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FEATURES 
• Vertical axis with wide bandwidth (35MHz. - 3dB) and 

high sensitivity (2mV/div. 1 div = 9.5 mm). 

• Single sweep function for one-shot trace observation. 

• Fix sync function for automatic synchronization of varied 

waveforms. 

• The adoption of signal delay circuit permits observation 

of the rising characteristic of high speed pulses. 

• Hold-off control system for stabilized synchronization of 

complex waveforms. 

• Easy correction of horizontal trace angle with unique 

trace rotation system. 

• The CRT has a rectangular with internal graticule. post­

deflection accelerator with domed mesh to e l i m inate 
parallax errors. 

• Dotted line indicate 0%. 10%. 90% and 100% of measur­

ing lattice for measurement of rise time. 

• X-Y changeover systems allows CH 1 amplifier to be used 

as X axis amplifier and CH2 amplifier as Y axis amplifier. 

• CHOP and A LT a re interlocked with t ime base switch to 
permit auto matic changeover. Observat ion during CHOP 
operation is a lso possible .  

• Auto free-run system enables the trace to be checked 
even at no-s igna l t ime.  

• Sync coupl ing for AC. LF Rej. HF Rej. VID EO and DC to 
p rovide stable synchronization. 

• VIDEO-F RA M E.  V IDEO- L INE selection of V IDEO sync 
separation c i rcuit  is auto matical ly effected by the in­
terlocked ti me base switch .  

• UNCAL lamp is ON when vertica l  sensit iv ity o r  sweep 
time is  not being ca l ib rated . T R IG lam p  is ON du ring 
trigger sweep. 

• The adoption of I Cs throughout c i rcu itry provides h igh  
performance and i mproved re l iab i l ity. 

SPECI Fl CATIONS 

Cathode Ray Tube 

Type: 

Accelerating vokage: 

S cale: 

1 40CG B 3 1 ( Rectangu la r  CRT, 
i nterna l  graticu le)  
Approx. 6kV 
8 div x 1 0  d iv ( 1  d iv=9 . 5m m) 

Vertical Ampl ifiers (for both C H 1  a nd C H2) 

Deflection Factor :  

Attenuator: 

Input impedance : 

Frequency response: 

Risetime: 

Over-shoot: 

Cross-talk: 

Operating modes : 

2 

2 mV/div - 1 0V/d iv ±3%. at 1 0  -
30°C. ±5%. at 0-40° C 

2 mV /div to 1 0V /d iv  in 1 2  ca l i b rated 
ranges in  1 - 2-5 seque nce. Var iab le 
between ra nges. ± 5% on a l l  ra nges 

1 Mrl±2% 
Approx. 22p F  

DC DC-3 5 M Hz ( - 3d B )  
A C  5 H z-3 5 M Hz ( - 3d 8 )  

Less than 1 O nsec. 
Lees then 3% (at 1 OOkHz  sq uare 
wave ) 

A LT: 
C H O P : 

CH 1 
CH 2 
D U A L  
ADD 
X-Y 

-60d B } 
_40d B 

( at 1 kHz)  

C H  1 on ly 
CH2 on ly 
2-channe l  
C H 1 + C H 2  
X axis: C H 2  
Y axis: C H  1 

Dual-trace changeover: A LT is effected when TR I G  
S O U R C E  i s  i n  A LT or N O R M ­
C H O P  is  in  N O R M  a n d  SWE E P  
TIM E/ DIV i s  0 . 5 ms/d iv - 0. 1 µs/div 
CHOP is effected (about 3 50kHz 
switch ing )  i n  other modes . 

Invert polarity : CH2 on ly 
Maximum input voltage : 500Yp- p or  2 50V (DC +  AC peak) 
Signal  delay time : Approx. 1 0  nsec. (on  CRT screen )  

H o rizonta l A mpl if ier (C H2 i nput) 

Operat ing modes : 

Deflection Factor :  
Input impedance :  

Frequency response: 

X-Y phase difference : 

X-Y changeover with vertica l  
M OD E  switch 
C H 1 Y ax is  
CH2 X ax is  
Same as ve rt ical  (CH 1 )  
Same as vertica l  ( C H  1 )  

DC DC-2 M H z ( - 3d 8 ) .  3 M H z  
( -6d B )  
AC 5 H z-2 M Hz ( -3d 8), 3 M H z  
( -6d 8 )  
Less t h a n  3 ° at 1 OOkHz  



Sweep Ci rcuit 

Sweep system: 

Sweep time: 

Magnifier: 

Linearity: 

Triggering 

Source (Internal): 

Source ( External) : 

External  triggering 

input voltage: 

Type: 

Slope: 

Coupling: 

Sensitivity : 

S I N G LE 
N O R  
AUTO 

S i ng l e  sweep 
Tr igger ing  sweep 
Tr igger ing  sweep and  
a uto free-ru n  sweep at  
no-s igna l t ime.  

F IX A ut o m a t i c a l l y f i x e s  
l e v e l s  at  cen ter of 
tr igger s igna l .  

0 . 1 µs/d i v  t o  0 . 5  s/d iv i n  2 1  
c a l i br a t e d  r a n g e s, in 1 - 2 - 5  
s e q u e n c e. V ar i a b l e  b e t we e n  
ranges, Sweep t ime accuracy : ±3% 
5 t imes ± 5% 
Better than ±3% ( 1 0% at X5 
MAG)  

A LT 
C H 1 
C H 2  
EXT 1 / 1 0  
EXT 1 

50V (DC+AC peak) 
S I N G LE .  N O R M, A UTO M a n u a l  
sync 
FIX Auto sync 

Positive or negative 
AC, L F  Rej, H F  R ej .  V I D EO .  DC 
L I N E  a nd FRAM E are a utomati­
ca l ly  switched by SWE E P  TI M E/ 
D IV  
L I N E  (V I D EO - Li ne): 
0, 1 µs/d iv � 50µs/d iv 
FRA M E  (V I D EO - Fra me): 
0. 1 ms/d iv� 0. 5s/d iv 

Triggering Mode in SING L E  or NOR M 

Minimum Sync Voltage 

Coupling 

AC 

VID EO 

DC 

Bandwidth (Hz) 

50 � 1 5 M  
1 0  � 40M 

VI D EO 

DC� 15M 

DC� 40M 

INT 
(div) 

0.5 
0.8 

1 

0.5 
0.8 

H F  R EJ: Attenu ate a bove 1 00 k H z  
L F  REJ: Atten uate below 1 0  kHz 

EXT 1/10 EXT1 
(Vp-p) (Vp-p) 

3 0.3 
3 0.3 

5 0.5 

3 0.3 
3 0.3 

Minimum Sync Voltage 
TRIGGERING 

M ODE 
Bandwidth (Hz) I N T  EXT 1/10 EXT1 

(div) (Vp-p) (Vp-p) 

AUTO 
100 � 1 5 M  0.5 3 0.3 

50 � 40M 0.8 3 0.3 

F IX  
100 � 1 5 M  0.5 3 0.3 

50 � 40M 0.8 3 0.3 

HO L DO F F: N O R M - M AX ( Conti nuous var iab leness 
more tha n  ten ti mes)  

Calibrating voltage : 0. 1 Vp-p ±3%.  posit ive pol ar ity, 
reference l evel OV ( 1 k H z  ±3%) 

Intensity Mod ulation 

I nput vo ltage : 

Input i mpedance : 

Bandwidth : 

Maximum input 

voltage :  

Trace rotation : 

Powe r Requirements 

Power supply voltage : 

Power consumption: 

Dimensions:  

C S- 1 5 7 7 A  

Weight : 

Accessories : 

TT L level ( m ore t h a n  2. 5Vp-p)  
1 2 kfl 
DC- 5 M H z  

50V ( D C + AC peak) 

Trace a n g le i s  adj ustab le  by pa­
nel  surface adjuster . 

AC 1 00/ 1 1 7 /2 20/240V ± 1 0%. 
50/60 H z  

Less than 45W 

Width 2 60 m m  ( 2 7 7 m m) 
He ight  1 90 m m  (204m m )  
Depth 3 7 5 m m  (440 m m )  

Width 2 6 0 m m  ( 260m m )  

CS- 1 5 77A . . . . . . . . . . . . . . . . . . . . .  9 . 1 kg 

Probe ( PC-22)  . . . . . . . . . . ...... ... .... 2 
Attenuat ion 1 / 1 0  
I nput impedance 1 OMn. 1 BpF 
or less 
I nstruction m a n u a l  . . . . . . . . . . . . . . .  . .  

Replace ment fuse: 
0. 5A . .. ..... . . . ... . .... .... . . .... ... . . . . 2 
0.BA . . . . ............... ... . ... ........ . .  2 
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CONTROLS ON PANELS 

21 20 19 18 

6 

2 

3 4 5 13 

CONTROLS ON FRONT PANEL 

1. � POSITION 

Rotation adjusts vertica l  posit ion of ch anne l  1 trace.  
In  X-Y operat ion.  rotation adjusts vert ica l  posit ion of 
d isp lay .  

2. INPUT 

Vert ica l  input  termina l  for CH 1 .  a n d  Y input  termi n a l  
for X-Y operat ion .  

3. AC -GN D- DC 

4 

Three-position lever switch which operates as follows : 

AC: Blocks de component of channel 1 input 

signal. 

GND: Opens signal path and grounds input to 

vertical  amplifier. This provides a 

zero-signal base line. the position of which 

can be used as a reference when 

performing de measurements. 

DC: Direct input of ac and de component of 

channel 1 input signal. 

17 

10 II 

16 26 22 

23 

24 

31 

28 

30 

29 

32 

33 

27 

15 

34 

9 8 12 7 14 
35 

4. VOLTS/ DIV 

Vert ica l  attenuato r for ch anne l  1 provides step 
adjust ment of vert ica l  sensit iv ity . When VAR IA B LE 
control ( 5 )  is set to CAL. vert ica l  sensit iv ity is 
ca l ib rated in  1 2  steps from 1 0  V/d iv to 2 mV/d iv. 

5. VARIA BLE 

R otation provides fin e  contro l  of ch anne l  1 vert ica l  
sensit ivity. In  the fu l ly c lockwise (CAL) posit ion.  the 
ve rt ica l  atten uator is ca l ib rated . 

6. UNCAL La mp 

G lows when cha n ne l  1 VAR I A B L E  contro l ( 5 )  is not 
set to CAL posit ion .  R e m i nds user that channe l  1 
meas u re ments a re not ca l ibrated . 



7. ! POSITION. X-Y.,. .. , PULL INVERT 

Vert ica l  posit ion adjustment fo r ch anne l  2 trace. 
Becomes horizontal  position adjustment when M O D E  
switch ( 1 3 ) is  i n  X-Y posit ion.  
Push-pu l l  switch selects normal  or i nve rted po la rity of 
channel  2 d isp lay ( PU L L INVE RT). 

8. INPUT 

Vert ica l  input  term ina l  for C H 2  or X input  termi na l  for 
X-Y operat ion .  

9. AC-GN D- DC 

Three- posit ion leve r switch which operates as fo l lows: 
A C: B locks de co mponent of channe l  2 i nput 

GN D: 

D C: 

signa l. 
O pens s igna l  path and g rounds input to 
ve r t i c a l a m p l i f i e r .  T h i s  p ro v i d e s  a 
ze ro-s igna l  base l i ne. the position of which 
can be used a s  a refe re n ce w h e n  
performing  d e  measurements. 
D i rect input of ac and de co mponent of 
channe l  2 i nput s igna l. 

10. VOLTS/ DIV 

Vert ica l  attenuator for channe l  2: p rovides step 
adjustment of vert ica l  sensit ivity. When VAR I A B LE 
control · ( 1 1 )  is set to CAL. ve rt ica l  sensit ivity is 
ca l i brated i n  1 2  steps from 1 0V/d iv to 2 mV/d iv. I n  
X-Y operation .  th is  control provides step a djustment of 
horizontal  sensit ivity. 

11. VARIABLE 

Rotation provides fin e  control of cha nne l  2 vert ical  
sensit ivity. In the fu l l y  c lockwise ( CA L) posit ion.  the 
ve rt ica l  atten uator is  ca l i brated. In X-Y operation.  this 
control becomes the f ine horizontal gain contro l .  

12. U NCAL La mp 

G lows when channe l  2 VAR IAB LE co ntro l  ( 1 1 )  is not 
set to CAL posit ion. Reminds user that channe l  2 
measure ments a re not ca l ib rated. 

13. MO DE 

M ode selector switch functions as fo l l ows: 
CH 1 :  Waveforms of CH 1 a re d isp l ayed . 
C H 2 :  

D UA L :  

ADD: 

X-Y: 

Waveforms of C H 2  are d isp layed . 
Waveforms of C H  1 and CH 2 a re d isp l ayed 
fo r d u a l-trace observat ion .  
The waveforms from C H 1 and CH2 inputs 
a re added and the s u m  is d isp layed as a 
s ing le  trace. When the C H 2  POS IT ION 
control is  pu l led ( PU L L I NV E RT) . the  
waveform f rom C H 2  is su btracted fro m 
the C H  1 waveform and the d i fference is  
d ispl ayed as a s ing le  trace. 
X -Y operation .  CH 1 input sig na l  p roduces 
verti ca l  deflect ion (Y axis). C H 2 i nput 
s igna l  p roduces hor isontal  deflection (X 
axis). 

14. GN D 

G N D  termi n a l .  

15. CAL 1 kHz .J"'l. 0.1 Vp -p 

Provides 1 kHz .  0. 1 -vo lt peak-to-peak squ a re wave 
s i g n a l .  T h i s  is usefu l fo r probe co mpe nsat ion  
adjustment a nd a genera l  check  of  osc i l l oscope ca ­
l i brat ion accuracy. 

16. LE D Pilot La mp 

This l a m p  l ig hts when POW E R  ( 1 7 ) is O N .  

17. POWER 

Turn i n g  ri ght w i l l  set the powe r O N .  Power is tu rned 
off by tu rn ing  left. 

18. INTENSITY 

Fu l l y  counterclockwise rotation of th i s  control (0 F F  
posit ion )tu rns off osci l l oscope. C lockwise rotation 
turns on osci l loscope. Further c lockwise rotation of 
the control i ncreases the br ightness of the trace.  

19. FOCUS 

S pot focus control to obta in  opti m u m  waveform 
accord ing  to br ightness. 

20. ASTI G 

Ast igm atism adjustment provides opti m u m  spot 
rou ndn ess and br ightness when used in conju nction 
with F O C U S  ( 1 9 ) and I N TEN S ITY ( 1 8 ) contro l .  Ve ry 
l i tt le readj u stment of th is control is req u i red after 
i n it i a l  adjust ment .  

21. TRACE ROTATION 

This is used to e l i m i na te i nc l i nat ion of horizonta l trace . 

