checking Mode

5-42. The crt display can often be used to
isolate troubles to one particular circuit. If
there is no vertical deflection, for example,
when the intensity and horizontal deflection
appear normal, it is apparent that a fault
exists in the plug-in or Vertical Amplifier,
and these circuits should be investigated first.

5-43. Fig. 5-12 shows thefront-panel controls
settings necessary to place the Type 945 and
Type MC Unit in the self-checking mode. Var-
iations of these control settings to isolate
specific circuits are given in the following
instructions.

5-44.0Once you have isolated the trouble to
a specific circuit by means of the front-
panel checks, detailed analysis of each major

circuit is covered by the information in the
Circuit Troubleshooting section.

5-45. CIRCUIT TROUBLESHOOTING

5-46. Although the Type 945 is a complex
instrument it consists of ten major circuits,
in addition to the Calibrator circuit. These
are the:

1. Low-Voltage Power Supply

2. CRT Circuit and High Voltage Power Supply
3. Plug-In Preamplifier (MC or other suitable
type)
4. Vertical Amplifier and Delay Line
5. Main-Sweep Trigger Circuit

6. Main-Sweep Generator

7. Delaying-Sweep Trigger

8. Delaying Sweep Generator

9. Delay Pickoff

10. Horizontal/Sweep Amplifier

5-47. The first circuit to check, for practically
any type of trouble, is the Low-Voltage Power
Supply. Because of the circuit configuration
employed in the Type 945, an improper power
supply voltage may affect one circuit more
than another. For example, if the gain of
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CAUTION: READ INSTRUCTIONS
PACKED WITH EQUIPMENT BEFORE USING

Fig. 5-12. Self-checking mode connections.
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the Vertical Amplifier appears to decrease
slightly while the operation of the remaining
circuits is normal, the cause could be an
improper supply voltage rather than a mal-
function in the Vertical Amplifier itself. In
cases of this type, valuable time can be saved
by checking the power supply first.

5-48.TROUBLESHOOTING THE LOW-VOLTAGE
POWER SUPPLY

5-49.Proper operation of every circuit in
the Type 945 including the plug-in preamplifier
depends on proper operation of the Low-Voltage
Power Supply. The regulated dc voltages must
remain within their specified tolerances for
the instrument and plsg-in unit to retain their
calibration.

CAUTION

Exercise care in checking the
power supply. Because of their
high current capabilities and low
impedance, the Low-Voltage sup-
plies can produce more harmful
shocks than the high-voltage supply
in the CRT circuit.

5-50. If both the overheat warning light and
pilot lamp come on when the power is turned
on, the primary circuit of the power trans-
former is operating normally.

5-51. Dead Power Circuit

5-52. If the pilot lamp does not come on when
the power is turned on, check the source of
power and the power cord connections. Check
the fuses on the front panel of the instrument.
If the fuses are blown replace them with one
of the proper value and turn the instrument on
again. If the new fuses blow immediately, check
the power transformer for shorted primary or
secondary windings. Also check for a shorted
rectifier. If the new fuses do not blow until
the time-delay relay has activated (a " click"
can be heard), check for a shorted condition
in the regulator circuits and the loading on
the supply.

Section V
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5-53. If the fuses are good, check for an
open primary winding in the power transformer.
If your instrument is wired for 230-volt
operation, check for an open Thermal Cutout
Switch; the resistance of this switch is about
.1 Q. The Thermal Cutout Switch is located
on the vertical chassis (bulkhead) toward the
left rear of the instrument.

5-54. If any of the supplies fail to regulate
the first thing to check is the line voltage.
The supplies are designed to regulate between
103.5 and 126.5 volts with the design center
at 115 volts, or between 207 and 253 volts
with the design center at 230 volts, rms, 50-400
cycle single phase ac.

5-55. If the line voltage is the correct value,
the next step is to turn the power off, remove
the plug-in unit and measure the resistance
between each regulated bus and ground. The
following resistance values are approximate
minimum readings; the actual resistance
between each bus and ground will generally
be higher than the values indicated here. These
readings are taken with the HORIZONTAL
DISPLAY switch gset at MAIN SWEEP NORMAL.
The meter common lead is grounded to the
oscilloscope chassis.

APPROX. MINIMUM
RESIST. TO GROUND

REGULATED BUS

-150 v 2.8 K
+100 v 5K

+225 v 6.3 K
+350 v 22 K*
+500 v 20 K

*You have to reverse meter leads because a
diode will give you constant erroneous readings
if you don't.

5-56. If the resistance values between the
regulated buses and ground check out, check
the tubes in the power supply (if this has not
already been done). Then make sure that the
line voltage is set near the design center for
your instrument (115 or 230 v) and check the
rms voltage across the secondary winding for
each supply with a volt-ohmmeter of known
accuracy. The nominal value of each secondary
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High Voltage Oscillator Horizontal Amplifier Main Sweep Generator

|/v \\ / /
Fan Drive Circuit ——— Maln Sweep Trigger

#

oy R 3

CRT Circuitry /

Fig. 5-13. Physical locations of the circuits found on the top of the Type 945 Oscilloscope.

Delay Sweep
Time Generator

Delay Sweep Trigger Circuit

Delay Pickoff Circuit

Calibraror Low Voltage Power Supplies 130V Adj.

Fig. 5-14. Physical location of circuits found on the right side of the Type 945 Oscilloscope.
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Regulated DC Heater Supply
Cathode Ray Tube

T9 Delay Line
T10 C160 through C179
m—
¢ / b
sose000: .‘W S g/
/ of
- l: & : Time Delay

Delay Line
C112 through C159

Type MC Plug-In Unit

17 N Vertical Amplifier— "

Fig. 5-15. Circuits located on the left side of the Type 945 Oscilloscope.

Type MC
Vertical Amplifier Plug-In Unit

Power Supply

Line Filter Power Transformer

Fig. 5-16. Circuits located on the bottom of Type 945 Oscilloscope.
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voltage, when the line is set to the design
- center, is indicated on the circuit diagram.
Allow for meter calibration accuracy and wave
shape. If the secondary voltages areall correct,
check the operation of the bridge rectifiers.
This can be done by measuring the rectified
voltage at the input to each regulator. These
values are also indicated onthecircuitdiagram.
Then check for off-value resistors, especially
in the dividers, and for open or leaky capacitors.

Fig. 5-17. Location of silicon rectifiers on the right side of the
central bulkhead behind the Delaying Sweep ‘hinged chassis. .

5-57. The material that follows may be used

as a quick index for troubleshooting the regulator
circuits.

5-58. If the output voltage is high with excessive
ripple check: '

a. For high line voltage.
b. For open voltage-regulator tube V63.

c. The amplifier tubes V62, V64, V61, V58,
V59, V57 and V55.

d. For insufficient loading.

