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The TEKTRONI X 2213zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘ Osci l l oscope i s ± r u gged, l i ght -

wei g ht , d ual - c hannel 60 MHz i nst r ument t hat f eat ur es ±
br i gh t , shar pl y def i ned t r ace on an 80- by 100 mmcat hode-
r ay t ube ( cr t ) . I t s ver t i cal syst em s uppl i es cal i br at ed def l ec-
t i on f act o r s f r om 2 mV per d i vi si o n t o 5 V per di vi si o n .

Tr i gger ci r cui t s enabl e st abl e t r i gger i ng over t he f ul l band-
wi dt h of t he ver t i cal syst em. The hor i zont al syst empr ovi des

cal i br at ed sweep speeds f rom0. 5 s per di vi si o n t o 50 ns per

d i vi si on, al ong wi t h ± del ayed- sweep f eat u r e. ‘ X10 magni -

f i er ci r cui t ext ends t he maxi mumsweep speed t o 5 ns per
d i vi si o n when t he SEC/ DI V swi t c h i s set t o 0. 05 • ¹ s per

d i vi si on .

The i nst r ument i s shi pped wi t h t he f ol l owi ng st andar d
accessor i es :

1 Oper at or s manual

	

2 Pr o be p ack ages
1 Power cor d

For par t number s and i nf or mat i on about i nst r ument ac- -
cessor i es, r ef e r t o t he " Opt i ons and Accessor i es" sect i o n of
t h i s ma nual .

The ser vi ce ma nual and al l ot her opt i onal accessor i es ar e
or der a bl e f r om Te kt r oni x, I nc . ‘ l ocal Te kt r oni x Fi el d Of f i ce,
r epr esent at i ve, or t he Te k t r on i x p r o d uct cat al og can p r ovi de
or der i ng and pr oduct i nf or mat i on .

The f ol l owi ng el ect r i cal char act er i st i cs ( Tabl e 1- 1) ar e

val i d f or t he 2213‘ when i t has been adj ust ed at an ambi ent
t emper at ur e bet wee n +20° Cand +30° C, h as h ad ± war m-

up per i od of at l east 20 mi nut es, and i s oper at i ng at an
ambi ent t emper at ur e bet ween Ÿ° C and +50° C( unl ess ot h -
er wi se not ed) .

I t ems l i st ed i n t he " Per f or mance Requi r ement s" col umn
ar e ver i f i abl e qu al i t at i ve or quant i t at i ve l i mi t s, whi l e i t ems
l i st e d i n t he " Suppl eme nt al I nf or mat i on" col umn ar e ei t her
expl anat or y not es, cal i br at i on set up descr i pt i ons, per f or -

mance c har act er i st i cs f or whi ch no absol ut e l i mi t s ar e speci -
f i ed, or c har act er i st i cs t hat ar e i mpr act i cal t o check .

En vi r onment al c har act e r i st i cs ar e gi ven i n Ta bl e 1- 2 . The
2213‘ meet s t he r equi r eme nt s of MI L- ¤- 288000, par a-
gr aphs 4. 5 . 5 . 1 . 3, 4 . 5 . 5 . 1 . 4, and 4. 5 . 5 . 1 . 2 . 2 f or t ype ™™™ ,

Cl ass 5 equi pme nt , exce pt wher e ot her wi se not ed .

Ph ysi cal char act er i st i cs of t he i nst r ument ar e l i st ed i n
Tabl e 1- 3 .
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Ta bl e 1- 1

El ect r i cal Char act e r i st i cs

Char act e r i st i cs Per f or mance Requ i rement s Suppl ement al I nf o r mat i on

VERTI CAL DEFLECTI ONSYSTEM

Def l ect i on Fact or 5 mV per d i vi si on t o 5 V per di vi si on

gai n i s ad j ust ed wi t h VOLTS/ DI V swi t c h
Range 2 mV per di vi si o n t o 5 Vper di vi si on set t o 10 mV per di vi si on .

inzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA± 1- 2- 5 sequ ence. 2 mV per d i vi si o n gai n i s adj ust ed

wi t h VOLTS/ DI Vswi t ch set t o 2 mV

per di vi si on .
Accur acy ±3%

Range of VOLTS/ DI VVar i a bl e Cont r ol Cont i nuousl y var i abl e bet ween

set t i ngs . I ncr eases d ef l ect i o n f act or

by at l east 2. 5 t o 1 .

St ep Response Ri se Ti me Ri se t i me i s cal cul at ed f r om t he f or mul a :

Ri se Ti me 0. 35

Bandwi d t h ( - 3 dB)
0° Ct o +35° C

5 mV per Di vi si on t o 5 V p er 5. 8 ns or l ess .
Di vi si on

0° C t o 50° C

2 mV per Di vi si on t o 5 V per 7. 0 ns or l ess .

Di vi si on

Bandwi dt h ( - 3 dB) Measu red wi t h ± ver t i cal l y cent er ed

0° C t o +35° C
6- di vi si on r ef er ence si gnal f r om ± 50 ©
so ur ce d r i vi ng ± 50 ©coaxi al cabl e

2 mVper Di vi si on Dc t o at l east 50 MHz . t hat i s t er mi nat ed i n 50 ©, bot h at
t he and t hei nput co nnect or at pr obe

5 mV per Di vi si on t o 5 V per Dc t o at l east 60 MHz . i nput , wi t h t he VOLTS/ DI V Var i abl e
Di vi si on cont r ol i n t he CAL det ent .

0° C t o +50° C

2 mV per Di vi si on t o 5 V per Dc t o at l east 50 MHz .
Di vi si on

AC Coup l ed L ower Li mi t 10 Hz or l ess at - 3 dB.

Bandwi dt h Li mi t er Up pe r l i mi t s ( - 3 dB) band pass at

10 MHz ± 15%.

Chop Mode Swi t chi ng Rat e 500 kHz ±30%.

I n put Char act er i st i cs

Resi st a nce 1 œ© ±2%.

Capaci t ance 20 pF ±2 pF.

AMaxi mum Saf e I nput Vol t age See Fi g ur e 1- 1 f or der at i ng cur ve .

DC Co up l ed 400 V ( d c + pea k ac) or 800 V ac Á- Á

t o 10 kHz or l ess .

AC Coupl ed 400 V ( dc + pea k ac) or 800 VzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA" ±µ Á- Á
t o 10 kHz or l ess .
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Ta bl e 1- 1 ( cont )

Char act er i st i cs Per f o r mance Req ui r eme nt s Suppl ement al I nf or mat i o n

VERTI CAL DEFLECTI ON SYSTEM( cont )

Common- Mode Rej ect i on Rat i o

( CMRR)

At l east 20 t o 1 at 25 MHz . Chec ked at 10 mV per di vi si on f or

common- mode si gnal s of 6 di vi si ons or

l ess wi t h VOLTS/ DI V Var i a b l e cont r ol

adj ust ed f o r best CMRR at 50 kHz.

Tr ace Shi f t wi t h At t enuat or Rot at i on 0. 75 di vi si on or l ess . VOLTS/ DI V Var i abl e co nt r ol in CAL

det ent .

Tr ace Shi f t as VOLTS/ DI V

Var i a b l e Co nt r ol i s Rot at ed

1 . 0 di vi si on o r l ess .

Tr ace Shi f t wi t h Inver t 1 . 5 di vi si o n o r l ess .

Channel I sol at i on Gr eat er t han 100 t o 1 at 25zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAœ—Ä.

TRI GGER SYSTEM

TRI GGER Se nsi t i vi t y

¡ - ¡ AUTO/ TV LI NE and NORM

Ext er nal t r i gger si gnal f r om ± 50 ©

sour ce dr i vi ng ± 50 ©coaxi al cabl e

Modes 5 MHz 60 MHz
t er mi nat ed i n 50 ©at t he i n put co nnect o r .

I n t er nal 0. 3 di v 1 . 0 di v

Ext er n al 40 mV 150 mV

Lowest Useabl e Fr equency i n ¡ - ¡

AUTO Mode

20 Hz wi t h 1 . 0 di vi si on i nt er nal

or 100 mV ext er nal .

Ã TVFI ELD Mode 1 . 0 di vi si on of composi t e sync.

EXTI NPUT

Maxi mum I nput Vol t age A 400 V( dc + peak ac) or 800 V ac Á- Á

at 10 kHz or l ess .

See F i gur e 1- 1 f or der at i ng cur ve.

I nput Resi st a nce 1 œ© ±2%.

I n p ut Capaci t ance 20 pF ±2 . 5 pF .

AC Coupl ed 10 Hz or l ess at l ower - 3 dBpoi nt .

LEVEL Cont r ol Range ( NORM)

™• ¤ Can be set t o any p oi nt of t he t r ace

t hat can be d i spl ayed .

• §¤ , DC At l east ± 1 . 6 V, 3. 2 VÁ- Á.

• §¤ , DC - 10 At l east ± 16 V, 32 VÁ- Á.

VAR HOLDOFF Cont r ol Incr eases Sweep hol dof f t i me by at

l east ± f act or of 10 .

www.valuetronics.com



Ta bl e 1- 1 ( cont )

Char act er i st i cs Per f o rma nce Req u i rement s Suppl ement al Inf or mat i on

HORI ZONTAL DEFLECTI ON SYSTEM

Sweep Rat e 0. 5 s per di vi si on t o 0. 05 As p er

di vi si on i nzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA± 1- 2- 5 sequence . §10

magni f i er ext ends maxi mumsweep

speed t o 5 ns p er d i vi si o n .

Accur acy Unmagni f i e d Mag ni f i e d Sweep accur acy appl i es over t he

cent er 8 d i vi si ons . Excl ude t he f i r st

+15° C t o +35° C ±3% ±4% 25 ns of t he swee p f or magni f i ed

sweep s peeds and anyt h i ng beyond

0° C t o +50° C ±4% ±5% t he 100t h magni f i ed di vi si on .

POSI TI ON Cont r ol Range St ar t of sweep t o 10t h di vi si on i n § 1 or

100t h di vi si ons i n X10 wi l l posi t i on past

t he cent er ver t i cal gr at i cu l e l i ne .

Swee p Li near i t y ±7%. Li near i t y measur ed over any 2 of t he

cent er 8 di vi si ons . Wi t h magni f i er i n §10,

excl ude t he f i r st 25 n s and anyt hi ng p ast

t he 100t h di vi si on .

Var i abl e Cont r ol Range Co nt i nuousl y var i abl e bet ween

cal i br at ed set t i ngs . Ext end s the sweep

s p eed b y at l east ± f act or of 2. 5 .

Del ay Ti me

Del ay Posi t i ons Mi n i muml ess t han 1 . 0 As, 20 As, and

0 . 4 ms .

MULTI PL I ER I ncr eases del ay t i me by at l east ±

f act or of 50 .

J i t t er One par t or l ess i n 10, 000 ( 0 . 01 %) of

t he maxi mumavai l ab l e d el ay t i me .

