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-5z STACK 52

2008 L“OP CINT FOR TRANSFER FUNCTION
5838 52
ii i
i i Parameter entry
2 32767 Range: { - 12767
100 0 Variable: 15
15 20000
1200 BLOCK 1200 {ends in stack 54)
; § i2n {iD  Eranch ger yarichle 14
on to L4201, 1202 or 1203
1242
22 i
Pause for aperator action
5 Turn on BAC
3600 3 i Subroutine cnll - baseband measurement
i Turn off DA
1249 2 i then go to end of block 1200
1282
32 i
Payse for operater actin
303 3 i Subroutine cali - baseband measyrement
1249 2 i thes go te end of black $200
1201
i2 i
i i Parameter zntry
- Range: { - 2
igg i Yarjable: i6
- i6 200D
1258 BLOCK 1258 {ends ;n stack 54:
b 1EH 16D ﬂranch per yariable 16
ib L4254 or 1282
125
22 i
Fagse for epergtor action
30qn 3 i Sebroetine call - bﬁsebuwd MEQSUTRMER
1g5% 2 i thea g6 1o end of pleck 1258
1352
i3 i
i i Parameter entry
2 3 Range; 1 - &
146 ] Yariable: 17
A7 ELHIE
5438 53
i5 i
1 i arameter rn*ry
2 g ﬂanttA i-2
184 ] Yarianble: i3
i 2060
1368 i stack 533

¢ 130 80 B

T

0 s
L -
s
DOn )

oCK 1300 {ends
cnch per var.ab
te Li304 or 1302

[

. ;
pe 40 L 4
LA i

P

[
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U e

‘ Cursor on. Cursa. pnrane?ers to

: f2éﬁ1§ug5_lJ; i
9 1

i]f?bdiﬁfl,:*‘*7
1320040 2
2003
3 a0

20040

20000

oo
72000

o

190

1St

Lot bt qors S

C45E1

T

m

"~13§ann§‘
L 54

g ’-:éé , 

variohles 2000 ~ 2002 (2302'+re§nenry3

, Uqriqbie 2003 qats zst curser ?reqnenL9 ;

- Cursor an pusuneters t 2083 - 2002
< Lurser of % '
“Varichle 2004 qets 2nd corsor Frequency

BLODK 1356
If st cursor +reqnenay >
, then suap. theu

*END OF BLOCK 1350

‘Quriublé‘ﬁﬁ gets zoom bdﬁﬁuidth‘ :

 Variahle %? qe*s xuaﬁ center frequ&ncy :

Efusqnduxdth not ¢ ctr freg
then bandwidth = ctr freq - i
END OF BLOCK 1408 ‘

~ END OF BLOCK 1300 (From stack 58)

BLOCK 1450 (ends in siock 94)
Branch per wariable i7

o te L1451 1452 o i%SJ

'~Pauge,for~0pera?or action

Parameter 8ﬂ!“¥
V&r?uhle 24 ,
3LBCK iSﬁﬂ iends Lﬂ utqck 54)

Brunch &r uurxublﬂ 24
ot ti 91 or 1582 |

o ?ﬂ?ﬂﬁe*ﬁr entry

26333

Ranger 4 =3 e e
Jarioble: 2000 Etsﬂparqrg
BLOCK 1550 (ends in stack 341
Branch %ar varinble 2000
ot Li554, 1352 o 1553

, QRUSz & 1995 ta 5& 8“‘ﬂ§§y
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b fad
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134

b4

197
?

26089
198

&0t

i9D

e o

STACK 54

Varlable 22 gets defavlt start track
Varinble 21 gets defoult # of records

Parcmeter entry
Range: & ~ 197
Yariable: 22
Variable 22 geic user’s start fpack
20000 yariohle 21 gets ¥ of records left
END OF BLOCK icﬁﬁ ifrom stack 3
Position throughpet file to start track

Payse for sperator actien

Variapie 13 Qets current block size

Set black size to may for throughput
2ib oo Berform ADD thruuahps‘

Rastare hlock size

END OF BLOCK 1500 (fram stack 53)
END OF BLOCK 1450 (from stack S3)
BLOCK 14660

175 Eranch per varisble 47
to Liadi, 1662 o 1503

200 iniziniize zsom--on line preprocesser
£ Subroutine call--zoom measurement
Reset room 1o baseband
Ge 1o end of blquk A0

220 Initinlize zoom--eff ling preprocessor
i Sybrovtine call--zoom neusurenen*‘
Reset zosm te basshang -
SRt 8 and of: bxock ;éﬁi ,

22D nxfxalxﬁe Loaa——ﬁ‘f Line seftuare

£ Subrautine call-=1som neusuranen*

« ﬂﬁse Zoo% to haseband
< END-OF BLOCK 1600 ifrom stock 53
EﬁQ OF BLOCK 1257 (from stack S°)
tNE OF BLBLK 1209 (from stack 52}

Transfer function complete
?rxnf instractions 1o operator

Vﬁcve‘vaniaﬁle‘puruﬁefﬁré z

"Puusa for operatar actiom

i ‘to repeat transfer function

ENE G TRﬁNS ER FUNCTION (except subroutines)
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-85 STACK 55
gggg e BASERAND TRANSFER FUNCTION SUBROUTINE
2 3 Check ADC input selecter. If not 2 channel
3 - infors dperator ; _
ause for operater 1o correct it and
3008 -{ ioop to check again,
% Clear blocks needed for averaging
4
H .
3056 _ BLOCK 3050
3 3058 11D Branch_per wvorigble {i
0 -1 te L3051, 3092 or 3053 i
: §%§§ L3051 & 3052 equivalent--non-transisnt
Sk
[ 3 Analag input
i Hann
1
b i Transfors
L & Clgar DC
i )
i 2 2 Average Spacite
3054 150 i Loop vor specified § of querages
3450 7 i Subrautine call - clear 2nd half block
g 2 2 Compute transfer functien
§ -8 Correct amplitude for Hanning
& 3
3 ié
3 3
3059 -1 :
3853 L3053 transient signels
29 i Instruct operater To impact an cue
3054
36 i Sue with "beep”
g 2 Analeg input .
5 3 -2 Check For gverload--if se, cee ogain
i % Transfore
[ ] {lear 00
: !
i 2 2 duergce specirn
3054 iSD B Loopter specified ¥ of averages |
2958 7 i Subrauting call - clear 2nd half olock
g 2 2 Compyte transfer function
305y END OF BLOCK 3858
i Take logs of specira
3
4

Return to calling pregran
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4200
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s
FeIrag
(5=

o

ra

STACK S8
SUBROUTINE FOR ON LINE ZOOH TRANSFER £CM

Checi ADC imput selecter If net 2 channsls
infers gperatar i '
pause for speroter to correct it and
ioop to check aogain

Clear blscks needed for averaging

Zoem, displaying Channel B power speciron
Average spectra

Loap for specified # sf averages

Compute transfer funciisn

Subroutine call to move data

Return te calling pregran

SUBROUTINE TO MOVE DATA BLOCKS
Hove data blocks from zeom grea
te aren for eperater viewing

Take logs of spectra

Return to calling program

SUBRDUTINE FOR OFF LINE ZODN TRANSFER FCM
Clear blocks needed for averaging

Zoow on Channel 2

Zoow_on Channel A

Display Channel B power spectrus
Average spectra

Loop for specified ¥ of averages
Compute transfer functien
Subroutine call to move data
Return to calling progrom
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1

[}
[¥3]
o

2000
5838

o
=)
==
(R,
T s 3o v 1O~

itg

1309
{312
1303

3
=1

52
1
i
2767
20000
{
i
2
0
20000
{250 16D

M2
porarery

i
20000
1300 18D

3
i

[P

w27
20000
1

STACK 58
LOOP POINT FOR POWER SPECTRUM

Parameter entrg
Range: i - 32767
Variable: 15

Parameter entry
Ronge: § - 2
Variable: ib

BLOCK 1250 {ends in stack &0)
Branch per varioble 1é
to L1251 or 4252

Pause for operator action
Subroutine call - baseband megsurement
then go to end of block 1250

Parameter entry
Range: 1 - 3
Variable: i7

Parameter entry
Range: { - 2
Varigble: i8

BLOCK 1300 {ends in stack 5%)
Branch per varigble 8
to L1301 or 4302

Parameter entrg
Range: { - 33767
Variable: i9

Parameter entry )
Range: i - (valve of var i9 - 1}
Varigble: 2§

5451C OPERATING
D-15



T
feu]

1
[N

et
1
ro
=3
=4
€l

P T |
-+ i

ra ro

[ L]

1 ot

| el L1

>
1™
et
o
=
=
r

o g
Lad Lo
= e
~0 -0

©l
fQ
™o

/L
Ex)

i [ )

T
@
o

®l
Y

B T T L I T R e i e o e e e e T L
B [} .-
-+
hod

=
~o

STACK 59

20010

2004D
20030
20010

2004D
2000D

20030
2001D

19D
90

2003D

20800

e o

Cursor on, Cursor parameters to

variables 2000 - 2002 (200i=frequency)
Vnriub;e 2003 gets ist cursor frequency

Curso?,pn% parameters to 2000 - 2002

Cursor of

Yariable 2004 geté 2nd cursor Frequency

BLOCK 1350 ;
If ist curser frequency ) 2ad

then swap them
END OF BLUC& 1350

Varianble 20 gets zoon bandwidth

Variable 19 gets zoom center freguency

BLOCK 1400
If bandwidth net { ctr freg
then bandwidth = ctr freg - |
END OF BLOCK 1400

- END OF BLOCK 1300 {from stack 58)

1450 i7b

BLOCK 1450 {ends in stack 60)

Branch per varigble i7
to L1451, 1452 or 145]

Pause for operator action

Papameter entry
Range: { - 2
Variable: 24

BLOCK 1500 (ends in stack 60

Branch per varigble 24
to Li501 or 502

Paraneter entry
Range: { - 3
Variable: 2000 {temperary)
BLOCK 1550 (ends in stack 40}
Branch %er yariable 2000
te Li554, 1592 o 1553

Pause & loop to here--abert
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-6l STACK &0

L

L 1554

Y 22 i34 Variable 22 gets default start track
1. 21 64 variable 24 gets default # of records
I 7 1559

L i5%%

YU 27 i

T i i Parameter entrgﬂ

Y- 2 197 Range: {1 - 197

I 100 i Variable; 22

Y 22 20000 Variable 22 gets yser’s start track

Y A 21 198 2000D Vorigble 24 2ets # of records left

L 1559 END OF BLOCK 4550 (from stack 59)

?Sw 32qq 22D Position throughput file to start track
[ el i

D Pause for gperator action )

BS i3 Varigble i3 gets cerrent block size
BS 4096 Set bleck size to max for throughput
HS 22 i 24D Perforn ADC throughput
it 13D Restore block sizeé
YW 2 i
L 1509 END OF BLOCK 1500 {from stack 59)

L 1459 END OF BLOCK 1450 (frem stack 59)
L isb0 RLOCK 1400

Y A+ 0 1600 17D Branch ger variable {7

J 60$D te L1601, 1602 or 1863

Ld

b 46 19D 20D Initialize zoom--on line preprocessor
I 40t i i Subrovtine call--zoow measurement
Y 40 B Reset zoom to baseband

I 1609 Go to end of block 160

L 402

Y 43 19D 200 220 Initialize zoom--off line preprocessor
I 4500 { i Subrovtine call--zoom measurement
Y 43 0 Reset zoom to baseband

I 1609 Go to end of block 160

L 1a03 o .

Y 4 19D 200 220 Initialize zoom--off line softuare
I 4500 i i Subroutine call--zoom measurement
1 41 ] Reset zoom to baseband

L 1609 END OF BLOCK 1600

Lo 1259 END OF BLOCK 1250 {from stack 98)

Y 5838 54

YW 23 i Power spectrum complete

YW 25 i Print messages to operator

A\ 26 i

MS 37 Save variable parameters

MS a7

g Pause for operator action

2000 -2 i LooB to_repeat power spectrus )
END OF POWER SPECTRUM (except subroutines)
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STACK 81 '
BASEBAND POWER SPECTRUM SUEROUTINE

Check ADC input selecter. If not i channel
i inform operator o ¢ 2t
ause for eperator to correct it and

e8
(23]

-1 oop te check again
‘ Clear block needed for averaging
i Analog input, displaying average
Hann
Transform
] Clear DC
fiverage spectrum
15D 8 Loop for specified ¥ of averages
i i Subroutine call - clear 2nd half block
ig Hanning correction for broadband noise

Load qverage to block 0
Take log

Return to calling program
55 SUBROUTINE FOR ON LINE ZOOM POWER SPECTRUM
i 3 :
i Check ADC selector. If not 2 channels
inform operater :
-1 pause for eperater to correct it and
leop to check again
} Clear bleck needed for averaging

Zoom, displaying power spectrum
15D 0 Average spectrum

Loop +or specified # of averages
Load -average to bleck 0 '
Take log ‘
Return to calling program

SUBROUTINE FOR OFF LINE ZOOM POWER SPECTRUM

i Clear block needed for averaging
Zoon

15k 0 - Display average (i sweep)
Average :

Loop for spacified ¥ of averages
Load average to block 0

Take log :

Return to calling program
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L -52 STACK 82

L 9050 CLEAR 2ND HALF BLOCK SUBROUTINE
Y _ 29 9057 Set return label valve

I~ 90% -

L 9057 Return label

g 4 25D 26D  Clear last half block 4

CL S 25D 260 Clear last half block &
T 9059 -1

L 9058 Entry pt. Pur § ec gn
Y _ 29 9058 Set return labe ue
T 905 -1

2058 Return label
9053 2?0 26D Clear last half block §

2056

L

cL

E

Y A+ 0 9051 14D Was HP filter selected?

