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I7854 Operators

OPERATORS SAFETY SUMMARY
The general safety information in this part of the summary is for both operating and
servicing personnel. Specific warnings and cautions will be found throughout the
manual where they apply, but may not appear in this summary.

TERMS
IN THIS MANUAL

CAUTION statements identify conditions or practices that could result in damage to
the equipment or other property.

WARNING statements identify conditions or practices that could result in personal
injury or loss of life.

AS MARKED ON EOUIPMENT

CAUTION indicates a personal injury hazard not immediately accessible as one
reads the marking, or a hazard to property including the equipment itself.

DANGER indicates a personal in.jury hazard immediately accessible as one reads the
marking.

SYM BOLS
IN THIS MANUAL

I

t

I

I

I

I

I

Static-Sensitive Devices.

This symbol indicates where applicable cautionary or other information is
to be found.

AS MARKED ON EOUIPMENT

, DANGER-High voltage.

Protective ground (earth) terminal

ATTENTION-refer to manual.

@

A

A
I

WARNINGS
POWER SOURCE

This product is intended to operate from a power source that will not apply more
than 25A volts rms between the supply conductors or between either supply
conductor and ground. A protective ground connection by way of the grounding
conductor in the power cord is essential for safe operation.

xil @ 
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7854 Operators

USE THE PROPER POWER CORD

Use only the power cord and connector specified for your product. Use only a power
cord that is in good condition.

For detailed information on power cords, refer to Section 1, lntroduction

Refer cord and connector changes to qualified service personnel.

GROUNDING THE PRODUCT

This product is grounded through the grounding conductor of the power cord. To
avoid electrical shock, plug the power cord into a properly wired receptacle before
connecting to the product input or output terminals. A protective ground connection
by way of the grounding conductor in the power cord is essential for safe operation.

DANGER ARISING FROM LOSS OF GROUND

Upon loss of the protective-ground connection, all accessible conductive parts
(including knobs and controls that may appear to be insulating), can render an
electric shock.

USE THE PROPER FUSE

To avoid fire hazard, use only the fuse specified in the parts list for your product,
and which is identical in type, voltage rating, and current rating.

Refer fuse replacement to qualif ied service personnel

DO NOT OPERATE IN EXPLOSIVE ATMOSPHERES

To avoid explosion, do not operate this product in an atmosphere of explosive gases
unless it has been specifically certified for such operation.

DO NOT REMOVE COVERS OR PANELS

To avoid personal injury, do not remove the product covers or panels. Do not operate
the product without the covers and panels properly installed.

@ xlll 
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MANUAL COLORS
The colors of black, blue, brown, and green are used throughout this manual to
high-light specific features of the manual designed to aid you in understanding the
operation of your 7854 Oscilloscope.

ln addition to being used for the main body of text, black is used on the graticule
displays of the self-teaching exercises to indicate information which has not
changed during execution of the associated commands.

Certain command mnemonics (such as BOTH, AOS, FREO etc.)areprinted in blue
as they appear on the instrument keyboard(s). A blue mnemonic indicates that the
command is invoked as a "shift function" and must be preceded with the -f
command unless issued through the GPIB. Also, blue boxes surround applications
information given throughout the self-teaching exercises.

Exercise headings (such as ACOUIRING A SINGLE-SWEEP WAVEFORM) and
procedure titles (such as USING THE BEAMFINDER) are printed in brown ar the
start of the exercise or procedure. ln addition, brown is used for the following
symbol to indicate places where the 7854 can be turned off without a{fecting the
next exercises:

Green is used in the text to indicate nomenclature precisely as it appears on the
7854 display screen (e.9., AOR WARNING, BUSY, FRE ERROR, AHCRD, etc.).
However, green used in the display graticules of the self-teaching exercises reflects
information either newly displayed or changed as the direct result of executing the
associated commands.

NEXT EXERCISE BEGINS WITH POWER.UP

xrv @ 
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FRONT-PANEL DESCRIPTIONS

(D C"-"r, Power Connector (not labeled)-Three-pin connector provides

- po*e, lor camera operation and receives single-sweep reset signal

CALIBRATOR (Switch and Output Connector)-Provides calibrated 1'kHz

square-wave voltages.

@ eOwen (Switch and lndicator)-switch controls power to lhe instrument;
indicator illuminates when power rs on.

6) veRftCnl MODE-selects plug-in unit(s) for real-time input source ofv 
vertical deflection. Slatus indicated by illuminated button.

@ I fntCCER SOURCE-selects real-time inlernaltrigger source for A HORIZ

plug-in unit.

(il xOntZOwTAL MODE-Selecls plug-in unit(s) for real-time inpul source of

- horrzonlal dellectton Status indicated by illuminated button.

6) venr TRACE SEPARATION (B)-Verticallv positions the B HORIZ lrace
- with respect to the A HORIZ trace (dual-sweep real-time modes only).

@ e rntccrR soURCE-selects real-time internaltrigger source for B HoRlz
plug-in unit.

@ Ground (not labeled)-Binding post to establish common ground between
associated equipment.

6o-) e tNrglrlslTY-controls brightness of real-time trace produced by the plug-
- in unit installed rn the B HORIZ compartmenl.

@ B lntensity (lndicator)-llluminates when selected bv HORIZONTAL MODE
switch.

@ fOCuS-Controls crt trace definition.

(l) A trufgruSlTY-Controls brightness of real-time trace produced by the plug-
- in unit installed in the A HORIZ compartment.

@ A tntensity (lndicator)-llluminates when selected by HORIZONTAL MODE
switch.

@ AenUftruOER-When pressed, compresses and defocuses displayed real-
time waveforms within graticule area.

I

t

t

t

I

I

t

I

t

t

I

I

I

t

I

@

xvi

Figure A. Locator for 7854 front-panel controls, connectors, and indicators.
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7854 Operators

FRONT-PANEL DESCRIPTIONS (Cont)

@ SfOneO lNTensity-Controls brightness of the stored waveform display.

@ S Storea lntensity (lndicator)-llluminates when in STORED or BOTH
display mode.

@ neAOOUf lntensity-Controls brightness of the alphanumeric readout
drsplay. Disables readout system in counterclockwise detent position.

@ Cnaf ILLUM-Controls illumination of graticule lines.

@ COTfnAST-screwdriver adiustment to conlrol brightness contrast
between real-time inlensified zones and the waveform display.

@ ASftC-screwdriver adiustment used in conjunction with FOCUS control to
obtain a well-defined display.

@ fnACe ROTATION-screwdriver adjustment ro align rrace(s) with
horizontal graticule lines.

@ M.""rr"-"nt Keyboard (not labeled)-Controls internal waveform
processor funclions and selects crt display modes. (See Figure B for details.)

@ xvii

I
I

(

I

I

I
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Tektronix 7s$4 osctl* PE

Figure B. Locator for keys and indicators on the 7854 front-panel measure-
ment keyboard.

-AVERAGE-

r to ioo iooo I
WFM llcoutstTroN

AOS
AOR GNO AUSY

o
STOP

SCOPE

*EMIT*0 SILYin

EXTERNAL

tD ROS

J'

PARAMETERS
MIN P.P

ENERGY ASEA

qM5 MtAN MID

WFM
MAX

FREO
PEN

DELAY WIDTH
FALL
RISE < cRszcBsl

oFF CnS2-1

MEASUREMENT-KEYBOARD DESCRIPTIONS

@ wrr*a PAFAMETERS

NOTE

The following parameters are computed on the OPW
(operational waveform) between and including the cursors, if
on. The results are returned to the X tegister and displayed in
its field in the STORED or BOTH CRT DISPLAY modes.

I

I

t

I

I

t

I
I

I

I

I

I

I

I

I

t

@
@

@

Computes the waveform's most positive value, relative to
the \aZR (vertical zero reference).

Computes the waveform's most negative value. relative to
the \rzR.

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

Computes the waveform's root mean-square value

Compules the waveiorm's algebraic mean value.

Computes the waveform's middle value (MAX + MIN) / 21.

Computes the area under the waveform.

Computes the waveform's energy.

Computes the waveform's period.

Shift function ot (EF-l; computes the waveform's
frequency.

(RMS)

( MEm

@
(ffi)
fEr'rrRGil

@
(FRad

@ eur-se Parameters

NOTE

The fotlowing parameters are computed on the OPW as
defined by the cursor positions. Cursor I identifies the pulse
baseline and Cursor 2 identifies the pulse top. fhe results are
returned to the X register and displayed in its field in the
STORED or BOTH CRT DISPLAY modes.

RISE Computes the rise time o{ the waveform's identified pulse.

( FALL) Shift function of
waveform's identi

@ , computes the falt time of the
f ied pu lse.

Computes the delay time of the waveform's identified
pu I se.

@xx

rWIDTH I Computes the width of the waveform's idenlilied pulse.

fprLAY'I
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MEASUREMENT-KEYBOARD DESCRIPTIONS (Con$

@ cunsons

NOTE

Moves Cursor

Moves Cursor

Moves Cursor

Moves Cursor

Turns oJf the

7854 Operators

1, iJ on, toward the stan of the waveform.

1, if on, toward the end of the waveform.

2, il on, toward Cursor 1.

2, if on, toward the end of the waveform,

cursors.

The cursors, when on, are displayed on the OPW in the
STORED or BOTH CRf ASPLAY modes as intensified points.

(dR#il Turns on both cursors. Displays the coordinares ol Cursor
2 relative to Cursor 1 in line 815 of the display.

(cRs1 ) shift funcrion ot f.ffil ; rurns on cursor 1 only.
Displays the coordinates ol Cursor 1 relative to the start ol
the waveform in line #15 of the display.

fcffil
fcBsl , I

(ffi)
fmsr.-)

foFFl

@ JL Selecrs the shifr funcrion of the next key pressed.

@ exrenrual

NOTE

The following keys and indicators are used primarily in
conjunction with the GPlE (General Purpose lnterface Bus|

@

(-Ros) Asserls a service request Irom the 7854.

Displays the 7854 identilication message on the crt

REMOTE ONLY (lndicator)-llluminates when the 7854 is being
remotely controlled over the GPIB and the keyboard is locked out.

SRO (lndicator)-llluminates when a service request is being asserted by
the 7854.

l/O (lndicator)-llluminates when the 7854 is addressed ro ralk or lisren
over the GPIB.

ERROR (lndicator)-llluminates when an error or warninq condition

@

occu rs.

xxt 
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MEASUREMENT-KEYBOARD DESCRIPTIONS (Cont)

@ wrrvr AcoursrfloN

t

I

t

I

BUSY (lndicator)-llluminates when the processor is busy executing a
comma nd.

Prematurely ends execution of GND, AOR, AVG, AVG1O.
AVG1M, or AVGlffiO commands; aborts all pending
commands. Stops program execution

Presets ground reference Ior subsequent wave{orm
acquisilion. Ground reference is set at the algebraic mean
vertical position of the real-time trace(s).

Acquires repetitive real-time waveform(s) with readout;
slores resu lt in wavelorm memory.

(sroF)

@

rcE)

(Aos)

(AVVGIO?f,l Averages repetitive real-time waveform IOOO limes; stores
resulting wavelorm with scale factors in waveJorm
memory.

(ffi6'ol

Shift function
waveform with
memory.

shill function of
real-time waveform
display.

of @, acquires
readout; stores result

single-sweep
in wavelorm

I

I

I

I

t

I

I

(AVG1a)

Averages repetitive real-time waveform l OO times; stores
resulting wavelorm with scale factors in waveform
memory.

Averages repetitive real-time waveform 1O limes; stores
resulting wavelorm with scale factors in waveform
memory.

Selects real-time waveform and readout display mode.

Selects stored waveform and character display mode.

@ cnr DTsPLAY

(scoPE )

166rHil (STOfiEDI ; selects mixed display of
and stored waveform with character

xxil @ 
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REAR-PANEL DESCRIPTIONS

@ Z-nXtS INPUT-Inpur for external inrensity modulation of the real-time crt
di splay.

@ StCruAl OUT Output signal derived Irom vertical signal as selected by A
TRIGGEB SOURCE switch.

@ + SAWTOOTH OUT Sawtoortt outpul signal derived Irom the A or B lime
base unit.

@ * CAfe OUT-Output signal derived lrom eirher the A Gare, B Gate, or A
Dly'd Gate.

@ srruCle SWEEP REsET-lnpur to reser single-sweep function of A and B
time-base units.

@ eo*". Cord lnput-lnput to allow attachment of power cord.

@ f-rrue VOLTAGE SELECTOR-SeIS insrrument for 'l'l S-volt ot 234-vott
nominal line operation.

@ urrue FUSE-4 A fasr-blowing type.

@ COrufnOl ILLUMINATION-Sets illumination level of TRIGGER SOUBCE
switches and lighted push-button switches on associaled plug-in units.

@ exffnnral KEYBOARD Connector-Allows connecling an exrernal
keyboard such as the 7854 Waveform Calculator, to the mainframe.

@ ufnaonv BACK-UP POWEH Connectors-Two female banana jacks for
applying 5.5 to 6.5 V DC to provide non-volatile memory.

@ tta SIGNAL oUTPUT swL/SwH-BNC connector ro provide TTL-
compalible signal. Level sel by operator with Wave{orm Calculator keyboard.

@ aOS ABORT Pushbutton switch to terminate AOS command.

@ nuOtale EBROR/WARN|NG ON-OFF-swirch ro enable (ON) or disable
(OFF) audio lones anternally generated under error or warning conditions.

@ Cef a Connector-IEEE 488 1978 specified connector ro attow connecting
the instrument to the GPIB. (Not available with Oplions OD & 1D.)

@ Opf g Address Selection-An eight'element, binary-coded switch to select
GPIB mode and address.

I

t

I

I

I

I

I

I

I

I

I

I

I

I

I

xxtv

Figure C. Locator for 7854 rcar-panel controls, and indicators.
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Figure D. Locator ior Waveform Calculator keys and indicators.
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WAVEFORM CALCULATOR DESCRIPTIONS

@ enocnlu erurnv

t

t

I

I

I

The lollowing
programmable

NOTE

progtam commands. excepr LNN, are not
and can only be invoked by direct execution.

fxrl

fcLLl

fcLP I

fprEl

(LNN )

I

I

I

I

I

@ Aritnmetic Commands

tffi) Switches the processor and the display to the program Edit
mode to allow writing a program. This function is invoked
with alternate actuations o, the key.

ln the Entry moder terminates a new program line being
inserted and advances lhe edit prompt to the next line. ln
the Edit mode: advances the edit prompt lo lhe next line.

ln the Entry mode: deletes a new program line and returns
to the Edit mode with the edit prompt at the next line. ln
the Edil mode: deletes the edit line and leaves the edit
prompt at the same line.

Shift f unction ot fCTl; deletes entire program. Returns
to the Edit mode if actualed while in the Entry mode.

ln lhe Enlry mode: performs an implicit NEXT command,
then returns prompt to the previous line.

Shift iuncrion ot l-p:,FiF); begins storage oI a numeric
label in the program and musl be followed by two digit-
entry commands for the label.

NOTE

lf the operandls) for the following functions are constants the
result is a constant given in the X register. lf, however, the
operand is a waveform, the result is a new wavelorm returned
to waveform memory.

( SORT ) Computes the square root oI the contents of the x register

Computes the natural logarithm of the contents of the X
register.

Shift function of @ Computes the exponential
function of the contents of the X register.

computes the absolute value of the contents of the x
reg ister.

xxvi @

PROGRAM ENTRY

CLP IilN
CLL PF€V

_-Ji-J

*

PPr

Fifo
PEN

rr
BMS M€AN

*_J -J
I

cBsi
cRg.1

0

(ExP)
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WAVEFORM CALCULATOB DESCRIPIIONS (Cont)

7854 Operators

[ABS-] compules the signum of the
reg ister.

@ sracx controt

rffii

Shift function of
contents of the X

shift function ol
register, or if the

. Sends the data from the X
contains a waveform memory

Subtracts the contents oi the X register from the contents
of the Y register.

Adds the contents of the X register to the contents of the Y
reg ister.

Multiplies the contents ol the Y register by the contents o{
the X register.

Divides the contents of the Y register by the contents of the
X register.

Sends one record of the program (from the current
program line to the end-of-program line) to the external
GPIB inter{ace. This function is not programmable.

Reads data from the external GPlE inlerface; conslants are
relurned to the x register, waveforms are placed in
waveform memory.

I

I

reg
address the data lrom the specified wavelorm memory is
sent, to the external GPIB interface.

ISWHI Sets the level of rear-panel TTL SIcNAL OUTPUT to high.

G-wO Shift function ot (..ffi). Sers the level of rear-panelTTL
SIGNAL OUTPUT-T6-I6il

Terminates number entry into the X register if in the
number entry state, otherwise, pushes the stack to enter
new dala.

(a?.-T] lnterchanges the contenls ol the Y and X registers.

ROLL Shift funcrion of
regislers.

x<>y Rolls the contents of lhe stack

Clears the X register by popping the stack.fcEl
fcLSl Shifi function of

stack regislers 1o

@

READX

Fo Clears the stack by setting the

xxvlt

I

I

( sGN)

o
@

o
@

O externat

(ffi)

GET6N

fsrNpil
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WAVEFORM CALCULATOR DESCRIPTIONS (Cont)

@ wff.a PARAMATERS (Duplicated on the measurement keyboard.)

NOTE

The following parameters ate computed on the operational
waveform between and including the cursors, if on. The
results are returned to the X register and displayed in its field
in the STORED or BOTH CRT DISPLAY modes.

Computes the operational wave{orm's most positive value,
relative to the vertical zero reference (VZR).

Computes the operational wave{orm's most negative value.
relalive to the \rZR.

Computes the operational waveform's peak-to-peak value
(MAx - MrN).

fRMS) Computes the operational waveform's root-mean-square
value.

MEAN Computes the operational waveform's algebraic mean
value

Computes the operational waveform's middle value
[(MAx + MIN) ,/ 2].

(]ffil

fM:tN--)

AFEA Computes lhe area under the operalional wave{orm.

Computes the operational waveform's energy.

Computes the operational waveform's period.

Shilt function o, (PER-I . Co-prtes the operational
waveform's frequency.

Computes the rise time of the idenlif ied operational
wave{orm pulse.

FREO

@ eUlSe Parameters (Duplicated on the measurement keyboard.)

NOTE

The following parameters are computed on the operational
waveform as defined by the cutsor positions. Cursor 1

identilies the pulse baseline and Cursor 2 identilies the pulse
top. The results are returned to the X register and displayed in
its field in the STORED or BOTH CRT DISPLAY modes.

(E,ERGY'l

FPEH.)

Shilt function of @D Computes the Iall time of the
identified operational waveform pulse.

Computes the delay time ol the identi{ied operational
waveform pulse.

Computes the width of the identified operational wavelorm
pulse.

xxvlil
@

fMrp'l

@

fRrEl

IFALn

fpr.dffi]

(=ffi5ill
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WAVEFORM CALCULATOR DESCRIPTIONS (Cont)

@ CUnsOn POSITION (Duplicated on the measurement keyboard.)

fcl_S'i"f Moves Cursor l, if on, ioward the start of the operational
waveform.

7854 Operators

CRSl > Moves Cursor 1, if on, toward the end oI the operational
waveform.

( cRSr. I

(-RF)

@ Numeric Enrry

ril-E-)
o
fEEl

Moves Cursor 2, il on, toward Cursor 1

Moves Cursor 2, if on, toward the end of the operational
waveform.

Enters the designated digit into the X register.

Enters the decimal point into the X register.

Displays the exponent identifier and lield in the X register.

Changes the sign of the mantissa or exponent of the
number being entered in the X regisler.

I

I

CHS

@ cunsons
NOTE

fhe cursors. when on, are displayed on the operational
waveform in the STORED and BOTH CRT DISPLAY modes as
intensified points.

cRS2- 1 Turns on both cursors. Displays the coordinates o1 Cursor
2 relative to Cursor 1. (Duplicated on the measurement
keyboard.)

Shift funcrion ot @. Turns on Cursor 1 only.
Displays the coordinales ol Cursor 'l relatrve to the start of
the wavetorm. (Duplicated on the measurement keyboard.)

Returns the horizontal coordinate (with one cursor on) or
the relative horizontal coordinate (with both cursors on) to
the X register.

Shift function ot Moves the cursor(s). if on, so
inate or relative horizontalthat the

coordinate equals the value in the X register

Returns the vertical coordinate (with one cursor on) or the
relative verlical coordinale (wiIh bolh cursors on) to the X
reg isler.

f-f/-cRD] shift function of @ Moves the cursor(s), if on. so
that the vertical coordinate, or relalive vertical coordinate,
equals the value in the X regisler.

Turns off the cursors. (Duplicated on the measurement
keyboard.)

foFF f

@

CRD

xxlx

fcRsl I

( HcRp-l

(-.lt-cRp'l

fv-cRp-l
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WAVEFORM CALCULATOR DESCRIPTIONS (Cont)

@ oarn sroBAGE

(ffi) Returns the points-per-waveform setting to the x register

>P /W G7ill
2A, 256,

Returns the vertical value of the operational waveJorm
point specified in the X register to the X register.

I

Shift function of
value to one o{'l

shift funcrion of
point specified in
in the Y register

shift funclion of
Y register into
X register.

Shirt function o,
wavelorm into the
X register.

Sets the points-per-waveform
512, or 1424.

Copies the operalional
memory specified in Ihe

( vs--)

fv1e6i-]

fpors-')

Returns the constant to the X regisler from the constant
register speciJied.

mil Sets the operational waveform
the X register to the vertical value given

(CNS ) Copies the constant given in the
the constant register specified in the

( wFrvr l.
wavelorm

Recalls the stored waveform specified in the X register
from waveform memory to the display.

(,wFM-)

@ srrit commands

lL Selects shift function of the next key pressed. (Duplicated
on the measurement keyboard)

fc7l Shift function ot (Hl; clears the shift flag.

@ sroneo wFM DTsPLAY

NOTE

The following commands effect the stored waveform displayed
in the STORED or BOTH CRT DISPLAY modes only. They have
no affect on the real'time waveforms or the displayed
a lph an u mer ic char acters.

TIME The stored waveform(s) are displayed with lime as the
horizontal axis (Y-T mode).

Shift function of @ The stored waveform(s) are
displayed in the X-Y mode using the waveform specilied in
the X register as the horizontal axis.

The stored waveform(s) are displayed as a series of points
joined together with straight-line vectors.

Shift function ,, @ The stored wavelorm(s) are
displayed as a series of points.

xxx @

( PNil

[-p_Nr )

("ils)

( ,cNS )

( \ /Flvr )
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WAVEFORM CALCULATOR DESCRIPTIONS (Conr)

CLD Shift funcrion o{ (ffi)
the operational waveform,

fo,Ml The stored wavelorm specilied in rhe X register is
displayed in addition to the operational waveform.

(-ClW I Clears the stored waveform specified in the X register from
the display if it was previously displayed with the DSW
command.

7854 Operators

Clears all waveforms. except
from the display if they were

displayed with the DSW command.

@ venrrcal PosrroN

( Vffi) Moves the operational waveform upward.

VPDN Moves the operational waveform downward.

@ Cnf DISPLAY (Duplicated on rhe measurement keyboard.)

(ffi) Selects real'time waveform and readout display mode.

fsrcR-6-l Selects stored waveform and character display mode.

BOTH Shifi function of
real-time and

@ wrna AcoursrroN

(TdF-l Acquires repetitive real-time waveform(s) with readout;
stores result in waveform memory. (Duplicated on the
measurement keyboard.)

Selects mixed display of
with character display.

Averages the repetilive real-time waveform the number of
times listed in the X register and stores the result in
waveform memory.

Presets ground reference for subsequent waveform
acquisition. Ground reference is set at the algebraic mean
vertical position of the real-time trace. (Duplicated on the
measurement keyboard.)

Shrft function of @) Returns the real-time ieadout
value (without units) of the readoul word specified in the
X register to the X register.

fi.ffi)

fa]ill

(cNp)

fRoour I

Shift function of ( AOR ) Acquires single-sweep
waveform with readout and stores the resull in wave{orm
memory. (Duplicated on the measurement keyboard.)

@ ennOn (lndicator) llluminates when an error or warning condition occurs.
(Duplicaled on the measurement keyboard.)

@ xxxl 
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WAVEFORM CALCULATOR DESCRIPTIONS (Cont)

@ wrrvr scALtNG

fVZT"l Returns the location of the operational wavelorm's vertical
zero reference {VZR) in divisions relative to the center
horizontal graticule line to the X register.

f,rzR-)

fvxPp-l

rffii
>VSCL

HSCL

>HSCL

@ wrru FUNcnoNs

f'rTFf

Shift function of @
so thar its VZR is at the

Moves the operational waveform
level specified in the X register.

Changes the horizontal
wavelorm to the value

Horizontally positions the

Vertically expands the operational waveform about the
center horizontal graticule line by the factor specified in
the X register. The vertical scale factor of the operational
waveform is changed so that the waveform's value does
not change. A negative number in the X regasler will also
invert the operational wave{orm.

Returns the vertical scale factor (size per vertical graticule
division) of the operational wave{orm to the X register.

Shirt function of Cm) changes the vertical scale
{actor of the operational wavelorm to the value specilied in
the X register.

Returns the horizontal scale factor (size per horizontal
graticule division) o, the operational waveform to the
X register.

(oRp )

Replaces a delimited porlion of the operational waveform
with a straight line. Delimiters are the cursors, if on, or the
horizontal locations in the Y and X registers.

flNdl lntegrates rhe operational waveform.

DIFF shift tuncrion of
waveform.

Differentiates the operational

>OHD

Returns the value of the operational waveform point
specified in the X register to the X register.

Shift function of tne (!-FTl . Sets the operational
wavelorm horizontal location specified in the X register to
the vertical value given in lhe Y register.

SMOOTH Smoothes the operational waveform (performs an n'point
average) using the value in the X register.

shifr functions ot tne (ffi|
scale factor of the operational
specified in the X register.

Shiil function ot [SbbTE]
operational waveform to the

@xxxlt

fHPLFI
delimaters.

lefi. The cursors, if on, are
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7854 Operators

WAVEFORM CALCULATOR DESCRIPTIONS (Cont)

Horizontally expands the operational waveform, or the
delimited portion of the operalional waveform, by the value
in the X register. The horizonlal scale factor is changed by
the expansion ratio lo maintain the value of the operational
waveform. The cursors, if on, are delimiters.

I

I

I

I

fHEl

delimiters

@ enocnrru EXECUTE

The following
programmable.

STEP

RUN

(GSB)

(TrN )

t coro )

LBL

(E)

lFx=l

Shift funclion ol @
operational waveform to the

. Horizontally positions the
right. The cursors, if on, are

Compares the contents oI the Y
thc STORED OT BOTH CRT

NOTE

program commands, excepl STEP, are

fEE) switches the processor and the display to the program
Execute mode. This function is invoked with alternate
actuations of the key.

Switches the processor to the Step state and begins
single-line execution o{ the program. This command is not
programmable.

Switches the processor from the idle state to the Run
state.

ln the idle or Step states: moves the edit prompt to lhe
program line specified by the number in the X register for
the starl o{ the subroutine. ln the Run state: moves the edil
prompt to the specilied line and conlinues execution of the
subroutine.

Shifi function of @. ln the idleorstepstate: returns
the edit prompl to the program line where the edit prompt
was located prior to a GSB command. ln the Run state:
returns the edit prompt and contrnues execution.

ln the idle or Step states: moves the edit prompt to the
program line specified in the X register. ln the Run state
moves the edit prompt to the specified line and continues
execution.

shift funcrion of Relurns the program line
number to the X reg
specilied label.

the first program holding the

Compares the contents of the Y and X registers, and in the
STORED or BOTH CRT DISPLAY modes, displays the test
result il TRUE or FALSE.

shifr f unction of
and X registers n
DISPLAY modes, displays the test result ol TRUE or
FALSE.

@

GOTO

xxxill

(-HrBGr I

 
Document scan by vintageTEK - Your donations help support the museum - vintagetek.org



7854 Operators

WAVEFORM CALCULATOR DESCRIPTIONS (Cont)

(-SJART ) shift lunction o{ @ . ln the idte stare: switches the
processor to the Run state and begins execution wirh the
first command of program line A@. ln the Run state:
continues execution with rhe first command of program
tine @AO.

(-s.roF-'l

(TAusEl

Terminates AOR, AVG. or GND if executing; terminates
READI , SENDX, >TEXT, TEXT, or SAVE prior to rhe starl
of data transfer; terminates program execution. (Duplicated
on the measurement keyboard.)

Shifr function ot lffiF). Swirches the processor to rhe
idle state lor about 0.7 second.

BUSY (lndicator)-llluminates when the processor is busy executing a
command.

xxxlv @

I

I

t

I

I

I

I

I

I

I

I

I

I
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Introduction
The 7854 Oscilloscope system can be operated rn any of three distinct display
modes SCOPE, STORED, or BOTH-as selected wrth the keys located in the CRT
DISPLAY blocks on either the measurement or Waveform Calculalor keyboards.
These display modes are def ined as follows: (a) SCOPE Mode-Real-time waveform
and readout displays supplied by the selected plug-in units (as in conventional
oscilloscopes). (b) STOBED 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 ol your 7854 oscilloscope system are introduced in the remainder of
this section. ln addition, this section includes the following:

1. Brief descriptions of each control, conneclor, key, and indicator;
2. lnstallation instructions including power-up conditions; and
3. A glossary of terms used throughout this manual.
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I

I

7854 FEATURES

The TEKTRONIX 7854 Oscilloscope with Waveform Calculator combines the
features of a high-performance plug-in oscilloscope with a waveform-oriented
dedicated-function digital processor,

ln the real-time (SCOPE) mode, the 7854 accepts Tektronix low-series plug-in
units for display 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 pair of plug-in compartments are used for the vertical
deflection oI the real-time signal and the right pair are for the horizontal deflection.
Electronic switching between each pair will produce multi-trace real-time vertical or
horizontal displays.

ln addition, the waveform processor provides equivalent-time sampled digitizing of
waveforms b 4AA megahertz equivalent-time bandwidth. The processor can be
operated from either keyboard (front-panel measurement keyboard or detachable
Waveform Calculator keyboard) or remotely over the GPIB (General Purpose
lnterface Bus). By changing the resolution of the waveform memory in the standard
version of the 7854 Oscilloscope, up to 16 waveforms can be stored in memory: up
to 9 of these can be displayed at one time. A mixed (BOTH) mode is provided to
display both the real-time waveforms and the stored waveforms for comparison or
measurement.

Cursors are provided for the stored waveforms to delimit or identify portions of the
waveform to be measured. These cursors are generated by the processor and can
be manually positioned by executing the appropriate commands from the
keyboard(s), automatically positioned through execution of a stored program, or
remotely positioned from the GPIB controller. Some of the dedicated functions (e.g.,
WIDTH, RISE, ITRP, etc.) are cursor-dependent. The cursor coordinates (or relative
coordinates) are provided on the display in the STORED or BOTH modes.

Specific characteristics of the STORED display can be selected with the keyboards
or over the GPIB. The Waveform Calculator provides display control to vertically or
horizontally expand the stored waveform; display any stored waveform versus
another in X-Y mode, or versus time in Y-T mode; display the slored waveform as
individual poinls, or with vectors drawn between points. Also, functions are
provided to manipulate the entire stored waveform. For example, any stored
waveform can be either vertically or horizontally positioned without affecting the
absolute voltage values; or any stored waveform can be differentiated, integrated, or
smoothed and the resulting waveform displayed.

Programming, consisting of a series of commands stored for later execution, is
available to simplify measurements which must be repeated. Editing and execution
is controlled either from the Waveform Calculator or the GPIB.

@ 1-1 
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INSTALLATION
This instrument was inspected both mechanically and electrically before shipment
from the factory to be free of mars or scratches and to meet or exceed all electrical
specifications. Upon receipt, inspect the instrument for any physical damage which
may have been incurred in transit. Then, refer a qualified service person to the
Performance Check Procedure in the Calibration section of the 7854 Service
Manual to verify the electrical performance of the instrument. lf mechanical
damage or performance deficiencies are found, contact your local Tektronix Field
Office or representative.

OPERATING POWER INFORMATION

This instrument will operate from either a I1S-volt or 230-volt nominal line-voltage
source, 48 to 44O hertz.

OPERATING VOLTAGE

The LINE VOLTAGE SELECTOR switch (located on the rear panel of the 7854
Oscilloscope mainframe) allows selection of 11s-volt or Z3@-volt nominal line
voltage operation. To select the correct nominal line voltage. first change the power
cord and plug to match the power-source receptacle (if necessary). Then. use a

small screwdriver to move the LINE VOLTAGE SELECTOR switch to the desired
ra nge.

To prevent damage to the instrument, always check the settings of the
LINE VOLTAGE SELECTOR switch located on the rear panel of the
7854 Oscilloscope mainframe before connecting the instrument to the
line-voltage source.

POWER CORD INFORMATION
A power cord with the appropriate plug configuration is supplied with each
instrument. For your convenience the color-coding oI the power cord conductors is
given in Table 1-1. Also, should you require a power-cord plug other than that
supplied, refer to the Power-Cord and Plug ldentification Table 1-2.

@1-2
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wA n,vilvG

This instrument operates from a single-phase power source, and has a
detachable three-wire power cord wilh a two-pole, three-terminal
grounding-type plug. The voltage to ground (earth) from either pole of
the power source must not exceed the maximum rated operating
voltage, 254 volts.

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

This instrument is salety class I 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 a
mating receptacle with a grounding contact. Do not defeat the
grounding connection. Any intetruption of 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.

*lnternational Electrotechnical Commission

TABLE 1-1

Power-Cord Conductor ldentification

Conductor Alternate Color

Ungrounded (Line) B lack

Grounded (Neutral) White

Color

Brown

Light Blue

Green,/Yellow

@

Grounding (Earthing) Green,/Yellow

1-3 
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I ,.M.RY BAcK-uP ,o*r, A
Two female banana jacks (on the rear panel of the 7854 Oscilloscope mainframe)
allow application of about 6.25 V dc (0.7 A maximum) to provide back-up power for
the volatile storage devices used for processor memory. The instrument is fuse
protected for application of any voltages applied to the MEMORY BACK-UP POWER
INPUT up to 150 volts (dc plus peak ac). When power is first applied to the MEMORY
BACK-UP POWER INPUT the red indicator lights to indicate that the fuse has not
blown.

To prevent loss of data from memory due to a power failure, apply
memory back-up power.

OPERATING TEMPERATURE

The 7854 can be operated in ambient air temperatures between Oo and +50o C, and
can be stored in ambient temperalures from -55o to +75o C. After being stored in
temperatures outside the operating lirnits, allow the chassis temperature to return
to within the operating limits before applying power.

The 7854 Oscilloscope mainframe is cooled by air drawn in through holes in the
top, side, and bottom cabinet panels and blown out through the fan exhaust, To
ensure proper instrument cooling, maintain the clearance provided by the feet on
the bottom cabinet panel, and allow at least 2 inches of clearance at the top, sides,
and rear of the instrument.

l{ the internal temperature of the mainframe exceeds a safe operating level, a

thermal cutout will repeatedly disconnect the instrument power supply. This
condition stops when the temperature returns to a safe level.

INSTALLING PLUG.IN UNITS

The 7854 Oscilloscope mainframe accepts up to 4 Tektronix 7M0-series plug-in
units. This feature allows selection of bandwidth, sensitivity, real-time display
modes, etc., and provides for future expansion of the system.

I

I

CAUfION

@ 1-5 
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The overall electrical capabilities of the system are mainly determined by the
characteristics of the selected plug-ins. For information on other plug-in units, refer
to the current Tektronix Products catalog.

CAUTION

To prevent instrument damage, plug-in units should not be installed or
removed without first turning off the 7854 Oscilloscope. However, to
prevent loss of data lrom memory, be sure memory back-up power is
applied before turning off the instrument.

To install a plug-in unit into a compartment, align the slots in the top and bottom ol
the plug-in unit with the corresponding guide rails in the plug-in compartment.
lnsert the plug-in unit into the compartment until it locks into place. To remove a

plug-in unit, pull ou1 on the release latch to disengage the plug-in. To meet lhe EIVIC

(electromagnetic compatibility) specifications, cover all unused plug-in
compartments with an EIVIC-shielded blank plug-in panel, TektronixpartOl6-01 55-
oa.

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

CONNECTING THE WAVEFORM CALCULATOR

The 7854 Waveform Calculator is shipped to you in a 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 provided on the outer edges of the cable
con nector.

GENERAL PURPOSE INTERFACE BUS (GPIB)

The 7854 (except Option 0D) is equipped with an IEEE 488-1978 Digital lnterface
for Programmable lnstrumentation, commonly referred to as a General Purpose
lnterface 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 o{ this manual for
complete GPIB information.

A

@1-6  
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POWER-UP CONDITIONS

When the 7854 is turned on (without memory back-up power applied), the
waveform processor runs four self-checking tests. Although these tests are not all-
inclusive. they indicate if major portions of the processor are properly working. The
self-test sequence outlined below begins when power is applied to the 7854.

Step When power is applied the following indicators will light: POWER,

selected positions of the A and B TRIGGER SOURCE switches, and all
selected indicators on the plug-in units. For approximately three seconds
after power-up the following indicators will remain off: all positions of the
VERTICAL and HORIZONTAL MODE switches, all lntensity indicators. all
red front-panel (measurement keyboard) and Waveform Calculator
indicators.

Srep 2: All positions of the VERTICAL and HORIZONTAL MODE switches, all
lntensity indicators, and all red front-panel and Waveform Calculator
indicators will now light.

Step 3: A fault condition found through any of the four tests is indicated with the
lights of the VERTICAL and HORIZONTAL MODE switches. Fault conditron
codes are listed in Table 1 -3. Be sure to note the code received so that you
may more fully inform the service person about the trouble.

TABLE 1.3
Self-Test Fault Codes

VERTICAL MOOE
lndicator Status

All lights on

All lights on

All lights on

All lights on.

Circuitry
With Fault

RAM

ROM

Real-time Clock

@

Display

lf a fault code occurs, press any button of the VERTICAL or HORIZONTAL
MODE switches and the self-testrng will continue. Then, refer a qualified
service person to the Performance Check Procedure in the Calibration
section of the 7854 Service Manual to verify the electrical performance of
the instrument.

HORIZONTAL MODE
lndicator Status

B light on.

CHOP light on

CHOP and B lights on.

ALT light on

1-7 
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Step 4 Successful completion of the self tests is indicated by the issuance of the
audible warning tone (if the rear-panel AUDIBLE ERROR,/WARNING
switch is ON), and the extinguishing of all red indicators, the S and A
lntensity indicators, all VERTICAL MODE lights except LEFT, and all
HORIZONTAL MODE switch lights except B. ln addirion, if the READOUT
intensity control is set to about midrange, the message SELF TEST
COMPLETE will be displayed on the crt.

PRESET CONDITIONS
After successful completion of the processor self tests, several parameters of the
7854 are set to predetermined conditions. These power-up conditions are:

I

I

I

I

ICRT DISPLAY Mode .. ..
Program Mode . .. .. .... .

Program Memory

VERTICAL MODE........
HORIZONTAL TVIODE .... .

Stored Waveform Display

P/W (Points/Waveform) .....
Stack Regrsters.....
OPW (Operational Waveform)

All Waveform Memory Points

VZR (Vertical Zero Reference)

Vertical Scale Factor

Vertical Scale Factor Unit

Horizontal Scale Factor

Horizontal Scale Factor Unit

Constant Registers.

TTL Output
All GPIB Service-Request Functions

. Set to SCOPE

...... Set to EXECUTE

....... Cleared

... Set to LEFT

...... Set to B

. Not displayed;

set to VECTors

....Set to 512

. . Cleared to 0

...... Set to 0
. Set to the zero value

(center horizontal graticule line)

. . Set to O (all

waveform memories)

. . Set to 1 (all

waveform memories)

. . Set to V (all

waveform memories)

. . Set to 1 (all

waveform memories)

. . Set to S (all

waveform memories)

. ... .. Set to O

..... Set HIGH

....... Set ON

I

I

I

I

OPERATING POSITION

A bail-type stand, mounted on the bottom of the mainframe, permits the instrument
to be tilted up about lAa for more convenient crt viewing.

@1-8  
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GLOSSARY OF TERMS
The terms listed in this glossary are used throughout this manual and are defined
here for your convenience.

ADDRESS
A value lhat identifies a specific storage location

ALGORITHM

A fully specified procedure used for solving a mathematical problem in a finite
number of steps.

ASCII
Abbreviation for "American Standard Code for lnformation lnterchange". A seven-
bit character code used extensively in data transmission in which 128 numerals.
letters. symbols, and special control codes are represented.

AUTOSCALE
Autornatic vertical scaling of a stored waveform to maximize the display range to
between 13.5 divisions from center screen.

BITS

A single entity used to encode data and designated by either @ or 1.

BUS

An interface o{ one or rnore signal lines used to connect two or more devices over
which messages are transferred.

BYTE

A unit of 8 bits used to encode data. The data transfers over the GPIB are byte
serial, bit parallel.

CALCULATOR LANGUAGE

A computer language that consists primarily of commands, each of which is capable
of invoking a function lo be executed.

COMMAND
An instruction which initiates the processor to perform a pre-programmed function.

COMMAND BUFFER

A device for storing incoming commands, in order of arrival, while previously
received commands are being executed by the processor.

CONSTANT
An unvarying value. ln the 7854 a constant is a single-valued variable.

@ 1-9 
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Number CNS Registers

o

50

1@

CONSTANT REGISTER

A storage register which is able to hold only one constant at a time.

Option CNS Number

oo

Standard a-49

2D a-99

CONTROLLER

A device on the GPIB which is in charge of establishing talkers and listeners for
data transfers.

CURSORS

One or two specially identified points on the operational waveform used to delimit
or identify for further waveform manipulation or measurement.

CURVE

An ASCII string used to represent actual waveform data points over the GPIB.

DATA PATH

Refer to Figure 1-l for illustrated definition.

DIGIT

One of the symbols: A,1 ,2,3,4,5,6,7,8, and 9.

D!GITIZER

A device which converts analog data into numbers. ln the 7854 the digitizer
converts the real-time signals into the digitally-represented stored waveforms.

DOTS

A mode used to represent and display the stored waveforms as a series of discrete
points.

EDIT

To modify the stored program, e.9., to insert or delete commands into or lrom a
program.

EOUIVALENT TIME

ln digitizing oscilloscope operation: the time scale associated with the output of the
digitizer.

EOUIVALENT-TIME BANDWIDTH

The range of frequencies which can be adequately digitized.

@1 -10  
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REAL.TIME PATH+-
STORED DATA

PATH

NUMERIC PATH
aaaaaa>aaaaaa

REAL-TIME PATH: Standard oscilloscope circuitry; includes channel switch, output
amplif ier, and crt.

STORED DATA PATH: lncludes the channel swilch, digitizer, memory, output
amplifier, and crt.

NUMEBIC PATH: lncludes the channel switch, digitizer, memory, and
computational aglorithms; data output is via GPIB (General Purpose lnterface Bus).

2A73 402

CRTCHANNEL
SWITCH

OUTPUT
PLIFIER

WAVEFORM
PROCESSOB

I

t

Figure 1-'l . Delinition of Data Path Terms.

EOUIVALENT.TIME SAMPTING

The method used to digitize and store repetitive real-time waveforms in the 7854
whereby a stored waveform is built from samples taken during many cycles of a

repetitive real-time waveform.

ERROR

lssued when the command which was to be executed could not be executed
because a restriction condition existed.

ES!GN

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

EVALUE

The absolute value of the exponent.

EXECUTION

Performing a command.

EXPONENT

A signed two-digit number that indicates the power to which the base (10) is raised.

@ 1-11
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FLAG

A character that signals the occurrence of some condition, such as the/ indicates
that a shift function will follow.

FLOATING.PO!NT

ln the 7854: a form of notation in which quantities are expressed as a mantissa
(within the range of 1.MO through 999.9) with an exponent.

FUNCTION

A statement to the processor that specifies the operation to be performed. ln the
7854 the values or locations of the operands are implicit in the function.

GPIB

The abbreviation for General Purpose lnterface Bus which is defined by the IEEE

standard 488-1978.

GPIB-ONLY COMMANDS

Commands accessible only via the external interface; commands having no
corresponding keys.

HANDSHAKE
A method of transferring data over the GPIB involving an interlocked sequence of
signals (e.9., DAV, NRFD, NDAC, etc.).

INTERRUPT

To stop a process in such a way that it can be resumed.

l/O llnput/Output)
A term used to refer to data transfers between devices.

JITTER

lnstability of a displayed signal in either amplitude or phase.

LABEL

ln the 7854 a label consists of the character "L" Iollowed by two digits that serve to
identify a program line.

LISTENER (or Acceptor)

A device on the GPIB which is receiving data from another device on the GPIB.
Several listeners are allowed for any data transfer.

@1-12

FIELD

A specified area of the graticule used to display a particular category of data, (e.g.
the contents of the X register, the mnemonic of the last command executed, etc.).
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LETTER EXPONENT

A single letter following the mantissa of a displayed floating-point number which
represents a power of 1O multiplier (e.9., in 2.467m the m represents E-O3).

LSD

Abbreviation for "least significant digit", which is the digit with the lowest
weightang in a number. Usually the right-most digit.

MAINFRAME
That portion of the 7854 which houses the plug-in units and the majority of
circuitry. Does not include the Waveform Calculator or the specific plug-in units.

MANTISSA

That portion of a floating-point number representing the significant digits of the
number le.S., 2.46A is the mantissa in the number: 2.46OE+29l..

MEASUREMENT KEYBOARD
The keys and associated indicators located on the front panel of the 7854
mainf rame.

MESSAGE TERMINATOR

A means of specifying the last byte to be transferred over the GPIB in any one
message.

MNEMONIC CODE

Symbolic language codes that are easily remembered because they closely
resemble the operation that they specify. All 7854 mnemonics are briefly defined
below:

ABS

AOR

AOS

AREA

AVG

AVG1 O

AVG\M

AVG10o/A

BOTH Set display mode for both real-time waveforms and stored
waveforms.

Compute and return absolute value to the X register

Acquire repetitive waveform(s).

Acquire single-shot waveform(s).

Compute and return OPW area.

Average the real-time waveform.

Average the real-time waveform 1O times.

Average the real-time waveform 1OO times.

Average the real-time waveform 1OW limes.

ftD 1-13 
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MNEMONIC CODE (Cont)

CEROFF* Turn off service requests for command errors. (lssued only
over GPIB.)

CERON* Turn on service requests for command errors. (lssued only
over GPIB.)

CHS Change sign.

CLD Clear the stored display of all stored waveforms displayed
with the DSW command.

CL.f Clear shift flag.

CLL Clear program line.

CLP Clear entire program memory.

CLS Clear stack.

CLW Clear the designated stored waveform from the display.

CL.t Clear X register by popping the stack.

CNS Return value from constant register.

>CNS Store value in constant register.

CRS1 Turn Cursor 1 on.

CRS1 < Move Cursor 1 toward start of OPW.

CRS1 > Move Cursor 1 toward end of OPW.

CRS2-1 Turn both cursors on.

CRS2< Move Cursor 2 toward Cursor 1.

CRS2> Move Cursor 2 toward end of OPW.

DELAY Compute and return delay time.

DIFF Differentiate the OPW.

DOTS Display stored waveform(s) in DOTS mode.

DSW Display the designated stored waveform.

'These mnemonics are not printed on the instrument

I

I

I

I

I
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MNEMONIC CODE (Cont)

EEX Enter exponent.

ERR?. Transmit error status over GPIB.

ENERGY Compute and return energy.

ENTER Enter data in stack; terminates numeric entry or pushes the
stack.

EXECUTE Go to the program Execute mode.

EXP Compute exponential f unction.

EXROFF- Turn off service requests for execution errors. (lssued only
over GPIB.)

EXBON- Turn on service requests for execution errors. (lssued only
over GPIB.)

f set shift ftag.

FALL Compute and relurn fall time of OPW.

FREO Compute and return frequency of OPW.

GND Set ground reference.

GOTO Go to specified program line.

GSB Go to program subroutine.

HCRD Return cursor(s) horizontal coordinate.

HCRD Set horizontal coordinate of cursor(s).

HMDA- Set HORIZONTAL MODE to A,

HMDALT- Set HORIZONTAL MODE to ALT.

HMDB- Set HORIZONTAL TVIODE to B.

HTMDCHOP- Set HORIZONTAL MODE to CHOP.

HPLFT Horizontally position the OPW left.

HPRGT Horizontally position the OPW right.

'These mnemonics are not printed on the instrument.

@ 1-15 
Document scan by vintageTEK - Your donations help support the museum - vintagetek.org



lntroduction-7854

MNEMONIC CODE (Cont)

HSCL Return OPW horizontal scale factor.

>HSCL Set OPW horizontal scale factor.

HXPD Horizontally expand the OPW.

lD Display instrument identity message.

lD?- Transmit instrument identity message over the GPIB.

INTG lntegrate OPW.

ITRP Linearly interpolate.

IFX=y Compare constants or referenced waveforms of X and
Y registers for equality.

lFy>x Compare constants or referenced waveforms of Y and
X register for "greater than" condition.

IOCOFF* Turn off service requests for l,/O commands. (lssued only
over the GPIB.)

IOCON* Turn on service requests for l,zO commands. (lssued only
over the GPIB.)

LBL Return labeled program line number.

LN Compute and return natural logarithm.

LNN Begin entering program line label.

MAX Compute and return maximum value of OPW.

MEAN Compute and return mean value of OPW.

MID Compute and return middle value of OPW.

lvllN Compute and return minimum value of OPW.

NEXT Advance to next program line.

OFF Turn cursor(s) off.

OPCOFF* Turn off service requests for operation complete. (lssued only
over the GPIB.)

*These mnemonics are not printed on the instrument
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MNEMONIC CODE (Cont)

OPCON*

ORD

>ORD

PAUSE

PER

PNT

>PNT

P.P

PREV

PROG

P/W

>P/W

READ.X

REMOFF*

REMON*

RDOUT

RISE

BMS

ROLL

ROS

ROSOFF*

*These mnemonics are

Turn on service requests for operation complete. (lssued only
over the GPIB.)

Return ordinate (vertical) value of specified horizontal
coordinate of oPW.

Set OPW to specified ordinate value at specified horizontal
coordinate.

Pause temporarily in program execution.

Compute and return period of OPW.

Return value ol specified point of OPW.

Set point of OPW to specified value.

Compute peak-to-peak value of OPW.

Back up to previous program line.

Enter programming mode.

Return points-per-waveform setting.

Set the points-per-waveform of all waveform memories.

lnput data into 7854 X register from GPIB.

Turn off service requests for ROS. (lssued only over the
GPrB.)

Turn on service requests for ROS. (lssued only over the
GPIB.)

Return real-time readout word contents.

Compute and relurn rise time of OPW.

Compute and return root-mean-square of OPW.

Shift data circularly within the stack.

Transmit SRO query request.

Turn off all service requests except Power On. (lssued only
over the GPIB.)

not printed on the instrument.

t

I
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MNEMONIC CODE (Cont)

ROSON* Turn on all service requests. (lssued only over the GPIB.)

RTN Return from program subroutine.

RUN Run program beginning with the first command of the
current program line.

SAVE Transmit program over GPIB.

SCOPE Set display mode to SCOPE.

SENDI Transmit constant or referenced waveform from the 7854
X register over GPIB.

SGN Compute and return signum function.

SMOOTH Smooth OPW.

SORT Compute and return square root.

SORT* Transmit display line 16 over GPIB.

START Execute program from start (first comrnand ol line MAl.

STEP Single-line program execution.

STOP Terminate program or command execution or equivalent-time
sampling acquisition.

STORED Set display mode to STORED.

SWH Set TTL SIGNAL OUTPUT to high.

SWL Set TTL SIGNAL OUTPUT to low.

TEXT* Transmit displayed alphanumeric characters over GPIB.
(lssued only over the GPl8.)

>TEXT* lnput alphanumeric characters to display from GPIB. (lssued

only over the GPIB.)

TIME Display waveform versus lime (Y-T mode).

VCRD Return cursor(s) vertical coordinate.

>VCRD Set cursor(s) vertical coordinate.

'These mnemonics are not printed on the instrument.
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I

I

MNEMONIC CODE

VECT

VMDADD-

VMDALT*

VIVIDCHOP*

VMDL-

VMDR-

VPDN

VPUP

VS

VSCL

VSCL

VXPD

VZR

VZR

WFM

'WFM

WIDTH

x<>y

+

*

(Cont)

Display stored waveform(s) in vector mode.

Set VERTICAL MODE to ADD.

Set VERTICAL MODE to ALT.

Set VERTICAL MODE to CHOP.

Set VERTICAL MODE to LEFT.

Set VERTICAL MODE to RIGHT.

lVlove OPW down.

Move OPW up.

Display waveform versus waveform (X-Y mode).

Return OPW vertical scale factor.

Set OPW vertical scale factor.

Vertically expand the OPW.

Return the vertical zero reference of the OPW.

Set the OPW vertical zero to the specified graticule location.

Return and display specified stored waveform.

Store OPW into specified waveform memory.

Compute and return width.

Exchange contents of X and Y registers.

Add.

Subtract.

tvl ultiply.

D ivide.

Decimal point.

Digits.

*These mnemonics are not printed on the instrument.
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MSD
Abbreviation for "most significant digit", which is the digit with the highest
weighting in a number. Usually the left-most digit.

NESTING

A programming technique involving the calling of subroutines from other
subroutines.

NOISE

A term referring to spurious or undesirable electrical signals.

OPERAND
Any quantity that is used as input for a command and affects its results.

OPERATIONAL WAVEFORM (OPW)

The operational waveform is always displayed in the stored mode, and is the only
stored waveform whose scale factors are displayed. lt is the waveform operand for
certain waveform functions and the cursors are associated with it. The operational
waveform is the one whose number is presently in the X register, or was lost there,
and is the stored waveform which is currently being manipulated or operated upon.

PROGRAM
A set of stored commands that specifies the series of functions to be automatically
performed by the processor.

PROGRAM LINE

A set of commands which reside on one line of a program, each line having a

unique line number.

POPPING THE STACK

A method of removing data from the stack whereby the data is retrieved from the X

register.

PUSHING THE STACK

A method of entering new data into the stack whereby the new data is written into
the X register.

OUANTIZE

To convert a continuous variable, such as a real-time waveform, into a series of
specified steps or levels. There are no "in-between" values in such a quantized
waveform. Each value of signal is replaced by the nearest available level.

I

I

I

t

t

I

I

@1-20

PREAMBLE

An ASCII string used to define the scaling information for a waveform transferred
over the GPIB.
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OUERY
A GPIB output command used to get status information beyond that contained in
the status byte.

RAM

Abbreviation for "random-access memory". A memory that can be both written into
and read from.

REAL-T!ME WAVEFORMS

Having to do with the actual time during which physical events take place; usually
used to refer to conventional oscilloscope displays.

REAL-TIME SAMPLING

The method used to sequentially digitize and store single-sweep waveforms in the
7854.

RETURN

A bringing back of data from the memory to the stack.

ROM
Abbreviation for "read-only memory". A storage arrangement primarily for infor-
mation-retrieval applications. A memory that can only be read from, not written into.

ROUNDING
Method used to modify a number which contains more significant digits than can be

preserved. Numbers in the 7854 are rounded to 4 significant digits.

RPN

Abbreviation for "reverse polish notation". An arithmetic system used by the 7854
whereby the operand(s) are specified before the function.

rsv

IEEE STD 488-1978 local message indicating request service.

SCALE FACTOR

The factor by which the number of scale divisions indicated must be multiplied to
compute the vertical deflection or sweep duration.

SRO
IEEE STD 488-1978 remote message indicating service request.

SERIAL POLL

A sequential method used by the GPIB controller to receive status from other
devices on the GPIB.

@ 1-21I  
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STACK

A storage area reserved for temporarily holding constant operands or results, or
referencing waveforms in waveform memory, and consisting of five registers named
W,f,Z,Y,andX.

STORING

The entire procedure performed under control of the processor used to place data in
memory.

SUBROUTINE
A series of instructions that perform a specific task and are only a portion of the
main program. Primarily used to prevent duplication of code in programs.

TALKER (or Source)

A device on the GPIB which is transferring data to other devices on the GPIB. Only
one talker is allowed for any data transfer.

TRUNCATE

The dropping of digits from one end of a data item, usually the least significant end,
causing loss of precision or information.

VECTOR

A mode used to represent and display the stored waveforms as a series of straight-
line segments between two time-adjacent points.

VOLATILE STORAGE

A storage device in which stored data are lost when power is removed.

WARNING
lssued when the results from the command executed may not be what the user
expects. The results should be examined carefully.

WAVEFOBM PROCESSOR

Part of the 7854 which contains the waveform and program storage, arithmetic
unit, and special register groups. lt performs arithmetic operations, controls
instruction execution. and provides timing signals and other housekeeping
operations. Also referred to as the processor.

1-22 @
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7A54 MAINFRAME AND WAVEFORM
CALCULATOR SPECIFICATIONS

The electrical characteristics listed in Table 2-1 apply when the following conditions
are met: (1)Calibration of the instrument must have taken place at an ambient
temperature between +2O and +3Oo C, (2) the instrument must be allowed a 20-
minute warm-up period, (3) all specif ications are valid at an ambient temperature of
A" to +5O" C, unless otherwise stated, and (4) the instrument must be in an
environment that meets the limits described in Table 2-2.

Any applicable conditions not listed above are expressly stated as part of that
characteristic. Environmental Characteristics are listed in Table 2-2 and Physical
Characteristics are listed in Table 2-3.

TABLE 2-1
Electrical Characteristics

C haracteristic

Deflection Factor as

Checked w ith 467 -4587 -42
Calibration Fixture,
Referenced to 6 Div

Difference Between
Vertical Channels

Low-Frequency Linearity

System Bandwidth

Step Response

System Bise Time

Channel lsolation

All Vertical Modes
(Except ADD)

Performance Requirement

Compatible with all TA60-series plug-in
u n its.

1%, or less.

4.1 div, or less, compression or expansion of
a center'screen 2 div signal repositioned
vertically anywhere within the graticule area.

Varies with plug-in unit selected. See
7 OAO-Ser ies Osci I loscope Systems
Specification at the end of this section

Varies with plug-in unit selected. See
7 AAO-Ser ies Osci I loscope Systems
Specification at the end of this section

I

I

I

@ 2-1

REAL-TIME VERTICAL SYSTEM

At least 164:1 ftom dc to 250 MHz; and at least
4O:1 from 25A MHz to 475 MHz.
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TABLE 2.1 (CONT}
Electrical Characteristics

Characteristic

Delay Line

Displayed Difference in

Signal Delay Between
Vertical Channels

Externally Triggered

lnternally Triggered

Deflection Factor as

Checked Wirh 667 -0587 -O2

Calibration Fixture

Difference Between
Horizontal Channels

Linearity at 1 ms/Div

Phase Shift Between
Vertical and Honzontal Systems

With Option A2 B HORIZ
Compartment Only)

Vertical

Acquisition Window

Performance Requirement

REAL-TIME VERTICAL SYSTEM (Cont)

Permits viewing the leading edge of triggering
signa l.

60 ps, or less

2AO ps, or less

REAL-TIME HOR]ZONTAL SYSTEM

Compatible with all T66o-series plug-in
u n its.

1%. or less

A.@5 div, or less, error at each graticule line
after adjusting for no error at the second and
tenth graticule lines.

Dc to at least 1 MHz ( 3 dB).

20, or less, from dc to at least 35 kHz

2", or less, from dc to 1 [VlHz.

DIGITIZER

From +5 div above, to -5 div below the center
horizontal graticule line.

Fastest Calibrated Sweep Rate 5AO ps/div

Horizontal Bandwidth Relerenced
to 1O Div of SO-kHz

@2-2

I

I
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TABLE 2-1 (CONT)
Electrical CharacteristicsI

I

Characteristic

Vertical (cont)

Resolution: Stored and
Numeric Data Pathsl

DC Gain Accuracy as

Checked Wnh A67 -0587 -O2

Calibration Fixture,
Referenced to 6 Div

System Bandwidth: Stored
and Numeric Data Pathsl

Matching To Real Time

rReter to Figure 1-1 in Section 1, lntroduction.

Performance Requirement

DIGITIZER (Cont)

Nominally A.OA98 div

O.M8 div or less, mean value ol 1ffi rms
measurements, mainframe only.

Varies with plug-in unrt selected. See
-l ffi@-Series Oscil loscope Systems
Specif ication at the end of this section;
bandwidth shall be same specif ication limits
as given for real-time operation.

Real time and acquisition system sine-wave
amplitude response should match each other
to within 1+12.5(f /1OA MHz)lolo, where
A { 14W MHz, (f in MHz).

Stored and Numeric
Data Pathsl

Change With Temperature O.8o/o, or less, per 10o C

DC Offset

Stored Data Pathl Within 0.1 div of graticule center, at
temperature of calibration.

Nrrmeric Data Pathl Within 0.1 equivalent graticule div of zero,
at temperature of calibration.