§ - ¥ OPERATI ON( §1 MAGNI FI CATI ON)

Def l ect i on Fact o r s Same as Ver t i cal Def l ect i on Syst em

( wi t h VOLTS/ DI V Var i abl e cont r ol s i n

CAL det ent ) .

Accur acy Measur ed wi t h ± dc- coupl ed , 5- di vi si on

§- Axi s ±4%.
r ef er ence si gnal .

¥- Axi s Same as Ver t i cal Def l ect i on Syst em.

Ban dwi d t h ( - 3 dB) Measu r ed wi t h ± 5- di vi si on

§- Axi s Dc t o at l east 2 MHz .
r ef er e nce si gnal .

¥- Axi s Same as Ver t i cal Def l ect i on Syst em.

Ph ase Di f f er ence Bet ween § - and ±3° f r om do t o 100 kHz . Wi t h dc- coupl ed i nput s .

¥- Axi s Ampl i f i er s
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Tabl e 1- 1 ( cont )

Char act e r i st i cs Per f o rma nce Requ i rement s Suppl ement al Inf o r mat i on

PROBE ADJUST

Out put Vol t age of PROBE ADJUST

J ack

0. 5 V ±5%.

Repet i t i on Rat e 1 kHz ±20%.

Z- AXI S I NPUT

Sensi t i vi t y 5 Vcauses not i cea bl e modul at i on .

Posi t i ve- goi ng i n put decr eases

i nt ensi t y .

Useabl e f r eque ncy r a nge i s

do t o 10 MHz .

Maxi mum Saf e I nput Vol t age 30 V ( d c + peak ac) or 30 VCzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAÁ- Á ac at

1 kHz or l ess .

I nput Resi st ance 10 k © ± 10%.

POWER SOURCE

L i ne Vol t age Ranges 90 V t o 250 V .

L i ne Fr e quency 48 Hz t o 440 Hz .

Maxi mumPower Consumpt i on 40 W( 70 VA) .

L i ne Fu se 1 . 0 ‘ , 250 V, sl ow- bl ow.

CATHODE- RAY TUBE

Di spl ay Ar ea 80 by 100 mm.

St andar d Phosph or ¡ 31 .

Nomi nal Accel er at i ng Vol t age 14 kV.
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Tabl e 1- 2

En vi r onment al Char act er i st i cs

Char act er i st i cs Desc r i pt i on

NOTE

The i nst r ument meet s the r equir ement s of MI L- T- 288000, par agraphs 4. 5 . 5. 1 . 3,

4. 5. 5. 1 . 4, and 4. 5. 5. 1 . 2. 2 f or Type / zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA™/ , Cl ass 5 equi pment , except wher e ot her -

wi se not ed.

Temper at ur e

Oper at i ng 0° Ct o +50° C ( +32° F t o +122° F) .

Nonoper at i ng - 55° Ct o +75° C ( - 67° F t o +167° F) . Test ed t o œ™L- ¤- 288000 par agr aph s

4. 5 . 5 . 1 . 3 and 4. 5 . 5 . 1 . 4, exce pt i n 4. 5 . 5 . 1 . 3 st eps 4 and 5 ( 0° Coper at i ng t est ) ar e

p er f or med ahead of st ep 2 ( - 55° C nonoper at i ng t est ) . Equi pment s hal l r emai n

of f upon r et ur n t o r oom ambi ent d ur i ng st ep 6 . Excessi ve condensat i on s hal l be

r emoved bef or e oper at i ng dur i ng st ep 7 .

Al t i t ude

Oper at i ng To 4, 500 m( 15, 000 f t ) . Maxi mum oper at i ng t emper at ur e decr eased 1 ° C per

1, 000 f t above 5, 000 f t .

Nonoper at i ng To 15, 000 m( 50, 000 f t ) .

Humi di t y ( Oper at i ng and Nonoper at i ng) 5 cycl es ( 120 h our s) r ef e renced t o MI L-¤- 288000 par agr aph 4. 5 . 5 . 1 . 2 . 2 f or Ty pe

I I I , Cl ass 5 i nst r ument s . Oper at i ng and non- oper at i ng at 95%+0%t o - 5%

r el at i ve h umi di t y . Oper at i ng at +50° Cand +30° C. Non- oper at i ng at +30° C t o

+60° C.

Vi br at i on ( Oper at i ng) 15 mi nut es al ong eac h of 3 maj or axes at ± t ot al d i spl acement of 0. 015 i nc h Á- Á

( 2 . 4 g' s at 55 Hz) wi t h f r eq ue ncy var i ed f r om 10 Hz t o 55 Hz t o 10 Hz in 1- mi nut e

sweeps . Hol d f or 10 mi nut es at 55 Hz i n eac h of t he 3 maj or axes . Al l maj or

r esonances must be above 55 Hz .

Shoc k ( Oper at i ng and Nonoper at i ng) 30 g' s, h al f - si ne, 11- ms d ur at i o n , 3 shock s per axi s each di r ect i on, f or ± t ot al of

18 s hock s .

EMI Meet s r a d i at ed and conduct ed emi ssi on r equ i r ement s per VDE 0871 Cl ass ’ .
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Tabl e 1- 3

Physi cal Char act er i st i cs

Char act er i st i cs Descr i pt i on

Wei ght Wi t h Power Cor d

Wi t h Cover , Pr obes, and Pouch 6. 0 kg ( 13 . 1 I b) .

Wi t hout Cover , Pr obes, and Pouch 5. 0 kg ( 10. 9 I b) .

Domest i c Shi ppi ng Wei ght 7 . 0 kg ( 15. 4 I b) .

Hei ght

Wi t h Feet and Handl es 137 mm( 5 . 4 i n) .

Wi dt h

Wi t h Handl e 360 mm( 14. 2 i n) .

Wi t hout Handl e 327 mm( 12. 9 i n) .

Dept h

Wi t h Fr ont Cover 445 mm( 17 . 5 i n) .

Wi t hout Fr ont Cover 440 mm( 17. 3 i n) .

Wi t h Handl e Ext ended 511 mm ( 20. 1 i n) .
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I f t h e i n st r u me nt i s t o be sh i pped t ozyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA± Te k t r oni x Ser vi ce

Cent er f or ser vi ce or r epai r , at t ac h ± t ag s h owi ng ; owner
( wi t h addr ess) and t he name of an i ndi vi d ual at your f i r m

t h at can be co nt act ed . I ncl ude compl et e i nst r u ment ser i al

number and ± d esc r i p t i on of t he ser vi ce req ui r ed .

Save and r euse t he pac k age i n whi c h you r i nst r ument

was s h ipped . I f t he or i gi nal packagi n g i s unf i t f or use or not
avai l a b l e, r ep ac kage t h e i nst r ument as f ol l ows :

Sur r ound t h e i n st r ume n t wi t h pol yet hyl ene sheet i ng t o
pr ot ect i t s f i n i s h . Obt ai n ± car t on of cor r ugat ed car d b oar d
havi n g ± car t on t est st r engt h of 275 pounds and h avi ng
i nsi de di mensi ons of no l ess t h an si x i n ch es mor e t han t h e
i nst r ument d i mensi on s . Cu s h i on t h e i nst r ument by t i ght l y
pac k i ng t hr ee inc h es of du n nage o r u r et h ane f oam bet ween
car t on and i nst r u ment , on al l si des . Seal car t on wi t h s h i p-
pi ng t ape or i n dust r i al st apl e r .
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SAFETY

Ref er t o t he " Oper at or s Saf et y Summar y" at t he f r ont of
t h i s manual f or powe r sour ce, gr oundi ng, and ot her saf et y
consi der at i ons per t ai ni ng t o t he u se of t he 2213zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘ . Bef or e
connect i ng t he i nst r ument t o ± power so ur ce, car ef ul l y r ead
t he f ol l owi ng about l i ne vol t ages, p ower cor ds, and f uses .

L I NE VOLTAGE

The i nst r ument i s capa bl e of cont i nuous oper at i on usi ng
i nput vol t ages t hat r ange f rom 90 V t o 250 V nomi nal at
f r equ enci es f r om48 Hz t o 440 Hz .

POWERCORD

‘ d et ac habl e t hr ee- wi r e power co r d wi t h ± t hr ee- cont act
pl ug i s pr ovi ded wi t h eac h i nst r ument t o pe r mi t connect i on

t o bot h t he power sour ce and pr ot ect i ve gr ound. The p l ug
pr ot ect i ve- gr ound cont act connect s ( t hr ough t he pr ot ect i ve-
gr ou nd co nduct odt o t he accessi bl e met al p ar t s of t he i nst r u-

ment . For el ect r i cal - shock pr ot ect i on, i nser t t h i s pl ug onl y
i n t o ± power out l et t hat has ± secur el y gr ou nded pr ot ect i ve-

gr ou nd cont act .

Thi s i nst r u ment i s shi pped wi t h t he r equ i r ed powe r cor d

as or der ed by t he cust omer . Avai l abl e powe r - cor d i nf or ma-

t i on i s i l l ust rat ed i n Fi gur e 2- 1, an d par t numbers ar e l i st ed i n

Sect i on 5 of t h i s ma nual . Cont act your Tekt r oni x r epr esen-

t at i ve or l ocal Tekt r oni x Fi el d Of f i ce f o r add i t i o nal powe r -

cor d i nf or mat i on .

L I NE FUSE

The i nst r ument f use hol i er i s k) cat ed on t he rear panel

( see F i gur e 2- 2) and cont ai ns t he l i ne f use . The f ol l owi ng

pr ocedur e ca n be used t o ver i f y t hat t he pr oper f use i s i n-

st al l ed or t o i nst al l ± r epl acement f use .

1 . Unpl ug t he power cor d f rom t he power - i nput sour ce
( i f app l i cabl e) .

2 . Pr ess i n a nd sl i g ht l y r ot at e t he f use- hol der cap coun-
t er cl ock wi se t o r el ease i t .

3 . Pul l t he cap ( wi t h t he at t ac hed f use i nsi de) out of t he
f use h ol der .

4 . Ver i f y pr oper f use val ue ( 1 . 0 ‘ , 250 V, sl ow b l ow) .

5 . Rei nst al l t he f use ( o r r e pl acement f use) and t he f use-
hol der ca p .
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Al ways mai nt ai n adequat e i nst r ument cool i ng . The vent i -
l at i on hol es on bot h si des of t he i nst r ument cabi net and on
t he r ear panel must r emai n f r ee of obst r uct i on .
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The f ol l owi ng descr i pt i ons ar e i nt ended t o f ami l i ar i ze t he
oper at or wi t h t he l ocat i on , oper at i on , and f u nct i o n of t he
i nst r ument ' s cont r ol s, connect or s, an d i ndi cat or s .

DI SPLAY, POWER, AND PROBE ADJUST

Ref er t o Fi g ur e 2- 3 f or l ocat i o n of i t ems 1 t hr ough 8.

