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THE OSCI LLOSCOPE AND SPECTRUM ANALYZER  

LEARNI NG OBJECTI VES  

Upon compl et i ng t hi s chapt er ,  you shoul d be abl e t o:   

� Describe the purpose of the CRT used in the oscilloscope.  
� Explain the operation of an oscilloscope.  
� Describe the purpose of the controls and indicators found on an oscilloscope.  
� Describe the proper procedure for using a dual-trace oscilloscope.  
� Describe the accessory probes available for use with a dual-trace oscilloscope.  
� Explain the operation of the spectrum analyzer.  
� Descr i be t he pur pose of  t he cont r ol s and i ndi cat or s f ound on t he spect r um anal yzer .  

One of  t he most  wi del y used pi eces of  el ect r oni c t est  equi pment  i s  t he OSCI LLOSCOPE.  An 
osci l l oscope i s used t o show t he shape of  a v i deo pul se appear i ng at  a sel ect ed equi pment  
t est  poi nt .  Al t hough some osci l l oscopes ar e bet t er  t han ot her s i n accur at el y showi ng v i deo 
pul ses,  al l  f unct i on i n f undament al l y  t he same way.  I f  you l ear n how one osci l l oscope 
oper at es,  you wi l l  be abl e t o l ear n ot her s.   

As you wi l l  l ear n i n t hi s chapt er ,  t her e ar e many di f f er ent  t ypes of  osci l l oscopes 
var y i ng i n compl exi t y f r om t he s i mpl e t o t he compl ex.  Bef or e we get  i nt o our  di scussi on of  
t he dual - t r ace osci l l oscope,  we wi l l  f i r s t  pr esent  a gener al  over vi ew of  basi c s i ngl e
t r ace osci l l oscope oper at i on.  Shor t l y ,  we wi l l  see how osci l l oscopes use a CATHODE
TUBE ( CRT)  i n whi ch cont r ol l ed el ect r on beams ar e used t o pr esent  a v i s i bl e pat t er n of  
gr aphi cal  dat a on a f l uor escent  scr een.   

Anot her  pi ece of  t est  equi pment  used i s t he SPECTRUM ANALYZER.  Thi s t est  equi pment  i s  used 
t o sweep over  a band of  f r equenci es t o det er mi ne what  f r equenci es ar e bei ng pr oduced by a 
speci f i c  c i r cui t  under  t est ,  and t hen t he ampl i t ude of  each f r equency component .  An 
accur at e i nt er pr et at i on of  t he di spl ay wi l l  al l ow you t o det er mi ne t he ef f i c i ency of  t he 
equi pment  bei ng t est ed.   
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CATHODE- RAY TUBES  

A det ai l ed di scussi on of  CATHODE- RAY TUBES ( CRTs)  i s  pr esent ed i n NEETS,  
El ect r oni c Emi ssi on,  Tubes,  and Power  Suppl i es.  Bef or e cont i nui ng wi t h your  st udy of  CRTs 
i n t hi s sect i on,  you may want  t o r evi ew chapt er  2 of  t hat  modul e.  

Cat hode- r ay t ubes used i n osci l l oscopes consi st  of  an ELECTRON GUN,  a DEFLECTI ON SYSTEM,  
and a FLUORESCENT SCREEN.  Al l  of  t hese el ement s ar e encl osed i n t he evacuat ed space i nsi de 
t he gl ass CRT.  The el ect r on gun gener at es el ect r ons and f ocuses t hem i nt o a nar r ow beam.  
The def l ect i on syst em moves t he beam hor i zont al l y  and ver t i cal l y  acr oss t he scr een.  The 
scr een i s coat ed wi t h a phosphor ous mat er i al  t hat  gl ows when st r uck by t he el ect r ons.  
Fi gur e 6- 1 shows t he const r uct i on of  a CRT.   

Fi gur e 6- 1.  -  Const r uct i on of  a CRT.   

ELECTRON GUN  

The ELECTRON GUN consi st s of  a HEATER and a CATHODE t o gener at e el ect r ons,  a CONTROL GRI D 
t o cont r ol  br i ght ness by cont r ol l i ng el ec t r on f l ow,  and t wo ANODES ( FI RST and SECOND) .  The 
mai n pur pose of  t he f i r s t  ( FOCUSI NG)  anode i s t o f ocus t he el ect r ons i nt o a nar r ow beam on 
t he scr een.  The second ( ACCELERATI NG)  anode accel er at es t he el ect r ons as t hey pass.  The 
cont r ol  gr i d i s  cy l i ndr i cal  and has a smal l  openi ng i n a baf f l e at  one end.  The anodes 
consi st  of  t wo cyl i nder s t hat  cont ai n baf f l es ( or  pl at es)  wi t h smal l  hol es i n t hei r  
cent er s.   

Q. 1 What  el ement  cont r ol s t he number  of  el ect r ons st r i k i ng t he scr een? 

Q. 2 What  el ement  i s  cont r ol l ed t o f ocus t he beam?  

Cat hode and Cont r ol  Gr i d  

As i n most  convent i onal  el ect r on t ubes,  t he cat hode i s i ndi r ect l y  heat ed and emi t s  a c l oud 
of  el ect r ons.  The cont r ol  gr i d i s  a hol l ow met al  t ube pl aced over  t he cat hode.  A smal l  
openi ng i s  l ocat ed i n t he cent er  of  a baf f l e at  t he end opposi t e t he cat hode.  The cont r ol  
gr i d i s  mai nt ai ned at  a negat i ve pot ent i al  wi t h r espect  t o t he cat hode t o keep t he 
el ect r ons bunched t oget her .   

A hi gh posi t i ve pot ent i al  on t he anodes pul l s  el ect r ons t hr ough t he hol e i n t he gr i d.  
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Because t he gr i d i s  near  t he cat hode,  i t  can cont r ol  t he number  of  el ect r ons t hat  ar e 
emi t t ed.  As i n an or di nar y el ect r on t ube,  t he negat i ve vol t age of  t he gr i d can be var i ed 
ei t her  t o cont r ol  el ect r on f l ow or  st op i t  compl et el y.  The br i ght ness ( i nt ensi t y)  of  t he 
i mage on t he f l uor escent  scr een i s det er mi ned by t he number  of  el ect r ons st r i k i ng t he 
scr een.  Thi s i s  cont r ol l ed by t he vol t age on t he cont r ol  gr i d.   

El ect r ost at i c  Lenses and Focusi ng  

The el ect r on beam i s f ocused by t wo ELECTROSTATI C FI ELDS t hat  exi st  bet ween t he cont r ol  
gr i d and f i r s t  anode and bet ween t he f i r s t  and second anodes.   

Fi gur e 6- 2 shows you how el ect r ons move t hr ough t he el ect r on gun.  The el ect r ost at i c  f i el d 
ar eas ar e of t en r ef er r ed t o as LENSES because t he f i el ds bend el ect r on st r eams i n t he same 
manner  t hat  opt i cal  l enses bend l i ght  r ays.  The f i r s t  el ect r ost at i c  l ens cause t he 
el ect r ons t o cr oss at  t he f i r s t  f ocal  poi nt  wi t hi n t he f i el d.  The second l ens bend t he 
spr eadi ng st r eams and r et ur n t hem t o a new,  second f ocal  poi nt  at  t he CRT.  

Q. 3 Why ar e t he el ect r ost at i c  f i el ds bet ween t he el ect r on gun el ement s cal l ed l enses? 

 

Fi gur e 6- 2.  -  For mat i on of  an el ect r on beam.   

Fi gur e 6- 2 al so shows t he r el at i ve vol t age r el at i onshi ps on t he el ect r on
cat hode ( K)  i s  at  a f i xed posi t i ve vol t age wi t h r espect  t o gr ound.  The gr i d i s  at  a 
var i abl e negat i ve vol t age wi t h r espect  t o t he cat hode.  A f i xed posi t i ve vol t age of  sever al  
t housand vol t s i s  connect ed t o t he second ( accel er at i ng)  anode.  The pot ent i al  of  t he f i r s t  
( f ocusi ng)  anode i s l ess posi t i ve t han t he pot ent i al  of  t he second anode.  The f i r s t  anode 
can be var i ed t o pl ace t he f ocal  poi nt  of  t he el ect r on beam on t he scr een of  t he t ube.  
Cont r ol - gr i d pot ent i al  i s  est abl i shed at  t he pr oper  l evel  t o al l ow t he cor r ect  number  of  
el ect r ons t hr ough t he gun f or  t he desi r ed i mage i nt ensi t y.   

Q. 4 What  i s  t he f unct i on of  t he second anode?  
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ELECTRON BEAM- DEFLECTI ON SYSTEM  

The el ect r on beam i s devel oped,  f ocused,  and accel er at ed by t he el ect r on gun.  The beam 
appear s on t he scr een of  t he CRT as a smal l ,  br i ght  dot .  I f  t he beam i s l ef t  i n one 
posi t i on,  t he el ect r ons wi l l  soon bur n away t he i l l umi nat i ng coat i ng i n t hat  one ar ea.  To 
be of  any use,  t he beam must  be abl e t o move.  As you have st udi ed,  an el ect r ost at i c  f i el d 
can bend t he pat h of  a movi ng el ect r on.   

As you have seen i n t he pr evi ous i l l ust r at i ons,  t he beam of  el ect r ons passes t hr ough an 
el ect r ost at i c  f i el d bet ween t wo pl at es.  You shoul d r emember  t hat  el ect r ons ar e negat i vel y 
char ged and t hat  t hey wi l l  be def l ect ed i n t he di r ect i on of  t he el ect r i c  f or ce ( f r om 
negat i ve t o posi t i ve) .  Thi s def l ect i on causes t he el ect r ons t o f ol l ow a cur ved pat h whi l e 
i n t he el ect r ost at i c  f i el d.   

When t he el ect r ons l eave t he el ect r ost at i c  f i el d,  t hey wi l l  t ake a st r ai ght  pat h t o t he 
scr een at  t he angl e at  whi ch t hey l ef t  t he f i el d.  Because t hey wer e al l  def l ect ed equal l y ,  
t he el ect r ons wi l l  be t r avel i ng t owar d t he same spot .  Of  cour se,  t he pr oper  vol t ages must  
exi st  on t he anodes t o pr oduce t he el ect r ost at i c  f i el d.  Changi ng t hese vol t ages changes 
t he f ocal  poi nt  of  t he beam and causes t he el ect r on beam t o st r i ke t he CRT at  a di f f er ent  
poi nt .   

Fact or s I nf l uenci ng Def l ect i on  

The ANGLE OF DEFLECTI ON ( t he angl e t he out goi ng el ect r on beam makes wi t h t he CRT cent er  
l i ne axi s bet ween t he pl at es)  depends on t he f ol l owi ng f act or s:   

� Length of the deflection field;  
� Spacing between the deflection plates;  
� The difference of potential between the plates; and  
� The accelerating voltage on the second anode.  

LENGTH OF DEFLECTI ON FI ELD.  -  As shown i n f i gur e 6- 3,  a l ong f i el d ( l ong def l ect i on 
pl at es)  has mor e t i me t o exer t  i t s  def l ec t i ng f or ces on an el ect r on beam t han does a 
shor t er  f i el d ( shor t  def l ect i on pl at es) .  Ther ef or e,  t he l onger  def l ect i on pl at es can bend 
t he beam t o a gr eat er  def l ect i on angl e.   

Fi gur e 6- 3.  -  Fact or s i nf l uenci ng l engt h of  f i el d.   

Q. 5 What  ef f ect  do l onger  def l ect i on pl at es have on t he el ect r on beam? 
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SPACI NG BETWEEN PLATES.  -  As shown i n f i gur e 6- 4,  t he c l oser  t oget her  t he pl at es,  t he mor e 
ef f ect  t he el ect r i c  f or ce has on t he def l ect i on angl e of  t he el ect r on beam.  

Fi gur e 6- 4.  -  Spaci ng bet ween pl at es.   

Q. 6 What  ef f ect  does c l oser  spaci ng of  pl at es have on t he el ect r on beam? 

DI FFERENCE OF POTENTI ALThe pot ent i al  on t he pl at es ( f i gur e 6- 5)  can be var i ed t o cause a 
wi der  or  nar r ower  def l ect i on angl e.  The gr eat er  t he pot ent i al ,  t he wi der  t he def l ect i on 
angl e.   

Fi gur e 6- 5.  -  Di f f er ences of  pot ent i al .   
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Q. 7 I s t he def l ect i on angl e gr eat er  wi t h hi gher  or  l ower  pot ent i al  on t he pl at es? 

BEAM ACCELERATI ON.  -  The f ast er  t he el ect r ons ar e movi ng,  t he smal l er  t hei r  def l ect i on 
angl e wi l l  be,  as shown i n f i gur e 6- 6.   

Fi gur e 6- 6.  -  Beam accel er at i on.   

Q. 8 I s t he def l ect i on angl e gr eat er  when t he beam i s movi ng f ast er  or  s l ower ? 

Ver t i cal  and Hor i zont al  Pl at es  

I f  t wo set s of  def l ect i on pl at es ar e pl aced at  r i ght  angl es t o each ot her  i ns i de a CRT 
( f i gur e 6- 7) ,  t he el ect r on beam can be cont r ol l ed i n any di r ect i on.  By var y i ng t he 
pot ent i al  of  t he ver t i cal - def l ect i on pl at es,  you can make t he spot  ( beam)  on t he f ace of  
t he t ube move ver t i cal l y .  The di st ance t he beam moves wi l l  be pr opor t i onal  t o t he change 
i n pot ent i al  di f f er ence bet ween t he pl at es.  Changi ng t he pot ent i al  di f f er ence bet ween t he 
hor i zont al - def l ect i on pl at es wi l l  cause t he beam t o move a gi ven di st ance f r om one s i de t o 
t he ot her .  Di r ect i ons ot her  t han up- down and l ef t - r i ght  ar e achi eved by a combi nat i on of  
hor i zont al  and ver t i cal  movement .   

Fi gur e 6- 7.  -  Def l ect i on pl at e ar r angement .   
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As shown i n f i gur e 6- 8,  posi t i on X of  t he beam i s i n t he cent er .  I t  can be moved t o 
posi t i on Y by goi ng up 2 uni t s and t hen r i ght  2 uni t s.  Movement  of  t he beam i s t he r esul t  
of  t he s i mul t aneous act i on of  bot h set s of  def l ect i on pl at es.  The el ect r ost at i c  f i el d 
bet ween t he ver t i cal  pl at es moves t he el ect r ons up an amount  pr opor t i onal  t o 2 uni t s on 
t he scr een.  As t he beam passes bet ween t he hor i zont al  pl at es,  i t  moves t o t he r i ght  an 
amount  pr opor t i onal  t o 2 uni t s on t he scr een.   

Fi gur e 6- 8.  -  Beam movement  on t he CRT.   