5-59. If the output voltage is high with normal
ripple, check:

a. For proper resistancevalues inthedividers
(R397, R391, and R386, R375 and R376,
R366 and R363, R352 and R353, and R338
and R339).

-
*
w
N
o
<

. AoSE+ @ )

Fig. 5-18. Location of Low-Voltage Power Supply test points.

5-60. If the output is low with excessive
ripple, check:

a. For low line voltage.
b. For shorted voltage-regulator tube V63.

c. The series tubes V60B, V60A, V54B, V56
and V54A.

d. For excessive loading.

e. Open or leaky filter capacitors.

.f. Defective rectifiers.

5-61. If the output is low with normal ripple,
check:

a. The resistance values in the dividers.
b. The capacitors across the dividers.

IMPORTANT: If any components in the -150-volt
supply are changed, or if the setting of the
-150 ADJ. control is changed, it will be neces-
sary to recalibrate the instrument. NOTE--
Proper operation of all DC supplies, except
the 12.6v Vertical Amplifier Heater Supply, is
contingent upon proper operation of the -150v

supply.
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5-62. TROUBLESHOOTING THE CRT CIRCUIT
AND HIGH-VOLTAGE POWER SUPPLY

5-63. The intensity, focus, geometry and cali-
bration of the crt display depend on proper
operation of the three high-voltage supplies
in the CRT Circuit.

5-64. No Intensity

5-65. If the low-voltage power supply is operat-
ing normally, but no spot or trace is visible
on the crt, the trouble could be a defective
crt, a defect in the crt cathode circuit including
the -1350-volt supply, an unbalanced dc condition
in either or both of the deflection amplifiers,
unblanking, high-voltage oscillator or others.
In the one case the dc unbalance is producing
improper positioning voltages and the beam is
being deflected off the screen.

5-66. To determine which circuit is at fault,
turn the INTENSITY control full right (cw).
If a flare is observed on the crt screen (it
may be necessary to darken the room), one
of the deflection amplifiers is probably at
fault; the procedure for troubleshooting these

Section V
Paragraphs 5-62 to 5-68

circuits follows a bit later in this section.
If no flare is observed with the INTENSITY
control turned full right, the trouble will either
be due to a defective crt, to an inoperative
high-voltage supply unit, unblanking, or high-
voltage oscillator. The cathode supply can be
checked by measuring the voltage at the HV
Adj. Test Point on the ceramic strip as shown
in Figure 5-19. The voltage at this point should
be -1350 volts, when checked with an accurate
meter, although it will vary with the setting of
the HV Adj. control R412. If a voltage reading
in the vicinity of -1350 volts is obtained, turn
the instrument off and measure the resistance
of R422, the 27K resistor connected to the
test point. If this resistor is not open, a
defective crt or unblanking problem is indicated.

5-67. If the voltage at the HV Adj. Test
Point is zero or abnormally low, replace the
Oscillator tube V65 and the DC Comparator
and Shunt Regulator tube V66. If this does
not restore operation the Oscillator circuit
should be checked.

5-68. An accurate check on the Oscillator may
be made by measuring the bias at the grid of

Fig. 5-19. The High-Voltage check point is found in the left rear section of the Type 945 top deck.
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V65. This can be measured at the junction
of the 100K resistor R400 and the .01 puF
capacitor, C203. The voltage at this point
should measure about -65 volts.

5-69. If the Oscillator circuit is operating
properly, but the voltage at the HV Adj. Test
Point does not measure in the vicinity of -1350
volts, the High-Voltage Power Supply package
is most likely defective. Substitute a completely
new unit, if further checking proves theoriginal
unit defective.

5-70. Abnormal Intensity

5-71. If a trace is visible on the crt, the
relative intensity of the trace may be used to
identify trouble in either the negative bias
supply or the positive anode supply.

5-72. If the trace is excessively brilliant,
and if the brilliance does not change as the
INTENSITY control is adjusted, check the
negative bias supply including the lead to pin 3
on the crt socket. Check for a defective
INTENSITY control. If trouble is not found in
any of the associated components, a defective
crt is indicated.

5-73. If the intensity of the trace is extremely
low, check for an inoperative positive supply.
Also check the anode connection to the crt.

CAUTION: Anode voltage will be
approximately 8,650 VOLTS with
reference to chassis with equipment
turned on.

5-74. If the accelerating potentials appear to
be too high, as evidenced by decreased deflec-
tion sensitivity, check the DC Comparator
and Shunt Regulator tube circuitry.

5-75. If a badly distorted trace or spot is
visible on the crt, check the Geom. Adj. control
R420 and its connection to the neck pin on the
crt, and the ASTIGMATISM control R421 and
its connection to the crt base socket. If the
FOCUS control has no effect on the trace,
check this control (R415) and its connection
to the crt base socket.

5-14

IMPORTANT: If any components in the Oscil-
lator, DC Comparator or in the -1350-volt
Cathode Supply circuit are changed, or if the
setting of the HV Adj. control is changed,
it will be necessary to recalibrate the
instrument.

5-76. TROUBLESHOOTING THE VERTICAL
AMPLIFIER

5-77. No Spot or Trace Visible on CRT

5-78. If all power supply voltages are normal,
and the crt is known to be good, failure to
obtain a spot or trace on the screen will
be due to improper positioning voltages. This
condition is caused by a dc unbalance in either
or both of the deflection amplifier circuits.

RANGE 16507/,

LUE (UPPER)

dWN (LOWER)\\

Fig. 5-20. Pin locations for horizontal and vertical deflection plates
at the crt neck pins.

5-79. To determine which circuit is at fault,
adjust the Time-Base controls for a free-
running sweep at 1 millisec/cm (STABILITY
control fully clockwise) and set the INTENSITY
control to midscale. Using a" resistive shorting
strap" (Fig. 5-21), short the vertical deflection
plates together at the terminals of coils L8
and L9. These are the terminals connected to
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Fig. 5-21. Shorting strap useful in locating an unbalanced stage in a vertical or horizontal amplifier.
Insulating tape covers the 100-ohm resistor.

the crt pins marked BLUE (UPPER) and BROWN
(LOWER). Be careful not to short these ter-
minals to the chassis or to the metal crt
shield. If the dc unbalance is being produced in
the vertical deflection circuit the trace will
appear at or near the center of the crt when the
vertical deflection plates are shorted together.

5-80. The most probable cause of this trouble
is tube failure. Remember that tube replace-
ment or interchanging will require recalibration
of the vertical. To check for defective tubes
in the vertical amplifier, start at thedistributed
amplifier and work back towards the input.

5-81. Short together the two grid lines, T4
and TS5, of the distributed amplifier. This
may be done by connecting pin 1 of tube V35
to pin 1 of V37 with the resistive shorting
strap. If the trace does not now appear on
the crt, omit Paragraphs 5-82 through 5-84.
Remove the shorting strap.