I nt er nal Gr at i c ul e- El i mi nat es par al l ax vi ewi ng er r or
bet ween t he t r ace and g r at i cu l e l i nes . Ri se- t i me ampl i -
t ud e an d meas ur ement poi nt s ar e i nd i cat ed at t he l ef t
edge of t he gr at i cul e .

POWERSwi t c h- Tur ns i nst r ument power on and of f .
Pr ess i n f or ON; pr ess agai n f or OFF .

Power I ndi cat or - An LED t hat i l l umi nat es when t he
i nst r u ment i s oper at i ng.

FOCUS Co nt rol - Adj ust s f or opt i mum d i spl ay
def i n i t i o n .

PROBE ADJUST Co nn ect o r- Pr ovi des an appr oxi -
mat el y 0. 5 V, negat i ve- goi ng, sq uar e- wave vol t age ( at
appr oxi mat el y 1 kHz) t hat per mi t s an oper at or t o
compensat e vol t age pr obes and t o c hec k oper at i on of
t he osci l l oscope ver t i cal syst em. I t i s not i nt ended f or
ver i f yi ng t he acc ur acy of t he ver t i cal gai n or t i me- base
ci r cui t r y .

BEAM F I ND Swi t c h- Wh en h el d i n, compr esses t he
di spl ay t o wi t h i n t he gr at i cul e ar ea and pr ovi deszyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA± vi si -
b l e vi ewi ng i nt ensi t y t o ai d i n l ocat i ng of f - scr een
di s pl ays .

TRACE ROTATI ON Cont r ol - Scr ewdr i ver adj ust -
ment used t o al i gn t he cr t t r ace wi t h t he hor i zont al

gr at i cul e l i nes .

I NTENSI TY Co nt r ol - Det er mi nes t he br i g ht ness of
t he sweep t r ace .
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Ref er t o Fi gur e 2- 4 f or l ocat i on of i t ems 9 t hr ough 16 .

CH 1 VOLTS/ DI V a nd CH 2 VOLTS/ DI V Swi t ches-

Used t o sel ect t he ver t i cal def l ect i on f act or i nzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA± 1- 2- 5

sequence . To obt ai n ± cal i br at ed d ef l ect i on f act or , t he

VOLTS/ DI V var i abl e cont r ol must be i n t he cal i br at ed

( CAL) det ent ( f ul l y cl ockwi se) .

1X- I ndi cat es t he def l ect i on f act or sel ect ed when

usi ng ei t her ± 1 § pr obe or ± coaxi al cabl e .

10§ PROBE- I ndi cat es t he def l ect i on f act or se-

l ect ed when usi ng ± 10 § pr obe .

VOLTS/ DI V Var i abl e Cont r ol s- When r ot at ed coun-

t er cl ockwi se out of t hei r cal i br at ed det ent posi t i ons,

t hese cont r ol s pr ovi de cont i nuousl y var i abl e,
uncal i br at ed def l ect i on f act or s bet ween t he cal i br at ed

set t i ngs of t he VOLTS/ DI V swi t ches .

POSI TI ON Cont r ol s- Use d t o ver t i cal l y p osi t i on t he

di spl ay on t he cr t . When t he SEC/ DI V swi t ch i s set t o

§ -¥ , t he Channel 2 POSI TI ON cont r ol moves t he di s-

pl ay ver t i cal l y ( Y- axi s) , and t he Hor i zont al POSI TI ON

cont r ol moves t he d i spl ay h or i zont al l y ( X- axi s) .

j 2

	

I nput Coupl i ng ( AC- GND- DC) Swi t ches- Thr ee- po-
si t i on swi t ches t hat sel ect t he met hod of coup l i ng t he

i nput si gnal s t o t he i nst r ument d ef l ect i on syst em.

AC- I nput si gnal i s capaci t i vel y coupl ed t o t he ver -
t i cal ampl i f i er . The do component of t he i nput si g-

nal i s b l ocked . Low- f r e q uency l i mi t ( - 3 dB poi nt ) i s
appr oxi mat el y 10 Hz .

GND- The i nput of t he ver t i cal ampl i f i er i s

gr ounded t o p r ovi de ± zer o ( gr ound) r ef er ence- vol t -

age di s pl ay ( d oes not gr ound t he i nput si gnal ) . Thi s

swi t ch posi t i on al l ows pr echar gi ng t he i nput cou-

pl i ng ca p aci t or .

DC- Al l f r equency component s of t he i nput si gnal

ar e coup l ed t o t he ver t i cal def l ect i on syst ems .

Š3 CH 1 OR § and CH 2 OR ¥ I nput Connect or s-

Pr ovi de f or appl i cat i on of ext er nal si gnal s t o t he ver t i -

cal d ef l ect i on syst em or f or an § - ¥ di spl ay . I n t he § - ¥

mode ( SEC/ DI V swi t ch set t o § - ¥ ) , t he si gnal con-

nect ed t o t he CH 1 OR § i nput connect or p r ovi des

hor i zont al def l ect i on ( X- axi s) and t he si gnal connect e d

t o t he CH 2 OR ¥ i nput connect or pr ovi des ver t i cal
def l ect i on ( y- axi s) .

j 4 VERTI CAL MODE Swi t ches- Two t hr ee- posi t i on
swi t ches and t wo but t on swi t ches ar e used t o sel ect

t he mo d e of oper at i on f or t he ver t i cal ampl i f i er

syst em.

CH 1- Sel ect s onl y t he Channel 1 i n put si gnal f or

di spl ay .

BOTH- Sel ect s b ot h Channel 1 and Channel 2 i n-
put si gnal s f or di spl ay . The CH 1- BOTH- CH 2
swi t ch must be i n t he BOTH posi t i on f or ei t her
ADD, ALT, or CHOP oper at i on .

CH 2- Sel ect s onl y t he Channel 2 i nput si gnal f or
di spl ay .

ADD- Di spl ays t he al gebr ai c sumof t he Channel 1

and Channel 2 i np ut si gnal s .

ALT- Al t er nat el y di s pl ays Channel 1 an d Channel

2 i nput si gnal s . The al t er nat i on occur s d ur i ng r e-

t r ace at t he en d of each sweep . Thi s mode i s usef ul

f or vi ewi ng b ot h input si gnal s at sweep speeds
f r om 0. 05 ) us per di vi si on t o 0. 2 ms per di vi si on .

CHOP- The di spl ay swi t ches bet ween t he Chan-

nel 1 and Channel 2 i nput si gnal s dur i ng t he

sweep. The swi t chi ng r at e i s appr oxi mat el y

500 kHz . Thi s mode i s usef ul f or vi ewi ng bot h

Channel 1 and Channel 2 i nput si gnal s at sweep
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s peeds f r om 0. 5 ms p er di vi si on t o 0. 5 s pe r

di vi si on .

BWL I MI T- Wh en pr essed i n, t hi s but t on swi t ch

l i mi t s t he b andwi dt h of t he ver t i cal ampl i f i er and t he
Tr i gger syst em t o appr oxi mat el y 10 MHz . Bu t t on
must b e pressedzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA± seco nd t i me t o r el ease i t and

r egai n f u l l 60 MHz bandwi dt h oper at i on . Pr ovi des ±

met hod f o r r educi ng i nt er f er ence f r om h i g h- f r e-
que ncy si gnal s when vi ewi ng l ow- f r equency
si gnal s .

CH 2 I NVERT Swi t c h- I nver t s t he Channel 2 di s-

pl ay when but t on i s pr esse d i n . But t on must b e
pr essed i n ± second t i me t o r el ease i t and r egai n ±
noni nver t ed di spl ay .

j 5

	

GND Co nn ect o r- Pr ovi des di r ect connect i on t o t he
i nst r ument chassi s gr ound.

D16 SERI AL a nd Mod Sl ot s- The SERI AL sl ot i s i m-
p r i nt ed wi t h t he i nst r ume nt ' s se r i al number . The Mod
sl ot cont ai ns t he opt i on number t hat i s i nst al l ed i n t he
i nst r ument .

HORI ZONTAL

Ref e r t o Fi g ur e 2- 5 f or l ocat i on of i t ems 17 t hr ough 22 .

11 SEC/ DI V Swi t ches- Use d t o sel ect t he sweep

speeds f or t he sweep gener at or i n ± 1- 2- 5 sequence.

To obt ai n cal i br at ed sweep speeds, t he SEC/ DI V

Var i abl e cont r ol must be i n t he cal i br at ed det ent ( f ul l y

cl oc kwi se) .

Š$ SEC/ DI V Var i abl e 6o nt r ol - Pr ovi des cont i n uousl y
var i abl e, uncal i br at ed sweep spee ds t o at l east 2 . 5

t i mes sl ower t han t he cal i br at ed set t i ng . I t ext ends t he

sl owest sweep spee d t o at l east 1 . 25 s p er di vi si on .

j 9

	

§10 Mag ni f i er Swi t ch- To i ncr ease di spl ayed swee p

s pee d by ± f act or of 10, pul l out t he SEC/ DI V Var i a bl e

kn ob . The f ast est sweep speed can be ext e nd ed t o 5

ns p er di vi si on. Push i n t he SEC/ DI V Var i abl e k no b t o

r egai n t he §1 sweep s peed.

10

	

POSI TI ONCont r ol - Posi t i ons t he di s p l ay hor i zont al l y

i n al l modes .

Zj

	

HORI ZONTAL MODE Swi t ch- Thr ee- posi t i on swi t c h

det er mi nes t he mode of oper at i on f or t he h or i zont al

def l ect i on syst em.

• Ÿ DLY- Hor i zont al d ef l ect i on i s p r ovi ded by t he

sweep gener at or , wi t hout ± del ayed st ar t , at ±

sweep speed det er mi ned by t he SEC/ DI V swi t c h

set t i ng .

I NTENS- Hor i zont al def l ect i on i s pr ovi ded by t he

sweep gener at or at ± swee p s peed det er mi ned b y

t he SEC/ DI V swi t ch . The sweep gener at or al so

pr ovi des an i nt ensi f i ed zone on t he di s p l ay . The

st ar t of t he i nt ensi f i ed zone r epr esent s t he sweep-

st ar t p oi nt when DLY' D HORI ZONTAL MODE i s

sel ect ed .

DLY' D- Hor i zont al def l ect i on i s pr ovi ded by t he

sweep gener at or at ± sweep speed det er mi ned by

t he SEC/ DI V swi t ch set t i ng . The st ar t of t he swee p

i s del ayed f r om t he i n i t i al swee p- t r i gger poi nt b y ±

t i me det er mi ned b y t he set t i ng of t he DEL AY TI ME

Range Sel ect or swi t ch and MULTI PL I ER cont r ol .

22

	

DELAY TI ME- Two cont r ol s ar e u sed i n con j unct i on

wi t h I NTENS and DLY' D HORI ZONTAL MODE t o se-

l ect t he amount of del ay t i me bet ween t he st ar t of t he

swee p and t he begi nni ng of t he i nt ensi f i e d zone .

