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Section 1

SECTION 1

CHARACTERISTICS

General Information

 This is a Tektronix, Inc., commercial manual revised to meet
Government commercial manual specification requirements.
Sections 1 through 6 contain instructions with parts list for

operation and maintenance of Oscilloscope, Tektronix Type -

RAME647. Section 7 contains the information necessary to adapt
this manual to Oscilloscope, General Dynamics Electronics
Division Part Number A11846-001.

The Tektronix Type RMB47 is a general purpose, -high-per-
formance oscilloscope designed to operate under severe
environmental conditions. The oscilloscope requires a Tek-
tronix 10-Series vertical plug-in unit in the left-hand compart-
ment and a Tektronix 11-Series horizontal plug-in unit in
the right-hand compartment.

The electrical characteristics listed below are those of the
Type RM647, independent of the plug-in' units. The environ-
mental characteristics apply to the Type RM647 and its plug-in
units as a system.

NOTE

Range | and Range i, referred to in certain parts
of this section, are the ambient air temperature
ranges that apply for a particular characteristic.
These ranges are—Range I: 0° C to +440° C,
Range lI: —30° C to +65° C.

Vertical Amplifier (Range I)
Sensitivity i

300 mv/em, 1%, through 186 Q push-pull.
Risetime

Less than 5.8 nsec; 5.5 nsec typical.
Bandwidth

.Dc to greater than 60 mc (30% down); 64 mc typical.
Display Linearity

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

Trace Finder

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

Horizontal Amplifier
Sensitivity

347 pa/em per side, +19%, push-pull.
Maximum Calibrated Déﬂecﬁon Rate |

10 nsec/cm.

Changed 9 August 1968 -

Bandwidth

Dc to —3db at 3mc, or higher. Refer to appropriate

“horizontal plug-in manual for combined response.

Trace Finder )
‘See “Trace Finder" in Vertical Amplifier characteristics.
Single-Sweep Reset |

Connection between J101 on the rear panel and the 11.
Series plug-in unit interconnecting socket provides for ex

-ternal reset of the single-sweep circuit in certain plug-ir

vnits. See J_]Ol under “Rear Panel Connectors” in Section 2.

Cathode-Ray Tube
Type
‘T6470-31 -1.

Phosphor
Type 31 normally supplied.

Accelerating Potential
14 kv.

Graticule Area
6 x 10cm.

Graticule Markings

Internally marked in é vertical and 10 horizontal 1-cm

~ spaces. 2-mm divisions marked on the vertical and horizontal

centerlines. No parallax.

Graticule lllumination

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

Unblanking

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

Crt Grid Z-Axis Modulation

Dc-coupled from rear-panel CRT GRID binding post. In-
put resistance about 22kQ. Bandwidth for small signals is
dc to 10 mc (30% down point), or greater. Typically, ==2
volts peak will produce a visible change in display brightness.

‘Crt Cathode Z-Axis Modulation

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

Crt circuitry permits multi-trace plug-in units, operating in
chopped mode, to momentarily blank the display while
switching between input channels.

Trace Rotation Control

Permits alignment of the trace with the graticule lines.
1-Kc Calibrator .
Output Voltage Range

Square waves,- 0.2 mv to 100 v peak-to-peak and 100 vdc.

Output Voltage Accuracy
(Load resistors 10 megQ or higher)

0.1 and 100 VOLTS
Range |

*+1%

All Other Voltages

Range |l
+3%

Range I
+1.5%

Range |
*+2%

Output Resistance

0.2 mVOLTS to 0.1 VOLTS: 50Q, +0.25%
0.2 VOLTS: 500, +19%

0.5 io 100 VOLTS: . Varies with switch setting;
about 4 kQ maximum.

Current Through Loop
Sq(mre wave at 5ma peak-to-peak, +1.5%.

Frequency
1000 cps, =0.1% (Range 1I).

Duty Factor
0.5, =0.1% (Range li).
POWER REQUIREMENTS

Voltuge Ranges

95 to 122 vac 190 to 244 vac
100 to 130 vac 200 to.260 vac
106 to 137 vac - 212 to 296 vac

When shipped, instrument is wired for voltage range in-
dicated on rear panel. Voltage range can be changed;
see fan and transformer diagram and fuse data in Section 2.

Line Voltage Distortion

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

Line Frequency
*50 to 60 cps, =10%.
Power Consumption

About 200 watts (with Type 10A2 and Type 11B2 plug-m
units and 115-volt line).

*A special fan modification is available wlm:h \mll allow 50 thru
400 cps operation of the Mﬂmmonl
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Power Output Connector J101

Provides power from the regulated supplies of the Type
RMé47 for operating external devices Also provides an in-
put connection for an external signal to reset the single-
sweep circuit in certain 11-Series plug-in units. See Section
2.

ENVIRONMENTAL CHARACTERISTICS
Operating

Temperature

—30° C to +65° C continuous. If operating at —30° C,
allow 30 minutes for stabilization. A thermal cutout inter-
rupts power to the fan when the internal temperature drops
below 0° C.

A self-resetting thermal cutout interrupts instru-
ment power if internal temperature becomes exces-
sive. A front panel lamp lights when the cutout is
activated.

Altitude

15,000 feet, maximum.

Vibration

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

" paragraph in this section for the mounting method

required to achieve this.

Non-Operating
Temperature
—55° C to 475° C.

- Altitude

50,000 feet, maximum.

Humidity

Meets Mil-S5td-202B, method 106A through five cycles (120
hours), freezing and vibration excluded.

" Shock '

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

Vibration

Same as under “Operating”.

Transit

Meets National Safe Transit type of test when factory
packaged: Vibration for one hour at slightly greater than

"1 G. 18-inch drops on corners, edges, and flat surfaces.

Changed 9 August 1968
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MECHANICAL CHARACTERISTICS

Construction

Front panel is anodized aluminum. Chassis is aluminum-
alloy. - '

Dimensions

Overall: 19.016 in. wide, 6.984 in. high, 20.703
in. deep (includes front handle).

Weight
38lbs., 14 oz.

Installation

The instrument has been designed to fit most 19-
inch wide cabinet type racks whose dimensions conform
to EIA specifications. This instrument is intended to
be locked in place to the frontrails of the cabinet type
rack with the two pawl fasteners. If additional support
is needed, the front panel of the instrument is then

Section 1

also fastened to the front rack rails with four screws.
When the instrument is fastened to the front rack
rails with both the RELEASE knobs and the four
screws, and with the Rackmount Rear Support Kit
(optional) installed, the instrument is capable of
withstanding 4 G's of vibration, as measured at the
‘point of mounting, while mounted in the rack.

ACCESSORIES INCLUDED

Tektronix
Part No.
2 — Instruction Manuals 070-435
1 — Light Filter 378-548
1 — 3-Conductor Power Cord 161-022
1 —3-Wire to 2-Wire Adapter 103-013
1 —BNC to Binding Post Adapter 103-033.
1 —20-Inch 50 Q@ Coaxial Cable 012076
with BNC Connectors _
OPTIONAL ACCESSORIES
Rack Mount Rear Support kit 016-065

1-3/1-4
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| SECTION 2
OPERATING INSTRUCTIONS

gy

. fuses in the Type RM647.

Introduction

The Type RMé47,“when combined with a 10-Series and an
11-Series plug-in unit, is a complete oscilloscope system.
The 10-Series plug-in unit can be operated only in the left
compartment and the 11-Series only in the right.

This section of the manual describes the function of each
control and connector on the Type RM647, as well as general
operating information.

Operating Temperature

The Type RM647 Oscilloscope can be stored where: the
ambient air temperature is between —55° C and +75° C,
and operated where the ambient air temperature is between
—30° C and +65° C. After storage at temperatures beyond
the operating limits, be certain to allow the chassis tem-
perature to come within the operating limits before power
is applied.

“Proper cooling of the Type RMé47 depends on proper air
flow. It is important to choose a location for operation
where the required air flow, particularly to the rear of the
instrument, is not restricted. At least two inches
of clearance on both sides and the rear are recom-

* mended.

Air flow is into the rear of the instrument. If
desired the air flow direction may be reversed by

rear
panel

- interference Filter

Fon leads

95-137 volt fan connection shown.
To connect fan for 190-296 volt
operation, ‘remove jumper between

Yellow-brown-brown notches 4 and 7 and connect @

jumper between notches 3 and 4:

Fig. 2-1. Fan connections for 95-137 and 190-296 line-voltage
ranges.

50 cps

Fan. The cooling fan is powered by a 115-volt ac motor. If
the instrument is converted, for example to operate from a
230-volt line, a change in the fan wiring must be made so
that it operates from a 115.volt source: The correct con-
nections for 95 to 137 and 190 to 296 volt operation are
shown in Figure 2-1.

Fuse. The following chart lists the proper current ratings for

<

mechanically reversing the fan (see Maintenance 60 cps 60 cps 50 cps
" section of this manual). Fuse 115-Volt 115-Volt 230-Volt 230-Volt
' L : Range - Range Range Range
Power Requirements F601 3 amp 4amp | 15amp ! 2amp
Transformer - ’ slow-blow | slow-blow | slow-blow | slow-blow
. _ i
Unless tagged otherwise, the transformer was connected at Fé02 sl:wcfg;g w |
the factory for eperation at 100 to 130 volts. However, 30 : .
provisions have been made for easy conversion to operation ¢ & g{"p
at 200 to 260 volts. == 0"7’;' ow
.75 omp
TRANSFORMER PRIMARY CONNECTIONS fast-blow
Nominal Connect Jumper Wire Or F743 | 0.75 amp
Line Wires Between Terminals fast-blow
Voltage As Follows - F820 2 amp
110 lTtoband 4105 fast-blow
115 1t02and 3to 4
: 124 . lto8and 4 to 7
220 St é FIRST-TIME OPERATION
N 230 2to3 “The following describ | h
: 248 i 7 to 8 e following describes one way to properly set the

FOCUS, ASTIG and TRACE ROTATION controls. -
1. Install the plug-in units.