I ] -1 No, Gto 9054

L 9082 Yes

Y BS i3 Get current blacksize

Y 26 13D Store Bs/2 in variohle 28
Y 25 260 Store Bs/4 in variable 25
J 29D - Indirect retuern

Lo 9054

% 9059 End of pgm 905049055

Retsrn to calling progras

Text buffer messages for Transfer Function and Power Spectrum programs

BUFFER #  MESSAGE #
54 i
HP TRANSFER FUNCTION PROGRAH

5t 2
SELECT EXCITATION TYPE
Si=RANDOM - BASERAND OR ZOOM
2=HF DAC -~ BAGEBAND ONLY
J=TRANGIENT - BASEBAND ONLY

51 3

INPUT DESIRED DAC DUTPUT IN MV
51 4

HF POWER SPECTRUM PROGRAH

51 5
SET ADC FREQUENCY RANGE AS DESIREF
{SAMPLE HMODE & HULTIPLIER)
SET ADC TRIGGER TO “FREE RUN
CHANGE BLOCK 517E IF DESIRED
PRESS "CONTINUE" WHEN READY

5 b
ARE HP FILTERS INSTALLED!
0=0, 51=7ES

5451C OPERATING
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5
SEé KEYBEA#D REPEAT/SINGLE SWITCH
PRESS "CONTINUE™ WHEN READY

5 9
UPPER LINIT = 8

hNTRYEBU’ DE RANGE -PLEASE REENTER
PRESS CONTINUE WHEN READY

52 8
TURN ON RANDOM EXCITATION SOURCE

52 9
SET TRIGGER SOURCE AS DESIRED
IMPACT STRUCTURE REPEATEDLY

52 £0
aET avrnLaAD UDLTAGES AND TRIGGER
LEVELS FOR SIGNAL AMPLITUDES
HOVE REPEAT/SINGLE SWITCH 10
"SINGLE® WHEN READY. IF SOURCE
12 NOT IN FREE RUN, TRIGGER THE
SYSTEM AGAIN T0 CONTINUE,

52 ii
ENTER NUMBER OF AVERAGES DESIRED

. TS V-
ENTER NEASUREMENT TYPE
{=BASEBAND
52=7004

52 i3
ENTER Z0ON MEASURENENT MODE
—oN LINE, PREPROCESSOR
2=0FF LINE, PREPROCESSOR
-FFF LINE, 'SOFTWARE

5451C OPERATING
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52 i4
Z00M NOT APPROPRIATE WITH HP DAC Reeps to cue operatoer
BASEEAND MEASUREMENT WILL EE MADE

RIC ENTRY
2 CURSDR - ON PRISR HEASUREﬁENT

53 iS5
HOU HILL You SPECIFY ZOUH BANDHIDTH7
UMER R FREQ & BU

53 i6
ENTER CENTER FREQUENCY

53 i7
ENTER BANDWIDTH

53 ig
HOVE CURSOR TO START FREGUENCY
PRESS "VALUE® (SWITCH REGISTER ii)

53 19
MOVE CURSOR TO END FREQUENCY
PRESS "VALUE"

53 20
ANALYZE OLD OR NEW DATA?
2’%%3 {FROM THROUGHPUT FILE)

54 24
THROUGHPUT COMPLETED

22

PRESS "CONTINUE® FOR MEASUREMENT

4 23
MEASUREMENT COMPLETE

54 24

T0 DISPLAY RESULTS, PRESS:
"DISPLAY* *0* LOG TRANSFER FCN
“DIGPLAY" "{* COHERENCE
"DISPLAY® *2* INPUT POMER SPECT
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‘BiSFLﬁ?‘ '3* GBIPQT Fawgaf Ez
“EISPL{%%“ "54*' ﬁgas ,~e ER SPECT

o TR ﬁP?M‘E}IﬁPL‘A‘f ON TERMINAL: -
 PUT TERMINAL IN GRAPHICS HODE
S PRE&S “G&Lﬂ &EYﬁV LT

Eﬁgﬂfi;:;fgv e taa
cmE_ =

o ﬁﬁKE A NOTHER NEAS
i P& ER mq‘_ v éﬁc

!‘«4’

: " EMER Ssmm mu( FGR‘ mnmmmr =

S mm jGHPUT WILL USE TRACKS srerem s
S 35 THROUGH 198 ON THE ‘.QHER : S
{Fas) DISL. IS THES 07

LD - AR

A“””ffj‘fEﬁPhﬁT STR&C?UE kﬁﬁ
- FOREACH ﬁUERAQE

 Beess to cue op
 Baeps to cue aperater

oE AL m?ur SELECTOR TO. w* - 5

“Peeps 1o cue op
PRtSS bﬁNT‘iNUE" HHEN‘ REQDY e e R
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APPENDIX E
INPUT/OUTPUT OPTIONS

INTRODUCTION

This section provides operating information for the optional Low Pass Filter and DAC. It also contains brief
descriptions of how to use other peripheral devices to input or output information to the system (e.g.,data,
text, or programs). The operating information for the optional Pre-Processor is contained in Section 5. An
explanation of how data is represented for input or output is contained at the end of this Appendix.

LOW PASS FILTER

The Low Pass Filter provides signal conditioning of an analog inputsignal through one of ten selectable filter
ranges.

The Low Pass Filter has no front panel controls; all filter settings are programmed from the system Keyboard
or through software. Ten indicator lights on the front panel indicate the frequency range of the active filter.
Two additional lights indicate whether the filter is being bypassed and if the input signal is ac-coupled. Two
front panel BNC'’s provide one connection for the analog signal to be filtered (INPUT) and a second con-
nection for the filtered output signal (OUTPUT).

SETUP
The software for the Low Pass Filter is resident in several of the system overlays.

When power is first applied and the filters are in the bypassed mode, the FILTER BYPD lamp should light.
When a filter range is activated, the appropriate range lamp and the AC CPLG lamps will light, and the FILTER
BYPD lamp will go out. If no light appears, check the position of the rear panel LINE ON switch.

KEYBOARD COMMAND FORMAT

The filter is operated from the Keyboard through variations of the following command:
USER PROG 100 SPACE n1 SPACE n2 SPACE n3 ENTER

where:

n1 = filter range.

50 =50 Hz, 125 = 125 Hz, 250 = 250 Hz, 1250 = 1250 Hz.
2500 = 2500 Hz, 5000 = 5 kHz, 12500 = 12.5 kHz,
25000 = 25 kHz, 5 =50 kHz. S6o = SOOHNzZ

0 = auto select mode: if in Fmax setting the filter range = 1/2max (where Fmax is from 100 Hz to 100
kHz); for Af sampling mode, a filter in the range of .38 = Fc = .8 of Fmax or filter bypass is selected.
See Table E-1 for filter range automatically selected for Af sample mode and block size.

99 = filter is set to bypassed mode.

n2 = select code, specifying the unit (or units) which are to respond to the command.

The interface channel may be shared with other units. Every unit using the channel is identified to
the Processor (or software) by a select code, set by switches inside the device. The select code set
by these switches is the address by which the device is known for communication with the Proces-
sor. See later paragraph, Select Code Switches.

Where n2in the command is a positive number from 1 through 15; only the unit having the select
code specified by that number will respond to the command.

5451C OPERATING
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Where n2 in the command is a negative number from -1 through -15*; all units whose select
code is in the range 1 through |n2| will respond to the command.

*When addressing all filters, do not use a number higher than the highest numbered filter. For
example, if you have 4 filter modules with select codes 1 through 4, then n2 would be —4 (not-15)
to set all filters to the cutoff frequency of n1.

Where n2 is defaulted, only the unit having select code 1 will respond to the command.
n3 = ac/dc coupling: 1 = ac coupling, 0 (or default) = dc coupling.

NOTE

Each time a command is issued to change the filter range, a variable time delay
occurs during which the filter output is automatically grounded to allow switching
transients to settle. The time delay = 10 (1/F¢c) + 1 ms = time required for reed relay
to make proper contact.

USER PROGRAM 100

When User Program Y100 is used with n1=0, the filter will track the ADC sample rate each time an ANALOG
IN command is used.

Example:

Set ADC SAMPLE MODE to MAX FREQ, kHz/us and MULTIPLIER to 100/200/5
Press USER PROG 100 SPACE 0 SPACE 1 ENTER

Filter module 1 will be set to 50 kHz.

Set MULTIPLIER to 50/100/10

Press ANALG IN ENTER

Filter will be set to 25 kHz.

If the filters are tracking the ADC sample rate and an overlay swap occurs, the filters will remain at their last
settings but will stop tracking the ADC.

The following command retains the current filter settings, but stops the filter from tracking the ADC
sample rate:

USER PROG 100 ENTER

SELECT CODE SWITCHES

The select code is set by four switches on the Decoder board (A8), similar to those shown in the illustration
below. When any of the switches is set toward the black dot (on the switch assembly body) or the “ON’’ label

(adjacent to the switch position on some boards), the corresponding bit will be interpreted as a 1 by
the Processor.

Select codes for the filter(s) are setat the factory in consecutive order beginning with 1. If a DAC is part of the
system, its select code is normally 15 and should not be duplicated in the filter codes.

For convenience, front panel stickers are supplied to show the select code assigned to each filter.

5451C OPERATING
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Select Code Switches

SWITCH HANDLE
Lo
o
BIT="1"
EXAMPLE
FOR ADDRESS
BIT = “0”

BIT — 1 2 4 8
WEIGHTING(OR AS SHOWN ON BOARD)

DIGITAL TO ANALOG CONVERTER

The DAC module produces an analog waveform from the contents of a Fourier time-domain data block. The
time and frequency scale of the signal produced at the DAC output is determined by the ADC sample rate;
the DAC output rate is synchronized with the ADC sample rate. There are two DAC output modes: contin-
uous and single shot. The continuous mode produces a periodic repetition of the stored waveform. The
single shot mode produces one record of the data block as a single transient. In addition, a special form of
the ANALOG OUT command on the system Keyboard creates arandom time domain signal in a data block
which can be used to produce a pseudo-random stimulus signal.

SETUP

The software for the DAC is resident in one of the system overlays. The select code for the DACis setto 15 at
the factory.

When power is first applied to the DAC, the GND lamp should light. When the DAC is operated, other lamps
will light as described later in this section. If no lights appear, check the position of the rear panel LINE
ON switch.

KEYBOARD COMMAND FORMAT

The following command format activates the DAC output from the Keyboard.
ANALG OUT n1 SPACE n2 SPACE n3 ENTER

where:

n1specifies the data block used by the ANALOG OUT command. It cannot be the same datablock used
by the ANALOG IN command.

n2 determines the nature of the DAC command. If n2 =1, the time-domain data is read out once (after
the ADC triggering conditions are met). If n2 = 0, or defaulted, a continuous analog output is selected
and the analog signal is read out repeatedly until an ANALOG OUT stop command or a RESTART is
executed. If n2 = 2 then the data block n1 is filled with random data with a peak value equal to n2 mV.

n3 sets the DAC filters to one of nine cutoff frequencies. If n3 = 0 the DAC filter is bypassed, that is,
set to the throughput state. If n3 is defaulted, the DAC software automatically sets the filter cutoff to
the optimum filter range. (.38 Fmax < Fc < .8 Fmax where Fc = the cutoff frequency of the filter.)

5451C OPERATING
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The following command turns off continuous DAC output (analog stop command):

ANALG OUT ENTER

The analog stop command establishes a zero output value in the DAC and stops the output. When the DAC
is started, the ON and RUN lights turn on. When the analog stop command is entered, the ON and RUN
lights turn off and the amplifier output is set to ground. The filter is set to the throughput state (filters are

bypassed) and the DAC is cleared and ready for the next command.

If a 5477A System Control is part of the system be sure it is turned OFF whenever

the ADC is not in remote.

NOTE

Table E-1 shows the DAC filter settings for each blocksize versus ADC sample rates.

Table E-1. Low Pass or DAC Filter Setting vs. Block Size

AF Total 4096 2048 1024 512 256 128 64
Time
— —
1 kHz 1ms N/A* N/A N/A N/A N/A N/A 25 kHz
500 Hz 2ms N/A N/A N/A N/A N/A 25 kHz | 12.5 kHz
200Hz 5 ms N/A N/A N/A 25 kHz | 12.5 kHz 5 kHz 5 kHz
100Hz 10 ms N/A N/A 25 kHz | 12.5 kHz 5 kHz 5 kHz 2.5 kHz
50 Hz 20 ms N/A 25 kHz | 12,5 kHz 5 kHz 5 kHz 25kHz | 1.25 kHz
20Hz 50 ms 25 kHz | 12.5 kHz 5 kHz 25kHz | 1.25 kHz | 500 Hz 500 Hz
10 Hz 100 ms 12.5 kHz 5 kHz 2.5kHz | 1.25 kHz 500 Hz 500 Hz 250 Hz
5 Hz 200 ms 5 kHz 2.5 kHz | 1.25 kHz 500 Hz 500 Hz 250 Hz 125 Hz
2 Hz 500 ms 25kHz | 1.25 kHz | 500 Hz 250 Hz 125 Hz 50 Hz 50 Hz
1Hz 1second | 1.25 kHz | 500 Hz 250 Hz 125 Hz 50 Hz 50 Hz 50 Hz
.5 Hz 2 second 500 Hz 250 Hz 125 Hz 50 Hz 50 Hz 50 Hz 50 Hz
2 Hz 5second | 250 Hz 125 Hz 50 Hz 50 Hz 50 Hz 50 Hz 50 Hz
1 Hz 10 second | 125 Hz 50 Hz 50 Hz 50 Hz 50 Hz 50 Hz 50 Hz
50 mHz | 20 second 50 Hz 50 Hz 50 Hz 50 Hz 50 Hz 50 Hz 50 Hz
20 mHz | 50 second 50 Hz 50 Hz 50 Hz 50 Hz 50 Hz 50 Hz 50 Hz
10 mHz [ 100 second| 50 Hz 50 Hz 50 Hz 50 Hz 50 Hz 50 Hz 50 Hz
5 mHz |200 second| 50 Hz 50 Hz 50 Hz 50 Hz 50 Hz 50 Hz 50 Hz
2 mHz |500 second| 50 Hz 50 Hz 50 Hz 50 Hz 50 Hz 50 Hz 50 Hz
1 mHz 1ks 50 Hz 50 Hz 50 Hz 50 Hz 50 Hz 50 Hz 50 Hz
.5 mHz 2 ks 50 Hz 50 Hz 50 Hz 50 Hz 50 Hz 50 Hz 50 Hz
.2 mHz 5ks 50 Hz 50 Hz 50 Hz 50 Hz 50 Hz 50 Hz 50 Hz
*N/A indicates sample rate settings that are out of the range of the DAC.
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Continuous Output Mode
The command format to produce a continuous periodic output from a time-domain data block is as follows:
ANALG OUT n1 ENTER

where:
n1is the number of the time-domain data block to be output. No default of n1 is allowed.

Before the continuous analog output command is entered, the DAC output is zero. When the command is
executed, the DAC starts to output block n1 and continues to do so in a periodic manner until the analog
stop command is issued. The period is determined by the ADC sample rate.

At the time the DAC output is started, the level of the output is determined from the calibration factors of
block n1. These factors are used to determine the max output level of the DAC. This results in a full-scale
point in a data block being a full-scale value of the DAC output. If the full-scale value of the data block
exceeds the max output level of the DAC (10V peak) a OV WHAT? error message is generated. (Error mes-
sages and halts are discussed in a following paragraph.) This error message will occur when the full-scale
level of the data block exceeds 10 volts, even if no point in a data block exceeds 10 volts.

The output anti-aliasing filters are also set when the ANALOG OUT command is first executed. After the
continuous analog output command is entered, the ADC continues to output the current block n1without
regard to new scale factors, filter settings, or changes in Fmax. To change the output, an analog stop com-
mand must be given and a new ANALOG OUT command entered.

When a continuous output is running, an ANALOG IN command may be executed. The analog input
samples are synchronous with the DAC output samples and both input and output are periodic in the same
interval. However, the input starts when the ANALOG IN command is executed and is not locked to the
start of the analog output record.

IMPORTANT

Before entering a continuous ANALOG OUT command, be certain the ADC TRIG-
GER SOURCE switch is in the FREE RUN position. This allows a continuous string
of sample pulses to be generated by the ADC clock.

If an overlay swap takes place while the DAC is running, the DAC will be turned off before the overlay swap
takes place.
One-Shot Output Mode
The command format to produce a one-shot output from a data block is as follows:
ANALG OUT n1 SPACE 1 ENTER
where:

n1is the time-domain data block to output, and 1is the code number for a single sweep output. If this
code is defaulted, or 0, a continuous output is generated.

When the one-shot command is entered, a single sweep output is executed. At the end of the sweep, the
last data sent to the DAC is set to zero volts so that the DAC output ends up at zero. The last data point is then
restored in the data block to its original value. The sample out signal is held off until an ANALOG IN
command is executed and the triggering conditions are met.

To synchronize one-shot output with the analog input, the LINE or EXT trigger modes are recommended.

The one-shot command is affected in the following ways by various trigger modes.
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ADC TRIGGER POSITIONS
FREE RUN:

In the free run trigger mode the DAC output generates one record immediately upon execution of an
ANALOG OUT command. This mode does not allow the ANALOG IN and ANALOG OUT commands
to be started simultaneously.

LINE:

The line trigger mode holds off the SAMP OUT signal from the ADC until the triggering conditions are
met. Thus, the one-shot ouput will not occur until the ADC is commanded to input a record and the
next line trigger occurs.

With the ADC TRIGGER set to LINE, the command sequence is as follows:

ANALG OUT n1 SPACE 1 ENTER
followed by:

ANALG IN nT1 ENTER

The analog one-shot output and analog input will occur together when the triggering conditions are
met (within 20 ms).