I f  t he amount  of  def l ect i on f r om t he l ef t  and down occur r ed so t hat  each set  of  pl at es 
act ed at  t he same t i me,  t he pi ct ur e woul d be l i ke t he one i n v i ew A of  f i gur e 6
exampl e,  i f  t he ver t i cal  pl at es moved t he beam downwar d ( st ar t i ng f r om poi nt  X)  at  t he 
r at e of  3 uni t s per  second and t he hor i zont al  pl at es moved i t  t o t he l ef t  at  t he r at e of  1 
uni t  per  second,  bot h movement s woul d have been compl et ed i n 1 second at  poi nt  Y.  The 
r esul t  woul d be a st r ai ght  l i ne.   

Fi gur e 6- 9.  -  Def l ect i on of  t he beam.   
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I n v i ew B,  t he pot ent i al s on t he ver t i cal  and hor i zont al  pl at es change at  t he same r at e.  
I n t he same t i me per i od,  say 1 second,  bot h pl at es move t he beam 1 uni t .  The hor i zont al  
pl at es have compl et ed t hei r  t ask at  t he end of  1 second,  but  t he ver t i cal  pl at es have 
moved t he beam onl y one- t hi r d of  t he r equi r ed di st ance.  I n t hi s case,  t he pi ct ur e i n v i ew 
B woul d appear  on t he scr een.   

Beam- def l ect i on Pl at e Act i on  

Recal l  f r om your  st udy of  chapt er  2 of  t hi s modul e t hat  wavef or ms ar e descr i bed i n t er ms 
of  ampl i t ude ver sus t i me.  You have j ust  seen how t he movement  of  t he CRT beam depends on 
bot h pot ent i al  ( ampl i t ude)  and t i me.   

Q. 9 Wavef or ms ar e descr i bed i n t er ms of  what  t wo f unct i ons? 
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VERTI CAL- DEFLECTI ON PLATES.  -  We wi l l  use f i gur e 6- 10 t o expl ai n t he act i on of  t he 
ver t i cal - def l ect i on pl at es i n s i gnal  ampl i t ude measur ement s.  As t hi s di scussi on begi ns,  
r emember  t hat  ver t i cal - def l ect i on pl at es ar e used t o show ampl i t ude of  a s i gnal ,  and 
hor i zont al - def l ect i on pl at es ar e used t o show t i me and/ or  f r equency r el at i onshi ps.  

Fi gur e 6- 10.  -  Ampl i t ude ver sus t i me.   

1.  Fr om T0 t o T1,  t he ver t i cal  pl at es mai nt ai n t hei r  st at i c  di f f er ence i n pot ent i al  and 
t he beam st ays at  0 uni t s;  t he T0 t o T1 change causes an i ncr easi ng pot ent i al  di f f er ence 
i n t he hor i zont al  pl at es,  and t he beam moves 1 uni t  t o t he r i ght .  

2.  At  T1,  a posi t i ve pot ent i al  di f f er ence change i n t he ver t i cal  pl at es occur s,  whi ch 
causes t he beam t o move up ( i nst ant aneous l y)  2 uni t s.   

Thi s ver t i cal  ( ampl i t ude)  beam l ocat i on i s  mai nt ai ned f r om T1 t o T4;  hor i zont al  beam 
movement  cont i nues movi ng t o t he r i ght  as  3 uni t s of  t i me pass.   

Back 
Differences of potential. 

Up 
Content Moved 

 
� �� � � � � � � 	 �� 
 � � � � 
 � � 
 ��� � � 
 � � � � �
� 
 � � � � 
 � � � � � � � � � 
 � � � � � �
 � �

 
� �
 � � �� 
 � � 
 � 
 � � � � 
 � 
 
 � � � 
 
 � � �
� � � 
 � 
 �� � � � � �
 � � � � � � � � � �  ! � � " � �

 
#$� � 
 
 � � �� �%� 
 
 � � 
 &� � � �
 � � � &� � � 	 � 
 �
� � � � ' 
 � ( � � � %) � � � � � �� � �

Page 1 of 4Vertical deflection plates

8/11/2004http://www.infodotinc.com/neets/book16/71b.htm



3.  At  T4,  an i nst ant aneous negat i ve change i n pot ent i al  of  4 uni t s i n ampl i t ude occur s,  
and t he beam moves f r om +2 t o - 2 uni t s.   

4.  Fr om T4 t o T7,  t he beam r emai ns at  - 2 uni t s.  Dur i ng t hi s t i me per i od,  t he beam 
cont i nues movi ng hor i zont al l y  t o t he r i ght ,  i ndi cat i ng t he passage of  t i me.  

5.  At  T7,  a posi t i ve i ncr ease of  ampl i t ude occur s,  and t he beam moves ver t i cal l y  f r om 
t o 0 uni t s.  Fr om T7 t o T8,  no change occur s i n ver t i cal  beam movement ;  however ,  hor i zont al  
movement  cont i nues wi t h t i me.   

The ver t i cal - pl at e pot ent i al  di f f er ence f ol l ows t he vol t age of  t he wavef or m.  The 
hor i zont al - pl at e pot ent i al  f ol l ows t he passage of  t i me.  Toget her ,  t hey pr oduce t he i mage 
( t r ace)  pr oduced on t he scr een by t he movi ng beam.   

Q. 10 The ver t i cal - def l ect i on pl at es ar e used t o r epr oduce what  f unct i on? 

Q. 11 The hor i zont al - def l ect i on pl at es ar e used t o pr oduce what  f unct i on? 

HORI ZONTAL- DEFLECTI ON PLATES.  -  Now l et ' s  l ook at  hor i zont al - def l ect i on act i on.  Assume 
t hat  t he r esi st ance of  t he pot ent i omet er  shown i n f i gur e 6- 11 i s spr ead evenl y al ong i t s  
l engt h.  When t he ar m of  t he pot ent i omet er  i s  at  t he mi ddl e posi t i on,  t he same pot ent i al  
exi st s on each pl at e.  Si nce t her e i s  zer o pot ent i al  di f f er ence bet ween t he pl at es,  an 
el ect r ost at i c  f i el d i s  not  moved downwar d at  a uni f or m r at e;  t he r i ght  pl at e wi l l  become 
mor e posi t i ve t han t he l ef t  ( you ar e l ook i ng down t hr ough t he t op of  t he CRT) .  The 
el ect r on beam wi l l  move t o t he r i ght  f r om scr een poi nt  0 t hr ough poi nt s 1,  2,  3,  and 4 i n 
equal  t i me i nt er val s.   

Fi gur e 6- 11.  -  Hor i zont al  pl at es ( t op v i ew) .   

I f  t he pot ent i omet er  ar m i s moved at  t he same r at e i n t he opposi t e di r ect i on,  t he r i ght  
pl at e wi l l  decr ease i n posi t i ve pot ent i al  unt i l  t he beam r et ur ns t o t he 0 posi t i on.  At  
t hat  poi nt ,  t he pot ent i al  di f f er ence bet ween t he pl at es i s  agai n zer o.  Movi ng t he ar m 
t owar d t he ot her  end of  t he r esi st ance causes t he l ef t  pl at e t o become mor e posi t i ve t han 
t he r i ght ,  and t he beam moves f r om scr een poi nt s 0 t hr ough 4.  I f  t he movement  of  t he 
pot ent i omet er  ar m i s at  a uni f or m ( l i near )  r at e,  t he beam moves at  

Not i ce t hat  t he ends of  t he def l ect i on pl at es ar e bent  out war d t o per mi t  wi de
def l ect i on of  t he beam.  The ver t i cal  pl at es ar e bent  up and down i n t he same manner .  

Q. 12 Why ar e t he ends of  t he def l ect i on pl at es bent  out war d?

For  ease of  expl anat i on,  t he manual  movement  of  t he pot ent i omet er  ar m i s sat i s f act or y t o 
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i nt r oduce you t o hor i zont al  beam movement .  However ,  i n t he osci l l oscope t hi s i s  not  how 
hor i zont al  def l ect i on i s  accompl i shed.  Beam movement  vol t ages ar e pr oduced t hat  ar e much 
f ast er  by sawt oot h c i r cui t r y.  You may want  t o r evi ew t he sawt oot h gener at i on sect i on i n 
NEETS,  Modul e 9,  I nt r oduct i on t o Wave- Gener at i on and Wave- Shapi ng Ci r cui t r y
cont i nui ng.  Near l y al l  osci l l oscopes wi t h el ect r ost at i c  def l ect i on appl y a sawt oot h 
vol t age t o t he hor i zont al  pl at es t o pr oduce hor i zont al  def l ect i on of  t he beam,  as shown i n 
f i gur e 6- 12.   

Fi gur e 6- 12.  -  Sawt oot h gener at or .   

I n t he f i gur e,  t he sawt oot h gener at or  r epl aces t he pot ent i omet er  and i s connect ed t o bot h 
hor i zont al  pl at es of  t he CRT.  At  t he r ef er ence l i ne,  t he pot ent i al  on bot h pl at es i s  
equal .  Bel ow t he l i ne,  t he l ef t  pl at e i s  mor e posi t i ve and t he r i ght  pl at e i s  l ess  
posi t i ve.  Thi s causes t he beam t o move l ef t .  Above t he l i ne,  t he r i ght  pl at e i s  made mor e 
posi t i ve t han t he l ef t  and t he beam moves t o t he r i ght .  The wavef or m ampl i t ude causes a 
uni f or m movement  of  t he beam acr oss t he scr een ( cal l ed TRACE) .  RETRACE t i me,  shown at  t he 
t r ai l i ng edge of  t he wavef or m,  qui ckl y def l ect s t he beam back t o t he st ar t i ng poi nt .  

CRT GRATI CULE  

A GRATI CULE was used i n our  pr evi ous di scussi on i n f i gur e 6- 10 .  I t  i s  s i mpl y a cal i br at ed 
scal e ( made of  c l ear  pl ast i c)  of  ampl i t ude ver sus t i me t hat  i s  pl aced on t he f ace of  t he 
CRT.   

The gr at i cul e can be used t o det er mi ne t he vol t age of  wavef or ms because t he DEFLECTI ON 
SENSI TI VI TY of  a CRT i s uni f or m t hr oughout  t he ver t i cal  pl ane of  t he scr een.  Def l ect i on 
sensi t i v i t y  st at es t he number  of  i nches,  cent i met er s,  or  mi l l i met er s a beam wi l l  be 
def l ect ed f or  each vol t  of  pot ent i al  di f f er ence appl i ed t o t he def l ect i on pl at es.  I t  i s  
di r ect l y  pr opor t i onal  t o t he physi cal  l engt h of  t he def l ect i on pl at es and t hei r  di st ance 
f r om t he scr een and i nver sel y pr opor t i onal  t o t he di st ance bet ween t he pl at es and t o t he 
second- anode vol t age.  Def l ect i on sensi t i v i t y  i s  a const ant  t hat  i s  dependent  on t he 
const r uct i on of  t he t ube.   

Def l ect i on sensi t i v i t y  f or  a gi ven CRT mi ght  t ypi cal l y  be 0. 2 mi l l i met er s per  vol t .  Thi s 
means t he spot  on t he scr een wi l l  be def l ect ed 0. 2 mi l l i met er s ( about  0. 008 i nch)  when a 
di f f er ence of  1 vol t  exi st s bet ween t he pl at es.  Somet i mes t he r eci pr ocal  of  def l ec t i on 
sensi t i v i t y  ( cal l ed DEFLECTI ON FACTOR)  i s  gi ven.  The def l ect i on f act or  f or  t he exampl e 
gi ven woul d be 125 vol t s per  i nch ( 1/ 0. 008) .   

Q. 13 What  t er m i s used t o descr i be t he r eci pr ocal  of  def l ect i on sensi t i v i t y  of  a scope? 
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I n t he above exampl e,  125 vol t s appl i ed bet ween one set  of  pl at es woul d def l ect  t he beam 1 
i nch on t he scr een.  Thi s means t hat  t he def l ect i on caused by smal l  s i gnal s woul d l i kel y 
not  be obser ved.  For  t hi s r eason,  t he def l ect i on pl at es ar e connect ed t o ampl i f i er s t hat  
magni f y t he s i gnal s appl i ed t o t he ver t i cal  i nput  of  t he scope.   

Assume,  f or  exampl e,  t hat  a peak- t o- peak val ue of  a known vol t age appl i ed t o t he 
osci l l oscope i ndi cat es t hat  each i nch mar ki ng on t he gr at i cul e i s  equal  t o 60 vol t s.  Each 
of  t he 10 subdi v i s i ons wi l l ,  t her ef or e,  equal  a val ue of  6 vol t s.  Most  osci l l oscopes have 
ATTENUATOR cont r ol s t o decr ease or  GAI N cont r ol s t o i ncr ease t he st r engt h of  a s i gnal  
bef or e i t  i s  pl aced on t he def l ect i on pl at es.  At t enuat or  and gai n set t i ngs must  not  be 
di st ur bed af t er  t he cal i br at i on has been made.  For  maxi mum accur acy,  you shoul d 
r ecal i br at e t he gr at i cul e each t i me a vol t age i s t o be measur ed.   

CRT DESI GNATI ONS  

Cat hode- r ay t ubes ar e i dent i f i ed by a t ube number ,  such as 2AP1,  2BP4,  or  5AP1A.  The f i r s t  
number  i dent i f i es t he di amet er  of  t he t ube f ace.  Typi cal  di amet er s ar e 2 i nches,  5 i nches,  
and 7 i nches.  The f i r s t  l et t er  desi gnat es t he or der  i n whi ch a t ube of  a gi ven di amet er  
was r egi st er ed.  The l et t er - di gi t  combi nat i on i ndi cat es t he t ype of  phosphor  ( gl owi ng 
mat er i al )  used on t he i nsi de of  t he scr een.  Phosphor  P1,  whi ch i s  used i n most  
osci l l oscopes,  pr oduces a gr een l i ght  at  medi um PERSI STENCE.  Per si st ence r ef er s t o t he 
l engt h of  t i me t he phosphor  gl ows af t er  t he el ect r on beam i s r emoved.  P4 pr ovi des a whi t e 
l i ght  and has a shor t  per s i st ence.  I f  a l et t er  appear s at  t he end,  i t  s i gni f i es t he number  
of  t he modi f i cat i on af t er  t he or i gi nal  desi gn.   

OSCI LLOSCOPE CONTROL COMPONENTS  

Al t hough t he CRT i s a hi ghl y ver sat i l e devi ce,  i t  cannot  oper at e wi t hout  cont r ol  c i r cui t s.  
The t ype of  cont r ol  c i r cui t s r equi r ed depends on t he pur pose of  t he equi pment  i n whi ch t he 
CRT i s used.   