2. Set the Type RM647 INTENSITY control fully counter-
clockwise and apply power to the instrument. Allow several
minutes for warmup.

3. Set the controls on the plug-in unif‘sbond the Type RM-
647 for a free-running, vertically-centered trace of moderate

intensity.
2-1




ASTIGMATISM

Section 2

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

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

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

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

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

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

10. Set the FOCUS control so that the vertical portion of

the trace is as thin as possible.

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

display brightness.

NOTE

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

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

13. If necessary, set the TRACE ROTATION control (a

" screwdriver adjustment- concéntric with the ASTIG control) so
that the trace is parallel with the graticule lines.

FUNCTION OF CONTROLS

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

Adjusted in conjunction with the ASTIG
control to obtain sharp display definition.
See “First-Time Operation™ for a recom-
mended adjustment method.

INTENSITY

FOCUS

Adjusted so that the vertical and horizontal
portions of a display are individually
brought ‘into sharpest focus at the same
position of the FOCUS control.

TRACE
ROTATION

A screwdriver adjustment concentric with

offset any trace tilt introduced by the
earth magnetic field.

SCALE. ILLUM Varies brightness of the graticule markings.

2-2
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1 KC Provides accurate peak-to-peak square-
CALIBRATOR wave voltages available at the CAL OUT
connector. 100-volts dc and 5-ma square
-wave (through the current loop) also pro-
vided. Square-wave frequency is an ac-
curate 1ke. (See the discussion under “1
KC CALIBRATOR" in this section.)
HORIZ POSI- Used .to move the display horizontally. .
TION and These controls are electrically part of
VERNIER whichever 11-Series plug-in unit is installed

in the Type RM647.

When excessive deflection or improper
centering result in loss of display, push the
TRACE FINDER button so that the display
is compressed to within the graticule area.
Center the display with the positioning
controls and establish a vertical deflection
amplitude of about 4cm or less. Release
the TRACE FINDER button. The display
should then be restored.

TRACE FINDER

POWER .ON Line switch for oscilloscope. Pilot lamp

: brightness can be varied by turning the

bezel on the lamp housing. '

FUSE OUT Indicator lamp which lights indicating that
the input ac-line fuse F601 has blown.

OVER TEMP Indicator lamp which lights when thermal

cutout TK601 disconnects power to the
instrument because of excessive interior
temperature. If the instrument is con-
nected for 108, 115 or 122 volt opera-
tion, the fan will continue to run after
TK601 disconnects power to the rest of the
instrument, thereby helping to reduce the
interior temperature.

1 KC CALIBRATOR

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

1. Accurate peak-to-peak and dc voltage output.
2. Accurate 5ma peak-to-peak closed-loop current signal.
3. Accurate frequency.

‘4. Square-wave output signal.

Voltage

The 1Kc Calibrator provides peak-to-peak voltage from
0.2 mvolts to 100 volts into high-resistance loads. With switch
settings of .2 VOLTS and below, the output source resistance
is 50 Q as indicated by the voltages printed in red on the
ponel of the Type RM647. The voltage across a 50 Q termi-
nation will then be accurate at one-half'the value indicated
by the switch setting, provided the termination resistance is
an accurate 50 Q.

The +100-volt dc output of the calibrator has many uses,

limited only by its current capability. The load resistance

should be as high as possible (the output voltage will drop

‘to 99 volts at about 35kQ).

0w
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Section 2 T.O. 33A1-13-332-1

.Nomclly Open Relay ‘or
Pushbunon*Swikh
-
D . - r 5 F
H-ISV)\ 7 (Reset)
 PULSE GEN. - {Reset)
(2 4+5v peak, [ F
fast-rise) . c
= (Gnd)

Fig. 2-3. Two means of providing an external single sweep reset
pulse.

Current

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

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

The arrow on the front panel above the current loop
indicates conventional current flow: 4+ to —.

Frequency

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

Wave Shape

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

REAR-PANEL CONNECTORS
Ji01 -

Ten-contact connector J101 on the rear panel of the Type
RMé647 provides power from the regulated low-voltage

Red Plastic Light Filters

N

Install for red graticule lines. .

Remove for white graticule lines.
Use White for trace photography.

Bezel

~

Crt Face Plate

% "}h} ‘sm.w and

Crt Face-Plate Protector

Light Filter  Snaps into light shield,
Orient as marked. Remove for trace photography.

Fig. 2-4. Crt fur.le-pfuh assembly.

(TR
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supplies for operating external devices and. the signal in-
put connection for external single sweep reset of certain
11-Series plug-in units such as the Type 11B2,

7101 " Voltage

Maximum
Contact Current*
A —~75v 50 ma
B —15v 20 ma
C ground '
D +15v ’ 200 ma
E +100v 20 ma
F Single sweep
reset input.
G nc
H nc
J nc
K nc

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

Fig. 2-3 illustrates two ways to provide an external single-
sweep reset pulse suvitable for the Type 11B2 plug-in unit.

Section 2

CRT CATHODE

The ac-éoupled CRT CATHODE input connector permits
intensity (Z- oxis) modylation of. the crt display. The input
time-constant is .about 330 usec (0.015 xf and 22 kQ) which

corresponds to a low-frequency response at the crt cathode
of —3db at about 500 cps.

Display intensity increases during negative-going chongesA
in the modulating signal and decreases during positive-
going changes. Generally, at least 5-volts peak signal am-
plitude is required for visible display modulation, depending
on the intensity level of the. unmodulated display.

" CRT GRID

The CRT GRID connector permits gating or modulating the
intensity of the crt dlsploy through the wide-band, dc-coupled
Z-Axis Amplifier in the Type RM647. Since the ompllher
inverts the signdl, negative voltages increase display in-
tensity .and positive voltages decrease intensity. The voltage
magnitude required for visible modulation depends on the
intersity level of the unmodulated display; typically, a 2-

volt signal will produce a visible change in the brightness.

2-5/2-6
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SECTION 3
CIRCUIT DESCRIPTION

Introduction

This section of the manual contains descriptions of each
circuit in the Type RM647 Oscilloscope. Block diagrams are
included in each description to show the major stages of the
circuit and the signal flow. )

A complete block diagram, showing the relationship be-
tween major circuits in the Type RMé47, is located in Section
6. Complete schematics for each circuit are also located in
Section 6.

VERTICAL AMPLIFIER
The Type RM647 Vertical Amplifier block diagram is shown

in Fig. 3-1. It is a dc-coupled push-pull voltage amplifier
having a maximum gain of about 42. A delay line is pro-

vided so that the rising portion of a fast-rise event which

internally triggers a sweep will be displayed on the crt.
RC networks .in .the “emitter circuits provide the high-fre-
quency peaking required to obtain broadband operation.

If the display is driven out of the graticule area by an
excessive deflection signal, the TRACE FINDER button may
be pressed to actuate switches in the vertical and horizontal

omplifiérs. The vertical deflection signal is compressed to
within the limits of the graticule so that the direction of the
display loss can easily be determined.

The 186 Q delay line delays the vertical signal for about
140 nanoseconds. The Phase and Atten Equalizers compen-
sate for distortion introduced by the delay line.

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

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

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

UPPER
- PLATE .
’W, | AMP
1 1403 Q423 Q444 [Q464A and B| Qass
N\, - > >
'd el L .
5 i
2 V| & o
w
= z Ow 2~ ~ w
$5 E 2 b1 387 3 32 To
S S g0 | =3 g z a o Vertical
% £ Q< S I z e Deflecti
o =z 5 1] S 2 & 3] Piotes |
-3 S ac 2
= ] g 4 : E ‘% & 2 g
= o
t] '
7 1l w
N\, ] e -
/ Lol Lol
1
'
‘MA,» | o Q454 Q474A and 8]
-~ LOWER
! - |—->- PLATE S
. — —— VERT GAIN AMP
Q494

Fig. 3-1. Vertical Amplifier block diagram.
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The collectors of the parallel, push-pull amplifiers provide
current drive to the emitters of output amplifiers Q484 and
Q494. Feedback to the bases of Q484 and Q494 permits the
output voltage swing to be shared by the driver stage.

HORIZONTAL AMPLIFIER

- The Type RMé647 Horizontal Amplifier block diagram is
. shown in Fig. 3-2. The dc-coupled amplifier consists of two
independent current-driven operational amplifiers. A 1-ma
change in input current will produce about 22-volts change
in the output voltage with the HORIZ GAIN control set to
midrange. The feedback circuit in each operational ampli-
fier is compensated for best high-frequency response.

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

Current-driven operational omphhers, such as those used
in the Type RM647, have a low input impedance due to the
negative feedback. Any change in the input current results in
a nearly equal change in the feedback current. Since the
open-loop sensitivity of the operational amplifier is very high,
a minute difference between the input and feedback currents
is sufficient to control a large voltage swing at the output.

T.0. 33A1-13-332-1

The feedback impedance value determines the magnitude

of the output voltage swing -according to. Ohm's law as

follows:

{Zteedback) (Alteedback = Alinput) = AVoutput

D361, D371, D362, and D363 limit the dynamic input cur-
rent range to about 55 ma per side; a range adequate to
provide horizontal deflection to about 2.5cm beyond the
edges of the graticule. D360 shunts excess signal current
when D361 and D362 are off due to excess deflection to the
left of the graticule.