EXT:

The external trigger mode disables the sample out signal from the ADC until an ANALOG IN command
is executed and the selected trigger condition for external occurs. This mode synchronizes the analog
input and analog output with an external trigger. With the TRIGGER SOURCE switch in the EXT posi-
tion, the command sequence is as follows;

ANALG OUT n1 SPACE 1 ENTER
followed by:

ANALG IN n1 ENTER

followed by an external trigger to the ADC. (n1 cannot be the same since analog output from a block
cannot be input into the same block.)

INTERNAL (A):

The internal triggering mode relies on the signal entering INPUT CHANNEL A of the ADC. The DAC is
held off until the triggering requirements are metat Input A, therefore this setting is not recommended.
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HALT CODES AND ERROR MESSAGES

The system may indicate hardware failure or operator error by coming up with a HALT code in the Processor
display register or a WHAT statement on the system Terminal. These are interpreted as follows:

Halt Codes

102010 No flag from Module Input/Output Bus (MIOB). This indicates a failure of the DAC to

respond to a control command (no flag response to a second mode device enable from
the interface card).

102012 An attempted data transmission to the DAC has failed to occur (no flag response to a
first mode device command from the interface card).

102011 The power up command was not accepted by the DAC.

102007 DMA is not available. This indicates that another device has requested DMA?. Either the
operator or the software has executed a command requiring an illegal combination of
1/0 devices.

Error Messages

Error messages are the result of incorrect commands or data block content. If any of these occur during
the procedure, check for the indicated operational problem and try the procedure again.

DL WHAT The DAC output rate exceeds the 1/0 rate.

HW WHAT | An incorrect code word has been returned from the DAC.
BK WHAT Block number out of range.

OV WHAT | Max voltage value of block greater than 10V.

FL WHAT Incorrect filter range.

FQ WHAT Data block is not in time-domain rectangular coordinates.

OUTPUT FILTERS

The DAC contains output filters to eliminate images, or aliasing products, due to the sample and hold nature
of the DAC output. These filters have 9 fixed cutoff frequencies as listed in Table E-2. The Output filter can
be set in the ANALOG OUT command by the n3 value described earlier in this section. If n3 is defaulted,
a filter cutoff frequency is selected by the software according to: .38 Fmax < Fc < .8 Fmax.

For values of Fmax from dc to 50 kHz, the filter cutoff is as shown in the table. If the sample rate is changed
while an analog output command is executing, the filter range will not change. The filter range will only
change when a new ANALOG OUT command is issued after the prior output is stopped. At the end of a
one-shot output, the DAC output is set to zero and the filter set to the throughput mode.
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Table E-2. DAC Output Filter Cutoff Frequencies

Range Filter Cutoff
R (n3) Fc
0 Throughput
50 50 Hz
125 125 Hz
250 250 Hz
500 500 Hz
1250 1.25 kHz
2500 2.5 kHz
5000 5 kHz
12500 12.5 kHz
25000 25 kHz
Default .38 Fmax< F¢ < .8 Fmax

GENERATING A RANDOM STIMULUS

A form of the ANALOG OUT command may also be used to create a random signal in a data block. This
random stimulus is uniformly distributed over a peak value selected between 2 millivolts and 10 volts. This
special form of the ANALOG OUT command only generates a new block of data and must be followed by
the standard ANALOG OUT command to output the random stimulus. The command to generate arandom
signal in a data block is as follows:

ANALG OUT n1 SPACE n2 ENTER

where:
n1is the data block in which the signal is to be created.
n2 is the peak level of the signal in millivolts. n2 must be greater than 2 and less than 10000.

When this signal is output through the DAC with the filter set to the throughput mode (filter out), the signal
will have an approximately uniform amplitude distribution. If the output filter is enabled and set close to
1/2 Fmax, the output signal will be approximately Gaussian in distribution.

Since a random number generator of very long chain length is used, each data block is random relative
to other data blocks that may be created. In addition, the spectrum of each data block is also random and
uncorrelated with every other spectrum so created. The expected value of the spectrum is flat within +/-1.0
dB over the range from dc to 1/2 Fmax. The random signal created is designed for use as a stimulus in the
transfer function or impedance function testing. Typical application programs for the continuous output
mode are given in the following paragraphs.

NOTE
When the DAC output is running in the continuous mode, additional commands
to generate new random blocks can be given into the block being output. These
commands will change the random signal being output without the neéd to issue
a new ANALOG OUT command. However, the output scale and amplitude of the
random signal will remain unchanged until a new continuous or one-shot output
command is given.
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GENERATING A SINEWAVE

This setup and program demonstrates how the DAC can be used to generate a signal from a data block. The
first part of the procedure shows how to set up a sinewave in adata block, and the second part demonstrates
how to output the signal.

Using the Keyboard for data entry in the frequency domain, the sinewave is created as a single line in a data
block and then is transformed to the time domain to form the sinewave. To create a sinewave, asample rate
at least four times (and an Fmax at least two times) the sinewave frequency must be selected. For example, to
create a sinewave of approximately 1 kHz, a sample rate of 5 kHz and an Fmax of 2.5 kHz could be used. With
a blocksize of 512, each frequency line would be 2500/256 Hz or 9.765625 Hz. Thus, to generate the 1 kHz
sinewave, a spectral component in the frequency domain is entered in channel 102. The exact frequency
then would be 102 x 9.765625 = 996.09 Hz.

To set the amplitude of the sinewave it must be remembered that the amplitude of a component in the fre-
quency domain is 1/2 that of the time domain (to account for the symmetry of the frequency domain
presentation of the Fourier transform). Thus, to achieve a 1-volt peak sinewave at the output, a 0.5 peak
spectral component is entered in the frequency domain. The procedure for entering the signal described
above is as follows:

BLOCK SIZE 512 ENTER

CLEAR 2 ENTER

KEYBOARD 2 SPACE 102 SPACE 102 ENTER
KEYBOARD -4 SPACE 4 ENTER

5000 SPACE 0 ENTER

The display will now show a single line of 0.5V amplitude. To transform the signal from the frequency to the
time domain, press:

F 2 ENTER

Now the display will show a time-domain sinewave which is sampled at slightly more than four samples per
cycle. For this reason, the pattern on the screen will not appear to be a simple sinusoid, but will, neverthe-
less, create a good sinewave.

The sinewave is now ready for output through the DAC. Set the ADC SAMPLE CONTROLS as follows:
SAMPLE MODE TO INT, MAX FREQ, kHz/us
MULTIPLIER to 200/5/2.5
TRIGGERING to FREE RUN

On the system Keyboard, press:

ANALG OUT 2 ENTER

A 996.1 Hz sinewave of 2V p-p amplitude (actually .936V) will appear at the DAC output; this signal can be
verified with an oscilloscope at the DAC output. The signal can be read back into the Fourier Analyzer by
connecting the DAC output to the ADC input and executing an ANALOG IN command to any block except
the output block (block 2). To stop the output, enter the analog stop command as follows:

ANALG OUT ENTER
GENERATING A PERIODIC RANDOM STIMULUS
(To Measure Transfer and Impedance Functions)

The continuous DAC output can be combined with the random time-domain block generator to create
a periodic random stimulus for transfer and impedance function testing.
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The random data block generator capability of the DAC allows you to have the speed and measurement
advantages of a random noise source without the disadvantages of a pure random noise as a signal source.
Random noise as a system stimulus has the advantage of reducing or minimizing the effects of non-linearities
in the unit under test. The major disadvantage of a pure random signal source is that, by its nature, noise
sources are not periodic in time and therefore generate leakage. The random data clocked out of the DAC
is periodic in the measurement window and therefore is a leakage-free random noise signal.

A random stimulus is generated and applied to the unit under test until the transient response dies out and
its output signal becomes periodic. By waiting for the transient response of the under unit test to dampen
out before a data record is saved, leakage from this source is effectively eliminated. Using the Hanning or
other window on every input/output data record is no longer required and will, in fact, degrade the
measurement.

Typically, any transients will die out in the time required to output the random record two and, at the most,
three times. After the device response has settled into periodicity an ANALOG IN command is executed and
the input and output saved. The response measured after the transient response has settled out is used to
form the cross-and auto-spectrum averages used in the transfer function calculation.

After one ensemble average of the spectra has been calculated, a new random time record is generated and
entered into a data block. This new stimulus is uncorrelated with the prior stimulus and is output until the
device has again settled before a new average is formed. After a sufficient number of averages are taken, the
transfer and coherence functions are computed. The two photographs following show a comparison of a
typical transfer and coherence function measurement made using pure random noise and “periodic”
random noise.

The result of this technique is a measurement that converges faster, with fewer data averages, and with less
variance on the measurement than can be obtained with a conventional random noise signal source.

Periodic Random Stimulus

This is a transfer function- measured with the
Keyboard Program above and using the DAC
as a periodic random noise source. Note the
improvement in the coherence function as a
result of leakage-free measurements.

Pure Random Stimulus

This is the same transfer function measured with
a random noise source, and the input and out-
put records Hanned once. All other setup and
test programs are the same. Even with the Han-
ning function, note that the leakage causes the
coherence to drop at critical frequencies.

5451C OPERATING
E-10



KEYBOARD PROGRAM

A 1000mV peak random data block is first generated in block 6 (line 21, of the program shown below). The
data block is then output using the continuous ANALOG OUT command, line 26. This random data is output
for three measurement periods by looping back to line 30. This technique minimizes leakages due to the
induced transient response of the unit under test. Typically, the response to the startup transient dies out
in the time required to output the random record two, and at the most three, times.

After the system response record has settled into periodicity, the last ANALOG IN command of the three is
executed and this input and output data is used to form the cross and auto spectrum averages used in the
transfer function calculation.

After one ensemble average of the spectra has been accumulated, a new random time record is generated
and entered into data block 6 by jumping back to label 1 from line 60. This new stimulus is uncorrelated with
the prior stimulus and is output until the test unit output has settled to a periodic output before new mea-
surements are made. After 16 measurement records are taken, the transfer and coherence functions are
computed. The program to execute this measurement method is as follows:

Generate Random data

in block 6 at 1V peak
1 L 0 LABEL 0 ENTER
5 cL 2 CLEAR 2 ENTER
Start DAC output 9 cL 3 CLEAR 3 ENTER
13 cL 4 CLEAR 4 ENTER
17 CcL 5 CLEAR 5 ENTER
A three record wait] —21 B 6 1000 ANALOG OUT 6 SPACE 1000 ENTER
|oop to a"ow test sys- —26 B 6 ANALOG OUT 6 ENTER
tem impulse response’ 30 L 1 LABEL 1 ENTER
to settle 34 RA 0 4 ANALOG IN 0 SPACE 4 ENTER
39 # 1 3 COUNT 1 SPACE 3 ENTER
a5 B 6 1000 ANALOG OUT 6 SPACE 1000 ENTER
Generate new time I 32 ;P g ; 2 igv:l:# ;E’:CTRUM 0 SPACE
domain random dat 2 SPACE 2 ENTER
60 # 1 16 0 COUNT 1 SPACE 16 SPACE 0 ENTER
66 B ANALOG OUT ENTER
I 69 CcL 4 128 256 CLEAR 4 SPACE 128 SPACE
Turns off continuous | 256 ENTER
output from DAC —75 CL 5 128 256 CLEAR 5 SPACE 128 SPACE
256 ENTER
81 CH 0 2 2 TRANSFER FUNCTION 0 SPACE
Clears out upper half of 2 SPACE 2 ENTER
the data blocks 4 and 5 87 . END ENTER

to eliminate aliasing
signal components and
low level signals above
1/2Fmax

This program shown operates on a blocksize of 512. It is a conventional transfer function/coherence func-
tion program as described in Section 3 with the following exceptions. In step 21, a random record of ampli-
tude 1 volt is created in block 6. In step 26, a continuous analog output is started. The loop to label 1around
the RA command in step 39, assures that three output and input records exist before the last input/output
records are kept for processing. Immediately after the analog input (step 45) is completed, a different ran-
dom record of the same amplitude is created in block 6. The stimulus and response records are now Fourier
transformed and the spectrums averaged. Step 60 repeats the process for 16 averages. On each new average
the repeat loop (step 39) allows the new random record to become periodic. Because each random record
is different from each previous record the stimulus can be considered random. And because each output
record is allowed to become periodicin the window period, the response can also be considered periodicin
the measurement window and no Hanning window is required.
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To run this program, set the ADC sample rate to an Fmax value that is twice the bandwidth required. Steps 69
and 70 will clear the data above 1/2 Fmax where the output filter on the DAC does not provide sufficient
excitation energy and aliasing spectral components contaminate the measurement. For a blocksize other
than 512, steps 69 and 70 should be changed accordingly.

The output of the DAC is connected to drive the device under test. Channel A of the ADC is connected to the
forcing point on the unit under test (see diagram below) and channel B to the response point.

PROCESSOR

DISPLAY

ACCELERATION RESPONSE
INPUT FORCE
5440/54420

INPUT/OUTPUT MODES

The following paragraphs give a brief description of the input/output modes (for data, text, and Keyboard
Programs) that can be used with various optional peripheral devices (e.g., Printer, High-Speed Photo-
reader, or High-Speed Punch).

These peripherals can be connected directly to the standard system with no software modifications. Refer
to your System Configuration Notice for the proper I/0O channels for these devices. See Section 3 PHOTO
READR, PRINT, and PUNCH keys for command formats.

DEVICE SELECTION

Switch register bits on the Processor front panel may be used to select the input/output device to be used for
various operations as follows:

5451C OPERATING
E-12



Input Device Selection

The PHOTO READER command assumes that data will be entered via photoreader. If this device is not
part of the System, the PHOTO READER command will apply to the Terminal, but only if bit 3 of the
Processor S-Register is lighted. Other Keyboard input commands (such as KEY BOARD data or command
entry and RPLAC or INSRT key entry) are also affected by the state of this bit. The following table shows
the effect of bit 3 on input device selection for these commands:

Command Bit3 =0 Bit3 =1
PHOTO READR Photoreader Terminal

KEY BOARD Terminal Photoreader
RPLAC or INSRT Terminal Photoreader |
“GOLD” INPUT Terminal Photoreader

Note: Bit 3 also affects the REPLACE and INSERT com-
mands as shown above when the Text Buffer Editor
program (USER PROG 5803) is used.

Output Device Selection

The PUNCH command assumes that data will be punched on the high speed punch. If this device is not
part of the system, the PUNCH command will apply to the Terminal or to the Printer if bits 4 and/or 6 of the
Processor S-Register are set as shown below. Various other commands are also affected by the state of bits
4and 6; the following table shows the effect of these bits on the output device selection for these commands:

Command - Bits4and 6 =0 Bit6 =1 Bit4 =1

PUNCH High Speed Punch | H.S. Punch|{ Terminal

LIST Terminal Printer High Speed Punch
PRINT Terminal Printer High Speed Punch
“GOLD” LIST Terminal Printer High Speed Punch
“GOLD” OUTPUT Terminal Printer High Speed Punch
“GOLD” TEXT Terminal Printer High Speed Punch

Note: If both bits 4 and 6 are set, the Printer will be selected as the output device.
Bits 4 and 6 also affect the LIST command as shown above, when the Text Buffer Editor program (USER

PROG 5803) is used. in addition, most system messages (except for WHAT? and other error messages) may
be directed to an output device other than the Terminal by using bits 4 or 6.

KEYBOARD PROGRAM I/O WITH PAPER TAPE
Punching a Program on Paper Tape

. Turn on high-speed punch.

. Generate adequate tape leader.

1
2
3. Enter the LIST command for the type of listing desired (see previous pages) but do not press ENTER.
4. Set bit 4 on the Processor S-Register.

5

. Now press the ENTER key. The LIST command will punch the program or portion of program on the
paper tape.

=)

. Press the FEED HOLES switch to generate tape trailer.