Ther e ar e many di f f er ent  t ypes of  osci l l oscopes.  They var y f r om r el at i vel y s i mpl e t est  
i nst r ument s t o hi ghl y accur at e l abor at or y  model s.  Al t hough osci l l oscopes have di f f er ent  
t ypes of  c i r cui t s,  most  can be di v i ded i nt o t he basi c sect i ons shown i n f i gur e 6
CRT,  ( 2)  a gr oup of  cont r ol  c i r cui t s t hat  cont r ol  t he wavef or m f ed t o t he CRT,  ( 3)  a power  
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suppl y,  ( 4)  sweep c i r cui t r y,  and ( 5)  def l ect i on c i r cui t r y.   

Fi gur e 6- 13.  -  Bl ock di agr am of  an osci l l oscope.   

Q. 14 Li st  t he c i r cui t s t hat  al l  osci l l oscopes have i n common.  

Fi gur e 6- 14 i s a dr awi ng of  t he f r ont  panel  of  a dual - t r ace,  gener al
Osci l l oscopes var y gr eat l y i n t he number  of  cont r ol s and connect or s.  Usual l y ,  t he mor e 
cont r ol s and connect or s,  t he mor e ver sat i l e t he i nst r ument .  Regar dl ess of  t he number ,  al l  
osci l l oscopes have s i mi l ar  cont r ol s and connect or s.  Once you l ear n t he f undament al  
oper at i on of  t hese common cont r ol s,  you can move wi t h r el at i ve ease f r om one model  of  
osci l l oscope t o anot her .  Occasi onal l y ,  cont r ol s t hat  ser ve s i mi l ar  f unct i ons wi l l  be 
l abel ed di f f er ent l y  f r om one model  t o anot her .  However ,  you wi l l  f i nd t hat  most  cont r ol s 
ar e l ogi cal l y  gr ouped and t hat  t hei r  names usual l y  i ndi cat e t hei r  f unct i on.  

Fi gur e 6- 14.  -  Dual - t r ace osci l l oscope.   
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The osci l l oscope i n f i gur e 6- 14 i s cal l ed DUAL- TRACE because i t  can accept  and di spl ay t wo 
ver t i cal  s i gnal  i nput s at  t he same t i me -  usual l y  f or  compar i son of  t he t wo s i gnal s or  one 
s i gnal  and a r ef er ence s i gnal .  Thi s scope can al so accept  j ust  one i nput .  I n t hi s case,  i t  
i s  used as a SI NGLE- TRACE OSCI LLOSCOPE.  For  t he f ol l owi ng di scussi on,  we wi l l  consi der  
t hi s t o be a s i ngl e- t r ace osci l l oscope.  The osci l l oscope i n t he f i gur e i s  commonl y used i n 
t he f l eet .  You ar e l i kel y t o use t hi s one ( model  AN/ USM- 425)  or  one ver y s i mi l ar  t o i t .  
Let ' s  now l ook at  t he f r ont  panel  cont r ol s.   

COMPONENTS USED TO DI SPLAY THE WAVEFORM  

The CRT DI SPLAY SCREEN i s used t o di spl ay  t he s i gnal  ( f i gur e 6- 15 ) .  I t  al l ows you t o make 
accur at e measur ement s usi ng t he ver t i cal  and hor i zont al  gr at i cul es,  as di scussed ear l i er .  

Fi gur e 6- 15.  -  CRT di spl ay and gr at i cul e.   
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COMPONENTS USED TO ADJUST CRT DI SPLAY QUALI TY  

The cont r ol s i n f i gur e 6- 16 al l ow you t o adj ust  f or  a c l ear  s i gnal  di spl ay.  They al so 
al l ow you t o adj ust  t he di spl ay posi t i on and magni f y t he hor i zont al  t r ace by a f ac t or  of  
10 ( X10) .  Keep i n mi nd t hat  t he cont r ol s may be l abel ed di f f er ent l y  f r om one model  t o 
anot her ,  dependi ng on t he manuf act ur er .  Ref er  t o f i gur e 6- 16 as you st udy t he cont r ol  
descr i pt i ons i n t he next  par agr aphs.   

Fi gur e 6- 16.  -  Qual i t y  adj ust ment  f or  CRT di spl ay.   
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I NTEN ( I nt ensi t y)  Cont r ol   

The I NTEN ( i nt ensi t y)  cont r ol  ( somet i mes cal l ed BRI GHTNESS)  adj ust s t he br i ght ness of  t he 
beam on t he CRT.  The cont r ol  i s  r ot at ed i n a c l ockwi se di r ect i on t o i ncr ease t he i nt ensi t y 
of  t he beam and shoul d be adj ust ed t o a mi ni mum br i ght ness l evel  t hat  i s  comf or t abl e f or  
v i ewi ng.   

FOCUS and ASTI G ( Ast i gmat i sm)  Cont r ol s  

The FOCUS cont r ol  adj ust s t he beam si ze.  The ASTI G ( ast i gmat i sm)  cont r ol  adj ust s t he beam 
shape.  The FOCUS and ASTI G cont r ol s ar e adj ust ed t oget her  t o pr oduce a smal l ,  c l ear l y 
def i ned c i r cul ar  dot .  When di spl ayi ng a l i ne t r ace,  you wi l l  use t hese same cont r ol s t o 
pr oduce a wel l - def i ned l i ne.   

Fi gur e 6- 17,  v i ew A,  shows an out - of - f ocus beam dot .  Vi ew B shows t he beam i n f ocus.  Vi ews 
C and D show out - of - f ocus and i n- f ocus t r aces,  r espect i vel y.   

Fi gur e 6- 17.  -  Ef f ect s of  FOCUS and ASTI G ( ast i gmat i sm)  cont r ol s.  
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TRACE ROTATI ON Cont r ol   

The TRACE ROTATI ON cont r ol  ( f i gur e 6- 16)  al l ows f or  mi nor  adj ust ment s of  t he hor i zont al  
por t i on of  t he t r ace so t hat  you can al i gn i t  wi t h t he hor i zont al  l i nes on t he gr at i cul e.  

BEAM FI NDER Cont r ol   

Occasi onal l y ,  t he t r ace wi l l  act ual l y  be l ocat ed of f  t he CRT ( up or  down or  t o t he l ef t  or  
r i ght )  because of  t he or i ent at i on of  t he def l ect i on pl at es.  When pushed,  t he BEAM FI NDER 
( f i gur e 6- 16)  pul l s  t he beam ont o t he scr een so t hat  you can use t he hor i zont al  and 
ver t i cal  POSI TI ON cont r ol s t o cent er  t he spot .   

Hor i zont al  and Ver t i cal  POSI TI ON Cont r ol s   

The hor i zont al  and ver t i cal  POSI TI ON cont r ol s ( f i gur e 6- 16 )  ar e used t o posi t i on t he 
t r ace.  Because t he gr at i cul e i s  of t en dr awn t o r epr esent  a gr aph,  some osci l l oscopes have 
t he posi t i oni ng cont r ol s l abel ed t o cor r espond t o t he X and Y axes of  t he gr aph.  The X 
axi s r epr esent s hor i zont al  movement ;  t he Y axi s r epr esent s t he ver t i cal  movement .  Fi gur e 
6- 18 shows t he ef f ect s of  posi t i oni ng cont r ol s on t he t r ace.   

Fi gur e 6- 18.  -  Ef f ect s of  hor i zont al  and ver t i cal  cont r ol s.   
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I n v i ew A,  t he hor i zont al  cont r ol  has been adj ust ed t o move t he t r ace t oo f ar  t o t he 
r i ght ;  i n v i ew B,  t he t r ace has been moved t oo f ar  t o t he l ef t .  I n v i ew C,  t he ver t i cal  
POSI TI ON cont r ol  ( di scussed l at er )  has been adj ust ed t o move t he t r ace t oo c l ose t o t he 
t op;  i n v i ew D,  t he t r ace has been moved t oo c l ose t o t he bot t om.  Vi ew E ( f i gur e 6
shows t he t r ace pr oper l y posi t i oned.   

10X MAG ( Magni f i er )  Swi t ch  

The 10X MAG ( magni f i er )  swi t ch ( f i gur e 6- 16)  al l ows you t o magni f y t he di spl ayed s i gnal  by 
a f act or  of  10 i n t he hor i zont al  di r ect i on.  Thi s abi l i t y  i s  i mpor t ant  when you need t o 
expand t he s i gnal  t o eval uat e i t  car ef ul l y .   

COMPONENTS USED TO DETERMI NE THE AMPLI TUDE OF A SI GNAL  

We wi l l  now di scuss t he dual - t r ace component s of  t he scope.  You wi l l  use t hese component s 
t o det er mi ne t he ampl i t ude of  a s i gnal .  Not i ce i n f i gur e 6- 19 t hat  t he hi ghl i ght ed sect i on 
at  t he upper  l ef t  of  t he scope l ooks j ust  t he same as t he sect i on at  t he l ower  l ef t  of  t he 
scope.  Thi s r eveal s t he dual - t r ace capabi l i t y  sect i on of  t he scope.  The upper  l ef t  sect i on 
i s  t he CH ( channel )  1 i nput  and i s t he same as t he CH 2 i nput  at  t he l ower  l ef t .  An i nput  
t o bot h i nput s at  t he same t i me wi l l  pr oduce t wo i ndependent  t r aces on t he CRT and use t he 
dual - t r ace capabi l i t y  of  t he scope.   

Fi gur e 6- 19.  -  Component s t hat  det er mi ne ampl i t ude.   
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For  pur poses of  t hi s i nt r oduct or y di scuss i on,  we wi l l  pr esent  onl y CH ( channel )  1.  You 
shoul d r eal i ze t hat  t he i nf or mat i on pr esent ed al so appl i es t o CH 2.  

Ver t i cal  POSI TI ON Cont r ol   

The ver t i cal  POSI TI ON cont r ol  al l ows you t o move t he beam posi t i on up or  down,  as 
di scussed ear l i er .   

I nput  Connect or   

The ver t i cal  i nput  ( or  s i gnal  i nput )  j ack  connect s t he s i gnal  t o be exami ned t o t he 
ver t i cal - def l ect i on ampl i f i er .  Some osci l l oscopes may have t wo i nput  j acks,  one l abel ed AC 
and t he ot her  l abel ed DC.  Ot her  model s may have a s i ngl e i nput  j ack wi t h an associ at ed 
swi t ch,  such as t he AC GRD DC swi t ch i n f i gur e 6- 19.  Thi s swi t ch i s  used t o sel ect  t he ac 
or  dc connect i on.  I n t he DC posi t i on,  t he s i gnal  i s  connect ed di r ect l y  t o t he ver t i cal
def l ect i on ampl i f i er ;  i n t he AC posi t i on,  t he s i gnal  i s  f i r s t  f ed t hr ough a capaci t or .  
Fi gur e 6- 20 shows t he schemat i c of  one ar r angement .   

Fi gur e 6- 20.  -  Ver t i cal  i nput  ar r angement .   
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The VERTI CAL- DEFLECTI ON AMPLI FI ER i ncr eases t he ampl i t ude of  t he i nput  s i gnal  l evel  
r equi r ed f or  t he def l ect i on of  t he CRT beam.  The def l ect i on ampl i f i er  must  not  have any 
ot her  ef f ect  on t he s i gnal ,  such as changi ng t he shape ( cal l ed DI STORTI ON) .  Fi gur e 6
shows t he r esul t s of  di st or t i on occur r i ng i n a def l ect i on ampl i f i er .  

Fi gur e 6- 21.  -  Def l ect i on ampl i f i er  di st or t i on.   
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At t enuat or  Cont r ol   

An ampl i f i er  can handl e onl y a l i mi t ed r ange of  i nput  ampl i t udes bef or e i t  begi ns t o 
di st or t  t he s i gnal .  Si gnal  di st or t i on i s  pr event ed i n osci l l oscopes by t he i ncor por at i on 
of  c i r cui t r y t hat  per mi t s adj ust ment  of  t he i nput  s i gnal  ampl i t ude t o a l evel  t hat  
pr event s di st or t i on f r om occur r i ng.  Thi s adj ust ment  i s  cal l ed t he ATTENUATOR cont r ol  i n 
some scopes ( VOLTS/ DI V and VAR i n f i gur e 6- 19) .  Thi s cont r ol  ext ends t he usef ul ness of  t he 
osci l l oscope by enabl i ng i t  t o handl e a wi de r ange of  s i gnal  ampl i t udes.  

The at t enuat or  usual l y  consi st s of  t wo cont r ol s.  One i s a mul t i posi t i on ( VOLTS/ DI V)  
cont r ol ,  and t he ot her  i s  a var i abl e ( VAR)  pot ent i omet er .  Each posi t i on of  t he cont r ol  may 
be mar ked ei t her  as t o t he amount  of  vol t age r equi r ed t o def l ect  t he beam a uni t  di st ance,  
such as VOLTS/ DI V,  or  as t o t he amount  of  at t enuat i on ( cal l ed t he DEFLECTI ON FACTOR)  gi ven 
t o t he s i gnal ,  such as 100,  10,  or  1.   

Suppose t he . 5 VOLTS/ DI V posi t i on wer e sel ect ed.  I n t hi s posi t i on,  t he beam woul d def l ect  
ver t i cal l y  1 di v i s i on f or  ever y 0. 5 vol t s  of  appl i ed s i gnal .  I f  a s i ne wave occupi ed 4 
di v i s i ons peak- t o- peak,  i t s  ampl i t ude woul d be 2 vol t s peak- t o- peak ( 4 X 0. 5) ,  as shown i n 
f i gur e 6- 22.   

Fi gur e 6- 22.  -  Si ne wave at t enuat i on.   
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The ver t i cal  at t enuat or  cont r ol  ( VOLTS/ DI V i n f i gur e 6- 19 )  pr ovi des a means of  adj ust i ng 
t he i nput  s i gnal  l evel  t o t he ampl i f i er s by st eps.  These st eps ar e sequenced f r om l ow t o 
hi gh def l ect i on f act or s.  The pot ent i omet er  cont r ol  ( VAR i n f i gur e 6
of  f i ne,  or  var i abl e,  cont r ol  bet ween st eps.  Thi s cont r ol  may be mount ed separ at el y,  or  i t  
may be mount ed on t he at t enuat or  cont r ol .  When t he cont r ol  i s  mount ed separ at el y,  i t  i s  
of t en mar ked as FI NE GAI N or  s i mpl y GAI N.  When mount ed on t he at t enuat or  cont r ol ,  i t  i s  
usual l y  mar ked VARI ABLE or  VAR.   

The var i abl e cont r ol  adds at t enuat i on t o t he st ep t hat  i s  sel ect ed.  Si nce accur at el y 
cal i br at i ng a pot ent i omet er  i s  di f f i cul t ,  t he var i abl e cont r ol  i s  ei t her  l ef t  unmar ked or  
t he f r ont  panel  i s  mar ked of f  i n some conveni ent  uni t s,  such as 1-
at t enuat or  cont r ol ,  however ,  can be accur at el y cal i br at ed.  To do t hi s,  you t ur n of f  t he 
var i abl e cont r ol  t o r emove i t  f r om t he at t enuat or  c i r cui t .  Thi s posi t i on i s  usual l y  mar ked 
CAL ( cal i br at e)  on t he panel ,  or  an assoc i at ed l i ght  i ndi cat es i f  t he VAR cont r ol  i s  on or  
of f .  I n f i gur e 6- 19,  t he l i ght  cal l ed UNCAL i ndi cat es t he VAR cont r ol  i s  i n t he 
uncal i br at ed posi t i on.   

