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OPERATOR S SAFETY SUMMARY
Th e general safety information in this p art of the summary is fo r both operati ng a nd
se rvicing personnel . Specific warnings and ca utions will be fo und throu ghout the
manual where th ey apply, bu t may n ot appea r i n th is summary.

IN THIS MANUAL

AS MARKED ON EQUIPMENT

IN THIS MANUAL

ΧΙΙ

© Static-Sensitive Devices.

TERM S

CAUTIO N statements identify cond itions or practices t hat co uld result i n damage to
the equ ipment or ot her prope rty .

WARN ING statements identify cond itio ns or practices t hat could result in person al
i njury or loss of life .

CAUTION ind icates α pe rsonal in jury hazard not immediately accessible as one
reads the mark i ng, or α haza rd to property incl ud ing the equipment itself .

DANGER i ndicates α personal i njury hazard immediately accessible as o ne reads the
marking .

SYMBOLS

Ι

	

This symbol ind icates where app licable ca utionary or other info rmation is
to be found.

AS MARKED ON EQUI PMENT

DANGER-H igh voltage .

Pr otective g round (earth) term inal .

QATTENTION-refer to ma nual .

POWER SOURCE

WARN INGS

This product is inte nded to operate from α power source that will not apply more
than 250 volts rms between t he su pply conductors or between either supply
conducto r and ground . Α protective grou nd connection by way of the ground i ng
conductor in t he power cord is essential fo r safe operation .



USE THE PR OPER POWER CORD

Use only t he power cord a nd connecto r sp ecified for you r p roduct . U se only α power
cord that is in good condition .

F o r detailed info r mation on power cord s, refer to Section 1, I n t r oductio n .

Refe r co r d and connecto r changes to qualifie d se r vice pe rsonnel .

GR OUN DIN G THE PR ODU CT

Th is pr odu ct is grou nded thr o ug h the g rou nding conducto r of t he power cord . To
avoid elect r ical shock , plug the power cord into α pro p e r ly wi r ed r eceptacle befo r e
connecti ng to the pr oduct i npu t or outpu t terminals . Α p rotective g r ound connectio n
by way of t he g ro u nd i n g conducto r in t he power co rd is essential fo r safe ope r ation .

DAN GER AR ISI N G FRO M LOSS O F G RO UN D

USE THE PROPER FU SE

Refe r fuse replacement to qu alified se r vice person n el .

DO NOT OPER ATE IN EXPLOSIVE ATMOS PHERES

DO NOT REMOVE COVER S OR PANELS

7854 Operato r s

Upon loss of t h e p rotective-g rou nd connectio n , all accessi b le conductive pa r ts
(i n cl ud i n g knobs and con t r ols t h at may appear to be insulatin g), can render an
elect r ic shock .

To avoid fi r e haza rd, use only t he f u se specified in the parts list fo r your produ ct,
and wh ic h is iden tical i n type, voltage rating, a nd c urre n t r ating .

To avoi d exp losion , do not ope r ate t h is product in an atmosphe r e of explosive gases
unless it h as been specifically ce r tifie d for such op e r ation .

To avoi d pe r son al i njur y, do not remove t he prod u ct covers o r panels . Do not operate
t he product withou t t he cove r s and p a n els p rope r ly i n stalle d .
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MANUAL COLO RS
The colors of black, b lue, brown, and green are used t hrou ghout this manual to
h ig h-light specific feat ures of t he manual designed to ai d you i n understa nd ing the
operation of yo ur 7854 Oscillosco pe.

In add ition to bei ng used fo r the main body of text, b lack is used on t he gratic ule
displays of the self-teach ing exercises to in d icate i nformation wh ic h has not
changed du ring execution of the associated commands .

Ce rtai n command mnemonics (s uch as BOTH, AQS, FREQ, etc.) a re printed in b l ue
as they appea r on the inst rument keyboard(s). Α bl ue mnemonic i ndicates that t he
command is i nvoked as α "shift function" and must be preceded wit h the .f
command un less issu ed t hrough the GPI B. Also, b lue boxes su rround a pplications
info rmation given throughout the self-teach i ng exercises.

E xe rcise headi ngs (such as ACQUIRI NG Α SI NGLE -SWEEP WAVEFORM) a nd
procedure titles (s uch as USI NG THE BE AMFINDER) a re pr i nted i n b rown at the
start of the exercise or p rocedure. In add ition, brown is used fo r t he followi ng
symbol to indicate places where the 7854 can be t urned off without affecting t he
next exercises:

NEXT EXERCISE BEGINS WITH POWER-UP

Green is used in the text to indicate nomenclat ure precisely as it appea rs on the
7854 d isplay sc reen (e .g ., AQR WARNI NG, BU SY, F IR E ERROR, ;` .HCR D, etc.) .
H owever, green used i n the d is play graticules of the self-teac hi ng exercises reflects
info r mation eit her newly d isplayed or ch anged as the d i rect resu lt of executing the
associated comma nds.
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Foldout for
Front Panel Controls, Connectors & Indicators

(Figure Α )
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FR O NT-PA NEL D ESCR I P TIO NS

Ο

	

POWER (Switc h and Indicato r) -Switc h co n t r ols powe r to t h e i n st ru ment ;
ind icator ill u min ates wh en powe r is on .

Ο Α TRIGGER SOURC E-Selects real-time i n te rn al t r igge r so ur ce fo r Α HORIZ
p l u g-i n un it .

© HORIZONTAL MODE-Selects pl ug-i n un it(s) fo r r eal-ti me input so ur ce of
ho r izo n tal deflectio n . Stat u s i nd icate d by ill um i nated bu tto n .

Came ra Power Connecto r (n ot la b ele d)-Thr ee- p in connecto r provid es
powe r fo r came r a oper atio n and r eceives si n gle-sweep r eset sig n al .

CAL IBRATOR (Switc h and O u t pu t Connecto r)-Provi d es cali br ate d 1- kH z
squ a r e-wave voltages .

VERTICAL MODE-Selects p l u g-i n un it(s) fo r r eal-ti me i npu t so ur ce of
ve r tical deflectio n. Stat u s i nd icate d by ill um i nated bu tto n .

VERT TRACE SEPARATION (B)-Vertically positio n s t h e Β HORIZ t r ace
wit h r esp ect to t h e Α HORIZ t r ace ( du al-sweep r eal-ti m e modes only).

Β TRIGGER SOURCE-Selects r eal-ti me i n te rn al t r igge r so ur ce for Β HORIZ
p l u g-i n un it .

G r ound ( n ot la b eled)-B i nd i n g post to esta b lish common g r o und between
associated equ ipmen t .

Β I NTENSITY-Con t rols br ig ht n ess of real-time t r ace pr o du ced by t h e p l u g-
i n un it i n stalle d i n th e Β HOR IZ comp a r t m e nt .

Β Intensity (ind icato r)-Ill um inates when selecte d by HOR IZONTAL MODE

switch.

FOCUS-Cont rols crt t race definition .

Α INTENSITY-Con t rols br ig ht n ess of r eal-time t race produce d b y t h e plug-
in un it i n stalled i n th e Α HOR IZ co mp a rtment .

Α I n te n sity (In d icato r )-Illum i n ates when selecte d by HO RIZONTAL M ODE
switc h .

BE AMF IN D ER-Wh en pr esse d , compresses and d efoc u ses dis p layed r eal-
time wavefor ms wit h i n gr atic u le a r ea .



FRONT- PANEL DESCR I PTIONS (Cont)

STORED INTensity-Cont rols br ightness of the sto red waveform disp lay .

7854 O p e rato rs

11 S Sto red Intensity (I nd icato r)-Illum i nates when in STORED o r BOTH
display mode .

READOUT Intensity-Co nt rols br ig htness of the alph anumer ic readout
display . Disables r ea dout system in coun te rcloc kwise dete n t positio n .

Ι 9 GRAT ILLUM -Cont rols illum in atio n of g raticule lines .

CO NTRAST-Sc rewdr ive r adjustment to con t rol br igh t ness cont rast
betwee n real-time i ntensifie d zones and the wavefo rm d isplay .

21

	

ASTIG-Sc rew dr ive r a djustment used in co njun ction with FOCUS control to
obtai n α well-defi ned display .

TRACE ROTATION-Screw dr ive r adjustment to align trace(s) with
ho rizo ntal g ratic u le li nes .

28 Meas urement Keyboa rd (not labeled )-Co n t rols inte rn al wavefo rm
pr ocesso r functio n s and selects cr t display modes . (See Fig ur e Β fo r details .)
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AVERAGE ADS

1 10

	

100

	

1000

	

AQR

	

GND /

	

STOP

	

BIΓ-.-

WFM PARAMETERS
ΜΑΧ ΜΙΝ Ρ- Ρ

RMS MEAN MID

FREQ
ENERGY AREA PER

R ISE D ELAY

L-1 L~

WFM ACQUISITION

CRT DISPLAY
BOTH

STOR ED SCO PE

_] Ι

EXTERNAI

1 D

	

R'

ERRO R 110 SRO

CURSORS
CFO FF CR

WIDTH _ Ι Ι

	

< CRS1 >

	

< CRSZ >~
ί

	

Γ-i Γ=

Figure Β . Locato r fo r keys a nd indicato rs on the 7854 f ront-panel r
ment keyboard .
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MEASUREMENT-KEYBOARD DESCRI PTIONS

WFM PARAMETERS

ΜΑΧ

ED

RMS

MEAN

AREA

ENERGY

PER

FRE

PULS E Parameters

RIS E

FALL

D ELAY

WIDTH

S h ift fun ctio n of
f requency .

ΝΟΤΕ

The following p arameters are compu ted on the DPW
(o p e r atio n al waveform) between and including t h e curso rs, if
on. The resu lts are retu rn ed 1ο the Χ register and disp layed in
its field in the STORED or BOTH CRT DISPLAY modes.

Computes the waveform's most positive value, r elative to
the VZR (ver tical ze ro reference).

Compu tes the wavefo rm's most negative value, r elative to
t he VZR.

Computes the waveform's peak-lo-peak value (MAX -
MIN) .

Com putes the waveform 's root-mean -square valu e.

Computes the waveform 's alge br aic mean valu e.

Computes the wavefo r m's midd le value [(ΜΑΧ + ΜΙΝ ) / 2] .

Computes the area under the wavefo rm.

Computes the wavefo rm's energy .

Computes the wavefo rm's perio d.

PER

NOTE

The followi n g p a rameters a r e compu te d on the DPW as
defin ed b y t h e c ursor p ositions . C urso r 1 ide n tifies th e pu lse
baseline and Cursor 2 i den tifies t h e pu lse top. Th e res u lts are
ret urn ed to th e Χ registe r and dis p layed in its field in t h e
STORED or BOTH CR T DISPLAY modes .

Computes t he rise ti me of the waveform's ide ntified pu lse .

Shift fun ctio n of

	

R IS E ; computes the fall time of the
wavefo rm 's ide ntified pu lse .

computes the waveform 's

Computes the delay time of the waveform 's i dentified
pu lse .

Computes the widt h of the waveform 's i dentified pu lse .



MEASUREMEN T-KEYBOARD DESCR IPTIONS (Con t)

CURSOR S

CRS2 -1

C RS1

CRS1<

CRS1>

CRS2<

CRS2>

OFF

Ο EXTERNAL

RCS

ΝΟΤΕ

The c ur sor s, when on, are disp layed on th e DPW in th e
STORED or BOTH CRT DISPLA Y modes as intensified p oints .

Turns on both cur sors . Displays the coo rd inates of C ur so r
2 r elative to C ur sor 1 in line #15 of t h e disp lay .

S h ift f un ctio n of CRS2-1 ; t urn s on C ur so r 1 only .
Disp lays t h e coo rd i n ates of C ur so r 1 relative to t h e start of
t h e wavefo rm i n li n e #15 of t h e dis p lay.

Moves Cur so r 1, if on, toward t h e star t of th e waveform .

Moves Curso r 1, if on, toward the end of t h e wavefo rm.

Moves Cursor 2, if on, toward C ur so r 1 .

Moves Curso r 2, if on, toward th e end of t h e wavefo rm .

T urn s off t he c ur so r s.

Selects t h e s h ift f un ctio n of t h e next k ey pr essed.

ΝΟΤΕ

The following keys and indicators are used primarily in
co njun ction with the GP/Β (Gen eral Purpose Inte r face Bus).

Asse r ts α ser vice requ est f r om th e 7854 .

Disp lays t h e 7854 i d e n tificatio n message on t he c rt .

7854 Ope rators

REMOTE ONLY (I nd icato r)-Illum i n ates wh e n the 7854 is bei n g
remotely co n t rolle d over the GP I B and th e key b oa rd is lock e d out .

SRQ (In d icato r )-Ill u mi n ates whe n α se r vice re qu est is being asse rted by
t h e 7854 .

Ι /Ο (I ndicato r)-Ill u mi n ates wh e n th e 7854 is a ddr esse d to tal k or liste n
ove r th e GPI B .

ERROR (I nd icato r )-Illum inates when an err o r o r warn ing co nd itio n
occ urs .



7854 Operato r s

MEASUREMENT-KEYBOAR D DESCR I PTIONS (Cont)

WFM ACQUISITIO N

BUSY (I nd icato r )-Ill u mi n ates when t he pr ocesso r is busy executing α
command .

STOP

G N D

AVG1000

AVG100

AVG10

CRT DISPLAY

SCOPE

STORED

ΒΟΤΗ

Pr em at ur ely e nd s executio n of GND, AQR , AVG, AVG10,
AVG100, o r AVG1000 command s ; abor ts all pe nd i n g
command s. Sto p s pr og ram exec u tion .

Presets g round r efe r e nce fo r subsequ e n t waveform
acqu isitio n . G r o und r efe rence is set at t h e alge braic mean
ve r tical positio n of t h e real-time t r ace(s) .

Acqu i r es re petitive real-ti m e waveform (s) with rea d o u t;
sto r es r es u lt i n wavefo rm memo r y .

S h ift f un ctio n of AQR , ac qu i r es si n gle-sweep
waveform wit h r ea dou t ; sto res res u lt i n wavefo rm
memo ry .

Ave r ages repetitive real-ti me waveform 1000 times; sto r es
r es u lti n g wavefo rm wit h scale facto rs i n waveform
memo r y .

Aver ages r e p etitive r eal-time waveform 100 times; sto r es
r es u lti n g waveform with scale factor s i n wavefo rm
memo r y.

Ave r ages r e petitive r eal-time wavefo rm 10 times; sto res
res u lti ng waveform wit h scale facto r s i n waveform
memo r y .

Selects real-ti me waveform and r ea d o u t dis p lay mo d e .

Selects sto r ed waveform an d ch a r acter d isp lay mode .

S h ift f un ctio n of

	

STORED ; selects mixe d d isp lay of
r eal-time waveform and sto red waveform wit h cha r acte r
d is p lay .
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7854 Operators

Figure C . Locator fo r 7854 rea r-panel contr ols, connecto r s, at
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sectors, and indicators .



RE AR-PANEL D ESCRI PTIO NS

Z-AXIS INPUT-Input for exte rn al inte nsity modu lation of the real-time crt
dis play .

SIGN AL OUT-Outpu t signal derived from ve rtical signal as selected by Α
TRIGGER SOURCE switch.

Ο + SAWTOOTH OUT-Sawtooth output signal derived f rom the Α or Β time-
base u nit .

+ GATE OUT-Outpu t signal derived f rom either the Α Gate, Β Gate, or Α
Dly' d Gate .

SINGLE SWEEP RESET-Input to reset si ngle-swee p fun ction of Α and Β
time- base un its .

Power Cord Input-Input to allow attachment of power co rd .

LI NE VOLTAG E S ELECTOR-Sets instrument for 115-volt or 230-volt
nominal li ne oper atio n .

L I NE FU S E-4 Α fast-blowi ng ty pe.

CONTROL ILLUM I NATIO N-Sets illum i natio n level of TR IGGER SOURCE
switches and lighted push-bu tton switches on associated plug-in un its .

EXTERNAL KEYBOARD Connector-Allows conn ecti ng an exte rnal
keyboa rd such as the 7854 W aveform Calc ulato r , to the mai nframe.

MEMORY BACK-UP POWER Connectors-Two female ba nana jac ks fo r
app lyi ng 5.5 to 6.5 V DC to pr ovide non-volatile memory.

TTL SIGNAL OUTPUT SWL/SWH-BNC connecto r to provide TTL-
comp atible signal . L evel set by operator withWaveform Calc u lato r keyboa rd.

ADS ABORT-Pushbutton switch to te rm inate ADS command .

AUDIBLE ERROR/WARN ING ON-OFF-Switch to enable (ON) or d isable
(O FF) a ud io tones intern ally gene rated under error or wa rn i ng cond itions .

GPIB Connector-IEEE 488 1978 specifie d connecto r to allow conn ecti ng
the i nst rument to the G PI B . (Not availa ble with Options 0D & 1D .)

GPIB Address Selection-An eight-element, b i nar y-co ded switch to select
GPI B mode and address.



7854 Operators

Foldout for
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(Figure D)
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Figure D . Locator for Waveform Calculator keys and ii



<eys and indicators .



WAVEFORM CALCULATOR D ESCR IPTIONS

PR OG RAM ENTRY

PROG

ΝΕΧΤ

CLL

C LP

PREV

LNN

Ar ithmetic Command s

SORT

LN

ΕΧΡ

ABS

ΝΟΤΕ

Th e following pr ogram commands, excep t LNN, are not
pr ogrammable and can only b e invok ed by direct exec u tio n .

Switc hes t h e pr ocesso r a nd t h e dis p lay to t h e program Ed it
m ode to allow w r iti ng α pr og ram. Th is fun ctio n is i nvoked
with alte rn ate actuatio ns of the key .

In the En t ry mode : term i nates α new pr og ram line bei ng
i nse rted and advances the edit pr omp t to the next line . In
the Ed it mode : advances th e ed it promp t to the next li ne .

In the En t ry mode : deletes α new pr ogram line and retu rns
to the Ed it m ode with th e ed it prompt at the next line . In
the Ed it m ode deletes the ed it line and leaves the ed it
pr omp t at t h e same line .

ι ι ® ι - -

	

ι
ι ι ιι -

	

- ι

	

WA....

In the En t ry mode : pe rfo rms an implicit NEXT comm a nd,
t hen returns promp t to the pr evio us line .

Shift fun ctio n of

	

PREY ; begins sto rage of α nume r ic
label in t he prog ram and mu st be followe d by two digit-
e n t ry commands fo r the la bel .

ΝΟΤΕ

// t h e operand(s) for the following fun ctions are co n stants th e
res u lt is α constant given in t h e Χ register. //, howeve r, th e
operand is α wave fo rm, th e result is α new waveform ret ur ned
to waveform memor y.

Compu tes th e squ a re root of the contents of the Χ r egiste r .

Compu tes the natur al loga r ithm of t h e co n te nts of t h e Χ
r egiste r .

S h ift f un ctio n of LN . Computes t h e ex p one n tial
f u nction of t h e con te n ts of t h e Χ registe r .

Computes the absol ute val ue of the contents of the Χ
registe r .
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WAVEFORM CALCULATOR DESCR IPTIO NS (C οπτ)

SGN

ΕΧΤe rηαΙ

SAVE

READX

SENDX

SWL

STACK Cont rol

ENTER

Χ < ι

ROLL

CLS

Sh ift fun ctio n of

	

ABS . Com pu tes t he signum of the
contents of the Χ registe r .

7854 Ope rators

Subt racts the contents of the Χ r egiste r f ro m the contents
of the Υ r egiste r .

Add s the contents of the Χ registe r to the contents of the Υ
registe r .

Mu lti plies the contents of the Υ r egister by the con tents of
the Χ registe r .

Divi des the contents of the Υ r egister by the contents of the
Χ registe r .

Sends one reco rd of the prog ram (f rom the c urrent
prog ram line 2ο the end -of- prog ram line) to the exte rn al
GP IB inte rface . This fun ctio n is not pr og rammable .

R eads data f ro m the exte rn al GP IB i nte rface; consta nts a re
r et urned to the Χ r egiste r , wavefo rm s a re placed in
waveform memo ry .

S h ift fun ctio n of

	

READX . Send s the data f rom th e Χ
register, o r if the Χ registe r contai ns α wavefo rm memo ry
address the data from the specifie d waveform memo ry is
sen t, to the exte rnal GP IB inte rface .

Sets the level of r ea r -panel TTL SIG NAL OUTPUT to h igh .

Shift fun ction of

	

SWH

	

. Sets the level of rea r -panel TTL
SIG NAL OUTPU T to low .

Term inates numb e r ent ry i nto the Χ registe r if in the
nu mbe r ent ry state, othe rwise, pushes the stack to ente r
new data .

Inte rchanges the contents of the Υ and Χ registe rs .

Sh ift fun ction of
registe r s .

Χ<ι R olls the contents of the stac k

Clea r s the Χ r egiste r by popp ing the stac k .

S h ift functio n of

	

CLX . Clea rs the stack by setti ng the
stack registe rs το



7854 Operato r s

ΧΧΥΙΙΙ

WAVEFORM CALCULATOR DESCR I PTIO N S (Co n t)

WFM PARAMATERS (Dup licate d on the measuremen t k eyboard .)

ΜΑΧ

Ρ - Ρ

RMS

ΜΕΑΝ

MID

AREA

ENERGY

PER

FREQ

RIS E

FALL

D ELAY

WIDTH

ΝΟΤΕ

The following p a r amete rs are computed on the ope r atio n al
wave form between and including th e cur sors, i/ on . Th e
results are ret urn ed to th e Χ register and disp layed in its field
in t h e STORED o r BOTH CRT DISPLAY modes.

Computes t h e ope r ation al waveform 's m ost positive val u e,
r elative to t h e ve r tical zer o refe r e nce (V Z R) .

Computes the op e r atio n al waveform 's most negative val u e,
r elative to t h e VZR .

Compu tes th e ope r atio n al waveform 's pea k -to- pea k val u e
(MAX - MIN).

Computes th e o per ational wavefo rm 's root-mea n-squ a r e
val u e .

Computes t h e op e r atio n al waveform 's alge braic mea n
valu e .

Computes t h e o p e r ational waveform 's m i dd le val u e
[(MAX + MIN) / 2] .

Compu tes th e a r ea und e r t h e o p er ation al wavefo rm .

Computes th e o p e r atio n al waveform 's ene r gy .

Computes th e o p e r atio n al wavefo r m's pe r iod .

S h ift f un ctio n of
waveform 's f r e qu e n cy.

PER Computes t h e o p e ratio n al

PULSE Pa rameter s (D up licated on th e meas ur ement keyboa rd .)

ΝΟΤΕ

Th e following pa rameter s a r e compute d on th e operational
waveform as defin ed b y t h e c u rsor positions. Curso r 1
iden tifies t h e pu lse baseline and Cur so r 2 i den tifies th e pu lse
to p . The results a r e returned to the Χ registe r and disp layed in
its field in t h e STORED o r BOTH CRT DISPLAY modes.

Compu tes t h e r ise time of th e i d e n tified ope r atio n al
wavefo r m pu lse .

S h ift f unctio n of

	

RISE . Computes t h e fall ti me of t h e
i d e n tified op e r atio n al wavefo rm pu lse .

Compu tes t h e delay time of t h e i d e n tifie d ope r atio n al
waveform pu lse .

Compu tes t he wi d t h of t h e i d e n tified o p e r atio n al waveform
pu lse .



WAVEFORM CALCULATOR D ESCR I P TIONS (Co n t)

CUR SOR POSITIO N (Duplicated on the measuremen t k eyboard .)

C RS1<

CRS1>

CRS2<

C RS2>

Nume ric En t ry

0 . . . 9

CURSORS

CRS2 -1

CRS1

HCRD

HC R D

VCRD

VC RD

OFF

Moves Cur so r 2, if on, towa rd C ur so r 1 .

En te r s t h e desig n ated d igit i n to t h e Χ r egiste r .

En te r s t h e decim al poi n t i n to t h e Χ registe r.

ΝΟΤΕ

The c ur so r s, when on, are disp layed on the op e r ational
wave form in th e STORED and BOTH CRT DISPLAY modes as
i n tensifie d p oints .

Sh ift fu n ctio n of C RS2-1 . T urn s on C urso r 1 only .
Disp lays the coord in ates of Curso r 1 r elative to the star t of
th e waveform . (D up licated on t h e meas ur ement key boa rd .)

S h ift f un ctio n of

	

Η CRD

	

. Moves t h e c ur so r(s), if on, so
t h at the hor izon tal coord inate or r elative hor izontal
coord in ate equ als the value in t he Χ registe r .

7854 Ope rato rs

Moves Cur so r 1, if on, toward th e sta r t of t h e o p e ratio n al
waveform .

Moves Cur so r 1, if on, toward th e e nd of t h e o p e ratio n al
waveform .

Moves Cur so r 2, if on, toward th e e nd of t he o p e ratio n al
waveform .

Dis p lays t he exp o n ent i d e n tifie r a nd fiel d i n the Χ registe r .

C h anges t h e sign of t h e ma n tissa o r ex p o n e n t of t h e
numbe r bei ng ente r ed i n th e Χ registe r .

Tu rn s on bot h cu rso rs. Disp lays the coord in ates of Curso r
2 relative to C urso r 1 . (D up licate d on t h e measu r eme n t
keyboa rd .)

R et urn s t h e hor izo n tal coo rd i n ate (wit h on e c urso r on) o r
th e relative ho r izo n tal coo rd i n ate (with b ot h cur so r s on) to
t h e Χ registe r .

R et urn s t h e ver tical coo rd i n ate (wit h one cur sor on) o r th e
relative ver tical coo rd i n ate (with bot h cur so r s on) to t h e Χ
r egister .

S h ift fun ctio n of

	

VCRD

	

. Moves t h e cu r sor (s), if on, so
t h at t h e ve r tical coo rd i n ate, o r r elative ve rtical coo rd inate,
e qu als t h e val u e i n th e Χ registe r .

Turn s off t h e c ur so r s . (D up licate d on t h e meas ur eme n t
k ey b oa rd .)

ΧΧΙΧ



7854 Ope rato r s

χχχ

WAVEFORM CALCULATOR DESCR I PTIONS (Co n t)

DATA STOR AGE

Ρ /W

FP-/_W__)

ΡΝΤ

>ΡΝΤ

C NS

>CN S

WFM

WFM

S h ift Commands

C L

S'ORF D WFM DIS PLAY

TIME

VS )

VECT

DOTS

Ret urn s t h e poi n ts- pe r -waveform setti n g to t h e Χ r egiste r.

S h ift f un ctio n of

	

Ρ /W

	

. Sets t h e poi n ts- p e r-waveform
val u e to o n e of 128, 256, 512, or 1024 .

R et urn s t h e ve rtical val u e of t h e op e ratio n al wavefo rm
point s pecifie d i n t h e Χ r egiste r to t h e Χ r egiste r .

S h ift f un ction of

	

ΡΝΤ . Sets t h e o p e r atio n al waveform
p oint s pecifie d in t h e Χ r egiste r [ ο t h e ve rtical val u e give n
in th e Υ registe r .

R et ur ns t h e co n sta n t to t h e Χ registe r fr om the co n sta n t
r egiste r s p ecified .

ι ι ® Copies

	

ι

	

ι
Y register into the constant register specified in

register .

Recalls th e sto r ed wavefo r m s p ecifie d i n the Χ registe r
f r om waveform memo r y to t h e dis p lay .

Sh ift fu n ctio n of WFM Cop ies the o p e ration al
wavefo rm i n to the waveform memo r y s p ecified i n t he
Χ r egister .

Selects s h ift f un ctio n of t he next key pr esse d . (D up licate d
on t h e meas urement k ey b oa rd )

S h ift f un ctio n of

NOTE

Th e fο //οωίπg commands affect the stored wave form displayed in

th e STORED o r BOTH CRT DISPLAY modes only . They have
no effect on the real-time waveforms o r the displayed
alphanumeric cha racters .

T h e sto r ed waveform (s) a re dis p laye d wit h time as t h e
ho r izo n tal axis (Y-Τ mode) .

Shift function of [TIME) The stored waveform(s) are
ι ι . " ι

	

ιι "

	

ι

	

" ι

	

ι "

	

" ι
the X register as the horizontal axis .

clea r s t h e s h ift flag .

T h e sto r e d waveform (s) a r e disp layed as α se r ies of points
joi n ed toget h e r wit h st r aig h t-li n e vector s .

S h ift f un ctio n of

	

VECT

	

The sto red waveform (s) a r e
dis p laye d as α se r ies of points .
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WAVEFORM CALCULATOR DESCR IPTION S (Cοπτ )

DSW

CLW

C LD

VERTICA L POSITION

VPUP Moves the ope rational wavefo rm upwa rd .

VPDN

	

Moves the ope rational wavefo rm downwa rd .

14 CRT DIS PLAY (Dup licate d on the meas urement keyboard .)

SCOPE

STORED

BOTH

WFM ACQUISITION

AQR

Ads

REV JUN 1983

AVG

G~D

R DOUT

The sto red waveform specifie d in the Χ registe r is
displaye d in add ition to t h e operational waveform .

Clea rs the stored waveform specifie d in the Χ registe r f rom
the display if it was pr eviously d isplayed with the DSW
com ma nd .

ι ι ®

	

" ,
ιι - ι

	

- ι -- ι

	

ι ι .
ι

Selects r eal-ti me wavefo rm a nd readout d isplay mode .

Selects sto red wavefo rm a nd cha racte r display mode .

Shift fun ction of

	

STORED . Selects mixed display of
real-time and stored waveform s, with cha racte r display .

7854 Operato rs

Acqu i res repetitive r eal-ti me waveform(s) with rea dout,
sto res result in wavefo rm memo ry . (Dup licate d on the
meas ur ement k eyboa rd .)

Shift functio n of AQR . Acqu i res single-sweep
waveform(s) wit h readout, and stores the result in waveform

memo ry . (Dup licated on the meas urement k eyboa rd ).

Ave rages the r epetitive real-time waveform the numbe r of
ti mes listed in the Χ registe r and sto res the result i n
waveform memo ry .

Pr esets g round refe rence fo r subsequ ent waveform
acqu isition . G ro und reference is set at the alge braic mean
ve r tical position of the real-time t race . (Dup licated on the
meas urement k eyboa rd .)

S hift fu nction of

	

GND . R et ur ns the real-time readout
val ue (without un its) of the readou t wo rd specifie d i n the
Χ r egiste r to the Χ registe r .

ERROR (Indicato r)-Illum inates when an e rr o r or warn i ng cond ition occ urs .
(D up licated on the meas urement k eyboa rd .)
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WAVEFORM CALCULATOR DESCR I PTIO N S (C οπτ)

WFM SCAL I N G

VZR

VZR

VXPD

VSC L

VSC L

H SCL

H SC L

WFM FUNCTIO NS

ITRP

I NTG

DI FF

ORD

O R D

S MOOTH

HPLFT

R et ur ns t h e locatio n of t h e o p e ratio n al wavefo r m's ve r tical
ze ro refere nce (VZ R) i n d ivisio n s relative [ ο t h e ce n te r
h o r izo n tal g r atic u le line to t h e Χ registe r .

S h ift fun ctio n of
waveform .

S h ift fun ction of

	

VZR

	

. Moves theoper atio n al wavefo rm
so t h at its VZ R is at t h e level s p ecifie d i n th e Χ registe r .

Vertically expa nds the ope r ational waveform abou t the
ce nte r h orizon tal graticu le li ne by the factor specifie d in
t he Χ r egiste r . The ve rtical scale factor of the oper ational
wavefo rm is ch a nged so th at the wavefo rm's value does
not c h a n ge . Α negative numbe r i n th e Χ r egiste r will also
i n ve rt t h e o p e r ational wavefo rm .

R et urn s t h e ve r tical scale factor (size pe r ve r tical g ratic u le
divisio n ) of t he ope r atio n al waveform to t h e Χ registe r .

S h ift f un ctio n of VSCL . c h a n ges the ve r tical scale
facto r of t h e o pe r atio n al waveform to t h e val ue s p ecifie d in
th e Χ r egiste r .

R et urn s t h e ho r izo n tal scale facto r (size pe r hor izo n tal
g r atic u le division) of t h e ope r ational waveform to t h e
Χ registe r .

S h ift f un ctio n s of th e

	

HSC L . C ha nges t h e hor izo n tal
scale facto r of t h e o p e ratio n al wavefo rm to t h e val u e
s p ecifie d i n th e Χ r egiste r .

R e p laces α deli m ite d p o rtion of t h e o p e ratio n al wavefo rm
wit h α st r aig h t li n e . Delimite r s a r e t h e c ur so r s, if on, or t h e
ho rizo n tal locatio n s i n th e Υ and Χ registe rs .

I n teg rates the o p e r atio n al waveform .

I NTG Differentiates t h e o p e rational

Ret u rn s th e val u e of th e o p e ratio n al waveform at t he

horizon tal position s p ecified i n th e Χ r egister,to th e Χ r egiste r.

S h ift fu nctio n of the ORD . Sets the operation al

waveform ve rtical value, at the val u e given i n th e Υ register .

Smoot h s t he o p e ratio n al waveform (perfo rm s an η- p oint

ave r age) using t h e val ue in the Χ r egister.

S h ift f un ction of

	

SMOOTH

	

. Ho rizon tally positio n s the

operation al wavefo rm to t h e left .

REV JUN 1983



WAVEFO RM CA LCULATO R DESCR IPTIONS (Cοηη

HXPD

HPRGT

PROGRAM EXEC UTE

EXEC

STEP

RUN

GSB

RTN

GOTO

ιΒι

1Fy>Χ

IFX=_1'

Horizontally expands the operational waveform, or the
delimited po rtion of th e operational waveform , by t he value
in the Χ r egister . The ho rizo ntal scale facto r is changed by
th e expansion ratio to m aintain the value of the operational
wavefo rm The c urso r s, if on, a re delimite rs .

ΝΟΤΕ

Shift fun ction of

	

H XP D . Horizo ntally positio ns the
operational waveform to the righ t .

The following program commands, except STEP, a r e
programma b le.

Switches the pr ocessor a nd the display to the prog r a m
Execute mode . This fun ction is i nvo ked with alte rn ate
act u atio ns of the key .

Switches the pr ocesso r to the Step state a nd begins
single-li ne exec utio n of the prog ram. Th is command is not
prog rammable .

Switches the processo r f ro m th e idle state to the Run
state .

In the idle or Step states : move the execute pointer to the
program line specified by the number in the Χ register for the
start of the subrou tine. In the Run state : moves the execute
pointe r 1 ο the specified line and contin ues executio n of the
su broutine .

Sh ift functio n of

	

GSB

	

. In the idle or Step state : ret urns
the exec ute pointer to the pr ogram line whe re the execute
p ointer was located prio r to α GSB command . In the Run
state : ret urns the exec ute pointer and continu es executio n .

In the idle or Step state : moves the execute pointer to the
pr og ram line specifie d in the Χ register . In the Run state :
moves the execute pointer to the specifie d line and con tinues
executio n .

Sh ift function of GOTO . R eturns the program line
number to the Χ r egiste r of the fi rst prog ram line holding the
specifie d label .

Com pa res the contents of the Υ and Χ r egister s, and in the
STORED or BOTH CRT DISPLAY modes, dis p lays the test
res u lt if TRUE or FALS E

Sh ift fun ctio n of

	

IF >Χ . Com pa res the contents of the Υ
and Χ registe rs a nd, in th e STORED o r BOTH CRT
DISPLAY modes, d isplays the test r esu lt of TRUE or
FALSE

7854 Ope rators
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7854 Operato r s

ΧΧΧ ΙV

WAVEFORM CALCULATOR DESCR I PTIO NS (Co n t)

START

STOP

PAUSE S hift functio n of

second s .

S h ift f un ction of

	

RUN

	

. In the i d le state : switc h es t h e
pr ocesso r to t h e Run state a nd begi n s exec u tio n wit h th e
fi r st comma nd of prog ram line 000 . In t h e Run state :
co n ti nues exec u tio n wit h th e fi rst comma nd of pr og ram
li n e 000 .

Te r mi n ates AQR , AV G, o r GND if exec u ti n g; te rm i n ates
READX , SEN DX , >ΤΕΧΤ , TEXT, or SAVE pr io r to t h e sta r t
of data t r a n sfe r; term i nates prog r am exec u tio n . (D up licate d
on th e meas uremen t k eyb oa rd.)

STO P Sto p s execu tio n for abo ut 0 .7

BUSY (I nd icato r)-Illum i n ates wh e n th e processor is bu sy exec u ti ng α
command .
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Introduction
The 7854 Oscilloscope system can be operated in any of three d istinct d isplay
modes-SCOPE, STORED, or BOTH-as selected with the keys located in the CRT
DISPLAY blocks on either the measurement or Waveform Calculator keyboards.
These display modes are defined as follows: (α) SCOPE Mode-Real-time waveform
and readout d isplays supplied by the selected plug-in u nits (as in conventional
oscilloscopes) . (b) STORED Mode-Stored waveform and alphanumeric character
displays supplied by the internal processor of the 7854 Oscilloscope . (c) BOTH
Mode-Mixed displays of the real-time waveforms from the plug-in units with the
stored waveforms and alphanumeric character displays supplied from the internal
processor .

Other features of your 7854 oscilloscope system are introduced in the remainder of
this section. In addition, this section includes the following:

1 . Brief descriptions of each control, connector, k ey, and in d icator ;
2 . Installation instructions including power-up conditions ; and
3 . Α glossary of terms used throughout this manual .



7854 FE ATURES
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Th e TEKTR ON IX 7854 Oscillosco pe with Waveform Calculator combi nes the
featu res of α h igh-perform ance p l ug-in oscilloscope with α wavefo rm-or iente d
dedicated-f u nction d igital processor.

The 7854 accepts Tektronix 7000-Series plug-in u nits for d isplay control . The flexibility
and variety provided by the wide line of plug-in units available allow the system to
accommodate many measurement applications. The left p air of p l ug-in compartments
are used for the ve rtical deflection of the real-time signal and the right p ai r are for the
horizontal deflection . Elect ronic switching between each pai r will produce multi-trace
real-time vertical or horizontal displays .

In add itio n, t he waveform processor p rovides equivalent-time sample d digitizing of
waveforms to 400 megah ertz equivalent-time ba ndwidth . The processor can be
operated from either keyboard (front-panel measurement keyboard o r detacha ble
Waveform Calculator keyboard) or remotely over t he GPI B (General Purpose
Interface Bus) . By ch angi ng t he r esolution of the wavefo rm memory in the standard
ve rsion of the 7854 Oscillosco pe, up to 16 waveforms can be stored in memory: up
to 9 of these can be d isplayed at one ti me . Α mixed ( ΒΟΤΗΊ mode is provided to
d isplay b oth t he real-time waveforms a nd the stored wavefo rms fo r comparison o r
measurement.

Cu rsors are provided fo r the stored wavefo rms to delimit or i dentify portions of the
wavefo rm to be measured. These curso rs are gene rated by the processo r and can
be manu ally positioned by executi ng the appropr iate commands from the
keyboard(s), a utomatically position ed through execution of α stored prog ram, or
remotely positioned from the GPI B controller . Some of the dedicated functions (e .g .,
WIDTH, RISE, IT RP, etc.) are cursor-dependent . Th e curso r coordinates (or relative
coo rd inates) a re provided on t he d is play i n t he STORED or BOTH modes .

Specific ch aracte ristics of the STORED d isplay can be selected wit h the keyboa rds
or over the GP I B. The Waveform Calc ulato r pr ovides display control to ve rtically or
horizontally expand the stored wavefo r m ; d is play any stored waveform ve rsus
another i n Χ-Υ mode, or versus time in Υ-Τ mo de; d isplay the stored waveform as
ind ividu al points, or with vectors drawn between poi nts . Also, fu nctions are
pr ovided to manip ulate the e nti re stored wavefo r m . For exam ple, any stored
waveform can be either ve rtically or horizo ntally p ositio n ed without affecting the
absolute voltage val ues ; or any stored waveform can be d iffe rentiated, i ntegrated, or
smoothed and t he resu lting waveform displayed .

Programming, consisting of α se r ies of commands stored fo r late r execution, is
available to simplify measurements whic h must be repeated . Ed iti ng a nd exec ution
is controlled either f rom the Waveform Calcu lato r or t he GPIB.
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INSTALLATIO N
This instrument was inspected bot h m echanically and elect rically befo re sh ipment

from the factory to be free of mars or sc ratches and to meet or exceed all electrical
specificatio ns. Upon recei pt, inspect th e inst ru ment fo r any physical damage wh ic h
may have been incu rred in transit . The n, refer α q ualified se rvice person to the
Perform ance Check Proced ure in t he Calibration sectio n of t he 7854 Se rvice
Manual to ve rify the electrical performance of t he inst ru ment . If mecha n ical
damage or performa nce deficie n cies a re found, contact you r local Tektronix F ield
Office or representative .

OPERATI NG POWER INFORMATIO N
Th is i n st rument will operate from either α 115-volt or 230-volt nomin al line-voltage
source, 48 to 440 he r tz .

OPERATING VOLTAGE
The L I NE VOLTAGE SELECTOR switch (located on the rea r panel of the 7854
Oscillosco pe mainframe) allows selection of 115-volt or 230-volt nominal line
voltage operation . To select th e co rrect nominal li ne voltage, fi rst cha nge the power
cord a nd p lug to match the powe r-source receptacle (if necessary) . Then, use α
small screwdriver to move the L I NE VOLTAGE SELECTOR switch to the desired
ra nge .

)JCA UTION ~S

To prevent damage to the instrument, always check the settings of the
LINE VOL TAGE SELECTOR switch located on the rea r pane/ ο! the
7854 Oscilloscope mainframe before connecting the instrument to the
line-voltage source .

POWER CO RD INFORM ATION

Α power cord with the a ppropriate plug configur atio n is s upplied with each
in strument . For your conven ience t he colo r-coding of the powe r cord conducto rs is
given in Table 1-1 . Also, should you requ ire α power-cord plug other t han that
supp lied, refer to the Power-Cord and Plu g I dentification Table 1-2.



Th is inst rument operates from α single-phasepower sour ce, andhas α
detachable three-wire power cord with α two-pole, three-terminal
grounding-type plug . The voltage to ground(earth) from either pole of
the power source must n ot exceed the maximum rated operating
voltage, 250 volts .

Before making connection to the power source, determine that the
instrument is adjusted to match the voltage of the power source, and
has α suitable plug (two-pole, three-terminal, grounding type) . Refer
any changes to qualifie d service personnel .

This instrument is safety class / equipment (IEC* designation) . All
accessible conductive parts are directly connected through the
grounding conductor of the power cord to the grounding contact of the
power cord . Therefore, the power plug must only be inserted in α
mating receptacle with α grounding contact . Do not defeat the
grounding connection. Any interruption ο1 the grounding connection
can create an electric shock hazard .

For electric shock protection, the grounding connection must be made
before making connection to the instrument's input or output
terminals.

'International Elect rotechn ical Commission

WA RN I N G

TABLE 1-1
Power-Cord Conducto r Identification

In t r oduction-7854

Conductor Color Alte rnate Colo r

Ungrounded (Line) Brown B lack

Grounded ( Ne utral) L ight Blue White

G round in g (Eart hing) G reen/Yellow G reen /Yellow
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MEM ORY BACK-UP ΡοωεRρ

CA U TIO N

OPERATING TEMPERATURE

INSTALLI NG PLUG-IN UN ITS

Int roduction-7854

Two female banana jacks (on the r ea r pa n el of th e 7854 Oscillosco pe mai n f rame)
allow application of about 6.25 V do (0 .7 Α maximum) to pr ovide back-up power for
t he volatile sto rage devices used fo r processo r memo ry . Th e i n strumen t is f u se
protecte d for a pplication of any voltages app lie d to the MEMORY BAC K-UP POWER
INPUT up to ±50 volts ( dc p lus peak ac) . When power is fi rst app lied to the MEMORY
BACK-UP POWER INPUT t he red in d icato r lig h ts to i ndicate t h at t he f use h as n ot
blown .

To prevent loss ο / data from memo ry due to α powe r failur e, apply
memo ry back-up power .

T he 7854 can be ope r ated in ambien t air tempe r atu res between 0° and +50° C, and
can be sto r ed in a mbie n t tempe r at ur es f rom -55° to +75° C . Afte r being sto red in
tempe r at ures o u tsi d e t h e operating lim its, allow t he c h assis tem p e r at ur e to r eturn
to within t he ope r ating limits befo r e app lying powe r .

The 7854 Oscillosco pe mainframe is cooled by air drawn i n t h rough holes in t he
top, si d e, a nd bottom cabinet panels and blown out t hrough the fan exh aust . To
ensu re pr op e r inst rument cooling, maintain t h e clea r a nce p r ovi de d b y t he feet on
t he bottom cabinet pa n el, a nd allow at least 2 i n c hes of clea rance at t he top, sides,
and rea r of t h e instru m ent .

If t h e inte rn al temperat u re of t he mainframe exceed s α safe operati ng level, α
t he rmal cutout will repeated ly disconnect the i n st rument power s upply . T h is
condition sto p s when th e temperat ure r etu rn s to α safe level .

The 7854 Oscillosco pe mainf r ame accepts up to 4 Tek t r onix 7000-se r ies p l u g-in
u n its . T h is feat ur e allows selection of bandwid th , sen sitivity, r eal-ti me d is play
modes, etc ., and p rovi des fo r f ut ure expa nsion of th e system .



Int r odu ction-7854

The ove r all electrical ca pa b ilities of t h e system a r e mainly dete rmined b y t he
characteristics of the selected plug-ins . For information on other plug-in units, refer
to the current Tektronix Products catalog .

To install α plug-in unit into α compartment, align the slots in t he top and bottom of
the plug-in unit with the corresponding guide r ails in t he plug-in compartment.
Insert the plug-in unit into the compartment until it locks into place . To remove α
plug-in unit, pull out on the release latch to d isengage the plug-in. To meet the EMC
(electromagnetic compatibility) specifications, cover all unused plug-in
compartments with an EMC-shielded blank plug-in panel, Tektronix part 016-0155-
00 .

The gain of the 7854 vertical and horizontal systems is normalized . This allows
plug-in u nits to be interchanged among plug-in compartments without adjustment
of the system . To verify p lug-in accuracy, their basic calibration should be checked
when installed . (Refer α qualified service person to the plug-in unit manual for
further i nformation).

The 7854 Waveform Calculator is shipped to you in α package separate from the
7854 Oscilloscpe mainframe. Upon receipt, inspect the Waveform Calculator for any
physical damage which may have been incurred in transit . To attach the Waveform
Calculator to the 7854 Oscilloscope, mate the connector at the end of the calculator
cable to the rear-panel EXTERNAL KEYBOARD input on the mainframe . Then
secure the connector with the screws p rovided on the outer edges of the cable
connector.

The 7854 (except Option 0D) is equipped with an IEEE 488-1978 Digital Interface
for Programmable Instrumentation, commonly referred to as α General Purpose
Interface Bus, or GPIB . The GPIB allows remote control of all processor functions,
and data transfers to and from t he 7854 .

The GPIB connector and associated address and function selector switches are
mounted on the rear panel of the 7854 . Refer to the GPIB section of this manual for
complete GPIB information .

To prevent instrument damage, p lug-in units should not be installed or
removed withou t first turning off the 7854 Oscilloscope . However, to
preven t loss of data from memo ry, be sure memo ry back-up power is
applied before turning off the in st rument .

CONNECTING THE WAVEFORM CALCULATOR A

GENERAL PURPOS E INTERFAC E BUS (G P I B )



POWER-UP CONDITIO NS

Introdu ction-7854

Wh en t he 7854 is turned on (without memory back-up power app lied ), the
wavefo rm processor ru ns four self-c hec king tests. Although these tests are not all-
inclusive, they indicate if ma jor p ortions of the processo r are p roper ly wo rk i ng . The
self-test sequence outlined below begins when power is app lied to the 7854 .

Step 1 : When power is ap plie d the following ind icators will ligh t : POWER,
selected positions of t he Α and Β TR IGGER SOURCE switch es, a nd all
selected i ndicators on the p l u g-in un its . Fo r a pproximately three seco n ds
after power-up the followi ng in d icators will rem ain off: all positio ns of the
VERTICAL a nd HORIZONTA L MODE switches, all Inten sity ind icators, all
red front-pan el (meas uremen t key boa rd ) and Waveform Calc u lato r

i ndicators.

Step 2: All p ositions of the VERTICAL an d HORIZONTAL MODE switches, all
I ntensity indicator s, and all red f ront-panel a nd Waveform Calculato r

i ndicators will now ligh t .

Step 3: Α fa u lt cond itio n fo und through any of th e fou r tests is indicated with the
lig h ts of the VERTICAL a nd HORIZONTAL MODE switches . Fau lt cond ition
codes are listed in Ta ble 1-3. Be sure to n ote the co de received so that you
may more fu lly in fo rm the se rvice perso n about the t roub le .

TABLE 1-3
Self-Test Fa u lt Codes

If α fa u lt co de occurs, press any button of t he VERTICA L o r H ORIZONTAL
MODE switches and t he self-testing will co n tinue . Then , refer α qu alifie d
se rvice person to the Performance Chec k Proced ure i n the Calib ration
sectio n of the 7854 Se rvice Manual to ve r ify the electr ical p erform ance of
th e i n st rumen t .

VERTICA L M ODE
Indicato r Status

H OR IZONTA L M ODE
Indicator Status

Ci rcu it ry
W ith Fault

All ligh ts on . Β lig h t on . RAM

All ligh ts on . CH OP ligh t on . ROM

All ligh ts on . CH OP and Β ligh ts on . Real-time Cloc k

All ligh ts on . ALT lig ht on . Display
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Step 4: Successful completion of t he self tests is indicated by the issuance of the
aud ible wa rn ing tone (if the rea r-pa nel AUDIBLE ERROR/WARN ING
switch is ON), and the extingu is hi ng of all red i ndicators, the S and Α
Intensity ind icators, all VERTICAL MODE lights except LEFT, and all
HORIZONTAL MODE switch lig hts except Β . In add ition, if the READOUT
intensity control is set to a bout midrange, the message SELF TEST
CO MPLETE will be d isplayed on the crt.

PRESET CO NDITIONS

After successful completion of the processo r self tests, seve ral paramete rs of the
7854 are set to predetermined conditions . These power-up conditions are:

CRT DISPLAY Mode . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Set to SCOPE
Prog ram Mode . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Set to EXECUTE
Program Memory . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Clea red
VERTICAL MOD E . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Set to LEFT

HORIZONTAL MODE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Set to Β
Stored Wavefo rm Display . . . . . . . . . . . . . . . . . . . . . . . . . . . Not d isplayed;

set to VECTors
Ρ/W (Points/Waveform ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Set to 512
Stack R egiste rs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Clea red to 0
OPW (Ope rational Waveform ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . Set to 0
All Waveform Memory Poi nts . . . . . . . . . . . . . . . Set to the ze ro val ue

(cente r horizontal gratic u le li ne)
VZR (Vertical Ze ro Reference) . . . . . . . . . . . . . . . . . . . . . . . . Set to 0 (all

wavefo rm memories)
Vertical Scale Facto r . . . . . . . . . . . . . . . . . . . . . . . . . . . ., . . . Set to 1 (all

waveform memories)
Vertical Scale Facto r Un it . . . . . . . . . . . . . . . . . . . . . . . . . . . Set to V (all

waveform memories)
Horizontal Scale Factor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Set to 1 (all

wavefo rm memories)
Horizontal Scale Factor Un it . . . . . . . . . . . . . . . . . . . . . . . . . Set to S (all

waveform memo ries)
Constant Registe rs. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Set to 0
TTL Ουτρυτ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Set HIG H

All G PI B Se rvice-Request Functions . . . . . . . . . . . . . . . . . . . . . . . Set ON

OPERATING POSITION

Α bail-type stand, mounted on the bottom of the mainfra m e, pe r mits t he instrum ent
to be tilted up about 10° for more conven ient crt viewing.



ADDRESS

ALGO RITHM

ASCII

AUTOSCALE

BITS

GLOSSARY OF TERMS

Α value that i dentifies α specific storage location .

Introduction-7854

The te rms listed in this glossa ry a re used throughout this manual and are d efined
here fo r you r convenience .

Α fully s pecifie d proced u re used fo r solving α mathematical proble m i n α fi n ite
number of steps .

Abbreviation fo r "Ame rican Standard Code for information Interchange". Α seven-
bit characte r code used extensively in data transmission in whic h 128 n umerals,
letters, symbols, and special control codes are represented .

Αυιοιηατ ic vertical ,cα li ng of α stored waveform to maximize t he display range to
hetween τ3.5 d ivis,nηι *r->m cente r screen .

Α single entity used to encode data and designated by either 0 or 1 .

BUS

An i nte rface of o ne or m ore sig nal li nes u sed to connect two or more devices over
wh ic h messages a re t ransferred .

ΒΥΤΕ

Α un it of 8 h its u sed to encode data. Th e data transfers over the GPIB a re byte
serial, b it pa rallel .

CALCULATOR LANGUAG E

Α comμο tei ι ,ιηyυjye ihαt consists primarily of comma nd s, each of which is capable
of invoking α fun ctio n to be executed .

CO MMAND

An i nst ruction wl ι ich initiates the processo r to perform α pre-prog ram med f unction .

CO MMAND BUFFER

Α device fo r storing incoming commands, in order of arrival, while pr eviously
received commands o re h eing executed by the processor.

CO NSTANT

In the 7854 α constant is α single-valued variable .

REV JUN 1983
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CONSTANT REGISTER

Α storage registe r which is ab le to h old only one constant at α time .

CO NTROLLER

Α device on the GPIB wh ich is in ch arge of establish i ng talkers a nd listeners fo r
data tra nsfe rs.

CURSORS
One or two specially ide ntified points on the operatio nal waveform used to d elimit
or identify for fur th er wavefo rm manipu lation or meas urement.

CURVE

An ASCII st r ing used to represent act ual wavefo rm data poi nts over the GPIB .

DATA PATH

Refer to F ig ure 1-1 fo r ill ust rated defi n itio n .

DIGIT

One of the sym bols: 0,1,2,3,4,5,6,7,8, and 9 .

DIGITIZER

Α device which conve rts analog data into numbers . In the 7854 t he d igitize r
conve rts the real-time sig nals into the d igitally- represented stored wavefo rms .

DOTS

Α mode used to represent and dis p lay t he stored wavefo rms as α se r ies of d iscrete
points.

EDIT
To modify the stored prog ram, e .g ., to i n se rt or delete comma nds into or fro m α
prog ram .

EQUIVALENT TIME

In d igitizi ng oscilloscope operatio n : the time scale associated with the output of the
d igitizer .

EQUIVALENT-TIME BANDWIDTH

The range of frequencies which can be adequately digitized .
Ι App lies only to instruments with se rial numbers below 1308511211 . For in st ruments with
se rial number Β085121 and above, featur es previously providedbyOption 21) are standard.
1-10

	

REV AUG 1986

Option Number C NS Registers CNS Number

0D 0 -

Standard 1 50 0-49

2D 1 Ι 100 0-99



REAL-TIME PATH : Standard oscillosco pe ci rcuit ry; incl udes chann el switch, output
amplifie r, and crt .

STORED DATA PATH : I ncl udes the chann el switch, digitizer, memo ry, output
amplifie r , and crt .

NUMERIC PATH : I ncl udes the cha nn el switch , digitize r , memory, and
computational aglo r it hms; data output is via GPIB (General Purpose I nte rface Bus) .

2873 402

EQUIVALENT-TIME SAMPLING

The method used to d igitize a nd store repetitive real-time waveforms i n the 7854
whereby α sto red waveform is bu ilt from samples ta ken du r ing ma ny cycles of α
repetitive real-time waveform .

ERROR

Issued when the command which was to be executed could not be exec uted

because α restr iction cond ition existed.

ESIGN

Fig ure 1-1 . Definition of Data P ath Te rms .

The sign (either + or -) associated with the exponent.

EVALUE

The absolute val ue of the exponent .

EXECUTION
Perform i ng α command.

I ntroduction-7854

EXPONENT

Α signed two-d igit number th at i ndicates the power to wh ic h t he base (10) is raised .
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FI ELD

Α specifie d area of the gratic u le used to d isplay α particu la r category of d ata, (e .g .
the contents of the Χ registe r , the mnemonic of the last command executed, etc .) .

FLAG

Α c haracte r that signals the occu rr ence of some cond ition, suc h as the f indicates
t hat α sh ift f unction will follow .

FLOATING-POINT

In the 7854 : α fo rm of notation in whic h quantities are expressed as α mantissa
(with in the range of 1 .000 t hroug h 999 .9) with an exponent .

FUNCTION

Α statement to the processo r that specifies the operation to be perfo rmed. In the
7854 the values or locations of the operands are implicit i n the function.

G P I B

The abbreviation fo r General Purpose Interface B us wh ic h is defined by the IEEE
standard 488-1978 .

GPI B-ONLY COMMANDS

Commands accessible only via the external inte rface ; comma nds having no
correspondi ng keys.

HANDSHAKE
Α method of tra nsferr ing data over th e GPI B involving an inte rlocked sequence of
signals (e .g ., DAV, NRFD, NDAC, etc.) .

I NTERRUPT

To stop α process in s uch α way that it can be resumed .

Ι /Ο (Input/Output)

Α te rm used to refer to data transfers between devices .

JITTER

I nsta bility of α d isplayed sig nal i n either amp litude or phase.

LABEL
In the 7854 α label consists of the cha racter "L" followed bytwo d igits that se rve to
identify α prog ram li ne.

LISTENER (o r Acceptor)

Α device on th e GPIB wh ic h is receivi ng data from anot her device on the GPIB .
Several listeners a re allowed fo r any data tra nsfer .

1 - 1 2



LETTER EXPONENT

Α si n gle lette r following th e ma ntissa of α d is p laye d floating- p oi n t numbe r wh ic h
represents α power of 10 mu lti p lier (e .g ., in 2 .467m th e m represents Ε-03) .

LSD
Abbr eviation for "least significa n t d igit", which is t he d igit with the lowest
weig hting in α nu mbe r . Usually th e r ig h t-most d igit .

MAINFRAME

Th at po rtion of t he 7854 which houses the p l u g-in units and t he ma jor ity of
ci rc u it ry . Does not i nclude t he Wavefo r m Calcu lato r or t he sp ecific p l u g-in un its .

MANTISSA
Th at po rtion of α floatin g- p oint number re presen ti n g t h e significa n t d igits of the
numbe r (e .g ., 2 .460 is t h e mantissa i n the nu mbe r : 2 .460Ε+29) .

MEAS UREMENT KEYBOARD

The keys and associate d indicato r s located on th e f r o n t p a n el of t he 7854
mainf rame .

MESSAG E TERMI N ATOR
Α means of s p ecifyin g t he last byte to be transfer red ove r the G P I B in any one
message .

MNEM ON IC CODE

Sym bolic la nguage codes th at a re easily remembere d because they closely
resemble t he ope r ation th at t h ey specify . All 7854 mnemonics a r e br iefly defined
below :
ABS

	

Compute and r et u rn a b sol u te val u e to th e Χ r egister .

AQR	Acqu i re r ep etitive wavefo r m(s) .

AQS

	

Acquire si ngle-shot waveform(s) .

AREA

	

Compute and r etu rn O PW a rea .

AVG

	

Average t he real-ti me waveform .

AVG10

	

Average t he real-time waveform 10 times .

AVG100

	

Average t h e r eal-time waveform 100 times .

AVG1000

	

Average the r eal-time waveform 1000 times .

I nt r oduction-7854

BOTH

	

Set display mode fo r bot h real-time wavefo rms and store d
waveforms .

1- 1 3
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MNEMON IC CODE (Cont)
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*These mnemonics are not pr i nte d on the inst rument .

CEROFF * Tur n off se rvice requests fo r command errors . (Iss ued only
over G PI B .)

CERON* Turn on service requests for command errors. (Issued only
over G PI B .)

CHS Change sign .

CL D Clear th e stored d is p lay of all stored wavefo rms displayed
wit h t he DSW co mm and.

CLf Clear shift flag .

CLL Clea r program line .

ςLρ Clear enti re program memory.

CLS Clea r stack.

CLW Clea r the desig nated stored waveform from the display .

CLX Clear Χ registe r by popping t he stack .

CN S Return val u e from constant registe r .

C NS Store val ue i n co nsta nt register.

CR S1 Tu rn C urso r 1 on .

CRS1 < M ove C ursor 1 toward start of OPW .

CRS1 > M ove C urso r 1 toward end of OPW .

CRS2-1 Turn both curso rs on .

CRS2< M ove Curso r 2 towa rd C ursor 1 .

CR S2> Move C urso r 2 toward en d of OPW .

D ELAY Compute and return delay time .

DI FF Differentiate the OPW .

DOTS Display stored waveform(s) in DOTS mode .

DSW Display t he designated stored wavefo r m .



MNEMON IC CODE (Con t)
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*T hese mnemon ics a re not pr inted on t he instrument .
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ΕΕΧ Enter exponent.

ERR?" Transmit error stat us over G P I B .

ENER GY Compu te and r et urn energy .

ENTER Enter data i n stac k ; term inates numer ic entry or pushes the
stac k .

EXECUTE Go to t he prog ram Execute mo de.

ΕΧΡ Compu te exponen tial function.

EXROFF* Turn off se rvice requests fo r exec u tion errors . (Issued only
over GP I B .)

EX RON* Turn on se rvice requests fo r exec u tion e rrors . (Iss u ed only
over GP I B .)

f Set sh ift flag .

FALL Compu te and retu rn fall time of OPW pulse .

FRED Compute and r et u rn frequ ency of OPW.

GND Set ground refe rence .

GOTO Go to specified p rogram line.

GS B Go to prog ram su bro utine .

H CRD Return cu rsor(s) hor izontal coordinate .

HCR D Set ho r izontal coord inate of cur sor(s) .

HMDA* Set HORIZONTAL MOD E to Α.

HMDA LT* Set HORIZONTAL MOD E to ALT.

HM DB* Set HORIZONTAL MODE to Β .

HM DCH OP* Set HORIZONTA L MODE to CHOP .

HPLFT Hor izo n tally position the OPW left .

HPR GT Hor izon tally position t he OPW r igh t .
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*These mnemonics are not pr inted on the instru ment .
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H SCL Ret urn OPW horizontal scale factor .

HSCL Set OPW horizontal scale factor.

HXPD H orizontally expand t he OPW.

ID Display i nstrument i dentify message.

ID * Transmit instrument identify message over the GPI B.

INTG Integ rate OPW .

ITRP Li nea r ly i nte rp olate.

I FX=V Compare constants or refe renced waveforms in Χ and Υ
registers for equ ality .

IFy>χ Compare constants or referenced waveforms in Υ and Χ register
for "greater than"condition.

IOCOFF ' Turn off se rvice requ ests fo r Ι /0 commands. (Issued only
over t he GPI B.)

IOCON* Tu rn on se rvice re q uests for Ι /0 comma nds . (Issued only
over the GP I B.)

LBL Return labeled program li ne number .

LN Compute and return n at ur al logarit hm .

LNN Begin ente ring program li n e label .

MAX Compute and return maximum value of OPW .

MEAN Compute and return mean value of OPW .

M ID Compute an d return midd le valu e of OPW .

ΜΙΝ Compute and return mi n i mum val ue of OPW .

NEXT Advance to next program line .

O FF Tu rn cu rsor(s) off.

OPCOFF* Tu rn off se rvice requests fo r operation comp lete . (Issued only
over th e GPI B .)



MNEMON IC CODE (Con t)
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*These mnemonics are not prin te d on the instrument .
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OPCON* T urn on se rvice requests fo r o per atio n complete . (Iss u ed only
over t he GP IB .)

ORD Ret urn or d inate (vertical) value of sp ecified hor izon tal
coord inate of OPW.

>O R D Set OPW to sp ecified ordinate valu e at sp ecifie d hor izontal
coor dinate .

PAUS E Pa use temporar ily in program execu tion .

PER Compute and ret urn per iod of OPW .

ΡΝΤ Return valu e of specified p oi n t of OPW.

> ΡΝΤ Set poi n t of OPW to specified value .

Ρ- Ρ Compute pea k -to- pea k value of OPW.

PREY Bac k up to previous program line .

PROG En te r prog ramm ing mode.

Ρ/W Return poin ts-per-wavefo rm setting.

> Ρ/W Set the points- per-waveform of all wavefo rm memo r ies.

READX Input data i nto 7854 Χ registe r f rom GP IB .

REMOFF * Turn off se rvice requests fo r RQS . (Issued only over the
GP IB .)

REMON * Tu rn on se rvice requests fo r RQS . (Issued only over the
GPI B .)

RDO U T Retu rn real-time rea dou t word con tents .

RIS E Compute a nd return rise time of OPW .

RM S Compute and r eturn root-mean -s q uare of OPW .

ROLL Sh ift data circularly with in the stac k .

RQS Tra nsm it SRQ qu ery request.

RQSOFF* Tu rn off all service requests excep t Power On . (Iss ued only
over t h e GPI B .)
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MNEMONIC CODE (Cont)
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*These mnemonics are not pr i nte d on the inst ru ment .
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RQSON* Turn on all service requests (u nder most cond itio ns and is
issued only over the GPI B) .

RTN R eturn f rom program s ubroutine .

RUN Ru n program beginn ing with the fi rst command of the
current prog ram li n e.

SAVE T ransmit prog ram over GPI B.

SCOPE Set d isplay mode to SCOPE .

SENDX T ransmit constant o r refe renced waveform from t he 7854
Χ register over GPI B.

SG N Compute a nd return signum function.

SMOOTH Smooth O PW.

SORT Compute a nd ret urn square root.

SQ R ?* Transmit d isplay li ne 16 over G P I B.

START E xec ute program f rom start (first command of li ne θθθ) .

STEP Si ngle-li ne program executio n .

STOP Terminate program or command execution or equivalent-time
sampling acqu isitio n .

STORED Set d isplay mode to STORED .

SWH Set TTL SIGNAL OUTPUT to h ig h .

SWL Set TTL SIG NAL OUTPUT to low.

TEXT* Tra nsmit d is p layed alphanumeric cha racters over GP I B.
(Issued only over the GPI B.)

>ΤΕΧΤ * Input al pha nu meric characte rs to d isplay from GPIB . (Issued
only over the GPIB .)

TIME Display wavefo r m versus time (Y-Τ mod e) .

VCRD R eturn cursor(s) ve rtical coord inate .

VCRD Set curso r(s) ve rtical coord i nate.



MNEM ON IC CODE (Con t)

*T hese mnemon ics are not prin ted on the in strumen t .
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VECT Disp lay stored wavefo rm(s) in vecto r mode .

VM DADD* Set VERTICAL MODE to ADD.

VM DALT* Set VERTICAL MODE to ALT.

VM DCHOP* Set VERTICAL MODE to CHOP .

VMDL* Set VERTICAL MOD E to LEFT.

VM DR * Set VERTICAL MOD E to RIGHT.

VPD N Move OPW down .

VPUP Move OPW up .

VS Disp lay waveform ve rsus waveform (X-Υ mode).

VSCL R et urn OPW ve r tical scale factor .

>V SC L Set OPW vertical scale facto r .

VXPD Vertically ex pa nd the OPW.

VZ R Retu rn th e ve r tical ze ro reference of the OPW.

>VZR Set the OPW vertical zero to t he specified g raticule location .

WFM Return a nd d is p lay sp ecifie d stored wavefo rm.

WFM Store OPW i nto specified waveform memory.

WIDTH Comp ute a nd r eturn wi d th .

Χ<>y Excha nge co ntents of Χ and Υ registe rs.

+ Add .

- S ub t ract.

* M ulti p ly .

/ Divide .

Deci m al point.

θ-9 Digits .
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MSD
Abbreviation for "most significa nt d igit", whic h is the d igit wit h the h ighest
weighting in α number . Usually the left-most d igit .

NESTING

Α prog ra mm ing technique i nvolving t he calling of subroutines fro m other
subroutines.

NOISE
Α term referri n g to spurious or undesi rable electrical signals.

OPERAND
Any quantity t hat is used as i nput for α command and affects its res ults.

OPERATIO NAL WAVEFORM (OPW)

The operatio nal waveform is always d isplayed in the stored mode, and is the only stored
waveform whose scale factors are d isplayed. It is the wavefo rm operand for certai n
waveform fu nctions and the cu rsors are associated with it . The operatio nal waveform is
the one whose number is presently i n the Χ register, and is the default stored wavefo rm
which is cur re ntly being manipulated or operated upon .

PREAMBLE

An ASCII st r ing used to d efine t he scali n g information fo r α wavefo rm t r ansferred
over the GPIB .

PROGRAM

Α set of stored comma nds t hat sp ecifies the se r ies of fu nctions to be automatically
performed by t he processor .

PROGRAM LINE

Α set of comma nds wh ic h reside on one line of α prog ram, each li n e h avi ng α
uniqu e li ne number .

POPPI NG THE STAC K

Α method of removi ng data from the stack w hereby the data is retrieved from t he Χ
register .

PUSH I NG THE STAC K

Α method of ente ring new data into t he stack whereby the new data is written i nto
the Χ registe r .

QUANTIZE
To convert α continuous va riable, such as α real-time wavefor m, into α series of
specified steps or levels . T here are no "i n- between " values in such α quantized
waveform . Each val ue of signal is replaced by the nearest availab le level .
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QUERY
Α GP I B output command used to get stat us i nfo rmatio n beyond that contained in
the status byte .

RAM

Abbreviation for "random-access memory" . Α memory that ca n be b ot h w ritten into
and read from .

REAL-TIME WAVEFORMS

Having to do wit h the actual time duri ng which physical events ta ke place ; usually
u sed to refer to conventio nal oscilloscope d isplays .

REAL-TIME SA MPLI NG

The method used to sequ entially d igitize and store single-sweep wavefo r ms in the
7854 .

RETURN
Α bri nging back of data from the memory 1ο the stack. Also, means "ret urns execution
cont rol from α subrouti ne to the calling program" .

ROM

Abbreviation for "read -only memory" . Α storage a rr angement primarily fo r infor-
matio n-ret rieval applications . Α memory t hat can only be read from, n ot written i nto .

ROUN DING

M ethod used to modify α n umberw h ic h contains more significant d igits than can be
prese rved. N umbers i n the 7854 are rounded to 4 sig nificant d igits.

RPN

Abbreviation fo r "reverse p olis h notation". An arithmetic system used by t he 7854
whereby the operand(s) are specified before the fu nction .

rsv

IEEE STD 488-1978 local message indicating req uest service .

SCALE FACTO R

Th e factor by which th e number of scale d ivisions i nd icated must be mu ltiplied to
compute t he vertical deflection or sweep du ration .

SRO
IEEE STD 488-1978 remote message indicati ng service requ est.

SER IAL POLL

Introduction-7854

Α sequ ential met hod u sed by the GPI B controller to receive status fro m other
devices on the GPI B.
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STACK

Α storage area reserved fo r tempora rily h ol d i ng constant operands or results, or
referencing wavefo rms in waveform memory, and consisting of five registers named
W, Τ, Ζ, Υ, and Χ.

STOR I NG

The entire procedure, performed under control of the processor , to p lace data in

memory .

SUBROUTINE
Α series of i nst ructions t hat perfo rm α specific task and are only α portion of the
main prog ram . Primarily used to prevent duplication of code in programs .

TALKER (or Source)

Α device on t he GPI Bwh ic h is transferr i ng data to other devices on the GPIB . Only
one talker is allowed for any data transfer .

T RUNCATE

The dropp ing of d igits f rom one end of α data item, usually the least significant end,
causing loss of precision o r info rmation.

VECTOR

Α mode used to represent and display the stored waveforms as α se ries of straight-
li ne segments between two time-a djacent points .

VOLATILE STORAG E

Α storage device in wh ic h stored data a re lost when power is removed .

WARN I NG

Issued when the resu lts from the command executed may not be what the user
expects . Th e res ults shou ld be exami ned ca refully.

WAVEFORM PR OC ESSOR

Pa rt of t he 7854 which co ntains the waveform and program storage, arit hmetic
unit, and special register g roups . It perfo rms arithmetic operations, controls
inst r uction execution, and pr ovides timing sign als and other housekeeping
operations. Also refe rr ed to as the processo r .
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This Specificatio n sectio n contains tabular listi ngs of the E lect rical, En vi ro nmental,
and Physical Ch aracte ristics of the 7854 Oscillosco pe with Waveform Calcu lato r.

Refer α qualified service person to the Performance Check Procedure in the
Cali bration section ο1 the 7854 Se rvice Manual to verify the electrical perfo rmance
of your inst rument.

Also in cl u ded in this section are:
1 . Instru ment ship p ing inst ructio ns ;
2 . Α list of standard accesso ries fo r the 7854 Oscilloscope ;
3 . The 7000-ser ies oscillosco pe system specificatio ns; a nd
4. Α table of p lug-in unit compati bilities .

Specification
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7854 MAI NFRAME AND WAVEFORM
CALCULATOR SPE CI FICATIONS

The electrical cha racte r istics listed in Table 2-1 applywhen the following conditions
a re met: (1) Cali br ation of the i nst rument must have taken place at an ambient
temperature between +20° and +30° C, (2) the instrument must be allowed α 20-
mi nute warm-up period, (3) all specifications are vali d at an ambient temperat ure of
0° to +50° C, unless otherwise stated, a nd (4) the instrument must be in an
envi ronment that meets the limits descr ibed in Table 2-2 .

Any applicable conditio ns not listed above are expressly stated as p art of that
characte ristic . Environmental Characte ristics are listed i n Table 2-2 and Physical
Characte ristics are listed in Table 2-3.

TABLE 2-1
Elect rical Characteristics

C haracteristic Performan ce Requ i rement

REAL-TIME VERTICA L SYSTEM

Deflection Factor as Compati ble with all 7000-series plug-in
Checked Wit h 067-0587-02 u nits .
Cali br ation F ixtu re,
Referenced to 6 Div

Difference Between 1 °/ο , or less .
Vertical Channels

Low- Frequ ency L i nearity 0.1 div, or less, compression o r expansion of
α cente r-screen 2 d iv signal repositioned
ve rtically anywhere wit hin the gratic u le area .

System Bandwidt h Varies with plug-in un it selected . See
7000-Series Oscillosco pe Systems
Specification at t he end of this section.

Step Respo nse

System R ise Time Varies with pl ug-in u n it selected . See
7000-Series Oscillosco pe Systems
Specificatio n at the end of t h is section.

C hannel Isolatio n

All Vertical M odes At least 100:1 from do το 250MHz; and at least
( Except ADD) 40:1 from 250 MHz to 475 MHz.
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Characte r istic

Delay L in e

Disp layed Difference in
Sign al Delay Between
Ver tical Channels

Extern ally Trigge red

In tern ally Trigge red

Vertical

Acquisition W i ndow

2-2

TABLE 2-1 (CONT)

E lect rical Characte r istics

Performance R equ i rement

REAL-TIME VERTICAL SYSTEM (Con t)

Permits viewing the lead i ng edge of trigger ing
sig nal .

60 p s, or less .

200 p s, or less .

REAL-TIME HORIZONTAL SYSTEM

DIGITIZER

From +5 d iv above, to -5 d iv below the cente r
horizontal g ratic u le li ne.

Deflection Facto r as Compatible with all 7000-series plu g-in
C hecked Wit h 067-0587-02 un its .
Cali br ation Fixture

Difference Between 1°/α , or less .
Horizontal Channels

L i nea r ity at 1 ms/Div 0.05 d iv, or less, error at each graticule line
afte r adju sting fo r no error at the second and
tenth g raticule lines.

Fastest Cali brated Sweep Rate 500 ps/ div .

Horizontal Bandwidth Referenced Dc to at least 1 MHz (-3 dB) .
to 10 Div of 50-kHz

Phase S h ift Between 2°, or less, from do to at least 35 kH z.
Vertical and Horizontal Systems

W it h Option 02 ( Β HORIZ 2°, or less, from dc to 1 MHz.
Compartment Only)



TA BLE 2-1 (CONT)
Electrical C haracter istics

Characte r istic

	

Performance Requ irement

DIGITIZER (Cont)

' R efe r to Fig ur e 1-1 i n Sectio n 1, I nt r oductio n .
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Ve rtical (εοητ )

R esol u tion : Sto r e d and Nominally 0.0098 d iv .
Numer ic Data Pat h s'

Noise : N umer ic Data Path ' 0.008 d iv o r less, mean value of 100 rms
measu rements, main f rame only .

DC Gain Acc uracy as
Checked Wit h 067-0587-02
Cali b ration F ixt ur e,
R efe renced to 6 Div

Sto red and Nu mer ic With i n 1% at tem perat u re of cali br atio n .
Data Paths'

Change Wit h Tempe r at ure 0.8%, o r less, p er 10° C .

DC Offset

Sto r ed Data Path ' With in 0 .1 div of g r aticule center, at
tempe r ature of calibr ation .

Nume r ic Data Path ' W it h i n 0 .1 eq uivalent gratic u le d iv of ze r o,
at tempe r ature of cali br ation .

Ch ange With Temperat u re 0 .1 d iv, or less, p e r 10° C .

System Bandwidt h : Sto re d Va r ies wit h p lug-in un it selected . See
a nd Numer ic Data Path s' 7000-Series Oscilloscope Systems

Specification at t he end of t h is section ;
b a ndwidth sh all be sa m e specificatio n limits
as given fo r r eal-time ope r atio n .

Matc h ing To R eal Time R eal time and acquisitio n system sine-wave
amplit ude res po nse s ho u l d match each oth e r
to with i n 1+[2 .5(f/100 ΜΗτ )]%, whe re
0 <_f <_400 MHz, (f in MHz) .
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TABLE 2-1 (CON T)
Elect r ical Characte ristics

C haracte r istic

	

Perfo rmance Requ i rement

DIGITIZER (Cont)

' R efer to Figure 1-1 i n Sectio n 1, I n t ro du ction .

Ve r tical ( εοητ )

System Step Response : Va r ies with plug-i n u nit selecte d . See
Sto red and Nu meric 7000-Se r ies Oscillosco pe Systems
Data Path s' Specification at t h e end of th is section ; step

response sh all be same specificatio n limits
as give n for r eal-time operation .

Ho r izon tal

Acqu isitio n Window From -5 div left, to +5 d iv r ight of t he cente r
ve rtical g r atic u le li n e .

Resol u tion : Sto red and Nominally : 0.0098 div at 1024 Ρ/W;
Nume r ic Data Path s' 0.0196 div at 512 Ρ/W;

0.0392 d iv at 256 Ρ/W;
0.0784 div at 128 Ρ/W ;

Noise : Nume r ic Data Pat h ' 0 .01 div o r less, mean val ue of 100 rms
measuremen ts, mainf rame only .

DC Gai n Accuracy, as
Check ed W it h 067-0587-02
Cali br ation F ixtu re,
Refe re nced to 6 Div

Sto r ed and Nume r ic Wit h i n 1 °/α at tempe r atu re of calib ration .
Data Path '

C hange Wit h Temperat ure 0.4%, o r less pe r 10° C .

DC Offset

Stor e d Data Path ' Wit h in 0 .1 d iv of g r aticu le cente r , at
tempe r at ure of cali br ation .

N umer ic Data Pat h ' Wit h in 0 .1 equivalent g r atic u le d iv of zero,
at tempe r atu r e of cali br atio n .

C hange Wit h Tempe ratu re 0 .1 d iv, o r less, p er 10° C .



Characte r istic

Equivalent Time Sampli ng

Maximum Sweep Speeds fo r
Single-Shot Acquisitio n with
71387 Time Base with Pre-
trigge r Acqu i re Clock (For
Dual Trace Use Next Slower
Sweep Speed)

REV ΜΑΥ 1982

TA BLE 2-1 (CONT)
Elect rical Characte ristics

DIGITIZER (Cont)

For proper acquisitio n, in pu t signals must be
repetitive si ngle-valued waveforms of the
horizontal va r iable . Processor does not
check that t hese cond itions are met .

CRT SYSTEM

Perfo rmance Req ui rement

Specification-7854
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G ratic u le

Type Inte rn al ; ill uminated with va ria ble edge
lighting .

Display Area 8 d iv ve rtically by 10 d iv horizontally .

Div Un it 1 d iv = 1 cm.

Phosphor

Standa rd Ρ31 .

Optio n 78 Ρ11 .

Photog raphic Wr iting Speed
(W it h Polaroid 3000 ASA
Fil m, Wit hout Film Fogging
Ρ-11 Phosphor)

TEKTRONIX C51 Camera, At least 2 .5 cm/ns. Photograph is viewed wit h

fl .2 Lens and 1 :0 .5 front illumi n ation . In typical applications, Ρ31

O bj ect-to-Image Ratio phosphor has approxi m ately one-half the
writing speed of P11 phosphor.
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Characte ristic

TABLE 2-1 (CONT)
Elect rical C haracteristics

Perfo rmance Requi rement

EXTERNAL CONNECTORS

REV APR 1981

Camera Power Front- panel 3-contact connector (on crt b ezel)
com patible with Tektronix C-50 series
came ras .

Bottom P in Grou nd.

Cente r Pin Si ngle-swee p reset .

Top P i n +15 V .

CALI BRATOR Output Fr o nt- panel bnc connecto r .

Wave S h ape S quare wave .

Polarity Positive-going with baseline at 0 V .

Output R esistance 450 Ω.

Output Voltage (Selecte d by fro nt- panel CALI BRATOR
switch.)

Load ?100 kΩ 40 mV, 0.4 V, 4 V .

Load = 50 Ω 4 mV, 40 mV, 0.4 V .

Accu racy W it h in 1°/ο .

Output Cu rrent 40 mA availab le t hrou gh CALI BRATOR output
wit h α bnc-to-c urrent loop ada pte r .
CALI BRATOR switch must be set to 4 V fo r
cali brated output .

Repetitio n Rate 1 .0 kH z, within 0.25% .

Duty Cycle 49 .8% to 50.2%.

Rise Time and Fall Time
(100 pF maximum load )

250 n s or less .

Ground post Pr ovides convenient u ser ground reference
p oint on front panel .



TABLE 2-1 (CONT)
Electrical Characteristics
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REV FEB 1984

Characteristic Performance Requirement

EXTERNAL CONNECTORS (Coot)

2-7

EXTERNAL KEYBOARD 25-pin female rea r -panel connecto r fo r
conn ecti ng an exte rn al keyboard .

GPIB IEEE-488-1978 24-pin female rea r -panel connecto r fo r
conn ecti ng instrument to GPIB. Meets IEEE
488-1978 . (Not available on Option 0D).

MEMORY BACK-UP POWER Two rea r -panel female banana jacks. Provides
connections fo r exte rn al power to maintain
power on RAM, thereby providing non-volatile
memory .

Voltage Requ i rement 6.0 to 6.5 V dc.

TTL SIGNAL OUTPUT Rear-panel bnc connecto r provides TTL-
SWL/SWH compatible signal .

Output Level Set by use r commands available on the
Waveform Calculato r .

SWL Command Selects low level outpu t (between 0 V and
+0.8 V) . Maxim um current si nk is 16 mA.

SWH Command Selects h ig h level outpu t (between +2.4 V a nd
+5.0 V) . M aximum current so urce is 2.6 mA .

+SAWTOOTH OUT Rea r-panel bnc connecto r .