5-82. If the trace appeared with the DA grids
shorted together, the trouble is in an earlier
stage of the vertical amplifier. Check the
input driver tubes by shorting together the
input grids with the resistive shorting strap
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(pin 2 of V34 and pin 2 of V36). Now if the
trace does not appear, the driver stage is
producing the trouble. Check the Calibration
section of this manual (Para.7-171) for selection
and balance in replacing V34 and V36. Remove
the shorting strap.

5-83. Either the input amplifier stage or the
plug-in preamplifier is producing the difficulty
if the trace appeared with the input driver
grids shorted together. Now, with the resistive
shorting strap, connect together pins 1 and 3
of the plug-in interconnecting socket. If the
trace appears, the troubleis inthe preamplifier.
Refer to the Maintenance section of the Instruc-
tion Manual for the Type MC Unit.

5-84. If the trace did not appear with the
shorting strap between pins 1 and 3 of the
plug-in socket, the input amplifier stage, V32
and V33 is defective. See the Calibration
section of this Manual (Paragraph 7-173) for
selection and balance of these tubes when
replacing. Thehigh-frequency adjustments must
be checked if tubes are replaced or interchanged.

5-85. If shorting the grid lines of the DA
in Para. 5-81 did not make a trace appear
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Fig. 5-23. Grid and plate line termination in the vertical amplifier.
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on the crt, the difficulty is either in the tubes
of the distributed amplifier or in other elec-
tronic components of the vertical amplifier.
Since each DA tube produces only about 1/10th
the output of the section, failure of only one
tube is not likely to position the trace com-
pletely off the screen. Visually inspect the
tubes (V40 through V51) for cold filaments or
other unusual appearances. Do not reject atube
for a blue glow on the inside surface of the
glass. A blue fluorescence is often produced
by stray electrons striking the surface of the
glass. However, a reddish-purple glow in the
center of the tube indicates a gassy condition--
the tube is defective and should be discarded.

5-86. Check the distributed amplifier circuit
for normal voltages and for proper bias and
balance. See the Vertical Amplifier Schematic
Diagram, Para. 7-159 through 7-161, and
Para. 7-165 through 7-169. The checks in the
paragraphs mentioned call for badlancing the
input to the oscilloscope by centering the
trace. During the checks now being made,
the input balance will have to be provided
in some other manner, because there is no
trace on the crt. This dc balance may be
provided by connecting a resistive shorting strap
between pins 1 and 3 of the plug-in inter-
connecting socket. If any tubes are changed
as a result of these checks, the high-frequency
compensation and delay line must be recali-
brated.

5-87. Recheck for bad lead connections, short-
ed or broken peaking coils, defective resistors
and capacitors, if previous checks did not
indicate defective tubes. Check R290 and R293
at the grid-line termination, and check R259
and R266 at the plate-line termination. The
location of these components is shown in Figure
5-23.

5-88. Insufficient or No Vertical Deflection

5-89. Insufficient deflection indicates a change
in the gain characteristics of the Vertical
Amplifier. If only a slight change in deflection
is apparent, the circuit can normally be recali-
brated for gain. In this event, refer to the
Calibration Procedure in this Manual (Para.
7-52).
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5-90. If the vertical deflection is only about
1/2 its proper amount and there is severe
compression toward the tcp and the bottom
of the graticule, check for an open delay
line or fuse. Measure the dc voltage level,
to ground, at both ends of each delay line
section. These readings should all be essen-
tially the same. Attaching the voltmeter to
one side of an open delay line will charge
the capacitance of the line and the trace will
be temporarily displaced off the screen. The
voltage reading will be zero in this case. The
long wire coil of each of the four delay-line
sections is continously wound. If there is a
break in the wire, the complete coil (T7, T8,
T9 or TI0) will have to be replaced. This
includes unsoldering the coil from all connect-
ions, removing it, and connecting the new
coil.

5-91. Each delay line input from the distri-
buted amplifier has a 1/10 ampere fuse to
protect the delay-line and the plate-line wind-
ings. The recommended method of checking
continuity of one of these fuses is by measuring
the dc voltage level at each end of the fuse.
If the dc level is the same at both ends,
there is continuity. However, if continuity
is checked with an ohmmeter, be sure to use
a high resistance scale on the meter. The
current produced on the low scales of some
ohmmeters is sufficient to blow these fuses.

5-92. Occasionally, improper vertical deflec-
tion results from component failure in the
delay line. Visual inspection will often detect
poor connections and defective components.
If component trouble in the delay line cannot
be found visually, it is sometimes possible-
to check along the delay line with a test scope
to find the trouble. If the difficulty is not
isolated by the previous means, it may be
necessary to disconnect the long coils of the
delay line (T7, T8, T9 and TI0) to check them.
It may even be necessary to replace the coils.

5-93. If there is a large increase or de-
crease in gain or if there is no deflection
at all, first check for defective tubes, as in
Paragraphs 7-144 through 7-175 of the Cal-
ibration Procedure. Check also those com-
ponents which can affect the gain of the circuit
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but not the dc balance. Such components in-
clude the common cathode resistors, the Gain
Adj. control, common screen resistors and
common plate-load resistors.

5-94. Waveform Distortion

5-95. Any waveform distortion produced by
the distributed amplifier will generally be of
a high-frequency nature. There will usually
be no low-frequency distortion since the de-
flection circuit is dc-coupled from input to
output. Low-frequency distortion could be
produced if the tubes carried a grid-current,
however.

5-96. A distortion-free square wave having
a risetime of 7 nanoseconds (millimicroseconds)
or less, should be used to observe the high-
frequency characteristics of the oscilloscope/
plug-in combination. Refer to Paragraphs 7-
135 through 7-141 in the Calibration Procedure
for the method of presentation, and the char-
acteristic distortions of the waveform.

5-97. Any distortion that may be produced
by the vertical deflection circuit will occur
in the rise, the first corner and the first
1/2 miscrosecond following the leading edge of
a square wave display. This time corresponds
to twice the delay time of the circuit, be-
cause the delay line is reverse terminated.

5-98, The vertical deflection circuit in the
Type 945/Type MC combination may be divided
into three general sections:

(1). The Type MC Plug-In Preamplifier.
(2). The Main-Unit Vertical Amplifier.
(3). The Delay Line.

Each section affects the waveform in a dif-
ferent region or in a different manner. An-
alysis of the distortion will give a clue to the
part of the circuit at fault. See Figure 7-23
for the regions affected by the adjustments.

Description and Cause

Display Cure

Severe case of ‘‘cathode interface’’, a vacuum

Replace defective tubes with a new balanced

tube defect. HHHTHH TR TH

set.

Overshoot and ringing caused by shorted peak-

Check high-frequency coils for dcmage, check

ing coils, overcompensation of high-frequency
controls.