Range Sel ect or Swi t c h- - Thi s t hr ee- posi t i o n

swi t c h sel ect s 0. 4 ms, 20 ¼s, and 1 . 0 ¼s of del ay

t i me . To i nc r ease t he sweep del ay f r om t he cal i -

br at ed set t i ng of t he Range Sel ect or Swi t c h , r ot at e

t he MULTI PL I ER cont r ol cl ock wi se .

MULTI PL I ER Cont r ol - Pr ovi des var i abl e sweep

del ay f r om l ess t han 1 t o gr eat e r t han 50 t i mes t he

set t i ng of t he Range Sel ect or swi t c h .
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Ref er t o 2- 6 f or l ocat i on of i t ems 23 t hr o ugh 31 .

23 TRI GGER Mod e Swi t ches- Thr ee sect i on swi t c h
t hat det er mi nes t he t r i gger mode f or t he sweep.

NORM- Sweep i s i n i t i at ed when an adequat e t r i g-
ger si gnal i s app l i ed . I n t he abse nce of zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA± t r i gger
si gnal , no basel i ne t r ace wi l l be p r esent .

¡ - ¡ AUTO- TV LI NE- Per mi t s t r i gger i ng on wave-
f or ms and t el evi si on l i nes h avi ng r e pet i t i on r at es of
at l east 20 Hz . Sweep f r ee- r uns i n t he abse nce of
an adeq uat e t r i gger si gnal or when t he r epet i t i on
r at e i s b el ow 20 Hz . The r ange of t he TRI GGER
LEVEL cont r ol i s r est r i ct ed t o t he peak - t o- pea k
r ange of t he t r i gger si gnal .

TV FI ELD- Pr ess i n bot h ¡ - ¡ AUTO and NORM
but t ons . Per mi t s t r i gger i ng on t el evi si on f i el d si g-
nal s . TRI GGER LEVEL cont r ol s houl d be r ot at ed
f ul l y count er cl ock wi se when t r i gger i ng on TV si g-
nal s wi t h negat i ve goi ng sync and cl oc kwi se f or
p osi t i ve goi ng sync .

SGL SWPRESET- Pr ess i n t he s pr i ng- r et ur n but -
t on moment ar i l y t o ar m t he t r i gger ci r cui t f or ± si n-
gl e- sweep di spl ay . I n t h i s mode, t he t r i gger syst em
oper at es t he same as NORM, except onl y one
sweep i s di s pl ayed f or each t r i gger si gnal . Anot her
sweep cannot b e di s pl ayed u nt i l t he SGL SWP
RESET but t on i s moment ar i l y pr essed i n agai n t o
r eset t he t r i gger ci r cui t . Th i s mode i s usef ul f or di s-
pl ayi ng and p hot ogr aphi ng ei t her nonr epet i t i ve si g-
nal s or si gnal s t hat cause unst abl e convent i onal, .
di s pl ays ( e . g . , si gnal s t hat var y i n ampl i t ude,
s hape, or t i me) .

24

	

TRI G' D- READY I ndi cat o r- LED i l l umi nat es when ei -
t her ¡ - ¡ AUTO or NORM Tr i gger Mode i s sel ect ed
and t he Swee p has been t r i gger ed ( TRI G' D) . I n si ngl e
swee p di spl ay, t he LEDi l l umi nat es t o i ndi cat e t hat t he
Tr i gger ci r cui t i s ar med ( READY) .

¯ 5 TRI GGER LEVEL Cont r ol - Sel ect s t he ampl i t ude
p oi nt on t he t r i gge r si gnal at whi c h t he swee p i s
t r i gger ed .

¯ Ì

	

SLOPE Swi t ch- Sel ect s t he sl ope of t he si gnal t hat
t r i gger s t he swee p .

OUT- Wh en but t on i s r el eased out , sweep i s t r i g-

ger ed f r om t he posi t i ve- goi ng sl ope of t he t r i gger
si gnal .

I N- When but t on i s pr essed i n, swee p i s t r i gger ed
f r om t he negat i ve- goi ng sl ope of t he t r i gger si gnal .

2)

	

SOURCE Swi t c h- Det er mi nes t he sour ce of t he t r i g-
ger si gnal t hat i s coupl ed t o t he i np ut of t he t r i gger
ci r cui t .

™• ¤- Per mi t s t r i gge r i ng on si gnal s t hat ar e appl i ed
t o t he CH 1 OR § and CH 2 OR ¥ inp ut connec-
t or s . The sour ce of t he i nt er nal si gnal i s sel ect ed by
t he ™• ¤ swi t ch.

L I NE- The power - so ur ce wavef or m i s t he sour ce
of t he t r i gger si gnal . Thi s t r i gger sour ce i s usef u l
when ver t i cal i nput si gnal s ar e t i me r el at ed ( mul t i -
pl e or s ubmul t i p l e) t o t he f r equency of t he power -
i n pu t sour ce vol t age .

• §¤- Per mi t s t r i gger i ng on si gnal s app l i ed t o t he
• §¤ I NPUT connect or .

2$

	

™• ¤ Swi t c h- Sel ect s t he so ur ce of t he i nt er nal t r i g-
ger i ng si gnal when t he SOURCE swi t c h i s set t o I NT.

CH 1- The si gnal appl i ed t o t he CH 1 OR § i n put
connect or i s t he so ur ce of t he t r i gger si gnal .

VERT MODE- The i nt e r n al t r i gger sour ce i s det er -
mi ned by t he si gnal s sel ect ed f or di s pl ay by t he
VERTI CAL MODE swi t c hes . See Tabl e 2- 1 f or
VERT MODE t r i gger sour ce .
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s peeds f r om 0. 5 ms p er di vi si on t o 0. 5 s pe r

di vi si on .

BWL I MI T- Wh en pr essed i n, t hi s but t on swi t ch

l i mi t s t he b andwi dt h of t he ver t i cal ampl i f i er and t he
Tr i gger syst em t o appr oxi mat el y 10 MHz . Bu t t on
must b e pressedzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA± seco nd t i me t o r el ease i t and

r egai n f u l l 60 MHz bandwi dt h oper at i on . Pr ovi des ±

met hod f o r r educi ng i nt er f er ence f r om h i g h- f r e-
que ncy si gnal s when vi ewi ng l ow- f r equency
si gnal s .

CH 2 I NVERT Swi t c h- I nver t s t he Channel 2 di s-

pl ay when but t on i s pr esse d i n . But t on must b e
pr essed i n ± second t i me t o r el ease i t and r egai n ±
noni nver t ed di spl ay .

j 5

	

GND Co nn ect o r- Pr ovi des di r ect connect i on t o t he
i nst r ument chassi s gr ound.

D16 SERI AL a nd Mod Sl ot s- The SERI AL sl ot i s i m-
p r i nt ed wi t h t he i nst r ume nt ' s se r i al number . The Mod
sl ot cont ai ns t he opt i on number t hat i s i nst al l ed i n t he
i nst r ument .

HORI ZONTAL

Ref e r t o Fi g ur e 2- 5 f or l ocat i on of i t ems 17 t hr ough 22 .

11 SEC/ DI V Swi t ches- Use d t o sel ect t he sweep

speeds f or t he sweep gener at or i n ± 1- 2- 5 sequence.

To obt ai n cal i br at ed sweep speeds, t he SEC/ DI V

Var i abl e cont r ol must be i n t he cal i br at ed det ent ( f ul l y

cl oc kwi se) .

Š$ SEC/ DI V Var i abl e 6o nt r ol - Pr ovi des cont i n uousl y
var i abl e, uncal i br at ed sweep spee ds t o at l east 2 . 5

t i mes sl ower t han t he cal i br at ed set t i ng . I t ext ends t he

sl owest sweep spee d t o at l east 1 . 25 s p er di vi si on .

j 9

	

§10 Mag ni f i er Swi t ch- To i ncr ease di spl ayed swee p

s pee d by ± f act or of 10, pul l out t he SEC/ DI V Var i a bl e

kn ob . The f ast est sweep speed can be ext e nd ed t o 5

ns p er di vi si on. Push i n t he SEC/ DI V Var i abl e k no b t o

r egai n t he §1 sweep s peed.

10

	

POSI TI ONCont r ol - Posi t i ons t he di s p l ay hor i zont al l y

i n al l modes .

Zj

	

HORI ZONTAL MODE Swi t ch- Thr ee- posi t i on swi t c h

det er mi nes t he mode of oper at i on f or t he h or i zont al

def l ect i on syst em.

• Ÿ DLY- Hor i zont al d ef l ect i on i s p r ovi ded by t he

sweep gener at or , wi t hout ± del ayed st ar t , at ±

sweep speed det er mi ned by t he SEC/ DI V swi t c h

set t i ng .

I NTENS- Hor i zont al def l ect i on i s pr ovi ded by t he

sweep gener at or at ± swee p s peed det er mi ned b y

t he SEC/ DI V swi t ch . The sweep gener at or al so

pr ovi des an i nt ensi f i ed zone on t he di s p l ay . The

st ar t of t he i nt ensi f i ed zone r epr esent s t he sweep-

st ar t p oi nt when DLY' D HORI ZONTAL MODE i s

sel ect ed .

DLY' D- Hor i zont al def l ect i on i s pr ovi ded by t he

sweep gener at or at ± sweep speed det er mi ned by

t he SEC/ DI V swi t ch set t i ng . The st ar t of t he swee p

i s del ayed f r om t he i n i t i al swee p- t r i gger poi nt b y ±

t i me det er mi ned b y t he set t i ng of t he DEL AY TI ME

Range Sel ect or swi t ch and MULTI PL I ER cont r ol .

22

	

DELAY TI ME- Two cont r ol s ar e u sed i n con j unct i on

wi t h I NTENS and DLY' D HORI ZONTAL MODE t o se-

l ect t he amount of del ay t i me bet ween t he st ar t of t he

swee p and t he begi nni ng of t he i nt ensi f i e d zone .

Range Sel ect or Swi t c h- - Thi s t hr ee- posi t i o n

swi t c h sel ect s 0. 4 ms, 20 ¼s, and 1 . 0 ¼s of del ay

t i me . To i nc r ease t he sweep del ay f r om t he cal i -

br at ed set t i ng of t he Range Sel ect or Swi t c h , r ot at e

t he MULTI PL I ER cont r ol cl ock wi se .

MULTI PL I ER Cont r ol - Pr ovi des var i abl e sweep

del ay f r om l ess t han 1 t o gr eat e r t han 50 t i mes t he

set t i ng of t he Range Sel ect or swi t c h .
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GRATI CULE

The gr at i cul e i s i n t e r n al l y mar k ed on t he f ace p l at e of t he
cr t t o enabl e accu r at e measur ement s wi t hout par al l ax er r or

( see Fi g ur e 3- 1) . I t i s mar ked wi t h ei ght ver t i cal and t en h or i -

zo nt al maj or d i vi si ons . Eac h maj or di vi si on i s di vi ded i nt o
f i ve subd i vi si ons . The ver t i cal def l ect i on f act o r s and h or i zon-

t al t i mi ng ar e cal i br at ed t o t he gr at i cul e so t hat accur at e

measur ement s can be made di r ect l y f romt he c r t . Al so, per -

ce nt age mar k er s f or t he meas ur ement of r i se and f al l t i mes

ar e l ocat ed on t he l ef t si de of t he gr at i cul e .