7. Clear bit 4 on the Processor S-Register.
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Reading a Program on Paper Tape

. Place paper tape in reader and press READ.
. Set bit 3 on the Processor S-Register and then press STORE.

. Give the appropriate REPLACE command on the Keyboard to enter the program into program
memory.
RPLAC LINEnNn1 ENTER
where:

n1 is the starting line at which the program is to be entered. Remember if you are entering this pro-
gram immediately behind another program, then you must immediately re-enter the last line of that
program after giving the REPLACE command, or it will be deleted.

. The tape should now read in.

. When the tape stops, bit 3 on the Processor will be cleared automatically.

DATA BLOCK 1/0O WITH PAPER TAPES

Loading Tape via Photoreader

S o

Place data tape roll in photoreader tape holder, feed holes toward the instrument.
Press POWER pushbuttor.

Press LOAD pushbutton.

Run the tape leader underneath the wire guide and through the pair of feed rollers.
Press READ pushbutton.

Give photoreader input command.
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Data Format of Punched Tape

The data format on any tape produced by the PUNCH command is show below.

SF

8192

32,767
16,384

Date format on punched tape output

P

SF -4 0 9 8192
( 2> 32767 16384 (]
¢ 8) ] 9 [

stands for ”’scale factors”

is “k” in the expression “10%”. All data words are multiplied by 10k giving the number system
called “floating point on a block basis”. Thus, in the above example, all data words are multi-
plied by 10-4 = 0.0001.

is coordinate code from the table at the end of this Appendix. In the above example, data is in
time domain, rectangular coordinates.

frequency code from the table at the end of this Appendix, which expresses data sampling
parameters in terms of SAMPLE MODE AND MULTIPLIER switch settings on the ADC. In the
above example, pertinent data sampling parameters were Fmax of 0.5 Hz, At of 1000 ms.

is block calibrator which muitiplies all data words in block.

are data words. Data word system is as follows:

0 stands for 0; 32767 stands for 1.

To convert data words into actual physical values:

Use the following formula:

data word _ block calibrator % 10k
32,767 32,767

Thus, in the above example, actual physical value of first data word, 32767 is:

32767 X 8192
———— = X104 = .25 X 104
(32767)2 0

Actual physical value of second data word is:

16384 X 8192 %

10-4 = 125 X 10-4
(32767)2
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DATA FORMAT REQUIRED FOR PUNCHED TAPE INPUT

All data tapes generated by the PUNCH command on the Fourier Analyzer can be re-entered by PHOTO
READER command. A tape generated by the PRINT command cannot be entered by PHOTO READER
command because data formats are different. Tapes from other computers can be entered if they have the
correct data format, as spelled out below.

Important Note: When the tape contains frequency domain data, there must be a zero for the imaginary
or phase (dc) term and for the imaginary or phase value of the highest frequency (Fn) when these points are
part of the data. For example:

dc, 0, 1st real, 1st imag, 2nd real, 2nd imag, ---, last real, 0 (last imag.)

@®

SF

32,767

32,767
16,384

Data format on punched tape input

SF10932767@ @
32767 16384 T @

a maximum of six 5-digit words,
1 space between each

= carriage return

= line feed

stands for “scale factor” (may be any two ASCII characters).
is “k” in the expression “10¥”.

coordinate code from the table at the end of this Appendix. In the above example, dataisin time
domain, rectangular coordinates.

any arbitrary number from 0 through 16,383 or a frequency code from the table at the end of this
Appendix. The table expresses data sampling parameters in terms of SAMPLE MODE and MULTI-
PLIER switch settings on the ADC. All tapes produced by the Fourier Analyzer thus contain a
frequency code. But it is not required in tapes from other computers so long as any number from
0 through 16,383 is inserted in its place. (Data entered with invalid frequency codes may not be
plotted or examined via the cursor, however.)

In the example above, pertinent data sampling parameters were Fmax of 0.5 Hz, At of 1000 ms.

is the data block calibrator associated with every data point in the block. The calibrator word
system is as follows: 0 = 0; 32,767 = 1. So, in the above example the block calibrator = 1. If this
number is defaulted, the value 32,767 is automatically inserted. You will not need to be con-
cerned with it other than to know it is present and will be punched out when the PUNCH com-
mand is given.

are data words. Data word system is as follows: 0=0; 32,767 =1. So, in above example where block
calibrator = 1, the first data word = 32,767 X 101 = 32,767 X 10 = 327,670 = 10. Second data word is
16,384 X 101 = 16,384 X 10 = 16,3840 = 5. No data words can have a magnitude greater than 32,767.
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To convert any set of data into this number system (block calibrator = 1, i.e., 32,767):
1. Choose a k that will make 10k slightly larger than the largest number in the data.
For example, if data is 0.5, 1, 2, 9, choose k = 1, because 101 = 10, which is one higher than 9.
Second example: if data is 0.0005, 0.001, 0.002, 0.009 choose k = -2 because 10-2 = 0.01.
2. Then convert data into Fourier Analyzer data words per the following formula:

data value

. X 32,767 = Fourier Analyzer data word
10

For example, if data value = 2, as in the first example above, then the data word is:

2
—— X 32,767 =
1 32,767 = 6,553

And, from second example, taking data value = 0.001, the data word is:

0.001
0.01 X 32,767 = 3,277

DATA REPRESENTATION
Data values in the system are represented by a combination of scale factor, calibrator, and data word.

The routine that serves KEYBOARD data entry and PRINTED data output does not allow access to, or provide
information about, the value of the calibrator. PRINT output operations print data words that already have
the calibrator compensation included, and require only correct application of the scale factor value to
obtain the actual data value.

The routine that serves PHOTOREADER data entry and PUNCHED data output allows direct access to the
calibrator, in addition to the scale factor and data word values. PHOTOREADER input operations allow the
calibrator, as well as the scale factor or data word value to be changed. PUNCH output operations punch
(or print) the calibrator value, and data words that represent (in decimal) the actual values of the memory
contents of those locations; these outputs require correct application of both the calibrator and scale
factor values to the data word value in order to obtain the actual data value.

The correct application of the scale factor, and of the calibrator, depends on the kind of data you are
working with, as indicated by the coordinate code associated with the data. Some examples of PRINTED
and PUNCHED data outputs are presented below, along with their calibration factors. The printed
representations of PUNCHED data were obtained by setting bit 4 of the Processor S-Register, to select
the alternate output device.

By inference, KEYBOARD data inputs should have the same format as the PRINTED data outputs, and
PHOTOREADER data inputs should have the same format as the PUNCHED data outputs. Note, however,
that input operations ignore numbers enclosed in parentheses (the channel numbers in the output
examples).

Each of the examples (Figures E-1 through E-7) in this Appendix includes a “header” indicating how the data
was put out, and the locations from which it was obtained. For example:

W 0 6 26 means that the data was PRINTED (W), and came from block 0, channels 6 through 26.
P O 6 26 means that the data was PUNCHED (P), and came from block 0, channels 6 through 26.
The first channel in the data block is channel 0. The last word in a data block of size n is n-1in the time do-

main, or n/2 in the frequency domain.
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In each of the examples presented here, the PRINTED and PUNCHED examples represent the same data,
Note that the PRINTED data provides calibrated data values (directly), whereas the PUNCHED output con-
sists of raw data values which must be multiplied by a calibrator value to get the actual data value.

SF indicates the line containing the Scale Factors required to fully calibrate the data.

The number in parentheses at the beginning of each line following SF indicates the channel number of the
first location whose data is presented on that line. For example:

( 14) indicates that the first data on that line came from channel 14 in the selected data block.
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Figure E-1. Coordinate Code 0 — Data Representation

Coordinate Code @ = Single Precision, Time, Linear, Rectangular Data

®
® -
®

Scale Factor. See examples below for use.

Coordinate Code.

Frequency Code. Meaningless, in this case, since data was entered

manually.

O

I

Calibrator. See PUNCHed data example below.

PRINTed Output

N A 24

SR 1 ) 5

( ) 5 19 27 5% 123 207 5379 1227
( 14) 2445 A ] 7 -1 -1 -0 -5
( 229 =13 =37 =-12% =227 =527

N\ Data (one word per channel) -
Calibration: data x 16°°21¢ 2°%T  oponnel 16 = 100 x 10" = 1000
PUNCHed Output
o /D/@ /9/3
SF 5 4554
( 5) & 16" 27 218 1637 3275 8189 16378
( 14> 32707 7 A %} -4 -14 -29 -79
( 22) -159 -814 -1634 -3274 -8189
- Data (one word per channel)

. . . _data _ calibrator scale factor
Calibration: 32767 X~ 32767 % 10
Channel 10 = 29oL ¢ 8554 195 - 999.26

32767 * 32767
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Figure E-2. Coordinate Code 2 — Data Representation

Coordinate Code 2 = Single Precision, Time, Log, Rectangular Data

@ = Scale Factor. See examples below for use.

@ = Coordinate Code.

@ = Frequency Code. Meaningless, in this case, since data was entered
manually.

@ = Calibrator. See PUNCHed data example below.

PRINTed Output
43 5 256 /® /® /@
SF 129
¢ A) -6611 -wm -5399 4237 =399 =2372 -237]
( 14) =1399 =12228 =12A29 =13337 -9222 -5135 -75%2 -HA33
( 22) -/A25 -4677 -4AA2 -339& =2A%2

N\ Data (one word per channel)

Calibration: dl%? + scale factor Channel 9 = —411833 + 100 = 53.97 dB

PUNCHed Output
P2 5 25 ﬁ f) ﬁ /D
SF 15 4587
(¢ 6) "1738?1 -15%93 -13119 537 -E&524 -45554 -3945 -1974
( 14) -2 =32747 -327457 "327%17 =25/38 =22274 =-2A7352 -17152
( 22) 15152 -13514 -8532 -5554 ~RG 44

- Data (one word per channel) s/

data calibrato;
Calibration: 1%1:32767 39767 ..+ 20 x scale factor

Channel 9 = w@[—m ~4580)(, o9 x 5 = 53.98 dB

32767 32767]
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Figure E-3. Coordinate Code 4 — Data Representation

L e W

Coordinate Code 4 = Single Precision, Frequency, Linear, Rectangular Data

®
©)
®

Scale Factor. See examples below for use.

Coordinate Code. See description above, or Table E-1.

Frequency Code. Meaningless, in this case, since data was entered
manually. See Table E-2 for codes for data entered
via ADC.

®

PRINTed Output

Calibrator. See PUNCHed data example below.

i 4 15
3) 5 9 23 194 199
7) 2437 ) b 4 -1 -1
11) -19 =57 -139 =257 =577 bl RO R
\ Data (two words per channel)

Channel 6, imaginary part

Channel 6, real part
2 313 \

-

Calibration (real or imaginary): data x wscale factor

Channel 10 imaginary = 49 x 10! = 490 volts

PUNCHed Output
S 4 15 AS554
32 21 1573 327 1537 3275
7) 32757 2 / -4 -14
11D =159 -H1 4 -1534 -3274 -l RS =1ARTS
N—

Data (two words per channel)

Calibration (real or imaginary): —;23,'7?7 X __cag;);g;o LI mscale factor

Channel 10 imaginary =3;g$€8;—7 X 3?2575647

x 105 = 499.33 volts
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Figure E-4. Coordinate Code 5 — Data Representation

VRGN B
S -1
( 3
( 7
( 119

SF 3
( 35
¢ 7
¢ i

Coordinate Code 5 = Single Precision, Frequency, Linear, Polar Data

@ -
@ -
® -

Scale Factor. See examples below for use.
Coordinate Code.

Frequency Code. Meaningless, in this case, since data was entered

manually.

@ -

Calibrator. See PUNCHed data example below.

Channel 6, magnitude
wl 6, phase 7

PRINTed Output

27

o) 15
149% 489 1911 -2334 2271 -515¢9 2559 -7989
2757 =-19821 2RI% =-13555 2921 =156493 2865 16665
2725 13527 25704 14973 2214 8121
N Data (two words per channel) 4

scale factor

Calibration (magnitude): data x 10 Channel 6 magnitude = 2559 x 10~ = 255.9 volts

Calibration (phase): data x .01 Channel 6 phase = -7989 x .01 = -79.89 degrees

NOTE: In all cases, the phase term is multiplied by .01 to get the actual phase. The

scale factor is never used to obtain phase.

PUNCHed Output

) 15 32 47

15415 292 20434 -4248 23896 -9391 26837 =14543

29308 -1943%  3BHR2K2 -24%58  3NK2R -30024 32246 38338

2574 251467 24272 19975 23234 14782
- Data (two words per channel) 7

. . . __data _ calibrator scale factor
Calibration (magnitude): 32767 X~ 32767 % 10
. _ 26830 10240 _
Channel 6 magnitude = 32767 X 39767 X 103 = 255.89 volim

Calibration (phase): S x 189 Channel 6 phase = %‘é—?—% x 180 = -79.89 degrees
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Figure E-5. Coordinate Code 7 — Data Representation

Coordinate Code 7 = Single Precision, Frequency, Log, Polar Data

®
@

@ = Frequency Code. Meaningless, in this case, since data was entered
manually.

Scale Factor. See examples below for use.

1}

Coordinate Code.

@ = Calibrator. See PUNCHed data example below.

PRINTed Output

Channel 6, magnitude

Channel 6, phase

-2334  -128%  -5159 -1185 -7989
-12455 -12A74 -15493 -1787 15665
149773 1317 “121

Data (two words per channel)

-1186

Calibration (magmtude) 10(25 2, scale factor Channel 6 magnitude = 00 ———— + 60 = 48.14 dB
Calibration (phase): c;%%a Channel 6 phase = _Zggg = -79.89 degrees
PUNCHed Output

P 4313 /D /@ /@ /@
SR -31312
( '%) -?_11.»1 %9/ -1432 42 48 -919 -9391 =572 =-14543
( 7 =348 -1949& =224/ =24858 -194 -30324 -248 372338
( 11) -397 251563 ~A30 19974 -9R3 14784

- Data (two words per channel) s

Calibration (magnitude): 100 ( data + c_:a_M’) + (20 x scale factor)

32767 32767

-572 | -3312
Channel 6 magnitude = 100 (32767 + 32767) +(20 x 3) = 48.15dB

Calibration (phase): 3(12?7?7 x 180 Channel 6 phase = ;3223 x 180 = -79.89 degrees
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Figure E-6. Coordinate Code 12 — Data Representation

Coordinate Code 12 = Double Precision, Frequency, Linear, Rectangular Data

0
©)
®

Scale Factor. See examples below for use.

Coordinate Code.

Frequency Code. Meaningless, in this case, since data was entered
manually.

O

PRINTed Output

Calibrator. See PUNCHed data example below.

Channel 8, LSB

Channel 8, MSB
j 15 15 ;

.
Sh -5 12 1737
( 5) 1552 %) 1 ai7 3 1354 2 1233 2
¢ 9) 1142 3 948 13 T34 2
( 13) 554 ; a % 3459 277 )
\ Data (two words per channel) smandl
Calibration: (MSB + LSB) x 1g°¢2le factor Channel 8 = (1233 + @) x 10-6 = 091233 V2

PUNCHed Output

PP

Mo

o
S -2 12 1737 53945
( 5) 26555 A 247T3H @ 2251 4 7 24691 )
( 9 154579 i 16245 147386 =32747 11848 =2327A7
( 139 9793 =-32757 TEHRA =14384 Al1hah =327A7 aAH45 15384
N Data (two words per channel) 4
Calibration (I.SB positive):
MSB + LSB x (calibrator) 1 E’scale factor
32767 " 32767 x 65536, 32767 / *
_ [ 4645 16384 6396 o 4 2
Channel 16 = (32767 + 39767 x 65536) X (32’76'7) x 10-2. =2.767223165 x 10-4 V-

Calibration (LSB negative)

MSB + LSB + 65536 < calibrator wscale factor
32767 32767 x 65536 32767 X

x 1072 = 3.673447426 x 19-4 V2

Channel 15 -[ 6166 (-32768) +65536] 6396

32767 '~ 32767 x 65536 | * 32767
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Figure E-7. Coordinate Code 14 — Data Representation

Caordinate Code 14 = Double Precision, Frequency, Log, Rectangular Data

Q@ -
® -

@ = Frequency Code. Meaningless, in this case, since data was entered

@ -

PRINTed Output

Scale Factor. See examples below for use.