P ola rity P ositive-going with baseline at Φ V, within 1 V,
i nto 1 ΜΩ load.

Outpu t Voltage 10 V maximum .

R ise Time Into 50 Ω 50 mV/ un it-of-time, selected by the time-base
unit time/ div switch, within 15 ο/ο ; 100 n s/div
maximum.

Rise Time Into 1 ΜΩ 1 V / un it-of-time, within 10 ο/ο, selected by the
time-base un it time/ div switch ; 1 μs/ div
maximum.

Output Resistance Approximately 950 Ω.
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Cha racter istic

TABLE 2-1 (CO NT)
E lect r ical Cha racteristics

Performance Requ i rement

EXTERNAL CO NNECTO R S (Con t)

+GATE OUT R ea r -panel bnc connector .

Α Gate Derived from Α HORIZ time-base un it
main gate .

Β Gate Derived from Β HOR IZ time- base u nit
main gate .

Dly'd Gate De rived from Α H ORIZ ti me-base u nit
delayed gate .

Polar ity

Α o r Β Gate Positive-going with baseline at 0 V, within
1 .0 V, i nto 1 ΜΩ load .

Α Dly'd Gate Positive level when Atime-basedelayed sweep
o r Β sweep is enabled; 0 V, within 1 .0 V, i nto
1 ΜΩ load, when sweeps are d isabled.

Outpu t is positive when no p lug-in is used o r
when plug-in does not pr ovide delay gate .

O utput Voltage 10 V maximum .

Into 50 Ω Load 0.5 V, within 10%.

Into 1 ΜΩ Load 10 V, with in 10%, (up to 1 μs/div) .

Rise Time Into 50 Ω 20 ns or less .

Output Resistance Approximately 950 Ω.

SIGNAL O UT R ea r-panel bnc connecto r selected by
ΑTRIGGER SOURCE switch .

Source Sa me as ΑTRIGGER SOURCE .

Output Voltage i1 5 V maximum.

Into 50 Ω Load Approximately 25 mV/ div of vertical
deflection .



Characte ristic

TABLE 2-1 (CONT)
Elect r ical Characte r istics

Performa nce Requ irement

EXTERNAL CONNECTORS (Cont)
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SIG NAL OUT (cont)

Outpu t Voltage (cont)

Into 1 ΜΩ Load Approxi m ately 0.5 V/div of ve rtical
deflectio n .

Bandwi dth Into 50 Ω Varies with ve rtical p l u g-in selected . See
Load (-3 dB) 7000-Series Oscillosco pe Systems

Specifications at the end of this section .

DC Ce nter ing 0V, with in 1 V, into 1 ΜΩ load .

Aber ratio ns 15% ρ-p, or less, within 50 ns of step.

Outpu t R esista nce Approximately 950 Ω.

Z-AXIS INPUT R ear-panel bnc connecto r .

Polarity and Sen sitivity +2 V provides complete blanking from
maximum intensity cond ition; -2 V
provides complete unblanking from mi n imum
intensity condition .

Low- Frequency L imit Dc .

Input Resistance App roximately 470 Ω .

Input Ca pacitance Less than 50 pF .

Open Ci rcuit Voltage Approximately 0 V.

Maximum Input Voltage 15 V (dc p lus peak ac).

Maxi mu m R epetitio n Rate 1 MHz .

SI N G LE SWEEP RESET Rear- panel bnc connector .

Input Input to reset single-swee p fu nction of
time- base un its i nstalled i n Α and Β HORIZ
compartments .
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Characte ristic

TABLE 2-1 (CONT)
E lect rical Characteristics

EXTERNAL CO NNECTORS (Cont)

GPI B I NTERFACE

Performance Requi rement

SI NGLE SWEEP RESET (cont)

Signal Requ i red Closure to ground (o r switchi ng from th e
h igh level to the low level in less than 1 ms)
resets the sweep .

H ig h Level +50 V to +10 V, sin k less tha n 40 μΑ .

Low Level +0.5 V to -5 V, sink less than 10 mA .

M inimum Pu lse W idt h 10 μs at 50% am plitude p oi nts .

M axim um I nput Voltage +50 V to -5 V ( dc p l us peak ac).

AC Power Input 3- pin male connector .

Functions Implemented
(As Per IEEE 488-1978)

Desc ription:

SH1 Complete Source Handshake .

ΑΗ 1 Complete Accepto r Hands ha ke .

Τ5 Tal k Function.

L3 L isten Functio n .

SR 1 Complete Se rvice R equest Capab ility .

RU Complete R emote/ Local Capability .

ΡΡθ No Pa rallel Poll Capability .

DC1 Complete Device Clear Ca pability .

DT1 Complete Device Tr igge r Capability .

C0 No Controller Capa bility .



C ha racte r istic

TA BLE 2-1 (CO NT)
Elect r ical C ha racter istics

COMMAN D ACCURACY

ΝΟΤΕ

Perfo rmance R equirement

Specification-7854

Α // keyboard commands not listed below do not contr ibute accuracy
e rror s, with exception ο! the >VCRD command. Refer to Section 9,
Command Language, fo r additio nal information .
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Waveform Fu nctions

A r ithmetic Fu nctions

SQRT Accu rate to 4 significant d igits
LN ±(6 .10-4) " ( VSC L ) .
ΕΧΡ
SGN

C urso r s Functions

HCR D Accurate to 4 sig n ifican t d igits
±(6 .10-5) . ( HSCL ) .

VCR D Accurate to 4 significant digits
+(6 " 10 -5 ) " ( VSCL) .

Data Sto rage Functio n s

ΡΝΤ Accurate to 4 significan t d igits
±(6 " 10-5 ) " ( VSCL ) .

>ΡΝΤ Accurate to 4 significa n t digits
±(6 " 10-°)" (VSCL ) .

Wfm Functio n s

O RD Accurate to 4 sign ifican t d igits
S MOOTH +(6 » 10 -5 ) - ( VSCL ) .
DI FF
ITRP
I NTG
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Cha racte r istic

TABLE 2-1 (CONT)
Electrical Cha racte r istics

Perfo rmance R equ i rement

COMMAN D ACCURACY (Cont)

Waveform Functions (co n t)

Wfm Functio n s (cont)

>O R D Accurate to 4 significant d igits
i(6 .10-4) . (VSCL) .

If a u toscali ng occur s, all wavefo rm poin ts
a r e rescale d to : ±(6 .10-4) * (VSCL ) .

Wfm Pa rameters

MAX Accurate to 4 significa n t d igits
MIN i(6 * 10-5 ) * (VS CL) .
Ρ -Ρ
M ID
Μ ΕΑΝ
RM S

ENERGY Accurate to 4 significant d igits
±(6 * 10-5) * (VSCL2 ) * ( HSCL ) .

AREA Accu rate to 4 sig n ifican t d igits
±(6 * 10-5 ) * (VSCL ) * (HSCL ) .

FR EQ Accu rate to 4 sign ifica n t digits
±(6 * 10-") * ( H SCL ) .

DELAY Accurate to 4 significa n t digits
WIDTH ±(6 .10-4) * ( HSCL ) .
R IS E
FALL
PER

Wfm Scaling Function s

VZR Accu rate to 4 significa n t digits
VSCL ±(6 * 10 -5 ) * (VSCL ) .
VSCL



TABLE 2-1 (CONT)
E lect rical Characte ristics

Characte ristic

	

Performance Requ irement

Waveform Functions (cont)

Wfm Scaling Functions (cont)

HSCL
, H SC L

>VZR
VXPD

Constant Functions

Ar it hmetic Fun ctions

SQRT
LN
ΕΧΡ

COMMAND ACCURACY (Cont)

Accurate to 4 significant d igits
±(6 * 10-5 ) * (HSCL) .

Accurate to 4 significant d igits
±(6 * 10-° ) * (VSC L) .

Accu rate to 4 significa nt d igits.

POWER SOURCE

Specification-7854
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Voltage Range (AC, RM S) Selected by rear-panel L INE VOLTAG E
S ELECTOR switc h .

115 V Range From 90 to 132 V.

230V Range From 180 to 250 V .

Line Frequency From 48 to 440 Hz .

Maximum Power Consumption 230W, nomi nal .

Maximum C urrent 3 .5 Α at 60 Hz, 90 V li ne.
1 .8 Α at 60 Hz, 180V line.

Fuse 4 Α fast- blowing type .
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Characteristic

Keyboard

Controls

Extern al Connector

Characte ristic

TA BLE 2-1 (CONT)
Elect rical Characteristics

Perfo rmance Requ i rement

WAVEFORM CALCULATOR

An array of key switches which allows t he user
to execute comma nds; depressi ngα key issues
α comma nd to the processo r (except i n the
GPI B Remote mode) .

25-p i n male conn ecto r on 56 inch (±3 i n ches)
cable fo r connecti ng the keyboard to t he
mainf rame .

TABLE 2-2
Envi ron mental Characte ristics

ΝΟΤΕ

Information

This inst rument will meet the electrical character istics given in the
Performance Requiremen t column of Table 2-1 over the following
environmen tal limits (unless otherwise stated in Table 2-1) .

Temperat ure

Op erati ng 0° to +50° C.

Nonoperating -55° to +75° C .

Altitude

Operating 5 KM (15,000 ft) .

Nonoperati ng 15 KM (45,000 ft) .



TABLE 2-2 (CONT)
Envi ronmental Characteristics
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Characte ristic Information

EMC (Electromagnetic
Compatibility, Option 3 Only)

W it hout External Keyboard Meets requ irements of MIL-STD-461A, when
tested i n accordance wit h th e following test
methods given in M I L-STD-462 :

CE-01, CE-03, CS-01, CS-02, CS-06, RE-02
(limited to 1 GHz), (Τ) RE-0N, RS-01 and RS-03
(limited to 1 G Hz).

W it h Extern al Keyboard Same as above, except delete RE-02 .
Connected

Vibration

Operating a nd Nonoperating Tested to MIL-Τ-288008, SECT . 4.5.5 .3 .1
Type 2. Class 5, Style Ε & F.

Shock

Nonoperatin g Tested to M I L-Τ-28800B, SECT . 4.5 .5 .4 .1
Type 2. Class 5, Style Ε & F.

Bench H andling Tested to MIL-Τ-28800B, SECT . 4.5 .5 .4 .4
Type 2, Class 5, Style Ε & F.

Tra nsportation N atio nal Safe Transit Assoc., Pre-Shipment
Test p rocedure.

Vibr ation of Packaged NSTA. Project 1 Α-Β -1 .
Product

Drop of Packaged Product N STA. Project 1 Α-Β-2 .
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TABLE 2-3
Physical Characteristics

Characteristic Information

Net Weight

Mainframe (Without Plug-Ins) 19.0 Kg (42.0 Ibs) .

Waveform Calculator 1 . 14 Kg (2 .5 1bs) .

Overall Dimensions

Mainframe Refer to Figure 2-1 .

Waveform Calculator Refer to Figure 2-2 .

Ventilation Safe operating temperature maintained by
electronically driven do fan . Automated
resetting, thermal cutout switch protects
instrument from overheating .

Finish Anodized front panel . Blue vinyl painted
aluminum cabinet .
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PACKAGING AND ACC ESSO R IES
Before packaging the 7854 Oscilloscope for shipment thoroughly read t he following
instructions .

PAC KAGING FOR SH IPMENT
If this instrument is to be shipped for long distances by commercial transportation, it
is recommended that the instrument be packaged in the original manner . The
cartons and packaging material in which your i nstrument was shipped s hould be
saved and used for this purpose.

Also, if this instrument is to be shipped to α Tektronix Service Center for service or
repair, attach α tag to the instrument showing the following: Owner of the
instrument (with address), the name of α person at your firm who can be contacted,
and the complete instrument type and serial number. Also, list the Diagnostic
Firmware number, and the Signature Table number (indicated on the rear-panel
SERVICE IDENTIFICATION tag) . Provide α description of the service required.

If the original packaging is unfit for use or not available, p ackage the instrument as
follows :

1 . Obtain α corrugated cardboard carton with α 375 pound test strength (for the
mainframe) or α 200 pound test strength (for the Waveform Calculator), and
having inside dimensions of no less than six inches more than the instrument
dimensions; this allows for cushioning.

2 . Surround the instrument with polyethylene sheeting to protect the finish .

3 . Cushion the instrument on all sides by tightly packaging dunnage or urethane
foam between the carton a nd the instrument, allowing three inches on all sides.

4. Seal the carton with shipping tape or with an industrial stapler.

5. Mark the address of the Tektronix Service Center and your return address on the
carton in one or more prominent locations .

STANDA RD ACCESSOR I E S
1 ea . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Operators Manual 070-2873-00
1 ea . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Service Manual 070-2874-00
1 ea . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Power Cord 161-0066-00
1 ea . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B nc-to-Bnc Cable 012-0208-00

For more detailed information, refer to the tabbed Accessories page at the rear of
the 7854 Service Manual .

2-19
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7000-S ER I ES OSCI LLOSCOPE
SYSTEMS SPE CI FICATION

You r TEKTRONIX 7854 Oscillosco pe system provides exceptional flexibility in
operation with α wide choice of general- and special- purpose p l u g-in units. U sage
of α pl u g-i n u n it ca n be determi n ed by t he ty pe number as follows:

The fi rst d igit (7) denotes the oscillosco pe system fo r wh ic h the p l ug-in is designed
(7000-se r ies) .

The second letter describes t he pu rpose of the plug-in un it :

Α

	

-Amplifie r un it
Β

	

- "Real Time" time-base un it
C

	

- Curve tracer
D - Digital un it
L

	

-Spectru m analyzer
Μ

	

- M iscellaneous
S

	

-Sampli n g un it
Τ

	

- Sampling ti me-base un it

Th e third and fourth digits of t he pl ug-in ty pe nu mber do n ot ca rry any special
co n notation.

An "Ν " suffix letter added to the normal four -digit type number identifies α unit not
equ i pped with the ci rc uity necessa ry to encode data fo r t he 7000-series readout
system ; therefore, scale factor information cannot be acqu i red by the 7854 from
these types of plug-in units.

Ta ble 2-4 lists the horizontal specifications wh ic h a re system dependent. For mo re
complete specifications on p lug-in units fo r the 7000-series oscilloscope system ,
refer to t he Tektron ix Products catalog.

Ta ble 2-5 lists the ve rtical specifications which are system dependent. For mo re
complete specificatio ns on p l u g-in units fo r the 7000-series oscilloscope system,
refer 2ο the Tektronix Products catalog.

Th e 7854 Oscillosco pe is compati ble with Tektronix 7000-series p lug-i n units with
the exceptions listed i n Table 2-6.



' R efer to Fig ure 1-1, i n sectio n 1, fo r d efi n ition of Data Pat h te rms .

TABLE 2-4
7854 Horizontal System Specifications

Time-Base
Unit

Performance
Featu re

Maximum Cali brated
Sweep Rate ;

Real-Time and Stored
Data Paths'

Inte rn al T rigge r i ng
Frequency Range

71310 Delayed Sweep 500 ps/d iv Dc to 400 MHz

71315 Delayi ng Sweep 500 ps/d iv Dc to 400 MHz

71370 Delayed Sweep and
Εχτ Amplifie r

2 ns/d iv Dc to 200 MHz

71371 Delaying Sweep 2 ns/d iv Dc to 200 MHz

71380 Delayed Sweep 1 ns/d iv Dc to 400 MHz

71385 Delayi ng Sweep 1 ns/d iv Dc to 400 MHz

71387 Pret r igge r Acqu i r e
Clock

1 ns/d iv Dc to 400 MHz

7Β92Α
i

Dis p lay Switching 500 ps/d iv Dc to 400 MHz



Ν

	

TABLE 2-5
Ν

	

7854 Vertical System Specifications
Ν

Real-Time and Stored Data Paths'

Accuracy VERT SIG OUT
Amplifie r θ ° to +50° C
Plug-in
Unit Probe

Bandwidth
(MHz)

R ise Time
(ns) ΕΧΤ CAL ΙΝΤ CAL

BW
(MHz)

Tr
(n s)

7A11 Integ r al 200 1 .8 2 3 135 MHz 2 .6 ns
7A12 None 2 3

Ρ6053Β 105 3.4
3 4

105 MHz 3 .4 ns

7Α13 None
Ρ6053Β

100 3.5
1 .5 2 .5

100 MHz 3 .5 ns

Ρ6055 65 5 .4 65 MHz 5 .4 ns
7Α14 Ρ6021 55 6.4 50 MHz 7 .0 ns

Ρ6022 110 3 .2
2 3

100 MHz 3 .5 ns
7Α15Α/Ν None 2 3

Ρ6053Α
80 4 .4

3 4
70 MHz 5 .0 ns

7A1 6A None 2 3
Ρ6053Β

2002 1 .8 2
3 4

135 MHz 2 .6 ns

7Α 17 None 150 2 .4 - - 15 MHz 24 ns
7Α 18 N one

2 3
Ρ6053Β

75 4 .7
3 4

70 MHz 5.0 ns

7Α 19 None 3 4
Ρ6056 4002 0.9 2
Ρ6057 4 5

235 MHz 1 .5 ns

Ι Ρ6201 Ι 3752 Ι 1 . 02



7Α 19(10 None 3 4
mV/Div Ρ6056 325 1 .1
Only) Ρ6057 4 5 235 MHz 1 .5 ns

Ρ6201 300 1 .2
7Α22 None or 1 MHz 350 1 .0 MHz 350 ns

2
3Any (within 10%) (wit h in 9%) ±1 ΡΡ/° ±9%

7Α24 No ne 3002 1 .2 2 2 3
Ρ6056

Ρ6057
_ _

3 4 135 MHz 2.6 ns

Ρ6201 2752 1 .32
7Α26 N on e 2 3

1802 1 .92
Ρ6053Β 3 4

135 MHz 2.6 ns

7Α29 None 2 3
Ρ6056 4002 0.9 2

Ρ6057 3 4 235 MHz 1 .5 ns

Ρ6201 3502 1 .02

'Deflection Facto r accur acy is checked as follows: Φ
τ

ΕΧΤ CAL θ° to +ςθ ° ς; Plug-in gain set at α temperat ur e within 10° C of operating temperat ur e, u si ng an exte rn al cali brator with accuracy mπ
within 0.25% .

ΙΝΤ CAL 0° to +50° C : Plug-in gain set u si ng the oscillosco pe cali brator (wit hin 10° C of the operating temperature) in α temperature range
m
Όbetween 0° and +50° C .

Ν 2System temperat ur e range from θ° to +35° C; derate 10°/ο from +35° to +50° C. ν
Ν Φ

Φ
W 3Refer to Fig ur e 1-1, in section 1, fo r definitio n of Data Pat h terms. Α
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Plug-in Operating
Unit Conditions
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TABLE 2-6
7854 Plug-in Incompatibilities

Symptoms Cause

VERTICAL AMPLIFI ER UNITS

HORIZONTAL AMPLIFI ER UNITS

7Α21 Ν All operating Unable to elect- 1 . Delay-line out-
conditions . r ically a nd mech- pu t coaxial cab le

an ically conn ect too short .
7Α21 Ν to 7854 .

2. Delay-line out-
put coaxial cable
shorted togeth er a nd
connected to +5 volt
supply on 7Α21 Ν
board .

3. Ha r monica con-
necto r fo r regulate d
supplies is wi red
diffe rently on 7854 .

4. Mon itor ing hole
align ment is off.

7A18 P lug-in chop. 7854 will not 7854 logic does not
7Α24 acqu ire any wave- allow AQR when plug-
7A26 fo rms . i n unit is i n chop mode .

7870 Β sta rts afte r Ret race wh en Too much delay
with delay . delayed sweep is between 7871 delay
7871 Β t r igge rable delayed beyond gate and 7870

after delay . end of d elaying sweep gate .
sweep.

7850 All oper ating Lead i ng edge of 7854 delay li ne
7851 cond itio ns. internally tr igge red lengt h.
7852 waveform ca nnot
7Β53Α be viewed.



Plug-In
Unit

Operating
Conditions

TABLE 2-6 (CONT)
7854 Plug-in Incompatibilities

Symptoms

HORIZONTAL AMPLIFI ER UNITS (Cont)

SAMPLING UN ITS

Specificatio n -7854

Cause

Ι The 7Τ11Α does generate holdoff pu lses and is therefore compatible.
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7850 7854 HORIZONTAL Only o ne time 7854 alte rnate sweep
7851 MODE in ALT base will reset . switch i ng logic locks
71370 with bot h h or iz- out one time base;
71371 ontal time- base these time- base

un its set fo r un its do not r eset
si n gle-swee p op- when locked out .
eration.

71310 Delayed sweep, Displayed t r aces The 7854 consi ders
7815 Δ time mode, mixed toget her . both waveforms to
71380 in 7854 Β HORIZ- be one .
7885 ONTAL MOD E .

71392 Delayed sweep Displayed t r aces N ot α valid AQR
7892Α mode wit h both mixed toget her . mode, si nce t he 7854

traces d is p layed. considers both wave-
forms to be on e.
The delaying sweep
or the delayed sweep
may be acqu i red as
long as only one
sweep is displayed .

7711 1 All op erati ng
cond itions.

7711 will not
alte rnate with
other sweep p lug-
in un its.

7711 does not
gener ate h oldoff
pu lses .

Waveform acq ui- 7854 will not 7711 does not
sition with th e finis h an AQR. generate h oldoff
7854 . Unable to perform pu lses .

AVG or G ND
commands.

7512 7512 set fo r 7512 will not 7512 does not
single-sca n start by remote pr ovide single-sweep
operation. or camera reset reset .

connecto rs.
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Plug-in O perating
Unit Conditions

TABLE 2-6 (CONT)
7854 Plug-in Incompatibilities

Symptoms Cause

SAMPLI NG UNITS (Cont)

SPE CTRUM ANALYZER UNITS

2- 26

71-13 71_13 set fo r
single-sweep
operatio n .

71-13 will not
star t by remote
or camera con-
nector .

71-13 does not
p rovi de si ngle-
sweep reset .

71_5 71_5 set fo r non- Single-swee p 71_5 control logic.
stor age mode with reset causes 71_5
manual or normal to operate in
sweep. si ngle-sweep mode.

7854 wavefo rm 7854 will not 71_5 uses ve rtical
acqu isitio n (AQR) acqu i re any 71_5 plug-in chopwhich
in any 71_5 mode. waveforms . the 7854 will not

acqu i re. (Custom
modification available
to resolve this
p roblem .)

7514 7514 in du al 7854 acqu i res 7514 sends no
trace, wavefo rm both traces as mu ltiple wavefo rm
AQR wit h the one wavefo rm. info rmation to the
7854 . 7854 .

DIGITA L UN ITS

7D12 7D12 vertical 7854 may indicate 7D12 αΙτ/chop
display on . an AQ R ERROR switch setting

when the wave- incorrect . Refer
fo rm is acqu i red . to 7D12 manual .

LOGIC ANALYZER UNITS

7D01 Wavefor m acqu i- Unable to acqu i re Multip le traces and
7D02 sition (AQR) wit h usable wavefo rm incompatible readout

the 7854 . or readout . fo rmat. ( Use 7D01 /
7D02/7854 as
conventional scope
system only .)



Plug-in O perating Symptoms Cause
Units Conditions

7CT1 N

TABLE 2-6 (CONT)
7854 Plug-in Incompati bilities

SPECTRUM ANALYZ ER UN ITS (Cop t)

Specification-7854

7L18 71-18 stored wave- 7854 acqu i res 71-18 does not
fo rm mode. both t races as send mu ltiple wave-
7854 wavefo rm one wavefo rm. form data to the
acqui re (AQR) 7854 . (Custom
mode. modificatio n available

to eliminate cursor
trace .)

7L18 set to non- Si ngle-sweep reset 7L18 logic.
store mode with ca uses 71-18 to
manu al or norm al operate in single-
sweep. sweep mode.

SPECIAL PURPOSE

Waveform acqu i- 7854 Acqu i res 7CΤ1 Ν sends no
sition wit h t he all cu rve t racer multiple wavefo rm
7854 . steps as one i nfo rmation to t he

wavefo rm. 7854 .
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General Operating
Information

Information i n t h is section of the manual applies in all operating mod es of the 7854
Oscillosco pe and incl ud es information or):

1 . Th e display graticule ;
2. Th e lig ht filter ;
3. Care of the crt screen ;
4 . Control illumination ;
5. Rea dout i ntensity;
β . Display focus and horizontal trace alignment ;
7. Th e 7854 output sign als; and
8. Display photography .



DISPLAY GRATICULE

Fig ure 3-1 . Definitio n of gratic ule markings .

LIGHT FI LTER

WA RN I NG

General Operatin g I nformation-7854

The d isplay g raticule is marked on the inside of t he crt faceplate to provide accur ate,
parallax-f ree visual d is play measurements . The display g raticule is d ivided i nto eight
ve rtical and ten horizontal d ivisions . The ve rtical gain and horizontal timing of the
p lug-in u n its are cali brated to th e gratic u le ma rk ings so that accurate
measurements can be made from the cr t d is p lay. The illumination of the graticule
li nes can be va ried wit h the GRAT I LLUM control . Fig ure 3-1 shows the d isplay
g raticule and d efi nes the various mark ings provided to aid visu al measurements of
the d is play. The terminology defi ned on the ill ust ratio n will be used in all
d iscussio ns involvi ng the d is play graticule .

SECO ND CENTER TENTH
VERTICA L VERTICA L VERTICA L
LINE

	

LINE

	

L INE

ιοο
Iso

MEMMEMEMEM

MEMEMEMEM

MENOMONEE

MOMMOMMEME

MOMMEMEMEM

MENOMONEE

MEMEMEME

MEMMEMEMEM

ο z_

100% LINE
t- 90% LINE

CENTER
HO RIZONTAL

LI NE

Χ10% LI NE
-Οο/ο LI NE

2873-4

Th e ti nted crt faceplate filter mini mizes light reflectio n s from the face of the crt . Th is
will im prove the contrast when viewing the display under h ig h ambient light . The
lig ht filter may be r emoved fo r c rt photog raphy. To remove the filter, pull o utward on
the bottom of the p lastic crt mask a nd remove it from the crt bezel . Remove the
ti nted filter ; leave t he clea r plastic implosion sh ield in stalled, and replace t he mask .
The implosion shield shou ld be left i n place at all times to protect the crt face from
sc ratches .

Do n ot remove the clear plastic implosion sh ield cove ring the cr t
facep late ; the cr t imp losion sh ield provides protection to the operator
from cr t imp losion .
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An optional mesh filter is availab le from Tektron ix, I nc. (inclu ded with Option 3) .
This filter provides shield i ng agai nst electromagnetic radiation fro m the face of the
crt. The mesh filter fits in place of the p lastic tinted filter and plastic crt mesh a nd
also serves as α light filter . Order the mesh filter by Tektronix Part 378-0603-θθ .

3- 2

CARE OF CRT SCREEN
To prolong the useful life of the crt phosphor , always u se the minimum dis p lay
intensity necessary to p ro duce α clea r , well-defined d isplay and avoid repeated or
prolonged use of the same area of the crt. If α particula r d isplay is to be obse rved for
an extended perio d of time, ch ange the positio n occasionally to use other portions of
the d is p lay area .

CONTROL ILLUMINATION
The CONTROL ILLUM INATION switc h, on the rear pan el of the oscilloscope
mai nframe, sets the illuminatio n level of the Α and Β TRIGGER SOURCE switch es
and of the lig hted pushbutton switches on the plug-in u nits . The available positions
are OFF, MEDIUM, and H IG H . The CONTROL ILLUM INATION switch does not affect
the functio n or intensity indicators (s uch as BUSY, SR Q, and S), or t he lights of the
VERTICAL MODE a nd HOR IZO NTAL MODE selectors .

READOUT INTEN SITY
The READOUT control determines the intensity of only the alpha numeric portion of
the d isplay, independently of the d is played waveforms. Th is control is functional i n
all d isplay modes . The readout system is i noperative when the READOUT control is
in t he fully counte rclockwise OFF positio n . This is d esirable when the top and
bottom divisio ns of t he g raticule a re needed fo r waveform dis p lay, or when the real-
time trace interrup tions necessary to d isplay the ch aracte rs i nterfere with the
d is played wavefo rms .

DISPLAY FOCUS
The 7854 Oscillosco pe contains an automatic focusi ng circ u it wh ic h mai ntai ns
optim um focus for all intensity settings once α co rr ect setting of the FOCUS control
is established. The easiest way to obtain t he co rrect setting of the FOCUS control is
by focusing the characte rs of the readout display. F i rst set the READOUT control so
that the d isplayed cha racters are clea rly visi ble, then adjust the FOCUS cont rol fo r
best d efinitio n of the cha racte r display.



ASTIGMATISM- FOC US ADJUST MENT

General Operating Information-7854

If α well-defined display cannot be obtained wit h t he FOCUS control,
following procedure to set the front-panel ASTIG adjustment .

ΝΟΤΕ

To check for proper setting of the ASTIG adjustment, slowly turn the
FOCUS control through the optimum setting. Ι1 the ASTIG adjustment

is corr ectly set, the vertical and horizontal portions ο1 the display will

focus at the same position of the FOCUS control. This setting of the
ASTIG adjustment should be correct for any display.

use the

1 . Install an am plifier unit in the LEFT VERT compartment and α time-base u nit in
the Α HORIZ compartment.

2 . Set t he 7854 Oscillosco pe fo r SCOPE mode by pr essing the

	

SCOPE

	

key on
th e measurement keyboard . Set the VERTICAL MODE switch to LEFT an d the
H ORIZONTAL MODE switch to Α, if necessary.

3. Connect the outpu t of α sine-wave generato r to the input of the amp lifie r un it .

Set the sine-wave generato r repetitio n rate to 1 kilohertz a nd the ve rtical
amplifie r deflection factor for α 2-division d isplay .

4. Set t he time-base un it sweep rate fo r 0.2 millisecond/division and the triggering
fo r α stable d isplay . Set the Α I NTENSITY control so t he d isplay is at α usable
intensity level (a bout midrange).

5 . Tur n the FOCUS control fu lly counterclockwise and set the ASTIG adjustment to
midrange .

6. Set the FOCUS control so the thic kness of the sine wave is as thi n as possible .

7. Adjust the ASTIG adjustment so the thic kness of t he si ne wave is as th in as

possible .

8. Repeat steps 6 and 7 fo r t he best overall focus a nd consistent trace width .

HOR IZO NTAL TRAC E ALIGNMENT

The TRACE ROTATIO N control allows the trace to be aligned with the horizontal
graticule li nes . To set the control, p osition the real-time trace (wit h no inp ut signal
applied to the selected amp lifier plug-in un it) to the cente r horizontal line a nd ad just
the TRACE ROTATION control so that the trace is parallel with the cente r horizontal
gratic ule line .

3-3
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CALIBRATO R OUTPUT
The CALI BRATO R pr ovides α convenient signal for check i ng b asic ve rtical gain an d
sweep timing, and is also usefu l fo r adju sting pr obe com pensation as described in

probe i nstruction ma nuals .

Accurate output voltages of 40 m illivolts, 0.4 volt, and 4 volts into h igh-impedance
loads are provided from the CALI BRATOR. In addition, 4 m illivolts, 40 millivolts, and
0 .4 volt are pr ovi ded to drive 50-ohm loads. The current loop accessory (Tektro nix
Pa rt 012-0341-00) provides α 40-milliampere output cu rr ent (with CALIBRATOR set
for 4-volt output), wh ic h can be used to check and cali brate current-measur ing
probe systems. The current signal is obtained by clipping the probe around the
option al current loop accessory.

Th e repetitio n rate of the CALIBRATOR is 1 k ilohertz . The cali brator ci rcuit uses
frequency-sta ble components to mai ntain accurate frequency a nd α constant duty
factor . Th us the signal can also be used fo r checking the basic sweep ti ming of t he
time-base u nits (1-kilohertz rate only) .

Th e square-wave output sig nal can be used as α reference wave sha pe when
checking or adjusti ng t he compensation of passive, h ig h-resistance probes . The
squ are wave from the CALIBRATOR has α flat to p; therefore, any d isto rtion in the
d isplayed waveform is due to t he probe compensation .

SIGNAL OUTPUTS
Three bnc connecto rs on t he rea r panel of the 7854 Oscillosco pe mai nframe provide
output signals fo r th e use r .

+ SAWTOOTH OUT
The + SAWTOOTH OUT co nnecto r pr ovi des α positive-goi ng sawtooth signal from
eit her the time-base u nit installed i n t he Α HOR IZ or from the ti m e-base u n it
installed in t he Β HORIZ compartm ent, regard less of th e display mode selected .

3-4

WA RN I NG

To avoid electric-shock hazards, only qualified service personn el should
internally modify the operation of this in strumen t .

Selection of either the Α HORIZ or Β H ORIZ compartment as the source of the
+ ςΑWΤΟΟΤΗ OUT signal is possib le . Refer s uch selection to qu alifie d se rvice
personnel only . The u nit of time fo r t he sawtooth outpu t is determined by the
setting of the time/divisio n switch of the appropriate time- base un it . Refer to
Table 2-1, in t he Specification section, fo r specific signal pa rameters.



+ GATE OUT

To avoid electric-shock hazards, only qualified se r vice personnel shou ld
intern ally modify the operation of th is inst rument .

The + GATE OUT con nector p rovides α positive-going rectangula r pulse wh ich is
der ived from α ti me-base u nit installe d in eithe r horizontal compartment, rega rd less
of the d isplay mode selected. The + GATE OUT signal can be selected from eit her
the Α HOR IZ com partment or the Β HORIZ compa rtment. Refer such selection to
qualifed service personnel only . The du ration of the + GATE OUT signal is the same
as the duratio n of the respective sweep, or in the case of the delayed gate, will start
α[ the end of the delay per io d a nd last un til the end of the sweep from t he d elayi ng
time-base unit . The amplitude of the + GATE OUT signal is about 0.5 volt i nto α 50-
ohm load, or about 10 volts i nto α 1-megohm load.

SIGNAL OUT

WARN IN G

Gene ral Operating Inform ation-7854

The SIGNAL OUT co nnecto r pr ovides α sample of the real-ti m e ve rtical deflection
signal from the LEFT VERT or R IGHT VERT a mplifier plug-in u nit, regardless of the
d is p lay mode selected. The sou rce of the signal at th is con nector is determined by
the Α TRIGGER SOURCE switch. Wit h the Α TRIGGER SO UR CE switch in the VERT
M ODE position, the output signal is determined by the setting of the VERTICAL
MODE switch. If the VERTICAL MODE is in LEFT or R IGHT, t he output signal is
obtained only from the trigge r source of t he selected vertical un it . In the ALT ve rtical
mode, th e SIG NAL OUT switches between the trigger signals from the two ve rtical
un its. However, d ue to the requirements of the trigge r i ng system, the outpu t signal
in t he CHOP ve rtical mode is α composite signal (t h e algebraic sum of the trigge r
signals) as is obtained in the ADD ve rtical mode . The LEFT VERT and RIG HT VERT
positions of the Α TRIGGER SO URCE switch are independent of the ve rtical mode
selected, and therefore pr ovide the ve rtical trigge r output signal only from the
selected ve rtical u nit (even though the vertical un it may not be selected fo r d isplay) .

The amplit ude of t he SIGNAL O UT into α 50-o hm load is about 25 millivolts/d ivision
of crt d isplay, or about 0.5 volt/division of crt d isplay i nto α 1-megohm load. See
Table 2-1 in the S pecification section of t his man ual .

DISPLAY PHOTOG RAPHY
Α permanent record of the crt d isplay ca n be obtained with an oscilloscope came r a
system . The i nst ruction ma nual for th e Tektronix Oscillosco pe Camera includes
complete instru ctions for obtai ni ng waveform photog raph s.

3-5
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The crt b ezel pr ovides integ ral moun ting fo r Tektronix Oscillosco pe Came ras . The
three p ins locate d on the left side of the crt bezel connect power to comp atible
camera systems. Cont rol signals are also received from Tektronix a utomatic
came ras to allow camera-controlled single-shot photog raphy (see the camera
ma nual for further i nformatio n) .

If th e alphanu me ric p ortion of the display is to be included on wavefo rm
photog raph s, the following suggestions will ai d in obtai n i ng good photog raphs :

1 . Focus the oscilloscope d isplay and the came ra on t he alphanume ric p ortion of
the crt d is play. The auto-focus feat ure in this inst rument will h el p to maintain
the traces at optimum focu s.

2. Set the READOUT control fo r the mini mum intensity setting that allows the
alphanu me ric characte rs to be written. Th is normally occu rs at α slightly lowe r
intensity level t han is necessary fo r complete writing of the wavefo rm d isplay .
Some exper imentation may be necessary to establis h the correct level. Too h ig h
α setting of the READOUT control will resu lt in α broad, poorly defined
photog raph of t he al phanumeric d isplay.





Scope DisplayMode
information

In the SCOPE d isplay made only the real-time waveforms and readout are d is played
or) t he crt sc reen , The capabilities of the 7854 Oscillosco pe in this mode depend
mainly upon the plug-in units selected for use with the mainfr ame. All 7A-series
vertical amplifier plug-in units can be used with t he 7854 Oscillosco pe . Ba ndwidth
and sensitivity ranges should be ta ken into consideration when selecting amplifier
units . Time-base units of t he 7 Β10-, 7Β 80-, and 71390-series are also compatible
with the 7854 Oscilloscope . Sweep rates and trigge r i ng ranges should be
considered wh en selecting time-base plug-in units. In addition, several specia l
purpose p lug-in u nits are available to allow t he 7854 to be used fo r many
specτalize d app lications . See the Tektronix Products catalog for further info rmation .
Specific applications fo r the 7854 a re n ot given in th is man u al . Contact your
Te ktronix F ield Office or representative fo r assistance in making speci fic
measurements .

Α!1 keys on the 7854 keyboards are active in the SCOPE display mode ; however, the
results of pressing α key will n ot be apparent .

Info rmation given i n this section of the manual app lies only to real-time waveform
and readout d ίsplays an d in cludes :

1 . Obtaining α scope display ;
2. The real-time Α and Β INTENSITY controls ;
3. Ζ-Axis modulation;
4. U si ng t he BFAMFINDER ;
5. The real-time readout display;
6. The vertical and horizontal mode comb i nations ;
7. Ve rtical t race separation ;
8. Intensity contrast ;
θ. T rigge r source selection; and

1 0- The real-time functions checko ut procedure.
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O BTAINI NG Α SCOPE DISPLAY
To obtain α SCOPE ( real-time) d isplay, fi rst connect the 7854 Oscilloscope
mainframe (POWER switc h off) to α powe r source that meets t he voltage
requ irements of the instrument . If the availab le li ne voltage is outside the setting
li mits of t he L I NE VOLTAGE SELECTOR switch (on the rear pa nel), set the L INE
VOLTAGE S ELECTOR to the appropriate. setting .

ΝΟΤΕ

Th is exercise will be referred to from other sections of th is manual as
you learn the greater cap abilities of the 7854 Oscilloscope. Flagging
th is page may be useful .

1 . Set the front- panel controls as follows :

GRAT I LLUM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Counte rclockwise

READOUT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Qua rte r range

STORED INTensity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Counte rclockwise
Α INTEN SITY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Counte rclockwise
FOCUS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .M i dr ange
Β I NTENSITY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Counterclockwise
POWER . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Off
CALIBRATOR . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .4 V

VERTICAL MODE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . LEFT*

Α TRIGGER SOUR CE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . VERT MODE
HORIZONTAL MODE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Β*

VERT TRACE S EPARATION (Β) . . . . . . . . . . . . . . . . . . . . . . . . . . . M i d range

Β TRIGGER SOURCE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . VERT MODE
GPIB ADDRESS SELECTOR . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . OFF li ne

*These controls are automatically set to the specifie d positio ns as α power-up conditio n.
See Power -Up Cond itions i n Section 1, Introductio n.

2. I nstall Tekt ronix 7A-series amp lifier u nits in the LEFT VERT and RIG HT VERT
compartments, and Tektronix 713-series ti me-base units i n the Α HOR IZ and Β
HOR IZ compartments .

3. Press the POWER switch to the on (loc ked in) position. Notice that the
oscilloscope will go through t he automatic ve rificatio n sequen ce descr ibed in
section 1 under Power-Up Cond itions .

4. Set both time-base units to 0.5 millisecond/divisio n a nd trigge r i ng to auto mode
with ac coup li ng from the i nte rn al source .
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5. Rotate th e Β I NTENSITY control u ntil the trace is at α d esirable viewing level
(about qua rte r ran ge).

6. Connect the CALI BRATOR outpu t to the ch ann el 1 input of the LEFT VERT
am plifier unit with α 42-inch bnc cable.

7. Set t he deflection factor of the LEFT VERT amp lifie r un it to d isplay α signal
amplitude of 2 divisions on t he crt .

8 . Set the Β HORIZ time-base triggering cont rols fo r α stable d is p lay, trigge red on
the negative-going slope .

The 1-kH z, 4-volt CALI BRATOR signal is now d is played on the crt sc ree n .

4-2

Α AND Β I NTEN SITY CONTROLS
The Α I NTENSITY control determ ines t he br ightness of the dis play produced by th e
p l ug-in unit installed in t he Α H ORIZ compartment; the Β I NTENSITY control
determines the br ig htness of the d isplay produced by the p lug-in un it installed in
t he Β HORIZ compartment .

To avoid damage to the crt phosphor, avoid any condition where an
extremely bright, sharply-focused dot exists on the crt screen. Also,
remember that the light filter reduces the apparent light output from
the crt .

Th e crt d is play br ightness (beam cu rr ent) is limited during Χ-Υ operatio n o r when
either , or both, time-base units being d is p layed a re set fo r α slow sweep rate. Th is
reduces the danger of damaging the crt phosphor with α statio n ary or slowly moving
spot .

Z-AXIS MODULATION
Z-axis modu latio n ca n be used to relate α thi rd item of electrical phenomena to the
vertical (Y-axis) a nd t he horizontal (X-axis) coordinates without affecting the
waveshape of the real-time sig n al . Th is is accomplished by changi ng the i ntensity of
the real-time wavefo rm to p rovi de α "g ray scale" d is play.
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The voltage amp litude requ i red fo r visible trace modulation depends on the setting
of t he Α and Β I NTENSITY controls . Α two-volt, peak-to-peak, signal app lied to the
Z-AXIS I NPUT connecto r will completely b la nk the d isplay even at maximum
intensity levels ; lowe r amplitude signals can be used to change only the relative
trace b rightness . Negative-going signals increase the d isplay intensity and positive-
goi ng signals dec rease the display intensity .

Refer to Ta ble 2-1, in the Specification section of th is manual, fo r Z-axis signal
requ i rements .

Ti me markers app lied to the Z-AXIS INPUT con nector provide α d irect time reference
on the d is play. Wit h uncali brated horizontal sweep, the time markers pr ovide α
means of reading time d i r ectly from the display . If the markers are not time- related
to the d isplayed wavefo rm, use α si ngle-sweep d isplay.

The Z-axis b la nk ing phenomena or the real-time Χ-Υ display ca nnot be stored in
wavefo rm memory.

USI NG THE BEAMFINDER
The BEAMF IN DER pus hbutton helps locate α real-time d isplay that overscans the crt
viewing a rea either ve rtically or horizontally. Wh en t he BEAMF INDER is pressed,
the d is play is compressed and defocused to be with in the gratic ule area .

To locate and reposition an oversca nned real-time d isplay:

1 . Press the BEAMFINDER . While the d isplay is compressed, change the vertical
and horizontal d eflectio n factors of the ve rtical amp lifie r and horizontal time-
base p l ug-in un its un til the d isplay is about two divisions h igh and four divisio ns
wide. (Horizontal d eflectio n u sually needs to be reduced only in Χ-Υ modes .)

2 . Adjust the ve rtical and horizontal position controls to cente r t he d isplay on the
graticule.

3 . Release the BEAMFI N DER ; the d isplay s ho uld remain within the g raticule area .

REAL-TIME READOUT DISPLAY
The readout system provides an alphanumeric d isplay of info rmation on the crt
along with the wavefo rm d is play. When the 7854 is in the SCOPE d isplay mode, the
al phanu me ric information displayed by the readout system is obtai ned from the
p l u g-in units installed in the p l u g-in co mpartments .
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The readout information from each chann el or each plug-in un it is called α "word".
Up to eight words of real-time readout info rmation may be d is played on the crt (two
channels from eac h of the four plug-in compa rtments). The location of each readout
word is fixed and is d i rectly relate d to the plug-in unit and ch ann el from wh ic h it
originates . Fig ure 4-1 shows the area of the g raticule where t he readout word from
each plug-in u nit chann el is displaye d . Notice that t he readout from channel 1 of
each plug-in un it is d isplayed in the top d ivisio n of the graticule, and the readout
from ch ann el 2 is d isplayed directly below that of chan nel 1 i n the bottom divisio n of
the g raticule . Only the readout i nfo rmation fo r plug-in un its a nd channels selected
will usually a ppea r in t he crt viewing area . However, some special purpose p lug-i n
units may over-r ide the VERTICAL MODE and HORIZONTAL MODE switches (in the
SCOPE display mode) to d is play readout even t hough the compartment is not
selected fo r d isplay.

WORD #θ

	

WORD #1

	

WORD #2

	

WORD #3
FR OM FR OM FROM FR OM

LEF T VERT

	

RIGHT VERT

	

θ HO R IZ

	

Θ HO R IZ
Ι CHANNEL 1 Ι CHANNEL 11 CHANNEL 11 CHANNEL 1I

WORD #4 Ι WORD #5 1 WORD #6 Ι WORD #7
FR OM FR O M FR OM FR OM

LEFT VERT RIG HT VERT Α HO R IZ Θ HO R IZ
C HA NNEL 2 C H A NNEL 2 C H A NNEL 2 C H A NNEL 2

NOTE
Eac h plug in readout word d is p lays α maximum of 10 characters . 2873-5
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Figure 4-1 . Location and definitio n of the real-time readout.

READOUT IDENTIFY

An "Identify" featu re is pr ovided on some p robes and amplifie r units to co rr elate the
real-time readout word with the originating p lug-i n un it and ch ann el . Wh en the
"I dentify" button of an amplifier u nit or probe is pressed, the word IDENTI FY
appea rs in t he reado ut location allocated to that plug-in and channel . Other readout
words in the d isplay remai n unchanged. When the "Identify" button is released, the
readout d isplay from the plug-in ch annel is again d is p layed. Circu it ry i n some
amplifier un its can also produce α noticea ble change in t he real-time waveform
d isplay to identify the associated trace when the "Ide ntify" button is pressed (see
the plug-i n un it i nst ruction ma nual for details) .



READO UT ACCESS PLUG-IN UNIT

Th e 7Μ 13 READOUT plug-in un it pr ovi des co nvenien t cont rol of the c r t r ead o u t
c h a r acte r s . Th is allows i n fo r mation, such as dates a nd ide n tifyi n g nomenclatu r e, to
b e d is p layed on th e crt i n the SCOPE disp lay mode . T h is cap ab ility is p a r ticula r ly
u sef u l when mak i n g photog r aphs .

Twenty comb in atio ns of VERTICAL MODE and HORIZONTAL M ODE switch settings
a r e p ossib le . The total possi b le n umbe r of r eal-time dis p lay combination s is f ur t h er
mu lti p lie d by t he va r iety of p l u g-in un its availa b le fo r use with th is i n strumen t, t h e
i n te r ch a ngeab ility of p l u g-in s (i .e ., eit he r an amp lifie r o r α time- base un it can be
installe d i n any of th e fo ur compa r tme n ts), a nd by th e capab ilities of t he p l u g-i n
u nits whic h a r e used in the i n stru ment (e .g ., α dual-t r ace amplifie r un it can be used
in eit he r of t h e two single-cha nnel modes, i n dual-trace modes, o r added-
alge br aically mode ; α delayi ng time base may be used eit h er fo r α sweep o r fo r α
delayed sweep ) . Si nce listi n g all d is p lay comb inatio ns wh ic h can occur in the
SCOPE d isplay mode wou l d be diffic u lt due to t h e la r ge selectio n of availa b le p l u g-i n
u nits, Tab le 4-1 lists only t he d is p lays obtained with each combination of VERTICAL
MODE and H ORIZONTAL M ODE switch positio n s . Stat u s of th e VERTICAL and
HORIZONTAL MODE switches is i ndicated by t he ill u minated button s . T hese
switches do not latch .

VERTICAL MODES

Scope Display Mode Info rmation-7854

VERTICA L AN D HORIZONTAL
MODE COMBINATIONS

Wh en the LEFT o r RIG HT button of t he VERTICAL MODE switch is pressed , only the
sig n al f rom t he p l u g-in u nit i n t h e designate d compartme n t is displaye d .

Alternate M ode

The ALT position of the VERTICAL MODE switch produces α d isplay wh ic h
alte rnates between the LEFT VERT and R IGHT VERT compa rtments wit h each
sweep . Although the ALT mode can be used at all sweep rates, t he CHOP mode
pr ovides α mor e satisfactory d isp lay at sweep rates below abou t 20 milliseco nds/
division . At these slowe r sweep d ates, the alte rnate-mode switch i n g becomes
pe r ce p ti b le .

Alte rnate mode d isplays have three ty pes of t r igge r ing availab le . Wh en the Α and Β
TRIGG ER SOURCE switch es a r e set to t h e VERT MODE position, each sweep is
trigge red by t h e signal being d is playe d on the c r t . Th is p rovi des α stable display of
two u nrelated signals, bu t does not i ndicate th e time r elations h i p between the
signals . In t h e LEFT VERT o r RIG HT VERT positio n s of the TRIGG ER SOUR CE
switches, th e two signals a r e d is playe d s howi ng tr u e time r elatio ns h i p s . However , if
t h e sig n als a re not time r elated , t he d is p lay from the p l u g-i n u n it not pr ovid i n g α
t r igge r sign al will be u nstable on t he crt .
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TABLE 4-1

Real-Time Display Combinations'

'Com b in ations give n are fo r si n gle-chan nel vertical and horizontal un its only .

When t he ALT ve r tical mode is selected and either the ALT or C HOP hor izon tal
mode is selected , the in st rum ent operates in the independent- p ai rs (sweep -slavin g)
mo de. Dur i ng th is mod e, the signal from the LEFT VERT u n it is always d isplayed at

the swee p rate of th e Β HOR IZ time-base un it, an d the sign al from t he RIG HTVERT
un it is d isplaye d at the sweep rate of the Α H OR IZ time-base u nit (non-delayed

sweep only) . Th is resu lts in two d is p lays w h ich a re comp letely independent of each
other in ve rtical deflection a nd sweep rate. Th is independent-p airs display is

equ ivalen t to the d isplay obtainab le with α du al- beam oscilloscope for most
rep etitive d is play comb i nations .
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V ertical Horizon tal
Mode Mode Comments

LEFT Α o r Β One t race. Vertical deflectio n f rom single un it ;
hor izontal d eflectio n from si ngle un it .

ALT or CHOP Two t races . Ver tical d eflectio n f rom single un it ;
hor izon tal deflectio n from b oth un its .

ALT Α or Β Two t races . Ver tical deflectio n f rom b oth un its ;
horizon tal deflectio n f rom si n gle u nit.

ALT or CHOP Two t races . Ver tical deflection f rom b oth u nits;
hor izontal d eflectio n from b oth u n its . Indepen-
dent- p ai rs (sweep slavin g) operation . See
Alternate Mode discussion in th is section .

ADD Α o r Β One t race. V ertical d eflectio n is alge braic sum-
mation of sign als f rom b oth un its ; hor izontal
deflection f rom single u nit.

ALT or CH OP Two traces . Ver tical deflectio n is algebraic sum-
mation of signals from b ot h un its ; horizontal
d eflectio n from both un its .

CHO P Α o r Β Two traces . Ver tical deflectio n f rom b ot h u nits ;
hor izontal deflectio n f rom si n gle un it .

ALT or CHO P Four t races . Ver tical d eflectio n f rom b oth un its ;
hor izon tal deflection f rom b oth u nits .

RIGHT Α o r Β One t race. Vertical d eflectio n from si ngle un it;
horizon tal deflection f rom single u nit.

ALT or CHOP Two traces . Ve rtical d eflectio n from single un it ;
horizontal deflection f rom bot h un its .
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Th e display sequence in independent-pai rs mode of operation is somewhat changed
in delayed-sweep operatio n of the time-base unit . Fi rst, the LEFT VERT signal is
d isplaye d at the sweep rate of the Α HOR IZ tim e-base un it (delaying sweep), then at
the rate of the Β HOR IZ time-base un it (delayed swee p ) . Th e ve rtical d isp lay then
sh ifts to d isplay the R IGHT VERT sig n al consecutively at the d elayi ng and delayed
sweep rates.

Ch opped M ode

The CHOP p osition of the VERTICA L M OD E switch p ro d uces α d isplay wh ic h is
electron ically switch ed between the LEFT VERT a nd RIG HT VERT sign als, at abo u t α
one-megahertz rate . In ge ner al, t he CHOP mode pr ovides the best d isplay at sweep
rates slower than about 20 milliseconds/d ivisio n o rwhenever du al-t race, real-time,
si ngle-shot phenomena are to be d is playe d . At faster swee p rates the chopped
switch i ng becomes apparen t and may in te r fe re with the d is p lay.

When t he Α or Β TR IGG ER SOURCE switches are set to VERT MOD E , the internal
t rigge r signals from the vertical p lug-i ns a re algeb raically added, a nd the tim e-base
un its are trigge red f rom the resultant sign al . The LEFT VERT or RIG HT VERT trigge r -
sou rce p ositions p rovi de trigge r signals to t he time-base un its from t he selected
vertical u nit only . Th is allows two tim e- related sig nals to be d is played showing tr ue
real-time relationsh ips . (If the signals are not time- related , t he d is play from the
channel wh ic h is not provid ing t he t rigge r sign al will appea r unstab le .)

The CHOP mode ca n be used to com pare two si ngle-sh ot, tran sie n t, or random r eal-
ti m e signals wh ich occu r with i n the time in terval determined by the tim e-base un it
(ten times the selected sweep rate) . To provide co rrect t rigge r in g, the displayed
signal pr ovid ing the t r igge r sign al mu st precede the seco nd d is play.

Algebraic Addition

T he ADD p osition of the VERTICA L MODE switch ca n be u sed (1) to d isplay the sum
or d iffe rence of two real-time sign als, (2) fo r common-mode re jection to remove an
undesired sign al, or (3) fo r do offset (a p plying α do voltage to one chann el to offset
the do componen t of α sign al on the other chann el) .

The overall deflectio n on the c rt in the ADD mode is the alge braic sum of the real-
time signals from the two ve r tical plug-i n u nits . Determ in ing th e voltage amp litude
of the res u ltan t d isp lay is d ifficu lt unless t he amp litude of the signal ap plied to one
of the plu g-ins is know n . Th is is par ticu la r ly true when t he ve rtical u nits a re set to
d iffe ring deflectio n factor s, since it is not obviou s wh ich por tion of the d isplay
resu lts f rom th e sig n al app lied to α give n plug-in u nit . The polar ity and re p etition
rate of the applied sig nals will also affect the ADD d isplay .
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Obse rve the following precautions when usi ng the ADD mode:

1 . Do not exceed the in put-voltage rati ngs of t he p l u g-in u nits .

2. Do not apply la rge signals to t he p lug-in units. Α good ru le is to limit the applied
signal to no more than about eig ht times th e vertical deflectio n factor . For
exa mp le, wit h α ve rtical deflectio n factor of 0.5 volt/division, the voltage applied
to that p lug-in should not exceed four volts. La rge r voltages may result in α
d istorted display.

3 . To ensure t he greatest dynamic range in the ADD mode, set the p osition controls
of the pl ug-in u nits to α setting whic h would resu lt in α mid-screen d is p lay if
viewed i n the LEFT or R IG HT positions of the VERTICAL MODE switch .

4 . For si m ila r response from each cha n nel, use identical p l ug-ins and set the pl ug-
i n units fo r the same type of inpu t or cou pling mode .

HORIZONTAL MOD ES

Wh en either the Α or Β button of the HORIZONTAL MODE switch is pressed, the
ve rtical signal is d isplayed at t he sweep rate of the selected time-base un it . Set the
applicable i nten sity control and trigge r-sou rce switch for the d esi red display.

Alternate Mode

The ALT p osition of the H ORIZONTAL MODE switch p rovides cr t sweeps derived
alte rnately from the two time-base units. Although the ALT hor izontal mode can be
used at all sweep rates, the CHOP mode pr ovides α more satisfacto ry d isplay at
sweep rates below about 20 milliseco nds/division . At slower sweep rates, the
switch ing between the traces becomes perceptib le .
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ΝΟΤΕ

This inst rument will n ot present α real-time display in the AL T position
of the HORIZONTAL MODE switch if either horizontal plug-in
compartment is left vacant .

The Α and Β INTENSITY controls allow individual adjustment of the traces p ro duced
by the time-base units i n t he Α H ORIZ and Β HORIZ compartments . Co rr ect
trigge r i ng of both time-base u nits is essential in obtaining the co rr ect d is play in the
ALT horizontal mode. If either of the time-base units does n ot receive α co rr ect
trigge r , a nd therefore does not produce α sweep, the ot her un it cannot produce α
sweep either . Th is means that one time-base un it cannot begin its sweep until the
pr evio us un it has complete d its enti re d is play. This can be avoide d by setting the
time-base un its fo r auto-mode trigge r ing. See Trigge r Source for operatio n of the Α
and Β TRIGGER SOURCE switch es . Also, see Ve rtical Trace Sepa ratio n fo r
information about p ositio n i ng the Β HORIZ d is play when in the ALT horizontal
mode.



Chopped Mode
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When the CHOP button of the H ORIZONTAL MODE switch is pressed, the real-time
display is electronically switched between t he two time-base units at about α 200-
k ilohe r tz rate. In gener al, the CHOP hor izontal mode provides the best d isplay (1 )
when either of the tim e- base u nits is set to α swee p rate slower th an abou t 20
milliseco nds/d ivision, a nd (2) when the two time-base u nits are set to widely
d iffe r ing swee p rates . In the CHOP hor izon tal mod e, equ al time segmen ts are
displayed from each of the tim e-base u nits . Th is provides α real-time d isplay wh ic h
does not greatly ch ange in intensity as the swee p rate of eit her time-base u nit is
reduced (in co n t rast to the ALT horizon tal modewhere the slowest t race tends to be
the brigh test).

Th e Α and Β INTENSITY cont rols p rovi de ind ividu al inte n sity adju stm ent of t he
t races produced by the time-base un its in the Α HOR IZ and Β HOR IZ comp artmen ts .
Trigge r ing is not as cr itical in the CHOP horizontal mode as i n ALT; if one of t he
units is not prop erly triggered , only the trace f rom t he untriggere d time-base u n it is
m issing f rom the d is p lay. The ot h er t race is presented in the norm al mann er . See
Ver tical Trace Separ ation and Trigge r Source fo r fu r th er inform ation .

VER TICAL TRAC E SEPARATIO N
Whe n either of the dual-sweep hor izo n tal modes (A LT or CHO P) is selected, the
VERT TRAC E S EPARATION (Β) con t r ol allows the trace produce d by the Β HOR IZ
p lu g-i n to be positioned above or below the t race produced by t he Α HOR IZ p lu g-in .
To use the cont rol, first positio n the t race produced by t he Α HOR IZ un it . Then,
adjust the VERT TRACE SEPARATION (Β) control to move the t race produ ced by the
Β HOR IZ u nit away f rom the Α HOR IZ d isp lay .

INTEN SITY CONTRAST
The CONTRAST adj ustment va r ies the brig htness of t he in ten sified por tion of the
real-time wavefo rm d is played when the Α HOR IZ and Β H OR IZ time-base u nits are
op erating i n the delaying/delayed mode. (Th is adjustment does n ot affect the
cursors d is played in the STORED d isplay mode.)

TRIGGER SOURCE
The Α an d Β TRIGGER SOURC E switches select t he in te rn al trigger signals fo r the Α
HOR IZ a nd Β HOR IZ time-base u n its . For most app lication s, these switches ca n be
set in the VERT MODE position . In th is positio n , the inte rnal trigge r sign al is
automatically switched as the VERTICA L MODE switch is change d , or as the d isplay
is electron ically switched between the LEFT VERT a nd RIGHT VERT p l u g-ins wh ile
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in t he ALT ve rtical mode. The VERT MODE positio n also pr ovides α usa ble t rigge r
signal in the ADD or CHOP positions of the VERTICAL MODE switch. Therefo re, this
trigge r source p ositio n ensu res that the time- base units receive α tr igge r signal
rega rdless of the setting of the VERTICAL MODE switc h .

If co rr ect trigge ring fo r the desired dis p lay cannot be obtai ned in the VERT MODE
position, the trigge r sou rce for either time-base unit ca n be cha nged to obtain the
tr igger signal from either the LEFT VERT or R IGHT VERT plug-in . Th e inte rn al tr igge r
signal is obtai ned from t he selected vertical compartment whether the p l ug-in in
that compa rtment is selected fo r display or not . If t he inte rn al trigger is selected
from α ve rtical u nit whic h is not also selected fo r display, the trigge r signal must be
time-related to the d isplayed signal in order to obtain α triggered (sta b le) d is play.

REAL-TIME FUNCTIONS
CHECKOUT PROCEDURES

Th is checkout procedure verifies proper operation of the real-time related controls,
indicato rs, a nd connecto rs; and may also be used to familiarize t he operator with
the operation of the mainframe controls, indicators, and connectors . Th e processo r-
related functions, such as t hose selected with the measurement and Waveform
Calculator keyboa rds, ca n be ve r ifie d by perfo r mi ng the exercises given in sections 5
and 6.

Only functio ns (not measu rement quantities or specifications) are ch ecked in this
procedure; therefore, α m inimum amoun t of test equ ipment is requ ired . If
perform ing t his checkout procedu re reveals improper perfo rmance or inst rument
malfunction, ch eck t he operatio n of associated equ ipment; th en refer to qualified
se rvice personnel fo r repai r o r adjustment of the instru ment.

TEST EQUI PMENT RE QUI RED

The followi ng test equ i pment was used in this checkou t procedure . Other test
equipment which meets these requ i rements may be sub stitute d . When ot her
equ ipment is substituted, t he control setti ngs or setup may need to be altered .

1 . Functio n Ge nerator (u sed only to check out the Z-AXIS I NPUT)

4-1 0

Desc ription : Fr equ ency range, 250 k ilohertz to 1 mega hertz ; output amplit ude, 2
volts peak-to-pea k i nto 50 oh ms ; waves ha pe, sine .

Type Used: TEKTRONIX SG 503 Signal Generator (u sed with TM 500 Power
Module).



2. Cab les (2 required)

Desc ription : Length, 42 inches ; connectors, bnc .

Type Used: Type RG-58/U, 50-ohm coaxial, Tektronix Pa rt 012-0057-01 .

3 . Τ Connector

Description: Connectors, bnc-to-bnc .

Type Used : Bnc-to-bnc connector, Tektronix P art 103-0030-00.

4. Adapte r

Description : Connecto rs, bnc female-to-bnc female .

Type Used : Bnc fe male-to-bnc female, Tektronix Pa rt 103-0028-00.

PRELIMINARY SETUP

1 . Connect the 7854 to α powe r source that meets the voltage requirements of this
i n strument (POWER switch off) . If the availab le li ne voltage is outside the setti ng
limits of the L INE VOLTAGE SELECTOR switch (on rea r pa nel), see Ope rating
Power Info rmation u nder Installation in section 1 .

2 . Set t he front-panel cont rols as follows:
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FOCUS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . M id range
Β INTENSITY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Counte rclockwise

Α I NTEN SITY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Counte rclockwise

READOUT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .OFF

STORED INTensity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Quarter range

GRAT ILLUM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Counte rclockwise

POWER . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ΟΝ

CALIBRATOR . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .4 V

VERTICAL MODE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . LEFT*

Α TRIGGER SO UR CE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . VERT MODE
HORIZONTAL MOD E . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Α*

VERT TRACE S EPARATIO N (B) . . . . . . . . . . . . . . . . . . . . . . . . . . . Midrange

Β TRIGGER SOURCE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . VERT MODE
CRT DIS PLAY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . SCOPE

*LEFT and Β are automatically selected as Power-Up Cond itio ns. (See Section 1,
Introduction .)
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3. Install Tektronix 7A-series amplifie r units in the LEFT VERT and R IGHT VERT
compartments . Install Tektron ix 7Β 80-, 7Β90-, o r 7131 0-series time-base un its i n
the Α HORIZ and Β HORIZ compartments .

4. Set both time-base units to 1 millisecond/division and trigge r i n g to auto mode

with ac coupli ng from the inte rn al source .

5. Rotate the Α INTEN SITY control u ntil the trace is at α desirable viewing level.
(Positio n trace if necessa ry.)

6 . Connect t he CALIBR ATOR outpu t to the inpu t of the LEFT VERT am plifier unit
with α 42-i nc h bnc cable .

7 . Set the LEFT VERT deflectio n factor to d is play α signal amplitude of 2 d ivisio ns
on the crt .

8. Set t he Α HOR IZ time-base tr iggering fo r α stable display.

DISPLAY FOCUS CHECKOUT

Rotate the FOCUS an d ASTIG controls and observe the square-wave d isplay. Notice
that t he thic kness of the trace va r ies. Set the FOCUS and ASTIG cont rols for α well-
defined trace as descr ibed in steps 6 throug h 8 of the Astigmatism-Focus
Adjustment procedure in section 3 .

TRAC E A LIGNMENT CHE CKOUT

Disconnect the inpu t signal . Positio n t he LEFT VERT trace to the center horizontal
graticu le line . If necessa ry, use the TRAC E ROTATION cont rol to align the trace wit h
the cente r g raticule li ne.

GRATICULE ILLUMI NATIO N C HECKOUT
Rotate the GRAT ILLUM control t hroughout its ra nge and notice th at the gratic u le
li nes are illuminated as the control is turned clockwise .

CO NTROL ILLUM I NATIO N A ND TRAC E INTENSITY CHE CKOUT

Set the rea r-panel CONTROL ILLUM INATIO N switch to H IGH. Notice that the Α
I NTEN SITY indicator and the selected pushbutton switch positions are all
illumi nated . Sequentially press all of the HORIZONTAL MODE switch positions and
notice the Α an d Β INTENSITY lights ; these lig hts indicate which intensity control is
active . Set the CO NTROL ILLUM INATION switch to the MEDIUM positio n . Obse rve

4- 1 2



dimming of the lig h ted p ushbu tton switches on the pl u g-in un its and the selected
setti n gs of the TR IGGER SOUR CE switches .

Rotate the active Α or Β INTENSITY cont r ol and notice th at t he corresponding trace
inte n sity va ries. Press STORED on the meas urement key board and notice that
the STORED I NTen sity indicator is lit . Rotate the STORED I NTen sity control and
notice th at the stored t r ace in ten sity va r ies .

Set th e rear-pan el CONTROL ILLUM INATION switch to the H IGH position . Press
and r et urn t he HORIZONTAL M OD E switch to Α .SCOPE

VERTICAL DEFLE CTIO N CHECKOUT

Scope Display Mode I nfo rmation-7854

Co nnect the 4-V CA L I BRATOR output to the i nput connectors of bot h amp lifie r un its
wit h two 42-i nch bnc cables and α bnc Τ co n nector . Set the d eflectio n factor of the
LEFT VERT amp lifie r u n it to d is p lay about 2 d ivisions of signal on t he cr t .

N otice th at the positio n cont r ol of only the LEFT VERT amp lifie r un it affects the
vertical position of the d isplaye d square wave . Position the squa re wave to the
upper h alf of the gratic u le .

Set the VERTICAL MOD E switch to R IGHT . Set the d eflectio n factor of t he RIGHT
VERT amp lifier un it to d isplay a bou t 2 d ivisio ns of sign al on the cr t .

Notice th at the p osition co n trol of only the RIG HT VERT amp lifier u nit affects the
ve r tical position of the d is played square wave . Position the sq ua re wave to the
lower half of the gr atic u le .

Set the VERTICA L MODE switch to ALT. Two t races shou ld be d isplayed on the crt .
Th e top t race is produced by the LEFT VERT amp lifier u nit an d the bottom t race is
produ ced by the RIGHT VERT amp lifie r u nit; the swee p fo r b oth t races is produced
by the Α HOR IZ time- base un it . Set the sweep rate of the Α H OR IZ time- base u nit to
50 milliseconds/division ; notice the d isplay alte rnates between the LEFT VERT an d
RIGHT VERT amp lifie r un its afte r each sweep . Turn the Α HOR IZ ti m e-base swee p
rate switch th rough its range ; notice t h at the d isp lay alte rnates between amp lifier
u n its at all sweep rates .

Set the VERTICAL MODE switch to CHOP . Turn the Α H OR IZ time-base un it swee p
rate switch throughou t its range . Α d ual-trace d isp lay will be presented at all sweep
rates, an d both amp lifie r un its are d isplayed by the Α HOR IZ tim e-base un it on α
time-s haring basis . Set the Α HOR IZ tim e-base un it swee p rate switch to 0.5
millisecond/d ivision .

Set the VERTICAL M OD E switch to ADD . The d is play should be four d ivisions in
a mp litude. Notice that the position control of either amplifie r un it moves the display .
Set the VERTICAL MODE switch to LEFT.
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HORIZONTAL DEFLE CTION CHECKOUT
P osition t he sta rt of the trace to t he left- most graticule li ne wit h the Α HORIZ time-
base p osition control . Notice t hat the position control of only t heΑ HORIZ time-base
un it affects the horizontal p osition of t he d is p layed trace (not t he position control of
the Β HORIZ time-base unit) .

Set the HOR IZO NTAL MODE switch to Β. A dj ust the Β I NTENSITY cont rol fo r α
visible d is play.

Notice that the p ositio n control of only the Β HOR IZ time- base unit affects t he
horizontal position of t he displayed t race. Positio n the start of the trace to the left-
most graticule line with the Β HOR IZ time-base u nit positio n control .

Set th e HORIZONTAL MODE switch to ALT. Two traces should be presented on the
crt. If the traces ove rlap, set the VERT TRAC E SEPARATION (Β ) control to p ositio n
one trace to the bottom of the graticule area . Turn the sweep rate switches of both
time-base units throug hout their ra nge . Obse rve that each time- base un it controls
one of the traces i ndependently of the other time-base u nit . Also notice that when
one of the ti m e-base units is set to α slow sweep rate (below abo ut 50
milliseconds/divisio n ) sweep alte rnation is evident (only 1 of the traces is presented
on th e crt at α time). Set the sweep rates of bot h time-base u nits to 0.5
milliseconds/d ivisio n . Rotate the Α I NTENSITY cont r ol ; notice that the i ntensity of
the trace produ ced by the Α H OR IZ time-base un it cha nges . Li kewise, the Β
INTENSITY control cha nges the i ntensity of the trace produced by the Β HORIZ time-
base un it only . Return both I NTENSITY controls to d esi rable levels .

Set the HORIZONTAL MOD E switc h to CHOP. Two traces s hou ld be d isplayed on
the crt in α manner simila r to that of the ALT d is p lay. Turn t he sweep rate switches
of b oth time-base units throug hout t hei r ranges.

Set the CALIBRATOR switch to 0.4 V . Set the VERTICAL MODE switch to CHOP.
Fou r traces should be d isplayed on the crt . If not, set the positio n controls of the
amplifier units and the VERT TRACE SEPARATION (Β ) control to position the four
traces i nto view . Set the p osition controls of t he p l ug-in u nits to i de ntify wh ic h t race
is produced from each p lu g-in unit. (If amplifier un its have the "I dentify" featur e, it
can be used to identify the traces .) Set the Α HOR IZ time-base u nit fo r α sweep rate
of 1 millisecond/divisio n . The LEFT VERT amplifier u nit should be displayed at the
sweep rate of bot h tim e-base units.

Set th e HORIZONTAL MODE switch to ALT. Observe t hat the d is p lay is ve ry si milar
to that obtai n ed in the p reviou s sweep. The main d iffe rence in t h is d isplay is that
t he traces are now displayed alte rnately (noticeable only at slow sweep rates) .

Set the VERTICAL MODE switch to ALT. Set the CALIBRATOR switch to 4V. Notice
t hat only 2 t races are d isplayed . The trace produced by the LEFT VERT amplifie r un it
should be d isplayed at the sweep rate of t he Β HOR IZ time-base u nit and the trace
produced by t he RIG HT VERT amplifier un it shou ld be d is played at t he Α HORIZ
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time-base un it sweep rate. This feature is called i ndepen dent- pai rs operation a nd is
obtained only when the VERTICAL MODE switch is i n the ALT position, th e
HORIZONTAL MODE switch is in either the ALTor the CHOP position, and t he time-
base units are in t he independent mode.

TRIGGERING CHECKOUT

Set the VERTICAL MODE switch to LEFT and the HORIZONTAL MODE switch to Α.
Center the display on the crt with the LEFT VERT amp lifie r position control .
Discon nect the i nput signal from the RIG HT VERT amplifier unit in pu t connector.
Sequentially select all of t he VERTICAL MODE switch positio ns . Notice that α stable
d is play is obtained in all settings of t he VERTICAL MODE switch (straight li ne i n
RIG HT switch position) .

Set the Α TRIGGER SOUR CE switch to LEFT VERT . Again, sequentially select all of
the VERTICAL MODE switch positions ; notice that the d isplay is again stable in all
positions, as in the previou s step, a nd th at the LEFT VERT pushbutton is
ill um inated .

Set the Α TRIGGER SOURC E switch to RIGHT VERT. Seq uentially select all of the
VERTICAL MOD E switch positions and notice that α stab le d isplay cannot be
obtained i n any position (this is becau se there is no input signal connected to the
RIG HT VERT amplifie r un it) and that the RIGHT VERT pushbutton is ill u minated.
R eturn the Α TRIGG ER SOURCE switch to VERT MODE and notice that it is
ill um inated.

The Β TRIGG ER SOURCE switch operates in α manner si mila r to the Α TRIGGER
SOURCE switch w hen the Β H ORIZ time- base u nit is selected to p rovide the d is play.
Set t he Β TR IGG ER SOURCE switch to VERT MODE and the VERTICAL MODE
switc h to ALT.

Set the HORIZONTAL MODE switch to Β and the VERTICAL MODE switch to LEFT .

READOUT CHECKOUT

Turn the READOUT control clockwise un til an alphanumeric d is play is visible withi n
the top o r bottom division of the crt. Ch ange the d eflectio n factor of the amplifier
unit that is selected fo r display . The reado ut should ch ange as the d eflectio n factor
is changed. L i kewise, ch ange the sweep rate of t he time-base unit wh ic h is selected
fo r display; the readout fo r the time-base unit shou ld cha nge as the sweep rate is
changed.

Set the selected ti m e-base unit fo r Χ 10 mag n ification . Notice that the readout
d is play will change to indicate the co rrect magnified sweep rate . If α readout-
encoded 10Χ probe is available fo r use with t he amplifie r unit, install it on the inpu t
connector of t he LEFT VERT amplifier plug-in u nit . Notice that the d eflectio n factor
indicated by t he readout is increased 10 ti m es when the probe is added . Retu rn t he
time- base u nit to normal sweep operation and disconnect t he p robe.
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Sequentially select all of the VERTICAL MODE and HORIZONTAL MODE switch
positions . Notice that the readout from α particula r plu g-in occup ies α specific
location on t he d isplay area . If either of the vertical p l u g-in un its is α dual-t race un it,
t he readout for chann el 2 is d isplayed with in t he lowe r divisio n of the crt . Ret urn
t he VERTICAL MODE switch to LEFT and the HORIZONTAL MODE switch to Α. Set
t he READOUT control to OFF .

BEAMFI NDER CHECKOUT
Set the d eflectio n factor of t he LEFT VERT amplifie r to 10 millivolts/ division and t he
CALIBRATOR fo r α 4 V output . Notice that the sq ua re-wave d isplay is not visible,
since the deflection exceeds the scan a rea of t he crt .

Press t he BEAMF I N DER push-button switch; notice that the d is play is ret urned to
t he viewing a rea in compressed fo rm . Release the BEAMF IN D ER switch and notice
t hat the d is p lay again disappea rs fro m the viewing area .

W it h the BEAMF I N DER switch pushed in, increase the LEFT VERT amp lifier
deflectio n factor un til the d isplay is reduced to about 2 d ivisions ve rtically . Adj ust
the p osition control of the displayed a mplifier un it to position t he compressed
display nea r the cente r of the g raticule . Release the BEAMF I N DER switch and
observe that the display remains wit hin t he viewing area .

CALI BRATOR C HECKOUT
Conn ect the CALIBRATOR output to bot h the LEFT VERT and R IGHT VERT amplifier
un its wit h two bn c cables and α bnc Τ connector. The d isplay amplitude s ho u ld be
approximately 2 d ivisions . If not, adjust the d eflectio n factor accord ingly.

Select d iffe rent CALI BRATOR pushbutton s (labeled 4 V, 0.4 V, and 40 mV) and
notice t hat t he d isplayed signal changes accord i ngly (CALIBRATOR outpu t must be
terminated into more than α 100 kilo hm load fo r stated o utput) . When the
CALIBRATOR output is te r min ated i nto 50 ohms, the output is 0.1 times the stated
output .

Z-AXIS INPUT CHECKOUT

If an exte rnal signal is available (2 volts pea k-to-peak minimum), the function of the
Z-AXIS INPUT can be demonst rated . Connect t he extern al signal to both the inpu t
connector of the d is played amplifier u nit and the Z-AXIS INPUT connector. Set the
sweep rate of t he d isplayed time-base u n it to display about 5 cycles of sign al . Set
the amp litude of t he signal ge nerator un til intensity modulation is visible on the
d isplay (c hange t he amplifier un it deflection factor as necessa ry to produce an on-
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screen display) . The p ositive peaks of the waveform should be blanked out and the
negative peaks intensified. Notice that the setting of the INTENSITY controls
determines the amount of intensity modulation that is visible . Disconnect the
cables .

SIGNAL OUT CHECKOUT

Set the VERTICAL MODE switch to CHOP and connect the SIGNAL OUT connector
to the input of the R IGHT VERT amplifier unit . Connect the 4 VCALIBRATOR output
to the LEFT VERT amplifier unit . N otice that the CALIBRATOR output waveform is
present at the SIGNAL O UT connector at reduced amplitude .

+ SAWTOOTH OUT CHECKOUT

Set the VERTICAL MODE switch to RIGHT and connect the + SAWTOOTH OUT
connector to the input of the RIGHT VERT amplifier u nit . Set the HORIZONTAL
MODE switch to Α. Notice that α sawtooth waveform is displayed . Remove the Β
HORIZ time-base u nit and notice the d isplay . If the sawtooth waveform disappears,
the + sweep sawtooth signal available at the + SAWTOOTH O UT connector
originates from the Β HORIZ time-base u nit as selected by the Sweep Selector
switch . If the sawtooth display remains, the + sweep sawtooth available at the
+ SAWTOOTH OUT connector originates from the Α HORIZ time-base unit as
selected by the Sweep Selector switch .

+ GATE OUT CHECKOUT

The signal available at the + GATE OUT connector is dependent on the Gate
Selector switch position (i .e ., Α, Β, o r Delay'd) . If the Gate Selector switch setting is
not known, the following procedure will determine the switch setting and verify that
the proper signal is present.

Set the VERTICAL MODE switch to RIGHT and connect the + GATE OUT connector
to the input of the RIGHT VERT amplifier unit . Set the HORIZONTAL MODE switch
to Α. If α single square-wave + gate display is obtained proceed to the next
paragraph ; if not, the Gate Selector switch is set to Delay'd and, thus, the signal
available at the + GATE OUT connector is the delayed gate from the Α H ORIZ time-
base u nit, which requires that α delaying time-base u nit be installed in the Α HORIZ
compartment . Set the Α H ORIZ delaying time-base unit for Β Starts After Delay
mode . N otice that the display is α single square wave . Vary the delaying time base
delay-time control and notice that the displayed square-wave width varies .

Remove the Β H ORIZ time-base unit and notice the d isplay . If the + gate waveform
disappears, the + gate signal available at the +GATE OUT connector originates from
the Β HORIZ time-base unit as selected by the Gate Selector switch . If the + gate
d isplay remains, the + gate signal available at the + GATE OUT connector originates
from the Α HORIZ time-base unit as selected by the Gate Selector switch .
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SINGLE SWEEP RE SET CHECKOUT

Connect the 4 V CALI BRATOR output to the LEFT VERT amp lifie r u nit . O btain α
d is play of the CALIBRATOR outpu t . Set both ti m e-base u nit triggering co ntrols fo r
single--sweep operation. Connect one end of the bnc cable to t he rea r panel + GATE
OUT connecto r . Con nect the oth er end of the cab le to the SI N G LE SWEEP RES ET
connector while watch ing the crt . Α single-sweep dis play of the CALI BRATOR
output signal s hou ld be obtained each ti m e the + GATE OUT signal is app lied to the
SINGLE SWEEP RESET co nnector .

This completes the R eal-Time Functio ns Ch eckout Procedures .
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Using the
MeasurementKeyboard

Th is section of t he manual demonstrates, in the fo rm of self-teach i ng exercises, the
operatio n of all front-panel measurement keyboard commands, except those given
i n the EXTERNAL block. Th ese exercises are fo r the Option 0D 7854 Oscillosco pe
wh ic h can be operationally simulated by disconnecti ng the Waveform Calcu lator
and the GPIB ca bles from the oscillosco pe rea r-panel connecto rs.

Α1/ displays shown in the exercises in this manual are co rrect for the given
conditions-specified and previously displayed real-time waveform, the position of
the stored waveform, etc.-bu t might not be exactly duplicated on your inst rument
due to the extreme sensitivity ο1 the processor. Therefore, your readings may vary
slightly from those shown in the exercise displays .

In addition to the exercises to demonstrate the WFM ACQUISITION , CURSOR, and
WFM PARAMETER commands available on th e meas urement keyboard , th is section
incl udes infor mation on :

1 . Waveform storage considerations ;
2 . The command buffer;
3 . Er ror and war n i ng i ndications; and
4 . The characte r d isplay in the STORED and BOTH modes .
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WAVEFORM STORAGE CONSIDERATIONS
Before m easurements can be made by the processor, the real-time waveform must
be stored i n waveform memory . With Option OD, only one waveform can be stored
at α time . Scale factors (vertical deflection factor and horizontal sweep rate) with
units, and the vertical zero reference (VZR) are stored in memory with the waveform
points since all are required to fully specify the waveform value .

The processor can only store the waveform selected by the VERTICAL MODE,
HORIZONTAL MODE, or plug-in unit display mode switches ; other waveforms, or
those which would be displayed with α plug-in unit chop mode, are considered
i nvalid by the processor and cannot be stored . Each acquisition command has an
associated maximum number of waveforms which can be d isplayed during
execution ; if more are selected, the processor cannot perform the acquisition
command and an error condition exists . (See Error and Warning Indications later i n
this section for more details .)

Only one r epetitive r eal=time waveform can be selected for display prior to any AVG
(Average) command ; however, two waveforms can be selected at the time of an
AQR (Acquire Repetitive Waveform) or ADS (Aquire Single-Sweep Waveform)
command . If two waveforms are selected at the time of an AQR or AQS command,
only one will be stored and available for subsequent measurement . Use the
following rules to determine which selected waveform is stored :

1 . If the two waveforms are selected with the VERTICAL MODE switch in ALT or
CHOP, the vertical values of the stored waveform are those from the LEFT VERT
plug-in unit .