GROUNDI NG

The most r el i a b l e si gnal measurement s ar e made when

t he 2213zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘ and t he uni t under t est ar e connect ed by ± com-

mon r ef er ence ( gr ound l ead) , i n addi t i on t o t he si gnal l ead or

pr obe . The pr obe' s gr ound l ead pr ovi des t he best gr oundi ng
met hod f or si gnal i nt er connect i on and ensur es t he maxi -
mum amount of si gnal - l ead s hi el di ng i n t he p r obe ca bl e .
‘ sepa r at e gr ound l ead can al so be connect ed f r om t he uni t
under t est t o t he osci l l osco p e GND co nnect or l ocat ed on
t he f r on t p anel .

SI GNAL CONNECTI ONS

Ge ner al l y, p r obes of f er t he most conveni ent means of
connect i ng an i n put si gnal t o t he i nst r ume nt . They are

s hi el ded t o pr event pi c kup of el ect r omagnet i c i nt er f e r ence,
and t he su ppl i ed 10 § pr obe of f er s ± h i g h i np ut i mpedance
t hat mi ni mi zes ci r c u i t l oadi ng . Thi s al l ows t he ci r cui t under
t est t o oper at e wi t h ± mi ni mum of change f r om i t s n or mal
co nd i t i on as measur ement s ar e bei ng made .

Coaxi al cabl es may al so be u sed t o connect si gnal s t o
t he i n put co nnect or s, but t hey may h ave consi der abl e ef f ect

on t he accur acy of ± di spl ayed wavef or m. To mai nt ai n t he

or i gi nal f r equency c har act er i st i cs of an appl i ed si gnal ,

onl y h i g h - q ual i t y, l ow- l oss coaxi al cabl es s houl d b e u sed.

Coaxi al cabl es s houl d be t er mi nat ed at bot h ends i n t hei r

c har act er i st i c i mped ance . I f t h i s i s n ot possi b l e, use sui t abl e
i mpedance- mat c hi ng devi ces .

I NPUT COUPL I NG
CAPACI TOR PRECHARGI NG

When t he I n put Coup l i ng swi t c h i s set t o GND, t he i nput

si gnal i s connect ed t o gr ound t hr ough t he i n p ut coupl i ng

ca paci t or i n ser i es wi t h ± 1 œ© r esi st o r t o f o rm ±

pr ec har gi ng net wor k . Thi s n et wo r k al l ows t he i n p ut coupl i ng
capaci t or t o char ge t o t he aver age dc- vol t age l evel of t he

si gnal appl i ed t o t he pr obe . Thus any l ar ge vol t age

t r ansi ent s t hat may acci dent al l y be gener at ed wi l l not be
appl i e d t o t he amp l i f i er i nput when t he I nput Coupl i ng swi t ch

i s moved f r om GND t o AC. The pr echar gi ng n et wor k al so
pr ovi des ± measur e of p r ot ect i o n t o t he ext e r nal ci r cui t r y by

r educi ng t he cu r r ent l evel s t hat ca n be d r awn f rom t he ex-

t er nal ci r cui t r y dur i ng ca p aci t or c har gi ng .

The f ol l owi ng pr ocedur e shoul d be used whenever t he

pr obe t i p i s connect ed t o ± si gnal sour ce havi ng ± di f f er ent

do l evel t han t hat pr evi ousl y app l i ed, es peci al l y i f t he dc-
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Oper at or s Fami l i ar i zat i on- 2213A Oper at or s

l evel di f f er ence i s mor e t han 10 t i mes t he VOLTS/ DI V
swi t ch set t i ng :

1 . Set t he I nput Coupl i ng swi t ch t o GND.

2 . I nser t t he pr obe t i p i nt o t he osci l l oscope GNDconnec-
t or and wai t sever al seconds f or t he i nput coupl i ng capaci t or
t o di schar ge .

3. Connect t he pr obe t i p t o t he si gnal sour ce and wai t
sever al seconds f or t he i nput coupl i ng capaci t or t o char ge .

4. Set t he I nput Coupl i ng swi t ch t o AC. The di spl ay wi l l

r emai n on t he scr een, and t he ac component of t he si gnal

can be measur ed i n t he nor mal manner .
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To ver i f y t he oper at i o n and accur acy of yo ur i nst r ument

b ef or e ma k i ng meas ur eme nt s, per f or m t he f ol l owi ng adj ust -

ment pr ocedu r es . I f adj ust ment s ar e r equi r ed beyond t he

scope of t he oper at or s' s ad j ust ment s, r ef er t he i nst r ument

t ozyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA± qual i f i e d ser vi ce t ec hni ci an .

Bef or e pr oceedi ng wi t h t hese i nst r uct i ons, r ef er t o

" Pr epar at i on f or Use" ( Sect i on 2) .

Ver i f y t hat t he POWER swi t c h i s OFF ( but t on out ) , t hen

pl ug t he power co r d i nt o t he p ower - sour ce out l et .

I f i ndi cat i ons speci f i ed i n t hese p r ocedur es ca nn ot be ob-

t ai ned, r ef e r t he i nst r ument t o ± q ual i f i ed ser vi ce t echni ci an .

Fi r st obt ai n ± basel i ne t r ace, usi ng t he f ol l owi ng

pr oced ur e .

1 . Pr eset t he i nst r u ment f r ont - panel cont r ol s as f ol l ows :

Di spl ay

I NTENSI TY

	

Fu l l y count er cl oc k wi se

FOCUS

	

Mi dr ange

Ver t i cal ( Bot h Chann el s)

POSI TI ON

	

Mi dr ange

VERTI CAL MODE

	

CH 1

BWLI MI T

	

Of f ( but t o n out )

VOLTS/ DI V	 50mV

VOLTS/ DI V Var i a b l e

	

CAL det ent

CH 2 I NVERT

	

Of f ( but t on out )

I nput Coupl i ng

	

AC

Hor i zont al

I NTRODUCTI ON

BASEL I NE TRACE

POSI TI ON

	

Mi dr ange
HORI ZONTAL MODE

	

• Ÿ I DLY
SEC/ DI V	 0 . 5 ms
SEC/ DI V Var i a b l e

	

CAL det ent

§10 Mag ni f i er

	

Of f ( knob i n)
Range Sel ect or

	

0. 4 ms
MULTI PLI ER <§1

OPERATOR' S ADJUSTMENTS

TRI GGER

VAR HOLDOFF

	

NORM

Mode

	

¡ - ¡ AUTO

SLOPE

	

OUT

LEVEL

	

Mi dr ange

™• ¤

	

VERT MODE

SOURCE

	

™• ¤

• §¤ COUPLI NG

	

AC

2. Pr ess i n t he POWERswi t c h but t on ( ON) and al l ow t he

i nst r ument t o war m up ( 20 mi nut es i s r ecommended f or

maxi mumaccur acy) .

3 . Ad j ust t he I NTENSI TY cont r ol f or desi r ed di s pl ay

br i ght ness .

4 . Ad j ust t he Ver t i cal and Hor i zont al POSI TI ON co nt r ol s

as needed t o cent er t he t r ace on t he scr een .

TRACE ROTATI ON

Nor mal l y, t he r esul t i ng t r ace wi l l be pa r al l el t o t he cent er
hor i zont al gr at i cul e l i ne, and t he Tr ace Rot at i on ad j u st ment

s houl d not be r eq ui r ed . I f ad j u st ment i s needed, per f or mt he
f ol l owi ng pr ocedur e :

1 . Pr eset i nst r ument cont r ol s and obt ai n ± basel i ne
t r ace .

2 . Use t he Channel 1 POSI TI ON cont r ol t o move t he

basel i ne t r ace t o t he cent er hor i zont al gr at i cul e l i ne .

3 . I f t he r esul t i ng t r ace i s not par al l el t o t he cent er hor i -

zont al gr at i cul e l i ne, use smal l f l at - b i t scr ewdr i ver t o adj ust

t he TRACE ROTATI ON cont r ol and al i g n t he t r ace wi t h t he

ce nt er hor i zont al gr at i cul e l i ne .

PROBE COMPENSATI ON

Mi sadj ust ment of pr obe compensat i on i s ± common

sour ce of measur ement er r or . Most at t enuat or pr obes ar e

equ i pped wi t h ± comp ensat i on ad j ust ment . To ensur e opt i -

mummeasur ement accur acy, al ways compensat e t he osci l -

l oscope p r o bes bef or e ma k i ng measur ement s . Pr o be
compensat i on i s accomp l i shed as f ol l ows :
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Oper at or s Fami l i ar i zat i on- 2213A Oper at or s

1 . Pr eset i nst r ument cont r ol s and obt ai nzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA± basel i ne
t r ace .

2 . Connect t he t wo 10 § p r obes ( supp l i ed wi t h t he i n-
st r ument ) t o t he CH 1 and CH 2 i n pu t connect or s .

3 . Set bot h VOLTS/ DI V swi t c hes t o 10 mV and set

bot h I nput Coupl i ng swi t ches t o DC.

4. Sel ect CH 1 VERTI CAL MODE and i nser t t he t i p of
t he Channel 1 p r obe i nt o t he PROBE ADJUST out put j ac k .

5 . Usi ng t he appr oxi mat el y 1 kHz PROBE ADJUST
s q uar e- wave si gnal as t he i nput , obt ai n ± 5- di vi si on di s p l ay
of t he si gnal .

6 . Set t he SEC/ DI V swi t c h t o d i spl ay seve r al cycl es of
t he PROBE ADJUST si gnal . Use t he Channel 1 POSI TI ON

co nt r ol t o ve r t i cal l y cent er t he di s pl ay .

7 . Chec k t he wavef o r mpr esent at i on f or over s hoot and
r ol l of f ( see Fi g ur e 3- 2) . I f necessar y, ad j ust t he p r obe com-
pensat i on f or f l at t ops on t he wavef or ms . Ref er t o t he i n
st r uct i ons supp l i ed wi t h t he pr obe f or det ai l s of
compensat i on adj ust ment .

8 . Sel ect CH 2 VERTI CAL MODE and connect t he

Channel 2 p r obe t i p t o t he PROBE ADJUST out pu t j ack .

9 . Use t he Channel 2 POSI TI ONt o ver t i cal l y cent er t he

di spl ay and r epeat st ep 7 f or t he Channel 2 pr obe .

