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The B & K-Precision Model 1474 Triggered Sweep
Dual-Trace oscilloscope is a laboratory qualitfrprofessional
instrument for obseiving and measuiing waveforms in
electronic circuits. Dual lertical inputs ire provided for
simultaneous viewing of-two waveforms. Low-frequency,
low repetition-rate waveforms are chopped at a :do tHz
t^1tr^,ro provide for simultaneous viewiir!. Alternate sweep
ol t lr. i1o inpurs permits simulraneous viewing of high-
sp"g9-high repetition-rate waveforms. ln additioi. the sum
or clrtterence of the two input waveforms can be displayed

as a single trace. The built- in signal delay l ine insures that
the leading edges of fast rise-time. short-duration pulses are
always visible.

The dual-trace feature, together with the 30 MHz
bandwidth, wide l?ng9 of sweep speeds. and high sensitivity
provided, make this the ideal oscil loscope for ibroad tunge
of applications, including troubleshodting and repairi ig
electronic equipment, research and deielopmeni, and
laboratory instruct ion.

INTRODUCTION

FEATURES

DUAL TRACE

30 MHz BANDWIDTH

USABLE TO
50 MHz

I1 .7  nSEC
RISE TIME

BUILT.IN
DELAY LINE

DIGITAL LOGIC
APPLICATIONS

RADIO
APPLICATIONS

HIGH
SENSITIVITY

Two input waveforms can be
viewed either singly or simul-
taneously, as desired. Individual
vertical sensitivity and position-
ing controls are provided for
completely independent adjust-
m e n t  o f  t h e  t w o  s i g n a l
amplitudes.

DC to 30 MHz bandwidth and
I 1.7 nSEC rise time assure dis-
to r t ion- f ree ,  h  igh- reso lu t ion
presentation at high frequencies.

Triggers on signals up to 50
MHz. Smooth response well be-
yond 30 MHz.

Short-duration pulses not view-
able on other lab scopes are
clearly viewable on rhe 1474
when expanded on 5X magnifi-
cation.

Permits viewing of leading edge
ot high-trequency, fast risetime
pulses.

Design, analysis and trouble-
shooting of mini-computers,
m i c r o p r o c e s s o r s ,  c o m p u t e r
terminals, electronic organs, cal-
culators, and most digital logic
circuitry using TTL. DTL, RTL
and most ECL logic.

Development,  manufactur ing.
and servicing of CB radios an-d
communications radios to 50
MHz. Direct RF and IF measure-
ments, i\M and SSB modulation
patterns, digital data trans-
m$slon.

Permits the low-capacitance,
h i g h - i m p e d a n c e ,  l - 0 : l  a t -
tenuation probes to bd used for
virtually all measurements, thus
assuring minimum circuit loading.

CALIBRATED
VOLTAGE SCALES

TRIGGERED
SWEEP

20 CALIBRATED
SWEEP SPEEDS

EXPANDED
SCALE

DIFFERENTIAL
INPUT
CAPABILITY

LF AND HF
REJECT SYNC
COTJPLING

r 05-t 30 vAc

FULLY
SOLID STATE

Accurate measurement (t3%) of
instantaneous vol tages on l0 di f -
ferent attenuator ranges for both
Channel A and Channel B.

Fully adjustable rrigger thres-
hold allows the desired portion
of the waveforms to be used for
triggering. A single waveform, or
both waveforms in dual-trace
operation. can be synchronized
to the signal displayed on
Channel A or Channel B or to an
external sync trigger.

Accurate time measurements on
20 different ranges.

Sweep speed range of 0.2 gSEC/
cm to 0.5 SEC/cm provides
every speed necessary for view-
ing waveforms from DC to 30
MHz.

A^ fiI. t ime magnification (5X)
of the horizontal sweep aliowi
c lose-up examinat ion  o f  a
portion of the waveform. In
addition, the 5X magni{lcation
provides a maximum sweep
speed of  40 nSEC/cm.

Capabil ity to algebraically add
or subtract  Channel  A and Chan-
nel  B and display as a s ingle
trace. Useful tor differentlal
voltage and distortion measure-
ments.

Sync coupl ing ( to at tenuate low-
or high-frequency component of
signal) may be selected-

Maintains calibration accuracy
over ent i re 105 to 130 vAc
input range.

Only the cathode ray tube uses a
Ii lament.
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CALIBRATION
SOURCE

X-Y OPERATION

Z-AXIS
INPUT

A built- in calibrated 0.5 volt
peak-to-peak square wave Per-
mits checking and recalibration
of the vertical amPlif iers without
addi t ional  equipment.

Channel B input can be aPPlied
as horizontal deflection (X axis)
while Channel A input provides
vertical deflection (Y axis).

lntensity nrodulation capabil ity
included for t ime cr frequency'
markers. compatible with 5V P-P
solid state logic circuits.

BRIGHT
PHOSPHOR

LARGE SCREEN

ILLUMINATED
SCALE

Bright blue P3l phosPhor,
usually found only in more ex'
pensive oscilloscopes.

The 130 mm (approx.  5.1
inches) diameter cathode ray
tube gives easy-to-read presenta'
tion on an 8 x l0 cm rectangular
viewing area.

Fully variable illumination for
the scale. Vertical and horizontal
markers on the scale make volt'
age and time measurements easy
to read.

NOT[.S
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SPECIFICATIONS

VERTICAL AMPLIFIERS (CH A and CH B)

Deflection Factor 5 mV/cm to 5V/cm,!  37o, in l0
ranges, each providing for fine
adjustment.

Frequency Response DC: DC to 30 MHz (- 3 dB).
AC: l0  Hz to 30 MHz C3 dB).

Rise time

Overshoot

Input Resistance

Input Capacity

Tilt

Signal Delay

CH B Polarity

I I .7 nanoseconds or less .

3% or less.

I megohm , !27o.

22  pF ( t3  pF) .

Less than 5%.

Fixed, l2 nSEC minimum vis ib le
delay.

Normal or inverted. When in-
verted, provides CH A minus CH
B presentation, when in the
ADD mode.

More than 4 cm at 30 MHz;
more than 8 cm at | 0 MHz.

SWEEP CIRCUITS (Common to CH A and CH B)

With SWEEP TIME/CM switch
in CH B posi t ion.  the CH A
input becomes the Y input (ver-
t ical)  and the CH B input be-
comes the X input (hor izontal) .
The CH B posi t ion control  be-
comes the horizontal position
control .

Tr iggered and automat ic.  In
automatic mode, sweep is ob-
tained without input s ignal .

0.2 sSEC/cm to 0.5 SEC/cm
(t37o), in 20 ranges, in l-2-s
sequence.  Each over lapp ing
range provides for fine adjust-
ment .

Obtained by enlarging the above
sweep 5 times (!57o) from
center. Maximum sweep speed
becomes 40 nSEC/cnr.

3% or better.

CH A. CH B, EXT and ANt DET.
During single trace operation.
CH A and CH B are triggered
automat ical ly by the operat ing
modes.

The AM DET provides an inter.
nal  synchronizat ion of  the ampl i -
tude ntodulated waves with their
carrier frequency range fronr 3
MHz to  30  MHz.

NORM. AUTO: when the AUTO
LEVEL button is in the AUTO
mode, the sweep triggers auto-
mat ical ly at  the average level  of
the displayed wavefornr.

Posi t ive or negat ive.  cont inu-
ously var iable level  control :  pul l
for adjustable level AUTO.

AC,  DC,  LF REJ.  and HF REJ.

AC: 20 Hz-30 MHz.

DC: DC to 30 MHz..

LF REJ:  A t tenuate  be low l0
kHz.

HF REJ: Attenuate above 300
kHz.

X-Y Operation

Sweep System

Sweep Time

Sweep Magnification

Max. Input Voltage 100 V (DC + AC peak) or 600 V
p-p.

Operating Modes Channel A only.

Channel B only.

Dual trace; automatically chop-
ped at all sweep times of 

-l

mSi cm and slower: alternate
trace automatically selected for
all faster sweep times.

Add (single-trace algebraic sum
of Channels A and B).

Chop Frequency 200 kHz (t2Wo).

Channel Separation Better than 70 dB @ I kHz.

Linearity

TRIGGERINC

Source

Method

Slope

Coupl ing

Non-Distorted
Maximum
Amplitude

HORIZONTAL AMPLIFIER (Horizontal input thru CH B
input)

Deflection Factor 5 mV/cm to 5V/cm , +3%.

Frequency Response DC: DC to 2MHz(-3 dB).

AC: l0 Hz to 2 MHz (_3 dB).

Input Resistance I megohm (nominal).

Input Capacity 22 pF (t3 pF).

Input Protection. 3OO V (DC + AC peak) or 600 V
p-P.
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Trigger
Sensitivity

Minimum Sync Voltage

Coupling Bandwidth INT EXT EXT/10

A C 20Hz- l5MHz
lOHz -  30MHz

0.3 Div
I Div

0 . lVpp
0.5Vpp

I V P P
5vpp

LF Rej
20kHz -  l5MHz
l0kHz -  30MHz

0.3 Div
I Div

0 . l V p p
0.5Vpp

lvpp
5Vpp

HF Rej
20Hz 50kHz
l0Hz -  300kHz

0.3 Div
I Div

0 . lVpp
0.5Vpp

lvpp
5vpp

N O R M
DC

AUTO

D C  -  l 5 M H z
DC -  30MHz

0.3 Div
I Div

0. lVpp
0.5Vpp

lvpp
5vpp

20Hz - l5MHz
l0Hz -  20MHz

0.3 Div
I Div

0 . lVpp
0.5Vpp

lvpp
5vpp

CALIBRATION
VOLTAGE

Ampl i tude: .5V p-p,  l lVo.
Frequency :  l kHz,  t3%.

INTENSITY
MODULATION
Input Vol tage Minimum: 5 V p-p (TTL com-

patible).
Maximum: 50 V.

Input lmpedance lOk ohms.

B a n d w i d t h  D C - 5 M H z .

POWER
REQUIREMENTS
fnput  l l7 l234 VAC,  50 /60  Hz,  25

watts.  (3-wire l ine cord,  CSA-
approve d for oscilloscopes.)

Regulat ion 105 to 130 VAC.

MISCELLANEOUS

Scale Variable illumination.

Dimensions (WXHXD) 260 x 190 x 375 mm.
1 4 . 5  x  9 . 8  x  1 7 . 8  i n c h e s .

Weigh t  8 .5  Kg;  19 lbs .

CRT 130 mm d iameter  (approx .  5 " ) .
PDA type. approx.  4 kV.

PROBES

Model No. PR-36 ( two required).

A t tenuat ion  Conrb ina t ion  l0 :  I  and d i rec t .

l r rpu t  ln rpedances  l0 :  |  =  l0  megohms.  l8  pF.
Direct  = I  nregohm. 120 pF.

Connector BNC male

Tip Spring-loaded hook-on tip.

NOTES
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OPERATOR'S CONTROLS. INDICATORS AND FACI LITIES

l .

2 .

Cathode Ray Tube (CRT).  This is the screcn orr  which
the wavefonlls are viewed.

Scale.  The 8 x l0 crn grat icule provides cal ibrat ion
nrarks for  vol tage (vert ical)  and t inre (hor izontal)
measurenlents.  l l luminat ion of  the scale is fu l ly  adjust-
able.

POWER/ILLUM control .  Ful ly counterclockwise rota-
t ion of  th is control  (OFF posi t ion) turns.  of f  osci l lo-
scope. Clockwise rotation turns on oscil loscope.
Further clockwise rotation of the control increases the
il lurnination level of the scale.

Pi lot  lanrp.  L ights when osci l loscope is turned on.

SWEEP TIME/CM switch. Horiz-ontal coarse sweep
t inre selector.  Selects c l l ibrated sweep t inres of  0.2
pSEC/crn (rnicrosecond per cent inreter)  to 0.5 SEC/crn
in 20 steps when VARIABLE control  (6)  is  set  to the
CAL posi t ion ( fu l ly  c lockwise).  In the CH B posi t ion.
th is switch disables the internal  sweep generator and
pernr i ts the CH B input to provide hor izontal  sweep.

Sweep speed VARIABLE control .  Fine sweep t i rne
adjustrnent.  In the extrenre c lockwise (CAL) posi t ion
the sweep t i r r re is cal ibrated.

CAL I  kHz -n- 0.5 V p-p jack.  Provides cal ibrated I  kHz..
0.5 vol t  peak-to-peak square wave input s ignal .  This is
used for cal ibrat ion of  the vert ical  arnpl i l ' icr  at tenua-
tors and to check the frequency conlpnsat ion adjust-
nlent of the probes used with the oscil loscope.

8.  <> POSTTION control .  Rotat ion adjusts hor izontal
posi t ion of  t race (both t races when operated in the
dual  t race mode).  Push-pul l  switch selects 5X rnagni f i -
cat ion when pul led out (PULL 5X MAG): nonnal  when
pushed in.

9.  TRIGGERING LEVEL control .  Sync level  adjustruent
determines pclint on wavefornr slope when sweep
starts;  ( - )  equals rnost negat ive point  of  t r igger ing and
(+) equals most positive point of triggering. Puslr-pull
switch selects automatic triggering when llullcd out
(PULL AUTO). When automat ic t r igger ing.  a swecp is
generated even without an input signal.

SLOPE switch.  Two-posi t ion lever switch wi th the
following positions:

(+) Sweep is triggered on positive-going slope of
waveform.

(-) Sweep is triggered on negative-going slope of
waveform

AUTO LEVEL pushbutton switch. ln tlre NORM
position (button out), the triggering level is selected by
TRIGGERING LEVEL control (9). ln the AUTO
position (button in), the triggering level is automatical-
ly set at the average level of the waveform used for
triggering

12.  COUPLING swi tch .  Four 'pos i t ion  hver  sw i tch  w i th  the
fol lowing posi t ions:

AC Tr igger is AC-coupled. l0 Hr to 30 MHz-
response.