Change With Temperature 4.1 div, or less, per 1A" C

@ 2-3

I
I

Noise: Numeric Data Patht

Within 1% at temperature of calibration.
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TABrE 2-1 (CONT)
Electrical Characteristics

Characteristic I ee*ormance Requirement

Vertical (cont)

System Step Response:
Stored and Numeric
Data Pathst

H orizontal

Acquisition Window

DIGITIZER (Cont)

Varies with plug-in unit selected. See
7 OAO-Series Osci lloscope Systems
Specification at the end of this section; step
response shall be same specification limits
as given for real-time operation.

From -5 div left, to +5 div right of the center
vertical graticule line.

Nominally A.OA98 div at 1O24 P/W;
4.4196 div at 512 P/W;
b.A392 div at 256 P/W;
O.O784 div at 128 P/W;

O.A1 div or less, mean value of 1OO rms
measurements, mainframe only.

Resolution: Stored and
Numeric Data Pathsl

Noise: Numeric Data Patht

DC Gain Accuracy, as
Checked Wilh A67 -0587 -42
Calibration Fixture,
Referenced to 6 Div

Stored and Numeric
Data Pathl

Within 1% at temperature oI calibration

Change Wrth Temperature O.4o/o, or less per lOo C

DC Offset

Stored Data Pathl Within 0.1 div of graticule center, at
temperature of calibration.

Numeric Data Pathl Within 0,1 equivalent graticule div of zero,
at temperature of calibration.

Change With Temperature O.1 div, or less, per 10o C

rRefer to Figure 1-1 in Section 1, lntroduction.

@2-4
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I

I

TABLE 2-1 (CONT)
Electrical Characteristics

Characteristic I eertormance Requirement

I

I

Equivalent Time Sampling

Maximum Sweep Speeds for
Single-Shot Acquisition with
7887 Time Base with Pre-
trigger Acquire Clock (For
Dual Trace Use Next Slower
Sweep Speed)

G raticu le

Type

Display ,Area

Div Unit

Phosphor

Standard

Option 78

Photographic Writing Speed
(With Polaroid 3AOO ASA
Film, Without Film Fogging
P-1 1 Phosphor)

DIGITIZER (Cont)

For proper acquisition, input signals must be
repetitive single-valued waveforms of the
horizontal variable. Processor does not
check that these conditions are met.

Maximum Sweep
Speed (/s,/div)

200

504

CRT SYSTEM

lnternal; illuminated with variable edge
lighting.

8 div vertically by 10 div horizontally

ldiv=1cm

P31

P11

At least 2.5 cm/ ns. Photograph is viewed with
front illumination. ln typical applications. P31

phosphor has approximately one-half lhe
writing speed o{ P1 1 phosphor.

I

I

P/W

128

256

512
1424

REV MAY.I982
2-5

TEKTRONIX C51 Camera,
fl.2 Lens and 'l:@.5

Obiect-to-lmage Ratio
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TABLE 2-1 (CONT)
E lectrical Characteristics

C haracteristic Performance Requirement

Camera Power

Bottom Pin

Center Pin

Top Pin

CALIBRATOR Output

Wave Shape

Polarity

Output Resistance

Output Voltage

Load z1 AA kQ

Load - 5O Q

Accu racy

Output Current

Repetition Rate

Duty Cycle

Rise Time and Fall Time
(lM pF maximum load)

Ground post

EXTERNAL CONNECTORS

Front-panel 3-contact connector (on crt bezel)
compatible with Tektronix C-5O series
cameras.

Grou nd.

Single-sweep reset

+1 5 V

Front-panel bnc connector

Square wave

Positive-going with baseline at O V

45A A

(Selected by f ront-panel CALIBRATOR
switch.)

4A mV, 4.4 V, 4 V

4 mV,40 mY, O.4Y

within I%.

4A mA available through CALIBRATOR output
with a bnc-to-currenl loop adapter.
CALIERATOR switch must be set to 4 V for
calibrated output.

1.4 k{z, wtthin O.25o/o

49.8"/" rc 54.20/".

250 ns or less.

Provides convenient user ground reference
point on front panel.

2-6 REV APR 1981
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TABLE 2-1 (CONT)
Electrical Characteristics

Characteristic Performance Requirement

EXTERNAL KEYBOARD

GPIB IEEE-488.1978

MEMORY EACK-UP POWER

Voltage Requirement

TTL SIGNAL OUTPUT
SWL,/SWH

Output Level

SWL Command

SWH Command

+ SAWTOOTH OUT

Polarity

Output Voltage

Rise Time lnto 50 O

Rise Time lnto 1 MQ

5@ mV/unit-ot-time, selected by the time
base unit time/div switch, within 15%;
1OA ns/div maximum.

1 V/unit-of-time, within 10%, selected by

the time-base unit time/div switch;
1 1ts/div maximum.

EXTERNAL CONNECTORS (Cont)

25-pin female rear-panel connector for
connecting an external keyboard.

24-pin female rear-panel connector for
connecting instrument to GPIB. Meets
IEEE 488-1978. (Not available on Option OD.)

Two rear-panel female banana jacks. Provides
connections for external power to maintain
power on RAM, thereby providing non-volatile
memory.

6.0 to 6.5 V dc.

Rear-panel bnc connector provides TTL-
compatible signal.

Set by user commands available on the
Waveform Calculator.

Selects low level output between O V and
+fi.BV. Maximum current sink is 16 mA.

Selects high level output between +2.4V and
+5.4 V. Maximum current source is 2.6 mA.

Rear-panel bnc connector

Positive-going with baseline at O V, within
1 V, into 1 MO load.

@

Output Resistance Approximately 950 Q

2-7

1O V maximum.
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Specif ication-7854

TABLE 2-1 (CONT)
Electrical Characteristics

Characteristic

+GATE OUT

A Gate

B Gate

Dly'd Gate

Polarity

A or B Gate

A Dly'd Gate

Output Voltage

lnto 50 O Load

lnto 1 MQ Load

Rise Time lnto 50 O

Output Resistance

SIGNAL OUT

Sou rce

Output Voltage

EXTERNAL CONNECTORS (Cont)

Rear-panel bnc connector

Derived from A HORIZ time-base unit
main gate.

Derived from B HORIZ time-base unit
main gate.

Derived from A HORIZ time-base unit
delayed gate.

Positive-going with baseline at 0 V, within
1 .O V, into 'l MQ load.

Positive level when Atime-base delayed sweep
or B sweep is enabled; O V, within 1.0 V, into
1 MO load, when sweeps are disabled.

Output is positive when no plug-in is used or
when plug-in does not provide delay gate.

10 V maximum.

A.5Y,within 1Ao/o.

10 V, within lbo/", lup to 1 ps,/div).

20 ns or less

Approximately 95O Q.

Rear-panel bnc connector selected by
A TRIGGER SOURCE switch.

Same as A TRIGGER SOURCE

t1 5 V maximum.

Approximately 25 mV /div of vertical

@2-A

lnto 50 Q Load
def lect ion

I ee*ormance Requirement
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Specif ication-7854

TABLE 2-1 (CONT)
Electrical Characteristics

Characteristic I eerformance Requirement

I

I

SIGNAL OUT (cont)

Output Voltage (cont)

lnto 1 MO Load

Bandwidth lnto 50 O
Load (-3 dB)

DC Centering

Aberrations

Output Resistance

Z-AXIS INPUT

Polarity and Sensitivity

Low-Frequency Limit

lnput Resistance

I nput Capacitance

Open Circuit Voltage

Maximum lnput Voltage

Maximum Repetition Rate

SINGLE SWEEP RESET

1 5 V (dc plus peak ac)

1 tVlHz.

Rear-panel bnc connector

lnput to reset single-sweep function of
time-base units installed in A and B HORIZ
compartments.

EXTERNAL CONNECTORS (Cont)

Approximately 4.5 Y / div of vertical
def lection.

Varies with vertical plug-in selected. See
7 OAA-Series Osci I loscope Systems
Specifications at the end of this section.

O V, within 1 V, into 1 MO load.

15% p-p, or less, within 50 ns of step

Approximately 950 Q

Rear-panel bnc connector

+2 V provides complete blanking from
maximum rntensity condition; -2 V
provides complete unblanking from minimum
intensity condition.

Dc.

Approximately 47O O

Less than 50 pF

Approximately 0 V

@

I nput

2-9 
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Specif ication-7854

TABLE 2-1 (CONT)
Electrical Characteristics

Characteristic Performance Requirement

SINGLE SWEEP RESET (cont)

Signal Required

High Level

Low Level

Minimum Pulse Width

Maximum lnput Voltage

AC Power lnput

Functions lmplemented
(As Per IEEE 4BB-1978)

SH1

AH'I

T5

L3

SRl

RL'I

PPO

DCl

DT1

ca

+50 V to -5 V (dc plus peak ac)

3-pin male connector

GPIB INTERFACE

Description:

Complete Source Handshake

Complete Acceptor Handshake

Talk Function.

Listen Function

Complete Service Request Capability

Complete Remote,/Local Capability

No Parallel Poll Capability

Complete Device Clear Capability

Complete Device Trigger Capability

EXTER NAL CONNECTORS (Cont)

Closure to ground (or switching from the
high level to the low level in less than 1 ms)
resets the sweep.

+50 V to +1 0 V, sink less than 40 pA.

+O.5 V to -5 V, sink less than 1O mA.

1O ps at 50% amplitude points.

@2-10

No Controller Capability

I

I

I

I

I

I

I

I

I

I

I

I
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Specif ication-7854

TABLE 2-1 (CONT)
Electrical Characteristics

C haracteristic

COMMAND ACCURACY

NOTE

All keyboard commands not listed below do not contribute accuracy
errors, with exception ol the ,VCRD command. Beler to Section 9,
Command Language, for additional information.

Waveform Functions

Arithmetic Functions

Cursors Functions

HCRD

Data Storage Functions

PNT

>PNT

Wfm Functions

ORD
SMOOTH
DIFF
ITRP
INTG

Accurate to 4 significant digits
1(6'10-1) .(VSCL).

Accurate to 4 significant digits
1(6.1O5) '(HSCL).

Accurate to 4 significant digits
t(6 .10 s) . (VSCL).

Accurate to 4 significant digits
r(6 *10-5) -(VSCL).

Accurate to 4 significant digits
r(6 . 1O-4)- (VSCL).

Accurate to 4 significant digits
t(6 '10-s) .(VSCL).

SORT
LN
EXP
SGN
+,-,/,x

@ 2-11

I Pe.formance Requirement

VCRD
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Specif ication-7854

TABLE 2-1 (CONT)
E lectrical Characteristics

Characteristic

COMMAND ACCURACY (Cont)

Waveform Functions (cont)

Wfm Functions (cont)

>ORD Accurate to 4 significant digits
t(6 * 10 4) - (vscl).

lf autoscaling occurs, all waveform points
are rescaled to: t(6 * 1O-1 - (VSCL).

Wfm Parameters

I

I

Wfm Scaling Functions

VZR
VSCL
>VSCL

Accurate to 4 significant digits
r(6 r 1O 

s) * (VSCL).

Accurate to 4 signi{icant digits
t(6 - 1 0-s) - (VSCL'?) - (HSCL).

Accurate to 4 significant digits
t(6 * 1 O'5) * (VSCL) * (HSCL).

Accurate to 4 significant digits
1(6*10-4) *(HSCL).

Accurate to 4 significant digits
r(6*10-4) *(HSCL).

Accurate to 4 signif icant digits
1(6 * 10 5) * (VSCL).

MAX
MIN
P-P
MID
MEAN
RMS

I

I

I

I

ENERGY

AREA

FR EO

DELAY
WIDTH
RIS E

FALL
PER

@2-12

I Perfot-ance Requirement
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I Specif ication-7854

I

I

TABLE 2-1 (CONT)
Electrical Characteristics

Characteristic @rir.-"nt

Waveform Functions (cont)

Wfm Scaling Functions (cont)

HSCL
>HSCL

>VZR

VXPD

Constant Functions

Arithmetic Functions

SORT
LN

Voltage Range (AC, RMS)

Fuse

COMMAND ACCURACY (Cont)

Accurate to 4 significant digits
1(g*l@-s) *(HSCL).

Accurate to 4 significant digits
t(6*10-4) x(VSCL).

Accurate to 4 significant digits.

POWER SOURCE

Selected by rear-panel LINE VOLTAGE
SELECTOR switch.

3 .5 A at 6O Hz, 9A V line.
1.8 A at 6O Hz, 180 V line.

I

EXP
+- / *

1 15 V Range From 90 to 1 32 V

23O V Range From 18O to25AY

Line Frequency From 48 to 44O Hz

Maximu m Power Consumption 23AW, nominal

lVlaximum Current

@

4 A fast-blowing type

2-13 
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Specification-7854

TABLE 2.1 (CONT)
Electrical Characteristics

Characteristic [e"x--",,*n"orirement

Keyboard

Controls

WAVEFORM CALCULATOR

An arrayof keyswitcheswhich allowsthe user
to execute commands; depressing a key issues
a command to the processor (except in the
GPIB Remote mode).

25-pin male connector on 56 inch (13 inches)
cable for connecting the keyboard to the
main{rame.

TABLE 2-2
Environmental Characteristics

I

I

I

I

I

I

External Connector

Characteristic lnformation

NOTE

This instrument will meet the electrical characteristics given in the
Performance Requiremenl column ol Table 2-1 over the following
environmental limits (unless othetwise stated in Table 2-l ).

Temperature

Operating

Ahitude

Operating

Nonoperating

Nonoperating

A" rc +5O" C

-55o to +75o C

5 KM (15,AAO fl.

@2-14

15 KM |45,AAA ftl

I

I

I
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Specif ication-7854

TABLE 2-2 (CONT)
Environmental Characteristics

Characteristic

EMC (Electromagnetic
Compatibility, Option 3 Only)

Without External Keyboard

With External Keyboard
Con nected

Vibration

Operating and Nonoperating

Shock

Nonoperating

Bench Handling

Transportation

lnformation

Meets requirements of MIL-STD-461A, when
tested in accordance with the following test
methods given in MIL-STD-462:

cE-41 , cE-43, cs-o1 , cs-az, cs-o6, RE-oz
(limited to 1 GHz), (T) RE-OH, RS-Ol and RS-03
(limited to 1 GHz).

Same as above, except delete RE-O2

Tested to MIL-T -288m8. SECT.4.5.5.3.1
fype 2. Class 5, Style E & F.

Tested to MIL-T-288AA8, SECT. 4.5.5.4.1
fype 2. Class 5, Style E & F.

Tested to MIL-T -288W8, SECT. 4.5.5.4.4
Type 2, Class 5, Style E & F.

National Safe Transit Assoc., Pre-Shipment
Test procedure.

Vibration of Packaged NSTA. Project 'l A-B- l

Produ ct

Drop of Packaged Product NSTA. Project 1 A-B-2.

@ 2-15I  
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Specif ication-7854

TABLE 2-3
Physical Characteristics

I

I

I

I

I

I

I

I

I

I

Characteristic

Waveform Calculator

Overall Dimensions

Mainframe

Waveform Calculator

Ventilation

Fin ish

lnformation

19.0 Ks 142.0 tbsl

'I .14 Kg (2.5 lbs)

Refer to Figure 2-1

Refer to Figure 2-2.

Safe operating temperature maintained by
electronically driven dc fan. Automated
resetting, thermal cutout switch protects
instrument f rom overheating.

Anodized front panel. Blue vinyl painted
aluminum cabinet.

@2-16

Net Weight

Mainframe (Without Plug-lns)
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Specif ication 7454

I

I

PACKAGING AND ACCESSORIES
Before packaging the 7854 Oscilloscope for shipment thoroughly read the following
instructions.

Also, if this instrument is to be shipped to a Tektronix Service Center for service or
repair, attach a tag 10 the instrument showing the following: Owner of the
instrument (with address), the name of a 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 a description of the service required.

lf the original packaging is unfit for use or not available, package the instrument as
follows:

Obtain a corrugated cardboard carton with a 375 pound test strength (for the
mainframe) or a 2@@ 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 and the instrument, allowing three inches on all sides.

4. Seal the carton with shipping tape or wilh 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.

STANDARD ACCESSORIES

::: :: : ::K:f::il::::l ztz:3i,t'""?,
. . . Power Cord 161 -0466-00

. . . . .. Bnc-to-Bnc Cable 412-O2O8-OA

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

ea
ea
ea
ea

@ 2-19

I

I

PACKAGING FOR SHIPMENT
lf 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 instrument was shipped should be
saved and used for this purpose.

1

1

'I

1
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Specif ication-7854

TaA0-SERIES OSCILLOSCOPE
SYSTEMS SPECIFICATION

Your TEKTRONIX 7854 Oscilloscope system provides exceptional flexibility in
operalion with a wide choice of general- and special-purpose plug-in units. Usage
of a plug-in unit can be determined by the type number as follows:

The first digit (7) denotes the oscilloscope system for which the plug-in is designed
0A60-series\.

The second letter describes the purpose of the plug-in unit

A
B-
c-
D-
L-

M
S-
T-

Amplifier unit
"Real Time" time-base unit
curve tracer
Digital unit
Spectrum analyzer
M iscellaneous
Sampling unit
Sampling time-base unit

The third and fourth digits of the plug-in type number do not carry any special
connotation.

An "N" suffix letter added to the normal four-digit type number identifies a unit not
equipped with the circuity necessary to encode data for lhe T666-series readout
system; therefore, scale factor information cannot be acquired by the 7854 from
these types of plug-in unrts.

f able 2-4 lists the horizontal specilications which are system dependent. For more
complete specifications on plug-in units for the TbAA-series oscilloscope system,
refer to the Tektronix Products catalog.

Table 2-5 lists the vertical specifications which are system dependent. For more
complete specifications on plug-in units for lhe 1M6-seties oscilloscope system,
refer to the Tektronix Products catalog.

The 7854 Oscilloscope is compatible with Tektronix Td60-series plug-in units with
the exceptions listed in Table 2-6.

@2-20
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Specification-7854

TABLE 2-6
7854 Plug-ln lncompatibilities

Plug-ln
Unit

Cause

All operating
conditions

Unable to elect-
rically and mech-
anically connect
7A2'l N to 7854.

Plug-in chop. 7854 will not
acquire any wave-
forms.

7A21N

7418
7424
7426

7B7A
with
7871

7B5A
7851
7852
78534

VERT]CAL AMPLIFIER UNITS

H ORlZONTAL AMPLIFIER UNITS

1. Delay-line out
put coaxial cable
too short.

2. Delay-line out-
put coaxial cable
shorted together and
connected to +5 volt
supply on 7A21N
board.

3, Harmonica con-
nector for regulated
supplies is wired
differently on 7854.

4. Monitoring hole
alignment is off.

7854 logic does not
allow AOR when plug-
in unit is in chop mode.

Too much delay
between 7871 delay
gate and 7B7O
sweep gate.

7854 delay line
length.

I

@

Retrace when
delayed sweep is
delayed beyond
end of delaying
sweep.

All operating
conditions.

Leading edge of
internally triggered
waveform cannot
be viewed.

2-24

B starts after
del ay.
B triggerable
after delay.
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Specilication-7854

Plug-ln
Unit

7850
7851
7870
7871

TABLE 2-6 (CONTI
7854 Plug-ln lncompatibilities

Cause

HORIZONTAL AMPLIFIER UNITS (Cont)

7810
7815
TBBA
7885

SAMPLING UNITS

7854 alternate sweep
switching logic locks
out one time base;
these time-base
units do not reset
when locked out.

The 7854 considers
both waveforms to
be one.

Not a valid AQR
mode. since the 7854
considers both wave-
Iorms to be one.
The delaying sweep
or the delayed sweep
may be acquired as
long as only one
sweep is displayed.

7T1 1 does not
generate holdoff
pulses.

7Tl 1 does not
generate holdoff
pu lses.

7S12 does not
provide single-sweep
reset.

lB92
]892A.

7T1 1

7512

@

Operating
Conditions

Symptoms

7854 HORIZONTAL
MODE in ALT
with both horiz-
ontal time-base
units set for
single-sweep op-
erat io n.

Only one time
base will reset.

Delayed sweep,
A time mode,
in -7854 B HORIZ'
ONTAL MODE.

Displayed traces
mixed together.

Delayed sweep
mode with both
traces displayed.

Displayed traces
mixed together.

All operating
condit ions.

7T1 1 will not
alternate with
other sweep plug
in units.

7854 will not
finish an AOR.
Unable to perform
AVG or GND
commands.

7S1 2 set for
single-scan
operation.

7512 will not
start by remote
or camera reset
connectors.

2-25

Waveform acqui-
sition with the
7854.
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Specif ication-7854

TABLE 2-6 (CONT)
7854 Plug-ln lncompatibilities

Plug-ln
Unit

751 4

SAMPLING UNITS (Cont)

DIGITAL UNITS

751 4 sends no
multiple waveform
information to the
7854.

7514 in dual
trace, waveform
AOR with the
7854.

7854 acquires
both traces as

one waveform

1Dl2 7D12 all/chop
switch setting
incorrect. Refer
to 7D12 manual

Waveform acqui-
sition (AOR) with
the 7854.

Unable to acquire
usable waveform
or readout.

'tDO1

7DA2

7L13

7L5

LOGIC ANALYZER UNITS

SPECTRUM ANALYZER UNITS

Multiple traces and
incompatible readout
format. lUse 7O@1 /
7DO2/7854 as
conventional scope
system only.)

7L13 does not
provide single-
sweep reset.

7L5 control logic.

7L5 uses vertical
plug-in chop which
the 7854 will not
acquire. (Custom
modif ication avai lable
to resolve this
problem.)

7L1 3 set for
single-sweep
operation.

7L13 will not
start by remote
or camera con-
nector.

Single-sweep
reset causes 7L5
to operate in
single-sweep mode

7L5 set for non-
storage mode with
manual or normal
sweep.

7854 waveform
acquisition (AOR)
in any 7L5 mode.

7854 will not
acquire any 7L5
waveforms.

2-26 @

ymptoms I c"r."
I

I

I

I

I

I

7D12 vertical
display on.

7854 may indicate
an AOR ERROR
when the wave-
form is acquired.
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Specif ication-7854

Plug-ln
Units

7L1 B

7CT1 N

SPECTRUM ANALYZER UNITS (Cont)

TABLE 2-6 (CONT)
7854 Plug-ln lncompatibilities

SPEClAL PURPOSE

Cause

7L18 does not
send multiple wave-
form data to the
7854. (Custom
modif ication available
to eliminate cursor
trace. )

7L l B logic

7CT1N sends no
multiple waveform
information to the
7854.

I

I

@

Operating
Conditions

Symptoms

7L18 stored wave-
form mode.
7854 waveform
acquire (AOR)
mode.

7854 acquires
both traces as
one waveform,

7L18 set to non-
store mode with
manual or normal
sweep.

Single-sweep reset
causes 7L18 to
operate in srngle-
sweep mode.

Waveform acqui-
sition with the
7854.

7854 Acquires
all curve tracer
steps as one
waveform.

2-27
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General Operating
Inforrnation

lnformalion in this section oJ the manual applies in all operating modes of the 7854
Oscilloscope and includes information on:

1. The display graticule;
2. The light f ilter;
3. Care of the crt screen;
4. Control illumination;
5. Readout inlensity;
6. Display focus and horizontal trace alignment;
7. fhe 7854 output signals; and
8. Display photography.
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General Operating lnformation-7854

DISPLAY GRATICULE

The display graticule is marked on the inside of the crt faceplate to provide accurate,
parallax-free visual display measurements. The display graticule is divided into eight
vertical and ten horizontal divisions. The vertical gain and horizontal timing of the
plug-in units are calibrated to the graticule markings so that accurate
measurements can be made from the crt display. The illumination of the graticule
lines can be varied with rhe GRAT ILLUM control. Figure 3-1 shows the display
graticule and defines the various markings provided to aid visual measurements of
the display. The terminology defined on the illustration will be used in all
discussions involving the display graticule.

Figure 3-1. Definition of graticule markings.

LIGHT FILTER

The tinted crt faceplate f ilter minimrzes light ref lections from the face of the crt. This
will improve the contrast when viewing the display under high ambient light. The
light filter may be removed for crt photography. To remove the filter, pull outward on
the bottom of the plastic crt mask and remove it from the crt bezel. Remove the
tinted filter; leave the clear plastic implosion shield installed, and replace the mask.
The implosion shield should be left in place at all times to protect the crt face from
scratch es.

WARTY'I{G

Do not remove the clear plastic implosion shield covering the crt
faceplate; the crt implosion shield provides protection to the operator
from crt implosion.

SECOND
VERTICAL

LINE

CENTER
VERTICAL

LINE

TENTH
VERTICAL

LINE

100% LINE

90% LINE

CENTER
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,IO% 
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2A73 4
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General Operating I nformation-7854

An optional mesh filter is available from Tektronix, lnc. (included with Option 3).

This filter provides shielding against electromagnetic radiation from the face of the
crt. The mesh filter fits in place of the plastic tinted filter and plastic crt mesh and
also serves as a light filter. Order the mesh filter by Tektronix Pat378-O6@3-AA.

CARE OF CRT SCREEN
To prolong the useful life of the crt phosphor, always use the minimum display
intensity necessary to produce a clear, well-defined display and avoid repeated or
prolonged use of the same area of the crt. lf a particular display is to be observed for
an extended period of time, change the position occasionally to use other portions of
the display area.

CONTROL ILLUMINATION
The CONTBOL ILLUMINATION switch, on the rear panel of the oscilloscope
mainframe, sets the illumination level of the A and B TRIGGER SOURCE switches
and of the lighted pushbutton switches on the plug-in units. The available positions
are OFF, MEDIUM, and HIGH. The CONTROL ILLUVIINATION switch does not affect
the function or intensity indicators (such as BUSY. SRO, and S), or the lights oI the
VERTICAL MODE and HORIZONTAL MODE selectors.

READOUT INTENSITY
The READOUT control determines the intensity of only the alphanumeric portion of
the display, independently of the displayed waveforms. This control is functional in
all display modes. The readout system is inoperative when the READOUT control is
in the fully counterclockwise OFF position. This is desirable when the top and
bottom divisions of the graticule are needed forwaveform display, or when the real-
time trace interruptions necessary to display the characters interfere with the
displayed waveforms.

DISPLAY FOCUS

The 7854 Oscilloscope contains an automatic focusing circuit which maintains
optimum focus for all intensity setlings once a correct setting of the FOCUS control
is established. The easiest way to obtain the correct setting of the FOCUS control is
by focusing the characters of the readout display. First set the READOUTcontrol so

that the displayed characters are clearly visible, then adjust the FOCUS control for
best definition of the character display.

@3-2
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General Operating lnformation-7854

ASTIGMATIS M.FOCUS ADJUSTMENT

lf a well-defined display cannot be obtained with the FOCUS control, use the
following procedure to set the front-panel ASTIG adjustment.

NOTE

To check for proper setting of the ASTIG ad.justment, slowly turn the
FOCUS control through the optimum setting. lf the ASTIG adjustment
is correctly set, the vertical and horizontal portions of the display will
focus at the same position of the FOCUS control. This setting of the
ASTIG adjustment should be correct for any display.

1. lnstall an amplifier unit in the LEFT VERT compartment and a time-base unit in
the A HORIZ compartment.

2. Set the 7854 oscilloscope for SCOPE mode by pressing the (ffi| key on
the measurement keyboard. Set the VERTICAL IVIODE switch to LEFT and the
HORIZONTAL IVIODE switch to A, if necessary.

3. Connect the output of a sine-wave generator to the input of the amplifier unit.
Set the sine-wave generator repetition rate to 1 kilohertz and the vertical
amplifier deflection factor for a 2-division display.

4. Set the time-base unit sweep rate for 0.2 millisecond,/division and the triggering
for a stable display. Set the A INTENSITY control so the display is at a usable
intensity level (about midrange).

5. Turn the FOCUS control fully counterclockwise and set the ASTIG adjustment to
midrange.

6. Set the FOCUS control so the thickness of the sine wave is as thin as possible.

7. Adjust the ASTIG adjustment so the thickness of the sine wave is as thin as
possible.

8. Repeat steps 6 and 7 for the best overall focus and consistent trace width.

HORIZONTAL TRACE ALIGNMENT
The TRACE ROTATION control allows the trace to be aligned with the horizontal
graticule lines. To set the control, position the real-time trace (with no input signal
applied to the selected amplif ier plug-in unit) to the center horizontal line and adjust
the TRACE ROTATION control so that the trace is parallel with the center horizontal
graticule line.

@ 3-3 
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General Operating lnformation-7854

CALIBRATOR OUTPUT
The CALIBRATOR provides a convenient signal for checking basic vertical gain and
sweep timing, and is also useful for adjusting probe compensation as described in
probe instruclion manuals.

Accurate output voltages ol 4A millivolts, A.4 volt, and 4 volts into high-impedance
loads are provided from the CALIBRATOR. ln addition,4 millivolts,4O millivolts, and
O.4 volt are provided to drive S0-ohm loads. The current loop accessory (Tektronix
Part b12-@341-00) provides a 4O-milliampere output current (with CALIBRATOR set
for 4-volt output), which can be used to check and calibrate current-measuring
probe systems. The current signal is obtained by clipping the probe around the
optional currenl loop accessory.

The repetition rate of the CALIBRATOR is 1 kilohertz. The calibrator circuit uses
frequency-stable components to maintain accurate frequency and a constant duty
factor. Thus the signal can also be used for checking the basic sweep timing of the
time-base units (1-kilohertz rate only).

The square-wave output signal can be used as a reference wave shape when
checking or adjusting the compensation of passive, high-resistance probes. The
square wave from the CALIBRATOR has a flat top; therefore. any distortion in the
displayed waveform is due Io the probe compensation.

SIGNAL OUTPUTS
Three bnc connectors on the rear panel of the 7854 Oscilloscope mainframe provide
output signals for the user.

+ SAWTOOTH OUT

The + SAWTOOTH OUT connector provides a positive-going sawtooth signal from
either the time-base unit installed in the A HORIZ or from the time-base unit
installed in the B HORIZ compartment, regardless of the display mode selected.

To avoid electric-shock hazards. only qualified service personnel should
internally modify the operation of this instrument.

Selection of either the A HORIZ or B HORIZ compartment as the source of the
+ SAWTOOTH OUT signal is possible. Refer such selection to qualified service
personnel only. The unit of time for the sawtooth output is determined by the
setting of the time,/division switch of the appropriate time-base unit. Befer to
Table 2-1, in the Specification section, for specific signal parameters.

@
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General Operating lnformation-7854

+ GATE OUT

To avoid electric-shock hazards. only qualified service personnel should
internally modily the operation of this instrument.

The + GATE OUT connector provides a positive-going rectangular pulse which is
derived from a time-base unit installed in either horizontal compartment, regardless
of the display mode selected. The + GATE OUT signal can be selected from either
the A HORIZ compartment or the B HORIZ compartment. Refer such selection to
qualifed service personnel only. The duration of the + GATE OUT signal is the same
as the duration of the respective sweep, or in the case of the delayed gate, will start
at the end of the delay period and last until the end of the sweep from the delaying
time-base unit. The amplitude of the + GATE OUT signal is about O.5 volt into a 50-
ohm load, or about 1O volts into a 1-megohm load.

SIGNAL OUT

The SIGNAL OUT connector provides a sample of the real-time vertical deflection
signal from the LEFT VERT or RIGHT VERT amplifier plug-in unit, regardless of the
display mode selected. The source of the signal at this connector is determined by
thE A TRIGGER SOURCE SWitCh. With thc A TRIGGER SOURCE SWitCh iN thE VERT

MODE position, the output signal is determined by the setting of the VERTICAL
MODE switch. lf the VERTICAL MODE is in LEFT or RIGHT, the outpur signal is
obtained only from the trigger source of the selected vertical unit. ln the ALT vertical
mode, the SIGNAL OUT switches between the trigger signals from the two vertical
units. However, due to the requirements of the triggering system, the output signal
in the CHOP vertical mode is a composite signal (the algebraic sum of the trigger
signals) as is obtained in the ADD vertical mode. The LEFT VERT and RIGHT VERT
positions of the A TRIGGER SOUBCE switch are independent of the vertical mode
selected, and therefore provide the vertical trigger output signal only from the
selected vertical unit (even though lhe vertical unit may not be selected for display).

The amplitude of the SIGNAL OUT into a S0-ohm load is about 25 millivolts,/division
of crt display, or about 0.5 volt/division of crt display into a 1-megohm load. See
Table 2-1 in the Specification section of this manual.

DISPLAY PHOTOGRAPHY

A permanent record of the crt display can be obtained with an oscilloscope camera
system. The instruction manual for the Tektronix Oscilloscope Camera includes
complete instructions for obtaining waveform photographs.

@
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General Operating lnformation-7854

The crt bezel provides integral mounting for Tektronix Oscilloscope Cameras. The
three pins located on the left side of the crt bezel connect power to compatible
camera systems. Control signals are also received from Tektronix automatic
cameras to allow camera-controlled single-shol photography (see the camera
manual for further information).

lf the alphanumeric portion of the display is to be included on waveform
photographs, the following suggestions will aid in obtaining good photographs:

1 . Focus the oscilloscope display and the camera on the alphanumeric portion of
the crt display. The auto-focus feature in this instrument will help to maintain
the traces at optimum focus.

2. Set the RE,ADOUT control for the minimum intensity setting that allows the
alphanumeric characters to be written. This normally occurs at a slightly lower
intensity level than is necessary for complete writing of the waveform display.
Some experimentation may be necessary to establish the correct level. Too high
a setting of the READOUT control will result in a broad, poorly defined
photograph of the alphanumeric display.
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Scope Displa;z Mode
Inforrnation

In the SCOPE display mode only the real-timewaveforms and readout are displayed
on the crt screen. The capabilities o{ the 7854 Oscilloscope in this mode depend
mainly upon the plug'in units selected for use with the mainframe. All 74-series
vertical amplifier plug in units can be used with the 7854 Oscilloscope. Bandwidth
and sensitivity ranges should be taken into consideration when selecting amplifier
units. Time-base units 01 the 7B1O-,7884-, and 7890-series are also compatible
with the 7854 Oscilloscope. Sweep rates and triggering ranges should be
considered when selecting time-base plug-in units. ln addition. several special
purpose plug-in units are available to allow the 7854 to be used for many
specialized applications. See the Tektronix Products catalog for f urther inlormation.
Specific applications for the 7854 are no1 given in this manual. Contact your
Tektronix Field Office or representative for assistance in making specific
measurements.

All keys on the 7854 keyboards are active in the SCOPE display mode; however, the
results of pressing a key will not be apparent.

lnformation given in this section of the manual applies only to real-time waveform
and readout displays and includes:

1. Obtaining a scope display;
2. The real-time A and B INTENSITY controls;
3. Z-Axis modulation;
4. Using the BEAMFINDER;
5. The real-time readout display;
6. The vertical and horizontal mode combinations;
7. Vertrcal trace separatron;
B. lntensity contrast;
9. Trigger source selection; and

1O. The real-time functions checkout procedure.
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Scope Display Mode lnformation-7854

OBTAINING A SCOPE DISPLAY

To obtain a SCOPE (real-time) display. first connect the 7854 Oscilloscope
mainframe (POWER switch off) to a power source that meets the voltage
requirements of the instrument. lf the available line voltage is outside the setting
limits of the LINE VOLTAGE SELECTOR switch (on the rear panel), set the LINE

VOLTAGE SELECTOR to the appropriate. selting.

NOTE

This exercise will be referred to from other sections of this manual as
you learn the greater capabilities of the 7854 Oscilloscope. Flagging
this page may be useful.

GRAT ILLUM

READOUT

STORED lNTensity

A INTENSITY

FOCUS

B INTENSITY

POWER

CALIBRATOR

VERTICAL MODE .

A TRIGGER SOURCE

HORIZONTAL IVIODE.

VERT TRACE SEPARATION (B)

B TRIGGER SOURCE

GPIB ADDBESS SELECTOR ...

Cou nterclockwise

.. . Ouarter range

Cou nterclockwise

Cou nterclockwise

M idrange

Cou nterclockwise

......off

..,,.4 v

... LEFT*

.... VERT MODE

...... B-

IVI idra nge

.... VERT MODE

OFF line

*These controls are automatically set to the specified positions as a power-up condition.
See Power-Up Conditions in Section 1, lntroduction.

2. lnstall Tektronix 7A-series amplifier units in the LEFT VERT and RIGHT VERT

compartments, and Tektronix 7B-series time-base units in the A HORIZ and B
HORIZ compartments.

3. Press the POWER switch to the on (locked in) position. Notice that the
oscilloscope will go through the automatic verification sequence described in

section 1 under Power-Up Conditions.

4. Set both time-base units to 0.5 millisecond,/division and triggering to auto mode
with ac coupling from the internal source.

@ 4-1

1 . Set the front-panel controls as follows:
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Scope Display Mode lnformation-7854

5. Rotate the B INTENSITY control until the trace is at a desirable viewing level
(about quarter range).

6. Connect the CALIBRATOR output to the channel 1 input of the LEFT VERT
amplifier unit with a 42-inch bnc cable.

7. Set the deflection factor of the LEFT VERT amplifier unit to display a signal
amplitude of 2 divisions on the crt.

8. Set the B HORIZ time-base triggering controls for a stable display, triggered on
the negative-going slope.

The 1-kHz, 4-volt CALIBRATOR signal is now displayed on the crt screen

A AND B INTENSITY CONTROLS
The A INTENSITY control determines the brightness of the display produced by the
plug-in unit installed in the A HOBIZ compartment; the B INTENSITY control
determines the brightness of the display produced by the plug-in unit installed in
the B HORIZ compartment.

CAUT 
'ON

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
lhe crt.

The crt display brightness (beam current) is limited during X-Y operation or when
either, or both, time-base units being displayed are set for a slow sweep rate. This
reduces the danger of damaging the crt phosphor with a stationary or slowly moving
spot.

Z.AXIS MODULATION
Z-axis modulation can be used to relate a third item of electrical phenomena to the
vertical (Y-axis) and the horizontal (X-axis) coordinates without affecting the
waveshape of the real-time signal. This is accomplished by changing the intensity of
the real-time waveform to provide a "gtay scale" display.

@4-2
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Scope Display Mode lnformation-7854

I

The voltage amplitude required for visible trace modulation depends on the setting
of the A and B INTENSITY controls. A two-volt, peak-to-peak, signal applied to the
Z-AXIS INPUT connector will completely blank the display even at maximum
intensity levels; lower amplitude signals can be used to change only the relative
trace brightness. Negative-going signals increase the display intensity and positive-
going signals decrease the display intensity.

Refer to Table 2- l

req u irements,
in the Specification section of this manual, for Z-axis srgnal

Time markers applied to the Z-AXIS INPUT connector provide a direct time reference
on the display. With uncalibrated horizontal sweep, the time markers provide a

means of reading time directly from the display. lf the markers are not time-related
to the displayed waveform, use a single-sweep display.

The Z-axis blanking phenomena or the real-time X-Y display cannot be stored in
waveform memory.

USING THE BEAMFINDER
The BEAMFINDER pushbutton helps locate a real-time display lhat overscans the crt
viewing area either vertically or horizontally. When the BEAMFINDER is pressed,
the display is compressed and defocused to be within the graticule area.

To locate and reposition an overscanned real-time display:

Press the BEAMFINDER. While the display is compressed, change the vertical
and horizontal deflection factors of the vertical amplifier and horizontal time-
base plug-in units until the display is about two divisions high and four divisions
wide. (Horizontal deflection usually needs to be reduced only in X-Y modes.)

2. Adjust the vertical and horizontal position controls to center the display on the
graticu le.

3. Release the BEAMFINDER; the display should remain within the graticule area

REAL-TIME READOUT DISPLAY

The readout system provides an alphanumeric display of information on the crt
along with the waveform display. When the 7854 is in the SCOPE display mode, the
alphanumeric information displayed by the readout system is obtained from the
plug-in units installed in the plug-in compartments.

@ 4-3 
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Scope Display Mode lnformation-7854

The readout information from each channel or each plug-in unit is called a "word".
Up to eight words of real-time readout information may be displayed on the crt (two
channels from each of the four plug-in compartments). The location of each readout
word is fixed and is directly related to the plug-in unit and channel from which it
originates. Figure 4-1 shows the area of the graticule where the readout word from
each plug-in unit channel is displayed. Notice that the readout from channel I of
each plug-in unit is displayed in the top division of the graticule, and the readout
from channel 2 is displayed directly below that of channel 1 in the bottom division of
the graticule. Only the readout information for plug-in units and channels selected
will usually appear in the crt viewing area. However, some special purpose plug-in
units may over-ride the VERTICAL MODE and HORIZONTAL MODE switches (in the
SCOPE display mode) to display readout even though the compartment is not
selected for display.

WORD #O WORO #1

FROM FROM
WORD B2

FBOM
B HORIZ

CHANNEL 1

WOFD 
'3FROM

B HORIZ
crerururr r I

LEFT VERT RIGHT VENT
CHANNEL 1 CHANNEL 1

woRD i4
FflOM

woRo d5
FROM

WORD S6
FROM

WORD B7
F ROM

LEFT VERT RIGHT VERT A HORIZ B HORIZ
CHANNEL 2 CHANNEL 2 CHANNEL 2 CHANNEL 2

NOTE
Each plug-in readout word displays a maximum o, 1O characters. 2813 5

Figure 4-1. Location and deJinition of the real-time readout.

READOUT IDENTIFY

An "ldentify" feature is provided on some probes and amplifier units to correlate the
real-time readout word with the originating plug-in unit and channel. When the
"ldentify" button of an amplifier unit or probe is pressed, the word IDENTIFY
appears in the readout location allocated to that plug-in and channel. Other readout
words in the display remain unchanged. When the "ldentify" button is released, the
readout display from the plug-in channel is again displayed. Circuitry in some
amplifier units can also produce a noticeable change in the real-time waveform
display to identify the associated trace when the "ldentify" button is pressed (see
the plug-in unit rnstruction manual for details).
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READOUT ACCESS PLUG-IN UNIT
The 7lVl13 READOUT plug-in unit provides convenient control of the crt readout
characters. This allows information, such as dates and identifying nomenclature, to
be displayed on the crt in the SCOPE display mode. This capability is particularly
useful when making photographs.

VERTICAL AND HORIZONTAL
MODE COMBINATIONS

Twenty combinations of VERTICAL MODE and HORIZONTAL MODE switch settings
are possible. The total possible number of real-time display combinations is further
multiplied by the variety of plug-in units available for use with this instrument, the
interchangeability of plug-ins (i.e., either an amplifier or a time-base unit can be
installed in any of the four compartments), and by the capabilities of the plug-in
units which are used in the instrument (e.9., a dual-trace amplifier unit can be used
in either of the two single-channel modes, in dual-trace modes, or added-
algebraically mode; a delaying time base may be used either for a sweep or for a

delayed sweep). Since listing all display combinations which can occur in the
SCOPE display mode would be difficult due to the large selection of available plug-in
units, Table 4-1 lists only the displays obtained with each combination of VERTICAL
MODE and HORIZONTAL MODE switch positions. Status of the VERTICAL and
HORIZONTAL MODE switches is indicated by the illuminated buttons. These
switches do not latch.

VERTICAL MODES

When the LEFT or RIGHT button of the VERTICAL MODE switch is pressed, only the
signal from the plug-in unit in the designated compartment is displayed.

Alternate Mode

The ALT position of the VERTICAL MODE switch produces a display which
alternates between the LEFT VERT and RIGHT VERT compartments with each
sweep. Although the ALT mode can be used at all sweep rates, the CHOP mode
provides a more satisfactory display at sweep rates below about 2O milliseconds/
division. At these slower sweep rates, the alternate-mode switching becomes
percepti ble.

Alternate mode displays have three types of triggering available. When the A and B

TRIGGER SOURCE switches are set to the VERT MODE position, each sweep is

triggered by the signal being displayed on the crt. This provides a stable display of
two unrelated signals, but does not indicate the time relationship between the
signals. ln the LEFT VERT or RIGHT VERT posirions of rhe TRIGGER SOURCE
switches, the two signals are displayed showing true time relationships. However, if
the signals are not time related. the display from the plug-in unit not providing a

trigger signal will be unstable on the crt.

I

I
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TABLE 4-1
Real-Time Display Combinationsl

Vertical
Mode Comments

LEFT One trace. Vertical deflection from single unit;
horizontal deflection from single unit.

Two traces. Vertical deflection from single unit;
horizontal deflection from both units.

ALT Two traces. Vertical deflection from both units;
horizontal deflection from single unit.

Two traces. Vertical deflection from both units;
horizontal deflection from both units. lndepen-
dent-pairs (sweep slaving) operation. See
Alternate Mode discussion in this section.

ADD One trace. Vertical deflection is algebraic sum-
mation of signals from both units; horizontal
deflection from single unit.

Two traces. Vertical deflection is algebraic sum-
mation of signals from both units; horizontal
deflection Irom both units.

CHOP Two traces. Vertical deflection from both units;
horizontal deflection from single unit.

Four traces, Vertical deflection from both units;
horizontal deflection from both units.

RIGHT One trace. Vertical deflection from single unit;
horizontal deflection from single unit-

Two traces. Vertical deflection from single unit;
horizontal deflection from both units.

lCombinations given are for single-channel vertical and horizontal units only

When the ALT vertical mode is selected and either the ALT or CHOP horizontal
mode is selected, the instrument operates in the independent-pairs (sweep-slaving)
mode. During this mode, the signal from the LEFT VERT unit is always displayed at
the sweep rate of the B HORIZ time-base unit, and the signal from the RIGHTVERT
unit is displayed at the sweep rate of the A HORIZ time-base unit (non-delayed
sweep only). This results in two displays which are completely independent of each
other in vertical deflection and sweep rate. This independent-pairs display is
equivalent to the display obtainable with a dual-beam oscilloscope for most
repetitive display combinations.

Horizontal
Mode

AorB

ALT or CHOP

AorB

ALT or CHOP

AorB

ALT or CHOP

AorB

ALT or CHOP

AorB

ALT or CHOP

4-6 @ 
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The display sequence in independent-pairs mode of operation is somewhat changed
in delayed-sweep operation of the time-base unit. First, the LEFT VERT signal is
displayed at the sweep rate of the A HORIZ time-base unit (delaying sweep), then at
rhe rate of the B HORIZ time-base unit (delayed sweep). The vertical display then
shifts to display the RIGHT VERT signal consecutively at the delaying and delayed
sweep rates.

Chopped Mode

The CHOP posirion of the VERTICAL MODE switch produces a display which is

electronically switched between the LEFT VERT and RIGHT VERT signals, at about a

one-megahertz rate. ln general, the CHOP mode provides the best display at sweep
rates slower than about 2O milliseconds/division or whenever dual-trace, real-time,
single-shot phenomena are to be displayed. At faster sweep rates the chopped
switching becomes apparent and may interfere with the display.

when the A or B TRIGGER SOURCE switches are set to VERT MODE, the internal
trigger signals from the vertical plug-ins are algebraically added, and the time-base
units are triggered from the resultant signal. The LEFT VERT or RIGHT VERT trigger-
source positions provide trigger signals to the time-base units from the selected
vertical unit only. This allows two time-related signals to be displayed showing true
real-time relationships. (lf the signals are not time-related, the display from the
channel which is not providing the trigger signal will appear unstable.)

The CHOP mode can be used to compare two single-shol, transient, or random real-
time signals which occur within the time interval determined by the time-base unit
(ten times the selected sweep rate). To provide correct triggering, the displayed
signal providing the trigger signal must precede the second display.

Algebraic Addition
The ADD posirion of the VERTICAL MODE switch can be used (1)to display the sum
or difference of two real-time signals, (2) for common-mode re.jection to remove an
undesired signal, or (3) for dc offset (applying a dc voltage to one channel to offset
the dc component of a signal on the other channel).

The overall deflection on the crt in the ADD mode is the algebraic sum of the real-
time signals from the two vertical plug-in units. Determining the voltage amplitude
of the resultant display is difficult unless the amplitude of the signal applied to one
of the plug-ins is known. This is particularly true when the vertical units are set to
differing deflection factors, since it is not obvious which portion of the display
results from the signal applied to a given plug-in unit. The polarity and repetition
rate of the applied signals will also affect the ADD display.
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Observe the following precautions when using the ADD mode

1. Do not exceed the input-voltage ratings of the plug-in units

2. Do not apply large signals to the plug-in units. A good rule is to limit the applied
signal to no more than about eight times the vertical deflection factor. For
example, with a vertical deflection factor of O.5 volt,/division. the voltage applied
to that plug-in should not exceed four volts. Larger voltages may result in a
distorted display.

3. To ensure the greatest dynamic range in the ADD mode, set the position controls
of the plug-in units to a setting which would result in a mid-screen display if
viewed in the LEFT or RIGHT positions oI the VERTICAL MODE switch.

4. For similar response from each channel, use identical plug-ins and set the plug-
in units for the same type of input or coupling mode.

HOBIZONTAL MODES

when either the A or B button of the HoRIZoNTAL tvloDE switch is pressed, the
vertical signal is displayed at the sweep rate of the selected time-base unit. set the
applicable intensity control and trigger-source switch for the desired display.

Alternate Mode

The ALT position of the HORIZONTAL MODE switch provides crt sweeps derived
alternately from the two time-base units. Although the ALT horizontal mode can be
used at all sweep rates, the CHOP mode provides a more satisfactory display at
sweep rates below about 20 milliseconds,/division. At slower sweep rates, the
switching between the traces becomes perceptible,

NOTE

This instrument will not present a real-time display in the ALT position
of the HORIZONTAL MODE switch il either horizontal plug-in
compartment is left vacant.

The A and B INTENSITY controls allow individual adjustment of the traces produced
by the time-base units in the A HORIZ and B HORIZ compartmenls. Correct
triggering of both time-base units is essential in obtaining the correct display in the
ALT horizontal mode. lf either of the time-base units does not receive a correct
trigger, and therefore does not produce a sweep, the other unit cannot produce a

sweep either. This means that one time-base unit cannot begin its sweep until the
previous unit has completed its entire display. This can be avoided by setting the
time-base units for auto-mode triggering. See Trigger Source for operation of the A
and B TRIGGER SOURCE switches. Also, see Vertical Trace Separation for
information about positioning the B HORIZ display when in the ALT horizontal
mode.
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I

I

Chopped Mode

when the cHoP burton of the HoRIZoNTAL MODE switch is pressed, rhe real-time
display is electronically switched between the two time-base units at about a 2ffi-
kilohertz rate. ln general, the CHOP horizontal mode provides the best display (1)

when either of the time-base units is set to a sweep rate slower than about 20
milliseconds/division, and (2) when the two time base units are set to widely
differing sweep rates. ln the CHOP horizontal mode, equal time segments are
displayed from each of the time-base units. This provides a real-time display which
does not greatly change in intensity as the sweep rate of either time-base unit is

reduced (in contrast to the ALT horizontal mode where the slowest trace tends to be

the brightest).

The A and B INTENSITY controls provide individual intensity adjustment of the
traces produced by the time-base units in the A HORIZ and B HORIZ compartments.
Triggering is not as critical in the CHOP horizontal mode as in ALT; if one of the
units is not properly triggered, only the trace from the untriggered time base unit is
missing from the display. The other trace is presented in the normal manner. See
Vertical Trace Separation and Trigger Source for further information.

VERTICAL TRACE SEPARATION
When either of the dual-sweep horizontal modes (ALT or CHOP) is selected, the
VERT TRACE SEPARATION (B) control allows the trace produced by the B HORIZ
plug-in to be positioned above or below the trace produced by the A HORIZ plug-in.
To use the control, first position the trace produced by the A HORIZ unit. Then,
adjust the VERT TRACE SEPARATION (B) control to move the trace produced by the
B HORIZ unit away from the A HORIZ display.

INTENSITY CONTRAST
The CONTRAST ad.iustment varies the brightness of the intensified portion of the
real-time waveform displayed when the A HORIZ and B HORIZ time-base units are
operating in the delaying,/delayed mode. (This adjustment does not affect the
cursors displayed in the STORED display mode.)

TRIGGER SOURCE
The A and B TRIGGER SOURCE switches select the internal trigger signals for the A
HORIZ and B HORIZ time-base units. For most applications, these switches can be

set in the VERT MODE position. ln this position. the internal trigger signal is

automatically switched as the VERTICAL IVIODE switch is changed, or as the display
is electronically switched between the LEFT VERT and RIGHT VERT plug-ins while
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in the ALT vertical mode. The VERT MODE position also provides a usable trigger
signal in the ADD or CHOP positions of the VERTICAL MODE switch. Therefore, this
trigger source position ensures that the time-base units receive a trigger signal
regardless of the setting of the VERTICAL MODE switch.

lf correct triggering for the desired display cannot be obtained in the VERT MODE
position, the trigger source for either time-base unit can be changed to obtain the
trigger signal from either the LEFT VERT or RIGHT VERT plug-in. The internal trigger
signal is obtained from the selected vertical compartment whether the plug-in in
that compartment is selected for display or not. lf the internal trigger is selected
from a vertical unit which is not also selected for display, the trigger signal must be
time-related to the displayed signal in order to obtain a triggered (stable) display.

REAL-TIME FUNCTIONS
CHECKOUT PROCEDURES

This checkout procedure verifies proper operation of the real-time related controls,
indicalors, and connectors; and may also be used to familiarize the operator with
the operation of the mainframe controls, indicators, and connectors. The processor-
related functions, such as those selected with the measurement and Waveform
Calculator keyboards, can be verif ied by performing the exercises given in sections 5
and 6.

Only functions (not measurement quantities or specifications) are checked in this
procedure; therefore, a minimum amount of test equipment is required. lf
performing this checkout procedure reveals improper performance or instrument
malfunction, check the operation of associated equipment; then refer to qualified
service personnel for repair or adjustment of the instrument.

TEST EOUIPMENT REOUIRED

The following test equipment was used in this checkout procedure. Other test
equipment which meets these requirements may be substituted. When other
equipment is substituted, the control settings or setup may need to be altered.

1. Function Generator (used only to check out the Z-AXIS INPUT)

Description: Frequency range,25A kilohertz to 1 megahertz; output amplitude, 2
volts peak-to-peak into 5O ohms; waveshape, sine.

Type Used: TEKTRONIX SG 5O3 Signal Generator (used with TM 5OA Power
Module).

I
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2. Cables (2 required)

Description: Length, 42 inches; connectors, bnc.

Type Used: Type RG-58,2U, S0-ohm coaxial, Tektronix Paft 412-OA57-A1

3. T Connector

Description: Connectors, bnc-to-bnc.

Type Used: Bnc-to-bnc connector, Tektronix Part 1A3-AO3A-AO.

4. Adapter

Description: Connectors, bnc female-to-bnc female.

Type Used: Bnc female-to-bnc female, Tektronix Part 1@3-A@28-A@.

PRELIMINARY SETUP

Connect the 7854 to a power source that meets the voltage requirements of this
instrument (POWER switch off). lf the available line voltage is outside the setting
limits of the LINE VOLTAGE SELECTOR switch (on rear panel), see Operating
Power lnformation under lnstallation in section 1 .

2. Set the front-panel controls as follows

FOCUS

B INTENSITY

A INTENSITY

READOUT

STORED lNTensity

GRAT ILLUM

POWER

CALIBRATOR

VERTICAL MODE .

A TRIGGEB SOURCE

HORIZONTAL MODE.

VERT TRACE SEPARATION (B) .....
B TRIGGER SOURCE

CRT DISPLAY

M idrange

Cou nterclockwise

Cou nterclockwise

.....oFF
...Ouarter range

Cou nterclockwise

. . .. '.oN
,..,.4 v
. .. LEFT*

.... VERT MODE

...... A-
Midrange

.... VERT MODE

.. SCOPE

*LEFT and B are automatically selected as Power-Up Conditions. (See Section 1,

lntroduction.)
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3. lnstall Tektronix 7A-series amplifier units in the LEFT VERT and RIGHT VERT
compartments. lnstall Tektronix 7B8O-,7BgA-, or 781O-series time-base units in
the A HORIZ and B HORIZ compartments.

4. Set both time-base units to 1 millisecond,/division and triggering to auto mode
with ac coupling from the internal source.

5. Rotate the A INTENSITY control until the trace is at a desirable viewing level.
(Position trace if necessary.)

6. Connect the CALIBRATOR ourput ro the inpur of the LEFT VERT amplifier unit
with a 42-inch bnc cable.

7. Set the LEFT VERT deflection factor to display a signal amplitude of 2 divisions
on the crt.

8. Set the A HORIZ time-base triggering for a stable display

DISPLAY FOCUS CHECKOUT

Rotate the FOCUS and ASTIG controls and observe the square-wave display. Notice
that the thickness of the trace varies. Set the FOCUS and ASTIG controls for a well-
defined trace as described in steps 6 through B of the Astigmatism-Focus
Ad.lustment procedure in section 3.

TRACE ALIGNMENT CHECKOUT

Disconnect the input signal. Position the LEFT VERT trace to the center horizontal
graticule line. lf necessary, use the TRACE ROTATION control to align the trace with
the center graticule line.

GRATICULE ILLUMINATION CHECKOUT

Rotate the GRAT ILLUM control throughout its range and notice that the graticule
lines are illuminated as the control is turned clockwise.

CONTROL ILLUMINATION AND TRACE INTENSITY CHECKOUT

Set the rear-panel CONTROL ILLUMINATION switch to HIGH. Notice rhar the A
INTENSITY indicator and the selected pushbutton switch positions are all
illuminated. Sequentially press all of the HORIZONTAL IVIODE switch positions and
notice the A and B INTENSITY lights; these Iights indicate which intensity control is
active. set the coNTRoL ILLUMINATION switch to rhe MEDIUM position. Observe
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HORIZONTAL DEFLECTION CHECKOUT

Position the start of the trace to the left-most graticule line with the A HoRlz time-
base position control. Notice that the position control of only the A HORIZ time-base
unit affects the horizontal position of the displayed trace (not the position control of
the B HORIZ time-base unit).

set rhe HoRIzoNTAL MODE swirch to B. Adjusr the B INTENSITY control for a

visible display.

Notice that the position control of only the B HORIZ time-base unit affects the
horizontal position of the displayed trace. Position the start of the trace to the left-
most graticule line with the B HORIZ time-base unit position control.

set the HoRIzoNTAL MODE switch to ALT. Two traces should be presented on the
crt. lf the lraces overlap, set the vERT TRACE SEPARATION (B) control to position
one trace to the bottom of the graticule area. Turn the sweep rate switches of both
time-base units throughout their range. Observe that each time-base unit controls
one of the traces independently of the other time-base unit. Also notice that when
one of the time-base units is set to a slow sweep rate (below about 50
milliseconds./division) sweep alternation is evident (only 1 of the traces is presented
on the crt at a time). Set the sweep rates of both time-base units to O.5
milliseconds/division. Rotate the A INTENSITY control; notice that the intensity of
the trace produced by the A HORIZ time-base unit changes. Likewise, the B

INTENSIry control changes the intensity of the trace produced by the B HORIZ time-
base unit only. Return both INTENSITY controls to desirable levels.

Set the HORIZONTAL MODE switch to CHOP. Two traces should be displayed on
the crt in a manner similar to that of the ALT display. Turn the sweep rate switches
of both time-base units throughout their ranges.

SCt thc CALIBRATOR SWitCh tO O.4 V. SEt thc VERTICAL MODE SWitCh tO CHOP,
Four traces should be displayed on the crt. lf not, set the position controls of the
amplifier units and the vERT TRACE SEPARATION (B) conrrol to position the four
traces into view. Set the position controls of the plug-in units to identify which trace
is produced from each plug-in unit. (lf amplifier units have the "ldentify" feature, it
can be used to identify the traces.) Set the A HORlZtime-base unit for a sweep rate
of 1 millisecond/division. The LEFT VERT amplifier unit should be displayed at the
sweep rate of both time-base units.

Set the HORIZONTAL MODE switch to ALT. Observe that the display is very similar
to that obtained in the previous sweep. The main difference in this display is that
the traces are now displayed alternately (noticeable only at slow sweep rates).

Set rhe VERTICAL MODE switch to ALT. Set the CALIBRATOR switch to 4 V. Notice
that only 2 traces are displayed. The trace produced by the LEFT VERT amplifier unit
should be displayed at the sweep rate of the B HORIZ time'base unit and the trace
produced by the RIGHT VERT amplifier unit should be displayed at the A HORIZ
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Measurernent rYJ;1ilfl# t
This section of the manual demonstrates, in the form of self -teaching exercises, the
operation of all front-panel measurement keyboard commands, except those given
in the EXTERNAL block. These exercises are for the Option AD 7854 Oscilloscope
which can be operationally simulated by disconnecting the Wave{orm Calculator
and the GPIB cables from the oscilloscope rear-panel connectors.