COMPONENTS USED TO SELECT THE VERTI CAL OPERATI NG MODE  

As we di scussed ear l i er ,  channel  1 i s  bei ng used t o di scuss basi c oper at i ng pr ocedur es f or  
t he osci l l oscope.  Fi gur e 6- 23 shows how t he ver t i cal  mode of  oper at i on i s  sel ect ed.  The 
VERT MODE sect i on cont ai ns push- but t on swi t ches t hat  enabl e you t o sel ect  channel  1,  
channel  2,  and sever al  ot her  ver t i cal  modes of  oper at i on.  For  t he pr esent  di scussi on,  not e 
onl y t hat  CH 1 i s  sel ect ed by t hese swi t ches.   

Fi gur e 6- 23.  -  Ver t i cal - def l ect i on cont r ol s.   
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COMPONENTS USED TO DETERMI NE PERI OD TI ME OF THE DI SPLAY  

The TI ME/ DI V ( f i gur e 6- 24)  cont r ol s on t he scope det er mi ne t he per i od t i me of  t he 
di spl ayed wavef or m.  As we di scussed ear l i er ,  t he sweep gener at or  devel ops t he sawt oot h 
wavef or m t hat  i s  appl i ed t o t he hor i zont al - def l ect i on pl at es of  t he CRT.  Thi s sawt oot h 
vol t age causes t he beam t o move acr oss t he scr een.  Thi s t r ace ( somet i mes cal l ed SWEEP)  
set s t he f r equency of  t he TI ME BASE of  t he osci l l oscope.  The f r equency of  t he t i me base i s 
var i abl e,  whi ch enabl es t he osci l l oscope t o accept  a wi de r ange of  i nput  f r equenci es.  
Agai n,  t wo cont r ol s ar e used ( f i gur e 6- 24) .  One i s a mul t i posi t i on swi t ch ( TI ME/ DI V)  t hat  
changes t he f r equency of  t he sweep gener at or  i n st eps.  The second cont r ol  i s  a 
pot ent i omet er  ( VAR)  t hat  var i es t he f r equency bet ween st eps.  Each st ep on t he TI ME/ DI V 
cont r ol  i s  cal i br at ed.  The f r ont  panel  has mar ki ngs t hat  gr oup t he number s i nt o 
mi cr oseconds and mi l l i seconds.   

Fi gur e 6- 24.  -  Per i od t i me of  t he wavef or m ( TI ME/ DI V) .   
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The pot ent i omet er  i s  l abel ed VAR,  and t he panel  has an UNCAL i ndi cat or  t hat  l i ght s  when 
t he VAR cont r ol  i s  i n t he var i abl e posi t i on.  When you desi r e t o accur at el y measur e t he 
t i me of  one cycl e of  an i nput  s i gnal ,  t ur n t he VAR cont r ol  t o t he CAL posi t i on and t ur n 
t he TI ME/ DI V swi t ch t o sel ect  an appr opr i at e t i me base.  Suppose you choose t he 10
mi cr osecond posi t i on t o di spl ay t wo cycl es of  an i nput  s i gnal ,  as shown i n f i gur e 6
One cycl e occupi es 3 cent i met er s ( smal l  di v i s i ons)  al ong t he hor i zont al  axi s.  Each cm has 
a val ue of  10 mi cr oseconds.  Ther ef or e,  t he t i me f or  one cycl e equal s 30 mi cr oseconds ( 3 X 
10) .  Recal l  t hat  t he f r equency f or  a s i gnal  may be f ound by usi ng t he f ol l owi ng pr ocedur e:  

  

Fi gur e 6- 25.  -  Ti me measur ement  of  a wavef or m ( TI ME/ DI V) .   
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I n sel ect i ng a t i me base,  you shoul d sel ect  one t hat  i s  l ower  i n f r equency t han t he i nput  
s i gnal .  I f  t he i nput  s i gnal  r equi r es 5 mi l l i seconds t o compl et e one cycl e and t he sawt oot h 
i s  set  f or  0. 5 mi l l i seconds per  cent i met er  wi t h a 10- cent i met er - wi de gr at i cul e,  t hen 
appr oxi mat el y one cycl e wi l l  be di spl ayed.  I f  t he t i me base i s set  f or  1 mi l l i second per  
cent i met er ,  appr oxi mat el y t wo cycl es wi l l  be di spl ayed.  I f  t he t i me base i s set  at  a 
f r equency hi gher  t han t he i nput  f r equency,  onl y a por t i on of  t he i nput  s i gnal  wi l l  be 
di spl ayed.   

I n t he basi c osci l l oscope,  t he sweep gener at or  r uns cont i nuousl y ( FREE
el abor at e osci l l oscopes,  i t  i s  nor mal l y t ur ned of f .  I n t he osci l l oscope we' r e usi ng as an 
exampl e,  t he sweep gener at or  can be t r i gger ed by t he i nput  s i gnal  or  by a s i gnal  f r om some 
ot her  sour ce.  ( Tr i gger i ng wi l l  be di scussed l at er  i n t hi s chapt er . )  Thi s t ype of  
osci l l oscope i s cal l ed a t r i gger ed osci l l oscope.  The t r i gger ed osci l l oscope per mi t s mor e 
accur at e t i me measur ement s t o be made and pr ovi des a mor e st abl e pr esent at i on t han t he 
nont r i gger ed- t ype osci l l oscope.   

On some osci l l oscopes,  you wi l l  f i nd a 10 t i mes ( 10X)  magni f i cat i on cont r ol .  As pr evi ousl y 
ment i oned,  t hi s al l ows t he di spl ayed sweep t o be magni f i ed by a f act or  of  10.  

Q. 15 When you sel ect  t he t i me base t o di spl ay a s i gnal ,  shoul d t he t i me base be t he same,  

hi gher ,  or  l ower  t han t he i nput  s i gnal ?  
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COMPONENTS USED TO PROVI DE A STABLE DI SPLAY  

The t r i gger i ng and l evel  cont r ol s ar e used t o synchr oni ze t he sweep gener at or  wi t h t he 
i nput  s i gnal .  Thi s pr ovi des a st at i onar y wavef or m di spl ay.  I f  t he i nput  s i gnal  and 
hor i zont al  sweep gener at or  ar e unsynchr oni zed,  t he pat t er n t ends t o j i t t er ,  maki ng 
obser vat i ons di f f i cul t .   

The A TRI GGER cont r ol s at  t he l ower  r i ght  of  t he scope ( f i gur e 6- 26)  ar e used t o cont r ol  
t he st abi l i t y  of  t he osci l l oscope CRT di spl ay.  They ar e pr ovi ded t o per mi t  you t o sel ect  
t he sour ce,  pol ar i t y ,  and ampl i t ude of  t he t r i gger  s i gnal .  These cont r ol s,  l abel ed A 
TRI GGER,  LEVEL,  SOURCE,  and SLOPE,  ar e descr i bed i n t he f ol l owi ng par agr aphs.  

Fi gur e 6- 26.  -  Component s t hat  cont r ol  st abi l i t y .   
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SOURCE Cont r ol   

The SOURCE cont r ol  al l ows you t o sel ect  t he appr opr i at e sour ce of  t r i gger i ng.  You can 
sel ect  i nput  s i gnal s f r om channel  1 or  2,  t he l i ne ( 60 her t z) ,  or  an ext er nal  i nput .  

TRI GGER LEVEL/ SLOPE Cont r ol s  

The LEVEL cont r ol  al l ows you t o sel ect  t he ampl i t ude poi nt  of  t he t r i gger  s i gnal  at  whi ch 
t he sweep i s t r i gger ed.  The SLOPE l et s you sel ect  t he negat i ve or  posi t i ve s l ope of  t he 
t r i gger  s i gnal  at  whi ch t he sweep i s t r i gger ed.   

The TRI GGER LEVEL ( mount ed wi t h t he TRI GGER SLOPE on some scopes)  det er mi nes t he vol t age 
l evel  r equi r ed t o t r i gger  t he sweep.  For  exampl e,  i n t he TRI GGER modes,  t he t r i gger  i s  
obt ai ned f r om t he s i gnal  t o be di spl ayed.  The set t i ng of  t he LEVEL cont r ol  det er mi nes t he 
ampl i t ude poi nt  of  t he i nput  wavef or m t hat  wi l l  be di spl ayed at  t he st ar t  of  t he sweep.  

Fi gur e 6- 27 shows some of  t he di spl ays f or  a channel  t hat  can be obt ai ned f or  di f f er ent  
TRI GGER LEVEL and TRI GGER SLOPE set t i ngs.  The l evel  i s  zer o and t he s l ope i s posi t i ve i n 
v i ew A;  v i ew B al so shows a zer o l evel  but  a negat i ve s l ope sel ect i on.  Vi ew C shows t he 
ef f ect s of  a posi t i ve t r i gger  l evel  set t i ng and posi t i ve t r i gger  s l ope set t i ng;  v i ew D 
di spl ays a negat i ve t r i gger  l evel  set t i ng wi t h a posi t i ve t r i gger  s l ope set t i ng.  Vi ews E 
and F have negat i ve s l ope set t i ngs.  The di f f er ence i s t hat  v i ew E has a posi t i ve t r i gger  
l evel  set t i ng,  wher eas F has a negat i ve t r i gger  l evel  set t i ng.   

Fi gur e 6- 27.  -  Ef f ect s of  SLOPE and TRI GGER LEVEL cont r ol s.   
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I n most  scopes,  an aut omat i c f unct i on of  t he t r i gger  c i r cui t r y al l ows a f r ee
wi t hout  a t r i gger  s i gnal .  However ,  when a t r i gger  s i gnal  i s  appl i ed,  t he c i r cui t  r ever t s 
t o t he t r i gger ed mode of  oper at i on and t he sweep i s no l onger  f r ee r unni ng.  Thi s act i on 
pr ovi des a t r ace when no s i gnal  i s  appl i ed.   

Synchr oni zat i on i s  al so used t o cause a f r ee- r unni ng condi t i on wi t hout  a t r i gger  s i gnal .  
Synchr oni zat i on i s  not  t he same as t r i gger i ng.  TRI GGERI NG r ef er s t o a speci f i c  act i on or  
event  t hat  i ni t i at es an oper at i on.  Wi t hout  t hi s event ,  t he oper at i on woul d not  occur .  I n 
t he case of  t he t r i gger ed sweep,  t he sweep wi l l  not  be st ar t ed unt i l  a t r i gger  i s  appl i ed.  
Each succeedi ng sweep must  have a t r i gger  bef or e a sweep commences.  SYNCHRONI ZATI ON,  
however ,  means t hat  an oper at i on or  event  i s  br ought  i nt o st ep wi t h a second oper at i on.  

A sweep c i r cui t  t hat  uses synchr oni zat i on i nst ead of  t r i gger i ng wi l l  cause a pr evi ousl y 
f r ee- r unni ng sweep t o be l ocked i n st ep wi t h t he synchr oni z i ng s i gnal .  The TRI GGER LEVEL 
cont r ol  set t i ng can be i ncr eased unt i l  synchr oni zat i on occur s;  but ,  unt i l  t hat  t i me,  an 
unst abl e pat t er n wi l l  appear  on t he CRT f ace.   

COUPLI NG Sect i on  

The COUPLI NG sect i on al l ows you t o sel ect  f r om f our  posi t i ons:  AC,  LF REJ,  HF REJ,  and DC.  
The AC posi t i on i ncor por at es a coupl i ng capaci t or  t o bl ock any dc component .  The LF and HF 
REJ posi t i ons r ej ect  l ow-  and hi gh- f r equency component s,  r espect i vel y.  The DC posi t i on 
pr ovi des di r ect  coupl i ng t o t he t r i gger  c i r cui t s.  Thi s i s  usef ul  when you wi sh t o v i ew 
onl y t he LF or  HF component  of  a s i gnal .   

COMPONENTS USED TO SELECT SCOPE TRI GGERI NG  

The TRI G MODE sect i on i n f i gur e 6- 28 al l ows f or  aut omat i c t r i gger i ng or  nor mal  t r i gger i ng.  
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I n AUTO ( aut omat i c) ,  t he t r i gger i ng wi l l  be f r ee- r unni ng i n t he absence of  a pr oper  
t r i gger  i nput  or  wi l l  t r i gger  on t he i nput  s i gnal  at  f r equenci es above 20 her t z.  I n NORM 
( nor mal ) ,  t he ver t i cal  channel  i nput  wi l l  t r i gger  t he sweep.   

Fi gur e 6- 28.  -  Component s t o sel ect  t r i gger i ng.   

  

COMPONENTS USED TO SELECT HORI ZONTAL- DEFLECTI ON MODE  

For  t he pr esent ,  not i ce onl y t hat  t he HORI Z DI SPLAY ( hor i zont al  di spl ay)  i n f i gur e 6
can be cont r ol l ed by t he TI ME/ DI V swi t ch.  Ot her  swi t ches i n t hi s sect i on wi l l  be expl ai ned 
l at er  i n t hi s chapt er .   

Fi gur e 6- 29.  -  Component s t o sel ect  mode of  hor i zont al  def l ect i on.  
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COMPONENTS USED TO CALI BRATE THE PROBE OF THE SCOPE  

I n f i gur e 6- 30,  you can see t he component s used t o cal i br at e t he t est  pr obe on t he scope.  
A 1- vol t ,  2- k i l oher t z squar e wave s i gnal  i s  pr ovi ded f or  you t o adj ust  t he pr obe f or  an 
accur at e squar e wave and t o check t he ver t i cal  gai n of  t he scope.  You adj ust  t he pr obe 
wi t h a scr ewdr i ver ,  as shown i n t he f i gur e.   

Fi gur e 6- 30.  -  Component s t o cal i br at e pr obe.   
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SI MI LARI TI ES AMONG OSCI LLOSCOPES  

The osci l l oscope you use may di f f er  i n some r espect s f r om t he one j ust  cover ed.  Cont r ol s 
and c i r cui t s may be i dent i f i ed by di f f er ent  names.  Many of  t he c i r cui t s wi l l  be desi gned 
di f f er ent l y .  However ,  al l  t he f unct i ons wi l l  be f undament al l y  t he same.  Bef or e usi ng an 
osci l l oscope,  you shoul d car ef ul l y  st udy t he oper at or ' s  manual  t hat  comes wi t h i t .  