LF REJ Tr igger ing below l0 kHz is at tenuated.

HF REJ Tr igger ing above 30 kHz is at tenuated.

DC Trigger is DC-coupled.

EXT TRIG jack.  lnput for  external  t r igger s ignal .

SOURCE switch.  Four-posi t ion lcver switch selects
triggering source lbr the sweep. Both sweeps are
triggered by the san're source in dual trace operation.

INT ( in te rna l )
Mode Switch ( l l )  in Dual  or  Add posi t ion,

CH A Sweep is triggered by Channel A signal.
CH B Sweep is triggered by Channel B signal.

Mode Switch ( l l )  in CH A or CH B posi t ion.
Sweep is triggered automatically.

EXT (ex terna l )
Sweep is triggered by an external signal applied to
EXT TRIG jack  (  l3 ) .  The anrp l i tude o f  an  ex terna l
s ignal  should not exceed lVpp.

AM DET
The AM DET is provided with an internal  AM
detect ing c i rcui t  to synchronize the ampl i tude
rnodulated waves with their  carr ier  f requency ( f rom
3 MHz to 30 MHz).  CH A provides the synchroniz '
at ion source for a dual  channel  n leastt rement.

15 .  Chass is  g round (  l )  te r r r r ina l /b ind ing  pos t .

16 .  CH B POLARITY pushbut ton  swi tch .  In  the  NORM
pos i t ion  (bu t ton  ou t ) .  thc  C l ranne l  B  s igna l  i s  non '
inver ted .  In  the  INV pos i t ion  (bu t ton  in ) .  the  Channe l
B signal  is  inverted. Wlrcn MODE switch (12) is in the
ADD posi t ion and this switc l t  is  in the INV posi t ion.
the Clrannel  B s ignal  is  subtracted l ' ror t t  the Clrannel  A
signal  and the di l ' t 'erence is displayed as a s ingle t race.

17. Channel  B POSITION cott t r t l l .  Vert ical  posi t ion adj t rst '
n lent  for  Chal tnel  B t race. Beeol t tes l tor izontal  p<ls i t i t ln
ad jus t r r rcn t  when SWEb,P T IME/CM swi tch  (5 )  i s  in  thc
CH B pos i t ion .

18 .  Channe l  B  INPUT Jack .  Vcr t iea l  inpu t  jack  o l 'C l tannc l
B. Jack becorrrcs cxtcnlal  hor iz.ontal  i r tput  when
S W E E P  T I M E / C M  s w i t c h  ( 5 )  i s  i n  t h e  C H  B  p o s i t i o n .

19. Chanrrel  B DC-GND-AC switch.

DC Direct  input ol '  AC urrd DC conl lxrnent ol '
input s ignal .

GND Opcns s ignu l  pa t l r  rnd  grou t tds  input  to
vertical arnpli l- ier. This provitlcs a z.cro-signul
base linc. the position of wltich can be used as
a reference when perlbrrning DC nteasure-
ments.

AC Blocks DC component o[ input signal.

3 .

1 3 .

14.4 .

5 .

6 .

7 .

10.

l l .
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20. channel B voLTs/cM switch. vertical atrenuator for
channel B which provides step adjustment of vertical
sensi t iv i ty.  vert ical  sensi t iv i ty is cal ibrated in |  0
steps from 5 mV to 5 vol ts pdr cm when VARIABLE
cont ro l  (21)  i s  se t  to  CAL pos i t ion .  Th is  cont ro l
adjusts horizontal sensitivity when the SWEEP TIME/
CM switch (5) is in the CH B posi t ion.

21. channel  B VARIABLE control .  Vert ical  ar tenuaror
Sdjustment provides fine control of vertical sensitivity.
In the extreme clockwise (cAL) posirion. the vertici l
attenuator is calibrated. This control becomes the fine
horizontal gain control when the SWEEP TIME/CM
switch (5) is in the CH B position.

22. MODE switch. Four-position lever switch; selects the
basic operating modes of the oscil loscope.

CH A Only the input signal to Channel A is dis-
played as a single trace.
With Source Swirch (la) in INT. the CH B is
displayed automatically as a trigger signal.

CH B Only the input signal to Channel B is dis-
played as a single trace.
With Source Switch (la) in INT, the CH A is
displayed as a trigger signal.

DUAL Dual- t race operat ion;  both the Channel A and
Channel B input signals are displayed on two
separate traces.

ADD The waveforms from Channel A and Channel
B inputs are added and the sunr is displayed as
a single trace.

23. channel A voLTS/cM switch. Vertical attenuator for
channel A which provides coarse adjustment of vertical
sensitivity. vertical sensitivity is calibrated in l0 steps
from 5 mV to 5 vol ts per cm when VARIABLE
conrrol  (2a) is set  to the CAL posi t ion.

24. channel A VARIABLE control. Vertical atrenuaror
ldjustment provides fine conrrol oi vertical sensitivity.
In the extr.eme..clockwise (cAL) position. the veqtical
attenuator is calibrated.

25. Channel A DC-GND-AC switch.

DC Direct . input of AC and DC component of
input signal.

GND Opens signgl  pat t r  and ground input to vert ical
ampnrler. ttus provides a zero_signal base line.
thg position of which can b; used as a
reference when performing DC measurements.

AC Blocks DC component of input signal.

26. channel A INPUT jack. vertical input jack of channel
A.

' 27. channel A POSITION control. Vertical position adjust.
ment for Channel A trace.

28. ASTIG adjustment.  Ast igmat ism adjustment provides
optimum _spot roundness when used in conjunction
with the FOCUS conrrol  (29) and tNTENStTy control
(30).  Very l i t t le readjustment of  th is conrrol  is
required af ter  in i t ia l  adjustment.

29. FOCUS control .

30. INTENSTTY conrrol. Adjusts brightness of rrace.

31. combinat ion carry ing handle and t i l t  s tand. when the
handle is fo!{_ed upward. the oscil loscope resrs on
rubber feet. When the handle is folded downward. it
elevates the front of the oscil loscope to a convenient
viewing angle.

32. AC lin-e^changer. Sets up instrument to operate from
100. I 20. 220 or 240 VAC.

AC l ine receptacle.

34. AC line cord. CSA approved for oscil loscopes.

35. Fuse holder.

36. INT MOD jack.  lntensiry rnodulat ion (Z axis)  input.

37. CRT rotat ion adjustrnent.

38. Feet (4).  support  osci l loscope when uni t  is  in vert ical
position (face up): and serve as storage wrap anchors
for l ine cord.

39. VRl06. CH B DC BAL control  (under rubber button).
Vertical DC balance adjustnrent for Channel B trace.

40. VRl08. CH B ATTEN BAL control  (under rubber
button).  Step at tenuator balance adjustment for
Channel B t race.

41 .  VRl03 .  CH A ATTEN BAL cont ro l  (under  rubber
but ton) .  S tep  a t tenuator  ba lance ad jus tment  f  o r
Channel A t race.

42 .  VRl0 l .  CH A DC BAL cont ro l  (under  rubber  bu t ton) .
Vert ical  DC balance adjustment for  Channel  A t race.

43. Probe (two required, see Fig. 3). The B & K-precision
Model PR-36 probes have beerr designed for use with
this osci l loscope. These are combini t ion I0: l /d i rect
probes designed for oscil loscopes with input impedance
of l  megohm. shunted by 2i  pF (r3) ind capable of
ope.rat ion up to and beyond 30 MHz. Equivalent
oscil loscope probes may be used.

33.

NOTES

l 0
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Fig. 2. Rear and side panel facilities.

Fig. 3. Probe details.
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OPERATING INSTRUCTIONS

INITIAL STARTING PROCEDURE

l. Set POWER ILLUM control (3) to OFF position (fully
counterclockwise).

2. Plug the AC line changer (32) into the position that
corresponds to the AC line voltage from which the
oscilloscope will be operated as follows: (This informa-
tion also appears on a label on the back of the unit.)

AC UNE CHANGER
FOSITION

100 v
120 v
220V
240 V

AC UNE VOLTAGE

100 V, +I0Vo
105  V  to  130  V
220V, ! tO%
240 v, +lovo

3. Connect AC power cord (34) to the AC line receptacle
(33), then to a 50/60 Hz AC power outlet.

4. Set CH A POSITION control (27), CH B POSITION
control (17) and <> POSITION (8) to the centers of
their ranges.

5. Press the AUTO LEVEL pushbutton (l l),leaving it in
the AUTO position.

6. Set CH A DC-GND-AC switch (25) and CH B
DC-GNDAC switch (19) to the GND positions.

7. Set the MODE switch (22) to the CH B position for
single-trace operation or the DUAL position for dual-
trace operation.

8. Turn on oscilloscope by rotating the POWER/ILLUM
control (3) clockwise. It will "click" on and pilot lamp
(4) wil light. Turn control clockwise to the desired
scale (2) illumination.

9. Wait a few seconds for the cathode ray tube (CRT) to
warm up. A trace (two traces if operating in the DUAL
mode) should appear on the face of the CRT.

10. If no trace appears, increase (clockwise) the IN-
TENSITY control (30) setting until the trace is easily
observed.

I l. Adjust FOCUS control (29) and INTENSITY control
(30) for the thinnest, sharpest trace.

12. Readjust position controls (8), (27) and (17) if
necessary, to center the traces.

13. Check for proper adjustment of ASTIG control (28),
CH A and CH B ATTEN BAL controls (41) and (40),
and CH A and CH B DC BAL controls (a2) and (39) as
described in the MAINTENANCE AND CALIBRA-
TION portion of this manual. These adjustments
require checking only periodically.

The oscilloscope is now ready for making waveform
measurements.

t 2

CAUTION

Never allow a small spot of high brilliance to
remain stationary on the screen for more than a
few seconds. The screen may become permanently
burned. Reduce intensity or keep the spot in
motion by causing it to sweep.

SINGLETRACE WAVEFORM OBSERVATION

Either Channel A or Channel B can be used for
single-trace operation. The advantage of using Channel B is
that the polarity of the observed waveform can be inverted
if desired, with cH B P0LARITY switch (16). For
convenience, Channel B is used in the following in-
structions:

l. Perform the steps of the "lnitial Starting Procedure"
with the MODE switch (22) in the CH B position. Then
connect the probe cable to the CH B INPUT jack (18).
The following instructions assume the use of the B& K-
hecision Model PR-36 combination probes.

2. For all except low-amplitude waveforms, the probes
are set for l0: I attentuation. For low-amplitude
waveforms (below 50 mV peak-to-peak), set the probe
for DIRect. See Fig. 3 for changing the probes from
l0:l to DIRect, or vice versa. The probe has a l0
megohm input impedance with only l8 pF shunt
capacitance in the l0:l position and I megohm with
120 pF shunt capacitance in the DlRect position. The
higher input impedance (low-capacity position) should
be used when possible, to decrease circuit loading.

3. Set CH B DC-GND-AC switch (19) to AC for measur-
ing only the AC component (this is the normal position
for most measurements and must be used if the point
being measured includes a large DC component). Use
the DC position for measuring both the AC component
and the DC reference, and any time a very low
frequency waveform (below l0 Hz) is to be observed.
The GND position is required only when a zero-signal
ground reference is required, such as for DC voltage
readings.

4. Connect ground clip of probe to chassis ground of the
equipment under test. Connect the tip of the probe.to
the point in the circuit where the waveform is to be
measured.

WARNING

a. If the equipment under test is a trans-
formerless AC powered item, use an isolation' 
transformer to prevent dangerous electrical
shock.

b. The peak-to-peak voltage at the point of
measurement should not exceed 600 volts.

5. Set CH B VOLTS/CM switch (20) and the VARIABLE
control (21) to a position that gives 2 to 6 cm (two to
six large squares on the scale) vertical deflection. The
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display on the screen will probably be unsynchronized.
ThA remaining steps are concerned with adjusting
synchronization and sweep speed, which presents a
siable display showing the desired number of wave-
forms. Any signal thot produces at least I cm verticol
deflection develops sufficient trigger signal to syn'
chronize the sweep.

6 .  S e t  S O L T R C E  s w i t c h  ( 1 4 )  t o  t h e  C [ ]  A  o r  C H  B  p o s i -
t ior t .  Dur ing s ingle t race operat ion.  the Tr igger Signal
select ing wl tet l ter  CH A signal  or  C[ ' l  B is depended on
Mode Switc l r .  Then i t  is  not  necessar! '  to adjust  Source
S w i t c h  ( 1 4 ) r o  C H  A  ( o r  C H  B )  s i g n a l  a t  t h e  C H  A ( o r
( ' l t  B) posi t ion.  Most u 'avefornts should be viewed
usirrg internal  sync. Wltelr  an external  sync source is
required. the SOLIRCE su i tch should be placed in the'
EXT pgsi t igt t :  a cable sht l t r ld be cottnected fronr t f te
EXT 1-R l ( i  jack  (  l3  )  to  the  ex le rna l  s ) 'nc  source .  -
Wlren an i r i terrral  svnchronizat i t ln is required for an
arnp l i tude modu la ted  wave.  se t  SOURCE swi tch  (14)

to  the  AM DET pos i t ion .  The an lp l i tude  nrodu la ted
waves ol ' f requerrcy '  3 l r {Hz to 30 MHz wi l l  be internal l l '
sy 'nchronized autontat ical ly.  CH A is provided rv i th
f  synclr  roniz_at ion source t i t r  dual  cSannel  ' leasure-
n len  t  .

7. Set SLOPE switch (10) to the (+1 posi t ion i f  the sweep
is to be tr iggered by a posi t ive 'going wave. or the (-)
position if ihe sweep is to be triS,Eered by.a negative-
going wave. If the type of waveform is unknown, the
(+) position may be used.