Coordinate Code.

manually.

Calibrator. Séee PUNCHed data example below.

s S0 29

Channel 8, MSB

Channel 8, LSB

475
SF -29 14 1737
( 5) -R32 2 -&®31 A -HAa K =91 3
( 9 =959 % -1315 4 -1479 “1152 [
( 13) -123> A -1329 2 ~1435 -1 055% “
N— Data (two words per channel)
Calibration: dl?;; + scale factor Channel 16 = -35.58 dB
PUNCHed Output
P2 5 15 /D / / /
S& -2 14 1737 -2325
( 5) -37% ) ~39R A =514 -ASS
( 9) -&15 A -99% A -121% 3
¢ 139 -1719 A -2 3 =277 A

Data (two words per channel)

data , calibrator

Calibration: 160 (32767 * 32767

-2780  -2325

Channel 16 = 100 (_ + ——) +[10 x (-2)] = -35.5769909 dB

32767 32767

) + (10 x scale factor)
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NOTE ON COORDINATE CODES

The 5451 system software assumes that any data having coordinate code “12”
(rectangular, linear, double-precmon) was obtained by performing a conjugate
multiply operation on data that had coordinate code “4” (rectangular, linear,
single-precision), and assumes that this data is calibrated in terms of “V2” (instead
of “V”’) regardless of how this coordinate code “12” data was obtained. This can
cause unexpected results when data with coordinate code “12”is entered manually
and converted to log magnitude. :

An example, comparing conversion of manually-entered single-precision data and
manually-entered double-precision data to log magnitude is presented below.

If the data values 1,10,100,1000, and 10000 are entered with coordinate code “4”,and
a log magnitude operation is then performed, the coordinate code will be changed
to “7” (polar, log, single-precision), and the vertical spacing between the dots (in
a MAGNITUDE display) will be 2 cm.

If the same data values are entered with coordinate code “12”, and a log magnitude
operation is then performed, the coordinate code will be changed to “14” (rectan-
gular, log, double-precision), and the vertical spacing between the dots (in a REAL
~display) will be Tcm. :

In reality, these two data dlsplays represent the same dnfference (in dB) between
pomts, since the coordinate code “7” vertical calibration is —

dB7 =20 log V" where Vnws ‘the ongmal data value (un volts) Vret is1 volt péak

‘and the coordlnate code “14” vertical calibration is —

dB14 =10 k)g (Vn)2 > where these terms have the same meamng as g:ven above.

ref)2

: 'Consnder the examples below—

e Using the data values ““1” and 100", entered wnh coordinate code “4”, LOG
: MAG gives the following deflectlons (and coordinate code “7")—

, (0logl) S (s My
; “1": . ; . . 7 @ h: s <
forl o e 0’cm’ = for 100 e e 4 cm

e Using the data :va’lues “1” and “100”, entered with coordinate code “4”, conju-
--gate multiplication gives the values “1” and “10000” (and coordinate code “12”); -

a LOG MAG operation on this data gives the following deflections (and coordl- S

‘nate code “14”) ; : :
; » (0|08--) ix s y (olo 10200)
or ‘4’1)} ‘-——.—-——_ : Or (11002’) ~—-—__.———— -
: T ’Ocm o o 4cm |
. Usmg the data values “1” and “100” entered wuth coordlnate code “127, LOG'
: 'MAG gives the followmg deflections (and coordmate ‘code “14”)—

i 10 (logL) i 10(log 100 )
for il —gem  for “100”: ‘
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Coordinate Codes

Cozﬁ:ate Time | Frequency Reclangular‘ Polar | Log | Linear I’rscie:igs:zn P?:c ‘;::::‘
0 X X X X
2% X X X X
4 X X X X
X X X X
7* X X X X
12% X X X X
14* X X X X

*Log data cannot be entered via KEYBOARD data entry mode.
tDouble-precision data entered via KEYBOARD data entry mode must be between +32767

and -32768.
Frequency Codes

Freq. Fmax At Freq. At T

Code (MAX FREQ) (A TIME) Code (A FREQ) (TOTAL TIME)
47 100 kHz 5 us 56 1000 Hz 1ms
43 50 kHz 10 us 52 500 Hz 2ms
39 25 kHz 20 us 63 200 Hz 5 ms
46 10 kHz 50 us 59 100 Hz 10 ms
42 5 kHz 100 us 55 50 Hz 20 ms
38 2.5 kHz 200 us 62 20 Hz 50 ms
45 1kHz 500 us 58 10 Hz 100 ms

41,8 .5 kHz 1000 us 54 5 Hz 200 ms

37,4 .25 kHz 2000 us 61 2 Hz 500 ms

33,15 0.1 kHz 5000 us 57,24 1 Hz 1000 ms

53,20 .5 Hz 2000 ms
49,31 .2 Hz 5000 ms

1 50 Hz 10 ms 27 100 mHz 10 s
7 25 Hz 20 ms 23 50 mHz 20s
14 10 Hz 50 ms 30 20 mHz 50 s
10 5 Hz 100 ms 26 10 mHz 100 s
6 25 Hz 200 ms 22 5 mHz 200 s
13 1Hz 500 ms 29 2 mHz 500 s
9 0.5 Hz 1000 -ms 25 1 mHz 1000 s
5 0.25 Hz 2000 ms 21 0.5 mHz 2000 s
1 0.1 Hz 5000 ms 17 0.2 mHz 5000 s

0 = general code, 99 = BSFA data, see Section 5
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APPENDIX F

USING A MULTIPLEXER IN
HP 5451 FOURIER ANALYZER SYSTEMS

GENERAL

Several customers use a multiplexer with the 5451C system. The intent of this appendix is to give a guide-
line on the installation and operation of a multiplexer based on a Preston Multiplexer. The standard HP
5451C system software allows for the operation of the Preston Model Series GM910 Multiplexer. The normal
simultaneous sample and hold, sequential scan mode is used for acquiring data from multiple channels
simultaneously.

NOTE

There is a part number and serial number tag on the rear panel of mul-
tiplexer. Units with a part number of “59310-” only operate with
200 kHz digitizers in the HP 5466 ADC. Units with a part number of
“54550-"" are compatible with both 100 kHz and 200 kHz digitizers
in the HP 5466 ADC.

INSTALLATION
1. Check to be sure that the system ADC A9 board is HP P/N 05466-60009 (or 05466-60016).

2. On the above mentioned A9 board, check to be sure A9 (5, E) is connected to P15 (48) and J25 and that
the “MULTX/ADC/INT” jumper is in the “MULTX" position.

3. Place the multiplexer unit in a suitable place in the rack, if a rack is used.
Note: The multiplexer and system ADC should use a common power line ground.

4. Connect ADC input BNC for channel A to BNC J39 on rear panel of multiplexer.

5. Connect the multiplexer to the back of the 5475A as follows:

System ADC Mainframe to  Multiplexer Rear Panel
MULTX SAMPE 134
DIGITIZE )38
DAR 137

6. Connect the multiplexer input BNC’s as discussed below.

NOTE

All input channels of multiplexer must be connected to a device or ter-
minated in less than 1K ohm.

If you want to operate system without multiplexer as input device, con-
nect MULTX SAMPLE and DIGITIZE lines together using a BNC-to-
BNC cable.

If single channel operation of ADC input A is all that is required, then
the multiplexer )34 (MULTX SAMPLE) and )38 (DIGITIZE) lines can be
left connected. The first and last MUX address switches must be set
to same number.

Rear panel multiplexer input BNC’s have numbers corresponding to
input channel numbers (i.e., J1 is st input; J2 is 2nd input; J12 is 12th
input; etc.).

7. Connect a ground strap from GRD Lug on rear of multiplexer to the 5475 chassis.
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OPERATION
GENERAL PRECAUTIONS

When the MUX is in use, each of the channels that are to be used must be connected to asignal source of 1K,
or less, output impedance. If this is not done, the input will float and the channel output may drift to +12 volts.

Do not turn off the MUX while there are signals connected to its inputs.

CHANNEL ADDRESSING

The rear panel MUX channel (J1 - BN‘C) is the first input channel which is referred to as channel “@”. The
second channel (J2) is the second input channel, or channel “1”.

To set MUX for operation between the first MUX input channel and the tenth MUX input channel:

FIRST SET MUX ADDRESS SWITCHES ALL DOWN (OR TO 8);
NEXT SET LAST MUX ADDRESS SWITCHES TO 9 (SWITCH 8 AND 1 UP).

The 5466 ADC input control must be set to “A” for single channel operation. When multiplexer is discon-
nected, the ANALG IN command works as usual. When used with the multiplexer, the command is:

ANALOG IN N1 SPACE N2 SPACE N3

N1 = The first data block data is to be inputted.
N2 = Block to be displayed (default not allowed).
N3 = Number of channels to be inputted.

NOTE
Normal operation requires one more data block available than number
of channels being acquired; thus, for 8 channels of data, 9 blocks need
be available.

The command will not execute (gives “WHAT?” indication) if N1, N2,
or N3 are not valid data blocks for the memory data space available.

CHOOSING SAMPLE PARAMETERS

When the multiplexer is operated with a 5466 ADC, the multiplexer samples all its input channels simul-
taneously, at a rate determined by the ADC’s sample rate controls. The ADC, when it digitizes the data stored
in the multiplexer, digitizes each channel independently, in sequence, at its maximum digitizing rate, inde-
pendent of the sample rate control settings.

The multiplexer requires 12 usec for its first input operation (regardless of the number of channels used).
The ADC requires 7 usec for each additional channel it digitizes. Therefore, the fastest sampling rate you
can choose is one that allows enough time between sample commands for the multiplexer to sample, and
the ADC to digitize, the selected number of channels.

For any specified number of multiplexer channels to be used (“N”’), the fastest sampling rate (i.e., minimum
time between samples) that can be set on the ADC is —

12 psec + (N - 1) (7 usec)
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Examples
1. What is the fastest sample rate that can be sent when eight channels are to be multiplexed?
At = 12 usec + (8-1) X7 usec = 61 usec

This (61 usec) is the minimum time that is allowable when eight channels are multiplexed. The fastest
ADC sampling rate that is slower than this is At = 100 usec, which corresponds to Fmax of 5 kHz.

Note: If external sampling signal is available then a signal of 16.393 kHz (1/61 usec) as sampling rate
would allow an Fmax of 8.196 kHz.

2. What is the maximum number of channels that can be multiplexed, when the maximum frequency to
be analyzed (Fmax) is 2.5 kHz?

At, the time between samples, must be < 1
2 Fmax
which, in this case, is 1
’ ’ 2 X 2500

so, At must be <200 usec.

N = At - 5 usec
7 psec

200 psec - 5 sec _ oy

which, in this case, is T gsec

N, the number of channels that can be multiplexed can be 27 or less (assuming At or 200 usec for the
time between samples).

Note: When the multiplexer is being used with a system that includes a Mass Storage device, the data
storage space required in the computer’s memory for the ADC throughput operation is —

2 X block size X number of MUX channels being used.
ADC Throughput Example:
To do an ADC throughput operation for 8 multiplexer channels, using a block size of 256 words requires
2 X 256 X 8, or 4096

words in the computer’s memory.

The rate at which data can be transferred through the multiplexer and ADC to the ADC Throughput
File in the mass storage device may be limited by the transfer rate of the mass storage device as follows:

2 X number of multiplexer channels used X Fmax <max. throughput

PERFORMANCE CHECK

Subtract Test

1. Connect the same sinewave signal from an audio oscillator to channel 0 and channel 1 of the multiplexer.
(Terminate all other channels.)

2. Set the multiplexer switches for the largest number of channels in the multiplexer.

3. Setthe 5451 keyboard BLOCK SIZE to the largest number that is allowed by the particular memory con-
figuration and number of channels (see OPERATION above).
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4. Give the Fourier Analyzer the following command:
ANALG IN 0 SPACE 0 SPACE N3 ENTER
where N3 is the maximum number of channels in the multiplexer.

5. The frequency of the audio oscillator should be adjusted so that several cycles of the sinewave appear
in channel 0, and the level should be adjusted to give 5 to 8 volts peak-to-peak output.

6. Give the Fourier Analyzer the following command:
- ENTER

7. The result (in block 0) should be less than 1% of the original input level.

e Repeat the measurement for each channel.
Zero Offset Test
1. Terminate the active inputs of the multiplexer. Clear data blocks.
2. Give the Fourier Analyzer the following command:
ANALG IN 0 SPACE 0 SPACE N3 ENTER
where N2 is the channel being tested and N3 is the maximum number of channels in the multiplexer..

3. The result in block N1, which is displayed, should be less than .1 volts peak-to-peak. The result in data
blocks 0 through (N3-1) should be the same.

To use mass store (ADC Throughput File 2) the following command sequence is used:
MASSSTORE 3 2  ENTER
MASSSTORE 2 2  SPACE N1 SPACE N2  ENTER

N1 = Number multiplexer channels
N2 = Number of records

Note: ADC must be set for single channel input. -

The following table provides some examples of maximum frequency of analysis as limited by the ADC, num-
ber of multiplexer channels, and/or throughput operation.

Frmax
# Multiplexer Channels | Max Block Size
Throughput With

ADC Alone 7900A 7970B 7970E
1 4096 25 kHz 10 kHz 5 kHz 10 kHz
2 7900 only 2048 5 kHz
2 4096 25 kHz 2.5 kHz 5 kHz
4 7900A only 1024 2.5 kHz
4 2048 10 kHz 500 Hz 2.5 kHz
8 7900A only 512 500 Hz
8 1024 5 kHz 250 Hz 1 kHz
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To set the multiplexer for operation from the first input channel to the sixth input channel:
a. Set FIRST MUX ADDRESS switches to zero (all down).
b. Set LAST MUX ADDRESS switches to five (set switch “1”” and “4” up and all others down).

c. Set MODE switch to NORM.

’”

Note: Other switch positions of MODE switch result in non-automatic operation. This “non-automatic
operation is without any system software control. The most useful other position for the MODE switch
is SEQUENTIAL-MAN which allows the MANUAL button to step each input channel to the output.
(Useful for input circuit check-out.)

The FIRST MUX ADDRESS switches may be set to a channel other than zero. However, the FIRST MUX
ADDRESS must be equal to or less than LAST MUX ADDRESS.
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AFRICA, ASIA,
AUSTRALIA

ANGOLA

Telectra

Empresa Técnica de Equipamentos
Eléctricos, SARL.

R. Barbosa Rodrigues, 41-1°DT.°

Caixa Postal, 6487

Luanda

Tel: 35515/6

Cable: TELECTRA Luanda

AUSTRALIA
Hewlett-Packard Australia Pty. Ltd.
31-41 Joseph Street
Blackburn, Victoria 3130
P.0. Box 36

Doncaster East,
Victoria 3109

Tel: 896351

Telex: 31-024

Cable: HEWPARD Melbourne

Hewlett-Packard Australia Pty. Ltd.
31 Bridge Street

Pymble

New South Wales, 2073

Tel: 4496566

Telex: 21561

Cable: HEWPARD Sydney

Hewlett-Packard Australia Pty. Ltd.
153 Greenhill Road
Parkside, SA., 5063

Tel: 2725911

Telex: 82536

Cable: HEWPARD Adelaide

Hewlett-Packard Australia Pty. Ltd.
141 Stirling Highway
Nedlands, W.A. 6009

Tel: 3865455

Telex: 93859

Cable: HEWPARD Perth

Hewlett-Packard Australia Pty. Ltd.
121 Wollongong Street
Fyshwick, AC.T. 2609

Tel: 804244

Telex: 62650

Cable: HEWPARD Canberra

Hewlett Packard Australia Pty. Ltd.
5th Floor

Teachers Union Building

495-499 Boundary Street
Spring Hill, Queensland
4000

Tel: 2291544
Cable: HEWPARD Brisbane

BANGLADESH
The General Electric Co. of
Bangladesh Ltd.

