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L -52 
L 2000 
Y 5838 
YW ii 
Y i 
Y - 2 
.r - 100 
Y is 
L - i200 
Y A+ 0 
J OD 
L 1202 
Y YJ 22 
D 
B b 
J 3600 
B 
J 
L 
Y \II 
D 
v 
T 
" l 
y W 
y 

Y = J 

1209 
1203 

22 

300B 
i2G9 
1201 

iOO 

12 
i 
2 

Y i6 
l - 1250 
Y A+ 0 
J OD 
l i251 
Y W 22 
D 
J 
T 

" L 
y W 
\! 

Y -
J -
y 
v -, 
y W 

y 

3300 
1259 
1252 

13 
i 
2 

100 
17 

S838 
is 

L 1300 
Y A+ G 
J 6D 
i.. i30i 
Y W i6 
¥ 
~ -
I 
J -
y 
y w 
y 
Y A-
J 
v , 
J 
L 
T .s 

i 
2 

1fiG 
i9 
17 
i 
2 

iGQ 
20 

1309 
i3e2 
1303 

S2 
i , 

3271;/; 
o 

2600D 

1200 

:3 

2 

3 
2 

i 

i 
i 
2 

U 
2000D 

1256 

3 
2 

i 
3 

o 
20GOl) 
S3 

,. 
2 

o 
2GOuD 

f30e 

i­
i 

19J) 
o 

2GDOD 
i 

i 

1 

i 

i 
i 

i 
1 

ilD 

ibil 

iaD 

i 

i 

STACK S2 
LOOP POINT FOR TRANSFER FUNCTION 

ParaMeter entr'l 
Range: i - 32767 
Variable: i5 

BLOCK i200 (ends in stack 54) 
Branch ~er yariaole 11 

to LitOi/ 1202 or 1203 

Pause for uperator action 
Turn on DAC 
Subroutine call - baseband MeasureMent 
Turn off fiAC 

then go to end of DlocK i200 

Pause f~r operator action 
Subroutine call - baseband MeasureMent 

then go to end of block 1200 

ParaMeter entry 
.~lloge: ,i -, 2 
\,Iarl'lb~l!: 16 

BLaCK 125& (ends in stack 54) 
Branch gel' ~Qriable 16 

to li~Si or i252 

Pa~se for operator action 
Subroutine call - baseband MeasureMent 

then go to end of bl~ck 1256 

PariiMeter entrv 
Range: i - J 
'Jarlable: 17 

?Qr.:!Meter entry 
Range: i - 2 
I!uriabk is 

BLuCK 1100 (ends in stuck 53) 
Branch.eer var~u~le 18 

to Ll~Bi or i3v2 

P!lrGMei€r entt v 
R''lr,ge,: i -,32767 
'iar lllole: 19 

P!J.l"Q~eter entry 
Rance: 1 - (yalue af uar 19 - i} 
Variable: 20 
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2084D 
2003D 
209iD 

2064D 
200n 

2003D 
200iD 

19D 
19D 

2003D 

CurSQrGn;Cpl'~llrpQI"l",eJers if . 
. .lIarLables20GO ~ .. 2002 (200i=f'requency! 
I1llr lllble2QO~gets ist. cursor freQIIEncy 

CUl'soroni.pOl'lU'let~rs t 02000-.•...•.. 2 ... 6. f •. I ... 2 Cursorllff .................................. . 
l1arl.able2004gets 2nd tursorf'requency 
~LOCKi3SQ ......................... . 
IfiSlcursorfreqllency) 2nd 

then swap theM 

EHD .. OFBLOCK 1:350 

Vuriable20ge.tszoor.Dqndwidth 

P IlpaMelerent~)' 
~flnge:i -;r. .. i ... . ' 
cJnnable: .2000 ( lel'lpOl'nry) 

BLOCK 1SS0(endsinstlitkS4) 

:81'.0. n.C.Il ... P ... 2. !' .......... '1 .... Il.· .. l'. ·.ill ... b ... ·.l .•.. (>.~ ..... ::'.' ... 0 .. 0.0. tu. L1551 > tSS20rlSS3. 
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134 
64 

.1 
l. 

197 
0 

2600D 
198 

22D 
i 

2 

i 

1b6~ 

19D 
2 
a 

i9D 20D 
2 
0 

2000D 

2iD 

in 

20l} 
~ 
~ 

STACK 54 

Vllrlllhle·22 qetsdefault start track 
Val' illble2i gets default t of' rec ord~ 

Par(1l'\eter entry 
RaM!:!: i ~ 191 
Vllriilble: 22 

Variable 22 ae1s user~s start track 
variable. 21 gets i of records left 

END OF BlOCK 1550 (froM stack 3) 
Position tnrouqh~vt file t~ start track 

Pllusefllr operator action 
iXlr iable i3 gets .curreni bhck size 
Set blllck size to /'IIlX fllr tfir~ughput 
Pert'llrM ADC thrtuqilp.ut ". 
Restore black 'Size. 