10 . Di sconnect t he p r o bes f r om t he i nst r u ment .
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I NTRODUCTI ON

Af t er becomi ng f ami l i ar wi t h t he capabi l i t i es of t he 2213zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘
Osci l l oscope an oper at or can t hen easi l y devel op conve-
ni ent met hods f or maki ng p ar t i cul ar measur ement s . The i n-
f or mat i on i n t hi s sect i on i s desi gned t o enhance oper at or
under st andi ng and t o assi st i n devel opi ng ef f i ci ent t ech-
ni ques f or maki ng speci f i c measur ement s . Recommended
met hods f or maki ng basi c measur ement s wi t h your i nst r u-
ment ar e descr i bed i n t he pr ocedur es cont ai ned i n t hi s
sect i on .

When ± pr ocedur e f i r st cal l s f or pr eset t i ng i nst r ument
cont r ol s and obt ai ni ng ± b asel i ne t r ace, r ef er t o t he " Oper -
at or ' s Adj ust ment s" par t i n Sect i on 3 and per f or m st eps 1
t hr ough 4 u nder " Basel i ne Tr ace" .

I NDEX TO BASI C
APPLI CATI ON PROCEDURES

VOLTAGE MEASUREMENTS

	

. . . . . . . . . . . . . . . . .

	

4- 1

AC Peak- t o- Peak Vol t age

	

. . . . . . . . . . . . . . . . . .

	

4- 1

I nst ant aneous Vol t age . . . . . . . . . . . . . . . . . . . . .

	

4- 2

Al gebr ai c Addi t i on . . . . . . . . . . . . . . . . . . . . . . . . .

	

4- 3

Common- Mode Rej ect i on . . . . . . . . . . . . . . . . . . .

	

4- 3
Ampl i t ude Compar i son . . . . . . . . . . . . . . . . . . . . .

	

4- 4

TI ME MEASUREMENTS . . . . . . . . . . . . . . . . . . . . .

	

4- 4
Ti me Dur at i on . . . . . . . . . . . . . . . . . . . . . . . . . . . .

	

4- 4
Fr equency . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4- 5
Ri se Ti me . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

	

4- 5
Ti me Di f f er ence Bet ween Pul ses On Ti me
Rel at ed Si gnal s . . . . . . . . . . . . . . . . . . . . . . . . . . .

	

4- 6
Phase Di f f er ence . . . . . . . . . . . . . . . . . . . . . . . . .

	

4- 7

TELEVI SI ON DI SPLAYS . . . . . . . . . . . . . . . . . . . . . .

	

4- 8

TV Li ne Si gnal

	

. . . . . . . . . . . . . . . . . . . . . . . . . . .

	

4- 8
TV Fi el d Si gnal . . . . . . . . . . . . . . . . . . . . . . . . . . .

	

4- 8

DELAYED- SWEEP MAGNI FI CATI ON . . . . . . . . . . . .

	

4- 9

VOLTAGE MEASUREMENTS

AC Peak- t o- Peak Vol t age

To make ± peak- t o- peak vol t age measur ement , use t he

f ol l owi ng pr ocedur e :

• Ÿ¤•

Thi s pr ocedur e may al so be used t o make vol t age

measur ement s bet ween any t wo poi nt s on the

wavef or m.

1 . Pr eset i nst r ument cont r ol s and obt ai n ± basel i ne

t r ace .

2 . Appl y t he ac si gnal t o ei t her ver t i cal - channel i n put
connect or and set t he VERTI CAL MODE swi t ch t o di spl ay
t he channel used .

3 . Set t he appr opr i at e VOLTS/ DI V swi t ch t o di spl ay

about f i ve d i vi si ons of t he wavef or m, ensur i ng t hat t he
VOLTS/ DI V Var i abl e cont r ol i s i n t he CAL det ent .

4 . Adj ust t he TRI GGERLEVEL cont r ol t o obt ai n ± st abl e
di spl ay .

5 . Set t he SEC/ DI V swi t ch t o ± posi t i on t hat di spl ays

sever al cycl es of t he wavef or m.

6 . Ver t i cal l y posi t i on t he d i spl ay so t hat t he negat i ve
peak of t he wavef or m coi nci des wi t h one of t he h or i zont al
gr at i cul e l i nes ( see Fi gur e 4- 1, Poi nt ‘ ) .

7 . Hor i zont al l y posi t i on t he di s pl ay so t hat one of t he
posi t i ve peaks coi nci des wi t h t he cent er ver t i cal gr at i cul e
l i ne ( see Fi gur e 4- 1, Poi nt ’ ) .

8 . Measur e t he ver t i cal d ef l ect i on f r om p eak- t o- peak
( see Fi gur e 4- 1, Poi nt ‘ t o Poi nt ’ ) .
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NOTE

I f t he ampl i t ude measur ement i s cr i t i cal or i f the t race

i s thi ck ( aszyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA± r esul t of hum or noi se on t he si gnal ) , ±

mor e accur at e val ue can be obt ai ned by meas ur i ng

f r om t he t op of ± pea k t o t he t op of ± val l ey . Thi s wi l l

el i mi nat e t r ace thi ckness fromt he measur ement .

9 . Cal cul at e t he peak- t o- peak vol t age, usi ng t he f ol l ow-
i ng f or mul a :

VOLTS/ DI V
ver t i cal

	

swi t ch set t i ng
Vol t s ( Á- Á)

	

=

	

def l ect i on

	

Ç

	

i ndi cat ed b y 1 §

( di vi si ons)

	

( or 10 § PROBE when
10§ pr obe i s used)

EXAMPLE: The measur ed peak- t o- peak ver t i cal def l ec-

t i on i s 4. 6 di vi si ons ( see Fi gur e 4- 1) usi ng ± 10§ at t enua-

t or pr obe wi t h t he VOLTS/ DI V swi t ch set t o 5 V ( at 10§

PROBE set t i ng) .

Subst i t ut i ng t he gi ven val ues :

Vol t s (Á- Á) = 4. 6 di v Ç 5 V/ di v = 23 V.

I nst ant aneous Vol t age

To measur e i nst ant aneous l evel at ± gi ven poi nt on ±

wavef or m, r ef er r ed t o gr ound, use t he f ol l owi ng pr ocedur e :

1 . Pr eset i nst r ument cont r ol s an d obt ai n ± basel i ne

t r ace .

2 . Appl y t he si gnal t o ei t her ver t i cal - channel i nput con-
nect or and set t he VERTI CAL MODE swi t ch t o di spl ay t he
channel used .

3 . Ver i f y t hat t he VOLTS/ DI V Var i abl e cont r ol i s i n t he
CAL det ent an d set t he I nput Coupl i ng swi t ch t o GND.

4. Ver t i cal l y posi t i on t he basel i ne t r ace t o t he cent er
h or i zont al gr at i cul e l i ne . Thi s est abl i shes t he gr ound r ef er -

ence l ocat i on .

NOTE

I f measur ement s ar e t o be made r el at i ve t o ± vol t age
l evel ot her t han gr ou nd, set t he I nput Coupl i ng swi t ch
t o DCi nst ead, and appl y the r ef er ence vol t age t o t he
I nput connect or . Then posi t i on the t race t o t he r ef er -

ence ( hor i zont al gr at i cul e) l i ne .

5 . Set t he COUPLI NG swi t ch t o DC. Poi nt s on t he
wavef or m above t he gr ound r ef er ence l ocat i on ar e posi t i ve .
Those poi nt s bel ow ar e negat i ve .

NOTE

I f usi ng Channel 2, ensur e t hat the Chann el 2 I NVERT
swi t ch i s i n i t s noni nver t i ng mode ( but t on out ) .

6 . I f necessar y, r e p eat St ep 4 usi ng ± di f f er ent r ef er -
ence l i ne whi ch al l ows t he wavef or m i n St ep 5 t o be di s-
pl ayed on scr een .

7 . Adj ust t he TRI GGER LEVEL cont r ol t o obt ai n ± st a-
bl e di spl ay .

_

	

8 . Set t he SEC/ DI V swi t ch t o ± p osi t i on t hat di spl ays

sever al cycl es of t he si gnal .

9 . Measur e t he d i vi si ons of ver t i cal def l ect i on bet ween
t he gr ound r ef er ence l i ne and t he poi nt on t he wavef or m at
whi ch t he l evel i s t o be det er mi ned ( see Fi gur e 4- 2) .
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10 . Cal cul at e t he i nst ant aneous vol t age, usi ng t he f ol -
l owi ng f or mul a :

VOLTS/ DI V
I nst ant a-

	

ver t i cal

	

swi t c h set t i ng
neo us

	

= d ef l ect i o nzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAÇ

	

p ol ar i t y

	

Ç

	

i n di cat ed by 1 §
Vol t age

	

( di vi si o ns)

	

( + or - )

	

( or 10 § when 10§
p r obe i s used)

EXAMPLE: The measur ed ver t i cal def l ect i on f r om t he
r ef e r ence l i ne i s 4. 6 di vi si o ns ( see Fi gu r e 4- 2) , t he wave-
f o r mpoi nt i s above t he r ef er ence l i ne, ± 10§ at t enuat or
p r o be i s bei ng used, and t he VOLTS/ DI V swi t ch i s set t o
2 V ( at 10 § pr obe set t i ng) .

Su bst i t ut i ng t he gi ve n val ues :

I nst ant aneous Vol t age = 4. 6 di v Ç ( +1) Ç 2 V/ di v =
9. 2 V.

Al gebr ai c Add i t i o n

Wi t h t he VERTI CAL MODE swi t c hes set t o BOTH and
ADD, t he wavef or m d i s p l aye d i s t he al gebr ai c sum of t he
si gnal s appl i ed t o t he Channel 1 and Chann el 2 i n put s
( CH 1 + CH 2) . I f t he Chan nel 2 I NVERT but t on i s pr essed
i n, t he wavef or m di s pl ayed i s t he di f f er ence b et ween t he
si gnal s app l i ed t o t he Chann el 1 and Channel 2 i nput s ( CH1

- CH 2) . Wh en bot h VOLTS/ DI V swi t ches ar e set t o t he
same def l ect i on f act o r , t he def l ect i on f act o r i n t he ADD
mode i s eq ual t o t he def l ect i on f act or i nd i cat ed b y ei t her

VOLTS/ DI V swi t c h .

The f ol l owi ng ge ner al p r ecaut i ons s houl d be obser ved

when usi ng t he ADD mode.

± . Do not exceed t he input vol t age r at i ng of t he
osci l l oscope .

b . Do not appl y si gnal s t hat exceed t he equi val ent of
about ei ght t i mes t he VOLTS/ DI V swi t c h set t i ngs, si nce
l ar ge vol t ages may di st or t t he di spl ay . For exampl e, wi t h ±

VOLTS/ DI V swi t c h set t i ng of 0. 5 V, t he vol t age app l i ed t o

t hat c hannel s houl d not exceed appr oxi mat el y 4 vol t s .

c . Use Channel 1 and Channel 2 POSI TI ON cont r ol

set t i ngs whi c h most near l y posi t i o n t he si gnal on eac h ch an-

nel t o mi d scr een , when vi ewed i n ei t he r CH 1 or CH 2

VERTI CAL MODE . Thi s ens ur es t he gr eat est d y nami c

r ange f or ADD mode oper at i on .

d . To at t ai n si mi l ar r es ponse f r om each ch annel , set
bot h t he Channel 1 an d Ch annel 2 I np ut Coupl i ng swi t ches
t o t he same posi t i on .