ITvE TS FE T s AN NE SURNE SR NEE AU
HH

peakmg coil and tri cap i

Irregularities in first 04p,sec of pulse top,

Recalibrate the delay line and high-frequency

d by impedance tches in the delay
line.

EHH A
: 0.2 uSEC/CM

compensation, only after all other sources of
distortion have been eliminated.

Rolloff, or undershoot, brought about by shorted

Check DA suppressor voltages; check for dam-

distributed amplifier tubes, open peaking coils,

HHHHHH aged coils; recalibrate high-frequency controls.

undercompensation of high-frequency controls. Sweep lale 0 2 uSEC/CM
~ [ 1 ’ l N
]
211-‘7)\‘\::1
Fig. 5-24. Waveform distortions with description, cause, display, and cure for typical problems.
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5-99. The Type MC and the input stage of the
main-unit vertical amplifier will affect only
the leading corner and the first .05 uSEC
(50 nsec) following the leading edge of the step
function. Figure 7-25 (e) shows rolloff at the
leading corner of the pulse. This characteristic
is the result of insufficient high-frequency
compensation. A small amount of rolloff can
usually be compensated by adjusting the peaking
coils according to the instructions in the Cal-
ibration Procedure, Paragraphs 7-190 through
7-193.

5-100. If rolloff is quite pronounced, the tubes
of the distributed amplifier should be checked.
If a tube cannot deliver current instantaneously
on demand, the high-frequency part of the
signal will not be produced. Tube checking and
selecting procedures are given in Paragraphs
7 -144 through 7-175. (Remember that replacing
or interchanging tubes will require rechecking
the high-frequency controls for proper cal-
ibration).

5-101. Partially shorted peaking coils will
result in rolloff with ringing. Be especially care-
ful when soldering near the peaking circuits.
Hot solder dropped on a coil may burn through
the insulation and short the turns.

5-102. Ringing atthe leading corner is produced
by anover-compensated delay line or by damaged
peaking coils. Overshoot at the front corner,
without ringing, may also be produced by
over-compensation. In the second case, the
degree of compensation is not sufficient to
produce ringing. Improper adjustment of the
termination network may also cause overshoot
or rolloff. These types of distortions can us-
ually be eliminated by calibration of the high-
frequency controls. If calibration does not
eliminate the rolloff and ringing, check again
for damaged coils and replace if necessary.
Be sure to note replacement and adjustment
instructions in the Calibration Procedure, Par-
agraphs 7-181 and 7-190 through 7-193.

5-103. Overshoot at the leading edge of a
fast-rising pulse may also be the result of
cathode interface in some of the vertical amp-
lifier tubes. The check for cathode interface
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in described in the Calibration Procedure,
Paragraphs 7-149 through 7-152.

5-104. The distributed amplifier will affect
the step function both at the leading corner
and in the 350-400 nsec region (see Figure
7-23,5).

5-105. The delay line will affect the pulse
for the first 350 nanoseconds following the
front corner. If the line is de-tuned this
section of the display will be uneven. The leading
corner may also have some rolloff or spiking
ag a result of this de-tuned condition. Re-
calibration of the high-frequency controls will
usually eliminate these irregularities. See the
Calibration Procedure.

5-106. If there is a defective component in
one of the delay-line sections its location
will often be evident in the square-wave display,
appearing as a dip or a bump. In this case,
if recalibration cannot correct the situation,
the component must be located and replaced.
To find the portion of the delay line with the
defective component, inspect the line after
trying to tune out the display distortion. The
adjustments in the immediate vicinity of the
trouble will not follow the usual pattern. See
Figures 7-26 and 7-27. »

5-107. Another method of finding the part of
the delay line producing distortion of the pulse
is by touching the slugs of the trimmer cap-
acitors with a small metal tool having an in-
sulated shaft. Do not short to ground. The
" dip" produced in the display shows the precise
place on the waveform affected by the capacitor
that was touched.

5-108. TROUBLESHOOTING THE CALIBRATOR

5-109. Asymmetrical Output

5-110. If the output square wave is not sym-
metrical (the positive portion has a duration
different from that of the negative portion)
the two tubes in the Multivibrator circuit are
not being held cutoff for equal periods. This
will normally be caused by a defective tube.
If tube replacement does not correct the wave-
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form, the circuit components must be checked.
The triode in the Multivibrator is held cutoff
for an interval determined by the discharge
of C180, and the pentode is held cutoff for
an interval determined by the discharge of
C181. A change in the value of either capacitor,
or in the value of the resistor through which
they discharge, could produce an asymmetrical
waveform.

5-11. In addition, the time needed for these
capacitors to discharge a given amount is
affected by the potential toward which they dis-
charge; this would be the voltage at the plate
of the triode in the case of C181, and the
voltage at the screen of the pentode in the
case of C180. Since these voltages are affected
by the value of R308 and R313, these resistors
should be checked. The resistors in the plate
circuit of the pentode should also be checked,
since they will affect the plate-to-screen ratio
of the pentode.

5-112. Incorrect Output Voltage

5-113. The amplitude of the output square wave
is determined almost entirely by the resistance
values in the divider in the cathode-follower
stage. A quick check of the resistance values
can be made by turning off the Calibrator and
measuring the voltage at the Cal. Test Pt;
if this point does not measure exactly + 100
volts the output voltages will not be correct
when the Calibrator is turned on.

5-114. The CAL. ADJ. control R314 will vary
the voltage at the test point over about a 10-
volt range. If this voltage cannot be set to
exactly +100 volts, and if the tubes have
been replaced, then one or more of the precision
resistors in the divider may have changed
in value.

5-115. TROUBLESHOOTING THE HORIZONTAL
SWEEP AMPLIFIER

5-116. No Spot or Trace Visible on the CRT

5-117. To determine that the Sweep Amplifier
is in a state of dc unbalance, short the horizontal
deflection plates together at the trimmer
capacitors C57 and C62 with the shorting

strap shown in Fig. 5-21. The horizontal
deflection plates are marked RED (LEFT)
and GREEN (RIGHT). The INTENSITY control
should be set to midscale. If a spot appears
when the horizontal deflection plates are shorted
together (it may be necessary to adjust the
Vertical control), the trouble lies in the Sweep
Amplifier.

CAUTION: Do not permit the spot to remain
on the crt at this setting of the INTENSITY
control. Either reduce the intensity until the
spot is just visible, or remove the short from
the horizontal deflection plates.

5-118. The procedure for troubleshooting the
Sweep Amplifier, to locate the defective stage,
is similar to that explained for troubleshooting
the Vertical Amplifier for unbalance. The
shorting strap can be moved from the deflection
plates back, until a point is reached where
the spot does not appear. When the stage at
fault is determined, check for defective tubes
and components associated with that stage.