8.  I f  the waveform is symrnetr ical  and sweep tr igger ing on
the average point of the waveform is accepllable, leave
AUTO LEVEL pushbutton ( l  l )  in the AUTO posi t ion
and skip step (9). However. to- trigger the sweep on a

specific' potiion ol the waveform, push the AUTO
LEVEL pushbutton ( I I ) again to release it to the
NORM posi t ion.

9.  Adjusr TRIGGERING LEVEL control  (9)  to obtain a
synchronized display wi thout j i t ter '  As a start ing point ,
t ire control may-be pushed in and rotated to any point
tSat wil l produte a iweep, which is usually somewhere
in the .intet portion bf its range. The trace wil l

disappear if there is inadequate signal to trigger the

t*e.p, such as when measuring DC or extremely low
ampl i tude waveforms. I f  no sweep-c.an^be obtained'
pul i  the control  out  (PULL AUTO) for automat ic
tr igger ing.

10. Set COLPLING switch ( l l )  to the AC posi t ion for

t r igger ing s ignals of  -10 Hz. to 30 MHz, or to the DC

puiit iutl for triggering signals of DC to 30 MHz' lf the
ir igger ing s ignl l -contains noise or is a contplex wave-
fornr nude up of  h igh and low frequency components '
the LF REJect and HF REJect posi t ions may be
hclpful  in el inr inat ing j i t ter  l ' rom the disp. lay '  The LF
REJecr posi t ion at tenuales r !gge1 signals below l0
kt lz lusi fu l  to el in i lnate 60 Hz hum). and the I IF

REJeelt  posrt ion at tenuates t 'gger s ignals,above 30 kHz
(useful  t t - r  c l inr inare high i requencl '  noise).

I  l .  Se t  SWE,EP TIME/CM swi tch  (5 )  and VARIABLE
cclntrol  (6)  for  the desired nunrber of  waveft l rms.
These conlrols ntal ' be sel for viewing only a ptlrt ion of
a wavcl'orm. bui thc trace bectlmes progressivelY'
tl intmer as a smaller portion is displayed' This is
because the sweep speed increases but the sweep
repet i t ion rate does not change'

12. After obtaining the desired number of waveforms, as in
step (l l), it is sometimes desirable to make a final
adjlstment of the TRIGGERING LEVEL control (9).

Ttie (- ) direction selects the most negative point on the
*uueiotm at which sweep triggering will occur and the
(+) direction selects the most positive point on the
wiveform at which sweep triggering will occur' The
control may be adjusted to start the sweep'on any
desired portion of the waveform.

13. For a close-up view of a portion of the waveform, puU

outward on the
expands the sweep by a factor of five (5X magnifica'
ti";i and displays only the center-portion of the
tt"..p. To view a portion to the left of center, turn the
<> POSITION control clockwise, and to view portions
to the right of center, turn the control counter-
clockwise.-Push inward on the control to return the
sweep to the normal, non'magnifled condition.

NOTE
When using very fast sweeP speed at low repetition
rates, the operator may wish to oPerate with the
ihtensity control toward maximum. Under these
conditions, a retrace "pip" may appear at the
extreme left of the trace. This does not in any way
affect the oscilloscope operation and may be
disregarded.

NOTES

l 3
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CALIBRATED VOLTAGE MEASUREMENT (See Fig. a)

. Peak voltages, peak-to-peak-voltages, DC voltages and
voltages of a specific portion of a co-mplex wavef6rm are
easily and accurately measured on the Model 1474 oscillo-
scoPe.

l. Adjusl controls as previo-usly instructed to display the
waveform to be measured.

?.  k sure the CH B verr ical  VARTABLE control  (21) is
set fully clockwise to the CAL position.

3. Set CH B VOLTS/CM switch (20) for the maximum
vertical deflection. possible without exceeding the
limits of the verrical siale.

4. Read the amount of vertical deflection (in cm) from
the scale. The CH B POSITION control'(17) may be
readjusted to shift the reference point foi eaiier scale
reading_if_desired. when measuring a DC voltage, adjust
the CH B POSITION control  ( tZ) to a cJnvenient
reference with the CH B DC-GND-AC switch (19) in
the_ GND position, then note the amount the irace is
deflected *hT the switch is- placed in the DC position.
The trace deflects upward for a positive voltage input
and downward for a negative voltige input.

For an accurate d,rpilro:? high-frequency wave-
forms above l0 MHz, i t  is  importanf that  ( l )  the
probe be used in the l0: l  posi t ion to reduce
circuit loading; (2) the oscil losiope controls be ser
so that the height of the pattern does not exceed
4 cm; and (3) the t race be centered vert ical lv.

5.  Calculate the vol tage reading as fo l lows: Mult ip ly the
vertical dellection (in cm) by the VOLTS/CM iontrol
(20) setting (see.example in Fig. 4). Don't forger rhat
thq vgltaee re.ading displayed bn the oscil loriop. is
gnly l / lOth the actual  vol tage being measured when
the probe is set  for  l0: l  at tenuai ion.  The actual
voltage is displayed when the probe is set for DIRect
measurernent.

6. Calibration accuracy of this oscil loscope may be
occasionally checked by observing the 0.5 volt peik-to_
peak square wave signal available at the CnL ttUz
_rL 0.5 V p-pjack (7).This calibrared source should read
exactly 0.5 volt peak-to-peak. If a need for recalibra-
t ion is indicated. see the MAINTENANCE AND
CALIBRATION sect ion of  the manual tor  complete
procedures.

€DPOS|TtON CONTROL A0JUSTED SO
THAT TOP OF WAVEFORM CROSSES
CENTER VERTICAL SCALE
MARKER FOR ACCURACY AND
EASE OF  REAOING.

4.2 cm

POSITION CONTROL ADJUSTED SO
THAT BOTTOM OF WAVEFORM
ALIGNS EXACTLY WITH A
HORI  ZONTAL  REFER ENCE L I  NE .

VOLTS/CM
set to 20 mV

1 0  1
P R O E E  A T T E N U A T I O N

EXAMPLE:
VERTICAL  DEFLECTION =

VOLTAGE/cm =

PROBE ATTENUATION =
PEAK TO PEAK WAVEFORM =

4.2 cm
2O mV
84 mV
1 0

84O mV or 0.84V

Fig. 4. Typical voltage measurement.
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DIFFERENTIAL VOLTAGE MEASUREMENT (See Fig. 5)

This oscil loscope may be used to observe waveforms
and measure voltages between two points in a circuit,
nei ther of  which is c i rcui t  ground. Such measurements as
the inpurs ro a di f ferenr ia l  arypl i f ier .  the ourput of  a phase
spl i t ter  or  push-pul l  arnpl i f ier ,  the amount of  i ignal
developed across a single section of voltage divider- or
at tenuator.  and many others,  require th is technique.

l .  { t ju1!controls as previously descr ibed und INITIAL
STARTING PROCEDURE. 

-

l .  Connect a probe cable to both the CH A and CH B
INPUT jacks  (  16)  and (  I  8y .

3.  connect ground cl ips of  the two probes to the chassis
of  equipment under test ,  and ionnect t ips of  the
probes to the points in the curcuit where measure-
merrts are to be made. lt is usually desirable to connect
the .CH A probe to. the higher potential or higher
amplitude poinr in the circuit and- the CH B probE to
the lower potential or lower amplitude point in the
circui t .

4. Set the MODE switch (22) to the CH A position and
the SOURCE switch (la) to the CH A position and
adjust the controls as previously instructed in the
SINGLE-TRACE WAVEFORM OBSERVATION pro-
cedure to obtain a synchronized single waveform of 2
to 6 cm vertical heighr with the CH A VARIABLE
control  (24) set  ro CAL.

5. lf only the AC component of the waveform is of
interest, use the following procedure:

a. Set CH A and CH B DC-GNDAC switches (25)
and ( | 9) both to the AC position.

b.  Set CH B VARIABLE control  (21) to CAL and
the CH B VOLTS/CM switch (20) ro rhe same
sensitivity as the CH A VOLTS/CM swirch (23).

c. If the Channel A and Channel B inputs are in
phase, ser the MODE switch (22\ 6 the ADD
position and the CH B POLARITy pushbutton to
the INV position. The displayed wiveform is the
peak-to-peak difference between the two points of
measurement. If the waveform is small, thi vertical
sensitivity may be increased but the CH A and
CH B VOLTS/CM switches must both be set to the
sarne sensitivity.

d.  l f  the Channel A and Channel B inputs are l80o
out .of phase, such as the output of a push-pull
amplifier, ser rhe MODE switch (22) to itre IOO
position and the CH B POLARITY pushbutton to
the INV position to measure the- full peak-to-
peak waveform. Set the CH B POLARITy switch
to the NORM position to measure any imbalance
between [r. lyo poins of measurement. Readjust
the VOLTS/CU switches (20) and (23) as required
to obtain as large a waveform as possible wiihout
exceeding the l imits of the vertical scale, but
always keep the CH A and CH B switches set to
the same sensitivity

e. Position the waveform as desired with the posi-

tio-ning controls and calculate the peak-to-peak
voltate as described in the CALIBMTED VOL-
TAGE MEASUREMENT procedure.

6. If a-DC voltage, or the DC component of the waveform
is of interest, use the following procedure:

a. Set CH A DC-GND-AC switch (25) to the DC
position.

b. Position the CH A VOLTS/CM switch (23) to keep
the trace within the limits of the vertical scale. Uie
the CH A POSITION control (27) to align the
trace with one of the lines on the scale for
reference.

o

o C . o
o i r  o
o I r

f O iI Cmoor ol

PIJSHfULL
AMPLIFIER

EXAIIPLE:
V E R T I C A L O E F L E C T T O N .  6 c m

VOLTAGE/cm - 2O mV
l20 mV

PROSE ATTENUATTON - 20
(2  PROEES e  1( }  t l

PEAK TO PEAK WAVEFORM - 2t@ mv ot 2.1Y

Fig 5. Typical differential voltage measurement.
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c .

d .

Set CH B VOLTS/CM switch (20) to the same
sensitivity as the CH A VOLTS/CM switch.

Set the MODE switch (22) to the ADD posi t ion.
CH B DC-GND-AC switch ( le)  to the GND posi .
t ion and adjust out any error that may be
introduced by the Channel B positioning control
as follows: Alternately set the CH B POLARITY
switch to the NORM and INV positions, adjusting
the CH B POSITION control unti l the trace
position does not shift as the switch position
changes. Remember that this step is not necessary
if the DC component of the signal is not measured
(switches l9 and 25 in the AC position).

Return CH B DC-GND-AC switch (19) to the DC
position.

Momentarily return the MODE switch (22) to the
CH A position and note the trace position for
reference. You may readjust it with the Channel A
vertical positioning control, but not the Channel B
control. Place the MODE switch in the ADD
position and the CH B POLARITY switch in the
ItW. position. The amount of displacement of the
trace from the Channel A reference represents the
voltage differential between the two points of
measurement.

CALIBRATED TIME MEASUREMENT (See Fig. 6)

Pulse width,  waveform per iods, c i rcui t  delays and al l
other rvaveform time durations are easily and accurltely
measured on this oscil loscope. Calibrated time measure-
nrents l 'ronr .5 second per centimeter down to 40 n:rno-
seconds per cent i rneter are possible.  At  low sweep speeds,
the entire waveform is not visible at one time However. the
bright spot can be seen moving from left to right across the
screen, which makes the beginning and ending points of the
measurement easy to spot.

l. Adjust controls as previously described for a stable
display of the desired waveform.

2. k sure the sweep time VARIABLE control (6) is fully
clockwise to the CAL position.

3. Set the SWEEP TIME/CM control (5) for the largest
possible display of the waveform segment to be
measured, usually one cycle.

4. If necessary, readjust the TRIGGEzuNG LEVEL con-
trol (9) for the most stable display.

5. Read the amount of the horizontal deflection (in cm)
between the points of measurement. The
POSITION control (8) may be readjusted to align one

e .

f.

H O R I Z O N T A L
O E  F  L E C T I O N

6 . 3 5
cm VARIABLE

set ro CAL.
SWEEP TIME/CM
set to 10rr SEC.

POSITION CONTROL AOJUSTED SO THAT
LEAOING EDGE OF WAVEFORM AL IGNS

o

e
o
c
o

WITH A  VERTICAL REFERENCE L INE.
EDGE MAY NOT BE V IS IBLE ON VERY
FAST PULSES; lN THIS CASE ALIGN
WHEREVER WAVEFORM BEGINS. SLOPE set ro o

(to start sweep on
negativ€{oan9 edge}

C H B

= r
CH B POSITION CONTROL ADJUSTED SO
THAT TRAI LING EDGE OF WAVEFORM
CROSSES HORIZONTAL SCALE MARKER

o
FOR ACCURACY ANO EASE OF REAOING. o or o'

€XAIIPLE:
HORIZONTAL DEFLECTION =

SWEEP TIME/CM =
T IME OURATION =

lo r  PERIOD)  OF WAVEFORM

FREouENc" =# _

6.3s
tOp SEC
63.5F SEC

1

0000635 sEc

15,750 Hz

DISPLAY SHOWS TYP]CAL TELEVIS ION
R E C E I V E R  W A V E F O R M  A T  G R I D  O F
HORI  ZONTAL OUTPUT TU8E.

o
€Dc

l 6

Fig. 6. Typical t ime measurement.
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of thc tneasuren'rent points wi th a vert ical  scale marker
for easier reading.

(r .  ( 'a lcuhtc t l rc t i rne durat ion as fo l lows: Mult ip ly the
hor iz.ontal  def lect ion ( in cnr)  by the SWEEP TIME/CM
swi tch  (5 )  se t t ing  (see example  in  F ig .  5 ) .  Remember ,
when t l re 5X ntagni f icat ion is used. the resul t  musl  be
div ided by 5 to obtain the actual  t i rne durat ion.