The voltage at the junction of Zener diode D397 and R397
is about 4120 volts. Clamp diode D395, connected to this

voltage, prevents the output of the Q373-Q374 amplifier

from going higher than 4120 volts, Diode D396 serves the
same purpose of the Q393-Q394 amplifier.

When the TRACE FINDER button is pushed, a known cur-
rent is supplied to the Q393-Q3%94 amplifier which sets the
output voltage at +55 to +75 volts. This is approximately
the same voltage as would be produced by a “zero deflec-
tion" input signal. With one of the two dynamic deflection
signals eliminated, the observed deflection is reduced by one
half and the dynom|c range of the Q373-Q374 amplifier,
working alone, is insufficient to deflect the beam beyond
the graticule limits.

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

[T 2

pa?

EMITTER OUTPUT
| FOLLOWER > AMP - —
Q373 Q374
)\I\J/ Y
N - - D361 FEED- . + CLAMP
i T | e [ A
HORIZ »
/ POSITION ' 2
+120v
Qi
T |24 ; ’ " To
=1 25 . DIODE HORIZ ) HO!“ZO"M
= HMITER GAIN Deflection
21 26> : Plates
= -~ R377 .
3
‘ +CLAMP
o > . oo FEED- -
e BACK
D363 D396
" EMITTER OUTPUT
FOLLOWER . AMP . .
Q393 Q394

Fig. 3-2. Horizontal An’r‘plmor block aiagrcm
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PTLULIVIL U

+300v
Unreg. +100 v +15v -15v —75v
-3 W (-] (-] T (-] Q
[ all {11 .
1 SERIES SERIES SERIES SERIES
| rc | ¢ 1 rec | | ree & | rec *
Q737 Q697 Q667 Q637
\ \
]
Y { f {
ERROR ERROR ERROR ERROR
AMP AMP AMP AMP
— @z — Q&8s : ;
Q733 Q674 Q653-Q663 Q623-Q633
Q714 Q689 Q693 Q659-Q644 Q614A andB
+ —| + —| = o+ -
+] -

RECT RECT - RECT RECT RECT
D742 D702 D672 D642 D612
D745

Fig. 3-3. low-Voltage Power Supply block diagram.

Variable capacitors C377, C378 and C397 are set to
provide the best amplifier linearity and correct response at
high sweep rates.

LOW-VOLTAGE POWER SUPPLY

The Type RM647 Low-Voltage Power Supply con-
sists of two positive and two negative interdepen-

dent accurately-regulated supplies, and one positive -

unregulated supply. See Fig. 3-3. The most negative
supply, —75 volts, is regulated by reference to a
Zener diode, while the remaining regulated supplies
are referenced to the —75-volt supply. The supplies
are also dependent on one another since the error
amplifier in each supply is powered by at least
one of the other supplies.

The basic operating principle of the supplies is illustrated
in Fig. 3-4. A variable resistance, in series with the locd
across an unregulated dc source; is varied as required so the
supplied current will produce the proper voltage across the
load. Control of the series resistance element, a transistor, is
provided by the error amplifier which constantly compares
the voltage across the load to a reference voltage. Thé error
amplifier must detect a constant relationship between the out-
put and reference voltages and will adjust the series resist-
ance value os required to maintain that relationship.

With a line voltage near the center of the instrument op-
erating range, the voltage across C612 in the —75-volt supply

"is about 105 volts dc. Of this voltage, 75 volts is across the

load and the remainder is across the series combination of
R613, R637, and Q637.

Since the Q637 emitter current is also the load current, its
magnitude determines the output voltage across the load. .
The output voltage is sampled by divider R630-R631-R632-
R634 and sets the Q614B base voltage. If the voltoge across
the load begins to change, the Qé14B base voltage will
change. The Q614A collecter current will then change due
to common-emitter coupling between Q614A and Q4148B. The
variation in Q614A collector current is amplified by Q623-
Q633 and changes the Q637 current, restoring the voltage
across the load to the proper value.

This negative feedback causes voltage comparator Q614A-
Q614B to seek a condition of equal base voltages. The
Q614A base voltage is fixed to about —9 volts by Zener
diode D609. Thus, the voltage comparator forces the supply
to provide an output voltage which, when divided by Ré630-
R631-R632-R634, will also be —9 volts at the Q614B base.

It is important to note that the voltage comparator will
have equal base voltages with any setting of —75 VOLTS
adjustmment R631, even though the output voltage may not
be exactly —75 volts. To obtain a —75-volt output, R31 is
set so that the resistive division ratio equals the ratio of 9
volts to the desired output voltage.

The high gain of the error amplifier at dc gives the supply
a high degree of dc stability.

One difference between the —75-volt supply and the three
remaining regulated supplies is in the way the voltage com-
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Fig. 3-4. Series regulated supply principle.

parators are connected. -For example, in the +100-volt sup-
ply, divider R730-R731.R732 is connected between the —75-
volt reference and the +100-volt output. Since the emitter of
Q714 is connected to ground, any change in the +100-volt
output will change the Q714 base current. This same form of
voltage comparator is used in the 4 15-volt supply.

In the —15-volt suppfy, two connections are interchanged
{rom those in the two positive voltage supplies. The emitter
of Q667 is connected to ground and the emitter of Q644 is
conrected to the supply output. However, the operation ‘is
- the same as in the 4-15- and +100-volt supplies; any change
in the —15-volt output will produce a change in the Q644
emitter circuit.

 CRT CIRCUIT

. The Crt Circuit consists of a cothode-my tube, its regulated

high-voltage power supply, and a Z-axis (intensity) modula-
tion amplifier.” See Fig. 3-5. The crt requires operating volt-
ages of +11.8kv (post occelator), —2.2kv (cathode),
—2.25kv variable [control grid), and several lesser variable
~and fixed voltoges for control of focus, ushgmahsm geom-
etry, 'Y' axis alignment, etc

The high-voltage power supply contains @ controlled- ampli-
tude oscillator which drives a step-up transformer. Rectifiers
in the transformer secondaries provide the three high voltages
for the crt.~ Negative feedbock from the —2.2kv supply
through a voltage comparator regulates the oscillator output

3-4

amplitude so that the —2.2 kv remains constant with varia-
tions in load. To protect the oscillator transistor from exces-
sive dissipation, a protection circuit turns off the oscillator for
about 4 seconds if there is an overload on any of the high-
voltage supplies.

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

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

High-Voltage Power Supply

Q820 and the T820 primaries form an Armstrong oscillator.
Q804 is a shunt regulator of the Q820 base drive. If Q804

conducts heavily, the base current and therefore the collector

current-of Q820 decreases. This decreases the ampere-turns
" ratio in the T820 primary, which results in a decrease in the
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Fig. 3-5. Crt Circuit block diagram.

dc high voltages developed in its secondaries. Conversely, if
the QB804 conduction decreases, the mcngmtude of the dc
. high voltages will increase.

The conduction level of Q804 is controlled by error ampli-
fier QB803A-Q803B which monitors the output of the —2.2-kv
“crt cathode supply and compares it with the +100-volt sup-
ply. When HIGH VOLTAGE control R801 is set so that the
output-high voltage is —2.2 kv, there is a 110 pampere cur-
rent through resistors R802A-R802F. Any change in the crt
cathode voltage will change the R802A-R802F current. An
omplified current change at oscillator Q820 will cause a
change in the oscillator output amplitude, restoring the high
voltage to the proper value.

The QB814A-Q814B multivibrator protects oscillator Q820
from damage by attempting to correct for certain abnormal
loads, such as accidental shorting of the high-voltage during
In attempting to correct for overloads, the
dissipation rating of transistor Q820 could be exceeded.

Under normal conditicns, Q814A is saturated and Q8148 is
off. The low Q814A collector voltage holds off diode D811
and tronsistor Q814B. With QB814B off, capacitor C818 is
charged to about 29 volts..

If the —2.2-kv supply goes out of regulation with
a decrease in output voltage, the voltage at the
junction of R810 and D815 will become more neg-
ative. This turns on diodes D815 and D816, divert-
ing R817 current from the base of Q814A. The
Q814A collector voltage then rises, turning onQ814B.

When Q814B turns on, its collector drops and the charge

_on C818 turns off D817 and QB814A. This positive feedback

drives Q814B into saturation. When Q814A turns off, diods
D811 turns on, clamping the Q804 base at o level which
turns off oscillator Q820. Diodes D815 and D816 prevent the
D811 turn-on from turning on Q814A.

When Q814B turns on, C818 begins to discharge through
R817. The charge will have decreased sufficiently in about 4
seconds to turn on Q814A. Positive feedback (via the Q8143
collector and C818] will drive Q814A into saturation and turn
off Q8148 and D811. '

When D811 turns off, Q804 turns on oscillator Q820. Since
no high voltage was produced while the oscillator was off,
the error amplifier causes Q820 to immediately produce a
very high-amplitude output. If the cause of the originol
overload has been removed, the crt cathode voltage will
rapidly increase to —2.2kv. The error amplifier will then

decrease the Q820 output amplitude to the normal ievel -

before the temperature of transistor Q820 has risen enough
to cause damage.

The protection circuit will not respond to this momentarily
large error signal at the Q804 base. Whan Q8148 turns off,
C818 must be recharged. A mojcr portion of the required

. charge current is supplied by Q814A base current. Thus
- QB14A will be unaffected by the QB803B collector current

level for about 250 milliseconds while the C818 charge is
being restored. Then, if the hlgh voltage overload still exists,
the QB803B error signal will again actuate the protection cir-
cuit. n
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Since only the —2.2-kv supply is regulated directly, the
correct crt control-grid and post-accelerator supply voltages
are established by the turns ratio of transformer 7820 and by

_the setting of CRT GRID BIAS R832. The high-voltage oscil- -

lator- will produce whatever amplitude is required to main-
tain the correct voltage at the negative end of C832, re-
gardless of the voltage value at the positive end of C832.
For example, if the R832 setting is changed from zero to
4100 volts, the high-voltage oscillator amplitude must in-
crease to produce an additional 100 volts across C832. The
increased oscillator amplitude will also increase the voltage
across C822 in the crt control-grid supply.