END Of SLOCK 1500 (f'hi'lstllck s:n 
EHo OF. I1LOCK 1450 .. ' (fr.~f'I stildS3) BLOCK 1600 .' .. ' . , 
IIranth per \lilr l.able i7 

to L1bOi I 16,02 t}r 1603 

Ini t illHze ZflOM--1I0 line preprocessrH' 
Subrol,ltine C(ln--ZIiO"'~llsur!:!l'\ent 
Restlt Zoofl,tllbastbci111d ' . 
Go t!lendll~ hlocktMl 

22D Init.illIiz~ I(lflfI-"'~ff'l ine' preprl1ce"Ssll'l' 
1 . Subroutine CIlU ~·zo OK I\ellSIH'eKent . 

ResetzoGfI"to Msebanfl' 
... ' {;flJ~ 'eou;oftilJlckib1lj 

InHillW:e iO~t\~-off Hl'le<softwllre 
SuDiIlIiJl!l(Cllll.,.,;zOlll'lcite(lSIl:rettefl t . . Restl . tGilfi,t!iMS:~~llnit "', " ...... .. 

Etin' 1:&00 HiliJistnck68 j .. 
Ef.llHlF . . .' j,2S9<froris1uc!cS2} 
ENDilfiL~12Q9 (rlollstlltk· 52)' . 

TNlns.f(rfunct~j)ll ctll'lPlete .... , .' 
' .. ;:Prinr,ins1rllctitns tIlOPWltO/' .' 
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L 
L 
Y 
y 
YW 
D 

-55 
36M 
5838 

b 
31 

J 300n 
Cl 2 
CL 3 
CL 4 
CL S 
L 3050 
y At :) 
J OD 
L 3051 
L 3052 
RA 0 
Hi 0 
Hi i 
F 0 
Cl 0 
CL 
SP 
t 
J 
CH 
:t 

, 
,J 

... 
y W 
RA 
Y 
F 
CL 
CL 
SP 

* J 
CH 
L 
TL 
TL 
TL 
TL 

i 
o 

305i 
9050 

o 
2 
2 
3 
'3 

30S9 
3053 

29 
3054 

30 
o 
5 
o 
o 
i 
n 

3U54 
9051) 

o 
3u59 

o 
2 
'3 
4 

5S 
2 

-1 

3050 
,..1 

i 
G 
o 
~ 
'-

iSD 
7 
2 

16 

.,. 

-1 

lSi) 
7 ., .. 

UD 

-2 

STACK SS 
BASEBAND TRANSFER" FUNCTION SUBROUTINE 

CheckADC Inputselector, If not 2 channel 
inforM operlltnr 
elllJSefnroperator tac:orrect it Ilnd 
.lOOp" i9 check Ilq'lln, 

Clear blocks needed for Ilueraging 

BLOCK 3050 
BNneh per '"~ar Illble 11 

tu L3US1, 3052 or 3053 
L365i ~ 30S2eqlJivalent--non-traflsienr 

~nalog input 
Hillin 

Tro.nsrol'PI 
Cle'lr" DC 

Avef"a~e sp~c tra 
Loop tar specified I of guerllge~ .. , 
Subroutine cal, - clellr ~na nalt blOCK 
CiiMpute transfer funct iGfl 
Correct aMplitude for Hllnnlng 

L3053 transient siQnQls 
Instruct operator ta iMpact on cue 

':ue wi th "beep" 
Analog input 
Check for (l'Jerload--if' ·so; cue aqain 
TrilnsforM 
Clear DC 

A\lel'a~e spectl'il 
Loupforspecifierl ~)fQ~~ro.Qes 
Subr~iltlne cull - cleilr- 2nd halt" block 
GaPlQute traflsferfunction 

END DF BLOCK 3050 
lake logs afspec tra 

Re~urnto calling prlgrGM 
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L -56 
L 4000 
y 5838 55 
Y 6 ? 

L. 