Magnet House 72

Dilkusha Commercial Area
Motijhell, Dacca 2
Tel: 252415, 252419
Telex: 734

Cable: GECDAC Dacca

ETHIOPIA
Abdella Abdulmalik
P.0. Box 2635
Addis Ababa
Tel: 1193 40
GUAM

Guam Medical Supply, Inc.
Suite C, Airport Plaza
P.0. Box 8947
Tamuning 96911
Tel: 646-4513

Cable: EARMED Guam

HONG KONG
Hewlett-Packard Hong Kong Ltd.
Room 105, Austin Centre

1t Floor

21 Austin Avenue

TSTP.0. Box 98524
Kowloon

Tel: 3-697446 (5 lines)

Telex: 36678 HX

Cable: HEWPACK Hong Kong

Medical/ Analytical Only
Schmidt & Co. (Hong Kong) Ltd.
Wing On Centre, 28th Floor
Connaught Road, C.

Hong Kong

Tel: 5-455644

Telex: 74766 SCHMX HX

INDIA

Blue Star Ltd.

Sahas

414/2 Vir Savarkar Marg
Prabhadevi
Bombay 400 025
Tel: 4578 87

Telex: 011-4093

Cable: FROSTBLUE

Blue Star Ltd.

Band Box House
Prabhadevi
Bombay 400 025
Tel: 457301

Telex: 011-3751
Cable: BLUESTAR

Blue Star Ltd.

Bhavdeep

Stadium Road
Ahmedabad 380014
Tel: 43922

Telex: 012-234

Cable: BLUEFROST

Blue Star Ltd.

7 Hare Street
Calcutta 700 001
Tel: 23-0131

Telex: 021-7655
Cable: BLUESTAR

Blue Star Ltd.

Bhandari House

91 Nehru Place

New Delhi 110024
Tel: 682547

Telex: 031-2463

Cable: BLUESTAR

Blue Star Ltd.

T.C. 7/603 ‘Poornima’
Maruthankuzhi
Trivandrum 695013
Tel: 65799

Telex: 0884-259

Cable: BLUESTAR

Blue Star Ltd.

11 Magarath Road
Bangalore 560 025
Tel: 55668

Telex: 0845-430

Cable: BLUESTAR

Blue Star Ltd.

Meeakshi Mandiram

XXXXV/1379-2 Mahatma
Gandhi Rd.

Cochin 682016

Tel: 32069

Telex: 085-514

Cable: BLUESTAR

Blue Star Ltd.
1-1-117/1 Sarojini Devi Road

Blue Star Ltd.

133 Kodambakkam High Road
Madras 600 034

Tel: 82057

Telex: 041-379

Cable: BLUESTAR

INDONESIA
BERCA Indonesia P.T.
P.0. Box 496/ Jkt.

Jin. Abdul Muis 62
Jakarta

Tel: 343255, 349886
Telex: 46748 BERSIL 1A
Cable: BERSAL

BERCA Indonesia P.T.
P.0. Box 174/Sby.
23 Jin. Jimerto
Surabaya

Tel: 42027

Cable: BERCACON

JAPAN
Yokogawa-Hewlett-Packard Ltd.
29-21, Takaido-Higashi 3-chome
Suginami-ku, Tokyo 168
Tel: 03-331-6111

Telex: 232-2024 YHP-Tokyo
Cable: YHPMARKET TOK 23 724
Yokogawa-Hewlett-Packard Ltd.
Chuo Bidg., 4th Floor

4-20, Nishinakajima 5-chome
Yodogawa-ku, Osaka-shi
Osaka, 532

Tel: 06-304-6021

Telex: 523-3624
Yokogawa-Hewlett-Packard Ltd.
Sunitomo Seimei Nagaya Bldg.
11-2 Shimosasajima-cho,
Nakamura-ku, Nagoya, 450
Tel: 052 571-5171
Yokogawa-Hewlett-Packard Ltd.
Tanigawa Building

2-24-1 Tsuruya-cho
Kanagawa-ku
Yokohama, 221

Tel: 045-312-1252

Telex: 382-3204 YHP YOK

Yokogawa-Hewlett-Packard Ltd.
Mito Mitsui Building

105, 1-chome, San-no-maru
Mito, Ibaragi 310

Tel: 0292-25-7470
Yokogawa-Hewlett-Packard Ltd.
Inoue Building

1348-3, Asahi-cho, 1-chome
Atsugi, Kanagawa 243
Tel: 0462-24-0452
Yokogawa-Hewlett-Packard Ltd.
Kumagaya Asahi

Hachijuni Building

4th Floor

3-4, Tsukuba

Kumagaya, Saitama 360
Tel: 0485-24-6563

KENYA

ADCOM Ltd., Inc.

P.0. Box 30070

Nairobi

Tel: 331955

Telex: 22639

Medical Only

International Aeradio (E.A.) Ltd.
P.0. Box 19012

Nairobi Airport

Nairobi

Tel: 336055/56

Telex: 22201/22301

Secunderabad 500033  Cable; INTAERIO Nairobi

Tel: 70126
Telex: 0155-459
Cable: BLUESTAR

Medical Only

International Aeradio (E.A.) Ltd.
P.0. Box 95221
Mombasa

KOREA

Samsung Electronics Co., Ltd.
22nd Floor Dongbang Bldg.,
250, 2-KA, Taepyung-Ro
Chung-Ku,

Seoul

Tel: 777-4886

Telex: SAMSAN 27364

MALAYSIA
Hewlett-Packard Sales
(Malaysia) Sdn. Bhd.
Suite 2.21/2.22
Bangunan Angkasa Raya
Jalan Ampang
Kuala Lumpur
Tel: 483680, 485653
Protel Engineering

P.0. Box 1817

Lot 259, Satok Road
Kuching, Sarawak
Tel: 53544

Cable: PROTELENG

MOZAMBIQUE
AN. Goncalves, Ltd.

162, 1° Apt. 14 Av. D. Luis
Caixa Postal 107
Maputo

Tel: 27091, 27114

Telex: 6-203 NEGON Mo
Cable: NEGON

NEW GUINEA
Hewlett-Packard Australia Pty. Ltd.
Development Bank Building
Ground Floor

Ward Strip

Port Moresby, Papua
Tel: 258933

NEW ZEALAND
Hewlett-Packard (N.2.) Ltd.
4-12 Cruickshank Street
Kilbirnie, Wellington 3

P.0. Box 9443

Courtney Place
Wellington

Tel: 877-199

Cable: HEWPACK Wellington
Hewlett-Packard (N.2.) Ltd.
P.0. Box 26-189

169 Manukau Road

Epsom, Auckland

Tel: 687-159

Cable: HEWRACK Auckland

Analytical/Medical Only

Northrop Instruments &
Systems Ltd,,

Sturdee House

85-87 Ghuznee Street

P.0. Box 2406

Wellington

Tel: 850-091

Telex: NZ 31291

Northrup Instruments &

Systems Ltd.
Eden House, 44 Khyber Pass Rd.
P.0. Box 9682, Newmarket
Auckland 1
Tel: 794-091

Northrup Instruments &

Systems Ltd.
Terrace House, 4 Oxford Terrace
P.0. Box 8388
Christchurch
Tel: 64-165

SALES OFFICES | ,

NIGERIA

The Electronics
Instrumentations Ltd.

N6B/770 Oyo Road

Oluseun House

P.M.B. 5402

Ibadan

Tel: 461577

Telex: 31231 TEIL NG

Cable: THETIEL Ibadan

The Electronics
Instrumentations Ltd.

144 Agege Motor Road, Mushin

P.0. Box 481

Mushin, Lagos

Cable: THETEIL Lagos

PAKISTAN

Mushko & Company Ltd.

Oosman Chambers

Abdullah Haroon Road

Karachi-3

Tel: 511027, 512927

Telex: 2894

Cable: COOPERATOR Karachi

Mushko & Company, Ltd.
10, Bazar Rd.

Sector G-6/4
Islamabad

Tel: 28264

Cable: FEMUS Rawalpindi

PHILIPPINES

The Online Advanced Systems
Corporation

Rico House

Amorsolo cor. Herrera Str.
Legaspi Village, Makati

P.0. Box 1510

Metro Manila

Tel: 85-35-81, 85-34-91, 85-32-21
Telex: 3274 ONLINE
RHODESIA

Field Technical Sales

45 Kelvin Road North

P.0. Box 3458
Salisbury

Tel: 705231 (5 lines)

Telex: RH 4122

SINGAPORE

Hewlett-Packard Singapore
(Pte.) Ltd.

1150 Depot Road

P.0. Box 58

Alexandra Post Office

Singapore 3

Tel: 270-2355

Telex: HPSG RS 21486

Cable: HEWPACK, Singapore

SOUTH AFRICA

Hewlett-Packard South Africa
(Pty.), Ltd.

Private Bag Wendywood,

Sandton, Transvaal, 2144

Hewlett-Packard Centre

Daphne Street, Wendywood,

Sandton, 2144

Tel: 802-5111/25

Telex: 8-4782

Cable: HEWPACK Johannesburg

Hewlett-Packard South Africa
(Pty.), Ltd.

P.0. Box 120

Howard Place,

Cape Province, 7450

Pine Park Centre, Forest Drive,

Pinelands,

Cape Province, 7405

Tel: 53-7955 thru 9

Telex: 57-0006

D

SRI LANKA
Metropolitan Agencies Ltd.
209/9 Union Place
Colombo 2

Tel: 35047

Telex: 1377METROLTD CE
Cable: METROLTD

SUDAN
Radison Trade
P.0. Box 921
Khartoum
Tel: 44048
Telex: 375

TAIWAN
Hewlett-Packard Far East Ltd.
Taiwan Branch

Bank Tower, 5th Floor

205 Tun Hau North Road
Taipei

Tel: (02) 751-0404 (15 lines)
Cable: HEWPACK TAIPEI
Hewlett-Packard Far East Ltd.
Taiwan Branch

68-2, Chung Cheng 3rd. Road
Kaohsiung

Tel: (07) 242318-Kaohsiung

Analytical Only

San Kwang Instruments Co., Ltd.
20 Yung Sui Road

Taipei

Tel: 3615446-9 (4 lines)

Telex: 22894 SANKWANG
Cable: SANKWANG Taipei

TANZANIA

Medical Only

International Aeradio (E.A.), Ltd.
P.0. Box 861

Dar es Salaam

Tel: 21251 Ext. 265

Telex: 41030

THAILAND

UNIMESA Co. Ltd.

Elcom Research Building

2538 Sukumvit Ave.
Bangchak, Bangkok
Tel: 3932387, 3930338

Cable: UNIMESA Bangkok

ZAMBIA

R.J. Tilbury (Zambia) Ltd.
P.0. Box 2792
Lusaka

Tel: 73793

Cable: ARJAYTEE, Lusaka

OTHER AREAS NOT
LISTED,

CONTACT:
Hewlett-Packard Intercontinental
3495 Deer Creek Road

Palo Alto, California 94304
Tel: (415) 856-1501

TWX: 910-373-1267

Cable: HEWPACK Palo Alto

Telex: 034-8300, 034-8493
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SALES OFFICES

(cont.)

CANADA

ALBERTA
Hewlett-Packard (Canada) Ltd.
11620A - 168th Street
Edmonton T5M 379
Tel: (403) 452-3670

TWX: 610-831-2431
Hewlett-Packard (Canada) Ltd.
210, 7220 Figher St. S.E.
Calgary T2H 2H8

Tel: (408) 253-2713

TWX: 610-821-6141

BRITISH COLUMBIA
Hewlett-Packard (Canada) Lid.
10691 Shellbridge Way
Richmond V6X 2W7

Tel: (604) 270-2277

TWX: 610-925-5069

MANITOBA
Hewlett-Packard (Canada) Ltd.
380-550 Century St.

St. James,

Winnipeg R3H 0Y1

Tel: (204) 786-6701

TWX: 610-671-3531

NOVA SCOTIA
Hewlett-Packard (Canada) Ltd.
P.0.Box 931

800 Windmill Road
Dartmouth B3B 1Lt
Tel: (902) 469-7820

TWX: 610-271-4482
ONTARIO
Hewlett-Packard (Canada) Ltd.
1020 Morrison Dr.

Ottawa K2H 8K7

Tel: (613) 820-6483

TWX: 610-563-1636

Hewlett-Packard (Canada) Ltd.
6877 Goreway Drive
Mississauga L4V IM8
Tel: (416) 678-9430

TWX: 610-492-4246
Hewlett-Packard (Canada) Ltd.
6§52 Newbold Street
London N6E 285

Tel: (519) 686-9181

TWX: 610-352-1201
QUEBEC
Hewlett-Packard (Canada) Ltd.
275 Hymus Bivd.

Pointe Claire HIR 1G7
Tel: (514) 697-4232

TWX: 610-422-3022

FOR CANADIAN
AREAS NOT

LISTED:

Contact Hewlett-Packard (Canada)
Ltd. in Mississauga.

CENTRAL,
SOUTH AMERICA

ARGENTINA
Hewlett-Packard Argentina S.A.
Santa Fe 2035, Martinez

6140 Buenos Aires
Tel: 792-1239, 798-6086
Telex: 122443 AR CIGY

Cable: HEWPACKARG

Biotron SA.Cly M.

Avda. Paseo Colon 221

9 piso

1399 Buenos Aires
Tel: 30-4846/1851/8384
34-9356/0460/4551

Telex: (33) 17595 BIO AR
Cable: BIOTRON Argentina

BRAZIL

Hewlett-Packard do Brasil
l.e.C. Ltda.

Alameda Rio Negro, 750

Alphaville

06400 Barueri SP

Tel: 429-3222

Cable: HEWPACK Séo Paulo

Hewlett-Packard do Brasil
l.e.C. Ltda.

Rua Padre Chagas, 32

90000-Porto Alegre-RS

Tel: 22-2998, 22-5621

Cable: HEWPACK Porto Alegre

Hewlett-Packard do Brasil

l.e.C. Ltda.
Av. Epitacio Pessoa, 4664
22471-Rio de Janeiro-RJ
Tel: 286-0237
Telex: 021-21905 HPBR-BR
Cable: HEWPACK Rio de Janeiro
CHILE
Jorge Calcagni y Cia. Ltda.
Arturo Burhle 065
Casilla 16475
Correo 9, Santiago
Tel: 220222
Telex: JCALCAGNI

COLOMBIA
Instrumentacion

Henrik A. Langebaek & Kier S.A.
Carrera 7 No. 4875
Apartado Aéreo 6287
Bogot4, 1DE.

Tel: 269-8877

Telex: 44400

Cable: AARIS Bogoté
Instrumentacion

H.A. Langebaek & Kier S.A.
Carrera 63 No. 49-A-31
Apartado 54098
Medellin

Tel: 304475

COSTA RICA
Cientifica Costarricense S.A.
Avenida 2, Calle §

San Pedro de Montes de Oca
Apartado 10159

San José

Tel: 24-38-20, 24-08-19
Telex: 2367 GALGUR CR
Cable: GALGUR

ECUADOR
CYEDE Cia. Ltda.