5-119. Insufficient or No Horizontal
Deflection

5-120. If the gain of the Sweep Amplifier
decreases, the trace will not extend from the
left to the right side of the graticule. In
addition, the timing will no longer correspond
to the calibrated value indicated by the TIME/
CM switch. (This is to distinguish the condition
of insufficient sweep produced by a malfunction
in the Sweep Amplifier from that produced
by a malfunction in the Hold-Off circuit in
the Sweep Generator, e.g., an improper adjust-
ment of the SWP. LENGTH control. In the
latter case the trace will start at the left

- side of the graticule, for the normal setting

of the HORIZONTAL POSITION control, and

the timing will not be affected.)

5-121. If the change in gain is slight, as
indicated by improper timing and a slightly
decreased sweep, the amplifier can usually
be recalibrated. Since the gain of the Sweep
Amplifier regulates the timing of the sweep,
care must be taken to insure that the gain
adjustments are accurately made. Be sure to
refer to the Calibration Procedure if it is
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Fig. 5-26. Delaying Sweep chassis showing test points.
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necessary to adjust the gain of the Sweep
Amplifier. :

5-122. If the decrease in gain of the Sweep
Amplifier is more pronounced, or if there
is no sweep at all (in which case only a spot
will be visible on the horizontal axis), check
for defective components which can affect the
gain but not the dc balance. In addition to
the tubes, such components would be the common
~cathode resistors and controls.

5-123. TROUBLESHOOTING THE MAIN SWEEP
TRIGGER

5-124 .Unstable Triggering

5-125. If the sweep generator is not being
properly triggered a stable display of a wave-
form will not be possible. If the sweep can
be turned off and on with the STABILITY con-
trol (for any setting of the TRIGGERING MODE
switch except AUTOMATIC) the sweep generator
is apparently capable of being triggered; this
indicates the trigger circuitry is notfunctioning
properly. The first step is to replace the
Trigger Pickoff tubes V35 and V37 in the
Vertical Amplifier. The operation of this stage
can also be checked by observing the signal
available at the VERTICAL SIGNAL OUT bind-
ing post with another oscilloscope. (A signal,
such as the calibrator, must be fed to the
Vertical INPUT.) if no signal is available at
this connector the Trigger Pickoff stage is
defective, a proper signal at this connector
indicates the stage is functioning correctly.

5-126. If the Trigger Pickoff stage is operating
correctly, trouble exists in the Main Sweep
Trigger circuit. To check the quiescent stage
of the circuit, set the TRIGGERING MODE
switch to AC, the TRIGGER SLOPE switch
to -INT., and the TRIGGERING LEVEL control
to 0. Next, connect a cable from the junction
of R16, R17 and C7 (on the Trigger Switch),
to ground. This fixed the voltage at the grid
of V1A at ground potential. Then measure
the voltage at the plate of V1A; this should
be about +85 volts. If this voltage does not
measure very close to +85 volts, replace
the Trigger Input tube V1. If necessary, check
for off-value resistors, broken leads and poor
switch contacts.

5-127. The next step is to connect the volt-
meter between the plate of V1A and the grid
of V2B (the junction of R27, R25, C8 and R26
is more convenient than the grid of V2B).
The voltage between the plate of V1A and
the grid of V2B (or the divider side of R26)
should not exceed about 2.75 volts. It is the
function of the Trigger Level Centering
control R28 to set the voltage at the grid
of V2B approximately equal to the voltage at
the grid of V2A., With the grids of the V2 at
about the same voltage the center of the
hysteresis of the Trigger Multivibrator circuit
will be at the proper level. It is difficult to
measure the voltage directly between the two
grids of V2 due to the loading of the voltmeter;
for this reason we suggest the voltage be
measured between the plate of V1A and the
grid circuit of V2B. A voltage of 2.5 to 2.75
volts between these points will indicate proper
quiescent operation.

5-128. If the voltage at the grid of V2B cannot
be adjusted to within 2.5 to 2.75 volts of the
voltage at the plate of V1A, trouble in the
Trigger Multivibrator is indicated. Replace
V2; then, if necessary, check for off-value
resistors, broken leads and defective switch
contacts and connections.

5-129. Conversely, if the voltages are found
to be correct, the adjustment of the Trigger
Sensitivity control R29 can be checked. Refer
to the Calibration Procedure for the proper
method of checking the adjustment of this control.

5-130. When triggering in the DC mode from
the signal being observed (TRIGGER SLOPE
at + or -INT.), the Int Trig. DC Level Adj
R2 and its associated components are connected
to the input grid of V1. This control is adjusted
so that the input grid (pin 7 at -INT; pin 2
at +INT.) is at ground potential when the trace
is centered vertically on the crt. If the voltage
at the input grid cannot be adjusted to zero,
when the triggering-switch controls are in
the indicated positions, this control and its
associated components should be checked.

5-131.TROUBLESHOOTING THE MAIN SWEEP
GENERATOR
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5-132. No Horizontal Sweep

5-133. If the Main Sweep Generator is not
producing a sawtooth sweep voltage when the
STABILITY control is adjusted for a free-
running sweep, some defect in the generator
is preventing operation of the Miller run-up
circuit. Depending on the on-off characteristics
of the diodes V11, the Miller circuit may be
clamped at either the high end or the low end
of the sawtooth. The manner in which it is
clamped may be determined by measuring the
voltage at the SAWTOOTH Main Sweep
binding post. If the Miller circuit is clamped
at the high end of the sawtooth the voltage at the
front-panel binding post will measure about+ 200
volts; if clamped at the low end, the voltage at
this point will measure anywhere between ground
and -20 to -30 volts, depending on the cause.

5-134. If the Miller circuit is clamped at
the high end of the sawtooth, a check of the
voltage at the grid of the Miller tube will
offer a clue to the cause of the trouble. The
static voltage at the Miller grid is determined
by conduction through the Timing Resistor
R82 (from -150-volt bus), the lower diode
V11A, and the divider R59-R74. It will be
impossible to measure the exact voltage at
the Miller grid because of the loading of
the meter. However, if a 20,000-Q/v meter,
or a vacuum-tube voltmeter is used, the voltage
reading obtained will be sufficient to indicate
the source of the trouble. For example, if a
voltage reading more negative than about -15
volts is obtained, there is probably no con-
duction through the Timing Resistor. This
would indicate an open divider R59-R74, assum-
ing the diode V11 to be good.