USI NG THE OSCI LLOSCOPE  

An osci l l oscope can be used f or  sever al  di f f er ent  t ypes of  measur ement s,  such as t i me,  
phase,  f r equency,  and ampl i t ude of  obser ved wavef or ms.  Ear l i er  i n t hi s chapt er ,  you 
l ear ned t hat  t he osci l l oscope i s most  of t en used t o st udy t he shapes of  wavef or ms when t he 
per f or mance of  equi pment  i s  bei ng checked.  The pat t er ns on t he scope ar e compar ed wi t h t he 
s i gnal s t hat  shoul d appear  at  t est  poi nt s  ( accor di ng t o t he t echni cal  manual  f or  t he 
equi pment  under  t est ) .  You can t hen det er mi ne i f  t he equi pment  i s  oper at i ng accor di ng t o 
peak per f or mance st andar ds.   

Q. 16 Osci l l oscopes ar e used t o measur e what  quant i t i es?  
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COMPONENTS USED TO PROVI DE A STABLE DI SPLAY  

The t r i gger i ng and l evel  cont r ol s ar e used t o synchr oni ze t he sweep gener at or  wi t h t he 
i nput  s i gnal .  Thi s pr ovi des a st at i onar y wavef or m di spl ay.  I f  t he i nput  s i gnal  and 
hor i zont al  sweep gener at or  ar e unsynchr oni zed,  t he pat t er n t ends t o j i t t er ,  maki ng 
obser vat i ons di f f i cul t .   

The A TRI GGER cont r ol s at  t he l ower  r i ght  of  t he scope ( f i gur e 6- 26)  ar e used t o cont r ol  
t he st abi l i t y  of  t he osci l l oscope CRT di spl ay.  They ar e pr ovi ded t o per mi t  you t o sel ect  
t he sour ce,  pol ar i t y ,  and ampl i t ude of  t he t r i gger  s i gnal .  These cont r ol s,  l abel ed A 
TRI GGER,  LEVEL,  SOURCE,  and SLOPE,  ar e descr i bed i n t he f ol l owi ng par agr aphs.  

Fi gur e 6- 26.  -  Component s t hat  cont r ol  st abi l i t y .   
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SOURCE Cont r ol   

The SOURCE cont r ol  al l ows you t o sel ect  t he appr opr i at e sour ce of  t r i gger i ng.  You can 
sel ect  i nput  s i gnal s f r om channel  1 or  2,  t he l i ne ( 60 her t z) ,  or  an ext er nal  i nput .  

TRI GGER LEVEL/ SLOPE Cont r ol s  

The LEVEL cont r ol  al l ows you t o sel ect  t he ampl i t ude poi nt  of  t he t r i gger  s i gnal  at  whi ch 
t he sweep i s t r i gger ed.  The SLOPE l et s you sel ect  t he negat i ve or  posi t i ve s l ope of  t he 
t r i gger  s i gnal  at  whi ch t he sweep i s t r i gger ed.   

The TRI GGER LEVEL ( mount ed wi t h t he TRI GGER SLOPE on some scopes)  det er mi nes t he vol t age 
l evel  r equi r ed t o t r i gger  t he sweep.  For  exampl e,  i n t he TRI GGER modes,  t he t r i gger  i s  
obt ai ned f r om t he s i gnal  t o be di spl ayed.  The set t i ng of  t he LEVEL cont r ol  det er mi nes t he 
ampl i t ude poi nt  of  t he i nput  wavef or m t hat  wi l l  be di spl ayed at  t he st ar t  of  t he sweep.  

Fi gur e 6- 27 shows some of  t he di spl ays f or  a channel  t hat  can be obt ai ned f or  di f f er ent  
TRI GGER LEVEL and TRI GGER SLOPE set t i ngs.  The l evel  i s  zer o and t he s l ope i s posi t i ve i n 
v i ew A;  v i ew B al so shows a zer o l evel  but  a negat i ve s l ope sel ect i on.  Vi ew C shows t he 
ef f ect s of  a posi t i ve t r i gger  l evel  set t i ng and posi t i ve t r i gger  s l ope set t i ng;  v i ew D 
di spl ays a negat i ve t r i gger  l evel  set t i ng wi t h a posi t i ve t r i gger  s l ope set t i ng.  Vi ews E 
and F have negat i ve s l ope set t i ngs.  The di f f er ence i s t hat  v i ew E has a posi t i ve t r i gger  
l evel  set t i ng,  wher eas F has a negat i ve t r i gger  l evel  set t i ng.   

Fi gur e 6- 27.  -  Ef f ect s of  SLOPE and TRI GGER LEVEL cont r ol s.   
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I n most  scopes,  an aut omat i c f unct i on of  t he t r i gger  c i r cui t r y al l ows a f r ee
wi t hout  a t r i gger  s i gnal .  However ,  when a t r i gger  s i gnal  i s  appl i ed,  t he c i r cui t  r ever t s 
t o t he t r i gger ed mode of  oper at i on and t he sweep i s no l onger  f r ee r unni ng.  Thi s act i on 
pr ovi des a t r ace when no s i gnal  i s  appl i ed.   

Synchr oni zat i on i s  al so used t o cause a f r ee- r unni ng condi t i on wi t hout  a t r i gger  s i gnal .  
Synchr oni zat i on i s  not  t he same as t r i gger i ng.  TRI GGERI NG r ef er s t o a speci f i c  act i on or  
event  t hat  i ni t i at es an oper at i on.  Wi t hout  t hi s event ,  t he oper at i on woul d not  occur .  I n 
t he case of  t he t r i gger ed sweep,  t he sweep wi l l  not  be st ar t ed unt i l  a t r i gger  i s  appl i ed.  
Each succeedi ng sweep must  have a t r i gger  bef or e a sweep commences.  SYNCHRONI ZATI ON,  
however ,  means t hat  an oper at i on or  event  i s  br ought  i nt o st ep wi t h a second oper at i on.  

A sweep c i r cui t  t hat  uses synchr oni zat i on i nst ead of  t r i gger i ng wi l l  cause a pr evi ousl y 
f r ee- r unni ng sweep t o be l ocked i n st ep wi t h t he synchr oni z i ng s i gnal .  The TRI GGER LEVEL 
cont r ol  set t i ng can be i ncr eased unt i l  synchr oni zat i on occur s;  but ,  unt i l  t hat  t i me,  an 
unst abl e pat t er n wi l l  appear  on t he CRT f ace.   

COUPLI NG Sect i on  

The COUPLI NG sect i on al l ows you t o sel ect  f r om f our  posi t i ons:  AC,  LF REJ,  HF REJ,  and DC.  
The AC posi t i on i ncor por at es a coupl i ng capaci t or  t o bl ock any dc component .  The LF and HF 
REJ posi t i ons r ej ect  l ow-  and hi gh- f r equency component s,  r espect i vel y.  The DC posi t i on 
pr ovi des di r ect  coupl i ng t o t he t r i gger  c i r cui t s.  Thi s i s  usef ul  when you wi sh t o v i ew 
onl y t he LF or  HF component  of  a s i gnal .   

COMPONENTS USED TO SELECT SCOPE TRI GGERI NG  

The TRI G MODE sect i on i n f i gur e 6- 28 al l ows f or  aut omat i c t r i gger i ng or  nor mal  t r i gger i ng.  
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I n AUTO ( aut omat i c) ,  t he t r i gger i ng wi l l  be f r ee- r unni ng i n t he absence of  a pr oper  
t r i gger  i nput  or  wi l l  t r i gger  on t he i nput  s i gnal  at  f r equenci es above 20 her t z.  I n NORM 
( nor mal ) ,  t he ver t i cal  channel  i nput  wi l l  t r i gger  t he sweep.   

Fi gur e 6- 28.  -  Component s t o sel ect  t r i gger i ng.   

  

COMPONENTS USED TO SELECT HORI ZONTAL- DEFLECTI ON MODE  

For  t he pr esent ,  not i ce onl y t hat  t he HORI Z DI SPLAY ( hor i zont al  di spl ay)  i n f i gur e 6
can be cont r ol l ed by t he TI ME/ DI V swi t ch.  Ot her  swi t ches i n t hi s sect i on wi l l  be expl ai ned 
l at er  i n t hi s chapt er .   

Fi gur e 6- 29.  -  Component s t o sel ect  mode of  hor i zont al  def l ect i on.  
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COMPONENTS USED TO CALI BRATE THE PROBE OF THE SCOPE  

I n f i gur e 6- 30,  you can see t he component s used t o cal i br at e t he t est  pr obe on t he scope.  
A 1- vol t ,  2- k i l oher t z squar e wave s i gnal  i s  pr ovi ded f or  you t o adj ust  t he pr obe f or  an 
accur at e squar e wave and t o check t he ver t i cal  gai n of  t he scope.  You adj ust  t he pr obe 
wi t h a scr ewdr i ver ,  as shown i n t he f i gur e.   

Fi gur e 6- 30.  -  Component s t o cal i br at e pr obe.   
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SI MI LARI TI ES AMONG OSCI LLOSCOPES  

The osci l l oscope you use may di f f er  i n some r espect s f r om t he one j ust  cover ed.  Cont r ol s 
and c i r cui t s may be i dent i f i ed by di f f er ent  names.  Many of  t he c i r cui t s wi l l  be desi gned 
di f f er ent l y .  However ,  al l  t he f unct i ons wi l l  be f undament al l y  t he same.  Bef or e usi ng an 
osci l l oscope,  you shoul d car ef ul l y  st udy t he oper at or ' s  manual  t hat  comes wi t h i t .  

USI NG THE OSCI LLOSCOPE  

An osci l l oscope can be used f or  sever al  di f f er ent  t ypes of  measur ement s,  such as t i me,  
phase,  f r equency,  and ampl i t ude of  obser ved wavef or ms.  Ear l i er  i n t hi s chapt er ,  you 
l ear ned t hat  t he osci l l oscope i s most  of t en used t o st udy t he shapes of  wavef or ms when t he 
per f or mance of  equi pment  i s  bei ng checked.  The pat t er ns on t he scope ar e compar ed wi t h t he 
s i gnal s t hat  shoul d appear  at  t est  poi nt s  ( accor di ng t o t he t echni cal  manual  f or  t he 
equi pment  under  t est ) .  You can t hen det er mi ne i f  t he equi pment  i s  oper at i ng accor di ng t o 
peak per f or mance st andar ds.   

Q. 16 Osci l l oscopes ar e used t o measur e what  quant i t i es?  
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TURNI NG ON THE SCOPE  

Bef or e t ur ni ng on t he scope,  make sur e i t  i s  pl ugged i nt o t he pr oper  power  sour ce.  Thi s 
may seem obvi ous,  but  many t echni c i ans have t ur ned al l  knobs on t he f r ont  panel  out  of  
adj ust ment  bef or e t hey not i ced t hat  t he power  cor d was not  pl ugged i n.  On some scopes,  t he 
POWER swi t ch i s  par t  of  t he I NTEN ( i nt ens i t y)  cont r ol .  Tur n or  pul l  t he knob unt i l  you 
hear  a c l i ck or  a panel  l i ght  comes on ( f i gur e 6- 31) .  Let  t he scope war m up f or  a f ew 
mi nut es so t hat  vol t ages i n al l  of  t he c i r cui t s become st abi l i zed.  

Fi gur e 6- 31.  -  Component s t o ener gi ze scope.   
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OBTAI NI NG A PATTERN ON THE SCREEN  

When adj ust i ng a pat t er n ont o t he scr een,  adj ust  t he I NTEN ( i nt ensi t y)  and FOCUS cont r ol s 
f or  a br i ght ,  shar p l i ne.  I f  ot her  cont r ol  set t i ngs ar e such t hat  a dot  i nst ead of  a l i ne 
appear s,  t ur n down t he i nt ensi t y t o pr event  bur ni ng a hol e i n t he scr een coat i ng.  Because 
of  t he di f f er ent  speeds at  whi ch t he beam t r avel s acr oss t he scr een,  br i ght ness and 
shar pness wi l l  var y at  var i ous f r equency set t i ngs.  For  t hi s r eason,  you may have t o adj ust  
t he I NTEN and FOCUS cont r ol s occasi onal l y  whi l e t aki ng r eadi ngs.   

NUMBER OF CYCLES ON THE SCREEN  

Because di st or t i on may exi st  at  t he begi nni ng and end of  a sweep,  i t  i s  bet t er  t o pl ace 
t wo or  t hr ee cycl es of  t he wavef or m on t he scr een i nst ead of  j ust  one,  as shown i n f i gur e 
6- 32.   

Fi gur e 6- 32.  -  Pr oper  s i gnal  pr esent at i on.   
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The cent er  cycl e of  t hr ee cycl es pr ovi des you wi t h an undi st or t ed wavef or m i n i t s  cor r ect  
phase.  The cent er  of  a t wo- cycl e pr esent at i on wi l l  appear  i nver t ed,  but  wi l l  be 
undi st or t ed.  To pl ace wavef or ms on t he CRT i n t hi s manner ,  you must  under st and t he 
r el at i onshi p bet ween hor i zont al  and ver t i cal  f r equenci es.  The r el at i onshi p bet ween t he 
f r equenci es of  t he wavef or m on t he ver t i cal  pl at es and t he sawt oot h on t he hor i zont al  
pl at es det er mi nes t he number  of  cycl es on t he scr een,  as shown i n f i gur e 6

Fi gur e 6- 33.  -  Ver t i cal  ver sus hor i zont al  r el at i onshi p.   
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The hor i zont al  sweep f r equency of  t he scope shoul d al ways be kept  l ower  t han,  or  equal  t o,  
t he wavef or m f r equency;  i t  shoul d never  be hi gher .  I f  t he sweep f r equency wer e hi gher ,  
onl y a por t i on of  t he wavef or m woul d be pr esent ed on t he scr een.   

I f ,  f or  exampl e,  t hr ee cycl es of  t he wavef or m wer e t o be di spl ayed on t he scr een,  t he 
sweep f r equency woul d be set  t o one- t hi r d t he f r equency of  t he i nput  s i gnal .  I f  t he i nput  
f r equency wer e 12, 000 her t z,  t he sweep f r equency woul d be set  at  4, 000 her t z f or  a t hr ee
cycl e scope pr esent at i on.  For  t wo cycl es,  t he sweep f r equency woul d be set  at  6, 000 her t z.  
I f  a s i ngl e cycl e wer e desi r ed,  t he set t i ng woul d be t he same as t he i nput  f r equency,  
12, 000 her t z.   

DUAL- TRACE OPERATI ON  

The i nf or mat i on pr esent ed i n t he pr evi ous sect i ons ser ved as a gener al  over vi ew of  basi c 
s i ngl e- t r ace osci l l oscope oper at i on usi ng one channel  and oper at i ng cont r ol s.  Now,  you 
wi l l  be i nt r oduced t o DUAL- TRACE oper at i on.   

Dual - t r ace oper at i on al l ows you t o v i ew t wo i ndependent  s i gnal  sour ces as a dual  di spl ay 
on a s i ngl e CRT.  Thi s oper at i on al l ows an accur at e means of  maki ng ampl i t ude,  phase,  t i me 
di spl acement ,  or  f r equency compar i sons and measur ement s bet ween t wo s i gnal s.  