22. "' ""  POSITION. PULL XS MAG 

Rotation adjusts horizonta l posit ion of trace (both 
traces in  D U A L  mode). Push- p u l l  switch selects X5 
magn if ication ( P U L L  X5 M A G )  when p u l l ed out: 
normal  when pu shed i n. 

23. SWEEP TIME/ DIV 

H orizontal  coa rse sweep t ime selector. Selects 
ca l ibrated sweep ti mes of 0. 1 µs/d iv ( m i crosecond per 
d iv is ion )  to 0 . 5  s/d iv in 2 1  steps when sweep t i me 
VAR I A B L E  control is  set to CAL posit ion ( fu l ly 
c lockwise ) .  
Changeove r between C H O P  and A LT is accomp l ished 
a utomatica l l y  with th is switch when SO U R C E  ( 3 3 )  is 
in a ny posit ion other th a n  A LT and N O R M - C H O P  is 
N O R M. 

24. VARIABLE 

F i n e  sweep t i m e  a dj u st m e nt. I n  the  extre me 
c lockwise (CAL)  posit ion the sweep t i me is ca l ib rated . 
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25. U NCAL La mp 

G lows when sweep ti me VAR IA B LE control (24)  is  
not set to CA L posit ion . 
R e m i nds user  that t ime m easure me nts a re not 
ca l ib rated . 

26. NORM-CHOP 

Pushbutton switch operates i n  conj u n ction with 
S O U R C E  switch ( 3 3 )  to provide automatic or  manua l  
selection of  a lternate or chop m ethod of  dua l -trace 
sweep generation .  Thus: 

S O U R C E  switch i n  A LT position: 
Alternate sweep i s  se lected regard less of sweep 
t ime; N O R M - C H O P  switch has no effect. 

S O U RCE switch in  a ny posit io n except A LT and 
N O R M -C H O P  switch is  in N O R M  (out posit ion) : 

A lternate sweep is auto matica l ly  selected at a l l  
sweep t imes of 0 .5  ms/d iv a n d  faster; chop sweep 

i s  automatica l l y  se lected at a l l  sweep t i mes of 1 

ms/d iv a nd s lowe r. 

N O R M - C H O P  switch i s  CH O P  ( i n  posit ion ) :  
Chop sweep is  selected regard less o f  sweep t ime.  

27. HOLDOF F  

Rotation adjusts holdoff t ime ( t i rgger i n h ib i t  period 
beyond sweep du ration ) .  F u l ly counterclockwise 
rotat ion is  N O R M .  c lockwise rotat ion increases holdoff 
per iod.  

28. LEVEL, PULL SLOPE NEG 

Sync leve l  adj u st m e n t  dete r m i n es po ints  o n  
waveform slope where sweep sta rts; e equ a ls  most 
negative point of tr igger ing and EB equ a l s  most 
posit ive po int  of tr iggeri ng .  Push-p u l l  switch selects 
posit ive or negative slope ( P U LL S LO P E  N EG ) .  
Sweep i s  tr iggered on positive-going s lope o f  sync 
waveform with switc h pushed i n; on negat ive- going 
slope of sync  waveform when pu l led out. 

29. MO DE 

Four-posit ion leve l  switch selects trigger ing mode. 
SING L E: E nables R E S ET switch (30)  for triggered 

s ing le  sweep operation .  
NORM: N orm a l  tr iggered sweep operation .  
A UTO: Triggered sweep operation when tr igger 

sig n a l  is  p resent. a utomatica l l y  generates 
sweep (free runs) i n  absence of tr igger 
s ign a l .  

FIX: S a me as a utomatic m ode.  except tr igger 
threshold is a utomatical ly f ixed at center 
of tr igger s ign a l  rega rd less of sett ing of 
LEV E L  control (28 ) .  

30. RESET 

6 

When tr igger ing M O D E  switch (29 )  i s  i n  S I N G LE 
mode. push ing  the R E S ET button in it i ates a s ing le  
sweep which w i l l  beg i n  when the next  sync tr igger 
occurs. 

31. REAOY/TRIG'O 

I n  S I N G LE tr igger ing mode ( 2 9 ) .  l ights when R E S ET 
button (30)  is pressed and goes off when sweep is 
completed . I n  N O R M .  AUTO and F I X  tr igger ing 
modes ( 2 9 ) .  l ig hts for d u rat ion of tr iggered sweep; 
shows when L EV E L  control ( 2 8 )  is properly set to 
obta i n  triggering .  

32. COUPL ING 

Five-posit ion leve l switch selects coupl ing for sync 
tr igger s igna l .  

A C: 

L F  Rej: 
H F  Rej: 
VID EO: 

D C: 

Trigger is AC-coup led. 
Trigger s igna ls  be low 1 0  kHz attenuated . 
Tr igger signals above 1 00 kHz attenuated . 
Sync pu l ses of a composite video s igna l  
a re used to  tr igger the sweep; the vertica l  
sync pu lses ( fra me) are automatica l ly 
selected for sweep times of 0 .5  s/d iv to 
0. 1 ms/div.  and hor izonta l sync pu l ses  
( l ine) a re auto m atica l ly  selected for sweep 
times of 50 µs/div to  0. 1 µs/div. 
Trigger is DC-coupled. 

33. SOURCE 

Five-position lever switch selects sync  trigger source. 

I N Tern a l  Sync Posit ions:  

A LTernate: 

CH1: 

CH2: 

When M O D E switch ( 1 3 ) is in C H 1 or 
A D D  modes, sweep is tr iggered by s igna l  
to  channe l  1 I N PUT jack ( 2 ) .  
When M O D E switch is i n  C H 2  mode, 
sweep is tr iggered by s igna l  to channe l  2 
I N PUT jack ( 8 ) .  
W h e n  M O DE switch is  i n  D U A L- mode. 
channe l  1 trace is  tr iggered by channe l  1 
input  s igna l  and channe l  2 trace is 
tr igge red by channe l  2 input  sig n a l; scope 
o p e ra t e s  i n  a l t e r n a t e  s we e p  m o d e  
rega rd less o f  sweep t i m e  or  sett ing of 
N O R M -C H O P  switch (26 ) .  
Sweep i s  tr iggered by s igna l  to  ch anne l  1 
I N P UT jack reg a rd less of M O D E  switch 
( 1 3 ) select ion .  
Sweep i s  tr iggered by s igna l  to ch anne l  2 
I N P UT jack reg a rd l ess of M O D E  switch 
( 1 3 ) se lect ion .  

EXTerna l  Sync Posit ions 
EXT 1 :  Sweep i s  tr iggered b y  s igna l  a t  EXT T R I G  

jack (34) .  T- igger is  u n attenuated. 
EXT1 / 1 0: Sweep is  tr iggered by s igna l  at EXT T R I G  

jack ( 3 4 ) .  Tr igger is atten u ated 1 0  : 1 .  

34. EXT TRIG 

Externa l  sync termi n a l .  For externa l  tr igger ing ,  
externa l  tr igger i ng  voltage shou ld be app l ied with 
SO U R C E  (33 )  set to EXT. 



35. H AN DLE 

Use th is hand le  to mou nt the osc i l l oscope i n  as lant 
position .  

CONTROLS ON SIDE PANEL: 

38 39 

37 36 

36. VARI. ATT. DC BAL. 

For adjustment of CH 1 (or Y) vertica l DC ba lance. 
Adjustment should be made so that the waveform 
position is  not shifted when VA R IA B LE (5)  is tu rned . 

37. STEP. ATT. DC BAL. 

For adjustment of CH 1 (or Y) vert ica l  DC ba l a nce. 
Adjustment should be made so that the wavefor m. 
position is not sh ifted when VOL TS/D I V  (4)  is turned.  

38. VARI. ATT. DC BAL. 

For adju st ment of CH2 (or  X) vertical DC ba la nce. The 
function of th is control  i s  the sa me as that of VA R I .  
ATT. BAL. ( 3 6 ). 

0 0 

42 

4s --ttt-+--E=t:=E=l 

44 43 

39. STEP. ATT. DC BAL. 

For adju stment of CH2 (or  X) vert ica l  DC balance.  The 
fu nction of this control i s  the sa me as that of ST EP .  
ATT. BAL (37 ) .  

CONTROLS ON REAR PANEL: 

40. Fuse H older 

Fuse rated at 0 . 8A shou ld  be used for 1 00/ 1 1 7V 
operation. For operation on 2 20/240V. be sure to use 
a 0. 5A fuse. 

41. Z AXIS INPUT 

I ntensity modu lat ion termina l. I ntensity is mod u lated 
at TT L leve l. 

42. Cord Reel 

Wind power cord when the osc i l loscope i s  to be ca r­
r i ed or stored. They a lso serve as a stand when the 
osci l loscope is  used in upright pos it ion. 

43. Power Connector 

AC power connector. For connection.  use the 
supp l ied cord. 

44, Power Voltage Selector 

Set th is switch to the correct operat ing  voltage.  

45. Voltage Plate 

Use voltages and fuses specified. 

0 

0 

0 

40 41 
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OPERATION 
PRELIMINARY OPERATION 

To e nsure correct operatio n .  set the osc i l loscope as i l ­
l ustrated below before switch ing on the power. For deta i led 
i nstructions. refer to " Controls on P ane ls" .  

NORM 

OFF 

Sliqhtlv to the riqht 

Center 

Center 

AC 

Operating Procedures 
(figures in [ ] denote C H2) 

( 1 )  Set the power voltage selector to the correct voltage 
observ ing the arrow mark on the p lug .  

(2 )  Tu rn POW E R  ( 1 7 ) clockwise. The power is t u rned to  
O N  and L E D  pi lot l amp ( 1 6 ) l i g hts. 

(3) H orizonta l ax is w i l l  be d isplayed. When trace l i n e  
does not appear at t h e  center o f  t h e  screen .  adjust 

P O S I T I O N  ( 1 )  [2 2). Adj u s t  b r i g h t n e ss w i t h  
I N T E N S ITY ( 1 8 ) .  I f  the trace i s  u nc lear .  adjust FO C U S  
( 1 9 ). 

(4) The osci l loscope is now ready for measu rement .  For 
measu rement. proceed as fo l lows: 

8 

Apply a s igna l  voltage to I N P UT ( 2 )  [8] .  Then turn 
V O L  TS/ DIV (4) [ 1 O] c lockwise u nt i l  the waveform is  
correctly d isp l ayed of  the  scope. By sett ing  M OD E  
( 1 3) and SOU ACE (33) to C H  1 .  the C H  1 i nput s igna l  to 
I N PUT ( 2 )  w i l l  appear. S imi l a rly, by sett ing  M O D E  
a n d  SO U R C E  t o  C H 2 .  then the input s igna l  to C H 2  
I N PUT ( 8) wi l l  apear .  A t  D U A L  posit ion .  sweep ti mes 
of 0 . 5s/d iv  to 1 ms/div a re sw itched in  C H O P  .mod e 
a nd sweep t i mes of 0. 5ms/div to 0 . 1 ms/d iv  a re 
switched in A LT mode. I n  either case. two waveforms 
are d ispl ayed on the screen. 
At A D D  posit ion .  a lgebra ic sum of C H  1 and C H 2  
( C H  1 + CH2) i s  obta i ned . W hen PU L L  I N V E RT (7) 

Center (PUSH) 
I ms/div 

Center (PUSH) 

AUTO 

AC 

CHI 

NORM 

Center (PUSH) 

AC 

IOV /div 

knob is pu l led.  the input  to C H 2  is app l ied to CH 1 i n  

reverse po lar ity and  thus the a lgebra ic  diffe rence 

( C H  1 - C H 2 )  i s  obta ined .  
( 5 )  When the s igna l  vo l tage is more than 2mV and 

waveform fa i l s  to  appear  on the sc reen .  the os­
c i l loscope may be checked by feed ing  input  fro m CA L 
1 kHz 0. 1 Vp-p ( 1 5 ) .  S ince ca l ib rat ion voltage is 
0. 1 Vp.-p.  the waveform becomes 5 div at the 20mV I 
div  posit ion of V O LTS/ D IV .  

(6 )  By sett ing M OD E  to  NORM posit ion .  the  free- ru n n ­
ing auto fu nction is released . T h e  waveform disap­
pears when LEV E L  (28) is  tu rned clockwise or 

cou nterc lockwise a nd a ppea rs again when it is retured 
to its approximate m idd le  posit ion of it. I n  both 
N O R M  a n d  AUTO modes. t r igger i n g  level ca n be 
adj u sted. 

(7) When DC co mponent is m easu red . set AC-G ND-DC 
(3) [9) to DC. I f. i n  th is  case. the D C  component con­
ta ins " + " potentia l .  the waveform m oves upward and 
if it conta ins  " - " potenti a l .  the waveform moves 
downward. 
The reference poi n t  of "O" potentia l ca n be checked at 
G ND posit ion. 



TR IG G E R ING 

T o  observe a stat ionary i n put s igna l  waveform,  the sweep 
c i rc u i t m u st b e  t r i g g e red  c o r r e c t l y .  T h i s  c a n  be 
accompl ished e ither  by the i nput s ignal  ( I NT) or by applyi ng 
a s igna l .  hav ing a specific re lat ionsh ip  ( integer mu lt ip le )  with 
i nput s igna l  i n  terms of t ime,  to the externa l  tr igger with 
i n put signa l  i n  te rms of t ime,  to the externa l  t r igger  term ina l  
( EXT) . 

I nternal  Triggering : 

By sett ing TR I G G E R I N G  SO U R C E  (33)  to I NT (A LT 
CH 1 or CH2 ) ,  the input  s igna l  is connected to the interna l  
tr igger c i rcu it .  I n  t h i s  posit ion.  a part of t h e  i nput s igna l  fed 
to the i nput term i n a l  (2 or 8) is appl ied fro m the vert ica l  
a mpl ifie r  to the tr igger c i rcu i t  to cause the trigger s igna l  syn­
chron ized with the i n put s igna l  to drive th e sweep c i rcu it .  

External Triggering: 

Extern a l  tr igger i ng is accompl ished by sett i ng the 
SO U RC E  switch (30) to EXT- 1 or 1/1 0. p rovided a tr igger sig­

nal i s  app l ied to the extern a l  tr igger i n put term i n a l  (34) .  
Extern a l  tr igger i ng is  usefu l when you wish to tr igger  with a 
s igna l  d i fferent from the i nput s igna l .  It shou ld be noted . 
however. that the tr igger s igna l  must have a re lat ionship 
with the i n p ut s igna l  in terms of t ime to ensure effective 
observat ion  of waveform . 

F ig .  1 shows that the sweep c i rcu it is dr iven by the 
gate s ignal  when the gate s ignal  i n  . the bu rst s ignal  i s  app l ied 
to the i nput term i n a l .  

F ig .  1 a lso shows t h e  i nput/output s igna ls,  where t h e  
bu rst s i g n a l  generated from the.gate s i g n a l  is  app l ied t o  t h e  
instrument u nder test .  