Y W 3i 
D 
J 4000 -1 
CL 7 
CL B 
CL 9 
CL 10 
L. 40iO 
Y 45 5 i 
SP S 'J 

'-
to 4010 i5D 
CH S oj 

(,. 
~ 4200 J 

L 4200 
X{ 9 
X> 4 
X{ 8 
Xi ~ 

j 
"1 Ii., \ 7 
X} ':I 

'-
X( 6 
X} 1 
X{ '; 
iL 0 
TL 2 
TL 3 
TL 4 

L 4500 
CL 7 
CL 8 
CL 9 
CL 10 
L 45in 
y 45 £:, i 
y 45 S 1 
D 8 4 
SP 5 2 
4 4SiU iSD 
CH S 2 
J 4200 

~ 

,j 

a 
2 
0 

2 

2 
i 

2 
0 

2 

STACK S6 
SUBROUTINE FOR ON LINE ZOOM TRANSFER FeN 

Check ADG inpu1 selector If not 2 channels 
inforM,operator 0 

pause tor operator to correct It and 
loop to check aQain 

Clear blocks nee did for averaging 

ZOOM, displaying Channel B power spectruM 
AveraQe spectra 
L~up tor specified t 1f averages 
COMpute transfer function 
Subroutine call to Move data 
Return to call log PI' ogra/'i 

------------------- -----,---------------_._---
---------------------~~----------------------

SUBROUTINE TO MOVE DATA BLOCKS 
Mo~e oat a blocks frOM Z GOI'I 111'£'1 

to arell for operator viewing 

TIlke logs of spectra 

Return to calling prograM 
============================================ 
SUBROUTINE FOR OFF LINE ZOOM TRANSFER FCN 
Clear blocks needed for Q~eraging 

ZOOM on Chunnel 3 
ZOOM Of! Channel A 
Display Chunnel B power spectrUM 
Avel'a~e spectra 
Loop tor specified t or averages 
COMpute transfer function 
Subroutine cull to Move datu 
Return to call ing progrl1M 

============================================ 
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L -58 
L 2000 
Y S838 
Y W 11 
Y 1 
y - 2 
J - 100 
y is 
y Q 12 
Y i y - 2 -J 100 
Y 16 
L - 1250 
Y A+ 0 
J 01) 
L 1251 
Y W 22 
D 
J 3000 
J 1259 
L 1252 
Y W 13 
Y i y - 2 
T - iOO " Y 17 
)' - 5838 
Y W 15 
y 1 y - 2 
I - iOO 
Y 18 L - 1300 
Y A+ 0 
I OD 
L 1301 
Y W 16 
Y i Y - 2 
J - 10il 
Y 19 
Y w 17 
y i 
Y Ii- 'J ... 
J 100 
y 20 
J - 1309 
I 1302 l-

I 1303 

S2 
i 
i 

32767 
a 

20001) 
i 
i 
2 

0 
20001) 

1250 ibl) 

i 

3 i 
2 1 

1 
i 
3 

0 
2000D 
S3 

1 
i 
2 

a 
20001) 

1300 i8D 

i 
1 • 32767 

0 
2000D 

i 
i 

19D 1 
0 

2UOOD 
1 i 

i 1 

STACK 58 
LOOP POINT FOR POWER SPECTRUM 

Parul\eter entr~ 
Range: 1 - 3~767 
'JarJ.able: 1S 

Parlll\lHer entry 
Range: 1 - 2 
'Jar lilb le: 16 

BLOCK i250 (ends in stack 60) 
Branch ger varillble 1b 

to :..1 ... 51 or 1252 

Pause for operlltor action 
Subroutine cllll - baseband MeasureMent 

then go to end of block 1250 

PllrllMeter entry 
Range: 1 - 3 
Var iable: 17 

Parlll'leter entry 
Range: 1 - 2 
Var.l.able: is 

BLOCK 1300 (ends in stack 59) 
Branch ~er varlable 18 

to Li 01 ~r 1302 

ParaMe tel' en tr; 
Range: i - 3 .. 767 
Variable: i9 

PllraMeter entry 
Range: i - (value of vllr 19 - 1) 
Va;/'.Lab le: 20 
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L .. 59 
l 1103 
Viti .18 i 
I. 2000 

.. 2003 y 200iD 
Y U 19 1 
I. 2000 
I. -1 
y 2084 20nD 
L - 13~O 

2004D Y IF 603 
Y 2004 ,OOlD 
y - 2003 2001D 
L.- 1359 
'( A- 2000 2004D 
'I' 20 20061) 
y -: 2000 
'I'M 2001 2003D 
[ .. 19 200iD 

14011 
Y If 20 19D 
Y A- 20 19D 
L 14119 
L 1309 
l 1450 
Y A+ 0 1456 
J. on 
L 1451·· 
Y sa3B 54 
Y ill 22 1 
D 
J 1459 1 
L 1452 
L 1453 
'I' ill 20 i 
Y i ~ y - , 
J- 106 \) 
'( 24 2000D 
L - 1500 
y Sa3a 54 
y At. 0 1500 
J OD. 
L 1561 . 
J 1509 i 
L i502 
'I' W 28 1. 
Y 1 1 
y - 2 3 
y - iOO 0 ,j 