5-135. If the Miller circuit is clamped at the
low end of the sawtooth, as indicated by a
voltage reading of zero or a few volts negative,
a check of the voltage at the plate of the Miller
tube will offer a clue to the cause. If this
voltage is quite high (about +350 volts), check
the neon lamp DS2 and the Sweep Gen. CF
tube V13. If the voltage at the plate of the
Miller tube is zero or slightly negative, check
for an open plate-load resistor R83, R84 or R85.
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5-136. However, if the voltage at the plate
of the Miller tube is near quiescent level
(about +45 volts) the trouble will generally
lie ahead of the Miller tube. The result of
the trouble is that the On-Off Diodes V11
cannot be gated off; they are conducting heavily
and clamping the grid of the Miller tube near
ground. Check the output of the Sweep-Gating
Multivibrator with a test scope. If all of the
tubes have been checked, then check for open
plate and cathode resistors in the Sweep-
Gating Multivibrator circuit, the Hold-Off circuit
and the Sweep Gen. circuit. Also check that
the STABILITY control can vary the voltage
at the grid of V8B.

5-137. Improper Triggering

5-138. If the sweep cannot be triggered properly,
tne gating pulse from the Multivibrator is
not turning the diodes V11 off and on properly.
The start of the gating pulse, which turns the
diodes off and starts the sweep, is initiated
by the triggering pulse at the grid of V8B.
The end of the gating pulse, which turns the
diodes on and initiates the retrace,is controlled
by the hold-off waveform at the grid of V8B,
The Sweep-Gating Multivibrator can be elim-
inated as the cause of the trouble if the sweep
can be turned off and on with the STABILITY
control. The main component to check, in
addition to the tubes, is the differentiating
capacitor C16.

5-139. Nonlinear Sweep

5-140. A nonlinear sweep voltage will be
generated if the current charging the Timing
Capacitor C26 does not remain constant. If
the nonlinearity occurs at all sweep rates
a defective Miller tube will be the probable
cause. If the nonlinearity occurs only atcertain
sweep rates a leaky Timing Capacitor will
be the probable cause but the Miller tube should
not be overlooked. A defective bootstrap
capacitor C27 can cause the sweep to be
nonlinear at the faster sweep rates.

5-141. Insufficient Horizontal Deflection

5-142. If the horizontal trace starts at the left
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side of the graticule, but does not extend to
the right side, the Hold-Off circuit is causing
V8B to conduct too soon after the triggering
pulse had forced it into cutoff. If the trace
cannot be expanded the full length of the graticule
with the Swp. Length Adj. R98, check the
resistance values in the cathode circuit of V13.

5-143. TROUBLESHOOTING THE DELAY
PICKOFF

5-144. No Delayed Trigger

5-145. Set the HORIZONTAL DISPLAY switchto
MAIN SWEEP NORMAL and turn the Main
Sweep STABILITY clockwise to free-run the
Main Sweep. With a test scope check the
front panel connector DEL'D TRIG FROM MAIN
OR DEL'G SWEEP, J6, for a sharp positive
pulse about 7 volts in amplitude. If the pulse
is not present, move the test scope probe
to the grid circuit of the Pickoff Comparator
tube at pin 1 of V24. A sawtooth waveform
about 150 volts in amplitude should be observed
if circuits preceding the Delay Pickoff are
functioning normally.

5-146. Move the test scope probe to the cathodes
at pins 7 of V24 and V25. A sawtooth waveform
about 120v in amplitude should be observed.
If not, try substituting new tubes for V24 and
V26. If the trouble still exists, carefully check
voltages and circuitry associated with the
Pickoff Comparator and the constant current
tube V26A.

5-147. Place the test scope probe on the plate,
pin 5 of V25. The observed waveform should
consist of flat-topped pulses about 45 volts in
amplitude. If the waveform is not observed,
try changing V25. Check the plate and grid
circuits. Observe the effect on grid voltage
(pin 1, V25) when the DELAY-TIME MUL-
TIPLIER 1-10 is varied. The voltage divider
circuit, including the DELAY-TIME MULTI-
PLIER, Delay Start, and Delay Stop networks,
sets the accuracy of the range through which
the grid of V25 matches the grid of V24.
The calibration of the Delay Start and Delay

Stop should be checked as in paragraphs 7-121
through 7-125.

5-148. Move the test scope probe to the plate,
pin 6 of V27B. A flat-topped multivibrator
waveform about 20 volts in amplitude should
be observed. If not, try changing V27 and

check the multivibrator circuit. In particular,
check C46, a capacitor that helps speed V27B
into cutoff for fast multivibrator switching.
If there is still no output from the Delay
Pickoff CF, try changing V26 and check the
circuits associated with V26B including the
coupling capacitor C47.

Fig. 5-27. Delaying Sweep timing switch location near the right front
portion of the center bulkhead.

5-149. TROUBLESHOOTING THE DELAYING-
SWEEP TRIGGER AND GENERATOR

5-150. The Delaying-Sweep Trigger circuitry
and the Delaying-Sweep Generator circuitry
may be checked as was the Main Sweep cir-
cuitry. The components of the circuit may be
found on the schematics. The test points that
are comparable to the Main Sweep test points
are shown in Fig. 5-27. The Delaying Sweep
timing switch location is shown in Fig. 5-28.
The problems may be isolated by using the same
techniques used in the Main Sweep Trouble-
shooting portion.
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SECTION ©

SPECIAL TOOLS

AND EQUIPMENT

6-1. Special Tools and Equipment

6-2. Some system of referring to fundamental
standards is necessary when calibrating any
measuring device. In most cases oscilloscopes
are calibrated to primary standard instruments
which are in turn referred to fundamental
standards.

6-3. The following equipment is necessary for
a complete calibration of the Type 945 and
MC combination:

6-4.Constant Voltage Variable Frequency Sine-
Wave Generator, Tektronix Type 190( )* or
equivalent. For use in checking high-frequency
characteristics of the Type 945 Oscilloscope.
() denotes any model of the instrument.

6-5. Time-Mark Generator, Tektronix Type
180A* or equivalent, having markers at 1 usec,
10 usec, 50 psec, 100 psec, 1 msec, 5 msec,
10 msec, 100 msec, 1 sec and 5 sec. This
generator should have sine-wave output of 10
MC and 50 MC, with all markers and outputs
having an accuracy of at least .03%.

6-6. Variable auto-transformer (e.g. Powerstat
or Variac) having a rating of atleast7 amperes.

6-7. A test oscilloscope and associated probe,
providing triggered sweeps and a bandpass of
at least DC to 5 MC, 5 to 50 mv/div Max
Sensitivity.

6-8. Fast-Rise Mercury Pulser, Tektronix Type
P Plug-In Test Unit.*

6-9. A DC voltmeter, such as the Triplett
630, having a sensitivity of at least 5000
Q/volt and calibrated for an accuracy of at
least 1% at 100, 150, 225, 350 and 500 volts,

Special Tools and Equipment - Type 945

and for an accuracy of at least 3% at 1350
volts. Portable multimeters shouldbe regularly
checked against an accurate standard and cor-
rected readings noted, where necessary, at the
above listed voltages. BE SURE YOUR METER
IS ACCURATE.