But since the voltage at the positive-end -of C822 does not
vary with the setting of CRT GRID BIAS R832, the full varia-
tion appears at the crt control grid. The setting of R832 has
only a slight effect on the post-accelerator supply (voltage-
tripler) voltage. o

Z-Axis Amplifier

The voltage at the positive end of C827 in the crt control-
grid supply con be varied with no effect on the voltage
across the capacitor. By varying the voltage at the positive
end of C827, the crt bias and therefore the display brightness

. can be varied. The multiple-input Z-axis modulation amplifier

provides the means for varying this bias.

Q894 provides current drive to an operational amplifier
consisting of Q883 and QB74. The operational amplifier
drives emitter follower Q873 which sets the voltage at the
positive-end of the control grid high-voltage bias supply.

APV UULAIA T AUTUUL T A

Four sources can vary the Q8%4 emitter current:

1. The INTENSITY control.
2. The unblanking signal from the 11-Series plug-in unit.

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

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

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

AVosr4 cotector = Rgzs X Alggs

Thus Alrgrs essentially equals Alpggs. (Alrsrs is less than
Alpggs by an amount equal to Alpgg, divided by the op-
erational . amplifier open-loop gain. Since this gain is
quite high, the difference is slight) The Q874 collector
voltage is applied to emitter follower Q873 which sets the
crt control-grid voltage.

Capacitors C878, C877, and C879 provide control over the
high-frequency response of the amplifier. During a rapid
positive-going change at the emitter of Q873, C874 turns off
diode D874 and bootstraps R874.to a more positive voltage,
enabling the Q873 base current to rise rapidly. During a
rapid negative-going change at the collector of Q874, Q873
may momentarily turn off and diode D873 will turn on to
pull down the Q873 emitter voltage.

BISTABLE
MULTI
) Q935 Q945
OSCILLATOR
Q910 A A
Q924 '
100-Volt
Square’ Wave
or D¢

ATTENUATOR

CURRENT-LOOP

.
-

Fig. 3-6. 1«Kc¢ Calibrator - block -diagram.
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Diode D884 will clamp the Q8%4 collector at about +2
volts if an excessive input signal drives Q894 near’ turnoff.
Diodes D870 and D871 protect the amplifier from the high
voltage across C827 in the event that the crt control grid is
shorted to chassis. ‘

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

'Y' axis alignment coil L865 allows odiustmenf of vertical
display lines within about a 4° range.

1 KC CALIBRATOR

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

The clipped output of crystal-stabilized oscillator Q910-
Q924 is applied to the bistable multivibrator through capaci-
tors C924 and C925. Assume that Q935 has just switched
off and Q945 has just switched -on. When Q935 turned off,
the positive-going change at its collector turned on diode

D933. C924 then charges through R933 and places a sub-

stantial reverse bias on D932.

When Q945 turned on, the negative-going change at its
collector turned off D943. C925 then began to discharge
through R942. The discharge period is such that the negative-

Section 3

going portion of the first oscillator cycle following Q945
turn-on does not turn on D942. But after skipping one cycle,
the €925 charge is depleted and D942 turns ‘on during the
fast, negative-going change in the second oscillator cycle.
This diverts current from the Q945 base, causing the multi-
vibrator to switch states.

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

When Q945 is on, its collector voltage is about —14 volts
which turns off D948, since the attenuator series resistors are
returned to chassis. When Q945 is off, D944 is off and R947
turns on both D947 and D948. The voltage across the series
combination of D947 and R946 will essentially equal the
voltage across D948. Thus the voltage at the junction of
D948 and R948B will switch between an accurate 4-100 volts,
established by the 100-volt supply, and zero volts.

The attenuator accurately divides the basic 100-volt square

. wave to lower amplitudes and provides an accurate 50 Q

output resistance with a switch setting of .2 VOLTS ana
below. |f the 50 Q output ‘is termincted in 50 Q, the peak
voltage across the termination will be one-half that indicated
by the switch setting.

100 volts dc is available for use as a reference when the
—15-volt supply is disconnected -from the Q935 and Q%45
emitters by the switch.

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

SECTION 4
MAINTENANCE

PREVENTIVE MAINTENANCE
Cleaning the Interior

_Internal cleaning should precede calibration since the
cleaning processs could alter the setting of certain calibration
controls.

One way to clean the interior is by vacuum and/or low-
pressure compressed air (high-velocity air could damage
certain components). Hardened dirt may be removed with a
soft paint brush, cotton-tipped swab, or cloth dompened with

a water and mild detergent solution. Pay special attention.

to high-voltage circuits where conductive dust can cause
arcing.

Cleaning the Exterior

Loose dust may be removed with a cloth and a dry paint

~ brush. Water ond mild detergents such as Kelite or Spray

White may be used. Abrasive cleansers should not be used.

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

Lubrication

The contacts on the plug-in interconnecting jacks
and plugs should be lightly lubricated with an oil
of the type used on rotary-switch contacts. (Use

" Dow Corning No. 5 Compound. Manufacturer - Dow

Corning Corp., Alpha Molykote Plant, 64 Harvard
Ave, Stamford, Connecticut 06902.) To extend the
life of the contacts, clean and relubricate if the oil
becomes contaminated with abrasive dust. :

The plug-in unit frame-rod contact springs {located just
inside the upper corners of the plug-in unit compartments)
should be lubricated with a grease of the type used on
rotary-switch detents (MIL-G-23827).

Fan Oiling

The fan is permanently lubricated and should not require
further attention. '

Visual Inspection

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

Tube and Transistor Checks

Periodic preventive maintenance checks on the tubes and
transistors used in the instrument are not recommended. The
circuits within the instrument generally provide the most
satisfactory means of checking tube or transistor performance.
Performance of the circuits is throughly checked during
recalibration so that substandard tubes and transistors will

“usually be detected at that time.

Recalibration

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

The calibration procedure can be helpful in isolating mejor
troubles in the instrument. Moreover; minor troubles not
apparent during regular operation may be revealed and
corrected during calibration. i :

COMPONENT REPLACEMENT

CAUTION

The crt leads must be disconnected before pulling
out either the Vertical or Horizontal chassis.

General Information

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

Many electrical components are mounted in a particular
way to reduce or control stray capacitance and inductance.
When selecting replacement parts, it is important to remember
that the physical size and shape of a component may affect

‘its performance at high frequencies. After repair, portions of

the instrument may require recalibration; see Section 5.

Soldering

Special silver-bearing solder is used to establish

a bond to the ceramic terminal strips in this instru-

ment. This bond may be broken by repeated use
(especially if ordinary tin-lead solder is used) or
by excessive heating. A solder containing about 3%
silver is recommended. A small supply of this
solder is provided on a spool mounted inside the
instrument.
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Fig. 4-1. Ceramic strip assembly.

Soldering To Ceramic Strips:

1. Use a wedge-shaped soldering iron tip about Yg-inch
wide. This will allow you to apply heat directly to the solder
in the terminal without touching the ceramic, thereby reducing
the amount of heat required.

2. Maintain a clean, properly tinned tip.

3. Use a hot iron for a short time. A 50- to 75-watt iron
with good heat storage and transfer properties is adequate.

4. Avoid putting pressure on the strip with the soldering
iron or other tools. Excessnve pressure may cause the strip to
crack or chip.

Ceramic Terminal Strips

" Fig. 4-1 shows an assembled ceramic terminal strip. Re-
pilacement strips with studs attached are supplied under a
single part number and spacers under another number. The
original spacers may be reused if undamaged.

Usually, o strip can be pried out of the chassis or pulled
out with a pair of pliers. In some cases, you may choose to
use a hammer and punch to drive out the studs from the
opposite side of the chassis.

When the damaged strip has been remcved place new or
used (but undemaged) spacers in the chassis holes. Then care-
fully force the studs of the new strip into the spacers until they
are competely seated. If necessary, use a soft-faced mallet,
tapping lightly directly over the stud area of the strip.

Switch Replacement

mdwudual wafers normally are not replaced in switch
assemblies.

When soldering leads to a switch, do not let solder flow
around and beyond the terminal rivet as this may destroy the
contact spring tension.

Tubes and Transistors

Tubes and transistors should not be replaced unless actually
defective. When a defect is suspected, it is suggested that

4-2
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circuit conditions be checked first to be certain that a replace-
ment tube or transisor will not be immediately destroyed.
In some cases, these checks will also show whether or not the
tube or transistor is at fault.

When circuit conditions are known to be safe, install a tube
or transistor of the same type that is known to be good and
check for proper operation. If the original tube or transistor

proves acceptable, return it to its original socket to avoid un-

necessary recalibration.

When installing replacement transistors on heat sinks in

the instrument, the bottom of the transistor where it contacts
the heat sink should be coated with silicon grease. If a heat
sink has been replaced along with the transistor, then that
area of the heat sink which contacts the chassis
of the instrument should also be coated with silicon
grease. (Use Dow Corning 340. Manufacturer - Dow
Corning Corp., Alpha Molykote Plant, 64 Harvard
Ave, Stamford, Connecticut 06902.)

Cathode-Ray Tube and Shield

The following procedure outlines the removal and replace-
ment of the crt. Supplementary steps for removal and replace-
ment of the crt shield are included. Replucement of certain
components on the adjacent chassis is easier with the shue!d
removed.