A dual - t r ace osci l l oscope shoul d not  be conf used wi t h a dual - beam osci l l oscope.  Dual
osci l l oscopes pr oduce t wo separ at e el ect r on beams on a s i ngl e scope,  whi ch can be 
i ndi v i dual l y  or  j oi nt l y  cont r ol l ed.  Dual - t r ace r ef er s t o a s i ngl e beam i n a CRT t hat  i s  
shar ed by t wo channel s.   

Q. 17 Scopes t hat  pr oduce t wo channel s on a s i ngl e CRT wi t h a s i ngl e beam ar e r ef er r ed t o 

as what  t ypes of  scopes?  
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Component s Used t o Sel ect  Ver t i cal - Def l ect i on Oper at i ng Mode  

The VERT MODE cont r ol s ( f i gur e 6- 34)  al l ow you t o sel ect  t he oper at i ng mode of  t he scope 
f or  ver t i cal  def l ect i on.   

Fi gur e 6- 34.  -  Component s t o sel ect  ver t i cal  oper at i ng mode.   
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CH 1 AND CH 2.  -  These cont r ol s al l ow you t o di spl ay s i gnal s appl i ed t o ei t her  channel  1 
or  channel  2,  as di scussed ear l i er .   

TRI GGER VI EW.  -  The TRI G VI EW al l ows you t o di spl ay t he s i gnal  t hat  i s  act ual l y  used t o 
t r i gger  t he di spl ay.  ( Tr i gger i ng was di scussed ear l i er . )   

ALT.  -  The ALT ( al t er nat e)  mode ( f i gur e 6- 35)  of  obt ai ni ng a dual  t r ace uses t he 
t echni ques of  GATI NG bet ween sweeps.  Thi s  cont r ol  al l ows t he s i gnal  appl i ed t o channel  1 
t o be di spl ayed i n i t s  ent i r et y;  t hen,  channel  2 i s  di spl ayed i n i t s  ent i r et y.  Thi s met hod 
of  di spl ay i s  cont i nued al t er nat el y bet ween t he t wo channel s.  At  s l ow speeds,  one t r ace 
begi ns t o f ade whi l e t he ot her  channel  i s  bei ng gat ed.  Consequent l y,  t he ALT mode i s not  
used f or  s l ow sweep speeds.  The CHOP mode,  shown i n f i gur e 6- 36 ( expl ai ned next ) ,  wi l l  not  
pr oduce a sat i s f act or y dual  sweep at  hi gh speeds.  The ALT mode i s def i c i ent  at  l ow speeds.  
Ther ef or e,  bot h ar e used on dual - t r ace osci l l oscopes t o compl ement  each ot her  and gi ve t he 
scope a mor e dynami c r ange of  oper at i on.   

Fi gur e 6- 35.  -  ALT ( al t er nat e)  mode.   
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Fi gur e 6- 36.  -  CHOP mode.   

The out put  dc vol t age Ref er ences on each of  t he ampl i f i er s ar e i ndependent l y adj us t abl e.  
Ther ef or e,  t he beam wi l l  be def l ect ed by di f f er ent  amount s on each channel  i f  t he vol t age 
r ef er ence i s di f f er ent  at  each ampl i f i er  out put .  The out put  vol t age f r om each ampl i f i er  i s  
appl i ed t o t he def l ect i on pl at es t hr ough t he gat e.  The gat e i s  act ual l y  an el ect r oni c 
swi t ch.  I n t hi s appl i cat i on,  i t  i s  commonl y r ef er r ed t o as a BEAM SWI TCH.  

Swi t chi ng i s  cont r ol l ed by a hi gh- f r equency mul t i v i br at or  i n t he CHOP mode.  That  i s ,  t he 
gat e sel ect s t he out put  of  one channel  and t hen t he ot her  at  a hi gh
ki l oher t z i n most  osci l l oscopes) .  Because t he swi t chi ng t i me i s ver y shor t  i n a good
qual i t y  osci l l oscope,  t he r esul t ant  di spl ay i s  t wo set s of  hor i zont al l y  dashed l i nes,  as 
shown i n f i gur e 6- 37,  v i ew A.   

Fi gur e 6- 37.  -  Di spl ayi ng CHOP mode.   
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Dashed l i ne CH 1 i s  t he out put  of  one channel ,  whi l e l i ne CH 2 i s  t he out put  of  t he ot her .  
The t r ace moves f r om l ef t  t o r i ght  because of  t he sawt oot h wavef or m appl i ed t o t he 
hor i zont al  pl at es.  A mor e det ai l ed anal ys i s shows t hat  t he beam moves f r om CH 1 t o CH 2 
whi l e t he gat e i s  connect ed t o t he out put  f r om one channel .  Then,  when t he gat e sampl es 
t he out put  of  t he CH 2 dur i ng t i me 3 t o 4,  t he beam i s at  a di f f er ent  ver t i cal  LOCATI ON.  
( Thi s i s  assumi ng t hat  CH 2 i s  at  a di f f er ent  vol t age r ef er ence. )  The beam cont i nues i n 
t he sequence 5 t o 6,  7 t o 8,  9 t o 10,  and 11 t o 12 t hr ough t he r est  of  one hor i zont al  
sweep.   

When t he choppi ng f r equency i s  much hi gher  t han t he hor i zont al  sweep 
of  dashes wi l l  be ver y l ar ge.  For  exampl e,  i f  t he choppi ng occur s at  100 k i l oher t z  and t he 
sweep f r equency i s  1 k i l oher t z,  each hor i zont al  l i ne woul d t hen appear  as a ser i es  of  
c l osel y spaced dot s,  as shown i n f i gur e 6- 37 v i ew B.  As t he sweep f r equency becomes l ower  
compar ed t o t he choppi ng f r equency,  t he di spl ay wi l l  show appar ent l y cont i nuous t r aces;  
t her ef or e,  t he CHOP mode i s used at  l ow sweep r at es.   

When s i gnal s ar e appl i ed t o t he channel  ampl i f i er s ( v i ew A of  f i gur e 6
ar e changed accor di ng t o t he t r i gger i ng s i gnal  ( v i ew B) .  The r esul t ant  pat t er n ( v i ew C)  on 
t he scr een pr ovi des a t i me- base pr esent at i on of  t he s i gnal s of  each channel .  

Fi gur e 6- 38.  -  Dual - channel  di spl ay i n CHOP mode.   
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ADD.  -  The ADD swi t ch ( shown ear l i er  i n f i gur e 6- 34)  al gebr ai cal l y  adds t he t wo s i gnal s of  
channel s 1 and 2 t oget her  f or  di spl ay.   

Ot her  Dual - Tr ace Osci l l oscope Cont r ol s  

Most  dual - t r ace osci l l oscopes have bot h an A and B t i me base f or  hor i zont al  sweep cont r ol .  
Not i ce i n t he upper  r i ght  cor ner  on our  exampl e scope ( f i gur e 6- 34)  t he COUPLI NG,  SOURCE 
LEVEL,  and SLOPE cont r ol s.  These ser ve t he same f unct i on as di d t hose same cont r ol s i n t he 
A t i me- base sect i on of  t he scope.  The B t i me base i s sel ect ed usi ng t he same A and B 
TI ME/ DI V cont r ol  ( pul l out  out er  knob) .   

The use of  t he B t i me base i s cont r ol l ed by t he HORI Z DI SPLAY sect i on di scussed ear l i er  i n 
t he A t i me- base sect i on.  However ,  i nexper i enced t echni c i ans gener al l y  do not  use A and B 
t i me bases t oget her  i n t he MI XED,  A I NTEN ( i nt ensi f i ed) ,  and B D' LYD ( del ayed)  set t i ngs.  
These cont r ol s ar e f ul l y  expl ai ned i n t he appl i cabl e t echni cal  manual s;  t her ef or e,  we wi l l  
not  di scuss t he cont r ol s i n t hi s chapt er .  Fi gur e 6- 39 i s a bl ock di agr am of  a basi c dual
t r ace osci l l oscope wi t hout  t he power  suppl i es.   

Fi gur e 6- 39.  -  Basi c dual - t r ace osci l l oscope bl ock di agr am.   
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ACCESSORI ES  

The basi c dual - t r ace osci l l oscope has one gun assembl y and t wo ver t i cal  channel s.  However ,  
t her e ar e many var i at i ons.  The hor i zont al  sweep channel s var y somewhat  f r om equi pment  t o 
equi pment .  Some have one t i me- base c i r cui t  and ot her s have t wo.  These t wo ar e 
i nt er dependent  i n some osci l l oscopes and ot her s ar e i ndependent l y cont r ol l ed.  Al so,  most  
moder n gener al - pur pose osci l l oscopes ar e const r uct ed of  modul es.  That  i s ,  most  of  t he 
ver t i cal  c i r cui t r y i s  cont ai ned i n a r emovabl e pl ug- i n uni t ,  and most  of  t he hor i zont al  
c i r cui t r y i s  cont ai ned i n anot her  pl ug- i n uni t .   

The mai n f r ame of  t he osci l l oscope i s of t en adapt ed f or  many ot her  speci al  appl i cat i ons by 
t he desi gn of  a var i et y of  pl ug- i n assembl i es.  Thi s modul ar  f eat ur e pr ovi des much gr eat er  
ver sat i l i t y  t han i n a s i ngl e- t r ace osci l l oscope.  For  i nst ance,  t o anal yze t he 
char act er i st i cs of  a t r ansi st or ,  you can r epl ace t he dual - t r ace,  pl ug
semi conduct or  cur ve- t r acer  pl ug- i n modul e.   

Ot her  pl ug- i n modul es avai l abl e wi t h some osci l l oscopes ar e hi gh- gai n,  wi de
ampl i f i er s;  di f f er ent i al  ampl i f i er s;  spect r um anal yzer s;  physi ol ogi cal  moni t or s;  and ot her  
speci al i zed uni t s.  Ther ef or e,  t he dual - t r ace capabi l i t y  i s  a f unct i on of  t he t ype of  pl ug
i n uni t  t hat  i s  used wi t h some osci l l oscopes.   

To get  maxi mum usef ul ness f r om an osci l l oscope,  you must  have a means of  connect i ng t he 
desi r ed s i gnal  t o t he osci l l oscope i nput .  Asi de f r om cabl e connect i ons bet ween any 
equi pment  out put  and t he osci l l oscope i nput ,  a var i et y of  pr obes ar e avai l abl e t o assi st  
i n moni t or i ng s i gnal s at  al most  any poi nt  i n a c i r cui t .  The mor e common t ypes i ncl ude 1
TO- 1 PROBES,  ATTENUATI ON PROBES,  and CURRENT PROBES.  Each of  t hese pr obes may be suppl i ed 
wi t h sever al  di f f er ent  t i ps t o al l ow measur ement  of  s i gnal s on any t ype of  t est  poi nt .  
Fi gur e 6- 40 shows some of  t he mor e common pr obe t i ps.   

Fi gur e 6- 40.  -  Common pr obe t i ps.   
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I n choosi ng t he pr obe t o use f or  a par t i cul ar  measur ement ,  you must  consi der  such f act or s 
as c i r cui t  l oadi ng,  s i gnal  ampl i t ude,  and scope sensi t i v i t y .   

The 1- t o- 1 pr obe of f er s l i t t l e or  no at t enuat i on of  t he s i gnal  under  t est  and i s,  
t her ef or e,  usef ul  f or  measur i ng l ow- l evel  s i gnal s.  However ,  c i r cui t  l oadi ng wi t h t he 1
1 pr obe may be a pr obl em.  The i mpedance at  t he pr obe t i p i s  t he same as t he i nput  
i mpedance of  t he osci l l oscope.   

An at t enuat or  pr obe has an i nt er nal  hi gh- val ue r esi st or  i n ser i es wi t h t he pr obe t i p.  Thi s 
gi ves t he pr obe a hi gher  i nput  i mpedance t han t hat  of  t he osci l l oscope.  Because of  t he 
hi gher  i nput  i mpedance,  t he pr obe can measur e hi gh- ampl i t ude s i gnal s t hat  woul d over dr i ve 
t he ver t i cal  ampl i f i er  i f  connect ed di r ec t l y  t o t he osci l l oscope.  Fi gur e 6
schemat i c r epr esent at i on of  a basi c at t enuat i on pr obe.  The 9- megohm r esi st or  i n t he pr obe 
and t he 1- megohm i nput  r esi st or  of  t he osci l l oscope f or m a 10- t o- 1 vol t age di v i der .  

Fi gur e 6- 41.  -  Basi c at t enuat i on pr obe.   
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Si nce t he pr obe r esi st or  i s  i n ser i es,  t he osci l l oscope i nput  r esi st ance i s 10 megohms 
when t he pr obe i s used.  Thus,  usi ng t he at t enuat or  pr obe wi t h t he osci l l oscope causes l ess 
c i r cui t  l oadi ng t han usi ng a 1- t o- 1 pr obe.   

Bef or e usi ng an at t enuat or  pr obe f or  measur ement  of  hi gh- f r equency s i gnal s or  f or  f ast
r i s i ng wavef or ms,  you must  adj ust  t he pr obe compensat i ng capaci t or  ( C1)  accor di ng t o 
i nst r uct i ons i n t he appl i cabl e t echni cal  manual .  Some pr obes wi l l  have an I MPEDANCE 
EQUALI ZER i n t he end of  t he cabl e t hat  at t aches t o t he osci l l oscope.  The i mpedance 
equal i zer ,  when adj ust ed accor di ng t o manuf act ur er ' s  i nst r uct i ons,  assur es pr oper  
i mpedance mat chi ng bet ween t he pr obe and osci l l oscope.  An i mpr oper l y adj ust ed i mpedance 
equal i zer  wi l l  r esul t  i n er r oneous measur ement s,  especi al l y  when you ar e measur i ng hi gh 
f r equenci es or  f ast - r i s i ng s i gnal s.   

Mor e i nf or mat i on on osci l l oscope hook- ups can be f ound i n El ect r oni cs I nf or mat i on 
Mai nt enance Books ( EI MB) ,  Test  Met hods and Pr act i ces.   

Speci al  cur r ent  pr obes have been desi gned t o use t he el ect r omagnet i c f i el ds pr oduced by a 
cur r ent  as i t  t r avel s t hr ough a conduct or .  Thi s t ype of  pr obe i s c l amped ar ound a 
conduct or  wi t hout  di sconnect i ng i t  f r om t he c i r cui t .  The cur r ent  pr obe i s el ect r i cal l y  
i nsul at ed f r om t he conduct or ,  but  t he magnet i c f i el ds about  t he conduct or  i nduce a 
pot ent i al  i n t he cur r ent  pr obe t hat  i s  pr opor t i onal  t o t he cur r ent  t hr ough t he conduct or .  
Thus,  t he ver t i cal  def l ect i on of  t he osci l l oscope di spl ay wi l l  be di r ect l y  pr opor t i onal  t o 
t he cur r ent  t hr ough t he conduct or .   