Common- Mode Rej ect i on

The f ol l owi ng p r ocedur e s hows h ow t o el i mi nat e un-
want ed ac i nput - power f r equency component s . Si mi l ar
met hods coul d b e used ei t her t o el i mi nat e ot her unwant ed
f r eq uency component s or t o pr ovi de ± do of f set .

1 . Pr eset i nst r ument cont r ol s and obt ai n ± basel i ne
t r ace .

2 . Appl y t he si gnal cont ai n i ng t he unwant ed l i ne- f r e-
qu ency component s t o t he CH 1 i n pu t connect or .

3 . Appl y ± l i ne- f r equency si gnal t o t he CH 2 i n put co n-
nect or . To maxi mi ze cancel l at i o n , t he si gnal ap pl i ed t o
Chan nel 2 must be i n ph ase wi t h t he unwant ed l i ne- f r e-
qu ency component on t he Channel 1 i nput .

4 . Sel ect BOTH and ALT VERTI CAL MODE an d set
b ot h VOLTS/ DI V swi t c hes t o pr oduce di spl ays of appr oxi -
mat el y 4- or 5- d i vi si o ns i n ampl i t ude .

5 . Ad j u st t he CH 2 VOLTS/ DI V swi t c h and CH 2

VOLTS/ DI V Var i abl e cont r ol so t hat t he Channel 2 d i spl ay i s
app r oxi mat el y t he same ampl i t ude as t he undesi r ed por t i on

of t he Channel 1 di s pl ay ( see F i gur e 4- 3‘ ) .
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6. Sel ect ADD VERTI CAL MODE and pr ess i n t he

I NVERT but t on, and sl i g h t l y r eadj u st t he CH 2 VOLTS/ DI V

Var i abl e cont r ol f or maxi mumcancel l at i on of t he und esi r ed

si gnal component ( see Fi gur e 4- 3zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA’ ) .

Ampl i t ude Compar i son ( Rat i o)

I n some app l i cat i ons i t may be necessar y t o est a bl i sh ±

set of d ef l ect i on f act or s ot her t han t hose i ndi cat ed by t he
VOLTS/ DI V swi t c h set t i ngs . Thi s i s u sef ul f or compar i ng

un k nown si gnal s t o ± r ef er ence si gnal of k nown amp l i t ude .

To accompl i s h t hi s, ± r ef er ence si gnal of kn own ampl i t ude i s

f i r st set t o an exact number of ver t i cal di vi si ons b y adj ust i ng

t he VOLTS/ DI V swi t c h and Var i abl e co nt r ol . Un k nown si g-
nal s can t hen be q ui c kl y and accur at el y compar ed wi t h t he
r ef er ence si gnal wi t hout di st ur bi ng t he set t i ng of t he
VOLTS/ DI VVar i abl e cont r ol . Thi s pr ocedur e i s as f ol l ows :

1 . Pr eset i nst r ume nt cont r ol s and obt ai n ± basel i ne

t r ace .

2 . Appl y t he r ef er ence si gnal t o ei t her ver t i cal c hannel

i nput and set t he VERTI CAL MODE swi t ch t o di spl ay t he

c hannel used .

3 . Set t he ampl i t ude of t he r ef e r ence si gnal t o f i ve ver t i -

cal di vi si ons b y ad j ust i ng t he VOLTS/ DI V swi t ch and

VOLTS/ DI V Var i abl e cont r ol .

4 . Di sconnect t he r ef er ence si gnal an d appl y t he un-
known si gnal t o be measur ed t o t he same c han nel i nput .

Adj ust t he ve r t i cal posi t i on of t he wavef or m so t hat i t s bot -
t om edge j ust t ouc hes t he 0° /¿ l i ne on t he cr t .

5 . Hor i zont al l y posi t i on t he wavef or m so t hat i t s t op

most f eat ur es cr oss t he cent er ver t i cal gr at i cul e l i ne ( see

Fi gu r e 4- 4) .

6 . Read t he per cent r at i o di r ect l y f r om t he gr adu at i ons

of t he cent er l i ne, r ef er r i ng t o t he 0%and 100%per cent age

mar k s on t he l ef t edge of t he gr at i cul e ( 1 mi nor di vi si on

equal s 4%f or ± 5- d i vi si on di spl ay) .

TI ME MEASUREMENTS

Ti me Du r at i on

To measur e t i me b et ween t wo poi nt s on ± wavef or m,

use t he f ol l owi ng pr ocedur e .

/ 1 . Pr eset i nst r ument cont r ol s an d obt ai n ± basel i ne

t r ace .

2 . Appl y t he si gnal t o ei t her ve r t i cal - c hannel i nput con-

nect or and set t he VERTI CA L MODE swi t c h t o di spl ay t he

c hannel used .
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3 . Adj ust t he TRI GGER LEVEL cont r ol t o obt ai nzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA± st abl e

di s pl ay .

4 . Set t he SEC/ DI V swi t ch t o di spl ay one compl et e pe-

r i od of t he wavef or m. Ensur e t hat t he SEC/ DI V Var i abl e

cont r ol i s i n t he CAL det ent .

5 . Posi t i on t he di spl ay t o p l ace t he t i me- measur ement

poi nt s on t he cent er ho r i zont al gr at i cul e l i ne ( see F i gur e 4- 5) .

6 . Measur e t he Hor i zont al di st ance bet ween t he t i me-

meas ur ement poi nt s .

7 . Cal cul at e t i me dur at i on usi ng t he f ol l owi ng f o r mul a :

hor i zont al SEC/ DI V
di st a nce Ç swi t c h

Ti me ( di vi si on ) set t i ng
Dur at i on

magni f i cat i on f act or

EXAMPLE : The d i st a nce bet ween t he t i me meas ur ement

poi nt s i s 8. 3 di vi si ons ( see Fi gur e 4- 5) , and t he SEC/ DI V

swi t ch i s set t o 2 ms p er d i vi si on . The §10 Mag ni f i er i s

of f ( kn ob i n) .

Subst i t ut i ng t he gi ven val ues :

Ti me Dur at i on = 8. 3 di v Ç 2 ms/ di v = 16 . 6 ms

Fr equency

The f r eque ncy of ± r ecu r r ent si gnal ca n be det er mi ned

f r omi t s t i me- d ur at i on measur eme nt as f ol l ows :

1 . Measur e t he t i me dur at i on of one wavef or mcycl e us-

i ng t he pr ecedi ng " Ti me Dur at i on" measur ement pr ocedur e .

2 . Cal cul at e t he r eci pr ocal of t he t i me- du r at i o n val ue t o

det er mi ne t he f r eque ncy of t he wavef or m.

EXAMPLE: The si gnal i n Fi gur e 4- 5 h as ± t i me du r at i on

of 16 . 6 ms .

Cal cul at i ng t he r eci pr ocal of t i me du r at i on :

F r eq uency =

	

1

	

=

	

1

	

= 60 Hz
t i me dur at i on

	

16 . 6 ms

Ri se Ti me

Ri se- t i me measur ement s use t he same met hods as t i me

dur at i on, exce pt t hat t he measur ement s ar e made bet ween

t he 10%and 90%p oi nt s of t he l ow t o h i g h t r ansi t i on of t he

sel ect ed wavef or m ( see F i gur e 4- 6) Fal l t i me i s measur ed

bet ween t he 90%and 10%poi nt s of t he hi g h t o l ow t r ansi -

t i on of t he wavef or m.

1 . Pr eset i nst r ument cont r ol s and obt ai n ± b asel i ne

t r ace .

2 . Appl y an exact 5- di vi si on si gnal t o ei t her ver t i cal -

c hannel i nput co nn ect or and set t he VERTI CAL MODE

swi t c h t o d i s pl ay t he c hannel used .
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3 . Set t he appr opr i at e VOLTS/ DI V swi t c h and var i abl e
cont r ol f or an exact 5- di vi si on d i s p l ay .

4 . Ver t i cal l y posi t i on t he t r ace so t hat t he zer o r ef er ence
of t he wavef or mt ouches t he 0%gr at i cul e l i ne and t he t op of
t he wavef or m t ouc hes t he 100%gr at i c u l e l i ne.

5 . Hor i zont al l y posi t i on t he d i spl ay so t he 10%p oi nt on
t he wavef or m i nt er sect s t he second ver t i cal gr at i cul e l i ne .

6 . Meas ur e t he h or i zont al di st ance bet ween t he 10%

an d 90%poi nt s (bet ween Poi nt szyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘ and ’ of Fi gur e 4- 6) and
cal cul at e t he t i me dur at i on usi ng t he f ol l owi ng f or mul a :

hor i zont al SEC/ DI V

di st ance Ç swi t c h
Ri se ( di vi si ons) set t i ng
Ti me =

magni f i cat i on f act or

Examp l e : The h or i zont al di st ance bet ween t he 10%and
90%p oi nt s i s 5 di vi si ons, and t he SEC/ DI Vswi t ch i s set
t o 1 ¼s p er di vi si on . The X10 magni f i er k nob i s of f ( knob
i n) .

Su bst i t ut i ng t he gi ven val ues i n t he f or mul a :

Ri se Ti me

	

-

	

5 di v Ç; ¼s/ di v

	

-

	

5 ¼s

Ti me Di f f er ence Bet ween Pu l ses On Ti me- Rel at ed

Si gnal s

The cal i br at ed swee p speed and dual - t r ace f eat ur es of
t he 2213‘ al l ow measur ement of t he t i me di f f er ence be-
t ween t wo separ at e event s . To measur e t i me di f f er ence,
use t he f ol l owi ng p r ocedur e :

1 . Pr eset i nst r ument cont r ol s and obt ai n ± b asel i ne
t r ace, t hen set t he TRI GGER SOURCE swi t c h t o CH 1 .

2 . Set bot h I n p ut Coupl i ng swi t ches t o t he same p osi -
t i on, de pend i ng on t he t y pe of i nput coupl i ng desi r ed .

3 . Usi ng ei t her pr obes or cabl es wi t h eq ual t i ne del ays,
connect ± k nown r ef er ence si gnal t o t he Channel 1 i n put
and t he compar i son si gnal t o t he Chann el 2 i np ut .

4 . Set bot h VOLTS/ DI V swi t ches f or 4- or 5- di vi si on
d i spl ays .

5 . Sel ect BOTH VERTI CA L MODE ; t hen sel ect ei t her
ALT or CHOP, dependi ng on t he f r eq uency of i nput si gnal s .

6 . I f t he t wo si gnal s ar e of opposi t e pol ar i t y, pr ess i n t he
Channel 2 I NVERT but t on t o i nver t t he Channel 2 di spl ay
( si gnal s may b e of opposi t e pol ar i t y d ue t o 180° p hase
di f f er ence) .