2 . If the two waveforms are selected with t he plug-in unit in the alternate mode,
the vertical values of the stored waveform are those from channel 1 of the plug-
in unit .

3 . If the VERTICAL MODE switch is in ADD and either vertical plug-in unit is in the
alternate mode, the vertical values of the stored waveform are those of channel
1 of the alternating plug-in added to the value of the other plug-in unit .

4 . If the two waveforms are displayed with the HORIZONTAL MODE switch i n ALT
or CHOP, the sweep values of the stored waveform are those from the Β HORIZ
time-base unit .
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Fig ur e 5-1 . The acqu isitio n g ratic ule in relatio n to the d isplay g ratic ule .

Th e stored wavefo rm consists of t he ve rtical coord inate val ues of 512 equally-
spaced horizontal points taken from within the boundaries of α 10 χ 10 d ivision
"acquisition g raticule" (see F ig . 5-1) . Any part of the real-ti me signal wh ic h exceeds
the ve rtical li mits of + or - 5 d ivisio ns from vertical zero (the center horizontal
graticule li ne) is clipped at t he edge of t he acquisition g ratic u le . Any points outside
the 10-division horizontal limits are igno red .

If the selected VERTICAL MODE, HORIZONTAL MODE, and p lug-in display mode
settings wo uld r esult i n more t han one ve rtical or horizontal scale factor readout
b ei ng d isplayed i n the SCOPE display mode, the processo r performs α sea rch
sequence to determine wh ic h one will be stored with the waveform points . The fi rst
vali d scale factor e ncounte red i n the search is stored . Th e vertical scale factor
search sequ ence is : LEFT VERT cha nnel 1 (R0), LEFT VERT channel 2 (R4), RIGHT
VERT cha nnel 1 (R1), and RIGHT VERT cha nnel 2 (R5) . The horizontal scale factor
search sequen ce is : Β HOR IZ ( R3, R7), Α HOR IZ (R2, R6). (See Fig . 4-1 for locations
of the readout, R designated, word .)

If α valid scale facto r is not found in the required readout word (s), α default scale
factor of "1" is assign ed by the processo r and α warn i ng is issu ed. To determi ne if
the required readout word is α valid scale factor , the processor scans the readout
word sta rting at the fi rst (leftmost) characte r . If the readout word is b la nk , or
contains non-numeric characte rs only, the default scale factor is assign ed. Leadin g
non-numeric ch aracte rs, su ch as " ", are not stored as pa rt of t he scale factor. Th e
scale factor u n it (e .g ., V or S) is stored a nd d is played wit h the scale factor, bu t is not
used by the processo r fo r any ot her purpose .
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COMMAND BUFFER
Key boa rd command s (except STOP ) receivedwh ile the processo r is BUSY are stored in
t he command bu ffer (capacity: 10 command s) wh ile awaiti ng exec u tion . (Α STOP com -
mand is execu ted immediately and any remain i n g commands i n th e bu ffer are d is-
carded) . If commands a re r eceive d wh ile t he command bu ffer is f u ll, t h ey a re ig no re d and
α warn i n g is iss u e d . No rmally t h e processor will co n ti nu e executi ng the commands i n the
ord e r they we r e receive d until t h e bu ffe r is empty . Howeve r , if an e rr o r occur s, process-
i n g stop s and th e command bu ffe r is immediately emptie d of any sto re d command s .

ERROR AND WARN ING INDICATIONS
Before execu tin g any command the processor c hecks fo r e rr o r conditio ns which
wou l d preven t executio n ; and during command execu tio n the processor chec k s fo r
wa r ni ng conditio ns which cou l d give inco rr ect o r unexpected resu lts . Wheneve r an
e rr or o r war ni ng conditio n occur s, an aud i b le wa rning lastin g approximately 300
milliseco nds is issued (if t h e rea r - p an el AUDIBLE ERROR/WARN ING switch is ON) .
Dur i n g t h is to n e, i n either the STORED o r BOTH display modes, t he alphanumer ic
a nd sto red wavefo rm dis p lay a re bla nked to provide add itio n al warni ng . (in SCOPE
display mode, only the readout po r tion of t he display is bla nked dur i n g t he tone .)
T he ERROR indicator will lig ht fo r eit he r an e rr o r o r α warn i n g, and will remain lit
until anothe r comma nd is received b y t h e processo r .

ΝΟΤΕ
If an err o r or warn ing occurs du r ing the SCOPE display mode when the
AUDIBLE ERROR/ WA RNING switch is OFF, the condition migh t not be
noticed . The r efore, always pay close attention to the ERROR indicator
whenever any command is issued.

When an e rr o r cond itio n occurs, executio n of t he command is abo rted and any
subsequen t commands stored i n t he command buffe r a r e erased . The ERRO R
in d icato r is lit a nd the e rr o r message is displayed un til t h e cond itio n is co rr ected o r
until α new com mand is given . Error messages a r e d is p layed in th e STORED and
BOTH display modes only and in the form : . , where a r e t he fi r st
t hree mnemon ic c ha r acte r s of t h e abo rte d command . Tab le 9-20 lists t he e rr o r
conditions wh ic h can occu r .

If du r i ng command execution α cond itio n occurs which may cause t he resu lts to
be ot he r than migh t no r mally be expecte d fo r t he command, execu tio n is
complete d a nd (i n STORED o r -_0TH dis p lay modes) α warn i n g message is
d is p layed u ntil α n ew comma nd is given . Warn i n g messages a r e d is p layed in t he
form : , whe re a r e t h e first t hr ee c ha r acters of the command
mnemonic associate d with the warn i n g . Ta b le 9-21 lists wa rn i ng cond itio n s which
can occ ur .
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WAVEFORM ACQU ISITION EXER CIS ES
Α real-time waveform is placed i n memory u sing eithe r the AQR, AQS, AVG1 θ,
ΑVG1 θθ , or ΑVG1 θθθ commands. These command keys are located in the WFM
ACQU ISITIO N block at th e top of the 7854 measurement keyboa rd (see F ig . Β,
block 6) . Also located in this b lock are the GND (Gro und) a nd STOP keys, and the
BU SY indicator . T he STOP key pr ematurely term inates α GN D, AQR, AVG1 θ,
ΑVG1 θθ , or ΑVG1 θθθ command if that comma nd is still exec uting . Th e BUSY

i ndicator lig hts when th e processo r is busy executing any command.

The RDO UT and PAUSE commands (not labeled on panel) are
available as theshift functions of the GND andSTOPkeys respectively .
However, as they are of little use to the operator without theWaveform
Calculator o r GP/Β interface, they are discussed in Section 6, Using the
Waveform Calculator.

The followi ng exercises only ill ust rate the functio n and operatio n of t he WFM
ACQUISITIO N keys and in dicator , and must be sequentially pe rfo rmed in order to
obtain si milar resu lts.

ACQU I R I NG Α REPETITIVE WAVEFORM

Perfo r m the procedure fo r Obtaining α Scope Display given in Section 4, Scope
Display Mode I nfo rmation .

P ositio n t he 4 V CALIBRATOR signal so that the first positive-going pu lse starts at
t he second ve rtical graticule li ne, an d so the square wave is centered around t he
cente r horizontal g raticule line .

Set t he STORED I NTe nsity control to quarter range .

To Acq ui re the waveform :

5-4
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Display

	

Comments

AQR

ΝΟΤΕ

The BUSY indicator is lit
while the processo r is
executing t hecommand .
Scale factors (vertical
deflection factor and
horizontal sweep rate) of
the vali d wavefo r m are
acquired and stored .
AQ R WARNI NG is
issued (and d isplayed in
the STOREDor BOTH
modes) if : (1) More than
5% contiguo us points are
not filled, (2) an invali d
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ΝΟΤΕ

Comments (cont)

scale factor reado ut is
encountered, (3)non-
unique scale factors are
encounte red in add
vertical modes, or (4) the
AQR comm and is pr e-
maturely te rminated with
the STOP command .
Refer to Wavefo rm
Storage Considerations
fo r fu rthe r details .

If the sp ecified readoutp osition does not contain α valid scale facto r,
α default value of "i " is assigned by the processo r and an

11 _', WARNING is displayed when in the STORED or BOTH display
modes.

AOR Operation: Equivalent-time r andom sampling is used to const ruct the
wavefor m into memory from as ma ny repetitio ns of t h e r eal-time wavefo rm as
requ ired (see Fig . 5-2) . T h is comma nd is u sefu l at all sweep speeds.

REPE TITI VE
r REAL-TIME

I NPUT
SIGNAL

2873-275

Fig ur e 5-2. The input pu lse of α repetitive signal is reconstru cted using equivale nt-time
random samp li ng.
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U sing The M easuremen t Keyboa rd-7854

ACQU IR I NG Α REPE TITIVE WAVEFORM (Con t)

The d igitize r si mu lta neously samples an d quantizes t he rep etitive real-time
waveform . Th is samp li ng is asynchronous with respect to the sweep and only the
samp les ac q uired with in t he horizon tal li m its of t he g r atic u le w h ile the waveform is
visib le are co n sidered valid . Du ring d igitizing most of the wavefo rm poi n ts will have
bee n samp le d mo re t ha n on ce, wh ile some may not have been filled at all . The most
rece n t data is retaine d in memory .

Waveform acqu isitio n is te rminate d when at least 99% of all valid poin ts have been
samp led and stor ed in to memo ry and at least one comp lete sweep has occu r red , or
when α STOP comma nd is received .

AQR Restr ictions: No more t han two real-time wavefo rms may be selected fo r
d isplay and no p l u g-in chop modes are permitted pr io r to execution of an AQR
command .

	

is issued if either restr iction is violated .

Press

	

Display

	

Comments

STORE D

ΝΟΤΕ

The stored cali brator
sign al with scale facto rs
and data from the
processo r is d isplayed on
the cr t .

Notice that the stored calibrator signal is α representation, both in
waveshape and position, ο/ the real-time CAL IBRATOR signal just
observed in the SCOPE display mode; however, the alphanumeric
info rmation has changed. The αlphanumerics displayed in the STORED
display mode are discussed in detail under Stored Character Display
following these exercises.



SETTING THE GROUN D R EFERENCE (IN THE BOTH MOD E)

Notice t h at t he nu mber following VZR (vertical ze ro reference) in li ne #i1 of the
stored display has been Η to t his point in the exercises . Th is means that the 0-volt
level of the stored wavefo rm is assumed to be at t he cente r horizontal graticule line .
Th is VZR setting is α Power-Up Condition (see section 1) set by t he processo r . Th e
GND command provides α mea ns to set α specific ground referen ce level fo r
subsequently stored waveforms.

To demonst rate, go to the BOTH d isplay mode:

U sing The Measurement Keyboard-7854

Press

	

Display

	

Comments

-~""
_

--OPW Θ

	

" Th e processor is flaggedVZ R Ο

	

2V

	

5ΘΘμS
to p erfo rm the shift
fu n ction of the next key
pressed. (If the next key
pressed does not have α
shift function, no fu nction

',1!

	

1

	

FLU'

	

is perfo rmed.)

BOTH

θ WFM F

OPW 0

	

V Z R Ι0

	

'~.

	

.

	

2 V

	

'~.

	

5Θθμ

θ WFM BOTH

Both the r eal-time and
the stored cali br ator
signals are d is played .
Rotate the LEFTVERT
a mplifier position control
to verify that both
waveforms are present .
(See Both Display Mode
fo r furt her information.)

Exe rcise con tinues on next page
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SETTI NG THE G ROUND REFERENCE (Con t)

Now set t he in p ut co up ling switch of the LEFT VERT amp lifie r u nit to ground, an d
positio n the t race to one d ivision below t he cen te r hor izontal g r aticu le line. Th is will
be the new grou nd refe rence level .

Press

	

Display

	

Comments

GN D

Set the inpu t coup ling switch of t he LEFT VERT am p lifie r u nit to dc. Do n ot
rep ositio n th e real-ti me waveform .

Press

	

Dis play

	

Comments

AO R

Althoug h t he d is played' ΟΡω θ

	

VZR Θ

	

2V

	

5 ΘΘμS ι,

waveforms do not
j

	

change, the BUSY
i ndicator ligh ts and
B US'" is d isplayedwh ile
the processo r stores
t h is level in α g round
refe rence registe r . The
ve r tical val u e, --1 .002

θ ωFηπ

	

1.002 ΟΝο

	

in th is exam ple, is
given in gr aticu le
d ivisions with reference
to the ce nte r ho r izon tal
gratic u le line ; a nd is
d isp layed in t he Χ
registe r locatio n-bottom
line, cen te r , of the crt .
Th is new ground
reference will n ot
change until either α
new GN D comman d is
issued o r the 7854 is
turned off.

tOVW . θ VZR , ι 37

	

2V 5 θθμ s ;
The previously sto red

waveform has been
replaced by the newly
acqu i red calibrator
signal .



SETTI NG THE GROUND REFERENCE (Cont)

Press

	

Display

	

Comments

STORED
~OPW θ

	

V2fl _1 .θθ 2

-1 . Θθ 2

	

0 WFM STONED

Using Th e Measu r emen t Keyboa rd-7854

5 ΘΘΥS
The stored calibrato r
sig n al is d is p laye d wit h

t he b aseline at the new
ground reference level .
\ι'ZR read ing in t he top
division of the graticule
reflects t he currently
stored ground setting of
- .002 d ivision below
the cente r horizontal
g r atic u le li n e .

GND Operation: Th e processor stores th e algebr aic mean ve rtical level of the r eal-
ti m e trace fo r t he grou n d (vertical ze ro) refer ence of wavefo rms subsequ ently
stored.

GND R estrictions: No mo re t han two r eal-time wavefo rms may be selected fo r
d isplay and no pl ug-in chop modes a re pe rmitted p rior to execution of t he GND
comm an d. GN D E RROR is issu ed if either restriction is violated.

7o assure that the,γMUMI reference is set as (lost , as possible to the desired
level, ητυιτίιυ r the ,γrυιιηι! setting as ιl ί.s7 ) Ιυ_ νeιl in the X register of the
STOREΠ o r BOTH ιτιυιle.s . // the value ιli .slι lcιvecl is not ινhυ t νοιι Want,
si »ιΙι l r r elιιι sΝίυιι ιl ιe real-ιίιπη trace and press GN i) (ι,γai17 . Repeat i/
ιτ eces.s υrv .
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AVERAGING Α WAVEFORM
To remove random noise wh ic h may be present on the real-time waveform or to i ncrease
the resolution of the d igitized waveform , use an AVG (Ave rage) command . The AVG10,
AVG100, a nd AVG1000 keys on th e measurement keyboard averages the real-time
waveform the specifie d n umber of times before p laci ng th e res u lting wavefo rm i nto
waveform memory.

To demonst rate, return to the SCOPE d is play mode by pressing

	

SCOPE

	

. N ext,
set the VERTICAL MODE to ADD and attach an uns hielded cable to t he 1 Mn inpu t
of t he R IGHT VERT amp lifie r un it . Set the RIGHT VERT am plifier to maximum
sensitivity a nd the LEFT VERT amplifie r to 1 V/Div . Set the Β HORIZ time base fo r
0.2. milliseco nds/divisio n .

	

The crt should display α 4-divisio n square wave wit h
about 1 d ivisio n of noise r idi ng on it . R eturn to t he STORED d isplay mode by
pr essing

5- 1 0

ST~RED

Press

	

Display

	

Comments

AVG100 During command execu-
tio n : t he BUSY i ndicator
is lit ; the previously
stored wavefo r m is
maintained on t he
d isplay; and the AVG
mnemonic, BU SY mes-
sage, and number of
averages to be comp lete d
are displayed in t he
bottom d ivisio n (line #16)
of t he gratic ule .

Afte r command execu-
tio n: t he BUSY i ndicator
is off; the newly stored
wavefo rm is d isplayed i n
li ne #16 of t he d isplay;
and the last comma nd
mnemon ic, AVG100 is
d isplayed.
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AVERAGING Α WAVEFORM (Cont)

AVG Operation: Acqu i res repetitive real-time waveform as fo r AQR command.
Th en t he processo r repeatedly re-acquires the real-time wavefo rm, by points, and
accumulates new data into the co rr espond ing p oi nts of the stored wavefo r m . If the
valu e of α point is found to be changed from its in itial val ue, the d iffere n ce is
modifie d wit h α weighting factor and added to t he i n itial valu e. T he result is that at
any time du ring averaging t he stored waveform will approxi mate the algebraic mea n
value of the ind ivi du al waveforms acq ui red so fa r .

AVG R estrictions : Only one real-time wavefo r m may be selected fo r d is play,
no chop o r alte rnate modes permitted, pr io r to execution of the AVG commands .
r:VG ΕΡΡΙϊ ',7 is issued if th is restriction is violated .

STOPP I NG ACQUISITION

The STOP command is u sed to term inate either an AQR, GN D, or AVG command
wh ile the processor is bu sy executing t hat co mmand . To illust rate :

Press

	

Comments

AVG100Ρ1

Wh ile the BU SY indicator is lit :

Press

	

Display

	

Comments

STOP

Using The M easu rement Keyboard-7854

ΝΟΤΕ

The display is simila r to
that previously descr ibed
du r ing execution of
AVG100 .

Th e stored wavefo rm
now consists of t he
number of averages
comp lete d pr io r to the
STOP; if no averages
were completed, all
waveform poi nts a re set
to zero .
is issuedwhen α STO P is
executed.

The STOP command is executed immediately upon receipt by the
processo r .

NEXT EXER CISE BEGI NS WITH POWER-UP

5- 1 1
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ACQU I R I NG Α SINGLE-SWEEP WAVEFORM

Whe n t he r eal-tim e signal to be stored is not rep etitive because of va ryi n g
am p litude, waveshap e, or rep etition rate, use t he AQS comman d to store the
signal .

To acqui re α single-sweep waveform , perform the fi r st step of Obtaining α Scope
Disp lay given in Section 4, Scope Disp lay Mode Info rmation .

Then install α Te kt ron ix 7A-series am p lifie r un it i n t he LEFT VERT compa rtment and
α 71387 Time Bas, W ith Pr et rigge r Acqu i re Cloc k in t he Β HOR IZ compartment.

Perform steps 3 throug h 8 of the procedure fo r O b tain ing α Sco pe Display.

Now set the 71387 to t he single-sweep mode. (Refer to t he 71387 Inst ru ctio n Manual
fo r mo re detailed oper ati ng in fo r mation fo r t he 71387 Ti m e Base W it h Pr et rigger
Ac q uire Clock .)

Press

	

Display

	

Comments

STORED

AQS

Stored d isplay at power-
up .

Th e d isp lay is blanked
an d t heBUSY i ndicator is
lit wh ile the processo r
awaits the t riggere d
sweep.



ACQUIR ING Α SINGLE -SWEEP WAVEFORM (Cont)

71387 Si ngle
Swee p R eset
Pu shbutton

ΟΡWΙθ VZR . θ

"Θ WFM

	

Ο WFMI

	

AQS

U sing The Measurement Keyboard-7854

Press

	

Display

	

Comments

seeus` Stored si ngle-sweep
cali brator signal and
AQS mn emon ic a re d is-
playe d . AQS WARN I N G
is issued if mo re than 5Ο/θ
contiguous points a re not
filled.

AQS Operation: The processor uses real-time sampli ng (see Fig . 5-3) to sequentially
sample and store 512 points of the single-sweep waveform unless the command is
prematur ely te rminated by use of the rear-panel AQS ABORT pushbutton. The
processor will n ot accept any ot her commands during AQS execution (whic h incl udes
waiting for the single-sweep trigger) .

If fewe r than 512 points have been stored w hen the comma nd is te rmi n ated, t he
stored poi nts are r ight- justified on the d isplay and t he remaining p oints are
displayed at t he value of the first stored poi nt . If no points have been sampledwhen
t he comman d is te rminated, all points a re set to and displayed at the ve rtical zero
reference level.

Fig ur e 5-3. The si ngle-sweep input signal is sequentially sampled and each point is
dis playe d as it actually occurred.
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Usi ng The Measurement Keyboa rd-7854

ACQU I R I N G Α SINGLE-SWEEP WAVEFORM (Cont)

ΝΟΤΕ

This command can be prematurely terminated only with the rear-panel
AQS A BORT pushbutton .

AQS Rest r ictions : No more than two real-time wavefo rms may be selected
for display and no plug-in c ho p d isplay modes a r e p erm itted pr io r to executio n of
th e ΑΟS command . Also th e Β HOR IZ compa rtment must contain α proper ly
a djusted 71387 Time Base with Pretrigge r Acqui re Clock th at is selected for display .
AQS ERR O R is issued if eith e r r est r ictio n is violate d .

NEXT EXERCISE BEGI NS WITH POWER-UP

STORED CHARACTER DISPLAY

Wit h the 7854 in the STO RED or BOTH dis p lay modes, t h e alphanume r ic cha racter
information displayed by t he c r t is pr ovided by t he processor . In addition to t he stored
waveform scale factors, data and stat u s messages f rom the processor are also
displaye d . Each data message or scale factor is dis playe d i n α specific fixed field (see
glossa r y) assigned to t h at item . T he graticule a r ea is formatted i n to 16 display lines
( numbered 1 th rough 16, top to bottom) of 40 characters each . Each field is assig n ed α
maximum number of c haracters, and is not necessa r ily un ique with respect to data
assigne d . Α typ ical character d is play i n the STORED mode is s hown in Fig ur e 5-4 .
Refer to th is ill ustration throughout the following d iscussion .

ρω~ιϊΜ~. .

	

SCALE

	

3'AL'

4τισΝ4L
νε F ΟλΜ rϊρΡW θ

	

VZR _ 1

	

5 "VιΝFσαΜ4 τιΟΝ

Ί

~ιΟΟRΟΝητ- Ί VIA. 23.76FnVfHCRD 3 .6,', . .

~ Ί

	

-0 WFM ' 4 '. M
πΕ G ι 5 τε 6S λΝΟ

.327 Ρ Ρ

	

Β USV,~.~. . ._ .�...~,_... .~...,.. .~-~
Ρ 60 5ερΟ5 σθ

	

χ FIEF
Ι

	

Ι

	

SτΑτυSΜ S 6
" Ε LΟ FIEιO

τΕΠ
CΟΜΜλΝΟ ΜΕ55 ΑΟΕ
ΜΝΕΜΟΝιC

50θ"5 - ΟιιΝευι

Fig ur e 5-4 . Typical cha racter d isp lay of STORED mode .
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OPERATIO NAL WAVEFORM STATUS

Info rmation d is played i n the top d ivision of the gratic ule (line #1) pertai ns to the
operational wavefo rm (OPW) and consists of four fields. The fi rst fiel d of li ne #1,
OPVV 0, indicates that the operational wavefo r m is from wavefo rm memory address
number 0. The second field, VZR -1, indicates that the wavefo rm's ve rtical ze ro
location is one d ivisio n below the cente r horizontal gratic u le li ne. The th i rd and
four t h fields a re the scale factors wh ich were stored with the waveform (vertical
deflection factor and horizontal sweep rate as supplied by the p l ug-in un its), and are
usually d isplayed with scale factor un its (e .g ., ": or -) .

C UR SO R STATUS

Using The Measurement Keyboard-7854

Wh en curso rs are on, c urso r coord inates, are d isplayed in d isplay li ne #15 . (See F ig .
5-4.) If on e cursor is on, the coordinates given a re t hose of Curso r 1 . The fi rst field
of t h is li ne, VCR D- 23 .76-, τ :'ύ, is the ve rtical coord i nate of C ursor 1 measured
f rom the VZR and given i n scale factor units . The second fiel d, HCRD- 3 .66μS, is
t he horizontal coord inate of Curso r 1 measured from t he start of t he wavefo rm and
given in scale factor u nits . W it h both curso rs on, t he coord inates given are those of
Cursor 2 relative to Cursor 1 . This is in dicated by the - (delta) i n .' VCRD- and
HCRD- (called relative coordinates) . If the cursors are off, this li n e is bla nk .

STACK AND PR OCESSOR STATUS

The contents of the Υ and Χ stack registers and status messages are d isplayed in the
bottom line of the display. (The operand stack is d iscussed in detail i n Sectio n 6, U sing
the Waveform Calculator ) . The fi rst two fields of this line are the contents of the Υ and Χ
stack registe rs. (For all pr actical pu rposes, the contents of the Υ register, which usually
contains the last contents of the Χ register, can be ig nored while operating the Option
0D instrument) . Status messages comprise the remaining fiel ds of this li ne. These
messages incl ude the mnemonic of the command just executed or of the command now
executing ; pl us the execution stat us messages of BUSY, WARN ING, E RROR, STOP IN,
'END, and PL ΧΧΧ . (See Programming in section 6 fo r explanatio ns of the STOP IN and
PL ΧΧΧ mesages) .

NUMER IC DISPLAYS

All nu me ric displays in t he STORED mode (except scale factors, which have been
pr evio usly formatted by t he p lug-in u nits) adh ere to t he gene ral fo rmat of :

REV JUN 1983

<sign> <mantissa> <exponent>

Th e sign is disp layed only for negative n umbers (-), and is b la nk fo r positive
numbers. Α ze ro val u e is d isplayed as 0, a nd up to fo ur mantissa d igits in t he range
of 1 .000 through 999.9 are d is played.

5- 1 5
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If the number is with i n the range of 1 .000 * 10-12 t hrou gh 999.9 * 10'2, α lette r
ex po nen t is d is p layed . See Tab le 5-1 . Numbers ou tside the range for lette r
ex po nen ts are d isp layed in the fo rm:

<sig n ><man tissa> Ε <esign><evalue>

wh ere t he esign is , if t he exponen t is positive and - if negative, a nd the evalue is
d is played as α two- d igit i n teger, m u ltip le of 3 .

TABLE 5-1
Lette r Exponents

Mu ltip lier Pr efix Symbol

10
-12

ρi co ρ

10-9 ηαηο η

10-6 m icro μ

10-3 m i 1 1 i τη

103 k ilo

106 mega Μ

109 giga G

10' 2 te ra Τ



POSITIO N ING THE CUR SO R S

Set t he STORE D I NTensity co n t r ol to quarter range .

Usi n g Th e Measu remen t Keyboa rd-7854

CURSO R S EXER CISE
Cursors are one or two sp ecially id entified poin ts of t he operatio n al wavefo rm.
When t he curso rs are on, th ei r p osition on the wavefo rm is id entified by inte n sified
p oints, a nd th eir vertical an d hor izon tal coordinates are d isplayed on t he crt . (See
Stored Character Disp lay for mo re in fo rmation on the cursor coordinates .) Th e
curso rs are also use d to d efi ne portions of the operational waveform fo r wavefo rm
an d pulse parameter measu remen ts .

The curso r co n t r ol keys are located at the lowe r r ig h t edge of the 7854
measu remen t keyboard (see F ig . Β, b lock 3) . The followi ng exercise only ill u st rates
t he fun ction and oper ation of the cursor co n t r ol keys . E ffects of curso r status and
position on wavefo rm parameter comma nds are illu st rated by per forming t he
exercises given late r in t h is section under Waveform Parameter M easuremen ts .

P erfo rm the proced ur e fo r Obtaining α Scope Disp lay given in Section 4, Disp lay
Mode Info rmation .

P osition t he CAL I BRATOR sign al so th at the fi r st positive-going pulse starts at the
second ve r tical gr aticu le lin e, and t he baseline is one division below the ce nter
h orizontal gr aticu le li ne.

Press

	

Display

	

Comments

AVG1 θ Calibrator signal and

scale factors are stored .

Exe rcise continues on next page
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POSITIO NING THE CURSO RS (Cont)

Press

	

Display

	

Comments

STORE D

CR S1>

C R S1 OPW θ VZ R Θ

V ςRD ~~1~.99RV HCAD Ο $
'~. 0 ~

	

Θ WFM C R 51

5Ο0μ5

Stored cali br ator signal is
d isplayed.

Cu rso r 1 is turned on .
Cursor 1 appea rs at left
edge of display if it has
not been moved since the
7854 was turn ed on,
otherwise it appears at its
last positioned hor izontal
location. Cursor coord in -
ates are d is played i n li ne
#15 .

To move Cursor 1 to the r ig ht :

Press

	

Comments

Cu r sor 1 moves rig h t .

Notice how the co-
ordinate readings change
to reflect t h e new
position oft he curso r .

_ :.~. +1VΑRΝ NG is
issued whenCurso r 1
reac hes the end of the
wavefo rm.



POSITIO NING THE CURSO RS (Cont)

To move Cu rsor 1 to the left :

CRS1<

CRS2 -1
ΟΡW θ

	

V2R θ

Using The Measurement Keyboard-7854

ΝΟΤΕ

For α// manual cursor positioning k eys, the initial actuation moves the
designate d cursor by one poin t . /Ι you continue to hold the key down,
the curso r begins con tinuous movemen t, accelerating across the
display. When the key is released, cursor movement is immediately
h alted.

Press

	

Comments

To turn on both cursors :

Press

	

Display

	

Comments

500μS)

VC~RD=~

	

;

	

~

	

~ ..~HCRD -- . Ζ 72m5

θ ~

	

θ WFM' . ., .
.
: ,

	

.

C ursor 1 moves tot he
left . Notice the change

in cursor coordinate read-

ings .

	

is
issued when Curso r 1
reaches the start of the
waveform .

Turns on Cursor 2.
Relative cursor coordin-
ates express the d iffer-

ence between C ursor 2
and Cursor 1 (identifiable

by ).

Exercise continues on next page
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POSITIONING THE CURSORS (Cont)

Position Cursor 1 to the third vertical graticule line .

To move Cursor 2 left :

Press

	

Comments

CRS2<

To move Cursor 2 right :

Press

	

Comments

CRS2>

To turn off the cursors :

Press

	

Comments

OFF

is
issued when Cursor 2
reaches Cursor 1 . Cursor
2 cannot be positioned
before Cursor 1 on the
operational waveform .
Notice that the relative
coordinates read

	

and
indicating both

cursors are positioned at
the same point .

Cursor 2 moves to the
right .

	

is
issued when Cursor 2
reaches the right edge of
the graticule .

Turning the cursors off
does not change their
horizontal location . Verify
this by pressing CRS2-1



POSITIONING THE CURSORS (Cont)

CRS1>

CRS1<

CRS2<

OFF

Using The Measurement Keyboard-7854

After turning on both cursors, position Cursor 1 to the left edge of the graticule and
Cursor 2 to the center vertical graticule line . Then :

Press

	

Comments
Notice that as Cursor 1
passes through the
center vertical graticule
line it picks up Cursor 2
and both move toward
the right .

Move Cursor 1 at least
one division to
the left of Cursor 2 .

issued when Cursor 2
meets Cursor 1 . Notice
that Cursor 2 cannot pick
up Cursor 1 .

Turn cursors off .

NEXT EXERCISE BEGINS WITH POWER-UP
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WAVEFORM PARAMETER MEASUREMENTS

The keys located in the WFM PARAMETER block at the left of the measurement
keyboard (see F ig . Β , blocks 1 and 2) cause the processor to compute various scaler
parameters of the operational waveform . Basically, two types of parameters are
computed : amplitude parameters (with the MAX, MIN, Ρ-P, M ID, MEAN, RMS, AREA,
and ENERGY commands) and time parameters (with the PER, FREQ DELAY, WIDTH,
R ISE and FALLcommands) . Cursor status and position affect the calculation of these
parameters .

The following exercises only illustrate the function and operation of the WFM
PARAMETER keys . Refer to Section 9, Command Language, for the specific
algorithm used for each computation .

MAKING AMPLITUDE-PARAM ETER MEASUREMENTS

Perform the procedure for Obtaining α Scope Display given in Section 4, Scope
Display Mode Information .

Set the input coupling switch of the LEFT VERT amplifier unit to ground . Position
the trace one d ivision below the center horizontal graticule line .

Press
exercise .

5-2 2

G N D to set the ground reference level for all measurements made in t his

ΝΟΤΕ

If t h e GND is not set, the measurements will be ta ken with reference to
t h e center horizontal graticule line and not necessarily with refe rence
to the 0-volt level of the waveform .

Return the input coupling switch of the LEFT VERT amplifier unit to d c .

H orizontally position the CALIBRATOR signal so that the first positive-going pulse
starts at the second vertical graticule line .

Set the STORED INTensity control to quarter range .

ΝΟΤΕ

Cursor status and position affect α // voltage parameter measurements
as follows : (1) With both cursors off, the measur ement spans all stor ed
waveform points ; (2) with Curso r 1 on, the measuremen t spans from
(and including) Cursor 1 to t h e right end of the waveform; and (3) with
both cursors on, t h e measurement spans between (and including) the
cursor points .
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MAK ING AMPLITUD E-PARAMETER MEASUREMENTS (Cont)

Press

	

Display

	

Comments

AVG10

STORED

ΜΑΧ

REV JUN 1983

~.. οΡω θ

	

VZR ~~ -0.997

	

2V

	

~'	500'

Lfl
-918 .6m '~. 0 WFM STORED

To measure the MAXimum val u e of the waveform :

Press

	

Display

	

Comments

OPW θ

	

VZ R -0 .997

	

2V

	

50 ΘυS'..

~~.. θ wFM

	

~

	

4.249

	

Μηχ

U sing The Measurement Keyboard-7854

The cali br ato r signal is
averaged 10 times a nd
sto r e d in waveform

memory .

R eturn to t h e STORED

d isplay mo de .

Th e maximumvalue(the
sto r ed wavefo rm's m ost

p ositive point relative to
the VZR ) is ret urned to

t h e Χ register fiel d and
t he Mr- X mnemon ic is
d isplayed . (T h e un it of
measurem en t is the
same as the ver tical scale
factor un it .)

Exercise continues on next page
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MAK IN G AMPL ITU DE-PARAMETER MEASUREMENTS (Cont)

To measure the M INimum val u e of the waveform :

Press

	

Display

	

Comments

PAN 0

	

VZR -0,997

	

2V

	

500

4.249

	

7.324m ΜΙΝ

To meas ur e t he Pea k-to-Pea k valu e of the waveform :

of the stored wavefo rm
is ret urned to the Χ
registe r field a nd the

-?= mnemonic is
d is played . Notice th at

ILF= the Ρ-Ρ value is t he
d iffe rence between
MAX and MIN .

'7 .324m , 4.242 Ρ - Ρ

To meas ure t he MIDd le value of the wavefo r m :

The minimum val ue (t he
sto r ed wavefo r m's most

negative poin t r elative to
t he VZR ) is r et urned to
t he Χ r egiste r fiel d and
the .),,, ! ΙΝ mnemon ic is
displayed .

Press

	

Display

	

Comments

Ρ-Ρ

	

οΡω ' θ VZR'-0 .997 ω

	

2ν~-

	

5θθ 's

	

The peak -to- pea k valu e

Press

	

Display

	

Comments

Τη emiddle value is~ οrω'. 0 - ντ R'-e.ss7

	

zv

	

seer.s

	

retu rned to the Χ register
fiel d and the
mnemo n ic is d is p layed .

`
Th e M ID value is halfwayΠ Π Π ΠΊ

	

between MAX and MIN .

4 :242 21.128 M ID



MAK I NG AMPL ITUDE-PARAMETER MEASUREMENTS (Con t)

When ta king the MEAN and RMS measuremen ts, turn on and p osition
the curso rs to span an integer number o f cycles . For the following
examples we have arb it rarily chosen to span three cycles .

To measu re t he MEAN val u e of th e waveform :

Press
CR S2 -1

CRS1>
CRS2<

ΜΕΑΝ

Press
RIMS

I ~~OP W 0

	

~'VZR- θ .997

Ί

ΝΟΤΕ

Dis play

	

Comments

ΔV6iD

	

61 Λι . ιτ\"

	

AC RD

	

3.047ms
:

	

4.242

	

2.128

	

ιι R52< .

~OPW'0 .VZR~- 0 .997 ~'. . 2V ' 500μ 5~

j ΔVC R D = 6.1 Θ 4mV

	

ΔHCAD = 3 . Θ 47mS

To measure t he R oot-Mea n -Squ are of t he wavefo rm:

Dis play

ϊΟΡW, θ '.VZR -0.997

ὶ

^.VCRD = 6 .104mV

	

Π HC :RD = 3.047m5
2 . 0 1 51

	

.

	

2.953 RMS

	

.

Using The Measurement Keyboard-7854

Boo's �.

500μS(

Tu rn on and position t he
cursors as shown .

The algebraic mean valu e
of all spanned wavefo rm
poin ts is returned to the
Χ register field a nd the
ΜΕΑΝΙ mnemonic is
d isplayed . (See Section 9,
Comma nd La nguage, fo r
the specific algo r ithm .)

Comments

The root-mean-square
val ue of all spann ed
waveform points is
d isplayed in the Χ
registe r fiel d a nd the

mnemonic is
d isplayed . (See Section 9,
Command Language, fo r
the specific algo r ithm .)
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MAK ING AMPLITUD E-PARAMETER MEASUREMENTS (Con t)

5-26

When ta king AREA andENERGY measurements turn on andposition
the cursors 1ο span one cycle of the waveform.

To meas ure t he AREA under t he wavefo rm :

Press

	

Display

	

Comments

AREA

ENER GY

'.OPW 0

	

VZR -0.997

	

2V

	

5009S'.

:̂ .VC R D =- 1Θ .J8 ιυΎ

	

ΔNCRD = 1 .θθβιη 5
2 .019

	

2.854 CRS1 .

.ι. ΟΡω 0 ~ νΖ R -0.997

	

2 ν

	

50Oμ5

ΔνεRο = -1 Θ 99mV

	

ΔΗεΒο = 1 .eesms
2 .854

	

2.06m ΑR ΕΑ

To meas ur e the ENER GY u nder t he wavefo rm:

Press

	

Display

	

Comments

OPW θ

	

VZR -0.997

ΝΟΤΕ

500μS

ΔVCR D = -1 θ 99mV LHCRD = 1.006m5.
2.,6m

	

8.332ιπ FNFRGV

P ositio n C urso r 1 as
shown .

The area under all
spa nned waveform p oin ts
is ret urned to t he Χ
register fiel d and the
AREA mnemon ic is
d is playe d . (See Section 9,
Command Language, fo r
t he sp ecific algorith m .)

Th e energy under all
spa nned waveform p oin ts
is returned to t heΧ
registe r fiel d a nd t he
ENER GY mnemon ic is
displayed . (See Section 9,
Command Langu age, fo r
t he specific algo r ithm .)

NEXT EXERCISE BE GIN S WITH POWER-UP



MAK I NG TIME-PARAMETER ME ASUREMENTS

Using The Measurement Keyboa rd-7854

ΝΟΤΕ

For the following measurements, if α point is not locatedspecifically at
the designated crossing level, the processor estimates the horizontal
crossing location using linear interp olation between the two points
adjacent to the crossing level.

Pe rform steps 1 t hrough 3 of the procedure fo r O b tai n i ng α Scope Display given in
Section 4, Scope Display Mode Info rmatio n .

Set t he Β HOR IZ time-base unit to 0.5 m ic rosecond/d ivision and trigge r ing to auto
mo de with ac co up ling from the i nternal source. Set the sweep magnifier to t he X10
position .

Rotate t he Β INT EN SITY co n t r ol until t he t race is at α desirable viewing level .

Conn ect α square wave of approximately 2.5 megah ertz from α fun ction ge nerator
(recommended ty pe; TEKTRONIX FG 503 Fun ction Ge nerator with TM 500 Power
Modu le) to the in pu t of the LEFT VERT amp lifie r un it . (Match impeda nces if
necessa ry.)

Set t he LEFT VERT amp lifie r d eflectio n factor and the function ge n erator output
am p litude to d is play α sign al of 4 d ivisio ns amp litude on the cr t .

Adju st t he Β H OR IZ time-base t rigge r i n g controls fo r α stab le d isplay trigge red on
the negative-going slope.

Adj ust t he Β HO R IZ positio n co n t r ol and the function gene rator output f req uency to
obtai n α d isplay simila r to th at shown below for

	

AVG100

Set the STORED INTensity co n t r ol to quarte r r ange .

P ress

	

Display

	

Comments

Store t he pu lse .AVG100

Exercise continues on next page
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MAK ING TIME-PARAMETER MEASUREMENTS (Con t)

Press

	

Display

	

Comments
STORED

CRS2-1

CR S 1>

CRS2<

ΝΟΤΕ

Display th e sto r ed pulse .

Turn on an d p osition t h e
c ursors as shown at t h e
left .

For th e time-pa rameter functions the processor computes the
horizontal spacing between identified levels of the operational
waveform whose vertical positions have certain specified values (i .e .,
baseline, 50°/ο level, pulse top, etc.) . These points and the
corresponding measurements are illustrated in Fig ure 5-5. Refer to
this figure throughout the following instructions. Always, fo r the time-
parameter functions, the baseline and pulse top are identified b y
Cursor 1 and Cu rsor 2 respectively . If the cursors are off, Cursor 1 (and
therefore the baseline) is assumed to be at the left edge of the
graticule, and Cursor 2 (the pulse top) at the right edge . If several
pulses are displayed, Curso r 2 also identifies thepulse to bemeasured.



MAK I N G TIME-PARAMETER MEASUREMEN TS (Con t)

Measu ring α Pulse
To measure the R IS E ti me of the pulse:

Press

	

Dis play

	

Comments

R IS E

Fig ure 5-5. Tim e-parameter r elationsh ips.

Using Th e Measurement Keyboard-7854

The r ise time is ret urned
to the Χ register field and�

	

Ε mnemon ic is
displayed .

R ISE O peration: Th e ti m e between the 10% and 90% levels ad jacent to t he closest
50% level before C urso r 2 is r eturned to the Χ registe r .

R ISE Restr ictions: If bot h c ursors are on, the

	

VC-RD mu st not be with in : +(6E
04) * (vertical scale facto r ), prior to executing the RIS E comma nd .

	

is
iss ued if the restr iction is violated .
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MAK I NG TIME PARAMETER MEASUREMENTS (Cop t)

To measur e the FALL time of t he pulse :

Press

	

Display

	

Comments

FALL

FALL Operatio n : The time between the 90% and 10% levels a dj acen t to th e first
50% level followi ng Curso r 2 is ret u rned to t he Χ register.

FALL Rest r ictions : Cursor 2 must be on and the waveform must cross the 90% and
10% levels after Curso r 2 . Also, the JVCRD must not be wit h i n : ±(6Ε -04) * (vertical
scale factor), prio r to executing the FALL command . F i.is issued if eit he r
rest r iction is violated .

To measure th e DELAY of the pulse :

Press

	

Display

	

Comments

DELAY

5-30

!, OPW θ

	

VZR

	

Θ

	

1V

	

5Θη S".

VC R D = 4. Θ09V

	

Λ HCRD= 2ΘΘ .2 ηS
-85 ιι

	

5 7,, FALL

!ι ΟΡW'~. θ

	

~, VZ R 0

	

1V 50π S

The fall time is returned
to t he Χ register fiel d
and FALL mnemonic is
displayed .

The delay time is returned
to t h e Χ registe r field

and

	

mnemonic is
displayed .

DELAY Operation : The time f rom Curso r 1 to the closest 50% level before Cursor 2
is ret urned to th e Χ registe r .

DELAY Rest r iction s : If bot h cursors are on, t he -~ VCRD must not be with in : ±(6Ε -
04) * (ve rtical scale facto r), prior to executi ng t he DELAY command . DEL ERROR is
iss ued if t h is restriction is violated .

REV AUG 1985



MAK IN G TIME-PARAMETER MEASUREMENTS (Con t)

To meas ur e the WIDTH of t he pu lse :

WIDTH

M easur in g Α Pu lse Train

Using The Measurement Keyboard-7854

Press

	

Display

	

Comments

Th e wid t h is returned to
the Χ registe r field and
WIDTH mnemonic is
d is played .

WIDT H Oper ation : The time from the closest 50% level before C ursor 2 to the
closest 50 0/0 level afte r C urso r 2 is ret urned to t he Χ registe r .

WIDTH Restrictions: C ursor 2 mu st be on and t he wavefo rm mu st cross t he 50%D
level afte r Cursor 2 . Also, the ;',VCR D mu st ηοτ be with in : ±(6Ε -04) *(vertical scale
factor ), pr io r to execu ting t he WIDTH comm an d . W IE) ΕΡR,0IR is issued if either
restr iction is violated .

Set the Β HOR IZ time-base time/ d ivision to 2 m ic roseconds/d ivisio n and t he sweep
magn ifier to t he

	

X10 position.

Press

	

Display

	

Comments

AVG100
~.OPW Θ VZR0

	

1V~~

ΛVCRD ; 97.66mV ~

	

' HC ΘD 8 ΘΘ . Θιδ
Ι 235 .9 .

	

Θ W RM AVG1 Θ0

	

~~

Store t he ρυ Ise t rain .

Exercise continues on next page
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MAK IN G TIME-PARAMETER MEASUREMENTS (Cont)

5- 3 2

Press

	

Display

	

Comments
CRS1>

CR ς n

To measur e t he Ι

Press

	

Comments

M ID

!OP W θ

	

VZR 0

	

1V

	

2 Θθπ5

ηVCR Π 3995V

	

Γί (: :; ίι 142 .2σ 5
_

	

.235 .9π

	

θ ωF Μ CRSl

10PW . 0

	

VZR 0

	

1V

	

200 π9

ΔVC R D=3.995V ΔHCRD=742 .2 π 5 '
. θ WFM .

	

139.2 π, MID

JoPW. Θ

	

'vZR ~~. Θ

	

'.

ι
ΔVC R D = 3.995 V	' Δ HCRD = 742 .2 η $

θ WFM

	

491 .C PEP

200ης

Positio n t h e c ur so r s
a pproximately as s hown .

Th e processor req uires α
ve r tical level oft he
waveform to be i n t h e Χ

registe r p rio r to executing

th e7_07. Si η cet he

M ID is co nvenient, we

have placed it in t he Χ
register .

Th e pe r io d is r et urned to
the Χ registe r and PER
mnemonic is d is p laye d .

PER Ope r ation : The time between t he fi r st c r ossing of t he wavefo rm ac ross th e
level s p ecifie d in t he Χ r egister to t he next crossi n g of t he specifie d level, in t h e
same d irectio n , is r eturned to t he Χ register .

The search for the c r ossing begins at the left end of t h e sp ecifie d inte rval . Any place
whe r e t he wavefo rm to uches t he c r ossing level, but does not actually c ross, is detected
as α c rossing in eit h er d irection .

REV JUN 1983



MAK I NG TIME-PARAMETER MEASUREMENTS (Con t)

PER Restr ictions: The Χ registe r mu st contain α constand re presenting α ve r tical level
wh ic h the waveform crosses twice in the same d i r ection (eit her positive-going or
negative-goin g), between the cu rsors if they are on . -1 ;-1 _ is issued if the
restriction is violated .

To meas ure the FREQuency of t he pu lse t r ai n fi r st :

Press

	

Display

	

Comments
ΜΕΑΝ

FR~

REV JUN 1983

PW θ VZ R θ

ΔVC R O=3.996V .'..RCRD=742.2 .5
491 .6 π

	

"- .	' :'- Ν

Using The Measu remen t Keyboa rd-7854

2θθπ9
The processo r requ i res
α ve r tical level of th e
wavefor m to be i n the
Χ registe r pr io r to
exec u ting th e FREQ
command . In th is
examp le we have use d
t he MEAN level .

-

	

Th e f r equency is r et urned
ΠΡW θ VZR Θ

	

1V

	

2ΘΘ.S'..
to the Χ register a nd
FR EQ mnemon ic is
d is p layed .

:SVCRD = 3 .995V

	

Δ RCRD = 742 .2 π5
491.6.

	

2.03W Fβ EQ

FREQ Ope ration : The processor compu tes t he p e r iod , as desc r ibed above, the n
retu r ns t he reci pr ocal of t he p eriod to the Χ r egister .

FREQ Restrictions : The Χ r egiste r m ust contain α co nstant rep resenting α ve rtical
level w h ich the wavefo rm crosses twice in the same d irection ; is
iss ued if t he r estr iction is violated .

NEXT EXERCIS E BEGI NSWITH POWER-UP
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BOTH DIS PLAY MODE
The BOTH display comb ines t he r eal-time wavefo rm(s) of the SCOPE mode and th e
sto r ed waveform and c ha r acte r d is p lay of th e STORED disp lay mode . T h e r eal-time
wavefo rm of t he BOTH m ode is cont r olle d by t he associated p l u g-in units and th e
stored wavefo rm and ch a r acte r d is p lay is co n t r olled b y t he processor . T h is d is p lay
mode is used p ri m arily for t he comparison of r eal-time and sto red waveforms .

S ELE CTI N G THE BOTH DISPLAY MOD E

Perfo rm th e procedure fo r Ob taining α Scope Display given in Sectio n 4, Scope
Display Mode I n formatio n .

Positio n t h e CAL IBRATOR signal so t h at t h e fi r st p ositive-goi ng pulse sta r ts at t h e
second vertical g r aticu le li n e, and so t he b aseline is at t h e cente r h orizontal
g r atic u le li n e .

Set th e STORED INTensity cont r ol to qua rte r r ange .

Press

	

Display

	

Comments
AVG 100

Repositio n t h e real-time CAL IBRATOR signal so th at t he pu lse to p s a r e o n e d ivision
below th e cente r ho r izontal graticu le line .

Set t he time- base un it in t he Β H ORIZ com pa rtment to 1 milliseco nd/division .

5- 34

Press

	

Display

	

Comments
ΒΟΤΗ

ΟΡW10 VZR θ 5 Θσιι S'f

Ave rage a nd sto re t he
cali br ato r signal .

B ot h th e real-time

CAL I BRATOR signal and
t he sto red calibrato r
signal are displaye d on
t he c rt . Ch a r acter info r -
mation is t he sam e as
previo u sly desc r i b e d for
STORED display ; no
r eal-time readout f rom
t he p l u g-in u nits is
d is p layed .



SELECTIN G THE BOTH DIS PLAY MODE (Cont)

U sing The Measurement Keyboard-7854

ΝΟΤΕ

/η α // display modes of the Optio n 0D in strumen t, α // commands in t he
WFM ACQUISITION, WFM PARAMETERS, and CURSORS blocks on
the 7854 measuremen t keyboard, function as previously described.
The r eal-tune waveform is con t r olled by th e plug-in units as descr ibed
in Section 4, Scope Display Mode Information .

NEXT EXER CIS E BEGI NS WITH POWER-UP







Using the
Waveform Calculator

The Waveform Calculator keyboard provides accessibility to increased pr ocessing
capabilities for stored waveform manipulation an d measu rement, and fo r num eric
computations. And in addition to the thτee d isplay modes available with the
measurement keyboard , the Waυeform Calculato r pr ovides command programming
wh ic h allows α repetitive command sequence to be performed automatically by the
processo r .

This section builds upon the information presented in sections 1 through 5 ο1 this
manual and should be read in sequence .

This section d iscusses only the increased cap abi l ities available with theWaveform
Calculator and is d iv ided in to two su bsections:

1 . Stored Display Mode info rmation-add itional information pertainτ ng to the
STORED d is p lay mode using t he Waveform Calc u lato r ; and

2 . Programming-α d iscussion of p rogramm ing using t he Waveform Calculator .



Using The Waveform Calculato r-7854

STORED DIS PLAY MODE INFORMATIO N
In addition to d isplayi ng real-ti m e waveforms a nd readout (as described in Section
4, Scope Display Mode Info r mation), the crt can d is play va rio us aspects of the
processo r's data memory-stored constants, stored wavefo rms, operational
waveform (O PW ) scale factors, opera nd stack contents, and prog ram stat us-in th e
STORED d is play mode . Also, the BOTH d isplay mode is availab le fo r compa r ing
r eal-time a nd stored wavefo rms . TheWaveform Calculato r keyboard is the pr imary
port to input operands and prog rams to the processo r , a nd operates simila rly to
ha nd-h eld prog rammable stack-o riented calcu lato rs usin g Reverse Polis h Notation
(RPN). (Prog rammi ng is explained under Programming late r i n t his section .)

This subsection has been d ivi ded fur ther into Mathematical Calculatio ns a nd
Waveform Processing . Stack operation, pr ocessor operation (RPN), an d numeric
functions and limitations a re explained under Mathematical Calculatio ns. Waveform
Processi n g explai ns waveform storage, data memory, and wavefo rm manipu lation .

MATHEMATICAL CALCULATIO NS
P lug-in units are not necessa ry when only mathematical calculations are to be
performed, since only the Υ and Χ register fiel ds (on the STORED or BOTH display)
a re obse rved during execution of mat hematical functions .

OBTAIN ING Α STORED DISPLAY
WITHOUT WAVEFORM S

Although mat hematical calcu lations can also be performed and obse rved in the
BOTH d isplay mode, the STORE D d is play mode is used here . To ente r the STORED
d isplay mode:

1 . Connect t he Waveform Calculato r to t he 7854 Oscillosco pe mainframe (POWER
switch off) as desc r ibed under Installation in Sectio n 1, I ntroduction .

2. Connect t he 7854 (POWER switch off) to α power source that meets the voltage
requ i rements of the i nst rument . If the available line voltage is outside the setting
limits of the L INE VOLTAGE SELECTOR switch (on t he mai nframe rear panel),
see Operating Power Info rmation under Installation i n sectio n 1 .
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OBTAI N I NG Α STORED DISPLAY WITHOUT WAVEFORMS (Cont)

3. Set t he front-panel co n t rols as follows:

GRAT I LLUM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Fully co u ntercloc kwise
READOUT Inten sity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Quarter ra nge
STORED I NTensity . . . . . . . . . . . . . . . . . . . . . . . . . . Fu lly countercloc kwise
Α INTENSITY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Fu lly cou n te rcloc kwise
FOCUS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . M i drange
Β INT EN SITY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Fu lly countercloc kwise
POWER . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . On (loc ked i n)
CALI BRATOR . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .4 V
VERTICAL MODE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . LEFT*
Α TRIGG ER SOURCE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . VERT MODE
HORIZONTAL MODE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Β*
VERT TRACE SEPARATIO N (B) . . . . . . . . . . . . . . . . . . . . . . . . . . . Midrange
Β TRIGGER SOURCE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . VERT MODE

*These controls are automatically set to the specifie d positions at power tur n on . See
Power-On Cond itio ns i n sectio n 1 .

4 . Press the

	

STORE D

	

key on eit her keyboard. (I dentically named keys on the
measurement and Waveform Calcu lato r keyboa rd s perform the identical
function .)

5 . Adjust the READOUT intensity control un til the readout is at α desirab le viewi ng
level (about q ua rte r range).

THE STACK
The stack is α special storage st ru ct ure pr imarily used to provide operands fo r
commands, and as the ta rget for resu lts from the processo r . The d isplayed Υ a nd Χ
registe rs are two of the five data registe rs wh ic h constitute the stack. These
registers have been la beled W, Τ, Ζ, Υ , and Χ, and are p icto rially re presented as :

REGISTER W Τ Ζ Υ ΧNAMES

6-2

4.1 Μ

	

25K

	

9.45

	

0 VVFM REGISTER
CONTENTS

Displayed in STORE D mode as the
fi rst two readout fields of the b ottom li ne.
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Each stac k r egiste r may contain eit he r α numer ical constant (d is played in nu mer ic
form at) or α waveform memory address ( d isplaye d as η WFM) . (Th e actual
wavefo r m data remains i n t he designated wavefo rm memory .) All data flow into and
ou t of t he stac k is via t he Χ r egiste r .

To accomm odate α new data item, t he previo us contents of each r egiste r is fi r st
moved to t he next r egister left, t h en the new data is e nte r ed into t h e Χ r egiste r . Th is
is calle d "push i n g t h e stack" and is ill u st r ated i n F ig ur e 6-1B and C .

Wh en α new data item is r equ i re d from the stack , t he stac k is "popped" as shown in
F ig ure 6-1D a nd Ε . F i r st, t h e d ata item in t he Χ r egiste r is "popped" to th e
processo r , t h en the data i n th e r emai n i n g stack registe r s is cop ie d into t he next
r egiste r r ig h t . N otice th at the contents of the W registe r r emains un ch anged .

.-	-.

	

.	- .

	

. pressing the numeric keysα

	

®

	

. (D through CD ), just as though you were writing on a
piece . . . .-

	

.-

	

. .

	

.- keyed in if it is . . .

	

.-
.wever, any additional decimal point entered after the first will be ignored and a

warning' will be issued . Any sequence of digits, up to a total of twelve characters,
may be entered as a mantissa ; but the processor will ignore any additional digits
entered and will issue a warning' .

NUMER IC ENTRY

I n itially t he m antissa is positive, b ut C HS (Chan ge Sign) com m ands can be issued at
any time during the mantissa en t ry . Any numbe r of CHS comma nds may be iss ued
du ri n g ent r y of the mantissa an d each will r eve r se the existin g sign of t he mantissa .
M antissa en t ry is te r mi n ate d b y ΕΕΧ ( E nter Exponen t), ENTER, o r any non-numeric
command (except CH S, RUN, ST EP , STOP , o r PA U SE) .

When work i n g wit h numbers wh ic h are eit her too la r ge o r too small for the normal
mantissa limits, u sing an exponen t is pa rtic u lary advantageous . To ente r an exponent,
press ΕΕΧ followi ng mantissa entry or α non-numeric command , and key in t he
desi r ed exponent . (If α mantissa is not entered prior to an ΕΕΧ command , α defa u lt
mantissa of "1" is assigned and d is p layed) . Any numbe r of d igits may be entered for t he
exponent, but on ly t he last two are retained by t he processor . Decimal points o r addi-
tional ΕΕΧ commands issued du r i n g exponent e n try are ignore d by th e processor and α
warning' is iss ued . The exponent sign is i n itially positive, but any numbe r of CHS
commands may be iss ued at any time du r ing expon ent e n try to reverse t h e existing
exponent sign . Exponent ent ry is te rmi nated by t he ENTER command or by any non-
numeric command except CHS, RUN, STEP , STOP , or PAU SE .

'Th e warn i n g message of ΧΧΧ WARN ING is not d isplaye d fo r th is warn i n g .
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Α . The Stac k .

4.1 Μ

	

25Κ

	

9.45

	

0 WGN1

	

1

Β . Pu sh ing α new data item (3 .414) i nto the stac k.

W Τ Ζ Υ Χ

4.1 Μ

	

. . . . . 25Κ . . . . . 9.45 . . . . 0 WFM

	

. . .-1 . . . . . . .414

C. The stac k afte r bei ng pushed. Notice that the original
conte nts of the W registe r are lost.

25Κ

	

9.45

	

0 WFM

	

1

	

3.414

D. Data item (3 .414) is popped to an outside ta rget as requ i red
by the processor .

το
25K-Α 25Κ . . . . 9.45 . . . . 0 WFM . . . . . . 1 . . . . . 3.414

	

Processo r

Ε. The stac k afte r bei ng popped. Notice that the contents of the
Wregister remain unchanged, bu t its d ata has been duplicate d

i n the Τ R egiste r .

25Κ

	

Ι

	

25Κ

	

Ι

	

9.45

	

Ι 0 WFM Ι

2873-44

6-4

Fig ure 6-1 . Α demonst ration of stac k "pushing" and "popp ing".
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When numeric en try is terminated , the mantissa is rounded to α maxim u m of fo u r
sign ifican t digits with in the ra nge of 1 .000 throu gh 999 .9, a nd the exponen t is
d isplayed as α letter if within the range of 10'2 to 10- ' 2 . At t his point, the valu e of
the numbe r is :

KEYI NG IN NUMBER S

(displayed exponent)
(rounded mantissa)*10

The location of the keys demonst rated i n the following exercises are shown in
Fig ur e D, b locks 2 and 8 at the front of t his manual .

Perfo rm the procedu re for Obtaining α Stored Display W it hout Waveforms given
ea rlier in this section .

Operands are keyed i nto the Χ registe r by pr essing the numeric keys in the
sequence used when writing on paper . For example, to key in t he number 851 .25 :

Comments

Ma ntissa sign is b la nk
indicating α positive number.

Successive mantissa d igits
ente red are d is played to the
right of existi ng d igits .
Notice that each ch aracte r is
generated by the associated
key .

Th e decimal poi nt is entered
as part of the mantissa.
Addition al decimal points
issu ed are igno red and α
warning' is given .

Up to α total of 12 characte rs
(digits + decimal poi nt) may
be keyed in . Add itional
characters ente red are
ignored a nd α warn ing' is
given.

'The warn ing message of ΧΧΧ WARN I N G is not d is playe d fo r this wa rni ng .

6-5

Press Χ Registe r F ield

8

0 85

0 851

851

851 .2

851 .25
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KEYIN G IN NUMBERS (Con t)

If the sh ift, © , command is issu ed during numeric entry the
processor will b lank 5 cha racter s of th e Χ r egister display to the r ight of
the center vertical g r aticule line and will display the F here . The value
of the number is not affected and the display is ret urned to normal
following α CLf command .

ENT ER I N G NEGATIVE NUMBER S

To key i n α n egative nu mber, press t he keys for th e n umbe r, t he n p r ess
(Change Sign ) . T he nu mbe r, preceded by α minus sign (-), will b e d is played in the Χ
register .

To change 851 .25 now in t he Χ register to α negative number:

Press

	

Χ Register Field

	

Comments

Th e sign of α numbe r may b e chan ged any n u m b e r of times, a nd at any time du r i n g
mantissa en t ry .

CLEAR IN G THE Χ REGISTER

If α mistake is made while k eyin g i n α numbe r, clea r the enti r e numbe r string by
pr essi ng

	

CLX

	

(Clear Χ Registe r ) . Then ente r t he cor r ect n umber .

For example, you have ente re d -851 .25 when you shou l d have ente r ed -814 .25 :

6-6

Press

814.25

CLX

CHS

ΝΟΤΕ

CHS

-851 .25

	

Notice th at only th e minu s
sign is d is p layed ; p ositive
numbe r s do not have α
d is p layed sign .

Χ Registe r F iel d	Comments

ΝΟΤΕ

0

	

The stac k is popped ; CLX
mnemon ic is d is played .

-814.25

	

The co rrect number is
e n te red .

The CLX command does not reset the Χ register to Φ ; it merely pops the
stack. /η the example, the Φ came from the Υ register.

REV JUN 1983



PERFO RM IN G TWO-O PERA N D FUN CTIO N S WITH CONSTAN TS

Two-opera nd functions are key commands that mu st have two nu mbers ente red in
ord er fo r the operation to be p erfor med . Examp les of two-operand functions are the
-, +,->f, a nd / arithmetic commands .

To place ιινο constants into the stack anti perf6rm an operation:
σ . Κer in the first number.
h. Pr ess

	

F.NTFR

	

to separate the first constant firom the second. The
first constant ηιαΥ , if necessσrr, he rounded h ι ' the processor at this
Γίηι e.

c. Kev in the second number .
cf. Pr ess the arilhιnetίc jύιτιιίοη keY to perjbrtn the operation.

When α function key is pressed, the processor (if not busy) immediately
executes that function .

To illust rate, a dd 12 a nd 13 by pressing

	

1Ο , Ο2

	

,

	

ENTER

	

,

	

1Ο , Ο3

	

, and
Ο . Notice t hat the stack is popped twice to remove t he operands έ - and 1 2 . The
result of 25 is th en pushed to the Χ register .

The other ar ithmetic functio ns are si m ilarly performed.

Herea fter in this manualwhen numbers are entered into the stack they
will not be represented as individual keystrokes .

Using The Wavefo rm Calculato r-7854

ΝΟΤΕ

ΝΟΤΕ

To Perfo rm : Press: Χ R egiste r :

25-13 25 ENTER 13 0

13 ~ 3 13 ENTER 3 0 39

12 / 4 12 ENT ER 4 Ο 3
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Ar ithmetic Function Operation

+: The conten ts of the Υ register is added to th e co nte n ts of t he Χ registe r ; res u lt is
returned to the Χ register .

-: The conten ts of the Χ register is subtracted from the conten ts of the Υ register ;
res u lt is returned to the Χ register .

The co nte nts of the Χ register is multi plied by the contents of the Υ registe r ;
resu lt is returned to the Χ registe r .

/ : The contents of the Υ register is d ivided by the contents of the Χ registe r ; result is
returned to the Χ register . Α warning' is issued if the divisor is Φ and the result is set
inte rn ally to the largest representable binary number and displayed as eight aste ris ks
preceded by the appropriate sign (i .e .,

	

) .

PERFORM I NG CHAIN CALCULATIO NS

D uring chai n calcu lations only one operation at α time is pe rformed, and t he res ults
are d isplayed as you calcu late . The stack stores t he intermed iate results until
needed, and t hen inse rts t hem into t he calculation . Th is ma kes all complex
calcu lations merely α se ries of one- a nd two-operand f un ctio ns .

For example, solve (9 + 5) / 2 =

If you were to work t he problem on paper you would first calculate the intermed iate
resu lt of (9 + 5) . . .

. and then you wou ld divi de the i nte rmediate resu lt by 2 . . .

14/2=7

To work this problem on the 7854, you proceed the same way .

Solve fo r the i ntermediate resu lt fi rst :

6-8

before proceeding so that your stack display will ag ree
with that shown in this exercise .
Press

ΝΟΤΕ

'The warning message of ΧΧΧ WARN I N - is not d is played fo r this warn ing.



PERFORM I NG C HAIN CA LCULATIONS (Con t)

Press

	

Display

	

Comments
Υ Register

	

Χ Register
Field F ield

9

	

Enter the fi rst number.
(The Υ registe r contains
the results of the last
fu nction perfor med .)

ENTER 0

5

	

Enter t he second number.

Now solve fo r the final result :

ΝΟΤΕ

Using The Wavefo rm Calculato r-7854

Separate the two numbers .

Notice that when the
number was b eing ente red it
was left-ju stifie d in the
Χ register field, and afte r
numeric entry is terminated
it is right- ju stifie d . ('
mnemonic is d isplayed .)

I ntermed iate result . (-' is
d isplayed.)

Th e EN TER does not need 1ο be pressed to separate the
intermediate resu lt from thenext number keyed in, since the processo r
assumes digits keyed in immediately afte r per fo rming any function are
α new en t ry.

Press Display

	

Comments
Υ R egiste r

	

Χ R egister
Field

	

F ield

2

	

The intermediate result is
pushed to the Υ register
when t he new entry is
made.

Pressing the function key
d ivides t he intermed iate
result by th e new nu mber
and returns the result to the
Χ registe r .

6-9
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PERFORM I NG CHAIN CALCULATIONS (Con t)

ΝΟΤΕ

The results of any mathematical function are displayed in the Χ
register field.

Problems wh ic h are even more comp lex can be solved in the sam e ma nner by
keeping the following rules in mind :

1 . Redu ce t he prob lem to α series of one- and two-operand functions .

2 . Separate the numbers of α two-operand fun ctio n by u sing the ENTER command
u n less one of the numbers is an inte r med iate result.

3 . Pressing any fun ctio n key im med iately pe r fo rms t he fu nction .

4 . I nte rmed iate res u lts a re accum u late d in the stack and inse rted into the problem
on α last-in, fi rst-o ut basis .

To ill u st r ate, let's solve the followin g prob le m :

[(12-* 2.67)-41 +

	

(0.707 * 15)

	

- ~1 414

	

=

First, rewr ite t he prob lem i n α se r ial fash ion of one- a nd two-operand fun ctions:

((12 * 2 .67)-4) + {2 / (0.707 * 15)} - \/ 1 .414 =

Now solve fo r the in te rmed iate resu lts :

Press

	

Comments

2

.707

15 CD 0

1 .414

6-10

12

	

ENTER

	

Th e fi r st i nterme d iate

2.67 Ο 4 Ο

	

resu lt of .

	

is dis-
playe d in theΧ registe r .

ENTER

ENTER

SORT

The second in te r me d iate
resu lt of 1 138.6m is
d isplaye d . Notice that the
fi r st i n te r me d iate resu lt
is now i n the Υ register.

The th ird i nte rmed iate
result of

	

, -- is
d isplayed i n theΧ register .



PERFORM I NG C HAIN CA LCU LATIO NS (Cont)

00

KEYING IN EXPONENTS

ΕΕΧ

Using The Wavefo rm Calcu lato r-7854

Now comp lete the problem by per form i ng the oper ations between the intermed iate
resu lts i n α rig h t-to-left sequence :

Press

	

Comments

The final res u lt of 27.04
is d is playe d in the Χ
registe r .

NEXT EXERCIS E BEGI NS WITH POWER-UP

When working wit h numbers wh ich a re either too la rge or too sm all fo r the
mantissa limits of 1 .000 to 999 .9, ente r the number using an exponen t (power of
10). To ente r an ex ponen t, press ΕΕΧ (Ente r Expon ent) following man tissa entry
or any non-numeric command . If α mantissa is not ente red pr io r to an
command , α defa u lt mantissa of 1 is assig ned and d is p layed . Th is is usefu l w he n
keying in exact powers of 10 . For exam p le, to key in 1 million (106) sim p ly press

6 .

ΕΕΧ

If mo re t han two d igits are keyed in following an ΕΕΧ command , only the last two
are retaine d and d is played.

Th e ex ponent sign can be changed any number of ti mes, anyw here dur i ng en t ry of
the exponent, by pressi n g

Altho ugh ex ponents can be entered as any power of 10, they are d is played as α
multiple of 3 followi ng te rmin ation of the exponen t en t ry state. Exponen ts between
the mu ltip lier ra nge of 10-12 and and 10' 2 a re displayed with letters, wh ile those
ou tside th is range are d is played as α 2- d igit intege r wh ich is α mu ltip le of 3 . The
ex ponent letter s, listed i n Ta b le 5-3, appear d i r ectly to the r ig ht of the ma ntissa
upon termin ation of num eric entry or after α compu tation .

REV JUN 1983

Mu ltiply t he 1 million previously ente red by 1000 by pressing

	

ENTER , 1000,
Notice th at the ex ponen t is d isplayed as α .. ; the processor a utomatically

maintai ned t he ex ponen t as α mu ltiple of three by sh ifting t he decimal p oi n t .

When α n u mber resulting f rom α calculation exceeds 9 .999 χ 10 99 in magnitud e, it is
d isplaye d as 9 aste r isks ( - - ) preceded by the mantissa sign . When the
numeric resu lt is equ al to or less than 1 .000 χ 10-99 , it is displayed as
(preceded by the mantissa sign). In bot h cases the value is in ternally main tained for
use in fu rt her calculatio ns .

6- 1 1
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REVI EWIN G STAC K CO NT ENTS
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Press

ENTER

ROLL

Press the
original registe rs.

2,

ROLL

U SING THE STACK
Th e STACK comma nds on th e Waveform Calcu lator allow th e use r to view a nd
rea rrange the co n ten ts of all registe r s i n the stack . The f u nction and ope r atio n of
these commands (C LS, CLX, ROLL, Χ<>Υ , and ENTER) a re illust r ate d in t he
following exe rcises . Also demonstrated ar e t he SORT, ΕΧΡ, LN, SGN , a nd ABS
functio n s . (See Fig . D, b loc k s 2 a nd 4 for t he location of t he keys demonst r ated i n
t h e followi ng exe r cises .)

The RO LL command allows you to review th e stac k contents o r to sh ift d ata wit h in
t he stack .

Pe r form the procedu r e fo r Obtai n i n g α Sto r ed Dis p lay Wit h out Waveforms give n
earlier i n t h is section .

To observe t he RO LL function, fi rst loa d the stac k with the numbe rs 1 t hrough 5 b y
pressing :

ENTER 3, ENTER

W Τ Ζ Υ Χ

4, ENTER 5

Th e stack is now loaded with the numbers you keyed in a nd looks li ke:

Eac h time the R OLL command is given, the stack contents shift ci rcu la rly right by
one registe r a nd the contents of the Χ registe r is rotated i nto t he W registe r .

and the stack contents are "rolle d" to :

W Τ Ζ Υ Χ

N otice t h at only t he conten ts of t he r egisters a r e s h ifte d ; t h e r egiste r s maintain
t h ei r p ositions .

sequence four mo re times to r et urn the data to t h ei r



EXC HAN GI NG Χ AND Υ

Th e χ<>y (Χ Exchange Υ) comma nd exchanges the contents of th e Χ register with
the contents of the Υ registe r wit hout affecting the oth er registe rs in t he stack . For
examp le, wit h the data intact from t he previous ROLL exer cise, pr essi ng
cha nges the stack from th is . . .

to t h is . . .

χ<>Pr essi ng
or iginal positions .

CLEAR ING THE STACK

U SI NG THE ENTER COMMAND

U sing T he Wavefoιm Calculator-7854

W Τ Ζ Υ Χ

W Τ Ζ Υ Χυ
again will return t he numbers in the Χ an d Υ registers to th ei r

To clear all five registers of the stac k , press
replaces all data contai n ed in the stac k with ze ros :

W Τ Ζ Υ Χ

C LS (Clear Stac k ) . Th is

Clea r ing the stac k before starti ng α new calculatio n is not necessa ry since the
processo r will p us h t he stac k before ente r i ng α new nu m ber .

You ca n ve r ify that the stac k h as been clea red by u si ng the ROLL command to
review the stac k conten ts .

When α nu mber is keyed in, the stac k is pus hed and the new num ber is then
wr itten into the Χ registe r . In order to key in α second number, you mu st separate
the d igits of the fi r st numbe r f rom the d igits of the seco nd by term inati ng the
numer ic en t ry state of the processo r . Th is is done with t he ENTER comm an d .

6- 1 3
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USING THE ENTER COMMAN D (Con t)

For examp le, key in the number 45 and the stack looks li ke:

Press

to this . .

to th is . . .

6- 1 4

ENTER

W Τ Ζ Υ Χ

Numer ic en t ry is term inated (as i ndicated by th e rig h t sh ift of the Χ register
co nte n ts) and t he stac k is prepared fo r α new numb er . Therefor e, when you key i n
the second num ber of 48 the stack con ten ts change from th is . . .

For examp le, to square 48 : press
ch anges through th is . . .

W Τ Ζ Υ Χ

1 0 1 0 1 0 1 0 1ι

	

ι

ω τ z Υ χ

Notice that the stac k is pus hed at the begi n ning of n ume r ic entry so th at there is no
need fo r the ENTER command to also push t he stac k . However, if the processor is
not in t he numer ic en t ry state when an ENTER comman d is iss ued (e .g ., an
ar ithmetic f un ctio n key was ju st pressed ), the stac k is pu shed and t he contents of
the Χ registe r remain unchanged . Th is is useful for eit her pe rfo rming an ar ithmetic
fun ction upon an i ntermed iate resu lt, fo r maintain ing and sepa rating the first
intermed iate resu lts from α second , or for perform i ng α two-operand function when
the two opera nds are identical .

ENTER

W Τ Ζ Υ Χ

ENTER

W Τ Ζ Υ Χ

0

	

0 1 0 1 45 1 2 .30t. ;:` ι

Ο , and the stac k



OBSERVI NG STAC K O PERATIO N WITH SI NGLE-OPERAND
FUNCTIO NS

Single-operand fun ctio ns (SQRT, ΕΧΡ , LN, ABS, a nd SGN) are p erformed upon the
contents of t he Χ register only and not upon the contents of the Υ, Ζ, Τ, o r W
registers.

Th e absolute value of α con stant is th e magnitu de of th e constant without reference
to t he sign . To obtain the absolute val ue of the -20 : press 20,
Th e result of _ is given i n t he Χ register .

IMI
2. C' /'-D .

REV JUN 1983

TheSG N (Signum) and ABS (Absolute Val ue) comma nds alte r the opera nd i n theΧ
register . The SGN fu nction is most usefu l when perfo rmed on α waveform a nd is
used to indicate whether the contents of the Χ register (constant or referenced
wavefo rm ) are greate r than, equ al to, or less than ze ro. Th ese three states are
ind icated by 1, 0, a nd -1, respectively . For examp le, to obtai n t he signum of - 20:
press 20, CHS , α , SGN . Th e resu lt of indicates that the original
val ue was less tha n ze ro.

ΝΟΤΕ

U sing The Waveform Calcu lator-7854

example, to fi nd t he sq ua re root of 25 : press 25,

	

SQRT . Th e resu lt is 5.
To obtain the squa re root of α number in the Χ registe r , press

	

SQRT . For

NOTE
Α SQR WARNiN- is issued if the contents of the Χ register are negative
prior to executing the SORT command, and the square root of the
magnitude is returned .

To compute t he n at ur al loga r it hm (log,, Χ) of the nu mber i n t he Χ register, press
. For example, to obtain the n atural log of 8: p ress 8,

	

LN

	

. The resu lt is

Α LN WARN .

	

is issued if the contents of the Χ register is :- .' pr io r
to the LN command.

ABS

The exponential fu nction is computed by raising e (2.718) to the powe r of the
nu mber in the Χ register. For exam ple, to compute el": press 8,

	

The
res ult of

	

Κ, is given in the Χ registe r .

Exercise continues on next page

6-1 5
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OBSERV I NG STACK OPERATION W ITH SINGLE-OPERAN D FUN CTIONS (Con t)

The ιιτα themαιίιαl fυηclίοιτs of lοχι, (r), χ ', anti ~are not provided as
single ke ι'str οke commands on the Waνefnrm Calculator, but may he
accomplished using the keYstroke sequences outlined below:

To compute 1οχι, (r):

For example, to calculate 1πχ 2 (64) : p ress 64

To compute .r
a. KeY in the value of v.
h . Press LΝ .
c. Κey in the value of y.
d. Press

F) .
e . Press a Ιί . ίΤ

For example, to calculate 34 :

Το compute V .r .-
a. Key in the value οl r.
h . Press
ι . Key in the value ol' v .
ι1 . Press
e. Press a(TAn

press 3

For examp le, to cαlινΙσιe ~_128 . press 128

LNJ

4 CD

L ;V 7 VA'

LSP

a. KeY in the value of v.
h . Press LΝ .
c . KeY in the value of' b .
d. Press
e. Press ρ .



In addition to accumulation of inte rmediate results by the stack, fifty constant regis-
ters (100 with Option 2D 1) are accessible fo r the storage of constants . These con-
stant registers are unaffected by operations occurring within the stack and are
referenced with address numbers 0 through 49 (0 through 99 with Option 2D 1) .

STOR I NG Α CONSTANT

To store t he n umber 2.5 in constant register 4: press 2.5,
>C NS

To .V101 e ιι ιιιιιιι!Yr in ιι ιιιιττιαω ωχίsιer:
α . /per ill ι/W ιιιιιΑιιιιιι .
h. Terminate numeric eιιιι r h. ι ' ρres .sίιτ,ς
ι. Key in the reg ister add ress number (0 through 49, or 0 through 99

with Option 2D ') where the constant is to be stored.

>CNS Operation: Th e contents of the Υ register are copie d into the constant
register designated by t he address number i n the Χ register , then the Χ register is
popped and t he consta nt is d isplayed i n t he Χ register field.

>CNSRestriction: The contents of the Χ register (constant register address) must
be an integer between, and incl ud ing, 0 through 49 (0 through 99 with Option 2D 1) .

RETRI EV I NG Α CO NSTANT

To copy data from α constant registe r to the Χ register : first key in t he constant
registe r address, the n press

	

CNS . To recall the number 2 .5 from register 4 :
press 4,

	

CNS

	

. The stored constant is r et rieved and dis p layed in the Χ registe r
field.

U SI NG THE CONSTANT REGISTERS

U sing The Waveform Calcu lato r-7854

ENTER 4,

CNS Restriction: Initially the Χ register must contain α constant whic h (when
rounded) is an intege r between, and incl ud ing, 0 through 49 (0 through 99 with
Option 2D 1) .

ΙApplies only to i nstruments with serial numbers below 8085121. For instruments with
se rial number 8085121 and above, feat ures pr evio usly pr ovided byOption 2D are standard .

CNS Operation: The content of t he consta nt register (desig nated by t he address
nu mber in the Χ registe r ) is copied into t he Χ register .

REV AUG 1986
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RETR I EV ING Α CONSTANT (Con t)

When α number is recalle d f rom α constant register, th e register address is popped
f rom th e stac k to the processor, then t he contents of t he specified consta n t registe r
are copied i nto the Χ registe r (t hereby push ing t he stac k ) . Therefor e, α co n stant can
be r ecalled any number of times wit hou t alte ring it, since it is maintaine d i n the
co nstant register u ntil overwr itten .

To clea r α constant registe r simp ly store 0 in it .

NEXT EXER CIS E BEGI NS WITH POWER-UP

6-18

WAVEFORM PROCESSING
The waveform processo r provides the co mputi ng capab ility fo r th e 7854
Oscillosco pe system includ i ng scalar a r ithm etic and functio ns on either co nstan ts or
waveform s, and wavefo rm scalar parameters and vector f unctions . Th is su bsection
demon st rates wavefo rm processi ng u si ng the Waveform Calcu lator.

WAVEFORM MEMORI ES AND RESOLU TION
T h e me mory space availab le with in the processor fo r wavefo rm storage is α fixed
amou n t ; however , the u tilization of th is space is selectab le by the operator . By
setting the points-per-waveform (Ρ/W) val ue the waveform memories are allocated
an d t he stored wavefo rm resolu tion is selected . Th e availa b le Ρ/W val ues (except
on the Option 0D in strum en t w h ic h is set at 512) are 128, 256, 512, a nd 1024 ; all
stored waveforms a re the same resolu tion at any given time . In add ition to
dete rmining stored waveform r esol u tion , the selected Ρ/W value also dete rmines
the number of waveform memo r ies availab le at any given time. The h ig her the Ρ/W
val ue selected , t he greate r the resolu tion, bu t fewe r waveforms can then be stored .
Tab le 6-1 summa r izes the effects of each Ρ/W value on waveform resolution ,
wavefo rm memories, and th e stored waveforms.

C ha n ging t he Ρ/W val u e initiates α ma jor rearrangement of th e waveform
memo r ies suc h t hat all stored data and status in fo r mation co n tain ed in waveform
memory is dr astically affected . Pr io r to α > Ρ/W (Set Points/Waveform) com mand ,
each waveform memo ry con tai ns the ve rtical coordinates of the wavefo rm p oin ts,
the vertical ze ro reference level, a nd the scale facto rs associated with the wavefo rm
points .



3 . All stac k registers are set to 0.

Display late r in this section.

TA BLE 6-1
> Ρ/W E ffects

ΝΟΤΕ

Each ve rtical divisio n of the stored wavefo rm contains α minimum ο1
102.4 Incremental levels at which the waveform points can be set.

The effects of α -- Ρ/W command are the following:

U sing The Waveform Calculato r-7854

1 . Although the ve r tical coord i nate of eac h p oint is retai n ed in sto rage, the
rearrangeme n t of the wavefo r m memories may h ave made these valu es
mea n i ngless i n r elatio n to t he h eaders (scale factors, ve r tical ze ro reference, and
operational wavefo r m number) with wh ich they are now associated .

2 . The oper ation al waveform (O PW) number of the d is playe d wavefo rm is set to 0.

4 . An implicit TIME comman d is executed by t he processor.

5 . An im p licit C LD (Clea r Display) command is exec u ted by t he processo r .

ΝΟΤΕ

The TIME and CLD commands are described under Stored Waveform

Ι App l ies only to in strumen ts with ser ial numbers below Β085121 . For in st rume nts with
serial number Θ085121 and ab ove, feat ures previo u sly provided byOption 2D are standard .