Thus . accu rate tr igger ing can be ach ieved without 
regard to the input  s igna l  fed to the termina ls  (2 )  and ( 1 8) ,  
s o  that no fu rther tr igger ing is requ i red even when t h e  input  
s ig na l  is  va ried .  

N ote that  i f  the extern a l  t r igger s ignal  is  too h igh,  the 
tr igger i n g  po i nt cannot be adjusted sat isfactor i ly  by the 
TR I G G E R  LEV E L. If th is  occu rs, the SO U -RCE  switch shou ld 

be  set to EXT- 1 I 1  0 so that  the  t r i gger  s ig n a l  is  

attenuated to 1 / 1 0 .  I n  th is  way,  the tr igger ing point  can be 
adj u sted.  

_J 
I 
I 

I I 
I I -NVW--1 I 
I I 

I 
I 
I 
I 

Fig .  1 

T R I G G E R  S I G N A L  
(GAT E S I G N A L) 

C H  1 ( I N  PUT S I G N A L) 

C H 2  ( O U T P U T  S I G N A L) 

Coupling: 

T he CO U P L I N G  switch ( 32 )  se lects the cou p l i ng m ode 
of the t rigge r s ignal  to the tri gger c i rcu it accord ing  to the 
type of  tr igger s ignal  ( DC.  AC,  s igna l su perposed o n  DC, s ig­
na l  with low frequency noise.  s igna l  with h igh frequency 
noise,  etc . ) .  

AC: 

The AC (capacitance)  coup l i ng  perm its tr igger ing by 
the AC component on ly ;  the DC component of the tr igger 
s igna l is cut  off. Th is ra nge i s  norma l ly u sed tr iggeri n g  i s  
stab i l i zed of  the  tr igger s igna l  i s  l ess  than 10  Hz ,  the s igna l 
level becomes low which resu lts i n  d ifficu lty of tr igger ing .  

L F  Rej: 

The trigger s igna l  is fed to the tr igge r c i rcu it via a h igh  
pass f i l ter  where the low freq uency co m ponent ( l ess than 1 0  
kH z) is e l i m i nated and th u s  tr igger ing i s  effected on ly  by the 
high frequency co mponent .  As shown i n  Fig.  2 .  when the 
tr igger s ignal  conta i n s  low frequency noise ( part icu la r ly 
h u m ) ,  it  i s  e l i m i nated so that tr iggering is sta b i l ized .  

WAV E F O R M  W I T H  LOW F R EQ U E N CY N O I S E  

T RIGG E R  SIGNAL B Y  L F  REJECTION 

Fig .  2 

H F  Rej: 

In contrast with LF R EJ .  the tr igger s igna l  is fed v ia  a 
low pass f i lter where h igh  frequency component ( more than 
1 00 kHz)  i s  e l i m i n ated and thus tr igger ing i s  effected on ly by 
the low frequency component .  F ig .  3 shows that the h igh 
frequency no ise conta i ned i n  the  wavefo r m  is  e l i m inated so 
that  tr igger ing is  sta b i l ized . 

WAV E FO R M  W I T H  H I G H  F R E Q U E NC Y  NO I S E  

T R I G G E R  S I G N A L  B Y  H F  R EJ ECT I ON 

Fig .  3 
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VID EO: 

At the  0 . 5s/d iv -0 . 1 m s/d iv  pos it i on  of SWE E P  
T I M E/D IV.  V ID E O - FRAM E synchron ization i s  effected for 
o b s e r v a t i o n  o f  t h e  v e r t i c a l  f r a m e .  a n d a t  t h e  
50µs/d iv-O.  1 µs/div pos it ion .  VID EO- LI N E. synchron ization 
for observation of horizonta l  l i ne .  Set S LO P E  (28) to a po la­
r i ty that enab les easy synchron izat ion.  

D C: 

Tr igger  s ig n a l  is d i rect ly coup led with the tr igger c i rcu it 
a n d  t r i g g e r i n g  i s  e ffected by D C .  T h i s  m et hod i s  
adva ntageous w h e n  t r igger ing with a l o w  freque ncy s igna l  
less than  1 0  H z  or a l a m p  waveform that var ies  with  slow 
repeat ing  DC. 

Triggering Level: 

Tr igger  po in t  on waveform is adju sted by the SLO P E  
and LEV E L  ( 2 8 )  contro ls .  F ig .  4 shows t h e  re lat ionship 
between the S LO P E  and L EV E L  of tr igger poi nt. Tr igger ing 
level  can be adjusted as necessary. 

SLO P E "+" RA N G E  

\ -· · RA N G E  + D I R ECT I O N  

D I R ECT ION 

Fig. 4 

Auto Trigger: 

By sett ing M OD E  ( 2 9 )  to AUTO or F IX.  the sweep 
c i rcu i t  becomes free- ru n n i ng as long as there i s  no tr igger 
s ig n a l .  pe rmitt i ng a check of G ND leve l .  When a tr igge r s ig­
na l  is p resent. the tr igger point can be determined by the 
LEV E L  and S LO P E  for obse rvat ion a s  i n  the norma l  tr igger 
s igna l .  W hen the tr igger ing  l evel exceeds the l i m it .  the 
tr igger circuit a lso becomes free- ru n n i ng where the 
waveform starts runn ing .  When M ode is in N O R M  posit ion .  
there is no sweeping nor trace when tr igger s igna l  is a bsent 
or the tr igger ing leve l exceeds the l i m i t .  

10 

F IX: 

When M OD E  is set to F IX. trigger ing is  a lways effected 
in the center of waveform.  e l i m i nat ing the need for adj ust ing 
the tr igger ing leve l .  As shown i n  F ig .  5 (A)  or ( B ) .  when 
M OD E  is set to N O R  or  AUTO and the trigger ing leve l  is ad ­
ju sted to either s ide of the s ig n a l .  the tr igger point is 
deviated as the input  s igna l  becomes s m a l l  wh ich .  i n  tum. 
stops the sweep operat ion .  

By sett ing M OD E  to F IX .  the tr iggeri ng  leve l  is  
automat ica l ly  adj u sted to the approx imate center  of the 
wavefor m  and the s igna l  i s  synchron ized reg ard l ess of  the 
posit ion of LEV E L  as shown in F ig .  5 (C ) .  

When the  input  s igna l  is  suddenly cha nged from a 
sq uare waveform to a pu lse waveform.  the trigger  point is 
sh ifted extremely towa rd the " - " side of the waveform un­
l ess the tr iggeri ng level i s  readj usted as show n i n  F ig .  6 (A) .  
See F ig. 6 (A)- ( 2 ) .  ( 3 ). 

Also. if the tr igger po int  has been set to the " - " of 
sq uare waveform ( F ig .  6 ( 8 ) - ( 1 ) ) and the input  s igna l  is 
cha nged to a pu lse s igna l .  the tr igger point is deviated and 
the sweepi n g  stops.  When th is  happens. set  M OD E  to 
AUTO posit ion and the tr igger ing is effected in the ap­
proxi mate center of the waveform.  m aking i t  poss ib le  to 
observe a stabi l i zed waveform.  ( F ig .  6 (C ) .  

T R I G G E R  POI N T  
'NOR• MODE or 
'AUTO' MODE 

D 
'FI X' MODE 

F ig .  5 "F I X" MODE (WAVE FORMS) 



LEVEL ( 28) LEVEL (28) 

(I) (1) 
oe--�-----1.----+---+---+- oe---------1<----+---+---+---

TRIGGER 
POINT 

/: � n ( : 
�---- -1�-----1� 

THE INPUT SIGNAL CHANGED 
INTO A PULSE WAVEFORM 

-''O//+ (2) •• .. •• SWEEP STOPS WITH NO TRIGGER 

n 
TRIGuER POINT SAME LEVEL AS (1) 

(3) 

ft--

------

---� 

-'VJ+ (3) -----�----H-- -� + 

READJUST LEVEL 
READJUST LEVEL 'VJ 

la) WHEN THE TRIGGER LEVEL IS SET lb) WHEN THE TRIGGER LEVEL IS SET TO 

AROUND THE CENTER OF THE WAVEFORM THE .. _ .. SIDE OF THE WAVEFORM 
!MODE SWITCH SET TO "NOR") 

F ig .  6 

Triggering with HOLDOFF: 

(4) A A 
-----'�-----''\r.- TRIGGERING WITHOUT SETTING LEVEL 

IC) MODE SWITCH SET TO "FIX" 

Single Sweep Operation :  

This control is usually set to the NORM position (fully 

counterclockwise) because no hold off period is necessary. 

The HOLDOFF controls are useful when a complex series of 

pulses appear periodically, such as in Fig. 7. Improper sync 

may produce a double image as in Fig. 8. Such a display 

could be synchronized with the sweep time VARIABLE con­

trol (24) .  but this is impractical because time measurements 

are then uncalibrated. An alternate method of synchronizing 

the display is with the HOLDOFF control. which adjusts the 

duration of a period after the sweep in which triggering is in­

hibited. The sweep speed remains the same. but the trigger­

ing of the next sweep is "held off" by the duration selected 

by the HOLDOFF control. Turn the HOLDOFF control 

clockwise from the NORM position until the sweep starts at 

the same point of the waveform each time. At the MAX set­

ting. the hold off period is about 10 times greater than at the 

lowest setting. 

S I N G L E  pos it ion .  Th is  posit ion enables the s ing le  
sweep mode a n d  is  used in  conj u nction with  R E S ET button 
(30) and R EADY l ight  (3 1 ) . When the s ing le  sweep mode is 
se lected and the R E S ET button has been p u shed. the next 
sync tr igger wi l l  sta rt a s ing le  sweep.  The R E S ET button 
must be pushed aga in  to e nab le  a nother  si ng le  sweep. The 
R E ADY l ight  goes on when the R ESET button is pushed .  
i nd icat ing that the  scope is  ready to  be tr iggered.  The  l i ght 
goes off when the sweep is completed. S ingle sweep 
operation is va l u a ble fo r v iew i ng i rreg u l a r  waveforms. or 
i n sta ntaneous  wavefo r m s  s u c h  as  c h a tte r i n g  when 
mechan ica l  switches a re ope rated . Such waveforms can not 
be observed c learly  when nor m a l  repeati ng sweep is used. 
This method is a l so adva ntageous when photograph ing  such 
waveforms.  

Fig .  7 HOLDO F F  used 

Fig. 8 HOLDO F F  not used 
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APPLICATIONS 
DUAL-TRACE APPLICATIONS 

Introduction: 

The most obv ious and yet the most usefu l featu re of 
the d u a l - t race osc i l loscope is that it has the capa b i l ity fo r 
s imu lta neously v iewing two waveforms that are freq uency 
or phase- re l ated . or that  have a common synchron iz ing  
voltage . such as i n d igita l c i rcu itry. S i m u ltaneously viewing 

of  input and  i ts  output  is  a n  inva l u a ble a id  to the c i rcu it 
designer or the repa i rman .  Seve ra l poss ib le  app l icat ions of 
the d u a l-trace osc i ll.oscope wi l l  be reviewed i n  deta i l  to fa m i ­
l i a rize the u ser  further i n  the bas ic operat ion o f  th is  osc i l ­
l oscope. 

W h e n  obse rvi n g  two s i g n a l s  h a v i n g  d i ffere nt  
freq uencies si m u lta neou sly, the s igna l  hav ing the low 
frequency shou ld be the tr iggered . 

Frequency Divider Waveforms 

F ig. 9 i l l u strates the waveform i nvolved i n  a bas ic  

C H  1 WAVEFO RM 

CH2 WAVE FO R M  

C H  I 

A. R E F E R E N C E  FR EQU ENCY PU LSE TRAI N 

( 1000 PU LSES P E R  SECO N D )  

C H  Z 

B. D I VI D E-BY-TWO OUTPUT SYNCH R O N I ZE D  TO 

LEAD I N G  E D G E  OF R E F E R E N C E  PULSE 

divide-by-two c i rcu i t. F i g. A i nd i cates the reference or  clock 
pu lse t ra i n. F ig. B and Fig.  C i nd icates the poss ib le  outputs 
of th e d iv ide- by-two c i rcu i try.  F ig . 9 a lso i nd icates the 
sett ings  of specif ic osc i l loscope controls for viewing  these 
waveforms.  In add i t ion to these basic contro l  sett ings .  the 
TRIG G E RI N G  LEVE L contro l .  as wel l  as the C H  1 and C H 2  
vert ica l  posit ion controls shou ld b e  set as requ i red to 
p roduce su itable d isp l ays. In the d rawing of F ig .  9. the 
waveform leve ls  of 2 cm a re ind icated . The CH2 wa veform 
may be either  that  i nd icated in  Fig . 98 or F ig .  9C .  In F ig .  9C.  
the div ide-by-two output waveform is shown for the case 
where the output c i rcu itry responds to a negative-going 
waveform . In th is  case.  the output waveform is  sh ifted with 
respect to the lead ing edge of the reference frequency pu lse 
by a ti me i nterva l correspond ing to the pu lse width .  

DUAL 

WAVEFORM WAVEF.ORM 
2 

HEIGHT HEIGHT 

CAL 

1 m S/div  

N O R M  

AC 

C H l  

WAVEFORM 

WAVEFORM 

F ig .  9 Waveforms in div ide-by-two ci rcu it  

A REFERENCE FREQUENCY PULSE TRAIN i 1000 PULSES PER SECOND) 

Il._______ ___ JL_ 
B IDEAL DIVIDE BY EIGHT OUTPUT T 

n -, rt 
C PROPAGATION DELAY IN DIVIDE BY EIGHT CIRCUIT 

Fig .10 Waveforms in divide-by-eight circu it 
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Divide-by-8 Circuit Waveforms: 

F ig .  1 O i nd icates waveform re lat ionsh ips for a basic 
d iv ide-by-eight  c ircuit .  The basic osci l loscope sett ings a re 
ident ica l  to those used i n  F ig .  8. The reference frequency of 
Fig .  1 O A is suppl ied to the C H  1 i nput .  a nd the d iv ide­
by-e ight output is app l ied to the C H 2  i n put .  F ig .  10 i nd i­
cates the ti me re la tionsh ip  betwee n the i nput pu lses and 
output pu lses. 

I n  an app l icat ion wh ere the logic c i rcu itry is operat ing 
a t  or near its maxi m u m  desig n  frequ ency, the a ccu m u l ated 
r ise t ime effects of the consecutive stages produce a bu i l t- i n  
ti me propagat ion de lay  which can be s ign if icant i n  a cr i t ica l  
c i rcu i t  m u st be compensated for F ig .  1 O C i n d icates the 
possi b le t ime delay which may be in trod uced in to a 



frequency div ider c i rcu it .  By use of the d u a l-trace osc i l ­
loscope, the i n put  a nd output  waveforms can be super­
i m posed (AD D or  S U B )  to determine the exa ct a mount of 
propagation delay that occurs.  