7 . Adj ust t he TRI GGER LEVEL cont r ol f or ± st abl e
di spl ay .

8 . Set t he SEC/ DI V swi t c h t o ± swee p speed whi ch pr o-
vi des t hr ee or mor e di vi si ons of h or i zont al separ at i on be-
t ween t he r ef er ence p oi nt s on t he t wo d i spl ays . Ce nt er each
of t he di sp l ays ve r t i cal l y ( see Fi gur e 4- 7)

9 . Measur e t he hor i zont al di f f er ence bet ween t he t wo
si gnal r ef er ence poi nt s an d cal cul at e t he t i me di f f er ence us-
i ng t he f ol l owi ng f or mul a :

SEC/ DI V hor i zont al
swi t c h Ç di f f er ence

Ti me set t i ng ( di vi si o ns)
Di f f er ence =

magni f i cat i on f act or

EXAMPLE: The SEC/ DI V swi t c h i s set t o 50 ¼s per di vi -
si on, t he §10 Mag ni f i er i s on ( but t on out ) and t he h or i -
zont al di f f er ence bet ween wavef or m measur ement
poi nt s i s 4. 5 di vi si ons .

Sub st i t ut i ng t he gi ve n val ues i n t he f or mul a :

Ti me

Di f f er ence

	

-

	

50 ¼s/ di 10Ç 4. 5 di v

	

_

	

22 . 5 ¼s
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Phase Di f f e rence

I nzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA± si mi l a r manner t o " Ti me Di f f er ence Bet ween Two

Ti me- Rel at ed Pul ses" ph ase compar i son bet ween t wo si g-

nal s of t he same f r equency can be ma de usi ng t he dual -

t r ace f eat ur e of t he 2213‘ . Thi s met hod of phase d i f f e rence

measur ement can be used up t o t he f r eq uency l i mi t of t he

ver t i cal d ef l ect i o n syst em. To mak e ± p hase compar i son,

use t he f ol l owi ng pr ocedur e :

1 . Pr eset i nst r ument cont r ol s and obt ai n ± b asel i ne

t r ace, t hen set t he ™• ¤ swi t ch t o CH 1 .

2 . Set bot h I nput Co up l i ng swi t ches t o t he same posi -

t i on , de pen d i ng on t he t y pe of i nput coupl i ng d esi r ed .

3. Usi ng ei t her pr obes or ca bl es wi t h equal t i me del ays,
connect ± known r ef e r ence si gnal t o t he Chan nel 1 i nput
and t he unk nown si gnal t o t he Chann el 2 i nput .

4 . Sel ect BOTH VERTI CAL MODE; t hen sel ect ei t her
ALT or CHOP, depe nd i ng on t he f r equency of i n p ut si gnal s .
The r ef er ence si gnal shoul d pr ecede t he compar i son si gnal
i n t i me .

5 . I f t he t wo si gnal s ar e of opposi t e pol ar i t y, pr ess i n
t he Channel 2 I NVERT but t on t o i nver t t he Chan nel 2
di spl ay .

6 . Set bot h VOLTS/ DI V swi t ches and bot h Var i a b l e
cont r ol s so t he di spl ays are equal i n ampl i t ude .

7. Adj ust t he TRI GGER LEVEL co nt r ol f or ± st abl e
di s pl ay .

8 . Set t he SEC/ DI V swi t c h t o ± sweep speed whi c h
di sp l ays about one f u l l cycl e on t he wavef or ms .

9 . Posi t i o n t he d i spl ays an d adj ust t he SEC/ DI V Var i -
abl e co nt r ol so t hat one r ef er ence- si g nal cycl e occ up i es ex-
act l y 8 hor i zont al gr at i c ul e di vi si ons at t he 50% r i se- t i me
poi nt s ( see F i gur e 4- 8) . Each di vi si on of t he gr at i cul e now
r epr esent s 45° of t he cycl e ( 360° - 8 d i vi si o ns) , and J he
hor i zont al gr at i cul e cal i br at i on can be st at ed as 45° / per
d i vi si on .

10 . Measur e t he hor i zont al di f f er ence bet ween cor -
r espondi ng poi nt s on the wavef orms at ± common hor i zon-
t al gr at i cul e l i ne ( 50%of r i se t i me) an d cal cul at e t he phase
di f f er ence usi ng t he f ol l owi ng f or mul a :

hor i zont al
Ph ase hor i zont al gr at i cul e

Di f f er ence = di f f e r ence Ç
( di vi si o ns) cal i br at i on

( deg/ d i v)

Exampl e : The hor i zont al di f f er ence i s 0. 6 d i vi si on wi t h ±
gr at i cul e cal i br at i on of 45° p er di vi si on as s hown i n F i g-
ur e 4- 8 .

Subst i t ut i ng t he gi ven val ues i nt o t he phase d i f f er e nce
f o r mul a :

Ph ase di f f er e nce = 0. 6 di v Ç 45° / di v = 27° .

Mor e accur at e ph ase measur ement s can be made by us-
ing t he §10 Magni f i er f unct i on t o i ncr ease t he sweep speed
wi t hout c hangi ng t he SEC/ DI V Var i abl e cont r ol set t i ng .

EXAMPLE: I f t he swee p speed wer e i ncr eased 10 t i mes
wi t h t he magni f i er ( §10 Mag ni f i e r but t o n out ) , t he magni -
f i ed h or i zont al gr at i cul e cal i br at i on woul d be 45° / di vi si on
d i vi ded by 10 ( or 4 . 5° / di vi si on) . Fi g ur e 4- 9 s hows t he
same si gnal s i l l ust r at ed i n Fi g ur e 4- 8, but magni f yi ng t he
di s pl ays r es ul t s i n ± hor i zont al di f f er ence of 6 di vi si ons
bet ween t he t wo si gnal s .

Subst i t ut i ng t he gi ven val ues i n t he phase di f f er ence

f o r mul a :

Phase di f f er ence = 6 di v Ç 4. 5° / di v = 27° .
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6. Sel ect t he DLY' D HORI ZONTAL MODE and i ncr ease

t he swee p speed t o magni f y t he i nt ensi f i ed por t i on of t he

swee p ( see Fi g ur e 4- 10) .

7 . The appar ent swee p magni f i cat i on can be cal cul at ed

f r om t he f ol l owi ng f or mul a :

Ap p ar ent

Del ayed Swee p

Magni f i cat i o n

i ni t i al SEC/ DI V set t i ng

second SECDI V set t i ng

EXAMPLE: Det er mi ne t he appa r ent magni f i cat i on of zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA±

di spl ay wi t h an i ni t i al SEC/ DI V swi t c h set t i ng of 0 . 1 ms

p er di vi si on and t he second SEC/ DI V swi t c h set t i ng of

1 ¼s p er di vi si on .

Subst i t ut i ng t he gi ven val ues :

Appa r ent

Magni f i cat i on

	

1 Ç 106s

1 Ç 104s
=

	

10 2 =100
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I NTRODUCTI ON

Thi s sect i on cont ai nszyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA± gener al descr i pt i on of i nst r ument

opt i ons avai l abl e at t he t i me of p ub l i cat i on of t h i s manual .

Al so i ncl uded i s ± comp l et e l i st ( wi t h Tek t r oni x par t number )

of st an dar d accessor i es i ncl uded wi t h eac h i nst r ume nt and

± par t i al l i st of opt i onal accessor i es . Addi t i onal inf or mat i o n

ab out i nst r ument opt i ons, opt i on avai l abi l i t y, and ot her ac-

cessor i es ca n be obt ai ned ei t her by consul t i ng t he cur r ent

Tek t r oni x Pr oduct Cat al og or by cont act i ng your Te k t r oni x

Fi el d Of f i ce or r epr esent at i ve .

OPTI ONS

Ther e ar e cur r ent l y no opt i ons avai l a b l e f or t he 2213 ‘ .

I NTERNATI ONAL POWERCORDS

I nst r ument s ar e s h i pp ed wi t h t he det ac habl e power - co r d

conf i g ur at i on or der e d by t he cust omer . Descr i pt i ve i nf or ma-

t i on about t he i nt er nat i onal power - cor ds i s pr ovi ded i n Sec-

t i on 2, " Pr ep ar at i o n f o r Use" . The f ol l owi ng l i st i dent i f i es t he

Tek t r oni x par t number s f or t he avai l a b l e power cor ds .

Descr i pt i on

	

Or der

Uni ver sal Eur o 10- 16 ‘ , 50 Hz . . . . . . . . . . 020- 0859- 00

UK 240 V/ 13 ‘ , 50 —z . . . . . . . . . . . . . . . . . 020- 0860- 00

Aust r al i an 240 V/ 10‘ , 50 Hz . . . . . . . . . . . . 020- 0861- 00
É

Nor t h Amer i can 240 V/ 1 5A, 60 Hz . . . . . . .

	

020- 0862- 00

Swi t ze r l and 220 V/ 10‘ , 50 Hz . . . . . . . . . . 020- 0863- 00

STANDARD ACCESSORI ES

The f ol l owi ng st andar d accessor i es ar e pr ovi d ed wi t h

eac h i nst r ument .

ot y Desc r i pt i on

	

Or der

2

	

Pr obes, 10§ 1 . 5- met er l engt h wi t h

accessor i es . . . . . . . . . . . . . . . . . . . . 010- 6122- 01

1

	

Power Cor d . . . . . . . . . . . . . . . . . . . .

	

161- 0104- 00

1

	

Oper at or s Manual . . . . . . . . . . . . . . . 070- 4734- 00

OPTI ONAL ACCESSORI ES

The f ol l owi ng opt i onal accessor i es ar e r ecommen ded f or

use wi t h t he 2213‘ Osci l l osco pe .

Desc r i pt i on	 Or der

Ser vi ce Manual . . . . . . . . . . . . . . . . . . . .

	

070- 4733- 00

Pr ot ect i ve Fr ont Panel Cover . . . . . . . . .

	

200- 2520- 00

Co r d Wr ap and St or age Pouc h . . . . . . .

	

016- 0677- 00

Pr ot ect i ve Fr ont Panel Cover , Cor d
Wr a p, and St or age Pouch . . . . . . . . . . . .

	

020- 0672- 00

Car r yi ng St r a p . . . . . . . . . . . . . . . . . . . . .

	

346- 0199- 00

Car r yi ng Case . . . . . . . . . . . . . . . . . . . . .

	

016- 0694- 00

Low- Cost , Ge ner al - Pur pose Camer a . . . C- 5C Opt i on 04

Rac kmoun t Adapt er Ki t . . . . . . . . . . . . . .

	

016- 0466- 00

SCOPE- MOBI LE CART- Occupi es l ess

t han 18 i nches of ai sl e s p ace, wi t h st or

age ar ea i n b ase . . . . . . . . . . . . . . . . . . .
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