All displays shown in the exercises in this manual are correct for the given
conditions-specified and previously displayed real-time waveform. the position of
the stored waveform, etc.-but might not be exactly duplicaled on your instrument
due to the extreme sensitivity of the processor. Therefore, your readings may vary
slightly from those shown in the exercise displays.

ln addition to the exercises to demonstrate the WFM ACOUISITION, CURSOR, and
WFM PARAMETER commands available on lhe measurement keyboard, this section
includes information on:

l. Waveform storage considerations;
2. The command buffer;
3. Error and warning indications; and
4. The character display in the STORED and BOTH modes.
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Using The Measurement Keyboard-7854

I

I

WAVEFORM STORAGE CONSIDERATIONS
Before measurements can be made by the processor, the real-time waveform must
be stored in waveform memory. With Option OD, only one waveform can be stored
at a 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 rUODE,
HORIZONTAL MODE, or plug-in unit display mode switches; other waveforms, or
those which would be displayed with a plug-in unit chop mode, are considered
invalid by the processor and cannot be stored. Each acquisition command has an
associated maximum number of waveforms which can be displayed during
execution; if more are selected, the processor cannot perform the acquisition
command and an error condition exists. (See Error and Warning lndications later in
this section for more details.)

Only one repetitive real-time waveform can be selected for display prior to any AVG
(Average) command; however, two waveforms can be selected at the time of an
AOB (Acquire Repetitive Waveform) or AOS (Aquire Single-Sweep Waveform)
command. lf two waveforms are selected at the time of an AOR or AOS command,
only one will be stored and available for subsequent measurement. Use the
following rules to determine which selected waveform is stored:

1. lf 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 LEFTVERT
plug-in unit.

2. lf the two waveforms are selected with the 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. lf rhe 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. lf the two waveforms are displayed with lhe HORIZONTAL IVIODE switch in ALT
or CHOP, the sweep values of the stored waveform are those from the B HORIZ
time-base unit.

@ 5-1 
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r'.-r acoutsItoN
GAATICUTE

10; 10
otvtstoNS

C€NTEA
GRATICUTE

8 r 10
DtvtsloNs

DISPUYED

STOBED

:10
INCREMEITS

EAL IIME
SIGNAT

2473 154

Figure 5-1. The acquisition graticulc in relation to the display graticule

The stored waveform consists of the vertical coordinate values of 512 equally-
spaced horizontal points taken from within the boundaries oI a 1O x 1O division
"acquisition graticule" (see Fig. 5-1). Any part of the real-time signal which exceeds
the vertical limits of + or - 5 divisions from vertical zero (the center horizontal
graticule line) is clipped at the edge of the acquisition graticule. Any points outside
the 10-division horizontal limits are ignored.

lf the selected VERTICAL MODE, HORIZONTAL MODE, and plug-in display mode
settings would result in more than one vertical or horizontal scale factor readout
being displayed in the SCOPE display mode, the processor performs a search
sequence to determine which one will be stored with the waveform points. The first
valid scale factor encountered in the search is stored. The vertical scale factor
search sequence is: LEFT VERT channel 1 (R0), LEFT VERT channel 2 (R4), RIGHT

VERT channel 1 (R1), and RIGHTVERT channel 2 (R5). The horizontal scalefactor
search sequence is: B HORIZ (R3, R7), A HORIZ (R2, RO)' (See Fig.4-1 for locations
of the readout, R designated, word.)

lf a valid scale factor is not found in the required readout word(s), a default scale
factor of "1 " is assigned by the processor and a warning is issued. To determine if
the requtred readout word is a valid scale factor, the processor scans the readout
word starting at the first (leftmost) character. lf the readout word is blank, or
contains non-numeric characters only, the default scale factor is assigned. Leading
non-numeric characters, such as " .", are not stored as part of the scale factor. The
scale factor unit (e.9.. V or S) is stored and displayed with the scale factor, but is not
used by the processor for any other purpose.

@5-2  
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I

COMMAND BUFFER

Keyboard commands (except STOP) received while the processor is BUSY are stored
in the command buffer (capacity: 10 commands) while awaiting execution. (A STOP
comrnand is executed immediately.) lf commands are received while the command
buffer is iull, they are ignored and a warning is issued. Normally the processor will
continue executing the commands in the order they were received until the buffer is
ernpty. However, if an error occurs, processing stops and the command buffer is

immediately emptied of any stored commands.

ERROR AND WARNING INDICATIONS
Before executing any command the processor checks for error conditions which
would prevent execution; and during command execution the processor checks for
warning conditions which could give incorrect or unexpected results. Whenever an
error or warning condition occurs, an audible warning lasling approximale\ 3AA
milliseconds is issued (if the rear-panel AUDIBLE ERROR,/WARNING switch is ON).
During this tone, in either the STORED or BOTH display modes, the alphanumeric
and stored waveform display are blanked to provide additional warning. (ln SCOPE
display mode, only the readout portion of the display is blanked during the tone.)
The ERROR indicator will light for either an error or a warning, and will remain lit
until another command is received by the processor.

NOTE

lf an error or warning occurs during the SCOPE display mode when the
AUDIBLE ERROR/WARNING switch is OFF, the condition might not be
noticed. Therefore, always pay close attention to the ERROR indicator
whenever any command is issued.

ERRORS

When an error condition occurs, execution of the command is aborted and any
subsequent commands stored in the command buffer are erased. The ERROR
indicator is lit and the error message is displayed until the condition is corrected or
until a new command is given. Error messages are displayed in the STORED and
BOTH display modes only and in the form: XXX EBROR, where XXX are the first
three rnnemonic characters of the aborted command. Table g-2A lists the error
conditions which can occur.

WABNINGS

lf during command execution a condition occurs which may cause the results to
be other than might normally be expected for the command, execution is

completed and (an STORED or BOTH display modes) a warning message is

displayed until a new command is given. Warning messages are displayed in the
Jorm: XXX WARNING, where XXX are the first three characters of the command
rnnemonic associated with the warning. Table 9-21 lists warning conditions which
can occur.

@ 5-3 
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WAVEFORM ACOUISITION EXERCISES
A real-time waveform is placed in memory using either the AOR, AOS, AVG1O,
AVG1W, or AVGlAOA commands. These command keys are located in the WFM
ACOUISITION block at the top of the 7854 measurement keyboard (see Fig. B,
block 6). Also located in this block are the GND (Ground) and STOP keys, and the
BUSY indicator. The STOP key prematurely terminates a GND, AOR, AVG1O,
AVG\ffi, or AVGlMO command if that command is still executing. The BUSY
indicator lights when the processor is busy executing any command.

NOTE

fhe RDOUT and PAUSE commands lnot labeled on panel) are
available as the shift functions ol the GND and STOP keys respectively.
However, as they are of little use to the operator without the Waveform
Calculator or GPIB interface, they are discussed in Section 6, Using the
Waveform Calculator.

The following exercises only illustrate the function and operation of the WFM
ACOUISITION keys and indicator, and must be sequentially performed in order to
obtain similar results.

ACOUIRING A REPETITIVE WAVEFORM

Perform the procedure for Obtaining a Scope Display given in Section 4, Scope
Display Mode lnformation.

Position the 4 V CALIBRATOR signal so that the f irst positive-going pulse starts at
the second vertical graticule line, and so the square wave is centered around the
center horizontal graticule line.

Set the STORED lNTensity control to quarter range

To Acquire the waveform

Press

fA{R-]

Display Comments
The BUSY indicator is lit
while the processor is
executing the command.
Scale factors (vertical
deflection factor and
horizontal sweep rate) oi
the valid waveform are
acquired and stored.
AOR WARNING is
issued (and displayed in
the STORED or BOTH
modes) if : (1 )More than
57o contiguous points are
not filled, (2) an invalid

sgo:ps

FTE COMPTETF

5-4 @
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ACOUIRING A REPETITIVE WAVEFORM (Cont)

Comments (cont)

scale factor readout is

encountered, (3) non-
unique scale factors are
encountered in add
vertical modes. or (4) the
AOR command is pre-
maturely terminated with
the STOP command.
Refer to Waveform
Storage Considerations
for further details.

NOTE

ll the specified readout position does not contain a valid scale factor,
a delault value of "1" is assigned by the processor and an
AOR WARNING r's displayed when in the STORED or BOTH display
modes.

AOR Operation: Equivalent-time random sampling is used to construct the
waveform into memory from as many repetitions of the real-time waveform as

required (see Fig.5-2). This command is useful at all sweep speeds.

I
I
I
I

\
EOUIVALENT-TIIVIE

DISPLAY
\

BEPETITIVE
REAL.TIME

INPUT
SIGNAL

2A13 275

Figure 5-2. The input pulse of a repetitive signal is reconstructed using equivalent-time
random sampling.
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ACOUIRING A REPETITIVE WAVEFORM (Cont)

The digitizer simultaneously samples and quantizes the repetitrve real-time
waveform. This sampling is asynchronous with respect to the sweep and only the
samples acquired within the horizontal limits o{ the graticule while the waveform is
visible are considered valid. During digitizing most of the waveform points will have
been sampled more than once, while some may not have been filled at all. The most
recent data is retained in memorY.

Waveform acquisition is terminated when at least gg% of all valid points have been
sampled and stored into memory and at least one complete sweep has occurred, or
when a STOP command is received.

AOR Restrictions: No more than two real-time waveforms may be selected for
display and no plug-in chop modes are permitted prior to execution of an AOR
command. AOR ERROR is issued if either restriction is violated.

Press

fsrinEp'l

Disptay Comments
The stored calibrator
signal with scale factors
and data from the
processor is displayed on
the crt.

NOTE

Notice that the stored calibrator signal is a representation, both in
waveshape and position, of the real-time CALIBRATOR signal iust
observed in the SCOPE display mode; however, the alphanumeric
information has changed. The alphanumerics displayed in the STORED
display mode are discussed in detail under Stored Character Display
following these exercises.

ZR

5-6 @
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SETTING THE GROUND REFERENCE (IN THE BOTH MODE)

Notice that the number following VZR (vertical zero reference) in line #1 of the
stored display has been O to this point in the exercises. This means that the o-volt
level of the stored waveform is assumed to be at the center horizontal graticule line.
This VZR setting is a Power-Up Condition (see section 1)set by the processor. The
GND command provides a means to set a specific ground reference level for
subsequently stored waveforms.

To demonstrate, go to the BOTH display mode:

Press

JL

fB5il')

Display Comments
The processor is flagged
to perform the shift
function of the next key
pressed. (lf the next key
pressed does not have a

shift function, no f unction
is performed.)

Both the real-time and
the stored calibrator
signals are displayed.
Rotate the LEFT VERT
amplifier position control
to verify that both
waveforms are present.
(See Both Display Mode
for further information.)

Exercise continues on nexl pageI

o vzRs 2V

:

g dorH i
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SETTING THE GROUND REFERENCE (Cont)

Now set the input coupling switch of the LEFT VERT amplifier unit to ground, and
position the trace to one division below the center horizontal graticule line. This will
be the new ground reference level.

Press Display Comments
Although the displayed
waveforms do not
change, the BUSY
indicator lights and
BUSY is displayed while
the processor stores
this level in a ground
reference register. The
vertical value, -"1 .OO2

in this example, is
given in graticule
divisions with reference
to the center horizontal
graticule line; and is
displayed in the X
register location-bottom
line, center, of the crt.
This new ground
reference will not
change until either a

new GND command is
issued or the 7854 is

turned off.

3ND

Set the input coupling switch of the LEFT VERT amplifier unit to dc. Do not
reposition the real-time waveform.

Press Display Comments

hoR-] The previously stored
waveform has been
replaced by the newly
acquired calibrator
sig nal.

@5-8  
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I

I

I

I

SETTING THE GROUND REFERENCE (Cont)

Press Display Comments
The stored calibrator
signal is displayed with
the baseline at the new
ground reference level.
VZR reading in the top
division of the graticule
reflects the currently
stored ground setting of
'1.992 division below
the center horizontal
graticule line.

fsroH'61

GND Operation: The processor stores the algebraic mean vertical level of the real-
time trace for the ground (vertical zero) reference of waveforms subsequently
stored.

GND Restrictions: No more than two real-time waveforms may be selected for
display and no plug-in chop modes are permitted prior to execution of the GND
command. GND EBROR is issued if either restriction is violated.

To a,ssure that the grouncl ret'erente is set as close as possible to the desired
level, monitor the ground settin!! o.\ displa.red in thc X regi.ster ol the
STORED or IIOTII nrodes. ll thc vulue displo.rul is rutt xhat.t'ou x'ont,
.simpll reytsition tha rcal-tinte lrd('( on(l presr @ again. Repeut i/'
ne( ?.tsor.t'.

I

I
I

1. OO2 g WFM STONFD
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AVERAGING A WAVEFORM

To remove random noise which may be present on the real-time waveform or to
increase the accuracy of the digitized waveform, use an AVG (Average) command.
The AVG I A, AVGlAO, and AVGl OQA keys on the measurement keyboard average
the real-time waveform the specified number of times before placing the resulting
waveform into waveform memory.

To demonstrate, return tothe SCOPE display mode by pressing (ffil . rue,.t.

set the VERTICAL MODE to ADD and attach an unshielded cable to the 1 Mo input
of the RIGHT VERT amplifier unit. Set rhe RIGHT VERT ampllfier to maximum
sensitivity and the LEFT VERT amplif ier to 1 V/Div. Set the B HORIZ time base for
0.2 milliseconds,/division. The crt should display a 4-division square wave with
about 1 division of noise riding on it. Return to the STORED display mode by
pr ess i n s fsrc-i6H-iD-f .

Press Display Comments
During command execu-
tion: the BUSY indicator
is liU the previously
stored waveform is
maintained on the
display; and the AVG
mnemonic, BUSY mes-
sage, and number of
averages to be completed
are displayed in the
bottom division (line #16)
of the graticule.

fAVGl oo"l

After command execu-
tion: the BUSY indicator
is off; the newly stored
waveform is displayed in
line #1 6 of the display;
and the last command
mnemonic, AVG'lOO is
displayed.

78 AvG lusY

ffr/tf,

5-10 @
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AVERAGING A WAVEFORM (Cont)

AVG Operation: Acquires repetitive real-time waveform as for AOR command.
Then the processor repeatedly re-acquires the real-time waveform, by points, and
accumulates new data into the corresponding points of the stored waveform. lf the
value of a point rs found 1o be changed from its initial value, the difference is

modif ied with a weighting factor and added to the initial value. The result is that at
any time during averaging the stored waveform will approximate the algebraic mean
value of the individual waveforms acquired so far.

AVG Restrictions: Only one real-time waveform may be selected for display,
no chop or alternate modes permitted, prior to execution of the AVG commands.
AVG ERROR is issued if this restriction is violated.

STOPPING ACOUlSITION

The STOP command is used to terminate either an AOR, GND, or AVG command
while the processor is busy executing that command. To illustrate:

Comments
The display is similar to
that previously described
during execution of
AVG|W,

While the BUSY indicator is lit:

Press

fs-f6'F)

Display

O Wfu AVG WARNING

Comments
The stored waveform
now consists of the
number of averages
completed prior to the
STOP; if no averages
were completed, all
waveform points are set
to zero. AVG WARNING
is issued when a STOP is
executed.

vzR 1,O02 2OOtS

*d,#'T

$ryiq-j

NOTE

The STOP command is executed immediately upon receipt by the
processor.

NEXT EXERCISE BEGINS WITH POWER.UP

@ 5-11
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ACOUIRING A SINGLE.SWEEP WAVEFORM

When the real-time signal to be stored is not repetitive because of varying
amplitude, waveshape, or repetition rate, use the AOS command to store the
signal.

To acquire a single-sweep waveform, perform the first step of Obtaining a Scope
Display given in Section 4, Scope Display Mode lnformation.

Then install a Tektrontx 7A-series amplifier unit rn the LEFT VERT compartment and
a 7887 Time Base With Pretrigger Acquire Clock in the B HORIZ compartment.

Perform steps 3 through 8 of the procedure for Obtaining a Scope Display

Now set the 7887 to the single-sweep mode. (Refer to the 7887 lnstruction Manual
for more detailed operating information for the 7887 Time Base With Pretrigger
Acquire Clock.)

I

I

I

I

I

I

I

I

Press

fs;oREp-)

0mo

Display Comments
Stored display at power
up.

The display is blanked
and the BUSY indicator is

lit while the processor
awaits the triggered
sweep.

I

@

o

t
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ACOUIRING A SINGLE-SWEEP WAVEFORM (Cont)

Press Display

7887 Single
Sweep Reset
Pushbutton

Comments
Stored single-sweep
calibrator signal and
AO.S mnemonic are dis-
played. AOS WARNING
is issued if more than 5%
contiguous points are not
f illed.

I

I

I

AOS Operation: The processor uses real-time sampling (see Fig. 5-3) to
sequentially sample and store 512 points of the single-sweep waveform unless the
command is prematurely terminated by use of the rear-panel AOS ABORT
pushbutton. The processor will not accepl any other commands during command
execution (which includes waiting for the single-sweep trigger.)

lf fewer than 512 points have been stored when the command is terminated, the
stored poinls are right-.iustified on the display and the remaining points are
displayed at the value of the first stored point. lf no points have been sampled when
the command is terminated, all points are set to and displayed at the vertical zero
reference level.

I
I
I
t
I
I

REAL.TIME
DISPLAY

I

SINGLE-SWEEP
INPUT

SIGNAL

2A73 276

Figure 5-3. The single-sweep input signal is sequentially sampled and each point is
displayed as it actually occurred.

@ 5-13
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ACOUIRING A SINGLE-SWEEP WAVEFORM (Cont)

NOTE

This command can be prematurely terminated only with the rear-panel
AAS ABART pushbutton.

AOS Restrictions: No more than two real-time waveforms may be selected
for display and no plug-in chop display modes are permitted prior to execution of
the AOS command. Also the B HORIZ compartment must contain a properly
adjusted 7887 Time Base with Pretrigger Acquire Clock that is selected for display.
AOS ERROR is issued if either restriction is violated.

STORED CHARACTER DISPLAY

With the 7854 in the STORED or BOTH display modes, the alphanumeric character
informalion displayed by the crt is provided by the processor. ln addition to the
stored waveform scale factors, data and status messages from the processor are
also displayed. Each data message or scale factor is displayed in a specific fixed
field assigned to that item. The graticule area is formatted into 16 display lines
(numbered 1 through 16, top to bottom) o'f 4O characlers each. Each field is
assigned a maximum number of characters, though each field is not necessarily
unique. A typical character display in the STORED mode is shown in Figure 5-4.
Refer to this illustration throughout the following discussion.

I

I

NEXT EXERCISE BEGINS WITH POWER.UP

VCFD 23.76mv HCFD = 3

*orSg

5-14

Figure 5-4. Typical character display of STORED mode.

@ 
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Using The Measurement Keyboard 7854

OPERATIONAL WAVEFORM STATUS

lnformation displayed in the top division of the graticule (line #1)pertains to the
operational waveform (OPW) and consists of four fields. The first field of line #1,
OPW 0, indicates that the operational waveform is from waveform memory address
number O. The second field, VZH -1, indicates that the waveform's vertical zero
location is one division below the center horizontal graticule line. The third and
fourth fields are the scale factors which were stored with the waveform (vertical
def lection factor and horizontal sweep rate as supplied by the plug-in units), and are
usually displayed with scale factor units (e.9., V or S).

CURSOR STATUS

When cursors are on, cursor coordinates, are displayed in display line #1 5. (See Fig.
5-4.) lf one cursor is on, the coordinates given are those of Cursor 1. The first field
of this line, VCRD- 23.76mY, is the vertical coordinate of Cursor 1 measured
from the VZR and given in scale factor units. The second field, HCRD- 3.66pS, is
the horizontal coordinate of Cursor 1 measured from the start of the waveform and
given in scale factor units. With both cursors on, the coordinates given arethoseof
Cursor 2 relative to Cursor 1. This is indicated by the,r, (delta) in AVCRD- and
. HCRD (called relative coordinates). lf the cursors are off, this line is blank.

STACK AND PROCESSOR STATUS

The contents of the Y and X stack registers and status messages are displayed in
the bottom line of the display. (The operand stack is discussed in detail in Section 6,

Using the Waveform Calculator.)The first two fields of this line are the contents of
the Y and X stack registers. (For all practical purposes, the contents of the Y

register, which usually contains the last contents of the X regrster, can be ignored
while operating the Option OD instrument.) Status messages comprise the
remaining fields of this line. These messages include the mnemonic of the
command just executed or of the command now executing; plus the execution
status messages of BUSY, WARNING, ERROR, STOP lN, and PL XXX. (See
Programming in section 6 for explanations of the STOP lN and PL XXX messages.)

NUMERIC DISPLAYS

All numeric displays in the STORED mode (except scale factors, which have been
previously formatted by the plug-in units) adhere to the general format of:

<sign> <mantissa> <exponent>

The sign is displayed only for negative numbers ( ), and is blank for positive
numbers. A zero value is displayed as O, and up to four mantissa digits in the range
ol 1.O@A through 999.9 are displayed.

@ 5-15 
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lf the number is within the range ol 1.AA@ * 10-12 through 999.9 x 1O12, aletler
exponent is displayed. See Table 5-1. Numbers outside the range for letter
exponents are displayed in the form:

<sign> <mantissa>E<esign> <evalue>

where the esign is + if the exponent is positive and if negative, and the evalue is
displayed as a two-digit integer, multiple o{ 3.

TABLE 5-1
Letter Exponents

Multiplier Symbol

10"

10-s

10'6

p

n

I

I

I

I

I

I

I

I
1/-3

1A3

106

1As

10'2

l1

m

K

M

G

I

I

Pref ix

pico

nano

mrcro

milli

kilo

mega

g rga

tera

5-16 @
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Using The Measurement Keyboard-7854

I

CURSORS EXERCISE
Cursors are one or two specially identified points of the operational waveform.
When the cursors are on, their position on the waveform is identif ied by intensified
points, and their vertical and horizontal coordinates are displayed on the crt. (See

Stored Character Display for more information on the cursor coordinates.) The
cursors are also used to define portions of the operational waveform for waveform
and pulse parameter measurements.

The cursor control keys are located at the lower right edge of the 7854
measurement keyboard (see Fig. B, block 3). The following exercise only illustrates
the function and operation of the cursor control keys. Effects of cursor status and
position on waveform parameter commands are illustrated by performing the
exercises given later in this section under Waveform Parameter Measurements.

POS]TIONING THE CURSORS

Perform the procedure for Obtaining a Scope Display given in Section 4, Display
Mode lnformation.

Position the CALIBRATOR signal so that the first positive-going pulse starts ar the
second vertical graticule line, and the baseline is one division below the center
horizontal gralicule line.

Set the STORED lNTensity control to quarter range.

Press Display

fAr:ffio'lI

I

2 50 /S

t-

ELF TE sJ coMP!rrE 
_

Comments

Calibrator signal and
scale factors are stored

Exercise continues on next page
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Using The Measurement Keyboard-7854

POSITIONING THE CURSORS (Cont)

Press Display

fsroTEDl

ZfcT3Tl

To move Cursor 1 to the right:

Press

fcf,-i,

Comments
Stored calibrator signal is
displayed.

Cursor 1 is turned on.
Cursor 1 appears at left
edge of display if it has
not been moved since the
7854 was turned on,
otherwise it appears at its
last positioned horizontal
location. Cursor coordin-
ates are displayed in line
#15.

Comments
Cursor 1 moves right.
Notice how the co-
ordinale readings change
to reflect the new
position of the cursor.
CRS WARNING is
issued when Cursor 1

reaches the end of the
waveform.

I

I

I

I

I

I

I

I

I

I

@

oaAD 1.99nVg OWFM
H cil

I
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Using The Measurement Keyboard-7854

POSITIONING THE CURSORS (Cont)

NOTE

For all manual cursor positioning keys. the initial actuation moves the
designated cursor by one point. lf you continue to hold the key down,
the cursor begins continuous movement, accelerating across the
display. When the key is released, cursor movement is immediately
halted.

To move Cursor 1 to the left

Press

fffi)

To turn on both cursors:

Press

CR52-1

Display

Comments
Cursor 1 moves to the
left. Notice the change
in cursor coordinate read-
ings. CRS WARNING is
issued when Cursor 1

reaches the start of the
waveform.

Comments
Turns on Cursor 2.
Belative cursor coordin-
ates express the differ-
ence between Cursor 2
and Cursor 1 (identif iable
bv,',).

Exercise continues on next page

Iq

@ 5-19 
Document scan by vintageTEK - Your donations help support the museum - vintagetek.org



Using The Measurement Keyboard-7854

POSITIONING THE CURSORS (Cont)

Position Cursor 1 to the third vertical graticule line

To move Cursor 2 left:

Press
(ffi)

To move Cursor 2 righl:

Press

fffii

To turn off the cursors

Press

@

Comments
CRS WARNING 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 OV and
0S indicating both
cursors are positioned at
the same point.

Comments
Cursor 2 moves to the
right. CRS WARNING is

issued when Cursor 2
reaches the right edge of
the graticule.

Comments
Turning the cursors off
does not change their
horizontal location. Verify
this by pressing rcFgT)

@5-20  
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Using The Measurement Keyboard-7854

POSITIONING THE CURSORS (Cont)

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.

bRSl

Move Cursor 1 at least
one division to
the left of Cursor 2.

CRS WARNING iS

issued when Cursor 2
meets cursor 1. Notice
that cursor 2 cannot pick
up Cursor 1 .

@ Turn cursors off

I

(ffi)

fcrT2a)

NEXT EXERCISE BEGINS WITH POWER.UP

@ 5-21 
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Using The Measurement Keyboard-7854

WAVEFORM PARAMETER MEASUREMENTS
The keys located in the WFM PARAMETER block at the left of the measurement
keyboard (see Fig. B, blocks 1 and 2l cause the processor to compute various
constants of the operational waveform. Basically, two types of parameters are
computed: amplitude parameters (with the MAX. IVllN, P-P, MlD, lvlEAN, RIVIS,
AREA, and ENERGY commands) and time parameters (with the PER, FREO, DELAY,
WIDTH, RISE, and FALL commands). Cursor status and position affect the
calculation of these parameters.

The following exercises only illustrate the function and operation of the WFIVI

PARAIVIETER keys. Refer to Section 9, Command Language, for the specific
algorrthm used for each computation.

MAKlNG AMPLITUDE-PARAMETER MEASUREMENTS

Perform the procedure for Obtaining a Scope Display given in Section 4. Scope
Display Mode lnformation.

set the input coupling switch of the LEFT VERT amplifier unit to ground. Position
the trace one division below the center horizontal graticule line.

Pr"s. (ffi! to set the ground reference level for all measurements made in this
exercise.

NOTE

lf the GND is not set, the measurements will be taken with reference to
the center horizontal graticule line and not necessarily with reference
to the O-volt level of the waveform.

Return the input coupling switch of the LEFT VERT amplifier unit to dc.

Horizontally position the CALIBRATOR signal so that the first positive-going pulse
starts at the second vertical graticule line.

Set the STORED lNTensity control to quarter range

NOTE

Cursor status and position affect all voltage parameter measurements
as follows: (1) With both cursors off, the measurement spans all stored
waveform points; (2) with Cursor 1 on, the measurement spans from
(and including) Cursor I to the right end of the waveform; and (3) with
bolh cursors on, the measurement spans between (and including) the
cursor points.

I

5-22 @ 
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Using The Measurement Keyboard-7854

MAKING AMPLITUDE.PARAMETER MEASUREMENTS (CONI)

Press Display Comments
(Effi''I

@

To measure the MAXimum value of the waveform:

Press Display

fM:[Tl

The calibrator signal is
averaged 1O times and
stored in waveform
memory,

Return to the STORED
display mode.

Comments
The maximum value (the
stored waveform's most
positive point relative to
the vzR) is returned to
the X register field and
the MAX mnemonic is

displayed. (The unit of
measurement is the
same as the vertical scale
factor unit.)

Exercise continues on next page

i!ti

...ri ,..t "orr,rr. '

5OO lS

++

0.997 2!

vzR 0.997

4.2 49
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Using The Measurement Keyboard-7854

MAKING AMPLITUDE.PARAMETER MEASUREMENTS (Cont)

To measure the MlNimum value of the waveform:

Press Display Comments

@ The minimum value (the
stored waveform's most
negative point relative to
the vzR) is returned to
the X register field and
the MIN mnemonic is
displ ayed.

Comments
The peak-to-peak value
of the stored waveform
is returned to the X
register field and the
P P mnemonic is
displayed. Notice that
the P-P value is the
difference between
MAX and MlN.

Comments
The middle value is
returned to the X register
f ield and the MID
mnemonic is displayed.
The MID value is halfway
between MAX and I\4|N.

To measure the Peak-to-Peak value of the waveform

Press Display

To measure the IVllDdle value of the waveform:

Press Display

@ I

I

@

i- i
o.zrI 7-324m MrN

997

5-24 @
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Using The Measurement Keyboard 7854

MAKING AMPLITUDE.PARAMETER MEASUREMENTS (Cont)

NOTE

When taking the MEAN and RMS measurements, turn on and position
the cursors to span an integer number of cycles. For the following
examples we have arbitrarily chosen to span three cycles.

To measure the MEAN value of the waveform

Press Display

fcf,E:T'l

fMEm

To measure the Root-Mean-Square of the waveform:

Press Display

fnffil

Comments
Turn on and position the
cursors as shown.

The algebraic mean value
of all spanned waveform
points is returned to the
X register field and the
MEAN mnemonic is
displayed. (See Section 9,
Command Language, for
the specific algorithm.)

Comments
The root-mean-square
value of all spanned
waveform points is
displayed in the X
register field and the
RMS mnemonic is

displayed. (See Section 9,
Command Language, for
the specif ic algorithm.)

oPw o vzR 0.997

s o.997

@ 5-25
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I Using The Measurement Keyboard-7854

MAKING TIME. PARAMETER MEASUHEMENTS

NOTE

For the following measurements. il a point is not located specifically-at
the designated crossing level, the processor estimates the horizontal
crossing location using linear interpolation between the two points
adjacenl to the crossing level.

Perform steps 1 through 3 of the procedure for Obtaining a Scope Display given in
Section 4, Scope Display lVlode lnformation.

Set the B HORIZ time-base unit to 0.5 microsecond/division and triggering to auto
mode with ac coupling from the internal source. Set the sweep magnifier to the X10
position.

Rotate the B INTENSITY control until the trace is at a desirable viewing level.

Connect a square wave of approximately 2.5 megahertz from a function generator
(recommended type; TEKTRONIX FG 503 Function Generator with TM 5OO Power
Module) to the anput of the LEFT VERT amplifier unit. (Match impedances if
necessary.)

Set the LEFT VERT amplifier deflection faclor and the function generator output
amplitude to display a signal of 4 divisions amplitude on the crt.

Adjust the B HORIZ time-base triggering controls for a stable display triggered on
the negalive-going slope.

Adjust the B HORIZ position control and the functron
obtain a display similar to that shown below for

Set the STORED lNTensity control to quarter range.

Press Display
(Nd@)

generator output frequency to(ffi]

Comments

Store the pulse"

Exercise continues on next page
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Using The Measurement Keyboard-7854 tl
MAKING TllvlE-PARAMETER MEASUREMENTS (Cont)

Press Disptay

fsffi]
Comments

Display the stored pulse

Turn on and position the
cursors as shown at the
left.

I

(M)

NOTE

For the time-parameter f unctions the processor computes the
horizontal spacing between identif ied levels of the operational
waveform whose vertical positions have certain specified values (i.e.,
baseline, SAVo level, pulse top. etc.). fhese points and the
corresponding measurements are illustrcted in Figure 5-5. Refer to
this figure throughout the following instructions. Always, for the time-
parameter functions, the baseline and pulse top are identified by
Cursor I and Cursor 2 respectively. lf the cursors are off, Cursor I (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. lf several
pulses are displayed, Cursor 2 also identilies the pulse to be measured.

I

I

I

I

I

I

I

I

o CRSl

HCRO . 2OO.2nS

5-2a @
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I Using The Measurement Keyboard-7854

i

I

I

I

?

-l

\_

I
I

I

I

I

MAKING TIME- PARAMETER IVIEASUREIVIENTS (Cont)

Figure 5-5. Time-parameter relationships.

Measuring a Pulse

To measure the RISE time of the pulse:

Press Display Comments
The rise time is returned
to the x register field and
RISE mnemonic is

displayed.

fRrTA

RISE Operation: The time between the 1tr/o and gff/o levels adjacent to the closest
Sff/" level before Cursor 2 is returned to the X regrster.

RISE Restrictions: lf both cursors are on, the AVCRD must not be within:1(6E-
04)i.(vertical scale factor), prior to executing the RISE command. RIS ERROR is
issued if the restriction is violated.

lzA o

.'VCRD = 4.OO9v 'HCFO . 2Og.2nS
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Using The Measurement Keyboard-7854

2gO.2dSABCRD

MAKING TIME PARAMETER MEASUREMENTS (Cont)

To measure the FALL time of the pulse:

Press Display Comments
The fall time is returned
to the X register f ield
and FALL mnemonic is
displ ayed.

7GftL-)

FALL Operation: The time between lhe 9A% and 1Ao/o levels adjacent to the first
5ff/o level following Cursor 2 is returned to the X register.

FALL Restrictions: Cursor 2 must be on and the waveform must cross the 9oo/o and
1Oo/o levels after Cursor 2. Also, the AVCRD must not be within: !l6E-O4l x (vertical
scale factor), prior to executing the FALL command. FAL ERROR is issued if either
restriction is violated.

To measure the DELAY of the pulse:

Press Display Comments
The delay time is re-
turned to the X register
f ield and DELAY
mnemonic is displayed

bELAVI

DELAY Operation: The time from Cursor 1 to the closest 50% level before Cursor 2
is returned to the X register.

DELAY Restrictions: lf both cursors are on, the,"'.VCBD must not be within: t(6E-
04) *(vertical scale factor), prior to executing the DELAY command. DEL ERROR is
issued if this restriction is violated.

I

I

IHCRO " 2O0.2nS

5-30 @
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Using The Measurement Keyboard-7854

MAKING TIME-PARAMETER MEASUREMENTS (Cont)

To measure the WIDTH of the pulse:

Press Display Comments
The width is returned to
the x register field and
WIDTH mnemonic is

displayed.

fi,rylDTH )

WIDTH Operation: The time from the closest Sfflo level before Cursor 2 to the
closest SCPlo level after Cursor 2 is returned to the X register.

WIDTH Restrictions: Cursor 2 must be on and the waveform must cross the 50%
level after Cursor 2. Also, the I,VCRD must not be within: L(6E-O4\ {.(vertical scale
factor), prior to executing the WIDTH command. WID ERROR is issued if either
restriction is violated.

Measuring A Pulse Train

Set the B HORIZ time-base time,/division to 2 microseconds/division and the sweep
magnifier to the X1 O position.

Press

[FVNG-1Iw)

Display Comments
Store the pulse train

Exercise continues on next page

@

vcaD t 97.66mV HCnO 89O.ans
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Using The Measurement Keyboard-7854

t

oPw o vzR o

742.26
:

HCND
s

MAKING TIME-PARAMETER MEASUREMENTS (Cont)

Press Display

ldR-Si,
(dR-Sr]

To measure the PERIOD of the pulse train

Press Display

Comments
Position the cursors
approximately as shown

Comments
The processor requires a

vertical level of the
waveform to be in the X
register prior to executing
t'e ITER-I. Since the
MID is convenient, we
have placed it in the X
reg ister.

I

@

The period is returned to
the X register and PER

mnemonic is displayed.

PER Operation: The time between the first crossing of the waveform across the
level specified in the X register to the next crossing of the specified level, in the
same direction, is returned to the X register.

The search for the crossing begins at the left end of the specified interval. Any place
where the waveform touches the crossing level, but does not actually cross, is

detected as a crossing.

@

@

vzR o

ovzBg

nSAVCBO
o
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Using The Measurement Keyboard-7854

MAKING TIME-PARAMETER MEASUREMENTS (Cont)

PER Restrictions: The X register must contain a constant representing a vertical
level which the waveform crosses twice in the same direction (both positive-going
or negative-going), between the cursors if they are on. PER ERROR iS issued if the
restriction is violated.

To measure the FREOuency of the pulse train first:

Press

fM-iE-N'l

JI

Display Comments
The processor requires
a vertical level of the
waveform to be in the
X register prior to
executing the FREO
command. ln this
example we have used
the MEAN level.

FREO The frequency is returned
to the X register and
FR EO mnemonic is
displ ayed.

FREO Operation: The processor computes the period, as described above, then
returns the reciprocal of the period to the X register.

FREO Restrictions: The X register must contain a constant representing a vertical
level which the waveform crosses twice in the same direction. FRE ERBOR is

issued if the restriction is violated.

3,995V
193.51m

AaCRO = r42.2;S

NEXT EXERCISE BEGINS WITH POWER-UP
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Using The Measurement Keyboard-7854

BOTH DISPLAY MODE
The BOTH display combines the real-time waveform(s) of the SCOPE mode and the
stored waveform and character display of the STORED display mode. The real-time
waveform of the BOTH mode is controlled by the associated plug-in units andthe
stored waveform and character display is controlled by the processor. This display
mode is used primarily for the comparison of real-time and stored waveforms.

SELECTING THE BOTH DISPLAY MODE

Perform the procedure for Obtaining a Scope Display given in Section 4, Scope
Display [\/ode lnformation.

Position the CALIBRATOR signal so that the first positive-going pulse starts at the
second vertical graticule line, and so the baseline is at the center horizontal
graticule line.

Set the STORED lNTensity control to quarter range.

Press Display

Reposition the real-time CALIBRATOR signal so that the pulse tops are one division
below the center horizontal graticule line.

Set the time base unit in the B HORIZ compartment to 1 millisecond,zdrvision

I

I

t

I

Press

tlffi'ffi)
Display

Comments
Average and store the
calibrator Signal.

Comments
Both the real-time
CALIBRATOR signal and
the stored calibrator
signal are displayed on
the crt. Character infor-
mation is the same as
previously described for
STORED display; no
real-time readout from
the plug-in units is
displayed.

@

5Oo!

BOTH
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Using The Measurement Keybeard-7854

SELECTING THE BOTH DISPLAY MODE (Cont)

NOTE

ln all display modes of the Option AD instrument, all commands in the
WFM ACAUISITION. WFM PARAMETERS. and CURSORS blocks on
the 7854 measuremenl keyboard, lunction as previously described.
The real-time wavelorm is controlled by the plug-in units as described
in Section 4, Scope Display Mode lnlormation.

NEXT EXERCISE BEGINS WITH POWER.UP
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Using the
Waveforrn Calculator

The Waveform Calculator keyboard provides accessibility to increased processing
capabilities for stored waveform manipulation and measurement, and for numeric
computations. And in addition to the three display modes available with the
measurement keyboard, the Waveform Calculator provides command programming
which allows a repetitive command sequence to be performed automatically by the
processor.

This section builds upon the information presented in sections I through 5 of this
manual and should be read in sequence.

This section discusses only the increased capabilities available wrth the Waveform
Calculator and is divided rnto two subsections:

1, Stored Display Mode lnformation-additional information pertaining to the
STORED display mode using the Waveform Calculator; and

2. Programming-a discussion of programming using the Waveform Calculator.

I

I

I

t

t

t

t

t

t

t

t

t
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Using The Waveform Calculator-7854

STORED DISPLAY MODE INFORMATION
ln addition to displaying real-time waveforms and readout (as described in Section
4, Scope Display Mode lnformation), the crt can display various aspects of the
processor's data memory-stored constants. stored waveforms, operational
waveform (OPW) scale factors, operand stack contents, and program status-in the
STORED display mode. Also, the BOTH display mode is available for comparrng
real-time and stored waveforms. The Waveform Calculator keyboard is the primary
port to input operands and programs to the processor, and operates similarly to
hand-held programmable stack-oriented calculators using Reverse Polish Notation
(RPN). (Programming is explained under Programming later in this section.)

This subsection has been divided further into Mathematical Calculations and
Waveform Processing. Stack operation, processor operation (RPN), and numeric
functions and lrmitations are explained under Mathematical Calculations. Waveform
Processing explains waveform storage, data memory, and waveform manipulation.

IVIATH EIVIATI CAL CALCU LATIO N S
Plug-in units are not necessary when only mathematical calculations are to be
performed, since only the Y and X register fields (on the STORED or BOTH display)
are observed during execution of mathematical functions.

OBTAINING A STORED DISPLAY
WITHOUT WAVEFORMS

Although mathematical calculations can also be performed and observed in the
BOTH display mode, the STORED display mode is used here. To enter the STORED
display mode:

l. Connect the Waveform Calculator to the 7854 Oscilloscope mainframe (POWER
switch off) as described under lnstallation in Section 1, lntroduction.

2. Connect the 7854 (POWER switch off) to a power source that meets the voltage
requirements of the instrument. lf the available line voltage is outside the setting
limits of the LINE VOLTAGE SELECTOB switch (on the mainframe rear panel).
see Operatrng Power lnformation under lnstallation in section I .

I

I
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Using The Waveform Calculator-7854

OBTAINING A STORED DISPLAY WITHOUT WAVEFORMS (Cont)

3. Set the front-panel controls as follows: I

I

I

I

I

GRAT ILLUM
READOUT lntensity
STORED lNTensity
A INTENSITY
FOCUS
B INTENSITY
POWER

CALIBRATOR
VERTICAL MODE .

A TRIGGER SOURCE
HORIZONTAL MODE .

VEBT TRACE SEPARATION (B)

B TRIGGER SOURCE

Fully

Fu lly
Fully

Fully

cou nterclockwise
. . Ouarter range
cou nterclockwise
cou nterclockwise
.......Midrange
cou nterclockwise
. . On (locked in)

....4 V

.. LEFT-
... VERT MODE

..... B*
.......Midrange
... VERT MODE

{ REGISTER
CONTENTS

*These controls are automatically set to the specified positions at power turn on. See
Power-On Conditions in section 1.

4. Press ,h" @ key on either keyboard. (ldentically named keys on the
measurement and Waveform Calculator keyboards perform the identical
f u nction.)

5. Adjust the READOUT intensity control until the readoul is at a desirable viewing
level (about quarter range).

THE STACK

The stack is a special storage structure primarily used to provide operands for
commands, and as the target for results from the processor. The displayed Y and X
registers are two of the five data registers which constitute the stack. These
registers have been labeled W, f , Z, Y, and X, and are pictorially represented as:

REGISTER
NAMES ) T Z x

Displayed in STORED mode as the
first two readout fields of the bottom line

4.1M 25K 945 1

6-2 @
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Using The Waveform Calculator-7854

Each stack register may contain either a numerical constant (displayed in numeric
format) or a waveform memory address (displayed as n WFM). (The actual
waveform data remains in the designated waveform memory.) All data f low into and
out of the stack is via the X register.

To accommodate a new data item, the previous contents of each register is first
moved to the next register left. then the new data is entered into the X register. This
is called "pushing the stack" and is illustrated in Figure 6-18 and C.

When a new data item is required from the stack, the stack is "popped" as shown in
Figure 6-1D and E. First, the data item in the X register is "popped" to the
processor, then the data in the remaining stack registers is copied into the next
register right. Notice that the contents of the W register remains unchanged.

NUMERIC ENTRY

N

(

umbers are entered in the stack via the X register, by pressing the numeric keys
fEEl , and ('7') throush @ ), just as though you were writing on a

piece of paper. The decimal point must be keyed in if it is part of the number;
however, any additional decimal point entered after the first will be ignored and a

warningl 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 warningl.

lnitially the mantissa is positive, but CHS (Change Sign) commands can be issued at
any time during the mantissa entry. Any number of CHS commands may be issued
during entry of the mantissa and each will reverse the existing sign of the mantissa.
Mantissa entry is terminated by EEX (Enter Exponent), ENTER, or any non-numeric
command (except CHS, RUN, STEP, STOP, or PAUSE).

When working with numbers which are either too large or too small for the normal
mantissa limits, using an exponent is particularly advantageous. To enter an
exponent, press (E*l following mantissa entry or a non-numeric command, and
key in the desired exponent. (lf a mantissa is not entered prior to an EEX command,
a default mantissa of "1" is assigned and displayed.) Any number of digits may be
entered for the exponent, but only the last two are retained by the processor.
Decimal points or additional EEX commands issued during exponent entry are
ignored by the processor and a warningl is issued. The exponent sign is initially
posrtive, but any number of CHS commands may be issued at any time during
exponent entry 10 reverse the existing exponent sign. Exponent entry is terminated
by the ENTER command or by any non-numeric command except CHS, RUN. STEP,

STOP, or PAUSE. All non-numeric commands perform an implicit ENTER function
to terminate numeric entry.

'The warning message of XXX WARNING is not displayed for this warning

@ 6-3 
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A. The Stack.

T z X

4.1M 25K 9.45 O WFM 1

B. Pushing a new data item (3.414) into the siack.

WTZY X

t 1M 25K.....9.45....O WFM ... -1.. ...3.414 (

C. The stack after being pushed. Notice that the original
contents of the W register are lost.

WTZYX

25K 9.45 O WFIVI 1 3.414

2sKJ 25K .... 9.45 .... 0 WFM ..... -1 ..,..3.414 )
To
Processor

E. The stack alter being popped. Notice that the contents of the
W register remain unchanged, but its data has been duplicated
in the T Register.

WTZYX

25K 25K 9.45 O WFM 1

2A73-44

@6-4

Figure 6-1. A demonstration o{ stack "pushing" and "popping".

D. Data item (3.41 4) is popped to an outside larget as required
by the processor.

WTZYX
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When numeric entry is terminated, the mantissa is rounded to a maximum of four
signif icant digits within the range ol 1 .O@b through 999.9, and the exponent is

displayed as a letter if within the range oI 1A12 b 1ff12. At this point, the value of
the number is:

(displayed exponent)
(rounded mantissa)* 1 0

The location of the keys demonstrated in the following exercises are shown in
Figure D, blocks 2 and 8 at the front of this manual.

KEYING IN NUMBERS

Perform the procedure for Obtaining a Stored Display Without Waveforms given
earlier in this section.

Operands are keyed into the X register by pressing the numeric keys in the
sequence used when writing on paper. For example, to key in the number 851 .25:

Press X Register Field Comments

Mantissa sign is blank
indicating a positive number

@

@o

@

@

85
851

851

Successive mantissa digits
entered are displayed to the
right of existing digits.
Notice that each character is
generated by the associated
key.

The decimal point is entered
as part of the mantissa.
Additional decimal points
issued are ignored and a

warningl is given.

up to a total of 1 2 characters
(digits + decimal point) may
be keyed in. Additional
characters entered are
rgnored and a warningr is
given.

'The warning message oI XXX WARNING is not displaved for this warning

@ 6-5
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KEYING IN NUMBERS (Cont)

NOTE

lf the shift, il ,o--rnd is issued during numeric entry the
processor will blank 5 characters of the X register display to the right of
the center vertical graticule line and will display the F here. The value
of the number is not alfected and the display is returned to normal
following a CL.f- command.

ENTERING NEGATIVE NUMBERS

To key in a negative number, press the keys for the number, then press (ffil
(Change Sign). The number, preceded by a minus sign (*), will be displayed in theX
reg ister.

To change 851 .25 now in the X register to a negative number:

t

t

Notice that only the minus
sign is displayed; positive
numbers do not have a

displayed sign.

The sign of a number may be changed any number of times, and at any time during
mantissa entry.

CLEARING THE X REGISTER

lf a mistake is made while keying in a number, clear the entire number string by
pressing @ (ctuur. X Register). Then enter the correct number.

For example, you have entered -851.25 when you should have entered -814.25:

Press

rffii

Press

X Register Field

"851 .25

X Register Field

g

Comments

Comments

The stack is popped; CLX
mnemonic is displayed.

fcl-x-.l

814.25 rcEl a14.25 The correct number is
entered.

NOTE

The CLX command does not reset the X register to A; it merely pops the
stack.

@6-6  
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PERFORMlNG TWO-OPERAND FUNCTIONS WITH CONSTANTS
Two-operand functions are key commands that must have two numbers entered in
order for the operation to be performed. Examples of two-operand functions are the
-, +, * , and / arithmetic commands.

To place tvo rcnstonls into the statk ond perlbrm un ttptrution:
a. Ke)' in the .first nuntber.
h. Press ( EEN-EA to separdte the.lirst <ttnstottt.front the sautntl. The

.lirst utnstont nta.r', if necessar), he ntunded b_r' the prccessrtr ot this
Iit te.

c. Ke.t' in the seutnd nunther.
d. Pres,s the orithnu,tit ./ilnction ka.t to pe1fornt the operotion.

NOTE

When a function key is pressed, the processor (if not busy) immediately
executes that function.

To illustrate, add 12 and 13 by pressing CD,@, (ffiEH] (5) , ano
Notice that the stack is popped twice to remove the operands 13 and 12, The

result of 25 is then pushed to the X register

The other arithmetic functions are similarly performed

NOTE

Hereafter in this manual when numbers are entered into the stack they
will not be represented as individual keystrokes.

To Perform

25-13

13 * 3

12/4

Press:

ftrfET]

(ffi1
GNTEEI

X Register:

't2

39

3

25

13

12

13

3

4

1

+

@ 6-7 
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Arithmetic Function Operation
+: The contents of the Y register is added lo the contents of the X register; result is

returned to the X register.

-: The contents of the X register is subtracted from the contents of the Y register;
result is returned to the X register.

The contents of the X register is multiplied by the contents of the Y register;
result is returned to the X register.

,/: The contents of the Y register is divided by the contents of the X register; result
is returned to the X register. A warningl is issued if the divisor is O and the
result is set internally to the largest representable binary number and displayed
as seven asterisks preceded by the appropriate sign (i.e., t'-----'1.

PERFORMING CHAIN CALCULATIONS

During chain calculations only one operation at a time is performed, andthe results
are displayed as you calculate. The stack stores the intermediate results until
needed, and then inserts them into the calculation, This makes all complex
calculations merely a series of one- and two-operand f unctions.

For example, solve (9 + 5l / 2 =

lf you were to work the problem on paper you would first calculate the intermediate
result of (9 + 5).

lwr/ 2
14/2

and then you would divide the intermediate result by 2

14 / 2=7

To work this problem on the 7854, you proceed the same way

Solve for the intermediate result first:

NOTE

Press (CT before proceeding so that your stack disptay will agree
with that shown in this exercise.

'The warning message of XXX WARNING is not displayed for this warning

@6-8  
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I

I

PERFORMING CHAIN CALCULATIONS (Cont)

Press Display
Y Register X Register

Field Field

o

fEl\trET)

14

Display
Y Register X Register

Field Field

14 2

Comments

Enter the first number.
(The Y register contains
the results of the last
function performed.)

9 Separate the two numbers.

Notice that when the
number was being entered it
was left-justified in the
X register field, and after
numeric entry is terminated
it is right-iustified. (ENTER
mnemonic is displayed.)

Enter the second number

lntermediate result. (+ is
displayed.)

Comments

The intermediate result is
pushed to the Y register
when the new entry is
made.

Pressing the function key
divides the intermediate
result by the new number
and returns the result to the
X register.

I

I

t

I

I

I

a

55

Now solve for the final result:

9

g

NOTE

rne (7[iiFil does not need to be pressed to separate the
intermediate result lrom the next number keyed in, since the processor
assumes digits keyed in immediately alter performing any lunction are
a new entrY.

Press

2

g

@

@ 7

6-9
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PERFORMING CHAIN CALCULATIONS (Cont)

NOTE

The results of any mathematical lunction are displayed in the X
register lield.

Problems which are even more complex can be solved in the same manner by

keeping the following rules in mind:

1. Reduce the problem to a series of one- and two-operand functions

2. Separate the numbers of a two-operand function by using the ENTER command
unless one of the numbers is an intermediate result.

3. Pressing any function key immediately performs the function

4. lntermediate results are accumulated in the stack and inserted into the problem
on a last-in, first-out basis.

To illustrate, let's solve the following problem

2
[(12 x 2.67)-4] +

lLrOT - 151
- vTTra

First. rewrite the problem in a serial fashion of one- and two-operand functions:

l(12x2.6-h-41 + 12 / @.7A7 *15)l - V1714 =

I

I

I

t

I

t

I

I

t

I
2.67 4*

Now solve for the intermediate results:

Press

12@
Comments

The f irst intermediate
result of 28.O4 is dis-
played in the X register

The second intermediate
result of 188.6m is

displayed. Notice that the
first intermediate result
is now in the Y register.

The third intermediate
result of 1 .189 is

displayed in the X register

2 (=ffiEH-)

707 fEmF]
15 @

1.414 (ftm)

*

6-10 @ 
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I

I

PERFORMING CHAIN CALCULATIONS (Cont)

Now complete the problem by performing the operations between the intermediate
results in a right-to-left sequence:

Press

+

Comments
The f inal result ol 27 .64
is displayed in the X
reg ister.

KEYING IN EXPONENTS

When working with numbers which are either too large or too small for the
mantissa limits of 1.mA b 999.9, enter the number using an exponent (power of
10). To enter an exponent, press (E*l (Enter Exponent) following mantissa entry
or any non-numeric command. lf a mantissa is not entered prior to an (-H-)
command, a default mantissa of 1 is assigned and displayed. This is usefulwhen
keying in exact powers of 16. For example, to key in 1 million (1d) simply press(E-) o.

lf more than two digits are keyed in following an EEX command, only the last two
are retained and displayed.

The exponent sign can be changed any number of times, anywhere during entry of
the exponent, by pressing ICTA .

Although exponents can be entered as any power of 14, rhey are displayed as a

multiple of 3 following termination of the exponent entry state. Exponents between
the multiplier range of 1O-12 and and 1O'2 are displayed with letters, while those
outside this range are displayed as a 2-digit integer which is a multiple of 3. The
exponent letters, listed in Table 5-3, appear directly to the right of the mantissa
upon termination of numeric entry or after a computation.

Multiply the 1 million previously entered by 1@O by pressing (ffin-l.rooo,
* Notice that the exponent is displayed as a G; the processor automatically

maintained the exponent as a multiple of three by shifting the decimal point

When a number resulting from a calculation exceeds 9.999 x 1de in magnitude, it
is displayed as 9 asterisks (*********) preceded by the mantissa sign. When the
numeric result is less than 1 .OOA x 1O-se, it is displayed as g.OgO ***+ (preceded
by the mantissa sign). ln both cases the value is internally maintained for use in
further calculations.

NEXT EXERCISE BEGINS WITH POWER.UP

@ 6-11 
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USING THE STACK
The STACK commands on the Waveform Calculator allow the user to view and
rearrange the contents of all registers in the stack. The function and operation of
these commands (CLS, CLI, ROLL, x<>y, and ENTER) are illustrated in the
following exercises. Also demonstrated are the SORT, EXP, LN, SGN, and ABS
functions. (See Fig. D, blocks 2 and 4 for the location of the keys demonstrated in
the following exercises.)

REVIEWING STACK CONTENTS

The ROLL command allows you to review the stack contents or to shift data within
the stack.

Perform the procedure for Obtaining a Stored Display Without Waveforms given
earlier in this section.

To observe the ROLL function, first load the stack with the numbers 1 through 5 by
pressi ng:

1, fEffiEH-|,2, (.Effi-),3, [?NTF), +. (EffiHl, s

The stack is now loaded with the numbers you keyed in and looks like:

IEach time the BOLL command is given, the stack contents shift circularly right by
one register and the contents of the X register is rotated into the W register.

ROLL and the stack contents are "rolled" to:Press [f

WTZYX

WTZYX

Notice that only the contents of the registers are shifted; the registers maintain
their positions.

Press the tr ff-'n sequence four more times to return the data to their
original registers.

1 2 3 4 5

4rEEE

@6-12  
Document scan by vintageTEK - Your donations help support the museum - vintagetek.org



I

Using The Waveform Calculator-7854

EXCHANGING X AND Y
fhe x<>y (X Exchange Y) command exchanges the contents of the X register with
the contents of the Y register without affecting the other registers in the stack. For
example, with the data intact from the previous ROLL exercise, pressing
changes the stack from this.

to this

WTZYX

WTZYX

WTZYX

I

I

Pressing fxTl again will return the numbers in the X and Y registers to their
original positions.

CLEARING THE STACK

To clear all five registers of the stack, press tr [CE] (Clear Stack). This
replaces all data contained in the stack with zeros:

I

I

I

I

I

Clearing the stack before starting a new calculation is not necessary since the
processor will push the stack before entering a new number.

You can verify that the stack has been cleared by using the ROLL command to
review the stack contents.

x.)

1 2 3 4 5

EEEEE

a a a a

@ 6-13

USING THE ENTER COMMAND
When a number is keyed in, the stack is pushed and the new number is then
written into the X register. ln order to key in a second number, you must separate
the digits of the first number from the digits of the second by terminating the
numeric entry state of the processor. This is done with the ENTER command.

g
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a o a b 45

USING THE ENTER COMMAND (Cont)

For example, key in the number 45 and the stack looks like:

Press frjiiiiEh-)

Numeric entry is terminated (as indicated by the right shift of the X register
contents) and the stack is prepared for a new number. Therefore, when you key in
the second number of 48 the stack contents change from this.

to this.

For example, to square 48
changes through this.

WTZYX

WTZYX

WTZYX

WTZYX

WTZYX

p,ess (TtiiEil"l, fffil

o a o 45 48

Notice that the stack is pushed at the beginning of numeric entry so that there is no
need for the ENTER command to also push the stack. However, if the processor is
not in the numeric entry state when an ENTER command is issued (e.9., an
arithmetic function key was just pressed), the stack is pushed and the contents of
the X register remain unchanged. This is useful for either performing an arithmetic
function upon an intermediate result, for maintaining and separating the first
intermediate results from a second, or for performing a two-operand function when
the two operands are identical.

* and the stack

(^ o 45 2.304K

@

o o a o 45

a o 45 48

6-14

to this.

48
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OBSERVING STACK OPERATION WITH SINGLE-OPERAND
FUNCTIONS
Single-operand functions (SORT, EXP, LN, ABS, and SGN) are performed upon the
contents of the X register only and not upon the contents of the Y, Z,T, or\N
registers.

The SGN (Signum) and ABS (Absolute Value) commands alter the operand in the X
register. The SGN function is most useful when performed on a waveform and is
used to indicate whether the contents of the X register (constant or referenced
waveform) are greater than, equal to, or less than zero. These three states are
indicated bv 1, A, and -1, respectively. For example, to obtain the signum of -20:
press 2@, fc_FiF), tr , (ENl . The result of 1 indicates that the originat
value was less than zero.

The absolute value of a constant is the magnitude of the constant without reference
to the sign. To obtain the absolute value of the 2A: press 2O, (tTiS) , GE5] .

The result ol 2b is given in the X register.

To obtain the square root of a number in the X r

example, to find the square root of 25: press 25.
esrster, press (soHT) For

I SORT) The result is 5.

I

I

NOTE

4 SOR WARNING is issued if the contents of the X register are
negative prior to executing the SART command.

To compute the natural logarithm (log. X) of the number in the X register, press

fr:il| . For example, to obtain the natural log of B: press 8, fTil. The result is
2.O79.

NOTE

,4 LN WARNING rs r'ssued ilthe contents of theX register issb prior
to the LN command.

The exponential function is computed by raising e (2.7181 to the power of the
number in the X register. For example, to compute e8: press 8, JL,
result of 2.981K is given in the X register.

Exercise continues on next page

EXP The

@ 6-15
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USING THE CONSTANT REGISTERS

ln addition to accumulation of intermediate results by the stack, fifty constant
registers (AO with Option 2D) are accessible for the storage of constants. These
constant registers are unaffected by operations occurring within the stack and are
referenced with address numbers 0 through 49 (0 through 99 with Option 2D).

I

I

STORING A CONSTANT

To store the number 2.5 in constant register 4: press 2.5,
ftT-1.

ENTER 4, l,

.CNS Operation: The contents of the Y register are copied into the constant
register designated by the address number in the X register, then the X register is
popped and the constant is displayed in the X register field.

,CNS Restriction: The contents of the X register (constant register address) must
be an integer between, and including, O through 49 (Othrough 99 with Option 2D).

RETRIEVING A CONSTANT

To copy data from a constant register to the X register: first key in the constant
register address, then press (-ffi). To recall the number 2.5 lrom register 4:
press 4, [cEl . The stored constant is retrieved and displayed in the X register
f ield.

CNS Operation: The content of the constant register (designated by the address
number in the X register) is copied into the X register.

CNS Restriction: lnitially the X register must contain a constant which (when
roulded) is an integer between, and including, 0 through 49 (0 through 99 with
Option 2D).

I

I

To .\lor( u nunther in o utn.slanl register:

o. Ke1 in tlrc &)nstanl.
h. Ternrinole nutru'rit entr.t' b.t' ltressing l': N T'l' Il
c. Ke.r in rhc register uddress nunther (0 thntugh 49, or 0 through 99

u'ith Option 2l)) x'here the tonstant is to he storcd.

tl. Prt:tt A (.\'.\
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RETRIEVING A CONSTANT (Cont)

When a number is recalled from a constant register, the register address is popped
from the stack to the processor, then the contents of the specified constant register
are copied into the X register (thereby pushing the stack). Therefore, a constant can
be recalled any number of times without altering it. since it is maintained in the
constant regisler until overwritten.