6-10. An accurate rms-reading ac voltmeter,
having a range of 0-150 volts. (0-250 volts
for 234 volt operation)

6-11. Gain Adjust Adaptor* (Tek Part No.
013-005), Tektronix Type EPS3A, permits an
external calibrating signal to bypass the plug-
in preamplifier when calibrating the sensitivity
of the main amplifier.

6-12. 47 pF Input Capacitance Standardizer*
with BNC connectors (Part No. 70-6004-00)
or the Tektronix Type 130 L-C Meter or an
accurate capacitance bridge.

6-13. 20 pF Input Capacitance Standardizer*
with BNC connectors (Part No. 70-6003-00).

6-14. The Tektronix Type BS52R Terminating
Resistor* (Tek Part No. 011-001).

6-15. UHF/BNC Adaptor converts the BNC
connector on the Type 945 to the UHF con-
nectors used on many Tektronix instruments.

6-16. Low-Capacitance  Calibrating  Tools
supplied in the Type 945 panel cover are:
an insulated screwdriver and insulated align-
ment tools (Part No. 02-0002-00 and 02-0004-
00).

*Environmental N/A
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7-1. INTRODUCTION

7-2. The Type 945 Oscilloscope is a stable
instrument that should not require frequent
calibration. However, it will be necessary
to calibrate certain circuits of the instrument
when tubes or components are changed. Periodic
check of overall scope calibration is suggested
about every six months of intermittent operation
from the standpoint of preventive maintenance.

7-3. In the instructions that follow, the steps
are arranged in the proper sequence for full
calibration. Each numbered step contains the
information necessary to make one adjustment
or check. Detailed instructions concerning the
actual operation of the instrument are not
given, since they are given in the Operating
Instructions. If a complete calibration is not
necessary, you may perform individual steps.
These individual steps are performed ONLY
if the steps do not affect other adjustments.

7-4. You must be fully aware of the interaction
of adjustments. Generally speaking, the inter-
action of controls will be apparent in the
schematic diagrams. If you are in doubt,
check the calibration of the entire section on
which you are working.

7-5. If you make ANY adjustments in the
power supplies or replace the CRT, a complete
check of the entire instrument is necessary.
In particular, the sweep rates and vertical
deflection factors must be checked.

Figures 7-1, 7-2, 7-3, and 7-4 show the
location of the internal controls.

7-6. PRELIMINARY

7-7. Remove the top, side and bottom panels
from the instrument to be calibrated.

Section VII
Paragraphs 7-1 to 7-9

SECTION 7

CALIBRATION
PROCEDURE

NOTE: Front-panel controls are designated
by entirely capitalizing the words. Internal
controls have only the first letters capitalized.

7-8. Set the front-panel controls as follows:

INTENSITY full left
HORIZONTAL MAIN SWEEP
DISPLAY NORMAL
AMPLITUDE

CALIBRATOR OFF
TRIGGERING MODE AC
TRIGGERING SLOPE +INT.

STABILITY (MAIN
AND DELAYING

full left, but not

SWEEP) PRESET
TIME/CM (MAIN AND .

DELAYING SWEEP) 1 mSEC
5X MAGNIFIER OFF
MULTIPLIER 1
variable MULTIPLIER full right
MODE (MC unit) A ONLY
AC/DC (CHANNEL

A and CHANNEL B) DC
POLARITY

(CHANNEL A and

CHANNEL B) NORMAL
VOLTS/CM

(CHANNEL A and

CHANNEL B) .05
VARIABLE CALIBRATED

NOTE

(full right)

Settings for all controls not listed
above are not pertinent to this
part of the procedure and the
controls may be left in any position.

7-9. Connect the instrument and the ac meter
to the autotransformer output and turn on all
equipment, Adjust the autotransformer to the
design-center voltage for which your instru-

Calibration Procedure - Type 945 7-1



Low Voltage Test Points

C34
Delay Start
R170
C31
C32
Delay Stop
R168
Ext. DC Bal.
R110
Cal. Test Point Delay Swp. Length
TPL Cal. Adj. R156 -150 Adj.
R314 R390
Fig. 7-1. Right side view showing location of internal controls.
T9
TI0 L8
L9
CRT Clamp 4——CL60 through C179—X
Main Swp. Adj.
R82M
C159
through
Cl12
Heater Voltage Adj.
R450
T7
T8
Gain Adj. Type MC
DC Shift Comp. R236 Vert. Pos. Range

R244

Fig. 7-2. Left side view of Type 945 showing controls used during adjustment in recalibration.
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High Voltage Adj. C56
R412

Freq. Adj.
R437

Geom. Adj.
62 R420 Mag. Gain
R208

Cs57

Swp. Length
R98

Lockout Level Adj.

R65 Preset Adj.

—_ Int. Trig.
DC Level
Adj. R2

Trig.
Sens.
R29

Swp./Mag. Regis.
R198

Trig. Level Center
R28

Fig. 7-3. Top view of Type 945 locating internal controls.

Type MC

Vertical Amplifier Plug-In Unit

Power Supply
Line Filter Power Transformer

Fig. 7-4. Bottom view of Type 945.
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ment is wired (115V or 230V) and allow at
least 20 minutes warmup before making any
adjustments.

7-10. PROCEDURE
7-11. LOW-VOLTAGE POWER SUPPLIES

7-12. Measure the output voltage of the -150v,
12.6v, +100v, + 225v, +350v, and + 500v supplies
at the test points indicated in Figure 7-5 and
Figure 7-7 with the dc meter. The meter
must be accurate within 1% in the range up
to 500 volts and 3% at 1350 volts (see Equipment
Required). The major voltage test points are
found on the ceramic strip at the farthest
right section on top indicated in the Right
Side View (See Figure 7-1). Don't adjust the
-150v supply unless one or more of the supplies
is really out of tolerance. Remember that
the calibration of the entire instrument is
affected by changes inthe power supply voltages.
All the positive voltage measurements depend
upon the -150 volt supply measurement accuracy,
so this adjustment must be done first, if
necessary.

L] ® B
+ %
= w o
=4 a o
e e o
< < <

Fig. 7-5. Location of Low-Voltage Power Supply test points.

7-13. 'The -130V Adj., R390, is located on
the lower right side of the Type 945 as shown
in Figure 7-1. If the -150v test point shows
an error over 1% in the -150v supply, adjust
R390 until this voltage is accurate. Then recheck
the positive supply voltages to see that they
are within 2% of the values represented.

7-14. Some of the less common voltages and
the test points are found in other portions
of the oscilloscope chassis. The -18v Test
Point is located on the fan drive circuit that
is on a small separate chassis at the right
rear side of the top deck (see Figure 7-6).

Fig. 7-6. Fan Drive circuit showing -18 v test point, 100 cps test
point and Freq. Adj. locations.