SPECTRUM ANALYZER  

The spect r um anal yzer  i s  used t o exami ne t he f r equency spect r um of  r adar  t r ansmi ss i ons,  
l ocal  osci l l at or s,  t est  set s,  and any ot her  equi pment  oper at i ng wi t hi n i t s  t est abl e 
f r equency r ange.  Wi t h exper i ence,  you wi l l  be abl e t o det er mi ne def i ni t e ar eas of  
mal f unct i oni ng component s wi t hi n equi pment .  Successf ul  spect r um anal ysi s depends on t he 
pr oper  oper at i on of  a spect r um anal yzer  and your  abi l i t y  t o cor r ect l y  i nt er pr et  t he 
di spl ayed f r equenci es.  Al t hough t her e ar e many t ypes of  spect r um anal yzer s,  we wi l l  use 
t he Tekt r oni x,  Model  492 f or  our  di scussi on.   

The spect r um anal yzer  accept s an el ect r i cal  i nput  s i gnal  and di spl ays t he f r equency and 
ampl i t ude of  t he s i gnal  on a CRT.  On t he ver t i cal ,  or  Y,  axi s,  t he ampl i t ude i s pl ot t ed.  
The f r equency woul d t hen be f ound on t he hor i zont al ,  or  X,  axi s.  The over al l  pat t er n of  
t hi s di spl ay ( f i gur e 6- 42)  i ndi cat es t he pr opor t i on of  power  pr esent  at  t he var i ous 
f r equenci es wi t hi n t he spect r um ( f undament al  f r equency wi t h s i deband f r equenci es) .  

Fi gur e 6- 42.  -  Spect r um anal yzer  pat t er n.   
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BASI C FUNCTI ONAL DESCRI PTI ON  

The model  492 anal yzer  can be di v i ded i nt o s i x basi c sect i ons,  as f ol l ows:  

� Converter section;  
� Intermediate frequency (IF) section;  
� Display section;  
� Frequency control section;  
� Digital control section; and  
� Power and cooling section.  

Conver t er  Sect i on  

The conver t er  sect i on act ual l y  consi st s of  t hr ee f r equency conver t er s,  made up of  a mi xer ,  
l ocal  osci l l at or  ( LO) ,  and r equi r ed f i l t er s.  Onl y one f r equency can be conver t ed at  a t i me 
and pass t hr ough t he f i l t er s t o r each t he next  conver t er .  The anal ysi s f r equency can,  
however ,  be changed by al t er i ng t he f r equency of  t he LO and adj ust i ng t he FREQUENCY 
cont r ol  knob.   

FI RST CONVERTER.  -  The f i r s t  ( f r ont  end)  conver t er  changes t he i nput  s i gnal  t o a usabl e I F 
s i gnal  t hat  wi l l  ei t her  be 829 MHz or  2072 MHz.  The I F s i gnal  t o be pr oduced i s dependent  
on whi ch measur ement  band sel ect i on i s  cur r ent l y  bei ng used.  The 829 MHz I F s i gnal  wi l l  be 
sel ect ed f or  bands 2 t hr ough 4,  whi l e t he 2072 MHz I F s i gnal  i s  sel ect ed f or  bands 1 and 5 
t hr ough 11.   

Q. 18 The f i r s t  conver t er  i s  al so known by what  ot her  name?
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SECOND CONVERTER.  -  The second conver t er  act ual l y  cont ai ns t wo conver t er s.  Onl y one of  
t hese t wo conver t er s i n t hi s sect i on i s  ever  oper at i onal ,  and sel ect ed as a r esul t  of  t he 
measur ement  band cur r ent l y  bei ng used.  The sel ect ed conver t er  wi l l  conver t  t he f r equency 
r ecei ved f r om t he f i r s t  conver t er  t o a usabl e ( 110 MHz)  I F s i gnal ,  whi ch i s  t hen pr ovi ded 
t o t he t hi r d conver t er .   

THI RD CONVERTER.  -  Thi s conver t er  t akes t he 110 MHz I F s i gnal ,  ampl i f i es i t ,  and t hen 
conver t s i t  t o t he f i nal  I F of  10 MHz.  Thi s s i gnal ,  i n t ur n,  i s  t hen passed on t o t he I F 
sect i on.   

I F Sect i on  

The I F sect i on r ecei ves t he f i nal  I F s i gnal  and uses i t  t o est abl i sh t he syst em r esol ut i on 
by usi ng sel ect i ve f i l t er i ng.  Syst em r esol ut i on i s  sel ect ed under  mi cr ocomput er  cont r ol  
among f i ve bandwi dt hs ( 1 MHz,  100 kHz,  10 kHz,  1 kHz,  and 100 Hz) .  The gai n f or  al l  bands 
ar e t hen l evel ed and l ogar i t hmi cal l y  ampl i f i ed.  Thi s i s  done so t hat  each di v i s i on of  
s i gnal  change on t he CRT di spl ay r emai ns equal  i n change t o ever y ot her  di v i s i on on t he 
CRT.  For  exampl e,  i n t he 10- dB- per - di v i s i on mode,  each di v i s i on of  change i s  equal  t o a 10 
dB di f f er ence,  r egar dl ess of  whet her  t he s i gnal  appear s at  t he t op or  bot t om of  t he CRT.  
The s i gnal  needed t o pr oduce t he v i deo out put  t o t he di spl ay sect i on i s  t hen det ect ed and 
pr ovi ded.   

Di spl ay Sect i on  

The di spl ay sect i on pr ovi des a r epr esent at i ve di spl ay of  t he i nput  s i gnal  on t he CRT.  I t  
accompl i shes t hi s by per f or mi ng t he f ol l owi ng f unct i ons:   

� Recei ves t he v i deo s i gnal s f r om t he I F sect i on and pr ocesses t hese s i gnal s t o adj ust  
t he ver t i cal  dr i ve of  t he CRT;   

� Recei ves t he sweep vol t ages and pr ocesses t hese s i gnal s t o pr oduce t he hor i zont al  CRT 
dr i ve pl at e vol t age;   

� Recei ves char act er  dat a i nf or mat i on and gener at es CRT pl at e dr i ve s i gnal s t o di spl ay 
al pha and numer i c char act er s on t he CRT;   

� Recei ves cont r ol  l evel s f r om t he f r ont  panel  beam cont r ol s and gener at es unbl anki ng 
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si gnal s t o cont r ol  di spl ay pr esence,  br i ght ness,  and f ocus.   

The ver t i cal  def l ect i on of  t he beam i s i ncr eased as t he out put  of  t he ampl i t ude det ect or  
i ncr eases.  The hor i zont al  posi t i on i s  cont r ol l ed by t he f r equency cont r ol  sect i on and i s 
t he f r equency anal yzed at  t hat  i nst ant .  The beam sweeps f r om l ef t  t o r i ght ,  l ow t o hi gh 
f r equenci es dur i ng i t s  anal ysi s.  Dur i ng t hi s anal ysi s,  any t i me a s i gnal  i s  di scover ed,  a 
ver t i cal  def l ect i on wi l l  show t he st r engt h of  t he s i gnal  at  t he hor i zont al  posi t i on t hat  
i s  t he f r equency.  Thi s r esul t s i n a di spl ay of  ampl i t ude as a f unct i on of  f r equency.  

Fr equency Cont r ol  Sect i on  

The f r equency cont r ol  sect i on accompl i shes t he t uni ng of  t he f i r s t  and second LOs wi t hi n 
t he conver t er  sect i on.  The f r equency i mmedi at el y bei ng anal yzed i s cont r ol l ed by t he 
cur r ent  f r equenci es of  t he LOs.  To anal yze anot her  f r equency,  you must  change an LO 
f r equency t o al l ow t he new f r equency t o be conver t ed t o a 10 MHz si gnal  by t he conver t er  
sect i on.  Per i odi cal l y ,  t he uni t  sweeps and anal yzes a f r equency r ange cent er ed on 
f r equency set  by t he FREQUENCY knob.  Adj ust i ng t he FREQUENCY knob wi l l  cause t he LOs t o be 
t uned t o t he new f r equency.  Onl y t he LOs of  t he f i r s t  t wo conver t er s can be changed t o 
var y t he f r equency bei ng anal yzed.   

Di gi t al  Cont r ol  Sect i on  

Al l  t he i nt er nal  f unct i ons ar e cont r ol l ed f r om t he f r ont  panel  t hr ough t he use of  a bui l t
i n mi cr ocomput er .  The mi cr ocomput er  uses an i nt er nal  bus t o r ecei ve or  pr oduce al l  
communi cat i on or  cont r ol  t o any sect i on of  t he anal yzer .   

Power  and Cool i ng Sect i on  

The mai n power  suppl y pr ovi des al most  al l  t he r egul at ed vol t ages r equi r ed t o oper at e t he 
uni t .  The di spl ay sect i on pr ovi des t he hi gh vol t age necessar y f or  CRT oper at i on.  

The cool i ng syst em al l ows f r esh cool  ai r  t o be r out ed t o al l  sect i ons of  t he uni t  i n 
pr opor t i on t o t he heat  t hat  i s  gener at ed by each sect i on.   

SPECTRUM ANALYZER FRONT PANEL CONTROLS,  I NDI CATORS,  AND CONNECTORS 

Thi s sect i on wi l l  descr i be t he f unct i on of  t he f r ont  panel  cont r ol s,  i ndi cat or s,  and 
connect or s.  For  a compl et e descr i pt i on of  each f unct i on,  r ef er  t o t abl e 6
r evi ewi ng t he f r ont  panel  i n f i gur e 6- 43.  The number s l ocat ed i n col umn 1 of  t abl e 6
equat e t o t he same number s f ound on t he f r ont  panel  of  f i gur e 6- 43.  Because most  
oper at i onal  f unct i ons of  t hi s spect r um anal yzer  ar e mi cr opr ocessor
swi t ch- sel ect ed r at her  t han adj ust ed.   

Fi gur e 6- 43.  -  Spect r um anal yzer  f r ont  panel  cont r ol s,  i ndi cat or s,  and connect or s.  
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Tabl e 6- 1.  -  Descr i pt i on of  Fr ont  Panel  Cont r ol s,  I ndi cat or s,  and Connect or s 

I TEM FUNCTI ON DESCRI PTI ON

1 I NTENSI TY
Thi s knob cont r ol s t he br i ght ness of  t he CRT t r ace and 
t he CRT r eadout  di spl ay.  The f ocus i s el ect r oni cal l y 
adj ust ed.

2 READOUT

Thi s push but t on swi t ches t he r eadout  di spl ay on and 
of f .  Al l  spect r um anal yzer  par amet er s ar e di spl ayed 
except  TI ME/ DI V.  The br i ght ness f or  t hi s di spl ay i s 
pr opor t i onal  t o t he t r ace br i ght ness and can be 
r eadj ust ed on i nt er nal  cont r ol s onl y by a qual i f i ed 
t echni c i an.

3 GRATI LLUM Thi s push but t on swi t ches t he gr at i cul e l i ght  on and 
of f .

4 BASELI NE 
CLI P

Thi s push but t on,  when act i vat ed,  c l i ps ( subdues)  t he 
i nt ensi t y at  t he basel i ne.

5 Tr i gger i ng

Thi s ar ea al l ows one of  f our  t r i gger i ng modes t o be 
sel ect ed by push but t ons t hat  i l l umi nat e when act i ve.  
When any of  t hese f our  ar e sel ect ed,  t he ot her s ar e 
cancel ed.

5a FREE RUN When act i vat ed,  t he sweep i s f r ee- r unni ng wi t hout  r egar d 
t o t r i gger  s i gnal s.
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5b I NT
When act i vat ed,  t he sweep i s t r i gger ed by any si gnal  at  
t he l ef t  edge of  t he di spl ay wi t h an ampl i t ude of  1. 0 
di v i s i ons of  t he gr at i cul e or  mor e.

5c LI NE When act i vat ed,  a sampl e of  t he ac power  l i ne vol t age i s 
used t o t r i gger  t he sweep.

5d EXT

When sel ect ed,  t he sweep i s t r i gger ed by an ext er nal  
s i gnal  ( appl i ed t hr ough t he back panel  I N HORZ/ TRI G 
connect or )  bet ween a mi ni mum and maxi mum of  0. 5 and 50 
vol t  peak.

6 SI NGLE SWEEP

Thi s push but t on,  pl us a r eady i ndi cat or  ( No.  7) ,  
pr ovi des t he s i ngl e sweep oper at i on.  When t hi s  oper at i on 
i s sel ect ed,  one sweep i s i ni t i at ed af t er  t he sweep 
ci r cui t  has been t r i gger ed.  Pushi ng t hi s but t on does not  
cancel  t he ot her  t r i gger  modes.  When si ngl e sweep i s 
f i r st  sel ect ed,  t he pr esent  sweep i s abor t ed,  but  t he 
sweep ci r cui t  i s  not  yet  ar med.  An addi t i onal  push i s 
r equi r ed t o i ni t i al l y  ar m t he sweep.  The but t on must  be 
pushed agai n t o r ear m t he sweep ci r cui t  each t i me t he 
sweep has r un.  To cancel  s i ngl e sweep,  you must  sel ect  
one of  t he f our  t r i gger  mode sel ect i ons.

7 READY

When si ngl e sweep i s sel ect ed,  t hi s i ndi cat or  l i ght s 
whi l e t he sweep ci r cui t  i s  ar med and r eady f or  a t r i gger  
s i gnal .  The i ndi cat or  st ays l i t  unt i l  t he sweep i s 
compl et e.

8 MANUAL SCAN
When t he TI ME/ DI V ( No.  9c)  sel ect or  i s i n t he MNL 
posi t i on,  t hi s cont r ol  wi l l  manual l y var y t he CRT beam 
acr oss t he f ul l  hor i zont al  axi s of  t he di spl ay.

9 TI ME/ DI V I s used t o sel ect  sweep r at es f r om 5 
msec/ di v.  Thi s swi t ch al so sel ect s AUTO,  EXT,  and MNL modes.

9a AUTO
I n t hi s posi t i on,  t he sweep r at e i s sel ect ed by t he 
mi cr ocomput er  t o mai nt ai n a cal i br at ed di spl ay f or  any 
FREQ SPAN/ DI V,  RESOLUTI ON,  and VI DEO FI LTER combi nat i on.

9b EXT When sel ect ed,  t hi s cont r ol  al l ows an ext er nal  i nput  
sour ce t o be used wi t h t he sweep r at es.

9c MNL When sel ect ed,  t hi s cont r ol  i s  used i n conj unct i on wi t h 
No.  8 ( see MANUAL SCAN,  No.  8) .