7.  Tinre measuren'rents of ten require external  sync. This is
especially true when measuring delays. The sweep is
star led by a sync signal  f rom one circui t  and the
waveform measured in a subsequent circuit. This allows
measurement of  the display between the sync pulse
and the subsequent waveform. To perform such
measurements using external  sync. use the fol lowing
steps:

a .  S e t  t l r e  S O L ' R C E  s w i t c h  ( 1 4 )  t o  E X T .

b.  Connect a cable f rom the EXT TRIG jack (13) to
the source of sync signal.

c.  Set the SLOPE switch (10) to the (+) or ( - )
position for the proper polarity for the sync signal.

d. Readjust the TRIGGERING LEVEL control (9) if
necessary for a stable waveform.

e. lf measuring a delay. measure the time from the
start of the sweep to the start of the waveform.

8. Another excellent method for measuring time delays is
with dual-trace operation. The procedures are given in
the DUAL-TRACE APPLICATIONS section of the
manual.

EXTERNAL HORTZONTAL INPUT (X-y OPERATTON)

For some measurements. an external horizontal deflec-
tion signal is required. This is also referred to as an X-Y
measurement, where the Y input provides vertical deflec-
t ion and the X input provides hor izontal  def lect ion.  The
Irorizontal input may be a sinusoidal wave, such as for
phase measurement, or an external sweep voltage. This
input must be 5 mV to 5 V per cm of def lect ion; thus any
voltage of 50 mV or greater is sufficient for satisfactory
operat ion.  With a l0: l  probe, vol tage up to 500 V p-p may
be used. To use an external horizontal input, use the
following procedure:

l. Set the SWEEP TIME/CnA switch (5) fully clockwise to
the CH B posi t ion.

Use the Channel A probe for the vertical input and the
Channel B probe for the horizontal input.

Adjust the amounl of horizontal deflection with the
CH B VOLTS/CM and VARIABLE controls (20) and
( 2 t ) .

4. Thc CH B (vert ical)  POSITION control  (  l7)  now serves
as the hor izontal  posi t ion control ,  and the <> POSI-
TION control  is  d isabled.

NOTE

Do NOT use the PULL 5X MAG control during
X-Y operation. Use the CH B VARIABLE and
VOLTS/CM controls to adjust horizontal gain.

5. All sync controls are disconnected and have no effect.

Z.A)OS INPUT

The trace displayed on the screen may be intensity
modulated (Z-axis input) where frequency or time-scale
marks are required. A S-volt peak-to-peak or greater signal
applied at the INT MOD (intensity modulation) jack (36)
on the rear of the oscilloscope will provide alternate
brightness and blanking of the trace. See Fig. 7.

DUALTRACE WAVEFORM OBSERVATION
(Refer to Fig. 8)

ln observing simultaneous waveforms on Channels A
and B, it is necessary that the waveforms be related in
frequency or that one of the waveforms by synchronized to
the crther although the basic frequencies may be different.
An example of this is in checking a frequency divider or
multiplier. The reference, or "clock" frequency can be used
on Channel A, for example, and the multiple or sub-
multiple of this reference frequency will be displayed on
Channel B. In this way, when the waveform display of
Channel A is synchronized, the display on Channel B will
also be in sync with the Channel A display. If two
waveforms having no phase or frequency relationship to
each other are displayed simultaneously, it will be difficult
if not impossible to lock both waveforms in sync for any
useful observation.

To display two waveforms simultaneously for observa-
tion, use the following procedure:

l. Perform the steps of INITIAL STARTING PRO-
CEDURE.

2 .

3 .

Fig. 7. Oscilloscope trace with Z-axis input.
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')

3 .

6 .

7 .

4 .

5 .

Connect osci l loscope probe cables to both t l re CH A
and CH B l \?LrT  jacks  (16)  and (  l8 ) .

I t  the recomnrendcd B & K-hecis ion Morlel  PR-i t r
osc i l loscope probes  r re  uscd.  l0 : l  a t tenuat ion  shou ld
be used e\cept ior  wavel 'onns of  50 nrV peak-to-peak
or less.  For the lower ampl i tude waveforrns the DlRect
posi t ion should be used. See Fig.  3 t -or  changing the
probe from l0: l  to DIR or v ice versa. Whenever
possible.  use the high rmpedance. low capaci ty l0: l
position to minirnize circuit loading.

Set MODE switch (21) to the DUAL position. Two
traces should appear on the screen.

Adjut t  CH A and CH B POSITION controls (27) and
( l7)  to place the Channel A t race above the Channel B
trace, and adjust  both t races to a convenient reference
mark on the scale.

Set both the CH A and CH B DC-GND-AC switches
(25) and (19) to the AC posi t ion.  This is the posi t ion
used for most measurements and must be used if the
points being measured include a large DC component.

Connect thg ground clips of the probes to the chassis
ground of the equipment under test. Connect the tips
of the probes to points in the circuit where the
waveforms are to be measured. lt is preferred that the
signal to which the waveform will be synchronized be
applied to the Channel A input.

WARNING
a.  l l '  thc  cqu ipnrent  u r tder  tcs t  i s  a  t rans formcr -

less AC uni t .  use al t  isolat ion t ranslbnner to
prevent durgcrous clect  r ic l l  sht lck.

b.  The peak-to-peak vol tage i l t  the point  o l '
nreasurenlent should not exceed 600 vol ts.

t t .  Sc-t  the VOLTSICM controls (23) and (20) or Channel
A and B to a posi t ion that givc 's I  to 3 cm vert ical
deflection. The displays on the screen wil l probably be
unsynchronized. Tl te remaining steps. al though simi lar
to those outl ined for single-trace operation, describe
the procedure for obtaining stable, synchronized dis-
plays.

9.  Set the SOURCE switch (14) to the CH A posi t ion.
This provides internal sync so that the Channel A
waveform being observed is also used to trigger the
sweep. If desired, the Channel B wavefr.rrm may be
used to trigger the sweep by setting the SOURCE
switch to the CH B position. Often in dual-trace
operation, a sync source other than the measurement
point for Channel A or B is required. In this case set
the SOURCE switch to the EXT posi t ion and connect
a  cab le  f rom the  EXT TRIG j l ck  (13)  to  the  s .vnc
sou rce.

10. Set the SLOPE switch (10) to the (+; position if the
sweep is to be triggered by a positive'going wave. or to
the (-) position if the sweep is to be triggered by a
negative-going wave.

C H A N N E L  A
W A V E F O R M

C H A N N E L  8
W A V E F O R M

o

c
o
o
o

a " o

A .  R E F E R E N C E  F R € O U E N C Y  P U L S E  T R A I N
(  IOOO PULSES PER SECONO}

a " t

B .  O I V I D E .  B Y  - T W O  O U , T P U T  S Y N C H R O N I Z E D  T O
L E A O I N G  E O G E  O F  R E F E R E N C E  P U L S E

or o'

W A V E F O B M
A

H E I G H T

W A V E F O R M
B

H E I G H T

D U A L
W A V E F O R M

B

W A V E F O R M
A.  l * ro

. " t  l
C .  D I V I D E .  B Y - T W O  O U T P U T  S Y N C H R O N I Z E O  T O

T R A I L I N G  E D G E  O F  R E F E R E N C E  P U L S E

; ell
ff o

l 8

Fig. 8. Waveforms in divide-by-two circuit.
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I I . l f sweep triggering on the average level of the wave'
fornr is acceptable, leave AUTO LEVEL pushbutton
( l l )  in  the  AUTO pos i t ion  and sk ip  s tep  l2 '  However ,
to trigger the sweep on a specific portion of the
waveform, pusl t  the AUTO LEVEL pushbutton, releas-
ing i t  to the NORM posi t ion.

l ) .  Adjust  TRIGGEzuNG LEVEL control  (9)  to obtain a
stable.  synchronized sweep. As a start ing point ,  the
control  nray'  be pushed in and rotated to any point  that
wi l l  produce a sweep, which is usual ly somewhere in
the center port ion of  i ts  range. The trace wi l l  d isappear
i f  there is inadequate s ignal  to t r igger the sweep, such
as when nteasur ing extremely low ampl i tude signals-  I f
no sweep can be obtained. pul l  out  the control  (PULL
AUTO) for automat ic t r igger ing.

13. Set COUPLING switch (  l2)  to the AC posi t ion for  AC
coupl ing of  sync signals f rom 30 Hz to 30 MHz. and to
the DC position for DC coupling of sync signals from
DC to 30 MHz. If the sync signal contains noise or is a
cornplex waveform ntade up of high and low fre-
quencies,  the LF REJect and HF REJect posi t ions may
be helpful in e[minating j itter from the display. The
LF REJ position attenuates sync signal components
below l0 kHz. and the HF REJ posi t ion at tenuates
sync signal components above 30 kHz.

14. Set SWEEP TIME/CM switch (5 )  and VARIABLE
control (6) for the desired nutnber of waveforms.
These controls may be set for viewing only a portion of
a wavefotm, but the trace beconles progressively
dimnter as a smaller portion is displayed.

15. After obtaining the desired number of waveforms as in
step 14, it is sometimes desirable to make a final
adjustment of the TRIGGERING LEVEL control (9).
The (- ) direction of rotation selects the most negative
point on the sync waveform at which sweep triggering
will occur and the (+) direction selects the most
positive point on the sync wavefornt at which sqeep
triggering wil l occur. The control may be adjusted to
staii the sweep on any desired portion of the sync
waveform.

16. The observed waveforms of Channels A and B can be
expanded by a factor of 5 by pull ing outward on the
<> POSITION control (8). This control can then be
rotated clockwise or counterclockwise to view the left
and right extremes of the waveform displays as desired.
Push inward on the control to return the sweep to the
normal, non-magnil le d condition.

17. Calibrated voltage measurements, calibrated time meas'
urements and operation with Z-axis input are identical
to those previously described for single'trace operation.
Either the Channel A or Channel B vertical adjustment
controls can be used as required in conjunction with
the horizontal sweep controls to obtain the required
amplitude or t ime interval measurements. This can be
done either by using the dual display facil i t ies such as
the DUAL position of the MODE switch or by
reverting to single-trace operation, using the CH A or
CH B positions of the MODE switch.

18. The Channel A and Channel B waveform displays can
be added algebraically by placing tle M-OD-P.switch in
rhe ADD p6sition, anO ftrd CH B POLARITY switch is
in the NO^RM position, or algebraically _subtracted with
the CH B POLARITY switch in the IIW position.

DU AL-TRACE APPLICATION S

INTRODUCTION

The n-rost obvious and yet the most useful feature of

the dual-trace oscilloscope ii that it has the capability for

viewing simultaneously two waveforms that are frequency'
or-phaie-related, or that have a common synchronizing^
u"fiu#, such as in digital circuitry. Simultaneous viewingof
...uui. and effect" iaveforms is an invaluable aid to the

circuit designer or the repairman. Several. p-ossible. applic3'

tions of ttie dual-trace bscilloscope will be reviewed in

detail to familiarize the user further in the basic operation

of this oscil loscoPe.

FREQUENCY DIVIDER WAVEFORMS

Fig. 8 illustrates the waveforms involved in a basic

divide-5y-two circuit. Fig. A indicates the reference or
;clock"'pulse train. Fig. F and Fig. C indicate.the.possible
outputs of tnr divide-by-two circultry. Fig. 8 also indicates

the'settings of specific oscil loscope controls tor ueung

these *.uJformr.in addition to these basic control settinp,
ihe TzuGGERING LEVEL control, as well as the Channel
A and channel B vertical position controls should be set as

ieouireO to produce suitabie displays. In the drawing of Fig.

8,'the *aueform levels of 2 cm are indicated. If the exact

noltug. anplitudes of the channel A and channel B

*uurior*s arc desired, the Channel A and Channel B

VARIABLE controls must be placed in the cAL position.

The Channel B waveform may be either that indicated in

Fie. 8B or 8C. ln Fig. 8C the divide-by-two output
wiveform is shown for the case where the output circuitry
reiponds to a negative-going_ waveform. In this case, the

ouiput waveform L shifted with re-spect to the.leading edge

oi 
't6. 

reference frequency puls-e by a time interval

corresponding to the Pulse width.

DIVI DE. BY.8 CIRCIJIT WAVEFORMS

Fig. g indicates waveform relationships for a basic

divide-Ey+ight circuit. The basic oscilloscoPe^settings are_

identical toihose used in Fig. 8. The reference frequency of

fig. 9A is supplied to the- Channel A -input,. and the

oiloe-uyeight'output is appliced to the channel B input.

Fie. B indiiates tie ideal-iime relationship between the

iniut pulses and the outPut Pulse.

In an application where the logic circuitry is operating
at or near iiJ maximum design frequency, the accumulated
rise time effects of the conseiutive stages produce a built'in
time propagation delay which .q p. significant in. a critical

circuii .tid-rutt be compensated for. Fig. 9C- indicates the

possible tim: delay wliiclr may be. introduced into a

it.qurn.y divider circuit. By u^e of the dual-trace oscillo-

t.op. the input and output waveforms can be supe-rimposed
to determinl the exact amount of propagation delay that
occurs.

l 9
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rttattr<f ri()rtt (r t\r!!a rr.- | r@ i'r!'l t{r r'<5'O i

C troraalto.. O{trr ri Ovroa lt t|(tr Crl<vrt

orecise measurement can be obtained if the Tp portion of

irr.-*r"rroim is expanded horizontally. This riray be done

;; pr[i;t ihe PULL 5x MAG control' lt also mav be

porribt. io nirr" the desired portion of the waveform at a

iaster sweeP sPeed.