7-15. The vertical amplifier regulated DC
heater supply is found on the left side of
the oscilloscope. (See Figure 7-7). The output
should be adjusted to +12.6v, measured across
R440. This adjustment is done with the Heater
Voltage Adjust, R450, shown in Figure 7-7.

7-16. Check the supplies for proper regulation
by varying the autotransformer from 103.5v
to 115v and to 126.5v. A sharp increase in
ripple voltage is the indication of the limit
of regulation. Return the autotransformer to
115 volts.

7-17. Ripple present on any of the regulated
supplies is measured at the voltage check
points with the test scope. This ripple will
be under 10 mv., with the AMPLITUDE CALI-
BRATOR in OFF position, and neither sweep
operating.

7-18-AMPLITUDE CALIBRATOR ADJUSTMENT

7-19. When the AMPLITUDE CALIBRATOR
switch is turned to OFF the calibrator cathode
follower, V52B, remains conducting at the
current required to develop 100 volts across
the voltage divider. To check the calibrator,
connect the ACCURATE voltmeter between the
Cal. Test Point, TP1, and ground, (see Right
Side View, Figure 7-1).

7 -4 Calibration Procedure - Type 945
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eater Voltage Adjust
N R4S0_.

Fig. 7-7. Regulated DC Heater Supply circuit location on the left
side of the Type 945.

7-20. If necessary, adjust the Cal. Adj. (R314)
control for a reading of exactly 100 volts.
This adjustment will insure calibrator accuracy
of +or- 3%, peak-to-peak.

Section VII
Paragraphs 7-20 to 7-23

7-21. To assure suitable symmetry of the
calibrator waveform, the reading of the voltage
when the AMPLITUDE CALIBRATOR is ON
must range between 45 v and 55 v. This range
must be kept at all output voltage settings.
Readings outside this range are generally caused
by unbalanced multivibrator tubes (V52 and V53).

7-22. HIGH-VOLTAGE POWER SUPPLY
ADJUSTMENT

This adjustment determines the total accel-
erating potential on the crt, and thus affects
the deflection sensitivity.

7-23. Connect the voltmeter between ground
and the high-voltage check point (see Figure
7-8). Set the High Voltage Adj., R412, (see
Figure 7-3) for a meter reading of exactly
-1350 volts. If your meter has a full scale
reading of 1200 volts, you can connect the
positive meter lead to the -150v supply, at
any convenient point, and set the High Voltage
Adj. for a meter reading of -1200v.

Fig. 7-8. The High-Voltage check point is found in the left rear section of the Type 945 top deck.

Calibration Procedure - Type 945 7-5
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7-24. CRT ADJUSTMENTS
7-25. CRT Alignment

If the crt has been replaced, or if due to
considerable handling, the trace does not align
with the graticule, you should make this adjust-
ment before proceeding with the calibration.

NOTE: The earth's magnetic field or stray
magnetic fields can cause trace misalignment.

7-26. With the crt clamp loose (see Left
Side View, Figure 7-2), and no vertical signal
applied, free run MAIN SWEEP by turning
the STABILITY control full right. Position
the trace directly behind the center graticule
line. If the trace and the graticule line do
not coincide over the width of the graticule,
rotate the crt until they are properly aligned.

7-27. After aligning, push the crt forward until
it rests snugly against the graticule. Tighten
the crt clamp. Recheck the alignment of the
trace after tightening the clamp to be sure
the crt didn't rotate when the clamp was being
fastened.

7-28. Graticule Alignment

To check the alignment of the graticule,
obtain a free-running trace on the oscilloscope,
as explained in the last step. Next move the
trace, with the VERTICAL POSITION control,
to the top of the graticule until the trace
disappears. Then move the trace to the bottom
of the graticule until the trace disappears.
If the graticule lines are not centered in the
usable viewing area, the graticule is improperly
aligned in the vertical plane. The graticule
may be repositioned by means of a nylon
adjusting cam, located in the lower left corner
of the graticule.

7-29. To make this adjustment, remove the
graticule cover and loosen the set screw that
holds the positioning cam. By inserting a pointed
tool (such as a scriber or center punch) into
the small hole, the cam may be rotated until
the graticule lines are centered in the usable
viewing area. Then tighten the set screw that

holds the nylon cam, and replace the graticule
cover,

7-30. CRT Geometry

TYPE 180A
TIME-MARK

TYPE P52

f/ " COAXIAL
CABLE

TYPE 945
OSCILLOSCOPE

|

D
ROV QLD

2O O

QCHD

UHF/BNC
ADAPTER

Fig. 7-9. Proper connections for time marker additions to the Type 945
and plug-in unit.

7-31. The geometry of the crt display is
adjusted by means of the Geom. Adj. control,
R420, seen in Figure 7-12. To get the best
linearity, vertical lines are displayed on the
crt and the Geometry control is adjusted for
minimum bowing or curvature of the lines.
Nonlinearity is most noticeable at the edges
of the graticule.
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-‘._
-

(RN NN

INCORRECT SETTING

L
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revrrTrrriy vrTreTy

CORRECT ADJUSTMENT

Fig. 7-10. Adjustment of the Geometry control.

7-32. Set front panel controls as follows (using
MAIN SWEEP and CHANNEL A):

MODE (plug-in) A ONLY
HORIZONTAL MAIN SWEEP
DISPLAY NORMAL

TRIGGERING MODE AC

TRIGGER SLOPE +INT.

AC/DC AC

TIME/CM 1 mSEC

VARIABLE CALIBRATED
(full right)

VOLTS/CM (plug-in) .2

7-33. Connect 100 MICROSECOND and 1 MILLI-
SECOND markers from the Type 180 or Type
180A to the CHANNEL A INPUT connector
using a UHF to BNC adapter if necessary.
See Figure 7-9 for equipment setup. Position
the base line of the timing comb below the
bottom of the crt face so it is not visible.
Adjust the Geom. Adj. control, R420,for straight
vertical lines running parallel to the left and
right edges of the graticule as shown in Figure
7-10. The lines must not deviate from straight
vertical lines by more than 1 mm.

7-34. CRT Focus
7-35. Horizontal Focus

7-36. With the same setup as in the preceding
adjustment, the 1 mm markers must be dist-
inguishable over the center 8 cm. With the
display clearly focused at the center of the
graticule, there must be no overlapping of the
markers within the center 8 major divisions
of the graticule.

7-37. Vertical Focus

Remove the time-marker signal from the
CHANNEL A INPUT. Delaying Sweepis free run
at 10 uSEC/CM and STABILITY full right.
HORIZONTAL DISPLAY is setinDEL'G SWEEP
position, and the Main Sweep is freerun with
STABILITY full right and the TIME/CM switch
at 1 mSEC. Obtain a raster of 2 horiz<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>