REV AUG 1986
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7854
Version

Ρ/W
V alue

Total
Waveform
Memories

Waveform
Memory
Addresses

Waveform
Point

Num bers

Number of
Poi nts Per
Horizontal
G r aticu le
Division

7854 W it h
O p tio n OD

512 2 0-1 0-511 51 .2

Standa rd 7854 1 128 16 0-5 0-127 12.8
256 8 0-7 0-255 25.6
512 4 0-3 0-511 51 .2

1024 2 0-1 0-1023 102 .4

Wit h Option 2D 1 128 40 0-39 0-127 12.8
256 20 0-19 0-255 25.6
512 10 0-9 0-511 51 .2
1024 5 0-4 0-1023 102 .4
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Sto red waveform data is not lost un til α comma nd is executed wh ich eit h e r ch anges
t h e val ue of th e waveform poin ts or of t h e sto r e d scale facto r s . Un til t h is occu rs, t he
o r iginal wavefo rms can be recovered by issuing another " Ρ /W command to r esto re
t h e o r iginally selected value . However, t he stack conte n ts, d isplay statu s, and OPW
number ar e not recove r a b le .

WAVEFORM ACQU ISITION AND DATA STORAG E
The Waveform Calculato r allows one o r two r eal-time waveforms to be acq ui r ed i n to
waveform memory wit h the use of t he AOR or AQS commands . To do so, howeve r ,
no mo re than two real-time wavefo rms may be selected for d is p lay ; also, no plug-in
chop modes a r e permitted pr io r to issu i n g t he comma nd . Whe n only one r eal-time
waveform is selected fo r d is p lay it is sto r ed in wavefo rm memory 0 . When two
wavefo rms a r e stored in th is ma nne r , use the followi ng ru les to dete r mi ne which of
t h e selected real-time waveforms is store d in waveform memo r y 0 (0 WFM) and
wh ic h is sto re d in wavefor m memory 1 (1 WFM) :

1 . If t h e VERTICAL M ODE switch is in eit h er ALT or CHOP to select two real-time
waveforms for d isp lay, 0 WFM is f rom t he LEFT VERT am p lifie r un it a nd 1 WFM
is from t he R IGHT VERT amplifier u nit .

2 . If t h e selected amp lifie r p l u g-in u nit (eit h e r LEFT VERT or RIGHT VERT) is in t he
alte rnate mode, 0 WFM is f r o m channel 1 and 1 WFM is f r om cha nnel 2 of t he
selected amplifie r unit .

3 . If t h e VERTICAL MOD E switch is in ADD and eith er ve r tical amplifie r is i n t he
alternate mode to select two real-time waveforms fo r d isplay, 0 WFM is ch a n nel
1 of t he alte rn ati ng a mplifier added to t he oth e r vertical amplifie r inpu t sign al,
and 1 WFM is c h annel 2 of t h e alte rn ati n g amp lifie r added to the oth e r ve rtical
amplifier i np ut sign al .

4 . If t he H OR IZO NTA L M ODE switc h is i n eit he r ALT o r CHO P to select two real-
time wavefo rms fo r d is p lay, 0 WFM is f r o m the Β HOR IZ time-base un it and 1
WFM is f r om the Α HO RIZ time base .

Scale facto rs are sto red with the appropr iate wavefo r m component wheneve r
possi b le . Refe r to t he informatio n give n u nde r Waveform Storage Con si d e r ations in
Sectio n 5, Using t he M easu rement Keyboa rd , for fu rt h e r d etails on scale facto r
acqu isitio n .

When using an Ave rage command to store α waveform , reme mber th at only one
real-time wavefor m can be selected fo r d is p lay p rio r to AVG execution . Also, since
the processor uses 1 WFM memo ry space as wo rk ing sto rage to pe rform the A VG
command, any waveform stored in 1 WFM will be lost unless it is copied into
another wavefo rm memory using the WFM (Copy to WavetormMemory) command.
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The following exercises only illustrate the function and operatio n of the WFM
ACQUISITION and DATA STORAG E commands (except CNS and >CNS) a nd must
be seq uentially pe rform ed in order to obtain resu lts simila r to t hose s hown. (The
CNS and C NS commands were pr eviously demonst rated under U sing the Constant
Registers ea rlier i n this section.) Fig ure D, b locks 10 and 15 shows the location of
the keys de monstrated in t he following exercises.

OBSERVI NG THE WAVEFORM M EM OR IES AT POWER-UP
Perfo rm t he procedure fo r Obtaining α Scope Display in Section 4, Scope Display
M ode Information.

Position the CALIBRATOR sig nal so th at the fi rst positive-going pulse starts at the
second vertical graticule line, a nd so the square wave is cente red a roun d the cente r
horizontal graticule li ne.

Set the STORED I NTensity control to qu arte r range .

To observe th e power-up cond itions of the waveform memories:

Press

	

Display

	

Comments

STORE D

P/W ϊΟΡW, θ V2R',θ
1

θ

STORED

U sing The Waveform Calculato r-7854

The power-up cond ition
of θWFM is d isplayed:
All point values are set to
θ, VZR is set to ρ, and
the scale factors are set
to 1 V a nd ϊ S . All stack
registe rs power-up to 0.

,s

	

The wavefo rm resolution
register powers-up to a

ί

	

setting of 512 as
presently displayed in t he
Χ register ; t herefor e, the

wavefo r m memories are
organized as presented i n
Table 6-1 allowing 4
waveforms to be stored
with the stan dard 7854
inst ru ment.

Exercise continues on next page
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O BSERV IN G THE WAVEFORM MEMO R IES AT POWER-UP (Cont)

10

Waveform memories 0 and 1 (0 WFM and 1 WFM) should be used only
for transitory storage of waveforms since 1 WFM is used for working
storage during Average commands and both memories are used to
store newly acquired waveforms with dual-trace acquisition . /η
a ddition, computed waveforms are always stored in 0 WFM.

Press
WFM

WFM
;OPW'1

	

V2R Θ

Display

	

Comments

ΝΟΤΕ

1'V

1s The power-up condition
of 1 WFM is d isplayed .

The >--~, i reading has
cha nged to r eflect t h at 1
WFM is now displaye d
even t hough the c hange
is not percep ti b le si nce
the i n formatio n in each
waveform memory is
i d entical at t h is time .

W ί-k,

	

~ROR is issue d
because 10 WFM is not
α vali d wavefo rm
memo r y address with th e

prese n t con d ition s .

WFM Rest r iction s : The Χ registe r mu st co n tai n α constant w h ich (when roun de d ) is

an intege r from 0 to th e maximum wavefo rm me mo r y address available with t he
present system conditions p rior to executing t h e WFM command . i s
iss ue d if t h e rest r iction is violated .
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~ιrsar

SETTING THE GROUND REFERENCE

The Waveform Calculator allows setting one or two separate ground reference
levels, one for waveforms acquired i nto 0 WFM a nd a nother for waveforms acquired
into 1 WFM, with α single GND command (see Setting the Ground Reference in
section 5 for further details) .

To set the ground reference level for waveforms subsequently stored into 0 WFM
and 1 WFM, first return to

	

display mode by pressing

Set the VERTICAL MODE switch to ALT .

Set the input coupling switch of both amplifier units to ground .

Position the LEFT VERT trace to three divisions below the center horizontal graticule
line, and the RIGHT VERT trace to one d ivision above the center horizontal graticule
line :

Press

	

Display

	

Comments

' ΟΡ W'1 '.VZ R '. θ

955 .1-

	

3. π ',J7 G1'7

The ground reference
(vertical zero reference)
has been set for wave-
forms subsequently
stored into 0 WFM a nd
1 WFM .

The ground reference
setting for 0 WFM is
displayed in the Χ
r egister and the ground
reference setting for 1
WFM is in t he Υ r egister .
These values apply only
to waveforms acquired
hereafter . (Perform the
next exercise, Acquiring
Two Waveforms, to see
how these ground
references are used .)

. .

	

is
issued if the command is
prematurely terminated
with α STOP, or if more
than 5 Ο/ο contiguous
points are u nfilled .

Exe rcise continues on next page
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SETTI NG THE GROUND REFERENCE (Con t)

GN D Operation : 128 poin ts of th e real-time waveform a re acqu i red as described
for t he AQR command in sectio n 5 . Then t he processor computes the algebraic
mea n val ue of the acqu i red p oi n ts ( relative to the center horizon tal gratic u le line)
an d stores th is in the g round reference register. The conten ts of waveform memory
are not change d . If no p oi n ts have been acqu ired , due to α premat ure ter m ination
via the STOP comma nd , the ground reference is set to 0. Th is process is then
repeate d fo r the second wavefo rm. ( Note th at at power-up the ve r tical ze ro
refe rence, VZ R, is set to the ce nte r horizontal gr aticu le line .)

GN D R estrictions : No mo re tha n two real-time waveforms, an d no pl ug-in u nit
chop modes, are perm itted pr io r to issui ng α G N D command . GND ERROP is
issued if either restr iction is violated .

ACQU I R I NG TWO WAVEFORMS
To demo n st rate h ow to simu lta neously acqu i re two real-time wavefo rms, fi r st
return the inpu t coup ling switch of the LEFT VERT amp lifie r to dc . Then set th e Α
HOR IZ time-base un it to 1 ms/d iv, the HOR IZO NTA L MODE switch to ALT, and the
VERTICAL MODE switch to LEFT. Press SCOPE . Set the Α INTEN SITY fo r α
visib le d is p lay. Use the VERT TRACE SEPARATION (Β) con t r ol to p ositio n the
b aseli ne of the Β HOR IZ squ are wave to the ce nte r hor izon tal gr aticu le line . (If
necessa r y, adju st the Α H OR IZ time base to position the Α d isp lay to begin at th e
first ve rtical gr atic u le line .)

Press

	

Display

	

Comments

AQR B oth d isplaye d real-time
CA L IBRATO R signals are
acqu i red and stored in
wavefo rm memory ac-
cording to the previously
d isc ussed rules. (See
WaveformAcq uisition
an d Data Storage .)

- is

issued if default scale
factors areassigned, if

non-unique scale facto rs
are detected (e .g ., real-
time ADD mode select-
ed), if mo re than 5°/ο
con tig uouspoints are
u nfille d , or if t he
command is premat urely
te rminated with th e
STOP command .



ACQUIRI NG TWO WAVEFORM S (Cont)

AQR Rest rictions: No more tha n two real-ti me waveforms and no plug-in un it c hop
modes are pe rmitted pr io r to issuing an AQR comma nd . , :; ς", ER :F;is issued if
either restriction is violated.

Press

	

Display

	

Comments

STORED

WFΓΛΛ

'~.OPW 0 ι. VZR ~3.007

:1 WFM ' θ WFM STORED'

pPW 1

	

VZR σ . θ 55

~ ΘωFΜ

	

~

	

1~.WFM~~. WFM

U sing The Waveform Calcu lato r-7854

Th e stored cali br ator
signal from the Β HOR IZ
sweep is shown d isplay-
ed with the previously
set ground reference

.- : .,----,)infor-
mation .

The stored cali brator
signal from t heΑ H ORIZ
sweep is d isplayed. Th is
waveformwasstored in 1
WFMwhen the previous
AQR was issued, and is
referenced to t he ground
setting (%i : -) or 0.955 .
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COPYI NG STO RE DWAVEFO RMS

The "WFM command allows duplicati n g waveforms between wavefo rm memories .
To copy the waveform from 1 WFM to anothe r sto r age location within wavefo rm
m emor y :

3 a

0

Press

	

Display

	

Comments

>WFM
ΟΡωΙ 3 VZH . 0 .3-" '

>WFM Restrictions : The Υ r egiste r must con tai n t h e waveform me mo r y address
of t he waveform to be moved , and the Χ registe r must contai n α consta n t whic h ,
when rounded to an i n teger , is t he ad d ress of α valid wavefo rm memory whe re
th e waveform is to be duplicated , p rior to execution of the W FM command .
WF ER R S' : is issued if eit h e r r est r iction is violated .

To copy the contents of 0 WFM to more pe rmanent sto rage with i n waveform
memory :

Press

	

Display

	

Comments

WFM

Π WFM

	

3 WFM ~WFM

Th e wavefo rm poi n t
values (with scale
facto rs and ve rtical ze ro
refe re nce) a r e cop ie d
into 3 WFM . Notice t h at
the

	

has c ha nged to

r eflect that thewaveform
now displayed is f rom
3 WFM, alt houg h th e
information is retai ne d in
1 WFM un til α command
is issu edwh ic h ca uses
t he processor to place
new info rmation in
1 WFM .

0 WFM is ente r ed into
t he stac k an d its contents
are d is playe d .



[1-W-FM OPW3 VΖR-3. θθ7 Ζ V

3 WFM

	

ϊ WFM WFM ~~.

Using The Waveform Calcu lator-7854

CO PYI NG STORED WAVEFORMS (Cont)

Press

	

Display

	

Comments

2 5θθυδ The co nte n ts of 0WFM

are dup licated into 2

WFM ; 2 WFM is

d is played and reflected

by th e Γ> ""- ' number .

To cοΡν t h e contents of one κ ανe/ίι r ιιι mernorv into another :
α . First recall the κανe/6rιττ to h e copied using the WFM command.
h . Fιτι er th e number ο/' the new ωαι e/ ίιrm meιιτο rr location .
c. Press

	

>WFM	to cohr the data .
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AVERAGIN G Α WAVEFO RM
By u si ng the AVG com mand available on the Wavefo rm Calculato r keyboard , t h e
o pe r ato r can designate the numbe r of Ave rages to be done to α re p etitive real-time
waveform .

To demonstr ate t h e AVG command by ave r agin g t h e CALIBRATO R sign al 75 ti mes,
fi rst ret urn to th e SCOPE d is p lay mode by pr essi ng SCOPE . Then set the
HORIZONTAL MODE switch to Β and ve r tically cente r the CALIBRATO R signal
a r ound the center hor izontal g r atic u le line . T h en :

75

The noise-reduction characteristic of the AVG command is
demonstrated in the exercise for Averaging Α Waveform in Section 5,
Using the Measurement Keyboard .

Press

	

Display

	

Comments

ΒΟΤΗ

AVG

ΝΟΤΕ

The real-time CAL IBRA-

TO R signal and the

conten ts of 2 WFM ar e

d is p layed . (T he BOTH
d is p lay mode is used
he re to ai d in unde r-

stand ing t he AVG

ope r ation .)

Bot h the real-time and
the newly ave raged

calibrato r sign als a r e

dis p layed . (To verify t h is,
va r y t he LEFT VERT

p osition cont r ol .)

AVG WARN ING is

iss ue d if m o re t han 5%

contigu o u s points are
un fille d , o r if t h e

comma nd is prematurely

te r minated with α STOP .

AVG Rest r ictio n s : The Χ registe r mu st con tain α constan t wh ic h (when r ounded) is

from 1 to 1023 in cl u sive, and only one real-time waveform is pe r mitte d , pr io r to
iss u i n g any AVG comma nd . AVG '-1 RO,'.:; is issued if eithe r restriction is violate d .



AVERAGING Α WAVEFORM (Cont)

To obse rve the effects of an Average command on 1 WFM :

Press

	

Display

	

Comments

STORED

WFM

Press

	

Display

	

Comments

0

	

WFM

	

Display 0WFM contents .
OPW

	

', VZR' " Γι 07

	

Υ 2., V νν Ι

	

50Ομ5:

ΓΟΡ W~ θ

	

vZR -3.θ 07_

	

_

	

-,η

	

2V

	

~~,!

	

θθθυ ~

'~.2 WF M

	

~.

	

θ WF M S ΙΠΡεΟ

Ρω VZR - 0

' υ ωF ππ

	

I WPM ωεππ

OBSERVI NG E F FECTS OF Γλ > Ρ/W

R eview the prese nt contents of each of the fo ur waveform memor ies (available i n
the standard 7854 with the present conditions) :

Using The Waveform Calculato r-7854

Return to STORED
d isplay mode. (The real-
time signal is no lo nger
displaye d .)

Th e contents of 1 WFM
are d isplayed. Notice that

1 WFM is r eturned to the
power-up cond ition after
having been used as
work ing storage by the
processor fo r th eAVG
comma nd . However,
si nce we had duplicated
the wavefo rmdata i nto 3
WFM prio r to theAVG,
the data has not been
lost .
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2

3

OBSERV ING EFFECTS O F Α >Ρ/W (Con t)

Press

	

Display

	

Comments
1

	

WFM

	

OPW

	

VZR
;

	

Ιν

	

, ς ,

	

Display 1 WFM contents .

WFM

[-W-FM

Θ WFM

	

1 WFM WFM

iORW2 vZR 3 . π J7

η WF M

	

Ι

	

2 WFM

	

WFM

	

'~..

s0eus Display 2 WFM conten ts .

Display 3WFM conte n ts .



OBSERVI NG EFFECTS OF Α >Ρ/W (Cont)

Now, let's c ha nge the Ρ /W value and obse rve the reorganizatio n of the wavefo rm
memories :

1024

Press

	

Display

	

Comments

>Ρ/W

REV ΜΑΥ 1982

~OPW '~

	

VZR ~

	

ι

	

2V

	

lm

U sing The Waveform Calculato r-7854

The Ρ/W value is
cha nged from 512 to

1024 ; therefore, each
waveform memory now
contains twice the num-
ber of waveform poi nts .
(Since the processo rs'
memory can only h old α
set number of wavefo rm
poi nts, this has the effect
of d ividing the number of
availa ble waveform
memories by 2 .) The first
512 displayed points
were in 0WFM and the
second 512 points we re
in 1 WFM pr io r to the
>P/W . The processo r
automatically rescales
the horizontal spacing of
the d isplayed poi nts so
that th ey span only the
10-divisio n g ratic u le .
Therefore, t he scale
factors and

	

will not
necessarily reflect the
true val ues of the newly
d isplayed waveform .
Also, note that t he stack
registe rs have all been
set to

	

.

>Ρ/W Restrictions: The Χ registe r must contai n α consta nt wh ic h (when rounded
to an i ntege r ) is one of 128, 256, 512, or 1024, pr io r to execution of the > Ρ/W
command .

	

is issu ed if this restriction is violated.

Exercise continues on next page
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OBSERVI NG EFFECTS OF Α >Ρ/W (fon t)

To recover the waveform s as they we re orignally stored :

Press

	

Display

	

Comments

> Ρ/W
~ιΟΡW',0

	

.VZR '3 . Ο 11 7

	

2V

	

',

	

5 00υ S'~

Θ Prw

ΝΟΤΕ

The cali brator signal
stored u si ng75
is displaye d as or igi n ally
stored i n 0WFM. All
wavefo rm memo r ies have
been restr u ct ured .

AVG

Stored waveformdata is recoverable only if the Ρ/W value is returned
to the original setting before α command is executed wh ich either ,
changes the value of any waveform point, the stored scale factor s, or
the vertical ze ros .

RECALL ING AND SETTING THE VALUE O F Α POINT

Each stored p oi n t of the operation al wavefo rm ca n be di rectly accessed .

For exam p le, to recall the ve r tical value of the 102nd point:

Press

	

Display

	

Comments

102

	

ΟΡW θ

	

VZR η'-3 . Θθ7

	

-

	

2 'V

	

5Θθ 1s .

	

We have ente red the
poin t num ber of 102 in to
the Χ registe r . Th is is the
poin t whose ve r tical

Π

	

Π

	

Π

	

Π

	

Γ-`

	

val ue we need .

0 102



RECALL I NG AN D SETTING THE VALUE OF Α POINT (Cont)

Press

	

Display

	

Comments

ΡΝΤ

PINT Rest r ictio n : The Χ registe r m u st contain α constant wh ic h , when rounded to
an intege r , is f rom 0 to the maximum wavefo rm p oi n t number (incl u sive) . :-AT

L, ! is issued if t h is restr iction is violated .

To have the processor return th e vertical value π/ α specific point on a
δ'tOre(1 Ν ' αΥι'tπrη7 :

α . Κer in the number of the poinf.
h. Press FPNT
π Read the vertical value μ( the cles ίχηatecl point front the Χ re,qίster .

Now, let's c han ge the val ue of α sp ecific p oi n t . To ch ange the present setti ng of
p oi n t n u m ber 102 to the VZR setting of 0 volt :

0

Press

	

Display

	

Comments

ENTER

OPW θ

	

VΖ RT-3 . θθ 7

	

Ζν _-_
	5 θθμδ :.

Θ: θ 51 ΡΝ 3

Using The Waveform Calculato r-7854

T he ve r tical value of point
102 is d isplaye d in the
Χ register .

The ve r tical value of 0
volts relative to the VZR
of theOPW has been
entere d into the stac k .

Exe rcise continues on next page
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RECALL I NG AN D SETTIN G THE VALUE OF Α POINT (Cont)

Press

	

Display

	

Comments
102

	

οΡω
θ

	

VZR	3 . Θθ 7

	

τν

	

5θθμδ ',

	

The point numb er wh ic h
we a re going to set at the
0-volt level is ente red
into the Χ registe r .

> ΡΝΤ

102

(ΟΡωθ~ -~~VZ R -3 . ΘΘ7~~

8 .051 .

	

θ > ΡΝ 7

500μ5', Point 102 is set at the
desig nate d vertical level .

(If necessa r y, a dju st t h e
STORED I NTensity .)

>ΡΝΤ Rest r ictions : T he Υ registe r must contain α constan t wh ich , when d ivi d ed by
t he vertical scale facto r , resu lts i n α numbe r within t h e ve rtical ra nge limits of +20
and -20 divisio n s f r om the cente r h o r izontal g r aticu le line . Also, t h e Χ registe r must
contain α constan t wh ic h (w h en rounded) is an intege r f rom 0 to the maximum
wavefo r m p oi n t number in cl usive . i s issued if any of these restr ictio ns
are violated .

To set α .slιec ί/ϊc Ιιυίηι to α ιlιtr ί,ςιειιι eιΙ vertical vahie:
α . Ker the vertical value at κ hίclι the Ρπίιιι ίs ιπ he
Ιι . Press FΝ 7'f_'R
ι. Κer in the number of the 1)oint to he set.
ιΙ. Pr ι 'Ss >ΡΝΤ

set .



DISPLAYING THE READOUT SETTING

R DOUT

GND

OPW θ

	

V2R 3 . Θθ 7

ΝΟΤΕ

Usi ng The Waveform Calculato r-7854

The real-time readout value gene rated by th e selected plug-in units ca n be
d isplayed individu ally in the Χ registe r by using th e RDOUT command .

For example, to d isplay t he readout valu e of readout word 0 (see F ig . 4-1) :

Press

	

Display

	

Comments
. 00 500μS T he numeric value of the

real-time readout of the
LEFT VERT cha nnel 1 is
d isplaye d in the Χ
registe r . Norice that the
u nit symbol

	

is not
d isplayed with the value.

is

issu ed if the designated
rea do ut position is blank
or contai ns no numerals
in the SCOPE d is p lay
mode.

Although this command is available as the shift function ο1 the
key on the measurement keyboard, it is only useful if the

Waveform Calculator commands are available to the processor, since
the RDO UT command requires an operand to be entered in to the Χ
register prio r to command execution .

RDO UT Restriction : The Χ registe r must contain α constant which (wh en rounded)
is an i nteger from 0 to 7 (inclusive) pr io r to execution of the R DO UT command .
RDO-, .- .

	

is issu ed if the restriction is violated.

NEXT EXER CISE BEGI NS WITH POWER-UP
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COMPUTED WAVEFORM SCAL IN G, OVERFLOW,
AND UNDERFLOW

All new waveforms wh ic h have been generated b y t he processo r (e .g ., with the use
of t h e a r it hmetic functions) a re automatically scaled ve rtically so t h at :

1 .

	

The ve r tical scale facto r is i n t h e format of d

	

* 10", whe re d =

	

ι , 2, or " , a nd η =
i ntege r .

2 . T he VZR is set to α f u ll g r aticule division with i n t he ve r tical r a n ge limits of +20 and
-20 division s from t he cente r h o r izo n tal g r aticule li n e .

3 . T he waveform points a re d is p layed wit h i n + o r - 3 .5 divisions from th e cente r
h o r izo n tal g r atic u le line .

4 . F i r st t h e vertical scale facto r and then t h e VΖR ar e set as small as possib le while
still co n sistent wit h 1 t hr ough 3 above .

Wheneve r α waveform point value (vertical scale factor times th e p oint val u e, i n
d ivision s r elative to t he VZ R ) is smalle r t h a n t he s m allest i n te rn ally re presen ta b le
value of 1 * 2-32 .767, it is set to 0 .

If all poi n ts of α waveform ar e 0, t he VZR. i s set to C, t he ve r tical scale facto r is set
to 1, and t he ho r izon tal scale facto r is left u nch a nged .

If α p oint val u e exceeds t he la r gest i n te rn ally r epresentab le value of : (1-2-15 )

(2 32,767),

	

it

	

is set to t h is valu e and th e waveform	isscaled to + or -3 divisions .

WAVEFORM S AS AR ITHMETIC OPERANDS
Th e a r ithmetic function s ( pr eviously d iscussed unde r Mathematical Calc u lations in
t h is sectio n of t he manu al) ca n also be used with waveforms) as the ope r a nd(s) .
T h e followi ng exercises demonst r ate t h e effects of t hese on e- and two-operand
functions w hen wavefo rms replace t h e nu mbe r s as the operand s .

Α one-ope r an d a r it hmetic f unction pe r fo rmed on α waveform results i n α new
waveform in 0 WFM .

Α two-operand a r it hmetic function pe r fo rmed with one waveform and one con sta n t
resu lts i n α new wavefo rm i n 0 WFM wh ic h is calculated by comb ining each
waveform poi n t val u e wit h t he constan t value . Th e r es u lting horizontal scale facto r
and bot h scale factor u n its (e .g ., V, S) a r e r etai ne d f r om the original wavefo r m .

Α two-operand a r it hmetic function performed u si n g two waveforms resu lts i n α new
waveform i n 0 WFM wh ic h is calculated by a pp lyi ng th e specified ope ration to
co rr espon din g points of each ope rand wavefo rm . In t h is case, if t h e ho r izontal scale
facto r a nd ho r izo n tal scale facto r un it of each ope r a nd was the same, t he resu lti n g
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horizon tal scale facto r u nit will be retained from both operands; however , if they
d iffe red , the res u lti ng u nit will be left blank , t he d efault scale factor of 1 will be
assigned , and α wa rning' will be issued . In additio n , the r esulting ve rtical scale
factor u n it will be b lank if t he opera nd un its we re not iden tical pr io r to Ο+

	

o r
Ο and whenever eit her Ο o r Ο/

	

is p erfo rme d . Figure D, b lock 2 showsthe
locatio n of the keys demon st rated in the followi ng exercises.

OBSERV I NG WAVEFORMS WITH ONE-OPERAND ARITHMETIC
FUNCTIO NS

Το per/όrηι one-ορ erαιτιΙ arithmetic ,/ίιη c ιίοηs (SQR T, ! . Ν , ΕΧΡ, Α 8S, and
SGN) ιr ίl h α ιι ανe/nrm as the ορ er ιυιιΙ:

π . Place the ιrπνι/ίι rιη memor.r address into the X register using the
WFM c οητmαηd.

h . Pr ess the desired / ίιη cιίιιη ker (see the ιιhον e fist) .

To demonstrate the one-operand a r ithmetic fu n ctions of SOR T, LN, ΕΧΡ, AB S, and
SGN using α waveform as t he operan d , first perform steps 1 through 3 of th e
procedure for O b tai n i ng α Scope Display in Section 4, Scope Disp lay M ode
I nfo r mation .

Set t he Β HOR IZ time-base u nit to 20 microseconds/ d ivisio n a nd t rigge ring to auto
mo de with ac coup ling f rom the intern al so urce on the negative slope.

Rotate the Β INTENSITY cont r ol un til t he t race is at α d esi rab le viewi ng level (a bou t
qu ar te r range).

Connect α tria ngu la r s ha ped wavefo rm (f rom 0 to +2 V d c) f rom α fun ction generator
(recommended ty pe: TEKTRONIX FG 503 Fu nction Ge nerator use d with α TM 500
Power Module) to the i nput connecto r of th e LEFT VERT amp lifie r un it with α 42-
i nch bnc cab le . (Match impedances, if necessa ry.)

Set t he deflectio n factor of the LEFTVERT amp lifie r un it and the output am p lit ude of
the function generator to d isp lay 2 d ivisio ns of sign al on the crt .

Set t he i npu t cou p li ng switch of t he LEFT VERT amplifie r to grou nd a nd position the
trace one d ivision below the cen te r hor izon tal gr atic u le li n e. Press GN D . Retu rn
t he i npu t coup ling to the do mode .

Adju st the fu nction generator output f reque ncy for 2.5 cycles of d is p layed sign al .

'The wa rni ng message of ΧΧΧ WA RN IN G is not d is p layed fo r th is wa r ni ng.
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OBSERV ING WAVEFORMS WITH ONE-OPERAND AR ITHMETIC FUN CTIONS (Cont)

Set the Β HOR IZ time-base u n it t rigge ring an d positio n co n trols fo r α stab le d is p lay
horizontally ce nte red on t he crt .

Set the STORED INTen sity con trol to midra nge .

AQR

2

6- 38

Press

	

Display

	

Comments

SORT

STORED

>WFM

WFM

Acqu i r e an d sto r e t h e

sig n al i n to 2 WFM fo r

late r use .

Th e processo r applies t he

SORT algorithm to eac h

point of t he O PW and
places t he resu lt in 0
WFM . Notice t h at t he
new wavefo rm h as been
automatically scaled by

th e processo r . (See

Computed Waveform

Scali n g, Underflow, and

Ove rflow fo r more

is issued whenever any
point of t heOPW is
negative pr io r to t he
SORTcommand .

R ecall 2 WFM to th e
d is p lay .



OBSERVI NG WAVEFORMS W ITH ONE-OPERAND ARITHMETIC FUNCTIONS (Cont)

Press

	

Display

	

Comments

WFM

ΕΧΡ

Vertical P osition

AOR

ΒΟΤΗ

3

>WFM

Using The Waveform Calculator-7854

The n at ur al logarit hm of
the tr iangula r wavefo rm
from 2WFM is d is-
played as 0WFM.
Lla; ϊ10!ΑΕ, ε 9 ΝC is issued
if any p oint of theOPW
was0or negative pr io r to
t he LN comma nd .

Th e exponential function
of the triangu la r wave-
form from 2 WFM is
displayed as 0 WFM.

Go to theBOTH d isplay
20υ8';

modeand position the
real-time wavefo r m to be
cente red about the 0 Vdo
level (one d ivision below
the cente r horizontal
gratic u le line). Then
reacqu i re the waveform
and store it in 3 WFM.

Exercise continues on next page
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OBSERVI NG WAVEFORMSW ITH ONE-OPERAND ARITHMETIC FUNCTIONS (Cont)

Press

	

Display

	

Comments

3

SGN

WFM

ABS

To avoid overfloκ ινheη computing the LN(ν) πf α ινανeJόrηι κ ίth zero-
valued points . use the /b/lovving sequence :

α . Identify the zero-valued vvaveform points.
6. Change the zero-valued points to the smallest non-zero value, VA-hich

is : (6E-Π4) * (Vert ί ( -al Scale Facto r).
c. Ta ke the LN π/' the κ ,ανefοrιττ .

For example, 1ο fϊηιΙ the LΝ π/ / WFM:
α. Find the zero-valued points bY pressing

6. Scale this ii , aveforin to
pressing I
WFM

LN

SGN

WFM
CLX

Ζ"

	

The a bsol ute value of
ι',	each point of the

t r iang u la r waveform from
3 WFM is displaye d . The
resulting wavefo rm is not
automatically scaled .

eρresent the smallest possible value bY
04 0 ΠΕ.F_Χ

c.

	

Νιιιν add this ινανc./ ίι r ιττ to the original ιι ανe/ίι rιη and cιιιιτρυι e the
natural logarithm by pressing 0

The signu m fun ctio n is
perfo rmed on each point
of the tria n gula r wave-
fo rmfrom 3WFM and
t he result placed i n 0
WFM. Where the value of
α point wasgreate r t han
0 it is set to +1,where
equal to 0 it is set to 0,
and where less than 0 it
is set to -1 .

WFM Ι

CHS

χ <>



OBSERVI NG WAVEFORMS WITH TWO-OPERAND ARITHMETIC
FUNCTIO NS
Two-operand arithmetic functions can be perfo rmed upon two constants (as
demonst rated under Mathematical Calculations), upon one waveform and one
constant, or upon two waveforms.

To demonst rate the use of the arit h metic functions using α constant a nd α
wavefo rm fi rst press

2

75

WFM

Press

ΡΝΤ

STORED then :

Press

	

Display

	

Comments

Display

Using Th e Waveform Calculato r-7854

Recall sign al from
2WFM.

Th e val ue of each point of
the operatio nal wavefo rm
(in relation to theVZR) is
m u ltiplied by 2.

To demonst rate th is more fully, let's obse rve what occurs to α specific p oi nt when α
two-operand arit h metic functio n is performed using α wavefo rm as one of the
operands.

Comments

The value of point 75 of
the operational wave-

fo rm,

	

, is d is-
played in the Χ r egiste r .
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OBSERV ING WAVEFORMS WITH TWO-OPERAND ARITHMETIC FUNCTIO NS (Con t)
Press Display

	

Comments
0(

2

6-42

WFM Ente r the waveform
ope rand of 0 WFM into
t h e stack .

Ente r the constant
operand of" i n to
t he stac k .

Th e enti r e waveform is
divi d ed by 2 and rescaled .
Α warn i n g' is iss ued if
any p oi n t of t he diviso r is
0 . If t h e co rr espond i ng
poin t of t h e d ividend is
also 0, t h e r esult is
set to 0 .

'Th e warni ng message of ' χΧ WARNI";' - is not d is p laye d fo r th is wa r ning .



OBSERV I NG WAVEFORMS W ITH TWO-O PERAND AR ITHMETIC FUNCTION S (Cont)

Press

	

Display

	

Comments

75 ΡΝΤ

Α .stοrecl ivavefi)rni can he normalized such that the peak-to-peak value is
/ .Π volt hr recalling the ιιιινe/όrηι and pressing Ρ- Ρ 0. ALso, the
MID point υ/ the ιι αve/ίιrιη can he set to zero volts h. r recalling the

ιrανe/όrιιι an(I pressing 0 .

Now, let's add two waveforms to ill ustrate the use of two-opera nd ar it hmetic
fu n ctions whe n b oth operan ds are waveforms:

P ress

	

Display

	

Comments

2

3

WFM

WFM

Using The Waveform Calculator-7854

Notice that the valu e of

th is point has been
d ivided by 2 .

E nter the two operands of
2WFM a nd 3 WFM in to
the stac k .

Exercise continues on next page
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OBSERVI NG WAVEFORMS W ITH TWO-O PERAND AR ITHMETIC FUNCTIONS (Cont)

Τινιι rep et i tive real-time signals Which repr esent current and voltage can be
ιηυ ! ιίρ!ίed to determine instantaneous ροκ'e r. Wit h both signals dίspla red
(using ALT or CHOP vertical modes), press Α R Ο . Be sure th at
the GND reference h as been ρreνίουsh' set 1π the desired value.

-NEXT EXERCISE BEGINS WITH POWER-UP

Press

	

Display

	

Comments

Ο

ΝΟΤΕ

Thetwo waveforms are
added toget her p oi nt by
point . The resu lting
waveform is placed i n
OWFM .

Refer to Section 9, Command Language, for the algorithms used for
each command.
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STO RED WAVEFORM DIS PLAY
The Wavefor m Calc u lator adds several comm an ds w h ich allow the operator to set
va r io us pa rameters of the stored waveform d isp lay. For examp le, withou t th e
Waveform Calc u lato r t he stored wavefo rms a re always d isplaye d as vectors drawn
between the points of the waveform (VECT). H owever, with th e Waveform
Calcu lato r you can select to d isplay the waveform points only, using the DOTS
command . Ca re must be ta ke n w hen d isp layi ng wavefo rms using the DOTS mode
to avoid perce p tu al aliasing o r e nvelo pe errors . Perce p tu al aliasing, α type of optical
illu sio n inherent i n d ot d is p lays, occ u rs because t he hu man eye tends to connect
the dots to their closest neig hbors . Th e closest dots on the d is p lay, however , m ay
n ot be the next p oin ts in sequence . Th is illusion ca n be avoi ded by u si ng the vector
d isp lay mode.

An envelope error occurs wh en t he wavefo rm poin ts do not fall on t he pea ks of the
signal, leaving som e of t he sign al ou tside the d isplaye d e nvelope . Th is prob lem ca n
occu r in either d isp lay mo de (DOTS or VECT); bu t, it can be h elped by using more
p oi n ts-per -waveform or α faster sweep speed .

TheWaveform Calc u lator allows up to 9 stored waveforms to be d is p layed on the crt
sc reen at t he same time (u sing DSW) to aid in waveform compar ison , and also
allows waveforms to be displaye d versus a n ot her wavefo r m (V S) in stead of ve rsus
time (TIME) . The followi ng exercise demon st rates the effects of the STORED WFM
DISPLAY commands . See F ig ure D, block 12 for the location of t hese keys.

DISPLAYING STORED WAVEFORM S AS DOTS OR VECTOR S

Perfo rm steps 1 through 3 of t he procedure fo r Obtain ing α Scope Disp lay i n Section
4, Scope Display M ode Information.

Set the Β HO R IZ time- base un it to 20 microseconds/d ivision an d t rigge r i ng to auto
mode with ac cou pling from t he intern al source on t he negative slope.

Rotate t he Β I NTEN SITY control u n til the t race is at α desirab le viewing level (about
quarte r range) .

Conn ect α t riangu la r shaped wavefor m f rom α fun ctio n gene rator ( recomme nded
ty pe: TEKTRON IX FG 503 Fun ction Generator used wit h α TM 500 Power Modu le)
to the inpu t connecto r of the LEFT VERT amp lifier u nit with α 42-i nc h bnc cab le . (If
necessa ry, match impedances.)

Set the deflection facto r of the LEFT VERT amplifier un it and the output am plitude of
th e function ge n erator to d is play two divisions of signal on the cr t .

Adju st t he function generator output f req u ency fo r a bou t four cycles of d isplayed
sign al .

Set t he Β HOR IZ ti m e-base u nit t rigge ring and position cont rols for α stab le d isp lay
hor izontally centered on t he crt .
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DISPLAYING STORED WAVEFORMS AS DOTS OR VECTORS (Cont)

Using the position control of the LEFT VERT amplifier unit, position the tops of the
waveform to one d ivision below the center horizontal graticule line .

Set the STORED INTensity control to quarter range.

128

AQR

Press

	

Display

	

Comments

- Ρ/W

STORE D

DOTS
ΟΡW; θ ι V2θ '. θ

0 WFM DOTS

2θυ s,

Set the Ρ/W to 128.
(Refer to Table 6-1 for
organ izatio n of the
waveform memories.)
Store the wavefo rm .

Display t he stored
wavefo r m . Notice that
the wavefo rm is d is p lay-
ed as vectors drawn
between the 128 points
of t he waveform .

The waveform is d isplay-
ed as dots only .



DISPLAYING STORED WAVEFORMS AS DOTS OR VECTORS (Cont)

Press Display

	

Comments

VECT

DISPLAYING SEVER AL STORE D WAVEFORMS
Α maximum of 9 stored wavefo rms can be d isplayed at the same time on the crt . To
demonst rate, first store the following signals:

Press Display

	

Comments

2 0

AQR

>WFM

Retu rn to the SCOPE mode ( by pressing
to d isplay five cycles of square wave .

3 0

	

>WFM

	

Store the square wave
into 3WFM.

U sing The Waveform Calculator-7854

SCOPE

Return to the vector
mode.

Copythe triangu lar
waveform into 2WFM fo r
use i n demonst rating the
DSW (Display Stored
Waveform) command .

) and set t he functio n generato r

Adjust the LEFT VERT amplifier u nit to d is play one d ivisio n of sig nal centered
around t he cente r horizontal gratic u le line .

Press

	

Comments

Exercise continues on next page
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DISPLAYI NG SEVERAL STORED WAVEFORMS (Con t)

Set t he fun ction gene r ator to dis p lay five cycles of sine wave .

Adju st t h e LEFT VERT a mplifier u nit to d is p lay two division s of signal wit h the base
one d ivision above th e cente r horizontal graticu le li ne .

AOR

Press

	

Comments

Now, to d isplay all of t hese sig n als on the screen at t he same time, fi r st r eturn to
th e STORED dis p lay mode :

Press

	

Display

	

Comments

STO RED

DSW

>WFM Sto r e t h e sine wave i n to
4 WFM .

The sine wave f rom 4
WFM an d t he power-up
cond itio n of 1 WFM ar e
d is p layed . T he scale
factor s a nd

	

ar e
only fo r th e op e r ational
wavefo rm (4 WFM) .
Line 2 of t he ch a r acter
d is p lay s hows

	

a nd
i ndicating which wave-
form memor ies t he
displayed waveforms a r e
f rom . The left-to- r ig h t
sequence of these
n umbers co rresponds to
t h e top-to- bottom
sequence of p oi n t 0 of
each d is playe d wave-
form .
is iss ue d if 8 wavefo rms
have al ready been
d is played with t he DSW
comma nd . (If t h e
ope r atio n al waveform
was not d isplaye d wit h
t he DSW command , α
total of 9 waveforms may
be d isplayed .)



DIS PLAYING SEVERAL STORED WAVEFORMS (Cont)

2

3

Press

	

Display

	

Comments

DSW

DSW

Using The Waveform Calcu lato r-7854

The triangula r wavefo rm
from 2WFM is also
d isplayed .Waveform
memory address ;~ is
added to display li n e 2.

Th e squa re wave from 3
WFM is added to the
d isplay.

DSWRestrictions: The Χ register must contain α constantwh ic h, when rounded to
an i ntege r , is from 0 to the maxi mum valid waveform memory address (i nclusive) .

-SW E RROR is issued if th is restriction is violated.
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CLEAR I NG STO RE D WAVEFO RMS FR OM THE DIS PLAY
To clear α wavefo rm f rom the d is play which has been d is played wit h the DSW
comm and, fi r st en te r the waveform memo ry address numbe r of the wavefo rm to be
clea red . Fo r exa mple, to clea r 2 WFM f rom the prese n t dis p lay :

2

Press

	

Display

	

Comments
CLW

c ιD

CLW Rest r iction s : T he Χ registe r must contain α constan t wh ic h (when rounde d) is
an i nteger from 0 to the maximum valid waveform memor y address (i n cl u sive), pr io r
to execu ti n g α CLW command . -. L 'iV ί= Ρ , ί ?-R is issued if t h is r estrictio n is violate d .

To clear all waveforms f rom the d is p lay, except t h e ope r ational waveform , wh ic h
have been displayed wit h t he DSW command :

Press

	

Display

	

Comments

2WFM con ten ts are

clea red from thed is p lay.

If necessa r y, t he DSW
li n e of d is p lay sh ifts to
reflect t he new top-to-
bottom sequ ence of poin t
0 of t he remaining
d is played wavefo rms .

λ2 ΣΓ5lG is
iss ued if waveform
desig nate d fo r clea r i n g
was not d is played wit h
the DSW.

All waveforms displayed
with DSW ar e clea red
from the d is p lay (excep t
t he ope ratio n al wave-
form , even thoug h it too
may have bee n d is p layed
with the DSW command ) .



DISPLAYING STORED WAVEFORMS IN THE Χ-Υ MOD E

Up to n i ne stor ed wavefo rms can be d is p layed ve rsus another in the Χ-Υ
mode.

Use t h e IS comm αn ιl α s fο11oVvs:
α . D ί sρ/αr the ινανe/ό rητ (ινίt h either WFM or DSW command) ιι h ίιh

vvil/ ρrονίι/e the v ert ical ( Υ-axis) values for t he Χ- Υ clisp /αν .
h . Ke r into the Χ register t h e ινανe/όrητ menion , number of the

ινανe/ίιrni to ρ r ονίι/e th e horizontal (X-axis) valu es.
c. Press

Retu rn to Scope M ode . Connect 4-volts of α 50-kH z sine wave from the functio n
generator to the inpu t of the LEFT VERT amplifie r un it with α 42-i nch bnc cable .
( Matc h impedances, if necessa ry.)

Set the LEFT VERT amplifier un it and the function gene rator to d is play four divisio ns
of signal centered around the ce nter horizontal giatic u le li ne.

Set the Β H ORIZ time-base un it fo r 2 m ic roseconds/divisio n using the 20 μs/div
an d X10 mag n ification settings . Set t he triggering cont rols fo r auto mode with ac
coupli ng from the inte rnal source .

Adjust the Β I NTENSITY if necessary.

512 >-P-7ω

U sing The Waveform Calculato r-7854

U sing the Β HORIZ position control, d is play one cycle of the sine wave as shown
below:

Press

	

Display

	

Comments

Ret urn Ρ/Wsetting to
512 to increase the
resolution of stored
waveforms . This si ne
wave will be stored fo r
display late r in α L issa jous
pattern .
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DIS PLAYIN G STORED WAVEFORMS IN THE Χ - Υ MODE (Con t)
Comments

6-5 2

Store the si ne wave i n 3
WFM .

Usi ng t h e Β HORIZ time-base unit trigger level control, position the real-time si ne wave
as shown below :

Display

	

Comments

Display b oth t he real-time

and the sto red si ne
waves .

P osition the si newave
90 ο out of phase wit h
th e sto r ed sin e wave .

REV OCT 1981

Press Display

AVG 10 οΡω'; 3 VZR σι 1ν 2,s ϊ

STORED 3

>WFM

Ί BOTH OPW-3 VZ R θ ιν z,.s



DISPLAYI NG STORED WAVEFORMS IN THE Χ-Υ MODE (Cont)

Press

	

Display

	

Comments

AVG10

STORED

3

>WFM

VS

2

Usi ng The Waveform Calculator-7854

Store the out-of- phase
sine wave i n 2WFM.

Enter the address

number of the waveform

memory which is to be
the horizontal axis of the

d isplay (the versus

waveform) .

The Lissajous pattern
formed by d isplaying the
operational waveform

versus 3 WFM is shown .

The "horizontal scale

factor" is the vertical

scale factor of the versus
waveform . The waveform
memory address n umber
of the versus waveform
(which in this case is 3) is
displayed at the right end

of d isplay line 2, pre-

ceded by the mnemonic

VS

Exercise continues on next page
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DISPLAYI NG STORED WAVEFO RMS IN THE Χ - Υ MODE (Con t)
VS O pe r atio n : The ho r izo n tal positio n of each d is playe d wavefo rm point is t he
vertical value (i n d ivisions, meas ured fr om t h e cente r ho r izon tal g raticule li ne) of t he
li k e-nu m bered poin t of t he wavefo rm chosen fo r t he ho r izontal axis .

VS Rest r iction s : Th e Χ register mu st contain α constant which , when rounde d, is
an i ntege r f rom 0 to the maxim um valid waveform memory address number
(i n cl u sive), pr io r to execu ti ng α VS command . ': E R RO.. F 3 is issu e d if t h is
rest r iction is violated .

All waveforms d is played following the VS command (and pr io r to α TIME command)
a re d is p layed ve r su s t h e designate d waveform . To ill u st r ate :

3

6-54

Press

	

Display

	

Comments
DSW

ΤΙΜΕ

DISPLAYI N G STORE DWAVEFORMS IN THE Υ -Τ MOD E

To retu rn to usi n g time as t h e ho r izon tal axis of t h e d is p lay :

Press

	

Display

	

Comments

3 WFM is d is p layed
vers u s 3 WFM .

All d is p layed wavefo rms
(3 WFM and 2 WFM in
t h is case) a r e d is p layed
u si n g time as the
ho r izontal axis .

NEXT EXERCISE BEGIN S WITH POWER-UP



The cursor commands available on the measurement keyboard are duplicated on
the Waveform Calculator keyboard and will not be discussed here in detail ;
however, the four additional cursor commands included on the Waveform
Calculator keyboard will be demonstrated. See Figure D, blocks 7 and 9 for the
location of the CURSOR keys used in the following exercises.

POSITIONING THE C URSORS
Perform the exercise entitled Displaying Stored Waveforms in the Χ-Υ Mode, to the

p oint where the following display is shown on the crt graticule:

P ress

	

Display

	

Comments

CRS2-1

CURSOR S

Display

	

Comments

Using The Waveform Calculator-7854

Lissajous pattern is
displayed .

Both cursors are turned
on . Notice that they are
positioned at the start
and end of the displayed
operational waveform .
Also notice that the

.̂VCF D αηd the :^ HCRD
readings are given with
the same u nits as those
displayed with the
corresponding vertical
and horizontal scale
factors. In this particular
case, the u nit symbol for
both scale factors and
both cursor coordinates
is J.

Exe rcise con tinues on next page
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POSITIONING THE CURSORS (Cont)

Press

	

Comments
CRS1>

CRS2<

Press

	

Display

	

Comments

The Cursor
Positioning
Keys As
Necessary To
Obtain Shown
Display

TIME

Notice that Cursor 1 is
moved toward the end of
the operational wave-
form, not necessarily to
the right .

Cursor 2 moves to the
start of the operational
waveform .

Position cursors to the
center horizontal grat-
icule lines .

Display the operational
waveform versus time .
Although the cursors
have physically changed
their horizontal location
on the display, they have
maintained the vertical
position to which they
were set .



POSITIONING THE CURSO R S (Cont)

Press

	

Display

	

Comments

CR S1

To move C ursor 1 d i rectly to α point wh ic h is α s p ecified time from t he start of the

waveform :

Press

	

Display

	

Comments

10

CN S

ΕΕΧ

6

> HCR D

OPW 2

	

VZR . Θ

	

1V

	

2 μS

VGRΠ ~

	

ύ 1 Π ,1 . . ν

	

NCRΠ - 5 .117μ 5e
3 WF M

	

2 WFM CRS1

	

,	"~ ..

Using The Waveform Calculator-7854

Turn off Cursor 2.

We h aveente red the

new setting fo r the

ΗCRD(, 2, ,!)into
the Χ register .

C urso r 1 is moved to the

stored p oin t nea rest th e
value in t he Χ register .

Exe rcise con tinues on next page
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POSITION I NG THE CURSORS (Cont)

To set th e 2 curso r s α specified distance apa r t :

6

Press

	

Display

	

Comments
Turn on2μ5~

	

both cur so r s .CRS2-1

ΕΕΧ

CHS 6

>HC R D

ΔVDRD = 2 .005V

	

'" ΔH CRD = 5 .23$
10" ι. 5Ε - θ 6

Enter the amount of time

to separate the cursors .

Curso r 2 is moved 6 μs
to the right of Cursor 1 .

" HC Wf>'R ΝΙΙΝ (:~' is
issued if t h e nu mbe r in
the Χ r egister r eprese n ts
α position beyond the
r ig h t edge of th e
g r aticu le fo r Cursor 2 .
See > HCRD Ope r atio n .



POSITION ING THE CURSORS (Cont)

Using The Waveform Calculator-7854

> H CR D Operation: If the p osition designated i n the Χ registe r does not coin cide
with α stored wavefo rm poin t, the cu rsor is set to the nearest stored p oint . If bot h
curso rs are on at the time of α > H CRD co mm an d , Curso r 2 is moved so t h at th e
d iffe rence between Cu rso r 1 and Curso r 2 is as close as possib le to th at sp ecified in
the Χ r egiste r . However, if th is represents α p ositio n beyond the right edge of the
gr aticu le, Cursor 2 is set to the righ t edge and -?C WΑR Νί tν ; is issued .

> H CR D Restrictions: At least one curso r mu st be turned on, the Χ registe r must
contain α constan t wh ich is greate r than 0, a nd t he oper atio n al waveform mu st not
have been d is played with the VS comma nd , pr io r to execu ting the >HCR D
comma nd . HC ERROR is issued if any of these restr ictions a re violated .

To set the ve rtical coordinate of Cursor 1 to α specified settin g, and th us move the
cursor :

Press

	

Display

	

Comments

0 .25

CRS1

>VCR D

VC R D _ 272.2ι»V

	

'- HC R D

	

15.5fus

	

~~
6,

	

250m yCRD

Turn off c urso r 2 a nd

ente r the new setti ng of

the ve r tical coord inate .

The ve r tical coord inate
and p osition of the
c urso r c ha nge to be as
close as possib le to the
sp ecifie d setting. See
>VCR D Operation .

Exercise continues on next page
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POSITIONING THE CURSORS (Cont)

To set Cursor 2 α specified vertical distance from Cursor 1 :

Press

	

Display

	

Comments

CRS2 -1

>VCRD

ΔVC R D - 396.7mV

	

;1HC R D = 625nS
250- 1 .6

Turn on both cursors.

Enter the vertical d is-
tance from Cursor 1 . See
,VCRD Operation .

Move Cursor 2 the
specified distance from
Cursor 1 .



POSITIO NING THE CURSO R S (Co nt)

Usi ng The Waveform Calculato r-7854

The _{ό1lυινίιτg ke. ε'strιιke sequence (an he used to position the (ursors to t
he

0 ΡΝΤ ιιηd the ΜΑΧ point fin- ineasuring pulse parameters :
ιι . Turn on σηd ηιιsίιίοη Cursor l to the ΜΑΧηοίιιι h ι ' pressing

h. Position Cursor 2 to the .s ιιιιιe point h r pressing
CRSI

> 1Ι('RΠ

ΜΑ Χ >!-(1?1)

c. Reposition Cursor 1 to the 0 ΡΝΤ 6_ ν pressing ©
>11CRΠ

d. Turn on both (ursors
measurement (i.e ., ΠΕ 1.Α Υ , RISE, e ιc.)

ΓRS2-/

!RS2-1

('Κ.1'!

and make the

(Ι ©

0

desired

,VCRD Operation: W it h only one cu rsor on (C R S1 mode), the operational
wavefo rm is scan ned fo r the s pecifie d ve rtical level from t he present curso r location
to t he end of the waveform . If α crossi ng or touch ing point is not fo und, the scan
continues fro m t he start of t he waveformto the cu rso r . Th e cursor is set to th e poi nt
pr io r to the fi rst crossi ng or touch ing poi nt fou nd .

W it h bot h cursors on (CRS2-1 mode), t he o perational wavefo rm is scanned from
C ursor 2 to the end of t he wavefo rm. If α crossing or touch ing point is not found, the
scan then begins again at Curso r 1 and contin ues toward Cu rso r 2. Cursor 2 is then
set to th e p oint pr io r to th e fi rst crossi ng or touching point fo u nd.

,VCRD Restrictions: The cu rso r(s) must not be turned off, and the operatio nal
waveform must either cross or touch the designated ve rtical level wit hin th e
allowed curso r movement range, prior to execution of the '-VCRD command . VC
ERROR is iss ued if eithe r restr iction is violated.
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RECA LL I N G CUR SOR COO R DI NATES

To recall t he horizo n tal coord i n ate (o r relative ho r izon tal coo rdinate if bot h curso r s
a r e on) to t h e Χ r egiste r :

Press

	

Display

	

Comments

HC R D

VCRD

HCR D R est r iction : At least one cursor must be turned on pr io r to executi ng
an H CRD command . HC R ERROR is issued if t h is r est r iction is violate d .

To recall t he ve rtical coord i nate (o r relative ve r tical coord i nate if bot h curso r s a r e on)
to t h e Χ r egiste r :

Press

	

Display

	

Comments

The d is p layed ho r izontal
coord i nate (o r relative

ho r izon tal coordinate) is
returned to the Χ
registe r .

Th e d is playe d ve rtical
coo r dinate (o r relative
ve rtical coord i n ate) is
ret ur ned to t he
Χ registe r .

VCRD Rest r iction : At least one curso r must be turned on pr ior to executi ng α
VCRD command . VCR ERROR is issued if t h is r est r ictio n is violate d .

NEXT EXERCIS E BEGI NS WITH POWER-UP
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WAVEFORM SCALING, EXPANSION,
AND POSITIONING

Commands are available with theWaveform Calcu lato r to change t he scale factors
and ve rtical ze ro reference setti ngs of the operational waveform wit hout
subsequently affecti ng the dimensions of t he waveform. Also available are
commands to ve rtically or horizontally expand o r position t he operational waveform.
F ig ure D, blocks 17 and 18 shows the location of the keys demonst rated i n the
following exercises.

S ETTING THE SCALE FACTORS

To change the vert ical or horizontal scale factors of the operational
waveform :

α. Κeν in the nevi , setting for the scale .factor.
b. Pr ess the shίft © kev .
c. Press

	

>VSfL

	

1ο change the vertical scalefάcιor or

	

>HSCY,

	

to
change the horizontal scale factor.

ι

Perfo rm the procedure fo r Obtaining α Scope Display in Section 4, Scope Display
Mode Information.

Position the CALIBRATOR signal so that the fi rst positive-goi ng pulse starts at the
second vertical gratic u le li ne, and so the square wave is centered arou nd the cente r
horizontal graticule li ne.

Set the STORE D INTensity control to qua rte r range .

Press Display

	

Comments

Display the stored
cali brator sig nal .

Exercise continues on next page
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SETTING THE SCALE FACTORS (Cont)

To cha nge the ve rtical scale factor of the operatio nal wavefo rm to 5 μV :

5

Press

	

Display

	

Comments

ΕΈΧ

CHS 6

>VSC L

The unit associated wit h t he ve rtical scale factor , in this case V, remains the same .

>VSCL Operation :T he operational wavefo rm is d is p layed with the nu mber i n the Χ
registe r as the ve rtical scale factor .

VSCLRestrictions : The Χ register must contai n α constant which is greater than 0
prior to executing the >VSC L command . --VS E RROR is issued if this restriction is
violated.

To change the hor izontal scale factor of the operatio nal wavefo r m to 1 ms :

Press

	

Display

	

Comments

ΕΕΧ

CHS 3

> HSCL

W Θ

	

VZ R θ

θ WFM

	

5ιι VSCL

m 'HSCL

50 θμ s'

IOPW θ

	

VZR 0

	

5μ V

	

1"

Fi r st ente r the newscale
facto r i nto theΧ registe r ,
then issue the > VSC L
comma nd . The ve rtical
scale factor has changed
from 241r to 5 μV .

Fi r st ente r the new scale
factor i nto the Χ register ,
the n issue the > HSCL
command . The horizo ntal
scale factor of 500 μS
has changed to 1 mS
The un it, S, remains the
same .



SETTING THE SCALE FACTORS (Cont)

Using The Wavefo rm Calculato r-7854

To eαsίb, determine the number ofα specific point on the stored wavefo rm:
σ . Change the horizontal scale factor to be equal to the (Ρ/ W) divided

(Ι) b ν pressing

	

Ρ W

	

10 Ο
b. Turn on and position Cursor I as desired.
c. The point number where the cursor is located can ηοιν be read from

the displayed 11CRD setting.

Ι1.5Γ'1.

1/ .
this procedure is used ωνίth, both cursors on, the ΔNCRD setting vvill

reflect the number of points betκ-een the cursors.

> HSCL Operation: Executing α -HSCL command is the equivale nt to changing the
time span of the operational wavefo rm by α val ue equal to : (t he number i n the Χ
register) divided by (t he origi nal horizontal scale factor) . Th e operational wavefo rm
is then dis p layed with the nu mber in the Χ registe r as t he horizontal scale factor .

> HSCL Restrictions: The Χ registe r must contain α constant wh ic h is greater than
0, and the operational waveform must not be d isplayed with the VS command , pr io r
to executi ng the '"HSC L command. > H S ER RO R is issu ed if either restriction is
violated.
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RECALLI N G THE SCALE FACTO R S
To recall t he settin g of t he ope rational wavefo rm's vertical scale factor :

Press Display

	

Comments
VSCL

HSCL

O PW~~'..0 V2R Θ

	

5μ V~~~'.

	

1mS

To recall the setting of the operation al wavefo rm's ho r izon tal scale factor :

Press

	

Display

	

Comments

! ΟΡΝ! Θ

	

V2R~~ 0	5VV ~~.

	

~,

	

~: 1mS?
λ

The ve rtical scale facto r
of theOPW is r eturned to
t he Χ registe r .

Th e horizo n tal scale
factor of th e OPW is
returned to t he Χ
registe r .



EX PAN DIN G THE STO RE DWAVEFORM

Vertical Expansion

Το ver ιicallr expand the operational ιrανe/ίι rτττ λί.sρlαι ', ιvithout changing
the ιraveform values :

a. KeY in the expansion rate .
h . Press VXPD

ι

To ve r tically expand the operation al wavefo rm by α facto r of 3 :

3

Press

	

Display

	

Comments

VX PD io r w ο

	

~ ντη ο

	

, .se 7� ν

	

�� slΙ
M M M

r

r1

~._ .. ._ .. ._.. . . . . . . . ......~ι . . . . . . . ..r

sa

	

νΧΥο

Using The Wavefo rm Calculato r-7854

The operational wave-
fo rm has been ve rtically
expa nded by α facto r of
3 ti mes a b ou t t he cente r
ho r izontal g ratic u le li ne .
T h e ve r tical scale factor
is divi ded by the same
factor in o rd er to
maintain the wavefo rm
values . See VXPD
Operation below .
VXP WA RN I N G is
iss ue d if t he ope r atio n al
wavefo rm is f rom 0 WFM
and the command causes
any waveform poin ts to
fall ou tsi de ±10 divisions
f r om the cente r horiz-
ontal g raticule li ne .
These points a r e t hen set
to ±10 divisio n s .

VXPD Ope ration : The ope ration al waveform is ve r tically expanded around th e
cente r horizontal g r atic u le line by t he expansion factor s p ecified in t he Χ registe r . If
t h e expansio n factor is negative, the wavefo rm is expanded and then inve rte d . The
ve r tical scale facto r is divi ded by the expansion facto r in orde r to mai n tai n t h e
wavefo r m values .

VXPD Rest riction s : The expansion facto r must be α constant and must b e e nte r e d
into t he Χ r egiste r pr io r to t he VXPD comma nd . If t h e o p e r ation al wavefo rm is not
f rom 0 WFM, the expansion must not resu lt i n any point falli n g outside th e ±10
division ve r tical limits . VXP ERR OR is issu ed if eithe r rest r iction is violated .

6-67
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EXPAN DI NG THE STORED WAVEFORM (Cont)
Horizontal E xpansion
Cursor stat u s affects the operation of t h e HX PD ( Horizon tal Expansio n ) command .

To hor izontalh' expand the operational waveform with both cursors off or
with οη1ν Cursor 1 on :

σ . Enter the waveform ιιιemυr ι' address of' the operational waveform
into the Χ register by using the WFM command.

h . Κeν in the expans ion factor . (The OPWnumber will push into the Y
register α! th is titne.)

π Press HXPD

To hor izontally expand the operational wavefo rm by α factor of 2:

Press

	

Display

	

Comments

WFM

WFM

2

5

>WFM
OPW θ

	

VZR~ Θ

	

1 .667μ V

	

lms

υ

5 WFM

	

Θ WF M W FM

!O PW 0

	

VZR 0

	

1.6679V

	

1ms~

0 WFM

En te r the number of the
ope r atio n al waveform

i n to t h e Χ register afte r
cop yi ng the wavefo rm

i n to 5 WFM fo r sto rage .

Key in t he expansion
factor of 2 .



EXPAN DI NG THE STORED WAVEFORM (Con t)

Press

	

Display

	

Comments

HXPD

CRS1>

CRS1

,

	

ΨOPW θ

	

~ V2 R θ

	

7_- .667μV ~~

5 WiM

	

η WFM ΗΧΡΟ

HXPD Operation (Curso rs Off) : The oper atio n al wavefo rm is horizontally expanded
about the left edge (point 0) of the gr atic u le by t he expansion rate sp ecifie d in t he Χ
registe r . Th e hor izon tal scale facto r is d ivided by the ex pa nsion factor in ord er to
main tai n t he wavefo rm values .

H XPD R estr ictio ns (Curso rs Off) : The Υ register m u st contain the waveform
memo ry addr ess, a nd the Χ register m u st contain α constan t greater t han 0, pr io r to
exec u ting the HXPD command . ηχΡ is issued if either restr iction is
violated .

To demonstrate the HXPD command wit h Curso r 1 on :

Press

	

Display

	

Comments

OPW θ

	

V2R θ

Using Th e Waveform Calculator-7854

1.6671, ν 50 0 μs',.

VGRO ' ., . ύΊ 7; .V

	

RCRO = 2 .62SmS
5 WFM

	

0 WFM CgSI "

Theoperational wave-

fo rm is horizontally
expanded by α facto r of 2.
Poi n t 0 at the left edge of
the graticule rem ains
fixed and t he wavefor m is
ex panded to th e rig h t .

. .- : .

	

is
issued if the ex pa nsion
factor is less t ha n :, i n
wh ic h case one or more
poin ts of the expanded
wavefo rm are filled by
extending the val u e of
the right-most p oin t of
the o r igi n al wavefo r m .

Turn on C urso r 1 and
p osition it as shown .

Exercise continues on next page
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EXPAN DING THE STORED WAVEFO RM (Con t)
Press

	

Display

	

Comments
3

	

,_._

	

Ente r t he exp a n sion
~ ΟΡW,, 0

	

ι VZ R ' 0

	

1.667PV

	

5001 6 Ι

--t

	

factor into t he Χ r egiste r .
( N otice th at t he
waveform memory
add ress of 0 WFM was

l

	

already i n the Χ registe r ,
-

	

therefo r e we d id not
_

	

ί

	

need to re-e nte r it befo r e
t he expansion factor .)

HXPD

VCRD

	

5.427ςι V

	

HCR D = 2.529m51
θ WF M 3

1.667μV166.7μ S I

VCRD = 4 .8 θ 2 μν~

	

HCRD = 843 .1 ιι 5~~. ~~
'

	

5 ~ WFM

	

Ο WFM HXPD

The ope r atio n al wave-
fo rm has been ho r izon -
tally expanded by α
facto r of 3 times to t he
r ig h t of Cursor 1 .
ΗΧΡWA RN IN G is
issu e d if t h e expansion
facto r is less t han
110 / (t he divisio ns
f r om Curso r 1 to t h e
rig h t edge of t he
g r aticu le)) ; mean i n g t hat
one o r mor e points at t he
rig ht end of t he wavefo rm
a r e filled by extend i n g t he
right-most poi n t of t he
o r iginal waveform .

HXPD Ope ratio n (Curso r 1 On) : The ope r ation al waveform is ho r izon tally
expanded about Curso r 1 by t he expansion r ate s p ecified in the Χ registe r . The
ho r izo n tal scale factor is ch anged b y t he expansion facto r i n orde r to maintain the
waveform ho r izontal values .

HXPD Rest r ictions (Cursor 1 On) : T h e Υ r egiste r m ust con tai n the ope r ational
waveform address and t he Χ registe r must con tai n α consta n t g r eate r than 0, pr io r
to execu ti ng t he HXPD command . : : -. - is iss ue d if eit h er r est r ictio n is
violate d .



EXPANDING THE STORED WAVEFORM (Cont)

To horizontally expand the positive-going pu lse now d isplayed with both c ur so rs on :

Press

	

Display

	

Comments

CR S2-1

CRS1<

CRS2<

HXPD

.':VCR- 3 .052oV
5 WFM

	

Θ WFMCRS2

Usi ng The Waveform Calculator-7854

Turn on Cursor 2 and
positio n the cursors as
shown .

j -Ρω Θ

	

VZR', θ

	

1α67ΡV	- 111.s υsl

	

Theportion of the
operational waveform

-

	

between the cu rso rs has
Ψ

	

ί

	

been expanded to fill t he
fu ll 10 gratic u le d ivisions .
The c ur sors maintain
thei r hor izontal p ositio ns

j

	

on the graticule . The
horizontal scale factor

Δ HC R D =

	

9.062 μV

	

Δ HCRD = 745,5
Ι

	

has been c h an ed to5'WFM

	

θ WFM Η%PD

	

g____._ ...._._: . ..._.._..__

	

maintai n the waveform
values .

Το hιιrίτοη tαlir expand the operational ινσιη/ίιrm vv ί lh hoth cursors on :
α . Enter the κ ανefοrιη numher of the operational ",avefortn into the

stack hr using the WFM command.
h. Position the cursors to delimit that portion of the operational

lvavefοrn τ to he expanded.
c. Press NXPD

Exercise continues on next page



U sing The Wavefo rm Calculato r-7854

EXPANDING THE STORE D WAVEFORM (Con t)

HXPD Operation (Both Cursors On) : T h at po rtio n of t he ope r atio n al wavefo rm
d eli m ite d by the c u rso r s is expanded to fill t h e 10-divisio n g r aticu le . The hor izontal
scale factor is changed to mai n tai n the wavefo rm values .

HXPD R estr iction (Both Cursors On) : T h e Χ r egiste r mu st contain the waveform
memory address of the ope r ational wavefo rm pr io r to executing the HXPD
command . [ΚσΧΡ ER ROR is iss ue d if t h is r est r iction is violate d .

NEXT EXER CIS E BEGI NS WITH POWER-UP

POSITIO N I NG THE STO RE D WAVEFO RM
Usin g commands availab le on t he Wavefo rm Calculator , t h e operation al waveform
can be r epositio ne d eit her ve rtically o r ho r izon tally .

To demonstrate, first p e r fo rm the procedure fo r Obtai n ing α Scope Display in
Sectio n 4, Scope Display Mode I n formation .

Position th e CAL IBRATOR sign al so t h at t h e fi r st positive-going pulse sta r ts at t h e
second vertical gratic u le li n e, and so t he squa re wave is cen te r ed a r ound th e cente r
h o r izontal g r atic u le li n e .

Set th e STO RED INTensity cont r ol to qua rte r range .

Vertical Positio ning
Since ope r ation of t h e VPDN (Vertical Positio n Down ) command is si m ila r to t h at of
VPUP (Ve r tical Positio n Up), only VPUP will be demonstrated .

Press

	

Display

	

Comments

AQR

STORED
'~ OP" ~.O VZF Λ 2V 5θΛιι5 : Disp lay t h e sto r ed

cali brator sig n al .



POSITIO N I NG THE STORED WAVEFORM (Con t)

To move th e ope r ational waveform up :

νΡυΡ
ιΟΡ W' θ

	

VZR 0.947

	

' 2'" V-

	

5-0 -0y-!

θ WFM VPUP

Using The Waveform Calculator-7854

Press

	

Display

	

Comments

The ope rational wave-

fo rm moves upward
b y inc r ements (102.4
increments/divisio n ) . If
t h e key is depressed
longer t han approximate-
ly 300 millisecond s, t he
movemen t of th e wave-
fo rm begi n s to be
con ti nu ou s, advan ci ng i n
inc remental ste ps as lon g
as the key is de pressed .
Notice th at t he VZR
read i n g c hanges to
reflect t h e new ve r tical
position of t he wavefo rm .
VPU WARNI NG is
issued if t h e o peration al
waveform is f rom 0 WFM
and the move has ca used
any points to be ou tsi de
th e ver tical limit of +20
division s f rom th e center
horizon tal g ratic u le li ne .
T h ese p oi n ts a re then set
at +20 divisions . T h e
warn i n g is not iss ue d
u ntil afte r t h e move is
m a d e, t herefo r e ta ke care
th at t he wavefo rm is not
unnecessa r ily cli pp ed .

VPUP Rest r ictions : The vertical ze ro refe re nce must not exceed +20 d ivisions ; and
if t h e o pe r ation al wavefo r m is not 0 WFM, all p oints of t he moved wavefo rm must
be wit h in +20 d ivisions of t he center h o r izontal gratic u le line . VPU ERRO R is
iss ue d if eit he r r est r ictio n is violate d .

Exercise continues on next page
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POSITION I NG THE STORED WAVEFORM (Con t)
To ma nually move the ope r atio n al wavefo rm down , press VPDN . VPD,
WARN I N G is issued if t h e o peratio n al waveform is f r om 0 WFM and if t h e move
wou l d r es u lt in any p oints falli ng o u tsi de th e -20 division ver tical limit . T hose points
a r e t he n set to -20 divisions f rom the cente r ho r izontal g r aticu le li n e .

>VZ R

Θ ωεΜ

	

2.5

4
OPW~~.0 ~V ZR 2

θ WFM

	

2.SVZR

VPDN Rest r ictions : The vertical ze ro r eference must be hig he r th a n, o r equal to,
-20 divisions ; and if t h e o pe r ational wavefo rm is not 0 WFM, all p oi n ts of t he moved
waveform must be wit h i n -20 division s of th e cente r h o r izo n tal g r aticu le li ne . VP D
ERR O R is issued if eit h e r rest r iction is violated .

The ope r atio n al wavefo rm can also be ve rtically positioned b y d i r ectly setting t he
vertical ze r o r efe r e n ce (VZ R) to α specified val u e . Fo r example :

Press

	

Display

	

Comments
2.5

	

-

	

-OPW θ

	

VZR 0.947

	

2V

	

500μ5

	

Ente r t he new ve rtical.
ze r o refe r ence (i n
d ivisio n s r elative to t h e

Π

	

Π

	

center h o r izo n tal grat-
ic u le line) .

τν

	

500 5
The op e r ational wave-
fo rm has been moved to
th e new vertical ze ro
refe re nce level of 2.5
divisio ns above t he cente r
ho r izontal g r atic u le li ne .

ι

	

>VZ WARN I NG is iss u ed
if t h e o pe r atio n al
waveform is 0 WFM a nd
the move wou l d cause
any poin ts to fall ou tsi d e
t h e ve r tical limits of ±20
d ivisio n s . Those p oi n ts
a re then set to the vertical
lim its .



POSITION I NG THE STORED WAVEFORM (Cont)

>VZR R est riction s : The Χ registe r mu st contain α constant f rom -20 to less t h an
+20; and if t h e op e r ational waveform is not f rom 0 WFM, all p oin ts of t he moved
wavefo rm must b e wit h i n ±20 divisions of t he cente r hor izo n tal g r atic u le li n e, pr io r
to execu tio n of t h e >VZ R command . >VZ ERR OR is issued if eit her r est r iction is
violate d .

To ret urn the ope r ation al waveform to t he o r iginal d is p lay :

Press

	

Display

	

Comments
0

H orizontal Positioning

2 .5

>VZR

ENTER

; O PWθ

	

VZ R Θ

θ iVZR

OPW Θ

	

VZR Θ

	

2V

U si ng The Waveform Calculato r-7854

Cu rso r stat u s affects t h e o pe r atio n of t he ho r izontal p osition commands .

To demonst r ate the hor izontal position i n g commands

	

(HPLFT and HPR GTI, we
will first mark t he dis p layed wavefor m with α r efe r e nce by moving α point to α
high e r ve r tical valu e . Now, wit h t he c urso r s off :

Press

	

Display

	

Comments

500μS

R eturntheoper ation al

waveform to the d isplay.

Key i n t he n ew ve r tical
valueof 2.5 volts i n to

t heΧ r egiste r .

Exe rcise continues on next page
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POSITIONING THE STORED WAVEFORM (Cont)

Press

	

Display

	

Comments

206

	

οΡω e

	

ντα e

	

τν

	

5e0Ps(

	

Key in the point number
{ { ( Ρ/W) / 10 1
(number of d ivisions to
the r ight of the waveformr,

	

r,

	

r]

	

start where the point is)),r]

	

F

	

in t his case � 206

>ΡΝΤ

2.5 τe σ '

2 .5 ΡΝΤ

The p oi nt is moved to the
2 .5 volt level . (Adjust the
STORED INTensity, if
necessary .)

To hπrί _πηια /1 r position the operational wavelorm with the cursors off.
α. Enter th e amount of time hi, ι vhίch the operational wave/brm is to he

moved .
ή . Press the shίft © keY .
c . Press the

	

HPRGT

	

to move the κσν e/iιrm ! ο the riχhι , or press
Ι!Ρ/,FΤ

	

to move the ωανe/όrηι left .



POSITIO N ING THE STORED WAVEFORM (Con t)

Now, move the oper ation al wavefo rm to the left by 250 microsecon ds:

250

C HS

Press

	

Display

	

Comments

ΕΕΧ

6

HPLFT

'O PW θ

	

VZ R Θ

	

2V

	

500 μS',

2 .5 25 θε - Θ5

2 .5 HPLFT

Using The Waveform Calculato r-7854

2V 500μ S

E nter the a moun t of time
w hich th e wavefor m will

be moved .

The sq ua re wave is
move d left 250μs (0 .5
division) .

HPLFT Operation (Curso rs Off) : Th e operational wavefo rm is rotated to t he left by
the amount of time in t he Χ register.

HPLFT Restrictions (Curso rs Off) : TheΧ registe r mu st con tain α constant f rom 0to
the maximum hor izon tal val ue of the operational wavefo rm, pr io r to execu tion of the
HPLFT comman d .

	

- έ~ Ϋτj= is issued if th is restr ictio n is violated .

Exe rcise continues on next page
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POSITION ING THE STORED WAVEFORM (Con t)

To move the operational waveform to th e r ig h t by 500 m icroseconds :

6-78

Press

	

Display

	

Comments

2.5 HPRGT

time

rm
μ s) .

HPR GT Operation (Cu rso r s Off) : The ope ration al wavefo rm is r otate d to t he r ig h t
b y t he a moun t of ti me i n the Χ r egister .

HPR GT Rest r iction s (Curso r s Off) : Th e Χ r egiste r must con tai n α constant from 0
to th e maximum ho r izontal valu e of t he ope r atio n al waveform , pr io r to execu tio n of
the HPR GT co mmand . HPR ERROR is iss ue d if t h is rest r iction is violated .

Το hυ rίzonta!lr position α specific point q/' the operational ιναν e/ύ rm to α
ι le.s ίχηαι e ιΙ position on the ιΙίsρ lαι , χrat ίc u le :

α . Turn on Cursor Ι and position ί1 1 ο th e κανe%r ητ point gl interest.
h. Κe. r in t h e time reference on th e λί.sρ /g τ r χr αιίιυ le

	

( (ηιιιη h e r υ/'
horizontal divisions) " (th e horizontal scale laclor)

	

it -here the
vi ,avetbrm point is to be placed.

c. Press the sh (f 't © kev .
d. Press the appropriate horizontal position kei - (either

IIPR('Τ
IIPLFT οι

500 ΕΕΧ Ente r the amount ofOPW θ VZR θ 500μS

CHS 6 b y wh ic h t h e wavef
will be moved (500

HPRGT

2.5 500Ε -06

OPW θ VZR θ 500μS The squa r e wave is
moved 500 μs to t he
r ig h t .



POSITION ING THE STORED WAVEFORM (Con t)

To move the marker on t he d isplaye d o per atio n al waveform to be at t he center
ve rtical gr atic u le line :

Press

	

Display

	

Comments

CRS1>

2 .5

CΗ S

CRS1

ΕΕΧ

3

HPRGT

J O PW ,0 ~~VZR θ

VORD

	

~ z.sv~~~

	

~

	

'~ RDRD

	

~z.z ssms~~.- ~
Θ

	

2.5 CR SI'- ~'~

	

''.

50Θμ S

_~.

	

..

	

.

	

_ ..__.:..:.:.... .____ .νν

IOPW θ

	

VZR Θ

	

~^- 2V

	

50 ΘμS

VCRD =~ ~2 .5 Ν ~~~~~~

	

HCRD = 2.256mS
2 .5 2 .5E 03

VC R D =~ 1 .9~34V ~

	

-~ HCR D =~ 2.256mS
~~.. θ

	

~ 2.5 ΗλΡ G7 .

U sing The Waveform Calculato r-7854

500μ5"OPW '~. Θ I VZR10

	

2 :'

Turn on and p osition
Curso r 1 to the wavefo rm
mark e r .

En te r the ti me reference
ι

	

of2.5 ms (5 divisio ns
500μs) in th e Χ register

έ

The wavefo r m is rotate d

to the r ig h t b y t he

amount of time necessary
to move t he marker to the
2.5 ms r efe r ence .

Exe rcise continues on next page
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POSITION I N G THE STORED WAVEFORM (Con t)

HPR GT Ope ratio n (Curso r 1 On) : T he operational waveform is r otated to th e rig h t
b y t h e absol ute val ue of t h e diffe r ence between the HCRD settin g and the time i n
the Χ r egiste r .

HPRGT Rest r ictions (Cursor 1 On) : The Χ r egiste r must contain α consta nt wh ic h
is f r om 0 to th e maximu m ho r izon tal val ue {10 * ( h o r izo n tal scale facto r ) ξ of t h e
o pe r ational waveform , pr io r to execu tion of t he HPR GT comma nd . i s
iss u ed if t h is r est r iction is violate d .

To move t he marke r to t he second ve rtical g r aticu le li n e, fi rst p ositio n Cu rso r 1 to
t he top of t he mark e r . Now :

500

Press

	

Display

	

Comments

CHS

ΕΕΧ

6

HPLFT

-" 0PW 0

	

VZR 0

	

2V

	

500 υ5

VCRD = 2 .SV

	

HCRD = 2.5m5
"1. .5

	

ιΠΙ '. ύ 6

	

~~.

OPW θ

	

VZR θ τν S Θθυs

VC R D = 1 .875V

	

HCRD 2 .5m8 -~
ρ

	

Γ

Ente r the time reference .

Th e waveform is r otate d
left by th e amou n t of
time necessary to move
the marke r to t he 500 μ s
r eference .

HPLFT Operation (Cu r sor 1 On) : Th e operational waveform is r otate d to t he left by
th e ab sol u te valu e of t he d iffe r ence between t h e setting and the time in t h e
Χ r egister .

HPLFT Rest r iction s (Cursor 1 On) : Th e Χ r egiste r must con tai n α con stant which is
from 0 to th e maxim um ho r izontal valu e 110 " ( h o r izon tal scale facto r ) ξ of th e
ope r ation al wavefo r m, pr io r to exec u tio n of t he HPLFT comma nd . i s
iss u ed if t h is r est r ictio n is violate d .



POSITIONING THE STORED WAVEFORM (Cont)

To hπrίτπηισ // r move the operational ιrαvefnrm br the ιίιιιe dί//erence
between the two cu rsors (t he relative horizontal coordinate) :

α. Turn on and position both cursors.
h. Press the shift 10 ker.
π Press the appropriate horizontal position keY (either

ENTER

= ΡΝΤ

CRS2-1

NPR(; Ί

To place waveform point 256 of the operational waveform to the 4-volt level :

P ress

	

Display

	

Comments

256

Using The Waveform Calculator-7854

{ ονω ',e v τ R .e

	

τν 5009s;

. - VCRD -

	

6.117V

	

.' .HCRD =' 2.A9mS',
2,5

	

'	4 CRS2 - 1'

/ΙΡLFΙ

Move point 256 to the
4-volt level .

To move the operational waveform left by the Δ HCRD setting :

Press

	

Display

	

Comments
Turn on Cursor 2 .

or

Exercise continues on next page
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POSITION I NG THE STORED WAVEFORM (Cont)
Press

	

Display

	

Comments

Ί (

HPLFT Ope ration (Cursors On) : T h e ope r ation al wavefor m is r otated left b y t he
amount of time between t he c urso r s (t h e ΔH CR D read i n g) .