To clear a constant register simply store O in it

NEXT EXERCISE BEGINS WITH POWER-UP

WAVEFORIVI PROCESSING
The waveform processor provides the computing capability for the 7854
Oscilloscope system including scalar arithmetic and functions on either constants or
waveforms, and waveform scalar parameters and vector functions. This subsection
demonstrates waveform processing using the Waveform Calculator.

WAVEFORM MEMORIES AND RESOLUTION
The memory space available within the processor for waveform storage is a fixed
amount; however, the utilization of this space is selectable by the operator. By
setting the points'per-waveform (P/W) value the waveform memories are allocated
and the stored waveform resolution is selected. The available P,uW values (except
on the Option OD instrument which is set at 512\ are 128,256, 512, and 1A24; all
stored waveforms are the same resolution at any given time. In addition to
determining stored waveform resolution, the selected P,/W value also determines
the number of waveform memories available at any given time. The higher the P,/W
value selected, the greater the resolution, but fewer waveforms can then be stored.
Table 6-1 summarizes the effects of each P/W value on waveform resolution,
waveform memories, and the stored waveforms.

Changing the P/W value initiates a major rearrangement of the waveform
memories such that all stored data and status informatron contained in waveform
memory is drastically affected. Prior to a 'P/'W(Set Points,/Waveform) command,
each waveform memory contains the vertical coordinates of the waveform points,
the vertical zero reference level, and the scale factors associated with the waveform
points.

I

I

I
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I

I

I

I

TABLE 6-1
, P,/W Effects

7a54
Version

Number of
Points Per
Horizontal
Graticule
Division

7854 With
Option OD

51 .2

Standard 7854 12.8

25.6
51 .2

102.4

With Option 2D 12.8

25.6
51 .2

102.4

NOTE

Each vertical division of the stored waveform contains a minimum of
1O2.4 incremental levels at which the waveform points can be set.

The effects ol a >P/Ytt command include the following:

Although the vertical coordinate of each point is retained in storage, the
rearrangement of the waveform memories may have made these values
meaningless in relation to the headers (scale factors, vertical zero reference, and
operational waveform number) with which they are now associated.

2. The operational waveform (OPW) number of the displayed waveform is set to O.

3. All stack registers are set to O.

4. An implicit TIME command is executed by the processor.

5. An implicit CLD (Clear Display) command is executed by the processor.

NOTE

The flME and CLD commands are described under Stored Waveform
Display later in this section.

P/W
Value

Total
Waveform
Memories

Waveform
Memory

Addresses

Waveform
Point

Numbers

512 2 a-1 o-511

128 16 o-5 o-127
256 8 a-7 6-255
512 4 o-3 o-511

1 024 2 o-1 o-1423

4A o-39 o-121128
256 2A o-19 a-255
512 10 o-9 a-511

1424 5 o-4 o-1a23
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Stored waveform data is not lost until a command is executed which either changes
the value of the waveform points or of the stored scale factors. Until this occurs, the
original waveforms can be recovered by issuing another ,P,/W command to restore
the originally selected value. However, the stack contents, display status, and OPW
number are not recoverable.

WAVEFORM ACOUISITION AND DATA STORAGE
The Waveform Calculator allows one or two real-time waveforms to be acquired into
waveform memory with the use of the AOR or AOS commands. To do so, however,
no more than two real-time waveforms may be selected for display; also, no plug-in
chop modes are permitted prior to issuing the command. When only one real-time
waveform is selected for display it is stored in waveform memory O. When two
waveforms are stored in this manner, use the following rules to determine which of
the selected real-time waveforms is stored in wavelorm memory O (0 WFM) and
which is stored in waveform memory 1 (1 WFM):

1. lf the VERTICAL MODE switch is in either ALT or CHOP to select two real-time
waveforms for display, 0 WFM is from the LEFT VERT amplifier unit and 1 WFM
is from the RIGHT VERT amplifier unit.

2. lf the selected amplifier plug-in unit (either LEFT VERT or RIGHT VERT) is in the
alternate mode, @ WFM is from channel 1 and 1 WFM is from channel 2 of the
selected amplifier unit.

3. lf the VERTICAL MODE switch is in ADD and either vertical amplifier is in the
alternate mode to select two real-time waveforms for display, OWFM ischannel
1 of the alternating amplifier added to the other vertical amplif ier input signal,
and 1 WFM is channel 2 of the alternating amplifier added to the other vertical
amplifier input signal.

4. lf the HORIZONTAL MODE switch is in either ALT or CHOP to select two real-
time waveforms for display, 0 WFM is from the B HORIZ time-base unit and 1

WFM is from the A HORIZ rime base.

Scale factors are stored with the appropriate waveform component whenever
possible. Refer to the information given under Waveform Storage Considerations in
Section 5, Using the Measurement Keyboard, for further details on scale factor
a cq u is it ion.

When using an Average command to store a waveform, remember that only one
real-time waveform can be selected for display prior to AVG execution. Also, since
the processot uses I WFM memory space as working storage to perform the AVG
command. any waveform stored in 1 WFM will be lost unless it is copied into
another waveform memory using the 'WFM lCopy to Wavelorm Memory) command.
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The following exercises only rllustrate the function and operation of the WFM
ACOUISITION and DATA STORAGE commands (except CNS and CNS) and must
be sequentially performed in order to obtain results similar to those shown. (The

CNS and CNS commands were previously demonstrated under Using the Constant
Registers earlier in this section.) Figure D, blocks 10 and 15 shows the location of
the keys demonstrated in the following exercises.

OBSERVING THE WAVEFORM MEMORIES AT POWER.UP

Perform the procedure for Obtaining a Scope Display in Section 4, Scope Display
Mode lnformation.

Position the CALIBRATOR signal so that the first posrtive-going pulse starts at the
second vertical graticule line, and so the square wave is centered around the center
horizontal graticule line.

set the SToRED lNTensity control to quarter range

To observe the power-up conditions of the waveform memories

Press

fsri-'E-l

(P/W-)

Display Comments
The power-up condition
of 0WFM isdisplayed:
All point values are set to
A,VZA is set to O, and
the scale factors are set
to 1V and 1 S. All stack
registers power-up to O.

The waveform resolution
register powers-up to a

setting of 51 2 as
presently displayed in the
X register; therefore, the
waveform memories are
organized as presented in
Table 6-1 allowing 4
waveforms to be stored
with the standard 7854
instrument.

Exercise continues on next page

512 P/W
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OBSERVING THE WAVEFORM MEMORIES AT POWER-UP (Cont)

NOTE

Waveform memories O and 1 (A WFM and I WFM) should be used only
for transitory storage of waveforms since I WFM is used for working
storage during Average commands and both memories are used to
store newly acquired waveforms with dual-trace acquisition, ln
addition. computed waveforms are always stored in O WFM.

I

I

Press

1@
Display Comments

The power-up condition
of 1 WFM is displayed.
The OPW reading has
changed to reflect that 1

WFM is now displayed
even though the change
is not perceptible since
the information in each
waveform memory is

identical at this time.

I

I

I

I

I

I

I

I

10@ WFM ERROR is issued
because 1O WFM is not
a valid waveform
memory address with the
present conditions.

WFM Restrictions: The X register must contain a constant which (when rounded) is
an integer from 0 to the maximum waveform memory address available with the
present system conditions prior to executing the WFM command. WFM ERROR is
issued if the restriction is violated.

6-22 @
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SETTING THE GROUND REFERENCE

The Waveform Calculator allows setting one or two separate ground reference
levels, one for waveforms acquired into O WFM and another for waveforms acquired
into 1 WFM, with a 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 O WFM
and 1 WFM, first return to BOTH display mode by pressing E [BrcOTH-l .

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 division above the center horizontal graticule
line:

Press Display Comments
The ground reference
(vertical zero reference)
has been set for wave-
forms subsequently
stored into 0 WFM and
l WFM.

The ground reference
setting for 0 WFM is
displayed in the X
register and the ground
reference setting for 1

WFM is in the Y register.
These values apply only
to waveforms acqu ired
hereafter. (Perform the
next exercase, Acquiring
Two Waveforms, to see
how these ground
references are used.)

GND WARNING iS

issued if the command is
prematur ely terminated
with a STOP, or if more
than 5% contiguous
points are unf illed.

Exercise continues on next page

I

I

I

I

I

tffi') 1 VZ80

965,im 3.007 GND
l
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SETTING THE GROUND REFERENCE (Cont)

GND Operation: 128 points of the real-time waveform are acquired as described
for the AOR command in section 5. Then the processor computes the algebraic
mean value of the acquired points (relative to the center horizontal graticule line)
and stores this in the ground reference register. The contents of waveform memory
are not changed. lf no points have been acquired. due to a premature termination
via the STOP command, the ground reference is set to 0. This process is then
repeated for the second waveform. (Note that at power-up the vertical zero
reference, VZR, is set to the center horizontal graticule line.)

GND Restrictions: No more than two real-time waveforms, and no plug-in unit
chop modes, are permitted prior to issuing a GND command. GND ERROR is
issued if either restriction is violated.

ACOUIRING TWO WAVEFORMS

To demonstrate how to simultaneously acquire two real-time waveforms, first
return the input coupling switch of the LEFT VERT amplif ier to dc. Then set the A
HORIZ time-base unit to 1 ms/div, the HORIZONTAL MODE swirch to ALT, and the
VERTICAL MODE switch to LEFT. P,ess (.5d6EI . Set the A INTENSITY for a

visible display. Use the VERT TRACE SEPARATION (B) control to position the
baseline of the B HORIZ square wave to the center horizontal graticule line. (lf
necessary, adiust the A HORIZ time base to position the A display to begin at the
first vertical graticule line.)

Press

(EoH')

Display Comments
Both displayed real-time
CALIBRATOR signals are
acquired and stored in
waveform memory ac-
cording to the previously
discussed ru les. (See

Waveform Acquisition
and Data Storage.)
AOR WARNING iS

issued if def au lt scale
factors are assigned, if
non-unique scale factors
are detected (e.9., real-
time ADD mode select-
ed), if more than 5%
contiguous points are
unfilled. or if the
command is prematurely
terminated with the
STOP command.

2y
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ACOUIRING TWO WAVEFORMS (Cont)

AOR Restrictions: No more than two real-time waveforms and no plug-in unit chop
modes are permitted prior to issuing an AOR command. AOR ERROR is issued if
either restriction is violated.

Press Display Comments
The stored calibrator
signal f rom the B HORIZ
sweep is shown display-
ed with the previously
set ground reference
NZR 3.AAT\inlor-
mation.

fs-ri-61

1 (lVFN/i-) The stored calibrator
signal from the A HORIZ
sweep is displayed. This
waveform was stored in 1

WFM when the previous
AOR was issued, and is
referenced to the ground
setting (VZR)or 0.955.

o wrur sroneo
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COPYI NG STORED WAVEFORMS

The 'WFM command allows duplicating waveforms between waveform memories.
To copy the waveform from 1 WFM to another storage location within waveform
memory:

I

I
Press

3 E FwFMI

Display Comments
The waveform point
values (with scale
factors and vertical zero
reference) are copied
into 3 WFM. Notice that
the OPW has changed to
ref lect that the waveform
now displayed is from
3 WFM, although the
information is retained in
1 WFM until a command
is issued which causes
the processor to place
new information in
1WFM.

,WFM Restrictions: The Y register must contain the waveform memory address
of the waveform to be moved, and the X register must contain a constant which,
when rounded to an integer, is the address of a valid waveform memory where
the waveform is to be duplicated, prior to execution of the WFM command.
'WF ERROR is issued if either restriction is violated.

To copy the contents of O WFM to more permanent storage within waveform
memory:

Press Display Comments
0 WFM is entered into
the stack and its contents
are displayed.

q WFM 3.991

3 WFM O WFM
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vzR -3.oo7

I

I

'1'

COPYING STORED WAVEFORMS (Cont)

Press Display

2 Zmr-vll
Comments

The contents of O WFM
are duplicated into 2
WFM; 2 WFM is
displayed and reflected
by the OPW number.

To utp.t' the tontents ol one v'ovefitrnt memor)' into dnother:
a. Fir.st recall the x'aveform to he utpied using the WFM tommand
h. Enter the nunrher the nen' u'avelbrm memor.l, location.
c. Press fi to ()lr.t' the dato.
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AVERAGING A WAVEFORM

By using the AVG command available on the Waveform Calculator keyboard, the
operator can designate the number of Averages to be done to a repetitive real-time
waveform.

NOTE

The noise-reduction characteristic of the AVG command is
demonstrated in the exercise for Averaging A Waveform in Section 5,

Using the Measurement Keyboard.

To demonstrate the AVG command by averaging the CALIBRATOR signal 75 times,
first return to the SCOPE display mode by pressing fst-F-a]. Then set the
HORIZONTAL MODE switch to B and vertically center the CALIBRATOR signal
around the center horizontal graticule line. Then:

I

I

Press

0 (E.o-ill
Display Comments

The real-time CALIBRA-
TOR signal and the
contents of 2 WFM are
displayed. (The BOTH
display mode is used
here to aid in under-
standing the AVG
operation.)

I

75@ Both the real-time and
the newly averaged
calibrator signals are
displayed. (To verify this,
vary the LEFT VERT
position control.)
AVG WARNING iS

issued if more than 5%
contiguous points are
unf illed, or if the
command is prematurely
terminated with a STOP.

AVG Restrictions: The X register must contain a constant which (when rounded) is

from 1 to 1023 inclusive, and only one real-time waveform is permitted, prior to
issuing any AVG command. AVG ERROR is issued if either restriction is violated.
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AVERAGING A WA,VEFORM (Cont)

To observe the effects of an Average command on 1 WFM

1@ The contents of 1 WFM
are displayed. Notice thal
1 WFM is returned to the
power-up condition after
having been used as
working storage by the
processor for the AVG
command. However,
since we had duplicated
the waveform data into 3
WFM prior to the AVG,
the data has not been
lost.

OBSERV!NG EFFECTS OF A >P,/W

Review the present contents of each of the four waveform memories (available in

the standard 7854 with the present conditions):

Press

[sToREp-)

Press

0 (frffi]

Display

Display

Comments
Return to STORED
display mode. (The real
time signal is no longer
displayed. )

Comments
Display O WFM contents.

vz8 0
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OBSERVING EFFECTS OF A >P,ZW (Cont)

Press Display
r (frFlvi-l

2 mtu]

3@

Comments
Display 1 WFM contents.

Display 2 WFM contents.

Display 3 WFM contents.

@

I

3.
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OBSERVING EFFECTS OF A >P/W (CONI)

Now, let's change the P/W value and observe the reorganization of the waveform
memories:

Press Display

1424

]L

.P,/W Restrictions: The X register must contain a constant which (when rounded
to an integer) is one of \28,256,512, or 1424, prior to execution of the .P,"W

command. .P,' EBROR is issued if this restriction is violated.

Exercise continues on next page

P/W

Comments
The P/W value is

changed from 512 to
1024; therefore, each
waveform memory now
contains twice the num-
ber of waveform points.
(Since the processors'
memory can only hold a
set number of waveform
points, this has the effect
of dividing the number of
available waveform
memories by 2.) The first
512 displayed points
were in OWFM and the
second 512 points were
in 1 WFM prior to the
'P W. The processor

a utomatically rescales
the horizontal spacing of
the displayed points so
that they span only the
1 0-division graticule.
Therefore, the scale
factors and VZB will not
necessarily reflect the
true values of the newly
displayed waveform.
Also, note that the stack
registers have all been
set to o.

I

t

I

I

I

'T
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OBSERVING EFFECTS OF A >P/W (Cont)

To recover the waveforms as they were orignally stored:

Press Display

512

JL

Comments
The calibrator signal
stored using 75 (7Til
is displayed as originally
stored in 0WFM. All
waveform memories have
been restructured.

We have entered the
point number of 1O2 into
the X register. This is the
point whose vertical
value we need.

I

I

I

NOTE

Stored waveform data is recoverable only if the P/W value is returned
to the original setting before a command is executed which either
changes the value of any waveform point, the stored scale factors, or
the vertical zeros.

RECALLING AND SETTING THE VALUE OF A POINT

Each stored point of the operational waveform can be directly accessed.

For example, to recall the vertical value of the 1O2'd point:

Press Display Comments

102 I

3.9o7

g
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I

I

RECALLING AND SETTING THE VALUE OF A POINT (Cont)

Press Display Comments
The vertical value of point
102 is displayed in the
X register.

PNT Restriction: The X register must contain a constant which, when rounded to
an integer, is from O to the maximum waveform point number (inclusive). PNT
ERRoR is issued if this restriction is violated.

To have the procesxtr ret,trn the verti(ol yolue of o specific point on o

stored u'avefttrm:'a. 
Ke.r' in the number of the ytint.

h. Press I PNf l.
<'. Reod the vertical value of the clesignated point.fiont the X regisrer.

Now. let's change the value of a specific point. To change the present setting of
point number 102 to the VZR setting of 0 volt:

Press Display Comments
The vertical value oI A
volts relative to the VZR
of the OPW has been
entered into the stack.

o ENTER

Exercise continues on next page

I

t

I

I

I

4.o51 ENTE F
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o

IF
o

!

i

RECALLING AND SETTING THE VALUE OF A POINT (Cont)

Press Display Comments

142

I

I

I

I

I

I

a

The point number which
we are going to set al the
0-volt level is entered
into the X register.

Point 142 is set at the
designated vertical level
(lf necessary, adjust the
STORED lNTensity.)

,PNT Restrictions: The Y register must contain a constant which, when divided by
the vertical scale factor, results in a number within the vertical range limits of +2O

and -2A divisions from the center horizontal graticule line. Also, the X register must
contain a constant which (when rounded) is an integer from 0 to the maximum
waveform point number inclusive. PN ERROR is issued if any of these restrictions
are violated.

I

I

I

I

I

I

I

o

To set a specilfu point to a designalcd vertical volue:

a. Ke.t'the verticol value at u'hith the Jxtint is to be set.

h. Press (ffi.
c. Ke1 in the number of the point to he sel.

, PNTd. Press ll
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I DISPLAYING THE READOUT SETTING

The real-time readout value generated by the selected plug-in units can be
displayed individually in the X register by using the RDOUT command.

For example, to display the readout value of readout word @ (see Fig. 4-1)

I

Press

O EGDTUD

Although
( GNpl

Display Comments

The numeric value of the
real-time readout of the
LEFT VERT channel 1 is
displayed in the X
register. Norice that the
unit symbol V is not
displayed with the value.
RDO WARNING is
issued if the designated
readout position is blank
or contains no numerals
in the SCOPE display
mode.

NOTE

this command is available as the shilt lunction of the
key on the measurement keyboard, it is only useful il the

Waveform Calculator commands are available to the processor, since
the RDOUT command requires an operand to be entered into the X
register prior to command execution.

RDOUT Restriction: The X register must contain a constantwhich (when rounded)
is an integer trom A b 7 (inclusive) prior to execution of the RDOUT command.
RDO ERROR is issued aI the restriction is violated.

I

I It-

NEXT EXERCISE BEGINS WITH POWER-UP
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COMPUTED WAVEFORM SCALING, OVERFLOW,
AND UNDERFLOW

All new waveforms which have been generated by the processor (e.9., with the use
of the arithmetic functions) are automatically scaled vertically so that:

1 . The vertical scale factor is in the format of d * 1A", where d = 1, 2, or 5, and n =
i nteger.

2. The VZR is set to a f ull graticule division within the vertical range limits ol +2O and
-2O divisions from the center horizontal graticule line.

3. The waveform points are displayed within + or - 3.5 divisions from the center
horizontal graticule line.

4. First the vertical scale factor and then the VZR are set as small as possible while
still consistent with 1 through 3 above.

Whenever a waveform point value (vertical scale factor times the point value, in
divisions relative to the VZR) is smaller than the smallest internally representable
value of 1*2'sz't61 , it is set to o.

lf all points of a waveform arc O, the VZR is set to O, the vertical scale factor is set
to '1, and the horizontal scale factor is left unchanged.

lf a poi
(2""u'l,

nt value exceeds the largest internally representable value of: (1-2-15) *
it is set to this value and the waveform is scaled to + or -3 divisions.

WAVEFORMS AS ARITHMETIC OPERANDS
The arithmetic functions (previously discussed under Mathematical Calculations in
this section of the manual) can also be used with waveform(s) as the operand(s).
The following exercises demonstrate the effects of these one- and two-operand
functions when waveforms replace the numbers as the operands.

A one-operand arithmetic function performed on a waveform results in a new
waveform in 0 WFM.

A two-operand arithmetic function performed with one waveform and one constant
results in a new waveform in 0 WFM which is calculated by combining each
waveform point value with Ihe constant value. The resulting horizontal scale factor
and both scale factor units (e.9., V, S) are retained from the original waveform.

A two-operand arithmetic function performed using two waveforms results in a new
waveform in 0 WFM which is calculated by applying the specified operation to
corresponding points of each operand waveform. ln this case, if the horizontal scale
factor and horizontal scale factor unit of each operand was the same, the resulting

@6-36  
Document scan by vintageTEK - Your donations help support the museum - vintagetek.org



Using The Wave{orm Calculator-7854

I
I horizontal scale factor unit wrll be retained from both operands; however, if they

differed, the resulting unit will be left blank, the default scale factor of I will be
assigned, and a warningl will be issued. ln addition, the resulting vertical scale
factor unit will be blank if the operand units were not identical prior to + or

and whenever either * ot@ is performed. Figure D, block 2 shows the

tion the
, Return

l

I

I

I

Iocation of the keys demonstrated in the following exercises

OBSERVING WAVEFORMS WITH ONE-OPERAND ARITHMETIC
FUNCTIONS

To perform one-operand arithmetic.funt'tions (SQRT, I-N, EXP, ABS, and
SGN) n'ith o w,aveform as the operand:

a. Place the u'ave/brm memor.t' oddress into the X register using the
WFM tommand.

b. Press the desired .funttion ke.t (see the ahove list).

To demonstrate the one-operand arithmetic functions of SORT, LN, EXP, ABS, and
SGN using a waveform as the operand, first perform steps I through 3 of the
procedure for Obtaining a Scope Display in Section 4, Scope Display Mode
lnformation.

Set the B HORIZ time-base unit rc 2A microseconds/division and triggering to auto
mode with ac coupling from the internal source on the negative slope.

Rotate the B INTENSITY control until the trace is at a desirable viewing level (about
quarter range).

Connect a triangular shaped waveform (lromO to +2 V dc) from a function generator
(recommended type: TEKTRONIX FG 5O3 Function Generator used with aTM 5AA
Power lVlodule) to the input connector of the LEFT VERT amplifier unit with a 42-
inch bnc cable. (Match impedances, if necessary.)

Set the def lection factor of the LEFT VERT amplifier unit and the output amplitude of
the function generator to display 2 divisions of signal on the crt.

Set the input coupling switch of the LEFT VERT amplifier to ground and posi
trace one division below the center horizontal graticule line. Press fNDl
the input coupling to the dc mode.

Adjust the function generator output frequency for 2.5 cyctes of displayed signal

lThe warning message o{ XXX WARNING is not displayed for this warning
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OBSERVING WAVEFORMS WITH ONE-OPERAND ARITHMETIC FUNCTIONS (Cont)

Set the B HORIZ time-base unit triggering and position controls for a stable display
horizontally centered on the crt.

set the SToRED lNTensity control to midrange.

Press Display

fA{-R--] fsftHb-l
2 0 FrwFMl

tFom) The processor applies the
SORT algorithm to each
point of the OPW and
places the result in O
WFM. Notice that the
new waveform has been
automatical ly scaled by
the processor. (See

Computed Waveform
Scaling, Underf low, and
Overflow for more
detaits.) soR wABNING
is issued whenever any
point of the OPW is
negatlve prior to the
SORT command.

2mffi] Recall 2 WFM to the
display.

Comments
Acquire and store the
signal into 2 WFM for
later use.

I

I

I

I

I

@

2

l

2

'i,.'

I

o

t\

,

2
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I

I

I

I

t

I

OBSERVING WAVEFORMS WITH ONE'OPERAND ARITHIVIETIC FUNCTIONS (Cont)

Press

m-l

2 [-WFN/]

a EXP

BOTH

Vertical Position

(ET-l s

WFM

Display

o vzFl

Comments
The natural logarithm of
the triangular waveform
from 2 WFM is dis-
played as OWFM.
LN WARNING is issued
if any point of the OPW
was O or negative prior to
the LN command.

The exponential function
of the triangu lar wave-
form from 2 WFM is

displayed as 0WFM.

Go to the BOTH display
mode and position the
real-time waveform to be

centered about the O V dc
level (one division below
the center horizontal
graticule line). Then
reacquire the waveform
and store it in 3 wFM,

3

'

.o37 20rs

JI

Exercise continues on next page

2ouS

LN
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OBSERVING WAVEFORMS WITH ONE-OPERAND ARITHMETIC FUNCTIONS (Cont)

Display
I

I

I

I

1L
Press

SGN

3 [wFNn-l
(7-BS l

Comments
The signum f unction is
performed on each point
of the triangular wave-
form from 3 WFM and
the result placed in O
WFM. Where the value of
a point was greater than
O it is set to +1 , where
equal to O it is set to O,

and where less than O it
is set to -1.

The absolute value of
each point of the
triangular wavef orm from
3 WFIVI is displayed. The
resulting waveform is not
automatically Scaled.

To awtid overllou' u'hen contputing the l-N(x) ol a u'aveform with zero-
valued p<rints, u:e the .folloAing sequene:

a. lclentilt lhe zero-valued u'ave.fbrm points.
h. Change the zero-volued points to the snrollest non-zero value, u'hich

is: (6E-04)x(Verticol S<ale Factor).
c. Take the LN of the u'ovefttrnr.

For e.rotrtJtle, to .find the LN of I llFM
u. l"inl the :ero-valued point.s h.t ltrc.s,ting I ( w-Ffr1D
h. Stule

(-Sa/n
t his 'm to represent the smallest possihle volue br

@r',l'
c Nov' add this u'ovelbrnt lo the ()r

notural bgarithm b.t'pressing 0

ft-N ).

CHS 01

tt'uvefbrm and
WT'M

6 0

the

x<>

WFM I.:LX

WFM +

6-40 @
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Using The Waveform Calculator-78s4

I

I

OBSERVING WAVEFORMS WITH TWO.OPERAND ARITHMETIC
FUNCTIONS
Two-operand arithmetic f unctions can be performed upon two constants (as

demonstrated under Mathematical Calculations), upon one waveform and one
constant, or upon two waveforms.

To demonstrate the use of the arithmetic functions using a constant and a

waveform first press (-ffi--), then:

The value of each point of
the operational waveform
(in relation to the \fZR) is
multiplied by 2.

To demonstrate this more fully, let's observe what occurs to a specif ic point when a

two-operand arithmetic function is performed using a waveform as one of the
operands.

2

Press

2 (TfrFM-l

Press

75@

Display

Display

Comments
Recall signal from
2WFIVI.

Comments
The value of point 75 of
the operationalwave-
form, 882.6m, is dis-
played in the X register.

@ 6-41
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1

2
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Using The Waveform Calculator-7854

OBSERVING WAVEFORMS WITH TWO-OPERAND AHITHMETIC FUNCTIONS (Cont)

Press Display Comments
o mFM-) Enter the waveform

operand of O WFM into
the stack.

Enter the constant
operand of 2 into
the stack.

2

a The entire waveform is
divided by 2 and rescaled.
A warningl is issued if
any point of the divisor is
0. lf the corresponding
point of the dividend is

also O, the result is
set to O.

tThe warning message of XXX WARNING is not displayed {or this warning

@

a82.6m O WfM WiM

SOgnV

o

6-42
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I

I

I
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Using The Waveform Calculator-7854

OBSERVING WAVEFORMS WITH TWO-OPERAND ARITHIVIETIC FUNCTIONS (Cont)

Press Display Comments
75 [PNr) Notice that the value of

this point has been
divided by 2.

A strtred vuvefbrnt tan he tutrtnali:ed such thdt th( peak-to-1tutk yulue i.s

t.0 rrtlr h.r rt'tulling the t'at't,fitrm urul prt,s.ring (m A. Al.xt, rhe
14ll) ltoint rl the uare/itrtn (tn he set to :L'rtt yolt.r bt' retallina the
t'avt'fi tr nt on I pre.\sing CT|T' IT

Now, let's add two waveforms to illustrate the use of two-operand arithmetic
functions when both operands are waveforms:

Press

2@
3 (Tffil

Display Comments
Enter the two operands of
2 WFM and 3 WFM into
the stack.

Exercise continues on next page

oru 3 vza 1.037

@ 6-43
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IUsing The Waveform Calculator-78s4

OBSERVING WAVEFORMS WITH TWO-OPERAND ARITHMETIC FUNCTIONS (Cont)

Press Display Comments
The two waveforms are
added together point by
point. The resulting
waveform is placed in
OWFM.

NOTE

Refer to Section 9, Command Language, for the algorithms used for
each command,

I

I

I
Tv'o repetitive real-time signals whith represenl turrent and wltage con he

multiplied to delermine instonton?ous pox'er. llith both signals displa.ved
(using ALT or CHOP vertit'al nrotles), pr".tt (adR l @. a" sure that
rhe GND referenrc has been previ<tusl.r'set t() the desired value.

NEXT EXERCISE BEGINS WITH POWER-UP

I

6-44 @
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Using The Waveform Calculator-78s4

STORED WAVEFORM DISPLAY
The Waveform Calculator adds several commands which allow the operator to set
various parameters of the stored waveform display. For example, without the
Waveform Calculator the stored waveforms are always displayed as vectors drawn
between the points of the waveform (VECT). However, with the Waveform
Calculator you can select to display the waveform points only, using the DOTS
command. Care must be taken when displaying waveforms using the DOTS mode
to avoid perceptual aliasing or envelope errors. Perceptual aliasing, a type of optical
illusion inherent in dot displays, occurs because the human eye tends to connect
the dots to their closest neighbors. The closest dots on the display, however, may
not be the next points in sequence. This illusion can be avoided by using the vector
display mode.

An envelope error occurs when the waveform points do not fall on the peaks of the
signal, leaving some of the signal outside the displayed envelope. This problem can
occur in either display mode (DOTS or VECT); but, it can be helped by using more
points-per-waveform or a faster sweep speed.

The Waveform Calculator allows up to 9 stored waveforms to be displayed on the crt
screen aI the same time (using DSW) to aid in waveform comparison, and also
allows waveforms to be displayed versus another waveform (VS) instead of versus
time (TIME). The following exercise demonstrates the effects of the STORED WFM
DISPLAY commands. See Figure D, block 12 for the location of these keys.

DISPLAYING STORED WAVEFORMS AS DOTS OR VECTORS

Perform steps 1 through 3 of the procedure for Obtaining a Scope Display in Section
4, Scope Display Mode lnformation.

Set the B HORIZ time-base unil b 2A microseconds/division and triggering to auto
mode with ac coupling from the internal source on the negative slope.

Rotate the B INTENSITY control until the trace is at a desirable viewing level (about
quarter range).

Connect a triangular shaped waveform from a function generator (recommended
type: TEKTRONIX FG 503 Function Generator used with afM 5W Power Module)
to the input connector of the LEFT VERT amplifier unit with a 42-inch bnc cable. (lf
necessary, match impedances.)

Set the deflection factor of the LEFT VERT amplifier unit and the output amplitude of
the function generator to display two divisions of signal on the crt.

Adiust the function generator output frequency for about four cycles of displayed
signal.

Set the B HOBIZ time-base unit triggering and positaon controls for a stable display
horizontally centered on the crt.

I
I

@ 6-45 
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Using The Waveform Calculator-7854

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 division below the center horizontal graticule line.

Set the STORED lNTensity control to quarter range.

Press Display

I

t

I

I

I

I

t

128

lL >P /W

fai-R I

[sroREp-')

tI m6.rer

Comments
Set the P,/W to 128.
(Refer to Table 6- 1 for
organization of the
waveform memories.)
Store the waveform.

Display the stored
waveform. Notice that
the waveform is display-
ed as vectors drawn
between the 128 points
of the waveform.

The waveform is display
ed as dots only.

I

I

I

@

oPw 6 vzB g 2OtS

oPw o yzB s

.,i,

1

a

2grS

j

oors

6-46  
Document scan by vintageTEK - Your donations help support the museum - vintagetek.org



Using The Waveform Calculator-7854

DISPLAYING STORED WAVEFORMS AS DOTS OR VECTORS (Cont)

Press Display Comments

fvr-i] Return to the vector
mode.

DISPLAYING SEVERAL STORED WAVEFORMS

A maximum of 9 stored waveforms can be displayed at the same time on the crt. To
demonstrate, first store the following signals:

Press Display Comments
Copy the triangular
waveform into 2 WFM for
use in demonstrating the
DSW (Display Stored
Waveformlcommand.

2il
vzR g

I

t

t-'

Return to the SCOPE mode (by pressing fsffil ) and set the function generator
to display five cycles of square wave.

Adjust the LEFT VERT amplifier unit to display one division of signal centered
around the center horizontal graticule line.

Press

WFM

Comments
Store the square wave
into 3wFM.

Exercise continues on next page

g rv zgps

o

@ 6-47
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Using The Waveform Calculator-7854

DISPLAYING SEVERAL STORED WAVEFORMS (Cont}

Set the function generator to display five cycles of sine wave.

Adjust the LEFT VERT amplifier unit to display two divisions of signal with the base
one division above the center horizontal graticule line.

t

I

I

Now, to display all of these signals on the screen at the same time, first return to
the SToRED display mode:

Press

fA{-H-l 4 tr (,WFM-)

Press

fsrc--ap-l
1@

Comments
Store the sine wave into
4 WFM.

Comments
The sine wave from 4
WFM and the power-up
condition of 1 WFM are
displayed. The scale
factors and VZR are
only for the operational
waveform (4 WFM).
Line 2 of the character
display shows 4 and 1

indicating which wave-
form memories the
displayed waveforms are
f rom. The left-to-right
sequence of these
numbers corresponds to
the top-to-bottom
sequence of point O of
each displayed wave-
form. DSW WARNING
is issued if 8 waveforms
have already been
displayed with the DSW
command. (lf the
operational waveform
was not displayed with
the DSW command, a

total of 9 waveforms may
be displayed.)

Display

t

l

I

I

?opsvzF
4

6-48 @ 
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Using The Waveform Calculator-7854

t

I

DISPLAYING SEVERAL STORED WAVEFORMS (Cont)

Press Display Comments
The triangular waveform
f rom 2 WFM is also
displayed. Waveform
memory address 2 is
added to display line 2.

2 (5.ffi-)

3 (TS-) The square wave from 3
WFM is added to the
display.

DSW Restrictions: The X register must contain a constant which, when rounded to
an integer, is from O to the maximum valid waveform memory address (inclusive).
DSW ERROR is issued if this restriction is violated.

VZR

:

@ 6-49
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Using The Waveform Calculator-78s4

CLEARING STORED WAVEFORMS FROM THE DISPLAY

To clear a waveform from the display which has been displayed with the DSW
command, first enter the waveform memory address number of the waveform to be

cleared. For example, to clear 2 WFM from the present display:

I

I

t

I

I

Press

2 fq@
Disptay Comments

2 WFM contents are
cleared from the display.
lf necessary, the DSW
line of display shifts to
reflect the new top-to-
bottom sequence of point
O of the remaining
displayed waveforms.
CLWWARNING is
issued if waveform
designated for clearing
was not displayed with
thE DSW.

CLW Restrictions: The X register must contain a constant which (when rounded) is

an integer from 0 to the maximum valid waveform memory address (inclusive), prior
to executing a CLW command. CLW ERROR is issued if thisrestriction isviolated.

To clear all waveforms from the display, except the operational waveform, which
have been displayed with the DSW command:

Display Comments
All waveforms displayed
with DSW are cleared
from the display (except
the operational wave-
form, even though il too
may have been displayed
with the DSW command)

lrrrrlJrr

3 WrM 4 WfM CLW

6-50 @
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Using The Waveform Calculator-7854

DISPLAYING STORED WAVEFORMS IN THE X-Y MODE

Up to nine stored waveforms can be displayed versus another in the X-Y
mode.

Return to Scope Mode. Connect 4-volts of a SO-kHz sine wave from the function
generator to the input of the LEFT VERT amplifier unit with a 42-inch bnc cable.
(Match impedances, if necessary.)

Set the LEFT VERT amplifier unit and the function generator to display four divisions
of signal centered around the center horizontal graticule line.

Set the B HORIZ time-base unit for 2 microseconds,/division using the 2O ps/div
and X1A magnification settings. Set the triggering controls for auto mode with ac
coupling from the internal source.

Using the B HORIZ position control, display one cycle of the sine wave as shown
below:

Press Display Comments
Return P/W setting to
51 2 to increase the
resolution of stored
waveforms. This sine
wave will be stored for
display later in a Lissajous
pattern.

512UL P/W

I

I

Use the l'S tommand a.s .[ollou's:
o. Displa.t the A'at'eform (u'ith either WFM or DSW tttmmantl) whith

v'ill provide the yerrirul (Y-a.ris) r'alues lbr the X-Y displa.r.
b. Ke.r' into the X register the x'avefttrm mentory nunrber of' lhe

v'aveform to Jtrovide the horitmtal (X-axi.s) volues.

<. Press ll ,'.s

@ 6-s1

Adjust the B INTENSITY if necessary.
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Using The Waveform Calculator-7854

3 jvzF

DISPLAYING STORED WAVEFORMS lN THE X-Y MODE (Cont)

Press Display Comments

Jl (Ertrl

Using the B HORIZ time-base unit trigger level control, position the real-time sine wave
as shown below:

Display Comments
Position the sine wave
90 o out of phase with
the stored sine wave.

Store the sine wave in 3
WFM.

I

t

I

I

1

6-s2 REV OCT 1981 )

GVffi]
fsrcl--ap-'l 3

E ('wFM'l

Display both the real-time
and the stored sine
waves.

ttl
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Using The Waveform Calculator-7854

DISPLAYING STORED WAVEFORMS lN THE X-Y MODE (Cont)

Press Display Comments

JL

(7-vG1o-l

[sToREo) 2

0 (VS-l

Store the out-of-phase
sinewave in 2WFM.

Enter the address
number of the waveform
memory which is to be

the horizontal axis of the
display (the versus
waveform).

The Lissajous pattern
formed by displaying 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 number
of the versus waveform
(which in this case is 3) is
displayed at the right end
of display line 2, pre-
ceded by the mnemonic
VS.

Exercise continues on next page

3

l

i
I

-+

l

l',--l-.+"

l

@ 6-53
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Using The Waveform Calculator-7854

DISPLAYING STORED WAVEFORMS lN THE X-Y MODE (Cont)

VS Operation: The horizontal position of each displayed waveform point is the
vertical value (in divisions, measured from the center horizontal graticule line) of the
like-numbered point of the waveform chosen for the horizontal axis.

VS Restrictions: The X register must contain a constant which, when rounded, is
an integer lrom O to the maximum valid waveform memory address number
(inclusive), prior to executing a VS command. VS ERROR is issued if this
restriction is violated.

All waveforms displayed following theVS command (and prior to a TIME command)
are displayed versus the designated waveform. To illustrate:

Press

3 fpSW-)

Press

[rfME I

Display

Display

Comments
3 WFM is displayed
versus 3 WFM.

Comments
All displayed waveforms
(3 WFM and 2 WFM in
this case) are displayed
using time as the
horizontal axis.

DISPLAYING STORED WAVEFORMS IN THE Y.T MODE

To return to using time as the horizontal axis of the display:

vs3

.

2 VBO

osw23

3 lTt ME

6-54 @

NEXT EXERCISE BEGINS W]TH POWER.UP

I

I

I

I

I

t

I

l

t

I
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Using The Waveform Calculator-7854

CURSORS
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 ccmmands included on the Waveform
Calculator keyboard will be demonstrated. See Figure D, blocks 7 and g for the
location of the CURSOR keys used in the following exercises.

POSITIONING THE CURSORS

Perform the exercise entitled Displaying Stored Waveforms in the X-Y Mode, to the
point where the following display is shown on the crt graticule:

Display Comments
Lissajous pattern is

displayed.

Press

ffiEll
Display Comments

Both cursors are turned
on. Notice that they are
positioned at the start
and end of the displayed
operationalwaveform.
Also notice that the
AVCRD ANd thE AHCRD
readings are given with
the same units as those
displayed with the
corresponding vertica I

and horizontal scale
factors. ln this particular
case, the unit symbol for
both scale factors and
both cursor coordinates
is V.

Exercise continues on next page

3

!

^vcFo,
61g,atN HCRD

CFS2

@ 6-55

2

 
Document scan by vintageTEK - Your donations help support the museum - vintagetek.org



Using The Waveform Calculator-7854

POSITIONING THE CURSORS (Cont)

Press

Press Display

Comments
Notice that Cursor 1 is
moved toward the end of
the operationalwave-
form, not necessarily to
the right.

Cursor 2 moves to the
start of the operational
waveform.

Comments

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.

I

l

I

I

The Cursor
Positioning
Keys As
Necessary To

Obtain Shown
Display

frml

0
3

tD=
3 vFMl pwr C BS2.

4.9'

2 vzF a 1V 2ps

!

i

ao
3

I

I

I

I

I

I

I
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Using The Waveform Calculator-7854

To move Cursor 1 directly to a point which is a specified time from the start of the
waveform:

POSITIONING THE CURSORS (Cont)

Press Display

0 (ER-fil
Comments

Turn off Cursor 2.

Comments
We have entered the
new setting for the
HCRD(l bulinto
the X register.

Cursor 1 is moved to the
stored point nearest the
value in the X register.

Exercise continues on next page

Press

10 (-ffi)
(cnilo

1L

Display

s

__l_ -_|_ *_olio.a/V I

I

zi;sf

1gE

:RO 2ps
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Using The Waveform Calculator-7854

POSITIONING THE CURSORS (Cont)

To set the 2 cursors a specified distance apart

Press Display

rcRS-i-)

6(B)
[cE) o

1L >HCRD

Comments
Turn on both cursors.

Enter the amount of time
to separate the cursors.

Cursor 2 is moved 6 ps
to the right of Cursor 1 .

>HC WARNING is

issued if the number in
the X register represents
a position beyond the
right edge of the
graticule for Cursor 2.
See ,HCRD Operation.

I

I

I

I

I

I

I

I

I

I

I

I

I

:

l'"

.HCao., 1256 :

c62- t

vzR o

= 2.go5v14, 6E
. HCRD 5,235pS
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Using The Waveform Calculator-7854

POSITIONING THE CURSORS (Cont)

>HCRD Operation: lf the position designated in the X register does not coincide
with a stored waveform point, the cursor is set to the nearest stored point. lf both
cursors are on at the time of a >HCRD command, Cursor 2 is moved so that the
difference between Cursor 1 and Cursor 2 is as close as possible to that specified in
the X register. However, if this represents a position beyond the right edge of the
graticule, Cursor 2 is set to the right edge and ,'HC WARNING is issued.

>HCRD Restrictions: At least one cursor must be turned on, the X register must
contain a constant which is greater than 0, and the operational waveform must not
have been displayed with the VS command, prior to executing the >HCRD
command. >HC ERROR is issued if any of these restrictions are violated.

To set the vertical coordinate of Cursor 1 to a specified setting, and thus move the
cu rsor:

I

I

I

I

Press

r@
Display Comments

Turn off cursor 2 and
enter the new setting of
the vertical coordinate.

The vertical coordinate
and position of the
cursor change to be as
close as possible to the
specif ied setting. See
)VCBD Operation.

Exercise continues on next page

lL
o.25

@

sI

HCRD lgrs2.6tBv
6! 0.25

oPw 2

I I

6-59
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Using The Waveform Calculator 7854

POSITIONING THE CURSORS (Cont)

To set Cursor 2 a specified vertical distance from Cursor 1:

Press Display Comments

fcffil Turn on both cursors

1.5

I

I

I

I

I

Enter the vertical dis-
tance from Cursor 1. See
>VCRD Operation.

Move Cursor 2 the
specified distance from
Cursor 1.

I

I

I

I

I

@

2 g

I
I

I

I'

25bn 1,5
i.HCBO =

I
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Using The Waveform Calculator-7854

I

I

POSITIONING THE CURSORS (Cont)

:VCRD Operation: With only one cursor on (CRS1 mode), the operational
waveform is scanned for the specified vertical level from the present cursor location
to the end of the waveform. lf a crossing or touching point is not found, the scan
continues from the start of the waveform to the cursor. The cursor is set to the point
prior to the first crossing or touching point found.

With both cursors on (CRS2-1 mode). the operational waveform is scanned from
Cursor 2 to the end of the waveform. lf a crossing or touching point is not found, the
scan then begins again at Cursor 1 and continues toward Cursor 2. Cursor 2 is then
set to the point prior to the first crossing or touching point found.

>VCBD Restrictions: The cursor(s) must not be turned off, and the operational
waveform must either cross or touch the designated vertical level within the
allowed cursor movement range, prior to execution of the ,VCRD command. ,VC
ERROR is issued if either restriction is violated.

iI

I

I

The.fbllou'ing ke_t'stroke sequenrc utn be used to position the cursors to the
0 PNT and the MAX point .for meosuring pulse parameters:

o. Turn on and position
(--Rsi-l (frm Cursor I to the MAX gtint by pressing ]LlL >,,CRD

b. Position Cursor 2 to the some point b.r' pressing fcrT:7] OJL

0UL

de.sired

t. Reposition I to the 0 PNT b.r pressins jL rR.s,
, H('RI)

d. Turn on both
measurement (i.e

( ur.\or.\ cR^t2-1 and make the
DELAY, RISE, ett.)
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Using The Waveform Calculator-7854

RECALLING CURSOR COORDINATES

To recall the horizontal coordinate (or relative horizontal coordinate if both cursors
are on) to the X register:

Press Display Comments
The displayed horizontal
coordinate (or relative
horizontal coordi nate) is

returned to the X
reg i ste r.

frcRp-l

HCRD Restriction: At least one cursor must be turned on prior to executing
an HCRD command. HCR ERROR is issued if this restriction is violated.

To recall the vertical coordinate (or relative vertical coordinate if both cursors are on)
to the X register:

I

I

Press

fvJRp-)
Display Comments

The displayed vertical
coordinate (or relative
vertical coordinate) is
returned to the
X register.

I

I

VCRD Restriction: At least one cursor must be turned on prior to executing a

VCRD command. VCR EBROR is issued if this restriction is violated.

1

o

NEXT EXERCISE BEG!NS WITH POWER.UP

@6-62
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Using The Waveform Calculator-7854

I

I

I

WAVEFORM SCALING, EXPANSION,
AND POSITIONING

Commands are available with the Waveform Calculator to change the scale factors
and vertical zero reference settings of the operational waveform without
subsequently affecting the dimensions of the waveform. Also available are
commands to vertically or horizontally expand or position the operational waveform.
Figure D, blocks 17 and 18 shows the location of the keys demonstrated in the
following exercises.

SETTING THE SCALE FACTORS

Perform the procedure for Obtaining a Scope Display in Section 4, Scope Display
Mode lnformation.

Position the CALIBRATOR signal so that the first positive-going pulse starts at the
second vertical graticule line, and so the square wave is centered around the center
horizontal graticule line.

Set the STORED lNTensity control to quarter range

Press

fAo-R'l

(-sriTEE-)

Display Comments
D ispl ay the stored
calibrator signal.

Exercise continues on next page

To change the vertical or horizontal s<'ale .fattors of the operational
A'oveform:

a. Ke.t' in the new setting .for the scale .fot'tor.
h. Press the shift ll fey.

>)'s('L to thunge the yt'rtitul scalo /attor or @ 1r,

<'hange the horizontal scole .factor

@

O WFM STORED

6-63
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Using The Waveform Calculator-7854

g \zRo

SETTING THE SCALE FACTORS (Cont)

To change the vertical scale factor of the operational waveform to 5 pV:

Press

s fEE_)
l-cF) o

Er,wrt

Press

1 (-EEX I
CHS 3

HSCL

Display

vscu,

Comments
First enter the new scale
factor into the X register,
then issue the,VSCL
command. The vertical
scale factor has changed
from 2Vto 5 gV.

Comments

First enter the new scale
factor into the X register,
then issue the 'HSCL
command. The horizontal
scafe factor oI 5AO uS
has changed to 1 mS.
The unit, S, remains the
same.

The unit associated with the vertical scale factor, in this case V, remains the same

,VSCL Operation:The operational waveform is displayed with the number in the X

register as the vertical scale factor.

,VSCL Restrictions: The X register must contain a constant which is greater than 0
prior to executing the VSCL command. 'VS ERROR is issued if this restriction is

violated.

To change lhe horizontal scale factor oI the operational waveform to 1 ms

Display

" ""-."---.,--.j

I

I
vzq O

5r

lmS
i

lt
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Using The Wavelorm Calculator-7854

SETTING THE SCALE FACTORS (Cont)

>HSCL Operation: Executing a HSCL command is the equivalent to changing the
time span of the operational waveform by a value equal to: (the number in the X
register) divided by (the original horizontal scale factor). The operational waveform
is then displayed with the number in the X register as the horizontal scale factor.

>HSCL Restrictions: The X register must contain a constant which is greater than
O, and the operational waveform must not be displayed with the VS command, prior
to executing the >HSCL command. ,HS ERROR is issued if either restriction is

violated.

To eosil.t'delermine the number o.f a spetific point on the stored v,ovehrm:
a. Change the horizontal scale .fattor to be to rhe (PlW) divided

(l) h.r prassins filWl t0 @lL 'L

h. Turn on and position Cursor I as desired.
t'. The point number n'here the cursor is located run nou' be read .from

rhe displa.red HCRD serring.

l./ this protedure is used u'ith both cursots on, the A,H( RD seling v'ill
refieo the number of points hetu'een the <'ursors.
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Using The Wave{orm Calculator-78s4

RECALLING THE SCALE FACTORS

To recall the setting of the operational waveform's vertical scale factor:

Il

I

t

I

I

I

I

I

I

I

I

t

I

t

l

To recall the setting of the operational waveform's horizontal scale factor:

Press

fv5c-n

Press

f6c-n

Display

Display

s o lmS

Comments
The vertical scale factor
of the OPW is returned to
the X register.

Comments
The horizontal scale
factor of the OPW is
returned to the X
reg ister.

o o

--1
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Using The Waveform Calculator-7854

EXPANDING THE STORED WAVEFORM

Vertical Expansion

To verticall.t erpand the operational u'avefbrm displa.r, without changing
the u'avefornt volues:

a. Ke.l' in the r0l e.

h. Press

To vertically expand the operational waveform by a factor of 3

Press

3@
Display

vzR g 1.65rv

Comments
The operational wave-
form has been vertically
expanded by a factor of
3 times about the center
horizontal graticule line.
The vertical scale factor
is divided by the same
factor in order to
maintain the waveform
values. See VXPD
Operation below.
VXP WARNING is
issued if the operational
waveform is from OWFM
and the command causes
any waveform points to
fall outside t1 0 divisions
from the center horiz-
ontal graticule line.
These points are then set
to tl O divisions.

I

I

I

VXPD Operation: The operational waveform is vertically expanded around the
center horizontal graticule line by the expansion factor specified in the X register. lf
the expansion factor is negative, the waveform is expanded and then inverted. The
vertical scale factor is divided by the expansion factor in order to maintain the
waveform values.

VXPD Restrictions: The expansion factor must be a constant and must be entered
into the X register prior to the VXPD command. lf the operational waveform is not
trom O WFM, the expansion must not result in any point falling outside the 110
division vertical limits. VXP ERROR is issued if either restriction is violated.

@ 6-67 
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Using The Wavelorm Calculator-7854

EXPANDING THE STORED WAVEFORM (Cont)

Horizontal Expansion

Cursor status affects the operation of the HXPD (Horizontal Expansion) command

To horizontally expand the operational waveform by a laclor oI 2

I

Press

o@s
]L [;WFM I

o(ffin

Display Comments
Enter the number of the
operationalwaveform
into the X register after
copying the waveform
into 5 WFM for storage.

Key in the expansion
lactor ol 2.

2

vzF o

@

To horizontall.y e.rpand the operational u'aveform u'ith both cursors off or
with onl.t' Cursor I on:

o. Enter the waveform memor)' address qf the operational u'aveform
into the X register b.r' using the jl/FM <'ommand.

b. Ke.v in the expansion.factor. (The OPW number n'ill push into the Y

IX PD
register at this time.)

t. Press
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Using The Waveform Calculator-7854

EXPANDING THE STORED WAVEFORM (Cont)

Press Display

fHf,E-)

Comments
The operational wave-
form is horizontally
expanded by a factor of 2.
Point 0 at the left edge of
the graticule remains
f ixed and the waveform is
expanded to the right.
HXPWARNING is
issued if the expansion
factor is less than 1 , in
which case one or more
points of the expanded
waveform are f illed by
extending the value of
the right-most point of
the original waveform.

Comments
Turn on Cursor 1 and
position it as shown.

Exercise conlinues on next page

SgOpS

I

I
5 wFM u wiu xx"o

HXPD Operation (Cursors Off): The operational waveform is horizontally expanded
about the left edge (point 0) of the graticule by the expansion rate specified in the X
register. The horizontal scale factor is divided by the expansion factor in order to
maintain the waveform values.

HXPD Restrictions (Cursors Off): The Y register must contain the waveform
memory address, and the X register must contain a constanl greater than 0, prior to
executing the HXPD command. HXP ERROR is issued if either restriction is

violated.

To demonstrate the HXPD command with Cursor 1 on:

Press Display

JL CRSl vzR o

CRSl >

50ols

@

VCRD 5,42111 HCFO
5 WFM O WFMCRS1
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Using The Waveform Calculator-7854

I

3

EXPANDING THE STORED WAVEFORM (Cont)

Press Display Comments
Enter the expansion
factor into the X register.
(Notice that the
waveform memory
address of O WFM was
already in the X register,
therefore we did not
need to re-enter it before
the expansion factor.)

fH-xPo-l The operational wave-
form has been horizon-
tally expanded by a
factor of 3 times to the
right of Cursor 1.
HXPwARNING is
issued if the expansion
factor is less than
[1O / (the divisions
Irom Cursor 1 tothe
right edge of the
graticule)); meaning that
one or more points at the
right end of the waveform
are filled by extending the
right-most point of the
original waveform.

HXPD Operation (Cursor 1 On): The operational waveform is horizontally
expanded about Cursor 1 by the expansion rate specified in the X register. The
horizontal scale factor is changed by the expansion factor in order to maintain the
waveform horizontal values.

HXPD Restrictions (Cursor 1 On): The Y register must contain the operational
waveform address and the X register must contain a constant greater than 0, prior
to executing the HXPD command. HXP ERROR is issued if either restriction is
violated.

3

I

I

@

g 1.t67!V 1661715

843.1 !S

l

HCRO
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Using The Waveform Calculator-7854

I

I

I

EXPANDING THE STORED WAVEFORM (Cont)

To horizontally expand the positive-going pulse now displayed with both cursors on

Press Display Comments
Turn on Cursor 2 and
position the cursors as
shown.

(ffiT)
CRSl <

The portion of the
operationalwaveform
between the cursors has
been expanded to fill the
f ull 10 graticule divisions
The cursors maintain
their horizontal positions
on the graticule. The
horizontal scale factor
has been changed to
maintain the waveform
values.

To horizontall.y erpand the operational u'aveform u'ith both cursors on:
a. Enter the v,aveform number of the operotional waveform into the

statk b.r' using the lltFM command.
h. Position the <'ursors to delimit that portion of the operational

v'ave./brm to be expanded.
t'. "zess ( H-'P-1

Exercise continues on next page

16 5.tuS

I

s vzR

:

1r

1

It

IVGRO 3.
g

1.667!V 1

745!S62
g

AHCAO

@

rcf,Er

fHf,Pp I
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Using The Waveform Calculator-7854 I

EXPANDING THE STORED WAVEFORM (Cont)

HXPD Operation (Both Cursors On): That portion of the operational waveform
delimited by the cursors is expanded to fill the 10-division graticule. The horizontal
scale factor is changed to maintain the waveform values.

HXPD Restriction (Both Cursors On): The X register must contain the waveform
memory address of the operational waveform prior to executing the HXPD
command. HXP ERROR is issued if this restriction is violated.

POSITIONING THE STORED WAVEFORM
Using commands available on the Waveform Calculator, the operational waveform
can be repositioned either vertically or horizontally.

To demonstrate, first perform the procedure for Obtaining a Scope Display in
Section 4, Scope Display Mode lnformation.

Position the CALIBRATOR signal so that the first positive-going pulse starts at the
second vertical graticule line, and so the square wave is centered around the center
horizontal graticule line.

Set the STORED lNTensity control to quarter range

Vertical Positioning
Since operation of the VPDN (Vertical Position Down) command is similar to that of
VPUP (Vertical Position Up), only VPUP will be demonstrated.

I

I

I

I

I

Press

(EOE"I

(-s;jT6]

Display Comments
Display the stored
calibrator signal.

@

NEXT EXERCISE BEGINS WITH POWER-UP

2V
-i

STOF E
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Using The Waveform Calculator-7854

fvrTl
Comments

The operational wave-
form moves upward
by increments (102.4
increments/division). lf
the key is depressed
longer than approximate-
ly 30O milliseconds, the
movement of the wave-
form begins to be
continuous, advancing in
incremental steps as long
as the key is depressed.
Notice that the vzR
reading changes to
reflect the new vertical
position of the waveform.
VPU WARNING iS

issued if the operational
waveform is from 0 WFM
and the move has caused
any points to be outside
the vertical limitol +2O

divisions from the center
horizontal graticule line.
These points are then set
at +20 divisions. The
warning is not issued
until after the move is
made, therefore take care
that the waveform is not
u nnecessari ly clipped.

o

VPUP Restrictions: The vertical zero reference must not exceed +26 divisions; and
if the operational waveform is not 0 WFM, all points of the moved waveform must
be within +20 divisions of the center horizontal graticule line. VPU ERROR is

issued if either restriction is violated.

Exercise continues on next page

@
I

I
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POSITIONING THE STORED WAVEFORM (Cont)

To move the operational waveform up:

Press Display
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Using The Waveform Calculator-7854

POSITIONING THE STORED WAVEFORM (Cont)

To manually move the operational waveform down, press (ffi). vpo
WARNING is issued if the operational waveform is from 0 WFM and if the move
would result in any points falling outside the-2O division vertical limit. Those points
are then sel lo -24 divisions from the center horizontal graticule line.

VPDN Restrictions: The vertical zero reference must be higher than, or equal to,
-20 divisions; and if the operational waveform is not O WFM, all points of the moved
waveform must be within -20 divisions of the center horizontal graticule line. VPD
ERROR is issued if either restriction is violated.

The operational waveform can also be vertically positioned by directly setting the
vertical zero reference (VZR) to a specified value. For example:

Press Display Comments
Enter the new vertical
zero reference (in
divisions relative to the
center horizontal grat-
icule line).

2.5

The operationalwave-
form has been moved to
the new vertical zero
reference level of 2.5
divisions above the center
horizontal graticule line.
>VZ WARNING is issued
if the operational
waveform is 0 WFM and
the move would cause
any points to fall outside
the vertical limits of i2O
divisions. Those points
are then set to the vertical
limits.

@

o .2.5
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Using The Waveform Calculator-7854

POSITIONING THE STORED WAVEFORM (Cont)

'VZR Restrictions: The X register must contain a constant from -24 to less than
+2A; and if the operational waveform is not from 0 WFM, all points of the moved
waveform must be within t2O divisions of the center horizontal graticule line, prior
to execution of the >VZR command. >VZ ERROR is issued if either restriction is

violated.

To return the operational waveform to the original display

Display

Horizontal Positioning

Cursor status affects the operation of the horizontal position commands.

To demonstrate the horizontal positioning commands (HPLFT and HPRGT), we
will first mark the displayed waveform with a reference by moving a point to a

higher vertical value. Now, with the cursors off:

Display Comments
Key in the new vertical
value of 2.5 volts into
the X register.

Exercise continues on next page

Comments
Return the operational
waveform to the display

I

I

o

l

vz

vzR

@ 6-75

Press

o lL r'rrzRl

Press

2.5 GNffi]
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Using The Waveform Calculator-7854

2ffi

Dr,mt

Comments
Key in the point number
t t(P/w) / 1ol *
(number of divisions to
the right of the waveform
start where the point is)],
in this case, 206.

The point is moved to the
2.5 volt level. (Adjust the
STORED lNTensity, if
necessary. )

I

I

I

I

I

I

I

I

t

I

@

To horizontall.t' position the operationol v'avelbrm w'ith the <'ursors o.ff:
a. Enter the amount of time b.v whith the operational u'avefttrm is to be

moved.
b. hess the
r. Pre.ss the

ke.r

lo move the u'ovefttrm to the right, ()r press

t(' morc tht uayafitrm left.

6-76

POSITIONING THE STORED WAVEFORM (Cont)

Press Display

2.5 2s6
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Using The Waveform Calculator-7854

POSITIONING THE STORED WAVEFORM (Cont)

Now, move the operational waveform to the left by 25A microseconds:

Press

25o (@
(Gil o

Display

lL HPLFT The square wave is
moved left 25O ps(O.5
division).