S i g n ifi cant propagat ion delay may occur  i n  any c i rcuit  
with severa l consecutive stages. U si ng the procedures 
g i v e n  fo r ca l i b rated t i m e  m e a s u re me n t ,  Tp  c a n  be 
ca lcu lated . 
A more prec ise measurem ent ca n be obta ined if the Tp 
port ion of the waveform is expa nded horizonta l ly.  This may 
be done by pu l l i ng  the PU L L  x 5 MAG co ntro l .  I t  a lso may 
be poss ib le  to view the desi red port ion of the waveform at 
faster sweep speed . 

Propagation Delay Time Measurement: 

An exa mp le  of propagat ion de lay i n  a d iv ide-by-e ight  
c i rcu i t  was g iven i n  the p rev ious parag ra p h .  S ign if icant 
propagation delay may occur i n  any c ircuit  with several  
consecutive stages. Th is  osci l loscope has features which 
s imp l ify measure ment of propagation de lay .  F ig .  11 shows 
the resultant waveforms when the dua l -trace presentation is 
combi ned into a s ing le -trace presentation by selecti ng the 
A D D  position of the M O D E  switch .  W ith C H 2  P U L L  
I NVE RT switch in  the normal  posit ion (pushed i n )  the two 
i nputs a re a lgebra ica l ly  added in a s ing le-trace d isplay.  
S i m i l a rly ,  in the i n ve rted posit ion (pu l led)  the two i nputs are 
a lgebra ica l ly su btra cted.  E ither posit ion provides a precise 
d isp lay of the propagation time (Tp) .  Us ing p rocedure given 
fo r ca l i brated t ime mesure ment. Tp can be measured. A 
more precise measu rement can be obta i ned if the Tp port ion 
of the waveform is  expa n ded horizontal ly. Th is  may be done 
by pu l l i ng  the P U L L  x 5 MAG contro l .  It  a l so may be 
poss ib le  to view the desi red port ion of the waveform at a 
faster sweep speed. 

CH I rl.fLJ1I1JU 
Tp ,,..---- - ...... , Ir / ', 
11 / \, CH 2 

-----/-�--�T;---,J, nA ) ""ruu\nA ) ',, _____ / ,  
CH2 POLAR ITY ', ,/ 
"NORM.. 7--- ,,.. ---- ..... 

' 
EXPAND THIS PORTION / , 
FOR MORE PRECISE ) / \ 
TIME MEASUREMENT, -T

-
-

.... , t� I , p ' I / Ii \__j 
I rl ADD t 1 \ 

I 
I I \ / CH2 POLARITY \ / ' , / 

"INVERT" 
', ____ .,...,,/ ' .... ___ _..,,,...""" 

F ig .  1 1  Using A D D  mode for propagation 
time measurement 

Measurement of High-speed Pulse Signal 

Rising Characteristic: 

The measurement  of the r is ing t i m e  of pu lse s igna l  is  
one of the i m portant factors when a n a lyz i ng  a waveform. 
Norm a l l y, the r i s ing  waveform of a h igh-speed pu lse must be 

fu l ly d isp laye d on the scree n of the C RT by delayi n g  the 
ve rt ica l  s igna l  via the delay c i rcu it . 

By us ing the delay cable .  the sig n a l  on the screen is 
delayed more than 1 O ns so that the r is ing waveform can be 
fu l ly  observed , where the sweep t ime is  20 ns/DIV at maxi­

m u m  swee p.  I n  th is  case.  the s igna l  on the screen i s  
delayed about  0.5 D I V  and thus  the waveform before the 
tr igger point  can be observed a s  shown in Fig. 1 2 . I n  other 
word s. the tr igge r point of vert ica l s igna l  a ppears o n  the 
screen a bout 1 O ns after the sweep s igna l is sta rted.  I n  th is  
way,  the ris ing  t ime of a h i g h-speed pu lse s igna l  can be 
easi ly observed .  

1 00% 

-+-1-��+-��- 1 0% 
1---�"-+��-1-���o 

Tr RISING TIME 

To SIGNAL DELAY TIME 

F ig .  1 2  

SWEEP TIME 

20ns/DIV 

TD'70.5DIV 

Digital Circuit Time Delay Measurement: 

A dua l-trace osc i l loscope is a necessity in desi gn ing ,  
manufactu r ing a nd servic i n g  d ig i ta l  equ i p m e nt .  A dua l - trace 
osc i l l oscope pe rm its ea sy comparison of ti me re lat ionsh ips  
between two waveforms. I n  d i g ita l equ ipment. i t  is com mon 
for a large n u mber of c ircuits to be synchro n ized,  or  to have 
a specific t ime relat ionsh i p  to each other. M a ny of the 
c i rcu its a re frequency div iders as  previously described. but 
wavefo rms a re ofte n ti me- re lated in m a n y  other combi­
n at ions.  In  the dyna m i c  sta te , some of the waveforms 
cha nge, depe n d i ng u pon the i nput or more mode of 
operat ion .  F ig .  13 shows a typica l  d ig i ta l  c i rcu i t  and 
identif ies seve ra l of  the poi nts at which wavefo rm measu­
rements a re a ppropriate.  The accompa nying F ig .  13 shows 
the nom a l  waveforms to be expected at each of these points 
a nd the i r  t im i ng re lat ionships .  The i nd iv idua l  wavefo rms 
h ave l i m ited va lue un less the i r  t i m ing  re l a tionsh ip to one or 
more of the other  waveforms is known to be correct. The 
d u a l-trace osci l loscope a l l ows this compa rison to be m ade. 
I n typica l fash ion ,  waveform No. 3 wou ld be d isp layed on 
CH 1 and waveform No.  4 through N o. 8 and No .  10, would 
be d i sp laye d on CH2 a lthough othe r  t i m ing  compar isons 
may be desired .  Waveform No .  11 through No .  13 would 
p robab ly  be displayed on CH2 i n  re lat ionsh ip  to waveform 
No. 8 or No. 4 on CH 1. I n  the fa m i ly of t ime-re lated 
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wavefo rms shown in F ig .  14, waveform N o. 8 o r  N o. 10 i s  
exce l l e nt sync sou rce for v iewing a l l  of  the waveforms; there 
is  but one tr i gger i ng p u lse per fra me.  For conven ience, 
extern a l  sync using waveform N o. 8 or  No .  1 0 as  the sync 
source may be desi rab le .  With externa l  sync,  any  of the 
waveforms may be d i sp layed without rea dj u stment of the 
sync controls .  

With No. 8 or  No. 10 u sed a s  externa l  tr igger ing 
source,  any  of the waveforms may be d isplayed without 

vcc 

ADDRESS 34.....:8------- ------,_.,,., 
CODED {35 �16 

DATA 33 -4-
INPUT 32'.....,�------------t-­

i5.e1TS) 
\.
31>-11-------------1--"-< 

CODED 
FUNCTION 

DATA 
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24 
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21 8 

20 16 

19 32 

18 64 

17 128 

13 

20 

19 

BIT 1 

SECURITY 
BIT 2 

U12 
MULTI­
PLEXER 

SECURITY 
BIT 3 

readjustment of the T R I G  LEVE L contro l .  Waveforms N o. 4 
through N o .  7 sho u l d  not be used a s  the tr igger ing  source 
because they do not conta i n  a tr iggeri n g  pu lse at  the sta rt of 
the fra me .  It wou l d  not be necessa ry to view the enti re 
waveforms as shown in F ig .  14 i n  a l l  cases. I n  fact there 
a re m a n y  t i mes when a closer exa m inat ion of a portion of 
the waveforms wou l d  be appropr iate.  I n  such cases, it is  
reco mmended that the sweep speed be i ncreased or X5 

M A G  control used to expa n d  the waveform d i sp lay .  

VCC 
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Fig. 13 Typica l  d i g ita l  c i rcu it  us ing seve ral tim e - re lated waveforms 

2 
9 



ST ART 

2 COUNTER ENABLE 

3 C LOC K 

4 DAT A  S.ELECT .. A. 

5 DAT A  SELECT · B· ·  

6 DATA SE LECT · c-

7 D A U .  Sl l t C T  0 -------� 

8 Q A I A  l "° Al l f  

9 RUN 

1 0  END FR A M E  RESET 

1 1  M U L T IPLEXER OUTPUT ����������,L 1 1 1 1 1 1 u 1 1 1 1 1 1 1 u L..J I I ! I I i I 1 I I I 

1 2 n I ' I I n ' ' ' I ' I I nL 
____________ �I { _J I I I I I . .  l I I t I I I . .  

L INE DRIVER OUTPUT. 
1 3  · 1  1 ,6 1 • 1 • 1 1 1 1 LJ 1 l 1 • • 1 8 1 1 t. ' 11 ' M 1 1 1;LJ L l_J I l t I I I I I I I I 

I 1 �ADDRESS----.! i-- FUNC T I ON -------l 1 

: i DAT A ( 5 BITS) : : DAT A 18 BITS) : : 
I ; t I I I 

._, - SI C U R I  TY -----i ,........... SI C u R • I V  S I  C U R I  I V __, ..--
0A 1 A 8 1 1 1 1 

------ lrlll l S.S A C I  J R A M f  L O N G  B LAN K P U L S E  
I 

------------- ONE COMPLETE ---------� __ ___, 

+ + TRANS M I SSION F R A M E  

ANY I N D I V I D U A L  A b O R' E S S  OR F U N C T I O N  
D A T A  B I T  M A Y  8£ PO S I T I V E  O R  N E G A T I V E  
D E P E N D I N G U P O N  T H E  C O O E D  I N P U T  

Fig .  14 Fami ly of t ime- related wavefor ms from typical dig ital c i rcuit  in F ig .  1 2  

Distortion Measure me nt : 

An a mp l ifier  stage or a n  entire a mp l if ier un i t  may be 
measu red for d i stort ion with this osc i l loscope . This type of 
measu rement  is especia l ly va r iab le when the s l ope of a 

wavefo rm m ust be fa ithfu l ly reproduced by a n  a m p l if ier .  F ig .  
1 5 sh ows the test ing  of such a c i rcu it  us ing a tr ia ngu la r  
wave. such  a s  is  typ ica l ly  encou nte red i n  the  recove red 
a ud io output of l i m i t ing c i rcu it  which procedes the modu­
lator of t ra n sm itter .  The measurement may be made using 
a ny type of s igna l ;  m e re ly u se the type of s igna l for test ing 
that i s  norma l l y  app l ied to the a m p l if ier d u ring  norm a l  
operat ion .  T h e  procedure for d istortion test ing fol lows: 

1 .  App ly  the type of s i g n a l  norm a l ly encou ntered i n  the  

a m p l i f ie r  u nder  test .  

2. Conn ect C H  1 probe to the input of the a mpl if ier and 
C H  2 probe to the output of the a mpl if ier .  It is 
preferable if  the two signals a re not i nverted in  
re lat ionsh ips to each other .  but inverted s igna ls c a n  be 
used . 

3 .  Set C H  1 a nd C H 2  AC- G N D - D C  sw itches to AC.  

4. Set M O D E  switch to D U A L. and  N O R M - C H O P  button 
to N O R M .  

5 .  Set sync S O U R C E  switch to C H  1 a n d  adjust contro ls 
a s  described in  waveform viewing procedure for 
synchron ized waveforms .  

6 .  Adjust  CH 1 a n d  CH 2 PO S I T I O N  contro ls  to super ­

i m pose the  waveforms d i rect ly  over each  other .  

7 .  Adjust  CH 1 and  CH 2 vert i c a l  sens i t iv i ty contro l s  

(VO LTS/ D I V  and  VA R I A B L E )  so that  the  waveforms 

a re as  l a rg e  as  poss i b l e  w i thout  exceed i n g  the l i m i ts of  

the sca le .  and  so that  both  waveforms  a re exact ly  the 

same he ight .  

8 .  N ow. set the M O D E  switch to  ADD posit ion and pu l l  
C H 2  P O LA R ITY switch ( if  o n e  wavefor m  i s  i nverted in  
re l at ionsh ips to  the  other .  u se nor m a l  CH2 polar ity ) .  
Adjust the f ine ve rt ica l sensit iv ity control ( C H 2  
VAR I A B LE )  s l ight ly for the m i n i m u m rema i n i n g  
waveform.  A n y  wavefor m that  re ma ins  equa ls  
d istort ions; i f  the two waveforms are exact ly  the same 
a m p l itude and there i s  no d istortion .  the waveforms 
wi l l  cancel  a nd there wi l l  be on ly  a stra ight horizontal  
l i ne rem a i n i ng on the sc reen .  

1 5  
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D I ST O R T I O N  D I F F E R E N CE B ETWE E N  

C H 1 S I G N A L  A N D  

C H 2  S I G N A L  
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D I R ECTLY O V E R  EACH OT H E R  

A DJ U ST SO BOTH WAV E FO R M S  

--- A R E  SA M E  A M P L I T U D E  

A M P  

N o .  1 
A M P  

No. 2 

Fig. 1 5  Distortion measurem ent 

Gated Ringing Circuit ( burst circuit) : 

The c i rc u it a nd waveform of F ig .  1 6  a re shown to 
demo nstrate the type of c i rcu i t  i n  wh ich  the dua l-trace osc i l ­
loscope is effect ive both i n  design a n d  t rou b leshoot ing 
a pp l icat ions .  

F ig .  1 6 shows a b u rst c i rcu it .  The bas ic sett ings a re 
ident ica l  to those of i n  F ig .  9 .  Waveform EA is the reference 
wavefo rm a nd is  a pp l ied to C H  1 i nput .  Al l  other wavefo rms 
a re sa m p l ed at  CH2 a n d  co mpa red to the refe rence 
wavefo rm of CH 1. The freq uency bu rst s igna l  ca n be exa mi ­
ned more closely e i ther  by increas i ng the sweep t i me per  
d iv i s ion  to  0. 5 ms per  d iv i s ion o r  by p u l l i ng out  o n  the  "'"" 
POSITI O N  control to obta i n  5 t imes magn ificat ion .  This 
control  can  then be rotated as desire to center the d esi red 
wavefo rm i nformat ion on the osc i l loscope sc reen .  

Delay Line Test :  

The dua l - trace fea tu re of the osc i l l oscope c a n  a l so be  
used  to  dete r m i n e  the  de lay  t i m es of  tra nsm iss ion type de lay 
l i nes as we l l  as u l t rason ic  type delay l i nes. The i nput pu lse 
ca n be u sed to tr igger or synchron ized the CH 1 d i sp lay  and 
the de lay l i n e  output  c a n  be observed on C H 2 .  A respective 
type p u l se w i l l  make i t  possib le  to sy nchronize the d isp lays .  
The i nte rva l between repet it ive p u l ses shou ld be l a rge 
co m pa red to the delay t ime to be i nvest ig ated . I n  add it ion .  
to determ i n i ng de lay t ime , the pu lse d i stort ion  i nherent in  
the de lay l i ne can  be dete r m i ned by exa m i nat ion of  the de lay 
p u l se observed on CH2 waveform d isp lay .  