P.0. Box 6423 CCI

Av. Eloy Alfaro 1749
Quito

Tel: 450-975, 243-052
Telex: 2548 CYEDE ED
Cable: CYEDE-Quito

Medical Only

Hospitalar S.A.

Casilla 3580

Robles 625

Quito

Tel: 545-250

Cable: HOSPITALAR-Quito

EL SALVADOR
IPESA

Bulevar de los Heroes 11-48
Edificio Sarah 1148

San Salvador

Tel: 252787

GUATEMALA

IPESA

Avenida Reforma 3-48

Zona 9

Guatemala City

Tel: 316627, 314786, 66471-5,
ext.9

Telex: 4192 Teletro Gu

MEXICO

Hewlett-Packard Mexicana,
S.A.deCV.

Av. Periférico Sur No. 6501

Tepepan, Xochimilco

Mexico 23, DF.

Tel: 905-676-4600

Telex: 017-74-507

Hewlett-Packard Mexicana,
SA deCV.

Ave. Constitucion No. 2184

Monterrey, NL.

Tel: 48-71-32, 48-71-84

Telex: 038-410

PANAMA

Electronico Balboa, S.A.

Aparatado 4929

Panama 5

Calle Samuel Lewis

Edificio “Alfa,” No. 2

Ciudad de Panama

Tel: 64-2700

Telex: 3483103 Curundu,

Canal Zone

Cable: ELECTRON Panama

PERU

Compaiia Electro Médica S.A.
Los Flamencos 145

San Isidro Casilla 1030

Lima 1

Tel: 41-4325

Telex: Pub. Booth 25424 SISIDRO
Cable: ELMED Lima

SURINAM

Surtel Radio Holland N.V.
Grote Hofstr. 3-5

P.0. Box 155
Paramaribo

Tel: 72118, 77880
Cable: Surtel
TRINIDAD &
TOBAGO

CARTEL

Caribbean Telecoms Ltd.
P.0.Box 732

69 Frederick Street
Port-of-Spain
Tel: 62-53068
URUGUAY

Pablo Ferrando S.A.C.el.
Avenida Italia 2877
Casilla de Correo 370
Montevideo

Tel: 40-3102

Telex: 702 Public Booth
Para Pablo Ferrando
Cable: RADIUM Montevideo

VENEZUELA
Hewlett-Packard de Venezuela C.A.
P.0. Box 50933

Caracas 105

Los Ruices Norte

3a Transversal

Edificio Segre
Caracas 107

Tel: 239-4133 (20 lines)
Telex: 25146 HEWPACK
Cable: HEWPACK Caracas

FOR AREAS NOT
LISTED,

CONTACT:
Hewlett-Packard litercontinental
3495 Deer Creek Road

Palo Alto, California 34304
Tel: (415) 856-1501

TWX: 910-373-1260

Cable: HEWPACK Palo Alto
Telex: 034-8300, 034-8493

EUROPE,
NORTH AFRICA,
MIDDLE EAST

AUSTRIA
Hewlett-Packard Ges.m.b.H.
Wehlistrasse 29

P.0.Box 7

A-1205 Vienna

Tel: 35-16-21-0

Cable: HEWPACK Vienna
Telex: 13582/ 135066

Hewlett-Packard Ges.m.b.H.
Wehlistrasse, 29
A-1205 Wien

Tel: 35-16-21

Telex: 135066
BAHRAIN
Medical Only

Wael Pharmacy

P.0. Box 648
Bahrain

Tel: 54886, 56123
Telex: 8550 WAEL GJ
Cable: WAELPHARM

Al Hamidiya Trading and
Contracting

P.0. Box 20074

Manama

Tel: 259978, 259958

Telex: 8895 KALDIA GJ

BELGIUM

Hewlett-Packard Benelux S.A./N.V.
Avenue du Col-Vert, 1,
(Groenkraaglaan)

B-1170 Brussels

Tel: (02) 660 50 50

Cable: PALOBEN Brussels

Telex: 23-494 paloben bru

CYPRUS

Kypronics

19 Gregorios Xenopoulos Street
P.0.Box 1152

Nicosia

Tel: 45628/29

Cable: Kypronics Pandehis
Telex: 3018

CZECHOSLOVAKIA
Hewilett-Packard

Obchodni zastupitelstvi v CSSR
Pisemny styk

Post. schranka 27

CS 11801 Praha 011
CSSR

Vyvojova a Provozni Zakladna
Vyzkumnych Ustavu v Bechovicich
CSSR-25097 Bechovice u
Prahy

Tel: 89 93 41

Telex: 12133

Institute of Medical Bionics
Vyskumny Ustav Lekarskej Bioniky
Jedlova 6

(S-88346 Bratislava-
Kramare

Tel: 44-551

Telex: 93229

DENMARK
Hewlett-Packard A/S
Datavej 52

DK-3460 Birkerod
Tel: (02) 8166 40
Cable: HEWPACK AS
Telex: 37409 hpas dk

Hewlett-Packard A/S
Navervej 1

DK-8600 Silkeborg
Tel: (06) 82 71 66

Telex: 37409 hpas dk
Cable: HEWPACK AS

EGYPT

1EA.

International Engineering
Associates

24 Hussein Hegazi Street

Kasr-el-Aini

Cairo

Tel: 23 829

Telex: 93830

Cable: INTENGASSO

SAMITRO

Sami Amin Trading Office
18 Abdel Aziz Gawish
Abdine-Cairo
Tel: 24932

Cable: SAMITRO CAIRO
FINLAND

Hewlett-Packard Oy
Revontulentie, 7
SF-02100 Espoo 10
Tel: (90) 455 0211
Cable: HEWPACKOY
Telex: 121563 hewpa sf

FRANCE

Hewlett-Packard France

Zone d'activites de Courtaboeuf
Avenue des Tropiques

Boite Postale 6

91401 Orsay-Cédex

Tel: (1) 907 78 25

TWX: 600048F

Hewlett-Packard France
Chemin des Mouilles

B.P. 162

69130 Ecully

Tel: (78) 338125

TWX: 310617F
Hewlett-Packard France
20, Chemin de La Cépiére
31081 Toulouse

Le Mirail-Cédex

Tel: (61) 40 11 12
Hewlett-Packard France
Le Ligoures

Place Romée de Villeneuve
13100 Aix-en-Provence
Tel: (42) 59 4102

TWX: 410770F

Hewlett-Packard France
2, Allee de la Bourgonette
35100 Rennes

Tel: (99) 5142 44

TWX: 740912F

Hewlett-Packard France

18, rue du Canal de la Mame
67300 Schiltigheim
Tel: (88) 83 08 10

TWX: 890141F

Hewlett-Packard France
Immeuble péricentre

rue van Gogh

59650 Villeneuve D'Ascq
Tel: (20) 914125

TWX: 160124F

Hewlett-Packard France

Bétiment Ampére

Rue de la Commune de Paris

BP. 300

93153 Le Blanc Mesnil-
Cédex

Tel: (01) 93188 50

Telex: 211032F

Hewlett-Packard France
Av. du Pdt. Kennedy
33700 Merignac
Tel: (56) 97 01 81

Hewlett-Packard France
Immeuble Lorraine
Boulevard de France
91035 Evry-Cédex
Tel: 077 96 60

Telex: 692315F

Hewlett-Packard France
23 Rye Lothaire

57000 Metz

Tel: (87) 65 53 50

GERMAN FEDERAL
REPUBLIC
Hewlett-Packard GmbH
Vertriebszentrale Frankfurt
Berner Strasse 117

Postfach 560 140

D-6000 Frankfurt 56

Tel: (06011) 50041

Cable: HEWPACKSA Frankfurt
Telex: 04 13249 hpffm d

Hewlett-Packard GmbH
Technisches Biiro Bdblingen
Herrenberger Strasse 110
D-7030 Bdblingen,
Wiirttemberg

Tel: (07031) 667-1

Cable: HEWPACK Bablingen
Telex: 07265739 bbn

Hewlett-Packard GmbH
Technisches Biiro Diisseldorf
Emanuel-Leutze-Str. 1 (Seestern)
D-4000 DUsseldorf

Tel: (0211) 5971-1

Telex: 085/86 533 hpdd d

Hewlett-Packard GmbH
Technisches Biiro Hamburg
Kapstadtring §

D-2000 Hamburg 60
Tel: (040) 63804-1

Cable: HEWPACKSA Hamburg
Telex: 21 63 032 hphh d

Hewlett-Packard GmbH
Technisches Biiro Hannover
Am Grossmarkt 6

D-3000 Hannover 91
Tel: (0511) 46 60 01

Telex: 092 3259

Hewlett-Packard GmbH
Technisches Biiro Niirnberg
Neumeyerstrasse 90
D-8500 Nirnberg
Tel: (0911) 52 20 83

Telex: 0623 860
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EUROPE,
NORTH AFRICA,
MIDDLE EAST

Hewlett-Packard GmbH
Technisches Biiro Miinchen
Eschenstrasse 5

D-8021 Taufkirchen
Tel: (089) 6117-1

Telex: 0524985

Hewlett-Packard GmbH
Technisches Biiro Berlin
Kaithstrasse 2-4
D-1000 Berlin 30
Tel: (030) 24 90 86
Telex: 018 3405 hpbin d

GREECE

Kostas Karayannis

8 Omirou Street
Athens 133

Tel: 32 30 303/32/37 731
Telex: 21 59 62 RKAR GR
Cable: RAKAR ATHENS

ICELAND

Medical Only

Elding Trading Company Inc.
Hafnarvoli - Tryggvagitu
P.0. Box 895
1S-Reykjavik

Tel: 158 20/163 03

Cable: ELDING Reykjavik

IRELAND
Hewlett-Packard Ltd.

King Street Lane
Winnersh, Wokingham
Berkshire, RG11 5AR
GB-England

Tel: (0734) 78 47 74

Telex: 847178

Cable: Hewpie London

Hewlett-Packard Ltd.
Kestrel House
Clanwilliam Place
Lower Mount Street
Dublin 2, Eire
Hewlett-Packard Ltd.
2C Avongberg Ind. Est.
Long Mile Road
Dublin 12

Tel: 514322/514224
Telex: 30439

Medical Only

Cardiac Services (Ireland) Ltd.

Kilmore Road
Artane

Dublin 5, Eire
Tel: (01) 315820

Medical Only

Cardiac Services Co.
95A Finaghy Rd. South
Belfast BT10 0BY
GB-Northern Ireland
Tel: (0232) 625566
Telex: 747626

ISRAEL

Electronics Engineering Div.
of Motorola lsrael Ltd.

16, Kremenetski Street

P.0. Box 25016

Tel-Aviv

Tel: 38973

Telex: 33569, 34164

Cable: BASTEL Tel-Aviv

ITALY

Hewlett-Packard ltaliana S.p.A.

Via G. Di Vittorio, 9

20063 Cernusco Sul
Naviglio (M)

Tel: (2) 903691

Telex: 334632 HEWPACKIT

Hewlett-Packard Italiana S.p.A.
Via Turazza, 14

35100 Padova

Tel: (49) 664888

Telex: 430315 HEWPACKI
Hewlett-Packard ttaliana S.p.A.
Via G. Armellini 10

1-00143 Roma

Tel: (06) 54 69 61

Telex: 610514

Cable: HEWPACKIT Roma

Hewlett-Packard Italiana S.p.A.
Corso Giovanni Lanza 94
110133 Torino

Tel: (011) 859308

Telex: 221079

Hewilett-Packard ltaliana S.p.A.

Via Principe Nicola 43 G/C

195126 Catania

Tel: (095) 37 05 04

Telex: 970291

Hewlett-Packard ltaliana S.p.A.

Via Nuova san Rocco A
Capadimonte, 62A

80131 Napoli

Tel: (081) 710698

Hewlett-Packard Haliana S.p.A.

Via Martin Luther King, 38/ 111

140132 Bologna

Tel: (051) 402394

Telex: 511630

JORDAN
Mouasher Cousins Co.
P.0. Box 1387
Amman

Tel: 24907/39907
Telex: SABCO JO 1456
Cable: MOUASHERCO

KUWAIT

Al-Khaldiya Trading & Contracting
P.0. Box 830-Satat

Kuwait

Tel: 42 4910/41 1726

Telex: 2481 Areeg kt

Cable: VISCOUNT

LUXEMBURG

Hewlett-Packard Beneluz S.A./N.V.

Avenue du Col-Vent, 1
(Groenkraaglaan)

B-1170 Brussels
Tel: (02) 660 5050

Cable: PALOBEN Brussels
Telex: 23 494

MOROCCO
Dolbeau

81 rue Karatchi
Casablanca
Tel: 3041 82

Telex: 23051/22822
Cable: MATERIO

Gerep

2, rue d'Agadir
Boite Postal 156
Casablanca
Tel: 272093/5
Telex: 23 739
Cable: GEREP-CASA

NETHERLANDS
Hewlett-Packard Benelux N.V.
Van Heuven Goedhartlaan 121
P.0. Box 667

1181KK Amstelveen
Tel: (20) 47 20 21

Cable: PALOBEN Amsterdam
Telex: 13 216

NORWAY
Hewlett-Packard Norge A/S
Ostendalen 18

P.0. Box 34

1345 Osteraas

Tel: (02) 1711 80

Telex: 16621 hpnas n

Hewlett-Packard Norge A/S
Nygaardsgaten 114

P.0. Box 4210

5013 Nygaardsgaten,
Bergen

Tel: (05) 2197 33
POLAND

Biuro Informacii Technicznej
Hewlett-Packard

Ul Stawki 2, 6P

PL00-950 Warszawa
Tel: 39 59 62, 39 5187
Telex: 812453

PORTUGAL
Telectra-Empresa Técnica de

Equipamentos Eléctricos S.a.r.l.

Rua Rodrigo da Fonseca 103
P.0. Box 2531

P-Lisbon 1

Tel: (19) 68 60 72

Cable: TELECTRA Lisbon
Telex: 12598

Medical Only
Mundinter

Intercambio Mundial de Comércio

Sarl

P.0. Box 2761

Avenida Antonio Augusto

de Aguiar 138

P-Lisbon

Tel: (19) 5321 31/7

Telex: 16691 munter p
Cable: INTERCAMBIO Lisbon
QATAR

Nasser Trading & Contracting
P.0. Box 1563

Doha

Tel: 22170

Telex: 4439 NASSER

Cable: NASSER

ROMANIA
Hewlett-Packard Reprezentanta
Bd.n. Balcescu 16
Bucuresti

Tel: 15 8023/1388 85

Telex: 10440

SAUDI ARABIA
Modern Electronic
Establishment (Head Office)

P.0. Box 1228, Baghdadiah Street

Jeddah

Tel: 27 798

Telex: 40035

Cable: ELECTA JEDDAH

Modern Electronic Establishment

(Branch)

P.0. Box 2728
Riyadh

Tel: 62596/66232
Telex: 202049

Modem Electronic Establishment
(Branch)

P.0. Box 193

Al-Khobar

Tel: 44678-44813

Telex: 670136

Cable: ELECTA AL-KHOBAR

SPAIN

Hewlett-Packard Espaiola, S.A.
Calle Jerez 3

E-Madrid 16

Tel: (1) 458 26 00 (10 lines)
Telex: 23515 hpe

Hewlett-Packard Espafiola S.A.
Colonia Mirasierra

Edificio Juban

¢/0 Costa Brava, 13
Madrid 34

Hewlett-Packard Espariola, S.A.
Milanesado 21-23
E-Barcelona 17

Tel: (3) 203 6200 (5 lines)
Telex: 52603 hpbe e

Hewlett-Packard Espaola, S.A.
AvRamon y Cajal, 1

Edificio Sevilla, planta 9°
E-Sevilla 5

Tel: 64 44 54/58
Hewlett-Packard Espaiola S.A.
Edificio Albia Il 7° B
E-Bilbao 1

Tel: 2383 06/23 82 06
Hewlett-Packard Espadiola S.A.
C/Ramon Gordillo 1

(Entlo.)