HPLFT Operation (Cursors Off): The operational waveform is rotated to the left by

the amount of time in the X register.

HPLFT Restrictions (Cursors Off): The X register must contain a constant lrom A rc
the maximum horizontal value of the operational waveform. prior to execulion of the
HPLFT command. HPL ERROR is issued if this restriction is violated.

Exercise continues on next page

I
I

vzR o

@ 6-77

Comments
Enter the amount of time
which the waveform will
be moved.

2.A 250E 06

2.F XFLFT :
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Using The Waveform Calculator-7854

POSITIONING THE STORED WAVEFORM (Cont)

To move the operational waveform to the right by 5AO microseconds

I

I

Press

sw@
(---Flo

Display Comments
Enter the amount of time
by which the waveform
will be moved ISOO psl.

0 (TPRG-il The square wave is
moved SOOgs to the
right.

HPRGT Operation (Cursors Ofl): The operational waveform is rotated to the right
by the amount of time in the X register.

HPRGT Restrictions (Cursors Off): The X register must contain a constant from O

to the maximum horizontal value of the operational waveform, prior to execution of
the HPRGT command. HPB ERROR is issued if this restriction is violated.

To horizontallr position o spedfic point of the operational v'aveform lo a

designated position on the displav gratit'ule:

a. Turn on Cursor I and position il to the v'aveform point of interest.

b. Kel, in the time reference on the displav gratitule l(number of
horizontal divisions)* (the horizontal scole .[actor)l where the

v,aveform point is to be placed.

t'. Press rhe shift Jl *ry.
tl. Press the appropriore horizontal posttion ke.y 1rith", (@o,

fMt.

I

I

I

I

g
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Using The Waveform Calculator-7854

POSITIONING THE STORED WAVEFORM (Cont)

To move the marker on the displayed operational waveform to be at the center
vertical graticule line:

Press

E fcr-]]
fcR-stn

25@
(.-F) s

lL

Display

o vzR

Comments
Turn on and position
Cursor 1 tothewaveform
marker.

sqgtS Enter the time reference
of 2.5 ms (5 divisions x
Sffi psl in the X register

The waveform is rotated
to the right by the
amount of time necessary
to move the marker to the
2.5 ms reference.

Exercise continues on next page

2.266 m5:vGD ' 2.5V
2.5

-1

2.5 V 2.2BCFD =

o32.5

T

ACRo =vcSD
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IIUsing The Waveform Calculator-7854

POSITIONING THE STORED WAVEFORM (Cont)

HPRGT Operation (Cursor 1 On): The operational waveform is rotated to the right
by the absolute value of the difference between the HCRD setting and the time in
the X register.

HPRGT Restrictions (Cursor 1 On): The X register must contain a constant which
is from 0 to the maximum horizontal value [10 * (horizontal scale factor)] of the
operational waveform, prior to execution of the HPRGT command. HPR ERROR is
issued if this restriction is violated.

To move the marker to the second vertical graticule line. first position Cursor 1 to
the top of the marker. Now:

Press

sw ( EEyI.
(61 o

Display Comments

Enter the time reference

0 fHrLF-l vza o SgOpS The waveform is rotated
left by the amount of
time necessary to move
the marker to the 500 ls
referen ce.

HPLFT Operation (Cursor 1 On): The operational waveform is rotatedtothe left by
the absolute value of the difference between the HCRD setting and the time in the
X register.

HPLFT Restrictions (Cursor 1 On): The X register must contain a constant which is
ftom A to the maximum horizontal value {10 * (horizontal scale factor)} of the
operational waveform, prior to execution of the HPLFT command. HPL ERROR is
issued if this restriction is violated.

@

vzR 6

o6
VC BD BCBD = 2.5mS= 2.5V

2.5 50

2.5mS.q75V

6-80
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Using The Waveform Calculator-7854

To horizontall.t' move the operational n'avefbrm b.t' the time dillerence
betv'een the tu'o cursors (the relotive horizontal coordinate):

a. Turn on ond position both cursors.
h. Press rhe shift ll fev.
t. Pres.s the horizontal positbn ke.v (either orIPI,FT

HPRGT

POSITIONING THE STORED WAVEFORM (Cont)

To place waveform point 256 of the operational waveform to the 4-volt level

Press Display

+ (ffiH-) zso

lL

Comments
Move point 256 lo the
4-volt level.>PNT

To move the operational waveform left by the AHCRD setting:

Press Display Comments
Turn on Cursor 2.

Exercise continues on next page

2.4 4
2.49 mS
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Using The Waveform Calculator-78s4

POSITIONING THE STORED WAVEFORM (Cont)

Press Display

tl fHrrr-l
Comments

The waveform is rotated
left by 2.49 ms (I'HCRD
value). Notice that this
resulted in the shorter
marker appearing to
move to the right due to
the wrap-around opera-
tion of HPLFT (and
HPRGT); however, it is
still 4 divisions (2.49 ms)
to the left of the higher
marker.

The waveform is rotated
right by 1.25 ms
(AHCRD value).

2V

I

I

I

5ggrs

HPLFT Operation (Cursors On): The operational waveform is rotated left by the
amount of time between the cursors (the ,r,HCRD reading).

To move the waveform to the right

Press Display Comments
Position the cursors as
shown.fffis2a

oyzg

'VCRO. 6.1/lv
2,5

vza o

I

I

I

I

I

I
AHCRO

4 CB52
1.25hs

lL HPRGT

@

:VCRD
2.5

HCBD = 2,49mS

vzR o

^HCFO 
= 1.25mS

6-82
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Using The Waveform Calculator-7854

I

I

POSITIONING THE STORED WAVEFORM (Cont)

HPRGT Operation (Cursors On): The operational waveform is rotated right by the
amount of time between the cursors (the I.HCRD reading).

WAVEFORM FUNCTIONS
All of the commands in the WFM FUNCTIONS block on the Waveform Calculator
require the horizontal extent of the operational waveform in order to calculate the
new waveform. (This is in contrast to the arithmetic functions which treat each
waveform point value as a constant.) The following exercises demonstrate theDlFF
(Differentiation), INT (lntegration), ORD (Return Ordinate), ORD (Set Ordinate),
ITRP (lnterpolate), and SMOOTH commands. See Figure D, block 18 for the location
of the corresponding keys.

NOTE

The DIFF and INTG functions are not exactly reciprocal in the 7854
due to the specific algorithms used. Each function introduces a small
amount of smoothing.

DIFFERENTIATING A WAVEFORM

Perlorm the procedure for Obtaining a Scope Display in Section 4, Scope Display
Mode lnformation.

Position the CALIBRATOR signal so that the first positive-going pulse starts at the
second vertical graticule line, and so the square wave is centered around the center
horizontal graticule line.

Set the STORED lNTensity control to quarter range.

Press Display

lffi61-o]
[srcREp-)

Comments
Store and display the
calibrator signal.

NEXT EXERCISE BEGINS WITH POWER.UP

gous

@

o
i
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Using The Waveform Calculator-7854

I

l

DIFFERENTIATING A WAVEFORM (Cont)

Press Display

JL
Comments

The square-wave signal
has been differentiated.
The verlical scale factor
is blank. See Section 9.
Command Language, for
the specific algorithm.

DIFF

DIFF Restrictions: The X register must contain a valid waveform memory address
prior to executing the DIFF command. DIF ERROR is issued if this restriction is
violated.

NOTE

Remember that any dc or constant goes to zerc upon differentiation
and is not retained automatically.

INTEGRATING A WAVEFORM

To integrate the displayed operational waveform:

Press Display Comments
The waveform has been
integrated. The vertical
scale factor unit is blank.
See Section 9, Command
Language, for the specific
algorithm.

(]ffi]

INTG Restrictions: The X register must contain a valid wavelorm memory address
prior to executing the INTG command. INT ERROR is issued if this restriction rs

violated.

t

I

I
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Using The Waveform Calculator-7854

SMOOTHING THE WAVEFORM

Essentially, smoothing replaces each point of the stored waveform with the average
value of the waveform within the specified distance about the point.

For example, to smooth the displayed waveform with a window of 1 .5 divisions

Display Comments
The operational wave-
form has been smoothed
using a 1 .5-division
smoothing window. See
Section 9, Command
Language, for the specific
algorithm.

I

I

SMOOTH Restrictions: The Y register must contain a valid waveform number and
the X register must contain a constant from O to 2 (inclusive), prior to execution of
the SMOOTH command. SMO ERROR is issued if either restriction is violated.

To smooth a stored n'avelbrm:
a. Displa.v the u'avelbrm to be smoolhetl (and enter its u'oveform

number into the X register) bt' using the l4tFM utmmand.
b. Enter the u'idth o.[ the smoothing u'indow (in divisions) to be used.[or

tlv * into the X register
t. hess

o

@ 6-85

Press

1.5

(ffi)
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Using The Wavelorm Calculator-7854

RECALLING AND SETTING AN ORDINATE VALUE

To recall the value of the operational waveform at the horizontal coordinate of 1.5
milliseconds (from the start of the waveform):

Press Display Comments
1.5 (-En
(-F1 s

Enter the horizontal
coordinate (from the start
of the operational
waveform) whose
ordinate value is
desired.

I

I

I

I
l6',m The ordinate value of

1.867 is returned to
the x register.

Cursor I can be used to change a specific waveform point to a new value,
a. Turn on and position Cursor I to the point of interest.
b. Ke.t, in the new point volue.

c. Recall the H(RD setting to the X register with
d. Set the poinr to the neu' value with lll

@

1.5E 63

tili

., -i

6-86 lrl'
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Using The Waveform Calculator-7854

RECALLING AND SETTING AN ORDINATE VALUE (Cont)

To set the ordinate value of the operational waveform at 2 malliseconds from the
start of the waveform to a value of 3:

Press

3 (HTaR-)

2(E_]
(tEl s

lL

Display Comments
Enter the new value,
3, into the stack.

Enter the distance from
the start of the
operational waveform.

Set the ordinate value

Exercise continues on next page

I
I
i.

I
vzR

1
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RECALLING AND SETTING AN ORDINATE VALUE (Cont)

>ORD Operation: The operational waveform is set to the vertical value given in the
Y register at the location given in the X register.

>ORD Restrictions: The Y register must contain a constant and the X register must
contain a constant trom O to the maximum horizontal value of the operational
waveform (inclusive), prior to execution of the >ORD command. >OR ERROR is
issued if either restriction is violated.

NOTE

The waveform is autoscaled following a>ORD command, if necessary

INTERPOLATING ON THE WAVEFORM

To interpolate between the second and third vertical graticule lines with the cursors
off:

(EN-IER--l

EEX

[rcF)s

Display Comments
Enter the horizontal
location {(graticule
divisions) * (horizontal
scale factor)| ol 5OO 1ts
into the stack.

Separate the locations
and enter the second
horizontal location.

@

g

gr

6-88

I

I

t
I

t

I

Press

swfEf_yl'
@o

I

I

I

I

I

I

I

t

I

I

o vzR !1

1E q3
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I

I

INTERPOLATING ON THE WAVEFORM (Cont)

Press Display Comments
lnterpolate between
5AO psand 1 ms ofthe
operationalwaveform.

firRP)

To drux' o straight line (linearl.r' interpolate) hetv'een tt'o .spetified ytints on

the operalional wuve/brnt n'ith the tursors ol[:
a. Ke.t' one of the hori:ontal locations inro the sla(k.
h. Press (Tfr'TEil to terminate entr.r of' rhe .lirst lotation.
c. Key the seutnd horittntal lotation inlo the sto(k.
l. Pre.ss I lrRP l.

ITRP Operation (Cursors Off): The portion of operational waveform delimited by

the horizontal locations specified in the Y and X registers is replaced with a straight
line.

ITRP Restrictions (Cursors Off): The Y and X registers must both contain constants
fuom A to the maximum horizontal value of the operataonal waveform (inclusive),
prior to execution of the ITRP command. ITR ERROR is issued if either restriction is
violated.

Exercise continues on next page

i
niSggp
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INTERPOLATING ON THE WAVEFORM (Cont)

To interpolate from the start of the second positive-going pulse to the top of the
glitch:

Press Display Comments

I

I

I

I

I

I

0 fc-S)
rcESF)

fHtffi-l

rffil

Turn on Cursor 1 and
position it to the start of
the second positive-going
pu lse.

Return the horizontal
coordinate value (the
horizontal location of the
desired starting point for
interpolation) into the
X register.

Position Cursor 1 to the
top of the glitch, the end
point for interpolation.

o 1

1.

vzR

I
s
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I

I

INTERPOLATING ON THE WAVEFORM (Cont)

Press Display Comments

The designated portion of
the operational waveform
is replaced with a

straight line.

FiHF-)

To interpolate u'ith onl.t' Cur:or I on:
a. Enter the storling ytint horiztstttal lorution into the X regisler.
b. Position Curxtr I to the erul ytint ol the portion to be interpolated.
<. Press C lffR-P).

ITRP Operation (Cursor 1 On): The portion of operational waveform delimited by
Cursor 1 and the horizontal location specified in the X register is replaced with a

straight line.

ITRP Restrictions (Cursor 1 On): The X register must contain a constant from Oto
the maximum horizontal value of the operational waveform (inclusive), prior to
execution of the ITRP command. ITR ERROR is issued if this restriction isviolated.

To interpolate from the center vertical graticule line to the present position of
Cursor l:

Press Display

o@
Comments

Display 0 WFM.

3 2.g62aSHCFO
1,347m ,

2.OO2nSvcED 3
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vzn 1

INTERPOLATING ON THE WAVEFORM (Cont)

Press Display

fcrT-T)
Comments

Turn on and position
Cursor 2 as shown.

I

I

I

I

I

I

I

firTP-'l lnlerpolate between the
CUTSOTS

To interpolate u'ith both cursors on:
a. Displa.r the operationol u,ot,efornt using the WFM atmntand.
b. Position lhe tursors ot the end points of the portion to be

interpolated.
t. 'ress (trtrR-P1.

ITRP Operation (Cursors On): The portion of the operational waveform delimited by
the cursors is replaced with a straight line.

ITRP Restriction (Cursors On): The X register must contain a valid waveform
number prior to execution of the ITRP command. ITR ERROR is issued if this
restriction is violated.

6-92 @
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I
I

INTERPOLATING ON THE WAVEFORM (Cont)

I

I

I

I

This protedure is helpful u'hen .t'ou v,anl to generale a linear sedion of
u,avelbrm betu'een tu'o specific verticol values:

a. Turn on and position Cursor I to the desired starting point of the
linear se(tion.

b. Set the starting point to the desired verti(al level.

t. Move Cursor I to the ending point and set this to the desired vertical
level.

d. Interpolate betu'een these points.

For example, to generate a lineor setlion.[rom the seutnd vertical grati(ule
line to the sixth, .from 2 volts to 0.5 t'olt:

grotiule line.
b. Ser rhis pinr to rhe 2-voh let'el h.t pressing 2 fEFil jL

(ffii
t'. Move Cursor I to the si.rth (center) vt,rtical itule line and set this

ITC RI)

You mo_y at times.find it useful to manuolly generate knor'n u'aveforms. The

.follou'ing three e.ramples ma.t he helpful.

point to the -0.5 utlt level b_t' pressing .5

d. Pre:s l() move the HCRI)
inlerpolote h.r' presingregisl er.

JL
ol the storting point to the X
C trRVa.

the ul rcnter; press
(Cursors must be

the generoted ramp:

7i) gen?rul( 0

o@o
ramp u,hich
* +

etl.)

To generale luo t.t'tles ol a

Pre" @ (Tidl

5t2 P ll: Firsr tvts t'.t'cles ol triangular shuJ;e. Nou' press:, 'ffi'ffi
Noln', to generate one c.t'tlc ol sine u'ave, u'hich u'ill he otrurote u'ithin l/aat

the
2)

2.5
OFF

*
IIPI,T;T'

OOTH

NEXT EXERCISE BEGINS WITH POWER-UP
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PROGRAMMING
A 7854 program is a series of commands stored by the processor for later
execution. The program can then be run as often as necessary. The results obtained
at the end oI program execution are identical to those you would have received by
manually pressing the keys one at a time.

NOTE

Programs can be written into the program memory either from the
Waveform Calculator keyboard or from the GPIB. Only programming
with the Wavelorm Calculator keyboard is discussed here; see Section
7, GPIB lnformation, for details concerning 7854 programming over the
GPIB.

PROGRAM MEMORY
The commands that make up the program are stored by the processor in the
program memory. The program memory is separate from the stack, constant
registers, and waveform memories; but the processor may utilize any or all of these
storage devices during program execution.

Stored programs are organized by program lines which consist of a three-digit
processor-assigned line number and a mnemonic-oriented command group.
Program lines are sequentially numbered from bbb to a maximum of 999. Each
program line must contain at least one command (in addition to the line number),
and may contain more. A representative program line could be:

LINE
NUMBER

.,,
PROMPT COMIVIAND

GROUP

Notice that the keystroke commands are stored and displayed as the corresponding
mnemonics, and that spaces automatically separate adjacent mnemonics. To
conserve space, the blanks between adjacent numeric commands (O-9, ., EEX, and
embedded CHS commands) are suppressed.

The total number of commands that may be entered on one program line is limited
to 35 characters, which includes the separating spaces between mnemonics. lf a

command is issued during program entry which would cause the command group to
exceed the limit of 35 characters, a warning' is issued and a new program line is
started. The last command issued (which exceeded the allowable line length) then
becomes the first command on the new line.

tThe warning message of XXX WARNING is not displayed for this warning.

@6-94  
Document scan by vintageTEK - Your donations help support the museum - vintagetek.org



Using The Waveform Calculator-7854

Program memory will hold a maximum of 920 (commands plus line numbersl, 2MA
with Option 2D, and a maximum of \AAA program lines. lf the program memory is

full and you attempt to enter an additional command: (1)The ERBOR indicatorswill
lighr; (2) the audible warning tone will be issued if the AUDIBLE ERROR,/WARNING
switch is ON; (3) the display will blink; and (4) commands other than CLL (Clear

Line), CLP (Clear Program), or EXECUTE, will not be accepted.

PROGRAM MODES
Three program modes are provided with the Waveform Calculator: (1)The Entry
mode in which commands are not executed but are instead stored in program
memory for later execution; (2) the Edit mode which allows the deletion and
rearrangement of entire lines of programmed commands; and (3) the Execute mode
which allows the processor to automatically execute the programmed commands.

THE ENTRY AND EDIT DISPLAYS

The edit prompt, ', indicates where the program can be currently accessed for entry
or editing and is displayed at the start of the program line printed on crt display line
8. This program line (which is preceded by the edit prompt) is called the current
program line when entering or editing a program. The end-of-program line is the
blank line following the last assigned program line.

The Entry and Edit modes override the CRT DISPLAY commands to display upto 16
lines of program. The current program line is printed on display line 8 with the
previous seven program lines displayed above this, and the subsequent eight
program lines displayed below. Program lines are assigned line numbers after an
entered line is terminated. A typical program display is shown in Figure 6-2.

Y 2 LBL COTO

3 LBL COTO

@oo

001
o0?
003
001
005
006

>067.

L00
scoPt vtlol Ht10A'

I RDOUT I IFX-Y
2 LBL COTO

LI'I RCOUT I IF
I LBL COTO

LO2 VtlDR

00s clo cRs

@11

012
013
@11
0!5

0 liFtl
.l rl
O YFT1

r Dsti
CRSI i

0
N
>yFH

IN
I,JFIl

yFtl

>HCl

5Ol0 O lFYt

XPD 3 CHS >VZR

vcRo r yFr,t P-P

OFF
xPo r >vzR

2873 3s1

@

Figure 6-2. A typical program display on the 7854 Oscilloscope.
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THE ENTRY MODE
The program Entry mode is invoked by the first programmable command received
by the processor following either the PROG (Program Entry) command or an edit
command. lf a program is not already stored, only the edit prompt and the
mnemonic of the last received command will be displayed (see Fig. 6-3); otherwise,
a one-line space is opened in the program prior to the current program line, and the
edit prompt and newly entered command mnemonic are displayed at the start of this
new program line (see Fig. 6-4). Any additional programmable commands issued
are sequentially added to the command group of the current program line. The Entry
mode can be identified by the absence o{ a line number before the command group
of the displayed current program line. To leave the Entry mode simply issue any of
the program edit commands or the EXECUTE command.

Figure 5-3. Example of the program Entry mode without previously stored programs

Figure 6-4. Example of the program Entry mode with a previously stored program.

HiN

2473-352

ot0
0lr
012
013
011
0r5
616

0 vFtl li,llN -
0 ttFtl 2 >tFtl
I ',lFrl rllN -
0 IFr.1 I >!rFn
I DSi,l 2 0StJ
cRsr 2 vFtl t1

vcRc - cRs2-

vxPo I >vzR

sfxPo

olvcno
ivcRu l

J--

3 CHS >VZR

I r lFrl P -P
OTLAY

.I

I
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THE EDIT MODE
The program Edit mode is invoked by issuing CLL (Clear Line), CLP(Clear Program),
PREV (Go to Previous Line) or NEXT (Go to Next Line) when in the Entry mode; or by
issuing the PROG command when in the Execute mode if a program is already
stored. The Edit mode (see Fig. 6-5) is distinguishable from the Entry mode by the
line number between the displayed edit prompt and the command group of the
current program line. The Edit mode is exited by issuing the EXECUTE command or
by invoking the Enter mode.

oo5
006
001
008
00s
010
011

r R00uT r iFx-
2 LBL GOTO
LO3 VI1OALT
AQR STORED
CLO CRSI O
0 r,lFr,l tltN - .s
0 lFtl 2 >1,/Fr.1

3 LBL COTO

OFF

I >VZR

0
l

o 8

05rl 2 osf
VCRO I YFT,I P-P

OELAY
cRsr 2 HFtl trlo
vcRD - cRs2-t :

I >CNS

STOP LO{

2A73.354

Figure 5-5. Example of the program Edit mode.

THE EXECUTE MODE

The Execute mode is invoked, only after a program has been stored in the program
memory, by issuing either RUN, STAHL oT STEP following the EXECUTE command.
The Execute mode is made up of two distinct states: (1)The Run state which is
entered by executing the RUN or STARTcommand, and (2) the Step state which is
entered by executing the STEP command. Before invoking either state of the
Execute mode (and after leaving the Enter or Edit mode with the EXECUTE
command) the processor is in the "idle" state. While in the idle state, the processor
will only execute directly issued commands from the keyboards or the GPIB.

STOP is the only directly issued command which will be accepted during the Run or
the Step state; all other directly issued commands are ignored. The 7854 returns to
the idle state after executing a stored STOP command or by a directly issued STOP.
An error, or a warning occurring in the Step state, will also return the processor to
idle.
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AN INTRODUCTORY PROGRAM
The exercises given here are intended to acquaint you with the program entry
display and will not go into the details of command operation.

This introductory program will average a real-time signal 75 times, store the
averaged waveform in 3 WFM, measure the peak-to-peak amplitude of the
waveform and place this amplitude in constant register 1 (1 CNS). Then a window
from +1 Oo/o lo -1ff/o of the peak-to-peak amplitude is computed; the 11O% amplitude
value is stored in 2 CNS and lhe 90o/o value in 3 CNS. The input signal is then
averaged again and the present peak-to-peak amplitude is compared with the 1 lO%
and 9O7o limits.

To do this manually you would first set up the desired real-time display and then
issue the following commands:

zsfNilsE Average and store the
selected waveform in 3
WFM.

(T:F') JL (ffi) Measure the P-P
amplitude and store in
1 CNS.

t(ffi| t.t 2 ln (-ENil Compute 110o/o value
and store in 2 CNS.

*

r (ffi| o.g 3JL Compute 9O% value and
store in 3 CNS.

*

l7Vc,ro--l@+ 0f,cret Average the input
signal (only 10 times,
for speed) and place
the P-P value in 4
CNS.

2 (-ffilfirEl Compare iI the present
P-P value is greater
than the 110o/o limit
va I ue.

3 fffil 4 (.ffilfirEl Compare il lhe 90o/o

limit is greater than the
present P-P value.

Now. let's enter the introductory program into program memory

6-98 @
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ENTERING THE PROGRAM

Perform steps 1 through 5 of the procedure for Obtaining a Scope Display given in
Section 4, Scope Display Mode lnformation.

Press
(1661

0(.-Nlot

Display Comments
The program Entry mode
is invoked. The edit
prompt is displayed at
the start of display line
8.

The start of this program
is identified with a label
(LO1). Notice that the F

mnemonic was only
displayed until the shift
function was issued.

The edit prompt is
advanced to the next
program line. Notice that
the line number (bOOl

has been added to the
previous program line.

Exercise continues on next page

NOTE

All new commands used in this exercise will be discussed in detail
later in this section.

m'ET1-l

L0l

>oo0 tol
l
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-- i--'-t --- |
> 601 SCOPE VI1DL HI'IOBi*-i-+-_+-a-+

BAO t0t

fsri-P--fl]

Vertical Mode:
(TEF-I

Horizontal Mode

@

Comments
The mnemonics of the
issued commands are
entered into the
command group of the
current program line.
Spaces separate adjacent
commands (except
adjacent numeric
commands). This
command group will
initialize the real-time
display.

lnitialize the cursors by

assuring that they are
turned off. The NEXT

terminates the line and
advances the edit
prompt.

I

I

NOTE

Notice that the mnemonics VMDL and HMDB 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.)

I

:
)

i

l

I

HflOEIOFF
oo0 Lol
00r 5(0PE vrlcL
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ENTERING THE PROGRAM (Cont)
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aga t0
ao COPI
s0 VC

ENTERING THE PROGRAM (Cont)

Press Display

zs fi6Vd) s

JL f:ffi]
fNrxl-'l

@t
6 rffi)
t(ffilt.t
@z
A (ffi)
r(-Nl

Comments

Enter the commands to
average and store the
waveform. Notice that
the space between the 7
and 5 is suppressed.

Attempt to enter the
remaining commands oI
the program. Although
this is a more efficient
use of the program
memory, this will make
editing a program more
difficult and is done here
to demonstrate the
automatic NEXT which
occurs when the line
length of 35 characters
is exceeded. Notice that
the processor terminated
the f ull program line,
advanced the edit
prompt, placed the
offending command in
the new current program
line, and issued a

warningl.

Exercise continues on next page

'The warning message of XXX WARNING is not displayed for this warning

@

00r scoPt vr'lol HHDBIoFF
oa2 7s 

^\c 
I >vF,{ .i

003 P-P I >CNS I CN$ I. I I 2 >CNS I

! + +-*1-'

0go Lol

6-101
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't
I

002 75 AVC 3 >l]Fr1
oo3
oo1

OFF

; r.t t 2 >cNs I

oog Lot
00r scoPE vrloL

P.P I >CNS I
cNs 0.s * 3

ENTERING THE PROGRAM (Cont)

Press Display

o.9

J'
fxET-l

0 (TN)
o2@
(TT-la
JL
(TffiI

2fffi|
rTFE'I
fs-r-ndP-f

fxrTfll

Comments

Enter the commands to
compute and store the
9tr/o limit.

Enter the commands to
average the input signal
and store the P-P value
in 4 CNS. The label (LO2l
will be used as the start
of the loop.

Compare the present P-P
value to the 11Oolo limit.
lf the P-P value is greater
the program will stop.

I

I

3*

I

I

I

I

I

I

I

I

I

@

OOg LAl
oo1 scoPE vror snoB! orr
002 7s Avc 3 >t/Ftl

o05 Lo2 iucto P-P

ooi
004

r.r I 2 >cNs I

>cN5

P-P r >CNS 1

cNs 0.s r 3

060
ool
ao2
043
aa4
oo5
006

L0l
scoPt vr10L
75 AVC 3 >VFt1

P-P I >CNS I

cNsg.g*3>(
102 ,rvcr0 P-P
2 CNS IFY>X S'

I

Ll x 2 >cNs t
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004 cNs 0.9 1 3 >cN6
O05 L02 AVCIO P'P +)

006 2 cNs tFY>x sToP
007 3 cNs 4 cNs iFYPi

ctl r.t t 2 rcr'ts r

OFF60r scoPt vr{DL

>cNs

X SIOP

002 7s Avc 3 >r,lFr,l

003 P-P t >CNS 1 r

ENTERING THE PROGRAM (Cont)

Press Display

3 (-ffil
4 (ffi]
(-trEI
rffi)
fNrTl

20@
r6re-l
fNrTtf

og2 1s Auc 3 >llFr{ l

003 P-P | >CNS I Cr,lS r. r t
004 cNs 0.9 t 3 >cNs
gos Lo2 Aucto P-P 4i>cr,ls
ao6 2 cNs trv>x stoC
007 3 cNs I cNs IFY*X SrOP
008 2 LSL C0T0 i

--l-+'r---*--f- --+-

Comments
Compare the 90% limit to
the P-P. lf the P-P value
is less the program will
stop. Notice that line
OO0 is no longer
displayed, although it is
retained in program
memory.

lf the present P-P value
is within the monitoring
limits, the program will
return to label L02 and
continue executing
commands from there.

The end of this program
is identified with a STOP

2 >CNS I

(FP ) 092 75 ,lVG I >VFr1 I

003 p-p r >CNS I CNg 1.t X 2
00+ cNs 0.9 t 3 >cN$
6os Loz Aucto P-P 4i>cNs
O06 2 CNS IFY>X STOF

oo7 3 cNs r cNs tFYJx sroP
003 2 LBL G0r0 I> sToP I

>CNS J

The introductory program is now stored in the 7854 program memory and can be
executed at any time.
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EXECUTING THE PROGRAM

To execute the introductory program now stored in the 7854, first invoke the idle
state by pressing l-Ef,l]ffiE]. The processor now returns display control to the
previously selected CRT DISPLAY mode (SCOPE).

Using The Waveform Calculator-7854

NOTE

The PROG and EXECUTE functions are issued with alternating
actuations of the keY

Now connect an 8-volt (peak-to-peak), 1 -kHz sine wave to the input of the LEFT
VERT amplifier unit from a function generator. (Recommended type: TEKTRONIX
FG 5O3 Function Generator used with a TM 5W Power Module.)

Set the LEFT VERT amplifier unit to display about 4 divisions of signal centered
around the center horizontal graticule line.

To execute the program from the first command of line OO@

Press Display Comments
The program is executed
command-by-com mand
beginning with the first
command ol line A@4.

The lighted BUSY
indicators are the only
indication that you will
have that this program is
executi ng.

JL START

Vary the output amplitude of the function generator until the BUSY lights go out.
Verify that the program has been executed by first setting the STORED lNTensity
control to quarter range. Now:

I

I

Press

fsrc--ap]
Display Comments

The contents of 0 WFM
are displayed. Notace that
the current program line
number (PL 6) is
displayed in display line
1 6 nearthe right edge of
the graticule. This
indicates which program-
med STOP caused the
i nterru ption .9.:Oa 8.82b sroREo
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I

I

I

I

CLEARING THE PROGRAM
To clear the entire contents of the program memory, which in this case is the
introductory program, first return to the Edit mode by pressing [TFdl. Then:

Press

0 taF)
Display

fNETl The program memory is
cleared

lf 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.

lf you have more than one program stored and you want to clear a selected program

and not the entire program memory, use the CLL (Clear Line) command as described
later under Editing a Program.

CLP Operation: The CLP command must be followed with the NEXT command in
order to clear the program memory. After the CLP command is issued the display
shows only the statement: PRESS NEXT TO CONFIRM DESTRUCTION.

lf the following command issued is not NEXT, the CLP command is aborted

CLP Restrictions: lf the CLP command is not issued in the Edit or Entry mode,
CLP ERROR results.

'The warning mossage ol XXX WARNING is not displayed lor this warning

Comments

A warningl is issued and
the crt displays only the
statement "PRESS
NEXT TO CONFIRM
DESTRUCTION".I

!EEM!EII_ rq q ql'!!ry -Es,r3lJfl t lll
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PROGRAMMING TECHNIOUES
ln the lntroductory Program exercises just performed, you entered and executed a

program that computed a !1ff/o amplitude window for a waveform. This program,
when entered into the program memory, consisted of the following four major parts:
(1)The beginning, (2) the initialization, (3) the body, and (4) the ending. All 7854
programs should contain these four parts, although they need not be entered
sequentially due to the power of such programming features as branches and
subroutines. However, we recommend that you try to keep these parts sequential in
the program memory until you are comfortable with 7854 programming. Flowcharts
should be used when writing programs to keep track of the dilferent parts of the
programs.

FLOWCHARTS

A flowchart should be used when writing a program to outline the process used by

the program to solve a problem. With up to |OAA program lines available, you could
quite easily get lost while creating a long program. A flowchart, in addition to
documenting your program, will help you design programs by breaking them into
smaller groups of commands.

Flowcharting symbols vary from source lo source; however, in this manual we will
use ovals to represent the beginning and end of a program or routine, and
rectangles to represent groups of commands. Diamonds will be used to represent
decisions where a choice of two outputs can be made.

You can make your flowcharts as basic or as detailed as you like. At times your
flowchart may exactly duplicate the programmed commands; and at other times,
having several command groups represented by a single block in the flowchart
could be more useful.

Flowcharts should be drawn linearly, from the top of the page to the bottom,
reflecting the flow of the program from beginning to end. Use the flowcharts given
throughout the rest of this section to help you understand the features of
programming with the 7854. Then draw your own flowcharts to help you write, edit,
and document your programs.

6-106 @

Figures 6-6 and 6-7 both show flowcharts forthe lntroductory Program. Neither is

more correct than the other; however, the flowchart shown in Figure 6-7 would be
more help in creating a specific program. Make your flowcharts as detailed as
required to aid in documenting your programs or routines. Figure 6-8 gives a

flowchart for a pulse-measuring program.
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EEGIN

INITIALIZE DISPLAY

STORE REFERENCE WAVEFORM
AND AMPLITUDE LIMITS

MONITOR INCOMING
SIGNAL

STOP

2473.37 1

@

Figure 5-6. Basic flowchart of the introductory program.
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BEGIN

SETUP BEAL TIME DISPLAY

TURN OFF CURSORS

AVERAGE AND STORE
REFERENCE WAVEFORM

COMPUTE 1 1O% AND 90%
AMPLITUDE LIMITS; STORE
IN CONSTANT REGISTERS

AVERAGE INCOMING
SIGNAL; MEASUBE ITS

P-P VALUE

STOP
VALUE

GREATER
THAN 1 

,I 
O%

IS P-P

LIM IT?

STOP
VALUE

LESS THAN
1'lo% LtMtT

P-P

YES

YES

2A73 372

6-108

Figure 6-7. Detailed flowchart of the introductory program.
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BEGIN

SETUP BEAL.TIME DISPLAY:
LEFT AND B

TURN OFF CURSORS

STORE AND DISPLAY PULSE WAVEFORM

MEASURE PULSE MAX VALUE

TURN ON CURSOR 1

SET VCRD TO MAX VALUE

STORE HCRD OF MAX POINT

RETURN CURSOR 1 TO POINT O

TURN ON CURSOR 2

SET CUBSOR 2 TO MAX POINT

MEASURE AND STORE RISE

MEASURE AND STORE FALL

MEASURE AND STORE DELAY

MEASURE AND STORE WIDTH

STOP
2473-373

@

Figure 6-8 Flowchart tor the basic pulse-measuring program.
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DEFINE PROGRAM BEGINNING

The beginning of every program or routine should always be defined with a label.
Labels permit you to have up lo 1ffi uniquely labeled routines (labeled lrom LAA ft
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 the first occurrence of the label and will ignore any others.

PROGRAM INITIALIZATION

Normally a program or routine will require that certain features (such as the vertical
and horizontal modes, the display mode, the stack, the cursors, etc.) be preset to a

known condition. This is called initialization 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. A properly initialized program will result in far less errors
and mistakes due to improper operands than will a 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 a specific problem or process specif ic data
in a predetermined order. The program body could use such features as branches,
loops, or subroutines; 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 a specified program line, and should always be used in conjunction
with the LBL (Return Label) command. For example, if the processor is executing
a program and encounters "6 GOTO", execution is immediately transferred to
the first command of program line AO6. However, iI 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 LO6 is in. When a GOTO
command is used to transfer program execution as just described, this is called an
unconditional branch.

@6-1 10  
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I

I

Looping

When program execution is branched to a previous program line, the branch is

referred to as a loop. A loop was used in the lntroductory Program to repeatedly
store and monitor the amplitude of the incoming signal. When used in this manner,
to continually update data or perform calculations, the loop is a powerful
programming feature.

Conditional Branching

Two commands are available which give the processor the ability to make decisions
based on the comparison of the contents of the Y and X registers. These commands,
lFl>Xand lFx=.1'when stored in a program, will transfer execution based on the
results of the comparison. lf the specified condition is TRUE, program execution
continues with the nexl command; if FALSE, execution continues with the first
command of the next line.

Subroutines
When a group of commands is to be executed several times throughout the
program, consider using a subroutine. The GSB (Go to Subroutine) command is

used like the GOTO command to transfer program execution to a specified line
number, and should also be used in conjunction with the LBL command to branch
to the start of the line containing the specified label. However, unlike the GOTO
command, when the program next encounters a RTN (Return) command, execution
is transferred back to the command following the calling GSB. Execution then
continues sequentially through program memory.

Subroutines can contain a loop, or can be executed as part of a loop. Also, a

subroutine can call another subroutine; this is known as "nesting". Subroutine
nesting is limited by the number of RTNs that the processor can keep pending. ln
the 7854 up to 10 subroutines can be nested. However, when using subroutines
keep in mind that whenever the end-of-program line is reached by the processor,

the subroutine return register is cleared.

DEFINE PROGRAM ENDING

The program ending should be defined with a programmed STOP. When the
processor is executing a program and encounteres a stored STOP command,
execution is halted and the processor goes to the idle state. A label accompanying
the STOP can be used to dr{ferentiate between the end-of-program STOP and other
stored STOPs. This is most useful when searching for program mistakes
(debugging). Again, be sure to document the use of the assigned label(s).

I

I

I
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WRITING A PROGRAM
The process used to write any program can be separated into the following four
steps: (1) Define the program objective (2) detail the intended flow of the program
with a f lowchart (3) translate the flowchart statements into specific commands, and
(4) enter the program. The following exercises will illustrate this process. The
location of the keys demonstrated here are shown in Figure D, blocks 1 and 19.

CREATING A PULSE-MEASURING PROGRAM

The first step when writing any program is to define the objective. We will now
create a program to store a selected pulse waveform; then measure and store the
assocaated RISE, FALL, DELAY, and WIDTH parameters.

After you are satisfied that your flowchart is as complete and detailed as you
require, translate the flowchart statements into specific command groups. Let's
now do this for our pulse-measuring program:

Flowchart
Statements

Commands Comments

Begin E@oo Assign label LgO to the
program beginning.

Setup real-time
display: LEFT

and B.

Turn off cursors

Store and display
pulse waveform.

Measure pulse MAX
point.

Turn on Cursor 1

(ffi)
Vertical tvlode, (EFf]\+
Horizontal Mode: ( Bl

(TFtr-)

Select the real-time
LEFT VERT and B HORIZ

compartments for display.

Acquire the real-time
pulse and store in
2 WFM; select STORED

display.

Measure IVIAX and store

value in 0 CNS.

lL

(Tffi) o

J'

2

CBSl

>WFM

>cNs

6-112
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Now that the program objective is defined, we need a flowchart. Try to be as specific
as possible when making flowcharts to aid yourself in translating the flowchart into
specific 7854 commands. Figure 6-8 is a flowchart for our pulse-measuring
program.
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Flowchart
Statements

Set VCRD to IVAX

va I ue.

Store HCRD of MAX
point.

Return Cursor 1

to point O.

Set Cursor 2 to
MAX point.

Measure and store
RISE.

Measure and store
FALL.

Measure and store
DELAY.

Measure and store
WIDTH.

Commands

Turn on Cursor 2 fcf,r-i-l

Comments

Return MAX value from
0 CNS to X register;
set cursor 1 to the MAX
point by changing the
VCRD to this value.

Store position of MAX
point in 1 CNS.

Return Cursor 1 to point
0 by setting the HCBD
to 8J.

Return position of MAX
point from 1 CNS to
X register; move Cursor 2
to this position by

changing the HCRD.

Store RISE time in

2 CNS.

Store FALL time in
3 CNS.

Store DELAY time in
4 CNS.

Store WIDTH in 5 CNS

ldentify end-of -program
with STOP.

o

o lL

JL

2

lLlt
3

fo+j5ffil a

z r.-cT-l
(fiidffil s

f f-c:ffi)

STOP

Now you're ready to enter the program into the 7854 program memory.

(-s-r-f6'F-)

>HCRD

FALL

@ 5-113
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ENTERING THE PULSE-MEASURING PROGRAM

NOTE

A complete listing of the entered program is given at the end ol this
exercise in Figure 6-9. Consulting this listing while entering the
program may be helpful.

J' LNN oa Enter label LoO to identify
the program beginning.

LNN Operation: The LNN command, when executed, starts a label in the program.
This command must be followed by two digit commands to complete the label.
lnitially the label is displayed as LNN; however the first N is then replaced with the
first digit entered, and the second N with the second digrt.

LNN Restrictions: The LNN command is executed only when the processor is in
the program Entry mode, and must be followed either by the CLL (Clear Line)
command or by two successive digit commands. Otherwise, LNN ERROB is issued,
although the message is only displayed in the STORED or BOTH modes.

Continue entering the program:

Press

fPfrrl

Press

lffi-r

Comments

lnvoke the Edit mode.

Comments
Advance the edit prompt
to the following program
line. A warningl is
issued whenever a new
line is started.

I

I

I

I

NEXT Operation: When the NEXT command is issued in the Entry mode, the entry
line is terminated (line number assigned), and the edit prompt is advanced to the
next program line. lf the NEXT command is issued in the Edit mode, the edit prompt
is advanced to the next program line.

tt tne [f.t,ffi) key is held down after the anitial actuation, the edit prompt
increments through the existing program lines (if any) toward the end-of-program
line.

'The warning message o{ XXX WARNING is not displayed for this warning

@6-1 14
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I

I

ENTERING THE PULSE-MEASURING PROGRAM (Cont)

Automatic NEXT Operation: Whenever a command is issued which causes the
program entry line to exceed the 35 character line length limit, an automatic NEXT
is executed. At this time a line number is assigned to terminate the full line, a new
line is started with the last entered command, and a warning' is issued.

NEXT Restrictions: The NEXT command is executed only in the Entry or Edit
modes, and only if the current program line is not the end-of-program line.
NEX ERROR is issued if any of these restrictions are violated, although the error
message is only displayed if the command was issued over the GPIB while in the
Execute mode.

Now, enter the remaining commands of the pulse-measuring program (using the
NEXT to separate command groups) by pressing:

SCOPE TLIFT-] Of VERTICAL IVODE of HORIZoNTAL MoDE [x.ffi)

( oFF ) fxEil

(-ffi) 2 jL f .wFM I fsrir--E6-l (ffi]

ffr4aft o Jl (ffi]

fxExil

0 (.cR5n fxrx-l

o frE) lL >VCRD

fHrffi-l t JL (1€E) fx.[E-XT]

oiL fNrxil)

(-cnFl ( Nffil

1(ffiI 1L >HCRD mEXtl

Ri 2 jL >cNs

rThe warning message of XXX WARNING is not displayed for this warning

@

B

NEX

6-115 
Document scan by vintageTEK - Your donations help support the museum - vintagetek.org



Using The Wavelorm Calculator-7854

ENTERING THE PULSE-MEASURING PROGRAM (Cont)

ln ( LTI 3 JL f{:ffil m'ilil

fprTYl 4 ll >cNs (ffi]

fw-'id'in s ll (ffi]

FSET] fxET-l

The pulse-measuring program is now stored in program memory
I

I

I

I

I

@

>CNI

ggg
gg1
gg2
sg3
go4
o05
g06
sa7
gg8
s09
g1g
911
912
913
914
915

Lgs
SCOPE VMDL HMDB
OFF
AOR 2 >WFM STORED
MAX g >CNS
cRsl
g cNs >vcRD
HCRD 1 >CNS
O >HCRD
cRS2-1
1 CNS >HCRD
RISE 2 >CNS
FALL 3 >CNS
DELAY 4 >CNS
WIDTH 5 >CNS
STOP

6-1 16

Figure 6-9. Listing of the basic pulse-measuring program.

2873-375
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EXECUTING A PROGRAM
As previously explained, a 1854 program can be executed in either of two states:
Run or Step. The following exercises demonstrate the use of each state. Figure D,

block 19 shows the location of the keys demonstrated here.

START]NG THE PULSE-MEASURING PROGRAM

With the pulse-measuring program stored in the program memory, return to the idle
state by pressing fExl]ffifE-] .

Connect an 8-volt (peak-to-peak) 1-MHz square wave to the LEFT VERT amplifier
unit from a function generator. (Recommended type: TEKTRONIX FG 503 Function
Generator used with a TM sffi Power Module.)

Set the B HORIZ time-base unit for a 1ffi nanosecond,/division sweep rate using a 1

microsecond/division setting with X1O magnification.

lf necessary, return to the SCOPE display mode by pressing fffil .

Adjust the deflection factor of the LEFT VERT amplifier unit to display about four
divisions of signal. Vertically center the display.

Using the B HORIZ position control, position a positive-going pulse to horizontal
center.

Run the pulse-measuring program from the first command ol lineO@A by pressing

0 [SJ]ET-I . When the program is finished, the display will appear similar to
that shown in Figure 6-1O.

I

vzR 6

2413.377I

I

@ 6-117

Figure 5-1O Typical display a{ter executing the pulse-measuring program.
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STARTING THE PULSE-MEASURING PROGRAM (Cont)

START Operation: When the START command is directly issued with the
processor in the idle state, the processor goes to the Run state and begins executing
the program with the first command ol line MA. lf a stored START command is
encountered when the processor is in the Run state, program execution is
immediately transferred to the Iirst command ol line MA. However, if a stored
START command is encountered when in the Step state, program execution is
halted and the processor returns to the idle state with the edit prompt set to line
AW. All START commands clear the subroutine return register (the register used
for tracking RTN commands).

START Restrictions: lf the START command is directly issued but a program is not
in the program memory, STA ERROR is issued.

RUNNING THE PULSE-MEASURlNG PROGRAM

When more than one routine is in program memory and you want to execute a
selected routine which does not begin al line WO, you must first set the edit prompt
to the beginning of the desired routine. Although this can be done manually in the
Edit mode, if you have assigned a label to specify the beginning of the program,
using directly issued LBL and GOTO commands can be quicker.

For example, at this time the edit prompt is at program line 015. and we want to
execute the program which begins with label LoO. (Although in this case the label is
at line AAO, it might not always be at this line number.)

Press Comments
The displayed program
status changes from
PL 15 to PL O to
indicate that the edit
prompt has moved to
line AM, which is the
first occurrence of label
LOA, GOT WARNING iS

issued if the constant in
the X register was
greater than the last
assigned program line
number. Also, this
causes the edit prompt
to be set to the blank
end-of-program line, the
program line number to
be blanked lrom the
STORED or BOTH
display, and the
processor to return to
the idle state.

o LBL

I

rco-tu]

I

I

I
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RUNNING THE PULSE-MEASURING PROGRAM (Cont)

At this time you can execute the program beginning with the first command of the
current program line by pressing ff.F.i]Ii-l. 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 X register is returned to the X register.

LBL Restrictions: The X register must contain a constant which, when rounded to
the nearest integer, is from O to 99 (inclusive) and represents a label which occurs
at least once in the program memory. LBL ERROR is issued if either restriction is
violated prior to execution of the 191 command.

GOTO Operation: When the GOTO command is directly issued, the edit prompt is
moved to the program line specifred by the number in the X register; but, the
processor remains in the idle state. When a stored GOTO command is encountered
with the processor in the Run state. program execution is continued at the first
command of the program line specified by the number in the X register. However,
when a stored GOTO command is encountered in the Step state, the edit prompt is
then moved to the program line specified in the X register.

GOTO Restrictions: The X register must contain a constant which, when rounded
to the nearest integer, is from O 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
in the Run state.

RUN Restrictions: lf the RUN command is issued when the edit prompt is at the
end-of-program line, or when a program has not been stored, RUN ERROR is
issued and the processor will not go to the Run state.

I

I
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STEPPING THROUGH THE PULSE-MEASURING PROGRAM
Programs can be executed one line at a time by using the Step state of the Execute
mode. Set the edit prompt to the beginning of the pulse-measuring program by
pressins o E ftB-n (E'To-'].

To Execute the command group of the current program line:

Press Comments
(-SiEill The command group of

the current program line
is executed. Since the
ony command on this
line was a label, the
LNN mnemonic is
displayed and the edit
prompt is advanced a
line as indicated by
PL 1. STE WARNING is
issued if the edit prompt
is at the end-ol-program
line.

Continue stepping through the pulse-measuring program with the CS-fTil). ffre
display will change to the real-time pulse, and (after two more STEP commands) will
reacquire and display the stored pulse. Refer to the listing given in Figure 6-9 as
you step through the program to verify that the program is indeed being executed by
command groups.

I

I

I

I

t

I

Notice that when you reach program line 15 execution is stopped by the stored
STOP command. lf (.S-TEF'] is pressed again, the processor finishes executing any
commands remaining onlhis line. The n"*t (ffil brings us to the end-of-
program line where STE WARNING is issued.

STEP Operation: The processor goes to the Step state of the program Execute
mode when the STEP command is executed. This command is not programmable. ln
the Step state, the commands on the current program line are sequentially
executed, the edit prompt is advanced to the next line, and the processor returns to
the idle state. However, if the line contains a stored STOP or RUN command, the
processor will either stop or switch to the Run state, respectively.

NOTE

The STEP command will not terminate numeric entty into the X
register.
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EDITING A PROGRAM
The editing commands of NEXT, PREV, and CLL are provided to aid you in altering
programs already stored in program memory without necessitating a complete re-
entering of the altered program. lf, however, the existing program is to be drastically
changed, you may want to use the CLP command to clear the program memory and
then enter the newly written program. These exercises will demonstrate the editing
commands, as well as the conditional statements (lF-X=.1'and lF/>x) and the
subroutine commands (GSB and RTN). The location of these keys are shown in

Figure D. block 19.

ALTERING THE PULSE.MEASURING PROGRAM

Figure 6-11 shows a modified flowchart of the pulse-measuring program. We have
added a loop to the flowchart which will stop the program after executing it ten
times, and we are now going to alter the existing program to do the same.

Perform the previous exercise for Stepping Through a Program. Then return the
existing program to the display by pressing (ffim.

Manually move the edit prompt back through the existing lines to line A62 by
pressing and holding tne f+-FH-Ml as necessary.

PREV Operation: The edit prompt is backed to the previous program line. lf the
PREV command is issued in the Entry mode, the current program line is terminated.
tt tn" (TRF] key is held down, the edit prompt will decrement through the
program lines until released or until line AAA is reached.

PREV Restrictions: lf the PREV command is directly issued in the Execute mode, or
if the current program line is OAA, PRE ERROR is issued. The error message will
only be displayed in the STORED or BOTH mode.

To enter the commands which will initialize the loop counting register (6 CNS):

I

I

I

I

I

Press

o (6r-m] o I >cNs
Comments

This will place a O in
6 CNS when the program
is first run, Notice that a

new entry lrne was
opened prior to what had
been line 0O3. The newly
issued commands are
entered here.

Exercise continues on next page

@ 6-121 
Document scan by vintageTEK - Your donations help support the museum - vintagetek.org



Using The Waveform Calculator-7854

AEG IN

SETUP REAL.TIME DISPLAY LEFI AND 8

SET LOOP COUNTING REGISTER (6 CNS) TO O

ASSIGN LABEL (LO2) TO ACTUAL SIART OF
PULSE STORING ANO lJlEASURING COMMANOS

TURN OFF CURSORS

STORE AND DISPLAY PULSE WAVEFORM

MEASURE PULSE MAX

TURN ON CURSOR 1

SET VCRD TO MAX VALUE

STORE HCRD OF MAX POINT

RETURN CURSOR ] TO POINT O

TURN ON CURSOR 2

SET CUESOR 2 TO Mil POINT

MEASURE AND STORE RISE

M€ASURE ANO STORE FALL

MEASURE AND STORE DEDY

MEASURE AND STORE WIDTH

INCREMENT LOOP COUNTING
AEGISTFR BY 1

HAV€
1 0 LOOPS

OCCURREO

YES

2873,379

I

I

I

I

I

I
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Figure 6-11. Flowchart for the pulse-measuring program using a loop.
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ALTERING THE PULSE-MEASURING PROGRAM (Cont)

Now, terminate this entry line and advance the edit prompt to the following line by
pressing (-{Ei]. Then,

Press

Z LNN-I 02 @
Comments

The label L02 is assigned
to the start of the
commands to store and
measure the pulse. Add
the command to turn off
the cursors.

Comments
This will increment
6 CNS by 1.

Remove the duplicated OFF command by pressing fx,ffi) fml . Notice that
the line containing the duplicated OFF command has been deleted, and that the
following command groups have all been moved up one line to close the gap.

CLL Operation: When the CLL command is issued the commands on the current
program line are removed and all command groups following it are moved up one
line.

CLL Restrictions: lf the CLL command is issued when the processor is in the
Execute mode, or when the edit prompt is at the end-of-program line, CLL ERROR
is issued. The error message is only displayed in the STORED or BOTH modes.

Advance the edit prompt to what is now program line 016 by pressing and holding
down the fx.ffil . To increment the loop counting regrster and add the
conditional loop:

Press

o@r 6 A f.'.cre| fNHil

6 f-ffi) to lL (-slj-P--l The contents of 6 CNS
will be compared with
the value of 10. lf they
are equal the program
will stop; otherwise
program execution is

transferred lo label LO2

NEXT 2lL LBL fco---l

Exercise continues on next page

I

I

+

lFx=
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ALTERING THE PULSE-MEASURING PROGRAM (Cont)

lFx=_)rOperation: When the IFI=.}''command is executed, the processor compares
the contents of the X register to that of the Y register. lf both registers contain
constants at the time of the comparison, the result is TRUE when the constants
have identical values. lf both registers contain waveform memory addresses, the
processor compares corresponding pairs of points on the referenced waveforms
(between cursors, if on); the result is TRUE when the difference between all
compared points is zero. lf one register contains a constant and the other contains a

waveform memory address, each point of the waveform (between cursors, if on) is
compared to the constant value; the result is TRUE when all compared wavelorm
points do nol vary from the value of the constant. Scale lactor units are ignored if
they difler. After execution of a stored lFlf=-| command, program execution
continues normally wilh the next command if the result was TRUE. Otherwise,
program execution continues at the start of the next program line (if comparison
results are FALSE). Test results, TRUE or FALSE, are displayed in line 16 of the
STORED or BOTH mode.

A complete listing of the pulse-measuring program with a conditional loop is given
in Figure 6-'l 2.

Figure 6-12. Listing of the pulse-measuring program with a loop

Execute the modified program by pressing (-ETEdTfl tn START When
the program stops, check the contents of 6 CNS (the loop-counting register) by
pressing 6 (ffi| to verify that the loop was executed 10 times.

@

gss
gg'l
gg2
as3
gg4
gs5
gg6
ss7
gga
gag
01g
011
912
s13
914
015
016
917
01tJ
919

Lgg
SCOPE VMDL HMDB
g ENTER 6 >CNS
LO2 OFF
AOR 2 >WFM STORED
MAX O >CNS
cRsl
g CNS >VCRD
HCRD 1 >CNS
O >HCRD
cRs2-1
1 CNS >HCRD
RtsE 2 >CNS
FALL 3 >CNS
DELAY 4 >CNS
WIOTH 5 >CNS
6CNS1+6>CNS
6 CNS 1g lFx=Y STOP
2 LBL GOTO
STOP

2873 380
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I

I

USING SUBROUTINES

The commands used in the pulse-measuring program to position Cursor 1 to point O

and Cursor 2 to the MAX point could be useful for other programs; so let's put them
in a subroutine that can be accessed by other programs. Also, let's add a subroutine
which will monitor the amplitude of the pulse and stop the program when the
amplitude is not between 7 and 9 volts (peak-to-peak). Figure 6-13 gives a flowchart
for the main program, Figure 6-14 gives one for the cursor-positioning subroutine,
and Figure 6-15 gives one for the amplitude-monitoring subroutine.

To avoid possible confusion we will completely re-enter the new version of the
So clear the resent program from the memory byI pulse-measuring Program

I ,r"ttins @ 0
I

(@)

Again. translate the flowchart of Figure 6-13 into specific command groups and
enter them into the 7854 by pressing:

0 frml oo (T*rl

fsr-'F-al vERrcAL rvroDE (TFT-) HoBIzoNTAL MoDE @ (ffi)

o 6 a (-TN-l (Tdil

JL LNN sz( adfr z fs-rffil fltr-t.)

3,L LBL (CB- fxrTfll

GSB Operation: When the GSB is executed the edit prompt is moved to the line
specified in the X register. lf the program was running at the time the GSB was
encountered, program execution is transferred to the first command of the specified
line. The subroutine return register is set to point to the next command following
the GSB.

NOTE

The GSB command will not terminate numeric entry

GSB Restrictions: The X register must contain a constant which, when roundedto
the nearest integer, is from O to 999 inclusive. Also, not more than 10 levels of
nesting can be issued. GSB ERROR is issued if either restriction is violated;
although the error message is only displayed in the STORED or BOTH mode.

Exercise continues on next page

I

I

NEXT

ER
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I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

@

BEG IN

TURN CURSOBS OFF

MEASURE PULSE MAX;
STORE IN O CNS

TURN ON CURSOR 1

SET CURSOR 1 TO MAX POINT

STORE MAX LOCATION IN 1 CNS

RETURN CURSOB 1 TO POINT O

TURN ON CURSOB 2

SET CURSOR 2 TO IVIAX POINT

RETURN

2473 382

Figure 6-14. Flowchart of the cursor-positioning subroutine.
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BEGIN

MEASURE P.P VALUE OF 2 WFM;
STORE RESULT IN 7 CNS

STOP
7 (voLTS)

GREATER THAN
P P VALUE?

IS

BETU RN STOP
P-P VALUE

GREATER THAN
I (VOLTS)?

IS

NO YES

NO YES

2873-385

@6-128

Figure 5-15. Flowchart of the amplitude-monitoring subroutine.
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USING SUBROUTINES (Cont)

Continue entering the program by pressing:

fRr=E-] 2 E [-cNS-l fT,'EXr )

0 fFml 3 JL >CNS milil

(ffin 4 JL >CNS riiffii

[w]iffi) s E [,cNS-l NEXT

o@t a ll (16s I -N'Exr')

6 Cg 10 jL fiEil fsrT-l fx.ffil

z lL [t-BL--l (To-ft-) fxrx--l

fffiFf tl (TN't\n 01 (Tdrt

Now enter the cursor positroning-subroutine by pressing:

0 mm 03 (ffir-)

fFl [xEX-l

MAxf a ll f,-CN--l fxEil

0 f{r-GFf mexi]

o fffi) 1L >VCRD (ffir

fffii t JL

Exercise continues on next page

+

]NS

@

rNffii
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USING SUBROUTINES (Cont)

a a (-trffi5] ffiilil

fcr:T-.l fxET]

1 (-Nil 0 f{{T-6.) miln

ln t=ffil

RTN Qps7s1i6n: When the RTN command is executed, the edit prompt is moved to
the line holding the calling GSB command, and the next executed program
command (as indicated by the subroutine return register) is the one following the
GSB.

RTN Restrictions: RTN ERROR is issued if the RTN command was executed
without a calling GSB.

Refer to Figure 6-16 for a listing of the ram memory at this time. Then run the
prosram. lPress fEffiiil) Jl .)

I

I

I

I

t

I

I

I

ggg
gg1

sa2
gg3
gg4
go5
g06
gs7
gga
gg9
910
g'l'l
912
013
014
915
s'16
917
g1a
019
g2s
921
s22

Lgs
SCOPE VMDL HMDB
O ENTER 6 >CNS
Lg2 AOR 2 >WFM STORED
3 LBL GSB
RtsE 2 >CNS
FALL 3 >CNS
DELAY 4 >CNS
WIDTH 5 >CNS
6 CNS 1 +6 >CNS
6 CNS 10 IFX=Y STOP
2 LBL GOTO
STOP LOl
Lg3
OFF
MAX O >CNS
cRsl
O CNS >VCRD
HCRD 1 >CNS
O >HCRD
cRs2-1
1 CNS >HCRD
RTN 2873- 383

Figure 5-16 Listing ot pulse-measuring program and cursor-positioning subroutine.

TART
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USING SUBROUTINES (Cont)

Now, let's enter the amplitude-monitoring subroutine to be nested within the
cursor-positioning routine.

First press fuR-6El to return to the program Edit mode. Now advance the edit
prompt to t,ne gzz *itl, tl." (ffii] . Enter the calling commands by pressing 4

0 ruE'n (E-1. novance tne edit prompt, again by using the @, ,o
the end-of-program line.