F ig .  1 7  shows the typ ica l  osc i l l oscope sett i ngs a s  wel l  
a s  the bas ic  test c i rc u it .  Typ ica l  i n put a n d  output wavefo rms 
a re shown o n  the osc i l loscope d isp lay .  A ny pu lse stretch ing  
a n d  r ipp le  can be o bserved a n d  eva luated .  The resu lts of 
mod i fy ing the i nput  a nd output ter m i nat ions ca n be 
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Fig .  1 6 Gated ringing circuit and waveforms 

A C  

5000 PPS 

DUAL AC ----

U LTRA SONIC 
DELAY LI NE  

( 5µ Sec) 

l µ Sec PULSE WI DTH 

F ig .  1 7  Delay line measurements 

observed d i rectly .  
A com m on app l icat ion of the delay l i n e  checks i s  fou nd 

i n  color  te lev is ion rece ivers to check the " Y " de lay  l i n e  
e mployed i n  t h e  video a mp l i fi e r  section .  The i n put 
wavefo rm a nd the output waveform a re compared for delay 
t ime. using the hor izonta l sync  pu l se of the co m posite video 
s igna l  fo r reference.  The delay i s  a p prox i mately one 
m icrosecond.  In  add i tion to dete r m i n i n g  the delay cha­
racte r ist ics of  the l i ne .  the  output  waveform revea ls  a ny 
d istort ion that may be i ntroduced fro m a n  i m pedance 
m i smatch o r  g reat ly atte nuated output rnsu l t i ng  fro m an 
open l i ne .  
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Stereo Amplifier Servicing: 
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TO H O R I ZONTAL A M P L I F I E R  

N O T E :  NO E LECT R ICAL CO N ­
N E CTI O N ; P LACE C L I P  O N  
I N S U LATI O N  O F  P LATE CAP 
LEAD OR IN C LOS E P ROX­
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L IF IER  T U B E  

SET BOTH P R O B E S  F O R  
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TO V I D EO 
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ATIE N UATO R S  S H O U LD B E  THE 
SAM E. BUT MAY VA RY WI D E LY. 
D E PE N D I N G  O N  C I RCUIT TY PE .  

Checki ng "Y" de lay l ine i n  color te levis ion receivers 

C H A N N E L  i Another convenient u se for a dua l -trace osc i l loscope i s  
i n  troub leshooti ng  stereo a mpl if iers. I f  ident ica l  amp l if iers 
a re used and the output of one is wea k. d i storted or 
otherwise abnorm a l .  the d u a l-trace osc i l l oscope can be 

effic ient ly used to loca l ize the defective state . With a n  
ident ica l  s i g n a l  app l ied to t h e  i nputs o f  both a m pl if iers. a 
s ide-by-side compar ison  of both u n its can be made by 
prog ressive ly  sa m pl i ng  ident ica l  s igna l  poi nts i n  both 
a mpl i fi e rs .  W hen the defective or m a lfu nction i n g  sta ge has 
been located . the effects of whatever trou bleshooti ng and 

repa i r  methodes a re em ployed can be observed and a na ­
lyzed i mmed i ate ly .  

ADJ U ST FOR ON E COMPLETE 
CYCLE AT 50 Hz 

Improving the Ratio of Desired to U ndesired 

Signals: 

I n  some a p p l i cat ion .  the des i red s igna l  may be r id i ng 
on a l a rge  u ndes i red s i g n a l  component such a s  50 Hz.  I t  is 

poss ib le  to m i n i m ize o r  for p ract ica l  pu rpose el i m i nate the 
u ndesired compone nt. F ig .  1 9  shows the osc i l loscope 
contro l s  setting fo r such an app l i catio n .  The waveform 
d isp lay of C H  1 i n d icates the desi red s igna l and the dotted 
l i n e  ind icates the average a mp l itude var iat ion correspond ing  
to  the u ndesired 50 H z  compone nt. The CH2 d i splay 
i nd icates a waveform of equal  a mp l itude a nd ident ica l  phase 
to the average of the C H  1 waveform.  With the M O D E  
switch set to A D D  a n d  C H 2  s igna l  i nverted . a nd the C H 2  
s igna l  i nve rted .  and b y  adjusti ng  the C H 2  vert ica l attenuator 
contro l .  the 50 Hz component of the C H  1 signa l  can be 
ca nce l l ed by the CH2 input  a nd the desi red waveform can 
be observed .  

l m S 

A U T O  

S I G N A L A C  
5 0 H z  

AC S I G N A L  PUSH� PULL 

D U A L � A D D  5 0  H z  

Fig. 1 9  I m p roving d esired-to - u n d esired 

signa l  ratio 
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A mp lifie r Phase S hift Measure me nt s :  

Phase measurements c a n  b e  made b y  severa l  methods 
us i ng osc i l loscopes. Typica l  app l i cat ions a re in c i rcu its 
des igned to produce a specif ic phase sh ift. a n d  measu­
rem e nt of phase sh ift d i stort ion i n  aud io a m p l if iers and 
n etwo rks. 

In a l l  a m pl if ie rs. a phase sh ift is a lways associ ated with 
a change in a m p l itude response. For exa mple .  at  the - 3  d B  
response po i n ts. a phase sh ift of 45 ° occu rs. Phase measu­
reme nts can  be perform ed by operat ing the osc i l loscope 
e i ther  in the dua l-trace mode or the X-Y mode.  Th is  
methode uses the dua l-t race mode to measure a mpl if ier 
phase sh ift d i rectly.  F ig .  20 i l l u strates th is methode.  In th is  
case. the measurements a re be ing made at approxi mately 
5000 Hz.  The i n put s igna l  to the a ud io a mp l if ie r i s  used as a 
refe rence and is app l ied to the C H  1 i nput j ack. 

The VA RIA B LE co ntrol is  adj usted a s  requ i red to 

A 

provide a co m plete cyc le  of the input  waveform d i sp layed on 
8 d iv horizonta l ly .  A waveform he i ght of 2 d iv  i s  used. The 
8 div d isp lay rep resents 3 6 0 °  at the d i splayed frequency 
a nd each cent im eter re presents 45 ° of the waveform.  

The s igna l  developed across the output  of  the aud io  
a m pl ifi e r  i s  a pp l ied to the  CH2 i nput  jack.  

The vertica l a tte n uator controls of CH2 a re adj usted as 
req u i red to prod uce a pea k-to-peak waveform of 2 d iv  as  
sh own in  F ig .  20 B .  The CH2 PO SITI O N  contro l  i s  then 
a djusted so that  the C H 2  waveform is  d i splayed o n  the same 
horizonta l  ax is  as  the C H  1 wavefor m as sh own i n  F ig .  20 B .  
T h e  d i sta nce betwee n correspond ing  points on  t he ho­
r izonta l ax is  for the two waveforms then represents the 
phase sh ift between  the two waveforms.  In th is  case the 
zero crossover poi nts of two waveforms a re compared.  It is  
sh own that  a d i ffe rence of 1 d iv  ex ists.  Th is  i s  then i nter­
preted as means a phase sh i ft of 45 ° .  

ADJ U ST AS REQUIRED 

FOR CO MPLETE CYCLE 

IN 8 div 

r==;&iii=ilr" 20µ s I d i v  

l •-�l+- AC 

mrr===;;;;=-==;-o==;r-;;=���-,---bl\"'�"""ll� c H 1 

B 

AC AC C H A N N E L  I / """' ........ ./ (/ 

A F  
S I G N A L  

G E N E R A T O R 

I N P U T  A U D I O  

A M P L I F I E R  

C H A N N E L  2 

O U T P U T  

L O A D  

_....i .,.,, """"" � / / 
·� · · · �  f--

Fig. 20 M easu ri ng a mp lifier phase shift 

Television Servicing : 

M a ny of the televis ion se rv ic ing procedures can  be 
performed usi ng s ing le-trace operat ion .  These a re out l i ned 
later in the appl icat ions section coveri ng s ing le-trace 
operat ion .  One of these proced ures,  viewing the VITS 
(vert ica l interva l test s igna l ) ,  ca n be a ccom pl ished much 
more effectively usi n g  a dua l -trace osci l loscope. As out l i ned 
in the s ing le-trace app l icat ions sect ion a n d  as shown in F ig .  
24,  the i nform at ion on the F ie ld 1 and F ie ld 2 ve rt ica l  
b l a n king i nte rva l p u lse i s  d i fferent .  Th is  is  shown i n  deta i l  in  
F ig .  24. A lso,  beca use the osc i l loscope sweep i s  synchro­
n ized to the ve rt ica l b lank i n g  i nterva l waveform, the Field 1 
a nd F ie ld  2 waveforms a re supe r im posed onto each other .  
With d u a l -trace operat ion ,  the si g n a l  i nformat ion on each 
b lank ing p u l se can  be v iewed sepa rately without ove r-
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l a pp ing .  F ig .  2 3  ind icates the osc i l l oscope control setting 
for view ing  the a l ternate V ITS. 

Most notwork televis ion s igna l s  conta i n  a bu i lt - i n  test 
s ig n a l  (the V I TS)  that can  be a very va luab le  tool i n  
trou bleshooting and servic ing televis ion  sets. Th i s  V I T S  c a n  
loc a l ize troub le  t o  t h e  a nte nna ,  tu ner,  I F or  v ideo sections 
a nd shows when rea l i g n me nt may be req u i red . The fol­
lowing procedu res show how to ana lyze a nd in terpret osc i l ­
loscope d i sp lays of  the VITS.  

The VITS is tra nsmitted d ur ing  the ve rtic a l  b l a n king  
i n terva l .  O n  the televi s ion set .  i t  can  be seen as a bri g ht 
wh ite l i n e  a bove the top of the picture,  when the ve rtica l  
l i n ea rity or  he ight  is  adj usted to  v iew the vert ic a l  b l a n king  
i n terva l ( on TV sets wi th  i nterna l  retrace b lanki n g  c i rcu its, 
the b lank ing  c i rcu i t  must be d isab led to see the V ITS ) .  



The t ransmitted V ITS i s  prec1s 1on sequence of a 
specif ic frequencies,  a mpl i tudes and wavesha pes as shown 
in Fig. 2 1 .  The televis ion networks the use precision s igna ls 
for adj ustment and  checki ng  of network tra nsmission 
equ ip ment but techn ic ian  ca n use them to eva l uate 
te levis ion performa nce.  The first frame of VITS at  the "B" 

® 

FIE LD 1 

section ( l i n e  1 8 ) i n  F ig .  2 1  beg i n s  with a white reference s ig­
na l .  fo l lowed by s ine  wave frequenc ies of 0 . 5  M H z, 1 . 0 M H z, 
2 M Hz .  3 M H z. 4.0 M H z and 3 . 58 M H z.  Th i s  sequence of 
frequencies is ca l led  the " m u lt i -bu rst" .  
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This  mu lti-bu rst portion of the V ITS i s  the port ion that can 
be most va l u ab le  to the tech n ic i a n .  The second l i n e  of F ie ld  
1 and the seco nd l i ne of F ie ld  2 ( l i nes 1 8  a nd 280)  may 
conta i n  the si ne-squa red pu l se .  w indow pu lse and  the 
sta i rcase of 3 . 5 8  M Hz bu rsts at p rog ressively l ighter 
shad ing .  These a re va luab le to the network, but  have l ess 
va l u e  to the techn ic i an .  As see n on  the te levisi on screen ,  
F ie ld 1 is i nter laced with  F ie ld 2 so that l i n e  1 7 i s  fo l lo wed by 
l i n e  2 7 9  a n d  l i ne 1 8  is  fo l lowed by l i ne 2 80.  The entire 
VITS a ppea rs at the botto m of the vert ica l  b lank ing  pu lse 
a nd just before the fi rst l i ne of video. 

.. 4 1  2 5  

Now to a n a lyze the waveform.  A l l  freq uencies of  the 
m u lt i -bu rst a re transmitted at the sa m e  leve l .  but shou ld n ot 
be eq u a l ly coupled throu g h  the receiver due to its response 
cu rve . Fig. 2 2  shows the desi red response for a good color 
te l evis ion receiver, identify ing each frequency of the 
m u l t i- b u rst a n d  s h o w i n g  the a l l ow a b l e  a m ou n t  of 
attenuat ion fo r each .  Remember that - 6  d B  equ a l s  h a lf the 
refe rence volta ge ( the 2 . 0  M H z mod u l at ion shou l d  be u sed 
for reference) .  

, 

1 J 
41 42 

F ig .  22 

43 4 4  4 5  4 6  

FREQUENCY-MHz 

Color TV I F  a m p l if ier response cu rve 

4 7 
To loc a l ize troub le ,  sta rt by observi ng  the V I TS at the 

video detecto r. This w i l l  loca l i ze troub le  to a po int e ither 
before o r  a fter t he d etector. I f  the m u lt i -bu rst i s  norm a l  at 
the detecto r, check the VITS on other cha n nels .  I f  some 
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channe ls  look okay but others do n ot.  you probably h ave tu­
ner or a ntenna-system troubles .  Don't  ove rlook the chance 
of the a nten na system caus ing "holes" or t i lted respo nse on 
so me chan nels .  If the VITS is a bnormal  at  the video 
detector on al l  channels ,  the trouble is probably i n  the I F  
a mp l ifie r  stages. 

As a nother  exa mple .  let us assu me that we have a set 
o n  the bench with a very poor picture.  Our osc i l loscope 
sh ows the VITS at the video detector to be about norm a l  
except t h a t  t h e  bu rst at  2 . 0  M H z  is l o w  compared to the 
bu rsts on e ither s ide.  Th is  suggests an IF trap i s  detu ned 
into the passba nd .  chopping out freq uencies about 2 M H z 
below the picture ca rr ier freq ue ncy. Switch to a nother 
channe l  carrying VITS .  If the same t h i ng is seen ,  then our 
reason ing  is r ight.  a nd the IF amp l i fier req u i res rea l i gnment.  

V I D E O  

\ iiiii 
I\ � 

\ 
. / ? >? ) .. . .  • •  \ ,} 
·· · · · · · · · · , .... .... ······•· · .. . .. . . . . . . ... . .. ) I ... 

� 
.... 

" I 
.... I 0 

If the poor response at 2 M H z i s  n ot seen  on other chan nels ,  
maybe a n  F M  tra p at the t u ner i nput  i s  m isadj u sted , caus ing 
a b i te  o n  o n ly one channe l .  Other  t raps at  the i n put of  the 
set cou ld s i m i l a r ly be m i sadj usted or  fau lty. 