WARNING

Use care when handling a crt. Avoid striking it on
any object that might cause it to crack and im-
plode. Fiying glass from an imploding ¢rt can
cause serious injury. Safety glasses or a plastic
face mask are recommended.
To Remove the Crt:
1. Remove the four bezel nuts and the bezel.
2. Slip off the face-plate shield.

3. Remove the high-voltage anode connector.

4. Remove the four deflection-plate leads. Be careful not

to bend the crt connector pins.

5. Loosen the base clamp screw. \

é. Sforf the crt forward by pressing on the crt base
center pin.

7. Remove the crt base socket.

CAUTION

Support front of crt with hand when moving crt
into or out of crt shield.

8. Remove the crt.

To Replace the Crt:
1. Insert the crt.

2. All four edges of the flange around the crt face-plate
should touch the front panel of the insttument, but must not
be forced. Instead, the crt base clamp should be repositioned
so that all four edges of the flange contact the front panel at
the same time when the crt is inserted. The crt base clamp
is held in place by two allen-head machine screws which are
accessible from the rear of the instrument through holes.
Loosen the screws and reposition the clamp as required.
When the physical alignment of the crt is correct, tighten the
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machine screws and proceed with the next step. Do not
tighten the clamp to the crt base at this time.

3. Replace the base socket, deflection plate leads, and
anode lead.

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

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

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

2. Remove the grommet from the anode con-
nector opening.

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

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

CORRECTIVE MAINTENANCE
Troubleshooting Aids

This manual and the instrument contain many features in-
tended to speed and simplify maintenance.

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

Ist Sig. Fig.
2nd Sig. Fig.

Tolerance

Date Code-J

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

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

1. The basic wire color indicates voltage polamy

tan for
negative, white for positive. )

Section 4

2. The stripe colors indicate supply voltage occording to the
standard EIA color code. Smpes are read in order of de-
creasing width.

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

The instrument contains @ number of stable metal-film resis-
tors identified by their gray background color and color cod-
ing. If a resistor has three significant figures and a multi-
plier, it will be EIA color coded. If it has four significant

Fig. 4-3. Diode polarities.

TABLE 4-1
Color Code Sequence’
1st 2nd 3rd
Color Sig. | Sig. | Sig. Multiplier | Tolerance

Fig. Fig. Fig. (=) %
Black | 0 0 0 1 —_
Brown 1 1 1 10 1
Red 2 2 2 100 .2
Orange | 3 3 3 1,000 —
Yellow | 4 4 4 10,000 —_
Green 5 5 5 100,000 0.50
Blue 6 é 6 1,000,000 i 025
Violet 7 7 7 10,000,000 | 0.0
Gray | 8 8 8 100,000,000 |  0.05
White | 9 9 9 1,000,000,000 | —_
Gold 0.1 5
Stlver ' 0.01 —
No Color| 10
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figures. and a multiplier, the value will be printed on the
resistor. For example, a 333 k resistor will be color coded, but
a 333.5k resistor will have its value printed on the resistor
body. The color coding sequence is shown in Table 4-1
and Fig. 4-2.

Switch wafers shown on the schematics are coded to indi-
cate the physical positions of the wafers on a rotary switch.
The number portion of the code refers to the wafer position
as counted from the front- or driven-end of the switch shaft.

T.0. 33A1-13-332-1

Letters F and R indicate whether the front or rear of the
wafer is used to perform the particular switching function.

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

Fig. 4-3 identifies the polarity of the various diode types
used in the instrument.

Air Flow Reversal

As shipped, air flow is into the rear of the instru-
ment. However, limited space may cause the air flow
to become restricted, thus affecting proper cooling of
the instrument. If such a situation cannototherwisebe
remedied, mechanically reversing the fan, as explained
below, will reverse the flow of air through the instru-
ment and should adequately restore the cooling function
of the fan.

~ Take off the top instrument dust cover. With a
screwdriver, pry the fan guard screen off the rear of
the instrument.

Place the screwdriver in the center of one of the
fan clip guides and pry the clip outward from the fan
about 1/4 inch. With the clip pried outward from the
fan, grasp that side of the fan housing and pull it out-
ward from the rear of the instrument about 1/2 inch.

Release the other side of the fan in the same manner
as described above.

Grasp the whole fan housing and pull it slightly
away from the oscilloscope and rotate it 180°, to re-
verse air flow direction. Now insert the fan housing
back into its hole in the rear panel, being sure to
guide the fan leads so that they are not pinched. Push
the fan housing in until the fan clip guides click, lock-
ing the fan housing into place.

Reinstall the fan guide screen by pushing it into
place. Remove the bottom instrument dust cover and

dress the fan leads. Replace both top and bottom dust

covers.

NOTE

Arrows indicating direction of fan blade rota-
tion and direction of air flow will be found on the
top of the fan housing.
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SECTION 5
CALIBRATION

Introduction

This section of the manual contains a complete calibra-
tion procedure for the Type RMé47 Oscilloscope. The instru-
ment will not require frequent recalibration, but occasional
adjustments will be necessary as components age or are
replaced. .

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

to a particular section of the instrument by attempting
calibration. .

For further calibration instructions on the Type
RM647, refer to calibration procedures referenced
in T.O. 33K-~1-100.

Equipment Required

Equipment having similar characteristics to equip-
ment recommended throughout this section, as re-
quired for calibration and/or test procedures, may
be substituted.

1. Tektronix Type 10/11M1 Test Unit.

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

3. Autotransformer such as Variac or Powerstat. Required
characteristics: Output voltage range covering the full line-
voltage range of the Type RMé47. Volt-ampere rating of at
least 500.

4. Ac voltmeter, calibrated in rms, for monitoring the
autotransformer output. Required characteristics:- 2% ac-
curacy over the full line-voltage range of the Type RMé647.

5. Dc voltmeter such as the Fluke Model 803 or ihe Electro
Instruments Model Eitronic 880.
Input resistance at least 1 megohm. Accuracy at least
+0.05% of reading between 100 millivolts and 100 volts.

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

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

8. Time-mark generator such as the Tektronix Type 180A.
Required characteristics: Marker intervals of 1 millisecond

and 20 nanoseconds (50-mc sine wave). Accuracy of at least
+0.01%.

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

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

Required characteristics: -

Part

Qty. Description Number

1 TU-5 Pulser (alone) with BNC plug-and- 015-038

. jack connector fittings. _

1 50-ohm termination with BNC plug-and- * 011.049
jack connector fittings. o

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

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

1 50-ohm (nominal impedance) coaxial cable, 012.057

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

. 11. Tektronix 50 Q S5XT attenuator: part number 011-060.
12. Miscellaneous
1 — Insulated screwdriver: part number. 003-001.

1 — Adapter, BNC to alligator clips:

013-076.

part number

PRELIMINARY PROCEDURE
1. Remove the covers from the Type RM647.

2. Dlsengcge the captive screw which holds the bottom
rear swing-out chassis closed.

3. Install the Type 10/11M1 plug-in unit in the horizontal
compartment of the Type RMé47.

4. Connect the Type RM647 and the ac vo'tme,er to the
powerline autotransformer output. -

5. Connect the autotransformer to the appropriate line-
voltage source and set for an output near the center of the
line-voltage range for which the Type RM647 is wired.

6 Set the controls on the Type RMé47 and Type 10/11MI
as listed in Table 5-1.

TABLE 5-1
Type RM647
INTENSITY Counterclockwise
. FOCUS Midrange
ASTIG Midrange
SCALE ILLUM Counterclockwise
1 KC CALIBRATOR OFF

HORIZ POSITION Midrange

Type 10/11M1

Horiz Cal 5

Load Zero

Source (voltage) —75v
(function) Gnd

Pulse Rate OFF

(4]
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Section 5

7. Turn on the instrument power and allow several minutes
for warmup.

NOTE

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

CHECK AND ADJUSTMENT PROCEDURE

Low-Voltage Power Supplies
l Ad|us! Voltuge, Check Ripple and Regulation

NOTE -

The following ripple checks can produce erroneous
indications unless ground-loop hum is minimized. To
minimize hum, the Type RM647 and the ripple-
monitoring test oscilloscope should be powered
from the same convenience outlet.

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

a. Repeat steps (a) through (i) for each power supply

“in the order listed in Table 5-2. Be sure to adjust the sup-

plies in the order iisted, and then recheck all supply volt-
ages. It may be necessary to adjust the supplies a second
‘time,

After the regulcﬁoh checks have been made on the
—15-volt supply, the test oscilloscope may be disconnected
from the Type 10/11M1 plug-in. The +300-volt supply is

checked using the dc voltmeter at TP742. The ripple is

checked at TP742 by connecting a probe between the test
point and the test oscilloscope.

CAUTION

Do noi reset the —75 v control unless the power

- supply voltages are actually out of tolerance (see
Table 5-2) or you are planning to perform a com-
plete calibration of the instrument.

b. Connect a coaxial cable from the Output connector on

~ the Type 10/11M1 to the input connecfor on the plug-in of

the test oscilloscope. Set the test oscilloscope controls to

- irigger and display automatically a line-frequency wave-

form with an omplitude of 5 mvolts or less. The waveform
must be dc-coupled into the vemcal amplifier of the test
oscilloscope.

c. With the Source function switch on the Type 10/11M1
set at Gnd, position the trace on the test oscilloscope to
a convenient reference point. With the test oscilloscope and
plug-in set as instep (b),each 5 mvolts of deflection away
from the reference point will indicate 0.1% of error in the
supply - vohage The allowable error in eech supply can be
found in Table 5-2.

d. Set the Source funcﬁon switch on the Type 10/11MI1
to Dc¢ Error ond reset R631 (—75 VOLTS) for no deflection of
the troce on the test oscilloscope as the source function
switch is moved between the Gnd and D¢ Error positions.