Now enter the amplitude-monitoring subroutine by pressing

lL LNN 04@

2 @fPTl 7 A tffi)

7 (E.TER-I 7 @) fiffil fsff-.| (Tffi)

7 (65l frrr-Efr-') s (-irE) (-s-ro-il| (Tffil

lL

I

I

RTN

A complete listing of both subroutines is shown in figure 6-17

Figure 6-17. Listing of the cursor-positioning and amplitude-monitoring subroutine.

Exercise continues on next page

s13
914
915
f,16
917
918
,,19
g2s
021
o22
o23
024
s25
s26
927
s28

Lg3
OFF
MAX g >CNS
cRsl
g cNs >vcRo
HCRO 1 >CNS
O >HCRD
cRS2-1
1 CNS >HCRD
4 LBL GSB
RTN
Lg4
2 WFM P-P 7 >CNS
7 ENTER 7 CNS IFY>X STOP
7 CNS ENTER 9 IFY>X STOP
RTN 2873 386
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USING SUBROUTINES (Cont)

lF/>f Operation: When the lFl>Icommand is executed, the processor compares
the contents of the X register to that of the Y register. lf both registers contain
constants at the time of comparison, the result is TRUE when the constant in the Y
register is more positive than the constant in the X register. lf both registers contain
waveform memory addresses, the processor compares corresponding pairs of points
on the referenced waveforms (between cursors, if on); the result is TRUE when
even one point of the Y register referenced waveform is more positive than the
value of the corresponding point of the X register referenced waveform. lf one
register contains a constant and the other contains a waveform memory address,
each point of the waveform (between cursors, if on) is compared to the constant
value; the result is TRUE when the value in the Y register (either constant or
referenced waveform point) is more posilive than that in the X register.

After execution of a stored lF/>.Icommand, program execution continues normally
with the next command if the result was TRUE. Otherwise, program execution
continues at the start of the next program line. Test results, TRUE or FALSE, are
displayed in line 16 of the STORED or BOTH mode.

PROGRAM INTERRUPTIONS
ln addition to having a program stop execution as a result of a decision, you will
often want to stop execution in order to input new data or to pause during execution
to view results. The stored STOP and PAUSE commands, or a directly issued STOP
command, can be used to interrupt program execution as demonstraled in the
following exercises. See Figure D, block 19 for the location of these keys on the
Waveform Calculator.

USING THE STORED STOP

When a stored STOP command is executed by a running program, program
execution stops.

To demonstrate, run the pulse-measuring program now in the 7854 program
memory:

Press

fEffi) ln
Comments

The program is executed
and then stops when the
stored STOP is
encountered on line A1A.
The processor returns to
the idle state. Notice that
the truncated mnemonic
of the command prior to
the stored STOP, plus
the status message
STOP lN, are displayed
in line 16.

@

T

6-132

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

 
Document scan by vintageTEK - Your donations help support the museum - vintagetek.org



Using The Waveform Calculator-78s4

USING THE STORED STOP (Cont)

Stored STOP Operation: When the processor encounters a stored STOP command
in either the Run or Step state, program execution is stopped. At this time the
processor returns to the ldle state and displays the previously executed command
mnemonic except STOP or PAUSE) plus the status message STOP lN. lf you press

ffTfri-) without having moved the edit prompt, execution will begin
with the command following the STOP

NOTE

The STOP command (stored or direct) will not terminate numeric entry
into the X register.

PAUSING TO VIEW PBOGRAM RESULTS

The stored PAUSE command is used to "slow down" a program during execution to
allow you to view the displayed results. Executing a stored PAUSE command will
momentarily interrupt the program execution. The length of the interruption can be
extended by storing two or more successive PAUSE commands.

Let's now add stored PAUSE commands to interrupt the existing program after the
RISE, FALL, DELAY, and WIDTH commands.

Now move the edit prompt to line oo5 using the fPR-EFl.

To add the PAUSE commands:

Press

rffii E PAUSE E TEUsn
2iL >cNs fxETl fcTD

E (EtT] ,l fTmrl E ( PAUsE-)

3 f (:cE) milrl fill

fTELA-n E PAUSE PAUSE

4 tl (-eF) (-NrTfl fcT)

mrpT-lA PAUSE lt PAUSE

5iL >CNS

Comments

lnsert PAUSE commands
after RISE by entering
the new command group
and deleting the old line.

lnsert PAUSE commands
after FALL.

lnsert PAUSE commands
after DELAY.

lnsert PAUSE commands
after WIDTH.

Exercise continues on next Page

@

fx{iil1--l fcTf-l

6-133 
Document scan by vintageTEK - Your donations help support the museum - vintagetek.org



Using The Waveform Calculator-78s4

PAUSING TO VIEW PROGRAM RESULTS (Cont)

See Figure 6-18 for a listing of the main program at this time

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 O.7 second.

NOTE

Ihe PAUSE command will not terminate numeric entry into the X
register.

I

I

I

Return to the Execute mode by pressing
(press JL [sJ-ETl ). Notice how

and then run the program
execution is interruptedthe program

I

I

I

I

I

I

following the RISE, FALL DELAY, and WIDTH measurements for each ot the 10
successively acquired pulses.

Of course, for the stored PAUSE command to be effective, you must first format the
display to show the results you are interested in viewing.

THE DIRECT STOP

Another method used to interrupt a running program is to directly issue a STOP
from the keyboard(s). However, iI 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 regrster contents are all likely to change the outcome of the program iI
they are altered. Therefore, you may want to avoid using direct STOPs.

@

gM
gg1
so2
gg3
gg4
go5
sg6
gg7
gga
sgg
910
011
912

Lgg
SCOPE VMDL HMDB
S ENTER 6 >CNS
LO2 AOR 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
6CNS1+6>CNS
6 CNS 1S IFX=Y STOP
2 LBL GOTO
STOP LOl

2a73.3A4
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THE DIRECT STOP (Cont)

Direct STOP Operation: lf the directly issued STOP occurs while the processor is

executing the AOR, AVG, AVG1O, AVGI OA, AVGlAAO, or GND commands (stored
or direct), the executing command is prematurely terminated. Otherwise, the
processor completes execution of the current command. The processor then returns
to the idle state and the truncated mnemonic of the command executing when the
STOP was received. plus the STOP lN status message, is displayed in line 16 of the
STORED or BOTH mode. lf program execution is then resumed with the RUN
command, execution begins with the command following the command during
which the STOP was received,

PROGRAM EXAMPLES
The following programs are provided as additional program examples. Only the
purpose and constraints of each program are explained since you should have a

working knowledge of the 7854 commands used in these example programs. Of
course, each of these programs can be modified to agree with prior assignments of
waveform memory or constant registers. Line numbers have been left off the
program listings given here so that you will not be unduly restrained in the use of
these programs.

PERCENT OF OVERSHOOT

This program will calculate the percent of overshoot of the operational waveform.
After execution. the percent calculated will be displayed in the X register. as well as
being stored in 1 CNS. Since this program calculates the percentage rate
independently of the VZR setting, the GND need not be set.

Constraints: The Oo/" level of the operational waveform must be at the left edge of
the graticule, and the 160o/o level must be at the right edge of the graticule. Any
number of cycles can be displayed between these two points, provided that all
pulses are identical.

Lg1
STORED 4 AVG
CRS O >HCRD
vcRD 2 >CNS
CRS2-1 HSCL 10 * ENTER
P/W / - >HCRD
MAX 2 CNS VCRD ,/ 1 -
1 >CNS
STOP 1 LBL GOTO

1gg *

2473-341

@

Figure 6-19. Program to calculate the percent o{ overshoot.
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PROPAGATION DELAY

The propagation delay between the first MID point of each of two signals will be
calculated and, after execution, displayed in the X 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).

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 the result of the convolution is displayed on the
graticule (and stored in 0 WFIVI).

Constraints: The input waveform must be in 1 WFM and the impulse response
must be in 0 WFM prior to execulion of this program. Also, to avoid time-domain
aliasing with nonperiodic signals, bolh 1 WFM and 0 WFIVI contents should be zero
{rom the left edge of the graticule to the center vertical graticule line.

LO1 AOR STORED CLD
CRS1 O 'HCRD OFF
O WFM MIN _.5 VXPD 1 >VZR
O WFM 2 >WFM
1 WFM MIN _.5 VXPD 3CHS >VZR
O WFM 1 >WFM
1 DSW 2 DSW
CRSI 2 WFM MID >VCRD HCRO 1 >CNS
1 WFM MID >VCRD HCRD 1 CNS _ STOP 2873 388

O WFM STORED VSCL 1 >CNS
1 WFM 2 >WFM O WFM 1 >WFM O WFM g
*P/W 1g / >HSCL
1 WFM CLX >HSCL 2 WFM CLX >HSCL
CLS >CNS
LOO 2 WFM O CNS PNT 1 WFM CLX O

IFX=Y 1 LBL GOTO
CLX ENTER ABS >VSCL CLX SGN VXPO
lWFMOWFM+
LO1 1 WFM 1 HPRGT O CNS 1 + O >CNS
P,zW IFX=Y O WFM 1 CNS * STOP
g LBL GOTO

2873-389A

6-136

Figure 5-21. Program to convolve wave{orms.
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l

I

I

I

SINE OF WAVEFORMS

This program will compute and display the sine of an input waveform

This program f inds the equivalent of the input waveform lrom -r/2 to n/2 by using
a mod function, and then uses a 4-turn taylor series. The sine of the waveform is
then displayed from 0 WFM.

NOTE

The cosine of a waveform can be computed by adding r/2 to the input
waveform at the beginning of this program.

Constraints: The input waveform must not exceed t(511*2rl in magnitude

Figure 6-22. Program to display the sine ol a wavefo:m

STORED g WFM 1 >WFM SGN 2 >WFM
1 WFM ABS 6.283 / 1 >WFM
256 ENTER g >CNS
LSg 1 WFM O CNS IFY>X 2 LBL GOTO
lr01 gCNS2/O>CNS.75
IFY>X O LBL GOTO
3 LBL GOTO
LS2 _ SGN MIN _ SGN S CNS CHS IT

O WFM 1 WFM + 1 >WFM 1 LBL GOTO
LO3 1 WFM 5 - SGN MIN _ SGN 1 WFM
X<>Y-2 WFM,BOWFMl >WFM
,25 - SGN MIN _ SGN 2 >WFM 1 WFM *
2CHS* 5 + 2 WFM * 1 WFM + 1 >WFM
.25 + SGN 1CHS VXPD MIN - SGN 2 >WFM
lWFM*2CHS*5-2WFM*
l WFM + 6.283* 2 >wFM
SA46CHS / 2WFM * 1 ENTER 129 / +

2 WFM *2 WFM * 1 ENTER 6CHS / +

2WFM*2WFM*1+2 WFM:i
STOP

2873,390
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GPIB
Inforrnation

The 7854 (except Option 0D) is equipped with an interface which con{orms to IEEE
Standard 488-1978 Digital lnter{ace for Programmable lnstrumentation, commonly
referred to as a General Purpose lnterface Bus, or GPIB.

The GPIB allows permanent storage oI 7854 programs, remole programmrng of the
7854, and dala transfers 1o and from the 7854.
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GPIB lnformation-7854

I

The GPIB system can be connected in either a star or linear configuration, or a

combination of both (see Fig. 7-1). To maintain the electrical characteristics of the
bus, a device load must be connected for each two metres of cable, and at least half
of the devices connected to the bus must be powered up.

A minimum GPIB system for the 7854 Oscilloscope would consist of the 7854 and a
GPIB controller (e.9.. a Tektronix 46,A-series graphic system). The controller directs
all command and data transfers on the GPIB.

(1)

t2t

(3)

2A73-301

I

@

Figure 7-1. GPIB system configurations.

7-1

DESCRIPTION
The GPIB is an interface system using sixteen signal lines: eight data lines, three
handshake lines, and five bus management lines. lnformation is transferred over
the bus in a bit-parallel, byte-serial format using an asynchronous "handshake"
procedure. This handshake allows communication between instruments with
dilferent transfer rates if they conform to the handshake state diagrams and other
protocols defined in the IEEE standard. The data transfer rate is effectively limited
by the slowest active instrument (talker or listener) on the bus. This ensures the
accurate transfer of data to and from all active instruments.
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A larger GPIB system may consist of up to 15 instruments distributed over a total
cable length of up to 2O metres. These instruments may include, in addition to the
7854 and controller, other talkers (e.9., counter, digital multimeter, etc.) and other
listeners (e.9., line printer, tape drive, programmable signal generator, etc.).

A more detailed description of the actual operation of the GPIB interface may be
found under GPIB Theory at the end of this section.

GPIB FUNCTIONS
The IEEE Standard 488-1978 defines the GPIB interface functions and the
allowed subsets of those functions. The subsets that apply to the 7854 are listed in
Table 7-1.

TABLE 7-1
7854 GPIB lnterface Functions

Function Capability

Source Handshake Complete

Acceptor Handshake Complete

Ta lker Complete.
(no secondary address)

Listener Complete.
(no secondary address)

Service Request Complete

Remote,/Local Complete

Parallel Poll None

Device Clear Complete.

Device Trigger Complete

Controller

@

Subset

SH1

AH1

T5

L3

SR1

RL1

PPO

DC1

DT1

ca

7-2

None.
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ADDRESS SELECTION A

I

The primary GPIB address of the 7854 is set by using the Address selection
switches located on the rear panel of the 7854 (see Fig,7-2). Actually, these
switches set only the lower five bits of the address. The upper three bits are
determined by the function (e.9., AAl for Listen Address,Al@Ior Talk Address). To
set the primary GPIB address of the 7854, use a pen or other pointed object to set
the binary equivalent of the desired primary address. Any primary address between
and includingOdecimal IffiAOO binary) and3Odecimal (11110 binary) maybeused.
Do not set 31 decimal (11111 binary) as the primary address;31 is reserved for use
by the controller to "untalk" or "unlisten" a device. (Tektronix  @S0-series graphic
systems also reserve 0 decimal for another function.)

To set the 7854 for a primary G Pl8 address of I O (decimal), set the address switches as
shown below

u[[[n [[
1

0
16 8 4 2 1-ADDRESS
0+8+0+2+g = 19

* INDICATES THIS END PRESSED

This setting results in My Listen Address (MLA) of 42 decimal (primary address +32),
and My Talk Address (MTA) of 74 decimal (primary address +64).

To set the 7854 for GPIB operation (ON LINE) using a Line Feed (LF) character along
withtheEOl lineassertedasamessageterminatorandTALK,zLlSTENmode,setthelefl
three switch sections as shown below.

lTo
TERI\A J

C
t-0 O-

L

1-J
0-
1-

IALK LISTETI
L

TALK ONLY I

LrsrEN oNll-lE 0
OR EOI MODE

o*Fl
1

0a[[[[[[[
oFF L|NE 

I

2873-300

@

Figure 7-2. Address and mode 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 a Talk Only or Listen Only mode. The message terminator is selected for
compatibility with the GPIB controller being used. Refer to the controller manual for
message termination requirements. (Set to EOI when using a Tektronix 4b50-series
graphic system as the GPIB controller.)

POWER-UP AND RESET STATES
POWER-UP STATE
When the 7854 rs turned on, a self-test procedure is started to check the 7854
circuitry (see Power-Up Conditions in section 1). On completion of the self test, the
7854 asserts SRO (Service Request) on the GPIB and sets the status byte to indicate
the results of the self-test. (See Service Request in this section.) This SRO can be
cleared by a serial poll, or by executing any valid 7854 command.

RESET STATES

The following resets return the 7854 to the listed conditions.

Device Clear

The 7854 responds 1o either a DCL (Device Clear) or SDC (Selected Device Clear)
message by executing a STOP command, aborting any input,/output or waveform
acquisition command in progress, and clearing all SRO's. lf an external input
command (READX or >TEXT) is in progress, the partially filled data area is cleared (O

WFM points = 0, X-register = A, or any text input is deleted) and a warning is

displayed. lf an external output command (SAVE, SENDX, or TEXT) is in progress, it
is terminated and a warning is displayed. (The READX, >TEXT, SAVE, SENDX, and
TEXT commands are described under Commands in this section.)

lnterface Clear

The IFC (lnterface Clear) message interrupts any data input or output. lf the 7854 is
talking, it will continue from that point when it is again addressed as a talker. lf the
7854 is listening, it will continue inputting data when it is again addressed as a

listener.

Stop Key

lf the 7854 is in talk-listen mode, pressing the 7854-keyboard STOP key will abort
an l/O command (SAVE, TEXT, >TEXT, SENDX. READX) if the 7854 is not yet
addressed as a talker or listener. lf data transmission has already started, the STOP
command is buffered until the l,zO (lnput,zOutput) command is finished.

lf the 7854 is in talk-only mode or listen-only mode, the STOP command will abort
an l/O command even if data transmission has started.

@7-4  
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MESSAGES
All of the many possible messages that may be sent over the GPIB can be spltt into
two major classifications; interface messages or device-dependent messages.
lnterface messages are sent by the GPIB controller to the other instruments on the
bus to control the functions of each instrument's GPIB interface. Device-dependent
messages (e.9., instrument commands, data. etc.) may be sent by any instrument on
the bus, to any other instrument(s) on the bus. (See Fig. 7-3.)

Figure 7-3. Device-dependent messages vs. interface messages.

GPIB INTERFACE MESSAGES
lnterface messages are used by the controller to manage the bus (e.9., designate
talkers and listeners, etc.). All instruments on the bus listen to every interface
message.

The interface messages that constitute the controller's vocublary are defined by the
standard. They can be thought of as ASCII codes given a new meaning when sent
by the controller with the Attention (ATN) line asserted.

Two of the interface messages are the talk and listen addresses. When a device
sees its talk address (called My Talk Address or MTA) and ATN simultaneously, it
must become a talker. When the controller removes ATN, the device begins the
source handshake to transmit its data. Similarly, My Listen Address (MLA) and ATN
tells a device to listen to the data sent by a talker.

I NTE RFACE
FUNCTIONS

ATN

2873- 303

DEVICE.DEPENOENT
MESSAGES

DEVICE
FUNCTIONS
e.g. 7854

DEVICE
FUNCTIONS

ATN

e.s. 4O5O-SERIES
GRAPHIC
SYSTEM

I NTERFACE
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The controller uses other kinds of interface messages for other tasks. One is the
Serial Poll Enable command (SPE) used with the service request function. Suppose
an instrument is desrgned to assert SRO 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,
a universal command. then addresses each device in turn as a talker and reads a

status byte from each. Any device asserting SRO also asserts D|OT 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). ln 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. A universal command, DCL applies to all devices. lts 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. lts effect
in the 7854 is described under Power-up And Reset States earlier in this section.

DEVICE-DEPENDENT MESSAGES
Device-dependent messages (e.9., 7854 commands, data, 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), but they do not directly effect the actual GPIB interface.

COMMANDS
Refer to Section 9. Command Language, for a 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 key(s) had been
pressed on the Waveform Calculator or Measurement keyboards. Commands can be
given to the 7854 from the Waveform Calculator keyboard, the Measurement
keyboard, the GPIB, or any combinaton of the above. (Pressing any key on either
7854 keyboard generates a 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 a command from the 7854
keyboard into a command string from the GPIB, (See Fig.7-4 and 7-5 for sample
programs.)

To send a command to the 7854 through the 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 a space).

@7-6
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1go
'l1g
129
139
149

REM * SUBROUTINE TO SET 7854 TO REMOTE-ONLY STATE
REM * 7854 IS GPIB DEVICE #10
REM *
WBYTE @ 17,42,63:
RETURN

LINE 130 COMMENTS:
17 = Send GPIB Local LOckout command (LLO)
42 = Send 7854's listen address (device #+32)
63 = Send GPIB UNlisten command (UNL)

2A73.3C4

Figure 7-4. Subroutine to set 7854 for remote-only operation (disable keyboards)

Figure 7-5. Subroutine to set 7854 for normal (remote,/local) operation.

Multiple commands may be grouped as one message and sent in thesamemanner
as a single command by separating each command (mnemonic or numeric) with a

space.

Example: 1 g 2 4 >P,/W AVG1O MAX SENDX

NOTE

No more than ten (lO) commands should be grouped following an l,/O
(lnput,/Output) command in the same message. The 7854 will buffer
up to ten commands following an l/O command. and will execute them
on completion of the l/O command. More than ten commands will
cause the t/O command to be aborted and all commands foltowing the
l/O command to be ignored.

ln addition to the standard commands, the 7854 has some commands for use with
the GPIB only. These commands are listed below. (See Section 9, Command
Language for detailed descriptions.)

1ga
119
129
't3g
140

BEM * SUBROUTINE TO SET 7854 TO NORMAL (REMOTE,/LOCAL} STATE
REM * 7854 is DEVICE #1O
REM *
WBYTE @ 42.1.63:
RETURN

LINE 130 COMMENTS:
42 = Send 7854's listen address (device #+32)
1 : Send GPIB Go To Local command (GTL)

63 - Send GP|E UNlisten command (UNL)

2873 305
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lnput,/Output Commands

SAVE Outputs the contents of the program memory (from the edit
prompt through end-of-program) to the GPIB.

SENDX Outputs the contents of the X register (constant or waveform
data) to the GPIB.

READX lnputs a number (or waveform) from the GPIB and places it in
lhe X register. (Waveform data is stored as 0 WFM.)

>TEXT lnputs up to 12 lines oI text l4A char. max. each) from the GPIB
for display on the 7854 crt (in STORED, SCOPE, or BOTH
modes).

TEXT Outputs a copy of all 16 lines of currently displayed text to the
GPIB (includes crt readout and blank lines).

Service Request Control

ROS Asserts Service Request (SRO).

ROSON ,/ ROSOFF Enables,zdisables all service request functions except
power on

REMON ,/ REMOFF Enables/disables effect of ROS command.

CERON ,/ CEROFF Enables,zdisables command-error service request

EXRON ,/ EXROFF Enables/disables execution-error service request.

tocoN / rocoFF Enables./disables service request due to an lnput/Output
command being initiated.

NOTE

All service-request ON / OFF functions are set to ON condition at
power-up,

I

I

7-8 @

OPCON / OPCOFF Enables,/disables operation-complete service request.
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Oueries

ERR? outputs error status;
ERR gg if no error exists or
ERR 01 if an error does exist.

ID? Outputs a copy of the 7854 identification display to the GPIB.
(lD TEK,/7854,V79.1,XX.YY.2K where XX is the ROM version,
YY is the ROM revision, and Z is 2, 4, or B, indicating the
number of kilobytes of RAM installed.)

sRoT Outputs a copy of the bottom line of the calculator display
(SRO XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX where
XXXX... is the bottom line of the display.)

NOTE

Do not send a query (ERR?, lD?, or SRA?) to the 7854 following an l/O
command ISAVE, SENDX, TEXT, >TEXT, or READX) until the l/O
command is completed. A query will interupt the l/O command and
cause unpredictable l/O. (Use a serial poll to determine l/O-command
status. if necessary. Status byte > 127 indicates l/O in progress.l

DATA TRANSFERS

Data that can be sent through the GPlE include programs, numeric values.
waveforms, and text strings. The format of all data sent (output) by the 7854 is such
that the same data can then be sent back (input) to the 7854 without any
intermediate processing or loss of information. (The only exception to this is when
the 7854 is set for EOI OR LF as the message terminator in the Talk-Listen mode
and waveform data is being sent. ln this case a carriage return and line feed
separate the waveform preamble and curve data. The line feed must be deleted
before sending the data back to the 7854.)

Programs

Refer to Programming in section 6 for detailed instructions for entering a program
into the 7854 program memory. The GPIB allows permanent storage and rapid
loading ol -7854 programs.

NOTE

lnitial program entry, editing, and testing should be done in the 7854,
not in the controller. This eliminates the possibility of mnemonic
spelling errors and other diflicult-to-find problems in your program.

@ 7-9 
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To send a program from the 7854 through the GPIB for permanent storage on tape
or disk, simply move the edit prompt to the beginning of the program and issue the
SAVE command. The program will be sent as one record, with the NEXT command
and a carriage return appended to the end of each program line. The line numbers
are removed from the program when it rs sent and line labels will appear as
LNN a b where a and b are single digit integers representing the label number.

These format changes allow the program to be easily entered into the 7854 program
memory, and the carriage returns allow the controller to transfer the program (line-
by-line) to tape or disk. (See Fig. 7-6 for sample program.)

Figure 7-6. Trans{er 7854 program to controller tape file (SAVE sample program)

I

I

I

1bg
119
129
130
140
159
165
179
1AO
19A
2W
219
225
23s
249
255
26s
279

REM * TRANSFER 78s4 PROGRAM rO 4g5g TAPE FILE
REM * 7854 IS GPIB DEVICE #1O
REM *
REM * STORE PROGRAM ON FILE NUMBEB: F
REM *
ON SRO THEN 260
S=O
PRINT @1O:"EXECUTE 0 GOTO PROGRAM SAVE"
lF s<>298 THEN 180
FIND F

ON EOI THEN 240
INPUT @10:Ls
PRINT @33:LS
GO TO 200
PRINT @33:LS
END
POLL D,S;10
RETURN

LIN E
15b
160
170
1Ag
199
2Sg
210
22b
239
240
259
269
279

BY LINE COMMENTS:
Enable SRO interrupt handler at 26O
Clear status flag
Command 7854 to send entire piogram
Wait for 'SAVE' seruice request status byte
Position 4g5g tape to file F
Enable EOI interrupt handler at 24O
lnput next line oI program ltom 7854
Save line ol program on tape
Continue until EOI
On EOI save last line of program on tape
Stop
Serial poll 7854; S = status byte
Return from SBO interrupt handler

2873 306
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To copy a program back to the 7854 program memory, first execute the PROG
command to enter the Program Entry mode. Then send the stored program to the
7854's address. When the program has been copied by the 7854, it may be
modified andlor executed in the normal manner using the 7854 keyboard. (See Fig.
7-7 for sample program.)

Figure 7-7. Transfer 7854 program from controller tape file to 7854

Numeric Values

Numeric values (constants) can be transferred from the 7854 over the GPIB by
placing the value in the X register and then executing the SENDX command. (See

Fig. 7-8 for sample program.)

Numeric values can be transferred back to the 7854 and placed in the X register by
executing the READX command and then sending the number to the 7854 over the
GPIB. (See Fig. 7-9 for sample program.)

1gg
11r,
125
130
149
150
160
170
1ag
199
2gg
210
229
230
249
250
265

REM *TRANSFER PROGRAM FROM 4O5O TAPE FILE TO 7854
REM +7854 IS GPIB DEVICE #1 O
REM *
REM *LOAD PROGRAM FROM FILE NUMBER: F
REM *
ON SRO THEN 250
S=O
PRINT @1O:"PROGRAM CLP NEXT"
IF S<>66 THEN 1 8O
FIND F

ON EOF (O} THEN 24O
INPUT @33:LS
PRINT @1O:LS
GO TO 210
END
POLL D.S;1O
RETURN

LIN E
'l5g
164
170
lAg
199
200
210
229
23A
240
259
26s

8Y LINE COMMENTS:
Enable SRO interrupt handler ar 25O
Clear status byte
Command 7854 accept a new program
Wait for operation complete status byte
Position 4o5g tape to file F

Enable end-of-file interrupt handlet at 249
lnput next line of program from tape file
Send line of program to 7854
Continue until end-of -file
Stop
Serial poll 7854; S = status byte
Return lrom SRO interiupt handler

2473-307
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109
110
129
't30
149
150
169
179
1Ag
190
2gs
219
229

REM*TRANSFER CONSTANT (MAX) FROM 7854 TO 4S5O VARIABLE
REM *7854 IS GPIB DEVICE #1 O
REM *
REM *INPUT CONSTANT INTO VARIABLE: M
REM *
ON SBO THEN 21 O
S=O
PRINT @1O:"MAX SENDX"
IF S<>219 THEN 1 8S
INPUT @1O:M
END
POLL D.S;1 0
RETURN

LINE BY LINE COMMENTS:
15O Enable SRO interrupt handler at line 216
16b Clear status flag
179 Command 7854 to send the 'MAX'value
1ag Wait for 'SENDX' seruice request status byte
199 lnput constant (MAX) from 7854 into variable M
2gg Stop
219 Serial poll 7854; S = status byte
229 Return from SRO interrupt handler

2873 308

I

I

Figure 7-8. SENOX sample program.

@

1gg
119
't2g
139
14b
155
169
175
1as
190
2gg
210
229

BEM*TRANSFER 4g5g VARIABLE TO 7854'5 X REGISTER
REM*7854 lS GPIB DEVICE #1 O
REM *
BEM *OUTPUT CONSTANT FROM VARIABLE: M
REM *
ON SBO THEN 21 O

S-O
PRINT @10:"READX"
IF S<>211 THEN 186
PRINT @1O:M
END
POLL D,S;10
BETURN

LINE BY LINE COMMENTS:
159 Enable SRO interrupt handler at 21Ql
169 Clear status flag
179 Command 7854 to accept data
1Ag Wait for 'READX' seruice request status byte
195 Output variable M to 7854
2gg Stop
21O Serial poll 7854; S = status byte
229 Return from SRO interrupt handler

2873 309

7-12

Figure 7-9. READX sample program.
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Waveforms

Waveform data is sent as one message; the waveform preamble, a separator, and
the curve data. The waveform preamble contains information such as
points/waveform, volts,/divisron, time,u division, offset voltage, etc. The separator is

either a carriage return (Message Terminator set to EOI) or a carriage return and
line feed (lVlessage Terminator set to LF OR EOI). The curve data contains the actual
vertical ordinate value (in divisions) of each point of the waveform relative to the crt
grat acu le.

Wave{orm Preamble: A typical waveform preamble, as sent hy the 7854, is shown
below

WFM PRE ENCDG :ASC.N R. PT:51 2, PT. FMT:Y,XZER O:0,XlNCR : 9.766E-46,
XU N lT:S. YZE RO :2.7 O4,Y MU LT: 1, YU N lT:V;

The abbreviations in the waveform preamble are as follows

WFMPRE,
ENCDG:ASC,
NR.PT:(P/W)
PT.FMT:Yr
XZERO O1

XINCR:[1 0 * HSCL/(P/W)]
XUNIT:S
YZERO:[-(VSCL * VZR)]

YMULT:(VSCL)
YUNIT:V

waveform preamble (header)
curve data encoded ASCII decimal
number of points/waveform
point format (curve data in vert. div.)
no horizontal offset
horrzontal increment between points
horizontal scale factor units (S=seconds)
vertical zero oflset
vertical scale factor
vertical scale factor units (V=volts)

'Fixed value, cannot be changed.

Curve Data: A typical curve data (partial) is shown below:

CURVE 1.3779, 1.3777, 1.3778, 't.3777,..., 1.3777, -2.6953, -2.695s, -2.69s4,
- 2.69s5

The curve data consists of the header (CURVE) followed by one ASCII coded decimal
number for each point of the waveform. Each number is separated by commas and
represents the vertical distance of that point from the cenler horizontal graticule
line. measured in graticule divisions (negative if below center).

REV MAY 1982 7-13
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To send (output) a stored waveform (or more properly, send data representing a

waveform) Irom the 7854 through the GPIB, the waveform must be placed in the
X register. The waveform data can then be sent by giving the SENDX command.
(See Fig. 7-1@ and 7-11 lor sample programs.)

To copy a waveform back into the 7854, execute the READX command and send the
waveform preamble and curve data to the 7854's address. The waveform preamble
and curve data must be sent as a single message with no line feed between the two
strings. The waveform will become the operational waveform (O WFM) in the 7854
and can then be copied to another waveform memory address if desired. (See Fig.
7-12 and 7-13 lor sample programs,)

I

I

I

I

I

1gs
120
139
149
159
169
179
189
190
2go
219
229
239
249
250
265

REM *TRANSFER WAVEFORM #O FROM 7854 TO 4O5O ASCtt STRTNGS
REM *7854 IS GPIB DEVICE #1 O
REM *
REM *INPUT WAVEFORM PREAMBLE INTO ASCII STRING: P$
REM *INPUT WAVEFORM CURVE INTO ASCII STRING: WS
REM X

DfM PS(2gS),WSlB2ggl
ON SRO THEN 250
S=O
PRINT @1O:"O WFM SENDx"
tF s<>219 THEN 210
INPUT @1O:PS
INPUT @1O:WS
END
POLL D,S;1 0
RETURN

LINE BY LINE COMMENTS:
17O Dimension ASCII strings PS & WS
189 Enable SRO interrupt handler at line 259
195 Clear status flag
2gO Command 7854 to send waveform #O
219 Wait lor 'SENDX' seruice request status byte
225 lnput waveform preamble from 7854 to PS
239 lnput wavelorm curve from 7854 into WS
249 Stop
259 Serial poll 7854; S = status byte
269 Return from SRO interrupt handler

2473.310

7-14

Figure 7-1?1. Waveform transter from 7854 to controller (ASCll strings).
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Figure 7-'l 1. Waveform lransfer from 7854 to controller (numeric array)

Figure 712. Wavelorm transler from controller (ASCIl srrings) to 7854.

'tog
119
120
'130
140
150
160
170
180
190
200
210
220
230
249
259
265
275
2ao
290
300
310

REM * TBANSFER WAVEFORM #O FROM 7854 TO 4O5O VARIABLES & ARRAY
REM *7854 rS GPtf\ DEVICE #10
REM *
REM*INPUT WAVEFORM PREAMBLE INTO VARIABLES: N,Z1,X,Z2,Y
REM* N.POINTS/WAVEFORM
BEM * 21 - HORIZONTAL ZERO
REM * X - HORIZONTAL INCREMENT BETWEEN POINTS
REM * 22 = VERTICAL ZERO
REM* Y -VERTICALSCALE FACTOR
REM *INPUT WAVEFORM CUBVE INTO ARRAY: W
REM *
ON SRO THEN 3OO
SO
PRINT @10;"0 WFM SENDX"
IF S 2lOTHEN 24O
INPUT @10:N,Z1,X,Z2,Y
DELETE W
DrM W(N)
INPUT @10:W
END
POLL D.S;1O
RETURN

LINE BY LINE COMMENTS:
219 Enable SRO interrupt handler at line 3OO
22O Clear status flag
239 Command 7854 to send waveform fiO
249 Wail for 'SENDX' seruice request status byte
25O lrrput waveform preamble arguments into N,Z1 ,X,22,Y
260 Delete Array W
27O Dimension array W to size N (N Points,/Waveform)
28O lnput waveform curve into array W
29O Stop
3AO Serial poll 7854; S status byte
?'l O Ralrtrn trom qBO inrprrr r lrandler 2873 311A

REM * TRANSFER 4g5g ASCII STRINGS TO 7854'5 WAVEFORM #O
BEM * 7854 IS GPIB DEVICE #10
BEM * OUTPUT WAVEFOBM PREAMBLE FROM ASCII STRING: PS
REM * OUTPUT WAVEFORM CUBVE FROM ASCII STRING: W$
REM *
ON SRO THEN 22O
S-O
PRINT @10:"READX"
IF S..,211 THEN 190
PRINT @10:PS;W$
END
POLL D,S;19
RETURN

LINE BY LINE COMMENTS:
169 Enable SRO interrupt handler at 22b
17b Clear slatus llag
1AO Command 7854 lo accept data
19A Wait for 'READX' service request status byle
2gg Output waveform from PS & WS to 7854
219 Stop
22O Serial poll 7854; S. status byte
23O Return ,rom SRO interrupt handler 2473 312
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1',lo
129
140
150
169
179
1ab
199
200
210
220
230
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1Sg
119
120
130
140
150
't60
179
1Ag
'l9g
204
210
229
239
240
259
269
279
2AO
299
3go
319
32s
334
349
35s
360
370
3Ag
390
4go
4'to
42A
439
449
459
469
474

REM *TRANSFER 4,i51 vARIABLES AND ARRAY TO 7854's WAVEFORM #0
REM *
REM *OUTPUT WAVEFORM PREAMBLE FROM VARIABLES: N.Z1 ,X,Z2,Y
REM {. N =POINTS,zWAVEFORM
REM * 21 = HOBIZONTAL ZERO
REM * X = HORIZONTAL INCREMENT BETWEEN POINTS
REM + Z2 - VERTICAL ZERO
REM r. Y = VERTICAL SCALE FACTOR
REM *OUTPUT WAVEFORM CURVE FROM ABRAY: W
REM *
DtM PS(209)
ON SRO THEN 469
REM * BUILD WAVEFORM PBEAMBLE
PS=,1/\,FMPRE ENCDG:ASC,NR.PT:,,
rs=srR(N)
PS=Ps&TS
PS=PS&",PT. FMT:Y,XZERO : "
T$-STR(21 )

PS=PS&TS
P$-P$&".XlNCR:"
rs=sTR(x)
P$=Ps&Ts
PS=PS&",XUNlT:S,YZERO: "
Ts=STR(22)
PS-PS&TS
PS=PS&,,,YM ULT:,,
rs=STR(Y)
PS=PS&Ts
P$=PS&".YUNlT:V;CURVE "
S=O
PRINT @1O:"READX"
lF S.'211 THEN 41O
REM * THE COMMA{,) BETWEEN PS AND W lN LINE 44O lS REOUIRED,
REM x A SEMICOLON (;) WILL NOT WOBK
PRINT @1O:PS,W
END
POLL D,S;1 O

RETURN

LINE BY LINE COMMENTS:
2Og Dimension ASCII string PS
219 Enable SRO interrupt handler at line 46O
230 through 38O:

Build waveform preamble in PS
399 Clear status flag
4Og Command 7854 to accept data
4'lO Wait for 'READX' service request status byte
449 Send waveform to 7854
45b Stop
46b Serial poll 7854; S - status byte
475 Return from SRO interrupt handler

2983 31 3
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Figure 7-13. Waveform transfer from controller (numeric array) to 7854.
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Text

Up to 12 lines of text (40 characters max. each) may be sent to the 7854 to be
displayed on the crt along with the waveform(s). This text can include operator
prompts, additional information for documenting photographs, or any comments the
programmer may wish to display on the 7854 crt.

To send text to the 7854, give the >TEXT command, followed by a single string of
text which has carriage return codes (ASCll decimal 13) inserted at the line breaks.
The text display remains until another >TEXT command is given, a crt display
command (STORED. SCOPE, BOTH, or lD) is given, or the 7854 is put into Program
mode. (See Fig. 7-14 for sample program.)

The text to be displayed may include characters not found on the ASCII code chart
(located at the end of this section). Table 7-2 lists the additional special characters
which may be displayed on the 7854 crt and the codes used to represent them.

TABLE 7-2
Special Character Codes

Special Character Keystrokes

p (cap. beta) ESC CTRL-A

y (gama) ESC CTRL B

4 (eta) ESC CTRL-D

tr (box) ESC CTRL-E

D (rectangle) ESC CTRL-F

d (delta) ESC CTRL.G

o (degree) ESC CTRL-H

a (alpha) ESC CTRL-I

A (cap. delta) ESC CTRL-N

n (pi) ESC CTRL-O

p (rho) ESC CTRL-P

o (sigma) ESC CTRL-O

ESC CTRL-R

ASCII Code (decimal)

SOH 1

STX 2

EOT 4

ENO 5

ACK b

BEL 7

BS

HT 9

so 14

15SI

DLE 16

DCl 17

DC2 18

@

r (tau)

7-17 
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ASCII Code (decimal)

DC3 19

DC4 2A

SYN 22

ETB 23

EM 25

SUB 26

ESC 27

FS 28

GS 29

Special Character Keystrokes

/ (mu or micro) ESC CTRL.S

r (nu) ESC CTRL-T

O (cap. omega) ESC CTRL-V

a.r (omega) ESC CTRL-W

y (square root) ESC CTRL Y

- (right arrow) ESC CTRL-Z

- (left arrow) ESC CTRL-[

I (down arrow) ESC CTRL-\

I (up arrow) ESC CTRL-]

For example. to display a g symbol, send ESC followed by CTRL-S or the decimal
ASCII codes 27, 19.

All 1 6 lines of text being displayed on the 7854 can be sent back to the controller for
editing or inspection by giving the TEXT command. This text includes all currently
displayed text previously sent to the 7854via the >TEXT command (lines 3 through
14), and all crt-readout text (lines 1-2 and 15-16). The TEXT command is executable
in SCOPE, STORED, or BOTH modes only. (See Fig.7-15 for sample program.)

SERVICE REOUEST

The service request function allows the 7854 to keep the GPIB controller informed
of its status. This is done by asserting SRO (Service Request) and then sending a

status byte to the controller when polled. The status byte is an eight-bit binary
number which represents the slatus of the 7854. Most of the SRO's can be disabled
if desired; however, the status byte is still available. The only SRO that cannot be
disabled is the Power-On SRO which is asserted on completion of the 7854 sell test
(if the 7854 is ON LINE when power is applied). Any service request can be cleared
by performing a serial poll ol the 7854.

I

I

7-18 @

TABLE 7-2 (CONT)
Special Character Codes
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1go
119
129
130
149
159
164
179
1Ag
199
2SA
219
229
239
249
25b
260
279
2as
290
3go
319
320
330
344
359

REM * TRANSFER TEXT FROM 4g5g TO 7854 CRT
REM * 7854 IS GPIB DEVICE #19
REM *
REM * BUILD TEXT lN STRING: T$
REM *
ON SRO THEN 34O
orM T$(12.41)
PRTNT "UNPUT TEXT AS rT lS TO BE DTSPLAYED ON 7854"
PRINT "J<SPACE..RETURN) FOR A BLANK LINE"
PRINT "'RETURN- ONLY TO END INPUTJ"
T$-""
Cs-CHR(13)
FOR l-1 TO 12
PRINT "-_.";
INPUT LS
rF LEN(L$)<1 THEN 29p
T$-T9&Ls
T$-TS&C S

NEXT I

SO
PRINT @1O:"EXECUTE -TEXT"
lF S. -213 THEN 310
PRINT @10:T$
END
POLL D.S;1O
BETURN

LINE BY LINE COMMENTS:
15O Enable SRO interrupt handler at line 34O
160 Dimension ASCII string T$ (12 lines of 41 characters)
170 throuqh 190:

Prompt 4O5A user to input text
2gO Null TS
21O Define CS as (CARRIAGE RETURN>
229 Loop to accept maximum of 12 lines
23O lssue line input prompt
24O lnput next line of text
25O lf only .CARRIAGE RETURN> then done inputting
269 Concatenate text onto TS
279 Concatenate a .CARRIAGE RETURN> after each line
2AO Continue accepting texl
29O Clear status flag
3Og Command 7854 to accept text lor display
314 Wait for '-TEXT' status byte
329 Send rext to 7854
339 Srop
349 Serial poll 7854; S - status byte
35O Return lrom SRO interrupt handler

2873-314A

REV MAY 1982

Figure 7-14. 'TEXT sample program

7-19I
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1gg
119
129
139
149
159
't6g
179
1Ag
199
2Ag
210
220
239
249
259
269
279
2as
295

REM,T TRANSFER TEXT FROM 7854 DISPLAY TO 4O5g
REM *
ON SRO THEN 28S
PAGE
PRINT @1O:"SRO?"
INPUT @1 0:SS
S=POS(Ss,"SRO ".1)
S S=S EG(Ss.S+4,LEN(S $)-S-3)
S=O
PRINT @1 O:'TEXT"
tF s<>212 THEN 20S
FOR l=1 TO 15
INPUT @1O:L$
PRINT LS
NEXT I

PRINT SS
INPUT @1O:L$
END
POLL D,S;10
RETURN

LINE
'l2g
139
149
159
169
'l7g
189
't9g
209
219
229
239
240
255
265
279
2Ag
299

BY LINE COMMENTS:
Enable SRO interrupt handler at line 28O
Page 4O5O crt screen
Use 'SRO?' querie to get line #16 of 7854's readout
lnput line #16
Find position of substring 'SRO' in response
Remove querie header
Clear status flag
Command 7854 to send readout
Wait for 'TEXT' seruice request status byte
Loop to input first 1 5 lines o{ text
lnput line of text
Display line ot text on 4050
Continue inputting first 15 lines
Use 16th line from 'SRO?' querie
Clear last line o{ text from 7854
Stop
Serial poll 7854: S = status byte
Return trom SRO interrupt handler

2473 315

I

I

I

I

I

I

Figure 7-15. TEXT sample program

Status Bytes

The status bytes which are sent by the 7854 and their meanings are listed in Table
7-3.

@7-20  
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I

I

I

I

I

I

TABLE 7.3
7854 Status Bytes

Condition

Normal

Ext. command group completet

End of programl

Execution error2

External command error3

Power On

Power on check failure

ROS command executeda

SAVE command initiateds

SENDX command initiateds

READX command initiateds

TEXT command initiateds

>TEXT command rnitiateds

'OPCOFF command will disable this service request.

'EXBOFF command will disable this seruice request.
tCgROFF command will disable this service request.
oREMOFF command will disable this seruice request.
UIOCOFF command will disable this seruice request.

"bit 5 true (1) indicates busy condition.
obit 7 true (1) indicates active seruice request.

Oecimal
Equivalent

(o,161

(2,66)

(2,66)

(34,98)

(33.97)

(65,81)

(99,1 1 5)

Ba)

1144,248l.

(146,21Al.

l.147,2111

(148,2121

1149,213]|

NOTE

The RASOFF command will disable all SRA's except power on.
Therefore, lor any other service request to function, the RASON
command must be given, along with the command to enable that
service request.

Status Byte
8765 4321

oogx ooaa"

oxw wtab

axaa ffi10b

oxla ffi10b

oxla ffia1b

alax aoo1"

o1lx ffi11"

o1a1 aaao

1XO1 
^AOOb

1XO1 AA10b

lXO1 0011b

lXO1 01Mb

1XO| 0101b

REV MAY 1982 7-21 
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Polling
A serial poll allows the GPIB controller to check the status of any or all instruments
on the bus. When the 7854 is polled, it sends the appropriate status byte and (if the
7854 was asserting SRO) clears its service request. The status byte can then be
used to initiate corrective action. proceed with the program. or send a message to
the operator. (See Fig. 7-16 lor sample program.)

Figure 7-16. Serial-poll sample subroutines.

GPIB THEORY
The IEEE Standard 488-1978 is a complete description of the GplB interface. The
following brief description is included here to, hopefully, simplify the standard's
technical descriptions and state diagrams, and make them a little easier to
understand. This description should be read in conjunction with the IEEE standard.

GPIB SIGNAL LINES
The GPIB contains three groups of signal lines: data, handshake, and control

The eight data lines, DlOl through Dl08, are used to carry both interface messages
and device-dependent messages.

I

I

I

I

I

I1bg
119
129
130
149
159
164
170
180
190

REM * SERIAL POLL SUBROUTINE #1
REM *
POLL D.S;1O
RETURN
REM*SERIAL POLL SUBROUTINE #2
REM *
wBYTE @95.63.24.74:
RBYTE S
wBYTE @95.25:
RETUBN

LINE BY LINE COMMENTS:
1gO Use 4O5g POLL command if 7854 is requesting seruice
12A S=statusbyte
139 End of subroutine #1
149 Use 4b5O WBYTE and RBYTE commands i{ 7854 is not

requesling seruice
169 95 = Send GPIB UNTalk command (UNT)

63 - Send GPIB UNlisten command (UNL)
24 = Send GPIB Serial Poll Enable command (SPE)
74 - Send 7854's talk address

179 lnput status byre (S)
1ag 95 = Send GPIB UNTalk command (UNT)

25 - Send GPIB Serial Poll Disable command (SPD)
199 End of subroutine #2

2A13 316

7-22 @ 
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The asynchronous, three-wire handshake is controlled by these lines:

DAV (Data Valid)-asserted by the transmitting device.

NRFD (Not Beady For Data) and NDAC (Not Data Accepted)-asserted by the
receiving device.

The five interface control lines are used for the following functions:

ATN (Attention)-specifies how data on the DIO lines is to be interpreted; as
interface messages when asserted; as device dependent messages when
u nasserted.

IFC (lnterface Clear)-is used to initialize the interface functions of all instruments
and return control to the system controller.

SRO (Service Request) is used to request service from the controller.

REN (Remote Enable)-allows remote control of devices on this bus.

EOI (End Or ldentify)-indicates the last byte of a message.

See IEEE Standard 488-1978, Standard Digital lnterface for Programmable
lnstrumentation, for full definitions of these lines and the protocol for their use.

THE HANDSHAKE
The data and handshake lines are used for the source and acceptor handshake.
Actually, they are two parts of the same handshake. Fig.7-17 shows the states of
these lines as they are set by a talker using the source handshake and a listener
using the acceptor handshake. Note that the timing diagram relates the electrical
signals on the bus to the states of the source and acceptor handshakes. By looking
at both, it may be easier to grasp the sequence of the inlerlocked handshakes than it
is to absorb, by themselves, the state diagrams in the standard.

To begin, the source goes to the Source Generate State (SGNS). ln this state, the
source is not asserting a data byte on the data lines or Data Valid (DAV). When
no bus driver is asserting a line, the line rises to a high level (0) set by the bus
terminating network. The acceptors are in the Acceptor Not Ready State (ANRS),

asserting both Not Ready For Data (NRFD) and Not Data Accepted (NDAC). ln this
condition, NRFD and NDAC are both low (asserted).

2. The source sets the data byte on the data lines and enters the Source Delay
State (SDYS). lf this is the last data byte in the message, the source asserts the
End Or ldentify (EOl) line at the same time. The source waits for the data to
settle on the lines and for all acceptors to reach the Acceptor Ready State
(ACRS).

3. Each acceptor says, "l'm ready" by releasing Not Ready For Data (NRFD) to move
to the Acceptor Ready State (ACRS), This rs one of the points in the handshake
designed to accommodate slower listeners. Any acceptor can delay the source
handshake by asserting NRFD.

@ 7-23 
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SOUBCE
STATES H*f -'r"J -.r^' J - r*'.-*l -'o,r. --l

Dtol I c
DAV @

SIGNAL
LINES

LOW
NRFD

NDAC

'*l -H -{-o.,.-*l -; f 
-ANRS.........+

2473 302

STATES
EPTO

I

I

Figure 7 17. Source and acceptor handshake sequence

4. When the source sees Not Ready For Data (NRFD) high, the Source Transfer
State (STRS) is entered by validating the data with Data Valid (DAV). The source
then waits for the data to be accepted.

5. When the receiving devices see DAV true, they go to the Accept Data State
(ACDS). Each device asserts Not Ready For Data (NRFD) because it is busy with
the current data byte and is not ready for another.

6. As each device accepts the data, the device releases Not Data Accepted (NDAC)

to move from the Accept Data State (ACDS) to the Acceptor Wait for New cycle
State (AWNS). Again, all receivers must release the Not Data Accepted (NDAC)
line for the source to see a high level.

When the source sees NDAC high (all listeners have accepted the data), the
Source Wait for New cycle State (SWNS) is entered.

7. ln the swNS, the source unasserts Data valid (DAV). This causes the acceptors
to proceed to the Acceptor Not Ready state (ANRS), their initial state in the
handshake. ln ANRS, they assert Not Data Accepted (NDAC).

8. The source continues to the Source Generate State (SGNS), its initial state in the
handshake, to prepare a new byte for transmission.

@7-24
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Instrurnent Options 
f,

Your 7854 Oscilloscope may be equipped with one or more options. This section
includes a brief description of each option. and an Option lnformation Locator table.
The Option lnformation Locator table lisls all the options and tells where they are
mentioned in this manual. For further information about options, see your Tektronix
Products catalog or contact your Tektronix Field Office.
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lnstrument Options-7854

OPTION 02
Option 02 provides X-Y mode phase correction of the real-time signals. A horizontal
delay line and compensation network equalizes the signal delay between either
vertical compartment and the horizontal deflection system. With this network
installed and activated, the phase shift between the vertical and horizontal systems
is adiustable to less than 20 from dc to one megahertz.

oPTloN 03
With Option 03 installed, the instrument will meet the EMC (electromagnetic
compatibility) specifications given in section 2.

oPTtoN 78
Replaces standard crt phosphor with P1 1

OPTION OD

Deletes the Waveform Calculator and GPIB facilities by removing 2@OO words ol
memory, and replacing the rear-panel GPIB connector and ADDRESS SELECTION

switches with a blank panel. Operation of the instrument will not change except
that the front-panel ROS key and l/O, SRO, and REMOTE ONLY indicators are
inoperative. All access to the Waveform Calculator commands is denied when the
2K of memory is removed.

OPTION 2D

An additional 4O96 words of memory are added with Option 2D to expand the
program memory, waveform memory, and constant registers. Program memory is

increased to a maximum of 2M@ commands, waveform memory is increased to
512A wavetorm points. and the constant registers are increased b 1AA.

OPTION A1

The standard power cord is replaced with the Universal European 220-volt type
power cord (Tektronix Part 161-0066-09).

OPTION A2
The standard power cord is replaced with the UK24O-voll type power cord (Tektronix

Part 161 -A066-141.

OPTION A3
The standard power cord is replaced with the Australian 244-volt type power cord
(Tektronix Part 161-0066-1 1).

OPTION A4
The standard power cord is replaced with the North American240-volt type power
cord (Tektronix Part 1 61-4066-12l,.

REV APR 1981 8-1I  
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OPTION 1S

Option 1S includes a currently applicable version of the Diagnostic Memory Card
(Tektronix PartO6T-O961-XX) with the 7854 Oscilloscope. This card is part of the
digital servicing package and is not required for instrument operation or
understand ing.

oPTroN 25
Option 25 includes a currently applicable version of the Signature Tables (Tektronix
Part O7A-2972-XX) with the 7854 Oscilloscope. The Signature Tables are required
for signature analysis troubleshooting, but not for instrument operation or
understanding.

INSTRUMENT OPTION IDENT!FICATION

7854 Oscilloscopes with one or more options have a tag attached to the rear-panel
of the mainf rame to identify each included option lO2, 03,78, OD,2D, A1 , 42, A3, or
44). The tag(s) will be located as shown in Figure 8-1. lnstruments with Options 1S

or 25 will not have any identification tag since these options are not part of the
7854 Oscilloscope.

(9

G)

CAUTION

{r,l 6i

F
(+)

@

@
v

e,)

@

@

@

E
@

@

@

tt.
L- ------J
lt
L-------J

@

@

@

OPTION
IDENTIFICATION
TAGS

2873-399

@a-2

Figure 8-1. Location ot Option ldentification Tags.
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I

I

t

I

I

Option

a2

lnformation

Grves a brief description of
Option O2.

Mentions that the crt mesh filter is
included with Option O3.

Gives a brief description of
Option 03.

Gives a brief description of
Option 78.

Mentions that, except for instru-
ments wirh Option OD, the 7854
has a GPIB.

Describes use of keyboard on 7854
Option OD.

Explains that with Option OD,

only one waveform can be stored
at a time.

Describes display modes ol 7854
Option OD.

Mentions that the Option 0D
instrument will not process
waveforms.

Lists parameters of pulse
of pulse acquisition for standard
and Option 0D instruments in
Table 6- 1 .

a3

1B

AD

Location in Manual
Section Heading

8
lnstru ment

Options

Option
a2

3
General

Operating
lnformation

Light
Filter

8
lnstrument

Options

Option
o3

8
lnstrument

Options

Option
?o

1

lntroduct ion
General
Purpose

I nterface
Bus

lntrod u ct ion

Waveform
Storage

Considerations

5

Using The
lvleasurement

Keyboard

Both CRT
Display Mode

Selecting

Waveform
Memories &
Resol ution

6
Using The
Waveform
Ca lcu lator
(Waveform
Processing)

Waveform
Acq uisition
And Data
Storage

@ 8-3

TABLE 8.1
Option lnlormation Locator

I

I

 
Document scan by vintageTEK - Your donations help support the museum - vintagetek.org



I nstrument Options-7854

TABLE 8-1 (CONT)
Option lnformation Locator

Option

AD
(cont)

2D

lnformation

Mentions that Option 0D deletes
the GPIB, the Waveform Calculator
keyboard, and 2,AAA words of
memory.

Gives a brief description of
Option 0D.

Explains how the constant registers
are referenced (by addresses O-99)
with Option 2D.

Explains how the constant registers
are referenced (by addresses 0-99)
with Option 2D.

Explains how the constant registers
are referenced (by addresses O-99)
with Option 2D.

Lists parameters of pulse
acquisition for standard and
Option 2D instruments in Table 6-1

lVentions that the X register must
contain a number within the limits
of the P/W setting for Option 2D.

Gives a brief description of
Option 2D.

lVlentions that the X register does
not contain a constant between
zero and 99.

Mentions that the X register does
not contain a constant between
zero and 99.

Location in Manual
Section Heading

7
G PIB

lnformation

lnlroduction

8
lnstru ment

Options

Option
AD

Using The
Constant
Registers

Storing A
A Constant

tlt

Using The
Waveform
Ca lcu lator

(Stored
Display

Mode lnfo)
Retrieving

A Constant

Waveform
Acquisition

& Data
Storage

(Waveform
Processi ng)

Observing The
Waveform

Memories At
Power-Up

B

lnstru ment
Options

Option
2D

Error And
Warning

lVlessages,
lable 9-24

q

Command
La nguage

Displayed
CNS Error
lVlessages,

CNS ERROR

and >CN

8-4 @
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Cornmand Lat sage f
lnformation in this section is intended only as reference material on the operation of
the 7854 Oscilloscope. The information is generally presented in a tabular format;
however, all information aboul a command is not necessarily contained in only one
table. Refer to the Command lndex at the rear of this manual for the localions of
relaled command information.
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Command Language-7854

OPERATIONAL CONVENTIONS
The following conventions are intended as a reference guide to describe the overall
operating principles of the 7854 Oscilloscope.

OPERATING MODES
Figure 9-1 illustrates the basic 7854 modes in order of priority. Column A lists the
commands that can be executed when in the program Entry and Edit modes, and
column B lists the commands lhat cannot be executed when in the program Execute
mode.

CRT DISPLAY
The crt graticule lines are spaced 8 cm vertically and 1A cm horizontally, with
markers each 4.2 cm. The character display area (within graticule outline) is

assigned 16 lines, numbered 1 through 16, starting atthegraticuletop. Each line
contains spaces for 40 characters, numbered 1 through 40, starting at the graticule
left. Characters to be displayed have preassigned fields in the display area for each
display mode, as illustrated in Figures 9-2, 9-3 and 9-4.

REAL.TIME WAVEFORMS AND READOUT DISPLAY

All real-time waveforms within the crt graticule area (B by 10 cm) is valid. Readout
is determined by the plug-in unit. and will be displayed as described in Figure 9-2.
However, if the selected plug-in unit is not equipped to encode readout, the
processor will assign a default scale factor and issue a warning.

STORED WAVEFORMS AND CHARACTER DISPLAY

All waveform data is valid within the acquisition graticule area of 1A by 1A cm.
(Area extends vertically plus and minus one additional cm from the crt graticule.)
Refer to Figure 5-1 for more information.

Horizontal Resolution: Stored waveform horizontal resolution depends upon the
P/W selection (see Table 9-1).

TABLE 9-1
Points-Per-Waveform vs Horizontal Resolution

P/W Horizontal Resolution
(increments/ div)

124 12.8

256 25.6

512 51 .2

@

1024 102.4

9-1 
Document scan by vintageTEK - Your donations help support the museum - vintagetek.org



Command Language-7854

t

I

I

@

Program
Entry and EdiI Modes

Display Commands

Lines of program
text.

SAVE, and edit commands
NEXT, PREV, CLL and CLP
are execulable. All other
commands are programmable.

Program
Execute Mode

Display Commands

NEXT, PREV, CLL, CLP
and LNN commands are
not executable. All other
commands are executable

SCOPE Mode

Real-lime waveforms
and readoul.

STORED Mode

Stored wavelorms
and slored character
di splay.

BOTH Mode

Real-time waveforms,
stored waveforms, and
stored character display
(no real-time readout).

VEBTICAL and HORIZONTAL IVIODES

Plug-ln Unit Modes

2A74 403

9-2

Figure 9-1. The 7854 hierarchy of operational modes.
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Scope Mode

'10
Character Numbers

15 20 25 30 35 40

o
!

z
o

:
G
o
.2
o

I

2

4

5

6

7

I

9

'lo

11

12

13

14

15

16

Symbol Description

A
B
C

D
E

F

G
H

LEFT VERT plug-in unit, channel 1.

RIGHT VERT plug-in unit, channel 'l 
.

A HORIZ plug-in unit, channel 1.

I HORIZ plug-in unit, channel 'l 
.

LEFT VERT plug-in unit, channel 2.

RIGHT VERT plug-in unit, channel 2.
A HORIZ plug-in unit, channel 2.
I HOBIZ plug-in unit, channel 2.