10 FREQUENCY Thi s cont r ol  i s  manual l y t ur ned t o al l ow you t o t une t o 
t he cent er  f r equency.

11 FREQUENCY 
RANGE ( band)

These t wo push but t ons ar e used t o shi f t  t he cent er  
f r equency up or  down.  Fr equency r ange on t he band i s 
di spl ayed on t he CRT r eadout .

12 F
Thi s cont r ol  i s  used f or  measur i ng t he f r equency 
di f f er ence bet ween si gnal s.  When sel ect ed,  t he f r equency 
r eadout  goes t o zer o.  I t  wi l l  t hen r ead out  t he 
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devi at i on f r om t hi s r ef er ence t o t he next  f r equency 
desi r ed as t he FREQUENCY knob i s adj ust ed.

13 CAL

When t hi s i s act i vat ed,  t he f r equency r eadout  can be 
cal i br at ed t o cent er  t he cent er  f r equency by adj ust i ng 
t he FREQUENCY cont r ol  f or  t he cor r ect  r eadi ng.  When 
accompl i shed,  you shoul d deact i vat e t he CAL mode.

14 DEGAUSS

When t hi s but t on i s pr essed,  cur r ent  t hr ough t he l ocal  
osci l l at or  syst em i s r educed t o zer o i n or der  t o 
mi ni mi ze magnet i sm bui l d- up ar ound t he LOs.  Thi s i s done 
t o enhance t he cent er  f r equency di spl ay and ampl i t ude 
accur acy.  You shoul d do t hi s af t er  ever y s i gni f i cant  
f r equency change and bef or e cal i br at i ng t he cent er  
f r equency.

15 I DENTI FY 500 
kHz ONLY

The si gnal  i dent i f y f eat ur e can become f unct i onal  onl y 
when t he FREQ SPAN/ DI V i s set  t o 500 kHz.  When act i vat ed 
( but t on l i t ) ,  t r ue s i gnal s wi l l  change i n ampl i t ude on 
ever y sweep.  I mages and spur i ous r esponse si gnal s wi l l  
shi f t  hor i zont al l y or  go compl et el y of f  t he CRT di spl ay.  
To ensur e t hat  t he s i gnal  i s  changi ng ampl i t ude ever y 
sweep,  you shoul d decr ease t he sweep r at e so t hat  each 
sweep can be anal yzed.

16 PHASE LOCK

When t hi s cont r ol  i s  act i vat ed ( but t on l i t ) ,  i t  wi l l  
r educe r esi dual  FM when nar r ow spans ar e sel ect ed.  I n 
nar r ow spans,  t he phase l ock can be t ur ned of f  or  back 
on by pr essi ng t he but t on.  Swi t chi ng t he PHASE LOCK of f  
may cause t he si gnal  t o shi f t  posi t i on.  I n nar r ow spans,  
t he s i gnal  coul d shi f t  of f  t he di spl ay;  however ,  i t  wi l l  
usual l y r et ur n t o i t s phase l ocked posi t i on af t er  a f ew 
moment s.  The mi cr ocomput er  aut omat i cal l y sel ect s PHASE 
LOCK f or  a span/ di v i s i on of  50 kHz or  bel ow i n bands 1 
t hr ough 3,  100 kHz or  bel ow f or  band 3,  and 200 kHz f or  
bands 5 and above.

17 AUTO 
RESOLUTI ON

Thi s push but t on,  when act i vat ed,  wi l l  aut omat i cal l y 
sel ect  t he bandwi dt h f or  FREQ SPAN/ DI V,  TI ME/ DI V,  and 
VI DEO FI LTER.  The i nt er nal  mi cr ocomput er  sel ect s t he 
bandwi dt h t o mai nt ai n a cal i br at ed di spl ay.  Thi s can be 
checked by changi ng t he FREQ SPAN/ DI V and obser vi ng t he 
bandwi dt h change on t he di spl ay.

18 FREQ 
SPAN/ DI V

Thi s i s a cont i nuous det ent  cont r ol  t hat  sel ect s t he 
f r equency span/ di v.  The span/ di v cur r ent l y sel ect ed i s 
di spl ayed on t he CRT.  The r ange of  t he span/ di v 
sel ect i on i s dependent  on t he f r equency band sel ect ed:

BAND 
1- 3  
( 0- 7. 1 GHz)  
4- 5  

NARROW SPAN 
10kHz/ Di v 
50 kHz/ Di v 
50 kHz/ Di v 
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( 5. 4- 21GHz)  
6 
( 18- 26 GHz)  
7- 8 
( 26- 60 GHz)  
9 
( 60- 90 GHz)  
10 
( 90- 140 GHz)  
11 
( 140- 220 GHz)

100 kHz/ Di v 
200 kHz/ Di v 
500 kHz/ Di v 
500 kHz/ Di v

  

Two addi t i onal  bands ar e pr ovi ded:  f ul l  band ( max span)  
and 0 Hz span.  When max span i s sel ect ed,  t he span 
di spl ayed i s t he f ul l  band.  When zer o span i s sel ect ed,  
t i me/ di v i s r ead out  i nst ead of  span/ di v.

19 RESOLUTI ON 
BANDWI DTH

Thi s i s al so a cont i nuous det ent  cont r ol  t hat  sel ect s 
t he r esol ut i on bandwi dt h.  The bandwi dt h i s shown on t he 
CRT di spl ay.  The r ange of  adj ust ment  i s f r om 1 kHz t o 1 
MHz i n decade st eps.  When you change t he r esol ut i on 
bandwi dt h wi t h t hi s cont r ol ,  i t  wi l l  deact i vat e t he AUTO 
RESOLUTI ON.

20 VERTI CAL 
DI SPLAY

These f our  push but t ons sel ect  t he di spl ay mode.  The 
scal e f act or  can be seen on t he CRT di spl ay.

20a 10dB/ DI V
When t hi s i s act i vat ed,  t he dynami c r ange of  t he di spl ay 
i s cal i br at ed t o 80 dB,  wi t h each maj or  gr at i cul e 
r epr esent i ng 10 dB.

20b 2dB/ DI V When act i vat ed,  t hi s wi l l  i ncr ease t he r esol ut i on so 
t hat  each maj or  gr at i cul e di v i s i on r epr esent s 2 dB.

20c LI N

When act i vat ed,  t hi s sel ect s a l i near  di spl ay bet ween 
zer o vol t s ( bot t om gr at i cul e l i ne)  and t he r ef er ence 
l evel  ( t op gr at i cul e l i ne)  scal ed i n vol t s/ di v i s i on ( see 
REFERENCE LEVEL,  No.  23a) .

20d PULSE 
STRETCHER

When sel ect ed,  t hi s i ncr eases t he f al l  t i me of  t he pul se 
s i gnal s so t hat  ver y nar r ow pul ses i n a l i ne spect r um 
di spl ay can be obser ved.

21 VI DEO FI LTER

One of  t wo ( NARROW OR WI DE)  f i l t er s can be act i vat ed t o 
r educe vi deo bandwi dt h and hi gh- f r equency component s f or  
di spl ay noi se aver agi ng.  The nar r ow f i l t er  i s  
appr oxi mat el y 1/ 300t h of  t he sel ect ed r esol ut i on 
bandwi dt h wi t h t he wi de f i l t er  bei ng 1/ 30t h t he 
bandwi dt h.  Act i vat i ng ei t her  one wi l l  cancel  t he ot her .  
To di sabl e,  compl et el y swi t ch f i l t er  of f .

22 DI GI TAL 
STORAGE

Fi ve push but t ons and ON cont r ol  oper at e t he di gi t al  
st or age f unct i ons.  Wi t h none of  t he push but t ons 
act i vat ed,  t he di spl ay wi l l  not  be st or ed.
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22a VI EW A,  VI EW 
B

When ei t her  or  bot h of  t hese push but t ons ar e sel ect ed,  
t he push but t on i l l umi nat es,  and t he cont ent s of  memor y 
A and/ or  memor y B ar e di spl ayed.  Wi t h Save A mode of f ,  
dat a i n a memor y i s i nt er l aced wi t h dat a f r om B memor y.

22b B- SAVE A

When act i vat ed,  t he di f f er ent i al  ( ar i t hmet i c di f f er ence)  
of  dat a i n B memor y and t he saved dat a i n memor y A ar e 
di spl ayed.  SAVE A mode i s act i vat ed and SAVE A but t on 
wi l l  be l i t .

22c MAX HOLD

When act i vat ed,  t he di gi t al  st or age memor y r et ai ns t he 
maxi mum si gnal  ampl i t ude at  each memor y l ocat i on.  Thi s 
per mi t s v i sual  moni t or i ng of  s i gnal  f r equency and 
ampl i t ude at  each memor y l ocat i on over  an i ndef i ni t e 
per i od of  t i me.  Thi s f eat ur e i s used t o measur e dr i f t ,  
st abi l i t y ,  and r ecor d peak ampl i t ude.

22d PEAK/ AVERAGE

Thi s cont r ol  sel ect s t he ampl i t ude at  whi ch t he ver t i cal  
di spl ay i s ei t her  peak det ect ed or  aver aged.  Vi deo 
si gnal s above t he l evel  set  by t he cont r ol  ( shown by a 
hor i zont al  l i ne or  cur sor )  ar e peak det ect ed and st or ed 
whi l e v i deo si gnal s bel ow t he cur sor  ar e di gi t al l y  
aver aged and st or ed.

23 MI N RF ATTEN
Thi s cont r ol  i s  used t o set  t he mi ni mum amount  of  RF 
at t enuat i on.  Changi ng RF LEVEL wi l l  not  decr ease RF 
at t enuat i on bel ow t hat  set  by t he MI N RF ATTEN sel ect or .

23a REFERENCE 
LEVEL

Thi s i s a cont i nuous cont r ol  t hat  r equest s t he 
mi cr ocomput er  t o change t he r ef er ence l evel  one st ep f or  
each det ent .  I n t he 10 dB/ DI V ver t i cal
st eps ar e 1 dB or  0. 25 dB i f  t he FI NE mode ( No.  26)  i s 
sel ect ed.

23b MI N RF ATTEN 
DB

Thi s sel ect s t he l owest  val ue of  at t enuat i on al l owed:  
Act ual  RF at t enuat i on i s set  by t he mi cr ocomput er  
accor di ng t o t he l ogar i t hm sel ect ed by t he MI N NOI SE/ MI N 
DI STORTI ON ( No.  27)  but t on.  I f  RF at t enuat i on i s 
i ncr eased by changi ng MI N RF ATTEN,  t he mi cr ocomput er  
aut omat i cal l y changes I F gai n t o mai nt ai n t he cur r ent  
r ef er ence l evel .

24 UNCAL

Thi s i ndi cat or  l i ght s when t he di spl ay ampl i t ude i s no 
l onger  cal i br at ed ( sel ect i ng a sweep r at e t hat  i s not  
compat i bl e wi t h t he f r equency span/ di v and r esol ut i on 
bandwi dt h) .

25 LOG and AMPL 
CAL

These adj ust ment s cal i br at e t he dynami c r ange of  t he 
di spl ay.  The LOG cal i br at es any l ogar i t hm gai n dB/ Di v,  
and t he AMPL cal i br at es t he r ef er ence l evel  of  t he t op 
gr at i cul e l i ne at  t he t op of  t he di spl ay.

26 FI NE When act i vat ed,  t he REFERENCE LEVEL ( No.  23a)  swi t ches 
i n 1 dB i ncr ement s f or  10 dB/ Di v di spl ay mode,  0. 25 dB 
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f or  2 dB/ Di v,  and vol t 1 dB f or  LI N di spl ay mode.

27
MI N 
NOI SE/ MI N 
DI STORTI ON

Thi s sel ect s one of  t wo l ogar i t hms used t o cont r ol  
at t enuat or  and I F gai n.  MI N NOI SE ( but t on i l l umi nat ed)  
r educes t he noi se l evel  by r educi ng at t enuat i on and I F 
gai n 10 dB.  MI N DI STORTI ON ( but t on not  i l l umi nat ed)  
r educes di st or t i on t o i t s mi ni mum.  To obser ve any 
changes,  t he RF at t enuat i on di spl ayed on t he CRT r eadout  
must  be 10 dB hi gher  t han t hat  set  by t he MI N RF ATTEN 
sel ect or .

28 POWER Thi s i s a pul l  swi t ch t hat  t ur ns power  on when ext ended.

29 RF I NPUT

Thi s i s a 50 ohm coaxi al  i nput  j ack used t o i nput  
s i gnal s of  21 GHz or  bel ow.  The maxi mum nondest r uct i ve 
i nput  s i gnal  l evel  t hat  can be appl i ed t o t hi s  i nput  i s 
+13 dBm or  30 mW.  Si gnal s above 10 dB may cause si gnal  
compr essi on.

30 POSI TI ON These cont r ol s ar e used t o posi t i on t he di spl ay on t he 
hor i zont al  and ver t i cal  axes.

31 CAL OUT

Thi s i s an out put  j ack t hat  has a cal i br at ed 20 dBm 100 
MHz si gnal ,  wi t h f r equency mar ker s spaced 100 MHz apar t .  
The cal i br at ed 100 MHz mar ker  i s used as a r ef er ence f or  
cal i br at i ng t he r ef er ence l evel  and l og scal e.  The 
combi nat i on of  100 MHz mar ker s i s used t o check span and 
f r equency r eadout  accur acy.

32 OUTPUT 1ST 
AND 2ND LO

These j acks pr ovi de access t o t he out put  of  t he 
r espect i ve LOs.  The j acks must  have 50 ohm t er mi nat or s 
i nst al l ed when not  connect ed t o an ext er nal  devi ce.

33 EXTERNAL 
MI XER

When t he EXTERNAL MI XER but t on i s act i vat ed,  bi as i s 
pr ovi ded out  t he EXTERNAL MI XER por t  f or  ext er nal  
wavegui de mi xer s.  The I F out put  f r om t he EXTERNAL MI XER 
i s t hen appl i ed t hr ough t he EXTERNAL MI XER por t  t o t he 
second conver t er  f or  use.

34 PEAKI NG
Thi s cont r ol  var i es t he mi xer  bi as f or  ext er nal  mi xer s 
i n t he EXTERNAL MI XER mode.  Thi s cont r ol  shoul d be 
adj ust ed f or  maxi mum si gnal  ampl i t ude.
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NORMAL INDICATIONS UPON POWER ON  

With power applied (power knob pulled out), the spectrum analyzer will automatically (upon microcomputer 
control) go into the following conditions.  

If you do not find these indications, there is a probably a problem with the unit.  

� Vertical display: 10 dB/div;  
� Frequency: 0.00 MHz;  
� REF level: +30 dB;  
� RF attenuation: 60 dB;  
� Frequency range: 0.0 to 1.8 GHz;  
� Auto resolution: 1 MHz;  
� Resolution bandwidth: 1 MHz;  
� Freq Span/Div: Max;  
� Triggering: Free run;  
� Readout: On;  
� Digital storage: View A/View B On;  
� All other indicators off or inactive.  
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