DIGITAL CIRCTJIT TIME RELATIONSHIPS

A dual-trace oscilloscope is a necessity in designing,

man ufacturin g and se rvicing-di gi ta.l e quipm.en t. A. dual'trace

oscilloscope permits easy cbmparison of time relationships

between two waveforms.

ln digital equipment it iscqmmon for a large.number

of circuiti to U. synchronized, or to have- a specific time

,et"tiot st ip to eich other. Many 9f .th.. circuits are

i;;q";;;t'ditidt6 as- previously deicribed, but waveforms

aie'often time-related'in may bther combinations. In the

dynamic state, sorne of the waveforms change, depending

u'pon the input or mode of operation' Fig^' I I shows a

iioi..f dieitai circuit and identifies several of the points at

;ft;t *.;.form measurements are appropriate. The accom'

oanvinq Fie. 12 shows the normal waveforms to be

Ii#.tJa at"each of these points and their timing relation-

;ht;;. it r inOi"idual wave'forms have limited value unless

lii.Ii tit"ini relationship to one or more of the other

*.".f-r* is known to be correct. The dual-trace oscillo'

r.oo. 
- 

rllo*t this comparison to be made' In typi.ca^l

Ltfiio", *.rlfor* No. j would be displayed 91 Channel A

* O * . u . f o r m N o . 4 t h r u N o . 8 , a n d N o ' - l O , . w o u l d b e
*.i6ri".ly displayed on Channel B,_although other timing

comparisoirs miy'be desired. Waveforms No. I I through

No. 
^ 
t f would 

-probably 
b€ displayed on-Channel B in

reiationstrip to wiveform No. 8 or No. 4 on Channel A.

Fig. 9. Waveforms in divide'byeight circuit'

PROPAGATION TIME MEASI''REMENT

An examPle of propagation delay in a divide-bylight
circuit wils gven in tlir 

-previous 
para.gaph. S.ignificant

iiJpil"tion f,.t.V ma-y ociu.r. in any circuit. with several
ionbdutivr rt.g*. T6is oscilloscope -h3s f1a.tur91 which
,i-ptit ;asurEment of propagation delay. Fig. l0 sttows
tt J'tititttant waveforms when the dual'trace Presentation is
combined into a single-trace presentalion b1 selecting_the
ADD position of 6e MODE switch' With the CH B
pOt lrufY switch in the NORM position the_two inputs
ii Ag.Uraically added in a single trace displaV.. Similarly,F
th; lftV posiiion the two in-puts are algebraigally 'u.b-
tti..iiO. ditt.r position provides a precise display of the
orooacation ti-i (To). i,Jsing the procedures given for
idit ti'tea time measuiement,.Tp can be calculated. A more

/ - - - \
/
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Fig. 10. Using ADD and CH B POLARITY controls for propagation time measurement.
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ln the family of time-related waveforms shown in Fig.
12, waveform No.8 or No. l0 is an excellent sync source
for viewing all of the waveforms; there is but one triggering
pulse per frame. For convenience, external sync using
waveform No.8 or No. l0 as the sync source may be
desirable. With external sync, any of the waveforms may be
displayed without readjustment of the sync controls.
Waveforms No. 4 thru No. 7 should not be used as the sync

source because they do not contain a triggering pulse at the
start of the frame. It would not be necessary to view the
entire waveforms as shown in Fig. 12 in all cases. In fact,
there are many times when a closer examination of a
portion of the waveforms would be appropriate. In such
cases, it is recommended that the sync remain unchanged
while the sweep speed or 5X magnification be used to
expand the waveform display.

c o o E o
F u i c l r o r {

0/ r  rA
t i P u l

-'l 
r . - l  L r i c  o r lvc l- 

[ ou?trrr
I xo.r

o+l
r i P u I  I( l - r r r s r  

I : _ : _ )

r3
t u l

l

5  l r l  I  t ! ,
l l P t , t

I
l 0

f . t [  , r s Y t  a f S l t

"lttr, - | t
P L r r f n  

|  |  I

o r t r  f i r l l t

0 r l a  S t L t C t  L r r C - O  r t

FA. I l. Typical digital circuit using several time-related waveforms.
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DTSTORTION MEAS tJR"EM ENT

An amplif ier stage, or an entire amplif ier unit, may be
t,ested for distortion with this oscil loscope. This type o[
nrasurement is especially valuable when the slope of a
waveform must be faithfully reproduced by an amplif ier.
Fig.  l3 shows the test ing of  such a c i rcui t  using a t r iangular
wave, such as is typically encourntered in the recovered
audio output of a l imiting circuit which precedes the
modulator of a transmitter. The measurement ma)' be made
uing any type of signal, merely use the type ol-signal for
testing that is normally applied to the amplif ier during
normal operation. The procedure for distortion testing
follows:

l .  Apply the type of  s ignal  normal ly encountered in the
amplif ier under test.

2. Connect Channel A probe to the input of the amplil ier
and Channel B probe to the output of  the ampl i t ier .  l t
is preferable if the two signals are not inverted in
relationship to each other. but inverted signals can be
used.

3. Set CHA and CH B DC-CND-AC switches to AC.

Set MODE switch to DUAL.

Set sync SOURCE switch to CH A and adjust  controls
as described in waveform viewing procedure for
synch rclnizc'd wave forms.

Adjust  the CH A and Ct l  B POSITION controls to
super inrpose the wavefr . l rnts dircct ly over c 'ach ot l ter .

Ad jus t  the  CH A and CH B vcr l i ca l  sens i t i v i t y  con t ro ls
(VOLTS/CM and VARIABLE) so that the rvavelbrms
are as large as possiblc wi thout exceeding the l i rn i ts ot '
the scale,  and so thut both waveforms are exact ly the
salrre height.

Now sc' t  the MODE switch to the ADD posi t ion and
the CH B POLARITY switch to the INV position (if
one wavelbrm is already inverted in relationship to tlre
other, use the NORM position). Adjust the fine vertical
sensi t iv i ty (CH B VARIABLE) s l ight ly for  the nr in i -

4 .

5 .

6 .

7 .

8 .
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mum remaining waveform. Any waveform that remains
equals distortion; if the two waveforms are exactly the
sanrc amplitude and tlrere is no distortion, the wave-
fornrs wil l cancel and there wil l be only a straight
horizontal l ine rernaining on the screen.

GATED RINGING CI RCI.JIT

The circuit and waveforms of Fig. 14 are shown to
demonstrate the type of circuit in which the dual-trace
oscil loscope is effective both in design and troubleshooting
applications. The basic oscil loscope control settings are
identical to those of Fig. 8. Waveform A is the reference
waveform and is applied to Channel A input. All other
waveforms are sampled at Channel B and compared to the
reference waveform of Channel A. The frequency burst
signal can be examined more closely either by increasing
the sweep time per centimeter to .5 mSEC per centimeter
or by pulling out on the <> POSITION control to obtain 5
times magnification. This control can then be rotated as
desired to center the desired waveform information on the
oscilloscope screen.

DELAY LINE TESTS

The dual-trace feature of the oscilloscope can also be
used to determine the delay times of transmission type
delay lines as well as ultrasonic type delay lines. The input
pulse can be used to trigger or synchronize the Channel A
display and the delay line output can be observed on
Channel B. A repetitive type pulse will make it possible to
synchronize the displays. The interval between repetitive
pulses should be large compared to the delay time to be

Grrt0 l trcrrc cl lcul l

t .  Grl lrc i l r t totr

; -lfillill1--lllllllfi- ttnnfn
uxuui uuuriu lJllluf-

" 1 0

0

- 1 0

+ ?
0

t_ Grrt0 nt00trcr oul?ur

rt00tro $r6t ?0trllll ltrtlrll]

t cu'?to trto0trfi |0$r l0tlflll rt$lt!

( ' . (v ' '1  t  sn2{0 futS{  Ot , l tg l

Fig. 14. Gated ringing circuit and waveforms.
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3.

SET UP OSCI  LLOSCOPE AS SHOWN.

ADJUST A  AND B  POSIT ION CONTROLS
T O  S U P E R I M P O S E  W A V E F O R M S  D I R E C T L
O V E R  E A C H  O T H E R .

SET MODE SWITCH TO ADD.  PUSH
C H  B  P O L A R I T Y  S W I T C H  T O  I N V  ( U S E
N O R M  I F  W A V E F O R M  B  I S  I N V E R T E D
W I T H  R E S P E C T  T O  W A V E F O R M  A I
A N Y  W A V E F O R M  T H A T  R E M A I N S
E O U A L S  D I S T O R T I O N .

DISTORTION o
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o
o
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Fig. 13. Distortion measurement.
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inv-estiFted. In addition to determining delay time, the
pulse - {i"tortion inherent in the delay 

-Une 
cin be deter-

ryned by examination of the delayed pulse observed on rhe
ctrannel B waveform display. nig. 

't 
5 demonstates the

typicd oscilloscope settingp as well-as the basic test circuit.
Typical input and output waveforms are shown on the
oscilloscope display. Any pulse stretching and ripple can be
observed and evduated. The results of mbdifving the input
and output terminations can be observed direittyl

STEREO AMPUFIER SERVICING

Another convenient use for dualchannel oscilloscopes
is in troubleshooting stereo amplif iers. If identical channel
amplif iers are used and the output of one is weak, distorted
or otherwise abnormd, the dual trace oscilloscope can be
efficiently used to localize the defective state.' with an
identical signal applied ro the inputs of both amplif iers, a
side-by-side comparison of both units carr be made by
proge^ssively sampling i<ientical signal points in both
amplifiers. when the defective or malfunctioning stage has
been located, the effects of whatever troubleshootin-g and
repair methods are employed can be observed and analyzed
immediately.

IMPROVING THE RATIO OF
DES IRE T}TG I.JNDESIR.E D SIGNA I,s

In some applications, the desired signal may be riding
on a large undesired signal component such as 60 Hz. It ii
pos-sible to minimize or for praclical purposes eliminate the
undesired component. Iig. 16 indiiatei the oscilloscope
c-ontrol settings for such an application. The waveform
display of channel A indicates the desired signal and the
dotted line indicates the average amplitude vaiation corre-
sponding to an undersired 6O Hz component. The Channel
B $ispfaV indicates a 60 Hz waveform of equal amplitude
and identical phase to the average of the Channel I
waveflorm. With the MODE switch set to ADD, and the CH
B POLARITY switch set to INV, and by adjusting the CH B
vertical attenuator controls, the 60 Hz component of the
Charurel | $grt.l can be cancelled by the Chinnel B input
and the desired waveform can be observed without the'60
Hz component.

Fig. 15. Delay line measurements.
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AMPLIFIER PHASE SHIFT MEASI,JREMEMTS

In the single-trace application section of this manual
phase shift measurements using a single trace are described.
In addition, in the square wave testing section, square wave
distortion is explained in terms of phase shift of the signal
components which comprise the square wave. These phase
shifts can be verified directly by providing a sine wave input
signal to the amplitier and observing the phase of the
output signal with respect to the input signal.

In all amplifiers, a phase shift is always associated with
a change in amplitude response. For example, at the -3 dB
response points, a phase shift of 45" occurs. Fig. 17
illustrates a method of determing amplifier phase shift
directly. In this particular case, the measurements are being
made at approximately 5000 Hz. The input signal to the
audio amplifier is used as a reference and is applied to the
CH A INPUT jack.

The sweep time VARIABLE control is adjusted as
required to provide a complete cycle of the input waveform
displayed on 8 cm horizontally. A waveform tieight of 2 cm
is used. The 8 cm display represents 360" at the displayed
frequency and each centimeter represents 45" <Jf 1ne
waveform. The signal developed across the output of the
audio amplifier is applied to the Channel B II.IPUT jack.
The vertical attenuator controls of Channel B are adjusted
as required to produce a peak-to-peak waveform of 2 cm as
shown in Fig. l78.

The CH B POSITION control is then adjusted so that
the Channel B waveform is displayed on the same hori-
zontal axis as the Channel A waveform as shown in Fig.
l7B. The distance between corresponding points on the
horizontal axis for the two waveforms then represents the
phase shifl between the two waveforms. In this case, the
zero crossover points of the two waveforms are compared.
It is shown that a difference of I centimeter exists. This is
then interpreted as a phase shift of 45".

SIN GLE.TRACE APPLICATIONS

INTRODUCTION

In addition to the dual-trace applications previouly
outlined, there are, of course, many service and laboratory
applications where only single-trace operation of the
oscilloscope is required. After gaining experience with the
oscilloscope, the user will be able to make the judgment as
to whether a job can be performed more efficiently by
r.rsing the single-trace or the dual-trace method of operation.
The following are applications in which single-trace opera-
tion'is adequate. [n several cases, it will be found that an
dtemate method using the dual-trace application has been
described for the same application. For all the following
applications the most flexible operation will b€ achieved if
the Channel B vertical amplifier is used with the MODE
switch in the CH B position. This arrangement provides
complete triggered sweep as we[ as free-running operation
of the oscilloscop€, od, in addition, by using the CH B
POLARITY switch, whatever waveform is obtained can be
inverted in polarity if desired by the operator.

SIGNALTRACING AND PEAK.TOPEAK
VOLTAGE READINGS

For general troubleshooting and isolation of troubles in
dmost any electronic equipment, the oscilloscope is an
indispensable instrument. It provides a visual display of
absence or presence of normd signals. This method
(signal-tracing) may be used to trace a signal by measuring
several points in the signal path. As measurements proceed
along the signal path, a point may be found where the
sigral disappears. When this happens, the source of trouble
has.been located.

However, the oscilloscope shows much more than the
nrere presence or absence of signal. It provides a peak-to-
peak voltagg measurement of the signd. The cause of poor
performance can often be located by making such peak-to-

o

o
o
o
o

.  .  ,  ! i  I  - - - - J

A U D I O
A M P L I F I E R

ADJUST AS REOUIRED
FOR COMPLETE CYCLE
lN 8 cm.