If the VITS response at the detector output is  norm a l  
for a l l  chan nels ,  t h e  trouble w i l l  be in  t h e  v ideo amp l if ier .  
Look for open peaking coi ls ,  off-va lue  resisto rs, solder 
b ridges ac ross foi l  patterns.  etc. 

With dua l -trace osc i l loscope operat ion ,  the s igna l 
infor mation o n  each vertic a l  b l anki n g  i nterva l c a n  be vi ewed 
separate ly  w i thout  t race over l a pp i n g ,  a l th o u g h  the 
infor mat ion a l ternates with each  fie ld .  F ig .  25 i nd icates the 
osci l l oscope control sett ing  for v iewing the a l tern ate ve rt ica l  
b l anking in terva ls .  
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F ig .  23 Set -up  for v iewing  fi e lds  1 and 2 of VITS i n format ion  

1 .  The color TV rece iver on which the vert ica l i nte rva l 
i nfo rmat ion is to be vi ewed m ust be set to a stat ion 
tra n s m itt ing a color broa dcast. 

2 .  The control sett ings o f  F i g .  23 a re those requ i red to 
obta i n  2-f ie ld vert ica l  d i sp lay on CH 1 .  

3 .  W i t h  t h e  osc i l loscope and t h e  T V  receiver operati ng ,  
connect the C H  1 p robe (set to  1 0  : 1 )  video detector 
test poi nt . 

4.  Set the CO U P LI N G  and PU L L  S LO P E  N E G switches 
as fo l lows: 
A. I f  the sync a nd b lank ing  pu lses of the observed 

video s igna l  a re posit ive, use s lope + ( LEVE L 
control pushed i n ) .  

B .  I f  the sync a nd b lank ing pu lses a re negative. u se 
slope - ( LEVE L control p u l led out) .  

5 .  Adj ust t h e  sweep t ime VA RIA B LE control s o  t h a t  2 
vertica l fie lds are d isplayed on the osc i l loscope sc reen .  

6 .  Con nect t h e  C H 2  probe (set t o  1 0  : 1 )  to the video 
detector test point .  

20 

7 .  Set the M O D E  switch t o  D U A L  posit ion .  
8 .  P lace t h e  sweep t ime VA RIA B LE i n  the C A L  posi t ion .  
9 . Set the SW E E P  TI M E/DIV control to the 0. 1 ms/d iv 

position  to expa nd the d isp lay by increa s ing the sweep 
speed. The VITS i nformat ion w i l l  appear towa rd the 
r i ght  h a n d  port ion  of the expa nded  wa vefo r m  
d i splays.  T h e  wavefo rm i nformat ion on  e a c h  trace 
may appea r a s  shown in  F ig .  1 1 . Because there is 
no provi sion for synchron iz ing the osc i l loscope display 
to e i ther  of the two fie lds  which co mprise a co m plete 
ve rtica l fra me .  i t  ca n not be predicted which f ie ld 
d isp lay wi l l  a ppea r  on CH 1 or C H 2 .  

1 0 . Pu l l  the �.,. POSITI O N  control outwa rd to obta i n  a n  
addit iona l  X 5  m a g n if icat ion .  Rotate t h e  control i n  a 
counterclockwise d i rect ion m ovi ng  the trace to the 
left u nt i l  the expa nded VITS i nfor mati on a ppea rs as 
shown i n  F i g .  2 1 .  Beca used of the low repetit ion rate 
and the high sweep speed combinat ion .  the br ightness 
leve l of the s igna l  d i splays w i l l  be red uced.  



1 1 . O n ce the C H  1 and  C H 2  d ispl ays have bee n ident if ied 
as be i n g  either Field 1 or Field 2 VITS i nfor mat ion .  the 
probe co rrespo nd ing to the waveform d isp lay which is 
to be u sed for s igna l -t ra c i ng and trou bleshooti ng can 
be used.  and the re m a i n i n g  probe sho u ld be l eft a t  the 
video detector test po int  to i nsure that  the sync s igna l  
i s  not  i nterru pted.  If the sync s igna l  i s  i nterrupted. the  
waveform d isp lays may be reversed beca u se .  as 
prev iou sly expla i ned.  there i s  no provis ion i n  the osc i l ­
loscope to  ident ify e ither  of the two vert ica l  f ie lds 
which comprise a co m plete fra me .  
With a video signa l  tr iggered. a n  odd f ie ld  may appear 
on a n  even f ield depend ing  on the sett ing of sweep 

t ime .  In this case. adjust the H O LD O F F  u nt i l  the f ie lds 
a re sepa rated. 

SI N GLE-C H ANNEL APPLICATIONS 

Introduction :  

I n  add it ion to the dua l - trace app l icat ions previously out­

l i ned .  there a re .  of course. m a ny servic i ng  and  l a boratory 
a ppl icat ions where on ly  s ing le -trace or s i ng le-channe l  
opera t ion of the osc i l loscope i s  requ i red . 

Television Servicing : 

A tr iggered sweep osc i l l oscope is advantageous i n  ser­
vic ing  and a l i g n i n g  telev is ion receivers. This osc i l loscope 
a lso i nc l udes in add it ion .  severa l  fea tures that we re incorpo­
rated to make televis ion servic i ng  and V I DEO s igna l  
obse rvat ion eas ier  and  more comprehe nsive. T hese featu re 
i nc lude :  

• With the  SYNC switch set to  V I DEO posit ion .  the SWE E P 
T I M E/D IV  control automatical ly selects the V I D EO­
FRAM E sync at sweep speeds appropriate for v iew i ng 
fra mes and V I D EO - LI N E  horizontal  sync at sweep speeds 
appropriate for v iewing l i nes. 

• Wide ba ndwidth for high resolut ion video and h i g h  speed 
p u l se p rese nta t ion .  

BU RST 

H O RIZONTAL 

SYNC PULSE 

VIDEO 

H O R I ZONTAL 

B LA N K I N G  
PU LSE 

VIUEO 

DETECTOR 

TELEVISION SET 

Sing le -trace Ope ration and Peak-to-peak 

Voltage Readings : 

For genera l  troub leshoot ing  and  i so lat ion  of trou bles i n  
a l m ost a ny e lectron ic  equ i pment .  the osc i l l oscope is  a n  
i nd i spe nsable i n stru ment .  I t  p rovides a v isua l d i sp lay o f  the 
abse nce or  presence of normal s igna ls .  Th is  method (sig­
na l-trac ing )  may be u sed to trace a s igna l  by measur i ng  
severa l poi n ts i n  the s igna l  p ath .  As measurements proceed 
a long the s igna l  path. a point may be found where the s igna l  
d i sappears.  When th i s  h a ppe ns.  the sou rce of troub le  has  
been located. 

H owever. the osc i l l oscope shows much m ore than the 
mere presence or  absence of s igna ls .  It p rovides a peak- to­
pea k voltage measure ment.  The schemat ic  d i ag ra m  or 
acco m pany ing serv ice data on the  equ i pment be i n g  serv iced 
u su a l ly i nc l udes waveform p i ctu res.  T he se waveform p ictu ­
res i nc lude the requ i red sweep t ime and  the norma l  

pea k-to-pea k voltage.  Compa re the pea k-to-peak  vol ta ge 
rea d i ngs on the osci l loscope with those shown on the 
waveform p ictu res .  

Any a bnor m a l  read i n gs sho u ld be fo l l owed by add it io­
na l  read ings  i n  the suspected c i rcu its unt i l  the troub le  is iso­
l ated to as s m a l l  a n  area a s  possi b le .  

Composite Video Waveform A nalysis : 

Proba bly the most i m po rta nt waveform i n  te levis ion 
and v i deo servic ing  i s  the co mposite waveform consist ing of 
the v ideo sig n a l .  the b lank ing  pedesta l s igna ls  a nd the sync 
pu lses.  Fig. 24 a nd Fig. 25 show typica l  osc i l loscope traces 
when observ ing composite video s igna ls  synchron ized with 
ho rizonta l sync pu lses a nd vert ica l  sync p u l ses.  Co mposi te 
video s igna ls  can  be observed at va r ious sta ges of the 
te lev is ion rece ive r to determ i n e  whether c i rcu i ts a re 
performing  norna l ly .  Knowledge of waveform m a keup .  the 
appearance of a nor m a l  waveform .  and the causes of va r ious 
abnorm a l  waveforms help the  techn ic i an  locate a nd correct 
m a n y  pro b l e m s. The  te c h n i c i a n  s h o u l d  stu dy such  
waveforms i n  a televi s ion rece ive r  known to be  i n  good 
operat ing  condit ion .  noti ng  the waveform at va r ious poi nts 
i n  the v ideo a m p l if ier .  

1--;:.,,.-·---,__,_..,0<:�-.1 OµS/d1v 

S LO P E  NEG (pull) 

INT 

CH 2 

Fig. 24 Set up for viewing horizontal fie lds of com posite video s igna l  
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Fig. 2 5 Set - u p  for v iew i ng vert i ca l  f ie lds  of com posite v ideo s igna l  

To  set  u p  the osc i l loscope for v iewing composite v ideo 

waveforms .  use the fo l lowing  proced u res :  

1 .  Tune the televis ion set or  video recorder receiver to a 
local  cha n n e l .  
A test tape or a s i g n a l  g enerator a l so can b e  u s e d  for 
service work. 

2 .  Set the M O D E  switch to C H 2  pos i t ion .  

3 .  Set  the  SWE E P  T I M E/ D I V  swi tch  to the 1 0µ s/d iv  po­

s i t ion for observ i ng TV hor izonta l  l i nes  or to the 

2 m s/div pos i t ion for observ i ng  TV vert i ca l  fra mes .  

4. Set the COU P L I N G  switch to the VI D E O  posit ion .  
5.  Set the S O U R C E  sw itch to the CH2 pos i t ion .  

6 .  B est overa l l  sync pe rforma nce i s  obta i ned i n  the  
N O R M  tri ggeri ng  mode .  The A UTO trigger i ng  mode 
may be se lected i n it ia l ly  to provide  cont inuous sweep 
dur ing  set- up .  

7 .  Set the C H 2  AC- G N D - D C switch t o  the A C  pos i t ion .  

8 .  Connect  a probe cab le  to the CH2 I N PUT jack .  

Con nect the g round  cl i p  of the probe to the te lev is ion 

With the probe set  for 1 0  : 1 attenu ation,  con nect the 
t ip  of the probe to the v ideo detector output. 

9 .  S e t  t h e  C H 2 VO L TS/D I V  sw itch fo r t h e  l a rgest vert i ca l  

deflect ion poss ib le  w i thout  go i n g  off-sca l e .  

1 0  Rotate the T R I G G E R I N G  L EV E L  contro l  to a pos i t ion 

that  provides a syn c h ron i zed d i sp lay .  

1 1 . Adj u st the sweep t i m e  VA R I A B L E  for two hor izonia l  

l i nes  o r  two vert i ca l  fra mes of composite v ideo d i sp lay .  

1 2 . If the sync  and  b lanking  pu lses of the d i splayed video 
s igna ls  a re posit ive , leave the LEVE L control pu shed 
i n ;  if the sync and bla n king  pu lses a re negative. pu l l  
the  LEVE L control to  the  PU L L  S LO PE N E G posit ion .  

2 2  

1 3 . If necessa ry, readjust the tr igger in� LEVE L control to a 
posit ion tha t  provides a wel l-synchron i sed d i splay.  

1 4 . Adj u st the I N T E N S I TY a n d  F O C U S  contro ls  for the 

des i red br ig htness and  best focus .  

1 5 .  T o  v iew a spec if ic  port ion  o f  t h e  wavefo r m .  s u c h  a s  

t h e  co lor  b u rst .  p u l l  t h e  "" "' P O S I T I O N  contro l  for X 5  
magn if icat i o n .  Rotate t h e  same contro l  left or  r ight  to 

select the des i red port ion  of the waveform to be v iew­

ed . 

1 6 . Composite video waveformes may be checked at 
other points on the video circu i ts by moving the probe 
tip to those points a n d  chang ing  the V O L  TS/ DIV 
control sett ing as req u i red to keep the d isp lay with i n  
the l i m its o f  the sca le ,  a n d  b y  readj u st ing the TRIG 
LEVE L control to m a i nta i n  sta b i l izat ion .  
The  polar ity of  the  observed waveform may be 
reversed when moving from one mon i tori n g  point to 
a nother ;  the refore. it  may be necessa ry to switch fro m 
slope + to slope - , or v ice versa . 

Sync Pu lse Analysis :  

The I F  a mp l if ier response of a te levis ion receiver ca n 
be eva luated to so me extent by ca refu l observation of the 
horizonta l sync p u l se waveform.  T he a ppea ra nce of the 
sync pu lse waveform is  affected by the I F  a mp l if ier bandpa ss 
cha racterist ics.  Some typ ica l  wavefo rm sym ptoms and  the i r  
re lat ion to I F a mp l if ier response a re ind icated i n  F ig .  2 6. 

Sync pu lse waveform d istortions p roduced by posit ive or 
negat ive l i m it ing  i n  I F overload cond it ions a re shown i n  F ig .  
27 .  
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F ig .  26 Ana lys i s  of sync  pu l se d i stort ion 

FM RECEIVER ADJ U STM ENTS 

P roced u re :  

Connect  a sweep generator t o  t h e  m i x e r  i n p u t  o f  t h e  

F M  rece iver .  S e t  the  sweep generator for a 1 O . 7  M H z  

centered sweep. 

2. Connect  the  sweep voltage output of the sweep 

generator to the C H 2  i n put jack of the osci l l oscope 

a nd set the osc i l l oscope for X-Y operation .  

3 .  Connect  the vert i ca l  i n p u t  probe to  the  demod u l ator 

i n p u t  of the FM rece iver .  

4 .  Adj ust  the osc i l loscope vert i c a l  and  hor izonta l  g a i n  

controls for a d i sp lay s i m i l a r  t o  that shown i n  F ig.  28A. 

N O R MAL  
SYN C P U L S E  

SYN C P U L S E  
C O M P R ES S I O N  

CAU S E D  B Y  
L I M I T I N G  

" W H I T E  
SAT U RAT I O N  
CAU S E D  B Y  

L I M I T I N G  

Fig .27 Sync p u lse waveforms 

5 .  Set the m a rker generator prec ise ly to 1 0 . 7 M H z .  The 

m a rker  "pip" shou ld  be in the center of the  bandpass .  

6.  Al ign the I F  a m p l i f iers accord i n g  to the  m a n u factu rer 's  

spec i f i cat ions .  