To move th e waveform to th e rig h t :

HPLFT

Press

	

Display

	

Comments

CR S1<

CR S2<

HPR GT

jOPW θ

	

ντ

	

θ

ιiVCRD = 4 .05V

	

P. HCRD = 2 .49m5

OPW θ

	

'.VZR θ

2.s

	

α ιιι~ ι . ιτ

i ΔVC R D =

	

6.177 ν

	

Δ HCRD = 1 .25mS ..
2.5

	

4 CR S2

ΔVC RD

	

= Ι

	

2.069V ~-

	

ΔHORD ~_~ ~1 .25ms2
L5

	

~

	

.

	

4

	

HPRGT

5ΘΘμS(
ε

1

OPW θ VZR .,,θ

	

2V 500μ5;

2V Ι 50Θμ S

The waveform is r otate d
left by 2.49 ms ( ~ H CR D
value) . N otice t h at t h is
resu lte d in t he sho r te r
ma rk e r a ppea r i n g to
move to the rig h t due to
th e w rap-a r ound opera-
tio n of HPLFT (and
HPR GT; however , it is
still 4 divisions (2.49 ms)
to t he left of t he h ig her
ma rk e r .

Positio n t he curso r s as

shown .

The wavefo rm is rotated

r ig h t by 1 .25 m s

( valu e) .



POSITION IN G THE STORED WAVEFORM (Con t)

Using The Waveform Calculator-7854

HPRGT Operation (Curso rs On) : The operational waveform is rotated r ig h t by the
amount of ti me between the c ursors (the

	

read in g) .

NEXT EXERCISE BE GIN S WITH POWER-UP

WAVEFORM FUNCTIONS
All of the commands in the WFM FUN CTIO NS block on t heWaveform Calcu lator
requ i re the hor izon tal extent of th e oper atio n al waveform in order to calcu late the
new waveform . (T h is is in contrast to the arithmetic fun ctions wh ic h t reat each
wavefo r m poin t value as α constan t .) The following exercises demon st rate the DIFF
(Differen tiatio n ), ΙΝΤ (I ntegr atio n ), OR D (Return Ord in ate), >OR D (Set Ord inate),
ITRP (I nte rp olate), and SMOOTH comma nds. See F igure D, block 18 fo r the location
of the co rres ponding keys.

ΝΟΤΕ

The DI FF and INTG functions are not exactly reciprocal in the 7854
due to the specific algorithms used. Each function introduces α small
amount of smoothing.

DI FFERENTIATING Α WAVEFORM
Per form th e procedure fo r O btaining α Scope Display in Section 4, Scope Disp lay
Mode Infor m ation .

Positio n t he CA L I BRATO R sign al so that the first positive-going pu lse star ts at the
second ve r tical gr aticu le lin e, a nd so the square wave is ce nte red a round the ce n te r
hor izontal g raticule line .

Set t he STORE D INTe n sity con trol to qu arter range .

AVG10
STORE D

Press

	

Display

	

Comments

I ΟΡωI,,.0

	

ντα 0

	

.

	

τν

	

600"°~
Store and d is p lay t he
cali brato r sig n al .
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DIFFERENTIATIN G Α WAVEF ORM (Con t)

Press

	

Display

	

Comments

VA' DI FF
OPW θ

	

VZR Θ

	

1 ΠΟΚ

θ WFM DI FF'

DI FF Restr ictions: Th e Χ r egiste r mu st contain α vali d wavefo rm memory address
pr io r to execu ti n g the D I FF comman d . DI F ERR OR is issued if th is rest r ictio n is
violated .

ΝΟΤΕ

78':.,

Remember that any do or constan t goes to zero upon differentiation
and is not r etained automatically.

INTEGRATING Α WAVEFORM
To integ rate t he d is played operation al wavefo rm:

Press

	

Display

	

Comments

I NTG ;.OPW~. θ VZR η 1500μS

Π

Θ WFM INTG

__ ----- __

	

The square-wave sign al
ςθθυ57

l

	

has been differentiated .
The ve r tical scale facto r
is blank . See Sectio n 9,
Command Language, fo r

--

	

t he sp ecific algo r it h m .

The wavefo rm h as been
i nteg rated . The ve r tical
scale factor un it is b lank .
See Sectio n 9, Command
Language, fo r the sp ecific
algor it hm .

I NTG Restrictions : T he Χ register mu st co n tai n α vali d waveform memo r y address
p rior to exec u ti ng the INTG comman d . ΙΝΤ ERROR is issued if th is restr iction is
violated .

6-84
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SMOOTH ING THE WAVEFORM
Essentially, smooth ing replaces eac h point of t he stored wavefo rm with t he average
valu e of th e wavefo rm with i n th e specified distance about the p oi nt .

To sητuoth a stored ιrave/ήrητ :
π .

	

Πίsρία. r

	

the

	

ιι πve/ίι r ιιι

	

to

	

he

	

smoothed (anti enter its

	

ιrnre/όrιιτ
number into the Χ register) by using the WFM ιυηυππιτιΙ.

h . Enter the ιι ίdιh ιι /' ιhe smoothing ιιίιτι/ιιιr (in divisions) to he used/br
smoothing the ιrnre/brm ίηιυ the X register .

e. Press SΜΟΠΤΗ

ι

For example, to smooth the d isplayed waveform with α window of 1 .5 divisions :

Press

	

Display

	

Comments

1 .5

	

οΡω 0

	

VZR -,

	

,

	

5Μ� s'

	

Theoperational wave-
fo rm h as been smoothed
using α 1 .5- divisio n
smoot hing window . See
Section 9, Command
La nguage, fo r the specific
algor it hm .

SMOOTH

U sing The Waveform Calculato r-7854

SMOOTH Restrictions: Th e Υ register must contai n α vali d wavefo r m number and
t he Χ register must contain α constant from 0 to 2 (i nclusive), pr ior to execution of
the SMOOTH command.

	

is issued if either restriction is violated .
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To recall the value of the operational wavefo rm at the horizontal coord i nate of 1 .5
milliseco nds (f rom the start of the waveform ) :

Press

	

Display

	

Comments

CHS

ΕΕΧ

OR D

3

AND SETTING AN ORDINATE VALUE

OPW θ

	

V2R -1

	

~

	

1

	

500Ν 5 :
Ente r the ho r izon tal
coordinate (from the start
of theoper ational
wavefo rm) whose
ord inate valu e is
desi red .

Theord inate val ue of
1 .867 is returned to
the Χ registe r .

Cursor / can be used to change α specίfic waveform point to α nevi , value:
α. Turn on and position Cursor / to the point Qf interest .
b. Κeν in the new point value.
π Recall the HCRD setting to the Χ register
d. Set the point to the ηeκ- value κνίth

vv ith (
>ORD

HCRD

ι



RECALL I NG AND SETTI NG AN OR DINAT E VALUE (Cont)
To set the o rdinate valu e of the oper ation al waveform at 2 milliseconds from the
start of the wavefo r m to α value of 3:

2

3(

Press

	

Display

	

Comments
ENTER

ΕΕΧ

CHS 3

>O R D

REV ΜΑΥ 1982

Usi ng The Waveform Calc ulato r-7854

Enter t he new valu e,
3, in to t he stack .

Enter the distance from
the start of the

operational waveform .

Set the ordinate val ue.

Exer cise continues on nextpage
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RECALL IN G AND S ETTI NG AN OR DINATE VALUE (font)

>ORD Operation : The operational waveform is set to the ve r tical value given in the
Υ registe r at the location given in the Χ registe r .

ORD R estrictions: T he Υ registe r must contain α constant and the Χ register must
contai n α co nstant from 0 to the maximum hor izontal valu e of t he operation al
waveform (inclusive), pr io r to exec ution of t he >ORD command. -OR ERROR is
issued if either restriction is violated.

INTERPOLATING ON THE WAVEFORM
To inte rp olate between the seco nd and third vertical g raticule lines with the cu rso rs
off:

500

Press

	

Display

	

Comments

CHS

The waveform is autoscaled following α >O RD command, ifnecessary.

ΕΕΧ

6

ENTER

ΕΕΧ

CHS 3

;' OPW Θ

	

VZR -1

;OPW θ

	

VZR-1

5 θθμ

	

, 1 Ε- θ 3

ΝΟΤΕ

500μ51

5 Θθμ51

Enter the ho r izon tal
location ((gratic ule
d ivisio ns) * (horizontal
scale factor ) ξ of 500μs
into the stack.

Separate the locations
and en te r t h e second
horizon tal location .



INTERPOLATI NG ON THE WAVEFORM (font)

Press Display

	

Comments

FITRΡ
O PWθ

	

VZR -1

U sing The Waveform Calculator-7854

Beeus'..
Inte rpolate between
500μsand 1 msof the

operation al wavefo rm.

To dr υιτ, α straight line (l ίnea r l ι , interpolate) h et ιcee η t" ο spec ίfie(l points on
th e operational ιναν e/οrιη it ,ith the cursors of .

α . Κe Υ one ο/ th e horizontal locations into t he stack .
h. Press

	

ENTER	toterminate entry of the first location.
ι. Ker th e second horizontal location into t he stack .
d. Press lTRP

ITRP Operation (Curso rs Off) : The portion of operational wavefo rm delimited by
t he horizontal locations specified in the Υ and Χ registe rs is rep laced with α st raight
line .

ITRP Restrictions (Curso rs Off) : TheΥ and Χ registe rs mu st b oth contain constants
from 0 to the maximum horizontal value of the operational wavefo rm (i ncl usive),
pr io r to execution of the ITRP comma nd . ITR ERROR is issu ed if either restriction is
violated.

Exercise continues on next page



Usi ng The Wavefo ιm Calcu lator-7854

INTERPOLATING ON THE WAVEFORM (Con t)

To i n terp olate from t he sta r t of t h e second positive-going pulse to the top of t he
glitch :

CRS1>

Press

	

Display

	

Comments
CRS1

HCRD

CRS1>

HCRD =' 2.P82~mS

1.387mCR51 ~

Turn on Curso r 1 and
position it to t he sta r t of
thesecond positive-going
pulse .

Return t he horizon tal

coord inate value (the
hor izon tal location of the

desired starti ngp oi n t fo r
interpolatio n ) i nto the
Χ registe r .

Position Cu rso r 1 to the
top of the glitch , the e nd
poin t for inte rpolation .



INTERPOLATI NG ON THE WAVEFORM (Cont)

P ress

	

Display

	

Comments

ITRP

Using The Waveform Calculato r-7854

Th e designated portion of
the operational wavefo rm
is re p laced with α
st raig ht li ne .

Το ίιτιeι/πι lιιΙe ι r ίΙ /τ ιιη/r Cursor / on :
υ . F_ηιer the starting point horizontal location into the X register .
h .

	

position Cursor l to the end point ofthe portion to he interpolated.
c. Press lΤRΡ .

ITRP Operation (Cursor 1 On) : Th e portion of operatio nal wavefo rm delimite d by
Cu rsor 1 and t he horizontal location specified in the Χ registe r is replaced with α
st raig ht li ne .

ITRP Restrictions (Cursor 1 On) : Th e Χ registe r must contai n α consta nt from 0 to
the maximum horizontal val ue of the operatio nal waveform (incl u sive), pr io r to
execution of t he ITRP comma nd . ITR ERROR is issued if this restr iction is violated.

To i nte rpolate from the center vertical graticule li ne to the present position of
Curso r 1 :

Press

	

Display

	

Comments

6- 9 1
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I NTERPOLATING ON THE WAVEFORM (Cont)
Press

	

Display

	

Comments

CRS2-1

CRS2<

ITRP

'.OPWθ

	

VZ R -1

	

1

	

500μS

λVORD -	1 .OSi

	

~ RCRD = 517 .6 μ $ "
1 .387m

	

θ WRM( :RS2'

Turn on and p osition
Cursor 2 as shown .

I n terpolate between the
cursors .

To ίηιηιγιυ lαιe ιr ίιh both cursors on :
υ. Πίsρl ιι r the operational vv υνι'/ όrιιι using the WFM Command.
b. Position the cursors at the end points ol the portion to

interpolated.
c. Press ΙΤκΡ

be

ITRP Ope r atio n (C urso rs On) : The po r tio n of t h e ope r ational wavefo rm delimite d by
th e c ur so r s is r e p laced with α straigh t line .

ITRP Rest r iction (Curso r s On) : Th e Χ r egister m ust contai n α valid waveform
numbe r pr io r to execu tion of t he ITRP command . IT R ERROR is iss u e d if t h is
r est r iction is violated .



INTERPOLATI NG ON THE WAVEFORM (Cont)

Using The Waveform Calculator-7854

This procedure is helpful when rιιιι it-ant to generate a linear section o. /
ιrατrι" /ίι r ιιι between two

.specific ιwt ίca! ι , ιιlιιη.s :
a . Turn on and position Cursor I to the desired starting point of the

linear section.
h . Set the starting point to the desired νerιίc ιι l le" s ,el.
c. Μοι"e Cursor l to the ending point αιτιΙ .se ι this to the desired i , ertical

level.
d. Interpolate between these points .

For example, to generate π linear 5eιιίιιη .front the second ι -eΡιίcαl χιΥlιίΓυ /ι"
line to the sixth, /rοιιι 2 rοlts tο -(Ι.5 ι , οl ι :

α . Press a

	

(YZ.S' ι

	

anti ιιιοι , e the cursor to the second i, ertical
χrιιιίιιι /ι" line .

h. Set this point to the, 2-ωι /ι /e ι 'cλ 6 ι ' pressing 2
>ORD

>ORD
el. Press

	

Γ!_Χ

	

to more the NCRD ο/ the starting point to tilt, X
register . Then interpolate by presing ΙΤRΡ

OFF

Pru.s.s

	

ABS

	

FM_lU

	

Ο

	

ABS

	

M ID

	

Ο .

ΗΡ l.FT

c. Μοιν" Cursor ! to the sixth (center) ι ,er ιical χrαιίcυle line andsel this
point to the -Π.5 twit lerol by pressing .5

	

ΓΗS

	

HCRD

You ιιτqr at times find it useful to ηταηυαllr ,Qeηerare known wat'(fornis . The

. following three examples ιηαr he he!!ο/ύl.

To generate α ramp which is srnηneιricul around the crt center; press
0

	

WFM

	

(Ι Ο !	+ Ο

	

LNTG

	

ΜlU

	

Ο . (Cursors must he
off.)

Το genet- ale two crr/e .s ο/ α triangular wax,eform . from the generated ramp :

Νοιι', to generate one ςrcle of'sine ware, whic h will he accurate within /(/( at
5/2 Ρ/ W: First generate the two ιη 'ι/e.s ο/' triangular Shape . Novi , press:

2 SMOOTH 2 SMOOTH 2
2.~

	

W ιιΡι.FΤ

	

2

	

Ηχρυ

	

Nsc ι

	

2._5
0SMOOTH HSCL_

Ηί'RU

NEXT EXERCISE BEGINSWITH POWER-UP
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PROGRAMM IN G
Α 7854 program is α series of commands stored by the processor fo r later
execution. Th e prog ram can t hen be run as often as necessa ry. Th e results obtained
at the end of prog ram execution are identical to those you would have received by
ma nually pr essin g the keys one at α time.

ΝΟΤΕ

Prog rams can be written into the program memory either from the
Waveform Calculator keyboard or from the GPl8 . Only programming
with the Waveform Calculator keyboard is discussedhere; see Section
7, GPl8 In formation, for details concerning 7854 programming over the
GPl8 .

PROG RAM MEMORY
The commands that make up the program a re stored by t he processor in the
program memory. The prog ram memo ry is sepa rate from the stack, co nstant
registe rs, and wavefo rm memories; but the processo r may utilize any or all of these
storage devices during prog ram execution .

Stored prog rams are organized by prog ram li nes wh ic h consist of α three-d igit
processo r-assigned line number and α mnemonic-o riented comma nd group .
Prog ram li nes are sequentially numbered from θθθ to α maximum of 999 . Each
program line mu st contain at least one command (in addition to the li ne nu mber),
and may contain more. Α representative prog ram li ne cou ld be:

LINE
NUMBER

EDIT
PROMPT CO MMAND

GR OUP

Notice that the keyst roke commands are stored and dis p layed as the co rr esponding
mnemonics, and that spaces a utomatically separate adjacent mnemonics. To
conserve space, the blanks between adjacent n umeric commands (0-9, ., EEX, and
embedded CHS commands) are suppressed.

Th e total number of comma nds that may be ente red on one prog ram line is limited
to 35 characte rs, wh ic h incl udes the sepa rating spaces between mnemonics. If α
command is issued during prog ram entry which would cause the command group to
exceed the li m it of 35 characte rs, α warn ing' is issu ed and α new program li ne is
started. The last comm and issued (wh ic h exceeded the allowa ble li n e le ngth) then
becomes the fi rst command on the new line .

'The warn ing message of ΧΧΧ WARN I N G is not d isplaye d for this warn ing .
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PROGRAM MODE S
Three prog ram modes are provided with t he Waveform Calculato r : (1) The Ent ry
mode in which comma nds are not execu te d bu t a re instead stored in prog ra m
memory fo r late r execution; (2) the Ed it mode which allows t he d eletion and
rea rrangement of enti re li nes of prog ra mmed commands; and (3) the Execute mode
wh ic h allows t he processo r to a utomatically execute t he prog rammed co mmands.

THE ENTRY AND E DIT DISPLAYS

U sing The Waveform Calculato r-7854

Program memory will h old α maximum of 920 (commands plus li ne numbers), 2000
with Option 2D t, and α maximum of 1000 program li nes . If the program memory is
full and you attempt to enter an additio nal command : (1) The ERROR indicators will
light; (2) the audible warning tone will be issued if the AUDIBLE ERROR/WARN ING
switch is ON ; (3) the display will b li nk ; and (4) commands other than CLL (Clear
Line), ςL ρ (Clear Prog ram), or EXECUTE, will not be accepted.

The ed it prompt, >, indicates whe re the prog ra m can be currently accessed fo r entry
or editing and is d isplayed at the start of the prog ram li n e pr inted on crt d is play li ne
8. Th is prog ram li ne (which is preceded by the edit promp t) is called the current
program li ne when ente r ing or editing α prog r am . The end -of- pr og ram line is the
b la nk li ne followi ng the last assig ned prog ra m li ne.

The E nt ry a nd Ed it modes ove rr i de the CRT DISPLAY commands to d is p lay up to 16
lines of prog ram . The current prog ram li ne is pr inted on d isplay li ne 8 with th e
pr evious seven prog ram li nes d is played above this, a nd the subsequent eight
prog ram lines d isplayed below . Program lines are assig ned line numbers after an
ente red li ne is term inated. Α typical program dis play is shown i n Figu re 6-2 .

000 LOO
θθι SCOPE VMDL ΗΜΟΑ -
θθ 2 L01 RDOUT 1 IFX"Υ 2 LBL COTO
003 Ι LBL COTO
004 Lθ2 VM DR
θθς 1 RDO UT 1 [FX-Υ 3 LBL COTO
006 2 LBL 6ΟΤΟ
?. θθ7~ . Ι ~13_:vMΠgLT_ .:_.. ... :... ..._.. . .ι . . .. .: .... ._. . .; .. ..... .+,._ .. ..
0ΘΒ AQR STORED

	

'
~009 CLD CRSI θ >HCRQ OFF
ι θΙθ 0 WFM ΜΙΝ - 5 *PD Ι > VZR
~ ΦΙΙ Θ WFM 2 >4FM

	

`
θΙ2 ! WFM ΜΙΝ - 5 Υ?X PD 3 CHS >ΥΣR
013 0 WFM 1 >V FM

	

';
014 Ι DS4 2 0$Υ
015 C RSI 2 WFM MID >! VCRD Ι WFM Ρ-Ρ

i
2873-351

REV AUG 1986

Fig ure 6-2. Α ty pical pr og ram display on the 7854 Oscilloscope.

Ι Applies only to instruments with se rial numbers i,elow Β085121 . For instruments with
serial number ΒΟβ5121 and above, features previously providedbyOption 2D are standard.
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THE ENTRY MOD E

The prog ram En t ry mode is invoked by the fi r st prog rammab le comma nd received
by t he processo r following either the PROG (Prog ram En t ry) command o r an ed it
command . If α prog ram is not al ready stored , only the ed it promp t a nd the
mnemon ic of the last received comman d will be d is p layed (see F ig . 6-3) ; otherwise,
α on e-line space is ope ned in t he prog ram pr io r to the c urren t prog ram lin e, and t he
ed it prom p t a nd newly en te red command mnemon ic a re d isp layed at the start of th is
new prog ram line (see Fig . 6-4) . Any add ition al prog rammab le commands issued
are sequen tially added to the command g roup of the curre n t prog ram line . The Ent ry
mode can be iden tified by the abse n ce of α line number before the command g roup
of the d isplaye d curren t prog ram li ne. To leave the E nt ry mode simply issue any of
the prog ram ed it comma nds or the EXECUTE comman d .

Fig ure 6-3. Examp le of the prog ram En t ry mode with ou t previo u sly stored prog rams.

ΘΙΦ θ WFM ΜΙΝ - .5', VXPO 1 >VΣR
Oil θ WFM 2 >YFM
012 1 WFM ΜΙΝ - .5'. VXPO 3 CHS >ΥΣR
013 0 WFM Ι >υFΜ
014 Ι OS4 2 Ο5υ
0Ι 5 C RSI 2 WFM ΜΙΟ '1-> VCRC Ι WFM Ρ-Ρ
016 VCRO - CRS2-1 4VCRO ΟΕιΑΥ

018 STOP Lθ4

2873-353

Fig ure 6-4. Example of the prog ram En try mode with α previously stored prog ram .
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THE EDIT MOD E

THE EXECUTE MODE

Usi ng The Waveform Calculator-7854

The program Ed it mode is i nvoked by issuing CLL (Clea r L i ne), CLP (Clear Program),
PREV (Go to P reviou s L ine) or NEXT (Go to Next L ine) when in the Entry mode; or by
issuing t he FROG command wh en in the Execute mode if α program is al ready
stored . The Ed it mode (see F ig . 6-5) is d isting u is hable from the Entry mode by the
li ne number between the d isplayed ed it prompt and t he command g roup of the
cu rrent progr am li ne. The Ed it mode is exited by issu ing the EXECUTE command or
by invoki ng the Enter mode .

θθ5 ι Rσσυτ ι τFχ-κ 3 LPL σστο
00 6 2 1-131- COTO

	

.
007 Lθ3 VM DALT
008 ΛQR STORE D
009 CLO CR51 Θ >HC90 OFF
010 θ WFM ΜΙΝ - SιVMPD 1 >VZR
011 Θ WFM 2 >VFM ,

,0121 4 FM ΜΙΝ

	

5 VXPC~ 3 Cξi,._>Υζ__+.-:]
θ 13 0 YFM 1i415M

	

ι
014 1 0$4 2 D54
015 CRS1

	

2 WFM MID' >VCRC

	

Ι

	

WFM Ρ-Ρ
016 VCRO - CRS2 -1 >VCRD DELAY
017 1 >CNS

	

-

2873-354

Fig ure 6-5. Example of the prog ram Ed it mode.

Th e Execute mode is i nvoked, only afte r α program has been stored in t he prog ram
memory, by issu ing eit her RUN, START, or STEP following t he EXECUTE command.
The Execute mode is made up of two d istinct states : (1) The Run state whic h is
ente red by executi ng the RUN or START comma nd , and (2) the Step state wh ic h is
entered by executi ng t he ST EP command . Before invoking eit her state of the
Execute mode (and afte r leaving t he Enter o r Ed it mode with t he EXECUTE
command ) the processor is i n the "i d le" state. While i n th e i dle state, the processo r
will only execute d irectly iss ued commands from the keyboards or the GPIB.

STOP is the only d i r ectly issued command wh ich will be accepted dur ing t he Run or
the Step state; all other di rectly iss ued comman ds are ignored. The 7854 ret urns to
the idle state after executing α stored STOP command or by α di rectly issued STOP.
An error, or α warn ing occurri ng i n the Step state, will also return the processo r to
idle .
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The exercises given here are intended to acqu ai n t you with the prog ram en try
d isplay and will not go into the d etails of command oper atio n .

Th is in t roductory prog ram will average α real-time sig n al 75 times, store the
averaged waveform in 3 WFM, measu re the peak-to-peak amp litu de of the
waveform an d place th is amp litude in constan t registe r 1 (1 CN S) . Then α window
from +10% to -1 09/6 of the peak-to-peak am p lit ude is computed ; the 110% amp litude
value is stored in 2 CN S a nd the 90% val ue in 3 CNS. The i npu t signal is then
averaged again and the presen t peak-to-peak amp litude is compared with t he 110%
and 90°/ο limits .

To do th is manu ally you wou ld fi r st set up the desired real-time d isp lay and then
iss ue the following comma nds:

75

2

3

Ρ-Ρ

AVG

CNS

CNS

AVG10

C NS

C NS 4

Ρ- Ρ

AN INTRODUCTORY PROG RAM

IF >Χ

>CNS

1 .1 Ο 2

0.9 Ο 3

4

CNS

>WFM

IF >Χ

>CN S

5-MS

>CN S

Now, let's en te r t he in t rodu ctory prog ram in to prog ram memory .

Average and store the
selected wavefo rm in 3
WFM .

Measure the Ρ-Ρ
amp litude an d store in
1 CNS.

Compu te 110% val ue
and sto re in 2 CNS .

Compu te 90%ο value a nd
store in 3 CNS .

Average the inpu t
signal (only 10 times,
fo r speed ) a nd place
the Ρ-Ρ val ue in 4
CNS.

Compare if the present
Ρ-Ρ value is greate r
than the 110% limit
value.

Compare if the 90%
limit is greate r t han the
presen t Ρ- Ρ value.



ENT ER I N G THE PR OG R AM

Pe r form ste p s 1 t h rough 5 of t he proce dure fo r Obtain i n g α Scope Display given in
Sectio n 4, Scope Display Mo d e I n fo r mation .

Press

	

Display

	

Comments

PROG

LNN

Α // new commands used in this exercise will be discussed in detail
late r in th is section .

NEXT

01

ι01

Usi ng The Waveform Calculator-7854

ΝΟΤΕ

The program Ent ry mode
is i n voked . The ed it
prompt is d is playe d at
t he sta r t of display line
8 .

T h e sta rt of t h is program
is i d entifie d with α la bel
(1U11) . Notice th at the i=
m nemonic was only
d is played u ntil t h e sh ift
f unction was issued .

Th e e d it pr ompt is
advanced to the next

program li ne. Notice that

the line numbe r ( :~ή1)
has been added to t he
previous program li n e .

Exercise continues on next page
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ENTER ING THE PROG RAM (Cont)

Press

	

Display

	

Comments

SCOPE

Vertical Mode :
LEFT

H orizontal Mode :

Notice that the mnemonics VMDL and HM DB are displayed to indicate
the selected vertical and horizontal modes . (All settings of the
VERTICAL and HORIZONTAL MODE switches are programmable ; see
the Glossary in section 1 for mnemonics.)

O FF

NEXT

ααα Lo ι
: 001 "COPE 4MOL ΗΜΟΒ'.OFF

ΝΟΤΕ

T he mnemonics of t he
issued comma nds are
entered into t he
command group of t he
cu rrent program line .
Spaces sepa rate adj acent
commands (except
adj acent numer ic
commands) . This
command grou p will
initialize the real-time
d is play.

Initialize th e cu rsors by
assuring that they are
turned off . The NEXT
terminates the line a nd
advances t he ed it
prompt .



ENTER ING THE PR OGRAM (Con t)

Press

	

Display

75

ΝΕΧΤ

Ρ -Ρ

AVG

>WFM

CNS

3

>CNS

C NS

>CNS

θθθ ί0 Ι
001 SCOPE VMOL H,108 OFF
002 75 0C 3 >II F11

θθθ ίθ 1
001 SCOPE VM O L ΗΜΟΒ 'OFF
002 75 A V C 3 >YFM ..
003 Ρ - Ρ Ι >CNS 1 C N $ 1 .1 # 2 > ιΝ 5 Ι

Using The Wavefo rm Calc u lato r-7854

Comments

Enter the commands to
average and store the
waveform . Notice that
t he space between t he 7

and 5 is suppresse d .

Attem p t to ente r the

remai n i n g commands of

the prog ram . Although
th is is α mo r e efficient
u se of t h e program

memo ry, th is will make
ed iting α prog ram mo re
difficult and is done here
to demonstrate t he

a u tomatic NEXT wh ich

occur s when th e line

le n gt h of 35 c h a r acte r s

is exceeded . Notice t h at

t he processor te r mi nate d

the f u ll prog ram li n e,

advanced the ed it

prompt, place d the

offe n din g command in

the new curren t p r og r am
li n e, and iss ue d α

wa r ni n g' .

Exe rcise continues on next page

'The wa rn ing message of ΧΧΧ WARN I N G is not disp layed fo r th is wa rning .
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ENTER I NG THE PROG RAM (Cont)

NEXT 00 2 75 ΛVG 3 >VFM '
003 Ρ-Ρ Ι >CNS 1 CNS 1 .1 # 2 >CNS Ι

. 004 CNS 0 .9 # 3 >CNS

Enter the commands to
average the inpu t sign al
and store the Ρ -Ρ value

in 4 CNS . The label (1-02)

will be used as the start

of the loop .

Compa re the present Ρ-Ρ
value to the 110% limit .

If the Ρ-Ρ value is greater

the program will stop .

LNN
00θ ι0 ι

0 2 AVG10 ; 00 ι SCOPE νΜσί ΗΜΟΒ OFF
002 75 ΛVG 3 >YFM

Ρ-Ρ 4 003 Ρ-Ρ ι >CNS ι CNS 1 .1 τ 2 >CNS ι
001 CNS 0 .9 τ 3 >C N S
005 L02 ΑΥ GΙθ Ρ-Ρ 4 >CNS

>CNS >

NEXT

2 CNS )

_-
000 ίθι

IF>Χ 001 SCOPE νΜΟι HMOe OFF
002 75 AVC 3 >VFM ι

" θ03 Ρ-Ρ 1 >CNS Ι CNS 1 .1 τ 2 >CNS 1

STOP θ04 CNS 0.9 τ 3 >CNS
005 Lθ2 1VGt θ Ρ-Ρ 4, >CNS
006 2 CNS !FY>X STOP

NEXT

Press Display Comments

0.9 CD 3 Enter the commands to

>CN S 000 ι0 ι
compute and store the

.
1101

SCOPE VMOL HMDB OFF 90% limit .



ENTER I NG THE PROG RAM (Cont)

Press

	

Display

3

4

CNS

CNS

IF >χ

STOP

NEΧΤ

GOTO

ΝΕΧΤ

STOP

LBL

exec uted at any ti me .

001 SCOPE VMOL ΗΜΟΘ ΦFF
002 75 AVG 3 >'λFΥ :
003 Ρ-Ρ Ι >C NS ι CNS 1 .1 τ 2 >CNS 1004

CNS θ .9 : 3 >C
θ05 Lθ2 AVC10 Ρ-Ρ 4 >CNS
006 2 CN S IFY>X STOP
007 3 CN S 4 CNS I F Ij>Χ STOP
>~___Τ~.... ... ~.. .

002 75 A VG3 ιμFΜ ~
F

003 Ρ-Ρ Ι >CNS Ι CA 1 .1 : 2
004 CN S 0.9 τ 3 >CW
005 Lθ2 λΥ C10 Ρ-Ρ 4'>C NS
106 2 CNS IFY>X STOP
1107 3 CN S 4 CNS ΙF ΥP Χ STOP008

2 ι8ι coTo

U sing Th e Wavefo rm Calculato r-7854

>CNS ι

00 2 75 Λ VG 3 >WFM '
003 Ρ-Ρ Ι >C N S ι CA 1 .1 : 2 >CN S 1
104 CNS 0 .9 τ 3 >CNS
005 Lθ2 λVC1θ Ρ-Ρ 4'":`>CNS
006 2 CN S I FY>Χ STOP
007 37CNS 4 CN S I F Y~X STOP
θθθ 2 L οL GOTO

Comments

Compa re the 90ο/ο limit to
the Ρ- P . If the Ρ-Ρ value
is less the prog ram will

stop . Notice that line

000 is no longer
d isplayed, although it is
r etai ned in prog ram

memory.

If t he present Ρ-Ρ value

is with in th e mon itor ing

limits, the prog ram will

ret ur n to label L02 and
co n ti nue executi ng

comm ands from there .

The end of th is prog ram

is identified with α STOP .

The i ntrodu ctory prog ram is now stored in t he 7854 program memo ry and can be
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EXECU TI N G THE PR OGR AM
To execute th e i n t r o du cto ry prog ram now sto red in the 7854, fi r st i nvoke t he i d le
state by pressing EX ECUTE . The processo r now return s d is p lay con trol to t he
previously selecte d CRT DIS PLAY mode (SCOPE ) .

actuat ιons of the

ΝΟΤΕ
The PROG and EXECUTE functions are issued with αfte rnating

PROGRAM ENTRY/EXECUTE key .

Now connect an 8-volt (peak-to-peak), 1- kHz si n e wave to the inp ut of t h e LEFT
VERT amplifie r u nit f rom α f u nction gene rato r . ( Recommended type : TEKTRONIX
FG 503 Functio n Generato r used with α TM 500 Power Module .)

Set t h e LEFT VERT amplifie r u nit to d is p lay a bo u t 4 d ivisio n s of sign al centered
ar o u nd th e cente r ho r izontal g r atic u le li ne .

Το

6-104

execute th e prog r a m f rom the fi r st command of li n e 000 :

Press

	

Display

	

Comments
START

STORED

Va r y t he ou tpu t amp lit ude of t he function gen e r ato r un til t h e BU SY lig h ts go out .
Ve r ify t h at t he prog ram has been executed by first settin g t h e STORED I NTensity
con t r ol to qua r te r r a nge . Now :

Press

	

Display

	

Comments

'ςΟΡ W θ

	

VZR 0

9 .07

	

8.829 STOR ED ',	PL 7

The prog ram is executed
command -by-comman d
beginn i n g wit h the fi rst
comma nd of li n e 000 .
The lig hte d BUSY
indicato r s are t he only
i nd ication that you will
have t h at t h is prog r am is
exec u ti n g .

Th e conte n ts of 0 WFM
are d is played . Notice th at

the cu rrent prog ram line

nu mber ( P L 6) is
d is played in d is p lay li ne
16 near t he r ig h t e dge of
t he graticu le . Th is
in dicates which prog ram-
med STOP caused the
inte rrup tio n .



CLEARING THE PROGRAM

To clear the entire contents of the program memory, which i n this case is the
in t rodu ctory prog ram, first return to the Ed it mode by pressing

Press Display

	

Comments

CLP

NEXT

'ι

	

ϊ

PRESS NEXT TO CONF IRM D ESTRUCT I O N .., ..._~.~

Using The Waveform Calculator-7854

PROG

'The warning message of ΧΧΧ WARNING is n ot d isplayed for this warning.

. Then :

Α warning' is issued and
the crt displays only the
statement "PRESS
NEXT TO CONFIRM
DESTRUCTION" .

The program memo ry is
clea red .

If after the CLP is issued you don't want to clear the program memory, simply issue
any command other than NEXT and the CLP command will be aborted.

If you have more than one program stored and you want to clear α selected program
and not the entire program memory, use the CLL (Clear Line) command as described
later under Editing α Program.

CLP Operation : The CLP command must be followed with the NEXT command i n
order to clear the program memory . After the CLP command is issued the d isplay
shows only the statement: PRESS NEXT TO CONFIRM DESTRUCTION .

If the following command issued is not NEXT, the CLP command is aborted .

CLP Restrictions : If the CLP command is not issued in the Edit or Entry mode,
C LP ERROR results .

6-105



Using The Waveform Calcu lato r-7854

PROG RAMM ING TECHN IQUES
In the In t roductory Prog ram exercises ju st p erfo r me d , you en te red and execute d α
prog ram that computed α ±10°/ο amp litude window fo r α wavefo rm. Th is prog ram,
when ente red into the prog ram memory, co nsisted of the following fou r major pa rts :
(1) The beginn in g, (2) th e in itialization , (3) the bod y, and (4) the end ing . All 7854
prog rams s ho u l d contain these four pa rts, although they need not be ente red
sequen tially due to the power of such programming feat ures as bra nches and
subrouti n es . However , we recommend th at you t ry to kee p t hese par ts sequen tial in
the prog ram memory un til you a re com fo r tab le with 7854 prog ram ming . F lowc h ar ts
shou ld be used when wr iting prog rams to keep t rac k of the d iffe ren t par ts of the
programs .

FLOWCHARTS
Α flowchart s hou l d be used when wr iting α program to ou tlin e t he process used by
the program to solve α problem . W ith up to 1000 prog ram lines availab le, you co u ld
qu ite easily get lost wh ile creating α long prog ram . Α flowchart, in add ition to
docume n ti ng you r prog ram, will help you design prog rams by break ing t hem in to
smalle r groups of comman ds.

Flowc h ar ting sym bols va ry f rom source to so urce; however, in th is ma nu al we will
use ovals to rep resen t the beginn ing and en d of α prog ram o r rou tin e, and
rectangles to represent groups of comma nds. Diamonds will be used to represent
decisio ns where α c hoice of two ou tpu ts can be made.

You can make your flowc ha rts as basic or as detailed as you like. At times yo ur
flowchar t may exactly dup licate the prog rammed commands; and at other times,
having several command groups represe nted by α single block i n the flowch art
co u ld be mo re u sefu l .

Flowc h ar ts shou ld be drawn linear ly, from the to p of the page to the bottom,
reflecting the flow of the prog ram f rom beginn ing to end . Use the flowchar ts given
th ro u ghou t the rest of th is section to h el p you understand t he feat ures of
prog ramming with the 7854 . Then draw your own flowchar ts to h el p you wr ite, ed it,
and documen t your prog rams .

Fig ures 6-6 an d 6-7 b oth show flowc ha rts fo r the I ntroductory Prog ram . N either is
more co rrect than the other ; however , the flowc hart shown i n F igure 6-7 wou ld be
more h el p in creating α specific program . Ma ke your flowchar ts as detailed as
requ ired to aid in doc u men ting your prog rams or routines. F igure 6-8 gives α
flowch ar t fo r α pulse-measuring program.
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Figure 6-6. Basic flowchart of the introductory program.
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COMPUTE 110% AND 90ο/ο
AMPLITU D E L IM ITS ; STORE
IN CONSTANT REGISTERS

6- 108

Fig ure 6-7 . Detaile d flowcha r t of the int roductory prog ram .
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Figure 6-8 Flowchart for the basic pulse-measuring program .
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DEFINE PROGRAM BEGINNING

The beginning of every program or routine should always be defined with α label .
Labels permit you to have up to 100 uniquely labeled routines (labeled from L00 to
L99 , ) in program memory . These routines can be executed in any order desired . For
best visual identification of the beginning, don't place any additional commands on
the same line . Also, always document the use of each label in program memory as
you assign it, since labels can also be used as targets for branches . Be careful not to
assign the same label more than once in the program memory because the
processor will only find t he first occurrence of the label and will ignore any others .

PROGRAM I NITIALIZATION

Normally α program or routine will r equire that certain features (such as the vertical
and horizontal modes, the d isplay mode, the stack, the cursors, etc .) b e preset to α
known condition . This is called i nitialization and, whenever possible, should be done
with programmed commands . Obviously not all features can be set or selected with
programmed commands and these will have to be set manually . But, in any case, all
initialization should be done prior to executing the program and should be
documented thoroughly . Α properly initialized program will r esult in far less errors
and mistakes due to improper operands than will α program which was not properly
initialized .

THE PROGRAM BODY

The program body consists of the commands executed between the program
beginning and ending which either solve α s pecific problem or process specific data
in α predetermined order . The program body could use such features as branches,
loops, or s ubroutines ; or it may not use any of these . Whether or not the program
body makes use of these programming features will depend upon what the program
is to accomplish, as well as your familiarity with these features .

The program body will also include commands to allow you to "view" the program
when it is executing, as well as commands to help locate program mistakes (debug) .

Unconditional Branching

The stored GOTO (Go To Program Line) command is used to transfer program
execution to α s pecified program line, and should always be used in conjunction
with the LBL (Return Label) command . For example, if the processor is executing
α program and encounters "6 GOTO", execution is immediately transferred to
the first command of program line 006 . However, if the processor encounters
"6 LBL GOTO,", execution is transferred directly to the first command of the line
containing label L06, no matter what program line label L06 is in . When α GOTO
command is used to transfer program execution as just described, this is called an
unconditional branch .
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Whe n prog ram exec u tion is bran ch ed to α previo us prog ram line, the branch is
referred to as α loop . Α loop was used i n the I n t roductory Prog ram to repeated ly
store and mo n itor the am p litude of the incoming signal . When used in th is manner ,
to conti nu ally update data or per form calc u lation s, the loop is α power ful
prog ramming feat ure .

Two comma nds are availab le wh ic h give the processo r t he ability to make decisions
based on the comparison of t he contents of theΥ and Χ registe rs. Th ese comma nd s,
IFY>Xand IFX= l' when stored in α prog ram, will t ra nsfer exec ution based on the
res u lts of the comparison . If the sp ecified cond ition is TRUE, prog ram execu tion
continues with the next comma nd ; if FALSE , exec u tion con tinu es with the fi rst
command of the next line.

When α g roup of commands is to be executed several times throughout, the
program, consider using α subr outi ne. The GSB (Go to Sub rou ti n e) co mm and is
used li ke the GOTO comma nd to transfer prog ram execution to α sp ecified line
number, a nd shou ld also be used in conjun ction wit h t he LBL command to branch
to the sta rt of t he li ne contain ing the sp ecifie d lab el . However, un like the GOTO
command , wh en the prog ram next enco u nters α RTN (Return ) command , exec ution
is transferred back to the command followi ng the calli ng GSB . Execu tion then
con tinues sequ entially through program memory.

S ub ro u tines can con tai n α loop, or can be exec uted as par t of α loop . Also, α
subroutine can call anothe r sub rou tine ; th is is known as "n esting" . Subrouti ne
n esti ng is limite d by the number of RTNs th at the processo r can kee p pend ing. In
the 7854 up to 10 subrou tines ca n be nested . However , when using subrouti nes
kee p in mind th at whenever the en d -of- prog ram line is reached by the processor,
the subrou tine ret urn registe r is clea red .

The prog ram en d i ng s hou l d be d efin ed with α programmed STO P . Wh en the
processo r is exec uting α prog ram and encoun te res α stored STOP comma nd ,
execution is h alted and t he processo r goes to the id le state. Α label accompa n yi ng
the STOP ca n be u sed to d iffe ren tiate between the end -of- prog ram STO P and ot her
stored STOPs. Th is is most usefu l when sea rch ing for prog ram mista kes
(debuggi n g) . Again, be sure to documen t the use of the assign ed lab el(s) .
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The process used to wr ite any p rog ram can be sepa r ated into the followi ng fo ur
ste p s : (1) Define the program obj ective (2) detail t he intended flow of t h e prog ram
with α flowcha r t (3) tr anslate th e flowcha rt statements i n to sp ecific comma nd s, a nd
(4) ente r the prog r am . The following exercises will ill u strate t h is process . The
location of th e keys demonstrate d he re a r e s hown in F ig ur e D, bloc k s 1 and 19 .

CREATI NG Α PULSE-MEASURING PR OG R AM

The fi r st step when wr iti ng any prog r am is to define t he o bj ective . We will now
c r eate α prog ram to sto re α selected pu lse waveform ; t hen measu r e a nd sto r e t he
associated RIS E, FALL ., DELAY, and WIDTH pa ramete r s .

Now that t he prog ram obj ective is d efine d , we need α flowcha rt . Try to be as sp ecific
as possi b le when mak i ng flowch a r ts to aid yourself i n tran slating t he flowcha rt i n to
sp ecific 7854 comma nds . F ig ure 6-8 is α flowchart fo r our pulse-measur i n g
prog r a m .

Afte r you a re satisfie d th at your flowcha r t is as complete and detaile d as you
requ ire, t r a nslate the flowch a rt statements i n to s p ecific command g roups . Let's
now do t h is fo r our pu lse-measuring prog r am :

Comments

6- 11 2

WR ITING Α PROG RAM

Select the real-time
LEFT VERT a nd Β HOR IZ
compa rtments fo r d is p lay .

Assign la b el L00 to th e
program beginn i ng .

Acqu i r e t he real-time
pulse and sto r e in
2 WFM; select STORED
d is play .

Measu re ΜΑΧ and sto re
value in 0 CNS .

Flowcha rt Commands
Statements

Begin LNN 00

Setup r eal-time SCOPE
d is play : LEFT Ve r tical Mode : LEFT
and Β . H o r izontal M ode :CD

Tu rn off cursors OFF

Store and display AQR 2
pulse waveform . © >WFM

STORED

Measure pulse ΜΑΧ ΜΑΧ 0
p oi n t . >C NS

Turn on Cursor 1 . CRS1
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Now you're ready to ente r the prog ram i n to t h e 7854 prog r am m emo ry .

Flowcha rt Commands Comments
Statements

Set VCR D το ΜΑΧ 0 CNS Return MAX value f r om
value . >VCR D 0 CNS to Χ r egiste r ;

set C urso r 1 to t he MAX
poi n t by changing th e
VCRD to t h is val u e .

Store HCR D of ΜΑΧ HC RD Sto r e positio n of ΜΑΧ
p oi n t . >C NS poi n t i n 1 C NS .

Return Cursor 1 0 > HCR D Return Cursor 1 to poin t
to poi n t 0 . 0 by settin g t he HCRD

to 0 .

Turn on Cursor 2 CRS2-1

Set Cursor 2 to 1 CNS Return p osition of MAX
ΜΑΧ point. > H CRD poin t from 1 CNS to

Χ register ; move Cursor 2
to th is position by
changing the '4CR ID .

Measur e a nd sto r e RIS E 2 Sto re R ISE time i n
R IS E . >CNS 2 CNS .

Measure a nd sto r e © FALL 3 Sto re FALL time i n
FALL . >C NS 3 CNS .

Measure a nd sto r e D ELAY 4 Sto re DELAY ti me i n
DELAY . >C NS 4 CNS .

Measure and sto r e WIDTH 5 Sto re WIDTH in 5 CNS .
WIDTH . >CNS

STOP STOP I dentify e nd-of- program
with STOP .
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ENTER ING THE PULSE-MEASURI NG PR OG RAM

Α complete listing of the enter ed program is given at the end ο/ this
exercise in Figure 6-9 . Consulting th is listing while entering the
program may be helpful .

LNN Operation : Th e LNN command , when executed , sta r ts α la b el i n the prog ram .
Th is command must be followe d by two digit commands to complete t he la bel .
I n itially t he la bel is d isplaye d as "- -'I'N ; howeve r t he first 1', Ι is t h e n r e p laced with the
fi r st digit ente red , and the second '! wit h the second d igit .

LNN Rest riction s : The LNN command is exec u ted only when th e processo r is i n
the prog ram Entry mod e, and m ust be followed eith e r b y t he CLL (Clea r L i n e)
com m and o r by two successive digit comma nds . Ot he rwise, is iss ue d ,
alt hough the message is only d is played in the STORED o r BOTH modes .

Contin ue enter i n g t h e prog ram :
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NEXT

If t h e

	

NEXT

	

key is held down afte r the i n itial act u ation, t h e ed it promp t
i ncrements through the existing prog ram li n es (if any) toward the end -of- prog ram
li ne .

ΝΟΤΕ

Press

	

Comments
Advance the edit prompt
to the following program

line . Α warning' is

issued whenever α new

line is started .

NEXT Operation : When the NEXT command is issued in the Entry mode, the entry
line is te r mi nate d (li n e nu m be r assigned ), and the ed it p rompt is a dvan ced to t he
next prog ram li n e . If t h e NEXT co mmand is iss u ed in t h e Ed it mode, t h e ed it prom p t
is a dvan ced to t he next prog ram li n e .

'T h e warn i n g message of ΧΧΧ WARN I N G is not d is p layed for th is warn i ng .

Press Comments
PROG Invok e t he Ed it mode .

LNN 00 Enter la bel L00 to i dentify
t he progr am begin n i n g .



ENTER ING THE PULSE-MEASUR ING PROG RAM (Con t)

Automatic NEXT Operation : When ever α command is issued wh ic h ca uses the
program entry li ne to exceed the 35 cha racte r li ne len gth limit, an automatic NEXT
is exec uted . At th is ti me α line number is assign ed to te rminate the fu ll lin e, α new
line is starte d wit h t he last e nte red command , and α warn in g' is issu ed .

NEXT Restrictions: The NEXT command is exec u ted only in the Entry or Ed it
mod es, a nd only if the cu rren t prog ram line is n ot the end -of- prog ram line .

, F, is issued if any of these restrictio ns a re violated , although the error
message is only d is played if the command was issued over t he GP IB wh ile in th e
Execute mode .

Now, en te r t he remai n ing commands of the pulse-meas ur i ng prog ram (u sing the
NEXT to separate comma nd groups) by pressing :

© of HORIZONTAL MOD E

Using The Waveform Calcu lato r-7854

FNΕΧΤ

'The warning message of '. ;:Χ WARN I r

	

is not d is p layed fo r t h is warn ing.

ΝΕΧΤ
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CR S1 ΝΕΧΤ

0 CNS >VCR D ΝΕΧΤ

HCR D 1 >CNS ΝΕΧΤ

0 > H CRD ΝΕΧΤ

CRS2-1 NEXT

CNS > H CRD ΝΕΧΤ

R IS E 2 >CNS Ν ΕΧΤ

SCO PE LEFT of VERTICAL M OD E

OFF ΝΕΧΤ

AQR 2 >WFM STORED

ΜΑΧ 0 >C NS ΝΕΧΤ
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ENTER ING THE PULSE-MEASUR ING PROGRAM (Cont)

ΝΕΧΤ

NEXT

ΝΕΧΤ

The pu lse-meas ur i ng prog ram is now stored in program memory.

Fig ure 6-9. Listing of the basic pulse-meas uring prog ram.

FALL 3 >C NS

DELAY 4 >CNS

WIDTH 5 >C NS

STOP ΝΕΧΤ

000 L00
001 SCOPE VM DL HM DB
002 OFF
003 AQR 2 >WFM STORED
004 MAX θ >CNS
005 CRS1
006 0 CNS >VCRD
007 HCRD 1 >CNS
008 Θ >HCRD
009 CRS2-1
010 1 CNS > HCRD
011 RISE 2 >C NS
012 FALL 3 >CNS
013 DELAY 4 >CNS
014 WIDTH 5 >CNS
015 STOP 2873-375



As previously explained, α 7854 prog ram can be executed i n either of two states :
Run or Step. The following exercises demonst rate the use of eachstate. F igure D,
block 19 shows the location of the keys demonst rated here.

STARTI NG THE PULSE-MEAS UR I NG PROG RAM

Wit h t he pulse-meas ur ing prog ram stored in the prog ra m memory, return to the idle
state by pressing

Connect an 8-volt (peak-to- peak) 1-MHz sq ua re wave to the LEFT VERT am plifier
unit from α fu nction generator . (R ecommended type: TEKTRON IX FG 503 Fu nction
Generator used with α TM 500 Power Module.)

Set the Β HORIZ time-base u nit fo r α 100nanosecond/division sweep rate u si ng α 1
mic rosecond/divisio n setting with Χ10 magn ificatio n .

If necessary, return to the SCOPE dis play mode by pressing

Adjust the deflectio n factor of t he LEFT VERT amplifier un it to d is p lay about fo ur
divisio ns of signal . Vertically cente r the d isplay.

U sing the Β HORIZ p osition cont rol, positio n α positive-going pu lse to horizontal
center .

Run the pu lse-measuring prog ram from the fi rst command of li ne 000 by pressing
START

	

. When the prog ram is finished, the d is play will appea r simila r to
that shown in Fig ure 6-10 .

EXECUTING Α PROG RAM

EXECUTE

Using The Wavefoιm Calculator-7854

SCOPE

Fig ur e 6-10 Typical d is play after executing the pulse-measur ing prog ram.
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STARTI NG THE PULS E-MEASUR ING PROG RAM (Cont)

START Ope ration : When the START comman d is di rectly issued wit h the
processor in the i d le state, t h e processo r goes to the Ru n state and begins execu ti n g
t he p rog ram with t he fi r st comma nd of li ne 000 . If α store d START comma nd is
encounte red whe n the processor is i n t he Ru n state, prog ram execu tio n is
immediately t r a n sfe rred to the fi r st command of li n e 000 . However , if α sto r ed
STA RT command is encounte re d when in the Step state, prog ram execution is
halte d and the processo r returns to t h e i d le state with the ed it promp t set to line
000 . All START comma nds clea r the subrou ti n e r et ur n r egister (t h e r egiste r used
for t r ac k i ng RT N commands) .

START Rest r ictions : If t h e START comma nd is d i r ectly iss ue d but α prog ram is not
in t he prog r am memory, STA ERROR is iss u e d .

RUNN I NG THE PULSE-MEAS UR I NG PR OG RAM
When more th an one ro u ti ne is i n prog ram memory and you want to execute α
selected routi ne whic h does not begin at li n e 000, you must fi rst set the ed it promp t
to t h e beginn i ng of t he desi r ed ro u ti n e . Although th is ca n be done manu ally i n the
Ed it mod e, if you have assigned α la b el to specify t he begi nning of the prog ram,
using d i rectly iss ue d LBL and GOTO commands can be qu ic k er .

F o r examp le, at t h is time th e e d it prompt is at pr og ram line 015, a nd we want to
execute th e prog ram wh ic h b egin s with la bel L00 . (Alt ho u gh i n th is case th e la b el is
at li n e 000, it m ig h t not always be at t h is li ne nu mber .)
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Press

	

Comments
LBL GOTO The d isplayed p rogram

statu s cha nges from
PL 15to PL 0to

i nd icate that the ed it
prompt has moved to
li ne 000, wh ich is the
first occurrence of label
L00 . GOT WARN I NG is
issued if t he con sta n t i n
the Χ registe r was
greate r th an th e last
assigned p rogram li n e
numbe r . Also, t h is
ca uses t h e e d it promp t
to be set to t h e b lan k
end-of-p r og ram li n e, t h e
prog ram li n e n umber to
be b la nked f rom th e
STORED o r BOTH
display, and the
processo r to r etu rn to
t he i d le state .



RUNNING THE PULSE-MEASURING PROGRAM (Cont)
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At this time you can execute the program beginning with the first command of the
current program line by pressing RUN . Notice that the pulse-measuring
program is again executed .

LBL Operation : The program line number containing the first occurrence of the
label specified in the Χ r egister is r eturned to the Χ register .

LBL Restrictions : The Χ r egister m ust contain α constant which, when rounded to
the nearest integer, is from 0 to 99 (inclusive) and represents α label which occurs
at least once in t he program memory . LBL ERROR is issued if either restriction is
violated prior to execution of the LBL command .

GOTO Operation : When the GOTO command is d irectly issued, the edit prompt is
moved to the program line specified by the number in the Χ register ; but, the
processor remains in the idle state . When α stored GOTO command is encountered
with t he processor in the Run state, program execution is continued at the first
command of the program line specified by the number in the Χ r egister . However,
when α stored GOTO command is encountered in the Step state, the edit prompt is
then moved to the program line specified i n the Χ r egister .

GOTO Restrictions : The Χ register must contain α constant which, when rounded
to the nearest integer, is from 0 to 999 inclusive . GOT ERROR is issued if this
restriction is violated prior to execution of the GOTO command .

RUN Operation : The processor goes to the Run state of the program Execute mode
when the RUN command is executed . Stored commands are sequentially executed
i n t he Run state .

RUN Restrictions : If the RUN command is issued when t he edit prompt is at the
end-of-program line, or when α program has not been stored, RUN ERROR is
issued and t he processor will not go to the Run state .
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STEPPING THR OUGH THE PULSE-MEAS UR I NG PROGRAM

Prog rams ca n be executed one line at α time by u si ng the Step state of the Execute
mode . Set the edit p rompt to the beginning of the pu lse-measuring prog ram by
pressing 0 α

To Execu te the command g roup of the curren t prog ram line:

Press

	

Comments

STEP

LBL

Notice that when you reach prog ram li ne 15 execution is stopped by the stored
STOP command . If

	

STEP	ispressed again, the processo r finishes executing any
comman ds remai nin g on this li ne. The next

	

STEP

	

br i ngs u s to the end-of-
pr og ra m line where SΤΕ VVARNI N G is issued.

GOΤΟ

ΝΟΤΕ

The command g roup of
t he c urrent prog ram line
is exec uted . Si nce the
οηγ command on t his
li ne was α la bel, the
LΝλ' mnemonic is
d is played and the edit
prompt is advanced α
li ne as i ndicated by
PL 1 . ST E WARNIN G is
issued if the edit p rompt
is at the end-of-prog ram
line .

Conti nue stepp ing through the pulse-measur i ng prog ram with the

	

STEP . The
d is play will cha nge to the real-time pulse, and (after two more STEP commands) will
reacqu i re and display t he stored pulse. Refer to the listing given in Fig ure 6-9 as
you step through the program to verify that the prog ram is indeed being exec uted by
comma nd g roups .

STEP Operation: The processor goes to the Step state of the program Execute
mode when t he STEP command is executed. Th is command is not prog ra mmable . In
the Step state, the commands on the cu rrent program line a re sequentially
executed, the edit prompt is advanced to t he next li ne, and the processor returns to
the idle state. However, if the line contai ns α stored STOP o r RUN comma nd , th e
processo r will either stop or switch to the Run state, respectively .

The STEP command will not terminate nume ric entry into the Χ
register .



E DITING Α PROG RAM
The editin g commands of NEXT, PREV, and CLL are provi ded to aid you in alte r ing
prog rams already stored i n progra m memory without necessitating α complete r e-
ente r i ng of t he alte red prog ram . If, however, the existi ng program is to be dr astically
changed, you may want to use the CLP command to clea r the prog ram memo ry and
then ente r the newly writte n prog ram . These exercises will demonst rate the editing
commands, as well as t he cond itional statements (I FX=_f'and IFy>χ) an d the
subroutine comma nds (GS B a nd RTN ) . The location of t hese keys are shown in
F ig ure D, block 19 .

ALTER I NG THE PULSE-MEAS URI NG PROGRAM

Fig ure 6-11 sh ows α modified flowc hart of the pulse-measuring program . We have
added α loop to t he flowcha rt wh ic h will stop the prog ram afte r executing it te n
times, and we are now goi ng to alte r the existing program to do the same .

Perform the previou s exercise fo r Stepping Throug h α Prog ram . Then return the
existing prog ram to the d is p lay by pr essi ng

	

PROG

Manually move the edit prompt back through the existing li nes to li ne 002 by
pressing and hol d i n g the

	

PREV

	

as necessary .

0
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PREV Operation : The edit prompt is backed to the previou s prog ram li ne. If the
PREV command is issued in the En try mode, the cu rrent pr og ram li ne is te rmi nated.
If the PREY key is h el d dow n, the edit prompt will dec rement throu gh the
program lines u ntil released o r until li ne 000 is reached.

PREV Restrictions: If the PREV command is d i rectly issued in the Execute mode, or
if t he current prog ram li ne is 000, PRE ERROR is issu ed . The err or message will
only be d is played i n the STORED or BOTH mode.

To ente r the comma nds which will in itialize the loop cou nting registe r (6 CNS) :

Press

	

Comments

ENTER >CNS This will place α 0 in
6 CNS whe n the prog ram
is fi rst run. Notice that α
new entry li ne was
opened prior to what had
been li ne 003 . The newly
issued commands a re
ente red here .

Exe rcise continues on next page
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ASSIGN LABEL (1-02)7Ο ACTUAL START O F
PULS E STOR I NG A ND ME AS URI NG COMM A NDS

6-122

Fig ure 6-11 . Flowchart fo r the pulse-meas ur i n g pr og ram usi ng α loop.



ALTER ING THE PULSE-MEASUR I N G PR OGRAM (Cont)

Now, term inate t his entry li ne and advance t he edit prompt to the followi ng li ne by
pressi ng

	

ΝΕΧΤ . Then:

6

6

Press

	

Comments

LNN 02

Remove t he duplicated O FF command by pressing

	

ΝΕΧΤ

	

CLL . Notice t hat
the li ne containing t he duplicated O FF co mmand h as been deleted, and that the
followi ng command g roups h ave all been moved up one line to close the gap.

CLL Operation: When the CLL command is issu ed the comma nds on the current
prog ram line are removed and all command groups followi ng it are moved up one
li ne.

CLL Restrictions: If the CLL command is issued wh en the processor is in the
Execute mode, or when the edit prompt is at the end-of- p rogram li ne, CL L ERROR
is issued. The error message is only d is played in the STORED or BOTH modes .

CNS

CNS

NEXT

Advan ce the edit promp t to what is now prog ram line 016 by pressing and holdin g
down t he NEXT . To increment the loop coun ting registe r and add the
conditional loop :

Press

	

Comments

1 0 6

O FF

IFx=ν

LBL

>CNS

STOP

GOTO

Using The Waveform Calcu lato r-7854

ΝΕΧΤ

The la bel L02 is assigned
to the start of the
commands to store and
measure the pu lse . Add
the command to tu rn off
the cursors.

Th is will i ncremen t

6CN Sby1 .

The contents of 6 CNS

will be compared wit h
the val ue of 10 . If they

are equal the prog ram

will stop ; otherwise

program execution is

transferred to la b el L02 .

Exercise continues on next page
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ALTER I NG THE PULSE-MEASUR ING PROG RAM (Cont)

I FX=y' Operation: Wh en the I FX=ycommand is executed, the processo r compares
the contents of t he Χ register to that of the Υ register. If both registe rs contain
constants at t he time of the co mpa rison, t he resu lt is TRUE when the constants
have identical values . If b oth registers contain waveform memory addresses, the
processo r compares co rr esponding p ai rs of p oints on t he referenced wavefo rms
(between curso rs, if on); the resu lt is TRUE whe n the d iffe rence between all
compared poi nts is zero . If one registe r co ntai nsα consta nt and the other contains α
wavefo rm memory address, each point of the waveform (between curso rs, if on) is
compared to the constant val u e; the resu lt is TRUE when all compared wavefo rm
points do not va ry from the valu e of t he constant. Scale factor units are ignored if
they d iffe r . Afte r execution of α stored IFX = y command, prog ram execution
conti nues normally with the next command if the resu lt was TRUE. Otherwise,
prog ram execution conti nues at the start of the next prog ra m li ne (if compa rison
resu lts a re FALS E) . Test resu lts, TRUE or FALSE, are d isplayed in li ne 16 of the
STORED or BOTH mode.

Α complete listing of the pulse-measu ring prog ram with α conditional loop is given
in Fig ure 6-12 .

000 L00
001

	

SCOPE VMDL HM DB
002 0 ENTER 6 >CNS
003 L02 OFF
004 AQR 2>WFM STORED
005 MAX 0 >CNS
006 CRS1
007 0 CNS >VCRD
008 HCRD 1 >CNS
009 Θ >HCRD
010 CRS2-1
011 1 CNS >HCRD
012 RIS E 2 >CNS
013

	

FALL 3 >CNS
014 DELAY 4 >CNS
015 WIDTH 5 >CNS
016 6 CNS 1 + 6 >CNS
017 6 CNS 10 IFX=Y STOP
018

	

2 LBL GOTO
019 STOP

2873-380

Execute the modified prog ram by pressi ng

	

EXECUTE

	

©

	

START . When
the prog ram stops, check t he contents of 6 CNS (the loop-counting registe r ) by
pressing 6

	

CNS

	

to verify that t he loop was exec uted 10 times .

Fig ure 6-12 . Listing of the pu lse-measur ing pr ogram with α loop .



U SING SUBROUTINES

The commands used in the pulse-meas ur ing prog ram to position Cursor 1 to poin t 0
and Cu rso r 2 to the MAXp oint cou ld be usefu l fo r other prog rams; so let's put them
in α subrou tine th at ca n be accessed by other prog rams. Also, let's add α subroutine
wh ich will mon itor the amp litude of the pulse a nd stop the prog ram when the
amp litude is not between 7 and 9 volts (pea k -to-peak) . F ig ure 6-13 gives α flowchar t
fo r the main prog ram, Figure 6-14 gives one fo r the cu rso r -p ositio n i ng subr outin e,
and F ig ure 6-15 gives one fo r the amp litude-monito r ing subrou tine.

To avoid possible confusion we will comp letely re-en te r the new ve rsion of the
pu lse-measuring
pr essing

Again, tra nslate the flowcha rt of Fig ure 6-13 into specific command groups and
ente r them into t he 7854 by pressing :

PROG

LNN

SCOPE

ENTER

LNN

LBL

00

prog ram . So clea r the present prog ram from t he memory by

VERTICAL MODE

02

ΝΕΧΤ

>CNS

AQR

GSB

CLIP

LEFT

ΝΕΧΤ

NEXT

ΝΕΧΤ

U sing The Wavefo rm Calculator-7854

HORIZONTA L MODE

>WFM

ΝΟΤΕ

STORED

ΝΕΧΤ

NEXT

GSB Operation : When the GS B is executed the edit prompt is moved to the line
specified i n th e Χ r egiste r . If the prog ram was running at the time the GSB was
encounte red , prog ram execu tion is tran sfer red to the fi r st command of the specified
line. The subrou tine return registe r is set to p oint to the next comma nd followi ng
the GSB .

The GSB command will not terminate nume r ic en try.

GS B Restrictions: The Χ registe r m ust contain α constan t wh ich , when rounded to
the nea rest intege r , is f rom 0 to 999 in cl usive . Also, not more than 10 levels of
nesting ca n be issued . GS B ERROR is issued if either restr iction is violated ;
although the er ror message is only d isplayed in the STORED or BOTH mode .

Exe rcise continues on next page
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Figure 6-13 Flowchart of main body of the pulse-measuring program using subroutines .
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Figure 6-14 . Flowchart of the cursor-positioning subroutine .
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6- 12 8

Figure 6-15 . Flowchart of the amplitude-monitoring subroutine .



USIN G SUBROU TINES (Cont)

Conti nue ente r ing the prog ram by pressing :

R IS E

6

6

D ELAY

WIDTH

C NS

C NS

ST Ρ

OFF

ΜΑΧ

0 C NS

H CRD

2

3 ©

4

5 ©

1 ~ 6 ©

ion IFX= Ι'

FALL

LB L

0

FLNΝ

ΝΕΧΤ

CRS1

03

>CN S

>CNS

>CNS

GOTO

LNN 01

ΝΕΧΤ

>CNS

NEXT

>VCR D

>CNS

NEXT

>CNS

NEXT

ΝΕΧΤ

>CN S

STOP

ΝΕΧΤ

ΝΕΧΤ

NEXT

ΝΕΧΤ

NEXT

Using The Waveform Calculator-7854

ΝΕΧΤ

NEXT

ΝΕΧΤ

Now ente r the curso r p osition ing-subr outine by pressing :

Exercise contin ues on next page
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U SING SUBROUTINES (Cont)

0

CRS2-1

CNS

6- 130

>HCRD

RTN

ΝΕΧΤ

NEXT

> HCR ΝΕΧΤ

RTN Operation: When the RTN command is executed, t he edit prompt is moved to
the li ne hol di ng t he calling GSB command , a nd the next executed program
command (as indicated by the subrouti ne return registe r) is the one followi ng the
GSB .

RTN Restrictions: RTN ERROR is issued if the RTN command was execute d
wit hout α calling GSB .

Refer to F ig ure 6-16 for α listin g of the prog ram memory at this time . Then run the

Fig ure 6-16 Listi ng of pu lse-measuring pr og ram and curso r-positioning subrouti ne.

pr og ram. (Press EXECUTE α START .)

000 LOO
001 SCOPE VM DL HMDB
002 Θ ENTER 6 >CNS
003 L02 AQR 2 >WFM STORED
004 3 LBL GSB
005 RIS E 2 >CNS
006 FALL 3 >CNS
007 DELAY 4 >CNS
008 WIDTH 5 >CNS
009 6 CNS 1 +6 >CNS
010 6 CNS 10 I FX=Y STOP
011 2 LBL GOTO
012 STOP L01
013 ι03
014 OFF
015 MAX 0 >C NS
016 CRS1
017 0 CNS >VCRD
018 HCRD 1 >CNS
019 0 >HCRD
020 CRS2-1
021 1 CNS > HCRD
022 RTN 2873-383



USIN G SUBROU TINES (Con t)

Now, let's ente r t he amplitude-monitor i ng subrouti ne to be nested wit hi n the
curso r-positioni ng routine .

F i rst press

	

PROG

	

to return to the prog ram Ed it mode . Now advance the edit
p ro mp t to li ne 022 wit h the

	

ΝΕΧΤ

	

. Enter the calling commands by pressing 4
©

	

LBL

	

GSB

	

. Advance the edit promp t, again by using the

	

ΝΕΧΤ

	

, to
the end-of- program line .

Now ente r t he a mp lit ude-monito r ing subrouti ne by pressing :

RTN

Using The Wavefo rm Calculato r-7854

NEXT

ΝΕΧΤ

Α comp lete listin g of both subr outines is shown in figure 6-17 .

Fig ur e 6-17 . Listing of the cur so r-positio ning and amp litud e-monitoring subrouti ne.

Exercise continues on next page
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LNN 04 Ν ΕΧΤ

2 WFM Ρ-Ρ 7 0 >CNS NEXT

7 ENTER 7 CΝS IF >Χ STOP

7 CNS ENTER 9 IF >Χ STOP

013 L03
014 OFF
015 MAX θ >CNS
016 CRS1
017 0 CNS >VCRD
018 HCRD 1 >CN S
019 0 >HCRD
020 CRS2-1
021 1 CNS > HCRD
022 4 LBL GSB
023 RTN
024 L04
025 2 WFM Ρ-Ρ 7 >CNS
026 7 ENTER 7 C NS I FY> Χ STOP
027 7 CNS ENTER 9 I FY> Χ STOP
028 RTN 2873-386
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U SI NG SUBROU TINES (Con t)

I FY>Χ Oper ation : Wh en the I Fy>Χcommand is exec uted , the processo r compares
the co nte n ts of the Χ r egiste r to that of t he Υ register. If b oth registe rs co n tai n
constan ts at the time of compa r ison , the resu lt is TRUE when t he constant in theΥ
registe r is more p ositive than the constan t in the Χ registe r . If both registe rs contai n
waveform memo ry addresses, the processo r compares co rrespond ing p ai rs of poin ts
on the refe renced wavefo rms (between cursors, if on); the res u lt is TRUE when
even one point of the Υ registe r reference d waveform is mo re positive th an the
value of the co rrespond i ng poin t of the Χ register reference d wavefo rm. If on e
register contains α constant a nd the other co n tains α waveform memory addr ess,
each p oint of t he wavefo rm (between cu rsors, if on) is compared to the consta n t
valu e; the resu lt is TRUE when the val ue i n the Υ registe r (either constan t or
reference d wavefo r m point) is mo re p ositive than th at i n the Χ register .

Afte r exec u tion of α stored I Fy>Χcommand, program exec u tion continues norm ally
with the next command if t he res u lt was TRUE . Othe rwise, prog ram exec u tion
contin u es at t he star t of the next prog ram li n e. Test results, TRUE or FA LSE, are
d isplaye d in line 16 of the STORED or BOTH mode .

U SI NG THE STORED STOP

PROG RAM INTERRUPTION S
In add ition to having α p rog ram stop exec u tion as α res u lt of α decision, you will
often want to stop execution i n orde r to inpu t new data or to pa use d ur ing execu tion
to view results . T he stored STOP and PAU SE co mm and s, or α d ir ectly issued STOP
command , can be u sed to interrupt prog ram execution as demonst rated in the
following exercises. See F igure D, block 19 fo r the locatio n of these keys on t he
Waveform Calc u lato r .

When α stored STOP command is execu te d by α runn ing prog ram, prog ram
execu tio n stops .

To demon st r ate, run t he pu lse-measur ing prog ram now in the 7854 prog ram
memory :

6- 132

Press

	

Comments
EXECUTE STAR T The prog ram is execu ted

and t hen stops when the
stored STOP is
encounte red on li n e 010.
The processo r returns to
th e id le state. N otice that
the truncated mnemon ic
of the command p rior to
the stored STOP , pl us
t he status message
STOP IN, are displayed
in line 16 .



USI NG THE STORED STO P (Con t)

Stored STOP Ope ration : Wh en the processo r encou nte r s α sto r ed STOP command
in eit he r the R un o r Step state, prog ram exec u tion is stopped . At th is time th e
processor r et urns to the i d le state and d is p lays t he previo u sly executed command
mnemo n ic (except STOP or PAUSE) p l u s t he status message STOP IN . If you press

wit hou t having moved the ed it promp t, execution will begi n
with th e command followi ng the STOP .

EXECUTE

PAU SIN G TO VI EW PR OG R AM RE SULTS

The sto red PAU SE comma nd is used to "slow down" α prog r am du r i n g execution to
allow you to view t he d is p layed r esu lts . Executing α sto r ed PAUSE comma nd will
momenta r ily inte rrupt t h e program executio n . Th e le n gt h of t he inte rrup tio n can be
extended b y sto r ing two o r mo r e s uccessive PAUSE co mmands .

L et's now add sto red PAU S E commands to i n te rru pt t he existing prog ram afte r th e
R IS E , FA LL, DELAY, and WIDTH commands .

Now move th e ed it prompt to line 005 using th e

To add the PAUSE comma nds :

Press

	

Comments

The STOP command (sto red or direct) will not terminate numer ic ent ry
into the Χ register .

RUN

Usi ng The Wavefo rm Calculato r-7854

ΝΟΤΕ

PREV

I nse r t PA U S E co mmands
afte r R IS E by en te r i n g
the new co mmand grou p
and deleting the old li ne.

Inse rt PAUSE commands
afte r FA LL.

I nse rt PAUSE co mmands
afte r DELAY .

Insert PAUSE commands
after WIDTH.

Exercise continues on next page
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R IS E ί
2 El CNS

PAUS E Ί
ΝΕΧΤ

PAUSE

FALL ΡΑΓ.Γ S Ε 10 ( PAUS E

3 >CNS ΝΕΧΤ

DELAY Ί PAUSE PAUS E

4 >CNS ΝΕΧΤ

WIDTH PAUSE PAUSE
5 >CNS ΝΕΧΤ
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PAUSING TO VIEW PROGRAM RESULTS (Cont)

See Figure 6-18 for α listing of the main program at this time .

θθθ
001
002
003
004
005
006
007
008
009
010
011
012

L00
SCOPE VMDL HMDB
0 ENTER 6 >CNS
L02 AQR 2 >WFM STORED
3 LBL GSB
RISE PAUSE PAUSE 2 >CNS
FALL PAUSE PAUSE 3 >CNS
DELAY PAUSE PAUSE 4 >CNS
WIDTH PAUSE PAUSE 5 >CNS
6 CNS 1 + 6 >CNS
6 CNS 10 ΙFΧ=Υ STOP
2 LBLGOTO
STOP L01

2873-384

Figure 6-18 . Listing of the pulse-measuring program with commands added to view results .

PAUSE Operation : The PAUSE command interrupts all command execution for
approximately 0.7 second .

Return to the Execute mode by pr essing

	

EXECUTE

	

and t hen run the program
(press 0 START ). Notice how the prog ram exec ution is interrupted
following the R IS E, FALL, DELAY, and WIDTH measurements fo r each of the 10
successively acqu i red pulses .

Of course, for t he stored PAUSE command to be effective, you must first format the
d isplay to show the results you are interested in viewing.

THE DIRECT STOP

Another method used to interrupt α running program is to d irectly issue α STOP
from the keyboard(s) . However, if program execution is to be continued after being
stopped, you must take care not to alter anything which is required for proper
continuation of the program . For example, the stack contents, numeric entry status,
cursor status or position, the subroutine return register, waveform memory and
constant register contents are all likely to change the outcome of the program if
they are altered . Therefore, you may want to avoid using d irect STOPs.
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ΝΟΤΕ

The PAUSE command will not terminate numeric entry into the Χ
register .



THE DI RECT STOP (Cont)

Using The Waveform Calcu lato r-7854

Direct STOP Operation: If t he d i rectly issued STOP occurs while the processor is
executing the AOR, AVG, AVG10, AVG100, AVG1000, or GND comma nds (sto red
o r di rect), the executing co mmand is prematurely te rmi nated . Otherwise, the
processor co mpletes execution of the cu rr ent command . The processor then ret urns
to t he id le state and the truncated mnemonic of t he command executing when the
STOP was received, pl us the STOP IN stat us message, is d is played in li ne 16 of the
STORED or BOTH mode . If program execution is then resumed with the RUN
command, execution begins with the command followi ng the command durin g
which the STOP was received.

PROGRAM EXAMPLES
The followin g prog rams are pr ovided as add itional program examples. Only the
purpose and const r aints of each program are explai ned since you should have α
work ing knowledge of t he 7854 commands used in these examp le pr og rams. Of
co ur se, each of these prog rams ca n be modifie d to ag ree with pr io r assignments of
wavefo rm memory or constant registers. Line n umbers have been left off the
program listi ngs given here so t hat you will not be unduly restrained in the use of
these prog rams.

PERCENT OF OVERSHOOT
Th is program will calculate the percent of overshoot of t he operational waveform .
Afte r execution, the percent calculate d will be d isplayed i n t heΧ register, as well as
being stored in 1 CNS. Since th is program calculates t he percentage rate
independently of the VZR setti ng, the GND need not be set .

Const raints : The 0% level of the operatio nal waveform mu st be at the left edge of
the graticule, and the 100% level must be at t he rig ht edge of the g raticule . Any
number of cycles ca n be d isplayed between these two p oints, provided that all
pu lses are identical .

ιθ 1
STORE D 4AVG
CRS θ >HCRD
VCRD 2 >CNS
CRS2-1 H SCL 10 * ENTER
Ρ/W / - > HCRD
ΜΑΧ 2 CNS - VCRD / 1 - 100
1 >CNS
STOP 1 LBL GOTO 2873-387

Figure 6-19 . Prog ram to calc ulate the percent of overshoot.
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PROPAGATION DELAY
The propagation delay between the first MID p oint of each of two signals will be
calculated and, after execution, displayed in the Χ register field. Also, the two
signals will be displayed on the screen after execution (and stored in 1 WFM and 2
WFM) .

Constraints: The vertical amplifier(s) must not be in the chop mode . The two input
signals must have at least one displayed transition (either positive- or negative-
going) .

L01 AOR STORED CLD
CRS1 0 -HCRD OFF
0 WFM ΜΙΝ - .5 VXPD 1 >VZR
θ WFM 2 >WFM
1 WFM ΜΙΝ - .5 VXPD 3CHS >VZR
0 WFM 1 >WFM
1 DSW 2 DSW
CRS1 2 WFM MID >VCRD HCRD 1 >CNS
1 WFM MID >VCRD HCRD 1 CNS - STOP 2873-388

Figure 6-20 . Program to calculate propagation delay.

CONVOLUTION OF WAVEFORMS

This program will calculate the convolution between an input signal and the
impulse response . After execution t he result of the convolution is d isplayed on the
graticule (and stored in 0 WFM) .

Constraints: The input waveform must be in 1 WFM and t he impulse response
must be in 0 WFM prior to execution of this program . Also, to avoid time-domain
aliasing with nonμ eriod ic signals, both 1 WFM and 0 WFM contents should be zero
from the left edge of the graticule to the center vertical graticule line .

0 WFM STORED VSCL 1 >CNS
1 WFM 2 >WFM θ WFM 1 >WFM θ WFM 0
* Ρ/W 10 / >HSCL
1 WFM CLX >HSCL 2 WFM CLX >HSCL
CLS >CNS
L00 2 WFM ΦCNS ΡΝΤ 1 WFM CLX 0
I FX=Y 1 LBL GOTO
CLX ENTER ABS >VSCL CLX SGN VXPD
1 WFM 0 WFM +
L01 1 WFM 1 HPRGT θ CNS 1 + 0 >ςΝS
Ρ/W IFX=Y 0 WFM 1 CNS * STOP
0 LBL GOTO

2873-389Α

Figure 6-21 . Program to convolve waveforms .
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SI NE O F WAVEFORM S

Usi ng The Waveform Calculato r-7854

This program will compute and d is play the sine of an input wavefo rm.

This prog ram fin ds the equ ivalent of t he i np ut waveform from - π/2 to π/2 by using
α mod function, and the n uses α 4-turn taylor se ries . The si n e of the wavefo rm is
then dis p layed from 0 WFM.

ΝΟΤΕ

The cosine of α waveform can be computed byadding π/2 to the inpu t
waveform at the beginning of this program .

Const raints : The input waveform must not exceed +(511 *2π) i n magnit ude .

STORED θ WFM 1 >WFM SGN 2 >WFM
1 WFM ABS 6.283 / 1 >WFM
256 ENTER θ >CNS
L00 1 WFM θ CNS I FY>Χ 2 LBL GOTO
L01 0 CNS 2 / θ >CNS .75
I FY>Χ θ LBL GOTO
3 LBL GOTO
L02 - SG N ΜΙΝ - SG N θ CNS CHS *
0 WFM 1 WFM + 1 >WFM 1 LBL GOTO
L03 1 WFM 5 - SGN ΜΙΝ - SG N 1 WFM
Χ<>Υ - 2 WFM * θ WFM 1 >WFM
.25 - SG N ΜΙΝ - SGN 2 >WFM 1 WFM *
2C HS * 5 + 2 WFM * 1 WFM + 1 >WFM
.25 + SG N 1C HS VXPD ΜΙΝ - SGN 2 >WFM
1 WFM * 2CHS * 5 - 2 WFM *
1 WFM + 6.283 * 2 >WFM
5040CHS / 2 WFM * 1 ENTER 120 / +
2 WFM * 2 WFM * 1 ENTER 6CHS / +
2 WFM *2 WFM * 1 +2 WFM *
STOP

2873-390

Signature Not Verified

Fig ure 6-22 . Prog ram to dis play the si ne of α waveform.

Digitally signed by
http ://www .aa4d f.com





GPIB
Information

The 7854 (except Option OD) is equipped wit h an inte rface wh ic h conforms to IEEE
Sta ndard 488-1978 D igital Inte rface fo r Programmable I nst rumentation, commonly
referred to as α General Pu rpose Interface B us, or GPI B .

The GPIB allows permanent storage of 7854 programs, remote p rogramming of the
7854, an d data transfers to and fr o m the 7854 .



DESCRIPTION

G P I B Informatio n -7854

The GPI B is an inte rface system using sixtee n signal lines: eig ht data li nes, three
handshake li nes, and five bus management li nes . Info rmation is transferred over
the bus in α b it- parallel, byte-se rial fo rmat using an asynchronous "ha ndshake"
procedure . Th is handshake allows commun icatio n between inst r uments wit h
diffe rent transfer rates if they conform to the handshake state diagrams and other
protocols d efined in th e IEEE sta ndard . The data transfer rate is effectively limite d
by the slowest active i nst rument (tal ker o r listener) on th e bus. This ensures the
accu rate transfer of data to and from all active in st ruments .

The GPIB system can be connected in either α star or linear config u ration, or α
com bi nation of both (see F ig . 7-1 ) . To maintain the electrical ch aracteristics of the
bu s, α device load must be connected fo r each two metres of ca ble, a nd at least h alf
of t he devices connecte d to t he bus must be powered up .

Α mi n imum GPIB system for t he 7854 Oscilloscope would consist of t he 7854 and α
GPIB controller (e .g ., α Tektron ix 4050-series graph ic system). The controlle r di rects
all command and data transfers on the GPIB.

Fig ure 7- 1 . GPIB system config uratio n s .