E-Valencia 10

Tel: 96-361.13.54/361.13.58

SWEDEN
Hewlett-Packard Sverige AB
Enighetsvégen 3, Fack
S-161 Bromma 20
Tel: (08) 730 05 50

Telex: 10721

Cable: MEASUREMENTS
Stockholm

Hewlett-Packard Sverige AB
Frotallsgatan 30

$-42132 Vdstra
Frdlunda

Tel: (031) 49 09 50

Telex: 10721 via Bromma cffice

SWITZERLAND
Hewlett-Packard (Schweiz) AG
Ziircherstrasse 20

P.0. Box 307

CH-8952 Schlieren-
Zirich

Tel: (01) 7305240

Telex: 53933 hpag ch

Cable: HPAG CH

Hewlett-Packard (Schweiz) AG
Chéteau Bloc 19

CH-1219 Le Lignon-
Geneva

Tel: (022) 96 03 22

Telex: 27333 hpag ch

Cable: HEWPACKAG Geneva

SYRIA

General Electronic Inc.

Nuri Basha-Ahnaf Ebn Kays Street
P.0. Box 5781

Damascus

Tel: 33 24 87

Telex: 11215 ITIKAL

Cable: ELECTROBOR DAMASCUS

SALES OFFICES

Medical only

Sawah & Co.

Place Azmé

B.P. 2308

Damascus

Tel: 16 367-19 697-14 268
Telex: 11304 SATACO SY
Cable: SAWAH, DAMASCUS

Suleiman Hilal El Miawi
P.0. Box 2528

Mamoun Bitar Street, 56-58
Damascus

Tel: 11 46 63

Telex: 11270

Cable: HILAL DAMASCUS

TUNISIA

Tunisie Electronique

31 Avenue de la Liberte
Tunis

Tel: 280 144

Corema

1 ter. Av. de Carthage
Tunis

Tel: 253 821

Telex: 12319 CABAM TN

TURKEY

TEKNIM Company Ltd.
Riza Sah Pehlevi
Caddesi No. 7
Kavaklidere, Ankara
Tel: 275800

Telex: 42155

Teknim Com., Ltd.
Barbaros Bulvari 55/ 12
Besikyas, Istanbul
Tel: 613 546

Telex: 23540

EMA.

Muhendislik Kollektif Sirketi
Mediha Eldem Sokak 41/6
Yiiksel Caddesi
Ankara

Tel: 17 56 22

Cable: EMATRADE / Ankara

Yilmaz Ozyurek

Milli Mudafaa Cad 16/6
Kizilay

Ankara

Tel: 250309 - 17 80 26
Telex: 42576 OZEK TR
Cable: OZYUREK ANKARA

UNITED ARAB
EMIRATES

Emitac Ltd. (Head Office)
P.0. Box 1641
Sharjah

Tel: 354121/3

Telex: 8136

Emitac Ltd. (Branch Office)
P.0. Box 2711

Abu Dhabi

Tel: 331370/1

UNITED KINGDOM
Hewlett-Packard Ltd.

King Street Lane
Winnersh, Wokingham
Berkshire RG11 5AR
GB-England

Tel: (0734) 784774

Telex: 84 7178/9

Hewlett-Packard Ltd.
Fourier House,

257-263 High Street
London Colney

St. Albans, Hers
GB-England

Tel: (0727) 24400
Telex: 1-8952716

(cont.)

Hewlett-Packard Ltd.
Trafalgar House
Navigation Road
Altrincham
Cheshire WA14 INU
GB-England

Tel: (061) 928 6422
Telex: 668068

Hewilett-Packard Ltd.
Lygon Court

Hereward Rise

Dudley Road
Halesowen,
West Midlands, B62 8SD
GB-England

Tel: (021) 501 1221
Telex: 339105

Hewlett-Packard Ltd.
Wedge House

799, London Road
Thornton Heath
Surrey, CR4 6XL
GB-England

Tel: (01) 684-0103/8
Telex: 946825

Hewlett-Packard Ltd.
14 Wesley St
Castleford
Yorks WF10 1AE
Tel: (0977) 550016
TWX: 5557335

Hewlett-Packard Ltd.
Tradax House

St. Mary's Walk
Maidenhead
Berkshire, SL6 1ST
GB-England
Hewlett-Packard Ltd.
Morley Road
Staplehill
Bristol, BS 16 4QT
GB-England

Hewlett-Packard Ltd.

South Queensferry
West Lothian, EH30 9TG
GB-Scotland

Tel: (031) 331 1188

Telex: 72682

Hewlett-Packard Ltd.
Kestrel House
Clanwilliam Place
Lower Mount Street
Dublin 2, Eire

Hewlett-Packard Ltd.
2C Avonberg Ind. Est.
Long Mile Road
Dublin 12

Tel: 514322/514224
Telex: 30439

USSR
Hewlett-Packard
Representative Office
USSR
Pokrovsky Boulevard 4/17-kw 12
Moscow 101000
Tel: 294.20.24
Telex: 7825 hewpak su

YUGOSLAVIA

Iskra Commerce, n.sol.o.
Zastopstvo Hewlett-Packard
Obilicev Venac 26

YU 11000 Beograd
Tel: 636-955

Telex: 11530

Iskra Commerce, n.sol.0.
Zastopstvo Hewlett-Packard
Miklosiceva 38/VHI
YU-61000 Ljubljana
Tel: 321-674, 315-879

Telex: 31583 979

D
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SALES OFFICES

(cont.)

EUROPE,
NORTH AFRICA,
MIDDLE EAST

SOCIALIST
COUNTRIES NOT
SHOWN, PLEASE
CONTACT:
Hewlett-Packard Ges.m.b.H.
Handelskai 52

P.0.Box7

A-1205 Vienna, Austria
Tel: (0222) 35'16 21 to 27
Cable: HEWPAK Vienna
Telex: 75923 hewpak a

MEDITERRANEAN
AND MIDDLE EAST
COUNTRIES NOT
SHOWN, PLEASE
CONTACT:
Hewlett-Packard S.A.
Mediterranean and Middle East
Operations

35, Kolokotroni Street

Platia Kefallariou
GR-Kifissia-Athens, Greece
Tel: 8080359429

Telex: 21-6588

Cable: HEWPACKSA Athens

FOR OTHER AREAS
NOT LISTED,
CONTACT:
Hewlett-Packard S.A.

7, rue du Bois-du-Lan

P.0. Box

CH-1217 Meyrin 2 - Geneva
Switzerland

Tel: (022) 82 70 00

Cable: HEWPACKSA Geneva
Telex: 2 24 86

UNITED STATES

ALABAMA

P.0. Box 4207

8290 Whitesburg Dr.
Huntsville 35802
Tel: (205) 881-4592

8933 E. Roebuck Blvd.
Birmingham 35206
Tel: (205) 836-2203/2
ARIZONA

2336 E. Magnolia St.
Phoenix 85034

Tel: (602) 244-1361

2424 East Aragon Rd.
Tucson 85706
Tel: (602) 889-4661
‘ARKANSAS
Medical Service Only
P.0. Box 5646

Brady Station
Little Rock 72215
Tel: (501) 376-1844
CALIFORNIA
1579 W. Shaw Ave.
Fresno 93771
Tel: (209) 224-0582

1430 East Orangethorpe Ave.
Fullerton 92631

Tel: (714) 870-1000

3939 Lankershim Boulevard
North Hollywood 91604
Tel: (213) 877-1282

TWX: 910-499-2671

5400 West Rosecrans Blvd.
P.0. Box 92105

World Way Postal Center
Los Angeles 90009
Tel: (213) 7767500

TWX: 910-325-6608
‘Los Angeles

Tel: (213) 776-7500

3200 Hillview Av

Palo Alto, CA 94304
Tel: (408) 988-7000

3003 Scott Boulevard
Santa Clara 95050
Tel: (408) 988-7000

TWX: 910-338-0518
‘Ridgecrest

Tel: (714) 446-6165

646 W. North Market Blvd.
Sacramento 95834
Tel: (916) 929-7222

9606 Aero Drive

P.0. Box 23333

San Diego 92123
Tel: (714) 279-3200

‘Tarzana
Tel: (213) 705-3344

COLORADO
5600 DTC Parkway
Englewood 80110
Tel: (308) 771-3485

CONNECTICUT

47 Bames Industrial Road
Barnes Park South
Wallingford 06432
Tel: (203) 265-7801
FLORIDA

P.0. Box 24210

2727 N.W. 62nd Street

Ft. Lauderdale 33309
Tel: (305) 973-2600

4080 Woodcock Drive # 132
Brownett Building
Jacksonville 32207
Tel: (904) 398-0663

P.0. Box 13910
6177 Lake Ellenor Dr.
Orlando 32809
Tel: (305) 859-2900

P.O. Box 12826

Suite 5, Bidg. 1

Office Park North
Pensacola 32575
Tel: (904) 476-8422

Computer Systems Only
110 South Hoover Bivd.
Suite 120

Tampa 33609

Tel: (813) 872-0900

GEORGIA

P.0. Box 105005

450 Interstate North Parkway
Atlanta 30348

Tel: (404) 955-1500

TWX: 810-766-4890

Medical Service Only
‘Augusta 30903
Tel: (404) 736-0592
P.0. Box 2103

1172 N. Davis Drive
Warner Robins 31098
Tel: (912) 922-0449
HAWAII

2875 So. King Street
Honolulu 96826
Tel: (808) 955-4455

ILLINOIS

5201 Tollview Dr.
Rolling Meadows
60008

Tel: (312) 255-9800

TWX: 910-687-2260
INDIANA

7301 North Shadeland Ave.
Indianapolis 46250
Tel: (317) 842-1000

TWX: 810-260-1797
IOWA

2415 Heinz Road

lowa City 52240
Tel: (319) 351-1020
KENTUCKY

10170 Linn Station Road
Suite 525

Louisville 40223

Tel: (502) 426-0100
LOUISIANA

P.0. Box 1449

3229-39 Williams Boulevard
Kenner 70063

Tel: (504) 443-6201
MARYLAND

7121 Standard Drive
Parkway Industrial Center
Hanover 21076

Tel: (301) 796-7700

TWX: 710-862-1943

2 Choke Cherry Road
Rockville 20850

Tel: (301) 948-6370

TWX: 710-828-9684
MASSACHUSETTS
32 Hartwell Ave.
Lexington 02173

Tel: (617) 861-8960

TWX: 710-326-6904

MICHIGAN

23855 Research Drive
Farmington Hills 48024
Tel: (313) 476-6400

724 West Centre Ave.
Kalamazoo 49002
Tel: (616) 323-8362

MINNESOTA

2400 N. Prior Ave.
St. Paul 55113
Tel: (612) 636-0700
MISSISSIPPI
322 N. Mart Plaza
Jackson 39206
Tel: (601) 982-9363
MISSOURI
11131 Colorado Ave.
Kansas City 64137
Tel: (816) 763-8000
TWX: 910-771-2087

1024 Executive Parkway
St. Louis 63141
Tel: (314) 878-0200
NEBRASKA
Medical Only

7101 Mercy Road
Suite 101

Omaha 68106
Tel: (402) 392-0948
NEVADA

‘Las Vegas
Tel: (702) 736-6610
NEW JERSEY
W. 120 Century Rd.
Paramus 07652
Tel: (201) 265-5000
TWX: 710-990-4951

Crystal Brook Professional Building
Route 35

Eatontown 07724
Tel: (201) 542-1384
NEW MEXICO

P.0. Box 11634

Station E

11300 Lomas Blvd., N.E.
Albuquerque 87123
Tel: (505) 292-1330

TWX: 910-989-1185

156 Wyatt Drive

Las Cruces 88001
Tel: (505) 526-2484

TWX: 910-9983-0550
NEW YORK

6 Automation Lane
Computer Park

Albany 12205

Tel: (518) 458-1550

TWX: 710-444-4961

650 Perinton Hill Office Park
Fairport 14450

Tel: (716) 223-9950

TWX: 510-253-0092

No. 1 Pennsylvania Plaza
55th Floor

34th Street & 8th Avenue
New York 10001
Tel: (212) 971-0800

5858 East Molloy Road
Syracuse 13211
Tel: (315) 455-2486

1 Crossways Park West
Woodbury 11797
Tel: (516) 921-0300
TWX: 510-221-2183
Tel: (513) 671-7400
NORTH CAROLINA
5605 Roanne Way
Greensboro 27405
Tel: (919) 852-1800
OHIO
Medical/Computer Only
Bldg. 300

1313 E. Kemper Rd.
Cincinnati 45426
16500 Sprague Road
Cleveland 44130
Tel: (216) 243-7300
TWX: 810-423-9430

330 Progress Rd.
Dayton 45449

Tel: (513) 859-8202
1041 Kingsmill Parkway
Columbus 43229
Tel: (614) 436-1041
OKLAHOMA
P.0. Box 32008

6301 N. Meridan Avenue
Oklahoma City 73112
Tel: (405) 721-0200
9920 E. 42nd Street
Suite 121

Tulsa 74145

Tel: (918) 665-3300

OREGON

17890 S.W. Lower Boones Ferry
Road

Tualatin 97062

Tel: (503) 620-3350
PENNSYLVANIA

111 Zeta Drive
Pittsburgh 15238

Tel: (412) 782-0400

1021 8th Avenue

King of Prussia Industrial Park
King of Prussia 19406
Tel: (215) 265-7000

TWX: 510-660-2670

PUERTO RICO
Hewlett-Packard Inter-Americas
Puerto Rico Branch Office
Calle 272,

Edif. 203 Urg. Country Club
Carolina 00924

Tel: (809) 762-7255

Telex: 345 0514
SOUTH CAROLINA
P.0. Box 6442

6941-0 N. Trenholm Road
Columbia 29260
Tel: (803) 782-6493
TENNESSEE

8914 Kingston Pike
Knoxville 37922
Tel: (615) 5230522

3027 Vanguard Dr.
Director's Plaza
Memphis 38131

Tel: (901) 346-8370
‘Nashville

Medical Service Only

Tel: (615) 244-5448

TEXAS

4171 North Mesa
Suite C110

El Paso 79902
Tel: (915) 533-3555
P.0. Box 1270

201 E. Arapaho Rd.
Richardson 75080
Tel: (214) 231-6101
P.0. Box 42816
10535 Harwin Dr.
Houston 77036
Tel: (713) 776-6400
‘Lubbock
Medical Service Only
Tel: (806) 799-4472

205 Billy Mitchell Road

San Antonio 78226
Tel: (512) 434-8241

UTAH

2160 South 3270 West Street
Salt Lake City 84119
Tel: (801) 972-4711

VIRGINIA

P.0. Box 9669

2914 Hungry Springs Road
Richmond 23228
Tel: (804) 285-3431

Computer Systems/Medical Only
Airport Executive Center

Suite 111

5700 Thurston Avenue
Virginia Beach 23455
Tel: (804) 460-2471

WASHINGTON
Bellefield Office Pk.
1203 - 114th Ave. S.E.
Bellevue 98004
Tel: (206) 454-3971
TWX: 910-443-2446
P.0. Box 4010
Spokane 99202
Tel: (509) 535-0864

‘WEST VIRGINIA
Medical/ Analytical Only
4604 Mac Corkle Ave., SE.
Charleston 25304
Tel: (304) 925-0492

WISCONSIN

150 South Sunny Slope Road
Brookfield 53005
Tel: (414) 784-8800

FOR U.S. AREAS
NOT LISTED:

Contact the regional office
nearest you:

Atlanta, Georgia. . .North Holly-
wood, California. . . Rockville,
Maryland. . .Rolling Meadows,
llinois. Their complete addresses
are listed above.

“Service Only
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