2A73 404

I I I B B B B B I B C c c C C c c c C D D D D D 0 o D D D

E E E E E E E E E F F F F F F G G G G G G G G G G H H H H H H H H H H

@

Figure 9-2. Character display fields utilized in the SCOPE mode
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405 30

Stored or Both Mode

Character Numbers
1s 20 2s10

I B c c D D D D D D E E E E E E E E E E F G G G G G G G H

I I I J J J J J J J J J J J J J J J J J J K K L L

N N N N N o o

P o o R R R R R R R R R R R R R R

S s s T T T T T T T T T T T T T T T T T T T T T T T T

U U U U

x x x x z z z z z z z z z z b b b b d d d d d d d d d

f I s s
h h h h

i

h
i

h h
I

h
I
h

I
h

I

k
I

k

I

k k k k k k k k

3

4

5

g6
olt
e7
z8
t)

is
G
oru
.2
O,,

12

13

l4

15

't6

2873 405A

9-4

Figure 9-3. Character display fields utilized in the STORED or BOTH mode.
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B
C
D
E

F

G
H
I

J
K
L
M
N

o
P

o
R

S
T
U

x

z
a
b
c
d

Stored or Both Mode

Symbol Description

Blank space.
OP\/V.
Operational wavelorm number (left justified).
wR.
Vertical zero number. in divisions (lett justified).
Vertical scale factor, per division (right ,uslified).
Vertical scale unit.
Horizontal scale factor, per division (righr iustified).
Horizontal scale unit.
DSW.
lnteger, displayed waveform number (right justified).
VS,
lnteger, horizontal axis waveform number (left lustified).
fEK/7854V79.1 ,

Firmware version.
Available RAM.
ADDRESS:
Address.
Talk/listen mode and terminator.
ON:
Status message.
OFF:
Status message.
Blank if one cursor on; A if two cursors on.
VCRD

Vertical cursor coordinate including unit (left justified).
Blank iI one cursor on; A if two cursors on.
HCRD.

Horizontal cursor coordinate including unit (left justified).

Display is either a
consta nt, or a waveform
number followed by
the mnemonic WFM.

ll no status message
follows the mnemonic, the
entire mnemonic is
displayed. lf a status
message does follow the
mnemonic, it is truncated
to 3 characters.

Status message (left lustilied).
PL.
Program line number.

2873 4058

Figure 9-3 (cont.) Chaiacter display fields utilized in the STORED or BOTH mode

k
I

m
n
o

Y constant (righl justified).
Y wavelorm number (righl justilied).
WFM
X constant (right justified).
X waveform number (right justified).
WFM-

Key mnemonic (left iustif ied).
Key mnemonic (left iustified).

@ 9-5
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Program Entry and Edit Mode

Character Numbers
10 20 25 30 40

I

2

3

4

o
-o
E

z
o

:
!
,2
o

7

9

10

l1

12

13

14

15

16

Symbol Description

> {edit prompt, displayed only on line number 8.)
Line numbers (processor assigned, OOO through 999).
Program Tex1.

Blank space.

2473 406

Figure 9-4. Character display fields utilized in the program Entry and Edit modes
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Vertical Resolution: 142.4 increments./div (only at time waveform is stored into
memory); P,zW is fixed at 512 with Option 0D.

Y-T Mode

The components of a stored waveform superimposed upon a calibrated graticule
are:

Vertical Scale Factor. Specif ies the numeric value of each vertical division and
the associated unit (e.9., V). Scale factors are constants, and have the same
range and precision as positive constants.

2. Horizontal Scale Factor. Specifies the numeric value of each horizontal division
and the associated unit (e.9., S).

3. Waveform. Consists of vertical coordinates (in units of vertical graticule
divisions) corresonding to the individual points of the waveform. Waveforms are
displayed as a series of points at the specified graticule locations, with or
without connecting vectors.

The points are numbered, for reference, from 0 to the points-per-waveform
minus one. Waveform values have a maximum range of 120 divisions, and are
stored within a resolution ol 1/1638.4 of a division. The stored waveform
vertical range is t20 divisions from vertical zero. Also, each point must be less
than 2A divisions from every other point.

4. Vertical Zero. Specif ies the vertical location (in gralicule divisions) of waveform
zero with relation to crt graticule zero. The vertical zero values have a maximum
range of l2O divisions, and are stored with a resolution oI 1/1638.4 ol a

division. When the display location is specified in graticule divisions, vertical
zero is at the specified graticule location, with positive upward.

5. Horizontal Zero. When the display location is specified in graticule divisrons,
horizontal zero is at the left edge of the graticule, with positive to the right.

X-Y Mode

The horizontal position of each displayed waveform point represents the vertical
value of the corresponding waveform point on the horizontal waveform; the
corresponding waveform point location is measured from the horizontal graticule
center (zero reference) and is measured in divisions, with positive to lhe right.

The mnemonic VS, followed by the horizontal waveform number, is displayed on
line 2 of the character display field. Refer to Figures 9-2 and 9-3.

The displayed horizontal scale factor is the same as the horizontal waveform vertical
scale factor.

The horizontal cursor-coordinate display reflects the displayed horizontal scale
factor, (i.e., HCFD = (divisionslx(HSCL)). This is, in effect, the VCBD value of the
cursor points on the horizontal waveform.

@ 9-7 
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STORED WAVEFORM ACOUISITION
Waveform acquisition is the storage of real-time waveforms into the waveform
memory. Waveform and scale factors are acquired because both are required to
fully specify waveform values.

REAL-TIME WAVEFORM ACOUISITION

The digitizer converts the displayed real-time waveform(s) into numeric form for
storage in the data memory. The generated digital data corresponds to that
observable visually, such as graticule division and scale factor terms. The only
deliberately introduced changes are due to quantizing.

The instrument acquisition system operates properly with single-valued functions of
the horizonlal variable. X-Y type waveforms will not be correctly acquired.

The digitizer control starts and stops the digitizer, and also controls its mode. Real-
time single-shot, equivalent-time sampled, and signal averaged modes are
ava ilable.

REPETITIVE DIGITIZING

Bepetilive digitizing uses equivalent-time sampling to construct complete
waveform(s) from many repetitions of the same real-time waveform(s); this mode is
useful at all sweep speeds.

The digitizer simultaneously samples and quantizes the horizontal and vertical real-
time trace Iocation. The horizontal value specifies the point number where the
vertical value is stored.

Sampling is asynchronous with respect to the sweep. Only those samples taken
while the sweep gate is on are considered valid. Samples taken from portions of the
real-time trace horizontally outside the graticule are loaded into lhe corresponding
extreme stored points (hence these points are generally erroneous). At any time
during digitizing, most points will have been sampled more than once (the latest
data is retained), while some may not have been filled at all.

Waveform acquisition terminates when either of the following occurs:

1. At least 99% of all sampled points of the real-time waveform are stored
memory, and at least one complete sweep has occurred.

2. A STOP command {rom the keyboard is received.

i nto
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I

REAL.T]ME DIGITIZING
Real-time digitizing samples and digitizes only one occurrence of the real-time
waveform(s). The fastest equivalent sweep speed at which this mode is usable is
limited by the maximum sample rate at which the digitizer hardware can operate.

The instrument requires a clock-generator time base to supply a clock, which then
determines the sampling rate. An external clock signal may also be connected via
the plug-in's external clock connector.

During digitizing, vertical signals are sampled every clock cycle. dagitized, and then
stored in memory. The memory contains the last P/W samples, or all samples if
fewer clock cycles have occurred.

UNFILLED/ERRONEOUS POINTS

After termination, any unfilled and known erroneous points are corrected as
follows:

Up to @.@1 of the total sampled points in the on-screen portion (horizontally) of the
trace may not have been digitized. These are randomly distributed, and are f illed by
linear interpolation from adjacent valid data. When the real-time trace terminates
outside the horizontal graticule boundary, the corresponding stored waveform end
point(s) are set to the same value(s) as the adjacent point(s). When the trace
terminates on-screen, the stored end poinl data is copied to all unfilled points, to the
end of the waveform.

lf no points are filled, due to a forced STOP before any or enough sweeps have
occurred, the scale factors are acquired as described, and all waveform points are
set to zero.

WAVEFORM STORAGE

Waveform data is stored in a digital storage area

A slored waveform is represented by a sequence of 16-bit binary integers. Each
number repersents a point of the waveform.

Points-per-Waveform (P/W) is the number of points in a waveform. Points are
numbered lrom A through t(P/W)-lland are assumed to be uniformly spaced at
increments ol (1A / t(P/W)-1]) divisions along the horizontal graticule axis. Point 0
is at the left edge of the graticule.

The stored data format is used directly for internal input from the digitizer and
output to the dasplay. (The user numerical access is via software routines which
transform the internal format to and from the external decimal form.)

I

I

I
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WAVEFORM RESULTS
New waveform data generated by computation is always stored at waveform
memory address 0 WFM.

OVERFLOW AND UNDERFLOW

Large and Small Constants
The largest internally representable constant magnitude is approximately loso8 or
232'767; larger constants are set to this magnitude with the proper sign. The largest
constant magnitude that can be displayed is 1Oss; larger constants are displayed
as: (mantissa sign) ******** .

The smallest internally representable constant magnitude is approximately 1O 
3o8 or

2-t"6'; smaller constants are set to zero.

The smallest constant magnitude that can be displayed is 1O-ss; 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.9., by waveforms), lf all waveform values are smaller than the smallest
magnitude, the entire waveform value is set to zero.

I

I

I

I

I

I
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INSTRUMENT COMMANDS
The following tables list all the commands, and provide a concise description of their
fu nctrons.

ARITHMETIC FUNCTIONS
The commands ABS through SORT, listed in Table 9-2 are performed on a single
constant or waveform operand; the remaining commands (+, -,x, /l are performed
on two constant or waveform operands. Table 9-3 lists operand types and results
when using the Y and X registers for mathematical computations.

TABLE 9-2
Arithmetic Commands

Command Execution

I

ABS
(Returns Absolute Value)

EXP
(Exponential)

LN
(Returns Natural Logarithm)

Function: Computes absolute value of contents
of X register, and returns result to X register.
The result is not autoscaled; and if the
operand is a waveform, the VZR and vertical
scale factor are retained.

Stack: Pops contents of X register; pushes
result back into X register.

Vertical Scale Factor Units: Remains same as

operand unit.

Function: Computes exponential function of X

register contents, and returns result to X

reg ister.

Stack: Pops contents of X register; pushes
result back into X register.

Scale Factor Units: Blanked rf operand is
waveform.

Function: Computes natural logarithm of
absolute value of contents of X register;
returns result to X register.

Stack: Pops contents of X register; pushes
result back into X register.

@ 9-11 
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TABLE 9-2 (CONT)
Arithmetic Commands

Command

LN (cont)

SGN
(Returns Signum)

SORT
(Returns Square Root)

Execution

Scale Factor Unit: Blanked if operand is a

waveform.

Warning: lssued if the X register contains
either a negative or zeto constant, or a

waveform memory address in which any point
of the waveform is negative or zero.

Function: Computes signum of X register
contents, and returns result to X register.
Result is not autoscaled; if operand is a

waveform the vertical scale factor is set to 1,

and VZR is set to O.

Description: The signum of the contents of the
X register equals:

1 where contents of X register is greater
than 0.

0 where contents of X register is O.

-1 where contents of X register is less
than O.

Stack: Pops contents of X register; pushes
results back into X register.

Both Scale Factor Units: Blanked if operand is
waveform.

Function: Computes square root of absolute
value in X register; returns result to X
reg ister,

Stack: Pops contents of X register; pushes
result back into X register.

Scale Factor Units: Blanked if operand is a

waveform.

Warning: lssued if the X register contains
either a negative constant, or a waveform
memory address in which any point of the
waveform is negative.

I

I
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Command

+ (Add)

- (Subtract)

* (lVlultiply)

,/ (Divide)

TABLE 9-2 (CONT)
Arithmetic Commands

Execution

Function: Adds contents of Y register to
contents of the X register; returns result to X
reg ister.

Stack: Pops contents of X and Y registers;
pushes result back to X regrster.

Function: Subtracts contents of X register from
contents of Y register; returns results to X
register.

Stack: Pops contents of X and Y registers;
pushes result back to X register.

Function: Multiplies contents of Y register by
contents of X register; returns result to X
reg ister.

Stack: Pops contents of X and Y registers
pushes result back to X register.

Function: Divides contents of Y register by
contents of X register; returns result to X
reg ister.

Stack: Pops contents of X and Y registers
pushes results back to X register.

Warning: lssued if the X register (divisor)
contains either a zero constant, or a waveform
memory address in which any point of the
waveform is zero. The result is internally set to
the largest representable binary number of the
same sign as the Y register (dividend): a field
of eight * (asterisks) preceded by the
appropriate sign is displayed. However, if the Y
register also contains a zero, or a waveform
memory address in which the corresponding
point of the waveform is also zero, the result
is set to zero.

I

I
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Operands
(Contents of Y and
X Registers)

Two Constants

Two Waveforms

Scale Factors

Scale Factor Units

Constant and Waveform

Scale Factor Units

TABTE 9.3
Operands and Results

Result

A constant, returned to X register

A waveform returned to waveform memory
address 0 WFM. (Each resulting waveform point
is calculated by applying the specified operation
to the corresponding points of the referenced
waveforms.)

lf both horizontal scale factors of the
referenced waveforms are the same, the
resulting waveform has the same scale factor;
otherwise. the scale factor is assigned a value
of "1" and a warning is issued.

Horizontal: lf both horizontal scale factors and
units of the referenced waveforms are the
same, the resulting scale factor unit is the
same; otherwise, the unit is blank.

Vertical: For + and - functions the resulting
vertical scale factor unit is blank if the two
referenced waveforms have differing vertical
units. For x and / functions the resulting
vertical scale factor unit is blank.

A waveform returned to waveform memory
address 0 WFM. (Each resulting waveform point
is calculated by combining each waveform point
with the constant value.)

The vertical and horizontal scale factor units of
the resulting waveform are the same as the
operand waveform.

I

I

I
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Table 9-4 lists
commands.

Command

SCOPE
(Scope Display)

STORED
(Stored Data Display)

BOTH
(Combined Display)

CRT DISPLAY
the overall display content as selected by the CRT DISPLAY

TABLE 9.4
CRT Display Commands

Execution

Function: Selects real-time waveform(s) and
readout display on crt.

Function: Selects stored data display on crt

Function: Selects a combined display,
consisting of a stored data display plus the
real-time waveform(s) only; no real-time readout
is displayed.

CURSORS
Cursors are one or two specially identif ied points displayed (with bright dots) on the
operational waveform. The cursors delimit portions of the waveform for waveform
parameter calculations. They also have special signif icance for pulse parameter
measurements. Refer to Table 9-5, Cursor Commands. for f unctrons and
restrict ions.

ONE CUBSOR

Cursor 1 is displayed on a point of the operational waveform.

VCRD is the vertical coordinate of Cursor 1's point, in scale factor units, relativeto
VZR.

HCRD is the horizontal coordinate of Cursor 1's point, relative to the start of the
waveform, in scale factor units.

TWO CURSORS

Cursors 1 and 2 are displayed on potnts of the operational waveform.

,/TVCRD as the vertical location of Cursor 2 relative to Cursor 1, in scale factor units.
(AVCRD setting is equal to the operational waveform value at Cursor 2 minus the
operational waveform value at Cursor 1 .)

@ 9-15 
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AHCRD is the horizontal location of Cursor 2 relative to Cursor 1, in scale factor
units. (AHCRD setting is equal to the Cursor 2 point number minus Cursor 1 point
number times the horizontal increment.)

CURSOR MOVEMENT

Cursor movement is described in terms of horizontal position along the operational
waveform. Therefore, the vertical position is determined by the horizontal position.

Restrictions
1. Each cursor must coincide with an operational waveform point

2. Cursor 'l can be moved to any operational waveform point.

3. Cursor 2 can be moved to any point in the portion of the waveform between, and
including, Cursor 1 and the end of the waveform.

4. For stored programs, only the initial actuation of the manual slewing keys is
stored and executed.

I

I

I

I

I

5. Cursors can
by one point

lf the key remains actuated longer than approximately 3O0 milliseconds, the
cursor begins continuous movement, slowly at f irst, accelerating in about 1

second to maximum speed. Releasing the key terminates the cursor movement.

6. Cursors can be positioned directly with the >VCRD and ,HCRD commands

7. The cursor coordinates can be returned to the X register with the VCRD
and HCRD commands.

TABLE 9.5
Cursor Commands

Command Execution

OFF
(Cursors Off)

Function: Turns off cursors.

CRSl
(One Cursor On)

Function: Turns on Cursor 1

Display: Cursor 1 is displayed on the
operational waveform. Coordinates are displayed
in scale factor units.

b" po:lltgnrq via the manual slewing t<eys [f+-STl]
ano (THF) . The initial actuatron moves the cursor

I

I

I

I

I

I

I

I
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Command

CR52-1
(Both Cursors On)

CRSl <

(Cursor 1 Left)

CRSl >

(Cursor 1 Right)

CRS2<
(Cursor 2 Left)

CRS2>
(Cursor 2 Right)

HCRD
(Set Horizontal Coordinate)

TABLE 9-5 (CONT)
Cursor Commands

Execution

Function: Turns on Cursors 1 and 2

Display: Cursors are drsplayed on the
operational waveform. Relative coordinates are
displayed in scale factor units.

Function: Moves Cursor 1 toward start of
waveform.

Restriction: Cursors cannot be OFF

Warning: lssued if Cursor 1 is at start of
waveform.

Function: Moves Cursor 1 toward end of
waveform (picks up Cursor 2, displayed or not)

Restriction: Cursors cannot be OFF

Warning: lssued il Cursor 1 is at end of
wavef orm.

Function: Moves Cursor 2 toward start of
waveform.

Restriction: Cursor 2 must be displayed (in

CRS2-1 mode).

Warning: lssued if Cursor 2 is at Cursor 1

location.

Function: Moves Cursor 2 toward start of
waveform.

Restriction: Cursor 2 must be displayed (in

CRS2-1 mode).

Warning: lssued if Cursor 2 is at end of
waveform.

Function: Moves Cursor 1 (in CRSl mode)
or Cursor 2 (in CRS2-1 mode) so that the
horizontal coordinate, or relative coordinate. is
equal to the value in the X register.
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rABLE 9-s (CONT)
Cursor Commands

Command Execution

>HCRD (cont) Restriction: Cursors must not be OFF; constant
in X register must be >0; display mode must
not be in X-Y.

Warning: lssued if constant in X register
represents a position beyond the right graticule
edge. Simultaneously sets cursor(s) to right
graticule edge.

NOTE

The cursons set to the nearest stored point when the specified
position does not coincide with a stored point.

,VCRD
(Set Vertical Coordinate)

Function: Moves Cursor 1 (in CRS1 mode) or
Cursor 2 (in CRS2-1 mode) so that the vertical
coordinate, or relative vertical coordinate, is
equal to value in X register.

Restriction: Cursors must not be OFF. The
operational waveform must cross or touch the
specified vertical level (contained in X register)
somewhere within the allowed cursor
movement range.

NOTE

ln all searching operations to be described, scanning always begins
halfway between the initial location of the cursor to be moved, and the
following point. ll the next crossing is nearest to the present cursor
location, that crossing is ignored.

/n CBSl mode, the operational waveform is scanned from Cursor I to
the end of the waveform.lf a crossing is not found, the scan continues
from the slart of wavelorm back to the cursor location. The cursor is
set to the first crossing or touching point found.

ln CRS2-l mode, the operational waveform is scanned from Cursor 2
toward the end of the waveform. lf a crossing is not 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 touching point is
preceded by at least one point ol a different value. lf the specified
vertical level does not coincide with a stored point value, the cursor is
set to the point which has the nearest vertical value.

I

I

I

I

I

I

I
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Command

VCRD
(Returns Vertical Coordinate)

HCRD
(Beturns Horizontal
Coordinate)

CNS
(Return Constant)

TABLE 9-5 (CONT)
Cursor Commands

Execution

Function: Copies the displayed vertical
coordinate (CRS1 mode), or relative coordinate
(CRS2-1 mode), into the X register.

Stack: Pushes the result into the X register

Restriction: Cursors cannot be OFF

Function: Copies the displayed horizontal
coordinate (CRS1 mode), or relative coordinate
(CR52-1 mode), into the X register.

Function: Contents of a constant register
(designated by address number in X register)
are returned to X register.

Stack: Pops X register; pushes contents of
constant register into X register.

Restriction: X register must contain constant
which. when rounded to nearest integer. is
lrom O to 49 lO to 99 with Option 2D),
inclusive.

Stack: Pushes the result into the X register

Restriction: Cursors cannot be OFF

DATA STORAGE
Table 9-6 lists the commands and functions used for storing and retrieving
waveform and constant data.

TABLE 9.6
Oata Storage Commands

Command Execution
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TABLE 9-6 (CONT)
Data Storage Commands

Command

>CNS
(Store Constant)

PNT
(Return Waveform
Point Value)

PNT
(Set Waveform Point Value)

P/W
(Return Points Per
Waveform Setting)

Execution

Function: Copies contents of Y register to
constant register number given in X register; if
contents of Y register is a waveform address,
copies WFM number to X register.

Stack: Pops X register

Restriction: X register must contain constant
which, when rounded to nearest integer, is
trom O to 49 @ to 99 with Option 2D),
inclusive.

Function: Returns vertical value of operational
waveform point number referenced in X
register, to the X register.

Stack: Pops the operational waveform point
number from the X register; pushes vertical
value lo X register.

Restriction: Contents of X register (rounded to
nearest integer) must be lrom a to [(P/w)-1],
inclusive.

Function: Sets operational waveform point in
X register to value contained in Y register.

Stack: Pops X register

Restriction: Contents of X register (rounded to
nearest integer) must be between, and
including, zero and value of (P,/W minus one).
Contents of Y register must be a constant
which, when divided by the vertical scale factor
is within the vertical range limits of the
waveform. See Y-T Mode in Operational
Conventions, at the beginning of this section.

Function: Copies points per waveform setting
into X register.

I

I

I

I

I
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TABLE 9-6 (CONT)
Data Storage Commands

Command

>P /W
(Set Points Per Waveform)

WFM
(Recall Waveform)

>WFM
(Copy Stored Waveform)

Execution

Function: Reconfigures waveform memory so
that the size of all waveforms (points per
waveform) is the same as the constant in the
X register, providing it is one of the available
sizes (128, 256, 512, or 1A24l,. Perlorms
implicit CLD command.

Stack: Clears stack (all registers equal to zero).

Restriction: Contents of X register must be
either 128, 256, 512, or 1O24, where contents
ol X regrster rs rounded to nearest integer.

Function: Contents of waveform memory
(number in X register) becomes operational
waveform.

Stack: Pops X register; pushes waveform
address to X register.

Restriction: X register must contain a constant
which, when rounded to nearest integer, is
lrom @ to maximum valid waveform memory
address number (inclusive).

Function: Copies operational waveform into
waveform memory (address number in X
reg ister).

Stack: Pops X and Y regislers; pushes
waveform address lo X register.

Restriction: Y register must contain valid
waveform memory address. X register must
contain a constant which, when rounded Io
nearest integer, is from 0 to maximum valid
waveform memory address number (inclusive).
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EXTERNAL FUNCTIONS
Table 9-7 lists the external interface commands executed from both the Waveform
Calculator keyboard or the measurement keyboard.

TABLE 9.7
External lnterface Commands

Command Execution

ID Function: ldentifies following data on crt screen
(ldentify)

Disp
Li ne Display Format

TEK/78541 , V79.12 91', .gLo. gK'.

ADDRESS: 106 TALK LISTENT EOIs

ONs: ROS IOC REM EXR CER OPC

OFF9:

Device Type

lmplemented version of Codes and
Format Standard.

ROM version

BOM patch version for specified
ROM version.

lnstrument memory capability by option

lVlemory Option

(standard)

2D

GPIB address.

GPIB modes.

Message terminator

GPIB service request command status
(except with Option 0D).

I

I

I

AD

@

q

1A

12

13

1

2

3

2K

4K

5

8K

6

7

I

I
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TABLE 9-7 (CONT)
External lnterface Commands

Command

READ]T
(Read Data From
External lnterface)

ROS
(Request Service)

SAVE
(Save Program)

SENDT
(Send Data to
External lnterface)

SWH
(Set Output High)

SWL
(Set Output Low)

Execution

Function: lnputs data from external interface:
Received in X register if data record is
constant; received in waveform memory address
0 WFM if data record is a waveform.

Stack: Pushes constant or waveform memory
address, O WFM, lo X register.

Restriction: GPIB interface must be properly
selected, and incoming data musl be of proper
format and contents. Refer to Section 7, GPIB
lnformation.

Function: Sends rsv (7854 local service request
message) to interface if enabled by GPIB
REMON command.

Function: Sends one record consisting of
stored program text to external interface;
current program line through end-of-program is
sent.

Restriction: GPIB interface must be properly
selected and current program line must not be
end-of-program.

Programmability: Command not programmable.

Function: Transmits contents of X register
(if constant) to external interface; if X register
contains waveform memory address, transmits
corresponding waveform memory contents to
external interface.

Stack: Pops X register

Restriction: GPIB interface must be properly
selected.

Function: Sets signal output at rear-panel
TTL SIGNAL OUTPUT connector to high state

Function: Sets signal output at rear'panel
TTL SIGNAL OUTPUT connector to low state
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NUMBER ENTRY
Table 9-8 lists the number entry commands as executed from the Waveform
Calculator keyboard. Table 9-9 describes the functions and character positions
within the number entry field.

TABLE 9-8
Number Entry Commands

Command Execution

(Decimal Point)
Function: Enter and display decimal point
in mantissa.

Stack: Pushed at first decimal point (or
number) entry.

Warning: An audible tone and stored display
blink (numeric warning) ocurs if more than one
decimal point is entered in mantissa, or if
decimal point entry in exponent (following EEX)
is attempted; XXX WARNING message not
displayed.

a,l ,2,3,4,5,6,7,8,9
(Digits)

EEX
(Enter Exponent)

Function: lnput constants from keyboard
(mantissa or exponent after EEX).

Display: Number entry displayed.

Stack: Pushed at first number (or decimal
point) entry.

Function: Begins exponent entry

Display After Mantissa Entry: Mantissa
followed by exponent identifier (E), initial esign
(+), and evalue lb0l.

Display Without Mantissa Entered: Default
mantissa (1) and decimal point (.). followed by

exponent identifier, esign, and evalue.

Stack (Without Mantissa Entered): Pushes
stack.

Warning: Numertc warning issued if in
exponent entry mode and EEX is initiated
again. or if decimal point is issued.

@9-24
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I

I

TABLE 9-8 (CONT)
Number Entry Commands

Restriction: X register must contain a constant.

NUMERIC ENTRY

Number entry begins with a digit, decimal point, or EEX command following any
nonnumeric command.

Constants may enter the stack in two distinct ways:

1. By a sequence of numeric commands from the keyboard or GPIB.

2. As a result of a command execution.

Number Entry Display

Numbers entered are displayed in a number entry f;eld as described in Table g-9.

TABLE 9-9
Number Entry Field

Command

CHS
(Change Sign)

Horizontal Character
Position (Display Line 16)

12

13-25

Execution

Function: Changes sign of X register value, or
of exponent during exponent entry.

Function

Mantissa Sign: Minus sign displayed if
negative (blank if positive), and is entered with
CHS command.

Mantissa: 12 digits (or 11 digits and I decimal
point). Entry is started with any digit or
decimal point, and is terminated by EEX or any
nonnumeric command except CHS, RUN, STEP,
STOP, or PAUSE. The first character (decimal
point, entered digit, or a default 1) is displayed
in horizontal position 13. Entered digits are
displayed to the right of existing digits, up to
position 25. The terminating command rounds
the displayed mantissa to four significant
dig its.
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TABLE 9-9 (CONr)
Number Entry Field

Function

26-29

26

NOTE

An f command during number entry blanks character positions 22
through 26 inclusive, and the mnemonic F is displayed; however. the
internal numeric value is not affected. A CLfor any nonshift function
will return the display to normal.

Exponent (EEX): Exponent identifier, sign,
and two digits are displayed (E+00)
following the mantissa:

E identif ier.)
ror ent si n is initial

28, 29 OO (Exponent digits; digits move to left
as entered, but only last two entered
are retained and displayed.)

Exponent entry starts with EEX command
and is terminated by any nonnumeric
command except CHS, RUN, STEP, STOP,
or PAUSE. lf no mantissa was entered,
a default mantissa of 1 is assigned and
displayed.

I

I

I

I

I

I

I

I

I

I

I

I

I
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PROGRAM ENTRY/EXECUTE
Table 9-10 lists the program Entry and Execute commands executed from the
Waveform Calculator keyboard.

TABLE 9-1O
Program Entry and Execute Commands

Command Execution

I

I CLL
(Clear Program Line)

CLP
(Clear Program Memory)

EXECUTE
(Execute Mode)

Function: ln program Entry mode, deletes new
line and returns to Edit mode with edit prompt
at line following the new line. ln Edit mode,
deletes current line command group and leaves
edit prompt at same line number. Program text
following the deleted line is moved up to close
the gap (line numbers of all following command
groups are reduced by one).

Restriction: Must be in program Entry or Edit
mode and edit prompt must not be at end-of-
program line.

Programmability: Command not programmable

Function: Clears entire program memory

Confirmation: When CLP is received, an
audible warning is given, and the program
display shows only the statement "PRESS
NEXT TO CONFIRM DESTRUCTION". A
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.

Function: Selects program Execute mode when
executed (or selects program Entry or Edit
mode if already in Execute mode).

Programmability: Command not programmable.
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TABLE 9-1S (CONT)
Program Entry and Execute Commands

Command

GOTO
(Go To Program Line)

Execution

DIRECTLY ISSUED
Function: Next program command becomes
first command in program line number in X
register; remains in idle state.

Stack: Pops X register

Restriction: The X register must contain a

constant which, when rounded to the
nearest integer, is from 0 to 999 (inclusive)

Warning: lssued if the X register contains a
constant greater than the last stored
program line number. (Edit prompt goes to
end-of-program line; PL and line number
removed from display line 16.)

STORED EXECUTION
Function: ln Step state, returns to idle
state; next program command is first
command of program line number in X
register. ln Run state; continues execution
at first command of program line number in
X register.

Display: Current program line number (in X
register) is in display line 16.

Stack: Pops X regrster

Restriction: The X register must contain a

constant which. when rounded to the
nearest integer, is from 0 to 999 (inclusive)

Warning: lssued if the X register contains a
constant greater than the last stored
program line number. (Edit prompt goes to
end of program; PL 666 line number
removed from display.)

I
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TABLE 9-10 (CONr)
Program Entry and Execute Commands

I

I

Command

GSB
(Go To Subroutine)

I Flf =.ll
(lf Contents Of
X Register ls
Equal To Contents
Of Y Register)

Execution

DIRECTLY ISSUED

Function: Next command in program
becomes first command in program line
number in X register; returns to idle state.

Display: Current program line number is in
display line 16,

Return Register: Advances to command
following the GSB command.

Stack: Pops X register

Restriction: The X register must contain a

constant which, when rounded to the
nearest integer, is from 0 to 999 (inclusive)
Not more than 10 levels of nesting is
allowed.

Warning: lssued if the X register contains a

constant greater than the last stored
program line number. (Edit prompt goes to
end-of-program line.)

STORED EXECUTION
All details same as listed above except: lf
executed in Run state, remains in Run state
and continues execution from next
command.

DIRECTLY ISSUED

Function: Compares contents of Y and X
reg isters.

Operation: lf the contents of the Y and X
registers are both constants, a simple
comparison is made. The test is TRUE if
the displayed contents of both registers have
identical values.

lf the contents of the Y and X registers are
both referenced waveforms, values at
corresponding pairs of points are compared.
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TABLE 9-1O (CONT)
Program Entry and Execute Commands

Command

lFx=.1'(cont)

lFy>x
(lf Contents Of
Y Register ls
Greater Than
Contents Of
X Register)

Execution

The test is TRUE if the difference is zero at
all points (between cursors, if on). lf only
one of the registers holds a constant, it is

treated as a waveform of constant value.

Display: TRUE or FALSE status message,
depending on result of comparison.

STORED EXECUTION
Function: Continues execution, if result of
comparison is TRUE. at next command;
otherwise, execution continues at first
command of next program line. Scale factor
units are ignored if different.

Operation and Display: All details same as
above.

DIRECTLY ISSUED
Function: Compares contents of Y and X
reg isters.

Operation: A simple comparison is made
between the contents of the X and Y
registers, if both are constants. lf both are
referenced waveforms, values at
corresponding points are compared. The test
is TRUE if the contents of the Y register
exceeds that of the X register at one or
more points (bewveen cursors, if on). lf only
one of the registers is a constant, it is
treated as a waveform of constant value.

Display: Mnemonic and TRUE or FALSE
status message, depending on results of
comparison.

STORED EXECUTION
Function: Continues execution, if result of
comparison is TRUE, at next command;
otherwise. execution continues at first
command of next program line.

Operation and Display: All details same as

9-30
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TABLE 9-1S (CONT)
Program Entry and Execute Commands

I

I

I

I

Command

LBL
(Return Label Line)

LNN
(Begin Label)

NEXT
(Advance to Next Line)

Execution

Function: Returns number of program line
containing first occurrence of label number in
X register, to the X register.

Stack: Pops X register; pushes result to X
reg ister.

Restriction: The X register must contain a

constanl which, when rounded to the nearest
rnteger, is from O to 99 (inclusive). The label
specified in the X register must occur in the
stored program.

Function: Begins storing a label in the
program; this command must be followed by
two digits. Label entry ends (label is stored)
when second digit is received.

Display: Program display shows
LNN (after LNN command)
LaN (a is the first digit)
Lab (b is the second digit)

Function: ln program Entry state, terminates
new line being entered and returns to program
Edit state with edit prompt at next line; in Edit
state, repetitively advances edrt prompt to next
line.

Automatic NEXT: lf (in program Entry mode) a
programmable command is received whose
mnemonic would cause the program line to
exceed the allowed length (35 characters), an
automatic NEXT is executed to terminate the
line, and the mnemonic is automatically
inserted at the start of a new line.

@ 9-31

Restriction: The LNN command must be
followed by two digits, or by a CLL or CLP
command. Must be in program Entry or Edit
mode.
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TABLE 9-1O (CONT)
Program Entry and Execute Commands

Command

NEXT (cont)

PAUSE
( Pause)

PREV
(Back To Previous Line)

PROG
(Program Entry)

RTN
(Return From Subroutine)

Execution

Restriction: [Vlust be in program Entry or Edit
mode and edit prompt must not be at end-of-
program line.

Warning: lssued when new line started

Programmability: Command not programmable

Function: Stops command execution for
approximately 0.7 seconds. This command does
not terminate a numeric command sequence.

Function: lf in program Entry mode, terminates
new line being inserted and returns to Edit
mode with edit prompt at new line; in Edit
mode, backs edit prompt to previous line. lf key
remains activated for more lhan 3AA
milliseconds, edit prompt backs through the
program at approximately 8 lines per second.

Restriction: [Vlust be in program Entry or Edit
mode and edit prompt must not be on line
aao.

Programmability: Command not programmable.

Function: Selects program Entry or Edit mode
when executed (or selects Execute mode if
already in program Entry or Edit mode).

Current Program Line: ldentified by the edit
prompt (>) which remains on display line 8 (left
edge at crt center) throughout program entry or
edit.

Programmability: Command not programmable.

DIRECTLY ISSUED

Function: Next command becomes command
identified by return register; clears register
and returns to idle.

9-32
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TABLE 9-10 (CONT)
Program Entry and Execute Commands

Command

RTN (cont)

RUN
(Run Program)

START
(Execute Program
From Start)

Restriction: Program must be stored and
edit prompt must not be at end-of-program
line.

STORED EXECUTION
Function: No effects; execution continues
with next command.

NOTE

The RUN command does not terminate a numeric command sequence

Execution

STORED EXECUTION
All details same as above except: ln Run
state, remains in Run state and continues
execution from new next command.

DIRECTLY ISSUED
Function: System goes to Run state of
Execute mode.

DIRECTLY ISSUED
Function: lnitiates Run state. Execution
begins with first stored command (first
command of line AAOI clears subroutine
return register.

Restriction: A program must be stored in
memory

STORED EXECUTION
Function: ln the Step state, stops execution
and returns to idle; next program command
is f irst stored command; clears subroutine
return register.

ln the Run state. continues execution at the
first stored command; remains in Run state;
clears return register.
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TABLE 9-10 (CONrl
Program Entry and Execute Commands

I

I

I

I

I

I

I

I

Command

STEP
(Single Line
Program Execution)

STOP
(Stop)

NOTE

The STEP command does not terminate a numeric command sequence

Execution

Function: Goes to Step state and begins
execution at next program command.

Warning: lssued if edit prompt is at end-of-
program line (remains in idle state).

Programmability: Command not programmable;
direct execution only.

DIRECTLY ISSUED
Function: No function; warning issued if
STOP command received in idle state. lf a

real-time waveform acquisition command
(AOR, AVGl A, AVG1OA, AVGIAAO, AVG, or
GND) is being executed, execution is

terminated. The GPIB commands READIC
SEND{ >TEXT, TEXT, and SAVE, are
stopped prior to the start of data transfer.
The command buffer is cleared.

lf issued while executing a program,
completes current command, then stops
execution (returns to idle). The next program
command follows the command that was in
progress when the STOP was received.

Display: Mnemonic of command being
executed (if any) when STOP command was
received, and a STOP lN status message if
interrupted program execution.

STORED EXECUTION
Function: Stops execution and goes into idle
state. Next program command is command
following the STOP.

Display: The last executed command
mnemonic (except STOP, or PAUSE) and the
STOP lN status message.

NOTE

The STOP command does not terminate a numeric command sequence

I

I

I

I

I
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SHIFT FUNCTION
Table 9-1'l lists the shift function commands.

TABLE 9-11
Shift Flag Commands

Command Execution

cL.f
(Clear Shift Flag)

f
(Sets Shift Flag)

Function: Clears shift function y'command).

Function: Shifts operation to alternate key
function (printed in blue on panel above
applicable keys).

Display: Mnemonic F when shift flag set.

Operation: The shift flag is cleared by any
command, except the ,fcommand itself . lf the
associated key has a shift function, that
function is executed. Otherwise no function is
performed.

The /key does not aflect the status of numeric
input if the next key activated has no shift
function, or is CL/'
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STACK
Table 9-12 lists the commands that move data within the stack, executed from the
Waveform Calculator keyboard.

TABLE 9-12
Stack Control Commands

Command Execution

CLS
(Clear Stack)

Function: Clears stack; sets all registers
to zero.

I

I

I

I

I

I

I

I

cL.r
(Clear X Register)

ENTER
(Enter)

ROLL
(Roll Stack)

X.rl
(lnterchanges X and Y)

Function: Clears X register; pops stack as follows
(refer to Fig.6-1):

-Copies contents of Y register to X register;

-Copies contents of Z register to Y register;

-Copies contents of T register to Z register;

-Copies contents of W register to T register;

-Original contents of W register remain in
W. and are duplicated in T register.

Function: Terminates numeric entry if in the
numeric entry state; otherwise pushes stack as
follows (refer to Fig. 6-1):

-Contents of W regisler are lost.

-Copies contents of T register to W register;

-Copies contents of Z register to T register;

-Copies contents of Y register to Z register;

-Copies contents of X register to Y register;

-X register contents unchanged,

Function: Simultaneously rolls (or circulales) stack
contents as follows (refer to Fig. 6-1):

-Copies contents of Y register to X register;

-Copies contents of Z register to Y register;

-Copies contents of T register to Z register;

-Copies conlents of W register to T register;
Copies original contents of X register to
vacated w register.

Function: lnterchanges contents of X and
Y registers.
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STORED WFM DISPLAY
Table 9-13 lists the commands that control the content and format of stored
waveform displays.

TABLE 9-13
Stored Waveform Display Commands

Command Execution

CLD
(Clear Display)

CLW
(Clear Stored Waveform)

DOTS
(Dot Display)

DSW
(Display Stored Waveform)

Function: Clears all waveforms displayed using
DSW command. Operational waveform remains
displayed, even though rt also was displayed
using DSW command.

Function: Clears stored waveform (specified
in X register) from stored display, provrding it
was displayed using DSW command.

Stack: Pops X register

Restriction: The X register must contain a

constant which, when rounded to the nearest
integer, is from 0 to the maximum valid
waveform memory address (inclusive).

Warning: lssued if specified waveform was not
displayed with DSW command.

Function: Displays stored waveform(s) as dots
in the display location of each waveform poinl.

Function: Displays stored waveform (WFM
address in X register) on stored display (in
addition to other waveforms already displayed).

Displays the waveform number (given in X
register) in addition to other waveforms already
displayed.

lf this waveform is already displayed, it remains
displayed. Up to 8 total waveforms can be

displayed using the DSW command. Then,
executing DSW will pop the stack and issue a

warning, but the stored waveform display won't
cha nge.
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TABLE 9-13 (CONT)
Stored Waveform Display Commands I

I
Command

DSW (cont)

TIME
(Versus Time)

VECT
(Vector Display)

VS
(Waveform Versus
Waveform)

Execution

The operational waveform is always displayed.
There could be 9 displayed waveforms if the
operational waveform number has not been the
operand for a DSW command.

lf the operational waveform number is in the X
register when the DSW is executed, the
waveform remains displayed.

The numbers of all displayed waveforms are
displayed in lrne 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 hardware limitations,
the display may show visible flicker
if >2U8 total points are displayed.

Stack: Pops contents of X register

Restriction: The X register must contain a

constant which, when rounded to the nearest
integer, is from 0 to the maximum valid
waveform memory address number.

Warning: lssued if eight waveforms already
displayed wilh DSW.

Function: Time (waveform point number times
horizontal incremenl) is the horizontal axis for
all displayed waveforms.

Function: Displays stored waveform(s) as
straight line vectors joining the display locations
o{ adjacent waveform points.

Function: The waveform whose address number
is contained in the X register provides the
horizontal axis for all displayed waveforms.

I
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TABLE 9-13 (CONT)
Stored Waveform Display Commands

Command

VS (cont)

Execution

Description Of X-Y Display: The horizontal
position of each displayed waveform potnt is

the vertical graticule posiilon of the
correspondingly numbered waveform point of
the honzontal waveform, in divisrons. measured
from horizontal graticule center.

The mnemonic VS followed by the horizontal
waveform number is displayed on line 2.

The displayed horizontal scale factor is the
same as the horizontal waveform vertical scale
factor.

Stack: Pops X register

Restriction: The X register must contain a

constant which, when rounded to the nearesl
integer, is from 0 to the maximum valid
waveform memory address number.
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VERTICAL POSITION
Table 9-14lists the commands that control the verlical position of the operational
waveform.

TABLE 9.14
Vertical Position Commands

Command Execution

NOTE

The lollowing keys vertically position the operational waveform

Each initial actuation moves the waveform by one vertical
resolution increment (1 /102.4 div). Keeping the key depressed
longer than approximately 3OA ms begins a continuous
movement, in steps of one display resolution increment, lor 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 Function: [Vloves operational waveform
downward.(Verlical Position Down)

Restriction: Vertical zero reference (VZR) must
be greater than -2O divisions. All points of the
operational waveform (if not O WFM) must
remain within -2O divisions of the center
horizotnal gralicule line.

Warning: lssued if operational waveform is
0 WFM, and any points are clipped at -2A
divisions.

VPUP Function: Moves operational waveform
upward.(Vertical Position Up)

Restriction: Vertical zero reference (VZR) must
be less than +2A divisions. All points of the
operational waveform (if not 0 WFM) must
remain within +20 divisions of the center
horizontal graticule line.

Warning: lssued if operational waveform is
O WFM, and any points are clipped al +24
divisions.

I

I

I
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WFM ACOUISITION
Waveform acquisition is the storage of real-time waveforms anto the waveform
memory. Table 9-15 lists the commands that control the waveform acquisition.

TABLE 9.15
Waveform Acquisition Commands

Command Execution

AOR
(Acquire Repetitive
Waveforms)

Function: Digitizes one or two displayed
repetitive real-time waveforms, including the
scale factors, into waveform memory.
Acquisition stops either when at least one
complete sweep has occurred and at least 99%
of the points have been filled, or when
prematurely terminated with a directly issued
STOP command.

Post Acquisition Processing: All unfilled
waveform points are linearly interpolated from
the adiacent filled points. Unfilled end points
are set to the nearest filled point value. lf no
points were acquired, due to premature
termination, all waveform points are set to
zero, default scale factors are assigned, and the
VZR is set to zero.

Display; Real-time waveforms may be displayed
during execution of this command in SCOPE
mode. Scale factors andlor previously stored
information are displayed in STORED mode.

Stack: Pushes waveform memory address
O WFM to the X register; also, 1 WFM to the
Y register, for two waveforms.

Restriction: No more than two real-time
waveforms may be displayed, and vertical plug
in unit(s) must not be in chop mode.

Warning: lssued if nonunique readoul selected,
default scale factor(s) assigned, more than 5%
contiguous points unfilled, or command
prematurely terminated with STOP.

@ 9-41

Direct Stop: A STOP command from the
keyboard terminates AOR execution.
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TABLE 9-15 (CONT)
Waveform Acquisition Commands

I

I

I

I

I

I

I

I

I

Command

AOS
(Acquire Single-Sweep
Waveforms)

Execution

Function: Digitizes one or two real-time
single-shot waveforms into waveform memory.
Stops acquisition upon receipt of a signal from
the clock generator plug-in (7887 Time Base
with Pretrigger Acquire Clock), or when the
AOS ABORT is actuated.

Post-Acquisition Processing: The waveform
memory contains the last acquired points,/
waveform number of samples taken from the
real-time waveform. The last point acquired is
the rightmost point on the stored waveform.

lf fewer than (P,/W) samples have been taken
when digitizing is terminated, the filled points
are right justified, and the empty points filled
with the value of the first (leftmost) filled point

lf no points have been filled when digitizing is
terminated, all point values are set to 0,
default scale facto(s) assigned, and the VZR is
set to 0.

No instrument commands are accepted during
AOS execution. Keyboard input is ignored. The
effect is as though the command buffer were
full, except that no warning is grven.

Display: Only the real-time waveform(s)
displayed during execution of this command in
SCOPE mode; no scale factors or stored
information is displayed in STORED mode.

Stack: Pushes waveform memory address
0 WFM to the X register; also, 1 WFM to the
Y register, for two waveforms.

Direct Stop; Digitizing stops when the
mainframe AOS ABORT control is actuated

@

I

I
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TABLE 9-15 (CONT)
Waveform Acquisition Commands

Command

AOS (cont)

AVG
(Average Waveforms)

Execution

Restriction: No more than two real-time
waveforms may be selected. Vertical plug-in
unit(s) must not be in chop mode. The
B HORIZ compartment must be selected, and
must contain a properly adjusted 7887 Time
Base with Pretrigger Acquire Clock.

Warning: lssued if nonunique readout is

selected, default scale facto(s) assigned, more
than 5% contiguous points unfilled, or if
command prematurely terminated.

Function: Averages one real-time waveform the
number of times specified in the X register,
and stores the result at waveform memory
address 0 WFM. (Uses 1 WFM for working
storage during execution; 1 WFM is zero
valued at all points upon completion.)

Post-Acquisition Processing: All unfilled
waveform points are linearly interpolated from
the adjacent filled points. Unfilled end points
are set to the nearest filled point value. lf no
points were acquired due to premature
termination, all waveform points are set to
zero. default scale factors are assigned, and the
VZB is set lo zero.

Algorithm: Refer to Command Algorithms at
the end of this section

Display: During execution the X register
displays the number of averages remaining to
be done; the real-time and stored waveforms
are retaaned on the display.

Stack: Pops X register; pushes O WFM to the
X register.

Direct Stop: A STOP command from the
keyboard terminates AVG execution.
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TABLE 9-15 (CONT)
Waveform Acquisition Commands I

I

I

I

Command

AVG (cont)

AVGlO, AVGIOA,
AVGlMA (Average
Waveform 14, 1AO,

1ffiO Timesl

Execution

Restriction: No more than one real-time
waveform can be selected for display. The X
register must contain a constant which, when
rounded to the nearest integer, is from 'l to
1023 (inclusive).

Warning: lssued if more than 5% contiguous
points unfilled or if command prematurely
terminated with STOP.

Function: Averages real-time waveform either
14, 1Ag, or 1WA imes.

Algorithm: Refer to Command Algorithms at
the end of this section.

Display: Real-time waveforms are displayed
during execution; scale factors and,/or stored
information may also be displayed. The X
register display shows number of averages
remaining.

Stack: Before averaging, pushes 1O, 164, or
lOgg to the X register. After completion, pops
the X register; pushes 0 WFM to the X
register.

Direct Stop: A STOP command from the
keyboard terminates lhe AVG10. AVGI0IO, or
AVGIOAA execution.

Restriction: No more than one real-time
waveform can be selected for display.

Warning: lssued if more than 5olo contiguous
points are unfilled, or if command is
prematurely terminated with a sToP command.

I

I
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TABLE 9-15 (CONT)
Waveform Acquisition Commands

Command

GND
(Set Ground Reference)

RDOUT
(Return Real-Time
Readout Value)

Execution

Function: Presets real-time ground reference(s)
for subsequent acquisition to the mean vertical
position of the real-time trace. Wath one real-
time trace displayed, presets ground reference
for waveforms digitized into 0 WFM. With two
real-time traces, presets ground references for
waveforms digitized into 0 WFM and 1 WFM,
respect ively.

Acquires 128-point real-time waveform as
described for the AOR command. Computes the
mean value, in divisions referenced to graticule
vertical zero, and stores this in the ground
reference regisler. The contents of waveform
memory are not changed. lf fewer than 128
points have been acquired, ground reference is

set to the mean of the filled poinl values. lf
no samples are acquired, due to a forced STOP
before enough sweeps have occurred, the new
ground reference(s) rs set to zero.

Stack: Pushes ground reference for waveforms
stored into O WFM, to the X register; and
ground reference for waveforms stored into 1

WFIVI, to the Y register. for two waveforms.

Direct Stop: A STOP command from the
keyboard termanates the GND execution.

Restriction: No more than two real-time
waveforms may be selected for display. Plug-in
unit(s) must not be in chop mode.

Warning: lssued if more than 5% contiguous
points are unfilled, or if GND command is
prematurely terminated with a STOP command

Function: Copies contents of selected real-time
readout position specified by the X register
contents, to the X register. lf the position
selected is blank, or does not contain a valid
number, a O is returned. (See Waveform
Storage Considerations in section 5 for details
on valid readout.)
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TABLE 9-15 (CONT)
Wavelorm Acquisition Commands

Command Execution

RDOUT (cont) Stack: Pops the X register; pushes the readout
va I ue.

Restriction: The X register must contain a

constant which, when rounded to the nearest
integer, is from 0 to 7 (inclusive).

Warning: lssued if specified readout position is

bla nk.

WFM FUNCTIONS
The waveform function commands compute a new waveform from the operational
waveform, and the constant parameter(s) where applicable. Table 9-16 lists the
waveform function commands.

TABLE 9.16
Wavelorm Function Commands

Command Execution

I

DIF F

(Differentiate)
Function: Differentiates and stores operational
waveform at 0 WFM. Blanks the vertical scale
faclor u nit.

Algorithm: Refer to Command Algorithms at
the end of this section.

Stack: Pops X register; pushes O WFM to the
X register.

Restriction: The X register must contarn a valid
waveform memory address.

I

I

I

I

I

I

t
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TABLE 9-16 (CONT)
Waveform Function Commands

Command

HPLFT
(Horizontal Position Left)

HPRGT
(Horizontal Position Right)

Execution

Function: Horizontally rotates operational
waveform left.

Cursor Status: Determines operation as follows:

CURSORS OFF-Rotates the waveform left
by the time value in the X register.

ONE CURSOR ON-Rotates the waveform
left by the absolute value of the horizontal
coordinate (HCRD) minus the value in the X
reg ister.

TWO CURSORS ON-Rotates the waveform
left by the HCRD time.

Stack: Pops X register

Restriction: The X register must contain a

constant which is lrom O to the maximum
horizontal value of the operational waveform
(inclusive).

Function: Horizontally rotates operational
waveform rrght.

Cursor Status: Determines operation as follows

CURSORS OFF-Rotates the waveform right
by the time value in the X register.

ONE CURSOR ON-Rotates the waveform
right by the absolute value of the horizontal
coordinate (HCRD) minus the value in the X
register.

TWO CURSORS ON-Rotates the waveform
right by the 'HCRD time.

@

Stack: Pops X register
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TABLE 9-16 (CONT)
Waveform Function Commands

Command

HPRGT (cont)

HXPD
(Horizontally Expand)

Execution

Restriction: The X register must contain a

constanl which is from b to the maximum
horizontal value of the operational waveform
(inclus ive).

Function: Horizontally expands operational
waveform.

Cursor Status: Determines operation as follows:

CURSORS OFF

Operation: Magnifies operational waveform
(by value in X register) from left edge of
graticule; 0 point remains fixed.

Stack: Pops X register; pushes O WFM to
the X register.

Restriction: The Y register must contain a valid
waveform memory address. The X register
must contain a constant greater than 0.

Warning: lssued if the X register contains a

constant which is less than one.

ONE CURSOR ON
Operation: Magnifies operational waveform
(by value in X register) from right of cursor
Cursor remains at same location relative to
the graticule.

Stack: Pops X register; pops Y register;
pushes O WFM to the X register.

Restriction: The Y register must contain a

valid wave{orm memory address. The X
register must contain a constant greater
than O.

Warning: lssued if the X register contains a

constant which is less than 1ol(distance
from Cursor 1 to the right graticule edge, in
divisions).

I

I

I

I
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TABLE 9-16 (CONT)
Wavelorm Function Commands

Command

HXPD (cont)

ITRP

(l nterpol ate)

Execution

TWO CURSORS ON
Operation: Magnifies portion of waveform
between cursors to fill the display screen.
Cursors remain at same location relative to
g rat icu le.

Stack: Pops X register; pushes 0 WFM to
the X regrster.

Restriction: The X register must contain a

valid waveform memory address.

Warning: lssued rf 'HCRD equals O

Algorithm: Refer to Command Algorithms at
the end of this section.

Horizontal Scale Factor: This result is stored
at 0 WFM. ln all cases, horizontal scale factor
is divided by the expansion ratio to keep
relative horizontal waveform values unchanged.

Vertical Scale Factor: Autoscaling is disabled.
Original scale factor and vertical zeto are
maintained.

Function: Replaces portion of operational
waveform, between two specified points, with a

straight line. The result is stored in waveform
memory address 0 WFM, which then becomes
the operational waveform.

Cursor Status: Determines operation as follows

CURSORS OFF

Operation: The end point horizontal locations
are specified by the values in the X and Y

registers, in scale factor units.

Restriction: The X and Y registers must
contain a constant lrom O to the maximum
horizontal coordinate of the operational
waveform.
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TABLE 9-16 (CONT)
Waveform Function Commands I

t
Command

ITRP (cont)

INTG
(l ntegrate)

ORD
(Return Ordinate Value)

Execution

ONE CURSOR ON
Operation: The end point horizontal locations
are specified by the value in the X register
and the Cursor 1 location.

Restriction: The X register must contain a

constant lrom a to the maximum horizontal
coordinate of the operational waveform.

TWO CURSORS ON
Operation: The end points are the cursor
locations.

Stack: Pops X register; pushes O WFM to
the X register.

Restriction: The X register must contain a

valid waveform memory address.

Vertical Scale Factor: Autoscaling is disabled
The existing vertical scale factor and vertical
zero are retained.

Function: lntegrates the operational waveform.
The result is stored in waveform memory
address 0 WFM, which then becomes the new
operational waveform. Blanks the vertical scale
factor unit.

Algorithm: Refer to Command Algorithms at
the end of this section.

Stack: Pops X register; pushes O WFM to the
X register.

Restriction: The register must contain a valid
waveform memory address.

Function: Returns vertical ordinate value of
operational waveform (in scale factor units) at
horizontal location indicated in X register, to
the X register.

I
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TABLE 9-16 (CONT)
Waveform Function Commands

I

I

t

Command

ORD (cont)

ORD
(Set Ordinate Value)

SMOOTH
(Smooth)

Execution

Stack: Pops X register; pushes result to X
reg ister.

Restriction: The X register must contain a

constant trom A to the maximum horizonlal
value of the operational waveform (inclusive).

Function: Sets the operational waveform
horizontal location indicated in the X register to
the vertical value in the Y register. The result
is stored in O WFIVI, which then becomes the
operational waveform.

Stack: Pops contents of X and Y registers;
pushes previous contents of X register.

Restriction: The Y register must contain a

constanl. The X register must contain a

constant from @ to the maximum horizontal
coordinate of the operational waveform
(inclusive).

Function: Averages operational waveform by an
amount determined by the number of divisions
(between O and 2l entered in X register.
Resultant waveform rs stored at waveform
memory address 0 WFlVl.

Algorithm: Refer to Command Algorithms at
the end of this section.

Stack: Pops X register; pops Y register; pushes
0 WFM to the X register.

Vertical Scale Factor: Autoscaling is disabled
Vertical scale factor and vertical zero of the
original waveform are marntained.

Restriction: The Y register musl contain a valid
waveform memory address. The X register must
contain a constant lrom O to 2 (inclusive).

@ 9-51 
Document scan by vintageTEK - Your donations help support the museum - vintagetek.org



Command Language-7854

WFM PARAMETERS
The waveform parameter commands compute various constant parameters of the
operational waveform. There are two parameter groups: The vertical unit
parameters which return vertical axis values, and the pulse parameters which
return horizontal axis values. Table 9-17 lists the waveform parameter commands.

The following vertical waveform parameter commands are computed using
waveform point values in scale factor units. Cursor status and position affect the
calculation of all the vertical parameters as follows:

CURSORS OFF. The function spans all waveform points.

ONE CURSOR ON. The function spans from (and includes) the cursor point to the
right end of the waveform.

TWO CURSORS ON. The function spans between (and includes) the cursor
points.

TABLE 9-17
Waveform Parameter Commands

Command Execution

I

I

I

t

I

I

I

I

IAREA
(Returns Area)

ENERGY
(Returns Energy)

IVIAX
(Returns Maximum Value)

Function: Returns area under all spanned
waveform points to the X register.

Algorithm: Re{er to Command Algorithms at
the end of this section.

Stack: Pushes value to X register

Function: Returns the squared area under all
spanned waveform points to the X register.

Algorithm: Refer to Command Algorithms at
the end of this section.

Stack: Pushes value to X register

Function: Returns waveform maximum (most
positive) value to the X register.

I

I

I
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Stack: Pushes value to X register

VERTICAL PARAMETERS
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Command

MEAN
(Returns Mean Value)

IVIID

IVIIN

(Returns Minimum Value)

P.P
(Returns Peak-to-Peak
Value)

RMS
(Returns Root-[Vean
Square Value)

Algorithm: Refer to Command Algorithms at the
end of this section.

Stack: Pushes value to X reqister

PULSE PARAMETERS

NOTE

For all pulse parameter commands except PER and FREO the left end of
the spanned interval (as specified either by the start ol the waveform or by
Cursor l, if on) defines theAokvertical level (baseline). The l@A/overtical
level (pulse top) is defined by the end ol the interval (specified by the end
of the waveform or by Cursor 2, if on).

rABLE 9-17 (CONT)
Waveform Parameter Commands

Execution

VERTICAL PARAMETERS (Cont)

Function: Computes algebraic mean value of all
spanned points, and returns result to the
X register.

Algorithm: Refer to Command Algorithms at
the end of this section.

Stack: Pushes value to X register

Function: Returns middle value [(MAX + MIN),/2]
to the X register.

Stack: Pushes value to X register

Function: Returns waveform minimum point
(most negative) value to the X register.

Stack: Pushes value to X register

Function: Returns peak-to-peak (MAX MIN)
value to the X register.

Stack: Pushes value to X register

Function: Beturns root-mean-square value of
all spanned points to the X register.
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Command

DELAY
(Returns Delay)

FALL
(Returns Fall Time)

FR EO
(Returns Frequency)

PER
(Returns Period)

TABLE 9-17 (CONT)
Wavelorm Parameter Commands

Execution

PULSE PARAMETERS (Cont)

Function: Returns the time from Cursor 1 to
the last 5bo/o poinl before Cursor 2, to the X
reg i ster.

Stack: Pushes DELAY time to the X register

Restriction: JiVCBD must not be within:
l(6E-4)* (vertical scale factor).

Function: Returns the time between the 96o/o

and 1@/o points adlacent to the lirst Sbo/o point to
the right of Cursor 2.

Stack; Pushes FALL time to the X register

Restriction: Cursor 2 must be on. The operational
waveform must cross lhe 90o/o and 10% levels
after Cursor 2. .j:VCRD musl not be within:
t(6E 4)+ (vertical scale factor).

Function: Returns a crossing frequency to the
X register.

Algorithm: Refer to Command Algorithms at the
end of this section.

Stack: Pops X register; pushes the FREO value to
the X register.

Restriction: The X register must contain a

constant. The operational waveform must cross
the level specif ied in the X register twice in the
same direction.

Function: Returns time in horizontal scale
factor units between the f irst and second
crossings, in the same direction, of the operational
waveform across the level in the X register.

Algorithm: Refer to Command Algorithms at the
end of this section.
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Command

PER (cont)

RISE
(Returns Rise Time)

WIDTH
(Returns Width)

TABLE 9-17 (CONT)
Waveform Parameter Commands

Execution

PULSE PARAMETERS (Cont)

Stack: Pops X register; pushes PER value to the X
register.