GPI B Info rmation -7854

Α la rge r G PIB system may consist of up to 15 instruments dist r ibu ted over α total
cab le length of up to 20 met res . These i n st ruments may include, in add ition to t he
7854 and cont rolle r , ot he r talkers (e .g ., counter , d igital mu ltimeter , etc.) and othe r
listeners (e .g ., li ne pr inte r, tape dr ive, programmable sign al gen erator , etc.) .

Α mor e d etailed descr i ption of t he act ual operation of the GPIB interface may be
found under G PIB Theory at the end of this section.

GP IB FUN CTIONS
Th e IEEE Standard 488-1978 d efines the GPI B i nte rface fu nctions a nd the
allowed subsets of those functions. The subsets that apply to the 7854 a re listed i n
Table 7-1 .

TABLE 7-1
7854 GPI B Inte rface Functions

7- 2

Function Subset Capability

Source Ha ndshake SH 1 Comp lete .

Acceptor Hands hake ΑΗ 1 Complete .

Tal ker Τ5 Complete .
(no secondary address)

Listene r L3 Complete .
(no secondary address)

Se rvice Request SR 1 Comp lete .

Remote/ Local RL 1 Comp lete .

Pa rallel Poll ΡΡ0 Non e.

Device Clea r DC1 Complete .

Device Trigge r DT1 Complete .

Cont r olle r C0 No ne.



GP I B I nfo rmation-7854

ADDRESS SELECTION A
T he pr imary G P I B address of t he 7854 is set by using the Address selectio n

switches located on the rea r panel of the 7854 (see F ig . 7-2) . Act u ally, these
switches set only t he lower five b its of t he address. The upper t hree bits are
determi n ed by the function (e .g ., 001 fo r Liste n Address, 010 fo r Talk Address) . To
set the p rimary GPI B address of the 7854, u se α pen o r other poi nted o bj ect to set
the b i nary equ ivalent of the desi red prima ry address . Any pr imary address between
and incl ud i ng 0 decimal (00000 bina ry) a nd 30 decimal (11110 b inary) may be used.
Do not set 31 decimal (11111 b i n ary) as t he pr i mary address ; 31 is reserved for use
by t he controller to "untalk" or "unlisten" α device. (Tektron ix 4050-series graph ic
systems also reserve 0 decimal fo r a not her fun ction.)

To set the 7854 fo r α pr i mary G PIB address of 10 (decimal), set the address switches as
shown below .

U σσ Ι 0
16 8

	

4

	

2

	

1 - ADDRE SS
0+8+0+2+ ρ =10

* INDICATES THIS EN D PRESSED

This setti ng r es u lts in My ListenAddress (MLA) of 42 decimal ( pr imary a ddress +32),
a nd My TalkAddress (ΜΤΑ) of 74 decimal (pr imary a ddress +64) .

To set the 7854 fo r G PIB operatio n (ON LINE) usi ng α L i ne Feed (LF) characte r along
with the ΕΟΙ line asse rte d as αmessage te rm inato r an d TALK/LISTEN mode, set the left
thr ee switch sectio ns as shown below .

ΕΟΙ

	

0 0
TERM

	

0 1~
TALK/LISTEN

LF OR ΕΟΙ

	

1

	

ρ

	

TALK ONLY
1

	

1

	

LISTEN ONLY

ι
O FF LI NE

Ι

Ι

ι

s ι e

U σασο ~

1- MODE

2873-300

F ig ure 7-2 . Address and mod e selection .
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The remaining three switches select the operating mode of the 7854 . The switch
section to the left (ON LINE/OFF LINE) connects or disconnects the 7854 from the
bus . (One device load is presented to the bus even when the 7854 is OFF LINE .) The
other two switch sections set the message terminator or allow the 7854 to be used
in α Talk Only or Listen Only mode. The message terminator is selected fo r
compatibility with t he GPI B controlle r being used. Refer to the controlle r ma nual for
message terminatio n requ irements . (Set to ΕΟΙwhen using α Tektronix 4050-series
graph ic system as the GPI B controller.)

POWER-UP AND RESET STATES
POWER-UP STATE

When the 7854 is turned on, α self-test procedure is started to check the 7854
ci rcuitry (see Power-Up Conditions i n section 1) . On completion of the self test, the
7854 asse rts SRQ(Service Req uest) on the GPI B a nd sets the status byte to indicate
the results of the self-test . (See Se rvice Request in this section.) This SRQ ca n be
clea red by α se r ial poll, or by executi ng any vali d 7854 command .

RESET STATES

The following resets return the 7854 to the listed conditions .

Device Clear

The 7854 responds to eith er α DCL (Device Clear) or SDC (Selecte d Device Clea r )
message by executing α STOP command , aborting any input/output or wavefo rm
acqu isitio n command in prog ress, and clea r ing all SRQ's. If an extern al input
command (READX or >ΤΕΧΤ ) is i n progress, the partially filled data area is clea red (0
WFM points = 0, Χ-registe r = 0, or any text input is deleted) and α warn i ng is
d isplayed. If an extern al output command (SAVE , SEN DX, or TEXT) is in pr og ress, it
is term inated and α warning is d isplayed. (T he READX, >ΤΕΧΤ, SAVE , SEN DX, and
TEXT comma nds a re descr ibed under Commands in t his section .)

I nterface Clea r

The IFC (I nterface Clea r ) message inte rrupts any data i nput or outpu t . If the 7854 is
talki ng, it will conti nue from that p oint when it is agai n addressed as α tal ker . If the
7854 is listening, it will continue inputting data when it is again addressed as α
liste ner .

Stop Key
If the 7854 is in talk-liste n mode, pressing the 7854-keyboard STOP key will a bort
an Ι/Ο command (SAVE , TEXT, >ΤΕΧΤ , S ENDX, READX) if the 7854 is not yet
addressed as α talker or listener . If data transmission has already started, the STOP
command is b uffered u ntil the Ι /Ο (input/Output) command is finished .

If the 7854 is in talk-only mode or listen-only mode, the STOP command will a bort
an Ι /Ο command even if data transmission has started .
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MESSAG ES
All of the many possible messages that may be sent over the GPI B can be split i nto
two ma jor classifications; i nterface messages or device- dependent messages.
Inte rface messages a re sent by t he GPI B cont rolle r to the other i nst ruments on the
bus to control t he functions of each inst rument's GPIB interface. Device-dependent
messages (e .g ., instrument commands, d ata, etc .) may be sent by any instr ument on
the bu s, to any ot her inst rument(s) on the bu s. (See Fig . 7-3.)

Figure 7-3. Device-dependent messages vs . i nterface messages.

GP I B I NTERFACE MESSAGES

G P I B I nfo rmation-7854

Inte rface messages are used by the controller to man age the bus (e .g ., desig nate
talkers a nd listeners, etc.) . All inst ruments on t he bus listen to every i nterface
message.

The interface messages that constitute the controlle r's vocubla ry are defined by the
standard . They can be thought of as ASCII codes given α new meaning when sent
by the controller with the Attention (ΑΤΝ) line asse rted.

Two of the inte rface messages are the talk and listen addresses . When α device
sees its talk address (called My Talk Address or ΜΤΑ) and ΑΤΝ simultaneously, it
must become α talker . Wh en the controlle r removes ΑΤΝ, the device begins the
source hands hake to transmit its data . Simila rly, My L iste n Address (MLA) and ATN
tells α device to listen to the data sent by α talker .
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T h e con t r olle r u ses oth er kinds of inte rface messages for othe r tasks. On e is the
Serial Poll Enable command (SPE) used with t he service request function . Suppose
an instrument is designed to assert SRQ when it has acquired some data. The
controller must poll the devices to find the interrupting device since any one (or
more than one) can assert SRO. To conduct the serial poll, the controller sends SPE,
α universal command, then addresses each device in turn as α talker and reads α
status byte from each . Any device asserting SRQ also asserts D107 of the status
byte to tell the controller that it is actively requesting service. The remainder of the
status byte tells the controller why it is requesting service. (See Service Request
later in this section.)

The device trigger function uses an addressed command: Group Execute Trigger
(GET). In the 7854, GET is equivalent to the RUN command.

The controller issues the Device Clear message (DCL) to initialize internal functions
of devices on the bus. Α universal command, DCL a pplies to all devices . Its effect on
each instrument, however, is decided by the designer, who can choose to initialize
any device function to any state that suits the purpose of the instrument . Its effect
in t he 7854 is described under Power-up And Reset States earlier in this section .

Device-dependent messages (e .g ., 7854 commands, d ata, etc .) are transferred from
any one instrument (talker) to one or more other instruments (listeners) on the bus.
Device-dependent messages may effect the functions of the instruments (e .g .,
commands), b ut they do not d irectly effect the actual GPIB i nterface .

COMMANDS

DEVICE-DEPENDENT MESSAG ES

Refer to Section 9, Command Language, for α complete listing of the 7854
commands with descriptions . All commands listed in section 9 can be sent through
the GPIB to the 7854, which will react exactly as if the equivalent k ey(s) had been
pressed on the Waveform Calculator or Measurement keyboards . Commands can be
given to the 7854 from the Waveform Calculator keyboard, the M easurement
keyboard, the GPIB, or any combinaton of the above. (Pressing any key on either
7854 keyboard generates α local rtl message .) Commands are executed in the order
in which they are received by the 7854, regardless of the source of the command.

The 7854 keyboards can be disabled by setting the 7854 to remote-only mode .
Remote-only mode prevents the accidental insertion of α command from the 7854
keyboard i nto α command string from the GPIB . (See Fig . 7-4 and 7-5 for sample
programs .)

To send α command to the 7854 through t he GPIB, send (to the 7854's address) the
command mnemonic (or numeric command) as it appears on either of the 7854
keyboards (separating each mnemonic with α space).
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100

	

REM * SUBROUTI NE TO SET 7854 TO REMOTE-O NLY STATE
110

	

REM * 7854 IS GPIB DEVICE #10
120 REM *
130 WBYTE @ 17,42,63 :
140 RETURN

LINE 130 COMMENTS :
17 = Send G PI B Local LOckout command (LLO)
42 = Send 7854's listen address (device #+32)
63 = Send G PI B UNListe n command (UNL)

2873-304

Figure 7-4 . Su br outi ne to set 7854 fo r remote-only operatio n (disable keyboard s) .

100
110
120
130
140

REM * SUBROUTI NE TO SET 7854 TO NORMAL (REMOTE/LOCAL) STATE
REM * 7854 is D EVICE #10
REM *
WBYTE @ 42,1,63:
RETURN

LINE 130 CO MMENTS :
42 = Send 7854's listen address (device #+32)
1 = Send GPIB Go To Local comma nd (GTL)
63 = Send GPIB UNListe n comma nd (UNL)

2873-305

Figure 7-5 . S ubrouti ne to set 7854 fo r norm al (remote/local) operation.

Mu lti ple commands may be grouped as one message an d sent in th e same manner
as α single command by sepa rating each command (mnemonic or numeric) with α
space .

Example : 1 0 2 4 >Ρ/W AVG10 ΜΑΧ S EN DX

ΝΟΤΕ

No more than ten (10) commands shouldbe grouped following an //0
(Input/Outpu t) command in the same message. The 7854 will buffer
up to ten commands following an //Ο command, andwill execute them
on completion of the //0 command . More than ten commands will
cause the //Ο command to be aborted and α// commands following the
//Ο command to be ignored.

In add ition to the sta nda rd comman d s, the 7854 has some commands fo r use wit h
the GPI B only . These comm ands are listed below . (See Section 9, Command
Language fo r detailed descriptions.)
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Input/Output Commands

SAVE

	

Ou tpu ts t h e conten ts of t he prog ram memo ry (f rom t he ed it
prompt t hrough end-of- prog r am ) to t he GP IB .

S EN DX

	

Outputs th e conten ts of t he Χ registe r (constant or waveform
data) to th e GP I B .

REAM

	

Inputs α numbe r (o r wavefo rm) from the G P I B and p laces it in
t he Χ registe r . (Wavefo rm data is sto r ed as 0 WFM .)

>ΤΕΧΤ

	

Inputs up to 12 lines of text (40 cha r . max . each ) f rom the GP I B
fo r d is p lay on the 7854 c r t (in STORED, SCOPE , o r BOTH
modes) .

TEXT

	

Outputs α copy of all 16 li n es of c urr ently d is played text to th e
GP IB (incl udes c rt r ea dou t and b la nk li n es) .

Service R eq uest Control

ROS

	

Asserts Se r vice Request (SRQ) .

ROSON / ROSOFF

	

Enables/ disables all se rvice request functio ns except
power on .

REM ON / REM O FF

	

Enables/disa b les effect of RQS comm and .

O PCO N / O PCO FF

	

Enables/disables ope r ation-complete ser vice r equest .

CERON / CER O FF

	

En ables/disab les command-e rr o r service request .

EXR ON / EXR O FF

	

Enables/ d isab les execu tio n -e rr o r service r equest .

IOCON / IOCOFF

	

Enables/disab les se rvice r e q uest due to an Input/Output
command b ein g i n itiate d .

7-8
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Programs

ΝΟΤΕ

ΝΟΤΕ

G PI B Information-7854

ID?

	

O utpu ts α copy of the 7854 identification disp lay to the GPI B.
(ID ΤΕΚ/7854,V79 .I,XX.YY,ZK where ΧΧ is the ROM version,
ΥΥ is the ROM revision, a nd Ζ is 2, 4, or 8, indicating th e
number of k ilobytes of RAM installe d .)

SRO?

	

O utpu ts α copy of the bottom line of t he calcu lato r display.
(S RO ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ whe re
ΧΧΧΧ . . . is the b ottom line of the d isplay.)

Do n ot sendα query (ERR?, lD?, or SRO?) to the 7854 following an //0
command (SA VE, SENDX, TEXT, > ΤΕΧΤ, or READX) until the //Ο
command is completed. Α query will inte ιupt the //Ο command and
cause unpredictable //Ο. (Use α serial poll to determine 110-command
status, if necessary. Status byte > 127 indicates //Ο in progress.)

Data t hat can be sent throug h the GPI B incl ude prog rams, nu meric values,
wavefo rms, and text st r i ngs . Th e format of all data sent (output) by the 7854 is such
that t he same data can t hen be sent back (inpu t) to the 7854 without any
inte rmed iate p rocessing or loss of informatio n . (T he only exception to this is when
the 7854 is set for ΕΟΙ OR LF as the message term inator in the Talk-Liste n mode
a nd wavefo rm data is being sent . In this case α ca rr iage ret urn and line feed
separate th e waveform preamble and curve data. The line feed mu st be deleted
before sending the data back to the 7854 .)

Refer to Programming in section 6 fo r detailed inst ructions fo r ente ring α program
i nto the 7854 program memory. The GPIB allows permanent storage and rap i d

loading of 7854 prog rams.

Initial program entry, editing, andtesting should be done in the 7854,
not in the controlle r. This eliminates the possibility σ1 mnemonic
spelling errors and other difficult-to-find problems in your prog ram .
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To send α program f rom the 7854 through the GP IB fo r pe rmanen t sto rage on tap e
o r d is k , simp ly move the ed it prompt to th e begi nn i ng of the program and issue the
SAVE command . The progr am will be sen t as one reco rd , wit h the NEXT command
and α ca rr iage return appended to th e end of each prog r a m li ne . The li ne numbe r s
a re removed f rom the prog ram when it is sent and li ne la bels will appea r as
LNN α b whe re α a nd b ar e si n gle digit intege rs representi ng the lab el numbe r .

These fo rmat changes allow t he prog r am to be easily e nte r ed i nto the 7854 prog ram
memor y, and the ca rr iage ret urn s allow t he cont r olle r to t r a n sfe r the prog ram (li n e-
by-line) to tape o r d isk . (See Fig . 7-6 fo r sample prog r a m .)

100

	

REM * TRAN SFER 7854 PR OGRAM TO 4050 TAPE F I LE110

	

REM * 7854 IS GP I B DEVIC E #10
120 REM *
130

	

REM * STORE PR OG RAM ON F I LE NUMBER : F
140 REM
150

	

ON SRQ THEN 260
160 S=0
170 PR I NT @10:"EXECUTE 0 GOTO PROGRAM SAVE "
180

	

IF S<>208 THEN 180
190 F IND F
200 ON EOI THEN 240
210 INPUT @10 : L $
220 PR INT @33:L $
230

	

GO TO 200
240 PR I NT @33 :L$
250 EN D
260

	

POLL D,S;10
270 RETURN

L INE BY LI NE COMMENTS :
150

	

Enable SRQ i n te rrupt ha nd le r at 260
160

	

Clear status flag
170 Command 7854 to send en ti re prog ram
180 Wait fo r 'SAVE ' service request stat u s byte
190

	

Positio n 4050 tape to file F
200

	

Enable ΕΟΙ i n te rrup t hand le r at 240
210 Input next li n e of prog ram from 7854
220 Save li n e of prog r am on ta pe
230 Continue un til ΕΟΙ
240 On ΕΟΙ save last line of prog r am on tape
250 Stop
260

	

Serial poll 7854; S = statu s 'byte
270

	

R et urn f rom SRQ i nte rrupt ha n dler
2873-306

F ig ur e 7-6 . T ra n sfe r 7854 prog ram to con t rolle r ta p e file (SAVE samp le program) .
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To copy α pr og ram back to the 7854 prog ram memory, fi rst execute t he FR OG
comm and to enter the Prog ram En try mode. Th en send t he stored prog ram to the
7854's address. When the program has been copie d by the 7854, it may be
modified and/o r executed in the normal man ner using t he 7854 keyboa rd. (See Fig .
7-7 fo r sample prog ram .)

100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260

REM *TRANSFER PR OGRAM FROM 4050 TAPE FILE TO 7854
REM *7854 IS GPIB D EVICE #10
REM
REM *LOAD PROGRAM FR O M F ILE NUMBER : F
REM
ON SRQ THEN 250
S=0
PR I NT @10: -PROGRAM CLP NEXT"
IF S<>66 THEN 180
F I N D F
ON EOF (0) THEN 240
INPUT @33: L$
PR INT @10: L$
GO TO 210
END
POLL D,S;10
RETURN

LINE BY LI NE CO MMENTS :
150

	

Enable SRQ inte rrup t hand ler at 250
160

	

Clear stat us byte
170

	

Command 7854 accept α new prog ram
180

	

Wait fo r operatio n complete stat us byte
190

	

Positio n 4050 tape to file F
200

	

Enable end -of-file i nte rrupt hand le r at 240
210

	

Input next line of pr og ram from tape file
220

	

Send li ne of prog ram to 7854
230

	

Continue until end-of-file
240 Stop
250

	

Serial poll 7854 ; S = stat us byte
260

	

R eturn f rom SRQ inte rrupt ha nd le r
2873-307

Fig ure 7-7 . Transfer 7854 pr og ram from controlle r tape file to 7854 .

Nu meric Values
Numeric values (consta nts) can be transferred f rom the 7854 over the GPIB by
placing the valu e i n t he Χ registe r and then executing t he SEN DX command. (See
F ig . 7-8 fo r sample pr og ram.)

Numeric values can be transferred back to the 7854 a nd placed in the Χ register by
executing the READX command and then sending t he number to t he 7854 over the
GPI B. (See F ig . 7-9 fo r sample prog ram .)
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100

	

REM*TRANSFER CONSTANT (MAX) FROM 7854 TO 4050 VAR IABLE
110

	

REM*7854 IS GPI B DEVICE #10
120

	

REM *
130

	

REM*INPUTCONSTANT INTO VARIABLE: Μ
140

	

REM*
150

	

ON SRO THEN 21 0
160 S=0
170

	

PR INT@1 0:-MAX SEN DX"
180

	

IF S-210THEN 180
190

	

INPUT@1 Θ:Μ
200 END
210

	

POLL D,S;10
220 RETURN

LINE BY LINE CO MMENTS :
150

	

Enable SRO inte rrup t hand le r at li ne 210
160

	

Clear stat us flag
170

	

Command 7854 to send the 'MAX' value
180

	

Wait fo r 'SEN DX' service request stat us byte
190

	

Input constant (MAX) f rom 7854 into va ria ble Μ
200 Stop
210

	

Serial poll 7854 ; S = status byte
220

	

R et urn from SRO inte rrup t handler
2873-308
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Fig ure 7-8. SENDX sample prog ram .

100

	

REM*TRANSFER 4050 VARIABLE TO 7854'S Χ REGISTER
110

	

REM*7854 IS GPI B DEVICE #10
120

	

REM*
130

	

REM*OUTPUT CO NSTANT FROM VAR IABLE: Μ
140

	

REM *
150

	

ON SRO THEN 21 0
160 S=0
170

	

PRINT @10:"READX"
180

	

IF S<>211 THEN 180
190

	

PRINT @10:Μ
200 END
210

	

POLL D,S;10
220 RETURN

LINE BY LI NE COMMENTS :
150

	

Enable SRO inte rrup t handler at 210
160

	

Clear status flag
170

	

Command 7854 to accept data
180

	

Wait fo r 'READX' service request stat us byte
190

	

Output va ria ble Μ to 7854
200 Stop
210

	

Serial poll 7854 ; S = status byte
220

	

R et urn f rom SRO inte rrup t hand le r
2873-309

Figure 7-9. READX sample prog ram .



Waveforms

Waveform data is sent as one message; the wavefo rm pream b le, α se pa rator , and
t he cu rve data. The waveform preamb le contains info rmation su ch as
points/waveform, volts/d ivision , time/d ivision , offset voltage, etc. The separator is
eithe r α ca rriage r eturn (Message Te r mi nator set to ΕΟΙ ) or α ca r riage ret urn and
line feed (Message Term inator set to LF O R ΕΟΙ ) . The curve data contains the act u al
ve r tical ord i nate value (in d ivision s) of each p oint of the waveform relative to the crt
gr atic u le .

Wavefo rm Preamb le : Α ty p ical waveform pream ble, as sent by the 7854, is show n
below :

WFMPRE ENCDG:ASC,NR .PT:512, PT. FMT :Y,XZER0:0,XINCR :9.766E -06,
XUN IT :S,YZER0:2.704,YMULT:1,YUNIT :V ;

Th e abbr eviations in the waveform pream b le a re as follows:

WFMPRE'
ENCDG:ASC'
NR . PT:( Ρ/W )
PT.FMT:Y'
XZER0:0'
XI NCR : [10 *HSC L /(Ρ/W )]
XUN IT :S
YZERO:[-(VSCL *VZR )]
YMULT:(VSC L)
YUN IT : V

' Fixed valu e, cannot be cha nge d .

REV ΜΑΥ 1982

wavefo rm preamb le (header )
curve data encoded ASCII decimal
number of points/wavefo rm
poin t format (c u rve data in ve r t . d iv .)
no hor izontal offset
hor izontal i ncremen t betwee n poin ts
hor izontal scale factor u n its (S=seco nds)
ve rtical ze ro offset
ve rtical scale factor
vertical scale factor u nits (V =volts)

Curve Data : Α ty p ical c urve data (par tial) is show n below :

GP I B Info rmation-7854

CURVE 1 .3779, 1 .3777, 1.3778, 1.3777, . . ., 1 .3777, -2.6953, -2.6955, -2.6954,
-2.6955

T h e curve data consists of the heade r (CURVE) followed by one ASCII coded d eci m al
number fo r each p oi n t of the wavefo rm. Eac h number is se parated by commas and
represen ts t he ve r tical d istance of t h at p oi nt from the center hor izo n tal gratic u le
li n e, measured in gr aticu le divisions (negative if below center ) .
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To send (outpu t) α stored waveform (o r more p roperly, send data representing α
waveform) from the 7854 through the GP I B, the wavefo rm must be p laced in the
Χ register . The waveform data can then be sent by giving t he SENDX comm and .
(See F ig . 7-10 a nd 7-11 fo r samp le prog rams.)

To copy α waveform back into the 7854, execute t he READX command and send the
waveform preamble and c urve data to the 7854's address. The waveform preamble
and curve data m ust be sent as α single message with no li ne feed between the two
st r ings . Th e wavefo rm will become the operational waveform (0 WFM) i n the 7854
and can the n be copie d to anot her wavefo rm memory address if desired. (See F ig .
7-12 a nd 7-13 fo r samp le programs.)

100
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260

REM*TRANSFER WAVEFORM #0 FROM 7854 TO 4050 ASCII STRI NGS
REM *7854 IS G PI B DEVIC E #10
REM
REM*INPUTWAVEFORM PREAMBLE INTO ASCII STRI NG: Ρ5
REM*INPUT WAVEFORM CURVE INTO ASCII STR ING: W$
REM *
DIM Ρ$(200),W$(8200)
ON SRO THEN 250
S=0
PR INT @10: -0 WFM SEN DX"
IF S<>210 THEN 210
INPUT @10:Ρ$
INPUT @10:W$
END
POLL D,S;10
RETURN

LI NE BY L I NE CO MMENTS :
170

	

Dimension ASCII st r i ngs Ρ$ & W$
180

	

Enable SRO inte rrupt handler at li ne 250
190

	

Clear stat us flag
200

	

Command 7854 to send waveform #0
210

	

Wait fo r 'SEN DX' service request status byte
220

	

Input wavefo rm preamble from 7854 to Ρ5
230

	

Input wavefo rm curve from 7854 into W$
240 Stop
250

	

Serial poll 7854 ; S = stat us byte
260

	

Return f rom SRO inte rrupt handler

2873-310
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100

	

REM * TRA NSFER WAVEFORM #0 FROM 7854 TO 4050 VARIABLES &ARRAY
110

	

REM *7854 IS G ΡIR DEVIC E #10
120 REM
130

	

REM *I NPUT WAVEFO RM PREAMBLE INTO VARIABLES : Ν , Ζ 1,Χ , Ζ 2,Υ
140

	

REM *

	

Ν - POIN TS/WAVEFORM
150

	

REM *

	

Ζ 1 = H ORIZONTAL ZERO
160

	

REM *

	

Χ = HO RIZO NTAL I NCREMENT BETWEEN POI NTS
170

	

REM *

	

Ζ2 = VERTICAL ZERO
180

	

REM *

	

Υ = VERTICAL SCALE FACTOR
190

	

REM *I NPUT WAVEFORM CURVE INTO ARRAY : W
200 REM
210

	

ON SRO THEN 300
220 S - 0
230

	

PRI NT @10: - 0 WFM SEN DX"
240

	

I F S

	

210 THEN 240
250

	

INPUT @10 : Ν ,Ζ 1,Χ , Ζ 2, Υ
260

	

DELETE W
270

	

DIMWI N)
280

	

INPUT @10 :W
290 EN D
300

	

PO LL D,S ;10
310 RETURN

L I NE BY L I NE CO MMENTS
210

	

Enable S R O i n te rrup t ha nd le r at li n e 300
220

	

Clear stat u s flag
230

	

Command 7854 to se nd waveform 4i0
240

	

Wait fo r 'SEN DX' service r e qu est status bytu
250

	

Inpu t wavefo rm preamble a r gumen ts i n to Ν , Ζ 1,Χ , Ζ 2, Υ
260

	

Delete Array W
270

	

Dimensio n arr ay W to size Ν ( Ν = P oi n ts/Waveform )
280

	

Input waveform curve i n to a rray W
290 Sto p
300

	

Ser ial poll 7854 ; S - stat u s byte
Ζ 10

	

R υτιιΓη from S R O ίητα rηιρτ hand le r

	

2873 311A

Figure 7-11 . Wavefo rm t ransfe r f rom 7854 to controlle r ( nu me ric a rray) .

100

	

REM * TRANS FER 4050 ASCII STR INGS TO 7854'S WAVEFO RM #θ
110

	

REM * 7854 IS GP I B DEVIC E #10
120

	

REM * OUTPUTWAVEFORM PREAMBLE FROM ASCII STR ING : Ρ$
140

	

REM * OUTPUTWAVEFORM CURVE FR OM ASCII STR ING : W$
150 REM *
160

	

ON SRO THEN 220
170 S--0
180

	

PR I NT @10:"READX"
190

	

I F S " -211 THEN 190
200

	

PRI NT @10 : Ρ$ ;W $
210 EN D
220

	

POLL D,S;10
230 RETURN

312

Fig ur e 7-12 . Wavefo rm t ransfe r f rom controlle r (ASCII st rings) to 7854 .
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L I NE BY L I NE CO MMENTS :
160 Ena b le SR O i n te rrupt ha nd le r at 220
170 Clea r stat u s flag
180 Command 7854 to accep t data
190 Wait fo r ' READX' service r e qu est stat u s byte
200 Outp u t waveform f rom Ρ 5 & W $ to 7854
210 Stop
220 Se r ial poll 7854 ; S = stat u s byte
230 R eturn from S RO inte rrupt h and le r 2873



GP IB I nfo rmation-7854

100

	

REM *TRANSFER 4051 VARIABLES AND ARRAY TO 7854's WAVEFO RM ##0
110 REM *
120

	

REM *OUTPUT WAVEFORM PREAMBLE FROM VAR IABLES : Ν , Ζ 1,Χ , Ζ2,Υ
130

	

REM *

	

Ν = POINTS/WAVEFORM
140

	

REM *

	

Ζ 1 = H O RIZO NTAL ZER O
150

	

REM *

	

Χ = HORIZONTAL IN CREMENT BETWEEN POINTS
160

	

REM *

	

Ζ2 = VERTICAL ZER O
170

	

REM *

	

Υ = VERTICAL SCALE FACTOR
180

	

REM *OUTPUT WAVEFORM CURVE FR O M ARRAY : W
190 REM
200

	

DIM P$(200)
210

	

ON SRQ THEN 460
220

	

REM * BU I LD WAVEFO RM PREAMBLE
230

	

Ρ 5='9NFMPRE ENCDG :ASC,NR .PT :"
240 Τ$=STR ( Ν )
250 P$=P$&T$
260 Ρ5=Ρ5&", PT ..IMT:Y,XZER O:"
270 75=STR ( Ζ 1)
280 P$ =P$&T$
290 Ρ5=Ρ5&",XINCR:"
300 Τ$=STR ( Χ )
310 P$=P$&T$
320 Ρ5=Ρ5&",XUNIT:S,YZERO:"
330 Τ$=STR (Ζ 2)
340 P$=P$&T$
350 Ρ5=Ρ5&",YMULT:"
360 Τ$=STR(Υ )
370 P$=P$&T$
380

	

P$--Ρ5&",YUNIT :V ;C URVE "
390 S=O
400

	

PRINT @10:"READX"
410

	

I F S<>211 THEN 410
420

	

REM - ΤΗΕ COMMA(,) BETWEEN Ρ 5 AND W IN L I NE 440 IS REQU I RED,
430

	

REM- Α SEMICOLO N ( ;) WI LL NOT WORK
440

	

PRINT @1 Θ : Ρ $,W
450 END
460

	

POLL D,S;10
470 RETURN

L INE BY L I NE CO MMENTS :
200

	

Dimensio n ASCII st r i n g Ρ5
210

	

Enable SRO in te rrupt h and ler at li ne 460
230 t hr ough 380 :

Bu il d waveform preamble i n Ρ5
390

	

Clear stat u s flag
400

	

Command 7854 to accep t d ata
410

	

Wait fo r ' READX' service r e qu est stat u s byte
440

	

Send waveform to 7854
450 Stop
460

	

Serial poll 7854 ; S = stat u s byte
470

	

Ret urn f rom SRQ i n te rrupt han d le r

2983-313
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Fig ure 7-13 . Wavefo rm t ran sfe r from cont rolle r (nume r ic arr ay) to 7854 .



Text

Up to 12 li nes of text (40 ch aracters max. each ) may be sent to the 7854 to be
d is played on t he crt along with t he waveform(s) . This text can incl ude operator
prompts, additional infor mation fo r documenting photog raph s, or any comments the
prog rammer may wish to d is play on the 7854 crt .

To send text to th e 7854, give the >ΤΕΧΤ command, followed by α si ngle st r i ng of
text which has ca rr iage return codes (ASCII decimal 13) i nse rte d at th e li n e breaks.
The text d isplay remai ns until anoth er >ΤΕΧΤ command is given, α crt d isplay
command (STO RED, SCOPE , BOTH, or ID) is given, or t he 7854 is put into Program
mode. (See Fig . 7-14 fo r sample program.)

Th e text to be d isplayed may include characte rs not fou nd on the ASCII code chart
(located at the end of t h is sectio n) . Table 7-2 lists the additional special characte rs
which may be d is played on the 7854 crt and t he codes used to re present t hem .

TABLE 7-2
Special Characte r Codes

GPI B I nformation-7854
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Special Character ASCII Code (decimal) Keyst rokes

/3 (cap. b eta) SOH 1 ESC CTRL-Α

y (9 α-a) STX 2 ESC CTRL -Β

η (eta) ΕΟΤ 4 ESC CTRL-D

Ο (box) ENO. 5 ESC CTRL -Ε

(rectangle) ACK 6 ESC CTRL-F

δ ( delta) BEL 7 ESC CTRL-G

° (degree) BS 8 ESC CTRL -Η

α (alpha) HT 9 ESC CTRL - Ι

Δ (cap . d elta) S0 14 E SC CTRL-Ν

π (p i) SI 15 ESC CTRL-0

ρ (rh o) IDLE 16 ESC CTRL-P

σ (sigma) DC1 17 ESC CTRL-Q

τ ( ταυ) DC2 18 ESC CTRL-R
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For example, to display α μ sym bol, send ESC followed by CTRL-S or the d ecimal
ASCII codes 27, 19 .

All 16 li nes of text b ei ng d isplayed on the 7854 can be sent back to the controlle r for
ed iti ng or inspection by giving the TEXT command . Th is text incl udes all currently
d isplayed text pr eviously sent to t he 7854 via the >ΤΕΧΤ command (lines 3 through
14), a nd all crt- readout text (li nes 1-2 a nd 15-16) . TheTEXT command is executable
in SCOPE , STORED, or BOTH modes only . (See Fig . 7-15 fo r sample program.)

SERVIC E REQUEST

TA BLE 7-2 (CONT)
Special Characte r Codes

The se rvice request functio n allows the 7854 to keep the GPIB co ntroller info rmed
of its status. Th is is done by asserting SRQ (Service Request) and t hen send i ng α
stat u s byte to the controlle r when polle d . The status byte is an eig ht- bit binary
number whic h represents the stat us of the 7854 . Most of t he SRO's ca n be disable d
if desired; however, the status byte is still availa ble . Th e only SRQ that cannot be
disabled is the Power-On SRQwhich is asserted on completion of the 7854 self test
(if t he 7854 is ON L INE when power is app lied) . Any service req uest can be clea red
by perform ing α se rial poll of the 7854 .

7- 1 8

Special Character ASCII Code (decimal) Keystrokes

μ (mu o r micro) DC3 19 ESC CTRL-S

ν (ηυ ) DC4 20 ESC CTRL -Τ

Ω (cap . omega) SYN 22 ESC CTRL-V

ω (omega) ΕΤΒ 23 ESC CTRL-W

(square root) EM 25 ESC CTRL -Υ

(rig ht arrow) SUB 26 ESC CTRL -Ζ

(left a rrow) ESC 27 ESC CTRL -[

Ι (down a rrow) FS 28 ESC CTRL-\

Γ (up a rrow) GS 29 ESC CTRL -1



100 REM *TRAN SFER TEXT FROM 4050 TO 7854 CRT
110

	

REM * 7854 IS GP I B DEVIC E #10
120 REM
130 REM * BU ILD TEXT IN STR ING : T $
140 REM *
150

	

ON SRO THEN 340
160

	

DIM 7$(12'41)
170 PR IN T "L INPUT TEXT AS IT IS TO BE DISPLAYED ON 7854"
180 PR IN T "J ,SPAC E-RETURN :- FOR Α BLANK L I NE"
190

	

PR INT "RETURN O NLY TO EN D I NPUTJ"
200 T$=""
210 CS=CHR 1 13)
220 FOR 1=1 TO 12
230 PR INT --,
240 INPUT LS
250

	

IF LEN(L$)<l THEN 290
260 TS=TS& L S
270 TS -Τ$&CS
280 NEXT]
290 S--0
300 PR IN T @10:"EXECUTE TEXT"
310 I F S , 213 THEN 310
320 PR I NT @10:75
330 END
340 POLL D,S;10
350 RETURN

LI NE BY L I NE COMMENTS :
150

	

Ena ble S RO i n terrupt h and ler at line 340
160 Dimen sio n ASCII st r i ng T $ (12 lines of 41 c h a r acte r s)
170 through 190:

Promp t 4050 use r to inpu t text
200

	

Null T$
210 Defi n e C$ as ,CARR IAGE RETURN ,
220 Loop to accept maximum of 12 li n es
230 Iss u e li n e i npu t promp t
240

	

Input next li n e of text
250 If only CARRIAGE RETURN , th e n done i npu tti ng
260 Concate n ate text onto T$
270 Concate n ate α <CARR IAGE RETURN , after eac h li n e
280 Con ti nue accep ti n g text
290 Clear stat u s flag
300 Command 7854 to accept text fo r disp lay
310 Wait fo r ',TEXT' stat u s byte
320 Send text to 7854
330 Stop
340 Ser ial poll 7854 ; S = stat u s b yte
350 R et urn from S RO i n te rr u pt hand ler

2873-314Α

REV ΜΑΥ 1982

Fig ure 7-14 . ,TEXT samp le prog ram.
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100

	

REM * TRANSFER ΤΕΧΤ FR OM 7854 DISPLAY TO 4050
110

	

REM *
120 ON SRO THEN 280
130 PAGE
140 PR INT @10:"S RQ?"
150 I NPUT @10:S$
160 S=POS(S$,"SRQ ",1)
170 S$=SEG(S$,S+4,LEN(S$)-S-3)
180 S=0
190 PR INT @10:' ΤΕΧΤ "
200

	

I F S<>212 THEN 200
210 FOR 1=1 TO 15
220 INPUT @10: L$
230 PR INT L$
240 NEXT I
250 PR INT S$
260 INPUT @10: L$
270 END
280 POLL D,S;10
290 RETURN

LINE BY LI NE COMMENTS :
120

	

Enable SRO in te rrup t hand le r at line 280
130 Page 4050 crt sc reen
140 Use 'SR Q?' querie to get li ne #16 of 7854's readout
150 Input li ne #16
160 Find positio n of sub string 'SRO' in response
170 Remove querie header
180 Clea r status flag
190 Command 7854 to send readout
200 Wait fo r 'TEXT' service request stat us byte
210

	

Loop to input fi rst 15 lines of text
220 Input li ne of text
230 Display li ne of text on 4050
240 Continue i nputting fi rst 15 li nes
250

	

U se 16th li ne from 'SRQ?' querie
260

	

Clear last li ne of text from 7854
270 Stop
280 Serial poll 7854 : S = stat us byte
290

	

R eturn from SRO inte rrupt handler

2873-315

Status Bytes

7- 20

Fig ure 7-15 . TEXT sample prog ram.

The status bytes which are sent by the 7854 and thei r mean i ngs are listed in Ta ble
7-3 .



TABLE 7-3
7854 Status Bytes

'bit 5 true (1) ind icates busy cond itio n.
°bit 7 true (1) indicates active service request.

ΝΟΤΕ

GPI B Info rmation-7854

The RQSOFF command will disab le all SRQ's excep t power on .
Therefor e, for any other service request to function, the RQSON
command must be given, along with the command to enab le that
ser vice request.

REV ΜΑΥ 1982
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Condition
Status Byte
8765 4321

Decimal
Equivalent

Normal 000Χ θθθθα (0,16)

Ext. comma nd group complete' 0Χ00 001'06 (2,66)

End of prog ram' 0Χ00 00106 (2,66)

Execu tion er ror2 0Χ10 00106 (34,98)

Extern al command error' 0Χ10 0001 6 (33,97)

Power On 010Χ 0001 - (65,81)

Power on check fail ure 011Χ 0011 - (99,115)

RQS command executed' 0101 0000 (80)

SAVE command initiated' 1 Χ01 00006 (144,208)

SENDX command initiate d' 1 Χ01 00106 (146,210)

READX command i n itiate d' j X01 0011b (147,211)

TEXT comma nd initiate d' 1 Χ01 0100 6 (148,212)

>ΤΕΧΤ comm and initiate d' 1 Χ01 0101 6 (149,213)

'O PCOFF command will disable this se r vice request.
'EXROFF command will d isable this service request.
'CEROFF command will disable this service request.
4REMOFF command will d isable this service request.
'1000FF command will d isable th is service request.
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Polling
Α serial poll allows the GPIB co ntrolle r to check t he status of any or all instruments
on the bus. When the 7854 is polled, it sends the appropriate stat us byte and (if the
7854 was asserting SRQ) clea rs its se rvice request. The status byte can then be
used to initiate co rr ective action, proceed with the prog ram, or send α message to
the operator . (See F ig . 7-16 fo r sample prog ram .)

100
110
120
130
140
150
160
170
180
190

REM*SERIAL POLL SUBROUTINE #1
REM*
POLL D,S;10
RETURN
REM*SERIAL POLL SUBROUTINE #2
REM*
WBYTE @95,63,24,74 :
RBYTE S
WBYTE @95,25 :
RETURN

LINE BY L INE COMMENTS :
100

	

U se 4050 POLL command if 7854 is requesting service
120

	

S = status byte
130

	

Endof subroutine #1
140

	

U se 4050 WBYTE and RBYTE commands if 7854 is not
requ esting service

160

	

95 = Send GPIB UNTalk command (UNT)
63 = Send GPIB UNListe n command (UNL)
24 = Send GPIB Serial Poll Enable command (SPE )
74 = Send 7854's talk address

170

	

Input status byte (S)
180

	

95 = Send GPIB UNTalk command (UNT)
25 = Send GPIB Serial Poll Disable command (SPD)

190

	

End of subroutine #2
2873-316

The IEEE Standard 488-1978 is α complete descr i ption of the GPIB i nterface . The
following br ief descr iption is incl uded here to, hopefully, simplify the standard's
technical descr iptions an d state d iagrams, a nd make them α little easier to
understand . This description shou ld be read in conjunction with the IEEE standard .

The GPI B contains three groups of signal li nes : data, handshake, and control .

The eight data lines, D101 through D108, are u sed to ca rry both inte rface messages
and device-dependent messages.

7- 22

F ig ure 7-16 . Serial-poll sample subrouti nes .

GP I B THEORY

GP I B SIGNAL L I NES



The asynchro nous, three-wire h andsha ke is cont rolle d by these li nes :

DAV (Data Valid)-asse rted by the transm itting device .

NRFD (Not Ready For Data) and NDAC (Not Data Accepted)-asserted by the
r eceivi ng device .

The five i nte rface control li nes are used for the following functions:

GPI B I nformation-7854

ΑΤΝ (Attention)-specifies how data on the DIO li nes is to be inte rpreted; as
interface messages wh en asse rte d ; as device dependent messages when
unasse rte d .

IFC (I nte rface Clea r)-is used to initialize the i nte rface functio ns of all instruments
a nd return control to t he system controlle r .

SRQ (Service Request) is used to request se rvice from the cont rolle r.

REN ( Remote Enable)-allows remote control of devices on th is bu s.

ΕΟΙ (End O r Identify)-indicates the last byte of α message .

See IEEE Sta ndard 488-1978, Standard Digital Interface for Prog rammable
I nstr umentatio n, fo r full d efin itions of these lines and the protocol for thei r use .

THE HANDS HAKE
The data and handshake li nes are used fo r the source and accepto r hands hake.
Actually, they are two parts of the same handshake. F ig . 7-17 shows the states of
these li nes as they are set by α talker using the source ha ndshake and α listener
u si ng the accepto r handshake. Note that the timing diagram relates the electrical
signals on the bus to t he states of the source and accepto r hands hakes . By looking
at bot h, it may be easier to grasp th e sequence of the i nte rlocked handshakes than it
is to absorb, by themselves, the state diagrams in the standard .

1 . To begin, the source goes to the Source Generate State (SG NS) . In this state, the
source is not asse rting α data byte on the data li nes or Data V alid (DAV) . When
no bus driver is asserting α line, the li ne r ises to α h ig h level (0) set by t he bus
terminating network . The accepto rs are i n the Accepto r Not Ready State (ANRS),
asserting both Not Ready For Data (NRFD) a nd Not Data Accepte d (N DAC) . In t h is
cond itio n , NRFD and NDAC are both low (asserted) .

2. The source sets the data byte on t he data lines and ente rs the Source Delay
State (SDYS) . If th is is the last data byte in t he message, the source asse rts the
End O r Identify (ΕΟΙ ) line at the same time . Th e source waits for the data to
settle on the lines and fo r all accep tors to reach the Acce pto r Ready State
(ACR S) .

3 . Each accepto r says, "I'm ready" by releasing N ot Ready For Data (NRFD) to move
to the Accepto r Ready State (ACRS) . Th is is on e of the p oints in the h andshake
designed to accommodate slower listen ers . Any acceptor can delay the source
h ands hake by asserting NRFD.

7- 23
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Figure 7-17 . So ur ce a nd accepto r hand shake sequence .

4. Wh en t he source sees Not Ready For Data (NRFD) h igh, t he Source Transfer
State (STRS) is entered by validating the data with Data Vali d (DAV) . The source
then waits fo r the data to be accepted.

5. When the receiving devices see DAV tru e, they 9ο to the Accept Data State
(ACIDS). Each device asse rts Not Ready For Data (NRFD) beca use it is busy wit h
th e curr ent data byte and is not ready fo r another .

6 . As each device accepts the d ata, the device releases N ot Data Accepted (N DAC)
to move from the Accept Data State (ACIDS) to the Accepto r Wait fo r New cycle
State (AWNS) . Again, all receive rs mu st release the Not Data Accepted (N DAC)
li ne fo r the source to see α h igh level .

Wh en the source sees N DAC h igh (all listeners have accepte d the d ata), the
Source Wait fo r N ew cycle State (SWN S) is ente red.

7 . In the SWNS, the source unasse rts Data Valid (DAV) . Th is cau ses the accepto rs
to proceed to t he Acceptor Not Ready State (ANRS), t heir initial state in the
h ands hake . In ANR S, they assert N ot Data Accepted (NDAC) .

8. The sou rce contin ues to the Sou rce Gene rate State (SGNS), its i nitial state i n the
h ands hake, to prepa re α new byte fo r t ra nsmission .

7-24



ASCII 6 IM 488 IGPIBI COD E CHART

octal

he κ

ΝΕΥ
25 11t1

ΝΑΚ
15 21

GIDI B co d e

ASCII ch aracter
d ecimal

G P I B Info rmation-7854
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87
Β685

Η Η Β α Η 1 α 1 1 α 1 Η 1 , 1
Β 1 α α 1 α 1

B ITS NUMBERS
CONTROL SY MBOLS UPPER CASE LOWER CASE

84 83 82 131

Β s α e
ο

NUL 2'DLE
ασ

SP
6σ

0
Too

@
120

Ρ
140

~
1 6 0

ρ
0 0 10 1611120 32 10 48 20 61 50 80 60 96 70 Ι 12
1 GT L 21 LL0 1 1 61 1 ο1 121 141 1 61

α Β e , SOH
1 1

DC1
11 17

!
21 33

1
31 49 41

Α
65 51

Q
81

α
61 97

q
7 1 113

α e , Β
2

STX
22

DC2
42

"

62

2
1 02

Β
122

R
142

b
162

r
2 2 1 2 18 22 34 32 50 42 66 52 82 62 98, 72 1 14

Β α , ,
3

ΕΤΧ
27

DC3
α3

#
63

3
1 03

C
1 23

S
1 α 3

ε
163

s
3 3 17

1' .23
35 33 51 43 67 53 83 63 99 73 115

4 $0c

2'

111 64 10

4

124 144 164

α , α Β ΕΟΤ
4 4

DC4
14 20

114

$
24 36

4
34 52144

D
68 54

Τ
84

d
64 100

f
74 116

Β , α 1
5 PPC

EN

(I

5 5

25 PPD

ΝΑΚ
15 21

45

%
25 37

65

5
35 53

105

45
Ε

69

125

55
U

85

1 α5

e
65 10 1

165

υ
75 117

Β 1 1 α
6

ACK
6 6

26

SYN
16 22

46

8.
26 38

66

6
76 54

106

46
F

70

126

56
V

86

146

f
66 102

166

ν
76 1 1 8

Β 1 1 1
7

BEL
27

ΕΤΒ
47

'

67

7
107

G
127

W
1 47

g
1 67

ω
7 7 17 23 27 79 37 55147 71 57 θ7 67 103 77 11 9

1 s Β Β
10 G ET

BS
θ 8

30 SPΕ

CAN
18 24

50

(
28 4 σ

70

8
38 56

110

48
Η

72

130

58
Χ

88

150

h
68 104

1 70

χ
7 8 120

1 e Β 1
11 TCT

HT

31 SP D

EM

51

)

71

9
111

Ι
131

Υ
151

i
171

y
9 9 19 25 τ9 41 39 57 49 73 59 89169 Ι 05 79 121

, e 1 Β
1 2

LF
32

SUB
52

*
72

.

112

J
132

Ζ
152

j
1 72

τ
Α 10 ΙΑ 26 2Α 42 7Α 58 1 4A 7 Λ 5Α 90 6 Α 106 7 Α 122

1 Β 1 1
13

VT
Β 11

33

ESC
1 θ 27

53

+
2 θ α3

73

;
7 Θ 59

113

48
Κ

75

113

5 6
[

9 Ι

153

k
68 107

173

78 127

1 1 0 0

14

FF
C 12

34

FS
IC 28

54

,
2C 44

7 α

<
7C 60

114

4C
L

76

134

5 C
~

92

154

Ι
6C 1 0 8

174 '

,
7C 1 2 α

1 1 s 1
15

CR
D 13

35

GS
10 29

55

-
21 45

75

=
30

115

6 1 aD
Μ

77

1 35

50
]

93

155

ηt
60 Ι 09

175

7D 1 25

16

SO
Ε 14

36

R S
1E 30

56

.
2E α 6

76

~
3 Ε 62

1 16

4 Ε
Ν

7 θ

176

5 Ε A 94

156

η
6E 110

Ι 76

ti
7E 12,

17 37 57 77 UNL 1 1 7 777-0Ni 157 177

S Ι U S / ? Ο - ο BIDBELIT
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Instrument Options
Your 7854 Oscilloscope may be equipped with one or mo re options . This section
incl ud es α br ief descr iption of each option, and an Option Information Locator table.
The Option I nformation Locator table lists all the options an d tells where they are
mentioned in th is manual . For further inform ation about options, see your Tektron ix
Products catalog or contact yo ur Tekt r onix Fiel d Office .



OPTION 02

OPTION 03

OPTION 78

Replaces sta ndard crt phosph o r wit h Ρ11 .

OPTION OD

OPTION 2D 1

OPTION All

OPTION A2

OPTION A3

OPTION A4

cord (Tektronix Part 161-0066-12) .

I nstrument Options-7854

Option 02 pr ovides Χ-Υ mode phase corr ection of t he real-time signals. Α horizontal
delay li ne and compensation network equ alizes the signal delay between either
ve rtical compartment and the horizontal deflectio n system . Wit h th is network
installed and activated, the phase shift between the ve rtical and horizontal systems
is adjustable to less than 2° from do to one megahertz .

Wit h Option 03 in stalle d, the inst rument will meet the EM C (elect romagnetic
compatibility) specifications given in section 2 .

Deletes the Waveform Calculator and GPIB facilities by removing 2000 words of
memory, and replacing the rea r-panel GPIB connecto r and ADDRESS SELECTION
switches with α blank pa nel . Operatio n of the inst ru ment will not change except
that t he front-panel RQS key a nd Ι/Ο, SRQ, and REMOTE ONLY i ndicato rs are
inoperative. All access to theWaveform Calcu lato r comma nds is denied when the
2Κ of memory is removed .

An add itional 4096 words of memory are added with Option 2D to expand the
prog ram memory, waveform memory, a nd constant registe rs . Prog ram memory is
increased to α maximum of 2000 commands, waveform memory is i ncreased to
5120 wavefo rm p oi nts, and the constant registe rs are increased to 100 .

The standard power co rd is replaced with the Universal European 220-volt type
power cord (Tektronix Part 161-0066-09) .

The sta ndard power cord is replaced with the UK240-volt type power cord (Tektron ix
Pa rt 161-0066-10) .

Th e standard power cord is replaced wit h the Aust ralian 240-volt ty pe power cord
(Tektronix Part 161-0066-11) .

The standard power co rd is replaced with the North American 240-volt type power

Ι Applies only to i nstruments with serial numbers below Θ085121 . For i nstruments with
serial number Θ085121 and above, feat ures pr evio usly pr ovided byOption 2D are standard.

REV AUG 1986
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OPTION 1S

Option 1S includes α curr ently app lica ble version of the Diag nostic Memory Card
(Te ktronix Part 067-0961-ΧΧ ) with the 7854 Oscillosco pe. Th is card is part of the
d igital se rvicing package and is not req u i red for i nstrument operation o r
understand ing .

OPTION 2S

Option 2S i ncl udes α currently app licable ve rsion of the Signatu re Tables (Tektronix
Part 070-2972-ΧΧ ) with the 7854 Oscillosco pe. Th e Signature Tables are requ i red
fo r signat ure analysis troubleshooti ng, but not fo r i nst rument operatio n or
unde rsta nding .

INSTRUMENT OPTION ID ENTI FICATION

7854 Oscillosco pes with one or more options have α tag attac hed to the rea r-pa nel
of t he mai nframe to identify each incl uded option (02, 03, 78, 0D, 2D, Α1, Α2, Α3, or
Α4) . The tag(s) will be located as shown i n Fig ure 8-1 . Instruments with Options 1 S
or 2S will not have any identification tag si nce these options are not part of the
7854 Oscillosco pe.

1- SEIIICIIG TI
Q-1140 S111- 11111N

01 1111111E

	

-11 T

	

--

,. ~ .ω
~.ι .ε.

11.1 1- 1 . 1 .11

	

FM

OPTION
IDEN TI FICATION
TAGS

2873-399

8-2

Figure 8-1 . Locatio n of Option Identification Tags .



TA BLE 8-1
Option Information Locator

Instrument Options-7854

8-3

Location in Manual
Option Sectio n Heading Info rmation

02 8 Op tion Gives α br ief descr i p tion of
Instrum en t 02 Op tion 02 .
Options

03 3 Ligh t M en tions th at the cr t mesh filter is
Gener al F ilte r i n cl uded with Op tion 03 .
Oper ating
Inform ation

8 Option Gives α brief descr ip tion of
Inst rument 03 Op tion 03 .
Options

78 8 Option Gives α br ief descr ip tion of
Instrument 78 Op tion 78 .
Op tions

0D 1 Gener al Mentions th at, excep t for inst r u-
Introdu ction Purpose men ts with Option 0D, the 7854

In te rface has α GP I B .
Bus

5 In t roduction Desc r ibes use of keyboa rd on 7854
U sing Th e Op tio n 0D .
Measu rement
Key board Waveform E xplai ns that with Op tion 0D,

Storage only one wavefo rm can be stored
Considerations at α time .

Selecti ng Desc r ibes d is p lay modes of 7854
B oth CRT Optio n 0D .

Disp lay Mode

6 Waveform Men tions th at the Option 0D
U sing Th e M emories & instrume n t will not process
Waveform Resolu tion waveforms.
Calculato r
(Waveform Waveform Lists parameters of pulse
Processing) Acq uisition of pu lse acqu isition fo r standard

And Data an d Option 0D in struments in
Storage Tab le 6-1 .
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TABLE 8-1 (CONT)
Option Info rmation Locator

Ι App lies only to instruments with se rial numbers below ΒΟ85121. For instruments with
se rial number ΒΟ85121 and above, features previously provided by Op tion 2D are standard.
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Location in Manual
Option Sectio n Hea d ing Information

0D 7 Introduction Men tions th at Op tion 0D deletes
(con t) G P I B t he G P I B , theWavefor m Calcu lato r

In form atio n keyboard , an d 2,000 wo rds of
memory.

8 Op tion Gives α b r ief descr ip tion of
In stru ment 0D Op tio n 0D .
Options

2D 6 U si ng The Exp lai ns how the co nsta n t registe rs
U si ng Th e Co nsta n t are referenced (by addresses 0-99)
Wavefor m Registe rs with Op tio n 2D .
Calcu lato r
(Stored Stor ing Α Exp lai ns how the consta n t registers

Display Α Constan t are referenced (by addresses 0-99)

M ode In fo) with Op tion 2D .

Ret r ievi n g Exp lains how t he constant registe rs
Α Co nstan t are referenced (by addresses 0-99)

with Op tion 2D .

(Wavefo rm Waveform L ists pa rameters of pu lse
Processin g) Acq uisition acqu isition fo r standard and

& Data Op tion 2D instrum en ts i n Tab le 6-1 .
Storage

Obse r vi ng The M en tio ns that the Χ registe r m u st
Waveform co n tain α number wit h i n the lim its
Memor ies At of the Ρ/W setting fo r Op tion 2D .
Power - Up

8 Op tion Gives α br ief description of
In st r umen t 2D Op tion 2D .
O p tions

9 Error And M entions t h at the Χ r egiste r does
Command Wa rn ing not con tain α constant between
Langu age Messages, zero and 99 .

Ta b le 9-2φ

Displayed Men tions t h at t he Χ r egiste r does
C NS Error not contain α constant betwee n
M essages, ze ro and 99 .
CNS ERR OR
and >CN



TABLE 8-1 (CONT)
Option Info rmation Locator
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Location in Manual
Option Section Heading Info rmation

Α1 1 Operati ng L ists d etails of Option Α1 .
Introduction Power

Info rmation
(Table 1-2)

8 Option Gives α br ief description of
Inst rument Α 1 Option Al .
Optio ns

Α2 1 Operating L ists d etails of Option Α2 .
I ntroduction Power

Informatio n
(Table 1-2)

8 Option Gives α b rief description of
Instru ment Α2 Option Α2 .
Options

Α3 1 Operating L ists d etails of Option Α3.
Introduction Power

Info r mation
(Ta ble 1-2)

8 Option Gives α br ief descr iption of
Instru ment Α3 Option Α3 .
Options

Α4 1 Operating L ists d etails of Option Α4.
Introduction Power

Info rmation
(Table 1-2)

8 Option Gives α br ief description of
Inst rument Α4 Option Α4.
O ptio ns

1 S 8 Option Gives α b rief description of
Inst rument 1 S Option 1 S .
Options

2S 8 Option Gives α b rief description of
Inst rument 2S Option 2S .
Options







Command Language
Info rmation in t h is section is inte nded only as reference mate rial on the operation of
the 7854 Oscillosco pe. The }nformation is gene rally presented in α ta bu la r format ;
however, all information about α command is not necessarily contained in only one
table. Refer to the Command Index at t he rea r of this manu al fo r the locations of
related command i nformation .



OPERATING MODES

CRT DISPLAY

REAL-TIME WAVEFORMS AND READOUT DISPLAY

STORE D WAVEFORMS AND CHARACTER DISPLAY

TABLE 9-1
Points-Per-Waveform vs Horizontal R esolution

Command Language-7854

OPERATIO NAL CONVENTIONS
Th e followi ng conventio ns a re inte nded as α reference g uide to describe the overall
operating p rinciples of the 7854 Oscillosco pe.

Fig ure 9-1 ill ust rates the basic 7854 modes in order of p riority . Col um n Α lists the
commands that can be executed when in th e program En try and Ed it modes, and
col u mn Β lists the comman ds that cannot be executed when i n the prog ram Execute
mode.

The crt g raticule li nes are spaced 8 cm ve rtically a nd 10 cm horizontally, with
markers each 0.2 cm . The cha racter d isplay a rea (within gratic u le outli ne) is
assign ed 16 li nes, numbered 1 th rough 16, starti ng at the g raticule top. Each li ne
contai ns spaces fo r 40 c haracters, numbered 1 thro ug h 40, sta r ting at the graticule
left . Ch aracte rs to be d isplayed have preassig ned fields in the display area fo r each
display mode, as illu st rated in Figures 9-2, 9-3 and 9-4 .

All real-time waveforms within t he crt gratic ule area (8 by 10 cm) is valid. Readout
is determ i ned by th e plug-i n u nit, and will be d isplayed as descr ibed in Fig ure 9-2.
However, if the selected pl ug-in un it is not eq ui pped to encode readout, t he
processo r will assign α defa u lt scale factor and issue α warning .

All wavefo rm data is valid with i n the acqu isitio n graticule a rea of 10 by 10 cm .
(A rea extends vertically p l u s an d minus on e add itional cm from the crt graticule .)
Refer to Fig ure 5-1 fo r more info rmation.

Horizontal Resol ution : Stored waveform h or izontal resolution depends upon the
Ρ/W selectio n (see Table 9-1) .

Ρ/W Horizontal Resolution
(increments/div)

128 12.8

256 25.6

512 51 .2

1024 102 .4
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L i nes of prog ram
text .

SCOPE Mode

	

I I

	

STORED Mode

Real-time wavefo rms

	

Sto red wavefo rm s
and readout .

	

Ι Ι and sto red cha racter
dis p lay .

ι

Program

	

Program
Entry and Edit Modes

	

Execute Mode

Disp lay Command s

	

Disp lay Comm and s

f

ι

ί
SAVE , and edit comm and s
NEXT, PREV, C LL a nd CLP
are executable . All other
commands are programmable .

VERTICAL and HOR IZONTAL MODES

Plug-in U nit M odes

ι

NEXT, PREV, C LL, C LP
and LNN command s a re
not executable . All other
commands are executable .

BOTH Mode
R eal-time waveform s,
sto red waveform s, a nd
sto red cha racter d isplay
(no real-ti me r eadout) .

2874-403

9-2

Figure 9-1 . The 7854 h ie ra rchy of ope rational modes .
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Fig ur e 9-2 . Cha racter display fields utilized in the SCOPE mode .

9- 3

Scope Mode
Cha racte r Numbers

5 10 15 20 25 30 35 40

3

4

5

Φ

j
7
σσ

C

,

9

α 10

Δ

12

13 ""

14 ""

15

18

��

©σσσσσσσσσσσσσσσσσσσσσσσσσσσσσσσσσσοσσσσ

Sym bol Desc r iption

Α
Β
C
D
Ε
F
G
Η Ι

LEFT VERT p lug-i n un it, channel 1 .
R IGHT VERT p lug-i n un it, channel 1 .
Α HORIZ p lug-in un it, chann el 1 .
Β HORIZ p lug-i n un it, chann el 1 .
LEFT VERT plug-in un it, channel 2 .
R IGHT VERT p lug-i n un it, chann el 2 .
Α HORIZ plug-in un it, c ha nn el 2 .
Β H ORIZ p lug-i n un it, channel 2 .

2873-404
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Stored or B oth Mode

Character N umbers
5 10 15 20 25 30 35 40

2873-405Α

Figure 9-3 . Cha racter display fields u tilize d in the STORED o r BOTH mode .

1 σσσσσσσσσσσσσσσσσσσσσσσσσσσσσσσσσσσσσσσ©
2
σσσσσσσσσσσσσσσσσσσσσσσσσσσ

3

5

Φ

Ε 7

8
Φ

λ
9

K 1 ο
σσσσσσσσσσσσσσσσσσσσσσσσσσιιιιιιιιιιιιιι

σσσσσσσσσσσσσσσσσσσσσσιιιιιιιιιιιιιιιιι

~ 11
ιιιιιιιιιιιιιιιιιιιιιιιιιιιιιιιι

12

; ά

15
σσσσσσσσσ©σ©σσσσσ©©

σσσσσσσσσσσσσσσσσσσσσίίίίίίίίίίίίίίίίίίίίίίίίίίίίίιίίίίιιίίίι

15
eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeoeeeeeee
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Fig ure 9-3 (cont.) Characte r display fiel ds utilized in the STORED or BOTH mode.

9- 5

Stored or B oth Mode
Symb ol Desc r iption

Bla nk space.
Α OPW .
Β Operational waveform number (left ju stifie d) .
C VZR .
D Vertical ze ro number, i n divisions (left ju stifie d) .
Ε Vertical scale factor , per divisio n ( rig ht ju stifie d) .
F Vertical scale un it .
G Horizontal scale factor, per d ivisio n (right ju stifie d) .
Η Horizontal scale un it .
Ι DSW.
J Intege r , d isplaye d waveform nu mber ( rig ht ju stifie d) .
Κ VS.
L I ntege r , horizontal axis waveform nu mber (left ju stifie d) .
Μ ΤΕΚ/7854V79 .1,
Ν F i rmwa re ve rsion.
Ο Availa ble RAM .
Ρ ADDRESS :
Q Address.
R Talk/liste n mode and te rm i nator .
S ON :
Τ Stat us message.
U OFF :
V Stat us message.
W Bla nk if one cur so r on, Δ if two cur so rs on .
Χ VCRD.
Υ =

Ζ Ve rtical curso r coo rd inate i nclud ing un it (left ju stified) .

α Bla nk if one curso r on ; Δ if two cur so r s on .
b HCRD.
ε =

d Horizontal cur so r coord i nate i ncl ud ing un it (left ju stifie d) .

e Υ constant ( rig ht ju stifie d) . Display is either α
f Υ waveform number ( rig ht ju stifie d) . constant, or α waveform
g WFM number followed by
h Χ consta nt (rig ht ju stified). the mnemonic WFM.
Ι Χ waveform number (r ig ht ju stified).
j WFM .

k Key mnemon ic (left ju stifie d) . If no stat us message
Ι K ey mnemon ic (left ju stifie d) . followsthemnemon ic,t he

enti re mnemonic is
d is playe d. If α stat us
message does follow the
mnemonic, it is truncated
to 3 characters .

m Stat us message (left ju stifie d) .
η PL .
ο Pr og ram line number.

2873-405 Β
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Figur e 9-4 . C h a r acte r d is p lay fiel d s utilize d in th e pr og ram En t ry and Ed it modes .

Program Entry and E dit Mode

Ch a r acte r Numbe r s
5 10 15 20 25 30 35 40

2

Ι

5

χ,6 ;1

2 8

J 9 1

Ί"ΊΊΊΊΊΊΊΊΊΊΊΊΊ

1111111111111111

ΊΊΊΊΊΊΊΊ

Ι"ΙΙΙΙΙΙΙ""ΙΝΙΙ"11

ΊΊΊΊΊΊΊΊΊΊ

α 10

Ο

112

14
1

15
1

16 '

Symbol Desc ription

> (ed it prompt, disp layed only on li ne number 8 .)
Line number s ( processo r assig n ed , 000 thro u g h 999) .
Pr og r am Text .
B la nk sp ace .

2873-406



Υ-Τ Mode
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Vertical Resol ution: 102 .4 increments/ div (only at time waveform is stored into
memory) ; Ρ/W is fixed at 512 wit h Option 0D .

The components of α stored wavefo rm supe rimposed upon α cali brated g ratic u le
are:

1 . Vertical Scale Factor. Specifies t he numeric value of each vertical d ivisio n and
the associated u nit (e .g ., V) . Scale facto rs are consta nts, and have the same
range a nd pr ecisio n as p ositive constants .

2 . H orizontal Scale Factor. Specifies the numeric val ue of each horizontal d ivision
and t he associated un it (e .g ., S) .

3 . Waveform. Consists of ve rtical coord in ates (in un its of ve rtical gratic ule
divisions) co rresonding to the in d ividu al points of the wavefo rm. Waveforms are
d isplayed as α se ries of points at t he specifie d g r atic u le locations, with or
wit hout connecting vectors.

The points are nu mbe red, fo r refe rence, from 0 to the p oi nts- per-waveform
minus one . Waveform values have α maximum ra nge of ±20 d ivisio ns, and a re
stored with i n α resolutio n of 1/1638 .4 of α d ivisio n . The stored waveform
ve rtical range is ±20 d ivisions from ve rtical ze ro. Also, each point mu st be less
th an 20 divisions from every other point .

4 . Vertical Ze ro. Specifies the vertical location (i n gratic u le d ivisio ns) of wavefo rm
ze ro wit h relation to crt g raticule ze ro. The ve rtical zero val ues have α maximum
range of ±20 d ivisio ns, a nd are stored with α resolution of 1/1638 .4 of α
d ivisio n. When t he display location is specified in graticule d ivisio ns, vertical
ze ro is at the specified gratic u le location, with positive u pward .

5. H orizontal Ze ro. When t he d isplay location is specified i n graticule d ivisio ns,
horizontal zero is at the left edge of th e gratic u le, with positive to the right .

Χ-Υ Mode

The horizontal position of each displayed waveform poi nt represents the vertical
value of the corres pondi ng wavefo r m p oi nt on the horizontal wavefo rm; the
correspo nd ing waveform point location is measured from the horizontal g r atic u le
center (zero refe rence) a nd is measured in divisions, with positive to the r ight .

The mnemon ic

	

! ., followed by t he horizontal wavefo rm nu mber, is d is played on
li ne 2 of the ch aracte r display field. Refer to Fig ures 9-2 and 9-3.

Th e displayed horizontal scale factor is the same as the horizontal waveform ve rtical
scale factor .

The horizontal cursor-coordinate d isplay reflects the d is p layed horizontal scale
factor , (i .e ., = (divisio ns)* (HSCL)) . Th is is, in effect, the value of the
curso r points on the horizo ntal wavefo rm.

9-7
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STORED WAVEFORM ACQUISITION
Wavefo rm acqu isitio n is t he storage of real-time waveforms into the waveform
memo ry. Waveform an d scale facto rs are acqu i red beca use both a re requ i red to
fu lly specify wavefo rm values .

REAL-TIME WAVEFORM ACQUISITIO N

The d igitizer conve rts the d isplayed real-time wavefo r m(s) into numeric fo rm fo r
storage in the data memory. Th e gene rated digital data co rr esponds to that
obse rvable visually, such as graticule d ivisio n and scale factor te rms . The only
d eli berately i ntroduced cha nges are due to quantizing .

The inst rument acqu isitio n system operates properly with single-valued functio ns of
the horizontal va riable. Χ-Υ type waveforms will not be correctly acqu i red .

Th e d igitizer cont rol starts and stops the d igitizer, a nd also controls its mo de. Real-
time single-shot, equivalent-time sampled, a nd signal averaged mod es are
availab le .

REPETITIVE DIGITIZING

Repetitive d igitizing uses equivale nt-time samp li ng to const ru ct complete
waveform s) from many repetitio ns of the same real-time waveform(s); t his mode is
useful at all sweep speeds.

The d igitizer simultaneously samples and qua ntizes t he horizontal a nd vertical real-
time trace location . The horizontal value specifies t he poi nt number where the
ve rtical val ue is stored .

Sampli ng is asynchronous with respect to the sweep . Only those sa mples ta ken
while t he sweep gate is on are considered valid. Samples ta ken from portions of the
real-time trace horizontally outsi de the gratic u le a re loaded i nto the corres ponding
extreme stored points (hence these points a re gene rally err o neous) . At any time
during d igitizi ng, most points will have been sample d more t han o nce (the latest
data is retaine d), while some may not h ave been filled at all .

Waveform acquisitio n te rmi nates when either of the followi ng occurs:

1 . At least 99% of all sample d points of the real-time wavefo r m a re stored into
memory, and at least one complete sweep has occu rred .

2. Α STOP command f rom the keyboard is receive d .

9-8



REAL-TIME DIGITIZING
Real-time d igitizing samples and digitizes only one occurrence of t he r eal-time
wavefo rm(s) . Th e fastest equivalent sweep speed at which t his mode is usable is
limited by the maximum sample rate at which the d igitizer ha rdwa re can operate.

The in st rum ent req uires α clock-generator time base to s upp ly α clock, which t hen
determines t he sampli ng rate. An exte rn al clock signal may also be connected via
the plu g-in's external clock co nnecto r .

Dur ing d igitizing, ve rtical sig nals a re sampled every clock cycle, d igitized, and then
stor ed in memory. The memory contains the last Ρ/W samples, or all samples if
fewe r clock cycles have occu rred.

UNFILLED/ ERRONE OUS POINTS

Command Language-7854

Afte r term i natio n, any un filled and known er roneous p oints are co rr ected as
follows:

Up to 0.01 of the total sample d poi nts i n the on-screen portion (hor izontally) of the
trace may not have been d igitized . These are randomly d istr ibuted, and are filled by
linear interpolation from adj acent valid data. When the real-time t race te rminates
outside t he horizontal g raticule bou ndary, the co rrespond ing stored waveform end
point(s) a re set to the sa me val ue(s) as the adjacent poi nt(s) . Wh en the trace
te rminates on-screen, the stored end point data is cop ie d to all un filled points, to the
end of the wavefo rm .

If no points are filled, due to α fo rced STOP before any or enough sweeps have
occurred, the scale factors a re acqu i red as descr ibed, and all waveform points are
set to ze ro .

WAVEFORM STORAG E

Waveform data is stored i n α d igital storage a rea .

Α stored wavefor m is represented by α sequence of 16- b it binary i ntege rs. Each
number repersents α point of the wavefo rm.

Points-per-Waveform (Ρ/W) is the number of poi nts i n α waveform . P oi nts are
n umbered from 0 t hrou gh [( Ρ/W)-1] and are assumed to be u niform ly spaced at
in crements of (10 / [(Ρ/W)-1]) d ivisio n s along the ho r izontal graticule axis . P oint 0
is at the left edge of t he g raticule .

The stored data fo rmat is used di rectly fo r intern al input from t he d igitizer a nd
output to the d isplay . (The user numer ical access is via softwa re routines wh ic h
tra nsform the inte rn al fo rmat to and from t he extern al decimal fo rm .)

9-9
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OVERFLOW AND LINDERFLOW

Large and Small Constants

WAVEFORM RESULTS
New waveform data generated by computation is always stored at waveform
memory address 0 WFM .

The largest internally representable constant magnitude is approximately 103°e or
232,767; larger constants are set to this magnitude with the proper sign . The largest
constant magnitude that can be displayed is 1099 ; larger constants are displayed
as : (mantissa sign)

The smallest internally representable constant magnitude is approximately 10-308 or
2-32,767 ; smaller constants are set to zero .

The smallest constant magnitude that can be displayed is 10 -99 ; smaller constants
are displayed as zero .

Large and Small Waveforms
All waveform point values larger than the largest constant magnitude are set to that
magnitude with the proper polarity, and are displayed at the plus or minus 3 division
level . All other waveform points are set to zero .

Waveform point values smaller than the smallest magnitude may be accessed
externally (e .g ., by waveforms) . If all waveform values are smaller than the smallest
magnitude, the entire waveform value is set to zero .



INSTRUMENT COMMAN DS

ARITHMETIC FUN CTIONS

TABLE 9-2
Arithmetic Commands

Command Language-7854

The followin g ta bles list all the commands, and pr ovide α concise descr iption of thei r
fu nctions .

The commands ABS throu gh SQRT, listed in Table 9-2 a re performed on α si ngle
constant or waveform operand; the remaining commands (+, -, *, /) are performed
on two constant or waveform operands. Table 9-3 lists opera nd types and resu lts
when usi ng the Υ an d Χ registe rs fo r mathematical compu tations.

9- 1 1

Command Execution

A BS Function : Computes absol ute val ue of contents
( Returns Absol ute Value) of Χ register, and returns result to Χ register .

The result is not autoscaled; a nd if the
operand is α waveform, t he VZR and ve rtical
scale factor are retai ned .

Stack: Pops contents of Χ register ; pushes
result back i nto Χ registe r .

Vertical Scale Facto r U nits : Remains same as
operand un it .

ΕΧΡ Function: Comp utes exponential fun ction of Χ
(Exponential) registe r contents, and returns resu lt to Χ

registe r .

Stack: Pops contents of Χ register; pushes
result back into Χ register .

Scale Facto r Units: Blanked if operand is
wavefor m .

LN Function: Computes n at ural loga rithm of
(R et urns N atural Logarit h m) absolute value of contents of Χ register;

ret urns resu lt to Χ registe r .

Stack: Pops co nte nts of Χ registe r ; pushes
result back into Χ registe r .
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TABLE 9-2 (CONT)
Arithmetic Commands

9- 1 2

Command Execution

LN ( εοητ ) Scale Facto r Un it : B la nked if operand is α
wavefo r m .

Warning : Issued if the Χ registe r contains
either α negative or zero constant, or α
waveform memo ry address in which any point
of the waveform is negative or ze ro .

SG N. Function : Computes sign um of Χ registe r
(Retur ns Signum) co ntents, and returns resu lt to Χ registe r .

Resu lt is not a utoscaled ; if operand is α
waveform the ve rtical scale factor is set to 'V,
a nd `JΖR is set to 0.

Desc ription : The signum of t he contents of the
Χ registe r equ als:

1 where contents of Χ registe r is greate r
than 0.

0 where contents of Χ registe r is 0.
-1 where contents of Χ register is less

than 0.

Stack: Pops contents of Χ register; pushes
resu lts back into Χ registe r .

Both Scale Facto r U nits : Blanked if operand is
wavefo rm .

SQRT Function: Computes squ are root of absolute
(Ret urns Sq ua re R oot) value in Χ register; retu rns resu lt to Χ

registe r .

Stack: Pops contents of Χ register; push es
resu lt back into Χ registe r .

Scale Factor Units: B lanked if operand is α
waveform.

Warning: Issued if the Χ registe r contains
either α negative con stant, or α waveform
memory address in wh ic h any point of the
wavefo rm is negative.



TABLE 9-2 (CONT)
Arithmetic Commands
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Command Execution

+ (Add) Function : Adds contents of Υ register to
contents of the Χ register ; returns result to Χ
register .

Stack: Pops contents of Χ and Υ registers ;
pushes result back to Χ register .

- (Subtract) Function: Subtracts contents of Χ register from
contents of Υ register ; returns results to Χ
register.

Stack: Pops contents of Χ and Υ registers ;
pushes result back to Χ register .

(Multiply) Function: Multiplies contents of Υ register by
contents of Χ register ; returns result to Χ
register.

Stack: Pops contents of Χ a nd Υ registers ;
pushes result back to Χ register.

/ (Divide) Function: Divides contents of Υ register by
contents of Χ register ; returns result to Χ
register.

Stack : Pops contents of Χ a nd Υ registers ;
pushes results back to Χ register.

Warning : Issued if the Χ register (divisor)
contains either α zero constant, or α waveform
memory address in which any p oint of the
waveform is zero . The result is internally set to
the largest representable binary number of the
same sign as the Υ register (dividend) : α field
of eight - (asterisks) preceded by the
appropriate sign is displayed . However, if the Υ
register also contains α zero, or α waveform
memory address in which the corresponding
p oint of the waveform is also zero, the result
is set to zero .
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TABLE 9-3
Operands and Results

Operands Result
(Contents of Υ and
Χ Registe rs)

Two Con stants Α constant, r eturned to Χ register.

Two Waveforms Α wavefo rm returned to waveform memory
address θ WFM. (Each resu lting wavefo r m point
is calcu late d by app lyi ng the specified operation
to the corresponding poi nts of the referenced
wavefo rms .)

Scale Facto rs If both h orizontal scale factors of the
referenced wavefo rms a re the same, t he
resulti ng wavefo rm has the same scale facto r ;
otherwise, the scale factor is assig ned α value
of "1" and α warn ing is issued .

Scale F acto r U nits H orizontal : If both horizontal scale factors and
un its of the referenced waveforms are the
same, the resulting scale factor u nit is the
same ; otherwise, the unit is blank .

V ertical : For + and - functions th e resulting
vertical scale factor u n it is b la nk if the two
refe renced wavefo rms have differ i ng ve rtical
un its. For * and / fu nctions the resulting
vertical scale factor un it is b la nk .

Constant a nd Wavefor m Α wavefor m returned to waveform memory
address θ WFM. ( Each resulting wavefo rm point
is calculated by co mbini ng each waveform point
with the constant val ue.)

Scale F acto r U nits Th e ve rtical a nd horizontal scale factor un its of
the res u lti ng wavefo rm are the same as the
operand wavefo rm.



CRT DISPLAY
Ta ble 9-4 lists the overall d is p lay content as selected by the CRT DISPLAY
comman ds.

Command

SCOPE
(Scope Dis play)

STORED
(Sto red Data Disp lay)

BOTH

(Co mb ined Display)

VZR .

TABLE 9-4
CRT Display Commands

Execution

Function : Selects real-time wavefo rm(s) and
readout d isplay on crt.

Function : Selects stored data d is play on crt .

Functio n : Selects α comb ined display,
co nsisti ng of α sto red data d isplay p lus the
real-time wavefo rm(s) only; no r eal-time readout
is d isplayed .

CURSO R S
Cu rso rs a re o ne or two specially identified points d is played (with br ig ht d ots) on t he
operational waveform . Th e cu rsors d elim it portions of t he wavefo r m fo r wavefo r m
pa rameter calculation s. They also h ave special significance fo r pulse parameter
measurements . R efer to Ta ble 9-5, C urso r Commands, fo r fu nctio n s and
restrictions .

ONE CURSOR

Cursor 1 is d isplayed on α p oi nt of the operatio n al wavefo rm .

Command Language-7854

is the vertical coord i n ate of Cu rsor 1's p oi nt, i n scale factor un its, relative to

is t he horizontal coord i nate of C urso r 1's p oint, relative to t he start of the
wavefo rm, in scale factor u nits .

TWO CUR SO RS

Curso rs 1 and 2 a re d is p layed on p oints of t he operatio nal wavefo rm.

VCRD is the ve rtical location of Curso r 2 relative to Cursor 1, in scale factor un its.
( VCRD setting is equal to the operational waveform valu e at Cursor 2 minu s the
operational wavefo rm val ue at Curso r 1 .)

9- 1 5
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^, HCRD is the horizontal location of Cu rso r 2 relative to Cursor 1, in scale factor
units . (ΔHCRD setting is equ al to the C ursor 2 p oint n umber minus Cu rso r 1 p oint
number times the horizontal i ncrement .)

CURSO R MOVEMENT

Curso r movement is described in te rms of horizontal position along the operational
wavefo rm . Therefore, the ve rtical position is determined by the horizontal p ositio n .

Restrictions
1 . Each cu rso r must coincide with an operational wavefo rm point .

2 . Curso r 1 can be moved to any operational wavefo rm point .

3. Cu rso r 2 can be moved to any point in t he po rtion of the wavefo rm between, and
includ i ng, Cu rso r 1 and the end of t he waveform .

4. For stored prog rams, only th e initial actuation of the manual stewing keys is
stored and executed .

5. Curso rs can be p ositioned via t he manu al stewing keys

	

CRS1 <

	

,Ο,
CRS2<

	

, and

	

CRS2>

	

. The in itial act uation moves the cu rso r by one p oi nt .
If the key remains actu ated lo nge r than approximately 300 millisecon ds, the
cu rsor begi ns continu ous movement, slowly at fi rst, accelerating in a bout 1
second to maximum speed. Releasing the key te rmi nates the cursor movement .

CRS1>

6. Curso rs ca n be p ositioned d i rectly with the >VCRD and >HCRD comma nds.

7. The c ursor coord inates can be ret ur ned to t he Χ registe r with the VCRD
a nd HCRD commands .

Command

OFF
(C ursors Off)

CRS1
(O ne Cursor On)

TABLE 9-5
Curso r Commands

Execution

Function : Tu rns off curso rs.

Function: Turns on Cursor 1 .

Display: C urso r 1 is displayed on the
operational wavefo rm. Coo rd inates are d is p layed
in scale factor units.