7 .  M ove the  p robe t o  the demod u lator output .  The " S "  

c u rve s h o u l d  be d isp l ayed . and the 1 0 . 7 M H z " p i p "  

shou l d  appear  exactly i n  the center ( see F ig .  28B) .  
Adj ust  the demodu lator accord i ng to the m a n ufactu ­

rer 's  instructions so the  ma rke r moves a n  equ a l  

d i sta nce from the cente r  a s  t h e  ma rker frequency is  

i n creased and decreased a n  equa l  a mount  from the 

1 0. 7 M Hz center frequ ency. 
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Fig. 28 Typical  FM receiver a lign ment set - u p  

X-Y OPERATION 

Phase Measurement: 

Phase measurements  may  be made with a n  osc i l ­

l oscope . Typ ica l  app l icat ions a re i n  c i rcu its des igned to 
prod uce  a spec i f ic  phase sh i ft .  and  measurement  of phase 

sh i ft d i stort ion  i n  aud io  a m p l i fi e rs o r  other  aud io  networks.  

Distortion due to non- l i near  a mpl if ication is  a lso d isplayed 
in the osc i l l oscope wavefo rm .  

A s i n e  wave  i n p u t  i s  app l i ed to the a u d i o  c i rc u i t  be ing 

tested . The s a m e  s i ne  wave i n pu t  is app l ied to the vert i ca l  

i n p u t  of the osc i l l oscope , a n d  the output  of the tested c i rc u i t  

i s  app l ied t o  the horizontal  i n put o f  t h e  osci l l oscope. The 
amount  of phase d i fference between the two s igna ls  can be 
ca lcu lated from the resultr ing waveform.  

To m a ke phase measurements.  u se the  fo l lowi ng 

p roced u res  ( refe r  to F ig .  2 9 ) .  

U s i n g  a n  a u d i o  s i g n a l  generator w i t h  a p u re s inuso ida l  

s igna l .  app ly  a s ine  wave test s igna l  at  the  desi red test 
frequency to the aud io  network be ing tested.  

2 .  Set the s igna l  generator output for the norm a l  
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operat ing level of the c i rcu i t  be ing tested. If desired,  

the c i rcuit 's output may be observed on the osc i l ­
loscope. If the  test c i rcu i t  i s  ove rdriven .  the s ine wave 
d isplay on the osc i l loscope is c l i pped a nd the s igna l  
l evel m u st be reduced . 

3 .  Con nect t h e  C H 2  probe t o  t h e  output o f  t h e  test 
c i rcu it .  

4.  Set the M O D E  to X-Y.  
5 . Co n nect the C H  1 probe to the i nput of the test c i rcuit .  

(The i nput and output test connect ions to the vert ica l  
and  horizonta l osc i l l oscope input  may be reversed . )  

6 .  Adjust the  C H  1 and  C H 2  ga i n  contro ls fo r a s u itab le 
viewi ng  s ize .  

7.  Some typ ica l  resu lts are shown i n  F ig .  30. If the two 
s igna ls  are in phase .  the osc i l loscope trace is a stra ight 
d iagona l !  l i ne .  If the vert ica l  and a horizonta l  g a i n  a re 
proper ly adjusted, th is  l i ne  is at a 45 ° a ng le .  A 90 ° 
p hase sh ift produces a c i rcu la r  osc i l l oscope pattern .  
P ha se sh ift of  less (or more)  than 9 0 °  procedu res an 
e l l ipt ica l  osc i l loscope pettern.  The a mount  of phase 
sh ift ca n be ca lcu l ated from the osc i l loscope trace a s  
shown i n  f ig .  3 1 . 



A U D I O  S I G N A L  G E N E RATOR 
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Fig .  29 Typical phase measurement a l ignment set-up 
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Fig .  30 Typica l  phase measurement osc i l loscope 
d isp lays 
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F ig .  3 1  Phase shift ca lcu lat ion 
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F requency Measu rem ent : 

1 .  Connect the s ine  wave of known frequency to the C H 2  
i nput  j a c k  o f  t h e  osc i l loscope a n d  set the M O D E  to 
X-Y.  

2 .  Con nect vert ica l  i nput probe ( C H 1 I N PUT) to the unk­
nown frequency. 

3. Adjust the CH 1 and C H 2  size control a conven ient 
ea sy-to read size of display.  

4.  The resu lti n g  pattern ca l led a Li ssajous pattern. shows 
the ratio between the two frequencies (see F ig .  32 ) .  

U N K N OWN F R E Q U E N C Y  
TO V E R T I C A L  I N P U T .  
STAN DA R D  F R E Q U E N CY 
TO H O R I Z O N TAL  I N PU T  

RAT I O  O F  
U N KN OWN 

TO 
STAN DAR D 

" " o" ( (\ � :3 ) " 

S E E  N O T E  /00\:J\ 
� rn 
� 6  

NOTE ANYON E O F  T H E S E  F I G U R E S  D E P E N D I N G  U P O N  
P H A S E  R E LA T I O N S H I P  

Fig .  32 Lissajous '  waveforms used for frequency 
measurement 

AMPLI FIER S QUARE WAVE TEST 

I ntrod uction : 

A squ a re wave generator and the osc i l loscope. such as 
th is  osc i l loscope can be used to d i splay var ious types of 
d i stort ion present i n  e lectron ic  c i rcu its. A squ a re wave of a 
g iven frequency conta i n s  a l a rge n u m ber  of odd harmon ics 
of that frequency. If a 500 H z  squ a re wave is i njected i nto a 
c i rcu it .  frequency components of 1 . 5 kHz.  2 .  5 kHz  a nd 3 .  5 
kHz  a lso a re provided.  
S i nce vac u u m  tubes and t ra nsistors are non- l i near. i t  is  
d iffic u lt to amp l ify a nd rep roduce a squ are wave which is  
ident ica l  to the input s igna l .  l nterelectrode capacita nces. 
j unction ca pacitances. stray capacita nces as  wel l  a s  l i m ited 
device a nd tra nsformer response a re a few of factors which 
prevent fa ithfu l reproduction of a square wave sig n a l .  A 
wel l -designed a mpl ifie r  can m i n i m ize the d istort ion ca u sed 
by t hese l i m itat ions .  Poorly designed or defective a mpl ifie rs 
c a n  i ntrod uce d i stort i o n  to the  po i nt w h e re t he i r 
perfor mance is u n sa tisfactory. 

As stated before.  a squ a re wave conta i n s  a l a rge 
n u m ber of odd ha rmon ics .  By i nject ing a 500 Hz s i ne wave 
i nto a n  a m p l i f ier .  we can eva l u ate a m p l ifie r  response at 500 
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H z  o n l y .  b u t  b y  i nject ing  a sq u a re wave o f  t h e  same 
freq u e n cy we c a n  determ i n e  how the  a m p l if i e r  wou ld  
response  to i nput  s i g n a l s  from 500 H z  u p  to the  1 5th or 
2 1 st h a r m o n i c .  

The n e e d  for sq u a re wave eva luat ion  becomes appa­
rent  i f  we rea l i ze  that  some a u d i o  a m p l if iers w i l l  be req u i red 
d u r i ng  n o r m a l  use to pass s i m u l taneous ly  a l a rge n u mber  of 
d ifferent freque ncies.  With a squ a re wave. we have a 
contro l led signa l  with which we can eva l uated the input a n d  
output qua l ity o f  a s igna l  o f  m a ny frequenc ies ( the har mo­
n ics  of the square wave)  which is what the a m p l if ier sees 
when ampl ify ing complex waveforms of m u sica l i n strume nts 
or voices. 

The squ a re wave output of the signa l  generator m u st 
be extre mely flat so that i t  does n ot contr ibute to a ny 
d istort ion that may be observed when eva l u at ing a mp l if ier 
response. The osc i l loscope vert ica l i nput should be set to 
D C  as  it  wi l l  i ntroduce the least d i stort ion.  espec ia l ly  at low 
frequenc ies.  When checking a mpl ifie r  response. the 
frequency of the squ a re wave i nput should be va ried fro m 
the low end of the a m pl if ier bandpass u p  toward the u pper 
end of the ba ndpa ss :  howerver. because of the  ha rmonic 
content of the squ a re wave.  d i stort ion w i l l  occu r before the 
upper end of the a m pl if ier ba ndpa ss i s  reached .  

I t  sho u l d  be noted that  the actu a l  response check of  an  
a m p l i fi e r  shou ld  be made us ing  a s ine  wave s igna l .  Th i s  i s  
espec i a l ly i m portant i n  a n  l i m ited ba ndwidth a mp l ifie r  (voice 
a mpl if ies) . 

The sq u a re wave s igna l  p rovides a q u i c k  check of 
a m p l ifie r  perfo rma nce and  w i l l  g ive a n  esti mate of overa l l  
a m p l i f ier  q u a l i ty .  The sq u a re wave a lso w i l l  revea l  some 
defic ienc ies  not read i l y  apparent  when us ing a s ine wave 
s i g n a l .  Whether a s ine wave or  squ a re wave i s  u sed fo r 
test ing  the a m p l i fi er .  it is i m porta nt  that  the m a n ufact u rer 's  
spec ifi ca t ions  on  the a m p l ifi e r  be known i n  order to m a ke a 
better j udgement  of its performa nce .  

Testing Procedure (refer to Fig. 33) 

Con nect the output  of the squ a re wave gene rator to 
the i n p u t  of the a m p l i f ier  be ing tested .  

2 . Con nect the C H 2  probe of the osc i l l oscope to the 
output of the a m pl if ier be ing  tested. 

3 .  I f  the D C  component of the c i rcu i t  be i n g  tested is  
suffic ient ly low to a l low both the AC a n d  D C  co mpo­

n ents to be viewed. use the D C  posit ion of AC­
G N  D - DC switch .  H owever. the AC posit ion  may be 
used without affecting the resu lts except at very low 

frequencies .  ( be low 1 O Hz ) .  
4 .  Adj ust the vert ica l  g a i n  contro ls  for a conven ient 

v iewing he ight  
5 .  Adj u st the sweep t i m e  contro ls  fo r one  cyc le  of sq u a re 

wave d i sp lay  on the screen .  
6 .  For  a c lose - u p  v iew of  a port ion of  the squa re wave. 

u se the X5 m a g n if ication .  
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Fig. 33 Equipment set-up for square wave testing of a mpl i fiers 

Analysing the Waveforms : 

The short r ise t ime wh ich occurs at the beg i n n i n g  of 
the ha lf-cycle i s  created by the i n - phase sum of a l l  the 
med ium a nd h i g h  frequency sine wave compone nts. The 
sa me holds true for the rap id  d rop at the end of the 
ha lf-cycle from maxi m u m  a m p l i tude to zero amp l i tude at the 
1 80 °  or ha lf-cycle point .  T herefore. a theoretica l reduction 
in a mpl itude a lone of the h i g h  freq uency components 
shou ld  prod uce a rou nd i ng of the sq uare corn ers at a l l  four  
poi nts of  one squ a re wave sycle ( S ee F ig .  34) .  

D i stort ion can be c lassif ied i n to the  fol lowing three 
d i st i nct categor ies:  

1 . The fi rst i s  frequ ency d istort ion and refers to the 
change i n  the a m pl i tude of a component of a complex 
waveform.  In other words, the i ntroduct ion in a n  
a m p l if ier c i rcu i t  o f  resonant networks o r  se lective 
f i l te rs created by combi nat ion of reactive com ponents 
w i l l  create pe a ks or d i ps i n  an otherwise flat frequency 
response curve. 

2 .  The second i s  non- l i near d i stort ion a n d  refers t o  a 
cha nge i n  waveshape produced by appl icat ion of the 
waveshape to non- l i nea r components or e lements 
such as vacu u m  tu bes. a n  i ron core tran sformer .  and i n  
a n  extreme case. a de l iberate non- l i near  c i rcu i t  such 
as a c l ipper network. 

3. The th i rd is de lay or phase d istort ion.  wh ich  is 
d i stort ion produced by a sh i ft in phase between one or 
more components of a complex waveform.  

In actu a l  practice. a reduct ion in  amp l itude of a squ a re 
wave com ponent (s i n u soida l  harmonic )  i s  usua l ly  c a u sed by 
a frequency-selective network wh ich inc l udes capacity. 

i nductance or both .  The p resence of the C or L i ntrod uces a 
d ifference i n  phase ang le  between compone nts. c reat ing 
phase d i stort ion or de lay d i storti on .  Therefore .  in  squa re 
wave test ing of practica l  c i rcu itry ,  we w i l l  usu a l ly fi nd that 
the d i storted sq u a re wave i nc ludes a com b i nat ion of 
a m p l itude d istort ion and phase d i stort ion  c lues .  

F ig .  34 Square wave response with h igh  frequency 
loss 

I n  a typ ica l  w ide band a m p l i f ier .  a square wave check 
revea l s  many d i stort ion character ist ics of the c i rcu i t .  The 
response of a n  a m p l i f ier  i s  i nd icated i n  F ig .  35.  revea l i ng 
p o o r  l o w - f r e q u e n c y r e s p o n s e  a l o n g  w i t h  t h e  
overcompe nsated h igh -frequency boost. A 1 00 H z  squa re 
wave appl ied to the i nput of th is  a m pl if ier w i l l  appear  as i n  
F ig .  3 6A.  Th is  fi g u re i nd icates sat isfactory med i u m  
frequency response ( approx imate ly  1 k H z  to 2 k Hz)  but 
shows poor low freq uency response. N ext.  a 1 kHz squa re 
wave appl ied to the i nput of the a m p l i fie r w i l l  a ppea r as i n  
F ig .  3 6 8 .  Th i s  f igure d i sp lays good frequency response i n  
the reg ion of 1 000 t o  4000 Hz but clearly revea ls  the over 
compensat ion at the h igher  1 0  kHz reg ion by the sha rp r ise 
at the top of the lea d i n g  edge of the squ a re wave. 
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As a ru le  of t h u m b .  it can be safe ly  sa id that  a squa re 
wave c a n  be used  to revea l  response a n d  p h a s e  
re lat ionsh ips  u p  t o  the 1 5th or 20th o d d  h a r m o n i c  or u p  to 
approx i m ately 40 t i mes the fu ndamenta l  of the square 
wave. Us ing th is ru le  of thu mb it is seen that wide-ba nd 
c i rcu itry wi l l  requ i re at least two frequency check poi nts to 
properly ana lyze complete spectrum .  

I n  t h e  case i l l ustrated b y  F i g .  3 5, a 1 00 H z  square 
wave w i l l  encompass components up to abou t  4 k Hz .  

N ow.  the reg ion between 1 00 H z  and 4000 H z  i n  F ig .  
37 shows a r ise from poor  low-frequency ( 1 00 H z  to 1 kHz )  
response to  a flattening out from beyond 1 000 and  4000 H z. 
The refore.  we can expect that  the h igher  freq uency compo­
nents i n  the 1 00 H z  sq u a re wave wi l l  be re lat ive ly normal in 

UJ 
Vl 
z 
0 
Cl. 
Vl 
UJ 
a: 

1 00 H z  1 K H Z  1 0  K H Z  1 00 K H Z  

F ig .  3 5  Response cu rve o f  a m p l if ier w i t h  poor low 
and h i g h  ends 

1 00 HZ 

SQU A R E 
WAV E 

A 

1 K H Z  

SQU A R E 
WAV E 

8 

Fig .  36 R esu l tant 1 00 Hz and 1 kHz square waves 
from a m p l if ier i n  Fig. 35 
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ampl itude a n d  phase but that the lower-frequency co mpo­
nents i n  th is  sa me squa re wave wil l  be strongly mod ified by 
the poor low-frequency response of th is a mp l if ier (see Fig .  
2 7 ) .  