_e. Set the 10/11M1 Source function switch to Dc Error
and the Load switch to Full. Check that the trace deflection

-2
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does not equal more than 0.2% {0.3%, if the allowaoble

error in the setting accuracy is included} provided the sup-
ply was adjusted in step (d). Set the Load switch to Zero
and the Source function switch to Ripple.

f. With the power-line autotransformer set for a line-
voltage near the center of the Type RMé47 operating range
(indicated on a metal tag on the rear panel), check that the
ripple is within the limits given in Table 5-2. ~

g. Set the power-line autotransformer for the lower line-
voltage limit (design-center voltage less 10%) of the Type
RMé647 and the 10/11M1 Load switch to Full. Check that the
ripple is within the limit given in Table 5-2.

TABLE 5-2
Variation . |
From
Setting Zero Maximum
Supply | Accu- | To Full Ripple Voltage
Voltage | racy Load {mv p-p) Control
—75v |£01%| 0.2% 3 —75 VOLTS
Ré31
4+100v | +£01%| 0.2% 3 4100 VOLTS
’ R731
+15v | +01% | 0.2% 3 415 VOLTS
_ Ré91
—15v |+01%| 0.2% 3 —15 VOLTS
' Ré61
+300v | =109 10v Unregulated

h. Set the power-line autotransformer for the upper line-
voltage limit (design-center —-10%) of the Type RM647.

i. Reset the power-line autotransformer for a line voltage
near the center of the Type RMé47 operating range. Discon-
nect the voltmeter and reset the Type 10/11M1 controls to

"the positions listed in Table 5-1 except for the Sourcé voltage

switch, which is set to the néxt supply in Table 5-2,

Crt Circuit

1. Adjust HIGH VOLTAGE R801

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

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

2. Check High-Voltage Regulation

a. Set the power-line autotransformer for the lower-limit
operating voltage of the Type RMé47.

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

NOTE

Few high-voltage meters will resolve the slight
voltage change (less than 50 volts) that normally
occurs. Hence, unless a high-resolution meter is
used, no change in the high voltage should be
detected.

e w
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the display.

c. Reset the power-line autotransformer for a voltage near
the center of the Type RMé47 operating range.

" d. Reset the INTENSITY control counterclockwise and dis-
connect the voltmeter.

3. Adjust CRT GRID BIAS R832
a. Set:

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

b. Connect a dc voltmeter between TP873 and ground.

c. Set the INTENSITY control so a meter reading of +20
volts is obtained.

d. Turn CRT GRID BIAS clockwise to obtain a dim spot.
e. Remove the dc voltmeter from TP873.
f. Reset the INTENSITY control to 0.

4. Adjust TRACE ROTATION (front panel)

a. Remove the Type 10/11M1 from the horizontal com-
partment aond install a 10-series plug-in in the vertical com-
partment and an 1l-series plug-in in the honzomo!
compartment. . i

Counterclockwise
Midrange

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

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

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

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

5. Adjust GEOMETRY .R863

a. Set:

1 KC CALIBRATOR 2 VOLTS
Input coupling (10-series) Ac

Time/cm (11-series) - 1 msec
Trigger mode (11-series) Automatic
Source {11-series) Internal

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

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

* amplitude.

d. Set the 1l-series trigger level control, if used, for a

; triggered display.

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

f. Adjust GEOM R863 so that the row of pulse tops and
the row of pulse bottoms form straight lines, = 1 mm.

g- Increase the intensity to observe the vertical lines of

h. Adjust R865 (Y. AXIS ALIGN] so that the vertical lines of

" the pulses are perpendicular to the horizontal graticule lines.

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

6. Adjust Z-Axis Amphf' ier Htgh-Frequency Response
c879
a. Set:
Time/cm (11-series)
Trigger mode (11-series)

b. Set the INTENSITY control for a dim trace.

5 psec
Free running

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

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

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

£ Set the INTENSITY control to 4 and the timefcm control
of the 11-series plug-in to .1 psec. -

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

h. Rotate the INTENSITY control from O to 8.5 and observe
a pulse which varies from zero volts amplitude with a dc
level of 410 volts to an amplitude of about +55 volts with
a dc levei of 440 volts.

i. Set the INTENSITY control to obtain a pulse with a 30-

- volt- amplitude ot TP873.

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

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

I. Connect the output of a Type 1908 to the CRT GRID
connector.

m. Adjust the Type 190B controls to obtain a 4-volt 50-kc
signal ot TP873.

n. Adjust the test oscilloscope so that the 4-volt 50-kc
signal is ac coupled into the test oscilloscope and will pre-
duce a 4-division display.

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

p. Disconnect the Type 190B and test oscilloscope.

q. Set the INTENSITY control for normal trace brightness.

7. Check Alternate Sweep and Chopped Blanking

a. Do not do this check unless the 10-series plug-

in. being used has alternate and/or chopped provi-
sions.

5-3
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b. Set:
Mode (10-series) Alternate
Time/cm (11-series) .5 psec

Trigger mode (11-series) Free running

¢. Check for dual trace in all sweep rates.

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

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

1-Ke Calibrator
1. Check Voltage Accuracy

0. Turn off the instrument power and remove transistor

Q945.
b. Restore instrument power.

c. Connect the precision dc voltmeter to the CAL OUT con-
nector with a coaxial cable.

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

NOTE

The accuracy of the 1 K¢ Calibrator 100-volt out-
put is directly determined by the accuracy of the
4 100-volt power supply.

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

/
TABLE 5-3
1 KC
CALIBRATOR - Tolerance
50 VOLTS “49 —51v
20 VOLTS 19.6—204v
10 VOLTS 98—102v
5 VOLTS - 49-—51v
2 VOLTS 1.96 —204v
1 VOLT 098 —1.02v
.5 VOLT | 0.49—051v
2 VOLT 0.196 —0.204 v
1 VOour 0.099 —0.101 v
NOTE

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

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

" g. Restore instrument power.

5-4
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2. Check ‘Frequency Accuracy

a. Set:

1 KC CALIBRATOR (RMé47) 1 vOouT

Volts/em (10-series) 2

Mode (10-series) To display one chan-
nel only.

Time/cm (11-series) 1 msec

Trigger Mode (11-series) Normal

Trigger level (11-series) 0

Coupling (11-series) Ag low-frequency
reject.

Source (11-series) External

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

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

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

e. Remove the signal connections.

Horizontal Amplifier
1. Adjust HORIZ CENT R364
a. Remove the 10- and 11-series plug-ins from the Type

RM647 and install the Type 10/11M1 in the horizontal com-
partment.

b. Set Type 10/11M1:

Horiz Cal 5

Load Zero
Pulse Rate Off
Position Midrange

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

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

2. Adjust HORIZ GAIN R377 .

a. Set the Type 10/11M1 Horiz Cal to 1 and adjust R377
HORIZ GAIN to place the spot on the first centimeter line.
Set the Horiz Cal to 9 and check that the spot is on the ninth
centimeter line; if it is not adjust the HORIZ GAIN until the
spot is on the first and ninth centimeter graticule lines as
the Type 10/11M1 Horiz Cal control is switched between 1
and 9.
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b. Recheck the HORIZ CENT to insure that the spot is still
on the center vertical graticule line. when the Type 10/11M1
Horiz Cal control is set to 5.

3. Adjust €378, C377, and C397

a. Remove the Type 10/11M1 from the Type RMé47 and
install an 11.-series plug-in in the horizontal compartment
and a 10-series plug-in in the vertical compartment.

b. Set:

Input coupling (10-series) Ac
Volts/e¢m (10-series) 2
Time/cm (11-series) .1 usec
Trigger mode (11-series) Normal
Source (11-series) Internal

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

d. Set the HORIZ POSITION so that the display is cen-
tered. Turn the 11-series pug-in magnifier so that a sweep
rate of 10 nsec/em is achieved.

e. Adjust C377 and C397 for the best linearity from the
center graticule line to the first and ninth centimeter grati-
cule lines.

f. Set the HORIZ POSITION control to position the first

five centimeters of sweep to the left of the first centimeter,

graticule line.

g. Adjust C378 so that the 1 cycle/2cm display has a
peak lined up with the first and ninth centimeter graticule

lines. The peaks between the first and ninth graticule lines

should be within =2 mm of their respective graticule lines.

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

i. Remove input signal.

Vertical Amplifier
1. Adjust YERT CENT R441

a. Remove the 10-series plug-in from the vertical com-

. partment and install the Type 10/11MI into that compart-

ment.
b. Set:

Vertical (Type 10/11M1) Time Mark
Pulse Rate (Type 10/11MI) Off

Position (Type 10/11M1) Midrange
Magnifier (11-series) Off

Trigger mode (11-series) Normal
Trigger level (11-series) .0

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

OVIONRATALITOI L™ L

_is switched between +3cm and

VCULLIVIL 9

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

2. Adjust VERT GAIN R414

a. Set the Type 10/11M1 Vertical to +3 cm Dc Calibrate
and adjust R414 VERT GAIN to place the spot on the top
graticule line. Set the Vertical to —3 cm Dc Calibrate and
check that the spot is on the bottom graticule line; if it is.
not adjust the VERT GAIN until the spot is on the top and
bottom graticule lines as the Type 10/11M1 Vertical controi
—3cm Dc Calibrate
positions.

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

3. Adjust Vertical-System High-Frequency Response
a. Set:
Vertical (Type IO/HMI)
Pulse Rate (Type 10/11M1}

+ Pulse -Polarity
One of the middle

ranges.
Amplitude (Type 10/11M1) To obtain a 4-cm high
. pulse.
Position (Type 10/11M1) To position top of
: pulse 2cm above
horizontal center lins:
Trigger mode (11-series) Automatic
Slope (11-series) . +
Coupling (11-series) Ac low-frequency re-
: ject
Source (11-series) Internal

b. Adjust the trigger level for a stable display.