TABLE 9-5 (CONT)
Curso r Commands
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Command Execution

CRS2-1 Function: Turns on C ursors 1 and 2 .
( Both Curso rs On)

Display : C urso rs are displayed on t he
operational wavefo rm . Relative coordinates are
d is p layed i n scale factor un its.

CRS1 < F unction: Moves Cu rso r 1 toward sta r t of
(Curso r 1 L eft) wavefo r m.

Restriction : C ursors cannot be OFF .

Warn ing : Issued if Curso r 1 is at sta rt of
waveform .

CRS1 > Function: M oves Curso r 1 towa rd end of
(Curso r 1 R ig ht) waveform (pic ks up Curso r 2, d is played or not) .

Restriction : Curso rs cannot be OFF .

Wa rning : Issu ed if C ursor 1 is at end of
waveform .

C R S2< Function : Moves Cu rsor 2 toward start of
(C u rsor 2 Left) waveform .

Restriction : C urso r 2 must be d isplayed (in
CRS2-1 mode) .

Warning : Issued if Cu rso r 2 is at Cu rso r 1
location .

CRS2> Function: Moves Cursor 2 toward start of
(Curso r 2 R ight) waveform .

Restriction : Curso r 2 mu st be dis p layed (in
CRS2-1 mode) .

Wa rning : Iss ued if C ur sor 2 is at end of
waveform .

>HCRD Function : Moves Cu rso r 1 (i n C R S1 mode)
(Set Horizontal Coord i nate) or Cu rsor 2 (i n CRS2-1 mode) so that the

horizontal coord inate, or relative coord i nate, is
equal to t he value in th e Χ register.
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>HCRD (cοητ)

9- 1 8

Command

TABLE 9-5 (CONT)
Cu rso r Commands

Execution

The cursor is set to the nearest stored point
position does not coincide with α stored point.

>VCRD
(Set Vertical Coord i nate)

Restriction : Curso rs must not be OFF ; consta nt
i n Χ registe r m ust be ?0 ; d isplay mode mu st
not be in Χ-Y .

Wa rning : Issued if consta nt in Χ registe r
represents α position beyond the r ig ht graticule
edge . Simulta neously sets curso r(s) to r ig ht
gratic u le edge .

ΝΟΤΕ

when the specified

Function: Moves Cursor 1 (i n CRS1 mode) or
Cursor 2 (i n CRS2-1 mode) so that th e ve rtical
coordinate, or relative ve rtical coord i nate, is
equal to value i n Χ registe r .

Restriction: Cu rso rs must n ot be OFF . The
operational wavefo rm must cross or touch the
specified ve rtical level (contained i n Χ registe r )
somewhere wit h i n the allowed curso r
movement range.

ΝΟΤΕ

/η α // searching operations to be described, scanning always begins
hallway between the initial location of the cursor to be moved, and the
following point . If the next crossing is nearest to the present cursor
location, that crossing is Ignored.

/η CRS1 mode, the operational ωα veform is scanned from Cursor 1 to
the end of the waveform . If α crossing is not found, the scan continues
from the start of waveform back to the cursor location . The cursor is
set to the first crossing or touching point found.

/π CRS2-1 mode, the operational waveform is scanned from Cursor 2
toward the end of the waveform . /1 α crossing is n ot found, the scan
continues from Cursor 1 forward to Cursor 2. Cursor 2 is then set to
the first crossing or touching point found, where the touchingpoint is
preceded by at /east one point of α different value. If the specified
vertical /eve/ does not coincide with α stored point value, the cursor is
set to the point which has the nearest vertical value .



Command

VCRD
(Returns Vertical Coordinate)

H CRD
(Returns H orizontal
Coordinate)

Command

CNS
(Return Constant)

TABLE 9-5 (CONT)
Cursor Commands

Execution

Command Language-7854

Function : Copies the displayed vertical
coordinate (CRS1 mode), or relative coordinate
(CRS2-1 mode), into the Χ register.

Stack: Pushes the result into the Χ register .

Restriction : Cursors cannot be OFF.

Function : Copies the displayed horizontal
coordinate (CRS1 mode), or relative coordinate
(CRS2-1 mode), into the Χ register .

Stack : Pushes the result into the Χ register.

Restriction : Cursors cannot be OFF.

DATA STORAG E
Table 9-6 lists the commands and functions used for storing and retrieving
waveform and constant data .

TABLE 9-6
Data Storage Commands

Execution

Function : Contents of α constant register
(designated by address number in Χ r egister)
are returned to Χ register.

Stack: Pops Χ register; pushes contents of
constant register into Χ register.

Restriction : Χ register must contain constant
which, when rounded to nearest integer, is
from Φ to 49 (Φ to 99 with Option 2D 1),
inclusive .

Applies only to instruments with serial numbers below Β085121 . For instruments with
serial number Β085121 and above, features previously provided by Option 213 are standard .

REV AUG 1986
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TABLE 9-6 (CONT)
Data Storage Commands

Ι Applies only to instruments with se rial numbers below Θ085121 . For instruments with
serial number ΒΟΘ5121 and above, features previously provided by Option 2D are standard .

9-20
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Command Execution

>CNS Function: Copies contents of Υ registe r to
(Sto re Constant) constant registe r n umber given i n Χ registe r ; if

contents of Υ registe r is α waveform address,
cop ies WFM number to Χ registe r .

Stack: Pops Χ registe r .

Restriction: Χ registe r must contain constant
whic h, when ro unded to nea rest intege r , is
from 0 to 49 (0 to 99 with Option 2D 1),
inclusive .

ΡΝΤ Function : Returns ve rtical value of operational
(Retu r n Wavefor m waveform point number referenced in Χ
Point Val ue) registe r , to t he Χ registe r .

Stack : Pops the operatio n al wavefo r m point
number from the Χ registe r; pu shes ve rtical
val ue to Χ registe r .

Restriction : Contents of Χ registe r (rounded to
nea rest i ntege r ) must be from 0 to [(P/W)-11,
incl usive .

, ΡΝΤ Function : Sets operational wavefo rm point in
(Set W aveform Point Val ue) Χ registe r to value contained in Υ registe r .

Stack : Pops Χ registe r .

Restriction: Contents of Χ register (ro unded to
nearest intege r ) must be between, and
including, ze ro a nd val ue of (Ρ/W mi n us one) .
Contents of Υ registe r mu st be α constant
which, when divi ded by the ve rtical scale factor
is wit h in t he ve rtical range limits of t he
waveform . See Υ-Τ Mode in Operatio nal
Conve ntions, at t he begi n ni ng of t h is section .

Ρ/W Function: Copies p oi nts per waveform setting
(R eturn Points Per into Χ register.
Waveform Setting)

Stack: Pushes Χ r egiste r .



TABLE 9-6 (CONT)
Data Storage Commands
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Command Execution

> Ρ /W Function : Reconfig ur es wavefo rm memory so
(Set Poi nts P er Waveform) that the size of all waveforms (points per

waveform) is the same as the constant i n th e
Χ registe r , p rovidi ng it is one of the available
sizes (128, 256, 512, or 1024). Perfo rms
implicit CLD command .

Stack: Clears stack (all registers equal to ze ro) .

Restriction : Contents of Χ registe r must be
either 128, 256, 512, or 1024, where contents
of Χ register is rounded to nea rest integer.

WFM Function: Contents of waveform memo ry
(Recall Waveform) (number i n Χ registe r ) becomes operational

waveform.

Stack: Pops Χ registe r , pus hes waveform
address to Χ register.

Restriction : Χ registe r must contain α constant
wh ic h, when rounded to nea rest intege r , is
from 0 to maximum valid waveform memo ry
address number (i nclusive) .

%WFM Fu nction: Copies operational wavefo rm i nto
(Copy Stored Wavefor m) wavefor m memory (address nu mber in Χ

registe r ) .

Stack: Pops Χ and Υ registe rs; pushes
waveform address to Χ registe r .

Restriction : Υ register must contai n valid
waveform memory address. Χ registe r m ust
contain α consta nt which, when rounded to
nea rest integer, is from 0 to maximum valid
waveform memo ry address number (inclusive).
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Table 9-7 lists the extern al inte rface comma nds execute d from both the Waveform
Calcu lato r keyboard or the meas urement keyboard .

9

10

12

13

3

4

6

6

α

s

2Κ

4Κ

ΤΕΚ/7854', V79 .1 - ' 01'.00'', 8W'

ADDRE SS : 106 TA LK LISTEN' ED["

ΟΝ 9 : FIGS IOC REM EXR CER ΟΡC

0

Device Type.

Im plemented ve rsion of Codes a nd
For mat Sta ndard .

ROM ve rsion.

ROM patc h ve rsion fo r specifie d
ROM ve rsion .

I nstrument memory ca pability by option :

GP I B address.

GPI B modes .

Memory Option

0D

(standa rd 1 )

8Κ I

	

2D I

Message terminator .

GP I B se rvice requ est co mmand status
(except with O ption 0D).

Command

ID

(I dentify)

EXTERNA L FUNCTIONS

TABLE 9-7
E xternal Inte rface Command s

Display
L ine

Execution

Function : I dentifies following data on crt sc reen .

Display Fo rmat

I Applies only to instruments with se rial numbers below Β085121 . For instruments with
se rial number Θ085121 and above, features previously providedbyOption 2D are standard.
9'22
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Extern al Interface Commands
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Command Execution

READX Function: In pu ts data from exte rnal i nterface:
( Read Data From Received i n Χ register if data record is
Exte rn al I nte rface) constant ; received in wavefo rm me mory address

0 WFM if data record is α wavefo rm .

Stack: Pu shes consta nt or wavefo r m memory
address, :7 WFM , to Χ register.

R estriction: G PI B inte rface must be properly
selected, and i ncoming data mu st be of proper
fo rmat and contents . Refe r to Sectio n 7, GP I B
Info rmation .

RQS Function: Se nds rsv (7854 local se rvice request
( R equ est Se rvice) message) to inte rface if e nab le d by GPI B

REMON comma nd .

SAVE Function: Sends one record consistin g of
(Save Prog ram) stored p rogram text to exte rnal inte rface ;

current prog r am line t hrough end-of- prog ram is
sent .

Restriction: GPI B i nte rface must be properly
selected and cu rrent program line must not be
end-of- prog ra m .

Prog rammability : Command not prog rammable .

SEN DX Function : Transm its contents of Χ register
(Send Data to (if constant) to extern al inte rface ; if Χ register
External Interface) contains wavefo rm memory address, transmits

correspondin g wavefo rm memory contents to
extern al inte rface .

Stack: Pops Χ register.

Restriction: GPIB inte rface must be properly
selected .

SWH Function : Sets signal output at rea r-panel
(Set Outpu t H ig h ) TTL SIG NAL OUTPUT connecto r to h igh state.

SWL Function : Sets signal o utpu t at rea r-panel
(Set Outpu t Low) TTL SIG NAL OUTPUT co nnecto r to low state.
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NUMBER ENTRY
Tab le 9-8 lists t he n umber entry comma nds as executed from t he Waveform
Calculato r keyboard . Table 9-9 descr ibes the fu nctio ns and character positions
wit hi n t he number entry field.

TABLE 9-8
Number Entry Commands

9-24

Command Execution

Function : Enter and display decimal point
(Decimal P oint) in mantissa .

Stack: Pushed at fi rst decimal p oint (o r
n umber) entry .

Warning : An aud ible tone and stored dis p lay
b li nk (numeric warn i ng) ocurs if more than one
d eci mal p oint is ente red in ma ntissa, or if
decimal point entry i n exponent (followi ng ΕΕΧ)
is attem pted; ΧΧΧ WARN ING message not
d isplayed.

0,1,2,3,4,5,6,7,8,9 Function: Input con stants f rom keyboard
(Digits) (mantissa or expone nt afte r ΕΕΧ) .

Display: Number entry d is played.

Stack: Pus hed at fi rst number (o r decimal
p oint) entry.

ΕΕΧ Function: Begins exponent entry.
(Ente r Exponent)

Display After Mantissa Entry: M antissa
followed by exponent identifier ( Ε ), initial esign
(,), and eval ue (00) .

Display W it hout Ma ntissa Entered: Default
mantissa (1) and decimal point ( .), followed by
exponent identifier , esign, and evalu e.

Stack (Wit hout Mantissa Entered) : Pushes
stack.

Warning : Nume ric warn ing issued if in
expone nt entry mode and ΕΕΧ is in itiate d
again, or if d ecimal p oi nt is issued.



Command

CHS
(Cha nge Sign)

NUMERIC EN TRY

Ho rizontal Character
Position (Display L ine 16)

12

13-25

TA BLE 9-8 (CONT)
N u mber Entry Commands

Execution

Con stants may e nte r the stack in two d istinct ways :

Function: C hanges sign of Χ register val ue, or
of exponent dur in g exponent e ntry.

Restriction: Χ registe r must contain α constant .

Number e ntry begin s with α d igit, decimal poi nt, or ΕΕΧ command following any
non nu meric command .

1 . By α sequ ence of numeric comma nds from the keyboard or GPIB .

2. As α result of α comma nd exec ution .

Number Entry Display

Numbers ente red are disp layed in α numbe r entry f; eld as descr i bed in Tab le 9-9.

TABLE 9-9
Number Entry F ield

Function

Command Language-7854

M antissa Sign : M inus sign d is played if
negative (blank if positive), and is entered with
CHS command .

Mantissa : 12 digits (o r 11 d igits and 1 d ecimal
poi nt) . Entry is started with any d igit or
decimal point, and is terminated by ΕΕΧ or any
non numeric command except CH S, RUN, STEP ,
STOP, or PAUSE. The fi rst ch aracte r (d eci m al
p oi nt, ente red digit, or α defau lt 1) is d is played
in horizontal positio n 13 . En te red d igits are
d isplayed to the right of existi ng digits, up to
position 25 . The te r minating command rounds
t he d is played mantissa to fou r significant
d igits.

9-25



Command Language-7854

Horizontal Character
P osition (Display L ine 16)

26-29

26
27
28, 29

TABLE 9-9 (CONT)
Number Entry Field

Function

ΝΟΤΕ

An f command during number entry blanks character positions 22
through 26 inclusive, and the mnemonic = is displayed, however, the
internal numeric value is not affected. Α Cl-for any nonshift function
will return the display to normal.

Ex ponent ( ΕΕΧ) : Exponent identifie r , sign ,
an d two d igits are d isplaye d (,F ι c+-;)
following the man tissa :

(Exponen t iden tifie r .)
- or (Exponen t sign is in itially positive .)
00 ( Exponent d igits; digits move to left
as e ntere d , bu t only last two ente red
are retained an d d isplayed .)

Expo nen t en t ry star ts with ΕΕΧ comman d
and is term inated by any nonn u me r ic
comma nd except CHS, RUN, STEP , STOP ,
or P AUSE . If no mantissa was entered ,
α defau lt mantissa of i is assigned and
d is played .



PROGRAM EN TR Y/ EXEC U TE
Table 9-1 θ lists the program Entry and Execute commands executed from the
Waveform Calculator keyboard .

TABLE 9-10
Program Entry and Execute Commands

Command Language-7854

9-27

Command Execution

CLL Function: In program Entry mode, deletes new
(Clear Program Line) line and returns to Edit mode with edit prompt

at line following the new line . In E dit mode,
deletes current line command group and leaves
edit prompt at same line n umber. Program text
following the deleted line is moved up to close
the gap (line numbers of all following command
group s are reduced by one) .

Restriction : Must b e i n p rogram E nt r y o r Ed it

mode and edit prompt must not be at end-of-
program line .

Programmability: Command not programmable .

CLIP Function : Clears entire program memory .
(Clear Program M emory) --

Confirmation : When CLP is received, an
audible warning is given, and the program
display shows only the statement '"PRESS
NEXT TO C01 ι F , . r .,, _ . . Α
NEXT command will complete the CLP function .
Any other command will abort the CLP
command and will restore the previous status .

Restriction : Must be in program Entry or Edit
mode.

EXECUTE Function: Selects program Execute mode when
(Execute Mode) executed (or selects program Entry or Edit

mode if already in Execute mode) .

Programmability: Command not programmable.
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Command

GOTO
(Go To Program Line)

9-2 8

TABLE 9-10 (CONT)
Program Entry and Execute Commands

Execution

DIRECTLY ISS UED
Function: Next program command becomes
fi rst command in prog ra m li ne numbe r in Χ
register; remains i n id le state.

Stack: Pops Χ register .

Restriction: The Χ register mu st contain α
constant wh ic h, when rounded to t he
nea rest intege r , is from 0 to 999 (incl usive).

Warning : Issued if t he Χ register contains α
constant greater than the last stored
program line number. (Edit prompt goes to
end-of- pr og ram li ne; ; and li ne number
r emoved from d isplay li ne 16 .)

STORE D EXECUTION
Function : In Step state, ret urns to idle
state; next prog ram command is fi rst
command of program li ne n umber in Χ
registe r . In R u n state; continues execution
at fi rst command of program line number
Χ registe r .

in

Display: Current prog ram li ne number (i n Χ
register) is i n d isplay line 16 .

Stack: Pops Χ register .

R estriction: The Χ register m ust contain α
consta nt which, when rounded to the
nea rest integer, is from 0 to 999 (incl u sive).

Warn ing : Issu ed if the Χ register contai ns α
co nstant greater than t he last stored
prog ram li ne nu mber . (Ed it prompt goes to
end of prog ram; . - and li n e number
removed from d is p lay.)



Command

GS B
(Go To Subrouti ne)

1FX=y
(If Conten ts Of
Χ Registe r Is
Equ al To Contents
Of Υ R egiste r )

TABLE 9-10 (CONT)
Program Entry and Execute Commands

Executio n

Command Language-7854

DIRECTLY ISSUED
Function : N ext comma nd in prog r am
becomes fi r st comm and in prog ram li ne
number in Χ register ; r eturns to i d le state .

Display : Curr en t progr am li ne nu mbe r is i n
d is p lay line 16 .

Return Register : Advances to comma nd
followi ng the GSB command .

Stack : Pops Χ r egiste r .

R est r iction : Th e Χ r egiste r must contain α
constan t whic h , when r ounded to the
nearest integer, is fr om 0 to 999 (incl u sive).
Not more than 10 levels of nesti ng is
allowe d .

Wa rn i ng : Iss ue d if t he Χ r egister contains α
constant g r eate r than the last sto r ed
prog ram line numbe r . ( Ed it prompt goes to
end-of- program line .)

STORED EXECUTION
All details same as listed above except : If
execute d in Run state, remains in Run state
a nd con tinues execu tion f rom next
co m mand .

DIRECTLY ISSUED
Function : Compa r es contents of Υ and Χ
registe r s .

Ope r ation : If t h e conten ts of the Υ and Χ
r egiste r s are bot h constan ts, α si mple
compa r ison is made . Th e test is

	

if
t he dis played contents of both r egiste rs have
i dentical values .

If t h e contents of t he Υ and Χ r egister s a re
bot h r efe renced wavefo rms, values at
co rrespond i n g pai rs of points a re compa re d .

9-29
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Ι FX=y (cont)

ιFΥ>χ
(If Contents Of
Υ Register Is
G r eate r Th an
Contents Of
Χ Registe r )

9-30

Command

TABLE 9-10 (CONT)
Prog ram Entry and Execute Commands

Execution

T he test is TRUE if the d iffe rence is ze ro at
all poi nts ( between cursors, if on). If only
o ne of t he registers h olds α consta nt, it is
treated as α wavefo rm of consta nt value .

Display: -

	

or	status message,
depen ding on res u lt of com parison .

STORED EXECUTIO N
Function: Co ntinues execution, if result of
comparison is

	

, at next command ;
otherwise, execution contin ues at fi rst
comma nd of next program line . Scale facto r
un its are ig nored if d ifferent .

Operation and Display: All d etails same as
above.

DIRECTLY ISSUED
Function : Compa res
registe rs.

contents of Υ an d Χ

Operation: Α simple co mpa r ison is made
between t he contents of the Χ a nd Υ
registe rs, if b ot h are constants . If both a re
referenced waveform s, values at
co rr espond in g points are compared. Th e test
is

	

if the contents of the Υ register
exceeds that of th e Χ register at one or
more p oi nts (between c ur so rs, if on) . If only
o ne of the registers is α constant, it is
treated as α waveform of consta nt value.

Display: Mnemon ic a nd

	

or
status message, depe nding on results of
compa rison.

STORED EXECUTION
Function: Continues execution, if resu lt of
compa rison is

	

, at next command;
otherwise, execution contin ues at fi rst
command of next prog ram line .

Operation and Display: All d etails same as
above.
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Prog ram Entry and Execute Commands
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Command Execution

LBL Function : Returns number of program line
(R eturn Label L i n e) containing first occ urrence of label number i n

Χ register, to the Χ registe r .

Stack: Pops Χ registe r; pu shes result to Χ
registe r .

Restriction: The Χ registe r must contain α
consta nt which, when rounded to t he nea rest
integer, is from 0 to 99 (inclusive). The la bel
specifie d in th e Χ registe r must occ ur in the
stored prog ram .

LNN Function: Begins storin g α label in the
(Begi n Label) prog ram ; this command must be followed by

two digits . Label entry ends (la bel is stored)
when second digit is received.

Display: Prog ram d is p lay shows:
LΝΝ (after LNN command )
La N (α is the fi rst d igit)
Lab (b is th e second digit)

R estriction : Th e LNN command must be
followed by two d igits, or by α CLL or CLP
command . Must be i n program Entry or Ed it
mode .

NEXT Function : In prog ram E nt ry state, te rminates
(Advance to N ext L ine) new line being entere d and ret urns to program

Ed it state with ed it prompt at next li n e; in Ed it
state, repetitively advances edit prompt to next
li ne .

Automatic NEXT : If (in program Ent ry mode) α
prog ra mmable command is receive d whose
mnemon ic wo uld cause the prog ram li n e to
exceed t he allowe d le n gt h (35 characte r s), an
automatic NEXT is executed to te rminate the
lin e, and the mnemonic is automatically
inserted at the sta rt of α new line.



Command Langu age-7854

9- 32

TA BLE 9-10 (CONT)
Prog ram Entry and Execute Commands

Command Execution

NEXT (cont) R estriction : Must be i n pr og ram En try or Ed it
mode and edit prompt must not be at end-of-
program line .

Warning : Issued when new line started.

Prog rammability : Command not programmable .

PAUSE Function: Stops command execution fo r
(Pa use) approximately 0.7 seconds . Th is command does

not te rmi nate α numeric comma nd sequence .

PREY Fu nction: If in progr am Entry mode, te rmin ates
( B ack To Previo us L i ne) new li n e b ei ng i nse rte d a nd ret urns to Ed it

mode wit h edit promp t at new li ne; in Ed it
mode, backs ed it pro mp t to previous li ne. If key
remains activated fo r mor e than 300
millisecond s, edit prompt backs t hrou gh the
program at app roximately 8 lines per second .

Restriction : Must be i n pr og r am En try or Ed it
mode and edit promp t must not be on li n e
000.

Prog rammability : Command not prog r ammable .

PROG Function : Selects prog ram Entry or Ed it mode
( Pr og ram E nt ry) when executed (o r selects Execute mode if

al ready in prog ram En t ry o r Ed it mode) .

Current Prog ram Line: Identified by t he edit
prompt (>) which rem ains on d isplay li ne 8 (left
edge at crt cente r) throughout prog ram entry or
edit .

Programma bility : Command not programmable .

R TN DIRECTLY ISS UED
(Return From S ubroutine) Function : Next command becomes command

identified by return registe r ; clea rs registe r
a nd retu rns to idle .

R estriction: Return register must be set.



Command

RTN (cont)

RUN
(Run Prog ram)

START
(Execute Prog ram
From Start)

TABLE 9-10 (CONT)
Program Entry and Execute Command s

Execution

Command Language-7854

STORED EX ECUTION
All d etails same as above except : In Ru n
state, remains in Run state and continues
execution from new next command .

DIRECTLY ISSUED
Function: System goes to R un state of
Execute mode.

Restriction: Program must be stored and
ed it promp t must not be at end -of- pr og ram
line .

STORED EX ECUTION
Function: No effects; execution continues
with next comma nd.

ΝΟΤΕ

The RUN command does not terminate α numeric commandsequence .

DIRECTLY ISS UED
Function: I n itiates Run state. Execu tion
begins with fi rst stored comman d (fi rst
command of li ne 000) ; clea rs subroutine
retu rn register .

Restriction: Α p rog ram must be stored in
memory.

STORED EXECUTIO N
Function: In th e Step state, stops exec ution
and return s to i d le ; next program command
is first stored command ; clears su broutine
r et urn register.

In th e Run state, continues execution at the
fi rst stored command; remains i n Run state;
clea rs return register .

9- 33



Command Language-7854

Command

STEP
(Single Line
Program Execution)

STOP
(Stop)

9-34

TABLE 9-10 (CONT)
Program Entry and Execute Commands

Execution

Function : Goes to Step state and begins
execution at next program command.

Warning : Issued if edit prompt is at end-of-
program line (remains in idle state) .

Programmability: Command not programmable ;
d irect execution only .

ΝΟΤΕ

The STEP command does n ot terminate α numer ic command sequence .

DIRECTLY ISSUED
Function : No function ; warning issued if
STOP command received in idle state . If α
real-time waveform acquisition command
(AQR, AVG10, AVG100, AVG1000, AVG, or
GND) is being executed, execution is
terminated . The GPIB commands READX,
SENDX, >ΤΕΧΤ , TEXT, and SAVE, are
stopped prior to the start of data transfer .
The command buffer is cleared.

If issued w hile executing α program,
completes current command, then stops
execution (returns to idle) . The next program
command follows the command that was in
progress when t he STOP was received.

Display: Mnemonic of command being
executed (if any) when STOP command was
received, and α STOP IN status message if
interrupted program execution.

STORED EXECUTION
Function : Stops execution and goes into idle
state. N ext program command is command
following the STOP .

Display: The last executed command
mnemonic (except STOP, or PAUSE) and the
STOP IN status message.

ΝΟΤΕ

The STOP command does not te rminate α nume ric command sequence .



Ta ble 9-11 lists the sh ift function commands.

Command

C L f
(Clea r S h ift Flag)

f
(Sets Shift F lag)

S H I FT FUNCTIO N

TA BLE 9-11
Shift Flag Commands

Execution

Command Language-7854

Function : Clears sh ift fun ction (fcomma nd).

Function : Shifts operatio n to alte rnate key
function (pr inted in blue on panel above
a pp lica ble keys) .

Display : Mnemonic F wh en s hift flag set .

Operation: The shift flag is clea red by any
command, except the .f command itself . If

11,
the

associated key has α shift fu nction , that
function is executed . Otherwise no functio n is
performed.

The .f key does not affect t he status of numeric
in pu t if th e next key activated has no shift
fυηcτ 'ιοη , or 'is
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STACK
Table 9-12 lists the commands that move data with i n th e stack, exec uted from the
Waveform Calculator keyboard .

TABLE 9-12
Stack Cont rol Commands

Command Execution

C LS Function : Clea rs stack; sets all registe rs
(Clear Stack) to ze ro.

CLX Function: Clea rs Χ register ; pops stack as follows
(Clear Χ Registe r ) ( refer to Fig . 6-1) :

-Copies contents of Υ register to Χ registe r ;
-Copies contents of Ζ register to Υ registe r ;
-Copies contents of Τ register to Ζ register;
-Copies contents of W registe r to Τ registe r ;
-Original contents of W registe r remain in
W, and are duplicate d in Τ register .

ENTER Function: Te rmi n ates n u meric entry if i n the
( E nter ) numer ic entry state; otherwise pushes stack as

follows ( refer to F ig . 6-1) :
-Contents of W register are lost .
-Copies contents of Τ registe r to W registe r ;
-Copies contents of Ζ register to Τ register;
-Copies contents of Υ registe r to Ζ register ;
-Copies contents of Χ register to Υ register;
-Χ registe r co ntents uncha nged.

R OLL Function: Simulta neously rolls (or ci rculates) stack
(Roll Stack) contents as follows (refer to Fig . 6-1) :

-Copies contents of Υ r egiste r to Χ register ;
-Copies contents of Ζ register to Υ register ;
-Copies contents of Τ register to Ζ register;
-Copies contents of W register to Τ registe r ;
-Copies original contents of Χ register to

vacated W register.

Χ<>Υ Function: Intercha nges contents of Χ and
(Intercha nges Χ and Υ ) Υ registe rs .



STO RED WFM DIS PLAY
Table 9-13 lists t he commands that cont rol the co ntent and fo rmat of stored
wavefo rm d isplays .

TABLE 9-13
Stored Waveform Display Commands

Command Language-7854
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Command Execution

CLD Function : Clea rs all wavefo rms displayed using
(Clear Display) DSW command . Operational wavefo rm remains

d is played, even though it also was d is played
using DSW command.

CLW Function : Clea rs stored wavefo rm (specified
(Clear Stored Waveform) in Χ register) from stored display, pr ovid ing it

was d isplaye d using DSW command .

Stack: Pops Χ register .

Restriction : The Χ registe r must contain α
constant which, when rounded to the nea rest
intege r, is from 0 to the maximum valid
wavefo rm memory ad dress (inclusive) .

Warning: Issued if specifie d wavefo rm was not
displayed with DSW command.

DOTS Function: Displays stored waveforms) as dots
(Dot Display) in the d is p lay location of eac h waveform point .

DSW Function: Displays stored wavefo rm (WFM
(Display Stored Waveform) address in Χ register) on stored dis play (i n

add ition to other wavefo rms al ready d isplayed) .

Disp lays the waveform nu mber (given in Χ
register) in add ition to other wavefo rms al ready
d isplayed.

If this wavefo rm is already d is played, it remai ns
d is played. Up to 8 total waveforms can be
d is played using the DSW command . Th en,
executing DSW will pop the stack and issu e α
warn i ng, but the stored waveform dis play won't
cha nge .
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TABLE 9-13 (CONT)
Stored Waveform Display Commands

9- 38

Command Execution

DSW (cont) The operational waveform is always displayed .
There could be 9 d isplayed waveforms if the
operational waveform number has not been the
operand for α DSW command.

If the operational waveform number is in the Χ
register when the DSW is executed, the
waveform r emains d isplayed .

The numbers of all displayed waveforms are
displayed in line 2 of the character display,
preceded by the DSW mnemonic . Left-to-right
sequence of numbers is the same as top-to-
bottom sequence of the corresponding
waveform 0 points.

NOTE

Due to display hardwa re lim itations,
the display may show visib le flic ker
if >2048 total points are displayed.

Stack: Pops contents of Χ register.

Restriction : The Χ register must contain α
constant which, when rounded to the nearest
integer, is from 0 to the maximum valid
waveform memory address n umber.

Warning : Issued if eight waveforms already
displayed with DSW.

TIME Function : Time (waveform point number times
(Versus Time) horizontal increment) is the horizontal axis for

all displayed waveforms.

VECT Function : Displays stored waveforms) as
(Vector Display) straight-line vectors joining the display locations

of adjacent waveform points.

VS Function : The waveform whose address number
(Waveform Versus is contained in the Χ register provides the
Waveform) horizontal axis for all displayed waveforms.



Command

VS (co nt)

TABLE 9-13 (CONT)
Stored Waveform Disp lay Commands

Exec ution

Command Language-7854

Description Of Χ- Υ Display: The horizontal
position of each d isplayed waveform point is
the ve rtical graticule position of the
co rrespond ingly nu mbered waveform point of
the h orizontal waveform , i n divisio ns, measured
f rom horizontal graticule center .

The mnemonic V'~ followed by t he hor izontal
wavefo rm n umber is d isplayed on line 2 .

Th e d isplayed horizontal scale factor is t he
same as t he horizontal wavefo rm vertical scale
factor .

Stack: Pops Χ registe r .

R estriction : Th e Χ registe r must contain α
constant wh ic h , when rounded to the nearest
integer, is fro m 0 to the maxi mum vali d
wavefo r m memory address nu mber.



Command Language-7854

Table 9-14 lists t he comman ds that control t he vertical p osition of the operatio nal
wavefo rm .

Command

VERTICAL POSITION

TABLE 9-14
Vertical Position Command s

Execution

ΝΟΤΕ

The following keys vertically position the operational waveform.

Each initial actuation moves the waveform by one vertical
resolution increment (11102.4 div) . Keeping the key depressed
longe r than approximately 300 ms begins α continuous
movement, in steps of one display resolution increment, for as
long as the key is held down .

These keys are programmable . Each key actuation is stored as
one command, and each stored execution moves the operational
waveform by one increment.

VPDN
(Vertical P osition Down)

VPUP
(Vertical Position Up)

Function : Moves operational wavefo rm
downward.

R estriction: Vertical ze ro reference (-:.) mu st
be g reate r than -20 d ivisio ns. All p oi nts of the
operational waveform (if not 0 WFM) must
remain within -20 d ivisio ns of the center
horizotnal graticule line .

Warning : Issued if operational wavefo rm is
0 WFM, and any poi nts are clipped at -20
d ivisio ns.

Function: Moves operational waveform
upward .

R estriction : Vertical ze ro reference (~. --.,~) must
be less than +20 d ivisio ns. All p oints of the
operational waveform (if not 0 WFM) must
remain within +20 d ivisio ns of th e center
h or izontal g raticule li ne.

Wa rn ing: Issu ed if operatio nal wavefo rm is
0 WFM, and any points are cli pped at +20
d ivisions .



Command

AQR
(Acqu i re Repetitive
Waveforms)

WFM ACQUISITION
Waveform acqu isition is the storage of real-time wavefo rms in to the waveform
memory. Ta b le 9-15 lists the comma nds that con t rol the waveform acqu isition .

TABLE 9-15
Wavefoιm Acqu isition Commands

Execution

Command Language-7854

Function: Digitizes one or two d is played
repetitive real-time waveforms, including the
scale factors, i nto wavefo r m memory.
Acqu isitio n stops either when at least o ne
complete sweep has occurred and at least 99%
of the points have been filled, or when
prem at urely te rmi nated wit h α di rectly issued
STOP command .

Post Acquisitio n Processing: All unfilled
wavefo rm p oi nts a re li nea rly inte rp olated from
the adjace nt filled points . Un filled end points
a re set to the nea rest filled point val ue. If no
points we re acqu i red, due to pre mat ure
term ination, all wavefo rm points a re set to
ze ro, default scale factors are assigned, and the
VZR is set to ze ro.

Display: Real-time wavefo rms may be d is played
dur ing execution of this command in SCOPE
mode. Scale factors and/or previo usly stored
i nfo rm ation are d is played in STORED mode .

Stack: Pus hes wavefo rm memory address
rό

	

to the Χ register; also,

	

to the
Υ register, fo r two waveforms .

Direct Stop: Α STO P command from the
keyboard te rminates AQR execution.

Restriction : No more than two real-time
wavefo rms may be d isplayed, a nd ve rtical plug-

i n un it(s) m ust not be in ch op mode .

Warning : Issued if nonu nique readout selected,
defa u lt scale factor(s) assigned, more than 5°/ο
contiguous p oints unfilled, or command
prematu rely te rminated with STOP .

9- 4 1
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AQS
(Acq ui re Si ngle-Sweep
Wavefor ms)

9- 42

Command

TABLE 9-15 (CONT)
Waveform Acquisition Commands

Execution

Fu nction: Digitizes one or two real-time
single-shot wavefo rms i nto wavefo rm memory.
Stops acqu isition upon receipt of α signal from
the clock generator p lug-in (7Β87 Time Base
with Pret rigge r Acqu i re Clock), or when t he
AQS ABORT is act uated .

Post-Acquisition Processing : The waveform
memory contains the last acqu i red points/
wavefo rm n umber of samp les taken from the
real-time waveform . The last poi nt acquired is
t he rightmost point on the stored wavefo r m .

If fewe r than (Ρ/W) samp les have been ta ke n
when d igitizi ng is te rminated, the filled points
a re right ju stified, and the empty points filled
with the value of the fi rst (leftmost) filled p oint .

If no points have been filled when d igitizing is
te rmi n ated, all poi nt values are set to 0,
default scale factor(s) assigned, and the VZR is
set to 0.

No inst ru ment commands a r e accepted during
AQS execution . Keyboard i nput is ignored. Th e
effect is as though the command buffer were
fu ll, except that no warning is given.

Display: Only the real-time wavefo r ms)
d isplayed du r i ng execution of th is command in
SCOPE mode; no scale factors or stored
info rmation is displayed in STORED mode.

Stack: Push es wavefo rm memory address
0 WFM to the Χ registe r ; also,

	

to the
Υ register , for two waveforms .

Di rect Stop: Digitizing stops when t he
mainframe AQS ABORT control is actuated .



Command

AQS (cont)

AVG
(Average Waveforms)

TABLE 9-15 (CONT)
Waveform Acquisition Commands

Execution

Command Language-7854

Restriction : No mo re than two real-time
waveforms may be selected . Vertical p lug-i n
unit(s) must not be in c hop mode. The
Β HOR IZ compartme nt must be selected, a nd
must contain α p roper ly adjusted 71387 Time
Base with Pretrigge r Acqu i re Clock.

Wa rn ing: Issued if nonuniq ue readout is
selected, d efault scale factor(s) assigned, more
th an 5°/ο contiguous p oi nts un filled, or if
command prematurely term inated .

Function: Averages one real-time waveform the
nu mber of times s pecified in the Χ registe r ,
and stores the result at wavefo rm memory
address 0 WFM. ( Uses 1 WFM fo r work ing
storage d uring execution; 1 WFM is zero
val ued at all p oi nts upon completion .)

Post-Acquisition Processing: All un filled
waveform points are li nea rly interpolated from
t he adjacent filled points . Un filled e nd points
are set to the nea rest filled point val u e. If no
p oints we re acquired due to premature
term ination, all waveform poi nts are set to
ze ro, d efault scale factors are assig ned, and t he
VZR is set to ze ro.

Algo rithm: Refer to Command Algo rit h ms at
the end of th is section .

Display: D u ring exec ution the Χ registe r
d is plays the number of averages remaining to
be done ; t he r eal-time and stored waveforms
a re retaine d on the d isplay.

Stack: Pops Χ register; pushes θ WFM to the
Χ registe r .

Di rect Stop: Α STOP command from the
keyboa rd te rminates AVG execution.

9- 4 3
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Command

AVG (cont)

AVG10, AVG100,
AVG1000 (Ave rage
Waveform 10, 100,
1000 Times)

9-44

TA BLE 9-15 (CONT)
Waveform Acquisition Commands

Execution

R estriction : No more tha n one real-time
wavefor m can be selected fo r display . Th e Χ
registe r mu st contain α constant which, when
rounded to the nearest integer, is from 1 to
1023 (inclusive) .

Wa rn ing : Issu ed if more t han 5°/ο contig uou s
points u nfille d or if comm and prematurely
term i n ated with STOP.

Function: Averages real-time waveform either
10, 100, or 1000 times.

Algo rithm: Refer to Command Algor it hms at
the end of this sectio n .

Display: Real-time waveforms are d isplayed
during execution; scale factors and/or stored
info rmatio n may also be displayed. The Χ
register d is play shows n umber of averages
remai n i ng.

Stack : Before averagi ng, pushes 10, 100, or
1000 to the Χ register. Afte r com pletion, pops
the Χ register ; pushes 0 W FIM to the Χ
register .

Direct Stop: Α STOP command from the
keyboard te rminates th e AVG10, AVG100, or
AVG1000 execution .

Restriction : No mo re than one real-time
wavefo rm can be selected fo r display .

Warning : Issued if mo re than 5% contiguous
points are u nfilled, or if command is
prematurely terminated with α STOP comma nd .



Command

GND
(Set G round Reference)

RDO UT
(Ret urn Real-Time
Readout V alue)

TABLE 9-15 (CONT)
Waveform Acquisitio n Commands

Execution

Command Language-7854

Function: Presets real-time ground referen ce(s)
fo r subsequent acqu isition to the mea n vertical
p osition of the real-time trace . W it h one r eal-
time trace d isplayed, presets grou nd reference
fo r wavefo r ms d igitized into θ WFM. W it h two
real-time traces, presets grou nd refe rences fo r
wavefo rms d igitized i nto θ WFM and 1 WFM,
respectively .

Acqu i res 128-point real-time waveform as
descr ibed fo r t he AQR command. Computes the
mean value, in divisio ns referenced to g raticule
ve rtical ze ro, and stores th is in the ground
refe rence registe r . Th e contents of waveform
memory are not ch anged . If fewer than 128
points have been acquired , grou nd reference is
set to the mean of the filled point val ues . If
no samples are acquired, due to α fo rced STOP
before e nou gh sweeps have occurred, t he new
g round reference(s) is set to zero .

Stack : Pushes grou nd reference for wavefo r ms
stored into θ WFM, to the Χ register ; and
g round refe rence fo r wavefo rms stored into 1
WFM, to the Υ registe r , for two wavefo rms .

Di rect Stop : Α STOP command from the
keyboard terminates the GND execution .

Restriction : No mo re t han two real-time
wavefo rms may be selected fo r display. P lug-in
u nit(s) mu st not be in chop mode .

Wa rn ing : Issued if more t han 5°/α co ntiguous
points a re u nfilled, or if GND comma nd is
prematurely te rmin ated with α STOP command .

Function: Copies contents of selected real-time
r eadout position specifie d by the Χ registe r
contents, to the Χ register . If t he position
selected is blank, or does not contain α valid
number, α θ is returned . (See Waveform
Storage Conside ratio ns in section 5 for details
on valid readout .)
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Command

RDOUT (cont)

Command

DIFF
(Differentiate)

TABLE 9-15 (CONT)
Waveform Acquisition Commands

E xecution

Stack: Pops the Χ register; pushes the readout
value.

R estriction : The Χ register must contain α
constant which, when rounded to the nearest
integer, is from 0 to 7 (inclusive) .

Warning : Issued if specified readout position is
blank .

WFM FUNCTIONS
The waveform function commands compute α new waveform from the operational
waveform, and t he constant parameter(s) where applicable . Table 9-16 lists the
waveform function commands .

TABLE 9-16
Waveform F unction Commands

Execution

Function : Differentiates and stores operational
waveform at 0 WFIVI . Blanks the vertical scale
factor unit .

Algorithm : Refer to Command Algorithms at
the end of this section .

Stack: Pops Χ register; pushes 0 WFIVI to the
Χ register.

Restriction : The Χ register must contain α valid
waveform memory address.



Command

HPLFT
(Horizontal Position Left)

HPRGT
(Horizontal Position Right)

TABLE 9-16 (CONT)
Waveform Function Commands

Execution

Command Language-7854

Function : H orizontally rotates operational
waveform left .

Cursor Status : Determines operation as follows:

CURSORS OFF-Rotates the waveform left
by the time value in the Χ register .

ONE CURSOR ON-Rotates the waveform
left by the absolute value of the horizontal
coordinate (HCRD) minus the value in the Χ
register.

TWO CURSORS ON-Rotates the waveform
left by the .' HCRD time .

Stack: Pops Χ r egister.

Restriction : The Χ register must contain α
constant which is from θ to the maximum
horizontal value of the operational waveform
(inclusive).

Function : Horizontally rotates operational
waveform right .

Cursor Status : Determines operation as follows:

CURSORS OFF-Rotates the waveform right
by the time value in the Χ register .

ONE CURSOR ON-Rotates the waveform
right by the absolute value of the horizontal
coordinate (H CRD) minus the value in the Χ
register.

TWO CURSORS ON-Rotates the waveform
right by the :`,HCRD time .

Stack: Pops Χ register .
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Command

HPRGT (cont)

HXPD
(H orizontally Expand)

9-48

TABLE 9-16 (CONT)
Waveform Function Commands

Execution

Restriction: The Χ registe r must contai n α
consta nt which is from 0 to the maximum
hor izontal value of the operatio nal wavefo rm
(i nclusive) .

Function: H orizontally expands operational
wavefo rm .

Curso r Status: Determines operatio n as follows:

CURSO R S OFF
Operation: M ag n ifies ope rational waveform
(by val ue in Χ register) from left edge of
gratic u le ; 0 point remai ns fixe d .

Stack : Pops Χ registe r ; pu shes

	

to
t he Χ registe r .

Rest riction : The Υ register must contain α valid

waveform memory address . The Χ registe r
must contain α constant g reater than Φ .

Warning : Issued if the Χ registe r contai ns α
constant wh ich is less than on e .

ONE CURSO R ON
Operation : M ag n ifies operational wavefo rm
(by value in Χ r egiste r) f rom r ight of curso r .
Cur sor remains at same location relative to
t he g raticule .

Stack : Pops Χ register ; pops Υ registe r ;
pushes θ WFM to t he Χ register .

R estriction: The Υ registe r must contai n α
valid wavefo rm memory address . Th e Χ
registe r m ust contain α constant g reate r
tha n 0.

Warn ing: Issued if the Χ register contai ns α
constant wh ich is less than 10/(dista n ce
from Cursor 1 to the r ight gratic u le edge, in
divisio ns) .

REV ΜΑΥ 1982
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H XPD (cont)

ITRP
(I nte rpolate)

TABLE 9-16 (CONT)
Waveform Function Comman ds

Execution

Command Language-7854

TWO CURSORS ON
Operation: M agnifies portio n of waveform
between cursors to fill the d is p lay sc ree n .
Cu rso rs remain at same location relative to
graticule.

Stack: Pops Χ registe r; push es ` ιίν ,F .' to
t he Χ register .

R estriction : Th e Χ registe r must contain α
valid waveform memory address .

Warning : Issued if .`, HCRE~ equals - .

Algo rithm: Refer to Command Algorithms at
the end of this section .

Ho rizontal Scale Facto r : Th is resu lt is stored
at θ WFM. In all cases, horizontal scale factor
is d ivided by the ex pansion r atio [ο keep
relative horizontal waveform val ues unchanged .

Vertical Scale Factor: Autoscaling is disabled .
O rigi n al scale factor a nd vertical zero are
maintai ned .

Function: Replaces portion of operatio nal
wavefo rm, between two specifie d poi nts, wit h α
st raight li ne . The result is stored in wavefo rm
memory add ress θ WFM, which then becomes
the operational wavefo rm.

Curso r Status : Determines operation as follows:

CURSO R S OFF
O peration : The end point horizontal locations
are specified by the values in t he Χ and Υ
registers, in scale factor u nits .

Restriction: The Χ and Υ registe rs must
contain α consta nt from θ to t he maximum
horizontal coordinate of the operatio n al
wavefo rm.

9-49
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TABLE 9-16 (CONT)
Waveform Function Comman ds

9- 50

Command Executio n

ITRP (co nt) ONE CURSOR ON
O peration: The e nd poi nt horizontal locations
a re specifie d by t he val ue i n t he Χ registe r
a nd the Cursor 1 location .

R estriction: Th e Χ register must contai n α
constant from 0 to the maxi mu m hor izontal
coord inate of the operational waveform .

TWO CUR SORS ON
Operation: The e nd points are t he cursor
locations .

Stack: Pops Χ register ; pushes θ WFM to
the Χ register .

Restrictio n: Th e Χ registe r must contai n α
valid waveform memory add ress .

V ertical Scale Factor: Autoscaling is d isabled.
Th e existing ve rtical scale factor and ve rtical
zero are retaine d .

INTG Functio n: Integrates the operatio nal waveform.
(Integrate) The result is stored in wavefo rm memory

ad dress 0 WFM, wh ich then becomes the new
operational wavefo rm. B la nks the ve rtical scale
factor un it .

Algo rit hm: Refer to Command Algo rit h ms at
the end of th is section .

Stack: Pops Χ registe r ; pushes Θ IJVf-M to t he
Χ registe r .

Restriction: The register must co ntain α valid
wavefo rm memory address.

O R D Fu nction : Returns ve rtical ord inate val u e of
(R eturn O rd i nate Value) operation al waveform (in scale factor un its) at

horizontal location indicated in Χ registe r , to
the Χ registe r .



TA BLE 9-16 (CONT)
Waveform Function Commands
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Command Execution

ORD (cont) Stack: Pops Χ register; pushes result to Χ
register .

R estriction : Th e Χ registe r must co ntai n α
constant from 0 to the maxim um horizontal
value of the operational wavefo r m (i ncl usive) .

ORD Function: Sets t he oper ational wavefo rm
(Set Ordinate Val u e) horizontal locatio n indicated in th e Χ registe r to

the vertical value in the Υ register. Th e result
is stored in 0 WFM, whic h then becomes t he
operatio n al waveform .

Stack: Pops conte nts of Χ and Υ registers;
pu shes previous contents of Χ registe r .

Restriction: The Υ r egister must contain α
consta nt . Th e Χ registe r must contain α
constant from 0 to th e maximum hor izontal
coord i nate of the operatio n al wavefo rm
(incl usive).

SMOOTH Functio n: Averages operatio nal waveform by an
(Smooth) amou nt determined by th e n umber of divisio ns

(between 0 a nd 2) entered i n Χ register.
Resu ltant waveform is stored at wavefo r m
memory address θ WFM.

Algo rithm: Refer to Comma nd Algorithms at
t he end of th is section.

Stack: Pops Χ register ; pops Υ registe r ; p ushes
0 WFM to the Χ register .

V ertical Scale Factor: Autoscaling is disabled .
Ve rtical scale factor and ve rtical zero of t he
original waveform are mai ntained .

R estriction : Th e Υ registe r mu st contain α valid
wavefo r m memory address . The Χ register must
contai n α constant from 0 to 2 (incl usive).
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Th e waveform parameter co mm ands compute va rio u s constant paramete rs of the
ope rational waveform . There are two pa rameter g roups: The ve rtical un it
parameters whic h retur n vertical axis val ues, and t he pu lse parameters wh ich
ret urn horizontal axis values . Table 9-17 lists the waveform parameter commands .

Th e following ve rtical waveform parameter commands a re computed using
waveform point val ues in scale factor u nits . C ur sor stat u s and position affect the
calcu lation of all the ve rtical parameters as follows:

9-52

WFM PARAMETERS

CURSO R S OFF . The fu nction spans all waveform points .

ONE CURSOR ON . The function spans from (an d incl udes) the cu rsor p oint to the
rig ht end of the waveform .

TWO CUR SORS ON . The fu nction spans between (a nd i ncludes) the cursor
poi nts .

TABLE 9-17
Waveform Parameter Comman ds

Command Ι Execution

VERTICA L PARAMETER S

AREA
(Returns Area)

Fu nction : Ret urns area under all spanned
wavefo r m points to t he Χ register .

Algo rit hm: Refer to Command Algo rithms at
t he end of th is section.

Stack: Pushes value to Χ registe r .

ENERGY
(Returns Energy)

Functiow R et urns t he squ ared area under all
spa n ned waveform points to the Χ register .

Algo rit hm: Refer to Command Algo rithms at
t he end of th is section .

Stack: Pushes value to Χ register .

MAX
( R eturns M axi mu m Value)

Function: R et urns wavefo rm maximum (most
positive) val ue to t he Χ register .

Stack: Pushes value to Χ registe r .
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TABLE 9-17 (CONT)
Waveform Parameter Commands

Execution

VERTICAL PARAMETERS (Cont)

PULSE PARAMETERS

ΝΟΤΕ

Command Language-7854

For α/1pulse parameter commands except PER and FR ΕΟ the left end of
the spannedinterval (as specifiedeither by the startοfthe waveformor by
Curso r 1, if on) defines the 0°/ο vertical level (baseline) . The 100°/ο vertical
level (pulse top) is defined by the end of the interval (specified by the end
o f the ωα veform or by Cursor 2, if on).

MEAN Function: Computes algebraic mean value of alt
( Returns Mean Value) spanned points, and ret urns res ult to the

Χ registe r .

Algo rithm : Refer to Command Algorithms at
the end of th is section.

Stack : Pushes value to Χ registe r .

MID Fu nction : Returns midd le val ue [(MAX + MIN)/2]
to t he Χ registe r .

Stack: Pushes valu e to Χ register.

MIN Function: Retu rns waveform minimum p oint
(R etu rns Mi nimum Value) (most negative) value to the Χ register.

Stack: Pushes val u e to Χ register.

Ρ-Ρ Fu nction : Ret urns peak-to-peak (MAX - MIN)
(R eturns Peak-to- Peak val ue to the Χ register .
V alue)

Stack: Pushes val ue to Χ registe r .

RM S Function: Ret urns root-mean-squa re val ue of
(R et urns Root-Mea n - all spanned points to the Χ register .
Squa re Val u e)

Algo rithm : Refer to Command Algorith ms at the
end of th is section.

Stack: Pushes val ue to Χ register .
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Command

TABLE 9-17 (CONT)
Waveform Parameter Commands

Execution

PULSE PARAMETER S (Cont)

DELAY Function : Returns the time from C urso r 1 to
(Ret ur ns Delay) the last 50% point before Curso r 2, to the Χ

registe r .

Stack: Pushes DELAY time to the Χ r egister.

Restriction : . VCR D must n ot be within -
+(6E-4)* (vertical scale factor) .

F ALL Function: R et urns th e time between the 90%
(R eturns F all Time) and 10% points adjace nt to the fi rst 50% poi nt to

the r ight of C ursor 2 .

Stack: Pushes FALL time to the Χ registe r .

Restriction : Curso r 2 must be on . The operational
wavefor m must cross t he 90% and 10% levels
after Cu rsor 2. VCRE3 must not be within :
±(6Ε -4) χ (vertical scale factor) .

FREQ Fu nction : R eturns α crossing frequ ency to the
(Returns Frequency) Χ registe r .

Algorithm : Refer to Command Algo rithms at the
end of th is sectio n .

Stack : Pops Χ registe r; pushes the FIR EQ value to
th e Χ register .

Restriction : The Χ r egiste r mu st contain α
constant . Th e operational wavefo rm must cross
th e level specified i n the Χ r egiste r twice i n th e
sa me d irection .

PER Function: R et ur ns ti me in horizontal scale
(Ret ur ns Period) factor units between the fi rst a nd second

crossings, i n th e same d i rection, of the operational
waveform across the level i n the Χ register .

Algo rithm : Refer to Command Algorit hms at t he
end of th is section .



Comman d

PER (cοητ )

RISE
(R et urns R ise Time)

WIDTH
(R et urns W i dt h)

TA BLE 9-17 (CONT)
Waveform Parameter Commands

Execution

PULSE PARAMETERS (Copt)

Command Langu age-7854

Stack: Pops Χ register ; pushes PER valu e to t he Χ
register.

Restriction : The Χ registe r must contain α
constant . The operational waveform must cross
the level in the Χ registe r at least twice i n the
same d i rection (between cu rso rs, if on).

Function: Ret urns t he time between 10%
and 90% p oints ad jacent to th e last 50% point
before (to t he left of) Cursor 2 .

Stack: Pushes RIS E time to th e Χ registe r .

R estriction :

	

\ι ,~k

	

must not be within :
±(6Ε -4)* (vertical scale factor) .

Function: Ret urns ti me between closest 50%
points to the left and r ight of Cursor 2 to the Χ
register .

Stack: Pushes WIDTH value to the Χ registe r .

R estriction : Cursor 2 must be on . The operatio nal
wavefo r m must cross the 50% level after Cursor 2 .
VCRD must not be withi n : ±(6Ε -4)* (vertical

scale factor) .
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WFM SCALING
Table 9-18 lists the comma nds t hat provide access to the operatio n al waveform
scale factors and ze ro locatio n .

TABLE 9-18
Waveform Scaling Commands

9-56

Command Execution

HSCL Function : Copies operational waveform
(Return Horizontal hor izontal scale factor to th e Χ register.
Scale Factor)

Stack : Pushes val ue to Χ registe r .

> H SCL Function : Copies contents of Χ register to the
(Set Horizontal operational wavefo rm horizontal scale factor .
Scale Facto r)

Restriction : The Χ registe r must contain α
constant greate r than ze ro. Th e operational
waveform must n ot be d isplayed with t he VS
command .

VSCL Function : Copies operation al waveform vertical
(Retu rn Vertical scale factor (size of eac h vertical graticule
Scale Facto r ) d ivision) to t he Χ registe r .

Stack : Pushes val ue to Χ register .

>VSCL Function : Copies contents of the Χ register to
;Set Vertical the operational waveform vertical scale factor .
Scale Facto r ) Does not alter stored wavefo rm values relative

to graticule. Displayed ve rtical scale un it not
cha nged.

Restriction: The Χ registe r must contain α
consta nt greate r tha n zero .

VXPD Function : Expands the operational wavefo rm
Ve rtically Expand) ve rtically about the screen center (by t he valu e

i n the Χ register) ; ch anges the ve rtical scale
factor by the reciprocal of the absol ute val ue i n
the Χ register to keep the wavefo rm val u es
unchanged . N egative values in the Χ registe r

i nve rt the waveform about sc reen center .

Stack: Pops Χ register.
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Waveform Scaling Commands
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Command Execution

VXPD (cont) Restriction : The Χ r egiste r m ust contain α
constant . The res u lti ng ve rtical ze ro reference of
the operational waveform mu st be with in +2θ to
-2θ divisions . If t he operational waveform is not
from θ WFM all resulting waveform oints must
be wit h i n 20 divisions from the VZR or f rom all
other waveform points .

Warning : Issu ed if operational waveform is
from θ WFM and at least one p oi nt is cli pped
at +10 d ivisions from the ce nter h or izontal
g raticule li ne.

VZR Function: Copies operational wavefo rm vertical
(Ret ur n Vertical ze ro reference (i n graticule divisions relative to
Ze ro Reference) center sc reen) to th e Χ register .

Stack: Pu sh es Χ registe r .

VZR Function: Moves operational waveform
(Set Vertical ve rtically, so that its vertical ze ro reference is
Ze ro Reference) the value (i n divisions) in t he Χ register .

R estriction : Th e Χ register mu st contai n α
constant from -2θ to +2θ (inclusive). All p oi nts
of the operation al waveform (if n ot from
θ WFM) mu st be with in +2θ a nd -2θ d ivisio ns.

Warning: Issued if t he ope rational wavefo rm is
from Φ WFM, and any point is clip ped at +2Φ
d ivisio ns from the cente r horizo ntal gratic u le
line .
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GPI B COMMANDS
Table 9-19 lists the commands that can be executed throu gh the external interface
only, as t hey have no co rr esponding keyboard pushbuttons . Refer to Section 7, GPIB
I nformatio n, fo r sample prog rams using these comma nds.

TABLE 9-19
GPI B Only Commands

9-58

Command Execution

CEROFF Function: Enables/d isab les local request for
CERON se rvice due to external command e rror .

ERR? Function : Outpu ts error status:
"ERR 00" if no erro r exists, or
"ERR 01" if an err or does exist.

EXROFF Function: Enables/d isables local request fo r
EXRON se rvice due to instrument command execution

erro r .

ID? Function : Outputs α copy of the 7854
identification d isplay to the GPIB . ("ID
ΤΕΚ /7854,V79 . Ι ,ΧΧ .ΥΥ,ΖΚ " where ΧΧ is the
ROM version, ΥΥ is th e ROM revision, and Ζ is
2, 4, or 8, in dicati ng the number of k ilo bytes
of RAM installed.)

IOCOFF Function: Enables/disab les request fo r se rvice
IOCO N du e to i nitiate d instrument Ι/Ο command.

O PCOFF Function: Enables/d isables local request fo r
O PCON se rvice due to return to idle state (except error

stop) .

REMOFF Function: Enab les/disab les request fo r se rvice
REMON due to execution of the Se rvice Request (RQS)

command.

RQSOFF Function : Disables all se rvice requests, except
(Se rvice Request Off) power on .

RQSON Functio n : Selects fu ll-se rvice-request capability .
(Se rvice Request On)



TABLE 9-19 (CONT)
GPIB Only Commands
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Command Execution

SRQ? Function: Outputs α copy of the bottom line of
the calculator display. ("SRQ ΧΧΧΧΧΧΧΧΧΧΧΧΧ
ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ " where ΧΧΧΧ . . . is the
bottom line of the display .)

TEXT Function : Sends α data record to the external
(Output Displayed interface containing an ASCII representation of
Characters) all 16 lines of the Execute mode character

display . If the SCOPE display mode is selected,
the real-time scale factors are sent .

Restriction : The GPIB interface must be
properly selected .

Programmability : This command is
programmable ; therefore, it cannot be used to
output program text .

>ΤΕΧΤ Function: Inputs α record (up to 12 lines,
(Input Characters maximum of 40 characters each) of ASCII
To Display) characters from the external interface, and

displays it as lines 3 through 14 on the
Execute mode d isplay .

Restriction : The GPIB interface must be
properly selected .

Warning : Issued if line is more than 40
characters long, or more than 12 lines.

Programmability : This command is
p rogrammable.
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MESSAG ES AND ALGORITHMS
Command Error and Warn ing messages are d efined i n the tables below . Command
Algo rithms are provided, whe re appropriate, at the end of th is section.

ERROR AND WARNING MESSAG ES
Some commands have associated restrictions on the type and/or value of t heir
operands. These cond itions are checked fo r each command; any error te rmi nates
fur ther execution, and displays an error message .

Wit h some commands, the state of the inst rument a nd/o r the value of t hei r
operands may cause the resu lt to be oth er t ha n expected. In these cases, the
command is executed, followed by α d is played warning message . Tables 9-20 and
9-21 list the err ors a nd warn i ngs, the command(s) affected, an d the possible
ca uses.

TABLE 9-2Η
Error M essages

9-60

Displayed Command(s)
Message Affected Possible Causes

AQR ERROR AQR α. More t ha n two r eal-ti me waveforms
are selected .

b . P l ug-in un it is i n chop mode.

λGS ER ROR AQS α. Mo re t ha n two real-time wavefo rms
a re selected .

b . V ertical p l ug-i n u nit is i n chop
mode.

c. The Β HORIZ com pa rtment is not
selected or does not contain α properly
ad justed 71387 Time Base with
Pretrigger Acqu i re Clock.

AVG ERROR AVG α . More than one real-time waveform
is selected .

b . The Χ registe r does not contai n α
constant whic h, when rou nded to the
nearest i nteger, is from 1 to 1023
(incl usive) .
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Displayed Command(s)
M essage Affected Possible Causes

AVG ERR O R AVG10, α . Mo r e t han one real-time wavefo rm
AVG100, is selected .
AVG1000

No Message CH S α . Th e Χ r egiste r does not con tai n
α constant .

C LL ERR O R CLL α . Command iss ued i n prog ram
Execute mode .

b . Ed it promp t is at end-of- prog ram .

CLP E R ROR CLIP α . Comma nd iss ued i n program
Execute mode .

C LW ERR OR CLW α . The Χ r egiste r does not contain α
constan t whic h , when r o unde d to t he
nea rest intege r , is f rom 0 to t h e
maximum vali d waveform memory
address numbe r (i n cl u sive) .

=-= C N S α . The Χ registe r does not contain α con-
stant whic h , wh en rounded to t he near est
i n tege r , is f rom Φ to 49 (0 to 99 wit h Option
2D 1), inclusive .

C Ν ERROR > CΝ S α . The Χ register does not contain α con-
stant which , when rounded to the nea rest
i n teger, is from 0 to 49 (0 to 99 with Optio n
2D τ ), incl usive .

C R S ERR OR CRS1 <, α . Specified cu rso r is not on .
CRS1 >,
CRS2<,
CRS2>

;ROR DELAY α . is wit h i n : ±(6 Ε -05)
(ve rtical scale facto r ) .

DI F :=RROR DIFF Ι α . The Χ registe r does not contain α
vali d waveform memory address .
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TABLE 9-20 (CONT)
Error M essages

Displayed Comma nd(s)
Message Affected Possible Causes

DSW ER ROR DSW α . The Χ registe r does not co ntain α
constant which, when rounded to the
nea rest intege r , is from 0 to the
maximum vali d wavefo rm memory
address number.

FAL ERROR FALL α . C ur so r 2 is not on .

b . The operational wavefo rm does not
cross t he 90%ο a nd 10%ο levels after
Curso r 2 .

c. VCRD is wit hi n : ±(6Ε-04)
(vertical scale facto r ) .

FRE ERROR FRED α . The Χ register does not contain
α con sta nt .

b . The operational waveform does
not cross the level specified i n t he
Χ registe r twice in th e same
d i rection.

A ND ERROR GND α . M ore than 2 real-time wavefo rms
are selected .

b . P l ug-in un it is i n chop mode .

73 ΟΤ ERROR GOTO α . The Χ registe r does not contain
α constant which, when rou nded to
the nea rest intege r , is f rom 0 to 999
(incl usive).

GS B ERROR GSB α . The Χ register does not contain α
constant wh ic h, wh en rounded to the
nearest integer, is from 0 to 999
(i ncl usive).

b. M ore than 10 levels of nesting
ente red.

-IC R ERROR HCRD α . C u rsor(s) a r e n ot on .
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9- 63

Displayed Command(s)
M essage Affected Possi ble Causes

HC ERROR > HCRD α . C ursor(s) are not on .

b. The operational waveform is
d isplayed wit h VS.

c. Th e Χ register does not contai n
α constant wh ic h is greater than 0.

i-IP L ERROR HPLFT α . The Χ r egister does not contain
α constant wh ic h is from 0 to the
maximum h orizontal val ue of t he
op erational wavefor m (i ncl usive).

ΗΡR ERROR HPRGT α . The Χ registe r does not contain
α constant wh ic h is from 0 to the
maximum h orizontal val u e of t he
op erational wavefor m (i ncl usive).

> H S ERROR >HSC L α. The Χ registe r does not contain α
con stant greater t han 0.

b . The operational wavefo rm is
displayed with VS.

ΗΧΡ ERROR HXPD α . The Υ registe r does not contain α
(Curso rs Off) valid waveform memory address.

or
(Cursor 1 On) b . The Χ registe r does not contain α

constant greate r th an 0 .

HXPD α . The Χ register does not contai n α
(B oth C urso rs valid waveform memory address.

On)

IN-; ERROR I NTG α . The Χ registe r does not contain α
valid waveform memory address.

ITR ERROR ITRP α . The Χ or Υ registe rs do not
(C ur sors Off) contain constants from 0 to t he

maximum horizontal coord in ate of
t he operatio nal wavefo rm.
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TABLE 9-20 (CONT)
Error Messages

9-64

Displayed Command (s)
Message Affected Possible Causes

IT R ER ROR ITRP α. The Χ register does not contai n
(cont) (C urso r 1 On) α consta nt fro m 0 to the maximum

horizontal coord inate of the
operational waveform.

ITRP α . The Χ registe r does not contain α
(Both Curso rs valid waveform memory address .

On)

LBL ER ROR LB L α . The Χ registe r does not contai n α
constant which, when rounded to t he
nea rest i nteger, is from 0 to 99
(i ncl usive).

b . The label specified in t he Χ register
does not occur in the stored prog r am .

LNN ERROR LNN α . Command issued in prog ram
Execute mode.

b . Command not followed by two
d igit-entry comma nds or th e CLL or
CLP comma nd .

ΝΓ.Υ F RS ,-;-- NEXT α . Command issued i n program
Execute mode.

b . Ed it pro mpt is at end-of- program .

ORD ERROR ORD α. The Χ register does not contain
α con sta nt from 0 to the maxi mum
horizontal value of the ope rational
waveform (incl usive).

, OR ERRO R >ORD α . The Υ registe r does not contain α
constant .

b . The Χ registe r does not contain
α constant from 0 to the maximum
horizontal coord inate of the
operatio nal waveform (inclusive) .



TABLE 9-20 (CONT)
Error Messages

Command Langu age-7854

9-6 5

Displayed Command(s)
Message Affected Possible Causes

PER ERROR PER α. The Χ registe r does n ot contain α
constant .

b . The ope rational waveform does
not cross th e level in t he Χ

registe r at least twice in the same

di rection (between cu rso rs, if on).

='r+i Τ ΕRR0'R ΡΝΤ α . The Χ register does not contain
α constant wh ic h, when rounded to
the nearest i ntege r , is from 0 to
[(P/W)-1 ], inclusive .

> ΡΝΤ α. Th e Υ register does not contain α
constant .

b . The (conte nts of the Υ register )
d ivided by the (vertical scale factor )
is n ot within wavefo rm data ve rtical
r ange .

c. The Χ registe r does not contain
α co nstant wh ic h , when rounded to
the nearest intege r , is from 0 to
[( Ρ/W)-1], i nclusive.

PRE ERROR PREV α . Command issu ed in program
Execute mode.

b . Ed it prompt is at line 000.

>Ρ/ ERROR > Ρ/W α . The Χ registe r does not contain α
constant wh ic h , when rounded to the
nearest intege r , is eith er 128, 256,
512, or 1024 .

REA ERROR READX α . G PI B inte rface not properly
selected.

RDO ERROR RDO UT α . The Χ register does not co ntai n α
constant wh ic h, when rounded to the
nearest intege r , is from 0 to 7
(incl u sive).
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TABLE 9-2Η (CONT)
Error Messages

9- 66

Displayed Command(s)
Message Affected Possible Causes

R IS ERROR RISE α. is within : +(6E-05)*
(vertical scale factor ) .

RTN ERROR RTN α . R eturn registe r not set.

RUN ERROR RUN α . No stored prog ram.

b . Ed it prompt is at end-of- pr og ram.

SAV ERROR SAVE α. No stored prog ram.

b . Ed it prompt is at end-of- pr og ram .

c. GPIB inte rface not proper ly
selected.

SEN ERROR S EN DX α . GPIB inte rface not proper ly
selected .

SMO ERROR SMOOTH α . The Υ registe r does not contain α
valid wavefo rm memory address.

b . The Χ registe r does not contain α
constant from Η to 2 incl usive .

STA ERROF START α . No stored prog ra m .

ΤΕΥ FRRG TEXT α . GPI B inte rface not properly
selected.

-FE =?ROR >ΤΕΧΤ α . GPIB inte rface not properly
selected .

VCF- ERROR VCRD α . Cursor(s) are off.

VC ERROR -VCRD α . Cursor(s) are off.

b . The operatio n al waveform does
not tou ch o r cross the specified
level with in the allowed curso r
movement range .
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Dis played Command(s)
Message Affected Possible Cau ses

VPD ERROR VP DN α . VZR is at +20 or -20 d ivisions .

VPU ERROR VPUP b. All p oi nts of the operational
waveform (if not from 0 WFM) will
not remain wit h in ±20 d ivisio ns of
the center horizontal graticule li ne.

VS ERROR VS α . The Χ registe r does n ot co ntai n α
constant which, when rounded to the
nea rest intege r , is from 0 to the
maxi mu m vali d waveform memory
address number.

VS ERROR >VSCL α . The Χ registe r does not co ntai n α
constant greate r tha n 0.

VXP ERROR VXPD α . The Χ registe r does not co ntain α
constant .

b. Resulting wavefo r m VZR wou l d
not be with i n +20 to -20 divisions .

c. All wavefo rm p oi nts will not be
wit h in 20 d ivisions from the VZR
or from all other wavefo rm points.

VZ ERROR "VZR α . The Χ registe r does n ot contain α
constant from -20 to +20 (i ncl u sive).

b . All points of t he operatio nal
waveform (if not from 0 WFM) will
n ot be with in +20 a nd -20
d ivisio n s.

WFM ERROR WFM α . The Χ registe r does not contain α
constant which, when rounded to the
nea rest integer, is from 0 to the
maxi mum valid wavefo rm memory
address number (i nclusive).
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TABLE 9-20 (CONT)
Erro r Messages

TABLE 9-21
Warn ing Messages

α . The Υ registe r does not co ntain α
vali d waveform memory address.

b . Th e Χ register does not co ntain α
constant which, when rou nded to the
nea rest i nteger, is from 0 to the
maxi mum vali d wavefo rm memory
address numbe r (inclusive).

b . The operatio nal waveform does
not cross the 50% level afte r
Curso r 2.

c.

	

-? is wit h i n : ±(6Ε-04)
(vertical scale factor) .

Displayed Command(s)
Message Affected Possible Causes

4QR WARN I NG AQR α . Nonuniqu e readout selected.

b . Defa u lt scale factor(s) assig ned .

ε . More t han 5°/ο contiguous points
un filled .

d . Command prematurely te rminated
with STOP.

AQS α . M ore than 5ο/ο contiguous points
u nfille d .

λVG WARNI NG AVG, α. More than 5ο/ο contiguous p oints
AVG10, unfilled .
AVG100,
AVG1000 b . Command prematurely te rminated

with STOP.
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Displayed Command(s)
Message Affected Possible Causes

CLW WΑRN έ NG CLW α . Specifie d wavefo rm was not
d is played with DSW.

CRS WAR NING CRS1 > α. Cursor at end of operational
CRS2> waveform .

CRS1 < α . C ur so r at start of operational
waveform.

CRS2< α . Curso r 2 at Curso r 1 .

DSW α. E ig ht wavefo rms al ready d isplayed
with DSW.

No M essage ΕΕΧ α. ΕΕΧ command issued during
exponent entry .

GN D α. More tha n 5 °/ο contig uous points
un filled .

b . Comm and prematurely te rmi nated
with STOP .

GOTO α . Th e Χ register contains α constant
greate r tha n the last stored program
line number.

GSB α . Th e Χ registe r contains α constant
greater than the last stored program
li ne number.

-λ C V,-ΑΙF Γ-i Ρυ : > HCRD α . The value in the Χ register
represents α p osition beyond the
rig ht gratic u le edge .

-?XP WARNI NG H XPD α . The Χ register contains α constant
(Cursors Off) whic h is less than 1 .

HXPD α. Th e Χ registe r contains α
(Cursor 1 On) constant which is less tha n:

10/(distance from Cursor 1 to the
rig ht graticule edge, i n d ivisio ns) .
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TABLE 9-21 (CONT)
Warn ing M essages

Displayed Command(s)
Message Affected Possible Causes

ΗΧΡ WAR NI ΓdC HXPD α . HCRD equals g .
(cont) (Both Curso rs

On)

LN WARN I NG LN α . The constant i n th e Χ r egister is
eit he r 0 or negative.

b . At least one point of the wavefo rm
referenced in the Χ registe r is either
0 or negative.

No M essage NEXT α . New prog ram line is started .

RDO WARNI NG RDOUT α . Specified readout position is b la nk
or does not co ntain α valid rea do u t .

SQR WARN I NG SORT α . Th e con stan t in t he Χ r egiste r is
negative .

b . At least one point of t he wavefo rm
referen ced in t he Χ register is
negative.

STE WARN I NG STEP α . Ed it promp t is at end -of- prog ra m .

STOP IN STOP α . STOP comma nd issued as pa rt of α
stored prog ram .

SΤΟ VVARNiNG STOP α . Di rect STOP command issued
duri ng execution of α stored program .

ΤΕ 'WARNING >ΤΕΧΤ α . L ine too long, too many characters,
or too many lines .

VPD WARN I NG VPDN α . Operational waveform is from
0 WFM and at least one p oi nt
would be below -20 d ivisio ns .

VPU WARNI NG VPUP α . Operational waveform is from
0 WFM and at least one p oi nt
would be a bove +20 d ivisio ns.
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Warn ing Messages
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Displayed Command(s)
Message Affected Possible Ca uses

VXP WARNI NG VXPD α . Operational wavefo rm is from
0 WFM and at least one point
would be more than 10 d ivisio ns
from the cente r horizontal graticule
li ne .

>VZR α . Operatio n al waveform is from
0 WFM and at least one poi nt
would be more tha n 20 d ivisio ns
from the center horizontal g ratic u le
li ne.

No Message 0-9 α . More than 12 (digits p lus decimal
p oint) iss ued as mantissa .

No Message α . More tha n one decimal point issued
during mantissa ent ry.

b. Decimal p oint issu ed during
expone nt ent ry.

+ WARN I NG + α . Bot h operands are wavefo rms with
differing horizontal scale factors .

- WARNI NG -

WARN I NG

/ WARN I NG / α . Bot h operands are wavefo rms with
diffe r i ng horizontal scale factors .

b . The Χ register contains 0.

c. At least one point of the
operational wavefo rm is equ al to 0.
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COMMAN D ALGO R ITHM S
The algo rit hms listed below descr ibe the operatio n of the associated 7854
commands. Algo rithm te rms a re defi ned in F igure 9-5.

Any poi nt, f rom and incl ud i ng t h eΜ poi nt, to the last poi nt pr io r to Ν (Ν-1 point) is α J poi nt .
Any poi nt except theΜ poi nt is α J + 1 poi nt .

Υ (J) = t h e vertical coord i nate of the designate d point i n divisions r elative to VZR.

2873-407

AREA

F ig ur e 9-5. Algo rit hm te rms defi ned .

Algo rit hm-If Μ and Ν are the inte rval end -poi nts (Μ < Ν), then :

9-72

Ν-1
AREA =

	

Σ

	

([Υ( J+1) + Υ(J)]/2) *(horizontal increment)J =Μ

For one p oint (N=M), AREA = 0.

Where: horizontal increment= horizontal time i ncrement betweentwoadj acent points .

This is eq uivalent to estimating t he area by li nea r interp olatio n between points
(T rap ezoidal ru le) .



AVG
Acqu i res the real-time wavefo r m, then repeatedly reacqu ires it, accumulating n ew
d ata, p oint-by- point, into co rresponding poi nts of th e averaged waveform . At each
point, the process is characterize d by t he stable averaging fo rmu las given below :

Let YO(N) = averaged stored waveform value afte r Ν cycles
Y1(Ν)= new data acqu i red durin g acqu isition Ν .

I n itially YO(O) = 0

Afte r cycle Ν, YO(N) = Υθ (Ν -1) + [Y1(Ν)- Υθ( Ν- 1)]/N

Continu e un til Ν = Valu e in Χ registe r .

It can be shown that t his pr ocess is eq uivalent to the simple additive average:

Ν
YO(N) = Σ [Υ 1( J ) ]/Ν

J=1

Command Language-7854

Sta ble averagi ng is used beca use, in the ave raged data, the stable component

( r epeating from cycle to cycle i n the raw d ata) does n ot grow in size . Afte r every

cycle, the averaged data has t he values it should have if the process were complete

at that time . Thus, the user can obse rve the progress of t he process, and has t he

option of ea r ly manu al te rmination.

Practical Operation-The pr actical d etails and specificatio ns descr ibed in
connection with repetitive acquisitio n apply to every d igitized point during
averagi ng .

Α modified stable averaging fo r m u la is used:

YO(N) = Υθ( Ν -1) + [Y1(Ν)- Υθ(Ν -1)]/M
Where Μ = 2 exp ;( Ιητ [ Log2 (1 .443 - Ν )]
Ιητ = intege r value

Th is inc reases computing speed, bu t the infl uence of all samples is not equal i n the
final result, lead ing to slightly less noise rejection (approximately 0.7 dB less fo r

ra ndom Gaussian noise).

An average val ue of Ν is used to compute Μ at any stage of the process:

Ν =
total processed points
points p e r wavefo r m

9-73
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Due to the randomsequence of new point acquisition mo re samples ofsome points will
be processed than of others . The standard deviation on t he actu al nu mber of samples
at any given p oint is :

DI FF

wh ere:

S = V~N

Th is method avoids keeping count of each in dividual point; bu t it leads to α va riation
in noise rejection from p oint to point, which effectively adds an extra noise
component.

Ideal Algorithm-Resulting wavefo rm = d (o perational waveform)/dx.

Practical Algorithm-The continuou s operand waveform is conceptually derived
from the d iscrete operational waveform by li nea r inte rpolation between the stored
data p oints . Then, t he d iffe rential coefficient at each data p oint is d efi ned as the
mean slope of the adjacent segments :

fo r Ν = 1 to (M-1)
d iff(Ν) _ ([Υ(Ν +1) - Υ(Ν -1)]/2) / ( horizontal increment)
d iff(0) _ [Υ(1) - Υ(0)] / ( horizontal increment)
d iff(Μ) _ [Y(M) - Υ(Μ-1)] / ( horizontal increment)

d iff(Ν) = d iffe rential coeff at p oi nt Ν .
Υ(Ν) = operatio nal wavefo rm value at point Ν.
Μ = p oints per wavefo rm minus one.
H orizontal increment = hor izontal ti m e increment between two adjacent points .

For t he general point, th is is equivale nt to the slope of the parabola passing thru the
corr espond i ng p oint of the operational waveform and its two adjacent p oi nts .

ENERGY

Algo rithm-If Μ a nd Ν are the inte rval end-points (Μ < Ν), t hen :

Ν-1
ENERGY =

	

Σ

	

QY(J+1 )2 + y(j)2] /2) *(hor izontal increment)J=Μ

F o r o ne poin t ( Ν=Μ ), ENERGY = 0 .

whe r e :

Horizontal increment = hor izontal ti m e increment between two adjacent points .

This is equ ivalent to squarin g all waveform points, then estimati ng the a rea using
linear inte rp olation between points (Tra pezoidal ru le) .

9-74
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Algo rit hm-Comp utes per iod as descr ibed fo r PER comman d , then co mputes its
recip rocal .

HXPD
Algo r ithm-For each wavefo rm p oint wh ic h will become par t of the ex panded
wavefo rm, the new hor izontal location is compu te d , an d t h at val ue place d at the
nea rest point location . In te rve n i ng data is generated by linear inte rp olatio n .

In t he ex panded wavefo rm, val ues of the unex pa nded points a re stored i n t he actual
poin t location closest to the compu ted location . Th is gene rates α "ra ndom"
pe r turbation of the ex panded wavefo rm, proportion al to th e slope at th e moved points.

I n te rp olatio n is used to fill in te rvening points . Points ou tside the interval bounded by
the or igin al data values are filled with the value of t he closest or igin al point . Actu al
data, wh ich may have been presen t at other t han stored p oints, gene r ally wou ld
behave d iffere n tly .

1NTG
χ

Ideal Algo r it hm-ΙΝΤ(χ) = f (op eration al waveform ) dx

Practical Algo r ithm-The contin uous i ntegra nd wavefo rm is co nceptu ally derived
from the operational waveform by linear interpolation betwee n t he stored p oi n ts .
Then, t he area to point Ν of the i ntegr al waveform is calcu late d u si ng the t rapezoi d al
ru le :

ΙΝΤ(0) - 0
fo r Ν = 1 to (points per wavefo rm -1):
ΙΝΤ(Ν )

	

[Υ(0)/2 + Υ(1) + Υ(2) +

	

. . .

	

+ Υ(Ν)/21 * ( hor izontal

	

increment) .

where :

ΙΝΤ ( Ν ) = val ue of i n teg r ated waveform point Ν .

Υ(Ν) = value of i ntegran d waveform point Ν.
Hor izontal incremen t = hor izontal time increment between two adjacen t points .

MEAN

Algo rithm-If Μ an d Ν a re the interval en d -points (Μ < Ν ), then :

Ν -1
MEAN =

	

Σ

	

[Υ(J+1 ) + Υ(J)]/2(Ν -Μ)
J -Μ

For one poin t (N=M), MEAN = Υ( Ν )

Th is is equivalent to AREA + (horizontal exte n t) .
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PER

Algor ithm-Computes time betwee n fi rst crossing of operational wavefo rm ac ross
level (value i n Χ register) to n ext crossing in sa me d i rection . Searching starts at th e left
end of the interval .

Any p oint where the wavefo rmtouchesthe level (value in X register) bu t does not cross
it is detecte d as α crossing .

RMS

Algorithm-If Μ and Ν are the inte rval end -poi nts (Μ < Ν), then :

(Ν-1
RMS = sg rt ς . ι

7

	

[Υ(J+1)Ζ + y(j)2]/2(Ν -Μ)1

Fo r one point (N=M), RM S = absol ute val ue of Υ(Ν) .