L 1550 
Y A+ 0 1558 J . OD 
L 155i· 
D 
J 1S51 
L iSS2 
J 
.L 

1554 
15S3 

i 

J iSSS .1 
, 

STACK 59 

Cursor on.Cul'sorpOJ'ufteters to .. . 
4JQriQbl\!!~2000'" 2102 <2&01=f'requen¢y) 

Variable 2003 .. g,etslstcurs1lr ... freqvency 

cursor. on f pllro.Mte.rs to 2000. .., 2002 
. Curs1lr of ... ... . 
Variable 2004 gets 2nd cursor frequency 
BL.OCK 1350 

2 -2 If 1st cursorfrequenc? )·2I1d 
then SW& thel1 . 

END OF BlO. 1350 

2003D 
VariaMeZOgets :t00l'1 bandwidth 

2000D 
.Varlllble19getszool1 ceMer freqllency 
BLOCK HOD 

i -2 If bandwidth not{ ttl' freq 
1: then bandwidth ::: ctr freq .. i 

END Of BLOCK 1400 .. 
END OF BLOCK 1300 (1'1'01'1 stack 58> 
BLOCK 1450 (.ends in stack 60) 

17D Branch p.~rvar l~ble 11 
to L.H i; 145· 61' 1453 

1 
Puuse for operator action 

Po.rQl'leter entry 
• Range:!- 2 

VQl' io.ble I 24 

BLOCK 1500 (ends in stack oO} 

24D BrQnch~er variable 24 
to Li 0101' 1562 

i 

Pnral'teter entry 
Ranged - 3 
Varlllble: 2000 (te~porQrt) 

BLOCK1SS0(etldsin stnck . 0) 
2000D Branch ~erval'll,lble 2000 

t1' L1 Si l . 1552 or 1553 

Pause ~ loop to h.ere-~abort 

i . 

r 
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L -60 
L 1554 
y 22 134 y - 21 64 
J - 1559 
L 1555 
Y W 27 i 
Y i i y - 2 197 
J - 100 0 
y 22 2000D 
'( A- 21 198 
L 1559 
MS 32 22D 
V W 22 1 
D 
Y BS 13 
BS 4096 
MS 22 
BS i3D 
'( W 21 i 
L 1509 
L i459 
I 1600 l-

V A+ 0 1600 
J on 
I 1601 ... 
Y 40 19D 20D 
J 4000 i 
y 40 6 
J 1609 
I 1602 I-

Y 43 19D 20D 
.J 4500 i y 43 0 
J 1609 
L 1603 
V 41 19D 20D 
J 4500 1 y 41 U 
L 1609 
L 1259 
y S83S 54 
Y W 23 i 
'( W 25 1 
Y \II 26 i 
MS 37 
MS 'J~ 

.. I 
D 
J 2000 -2 

STACK 60 

Vuriuble 22 gets default start truck 
var-iable 21 gets default t of record~· 

PuraMtHer entr~ 
Range: 1 - i 7 
Vuriuble: 22 

Vuriable 22 gets user1s start truck 
2000D Variable 21 ~ets t of records left 

END OF BLOCK 5S0 (frOM stack 59) 
Position throughput file to start truck 

Pause for operator action 
Variable 13 gets current block size 
Set block size to Max for throughput 

21D PerforM ADC throuQhput 
Rest~re block size 

END OF BLOCK 1500 (froM stack 59) 
END OF BLOCK i450 (frOM stack 59) 
BLOCK 1600 

17D Brunch per variable 17 
to LibOl) 1602 or 1603 

1 
Initialize 200M--on line preprocessor 
Subroutine ca11--200M MeasureMent 
Reset ZOOM to b~sebQnd 
Go to end of block ibnG 

22D Initialize IQOM--off line preprocessor 
1 Subroutine cu11--200M MeasureMent 

Reset ZOOM to baseband 
Go to end of block i60u 

22D Initialize ZGOM--uff line softwure 
1 Subroutine cal1--100M MeasureMent 

Reset ZOOM to baseband 
END OF BLOCK 1600 

END OF BLOCK 1250 (frOM stack S8> 

Power spectrUM COMplete 
Print Messages to operator 

Save variable paruMeters 

Puuse for operator action 
Lo08to re~eat eower spec. truM 

END F POWE SPE TRUH (except subroutines) 
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y 
YW 
Q 
J 
CL 
t. 
'if 

SP 
t 
X.( 
TL 
{ 
L 
CL. 