C H A N N E L  A

C H A N N E L  B

OUTPUT

Fig. 17. Measuring amplif ier phase shift.
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peak voltage measurements. The schematic diagram or
accompanying service data on the equipment being serviced
usually includes waveform pictures. These waveform
picturgs include the required sweep t ime and thc normal
peak-to-peak voltage. Compare the peak-to-peak voltagc
readingp on the oscil loscope with those shown on the
waveform pictures. Any abnormal readings should be
foUowed by additional readings in the suspected circuits
unt i l  the t rouble is isolated to as smal l  an area as possible.
The procedures for making peak-to-peak voltage measure-
ments are given earlier in the CALIBRATED VOLTAGE
MEASUREM ENT paragraph.

CB RADIO APPLICATIONS

INTRODUCTION

1474 oscil loscope is particularly well suited for 27
MHz Citizens Band transceiver development laboratories.
manufacturing, testing and analyzing facil i t ies. and well.
equipped service shops. Its 30 MHz bandwidth is required
for thorough waveform analysis of either AM or AM/SSB
CB transceiver. Direct signal measurement in practically all
RF, lF, and audio circuits of both transmitter and receiver
is possible, as well as accurate timing measurements in
switching circuits. The l0:l ,attenuation setting of the
probe should be used for all RF and IF circuit measure-
rnents. The high impedance (10 megohms) of the probe
should not affect normal circuit operation, except in highly
sensitive circuits.

TRANSMITTER MODULATION

The lnos t  re l iab le  n rc thod o l ' check ing  t ransr r r i t te r
rnodulat ion is wi th : . rn osci l loseope. Fig.  l8 shows the
typical  mcthod ol '  measurenlent and interpretat ion of  t l re
rnodulat ion envclope l i r r  AM CB transl t t i t ters.  Most t rans-
celvcrs includc sonre type ol-  protect tot l  against  over-
nrodulat i t - rn.  whic l r  has no el ' l 'cct  unt i l  ntodulat ion excecds
at lcast  75' i .  thcn progressrvr ' lv '  conlprcsses any incrcase in
audio anrphtudc. The el ' fect iveness of  th is corupressron-type
c i rcu i t  and t l te 'degree o l -  r r ' su l tan t  d is t t l r t i t ln  can  be
rrreasured on the osci l loscopc.

F ig .  l9  shows how to  check  SSB rnodu la t ion .  App ly
two simultaneous. equal-ampl i tude audio s ignals lbr  modu-
lat ion.  suclr  as 500 Hz. and 1400 Hz. The audio s ignals must
be free I ' ronr distort ion.  noise and transients.  The two audio
signals should not have a direct  harmonic relat ionship such
as 500 Hz and 1500 Ht.  The modulat ion envelope
resenrbles the 100?Z AM modulat ion envelope, except the
ampl i tude of  the ent i re waveform var ies wi th the strength
o[ the audio signal. When peak SSB power output is
reached, the modulat ion envelope " f lat  tops,"  that  is ,  the
instantaneous RF peaks reach the saturation, even with less
than peak audio signal applied. This over-rnodulated condi-
t ion resul ts in distort ion.

OTHER CB II{EASI,JREMENTS

Some of the additional applications for this oscil lo-
scope in transceivers follow:

--T

I
t t

I

_i

ovERMoDULArroN ru

W
A

MOoULATION . B =7

O* MOOULATION

50% MOOULATTON

Tq,% MOOULATION

AIVI DET

PROBE TO TRANSMITTER
OUTPUT

M I C R O P H O N E
JACK

A N T E N N A
JACK

?s

Fig. 18. Typical test set-up for AM modulation check.
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o Transmitter carrier signal analysis.
. RF and.lF gain measurements (dual-trace display

preferred).

o Audio distortion measurements (duar-trace dispraypreferred).

o Audio frequency response check.

. 
P3ndpa-ss fi l ter, notch fi l ter,. low-pass or high_pass
fi lter frequency response check, lnciuding SSB
suppressed carrier f irter (sweep generator nrethod
preferred).

r synthesizer 
;r_rc,uit anarysis and troubreshooting.

Dual-trace dlr_plqy preierred for digt.l phase_
lockedloop (pLLi tyie synthesizer.

o Noise blanker circuit anarysis and troubreshooting.
o Signalat tenuat ionnteasuremen$.

r lsolating sources of noise, ripple, or transients.
o Signal tracing.

COMM UNICATIONS RADIO APPLICATIONS

This oscilloscope is also excelrent for servicing two-waycommunications transceivers, receivers .no r.?rmitters.
For radios that _o_p_erate on carrier frequencies up roapproximately 50. MHz, the oscilroscope is cipaute-of dirr.tmeasurement, although vortage readingr rr.' uncalitrateo.
IF signals can be melsured ;ithout using a demodurator

qpbe. Most of the checks and measurements described forcB transceivers are applicable to ;th.; ;t;;;f d;unica-tions equipment.

PHASE MEASUREMENT

Phase measurements may be made with an oscilro-
scope. Typical applications are in circuits oesimeo toproduce a specifiC phase shift, .nd ,,,,e.rurr;.r,t ;f pf,*,
shift distortion in iudio .rir idl^ or other audio net-works. Dstortion 

'due 
to non-linear amplif ication is alsodisplayed in the oscilloscope waveform.

A sine wave input is applied to the audio circuit beingtested. The same.sine wave input is appried to ihe verticar
input of the oscii loscope, anb the output of the tested
circuit is applied to the horizontar input .irtnr or.iiiorropr.
lT':ry,1:.1 :_f,ph.se difference between the two signats
can be calculated from the resulting waveform.

To n*r^ phase measurements, use the following
procedure (Refer to Fig. 20):

l. Using an audio signar generator with a pure sinusoidal
s^ignal, apply a sine wave test signal at the O.iir.A trrt
t requency to the audio networkbeing tested.

2. Set tl. signal generator output for the normal
operating lever of the circuit being tested. If desired,
the circuit's output may be obser"veo on tt L 

-oscillo-

s-9oqe. If the tesi circuii is overdriven, the-iine wave
display on the .oscilloscope is clipped'"na iii. signal
level must be reduced.

NORMAL MODULATTON
{AMPLITUDE DEPENDENT

UPON AUDIO LEVEL}

o

e
o
c
o

:o
o
h

-t-

o
T
o

OVERMODULATTON

@ @ + o + @ +or AM DET

P R O B E  T O  T R A N S M I T T E R
OUTPUT

M I C R O P H O N E
J A C K

A N T E N N A
J A C K

\

E O U A L  A M
EOTH AUD
{ M E A S U R E

t l
l -
I

P L I T U O E  F R O M
I O  G E N E R A T O R
W I T H  S C O P E }

Fig.  19. Typical  resr ser-up f t r r  SSB modular ion check.
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A U O I O
S I G N A L

G E N E R A T O R

(t
C H A

V E R T I C A L  H O R I Z O N T A L
s t z E  s l z E

A U D I O
NETWORK

BEING TESTED

Fig. 20. Typical phase measurement set-up.

3. Connect the Channel B probe to the output of the test

circuit.

4. Set the SWEEP TIME/CM control to CH B'

5. Connect the channel A INPUT probe to the input of

the test circuit. (The input and output test connections
to the vertical and horizontal oscilloscope inputs may

be reversed.)

6. Adjust the Channel A and B gain colltrols for a suitable

viewing size.

7. Some typical results are shown in Fig' 2l ' If the two

signals it. in phase, the oscillosco-p9 trace is.a straight
diagonal l ine.'If the vertical and horizontal gain are

prdperly adjusted, this line is at a 45o angle'

A 90o phase shift produces a circular oscilloscope

pattern.

Phase shift of less (or more) than 90" -produces an

ettipticat oscilloscope ptitttn. Th; amount of phase shift

."il Ur calculated ftori't the oscilloscope trace as shown in

Fig.22.

28

A M P L I T U O E  O I S T O R T I O N

N O  P H A S E  S H I F T

Fig. 21. Typical phase measurement scope displays'

A M P L I T U O E  O I S T O R T I O N

N O  P H A S E  S H I F T
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f,

g

B- E

=  P H A S E  A N G L E

Fig.22. Phase shift calculation.

FREQUENCY MEASUREMENT
Procedure:

l. Connect the sine wave of known frequency to the CH
B IMUT jack of the oscilloscdpe and set the SWEEP
TIME/CM control to CH B. This provides external
horizontal input.

2. Connect the vertical input probe (CH A INPUT) to the
unknown frequency.

3. Adjust the Channel A and B size controls for a
cortvenient, easy-to-read size of display.

4. The resulting pattern, called a Lissajous pattern, shows
the ratio between the two frequencies. See Fig. 23.

Fig. 23. Ussajous waveforms used
measurement.

SQUARE WAVE TESTING OF AMPLIFIERS

INTRODUCTION

A square wave generator and a low-distortion oscillo-
scope, such as this instrument, can be used to display
various types of distortion present in electronic circuits. A
square wave of a given frequency contains a large number
of odd harmonics of that frequency. If a 500 Hz square
wave in injected into a circuit, frequency components of
1.5 kHz, 2.5 kHz,3.5 kHz, also are provided. Since vacuum
tubes and transistors are non-linear, it is difficult to
amplify and reproduce a square wave which is identical to
the input signal. Interelectrode capacitances, junction capa-
citances, stray capacitances as well as limited device and
transformer response are a few of the factors which prevent
faithful reproduction of a square wave signal. A well-
designed amplifier can minimize the dislortion caused by
these limitations. Poorly designed or defective amplifien
can introduce distortion to the point where their per-
formance is unsatisfactory.

As stated before, a square wave contains a large
number of odd harmonics. By injecting a 500 Hz sine wave
into an amplifier, we can evaluate amplifier response at 500
Ilz only, but by injecting a square wave of the same
frequency we can determine how the amplifier would
respond to input signals from 500 Hz up to the l5th or
2lst harmonic.

The need for square wave evaluation becomes apparent
if we realize that some audio amplifiers will be required
during normal use to pas simultaneously a large number of
different frequencies. With a square wave, we have a
controlled signal with which we can evaluate the input and
output quality of a signal of many frequencies (the
harmonics of the square wave) which is what the amplifier
sees when amplifying complex waveforms of musical
instruments or voices. ,

The square wave output of the signd generator must be
extremely flat so that it does not contribute to any
distortion that may be observed when evaluating amplifier
response. The oscilloscope vertical input should be set to
DC as it will introduce the least distortion, especially at low
frequencies. When checking amplifier response, the fre-
quency of the square wave input should be varied from the
low end of the amplifier bandpass up toward the upper end
of the bandpass; however, because of the harmonic content
of the square wave, distortion will occur before the upper
end of the amplifier bandpass is reached.

It should be noted that the actual response check of an
amplifier should be made rsing a sine wave signal. This is
especially important in limited bandwidth amplifien (voice
amplifien). The square wave signal provides a quick check
of amplifier performance and will gve an estimate of
overall amplifier quality. The square waye also will reveal
some.deficiencies not readily aPparent when using a sine
wave signd. Whether a sine waye or square wave is used for
testing the amplifier, it is important that the manufacturer's
specifications on the amplifier be known in order to make a
better ;uCgrnent of its performance.

UNKNof.JN FREQUENCY
TO VERT ICAL INPUT,
STANDARD FREQUENCY
TO HOR IZONTAL INPUT

RAT IO OF
UNKNOWN

T O
STANDARO

D r :  I

l : l

1'1 : I

6 : l

S E E  N O T E ( ( E  
) )

srE -rrr/0o$,

N O T t :  A N Y O N I  0 F  T H T S E  F I G U R T S  D i P t N 0 l N G
U P O N  P H A S E  R E L A T  I O N S H I P

for frequency
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ADJUST SWEEP SPEEO
FOR 1  CYCLE D ISPLAY.

Fig.24. Equipment set-up for square wave testing of amplifiers.

SOUARE WAVE
GENERATOR

o o c H B  I
I
I

ADJUST VERT GAIN
F O R  C O N V E N I E N T
V I E W I N G  H E I G H T .

L_IINPUT OUTPUT

A M P L I F I  E R
C I R C U I T

BEING TESTED

TESTING PROCEDLJRE (Refer to Fig. 24)

l. Connect the output of the square wave generator to
the input of the amplifier being tested.

2. Connect the cH B test probe of the oscilloscope to the
output of the amplifier being tested.

3. If the DC component of the circuit b.!Lg tested is

sufficiently lovi to allow both the AC and DC

component to be viewed, use the P9 po,iUon of the

AC-GNDDC switch. However, the AC position may be
used without affecting the results except at very low
frequencies (below l0 Hz).

4. Adjust the vertical gain controls for a convenient
viewing height.

5. Adjust the sweep tilrB controls for one cycle of square
wave displaY on the screen-

6. For a close'up view of a portion of the square wave'
use the 5X magnification.

30

ANALYZING THE WAVEFORMS

The short rise time which occurs at the beginning of

the half+ycle is created by the in-phase sum of all the
nredium ind high frequenCy sine wave components. The
sarne holds truE for itre rlpid drop at the end of the
half-cycle from maximum amplitude to- zero amplitude at

the fgO. or halfcycle point. Therefore, a theoretical
reduction in ampliiude 

-alone 
of the high frequency

components shouid produce a rounding of F9-tqEtt
.ornirr at all four points of one square wave cycle (See Fig.

2s).

Distortion can be classified into three distinct categories:

l. The first is frequency distortion and refers to the-- 
in.ng. from nothal implitude 9f q cgmponent of a

io*ft.* waveform. In other words, the introduction in

.n .roprner circuit of resonant networks or selective

filters ireated by combination of reactive_ components
will create pea1o or dips in an otherwise flat frequency
resPons8 curve.
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Fig. 25. Square wave response with high-frequency
loss.

2. The second is nonlinear distortion and refers to a
change in waveshape produced by application of the
waveshape to nonJinear components or elements such
as vacuum tubes, an iron core transformer, and in an
extreme case, a deliberate non-linear circuit such as a
clipper network.

3. The third is delay or phase distortion. which is
distortion produced by a shift in phase between one or
more components of a complex waveform.