Restriction: The X register must contain a

constant. The operational waveform must cross
the level in the X register at least twice in the
same direction (between cursors, if on).

Function: Returns the time between IO%
and 9Ao/" points adjacent to the last 50% poant
before (to the left of) Cursor 2.

Stack: Pushes RISE time to the X register

Restriction: 'VCRD must not be within
t(68-4)x (vertical scale factor).

Function: Returns time between closest 50%
points to the left and right of Cursor 2 to the X
reg ister.

Stack: Pushes WIDTH value to the X register

@ 9-s5

Restriction: Cursor 2 must be on. The operational
waveform musl cross lhe \bo/o level after Cursor 2.
.'VCRD must not be within: t(6E-4)* (vertical
scale factor).
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WFM SCALING
Table 9-18 lists the commands that provide access to the operational waveform
scale factors and zero location.

TABLE 9-18
Wavelorm Scaling Commands

Command Execution

HSCL
(Return Horizontal
Scale Factor)

HSCL
(Set Horizontal
Scale Factor)

VSCL
(Beturn Vertical
Scale Factor)

.,VSCL
(Set Vertical
Scale Factor)

VXPD
(Vertically Expand)

Function: Copies operational waveform
horizontal scale factor to the X register

Stack: Pushes value to X register

Function: Copies contents of X register to the
operational waveform horizontal scale factor.

Restriction: The X register must contain a

constant greater than zero. The operational
waveform must not be displayed with the VS
command.

Function: Copies operational waveform vertical
scale factor (size of each vertical graticule
division) to the X register.

Stack: Pushes value 10 X register

Function: Copies contents of the X register to
the operational waveform vertical scale factor.
Does not alter stored waveform values relative
to graticule. Displayed vertical scale unit not
changed.

Restriction: The X register musl conlain a

constant greater than zero.

Function: Expands the operational waveform
vertically about the screen center (by the value
in the X register); changes the vertical scale
factor by the reciprocal of the absolute value in
the X register to keep the waveform values
unchanged. Negalive values in the X register
invert the waveform about screen center.

t

I
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Stack: Pops X regisler

@
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I
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TABLE 9-18 (CONT)
Waveform Scaling Commands

Command

VXPD (cont)

vzR
(Return Vertical
Zero Reference)

VZR
(Set Vertical
Zero Reference)

Execution

Restriction: The X register must contain a

constant. The resulting vertical zero reference of
the operational waveform must be within +2O to
-20 divisions. lf the operational waveform is nol
from 0 WFIVI all resulling wavelorm oints must
be within 20 divisrons from the VZR or from all
other waveform points.

Warning: lssued if operational waveform is

lrom @ WFM and at least one point is clipped
at tlO divisions from the center horizontal
graticule lrne.

Function: Copies operational waveform vertical
zero reference (in graticule divrsions relative to
center screen) to the X regrster.

Stack: Pushes X regtster

Function: Moves operational waveform
vertically, so that its vertical zero reference is
the value (in divisions) in the X register.

Restriction: The X register must contain a

constant from -2A to +20 (inclusive). All points
of the operational waveform (if not from
0 WFM) must be within +2O and -2@ divisions

Warning: lssued if the operational waveform is

ftom A WFM, and any point is clipped at r2O
divrsions from the center horizontal graticule
line.
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GPIB COMMANDS
Table 9-1 9 lists the commands that can be executed through the external interface
only, as they have no corresponding keyboard pushbuttons. Refer to Section 7, GPIB
lnformation, for sample programs using these commands.

TABLE 9.19
GPIB Only Commands

Command Execution

CEROFF
CERON

ERR?

EXROFF
EXRON

ID?

IOCOFF
IOCON

OPCOFF
OPCON

REMOFF
REMON

ROSOFF
(Service Request Off)

ROSON
(Service Request On)

Function: Enables,/disables local request for
service due to external command error.

Function: Outputs error status:
"ERR OA" if no error exists, or
"ERR 01 " il an error does exist

Function: Enables,/disables local request for
service due to instrument command execution
error.

Function: outputs a copy of the 7854
identification display to the GPIB. ("lD
TEK/7854,V79.1,XX.YY,2K" where XX is the
ROIVI version, YY is the ROM revision, and Z is
2, 4, or 8, indicating the number of kilobytes
of RAM installed.)

Function: Enables/disables request for service
due to initiated instrument l/O command.

Function: Enables,/disables local request for
service due to return to idle state (except error
stop).

Function: Enables,/disables request for service
due to execution of the Service Request (ROS)

command.

Function: Disables all service requests, except
power on.

9-58

Function: Selects full-service-request capability
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TABLE 9-19 (CONT)
GPIB Only Commands

I

t

Command

SRO?

TEXT
(Output Displayed
Characters)

>TEXT

(lnput Characters
To Display)

Execution

Function: Outputs a copy of the bottom line of
the calculator display. ("SRO XXXXXXXXXXXXX
XXXXXXXXXXXXXXXXXX" where XXXX... is the
bottom line of the display.)

Function: Sends a data record to the external
interface containing an ASCII representation of
all 16 lines of the Execute mode character
display. lf 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.

Function: lnputs a record (up to 12 lines,
maximum ol 4@ characters each) of ASCII
characters from the external interface, and
displays it as lines 3 through 14 on the
Execute mode display.

Restriction: The GPIB interface must be
properly selected.

Warning: lssued if line is more than 4A
characters long, or more than 12 lines.

Programmability: This command is
programmable.
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MESSAGES AND ALGORITHMS
Command Error and Warning messages are defined in the tables below. Command
Algorithms are provided, where appropriate, at the end of this section.

ERROR AND WARNING MESSAGES
Some commands have associated restrictions on the type andlor value of their
operands. These conditions are checked for each command; any error terminates
further execution, and displays an error message.

With some commands, the state of the instrument and,/or the value of their
operands may cause the result to be other than expected. ln these cases, the
command is executed, followed by a displayed warning message. Tables 9-2O and
9-21 list the errors and warnings, the command(s) affected, and the possible

causes.

TABLE 9.29
Error Messages I

I

Displayed
Message

AOR ERROB

AOS ERROR

AVG ERROB

Possible Causes

a. More than two real-time waveforms
are selected.

b. Plug-in unit is in chop mode

a. More than two real-time waveforms
are selected.

b. Vertical plug-in unit is in chop
mode.

c. The B HORIZ compartment is not
selected or does not contain a properly
adjusted 7887 Time Base with
Pretrigger Acquire Clock.

a. More than one real-time waveform
is selected.

b. The X register does not contain a

constant which, when rounded to the
nearest integer, is from 'l rc 1423
(inclusive).

@

Command(s)
Affected

AOR

AOS

AVG
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TABLE 9-2O (CONT)
Error Messages

Displayed
Message

AVG ERROR

No Message

CLL ERROR

CLP ERROR

CLW ERROR

CNS ERROR

,CN ERROR

CRS ERROR

DEL ERROR

DIF EBROR

Possible Causes

a. More than one real-time waveform
is selected.

a. The X register does not contain
a constant.

a. Command issued in program
Execute mode.

b. Edit prompt is at end-of-program

a. Command issued in program
Execute mode.

a. The X register does not contain a

constant which, when rounded to the
nearesl integer, rs from o to the
maximum valid waveform memory
address number (inclusive).

a. The X register does not contain a

constant which, when rounded to the
nearest integer, is from A b 49
(O to 99 with Option 2D), inclusive.

a. The X register does not contain a

constant which, when rounded to the
nearest integer, is from O lo 49
(O to 99 with Option 2D), inclusive.

a. Specified cursor is not on.

a. ',VCRD is within: t(6E-O5) *
(vertical scale factor).

a. The X register does not contain a

valid waveform memory address.

Command(s)
Affected

AVG 1 O,

AVGlAA.
AVGlAAA

CHS

CLL

CLP

CLW

CNS

CNS

CRSl <.

CRSl >,

CRS2 <,

CRS2>

DELAY

DIFF

(g 9-61 
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Command(s)
Affected

DSW

FALL

FR EO

GND

GOTO

GSB

HCRD

rABLE 9-2S (CONT)
Error Messages I

I

I

Displayed
Message

DSW ERROR

FAL ERROR

FRE ERROR

GND ERROR

GOT ERROR

GSB ERROR

HCR ERBOR

Possible Causes

a. The X register does not contain a

conslant which, when rounded to the
nearest integer, is from 0 to the
maximum valid waveform memory
address number.

a. Cursor 2 is not on

b. The operational waveform does not
cross the 960/o and 1 0% levels after
Cursor 2.

c. lVCRD is within: t(6E-O4lx
(vertical scale factor).

a. The X register does not contain
a constant

b. The operational waveform does
not cross the level specified in the
X register twice in the same
direction.

a. [Vlore than 2 real-time waveforms
are selected.

b. Plug-in unit is in chop mode

a. The X register does not contain
a constant which, when rounded to
the nearest integer, is from O to 999
(inclusive).

a. The X register does not contain a

constant which, when rounded to the
nearest integer, is from 0 to 999
(inclusive).

b. More than 10 levels of nesting
entered.

@9-62

a. Cursor(s) are not on
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TABLE 9-2O (CONr)
Error Messages

Message
Displayed

'HC ERROR

HPL ERROR

HPR ERROR

HS ERROR

HXP ERROR

INT ERROR

ITR ERROR

Possible Causes

a. Cursor(s) are not on

b. The operational waveform is

displayed with VS.

c. The X register does not contain
a constant which is greater than O

a. The X register does not contain
a constant which is from 0 to the
maximum horizontal value of the
operational waveform (inclusive).

a. The X register does not contain
a constant which is from 0 to the
maximum horizontal value of the
operational waveform (inclusive).

a. The X register does not contain a

constant greater than 0.

b. The operational waveform is

displayed with VS.

a. The Y register does not contain a

valid wavelorm memory address.

b. The X register does not contatn a

constant greater than 0.

a. The X register does no1 contain a

valid waveform memory address.

a. The X register does not contain a

valid waveform memory address.

a. The X or Y registers do not
contain constants from O to the
maximum horizontal coordinate of
the operational waveform.

Command(s)
Affected

HCRD

HPLFT

HPRGT

HSCL

HXPD
(Cursors Off)

or
(Cursor 1 On)

HXPD
(Both Cursors

on)

INTG

(Cursors Off)
ITRP
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rABLE 9-2S (CONr)
Error Messages

Displayed
Message

ITR EBROR
(cont)

LBL ERROR

LNN ERROR

NEX ERROR

ORD ERROR

>OR ERROR

Possible Causes

a. The X register does not contain
a constanl from a to the maximum
horizontal coordinate of the
operational waveform.

a. The X register does not contain a

valid waveform memory address.

a. The X register does not contain a

constant which, when rounded to the
nearest integer, is from 0 to 99
(inclusive).

b. The label specified in the X register
does not occur in the stored program.

a. Command issued in program
Execute mode.

b. Command not followed by two
digit-entry commands or the CLL or
CLP command.

a. Command issued in program
Execute mode.

b. Edit prompt is at end-of-program

a. The X register does not contain
a conslant lrom @ to the maximum
horizontal value of the operational
waveform (inclusive).

a. The Y register does not contain a

constant.

b. The X register does not contain
a conslant lrom O to the maximum
horizontal coordinate of the
operational waveform (inclusive).

Command(s)
Affected

(Cursor 1 On)

ITRP

ITRP
(Both Cursors

on)

LBL

LNN

NEXT

ORD

>ORD

9-64 @
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TABLE 9-2O (CONT)
Error Messages

I

Displayed
Message

PER ERROR

PNT ERROR

PRE EBROR

P,/ ERROR

REA ERBOR

RDO ERROR

Possible Causes

a. The X register does not contain a

constant.

b. The operational waveform does
not cross the level in the x
register at least twice in the same
direction (between cursors, if on).

a. The X register does not contain
a constant which, when rounded to
the nearest integer, is from 0 to

[(P/W)-1], inclusive.

a. The Y register does not contain a

constant.

b. The (contents of the Y register)
divided by the (vertical scale factor)
is not within waveform data vertical
range.

c. The X register does not contain
a constant which, when rounded to
the nearest integer. is from 0 to
t(P/W)-11, inclusive.

a. Command issued in program
Execute mode.

b. Edit prompl is at line AAO

a. The X register does not contain a

constant which, when rounded to the
nearest integer, is either 128, 256,
512, or 1O24.

a. GPIB interface not properly
selected.

a. The X register does not contain a

constant which, when rounded to the
nearest integer, is from 0 to 7
(inclusive).

Command(s)
Affected

PER

PNT

PNT

PREV

>P /W

READX

RDOUT

@ 9-65
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TABLE 9-2O (CONT)
Error Messages

I

I

Displayed
Message

RIS ERROR

RTN ERROR

RUN ERROR

SAV ERROR

SEN ERROR

SMO ERROR

STA ERROR

TEX ERROR

>TE ERROR

VCR ERROR

>VC ERROR

Possible Causes

a. ^,VCRD is within: t(6E-O5) *
(vertical scale factor).

a. Return register not set.

a. No stored program.

b. Edit prompt is at end-of-program.

a. No stored program.

b. Edit prompt is at end-of-program

c. GPIB interface not properly
selected.

a. GPIB interface not properly
selected.

a. The Y register does not contain a

valid waveform memory address.

b. The X register does not contain a

constant lrom O to 2 inclusive.

a. No stored program

a. GPIB interface not properly
se I ected.

a. GPIB interface not properly
selected.

a. Cursor(s) are off

a. Cursor(s) are off

b. The operational waveform does
not touch or cross the specified
level within the allowed cursor
movement range.

Command(s)
Affected

BISE

RTN

RUN

SENDX

SMOOTH

START

TEXT

>TEXT

VCRD

>VCRD

9-66 @
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I

I

TABLE 9-20 (CONr)
Error Messages

Displayed
Message

VPD ERROB

VPU ERROR

VS ERROR

VS ERROR

VXP ERROR

VZ ERROR

WFM ERROR

Possible Causes

a. VZH is at +24 or -20 divisions

b. All points of the operational
waveform (if not from 0 WFM) will
not remain within t20 divisions of
the center horizontal graticule line.

a. The X register does not contain a

constant which, when rounded to the
nearest integer, is from O to the
maximum valid waveform memory
address number.

a. The X register does not contain a

constant greater than 0.

a. The X register does not contain a

constant

b. Resulting waveform VZR would
not be within +20 to 20 divisions

c. All waveform points will not be
wilhin 2O divisions from the VZR
or from all other wave{orm points.

a. The X register does not contain a

constant trom -2@ to +2O (inclusive).

b. All points of the operational
waveform (if not from 0 WFM) will
not be within +2A and -2A
divisions,

a. The X register does not contain a

constant which, when rounded to the
nearesl integer, is from 0 to the
maximum valid waveform memory
address number (inclusive).

Command(s)
Affected

VPDN

VS

VSCL

VXPD

WFM

@ 9-67
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Command(s)
Affected

WFM

WIDTH

Displayed
Message

,WF ERROR

Displayed
Message

AOR WARNING

AOS WARNING

AVG WARNING

TABLE 9-2O (CONTI
Error Messages

TABLE 9-21
Warning Messages

Possible Causes

a. The Y register does not contain a

valid waveform memory address.

b. The X register does not contain a

constant which, when rounded to the
nearest integer, is from O to the
maximum valid waveform memory
address number (inclusive).

a. Cursor 2 is off

b. The operational waveform does
not cross lhe s(tr/o level after
Cursor 2.

c. ,'''VCRD is within: !(6E-O4l+
(vertical scale factor).

Possible Causes

a. Nonunique readout selected.

b. Default scale factor(s) assigned

c. More than 5% contiguous points
unf illed.

d. Command prematurely terminated
with STOP.

a. More than 5% contiguous points
unfilled.

a. More than 5% contiguous points
unfilled.

b. Command prematurely terminated
with STOP.

@

Command(s)
Affected

AOR

AOS

AVG,
AVG 1 O,

AVG1AO,
AVG100A

9-68
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TABLE 9-21 (CONT)
Warning Messages

Displayed
Message

CLW WARNING

CRS WARNING

DSW WARNING

No Message

GND WARNING

GOT WARNING

GSB WARNING

>HC WARNING

HXP WARNING

Possible Causes

a. Specified waveform was not
displayed with DSW.

a. Cursor at end of operational
waveform.

a. Cursor at start of operatronal
waveform.

a. Cursor 2 at Cursor 1

a. Eight waveforms already displayed
with DSW.

a. EEX command issued during
exponent entry.

a. More lhan 5% contiguous points
unfilled.

b. Command prematurely terminated
with STOP.

a. The X register contains a constant
greater than the last stored program
line number.

a. The X register contains a constant
greater than the last stored program
line number.

a. The value in the X register
represents a position beyond the
righl graticule edge.

a. The X register contains a constant
which is less than 1 .

a. The X register contains a

constant which is less than:
1 O/(distance from Cursor 1 to the
right graticule edge, in divisions).

Command(s)
Affected

CLW

CRSl >

CRS2,

CRSl <

CRS2 <

DSW

EEX

GND

GOTO

GSB

HCRD

(Cursors Off)
HXPD

HXPD
(Cursor 1 On)

@
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TABLE 9-21 (CONT)
Warning Messages

t

Message
Displayed

HXP WARNING
(cont)

LN WARNING

No Message

RDO WABNING

SOR WARNING

STE WARNING

STOP IN

STO WARNING

>TE WARNING

VPD WARNING

VPU WARNING

Possible Causes

a. AHCRD equals O.

a. The constant in the X register is
either O or negative.

b. At least one poinl of the waveform
referenced in the X register is either
O or negative.

a. New program line is started

a. Specified readout position is blank
or does not contain a valid readout.

a. The constant in the X register is
negative.

b. At least one point of the waveform
referenced in the X register is
negative.

a. Edit prompt is at end-of-program

a. STOP command issued as part of a

stored program.

a. Direct STOP command issued
during execution of a stored program

a. Line too long, too many characters,
or too many lines.

a. Operational waveform is from
O WFM and at least one point
would be below 20 divisions.

a. Operational waveform is from
O WFM and at least one pornt
would be above +2O divisions.

I

I

I

Command(s)
Affected

HXPD
(Both Cursors

on)

LN

NEXT

RDOUT

SORT

STEP

STOP

STOP

>TEXT

VPDN

VPUP
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I

I
Displayed
Message

VXP WARNING

>VZ WARNING

No Message

No Message

+ WARNING

_ WARNING

,/ WARNING

Possible Causes

a. Operational waveform is from
0 WFM and at least one point
would be more than 1O divisions
from the center horizontal graticule
line.

a. Operational waveform is from
0 WFM and at least one point
would be more than 20 divisions
from the center horizontal graticule
line.

a. More than 12 (digits plus decimal
point) issued as mantissa.

a. More than one decimal point issued
during mantissa entry.

b. Decimal point issued during
exponent entry.

a. Both operands are waveforms with
differing horizontal scale factors.

a. Both operands are waveforms with
differing horizontal scale factors.

b. The X register contains 0.

c. At least one point of the
operational waveform is equal to 0.

@

Command(s)
Alfected

VXPD

>VZR

o-9

+

*
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Warning Messages
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COMMAND ALGORITHMS
The algorilhms listed below describe the operation of the associated 7854
commands. Algorithm terms are defined in Figure 9-5.

Figure 9-5. Algorithm terms defined.

AREA
Algorithm-lf M and N are the interval end-points (M < N), then:

N1
AREA = : (tY(J+1) + YlJll/z!*(horizontal increment)

J.M

For one point (N=M), AREA = 0.

Where: horizontal increment= horizontaltime increment between two adjacent points

This is equivalent to estimating the area by linear interpolation between points
(Trapezoidal ru le).

I

I

I

I

I

I

I

I

I

I

I

I

N POINTM POINT

N.1 POINT

CURSOR 1 CURSOR 2

Anypoint,fromandincludingtheMpoint,tothelastpointpriortoN(N-'l point) isaJpoint.
Any point excepl the M point is a J + 1 point.

Y (J) - 15" vertical coordinate of the designated point in divisions relative to VZR

2873 401
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I

I

AVG

Acquires the real-time waveform, then repeatedly reacquires it, accumulating new
data, point-by-point, into corresponding points of the averaged waveform. At each
point, the process is characterized by the stable averaging formulas given below:

Let YO(N) - averaged stored waveform value after N cycles
Yl(N) - new data acquired during acquisition N.

lnitially Ya@l -- a

After cycle N, YO(N) - YO(N-I) + [Yl(N) - Y0(N-1 )]/N

Continue until N = Value in X register

It can be shown that this process is equivalent to the simple additive average

YO(N) =
N

z
JI tY1(J)1,/N

Stable averaging is used because, in the averaged data, the stable component
(repeating from cycle to cycle in the raw data) does not grow in size. After every
cycle, the averaged data has the values it should have if the process were complete
at that time. Thus, the user can observe the progress of the process, and has the
option of early manual termination.

Practical Operation-The practical details and specifications described in
connection with repetitive acquisition apply to every digitized point during
averag ing.

A modified stable averaging formula is used:

YO(N) - Y0(N 1) + [Yl(N) YO(N -1 )l/Nn
Where IVI = 2 expl(lnt [Logz (1.443. N)]l
lnt - integer value

This increases computing speed, but the influence of all samples is not equal in the
final result, leading to slightly less noise rejection (approximately O.7 dB less for
random Gaussian noise).

An average value of N is used to compute M at any stage of the process

total processed pointsN-

@

points per waveform

9-73 
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Due to the random sequence of new point acquisition more samples of some points will
be processed than of others. The standard deviation on the actual number of samples
at any given point is:

I

I

s = lTl
This method avoids keeping count of each individual point; but it leads to a variation
in noise rejection {rom point to point, which effectively adds an extra noise
component.

DIFF

ldeal Algorithm-Besulting waveform = d (operational waveform),/dx.

Practical Algorithm-The continuous operand waveform is conceptually derived
from the discrete operational waveform by linear interpolation between the stored
data points. Then, the differential coe{ficient at each data point is defined as the
mean slope of the adjacent segments:

for N = 1 to (M-1)
diff(N) = ([Y(N+l ) - Y(N-l l)/21 / (horizontal increment)
dnflA\ = [Y(l) - Y(0)l ,/ (horizontal increment)
diff(M) = tY(M) - Y(M-1)1 ,/ (horizontal increment)

where:

diff(N) = differential coeff at point N.

Y(N) = operational waveform value at point N.
M = points per waveform minus one.
Horizontal increment = horizontal time increment between two adjacent points.

For the general point, this is equivalent to the slope of the parabola passing thru the
corresponding point of the operational waveform and its two adjacent points.

ENERGY

Algorithm-lf M and N are the interval end-points (M < N), then:

N-1
ENERGy = z [Y(J+1)2 + Ypfl/2]|x(horizontat increment)

J=M '

For one point (N=M), ENERGY = O.

where:

Horizontal increment = horizontal time increment between two adjacent points.

This is equivalent to squaring all waveform points, then estimating the area using
linear interpolation between points (Trapezoidal rule).

9-74 @
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FREO

Algo
recrp

rithm-Computes period as described for PER command, then computes its
roca l,

HXPD

Algorithm-For each waveform point which will become part of the expanded
waveform, the new horizontal location is computed, and that value placed at the
nearest point location. lntervening data is generated by linear interpolation.

ln the expanded waveform, values of the unexpanded points are stored in the actual
point location closest to the computed location. This generates a "random"
perturbation of the expanded waveform, proportional to the slope at the moved points.

lnterpolation is used to fill intervening points. Points outside the interval bounded by
the original data values are filled with the value of the closest original point. Actual
data, which may have been present at other than stored points, generally would
behave differently.

INTG

ldeal Algorithm-lNT(x) = {'{op"rutionrl waveform} dx

Practical Algorithm-The continuous integrand waveform is conceptually derived
from the operational waveform by linear interpolation between the stored points.
Then, the area to point N of the integral waveform is calculated using the trapezoidal
ru le:

lNr(o) = 6
for N = 1 to (points per waveform -1):
INT(N) = U@l/2 + Y(l) + Y(2) + ... + Y(N),/21 +(horizontal increment).

where

INT(N) = value of integrated waveform point N.

Y(N) = value of integrand waveform point N.
Horizontal increment - horizontal time increment between two adjacent points

MEAN
Algorithm-lf M and N are the interval end-points (M < N), then

N1
MEAN = : [Y(J+l)+Y(J)I/2(N_M)

J =NiI

For one point (N=tVl), MEAN = Y(N)

This is equivalent to AREA : (horizontal extent)
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PER

Algorithm-Computes time between first crossing of operational waveform across
level (value in X register) to next crossing in same direction. Searching starts at the left
end of the interval.

Any point where the waveform touches the level (value in X register) but does not cross
it is detected as a crossing.

RMS

Algorithm-lf M and N are the interval end-points (M < N), then

lY(J+l )'z + YUfl/2(N

For one point (N=M), RMS = absolute value of Y(N).

SMOOTH

ldeal Algorithm-The waveform is convolved with a square pulse of width (equal to
the value in the X register) an graticule divisions, centered about time zero.

Practical Operation-The pulse width (value in X register) indivisions is converted to
the equivalent number of horizontal increments, which is then rounded up to the
nearest odd number S.

For each point of the newwaveform: the corresponding point oltheoldwaveform, and
the {S-1 ),/2 points on either side of it, are averaged and the value stored as the new
point.

Near the ends of the waveform, the above method requires up to (S-1),/2 nonexistent
points beyond the ends. The values of the corresponding end points are used for these
nonexistent points.

Errors-The actual width of the pulse differs from the specif ied width; in general, an
error of up to t1 horizontal increment could occur.

The method of extending the waveform ends is arbitrary, and the results within a pulse
width of the ends must be interpreted in the light of the method. Actual data which may
have existed beyond the ends would generally give a different result, but it is unknown
to the calculator.

*ra = .Or,{H ,t

I

I

I

I

@
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Aouendix A-
c6inmand Index

A
ABS (At)solule Value)

demonstration of, xxvi; 6-1 5,40
discussion of, 1-13; 6-12,15,37,4O; 9'11
localion of, Fig. D block 2
usage of, 6-1 5,40,93

AOR lAcquire Repetilive Waveform)
demonstralion of ,5-4; 6-24
discussion of. xxii.xxxi; 1 -13; 5-1,4,5; 6-20,24: 9-41
localion of, Fig. B block 6; Fig. D block 15
restriclions for, 5-5; 6-25; 9-41,6O
usa ge of , 5 - 4,a: 6 -24,3A,39, 44, 46, 47, 44, 63,72, 1 1 2,1 1 5, 1 25
warnings issued for, 5-4,5; 6-24; 9-41,68

AQS (Acquire S ingle-Sweep Waveform)
demonstration of, 5-12
discussion of , xxii, xrxi;'l -1 3; 5-1,4,1 2,1 3'1 4,2O; 9'42
location of, Fig. B block 6; Fig. D block 15
maximum sweep rate, 2-5
restrictions for, 5-14, 9-43,60
usage oI, 5-12
warnings issued tor, 5-13; 9-43,68

AREA (Return Area)
accuracy ol,2-12
algorithm tor,9-72
demonstration ol, 5-26
discussion of, xx,xxviii; 1-13:5'22,26; 9-52
location of, Fig. B block 1; Fig. D block 5
usage of. 5-26

AVG (Average)
algorithm lor, 9-73
demonstration o'f , 6-28
discussion of, xxxi; 1-13; 5-1O.11 :6-2O,28;9-43
location of, Fig, D block 15
restrictions for, 5-11; 6-28; 9-44,60
usage of, 6-28,98,101
warninqs issued lor, 5-11; 5-28; 9-44,68

AVG10 (Average 1O Times)
algorithm lor,9-73
discussion ol, xxii; 1-13; 5-4,1O,11; 6-2O: 9-44
location o{. Fig. B block 6
reslrictions for, 5-11; 9-44.61
usage of, 5-'17,23; 5-52.53.83.98, 1 02
warnings issued lor, 5-11; 9-44,68
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AVG 1 OO (Average 1 OO Times)
algorithm for, 9-73
demonstration of,5-10
discussion of, xxii; 1-13; 5-4,10,11; 6-2O:9-44
location of, Fig. B block 6
reslriclions for, 5-1 1; 9-44,61
usage of, 5-1O,27,31 ,34
warnings issued 1or, 5-1 1; 9-44,68

AVGI bAO (Average 1 ffiA f imesl
algorithm for, 9-73
demonstration of,5-11
discussion ol, xxii; 1-13; 5-4,10; 6-20;9-44
location of, Fig. B block 6
reslrictions lor, 5-1 1; 9-44,61
usage ol, 5-1 1

warnings issued ior, 5-1 1; 9-44,68

B

I

I

I

I

I

I

I

I

I

I

BOTH (Both Oisplay)
demonstration ol, 5-7,34
discussion of, xxii,xxxi;1-1,13;5-3,7,14,15,16,34,35;6-1;7-17,18:9-4,5,15
location of, Fig. B block 7; Fig. D block 14
usage of , 5 -7.34; 6 -23,2A,39,52

C
CEROFF (Disable Command Error SBO)

discussion oI. 1 -1 4; 7 -8,21 ; 9-58

CERON (Enable Command Error SBO)
discussaon o(, 1 -14; 7-8; 9-58

CHS (Chanqe Siqn)
demonstralion of,5-6
discussion of, xxix; 1-14; 6-3.6,11,94; 9-25
location ol, Fig. D block 8
restrictions for, 9-25,61
usage of , 6-5. 1 5,40, 57, 5A,64.77,74.79.8O,86,87,88, 93

CLD (Clear Display)
demonstration of. 5-5O
discussion of, xxxi; 1-14; 6-19,5O; 9-37
location of, Fig. D block 12
usage of, 6-5O

Cu/iCtear Shilt Flag)
discussion of, xxx; 1 -14; 6-6; 9-25,35
location of, Fig. D block 11

I

I

I

I
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CLL (Clear Program Line)
demonstration of, 6-123
discussion of, xxvi; 1 -14:6-95,97,114,121
location of, Fig. D block 1

restrictions for, 6-123; 9-27,61
usage of,6-123.133

123:9-27

CLP (Clear Program Memory)
demonstration of. 6-1O5
discussion of, xxvi; 1 -14; 6-95,97,1O5,121 ; 9-27
localion of, Fig. D block 1

restrictions for, 6-105; 9-27,61
usage of, 6-105,125: 7 -11
warnings issued for, 6-1O5

CLS (Clear Stack)
demonstration of.6-13
discussion of, xxvii; 1-14: 6-'12
location of, Fig. D block 4
usage of, 6-13

13;9-36

CLW (Clear Waveform)
demonstration of, 6-5O
dascussion of, xxxi; 1 -14; 6-5O; 9-37
location of, Fig. D block 12
restrictions for. 6-5O; 9-37.61
usage o1, 6-5O
warnings issued for, 6-5O; 9-37,69

CLX(Clear X Register)
demonstration ol, 6-6
discussion of, xxvii; 1 -14; 5-5,12; 9-36
location of, Fig. D block 4
usage of, 6-6,8.40,93

CNS (Beturn Constanl)
demonstration ot,6-17
d iscussion of, xxx; 1 - 1 4; 6- 1 7. 1 8; 9- 1 9
location of, Fig. D block 1O
restrictions lor, 6-17 : 9-1 9,61
usage of. 6-17,98,1O1,102,103,1 1 3,1 15,123,124,129,13O,131

CNS (Store Constant)
demonstration ol,6-17
discussion of, xxx; 1-14; 6-17;9-2O
location of, Fig. D block 1O
restrictions for, 6-17 ; 9-20,61
usage of , 6-1 7.98, 1 O1, 1 O2,1 1 2,1 1 3,1 1 5,1 1 6,1 21,1 23,125,129,1 31,133

CRSl (Cursor 1 On)
demonslration of,5-18
discussion of, xxi,xxix; 1 -14; 5-18; 6-51; 9-16
location ol, Fig. B block 3; Fig. D block 9
usage of, 5-18; 6-57.59,61,90.93,112,115,129
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CRS'l < (Cursor 'l Lefi)
demonstration oI. 5-19,21
discussion of, xxi,xxix; 1-14; 5-19: 9-17
location of, Fig. B block 3; Fig. D block 7
restrictions for, 9-17,51
usage of, 5-19,21: 6-71 .A2
warnings issued for, 5-19; 9-17,69

CRSl>(Cursor1Right)
demonstration of , 5 -8,21
discussion of, xxi,xxix; 1 -14; 5-19; 9-17
location of, Fig, B block 3; Fig. D block 7
restrictions Ior, 9-17,61
usage of, 5-1A.21 .25,26.28,32; 6-56,90
warnings issued for. 5-1 8; 9-17,69

CRS2 1 (Both Cursors On)
demonstration of, 5-1 9; 6-55
discussion ol, xxi,xxix; 1 -14; 5-19; 6-55; 9-17
location ol, Fig. B block 3; Fig. D block 9
usaqe of, 5-19,25,28:5-55,58,59,61 .71 .81 ,92,113,1 15,130

Cqgl. (f,yrsor 2 Left)
demonstration o'f , 5-2O,21
discussion of , xxi,xxix; 'l -14; 5-19,2O; 9-17
location ol, Fig. B block 3; Fig. D block 7
reslrictions lor, 9-17,61
usaqe of , 5-2O,21 ,25: 6-56,71. ,A2,92
warnings issued for, 5-2O,28; 9-1 7,69

CRS2> (Cursor 2 Righl)
demonstration ol. 5-2O
discussion of, xxi,xxix; 1-14: 5-19;9-17
localion of, Fig. B block 3, Fig. D block 7
restrictions lor, 9-17,61
usage of, 5-2O,32
warnings issued for, 5-20; 9-17,69

D
DELAY (Return Delay Time)

accuracy ol,2-12
demonstralion of. 5-3O
discussion of, xx,xxviii; 1 -'14; 5-22,29,3O: 9-54
localion of, Fig. B block 2; Fig. D block 6
reslrictions for, 5-30; 9-54,51
usage of, 5-3O; 6-1 1 3,1 1 6,129,133

D I FF (D ifferenliale)
accuracy ol, 2-11
algorithm 1or,9-74
demonstralion of, 6-84
discussion of, xxxii; 1 -14; 5-83,84; 9-46
location of, Fig. D block 18
restrictions for, 6-84; 9-46,61
usage of, 6-84

I

I
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DOTS (Dots Display)
demonstration of, 6-46
discussion of, xxx; 1-14; 6-45,46;9-37
location of, Fig. D block 12
usage of, 6-46

DSW (Display Stored Waveform)
demonstralion of. 5-48
discussion of, xxxi; 1 -14:6-45,4a:9-37
location of, Fig. D block 12
restrictions for, 6-49; 9-38,62
usage of, 6-48,49,54
warnings issued for, 5-48; 9-38,69

E
EEX (Enter Exponent)

demonstration of. 6-1 1

discussion of, xxix; 1-14; 6-3,11,94: 9-24.25,26
location of, Fig. D block 8
usa ge ol, 6 - 1 1, 40,57, 5a. 64,77,74,79,AO, 86, 87, 88
warnings issued for, 9-24,69

ENERGY (Return Energy)
accuracy o1,2-12
algorithm lor,9-74
demonstration of.5-26
discussion of, xx,xxviii; 1 -15: 5-22: 9-52
location of, Fig. B block 1; Fig. D block 5
usage of, 5-26

ENTER (Enler Dala)
demonstration ol. 6-7,14
discussion of, xxvii; 'l -15: 6-3,7,12.13; 9-36
location ot. Fig. D block 4
usage of , 6 -7,9.'l O,1 1,12,1 4,17.33.34.75, 81,88,89, 1 21

ERR? {Transmat Error Status)
discussion of, 7-9; 9-58

EXECUTE (Program Execule Mode)
demonstration ol. 6-1 O4
discussion of. xxxiii; 1 -15; 6-95,96,97,104: 9-27
localion of, Fig. D block 19
usage of, 6-104.1'17,124.130.132.134: 7-1O.19

EXP (Exponentiation)
accuracy ol, 2-11,13
demonstration ol, 6-1 5,39
discussion of, xxvi; 1 -1 5; 6
location of, Fig. D block 2
usage of, 6-1 5,1 6,39

1 25,1 31

@
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EXROFF (Disable Execution Error SRO)
discussaon of, 1-15; 7-a,21;9-58

EXRON (Enable Execution Error SRO)
discussion of, 1 -15; 7-8; 9-58

F

I

I

/(Ser Shifr Flas)
demonstration of. 5-7
discussion of, xxi,xxx; 1 -15: 5-'l: 6-6; 9-25,35
location ot, Fig. B block 4; Fig. D block 11
usage of, 5-7; preceding all shift commands

FALL (Return Fall Time)
accuracy ol,2-12
demonstration of,5-3O
discussion oI, xx,xxviii; 'l -15: 5-22,29,3O: 9-54
localion of, Fig. B block f ; Fig. D block 6
restrictions for, 5-30; 9-54,62
usage of, 5-3O; 6-1 13,1 1 5,129,133

FREQ (Return Frequency)
accuracy of,2-12
algorithm for, 9-75
demonstration of, 5-33
discussion o1, xx,xxviii; 1 -15: 5-22,33: 9-54
location of, Fig. B block 1; Fig. D block 5
restriclions for, 5-33; 9-54,62
usage of, 5-33

G

I

I

I

I

I

I

I

GND (Set Ground Beference)
demonstration of, 5-8; 6-23
discussion of, 1-15; 5-4,8,9; 6-23,24;9-45
location oI, Fig. B block 5; Fig. D block 15
reslrictions lor, 5-9; 5-24; 9-45,62
usage ol, 5-8,9,22; 6-23,37
warnings issued lor, 6-23; 9-45,69

GOTO (Go To Program Line)
demonstration ol. 6-1'l 8
discussion of, 1-15; 6-110,111,119; 9-28
location of, Fig. D block 19
restrictions for, 6-119; 9-24,62
usage of, 6-103,1 1 8,1 20,123,129: 7 -1O
warnings issued for, 5-1 18; 9-28,69

GSB (Go To Subroutine)
demonslration of. 5-1 25
discussion of, xxxiii; 1-15;6-111
location of, Fig. D block 19
restrictions for, 6-125: I-29,62
usage of,6-125,13'l
warnings issued Ior, 9-29,69

A-6

12'.|. 125;9-28,29

@ 
Document scan by vintageTEK - Your donations help support the museum - vintagetek.org



Appendix A*Command lndex

H
HCBD (Return Horizontal Coordinale)

accuracy of,2-11
demonstration of, 6-62
discussion of, xxix; 1-15; 6-62; 9-16,19
location of, Fig. D block 9
restrictions tor. 6-62; 9-19,62
usage of, 6-62,86,90,93.1'l 3,1 1 5,1 29

'HCBD (Set Horizontal Coordinate)
demonstration of, 5-57,58
discussion of, xxix; 1 -15; 6-57,58,59; 9-16,17,18
location of, Fig. D block 9
restrictions for, 6-59; 9-1 8,63
usage of, 6-57,58,61,1 1 3,1 1 5,1 30
warnings issued for, 6-58,59; 9-18,69

HMDA (Horizontal Mode A)
demonstration ol,4-14
discussion of, 1 -1 5; 4-8
location of, Fig. A block 6

HIvIDALT (Horizontal Mode ALT)
demonstration ol.4-14
discussion of, 1-15; 4-8
location of, Fig. A block 6

HMDB (Horizontal Mode B)
demonstration of, 4-14; 6-1OO
discussion of, 1 -1 5; 4-8; 6-1OO
location of, Fig. A block 6
usage of, 5-1 OO,1 1 2.1 1 5.1 25

HMDCHOP (Horizontal Mode CHOP)
demonstration ol. 4-14
discussion of, 1-15; 4-9
location of, Fig. A block 6

HPLFT {Horizontal Positaon Left)
demonstration ot, 6 -75,76,77
discussion of, xxxii: 1 -15: 6-75,76,77,80.81,82: 9-47
location of, Fig. D block 18
restrictions lor, 6 -77,78,8O:. I - 47,63
usage of, 6-76,77,AO,A1 ,A2,93

@ A-7

HPRGT (Horizontal Position Right)
demonstralion ol, 6 -78,79,8O,82
discussion ol, xxxiii; 1 -15; 6-78,79.80,83; 9-47
location of, Fig. D block 18
restrictions lor, 6-78: 9-48,63
usage oi, 6-76,i8, llt,a1
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HSCL (Return Horizontal Scale Factor)
accuracy ol, 2-13
demonstralion of, 6-66
discussion of, xxxii; 1 -15; 6-66; 9-56
location of, Fig. D block 17
usage of, 6-66,93

HSCL (Set Horazontal Scale Faclor)
accuracy ol.2-13
demonstration of, 6-54
discussion of, xxxii; 1-15; 6-64; 9-56
location of, Fig. D block 17
restrictions for, 6-65; 9-56,63
usage of, 6-63,54,65

HXPD {Horizontally Expand Waveform)
algorithm for, 9-75
demonstration ol, 6 -69,7O,71
discussion of, xxxiii; 1-16; 6-68,69,70,71 ,72:9-48
location of, Fig. D block 18
restrictions lor. 6-69,72; 9-48,49,63
usage of, 6-69,70.71.93
warnings issued for, 6-69.70; 9-48,49,69,70

lD (ldentify Instru ment)
discussion of, xxi; 1 -16;7 -17; 9-22
localion of, Fig. B block 5

lD? (Transmit lnstrument ldentity)
discussion of, 7-8; 9-58

INTG (lntegrate)
accuracy of, 2-1 1

algorithm lor, 9-75
demonstration of,6-84
discussion of, xxxii; 1 -16; 6-83,84; 9-5O
location of, Fig. D block 18
restrictions for, 6-84; 9-50
usage of,6-84,93

ITRP (lnterpolate)
accuracy of, 2-1 1

demonstration of , 6-89,9O,91 ,92
discussion of, xxxii; 1-16; 5-83,89,90,91,92,93; 9-49
location of, Fig. D block 18
restrictions for, 5-89,91 ,92; 9-49,50,53,64
usage of , 6-89,91,92,93

1p1-.y (11 X Register Equals Y Register)
demonstration o1, 6-123
discussion of, xxxiii; 1-15; 6-111,121
location ol, Fig, D block 19
usage of, 6-123,129

A-8
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lFy>x llt Y Register Greater Than X Register)
demonstration of, 6-1 31
discussion of. xxxiii; 1-16; 6-11 1 ,'|.21 .132: 9-3O
location of, Fig. D block 19
usage of, 6-98,1 02,103.131

IOCOFF (Disable lnput/Output SRO)
discussion of, 1 -16; 7 -8,21 ; 9-5a

IOCON (Enable lnput,/Output SBO)
discussion of, 1-16; 7-8; 9-58

L
LBL (Return Labeled Line)

demonstration of, 6-1 1 8
discussion of, xxxiii; 1-16; 6-11O,111,118; 9-31
location of, Fig. D block 19
restrictions Ior, 6-119; 9-31 ,64
usage of, 6-1 03, 1 1 8.1 20,1 23,125,129,131

LN (Natural Logarithm)
accuracy of, 2-11,13
demonstration of. 6-1 5,39
discussion of, xxvi; 1 -16; 6-12,15,16,37,39: 9-11,12
location of, Fig. D block 2
usage of, 6-1 5,1 6,39,40
warnings issued for, 6-15,39; 9-12,7O

LNN (Began Label)
demonstralion of, 6-99,1 1 4
discussion of, xxvi; 1 -16; 6-99.114; 9-31
localion of, Fig. D block 'l

restrictions lor, 6-114;9-31 ,64
usage of , 6-99, 1 02. 1 1 2, 1 1 4,1 23,'l 25.129.1 31

M
MAX (Return Maximum Value)

accuracy ol. 2-12
demonstration ol.5-23
discussion of, xx,xxviii; 'l -'|.6: 5-22,23; 9-52
location of, Fig. I block 1; Fig. D block 5
usage of, 5-23; 5-51 ,'112,115.129:7'12

l\IEAN (Return Mean Value)
accuracy ol,2-12
algorilhm for, 9-75
demonstration of ,5-25
discussion of, xx,xxviii; 1 -16; 5-22,25: 9-52
location of, Fig. B block 1; Fig. D block 5
usage of, 5-25
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MID (Relurn Middle Value)
accuracy ol, 2-12
demonslralion ol. 5-24
discussion of , xx,xxviii; 1-16: 5-22,24:9-52
location of, Fig. B block 1; Fig. D block 5
usage of, 5-24,32: 6-43,93

MIN {Return Minimum Value)
accuracy of,2-12
demonstration o1,5-24
discussion of, xx,xxviii; 1 -16:, 5-22,24; 9-52
location ol, Fig. B block 1, Fig. D block 5
usage of, 5-24

N
NEXT (Go To Next Line)

demonstralion of, 6-1O5,1 1 4
discussion of, xxvi; 1-16; 6-97,99,105,11 4,115,121: 7-1O; 9-31
localion of, Fi9. D block 1

restrictions lor, 5-115; 9-32,64
usage of, 6-99 and throughout Programming.
warnings issued for, 5-1O1,1 1 4,1 1 5: 9-32,7O

OFF (Cursors OIf)
demonstration ol,5-2O
discussion of, xxi,xxix; 1 -16; 5-20; 9-16
location of, Fig. B block 3; Fig. D block 9
usage of , 5 -2O,2'l : 6-93. 1 OO. 1 1 2, 1 1 5,'l 23,1 29

OPCOFF (Disable Operation Complete SRO)
discussion of, 1-16; 7-8,21;9-58

OPCON (Enable Operation Complete SRO)
discussion of, 1 -16; 7-8; 9-58

ORD (Return Ordinale Value)
accuracy of, 2-1 1

demonstration of,6-86
discussion of, xxxii; 1 -16; 6-83,86; 9-5O
location of, Fig. D block 18
reslrictions for, 9-51,64
usage of, 6-86

ORD (Set Ordinate Value)
accuracy ol,2-12
demonstration of, 6-87
discussion of, xxxii; 1-16; 6-83,88; 9-51
localion of, Fig. D block 18
restrictions for, 6-88; 9-51.64
usage of, 6-86,87,93

A-10 @
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P
PAUSE (Pause)

demonstralion 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 ot, 2-12
algorithm lor,9-76
demonstration ol. 5-32
discussion of , xx,xxviii; 1 -17; 5-22,29,32; 9-54
location of, Fig. B block 1; Fig. D block 5
restrictions for, 5-33; 9-55.65
usage of, 5-32

PNT (Return Point Value)
accuracy ol,2-11
demonstrataon of.6-33
discussion of, xxx; 1 -17; 6-33: 9-2O
location of, Fig. D block 1O
restrictions for, 5-33; 9-20.65
usage of, 6-33,41 ,43

.PNT (Set Point Value)
accuracy ol,2-11
demonstration of, 6-34
discussion of, xxx; 1 -17:6-34;9-2O
location of, Fig. D block 1O
reslriclions for. 6-34; 9-20,65
usage of, 6-34,76,81

P-P (Return Peak-to-Peak Value)
accuracy ol.2-12
demonstralion ol, 5-24
discussion of, xx,xxviii;'l -'17: 5-22,24: 9-53
location of, Fig. B block 1; Fig. D block 5
usage of, 5-24; 6-43,98.101 ,102.131

PBEV (Go To Previous Line)
demonstration ol, 6-121
discussion of, xxvi; 1-17; 6-97,121; 9-32
location of, Fig. D block 1

restrictions lor. 6-121; 9-32,65
usage of,6-121,133

PROG (Program Entry Mode)
demonslration o{. 5-99
discussion o{, xxvi; 1-17; 6-95,97,1O4; 9-32
location of, Fig. D block 1

usage of, 6-99,1 04. 1 1 4,1 21,124,131 : 7 -1O,11

@ A-11 
Document scan by vintageTEK - Your donations help support the museum - vintagetek.org



Appendix A-Command lndex

P/W (Return Points per Waveform)
demonstration of, 6-21
discussion ol, xxx: 1 -17: 6-14,19,2O,21 ; 9-2O
location o{, Fig. D block 1O
usage ol, 6-21,65

P/W (Set Poinls-per-Wavetorm)
demonstration ol, 6-3'1 ,32
discussion ol. xxx; 1-17: 6-18,19,2O,31; 9-21
location of, Fig. D block 1O
restriclions for, 6-31 ; 9-21 ,65
usage o1, 6-31,32,46,51

R
READX (lnput X Beqister Value)

discussion of, xxvii; 1 -17: 7-4,8,9,11,'14,21 : 9-23
localion ol, Fig. D block 3
restrictions for, 9-23,65
usage of,7-12,15,'|.5

REMOFF (Disable Eflect of ROS)
discussion oI, 1 -17 : 7 -8,21 ; 9-58

REMON lEnable Effecr of BOS)
discussion of , 1-17;7-8; 9-58

RDOUT (Return Readout Setting)
demonstration of. 6-35
discussion ol, xxxi; 1 -17;5-4; 6-35; 9-45
location ol. Fig. D block 15
restrictions lor, 6-35; 9-46,65
usage ol, 6-35
warnings issued lor, 6-35; 9-46,7O

BISE (Return Rise Time)
accuracy oI,2-12
demonstration ot, 5-29
discussion of , xx,xxviii; 1 -17; 5-22,29; 9-55
location of, Fig. B block !; Fig. D block 6
restrictions for, 5-29 : 9-55,66
usage of, 5-29; 5-1 1 3.1 1 5.129.133

BMS (Beturn Boot-Mean Square)
accuracy ol,2-12
algorithm for, 9-76
demonstration ol.5-25
discussaon of, xx,xxviii;'l -17; 5-22,25; 9-53
location of, Fig. B block 1; Fig. D block 5
usage of, 5-25

A-12 @
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I

ROLL (Boll Stack)
demonstration ol,6-12
discussion of, xxvii; 1-17: 6-12: 9-36
location of, Fig. D block 4
usage ol,6-12.13

8OS (Assert SRO)
discussion o{, xxi; 1 -17:7 -8,21; 9-23
location of, Fig. B block 5

ROSOFF {Disable All SRO's)
drscussion ot. 1 -17; 7 -8,21 ; 9-58

ROSON (Enable All SRO's)
discussion of , 1-17:7-a,21:9-58

BTN (Return from Subroutine)
demonstration of. 6-1 3O
discussion of, xxxiii; 1-17: 6-111
localion ol, Fig. D block 19
restrictions for. 5-1 3O; 9-32,66
usage of,6-130,131

121 13O;9'32

8UN (Run Program)
demonstralaon of. 6-1 1 9
discussion of, xxxiii;'l -17; 6-3,97,119,120.133; 9-25,33
location o{, Fig. D block 19
restrictions 1or, 6-1 1 9; 9-33,66
usage of, 6-1 1 9

s
SAVE (Save Program)

discussion of, xxvii; 1-17; 7-4,8,9,1O,21: 9-23
location ol, Fi9. D block 3
restrictions lor, 9-23,56
usage of, 7-10

SCOPE (Scope Display)
discussion of, xxii,xxxi; 1-1 ,17;4-1 to 4-18;7-17,18;9-3,15
location ol, Fig. B block 7; Fig. D block 14
usage of, 3-3; 4-13; 5-1O: 6-24,47,1OO,112.115.117,125

SENDl (Output X Flegister Value)
discussion of, xxvii; 1 -1a; 7-4,A,9,11,14,21 ; 9-23
location of, Fig. D block 3
restriclions for, 9-23,66
usage of, 7-12,14,15
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SGN (Return Signum)
accuracy of, 2-1 1

demonstration of, 5-1 5,4O
discussion o{, xxvii; 1-18: 6-12,15,37,4O: 9-12
location of, Fig. D block 2
usage of, 6-15,40

SMOOTH (Smooth Wavef orm)
accuracy of, 2-1 1

algorithm 1or,9-76
demonstration of. 6-85
discussion o1, xxxii; 1-18; 6-83,85; 9-51
location ot, Fig. D block 18
reslrictions lor, 6-85; 9-51,66
usage ol, 5-85,93

SORT (Beturn Square Root)
accuracy ol,2-11,13
demonstration ol, 6-15,38
discussion o{, xxvi; 1 -18; 6-12,15,37,3a; 9-12
location o{, Fig. D block 2
usage of,6-15,38
warninqs issued for, 6-15,38; 9-12,70

SRO? (Transmit Line 16)
discussion of, 7-9; 9-59
usage of, 7-2O

START (Sta11 Program)
demonstration of, 6-1O4,1 1 7
discussion of, xxxiv; 1-18; 6-97,1O4,118; 9-33
location o{, Fig. D block 19
restrictions for, 6-1 1 8; 9-33,66
usage of, 6-1 04,1 17,124,1 30,1 32,1 34

STEP (Execute Program By Lines)
demonslration ol, 6-1 20
discussion of, xxxiii; 1-18: 6-3,97,12O; 9-25,34
location or, Fig. D block 9
usage of, 6-12O
warnings issued for, 6-120: 9-34,7O

STOP (Stop)
demonstration of, 5-'lO; 6-132
discussion of, xxii,xxxiv;1-18;5-3.4;6-3,97,111,12O,132,133 134,135;7-4:9-25,34
location of, Fig. B block 6; Fig. D block 19
usage o{, 5- 1 O; 6- 1 O2, 1 03.1 1 3,1 1 6,1 23,1 29,1 31
warnings issued for, 9-7O

STORED {Stored Display)
demonstration of, 5-6
discussionof,xxii,xxxi;1-1,18;5-3,6,14,15,16;6-1,104;7-17,18;9-4,5,15
location oI. Fig. B block 7; Fig. D block 14
usage of , 4-'l 3; 5-6,9, 1 O,12,1 8,23,2a: 6 -1,21,25, 29,3a,41,46,4A,52,53,63,72,83
1o4,112,115,125
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Appendix A Command lndex

SWH (Set TTL SIGNAL OUT High)
accuracy ot,2-7
discussion o{, xxvii; 1-18: 2-7; 9-23
location of, Fig. D block 3

SWL (Set TTL SIGNAL OUT Low)
accuracy ol,2-7
discussion of, xxvii; 1-18: 2-7; 9-23
location of, Fig. D block 3

T
TEXT (Transmil Text)

discussion of, 1 -1 8; 7 -4,a,9 1a,21 ; 9-59
restrictions for. 9-59,56
usage of, 7-2O

>TEXT (lnput Text)
discussion of, 1 -1 8; 7 -4,a,9,17 Ja,21 : 9 -59
restrictions for, 9-59,66
usage of,7-19
warnings issued for, 9-59,70

TIME (Versus Time)
demonstration of.6-54
discussion of, xxx; 1 -18; 6-19,45,54; 9-38
location of. Fig. D block 12
usage of, 6-54.56

v
VCRD (Return Vertical Coordinate)

accuracy of.2-11
demonstration of. 6-52
discussion of, xxix; 1 -18; 5-62; 9-16,19
location of, Fig. D block 9
restrictions for, 6-62; 9-19,66
usage of, 6-62

VCRD (Set Vertical Coordinate)
accuracy of, 2-1 1

demonstration of, 6-59,6O,61
discussion of, xxix; 1-18; 2-11; 6-59,61; 9-15,18
location of. Fig. D block 9
restriclions for, 6-61; 9-18,66
usage of. 6-59,50,61.1 1 3,1 1 5,129

VECT (Vector Display)
demonstration ol,6-47
drscussion of, xxx; 1-18; 6-45,47: 9-38
location o{, Fig. D block 12
usage of, 6-47

demonstration of. 4-13
discussion ol, 1 -'18: 4-7
location of, Fig. A block 4

VMDADD (Vertrcal Mode ADD)
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VMDALT (Vertical Mode ALT)
demonstralion of,4-13
discussion of, 1-18; 4-5
location of, Fig. A block 4

VMDCHOP (Vertical Mode CHOP)I
demonstration of. 4-1 3
discussion o1, 1-18: 4-7
location of, Fig. A block 4

VMDL (Vertical Mode LEFT)
demonslration of, 4-1 3; 6-'lOO
discussion o{, 1-18; 4-5; 6-1OO
location of, Fig. A block 4
usage of, 6-1OO,1 1 2,1 1 5,125

VMDR (Vertical Mode RIGHT)
demonstralion ot,4-13
discussion of, 1-18; 4-5
location of, Fig. A block 4

VPDN (Verlical Position Down)
discussion of, xxxi; 1-19; 6-72,74; 9-4O
location o{, Fig. D block 13
restriclions 1or. 6-74: 9-4O,67
warnings issued for, 9-4O,70

VPUP (Vertical Position Up)
demonstration of.5-73
discussion of, xxxi; 1-19; 6-72,73;9-4O
location of, Fig. D block 13
restrictions lor, 9-4O.67
usage of, 6-73
warnings issued for. 6-73;9-4O,7O

VS (X Versus Y Mode)
demonstration oi. 5-53
discussion of, xxx; 1-19; 5-45,53,54,59,65; 9-7,38
localion of, Fig. D block 12
restrictions for. 6-54; 9-38,67
usage of, 5-51,53

VSCL (Return Vertical Scale Factor)
accuracy of,2-12
demonstration oJ, 6-66
discussion of. xxxii; 1 -19; 6-66; 9-56
location of, Fig. D block 17
usage of, 6-40,56

v:lC t (Set Vertical Scale Factor)
accuracy of, 2-'12
demonstralion of, 6-64
discussion of. xxxii; 1 -19: 6-54; 9-56
location ol, Fig. D block 17
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'VSCL (Cont)
restrictions for, 6-64; 9-56,67
usage oI. 6-40.63,64

VXPO (Vertically Expand Waveform)
accuracy ol,2-13
demonstration oJ, 6-67
discussion of, xxxii; 1-19; 5-67; 9-55
location of, Fig. D block 17
restractions for, 6-57; 9-57,67
usage of, 6-67
warnings issued for, 6-67; 9-57,71

VZR (Return Verlical Zero Reference)
accuracy ol.2-12
discussion of, xxxii; 1 -19; 9-57
location of, Fig. D block 17

'VZR (Sel Vertical Zero Reference)
accuracy o(,2-'|.3
demonstration ol, 6-74,75
discussion of, xxxii; 1-19: 6-74:9-57
localion of, Fi9. D block 17
reslriclions lor, 6-74: 9-57 ,67
usage of, 6-74,75
warnings issued lor, 6-74: 9-57,71

w
WFM (Return Stored Waveform)

demonslration oI, 6-22
discussion of, xxx; 1 -19: 6-22;9-21
location of, Fig. D block 1O
restrictions f or, 6-22: 9-21 ,67
usage of . 6-22,25,26,29,3O.38,39,40,41 ,42,43,6A,91,93.131 ;7- 14.1 5

WFM (Copy Stored Waveform)
demonstration of,6-26
discussion of, xxx; 1 -19: 6-20,26; 9-21
location of, Fig. D block 1O
restrictions tor, 6-26: 9-21 ,68
usase of , 6 - 26,27 .34, 39, 47, 44,52,53, 68, 98, 1 O 1 1'.12,115,125

WIDTH (Return Width)
accuracy oI, 2-12
demonstration of. 5-31
discussion of, xx,xxviii; 1 -19; 5-22,29,31; 9-55
location of, Fig. B block 2; Fig. D block 5
restrictions for, 5-31 ; 9-55,68
usage of, 5-31 ; 6-11 3,1 16.129.133
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X<>/ (X Exchange Y)
demonstralion of, 6-13
discussion of, xxvii; 1 -19; 6-12,13; 9-36
locatron of. Fig. D block 4
usage of, 6-13,40

o,1,2,3,4,5,6,7.4,9 (D is ils)
demonstration of.6-5
discussion of, xxix; 1-19; 6-3,94: 9-24
locatron of. Fig. D block 8
usage of, Throughout Section 5
warnings issued for, 6-5; 9-71

(Decimal Point)
demonstration o{, 6-5
discussion of, xxix; 1-19; 6-3;9-24
location of, Fig. D block 8
usage of, 6-5 and throughout Section 5
warnings issued for, 6-5;9-24.71

+ (Add)
accuracy of ,2-'l'1 .13
demonstration of, 6-7
discussion of. xxvii; 1-19; 6-7,8,35; 9-13
localion of, Fig. D block 2
usage of, 5-7,9,1 0,1 1,40,44,93,123,129
warnings issued lor, 9-71

- (Subtract)
accuracy ol,2-11,13
demonstration of,6-7
discussion of, xxvii; 1 -19; 5-7,8,36; 9-13
location of, Fig. D block 2
usage of, 6-7,1O,1 1,43,93
warnings issued for, 9-71

* (Multiply)
accuracy oI,2-11,13
demonstration ol, 6-7,41
discussion ol, xxvii; 1-19; 6-7,8,36,41 ;9-13
location of, Fig. D block 2
usage of , 6 -7,1 O,1'1,1 4,1 6, 40.41,r14,93.98, 1 O1
warnings issued for, 9-71

/ (Divide)
accuracy ol,2-11,13
demonstration o1, 6-7,42
discussion of, xxvii;'l-19; 6-7,8,36,42: 9-13
location of, Fig. D block 2
usage of, 6-7,9.1 O.16.40.42,43,65
warnings issued for, 6-A,42: 9-13,71
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