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

d. Adjust the high-frequency compensation:

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

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

3. Adjust C456D to make the front pulse corner appear
square with less than ', mm of overshoot, roiloff or
« ringing.

e. Repeat the adjustments in step (d) until the best pos-
sible response is obtained. It may be necessary to slightly re-
adjust R456D DAMPING to obtain minimum abeirations in
the top of the waveform.

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

g. Check the risetime of the display (see Fig. 5-1); it should
measure 6.5 nsec or less, from the 10% point to the 90%
point.

1S Lk
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Fig. 5-1. Measuring positive going pulse risetime.

4. Check Verticol-System Negative Response

a. Set: '
Vertical (Type 10/11M1)

Amplitude ({Type 10/11M1}

—Pluse Polarity

To obtain a 4-cm high
pulse.

To position bottom of
pulse 2 em below
horizontal centerline.

. Position (Type 10/11M1)

Slope (11-series) PSR

b. Check for the same response as seen in steps
{(d) and (e) of the next check (5).

c. if necessary readjust R456D, C484, C467, and C456D
slightly to obtain the same pulse shape in the negative po-
larity as in positive polarity.

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

e. Check the negative risetime of the display {see Fig. 5-2); '
it should measure 6.5 nsec or less, from the 10% point to

the 90% point.

- -+
90 % ~+— ¥
T
4cm T+ + HH

¥
T
v i
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time

" Fig. 5-2. Measuring negative going pulse risefime.

5. Check Step Response Variation and Ampliiudé and
Dynamic range (£9 cm)

a. Set:
Vertical (Type 10/11M1)

—Pulse Polarity

T.0. 33A1-13-332-1

Amplitude (Type 10/11M1) To obtain a é-cm high

pulse.

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

cule line.

Slope (11-series) : +

b. Vary the Type 10/11M1 Amplitude control and check

for step response variations.

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

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

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

f. Set:
Vertica! (Type 10/11M1)

Position (Type 10/11M1}

+Pulse Polarity

To position top of
pulse to top graticule
line.

g. Do steps (b) and (c) for the + pulse. A

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

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

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

k. Position the pulse to the top and bottom areas of the
graticule and note the compress:on or exponsnon of the dis-
play. The total compression and expcnsmn must be less than
V, mm.

6. Check Delay Line Aberrations and Termination

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

b. Set:

Position (10-series) Midrange

Volts/cm (10-series) .01

Input coupling (10-series) Dc

Time/cm (11-series) .1 psec

Magnifier (11-series) off

Trigger Mode (11-series) Normal

Slope (11-series) ‘ +

Coupling (11-series) At.: iow-frequency
reject

Source (11-series) ‘!r:temol

c. Connect a Type TU-5 Pulser to the test oscilloscope
1 KC Cal Out connector with a 50-ohm-coaxial cable and set
the test oscilloscope Calibrator to 100 VOLTS. DO NOT use
the Type RM647 1 KC CALIBATOR. It will not run the Type
TU-5.
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d. Connect the Type TU-5 to the vertical input connector
of the 10-series plug-in through a 5XT attenuator and a 50-
ohm termination. )

e. Adjust the Type TU-5 until it generates a fost rise
pulse on the crt of the Type RMé47.

f. Adjust the trigger level control to obtain a stable dis-
play. ,

g. Check.fhe top of the waveform for overshoot, rolloff or
ringing. Any that appears should be less than 0.025 X wave-
form amplitude, above the top of the waveform.

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

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

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

k. Measure the risetime of the waveform. It should be:

less than 7 nsec from the 10% point to the 90% point.
l. Remove the Type TU-5 and set:
Volts/cm (10-series) .01
Variable (10-series) Calibrated

Time/cm (11-series) 1 msec

Magnifier (11-series) oft

m. Apply a 50-kc signal from a Type 1908 through a 50-
ohm coaxial cable and a 50-ohm termination to the vertical
input connector of the 10-series plug-in.

n. Adjust the amplitude of the Type 190B signal to ob-
tain a 4-cm high signal.

o. Increase the output frequency of the Type 190B to 50
MC and check for at least a 2.8-cm signal still remaining on
the crt of the Type RM647.

Miscellaneous Checks
1. Check External Crt Cathode Input

o. Remove ground strap between CRT CATHODE and
GND. . ,

b. Connect a jumper between the CRT CATHODE and CAL
- OUT connectors. ’ :

c. Set:

Magnifier (11-series) ‘ - Off
Time/cm (11-series) 1 msec
Trigger mode (11-series) Free running

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

Section 5

e. Remove jumper and reconnect the ground strap between
the CRT CATHODE and GND connectors.

2. Check External Crt Grid Input
_a. Set: |
Magnifier (11-series) . Off
Time/cm (11-series) 1 msec
Trigger mode (1 1 -series)

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

Free running

c. Check for intensity modulation.

d. Remove the jumper.

3. Check J101 for Voltages and External Single Sweep
Reset .

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

b. Set the 1 KC CALIBRATOR to 5 VOLTS and connect o
coaxial cable between the CAL OUT connector and the verti-
cal input connector on the 10-series plug-in.

c. Set: '
Volts/cm (10-series) 2
Trigger Mode (11-series)

Trigger Level (11-series)

Normal
For a stable display

Source (11-series) Internal

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

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

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

g. Reconnect the coaxial cable or reset the input coupling
(10-series)-to ac and note that one sweep occurs and that the
ready light extinguishes.

h. Remove all connections.

TABLE 5-4

—75v
—15v
ground
+15v
+100v

mlo|n|=|>

- 5-7/5-8
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L3

HORIZONTAL AMPLIFIER

See IMPORTANT note on Vertical Avmplifier diagram for waveform and
< voltage conditions.
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Note 1: Amplitude varies with intensity setting. Peak limits are about

CRT CIRCUIT

410 and 4 100 volts.

* Intensity fully counterclockwise.

See IMPORTANT note on Verfical Amplifier diagram for waveform an

voltage conditions.

——

T801 TRANSFORMER DETAILS

Q¥oY -2N325(

-




:
:
E:

RIS S % e

o

RESISTANCE 'N OHMS,
CAPACITANCE IN M!CROFARADS

SEMICONDULTOR TYPES

i e ~
+100V 1‘ ;
See Note | ~
T801 | RAI0 ‘ "
1060
TRANSFORMER I . l
DETAILS Leowo
:[u.ou l
| 1=
+ loov
[ (DEC) J
+ +8.8 “TToEcouPLING
-16V SUPPLY  —
FROM C6A2
- | c820 HY ASSLMBLY
" 80.f r
F820 Te20
2 T
L ce22 T T
Te.o:s ALl A
oV/0Iv '\»’W-V LAY
N A
MiCH JOUSEC/ DIV
VOLTAGE 4100V , @0 /
1 ‘____'0“'34____‘_‘__’_/
+15v N 634 D822 ¢D632
REPLACE VB22 € Vas2 (55?)
R8O! AA i
mKI RBOO
1.5M
i ceaz cs%?)ef
Tisv E.mb )'1 f
casr |
. 500 T
P802A ¢ vas2 V852 W
ssam 2 S92 | 5692 case_L.
53¢ 1"
OO+
L] U - R838
M
862
3t HE42
R8O2B < caszs
a3z2m ¢ 500 pf
R8O2C <
3.32M 2
R8O2D
EXTIVED
:LR&:\)
TIOK
TFRIG VY-
~__1 RBI4
RJO2E ¢ ~ oK
8.32M J
: ) FOCus]
K freess]
o&l
y Q814A
R&02F § | | B
332M 2 | | eFe 3/v wi-394
45802 “L"G“Zé SRBSA
1=a% :_[EE_SJ $row
) -2.2Kv s
4
(o0 g ce
eer— l _ by
UNLESS OTHERWISE INDICATED, T TR&3 SEE PARTS LIST FOR