In actual practice, a reduction in amplitude of a square
wave component (sinusoidal harmonic) is usually caused by
a frequency-selective network which includes capacity,
inductance or both. The presence of the C or L introduces a
differen-ce in phase angle between components, creating
phase distortion or delay distortion. Therefore, in square
wave testing of practical circuitry, we will usually findthat
the distorted square wave includes a combination of
amplitude and phase distortion clues.

ln a typical wide band amplifier, a square wave check
accurately reveals many distortion characteristics of the
circuit. The response_of an amplif ier is indicated in Fig.26,
revealing poor low-frequency response along with over-
compensated high-frequency boost. A 100 Hz square wave
applied.to the input of this amplifier will appeai as in Fig.
27 A. This. figure indicates satisfactory medium frequency
response (approximarely I kHz to 2 kHz) but shows poor
low-frequency response. Next, a 1000 Hz square wave
lpplied to the input of this same amplif ier wil l appear as in
Fig. 378. This l igure displays good frequency ri iponse in
the region of 1000 to 4000 Hz but clearly reveals the
overcompensation at the higher l0 kHz regon by the sharp
rise at the top of the leading edge of the square wave.

As a rule of  thumb, i t  can be safely said that  a square
wave can be used to reveal response and phase relationihips
up to the l5th or 20th odd harmonic or up ro approxi-
mately 40 t imes the fundamental  of  the square wavs. 'Using
this rule of thumb, it is seen that wide-band circuitry wil ' i
require at least a two-frequency check to properly analyze
t[ .^ .gfplete spectrum. In rhe case i l lusrr i ted-byFig.  26,a
1.00 H1 ̂ lqull. wave wil l encompass components pp ro
about 4000 H.. T9_analyze above 4000 liz and beyond
l0,OO0 Hz,a l0O0 Hz square wave should be satisfactory.

Fig. 26. Response curve of amplifier with poor low
and high ends.

_ No*, the region between 100 Hz and 4000 Hz in Fig.
26 shows a rise from poor low-frequency response to a
flattening out from beyond 1000 and 4000 Hz. Therefore,
we can expect that the higher frequency components in the
100 Hz square wave will be relatively normal in amplitude
and phase but that the lower frequency components in this
-same- square wave will be strongly modified by the poor
low-frequency response of this amplifier. See Fig. 27 A.-

roo Hz

SOUARE

3YE

Fig. 27 . Resultant 100 Hz and I kHz square waves
from amplif ier in Fig. 26.

If the combination of elements in this amplifier were
such as to only depress the low frequency components in
the square wave, a curve similar to Fig. 28 

-would 
be

obtained. However, reduction in ampliiude to a com,
ponent, as already noted, is usually caused by a reactive
element, causing, in turn, a phase shift of the component,
producing the strong ti l t of Fig. 21A. Fig. 29 riveals a
graphical development of a similarly tilted square wave. The
tilt is seen to be caused by the strong influence of the
phase-shifted 3rd harmonic. It also becomes evident that
very slight shifts in phase are quickly shown up by tilt in
the square wave.

3 l
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Fig.  28. Reduct ion
frequency

of square wave fundalnental
component  in  a  tuned c i rcu i t .

Fig.  30 indicates thc t i l t  in square wave shape produced
by a 10" phase shi f t  of  a low-frequency element in a leading
direct ion.  Fig.  3 l  indicates a l0o phase shi i t  in a low-
frequency component in a lagging direct ion.  The t i l ts  are
opposite in the two cases because of the difference in
polarity of the phase angle in the two cases as can be
checked through algebraic addition of components.

Ftt OUT-OF.PHASE

Fig. 31. Tilt resulting from a phase shift of funda-
mental frequency n a logging direction.

Fig. 32 indicates low-frequency components which
have been reduced in amplitude and shifted in phase. It wil l
be noted that these examples of low-frequency distortion
are characterized by change in shape gf the flat top portion
of the square wave.

Fig. 278, previously discussed, revealed high-frequency
overshoot produced by rising amplifier response at the
higher frequencies. It should again be noted that this
overshoot makes itself evident at the top of the leading
edge of the square wave. This characteristic relationship is
explained by remembering that in a normal well-shaped
square wave, the sharp rise of the leading edge is created by
the summation of a practically infinite number of harmonic
components. If an abnormal rise in amplifier response
occurs at high frequencies, the high frequency components
in the square wave will be amplified disporportionately
greater than other components creating a higher algebraic
sum along the leading edge.

Ft3 d)T trPHA{

Fig.  29.  Square wave t i l t  resul t ing f rorn 3rd harntonic
phase shift.

Ffl O.JT tr PHASE (LEAD)

Fig. 30. Tilt resulting from phase shift of funda'
rnental frequency n a leoding direction. Fig. 32. Low-frequency component loss and phase

3hifr.
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Fig. 33 indicates high frequency boost in an amplifier
accompanied by a lightly damped "shock" transient. The
sinusoidal type of diminishing oscillation along the top of
the square wave indicates a transient oscillation in a
relatively high "Q" network in the amplifier circuit. ln this
case, the sudden transition in the square wave potential
from a sharply rising, relatively high frequency voltage, to a

level value of low frequency voltage, supplies the energy for
oscillation in the resonant network. If this network in the
amplifier is reasonably heavily damped, then a single cycle
transient oscillation may be produced as indicated in Fig.
34.

Fig. 35 summarizes the preceding explanations and
serves as a handy reference.

Fig. 33. Effect of high-frequency boost and poor
damping.

Effect of high-frequency boost and good
damping.

Fig. 34.

A. Frequency distortion. (amplitude

reduction ol low frequencT com-
ponent). No phcse shilt.

B. low frequency boost (occentu-
oted lundomentsl).

High frequency lors-No phcrc
shilt.

D. low lrequency phose shilt. E. Low lrequency loss ond pbose
shilt.

High lrequenca loss ond lor ltt
guency phcse shilt.

G. High lrequency loss cnd pbcse
shilt.

H. Domped oscillotlon- low trequenca phcrc rhilt (troct
thiclend by hurn.voltogc).

Fig. 35. Summary of waveform analysis for square wave testing of amplil iers.
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1474 CIRCUIT

Refer to the block diagram of the oscil loscope, Fig. 36,
for a circuit breakdown. Refer to the schematic diagram for
circuit details.

GENERAL

Bisically, the oscil loscope consists of two identical
vertical preamplif iers, each having its own input attenuator.
The outputs of the vertical preamplil lers are switched via
the vertical switch matrix into the delay l ine driver. The
type of  switching, i .e. ,  CH A, CH B, DUAL, or ADD, is
deterrnined by the mode of operation logic section.

The delay l ine driver feeds into the delay l ine, which
delays the vertical preamplif ier signals approximately 160
nanoseconds before they reach the main vertical amplif ier.
The main vertical amplifier drives the vertical deflection
plates of the cRT.

The horizontal deflection plates of the CRT are in turn
driven by the horizontal amplifier. The input to the
horizontal amplifier comes from calibrated sweep speed
circuits or from Channel B, via the Channel B trigger
amplifier, when X-Y operation is selected.

The power supply voltages are fully regulated, and a
DC-to-DC converter provides a regulated 4 KV accelerating
potential to the CRT.

VERTICAL PREAMPUFIERS

Channel A and Channel B preamplif iers contain identi-
cal circuitry and circuit operation is the same for both.
Channel A is described below.

The vertical input attenuator, S103, has two sections.
The f i rs t  p rov ides  ra t ios  o f  1  :1 ,  l0 :  l ,  100 :1 ,  and 1000:1 .
The second sec t ion  prov ides  ra t ios  o f  l :1 ,2 :1 ,  and 5 :1 .
Together, the two sections give an attenuation sequence of
l-2-5, with the appropriate exponent.

After the first attenuation section, FET's Ql02a and
Ql02b form a high-impedance input stage of the vertical
preamp. This balanced configuration provides compensa-
tion for thermal drift and power supply voltage fluctua-
tions. QlOl and Dl22 are used for negative over-voltage
protection. Positive over-voltage is clamped by Ql02a.

The differential amplif ier ICl0l feeds the second
attenuat ion sect ion.  Ql03 thru Q106, Ql09 and Ql l0
further amplify the vertical signal before it reaches the
delay l ine driver, transistors Ql23 to Q126. Trigger
amplifier Ql07 and Ql08 amplify the signal from the
emitters of Ql05 and Ql06 to provide a signal to the sweep
trigger circuits.

The only difference between the CH A and CH B
preamplif iers is that the CHB polarity switch, S105,
reverses the polarity of the CH B signal when in the INV
position. This is accomplished by switching on either
transistor pair  Ql  l9 lQ122, or Ql20/Ql2l  .

DELAY LINE

The delay line is a length of cable which delays the
vertical signal from the delay line.driver for approximately

34

DESCRIPTION

160 nanoseconds belore it reaches the input stage of the
main vertical amplif ier. The purpose of this delay is to
enable the sweep to be triggered before vertical deflection
begins, which allows one to see the leading Portion of very
fast rise-time sisnals.

MODE LOCIC

The mode of  operat ion (CH A, CH B. DUAL, ADD),
S106,  i s  con t ro l led  by  lC l03 ,  lC l04 ,  and d iodes
Dl0 l -D108.  Uhen CH A is  se lec ted ,  the  lC l04  Q outpu t  i s
high and the Q low, which reverse biases Dl0l  and Dl04,
al lowing the CH A signal  into the delay l ine dr iver.  Dl07
and Dl08 are forward-biased, preventing the CH B signal
from reaching the delay l ine driver. For CH B mode, the
reverse is true.

For DUAL mode, both channels are displayed as
follows: Below a sweep speed of 0.5 mSEC/cm, the ICl04
output switches at a 200 KHZ rate, thus chopping the A
and B vertical signals for simultaneous display. The chop-
ping signal that switches ICl04 comes from an oscil lator
formed by two gates from ICl. For sweep speeds greater
than or equal to 0.5 mSEC/cm, the ICl04 output switches
state after every sweep, therefore alternating the A and B
vertical signals for display.

When ADD mode is selected, the signals from both
channels are added algebraically and then applied to the
delay l ine driver. ln this mode both the Q and Q outputs of
lCl04 must be high, which is done by set t ing both theset
and reset l ines of lC 104 low.

VERTICAL AMPUFIER

The output of the delay l ine feeds into the vertical
output amplif ier. Q40l and Q402 form a differential
amplifier which goes to another differential stage Q403 and
Q404. These connect to emitter followers Q405 and Q406,
which drive cascode amplifiers Q408, Q410, and Q4@,
Q4l l. Negative feedback from the cascode amplifiers goes
via inverters Q4l4 and Q4l5 to the bases of Q405 and
Q406. Q412, Q418, and Q413, Q4l9 comprise current
sources for the cascode amplif iers. Emitter followers Q4l6
and Q4l7 help drive the current-source transistors, Q4l8
and Q419, when extra current is required for fast signals.

TRTGGER CIRCI.JIT

The amplified trigger waveforms from CH A and CH B
are connected to low-input impedance buffer amplif ier
Q127. The TRIGGERING SOURCE switch, 53, sets logic
D l  16 ,  D l  17 ,  DI20 ,  D l2 l  and IC l03  (a  and b) ,  de termin-
ing which channel is used as a trigger source. The output of
Ql27 reaches the trigger coupling section via amplif iers
Q20 and Ql6,  whereupon i t  is  fed to buffer FET Ql2,
either through a capacitor for AC coupling, or straight
through for DC coupling. The TRIGGER coupling switch is
s4.

I f  the AUTO LEVEL control ,  5201, is in the NORM
posi t ion,  the output of  Ql2 is DCcoupled to emit ter
follower Ql3, which drives one input (pin 2) of op amp
tcs. TRIGGERING LEVEL control R50 sets a DC level for
the other input (pin l) of lC5 via Ql4. lC5 acts as a
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high-gain differential amp, and when the ratio of the
triggering signal at pin 2 to DC level at pin I becomes great
enough, the ICs output turns on emitter follower Qt S
yhose ou-tput goes to two gates from lC I that act as logic
level buffers. The output from one of these gates init iatei a
sweep cycle via sweep control f l ip-flop IC I .

If the AUTO LEVEL control is in the AUTO posirion,
the output of  Ql2 is AC-coupled to peak detector diodes
Dl3 and Dl4. The fi l tered peak goes to Ql4 which sets the
DC level  for  the lower input of  IC5. The output of  Ql2 is
also now AC-coupled to Ql3,  which dr ives the upper input
of IC5. This means that op amp IC5 wil l init iatl a rrigger
signal to Ql5 whenever the instantaneous voltage of-the
triggering^ waveform is a fixed percenrage of the peak
voltage of this same waveform. Because of the AC-coupling
in this triggering mode, any steady-state DC levels the
triggering waveform might be riding on are ignored.

When turned cn by Sl, the PULL AUTO TzuGGER-
ING circuit (this is not the AUTO LEVEL circuit above),
using transistors Q4, Q5 and Q6, will give a trigger pulse to
the rese t line of IC2, after a fixed time delay-if no vertical
trigger signals have arrived from Ql5 during that time. lf
vertical trigger signals remain absent, the sweep will
automatically be fired after.each sweep by IC3, at the end
of the sweep holdoff period.

HORIZONTAL SWEEP

When a trigger pulse is received at the clock inpur or
the reset input of IC2, the Q output (pin 8) goes low. This
allows the horizontal ramp integrator to begin the sweep.
The integator consists of Ql0, Ql I and the precision
sweep timing resistors and capacitors. The sweep speed is
determined by the RC time constant of the timing resistors
and capacitors set by the SWEEP TIME/CM control, 52.