SMOOTH
Ideal Algo rithm-The waveform is convolved with α sq ua re pulse of width (equal to
th e val ue in the Χ registe r ) i n g ratic ule d ivisions, centered about ti m e ze ro.

Practical Operation-The pu lse width (val ue i n Χ register) ind ivisio ns is converted to
the equ ivalent number of horizo ntal increments, whic h is then rounded up to the
nea rest odd number S.

Fo r each poi nt of t he newwaveform : t he co rr espond ing point of the old waveform , and
the (S-1)/2 points on either si de of it, are averaged a nd the val ue stored as the new
point .

N ea r the ends of t he wavefo rm, the a bove method requ i res up to (S-1)/2 nonexistent
points beyond the ends. The val ues of the co rr espond ing end points are used fo r these
nonexistent points .

Errors-The actual wi dth of the pulse differs from the specified width; in general, an
error of up to ±1 horizontal increment cou ld occur .

Th e method of extend in g the wavefo rm ends is a rb it rary, a nd the results with in a pulse
width of the endsmust be interpreted in the light of the meth od . Actual datawhic h may
have existed beyond theends would generally give α d iffe rent resu lt, bu t it is unknown
to the calcu lato r .



Appendix Α-
Command Index

Α
ABS (A b sol u te Val u e)

demon st ration of, xxvi ; 6-15,40
disc u ssio n of, 1-13 ; 6-12,15,37,40 ; 9-11
location of, Fig . D bloc k 2
usage of, 6-15,40,93

AQR (Acqu i r e R e p etitive Wavefo rm )
demon st ration of, 5-4 ; 6-24
disc u ssio n of, xxii,xxxi ; 1-13 ; 5-1,4,5 ; 6-20,24 ; 9-41
locatio n of, Fig . Β bloc k 6 ; Fig . D block 15
rest r ictio n s fo r, 5-6 ; 6-25 ; 9-41,60
usage of, 5-4,8 ; 6-24,38,39,44,46,47,48,63,72,112,115,125
warn i n gs iss u e d fo r , 5-4,5 ; 6-24 ; 9-41,68

ρQς (Acqu i r e Si ngle-Sweep Waveform )
demonstr ation of, 5-12
discussio n of, xxii, xxxi; 1-13 ; 5-1,4,12,13,14,20 ; 9-42
location of, Fig. Β b lock 6 ; Fig. D b loc k 15
maxim um sweep r ate, 2-5
rest riction s fo r , 5-14, 9-43,60
usage of, 5-12
warni n gs issued for , 5-13 ; 9-43,68

AREA (R et urn Area)
acc ur acy of, 2-12
algo r ithm for , 9-72
de mon st ration of, 5-26
disc u ssio n of, xx,xxviii ; 1-13 ; 5-22,26 ; 9-52
locatio n of, Fig . Β bloc k 1 ; Fig . D block 5
usage of, 5-26

AVG (Ave r age)
algor ithm for , 9-73
demon st ration of, 6-28
disc u ssio n of, xxxi ; 1-13 ; 5-10,11 ; 6-20,28 ; 9-43
locatio n of, Fig . D bloc k 15
rest r ictio n s fo r, 5-11 ; 6-28 ; 9-44,60
usage of, 6-28,98,101
warn i n gs iss u e d fo r , 5-11 ; 6-28 ; 9-44,68

AVG10 (Aver age 10 Times)
algo r it hm for , 9-73
disc u ssio n of, xxii ; 1-13 ; 5-4,10,11 ; 6-20 ; 9-44
locatio n of, Fig . Β b loc k 6
r est r ictio ns fo r, 5-11 ; 9-44,61
usage of, 5-17,23 ; 6-52,53,83,98,102
warn i ngs iss u e d fo r , 5-11 ; 9-44,68
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AVG 100 (Ave r age 100 Times)
algo r it hm fo r , 9-73
demonst r ation of, 5-10
d isc u ssion of, xxii ; 1-13 ; 5-4,10,11 ; 6-20 ; 9-44
location of, F ig . Β b loc k 6
rest r ictio n s fo r , 5-11 ; 9-44,61
usage of, 5-10,27,31,34
warn i n gs iss u e d fo r , 5-11 ; 9-44,68

AVG 1000 (Average 1000 Ti m es)
algo r it hm fo r, 9-73
demo n st r atio n of, 5-11
disc u ssio n of, xxii ; 1-13 ; 5-4,10 ; 6-20 ; 9-44
locatio n of, Fig . Β bloc k 6
rest r ictio n s fo r, 5-11 ; 9-44,61
usage of, 5-11
wa rn i n gs iss u e d for, 5-11 ; 9-44,68

BOTH (Both Dis p lay)
demon st r atio n of, 5-7,34
d isc u ssion of, xxii,xxxi ; 1-1,13 ; 5-3,7,14,15,16,34,35 ; 6-1 ; 7-17,18 ; 9-4,5,15
locatio n of, Fig . Β bloc k 7 ; Fig . D bloc k 14
usage of, 5-7,34 ; 6-23,28,39,52

CER OFF (Disable Command Err o r S R O)
disc u ssion of, 1-14 ; 7-8,21 ; 9-58

CER ON ( En able Command Err or SR Q)
discussion of, 1-14 ; 7-8 ; 9-58

CH S (C h ange Sig n )
demon st ratio n of, 6-6
disc u ssio n of, xxix; 1-14 ; 6-3,6,11,94 ; 9-25
locatio n of, Fig . D bloc k 8
rest r ictions fo r , 9-25,61
usage of, 6-6,15,40,57,58,64,77,78,79,80,86,87,88,93

CLD (Clea r Disp lay)
demonst ration of, 6-50
disc u ssio n of, xxxi; 1-14 ; 6-19,50 ; 9-37
location of, Fig . D bloc k 12
usage of, 6-50

CL. /'(Clear S h ift Flag)
disc ιι ssio n of, χχχ ; 1-14 ; 6-6 ; 9-26,35
location of, Fig . D bloc k 11

Α - 2



CLL (Clea r Prog ram L ine)
demonst ration of, 6-123
discussion of, xxvi ; 1-14 ; 6-95,97,114,121,123 ; 9-27
location of, F ig . D b lock 1
rest rictions fo r, 6-123 ; 9-27,61
usage of, 6-123,133

CLP (Clea r Prog ram Memory)
de monst ration of, 6-105
discussion of, xxvi ; 1-14 ; 6-95,97,105,121 ; 9-27
location of, F ig . D b lock 1
r estrictions fo r, 6-105; 9-27,61
usage of, 6-105,125; 7-11
warn ings issu ed fo r , 6-105

CLS (Clear Stack)
de monst r atio n of, 6-13
discussion of, xxvii; 1-14 ; 6-12,13; 9-36
location of, Fig . D b lock 4
usage of, 6-13

CLW (Clear Waveform)
demonst r ation of, 6-50
discussio n of, xxxi; 1-14 ; 6-50 ; 9-37
location of, Fig . D b lock 12
restrictions fo r, 6-50 ; 9-37,61
usage of, 6-50
wa rn ings iss ued fo r , 6-50 ; 9-37,69

CLX(Clea r Χ R egister )
demonst ratio n of, 6-6
discussio n of, xxvii; 1-14 ; 6-6,12; 9-36
location of, Fig . D block 4
usage of, 6-6,8,40,93

CNS ( Ret urn Constant)
demonst ratio n of, 6-17
discussio n of, χχχ ; 1-14 ; 6-17,18; 9-19
locatio n of, Fig . D block 10
restrictions fo r , 6-17 ; 9-19,61
usage of, 6-17,98,101,102,103.113,115,123,124,129,130,131

Append ix Α-Command I ndex

CNS (Sto re Consta nt)
demonst ratio n of, 6-17
discussio n of, χχχ ; 1-14 ; 6-17 ; 9-20
location of, Fig. D block 10
r est r ictions fo r , 6-17 ; 9-20,61
usage of, 6-17,98,101,102,112,113,115,116,121,123,125,129,131,133

C R S1 (C ur so r 1 On)
demonstratio n of, 5-18
d iscussio n of, xxi,xxix ; 1-14 ; 5-18 ; 6-61 ; 9-16
location of, Fig . Β block 3; Fig . D b lock 9
usage of, 5-18 ; 6-57,59,61,90,93,112,115,129
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CRS1 < (C urso r 1 Left)
demonst r atio n of, 5-19,21
disc u ssio n of, xxi,xxix ; 1-14 ; 5-19 ; 9-17
locatio n of, Fig . Β block 3 ; F ig . D b loc k 7
rest r ictio ns fo r, 9-17,61
usage of, 5-19,21 ; 6-71,82
wa r nings iss ued fo r , 5-19 ; 9-17,69

CRS 1 > (C ur so r 1 R ig h t)
demon st r atio n of, 5-8,21
disc u ssion of, xxi,xxix ; 1-14 ; 5-19 ; 9-17
locatio n of, Fig . Β b loc k 3 ; Fig . D bloc k 7
r est r ictio n s for , 9-17,61
usage of, 5-18,21,25,26,28,32 ; 6-56,90
warn i n gs iss u e d fo r , 5-18 ; 9-17,69

CRS2-1 (B ot h C ur so r s On)
demon st r atio n of, 5-19 ; 6-55
disc u ssio n of, xxi,xxix ; 1-14 ; 5-19 ; 6-55 ; 9-17
locatio n of, Fig . Β block 3 ; F ig . D bloc k 9
usage of, 5-19,25,28 ; 6-55,58,59,61,71,81,92,113,115,130

CRS2< (C ur sor 2 Left)
demonst r atio n of, 5-20,21
disc u ssion of, xxi,xxix ; 1-14; 5-19,20 ; 9-17
locatio n of, Fig . Β b loc k 3 ; Fig . D b loc k 7
rest r ictio n s fo r , 9-17,61
usage of, 5-20,21,25 ; 6-56,71,82,92
warn i n gs iss u e d for , 5-20,28 ; 9-17,69

CRS2> (C ur so r 2 R ig h t)
demon st r atio n of, 5-20
disc u ssio n of, xxi,xxix ; 1-14 ; 5-19 ; 9-17
locatio n of, F ig . Β b lock 3, Fig . D bloc k 7
r est r iction s fo r, 9-17,61
usage of, 5-20,32
warn i ngs iss u ed fo r , 5-20 ; 9-17,69

D
DELAY (R et urn Delay Time)

acc ur acy of, 2-12
demo n st r ation of, 5-30
disc u ssio n of, xx,xxviii ; 1-14 ; 5-22,29,30 ; 9-54
locatio n of, Fig . Β b loc k 2 ; Fig . D b loc k 6
rest r ictio n s for, 5-30 ; 9-54,61
usage of, 5-30 ; 6-113,116,129,133

DI FF (Diffe re n tiate)
acc ur acy of, 2-11
algor it h m fo r , 9-74
de mon st r atio n of, 6-84
disc ussio n of, xxxii ; 1-14 ; 6-83,84 ; 9-46
locatio n of, Fig . D bloc k 18
rest r iction s fo r , 6-84 ; 9-46,61
usage of, 6-84
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DOTS (Dots Dis p lay)
demo n st r atio n of, 6-46
disc u ssion of, χχχ ; 1-14 ; 6-45,46 ; 9-37
locatio n of, F ig . D bloc k 12
usage of, 6-46

DSW (Dis p lay Sto r e d Wavefo rr n)
demo n st r ation of, 6-48
disc u ssion of, xxxi ; 1-14 ; 6-45,48 ; 9-37
location of, Fig . D bloc k 12
rest r ictio n s fo r , 6-49 ; 9-38,62
usage of, 6-48,49,54
warn i n gs iss u ed fo r , 6-48 ; 9-38,69

ΕΕΧ (En te r Exponent)
demon st r ation of, 6-11
d isc u ssio n of, xxix; 1-14 ; 6-3,11,94 ; 9-24,25,26
locatio n of, Fig . D b loc k 8
usage of, 6-11,40,57,58,64,77,78,79,80,86,87,88
wa r ni n gs iss u e d fo r , 9-24,69

ENERGY (R et urn En e r gy)
acc ur acy of, 2-12
algo r ithm for , 9-74
demon st r atio n of, 5-26
disc u ssio n of, xx,xxviii; 1-15 ; 5-22 ; 9-52
locatio n of, Fig . Β block 1 ; Fig . D bloc k 5
usage of, 5-26

ENTER (En te r Data)
de mon st ratio n of, 6-7,14
disc u ssio n of, xxvii; 1-15 ; 6-3,7,12,13 ; 9-36
locatio n of, Fig . D bloc k 4
usage of, 6-7,9,10,11,12,14,17,33,34,75,81,88,89,121,125,131

ERR? (T r a n s m it Err o r Stat u s)
disc u ssio n of, 7-9 ; 9-58

EXECUTE (Prog r am Exec u te Mo d e)
demonstratio n of, 6-104
disc u ssio n of, xxxiii; 1-15 ; 6-95,96,97,104 ; 9-27
locatio n of, Fig . D bloc k 19
usage of, 6-104,117,124,130,132,134 ; 7-10,19

ΕΧΡ ( E xpon e n tiatio n )
accu r acy of, 2-11,13
de mo n st ratio n of, 6-15,39
disc u ssio n of, xxvi; 1-15 ; 6-12,15,37,39 ; 9-11
location of, Fig . D bloc k 2
usage of, 6-15,16,39
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EXROFF (Disa b le Execu tio n Err o r SR Q)
disc u ssio n of, 1-15 ; 7-8,21 ; 9-58

EXRON ( En able Exec ution Err o r SR Q)
disc u ssion of, 1-15 ; 7-8 ; 9-58

F
f(Set Sh ift Flag)

demonst r atio n of, 5-7
disc u ssio n of, xxi,xxx ; 1-15 ; 5-7; 6-6 ; 9-26,35
locatio n of, Fig . Β b lock 4 ; F ig . D b loc k 11
usage of, 5-7 ; pr eced i n g all sh ift commands

FA LL (R et urn F all Time)
acc ur acy of, 2-12
demo n st r atio n of, 5-30
disc u ssio n of, xx,xxviii ; 1-15 ; 5-22,29,30 ; 9-54
locatio n of, Fig . Β bloc k 2 ; Fig . D bloc k 6
rest r ictio n s fo r , 5-30 ; 9-54,62
usage of, 5-30 ; 6-113,115,129,133

FREQ (R et urn Fr e qu e n cy)
acc ur acy of, 2-12
algor it hm fo r , 9-75
demon st r atio n of, 5-33
disc u ssio n of, xx,xxviii; 1-15 ; 5-22,33 ; 9-54
locatio n of, F ig . Β b loc k 1 ; F ig . D bloc k 5
rest r ictions fo r, 5-33 ; 9-54,62
usage of, 5-33

G
G N D (Set G r ou nd R efe r e n ce)

demo n st r atio n of, 5-8 ; 6-23
disc u ssio n of, 1-15 ; 5-4,8,9 ; 6-23,24 ; 9-45
location of, Fig . Β bloc k 6 ; Fig . D block 15
rest r ictio n s for , 5-9; 6-24 ; 9-45,62
usage of, 5-8.9,22 ; 6-23,37
warn i n gs iss u e d fo r , 6-23 ; 9-45,69

GOTO (Go To Prog r am L i n e)
demon st r atio n of, 6-118
disc u ssio n of, 1-15 ; 6-110,111,119 ; 9-28
location of, Fig . D b lock 19
r est r ictio n s fo r , 6-119 ; 9-28,62
usage of, 6-103,118,120,123,129 ; 7-10
warn i ngs iss u e d fo r , 6-118 ; 9-28,69

GSB (Go 7ο S u b r o utine)
demonst r atio n of, 6-125
disc u ssio n of, xxxiii ; 1-15 ; 6-111,121,125 ; 9-28,29
locatio n of, Fig . D bloc k 19
rest r ictions fo r, 6-125 ; 9-29,62
usage of, 6-125,131
warn ings iss u e d fo r , 9-29,69
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HCR D (R eturn Ho rizontal Coo rd inate)
acc ur acy of, 2-11
demonst ration of, 6-62
discussion of, xxix ; 1-15 ; 6-62 ; 9-16,19
location of, Fig . D b lock 9
rest rictions fo r , 6-62 ; 9-19,62
usage of, 6-62,86,90,93,113,115,129

HCRD (Set Horizontal Coord i nate)
demonst ratio n of, 6-57,58
discussion of, xxix ; 1-15 ; 6-57,58,59 ; 9-16,17,18
location of, Fig . D b lock 9
restrictions fo r , 6-59 ; 9-18,63
usage of, 6-57,58,61,113,115,130
wa rn i ngs iss ued fo r , 6-58,59; 9-18,69

HM DA (Horizontal Mode Α)
demonstration of, 4-14
discussio n of, 1-15 ; 4-8
location of, Fig . Α b lock 6

HM DALT (H orizontal Mode ALT)
de mo nstration of, 4-14
d iscussio n of, 1-15 ; 4-8
location of, Fig . Α b lock 6

HMDB ( Hor izontal Mode Β )
demonst r atio n of, 4-14 ; 6-100
d iscussio n of, 1-15 ; 4-8; 6-100
location of, Fig . Α block 6
usage of, 6-100,112,115,125

HMDCHO P (Horizontal Mode CHO P)
demonst ration of, 4-14
d iscussion of, 1-15 ; 4-9
location of, Fig . Α block 6

HPLFT (Horizontal P ositio n Left)
demonst ration of, 6-75,76,77
discussion of, xxxii; 1-15 ; 6-75,76,77,80,81,82; 9-47
location of, Fig . D block 18
restr ictions fo r , 6-77,78,80 ; 9-47,63
usage of, 6-76,77,80,81,82,93

HPRGT (Hor izontal P ositio n R ig ht)
demonst ratio n of, 6-78,79,80,82
discussio n of, xxxiii ; 1-15 ; 6-78,79,80,83; 9-47
location of, Fig . D block 18
restrictions fo r , 6-78 ; 9-48,63
usage of, 6-76,78,79,81
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HSCL (R et urn Horizo n tal Scale Facto r )
acc ur acy of, 2-13
demonstr atio n of, 6-66
d iscussio n of, xxxii; 1-15 ; 6-66 ; 9-56
locatio n of, F ig . D bloc k 17
usage of, 6-66,93

-H SCL (Set Ho r izo n tal Scale Facto r )
acc ur acy of, 2-13
demo n str ation of, 6-64
disc u ssion of, xxxii ; 1-15 ; 6-64 ; 9-56
locatio n of, Fig . D bloc k 17
rest r ictio n s fo r , 6-65 ; 9-56,63
usage of, 6-63,64,65

HXPD ( H o r izontally Expand Wavefo rm )
algo r it hm fo r , 9-75
demo n st r atio n of, 6-69.70 .71
disc u ssio n of, xxxiii ; 1-16 ; 6-68,69,70,71,72 ; 9-48
locatio n of, Fig . D bloc k 18
r est r ictio n s fo r , 6-69,72 ; 9-48,49,63
usage of, 6-69,70,71,93
warn i n gs iss u e d for , 6-69,70 ; 9-48,49,69,70

ID (I d e n tify I nstrumen t)
disc u ssio n of, xxi ; 1-16 ; 7-17 ; 9-22
locatio n of, Fig . Β b loc k 5

ID? (T ra nsm it I n st rum e nt I d entity)
disc u ssion of, 7-8 ; 9-58

INTG (I n teg r ate)
acc ur acy of, 2-11
algo r it hm fo r , 9-75
demon st r atio n of, 6-84
disc u ssion of, xxxii ; 1-16 ; 6-83,84 ; 9-50
locatio n of, Fig . D bloc k 18
r est r ictio n s for , 6-84 ; 9-50
usage of, 6-84,93

IT RP (I n te rp olate)
acc ur acy of, 2-11
demonst r ation of, 6-89,90,91,92
disc u ssio n of, xxxii ; 1-16 ; 6-83,89,90,91,92,93 ; 9-49
locatio n of, Fig . D bloc k 18
r estrictio n s fo r , 6-89,91,92 ; 9-49,50,63,64
usage of, 6-89,91,92,93

IF X=l' (If Χ Register Equ als Υ Registe r)
demon str ation of, 6-123
disc u ssio n of, xxxiii ; 1-16 ; 6-111,121,124 ; 9-29,30
locatio n of, Fig . D b loc k 19
usage of, 6-123,129



I FY>Χ (If Υ R egiste r Gr eate r T h an Χ R egiste r )
demon st r atio n of, 6-131
disc u ssio n of, xxxiii; 1-16 ; 6-111,121,132 ; 9-30
location of, Fig . D b lock 19
usage of, 6-98,102,103,131

IOCOFF (Disa b le Input/Output SRQ)
disc u ssio n of, 1-16 ; 7-8 .21 ; 9-58

IOCON (En a b le Input/Output SRQ)
disc u ssio n of, 1-16 ; 7-8 ; 9-58

LBL (R et urn La bele d L i n e)
demonst r atio n of, 6-118
disc u ssio n of, xxxiii; 1-16 ; 6-110,111,118 ; 9-31
locatio n of, Fig . D b lock 19
r est r ictio n s fo r , 6-119 ; 9-31,64
usage of, 6-103,118,120,123,125,129,131

LN ( N at ur al Loga r it hm )
acc ur acy of, 2-11,13
demo n st r atio n of, 6-15,39
disc u ssio n of, xxvi ; 1-16 ; 6-12,15,16,37,39 ; 9-11,12
location of, Fig . D block 2
usage of, 6-15,16,39,40
warn i n gs iss u e d fo r , 6-15,39 ; 9-12,70

LNN (B egi n La b el)
demon st r atio n of, 6-99,114
disc u ssion of, xxvi ; 1-16 ; 6-99,114 ; 9-31
locatio n of, Fig . D b loc k 1
rest rictio ns fo r , 6-114 ; 9-31,64
usage of, 6-99,102,112,114,123,125,129,131

MAX (R et urn Maximum V al u e)
acc ur acy of, 2-12
demo n str ation of, 5-23
d isc u ssio n of, xx,xxviii; 1-16 ; 5-22,23 ; 9-52
locatio n of, Fig . Β bloc k 1 ; Fig . D b loc k 5
usage of, 5-23 ; 6-61,112,115,129 ; 7-12

MEAN (R et u rn Mea n V al u e)
acc ur acy of, 2-12
algor ithm fo r , 9-75
demon st r ation of, 5-25
disc u ssio n of, xx,xxviii ; 1-16 ; 5-22,25 ; 9-52
locatio n of, Fig . Β b lock 1 ; Fig . D b loc k 5
usage of, 5-25
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M ID ( R et ur n M i dd le V al u e)
acc ur acy of, 2-12
demonst r ation of, 5-24
disc u ssion of, xx,xxviii ; 1-16 ; 5-22,24 ; 9-52
locatio n of, Fig . Β b loc k 1 ; Fig . D bloc k 5
usage of, 5-24,32 ; 6-43,93

MIN (R et urn M inimum Val u e)
acc ur acy of, 2-12
demo n st r atio n of, 5-24
disc u ssio n of, xx,xxviii ; 1-16 ; 5-22,24 ; 9-52
locatio n of, Fig . Β bloc k 1, Fig . D bloc k 5
usage of, 5-24

Ν
NEXT (Go To N ext Line)

demo n st r atio n of, 6-105,114
disc u ssion of, xxvi ; 1-16 ; 6-97,99,105,114,115,121 ; 7-10; 9-31
locatio n of, Fig . D bloc k 1
rest r ictions fo r , 6-115 ; 9-32,64
usage of, 6-99 an d throu gh o u t Prog ramm i ng .
warn i n gs iss u ed fo r , 6-101,114,115 ; 9-32,70

OFF (C ur so rs Off)
de m onst r ation of, 5-20
disc u ssion of, xxi,xxix ; 1-16 ; 5-20 ; 9-16
location of, Fig . Β b loc k 3 ; F ig . D bloc k 9
usage of, 5-20,21 ; 6-93,100,112,115,123,129

OPCOFF (Disab le O p e r atio n Comp lete S R Q)
disc u ssio n of, 1-16 ; 7-8,21 ; 9-58

OPCO N ( En able Op e r atio n Complete SRQ)
discussio n of, 1-16 ; 7-8 ; 9-58

ORD ( R et ur n O rdi n ate V al u e)
acc ur acy of, 2-11
demon st r atio n of, 6-86
d isc u ssio n ο (, xxxii ; 1-16 ; 6-83,86 ; 9-50
location of, Fig . D bloc k 18
r est r iction s fo r , 9-51,64
u sage of, 6-86

O R D (Set O rd inate Value)
acc ur acy of, 2-12
demo n st r atio n of, 6-87
d isc u ssion of, xxxii ; 1-16 ; 6-83,88 ; 9-51
locatio n of, F ig . D bloc k 18
r est r ictio n s fo r , 6-88 ; 9-51,64
usage of, 6-86,87,93



Ρ
PAUSE (Pause)

demonstration of, 6-133
discussion of, xxxiv; 1-17 ; 5-4 ; 6-3,132,133,134; 9-25,32
location of, Fig . D block 19
usage of, 6-133,134

PER (Return Period)
accuracy of, 2-12
algorithm for, 9-76
demonstration of, 5-32
discussion of, xx,xxviii ; 1-17 ; 5-22,29,32 ; 9-54
location of, Fig . Β block 1 ; Fig . D block 5
r estrictions for, 5-33 ; 9-55,65
usage of, 5-32

PINT (R et urn P oi n t V alue)
acc ur acy of, 2-11
demon st r atio n of, 6-33
disc u ssio n of, χχχ ; 1-17 ; 6-33 ; 9-20
location of, Fig . D b loc k 10
rest r ictio n s fo r , 6-33 ; 9-20,65
usage of, 6-33,41,43

"ΡΝΤ (Set Poi n t Value)
acc uracy of, 2-11
demo n st r atio n of, 6-34
d isc u ssio n of, χχχ ; 1-17 ; 6-34 ; 9-20
locatio n of, Fig . D bloc k 10
r est r ictio n s fo r , 6-34 ; 9-20,65
usage of, 6-34,76,81

Ρ - Ρ (R et urn P ea k-to- P ea k Val u e)
acc ur acy of, 2-12
demo n st r atio n of, 5-24
disc u ssion of, xx,xxviii ; 1-17 ; 5-22,24 ; 9-53
location of, Fig . Β bloc k 1 ; Fig . D bloc k 5
usage of, 5-24 ; 6-43,98,101,102,131

PREV (Go To Pr evio us Line)
demon st r atio n of, 6-121
disc u ssio n of, xxvi ; 1-17 ; 6-97,121 ; 9-32
locatio n of, F ig . D bloc k 1
rest r ictio n s fo r, 6-121 ; 9-32,65
usage of, 6-121,133

FROG ( Pr og r am Ent ry M o d e)
demon st r atio n of, 6-99
disc u ssio n of, xxvi ; 1-17 ; 6-96,97,104 ; 9-32
location of, Fig . D bloc k 1
usage of, 6-99,104,114,121,124,131 ; 7-10,11
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Ρ /W (R et urn P oi nts- p e r -Waveform )
demon st r atio n of, 6-21
d isc u ssion of, χχχ ; 1-17 ; 6-18,19,20,21 ; 9-20
location of, Fig . D bloc k 10
usage of, 6-21,65

> Ρ /W (Set Poi n ts- p e r -Wavefo r m)
demo n st r atio n of, 6-31,32
disc u ssion of, χχχ ; 1-17 ; 6-18,19,20,31 ; 9-21
locatio n of, F ig . D bloc k 10
r estr ictio n s fo r , 6-31 ; 9-21,65
usage of, 6-31,32,46,51

R
READX (Input Χ Registe r Val u e)

disc u ssion of, xxvii ; 1-17 ; 7-4,8,9,11,14,21 ; 9-23
location of, F ig . D block 3
restrictions fo r , 9-23,65
usage of, 7-12,15,16

REMOFF (Disa b le Effect of RQS)
disc u ssion of, 1-17 ; 7-8,21 ; 9-58

REMON ( Ena b le Effect of RQS)
disc u ssio n of, 1-17 ; 7-8 ; 9-58

R DOUT (R et urn Rea d o u t Setti n g)
demonst r ation of, 6-35
discu ssio n of, xxxi ; 1-17 ; 5-4; 6-35 ; 9-45
location of, Fig . D b loc k 15
rest r iction s fo r, 6-35 ; 9-46,65
usage of, 6-35
wa r ni n gs iss u e d fo r , 6-35 ; 9-46,70

R IS E (R et urn R ise Time)
acc ur acy of, 2-12
demonst r ation of, 5-29
disc u ssio n of, xx,xxviii ; 1-17 ; 5-22,29 ; 9-55
locatio n of, Fig . Β b loc k 2 ; Fig . D b lock 6
rest r ictio n s fo r , 5-29 ; 9-55,66
usage of, 5-29 ; 6-113,115,129,133

RMS (R et urn R oot-M ea n -Squ ar e)
acc ur acy of, 2-12
algor ithm for , 9-76
demon stratio n of, 5-25
disc u ssio n of, xx,xxviii; 1-17 ; 5-22,25 ; 9-53
locatio n of, Fig . Β bloc k 1 ; Fig . D b loc k 5
usage of, 5-25



ROLL (Roll Stack)
demonstration of, 6-12
d iscussion of, xxvii ; 1-17; 6-12 ; 9-36
location of, Fig . D block 4
usage of, 6-12,13

RQS (Assert SRO)
d iscussion of, xxi ; 1-17 ; 7-8,21 ; 9-23
location of, Fig . Β block 5

RQSOFF (Disable All SRQ's)
d iscussion of, 1-17 ; 7-8,21 ; 9-58

RQSON (Enable All SRQ's)
d iscussion of, 1-17 ; 7-8,21 ; 9-58

RTN (Return from Subroutine)
demonstration of, 6-130
d iscussion of, xxxiii ; 1-17 ; 6-111,121,130; 9-32
location of, Fig . D block 19
restrictions for, 6-130 ; 9-32,66
usage of, 6-130,131

RUN (Run Program)
demonstration of, 6-119
discussion of, xxxiii; 1-17 ; 6-3,97,119,120,133 ; 9-25,33
location of, Fig . D block 19
r estrictions for, 6-119 ; 9-33,66
usage of, 6-119

SAVE (Save Program)
d iscussion of, xxvii ; 1-17 ; 7-4,8.9,10,21 ; 9-23
location of, Fig . D block 3
restrictions for, 9-23,66
usage of, 7-10

SCOPE (Scope Display)
d iscussion of, xxii,xxxi ; 1-1,17 ; 4-1 to 4-18 ; 7-17,18 ; 9-3,15
location of, F ig . Β b lock 7 ; F ig . D block 14
usage of, 3-3 ; 4-13 ; 5-10 ; 6-24,47,100,112,115,117,125

SENDX (Output Χ Register Value)
d iscussion of, xxvii ; 1-18 ; 7-4,8,9,11,14,21 ; 9-23
location of, Fig . D b lock 3
restrictions for, 9-23,66
usage of, 7-12,14,15
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SG N (R et urn Signum )
acc uracy of, 2-11
demon st r ation of, 6-15,40
d isc u ssion of, xxvii ; 1-18; 6-12,15,37,40 ; 9-12
locatio n of, Fig . D bloc k 2
usage of, 6-15,40

SM OOTH (S moot h Waveform )
accu r acy of, 2-11
algo r it hm fo r, 9-76
demon st ration of, 6-85
disc u ssio n of, xxxii; 1-18 ; 6-83,85 ; 9-51
locatio n of, Fig . D bloc k 18
r est r ictio n s fo r, 6-85 ; 9-51,66
usage of, 6-85,93

SORT (R et urn S qu a re R oot)
acc ur acy of, 2-11,13
demon st r atio n of, 6-15,38
disc u ssio n of, xxvi ; 1-18 ; 6-12,15,37,38 ; 9-12
locatio n of, Fig . D block 2
usage of, 6-15,38
wa rn i n gs iss u e d fo r , 6-15,38 ; 9-12,70

SRO? (T r a n smit L i n e 16)
d isc u ssio n of, 7-9 ; 9-59
usage of, 7-20

START (Sta r t Pr og r am)
demo n st r atio n of, 6-104,117
disc u ssio n of, xxxiv ; 1-18 ; 6-97,104,118; 9-33
location of, Fig . D block 19
rest r ictio n s fo r , 6-118 ; 9-33,66
usage of, 6-104,117,124,130,132,134

STEP ( E xec ute Prog ram By L i n es)
demon st r atio n of, 6-120
disc u ssion of, xxxiii ; 1-18 ; 6-3,97,120; 9-25,34
locatio n of, Fig . D b loc k 9
usage of, 6-120
warn i n gs iss u e d for, 6-120 ; 9-34,70

STOP (Sto p )
demonst r atio n of, 5-10 ; 6-132
disc u ssio n of, xxii,xxxiv ; 1-18 ; 5-3,4 ; 6-3,97,111,120,132,133 134,135 ; 7-4 ; 9-25,34
locatio n of, Fig . Β b lock 6 ; Fig . D bloc k 19
usage of, 5-10 ; 6-102,103,113,116,123,129,131
warn i n gs iss ued fo r , 9-70

STORED (Sto r e d Dis p lay)
demonstratio n of, 5-6
disc u ssion of, xxii,xxxi ; 1-1,18 ; 5-3,6,14,15,16 ; 6-1,104 ; 7-17,18 ; 9-4,5,15
locatio n of, Fig . Β b lock 7 ; Fig . D bloc k 14
usage of, 4-13 ; 5-6,9,10,12,18,23,28 ; 6-1,21,25, 29,38,41,46,48,52,53,63,72,83,
1104,112,115,125
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SWH (Set TT L SIG NAL OUT Hig h )
acc u racy of, 2-7
disc u ssio n of, xxvii; 1-18 ; 2-7 ; 9-23
locatio n of, Fig . D bloc k 3

SWL (Set TT L SIG NAL OUT Low)
acc ur acy of, 2-7
d isc u ssio n of, xxvii; 1-18 ; 2-7 ; 9-23
locatio n of, Fig . D bloc k 3

Τ
TEXT (Transm it Text)

disc u ssio n of, 1-18 ; 7-4,8,9,18,21 ; 9-59
rest r ictio n s fo r , 9-59,66
usage of, 7-20

,TEXT (Input Text)
discussion of, 1-18 ; 7-4,8,9,17,18,21 ; 9-59
restrictio ns fo r , 9-59,66
usage of, 7-19
warn ings iss u e d fo r , 9-59,70

TIME (V e r s u s Ti m e)
demo n st r atio n of, 6-54
disc u ssio n of, χκχ ; 1-18 ; 6-19,45,54 ; 9-38
locatio n of, Fig . D bloc k 12
usage of, 6-54,56

VCR D (R et urn V e r tical Coo rd i n ate)
acc ur acy of, 2-11
demo n st r atio n of, 6-62
disc u ssio n of, xxix ; 1-18 ; 6-62 ; 9-16,19
location of, Fig . D block 9
rest r ictions fo r , 6-62 ; 9-19,66
usage of, 6-62

VCR D (Set V ertical Coo rd i n ate)
accu r acy of, 2-11
demon st r atio n of, 6-59,60,61
discussion of, xxix ; 1-18 ; 2-11 ; 6-59,61 ; 9-16,18
location of, Fig . D bloc k 9
rest r ictions fo r , 6-61 ; 9-18,66
usage of, 6-59,60,61,113,115,129

VECT (Vecto r Display)
demon st r ation of, 6-47
d isc u ssio n of, χχχ ; 1-18 ; 6-45,47 ; 9-38
locatio n of, F ig . D bloc k 12
usage of, 6-47

VMDADD (Ve r tical Mode ADD)
de monst r atio n of, 4-13
discussio n of, 1-18 ; 4-7
locatio n of, Fig . Α b lock 4

Appendix Α-Command Index
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Appendix Α-Command Index

VMDALT ( V e r tical Mo d e AL T)
de monstr ation of, 4-13
disc u ssion of, 1-18 ; 4-5
locatio n of, F ig . Α b lock 4

VMDCHOP (V e r tical Mo de CHOP)]
de monstr ation of, 4-13
disc u ssio n of, 1-18 ; 4-7
locatio n of, Fig . Α b lock 4

VM DL ( V e rtical M o d e LEF T)
demonstr ation of, 4-13 ; 6-100
disc u ssion of, 1-18 ; 4-5 ; 6-100
locatio n of, F ig . Α block 4
usage of, 6-100,112,115,125

VM DR (Ve rtical M o d e R IGH T)
demonst r ation of, 4-13
disc u ssion of, 1-18 ; 4-5
locatio n of, F ig . Α block 4

VPD N (Ve r tical Positio n Down)
disc u ssion of, xxxi ; 1-19 ; 6-72,74 ; 9-40
locatio n of, Fig . D bloc k 13
r est r ictio n s fo r , 6-74 ; 9-40,67
warn i n gs iss u e d fo r , 9-40,70

VPUP (Ve rtical Positio n Up)
demo n st r atio n of, 6-73
disc u ssion of, xxxi ; 1-19 ; 6-72,73 ; 9-40
locatio n of, Fig . D b loc k 13
r est r ictio n s fo r , 9-40,67
usage of, 6-73
warn ings iss u e d fo r , 6-73 ; 9-40.70

VS (Χ Ve r s u s Υ Mo d e)
demo n st r atio n of, 6-53
disc u ssion of, χχχ ; 1-19 ; 6-45,53,54,59,65 ; 9-7,38
locatio n of, Fig . D b lock 12
rest r ictio n s for , 6-54 ; 9-38,67
usage of, 6-51,53

VSCL (R et urn V e rtical Scale Facto r)
acc ur acy of, 2-12
demonstr ation of, 6-66
d isc u ssio n of, xxxii; 1-19 ; 6-66 ; 9-56
locatio n of, F ig . D b loc k 17
usage of, 6-40,66

VSCL (Set Ve r tical Scale Facto r)
acc ur acy of, 2-12
demonstration of, 6-64
d iscu ssio n of, xxxii; 1-19 ; 6-64 ; 9-56
locatio n of, F ig . D bloc k 17

Α - 1 6



VSC ι ( ςοητ )
r est r ictio n s fo r , 6-64 ; 9-56,67
usage of, 6-40,63,64

VXPD ( V e r tically Ex p a nd Waveform )
acc ur acy of, 2-13
demo n st r atio n of, 6-67
disc u ssio n of, xxxii ; 1-19 ; 6-67 ; 9-56
location of, Fig . D block 17
r estr ictions fo r , 6-67 ; 9-57,67
usage of, 6-67
warn i n gs iss u e d fo r , 6-67 ; 9-57,71

VZ R (R et urn V e rtical Zer o R efe r e n ce)
acc ur acy of, 2-12
disc u ssio n of, xxxii; 1-19 ; 9-57
location of, Fig . D block 17

VZR (Set Ve r tical Ze r o R efe r e n ce)
acc u racy of, 2-13
demon st r atio n of, 6-74,75
disc u ssio n of, xxxii ; 1-19 ; 6-74 ; 9-57
locatio n of, Fig . D bloc k 17
r estr ictio n s fo r , 6-74 ; 9-57,67
usage of, 6-74,75
warn i n gs iss u e d fo r , 6-74 ; 9-57,71

WFM (R et urn Sto r ed Wavefo r m)
demonstr atio n of, 6-22
disc ussion of, χχχ ; 1-19 ; 6-22 ; 9-21
locatio n of, Fig . D bloc k 10
r est r ictio n s fo r , 6-22 ; 9-21,67
usage of, 6-22,25,26,29,30,38,39,40,41,42,43,68,91,93,131 ;7-14,15

WFM (Co py Sto r e d Wavefo r m)
demon st r atio n of, 6-26
d isc u ssion of, χχχ ; 1-19 ; 6-20,26 ; 9-21
locatio n of, Fig . D bloc k 10
r est r ictio n s fo r , 6-26 ; 9-21,68
usage of, 6-26,27,38,39,47,48,52,53,68,98,101,112,115,125

WIDTH (R et urn W i d t h)
acc ur acy of, 2-12
demo n st r atio n of, 5-31
disc u ssion of, xx,xxviii ; 1-19 ; 5-22,29,31 ; 9-55
locatio n of, Fig . Β bloc k 2 ; Fig . D b loc k 6
rest r ictio n s for , 5-31 ; 9-55.68
usage of, 5-31 ; 6-113,1116,129,133

Appendix Α-Com mand Index

Ι4- 17



Appendix Α-Command I ndex

Χ-Υ (Χ Exc h a nge Υ )
demon st r ation of, 6-13
d isc u ssio n of, xxvii ; 1-19 ; 6-12,13 ; 9-36
locatio n of, Fig . D b loc k 4
usage of, 6-13,40

0,1,2,3,4,5,6,7,8,9 (Digits)
demo n st r atio n of, 6-5
disc u ssio n of, xxix ; 1-19 ; 6-3,94 ; 9-24
locatio n of, Fig . D b lock 8
usage of, Througho u t Sectio n 6
warn i n gs iss u e d for , 6-5 ; 9-71

. (Decimal Poi nt)
demon st r atio n of, 6-5
disc u ssio n of, xxix ; 1-19 ; 6-3 ; 9-24
locatio n of, Fig . D bloc k 8
usage of, 6-5 and thr ou g hout Section 6
warn i ngs iss u ed fo r , 6-5 ; 9-24,71

+ (Add )
acc uracy of, 2-11,13
demon st r atio n of, 6-7
disc u ssio n of, xxvii; 1-19 ; 6-7,8,36 ; 9-13
locatio n of, F ig . D bloc k 2
usage of, 6-7,9,10,11,40,44,93,123,129
warn i n gs iss ued fo r , 9-71

- (S ubt r act)
acc ur acy of, 2-11,13
demon st r ation of, 6-7
d isc u ssio n of, xxvii ; 1-19 ; 6-7,8,36 ; 9-13
locatio n of, Fig . D b loc k 2
usage of, 6-7,10,11,43,93
warn i n gs iss u e d fo r , 9-71

* (Mu lti p ly)
acc ur acy of, 2-11,13
demonstr ation of, 6-7,41
d isc u ssio n of, xxvii ; 1-19 ; 6-7,8,36,41 ; 9-13
locatio n of, Fig . D b loc k 2
usage of, 6-7,10,11,14,16,40,41,44,93,98,101,102
warn i n gs iss u e d fo r , 9-71

/ (Divid e)
acc ur acy of, 2-11,13
demon st r atio n of, 6-7,42
d iscu ssion of, xxvii ; 1-19 ; 6-7,8,36,42 ; 9-13
locatio n of, Fig . D bloc k 2
usage of, 6-7,9,10,16,40,42,43,65
warn i n gs iss u e d fo r , 6-8,42 ; 9-13,71
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1/31/87

	

C h ange Refe r ence

	

Μ59032

DESCR I PTION

Page κχΙi Ι

FO R S N 8099999 AND BELOW
Fold ou t for Rear Pan el Co ntrols, Connectors δ Indicators (Figure c)

11

	

MEMORY BACK-UP POWER Conneclors-Two female banana jacks for
applying 5 .5 to 6 .5 V DC to provide non-volatile memory .

ίσόσόάΘσΘΘσ
100000000000000000000ιαασσαααααο
1000000000010000000000
10000000000
100000000000000000000
10000000000ιασαασσαασα

Figure C. Locator for 7854 rear-p a nel controls, connectors, and
indicators.
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Page xxiii

FOR SN Β 100000 AN D ABOVE
Fold ou t fo r Rear Panel Controls, Connectors δ I nd icato r s (Figur e ε )

11

	

MEMORY BACK-UP POWER--3.5 V Lith ium Battery located on m em ory board
u sed fo r applying 2-3.5 VDC to provide non-volatile memory.

101300000
101300000
ισσσσσσσισσσοσσσ
10000000

DESCR I PTION

Fig ure C . Locator fo r 7854 rear-panel cont rols, connectors, and
I nd icators.



P roduct

	

7854 Operators

	

Date :

	

1/31/87

	

C hange Reference

	

Μ 59032

P age 1-5

FOR S N Β 099999 AND BELOW

MEMORY BACK-UP POWER

DESCRIPTION

Two female banana j acks (on t he rear panel of the 7854 Oscilloscope mainframe) allow
application o f about 6.25 V do (0 .7 Α maximum) to provide back-up powerfor the
volatile storage devices used for processor memory. T he instrument is fuse p rotected
for application of any voltages applied to the MEMORY BACK-UPPOWER INPUT up to
±50 volts (dc plus peak ac). Whenpower is first applied to the MEMORY BACK-UP
POWER INPUT the red indicator lights to indicate that the fuse has not blown .

FOR SN Β100000 AND ABOVE

MEMORY BACK-UP I

Page 1δ

FOR SN 8099999 AND BELOW

CAUTION

To preventloss ofdata frommemory due to αpower failure, apply
memory back-uppower.

When i n MEMORY BACK-UP POSITION this provides MEMORY BACK-UP in the Sell Test
on Turn On position . At Turn On ή will reset RAM and do its self-lest.

GENERAL PURPOSE INT ERFACE BUS (GPIB)

The 7854 (except Option OD) is equipped w
ith an IEEE 488-1978 Digit

al Interlace for
P rogrammable Instrumentation, commonly referred to as a General Purpose Interlace
Bus, or GPIB. The GPIB allows remote control of all processor functions, and data
transfers to and from the 7854 .

The GPIB connector and associated address and function selector switches are mounted
on the rear panel of the 7854 . Refer to the GPIB section of this m anual for complete
GPIB information .
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Product 7854 Operators Date : 1/31/87 Change R eference Μ59032

DESCRIPTION

FOR SN 8100000 AND ABOVE

T he 7854 is equipped with an IEEE 48Θ-1978 Digital Interface for Programmable
Instrumentation, commonly referred to as α General Purpose Interface Bus, or GPIB.
TheG PIB allows remote control of all processor functions, and data transfers to and
from the 7854 .

The GPIB connector and associated address and function selector switches are mounted
on the rear panel of the 7854. Refer to the GP18 sewn of this manual for complete
GPIB information .

Page 1-7

FOR SN Θ 099999 AND BELOW

GENERAL PURPOSE INTERFACE BUS (GPIB)

POWER-UP CONDITIONS

When the 7854 is turned on (without memory back-up power applied), the waveform
processor runs four sod-checking tests. Although these tests are not al kincusive,
they indicate Ά major portions ο1 t he processor are property working. The self-test
sequence outlined below begins when power is applied to the 7854.

Stop 1 :

	

When power is applied the following indicators will light : P OWER, selected
positions of theΑ andΒ T RIGGERSOURCE switches, and all selected
indicators on t he plug-in units. For approximately three seconds after
power-up the following indieaton will remain off : all positions of the
VERTICAL and HORIZONTAL MODE switches, all Intensity indicators, all red
front-panel (measurement k eyboard) andWaveform Calculator indicators.

Stop 2 :

	

Allpositions ο1 t he VERTICAL and HORIZONTALMODE switches, all Intensity

indicators, and
all

red front-panel andWaveform Calculator indicators will
now light.

Stop 3 :

	

Afault condition found t hrough any of the four tests ά indicated with t he
lights of the VERTICAL and HORIZONTAL MODE switches . Fault condition
codes are listed in Table 1-3. Be sure to note the code received so t hat you
m ay more fully inform the service person a bout the trouble .

Page 5 of 30



Product 7854 O perators Date: 1/31/87 Change Reference
Μ59032

DESCRIPTION

FOR 5Ν B10W00 AND ABOVE

Page 1-10

FOR SN Β099999 AND BELOW
CONSTANT REGISTER

POWER-UP CONDITIONS

When t he 7854 is turned on (without memory back-upon), the waveform processor
runs f our self-checking tests . Although these tests are not all-inclusive, they indicate
d m ajor portions of the processor are property working . The self-test sequence
outlined below begins when power is applied to the 7854.

Stop 1 :

	

Whenpower is applied the following indicators will light: POWER, selected
positions of the Α and Β TRIGGER SOURCE switches, and all selected
indicators on the plug-in units. For approximately three seconds after
power-up t he following indicators will r emain off: all positions of t he
VERTICAL and HORIZONTAL ΜΟDΕ switches, all Intensity indicators, all red
front-panel (measurement keyboard) and Waveform Calculator indicators.

Stop 2 :

	

All positions ο1 the VERTICAL and H ORIZONTAL MODE switches, all Intensity
indicators, and all red from-panel and Wavetorm Calculator indicators will
now light .

Stop 3 :

	

Α f αυΜ condition found through any ο1 t he four tests is indicated with the
lights of t he VERTICAL and HORIZONTALMODE switches. Fault condit ion
codes are listed in Table 1-3 . Be sure to note the code r eceived so that
you m ay more fully inform the service person about t he trouble.

Α storage registerwhich is able to hold only one constantd α time.

Option

FOR SN 8100000 AND ABOVE
CONSTANT REGISTER

Α storage register which is able to hold only one constant at a time.

Νυmbω CNS Reglstωs

	

I

	

CNS Number

Standard Ι,

	

50

	

Ο -49

Option

	

Ι,

	

Number CNS Registers

	

',.

	

CNS Number

Standard	100

	

Ο-99

Page 6 Of 30
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DESCRIPTION

Page 2-7

FO R SN Θ099999 AND BELOW

TABLE 2-1 (CONT)

Electrical Characteristics

Page 7 of 30

C h aracte ristic Performance Requirennents

EXT E RN A L CONNECTORS (Con t)

EXTERNAL KEYBOA RD 25iι1π Ιχπ81sω- Ραι»Ι mnnecor far
mπαetυι,ρ απ ea»ma1 keyoo αrd.

G P IB IEEE-489 1978 2α-Ρίπ feme4 .-P..4---W
οαιηαωη8mαωmeηιιο G ΡΙθ. Meeo
IEEE 0l18-1878. (Not ανυlαtιΙα σπ
OP-00).

MEMORY ΒΑCΚ-U Ρ POWER Ταπ raer- Ραηα Iemale bαπαηα ladla.
Provmaa m ιιηαιroοπα Γα ertemel
Ροωσ Φ mαποσπΦ-m RAM,
σ»reby PWwKhng nm-ιαΙαιΙememory .

ναιφ. R αρυίσ m.πι 6 .0Φ 6.s v dc.

1TL SIGN AL OUTPUT Rearηaιal b κ : cmnκmr povldee
SWUSVm ΤτLεαηω.ουω sgnal .

Ουφυι Level Set byυνmmmenda evaίlab le αι σ»
Wαva mππ Γα 4 υ48 α .

SWL C σΤπνν» S.lerb k1w 4να ουΦυι (b αΙωααπ 0 ν
iΜ .θ .θη. Μαι kπυΦmπΒΓι l ιίηκία

Ι 1σ mΑ .

SWR Canm.nd Sale- Γ i ph level
ουφυι ( bαιω~

" .24 VΑΜ .5 .0V) . Μαιιιmυm οιerαπι
Ι 2 .8 A .

.SaWTOOTH OUT R--P"bm

Ρο4d ιγ Poaιbvsqov q αlιhWeαίηα .l0 V.
ω;σιίπ 1 V . ιπ m 1 MD k»d.

Ουφυι Vαφ. ~ 0v-.

Rie. Γνη. i n. 50ο ιΙ 50 mVπιΜο1-11 ω, selected by σ »
Ι υπαι-,αα. υηίι αιωti ν σωποh, ωΦ , π

15%.100 ηνdίν mex ί mum .

iasa Γm . Ιπm 1 Μη 1 VΑσνιΝ -υπ ». νλσ lσι 10χ.
Wmd by σ» απωb ααe υπιι σ mααν

Ι ωιαι; ι Ιωϋν mασm υm.

QιφυιΡαασαπσ ΑΡΡΦσ mα1eη 850D.
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Characterlatlε

	

i

	

Performance Requiremments

EXTERNAL CONNECTORS (Copt)
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EXTERNAL KEYBOARD 25-Μhmι4ω-ΡνιιΙmππκα br
-νιιευιριη ισιπWΝηΕοιΝ .

GΡΙΘ IEEE-4W1978 2α- ρπWT."ω- Ρ.η.ΙmηηαεαW
ιαrνιιmrρή.σικWιιmG ΡΙθ . Mm
IEEE 488-1978. (Not ..Ibi .
Φdαι 00) .

πι SIGNAL ΟιπΡιπ R.ιr-ΡσιWbr ιewmsc> Φι α-d""
SWVSWH ΓΤιεοmΡιmrαφηαΙ.

αφ tΑιαν. Ι 5.ΙbyωωmταωW..ωΙσ!ιmΜ
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SWL ConmwW S.ba.bιι 4ω.Ι ωφιπ (bιηηη0V
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16 π+Α.
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.SAWTOOTHOUT RtryrW trκmnηw.r .

ΡσW Μ

ΙΙ

Ροι10 ν<0akqω6ιb.....t0V,
ωί6ΙΙπ 1V, ί ,m ι ma low.

ΟυφυιV .Ιφ. ~ t0 Vm.omun.
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Pr o du ct 7854 O p e r ators Date : 1/31/87 Change Reference

	

M59032

DESCR I P TION

FOR SN Β 099999 AND BELOW

On the back of d ivider page

1 .

	

Waveform storage considerations ;
2.

	

Thecommand buffer;
3.

	

Επο r and warning indications; and
4.

	

Thecharacter display in the STOREDand BOTH mo d es .

Page 9 of 30

Section Five
7854

Using the
Measurement Keyboard

This section of the m a nu al d e mo n strates, i n t h e form of sod-teach i n g exercises, th e
operat ion of all front-panel m easurement key b oard commands, except those give n i n
the E XTERN A L block. T h ese exercises are for t h e O pt io n 00 7854 Os ci lloscope which
ca n be operationally simu late d by disconnecting t he Wavef orm Calculator and th e G P I B
ca bles from t h e οscillosΦp e rear-panel connectors.

At/ displays shown in the exendses in thismanual are aired forthe given

condίtions--spσafiedαπdpre viσusly displayedreal-time ωανefαm, the posdonof thα
stored ωαυιοΙοππ, etc.-burmight not be exactlydιφύicayed an your instrument du e to
Γhσ extreme sαrsrtfvίy ο 1 the processor. Therefore, your readings may vary slight!4,
from those shown in the oxwctso displays .

In addition to th e eκen dses 1 ο demonst rate the WFMACQU ISITION , C URSOR, and WFM
PARAMETER commands available on the measurement keyboard, t h is sectio n includes
inform at io n on :



Product

This section o f the ma nu alde mon strates, in the form of seff-teaching exercises, the
operation of all front-panel measurem ent key b oard comm a nds, except those give n in
t he EXTERNA L block. These exercises can be performed by disconnecting the Waveform
Calculator and the G P IB ca bles from the oscilloscope rear-panel connectors .

ΑΙΙ displays shown in the exercises inthis manual are correct for the given
conditions--spedfiσdend previously displayedreal-time waveform, the position of the
storedωαναΙοrm, etc.-but mightnot 6 ο oχacΓty duplicated on yourinstrument du e to
ΓΜ eχααmσ sonsifiνily of Γhσ pnxaσ ssor. Therefore, your readingsmay vary slightly
fmm those shown in the exercisedisplays.

In

	

addition to the exercises to demonstrate the WFMACQU ISITIO N , C URSOR, and WFM
PARAMETER command s available on the measu re ment keyboard, t h is sectio n includ es
i nform atio n on :

1 .

	

Waveform storage considerations ;
2

	

Thecommend buff er;
3.

	

Error and warning indications; and
4.

	

Thecharacter display in the STOREDand BOTH mo d es .

ΝΟΤΕ

Using the
Measurement Keyboard

Memory BackupSWmustbe in Self-Test on Turn On position forthese
exercises.

Page 1 0 of 30

7854 Operators Date : 1/31/87 C h ange Reference Μ59032

DESCR I PTION

FOR SN 8100000 AND ABOVE

On the back of divide r page
Section Five

7854



Product

Page 5-1

Page 5 "21

7854 Operators

Fi r st P a ragra ph
FO R SN 8099999 AND BELOW

Before meas u re me nts can bemade by t he pr ocessor, the real-tim e waveform mu st be
stored in waveform memory . With Option OD, only one waveform can be sto red at α
ti me . Scale factors (vertical deflection factor and horizontal sweep rate) wit h un its,
and the vertical zero re ference (VZR) are stored in m emory wit h t he wave for m points
since all are requ ired to fully specify the wave form value.

First Paragraph
FOR SN 8100000 AND ABOVE

Before measurements canbe ma deby theprocessor, t h e real-tim e ωαναΓοrm must be
stored i n wavefo rm memory. Scale factors (vertical de flect ion facto r and h o r izo n tal
swee p rate) with units, and the vertical zero refe rence (VZR) are stor e d in memory
with the waveform points since all a re requ ir ed 1ο fu lly specify t h e waveform value.

FOR SN Β 099999 AND BELOW

POSITIONING THE CURSORS (Cont)

After turning on both cu rsors, position Cu rsor 1 to the left e d ge ο(t h e g raticule a nd
Cu rsor 2 to th e cente r vertical gr atic u le li n e . The n :

Press Comments

CRS1>

	

Notice that asC ur so r 1 passes t h roug h t h e center vertical
graticule line it picks upC u rsor 2 and b oth move towa rd t he
right.

cast .

	

MoveC u rsor 1 at least one division to the left of Cursor 2 .

CRS2 .

	

CRS WARNING is issued when C u rso r 2 meets Cursor 1 .
Notice that C ursor 2 cannot pick up Cursor 1 .

OFF

	

Turn cursors off.

Date: 1/31/87

DESCRI PTION

WAVEFORM STO RAGE CONSID ERATIONS

WAVEFORM STORAG E CON SIDERATIO N S

NEXT EXERCISE BEGI N S WITH POWER-UP

Page 1 1

	

of 30

C hange Reference

	

Μ59032



Afte r turni ng on bot h cursors, position C urso r 1 1ο the left edge ο1 the g rα1ίευΙι αηd
Curso r 2 to t he centervertical gratic uls line. Then:

Notice t hat as Curso r1 passes t hr oughthe centervertical
g raσ iaι le line it picks Lip Cursor 2 and bot h move toward the
right.
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Μ59032

DESCRIPTION

FOR SN Β099999 AND BELOW

On the back of divider page

Using the
Waveform Calculator

Th eW aveform Calc u lato r k ey b oard p rovi d es accessibility 1ο increase d processing
capab ilities for sto r ed wavefor m manipulation and measurement, an d for num eric
computations . Arid in addition to the three display modes available wit h the
measurem ent keyboard, t h eWaveform Calcu lator p rovi d es command programming
wh ic h allows α repetitive command sequence to be performed automatically by the
processor.

This section builds uponft information presented :, sections f ιηιουgη5 οι this
manualandshouldbe readin sequence.

This section discusses

	

only the increased cap ab ilities available with the Wavef orm
Calc u lato r and is d ivided into two subsections :

1 .

	

Sto re d Display Mode Information-additional inf orm ation pertaining to the
STOREDdisplay mode using th e Waveform Calculator; and

Section Six
7854

2 .

	

Programming-αdiscuss ίon of prog r a mming using theWavefor m Calc u lato r .

Page

	

1 3 of 30
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Date:

	

1/31/87 Change Reference

	

Μ53032

DESCRIPTION

FOR S N Θ 100000 AND ABOVE

On the back of divider page

ΝΟΤΕ

Μιπ roη 8αckupSWmustba in Sel-Teston Turn On.

Pagel 4 of 30

Section SIX

7854

Using the
Waveform Calculator

T he Waveform Calculator keyboard provides accessibility to increased processing
capabilities for stored ωαναfο rm manipulat ion and m easurement, and for numeric
computations . And in addition to the three display modes available with the
measurement k eyboard. the Waveform Calculator provides command programming
which allows α repetitive command sequerκe to be performed automatically by the
processor.

This section builds upon the information presented ή sections 1 through 5 of this
manual and shouldbe readin sequence.

This sect ion discusses only the increased capabilities available with the Waveform
Calculator and isdivided into two subsections:

1 .

	

Stored Display Mode lnforrnatioη --atfdhional information pertaining to the
STORED display modα u sing theWavelorm Calculator; and

2.

	

Programming--a discussion of programming using the Waveform Calculator.
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59032

DESCRIPTION

Page 6-17

FOR SN 8099999 AND BELOW

STORING Α CONSTANT

USING THE CONSTANT REGISTERS

In addition to accumulation of intermediate r esults by the stack, fifty constant
registers (100 with Option 2D) are accessible for the storage of constants . T h ese
constant registers are unaffected by operations occurring within the stack and are
r eferenced with address numbers 0 through 49 (0 through 99 with Option 2D).

To store the number 2.5 in constant register 4 : press 2.5,

	

ENTER

	

,

	

4

	

,
>CNS

f

7ο store α n umber in α constant register:

a .

	

Key in the constant.
b.

	

Terminate numeric entry by pressing

	

ENTER
ε.

	

Key in the register address number (0 through 49, α0 through 99 with
Option 2D) where the constant is tobe stored .

d . Press f >CNS

>CN5 Operation : The contents ο 1 the V register are copied into the constant register
designated by the address number in the Χ register, then the Χ register is popped and
t he constant is displayed in the Χ register field .

aCNS Restriction : Th e contents of the Χ register (constant register a ddress) must
be an integer between, and including, 0 through 49 (0 through 99 with Option 2D).

RETRIEVING Α CONSTANT

To copy data from α constant register to the Χ register: first key in the constant
register address, then press CNS

	

To r ecall the n umber 2 .5 from register 4 : press
4,

	

CNS

	

Thestored constant is retrieved and displayed in t he Χ register field.

CNS Operation : The content of the constant register (designated by the address
number in t he Χ register) is copied into the Χ register.

CNS Restriction : Initially t heΧ register must contain a constant which (when
rounded) s an integer between, and including, 0 through 49 (0 through 99 with O ption
2D).

P age 15 o f
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Date:

	

1/31/87

	

Ch ange R eference

	

Ν59032

DESCRIPTION

Page 617

FOR S N B100000 AND ABOVE

USING THE CONSTANT REGISTERS

In addition to accumulation of intermediate results by the stack one hundred constant
registers are accessible for the storage of constants. These constant registers are
unaffected by operations occurring within the stack and are referenced with address
numbersΦ through 99 .

STORING Α CONSTANT

To store the number 2.5 in constant register 4 : press 2.5,

	

ENTER

	

,

	

4

	

,

	

f
>CNS

To store α number in α constant register:
α .

	

Keyin t he constant.
b.

	

Terminate numeric entry 6Υ pressing

	

ENTER
ε .

	

Keyin t he register address number (Φ t hrough 99) where the constant is to
be stored .

d . Press f >CNS

>CNS Operation : The contents of the Y register are copied into the constant register
designated by the address number in the Χ register, then the X register is popped and
the constant is displayed in theΧ register field.

>CNS Restriction- The contents of the Χ register (constant register address) must
be an integer between, and including, 0 through 99.

RETRIEVING Α CONSTANT

To copy d ata f rom α constant register to theΧ register: first k ey in the constant
register address, then press CNS

	

7ο recall the number 2 .5 from register 4: press
4,

	

CNS

	

The stored constantύ retrieved anddisplayed in the Χ register field .

CNS Operation: The content of the constant register (designated by the address
number in the Χ register) is copied into the Χ register .

CNS Rιstrlstlon : Initially the Χ register must contain αεοηαtαnt which (when
rounded) is an integer between, and including, 0 through 99.

P age 1 6 of 30
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DESCRIPTION

Page 6-18

FOR SN ΙΘ099999 AND BELOW

FOR 8Ν 0100000 AND ABOVE

WAVEFOF8t1 MEMORIES AND RESOLUTION

The memory s pace available within the processor for waveform storageύ α f ixed
amount ; however, the utilization of this space ύ selectable by the operator . By setting
the points-per-waveform ( ΡΜV) value the waveform m emories are allocated and the
stored waveform resolution is selected . The available ΡΛΝ values (except on the
Option ΦΟ instrument which is set at 512) are 128, 256, 512, and 1024; all stored
ωανe(ormα are the same resolution α 1 any given time. In addition to determining stored
waveform resolution, the selected ΡΛΝ value also determines the number of wavetorm
memories available at any given time. The higher the PAV value selected, the greater
t he resolution, but fewer waveforms can than be stored. Table Ε 1 summarizes the
effects o f each Ρ/W value on waveform resolution, waveform mertιones, and the
stored waveforms.

Changing theΡ/W value initiates α major rearrangement of the waveform memories
such that all stored data and status information contained in waveform m emory is
drastically affect ed . P rior to α>Ρ/W (Set Points ΛNaveform) command, each
ωανe1οιmmemory conta ins the vertical coordinates of the waveform points, the
vertical zero reference level, and t he scale factors associated with the wavetorm
points .

WAVEFORMMEMORIES AND RESOLUTION

The memory space available within the processor for waveform storage ύ α fixed
a mount ; however, the utilization of this space is selectable by the operator. By setting
the points-per -waveform ( ΡΝη value the waveform memories are allocated and t he
stored waveform resolution is selected . The availableΡΛΝvalues a re 128, 256, 512,
and 1024; all stored waveforms are the same resolution at any given time . In addition
to determining stored waveform resolution, the selected ΡΛΝ value also determines the
number of waveform memories available at any given time . Thehigher the ΡΜΙvalue
solaced, the greater the resolution, but fewer ωανσ (οrms can then be stored . Table 6-
1 summarizes the effects of each ΡΛΝ value on waveform resolution, wavefomt
memories, and the gored waveforms .

Changing the ΡΛΝ value ήά iales αmajor rearrangement of the waveform m emories
such that all stored data and status information contained in waveform memory is
d rastically affected . P rior to α > Ρ/W (Set Poinls/Wavelorm) command, each
waveform memory contains the ναπίιαΙ coordinates of the waveform points, the
vertical zero reference level, and the scale f actors associated with the waveform
points.

Page1 7

	

of 30
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Μ59032

DESCR I PTION

Page 619

FO R S N Θ099999 AND BELOW

FOR SN Β100000 AN D ABOVE

TABLE 61
.P1W Effects

TABLE 61
.P1`W Effects

7854
Version

Page 18 of 30

Standard 7854

ι

7854
Version

Ι Ρ/W
V αΙυα

Ι

Ι

Total
Wavetorm

Ι Memories Ι

~

Wavefor m
Memory
Add resses

Ι

Weveform
Ρο 1π t

Numbers

Number o f
Points P e r

ΙΙ Horizon tal
Gratlcu le

Ι
Division

7854 Wit h
Option 0D Ι

512 Ι 2
Ι

Ι
i

Φ -1
Ι
Ι 0-511 ~ 51 .2

ι

Standard 7854 ~ 128

Ι

16 Φ -5 Ι 0-127 12 .8
256 8 Φ -7 0-255 25 .6
512 4 Φ-3 ' 0- 511 51 .2
1024 2 Φ-1 0-1023 102.4

With Option 2D 12Θ - 4Φ_~ Φ-39 j 0-127 ~ ~
-

12 .8
0-255 25 .6
0-511 51 .2

©ΔΙ 0-1023 Ι 102.4

Ρ/W
Value

Total
Waveforml
Mamorles Ι

Wawfor m
Memory
Addresses

Wavefαm
pawn
Numbers

Num ber of
Points Per
Horizontal
G ratlc ule
Divisio n

' 128 ~ 40 0- 39 0-127 12.8
256 20 0-19 0-255 25 .6
512 10 ' 0-9 Φ-511 51 .2

Ί 1024 ι 5 _L_ 0d 0-1023 102 .4
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DESCRIPTION

Page 6-95

First Paragraph

FOR SN 809999θ AND BELOW

Program memory will hold αmaximum of 920 (commands plus line numbers), 2000
with Option 2D, and α maximum of 1000 program lines . Μ t he p rogram memory is full
and you attempt to enter an additio nal command: (1) The ERROR i ndicators will light ;
(2) the audible warning tone will b e issued if the AUDIBLE ERROR/WARNING switch is
ON ; (3) the display will blink; and (r) commands other thanC LL (Clear Line), CLP
(Clear Program), or EXECUT E , will not be accepted .

First Paragraph

FOR SN 8100000 AND ABOVE

Program memory will hold α maximum of 2000 (commands plus line numbers), and α
maximum of 1000 program lines . Η the program memory is full and you attempt to
enter an additional command : (1) The ERROR indicators will light ; (2) the audible
warning Ions will be issued Ν t he AUDIBLEERROWWARNING switch is ON ; (3) the
d isplay will blink; and (r) commands other than C LL (Clear Line), CLP (Clear
Program), or EXECUTE will not be accepted.

FOR SN 8099999 AND BELOW

On the back of divider page

Page 1 9 Of 30

Section Seven
7854

The 7854 ( αχιαρt Option 00) is equipped with an interface which oDrdorms to IEEE
Standard 488-1978 Digital Interface for P rogrammable Instrumentation, commonly
referred to as α General Purpose Interface Bus, or GPIB.

The GPIB allows permanent storage of 7854 programs, remote programming of the
7854, and data transfers to and from the 7854.

GPIB
Information



Product
7854 Operators

FOR 5Ν8100000 ANDABOVE

On the bedc of divider page

The 7854 is equippedwith an interface which conforms 2ο IEEE Standard 488-1978
Digital Interface for Programmable Instrumentation, commonly referredto as αGeneral
Purpose Interface Bus, orGPIB .

The GPIB allows permanent storageof 7854 programs, remotep rogramming of the
7854, and datatransfers to and from the 7854.

Page 9-1
FORSNΒ099999 AND BELOW

OPTION 02

Option 02 ριονkίσ Χ-Υmods phasecοηαcοοηof thereal-timesignals . Α honzonWdelarline and
compensation networkequalizesdo signal delaybesseeneithervertical compartment OW the
horizontal defection system . With this networkinatapsd and ιclivabd, thephaseshift b etween
theνeηi αΙ andhσητοηΙal systems is agusmbleΦIonthen 2° fιρπdoΦonemegahertz-

OPTION 03

OPTION 78

Replaces standard σι Phosphor withΡ11 .

OPTION 00

OPTION 2D

OPTION Al

Date :
1/31/87

DESCRIPTION

With Option 03 installed, the instrument will meet theEMC (electromagnetic oompatibility)
specifications giventsection2.

ΤΜ standard powermrdis raplecad vnth Λ* Uπίωπal Eprapsrt22awhηφροωω ωιd
(Tektronix P art161-006689).

Page 20

	

of 30

Section Seven

7854

ChangeReference

	

Μ59032

GP IB
Info rmation

Deleιes theWαναήπηCαΙρλααχandGPIBαάΑΌια byremowq2000wads of memory,and
replacing thersarpanalGPIBΦmκΦrand ADDRESSSELECTION α*ictrιωΤι b1αι k ραηα1 .
Operationof theinstrument will not charge except that toΑ~αρηιalROS keyrdVO, SRO, and
REMOTEONLY ίιάειΦιsωinoperative . AN ααmbtheWevelormCsouleax,commands is
denedwhenthis 2Κofmemory is removed.

Anαdϋοσι al 4096 wordsof memory areaddedwith Option 21)Φ expand sheprogram memory,
ωανe1σmmemory,andconstant registers . Program memory is increasedΦαmaximum of 2000
commands,wavekιrm memory is increasedΦ 5120 wavefσmpoints,and 1Μ constant registers
areincreasedΦ100.
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Μ59032

DESCRIPTION

OPTION A2

Thestan dard powercord is replaced with to UK 240-νoltηρep ower ca d(Tekronix Part 161-
0066-10) .

ΟΡ 11ΟΝ Α3

Thestandardpowercord is re placedwith theAustralian 240-volt type poweroord(Tektronix
Part 161-0066-11) .

OPTION A4

Thestandardpowercord is replacedwith the NorthΑmαηcαη 240-vol t type powercord
(TskronixPart l6l4Xr6& 12) .

Page Θ-1
FOR5ΝΒ10ο0W ANDABOVE

OPTION 02

Option 02 provides Χ-ΥmadephaseCorrection ο1 thereal-tήια signals. Αhorizontal delay fine and
εαmφηααtίαι newa kequalizes the signal delay between either verήcal εοηιραιtrιιeη t an d the
hαzontaidellectiorιsyslam . Withthis ηα tωα*installed endαcάναιαd, die phaseshiftbowmen
thewrti®1 and hοπτοηΓαΙ system is αφυsta61eΦ less than 2° from doΦmemegahertz.

OPTION 03

With Option 03 installed . theήstrtxnant will mewthe EMC (elecmromagneticΦmφήbifiy)
specr6caΜor ιsgihmnή secaon 2.

OPTION 78

PlαρΙαοeα standardο1phosphor with Ρ11 .

ΟΡ 71ΟΝ Α1

Thestan dwdpower cordis re place dwiththeUniversal E uropean220-wittype powercord
(Tektronix Part 1614DOGS-09) .

OPTION A2

Thestan dardpowercardis re place dwiththeUK240-νο 11 type power oord(Tekronix Pan 161-
0066-10).

OPi10NΑ3

Theτtandrdpowercordis replacedwith theΑustraban 240-νοΜtype powercord(Ταkfrαιίχ
Ριη 161-006fr11).

οΡ71ΟΝ Αα

Thestandard powercadis replacedwiththeN orthΑ~240- νοβbφpoweroord
(Tektronix Part 161-0066-12).

Page 21 of 30
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Change R eference
Μ59032

DESCRIPTION

Page 8-2

(third paragraph)

FOR SN Θ099999 AND BELOW

INSTRUMENT OPTION IDEPMFICA71ON

7954 Os ci lloscopes with one or more opt ions have stag attached to the rear-panel of
t he m ainframe to identify each included option (02, 03, 78, 0D, 2D,Α 1, Α2, Α3, or
Α4) . The tag(τ) will be located as shown in Figure 8 .1 Instruments with Options 1 S or
2S will not have any identification tag since these opt ions are nor part of the 7854
Oscilloscope .

(third paragraph)

FOR SN 8100000 AND ABOVE

INSTRUMENT OPTION IDENTIFICATION

7854 Oscilloscopes with one o r more optionshave α tag attached to the rear-panel of
the m ainframe 1ο identify each included option (02, 03, 78, At, A2, A3, or A4) . The
lag(s) will be located as shown in Figure 8.1 Instruments with Options 1 S α 2S will
not have any identification tag since these options are nor part of the 7854
Oscillosco p e .

Page 2 2 of 30
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Μ59032

DESCR IPTION

Page 9-3
FORSN8099999 AND BELOW

TABLE 8-1
Option Information Locator

Page 23

	

Of 30

Location In ΜαηωΙ
Option Section H eading Information

._ ι *ρποπ i vesa br ιef desrnption
Ι In ..., i ofOption02 .

Options i

03 3 Ί Lίght Ι Μeπti οπs that thecrtmash
General F ilter 'filteris includedwith

Opereteφ '... Option 03.
Information

8 -Option , Cyvesαbriefdescription
instrument 03 of Option 03
Options

Ιι78 Θ Option Gίvesa briefdescriptionInstrument 78 of Option 78,
Options

ΦΟ 1 Ι General ιΙ Mentions that,except for
Introduction purpose instruments with Option

Interfece ιι 00, the 7854 hasα GPIB.
Bus !

5 Ί introduction
UsingThe i On 7854OptionΦΟ.Ι
Measurement
Keyboard

Wavefarm Explains that with Option
' Storage OD, Only wewawform

Considerations ι, can be stored at a time.

Selecting 'ι Desαi bes display modes
Both CRT ~, of7854 Option OD

Display Mode Ι,

ΙΙ
8 Wevefonn Μθπύοη s that t heOption

UsκgThe Μαπιαι»s δ
Ι

0D instrument will notΙ
ωανα1αm Resolution processwaveforms .
Ce kvlaυr Ί
(Waw fam
Ρrοιαssκφ) Ι Waveform t.ί3ϋ p arametersOf Pulse

i
Acquisition of pulse acquisitionfor
And Data

,,
stan dard andOption 00

j Storage instruments in Table 6-1 .
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M59032

DESCRIPTION

Page 8.3
FOR SN 9100000 AND ABOVE

TABLE 8.1
Option Information Locator

Page 2 4 Of 30

Location In Manual
Option Section Heading Information

02 8 Option ' Gives α brief desaiρEon
Imstruirrient of Option 02.

φέοπs
03 3 . _Light Menione that theα1 mesh

General Fher , fiher is induded with
opera" Option 03.
Information

8
Ι

Option Gives α hrie f descriptionInstrument 03 οΓ Option 03 .
Options

78 Θ Option ~ G7ωκ α brie f description
Instrument 78 of Option 78.

ΦΡlo ααα
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DESCRIPTION

Page 8-4
FORSN0099ΜAND BELOW

Option
00

(tent)

2D

Location In Allanual
Sιction

	

Hooding Information

Θ
Instrument
Options

9
Commend
Language

TABLE &1 (CONT)
Option Information Locator

Page 2 5 of 30

Mentions that Option 00
deletes theGPI B, the
Wawlomn Calculator
key boar d , and 2 .000
wordsof menι ory .

~

	

Giveσ a b rief desαi pΌon
of Option OD .

i

	

Explains hοω theεοπstαη [
registersara referenced
(byaddresses, 0-9Β)

,

	

νπΙh Option το.

Ι

	

Explains howft εοπsΓαπι

i

Ι

	

registes ere referenced
(byadι}s σ s θσ0-99)
with ΟρΌοπ 2D.
Explains h- theopristant
registersam referenced
(by addresses0.99)
with Option 20.

Option
2D

ErrorAnd
Wam ίg

Me-00" .
Table 9-20

Displayed
CNSError
Messages,
CNSERROR
andιCΝ

Listsparameters of pulse
acquisition for standard
an dOption 2ο instruments
in Ta ble 61 .

ΜαηΌοπτ t hat the Χ
register must contain α
number widι in the limits
of theΡ/ω setting for
Option 2D.

G""
a brief description

~Ι

	

ofΟρΌαι 2D.

Mentions that t heΧ
register does not
οοπte ίπ a constant
beaeen :emend99 .

Μαηti οητthat theΧ
register does not

contain econstant
between τα οand 99 .

7
GP18
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Ι
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Product

	

7854 QperatorΣ Date :

	

1/31/87

	

Change Re ference

	

Μ59032

DESCRIPTION

Page Β-4

FOR 5Ν Θ100000 AND ABOVE

Option OD end Optio n 2D are removed.

This page will be left blank

Page 9-19
FORSN Θ 099999 AND BELOW

DATA STORAGE

Table 9-6 lists t h e command s andfunctions usedfor storing and retrievi ng waveform
and constant data

TABLE 94
Data Storage Camnu nd a

Command

	

ΕΧαου tΙοη

CNS

	

Function: Contents of α constant register
(Raυm Constant)

	

(desgrιs"dby address numberή Χ rαgίαΦή
,

	

αηα returned to X register .

Stadt : Pops X rooster; pushes; contents of
Ι

	

constant register into X rooster.

Restriction: X register must contain constant
w h κit, When roundedΦ raerast in teger, is
from 0Φ 49 (ΟΦ 99 with Option 2D), inclusive .

Page26 of 30



Product 7854 Operators

	

Date :

	

1/31787

	

Change R eference

	

Μ59032

DESCR I PTION

FOR SN 81Φ000 ANDABOVE

Table 9-6 lists the command s andfunctionsusedforstoringand retrievingwaveform
and co nstantd ata.

Page 9-20

.CNS
FOR SN 8099999 A NDBELOW

DATA STORAGE

TABLE 9-6
Data Storage Commands

Command

	

ΕχιWΙοη

CNS

	

Ι

	

Function : Contents of aconstant register
(Return Caι stent)

	

',

	

(designated byaddress number inΧ register)
arereturned to Χregister.Ι

L_

constant register into X register.

TABLE 9ό(CONT)
Data Storage Commands

Command 1

Stock: PopsΧ register ; pushescontents of

.CNS

	

Function : Copescontents of Vregί ster Φ
(Sυre Constant)

	

constant regίs:er number gίναnin Χregister; if
contents of V register is αwave form address,
copesWFM-be, Φ Χregister.

Restriction : X register must containconstant
which, when roun dedΦ nearestinteger, is
from 0Φ 99, inclusive.

Stock: Pops Xrooster.

Restriction: Χregister must containconstant
which, when roundedmnearestinteger, is
from0to 49 (0Φ99 with Option 2D),
ίηdυ:ήo.

Page 27 Of 30



Product

	

7854 Operators Date : 1/31/87 ChangeReference

	

Μ59032

DESCRIPTION

>C NS
FOR SN8100000 ANDABOVE

Commend

TABLE"(CΟΝη
Data Storage Commends

Exκutbn

>CN9

	

Function : Copies contents οΓY rooster
(So" Constant)

	

οοηιΦιιι register nunιbargiwn in X rooster ; it
mnlsnisof Υregister is αωαωlοηηaddress.
copies WFΜηwnberΦΧιθφsΦΓ.

Stock: Pops X register.

Restriction : Χ register must centain constant
which, when roundedΦ neαnest integer, is
from θ Φ99, indusiw.

Page 28 Of 30
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7$54 ίίμιerαtυrs

	

Date:

	

1/31/R7

	

C hange R eference

	

Μ59Π3 λ

DESCRIPTION

Page 9-22
FOR SN Θ099999 AND BELOW

Table 9-7 lists the external interface commands executed from both the Waveform
Calculator keyboard o r the measurement keyboard .

Command

ID
(Identify)

EXTERNAL FUNCTIONS

TABLE 9-7
External ΙΜeλαυCommands

Function: Identifies ΙοΙΙοωίηgdata on crt s σααπ .

Display
Line

	

DisplayFoyV

Execution

page 29

	

of 30

9 i ΤΕ3(l78501, V79.1 2 013.004, ΘΚ5

10 ~ ADDRESS: 106 TALK USTEN7 E048

12 i ONO: ROS 10C RE4 EXR CER OPC

13 i OFF9:

Do-Type

Implementedwrsionof Codesand Format
Standard .

ROM wrsiαι .
4 ROM patchωιαί orι1αspecified ROM

wrsion .

Insirument memory capabiiity by option :

Memory Option

2Κ OD

4Κ (starι dard)

8Κ 20
6 GP1Βaddress.
7 GP1Βmodes.

1 ._
Messagetennl nator.

9 GPIB senice requestcommandstatus
(αχrΒρt ωίΙhO ptonΦD) .



Product

	

7854 Operators

	

Date :

	

1 / 31 /87

	

Change Reference
Μ59032

DESCRIPTION

Page 9-22
FOR SN Θ100000 AND ABOVE

Table 37 liststhe external interface commands eτamted from boththeWavetorm
Calculator keyboard orthe measurement keyboard.

12

13

2

3

ι

7

Θ

9

9

	

~

	

ΤΘ(Γ7e5tt, V79.11 01
Ι ANU tEttO RT

10

	

Ί

	

ADDRESS: 105 TALK USTEN7 E016

ΟΙΑ : ROS IOC RE18 EXRCER OPC

OFFS :

Device Type.

Irnplιmenled verawof CodesandFormer
Standard

ROMversion.

ROMpatch version Ια specified ROM
ωνί3η .

GPIS address .

GPIB modes.

Messagewanninavor.

GPIBservice requestcommandstatus.

Commend

ID

(Identify)

EXTERNAL FUNCTIONS

TABLE 9-7
Ετtιrηιl Wallace Commands

Function : ldeηt ifi es following data on crt screen .

Display
Line

Page 30 of 30

Execution

Ssll Test

Display Format

Instrument memory capability by opoon :

φΥοη

( τtarWard)

Memory

ΘΚ

NVMEMORY indicates Mwmy Seek Up
tAods .
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