I f  t h e  combi nation o f  e lements i n  th is  amp l if ier we re 
such as to only depress the low frequency compone nts i n  
t h e  squ a re wave. a c u rve s i m i l a r  t o  F i g .  3 7  would be obta i ­
n e d .  H owever. reduction i n  a m p l itude o f  t h e  com ponents i s  
usual ly  caused b y  a reactive e lement.  caus ing i n  turn.  a 
phase sh ift of the com ponents. p roduc ing the t i l t  strong as 
shown i n  Fig. 3 6A.  

Fig .  37 R educt ion of square wave fu ndamenta l  
freq uency component  i n  tu ned ci rcu i t  

F ig .  3 8  revea ls  a g raph ica l  development of a s im i l a r ly 
t i lted squ a re wave.  The t i lt i s  seen to be caused by the 
strong infl uence of the phase-sh ifted 3rd ha rmonic .  I t  a lso 
beco mes evident that very s l i ght sh ifts in phase are qu ickly 
shown up by t i l t  i n  the square wave. 

F x 3 OUT O F  P H A S E  ( L EAD)  

Fig. 38 Square wave t i lt  resu lt ing from 3 rd 
harmonic phase sh ift 

F i g .  3 9  ind icates the t i lt  i n  squ a re wave produced by a 
1 0 ° phase sh i ft of a low-frequency e lement  i n  a lead ing d i ­
rect ion .  F ig . 4 0  i nd icates a 1 0 ° phase sh ift i n  a low 
freqLtency component i n  a l agg ing  d i rect ion . The t i l ts a re 
opposite i n  the two cases beca use of the d iffe rence i n  po la­
rity of the p hase a ng le  i n  the two cases as  can  be checked 
throug h  a lgebra ic addit ion of co m ponents. 



F x 1 OUT OF PHASE ( LEAD)  

Fig. 39 Tilt resu lti ng  from phase sh ift of fu nda­
mental frequency i n  a leading direction 

F x 1 O UT O F  PHASE ! LA G )  

Fig .  30 Ti lt  result ing from a phase sh ift of fu nda­
mental frequency i n  a lagg ing d i rection . 

F ig .  4 1  i nd icates low-freq uency components wh ich  
have been red u ced i n  amp l itude and sh ifted i n  phase .  I t  w i l l  
b e  noted t h a t  these exa mples o f  low-frequency d i stort ion 
are characterized by c hange in  shape of the f lat  top port ion 
of the squa re wave.  

Fig .  41  Low frequency com ponent loss and  
phase shift 

F i g .  3 6 8  p r e v i o u s l y  d i s c u s s e d ,  r e v e a l e d  a 
h igh-frequ ency overshoot p roduced by r is ing a mp l ifi e r  
response a t  the h i g h  or frequencies .  I t  should aga in  be 
noted that  th is  ove rshoot makes i tself evident at the top of 
the lead ing edge of the square wave. Th is  characterr istic 
re lat ionsh i p  is expla i ned by re memberi n g  that  i n  a normal  
we l l -shaped squa re wave,  the sharp r ise of the lead ing  edge 
i s  created by the su mmation of a practica l ly i n fi n ite n u m ber 
of ha rmonic com ponents. I f  an a bnormal  r ise i n  a mp l if ier 
response occurs at  h i g h  frequ encies,  the high frequency 
compone nts in  the sq uare wave w i l l  be amp l if ied l a rger  tha n 
other components creat ing  a h igher  a lgebra ic sum a long  the 
lead i n g  edge. 

Fig. 42 Effect of h igh -frequency boost and 
poor d a mping 

F ig .  42 i nd icates h igh  frequ ency boost i n  an a mp l if ier 
accom pa n ied  by a l i ght ly dam ped "shock" tra nsi ent .  The si­
nusoida l  type of d i m i n ish ing  osc i l l at ion a long the top of the 
squa re wave i nd icates a transient osc i l lat ion in  a re lat ively 
high "Q" network in the a mpl ifie r  c i rcu it. In this case ,  the 
sudden tra nsit ion i n  the sq uare wave potent ia l  fro m a 
sharp ly r is ing,  re lat ive ly h i g h  frequency voltage, to a l eve l 
va l u e  of l ow frequency voltage , supp l ies the energy for 
osc i l lat ion i n  the resonant network. I f  th is  network in the 
a m p l if ier i s  reasonably heavi ly d a m ped, then a s ing le  cycle 
transient osc i l lat ion may be produced as ind icated i n  F ig .  43. 

Fig. 44 su m m a rizes the preced i ng expla nations and serves 
as  a ha ndy refe rence.  

�'-"---

Fig.  43 Effect of h igh-frequency boost and good damping 
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A Frequency d istortion .  ( a m p l itude 
reduction of low-frequency co m ­
ponent ) .  N o  phase sh ift. 

D. Low-freq u ency phase shift .  

G .  H ig h - frequency l oss and phase shift .  

B .  Low-freq uency boost (accentu ated 
fu ndamenta l ) .  

E .  Low-freq uency loss and phase sh ift .  

11111•---

H. D a m ped osc i l l at ion .  

C .  H i g h -freq uency l oss-No phase shift .  

F .  H igh -freq uency l o s s  and lo w -
frequency p h a s e  shift. 

-

-

Low -freq uency phase sh ift (trace 
th ickned by h u m -voltage) .  

Fig.  44 Sum mary of waveform ana lysis for square wave test ing  of amp l if iers 



PRECAUTIONS 
1 .  Avoid us ing  the osc i l l oscope in a locat ion exposed to 

d i rect su n l i g ht .  
2 .  Select a p lace free fro m high te m perature and h u m id i ty .  

Do not  use the osc i l l oscope i n  a dusty locat ion .  
3 .  Do not operate the osc i l loscope i n  a p lace where 

mech a n ica l  v ibrat ions a re excessive or a p lace near 
eq u i pment  which generates strong mag net ic f ie lds or 
i mpu lse voltages. 

4 .  This osc i l l oscope is  factory set for AC 240V operat ion .  
For AC 1 OOV.  1 1 7V or 2 20V operat ion.  cha nge the 
posit ion of the p lug of the voltage selector at  the rea r 
panel  as i nd icated by the a rrow. When the osc i l l oscope 
is  to be operated with AC 1 OOV. 1 1 7V. be sure to 
replace the fuse with one rated at  0 .8A.  

5 . Do not a pply input vo ltages exceed ing  the i r  max i m u m  
rat i ngs.  T h e  i nput voltage t o  t h e  vert ica l  a mpl if ier is  up 
to 2 50V ( D C + AC peak) .  the i nput for EXT. TR IG is  up 
to 50V ( D C + AC pea k) .  and the i nput to Z AXI S  is up to  

50V ( D C + AC peak) . 

6 .  D o  not increase the  br ightness of the C RT u n necessa­
r i ly .  

7 .  Do not leave the osc i l loscope for  a long per iod with  
br ight spot d isp l ayed on C RT. Reduce the br ightness 
and soften the focus . 

8. For X-Y operation.  u se the P U L L  X5 MAG switch i n  the 
P U S H  posit ion .  I f  i t  i s  set i n  the PU LL posit ion.  no ise 
may appear i n  the waveform.  

9 .  Sett i ng the osc i l l oscope 

Do not p lace a ny object on the osc i l loscope or cover the 
vent i l a t ion  holes of the case with a cloth or  the l i ke .  as i t  
wi l l  i nc rease the te m perature i ns ide the case.  

n 
, , 
I f 

F ig .  45 
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M A INTENAN C E  AN D A DJ U STM ENT 
MAINTENANCE 

C RT trace a ngle adjustment.  
Adj ust the TRAC E ROTAT I O N  (front panel )  unt i l  the 
trace is a l i g ned with the horizo nta l l i ne  ma rked on the 
CRT sca le .  

Re m oving the case : 

1 ,  R e m ove the seve n screws from the top a n d  side wa l l s  of 
the case. us ing  a P h i l l ips head screwdriver. 

5 
6 4 

• 
�o 9 �] 

0 
0 (Y 

Fig . 46 

Screws of case 
3 

t 
L i ft UP 

2 

2 .  Ho ld  the hand le  and l i ft up .  The case is now ready for 
rem ova l .  

3 .  T o  re move the botto m p late. unscrew the fou r screws 
us ing a P h i l l i ps head screwdriver. 

Screws of case 

F ig .  47 Remova l  of bottom plate 

Caut ion : A h i g h  voltage (6000V) is  present a t  the CRT 
socket. B efore removing the case. be sure to turn off the 

power. a nd do not touch these parts with your h a nd or a 
sc rewd river even after the case has been re moved . 

3 2  

AC Voltage se lector : 

The osci l l oscope may be operated fro m 1 OOV. 1 1 7V. 2 20V. 
240V. putt ing the AC voltage se lector in p lace of another .  
( R efer to F ig .  48)  

0 

0 

0 

0 

0 

A DJUSTMENT 

0 

0 

0 

F ig .  48 

Observe the fol l owing before maki ng ad ­

just ments : 

The osc i l loscope is factory adjusted pr ior to sh ipme nt.  
If  readj ustment beco mes necessary, the fol lowing points 
shokld be observed.  

1 .  C heck the power supply is  the correct vo ltage .  
2 .  For adjustments. use a wel l  i nsu l ated screwdriver. 
3. B efore m a rk ing adj ustments. be su re to turn on the 

power and wait u nt i l  the unit is  stab i l ized . 
4. For adjustment. fo l low the p rocedu res described 

below. 
5 .  I f  spec ia l  test instru ments a re requ i red for ad­

justments.  contact your locol Tr io serv ice stat ion .  

Adjustment of Power Supp ly and CRT Circuits : 
1 .  Adjustment of low power vo ltage ( F ig .  49 ) 

M easu re the voltage at the N o. 1 0  p in  of P505 and 
adj ust V R 50 1  for + 1 30V ± 1 %.  
N ext. check that  voltages on No .  4. 7 and 8 p ins  of 
P 505 a re + 5V. - 1 2V and + 1 2V. respectively.  

2 .  I ntensity adjustment ( Fig .  49) 
With I N T E N S ITY knob set i n  t h e  left ( horizonta l )  
posi t ion .  adjust V R602 u nti l t h e  trace d isappears. then 
adj u st T C60 1 so that the bri g htness at the sweep 
sta rt i n g  point  is  the same as the br ightness at  other 
poi nts ( SW E E P  TI M E/ D I V  in 0. 2µs position ) .  F i na l ly .  
adj u st the spot with FOCU S a nd AST I G .  



Adjustment of C H1 Vertical Circu i t :  

Before mak ing adjustments. set the knobs o f  os­
c i l l oscope as fo l lows: 

M O D E  C H 1 posit ion 
VO LTS/D IV  2 m V/div position 

5. CRT Center Adjustment ( Fig .  49 and 5 1 ) . 
Short tost term i n a l  T P4 to TP5 .  adj ust V R 7 02 to 
ce nter  the trace ve rt ica l ly.  

6 .  VAR I A B L E  ATT D C  BAL Adjustment ( F ig .  50) 

Adj u st VR 1 0 1  so that the trace stays sti l l  at  a ny 
posit ion of VAR I A B L E  of VO LTS/D IV. 

7 . STE P  ATT DC BAL Adjustment (F ig .  50) 
Adj u st V R  1 03 so that the trace stays sti l l  a t  any 
posit ion of VO L TS/D IV .  

8 .  POS ITI O N  Adj ustment ( F ig .  49 )  
With  POS I T I O N  knob set i n  the  mechan ica l  center 
pos it ion .  adjust V R  1 04 unt i l  the trace is centered on 

CRT. 

Adjustment of C H2 Vertical Circu i t :  

B efore mak ing adjustments. set the knobs o f  os­
c i l l oscope as fol lows: 

M O D E  C H 2  posit ion 
VO LTS/DIV 2mV/div posit ion 

9. VAR IA B LE ATT D C  BAL Adj ustment ( F i g .  50) 
Adj u st V R  1 08 u nt i l the t race stays sti l l  at any posit ion 
of VA R I A B L E  of VO LTS/D IV. 

1 0. STE P  ATT . D C  BAL Adj ustment ( F ig .  50) 
Adj u st VR 1 1  0 u nt i l  the t race stays sti l l  at any posit ion 
of V O L  TS/ D IV.  

1 1 . POSIT I ON Adjustment (F ig .  49)  
W ith POS ITI ON knob set in  the mechan ica l  center 
pos it ion .  adj ust V R  1 12. unt i l  the trace is centered on 
CRT. Next. set P U L L  I N VE RT i n  P U L L  posit ion and 
adj u st V R  1 1 1 in the same m a n ne r  . 

e V R l l I 
e V R I 1 2  

e V R 1 04 
TP4 e 

TP5 e 

. . I:� 1 0  
: � : : : : : : : � ;J I 
PSOS 

e V RSO I 

V R602 •
• 

V R603 

TC60 1 
• 

Fig. 49 Botto m View 

Fig.  50 

Horizonta l  C i rcuit  Adj ustment: 

1 2 . .,. .,. POS IT I O N  Adjustment ( F ig .  52 )  
With ... ... POS ITI O N  knob set i n  the  m echan ica l  center 
pos i t ion .  adj ust V R 306 so that the sta rt point of trace 
is  at the leh end of the sca le .  

1 3 . X POSIT I O N  Adjust ment ( F ig .  52 )  
With M O D E  set to  X-Y and X ax is  ( C H 2 )  i nput  to  G N D . 
adj u st V R 3 0 7  u nt i l  the  spot is cente red on the screen .  
screen.  

-

I 

0 V R702 

c I I 
I 

J I 

Fig.  5 1 

V R306 • •  V R307 

F i g .  52 
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.. 
TO CRT 
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0604 : 2 5 0 4 0 1 A ( K l  
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0606 : 2 S C 1 505 
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0609,61 1 : 25 C 1 9 5 3 ( R l  
06101612  · 25A9 14 (R l 
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0 608,609 : 1 5583 

06t 1 ,612 : 1 51 587 
0615 : W Z- 06 1 
0616 : COKCROFT CIRCUIT 

0501 : 5 I 0860 0503 ,504 : 5 2V 840 
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: 1 5 1 555 I Cs01 ,502 : N J M45580 
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® 
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TRIO-KENWOOD CORPORATION 
1 7-5, 2-chome, Sh ibuya, Shibuya·ku, Tokyo 1 50, Japan 
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