The output of the integrator, a decreasing linear ramp,
is fed through transistors Q8 and Q9, and then to the
horizontal amplifier section, Ql7-Q24, which drives the
horizontal deflection plates. Another output of the sweep
integrator, giving an increasing linear ramp, is fed to the
threshold input of sweep holdoff t imer IC3 (pin 6). When
the decreasing ramp voltage has swept the scope trace to
the right-hand limit of the sweep cycle on the CRT, the
corresponding increasing ramp voltage reaches the threshold
setting of IC3. This causes the output of IC3 (pin 3) to go
low, which sets the Q output of the sweep control f l ip-
flop, IC2, high. A high at the Q output turns on transistor
Q7, which discharges the integrating capacitor and resets
the sweep back to the left-hand sweep limit. Simul-
taneously with the Q output going high, the Q output of
ICZ goes low, which sends a high out of the blanking
control gate (lCl pin l l). This turns the trace intensity
down, so you cannot see it being reset to the left side of the
CRT.

The sweep holdoff time delay capacitor connected to
IC3 pin 2 is discharging through R24 into IC3 pin 7, which
went low when threshold was reached at IC3 pin 6. When
the holdoff t ime delay cap has discharged ro less than 1.6
volts, the timer output, IC3 pin 3, is triggered high. This
arms lC2 for the next trigger pulse, coming either from the
clock l ine input or from the reset input when Q6 of the
AUTO TRIGGERING circuit is turned on. Along with pin
3, pin 7 of lC3 also goes high and allows the holdoff time
delay capacitor to charge up again. The length of the sweep
boldoff is determined by the capacitor tied to IC3 pin 2,
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and the optimum value for each sweep speed is auto-
matically set by the SWEEP TIME/CM control.

During XY operation, set by the SWEEP TIME/CM
switch, the CH B trigger amplif ier output is fed to the
hor izontal  ampl i f ' ier  v ia Ql9 and Ql8.  ln th is mode, the
CH B signal controls the horizontal position of the CRT
trace.

BLANKING AND INTENSITY CONTROL

The DC voltage on the intensity grid (pin 4 of the
CRT) sets the intensity of the oscil loscope trace. A square
wave signal is pulled off the secondary of the high-voltage
oscil lator transformer T30l and amplif ied by Q302. The
peak-to-peak l imits of this square wave are determined by
D306, D307, D309, and the intensity and blanking control
c i rcui t ry Q303, Q304, Q305, and Q313. The square wave is
AC-coupled into peak detector diodes D304 and D305. The
negative peak of the square wave sets the DC voltage on the
intensity grid. The more negative this voltage goes, the less
the intensi ty.  lntensi ty Adj . ,  VR302, sets the maximum
intensity of the trace. The front panel INTENSITY
control VR20l adjusts the trace intensity during normal
operation by controlling Q303.

The blanking pulse, which turns the trace intensity
down during its return to the left-hand side of the CRT
after each sweep, and which keeps the trace off prior to the
beginning of a sweep, is generated by IC4. Blanking pulses
during the chopping mode of dual-trace operation also
come from lC4. The chopping oscillator is made up of two
gates from lC4.

Intensity modulation, or the Z-axis signal, is provided
by Q306, which DCcouples the Z-axis input jack to the
intensity control circuit.

FOWER SIJPPUES

+5 Votr Supply.
One output of the l4V secondary of the power

transformer is rectif ied by diode bridge D3l9 and regulated
by Q307, Q308, Q314 thru Q316.

-8 Volt Supply.
. The other output of the l4V secondary is also rectified

by diode bridge D3l9 and regulated to -8V by lC30la and
Q:og.

+120 Vott Suppty.
The l20V secondary of the power transformer is

rectif ied by diode bridge D320 and is regulated by zener
d iode D318.

+107 Vott  Suppty.
The l lOV supp lv  i s  regu la ted  down ro  +107V bv

lC30 l  b  and Q3 I  0 .

IIIG H.VOLTAGE SI.JPPLY

Q30l and the pr imary of  T30l  form the osci l lator of  a
DC-to-DC converter for the high-voltage supply. Regulation
is achieved by feedback transistors Q3l2 and Q3 |  I  .  The
secondary voltages of T30l are rectif ied and ll l tered to
provide the voltages for the CRT focus grid, anode.
cathode. and heater.
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The calibration adjustments outlined here are those
which can be performed with a minimum of specialized test
equipment. Additional internal adjustments-of frequency
compensation and horizontal sweep linearity should hot b-e
attempted without complete service iniormation and
specified tes-t equipment. Requests for complete service
information for this oscilloscope should be addiessed to:

B & K-Precision, Factory Service Department
Maxtec International Corp.
6470 Wesr Cortland Street

Chicago, I l l inois 60635
Tel:  (312) 889-1448

. Internal adjustments outlined in the calibration pro-
cedure can be located by reference to Fig. 37 through'40.

UNE VOLTAGE SELECTION

l. PJug the AC Line Voltage Selector into the position
that corresponds to the AC line voltage availabli:

Line Voltage
Selector Line Voltage

l00v 100v. ! t0%
l20v l05v to l30v
220V 220V,!tO%
240V 240V,ttO%

2. Install fuse of proper rating as indicated above.

HOUSING REMOVAL

l. Remove 6 screws and fift off top cover.

2. Remove 4 screws and lift off bottom cover.

1474 CALIBRATION AND MAINTENANCE

Fuse
.7A
.7A
3A
.3A

BALANCE ADJUSTMENTS

l. Adjust controls to obtain a horizontd trace (CH A or
cH B).

2. Adjust POSITION control to center the trace vertically
on the CRT.

3. Rotate VARIABLE control from ma,ximum ccw to
maximum cw while observing the trace.

4. If the trace moves vertically while performing Step 3,
adjust CH A or CH B DC BAL control (VRl0i or
VRl06) so that vertical movement of trace is mini-
mized while performing Step 3.

5. Re-position trace vertically at center screen.

6. Rotate VOLTS/CM switch from .lV/cm to .2Vlcm to
.SV/cm while observing the trace.

7. If the trace moves vertically while performing Step 6,
adjust the CH A or CH B ATTEN BAL controt(VR103
or VRl08) so that the vertical movement of the rrace
is minimized.

VERTICAL GAIN ADJUSTMENT

l. Connect CH A V input to the CAL signd jack.

2. Set CH A VOLTS/CM switch to .lV/cm and VARI-
ABLE control to CAL. A square wave, 5 cm t 2 mm
high, should be seen.

3. If greater or less, rotate VR40l on Main Vertical
Amplif ier Board (Fig.38) for 5 cm.

4. Connect CAL Signal to CH B.

5. Set CH B VOLTS/CM switch to .lV/cm and VARI.
ABLE control to CAL. A square wave, 5 cm t 2 mm
high, should be seen.

6. If greater or less, rotate VRI l0 on Vertical pre-
amplifier Board (Fig. 37) for 5 cm.

HORI ZONTA L TI I\{ING ADJ USTMENT

The following adjusrment should be attempted only if
a pg[g generaror of better than l% timng accuracy is
available.

l. Connect a pulse generator to the CH A input. Rotate
SWEEP TIME/CM tO I MSEC/CM ANd VNNTNBTE
cbntrol to CAL.

2. Adjust generator for l0 pulses, I mSEC apart.

3. {djus1^VRl5 on Horizontal Ampiifier Sweep Board
(Fig. 39) for I pulse every cm.

4. Adust VR6 as required for a sweep length greater than
l 0  c m .

GRATICULE REMOVAL

l. Grasp bezel with both hands at top and bottom. hrll
bezel uniformly forward to unlock mounting legs from
front panel. &ution should be used to tceel bezel
parallgl to front panel when removing to avoid break-
oge of mounting legs.

2. Lift off graticule from bezel.

3. Re-insert graticule on bezel and snap bezel into front
panel mounting holes.

CRT ROTATION ADJUSTMENT

L Loosen two screws on rear panel CRT cover.

2. Grasp cover and rotate to align horizontal trace with
horizontal graticule l ine.

3. Tighten two screws.
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f - ' l  F - a
L - J  I . - J

VRl06  VR108

Q  v R r r z

TCrOT
O O rcro6

T C l 1 2
O  O r c t t o

O Orcroe
TCt09 v R t t l

O  Q v n r  r o
V R I  l 3

o
TCl02
o

T C l 1 1
O rctot

Q rcr os

O rcroso
TCr04

T C 1 1 3

o
O vRlos

VRl03
r - 't

V R 1 0 1  
L - J

V R I O l - C H  A  V A R I .  A T T  D C  B A L
VRlO3.CH A STEP ATT DC BAL
VR1O6.CH B  VARI .  ATT  DC 8AL
VR1O8.CH B STEP ATT DC BAL
V R 1 1 3 . C H  A  D C  T R I G .  L E V E L  A D J .
VR lOs .CH A  D ISPLAY CENTER AOJ .
VRI  IO .CH B  GAIN  AOJ .
VR l  l  I .CH  8  HORIZONTAL  GAIN  ADJ .
VR112 .CH B  D ISPLAY CENTER ADJ .
VR113 .CH A  DC TRIGGERING LEVEL  ADJ .
TC IO l .CH A  1 / IO  RANGE SOUARE WAVE ADJ .
TClO2.CH A I  / IO RANGE INPUT CAPACITY ADJ.
TClO3.CH A 1/ IOO RANGE SOUARE WAVE AOJ.
TCIO4.CH A I  /1OO RANGE INPUT CAPACITY ADJ.
TCIOs.CH A T/ IMO RANGE SOUARE WAVE AOJ.
TClO6.CH B I  /10 RANGE SOUARE WAVE ADJ.
TC IOT .CH B  1 / IO  RANGE INPUT CAPACITY  ADJ .
TClO8.CH B 1/1OO RANGE SOUARE WAVE ADJ.
TCIOg.CH 8 I / IOO RANGE INPUT CAPACITY ADJ.
TCl  IO.CH B 1/ IOOO RANGE SOUARE WAVE ADJ.
TC l11 .CH A  1 /1OOO RANGE INPUT CAPACITY  ADJ .
TCI  l2 .CH B 1/ lOOO RANGE INPUT CAPACITY ADJ.
TCI  I3 .CH A HIGH FREOUENCY RESPONSE ADJ.

F O I L  S I O E  V I E W

Fig. 37. Calibration locations, vertical pre-amplifier board.

F O I L  S I D E  V I E W

VR4O1 _  VERTICAL  GAIN  ADJ .
VR4O2  _  CRT CENTER ADJ .
TC4OI  -  H IGH FREOUENCY RESPONSE ADJ ,  ( 1 I
TC4O2  -  H IGH FREOUENCY RESPONSE ADJ .  ( 2 }
TC4O3  -  M ID  FREOUENCY RESPONSE ADJ .
TC4O4  _  H IGH FREOUENCY RESPONSE ADJ .
vR4o3  -  A rcx  FREouENcy  RESpoNSE ADJ
VR4O4 _  M IO  FREOUENCY RESPONSE ADJ .
VR4O5  _  H IGH FREOUENCY RESPONSE ADJ .

Fig. 3E. Calibrat ion locations, main vert ical ampli f ier board.

o TC4O3 QvnaOS

Q vnrcr

O vR402
O ttlot o rc4o4

VR4O4 \,'

o vR403

Q rcaor
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O  v n t s

vR7 o

V R l  1
vReo o o

V R l O

Q v n t a

O  O v n r g
V R 1  2

F O I L  S I D E  V I E W

VRl  _  CAL.  (0 .5  V P.PI  VOLTAGE ADJ.
VR2  -  CAL .  OV  LEVEL  FREOUENCY ADJ .
VR3 -  CAL.  O.sV LEVEL FREOUENCY ADJ.
VRs -  HIGH SPEED SWEEP lO.2 y  SEC) TIMING ADJ.
VR6 -  SWEEP LENGTH ADJ.
VR7  _  TR IGGERING SLOPE BALANCE ADJ .  ( 1 }
VRg _ AUTO LEVEL ADJ.
VRIO  _  MAG CENTER ADJ .
V R 1 1  -  D C  T R I G G E R I N G  L E V E L  A D J .
VRI2  -  CH  B  (HORIZONTAL I  POSIT ION ADJ .
VR13  -  HORIZONTAL  POSIT ION CENTER ADJ .
VR l4  _  MAG GAIN  ADJ .
V R 1 5  _  T I M I N G  A D J .
TC I  -  H IGH SPEEO SWEEP (1  p  SEC ' 50  p  SEC)  T IM ING ADJ .
TC2  -  H IGH SPEED SWEEP (0 .5  s  SEc l  T IM ING ADJ .
VR16  _  TR IGGERING SLOPE BALANCE ADJ .  ( 2 }

Fig. 39. Calibration locations, horizontal amplilier/sweep board.

VERTICAL
PRE.AMPLIFIER

BOARD

C)vR3o4
o vR303

O vR3o2

O rcgot

O vngot

F O I L  S I D E  V I E W

VR3OI _  PATTERN DISTORTION COMPENSATION
VR3O2 -  INTENSITY  ADJ .
vR303 -  -  1 .9  kv  ADJ.
VR3O4  -+107  V  ADJ .
TC3OI -  gLANKING PULSE COMPENSATION

Fig 40. Calibrat ion locations, power supply board.
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WARRANTY SERYICE INSTRUCTIONS
(For U.S.A. and its Overseas Territories)

l. Refer to the MAINTENANCE section of your B & K-Precision instruction manual
for adjustments that may be applicable.

2. If the above-mentioned does not correct the problem you are experiencing with
your unit, pack it securely (preferably in the original carton or double-packed).
Enclose a letter describing the problem and include your name and address. Deliver
to, or ship PREPAID (UPS preferred in U.S.A.) to the nearest B & K-Precision
authorized service agency (see list enclosed with unit).

lf your list of authorized B & K-Precision service agencies has been misplaced, con-
tact your distributor for the name of your nearest service agency, or write to:

B & K-Precision, Factory Service Department
Maxtec International Corp.
6470 West Cortland Street

Chicago, Ill inois 60635
Tel: (312) 889-1448

Also use the above address for technical inquiries and replacement parts orders.
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