R eVe VJINLTAVDTOIOIOL T &
+ 100V
.l (o&C)
_] t 300V
' e Note REs R (unReG)
db - 'K
; i 7
| 2 mSEC/DIV ©LQ DA74 15K R8IA
] | “]_ | A0
' c8io LA x
' :[o.m RGB;_': 1l carr | cavs
. l = % : [u3pf T 2.2pf
» = \ . YISV
+ 00V \\ _‘zn;qu .
i | (DEC) J ~ 'c: 75 hosz
[P, i 2K + 100V
S DECOUPLING oor +ad 0&as
F ceez.[ R&BG ‘i,
; HY ASSAMBLY oar2 e.01 I 19.6K
3 [ L LD&AG :
. -
1 ! +10.%
a8 R®24 +100v
g Tez20 18K (DEC) RABS
- AA 86.6K
E L W Q@874
] . 3 -5V [ Y-Y-%!
F” ! ) R876
b3 a7
; Ji1oM =78V
A ce22 T 1 Q894
[6.0:8 L lcaz27
SR828 Il
oV/0IV i» oM *
-
3
= SRa&29 TPa27
<
. e / |0;45£(/DIV >tOM SOmV/DIV TP &94
0 o—{K} AAA . -
i _ R825 1 =06
i ™M 2msSEC/OY | e
SN 684 D822 ¢DEd2 + 100V
| REPLACE V822 ¢ Vas2 (3642) 18V
rea 1@
1K 1SRax2 T~
‘ MA—S sk Res?
: case caal Sk RE26
i dceaa soopf | T°' 422K
“To.ois ): f
casr_| = CRT
%00 T ©  GRID BIAS
ves2 | V832 ¢r
5642 5642 c:osya:: -
» (R +11.8KY E v\éss
1 —“u' R&38
b M
1 JB862
it 5642 q \
cass
0
500 pf , Lesl
o
i
i
! —_—
L~
RB40
3.9M
. —_——
! . 4 | romiz peFL s
; ) a4l +100V ! ! PLATE SHIELDS +:00V
3.8M ISOLATION ! % s 3
Oo SHIELD ~ e ‘, H
| R&50 N L ! ° ~3_§naes,
‘ : RA&42 47K sV - 1 ‘T:oome
CQUALIZER SR83Y 3.9M 5 e ——— cees i
I > 10K o .
1 - T l i 1 Q;QB%S“ o I -7
ca [ T H 54
R&a4s RBSI ; o.i c + + PIee ] N T +ioov
3.om 56K f ]_ I : : —-.||. By Y AXIS
= ALIGNML KT
| 1 A M Snoed,
= “ b 10OK [
E(E@'i - T T T ceea_[_ 1
; cs«l ‘JSM/ - = = — [ Verr oeFL 2!
o1s T —— PLATE SHIELDS ==
F(552 =
= 100  B&s2 ) -
Lo «Lnsqs 2 | li4
. .00l PR BESY BOS4
tt ] Y 27)
SResa —Pd- L——o""} Teo!
>10 K RESG T & BVAC
1 100K AN QZJ
-2.2KV o [ AP 3 ] CRT l
Wi A CATHODE
A coas L Lcaae RES3  caya  RES® es.
» TEST i 0.01% Te.Ci% 0.01S ™ i
2 P TP SLE PARTS LIST FUR Lo Y i

SEMICONDULTOR TYPED

Firvre 6-

Type RME4T7T CRT Circuit

Schematic Diagram




dSection 6 T.0. 33A1-13-332-1

TEO! e D742 s QT2 -
J %* URREG
rra2s Tl cr42 NS
10ok$ _T 1704r L $r719
\7 :
+
b 4. CT43
TR s
R744 1.(.744
€82 To.00
~
- *703 RTOS
" + - 0723 |[+wa
* R7023 1.¢70
4TK 1
v =
I
/ ! Siovar
LT
TiCIV
- R2s i A~z
s e I
Pz “Lera
095y 15560 T ilar
‘ 1dan T
L Heg ~3FAL !
-75v N
i
. +100v
Q683
. SRE7 haand
oo ©€93
O N
L f @697 N
SEE PARTS LI!ST FOR 29 ’f ELEV TO 1
SEMILOGNDUCTOR TYPES - 2»_.2 xv H?‘
Il
B g 27 €.3Vv TO CRT HTR “;‘ [_.
i o LYY S-S SYRIN *@
i +100v 22K < N 0TFP 697
— - s
34 0 @674 S S -1av 78y :z,-,:c .- —e +1SV
£ e o cage-l $100K PR 358<
3 Q689 D ! ce9s Pieca |
13955 TLlzew
24 +15 ,/ 2e32 —I s
o—> 30 vOLTS 13% t
L ©2Y . uZ R679 l % l
o—> 31 l 0.3 | ~75y !
>~ 70 MV =+
De4a2 ! —e OSCILLATOR -
+8.5
S o P
z-mi 0.
0663 ’oee*
r Q6/4 . 1
| = |
| | S
, L
i ] R =
! ! if__Lcﬁau
' Rol) I _ F Al
4 YTPeNs
-5y
«.7
( WA '
cez22.l. $T622 rexe i
0.017T 3333 a7
; —
@623 [ ! l&fa,
T lgess | 3%° }
& :
= ! R637
— PILOT I ) S 0e3€ tq «
Be0E  (LIGHT [ceao o3
22 AT RG2S 1
i B— € )
(i7" 3] Bess tmeum 353 3BE o L
! NIVAC “1_2‘._ 8604 : .
= i PR
GRATICULE SRG32 _FTwver
LIGHTS 10.7%
' 1 OTred2
i ¥ -y
! UNLESS OTHERWISE INDICATED, .
RESISTANCE IN OHMS, &
! CAPACITANCE IN MICROFARADS
i 16842002-0<2

' . Figure 6-8. Type RM647 Power Supply Schematic Diagram
6-48

P




<o

D . _

——<n
|
|
{L

. voswaso
[o] [o] POWER i \._.v.._
2 ] suPPLY 5 .o
" COMMON GND] ! 1000
AT D609
UNBLANKING .
TO R&93 =
R
s)

(ciov [

+300V -
+100V o i
+i8v : 4
1BV
—ISY e d  u
)
~ J
3 :
. :
>
] A
W { ¢
¢l | cHopPip }4
| | sLANKING i
= | Toras2 ;
2 VERTICAL
o] SIGNAL
) 5 To
b4 DELAY LINE '
A
r —
d ¢ POWER SUPPLY ,
° " COMMON. GND
a e AT D609

o -




Ju

LeVUe QIOALTALIOITOIOOL™ L
J21
24 28 26 27 28 29 30 3 32 I RIGHT HAND
\ s Y 1\ " 12 s ) » s Y e INTERCONNECTING
! SOCKET FOR HORIZONTAL
| PLUG-IN UNIT
N
% swsso TO R3%0
'-_v_._.__.___J
HOME
BIQMAL
4
w
-l A L3
R3508 a
5K
;- 5
R3%0A ';3
3 z
[
>
MORIZ 5
POSITION
L 023
G.3VAC
024
Teo!
034
G.3VAC
— 033
_
Jiot
LOCATED ON
REAR PANEL
¢ ¢l ¢ ¢
0
o o b -
/ * LEFT HAND
A AN I INTERCONNECTING
N S 21 ® A 2 20 31 = SOCKET FOR VERTICAL
s 10 n 2 13 1 15 16 I PLUGSIN UNIT

Figure 6-11. Type RM647 Interconnecting Sockets

Secti




Section 6)”

R934<E- <,rR944
(T3 Si.s
R3S R4S +30¢
3.9 3.9¢ ( (UNR
Sgce D944 "231
sv/oiv |- Ry
” A AR SR l
. 0.2 mSEC/DIV D933 ' 360945 ]
R933 ¢ > sR943
10k $ $1o0K
+1I15v
R923 y
47 :
[
+1K<
$R924
$2.2k
AL °
o503 SR932 one
3 Si.osMm F—
' -8V
U s
co2 SR942
¢> 0.0033 . 31.o5m
O/ o924 i oy

/5/-/03

< “‘swiow [ .
< : | YT
N =L ! TH T
- ,’I% : 0.2mSec/Div
SR926 c9a7
22.7x o.t
oo
By : R937
*LO ] 10
]
K o
]
o}
o |
{ o |
]
o
o
of
o8
UNLESS OTHERWISE INDICATED, o |
RESISTANCE IN OHMS, o |
CAPACITANCE IN MICROFARADS o !
|
o
Mo
ad
¢!
tel
N
ol G
s i
|
) ' ]
7 . e'r
; CALIBRATOR ' Swo4s

¥

b {ixccaLlies

| ; See IMPORTANT note on Vertical Amplifier diagrom for waveform con-
- ditions.

6-50



Section 6

T.

0. 33A1-13-332-1

N
T
i 20v/piv [t bR
N NuSEE RRgpw
' ' (*Lﬁ?:géh 0.2m SEC/DIV
‘:f R947
v 20K poas
1938 l
103/ \ysi-1z 0o4s Yooar  Acrser $nasex
; T33Ar 1 100V DC
S R943 = ¢-0eo—+ AA ’o)
310K co46 ! reasL| | w
82 0942 1 X ; 2i.4 H
. = -0 | o} 100
R9S 4| RO4G >R94 88 |
‘€8 &8 K |o9 Ehox : !
ol ¢o0, SO
-8V M8V 4100V 3 R948C | [
26.66K ' :
) :
R948D ° »-o: =
< !
3,'.“ $1.78K ) H i
4 o} r-o: 1o
= SR9I48E [ '
? 8ol | . :
{): adl S
> ’ < R948F 1 |
b3 hosm $as2 ' h voLTSs
o b o] 2
H -75v SR948G | !
146 | :
‘ LTI IRT L o o, !
. . 1 SR948H ] H
SV/DIV b AP Run 272.4 1 H
L RPN | b0, 0.5
2 " SR948U | '
0.2mSeC/Div ::45" H Rosey b : 3
! ° ] <
°y sox $ o, 9.2
c937 3 R94BK H 1
0.1 228.6 \ :
K - —o0ed c948k : o ! o) o. ]
! H 4‘Ifo I H 1
) SR937 | ef L H !
1 10 1 - o! R948Z < 1
1 1 | 803 "0: so
. | -isv H H i
! ! —o | ¢o| 20
] 1 ] ]
1 1 1 !
} : - L0 : adl 10
! 1 1 '
1 H | ] RSO
! ! Y pbo! s
1
i o1 | H mvoLTs
1 1 Lo [
! ! ! bo, =2
| | | i
: | i |
1 L o
i H ' o, o
[} ] ] ]
1 1 ] 1
| : L 5 bo| o.s
]
: | T c9482Z :
] ] lOOFf
)
‘ ! ' o ) 0} 0.2 ] |
: | | :
] : : o | I3
; H h H i mAIL
o | | i H
| H H |
i o) H o) OFF
: : = 1 :
1
] = | L
| | t ]
eF IR 3R "
) swo4s | ) ) %?z“gi
L {ikc caLiBRATOR }—-—~-—-- e —————— e - D ettt e <

6-50

Figure 6-10.

Type RM647 Calibrator Schematic Diagram

16843002-005

Vi