V 
D. 
SP 
i X{ 
It 
( 

o 
is!} 
i 

16 
.. 3 

o 
1 

, ',' ~ 

Allalog in~ U l)di splay inqa lIerll!}e 
HQnn 
TransforM 
CleilrOC 
Av.erQQespec.trIlM ... .... . ... 
Loophrspecified tof .. Il.verQges 
$ubrout lnec(lil-cie(lr 2ndhllHbl ock 
HIlOfiing c.orrection fw bl"oQdbulld Mis!! 

load IJ.vel'llgeto blodO 
lllke •.• log 
Returnt.octilUng progrilM 

======.=====.======':;:======;;==='============:::=== 
SUBROUlINEFOR ONLINE ZOOM P.GWERSPECTRUM 

CheckADCselettor.· I fnot2chanoels 
iOf01'I'\ .. &p.eralol' 
plluse for opera to~ •. t oc orrect illlnd 
loop to. check 1l<!.Il.l.O. 

Clellrbloctneeded. fur .llveMging 
,",. . .......... . 

c 
ZOOMi • dlsplaying power sp.ectrul'l 
Average . spec 1rUM 
Loopto~ .. specifiedl. ~fa~erQges 
L.olldllllerage t obI pek 0 
T~kehg 
Return tocll111ng prograM 

==,==,===::===::==:;'=======~===='===='==:::;'======::=:: 

SUI!ROUTlNEJOROfF LINa ZOOMPOwrRSPEC1RUM 
Clear block needed for .Ilveraging 

ZOOI'! 
O>U iSllla9 Ilverllqe.( i ·sloltepl 

~;:~a~~rspecVied·.ljjfaVerllges 
LoaQllverllgetob lock 0 
TIlke log 
Re UNIt 0 CIll1ingpf oqrtil'l 

==::=:::=====::=============~====:::::=:::-'==;==,=====:; 
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L -62 STACK 62 
L 90S0 CLEAR 2ND HALF BLOCK SUBROUTINE 
y 29 90S7 Set return label value 
J - 9GS6 -1 
L 90S7 Return label 
CL 4 2SD 26D Cleur last half block 4 
CL S 25D 26D Clear last half block S 
J 90S9 -i 
L 90SS Entry pt. Pwr Slec 19M 
Y 29 90S8 Set return lube va ue 
J - 9056 -1 
L 9059 Ret urn label 
CL i 25D 26D Clear last half block i 
J 90S9 -i 
L 9056 
Y A+ 0 9051 14D Was HP filter selected? 
J OJ) -1 No. Gio 9051 
L 9052 Yes 
y as 13 Get current blocksize 
Y : 26 i3D Store Bs/2 in variable 26 
Y : 25 26D Store 9s/4 in variable 25 
J 29D -1 Indirect return 
L 9051 
L 9059 End of pgM 9056~90SS 
< Return to calling prograM 

Text buffer Messages for Transfer Function and Power SpectruM prograMS 

BUFFER I MESSAGE I 

51 i 
HP TRANSFER FUNCTION PROGRAM 

S1 2 
SELECT EXCITATION TYPE 

Si=RANDOM - BASEBAND OR ZOOM 
2=HP DAC - BASEBAND ONLY 
3=TRANSIENT- BASEBAND ONLY 

S1 :5 
INPUT DESIRED DAC OUTPUT IN MV 

514 
HP POWER cSPECiRUM PROGRAM 

S1 S 
SETAl>C FREQUENCY RANGE AS DESIREii 

(SAMPLE MODE & MULTIPLIER) 
SET ADC TRIGGER TO "FREE RUH lf 

CHANGE 9LOCK SIZE IF DESIRED 
PRESS ·CONTINUE" WHEN READY 

S1 6 
ARE HPFILTERS INSTALLED? 

O=NO; Si=YES 
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51 7 
SET KEYBOARD REPEAT/SINGLE SWITCH 

TO "REPEAT" 
PRESS "CONTINUE" WHEN READY 

51 99 
ENTRY OUT OF RANGE-PLEASE REENTER 

LOWER LIMIT = 
PRESS CONTINUE WHEN READY 

52 B 
TURN ON RANDOM EXCITATION SOURCE 

52 9 
SET TRIGGER SOURCE AS DESIRED 
IMPACT STRUCTURE REPEATEDLY 

52 10 
SET OVERLOAD VOLTAGES AND TRIGGER 

LEVELS FOR SIGNAL AMPLITUDES 
MOVE REPEAT/SINGLE SWITCH TO 

·SINGLE" wHEN READY, IF SOURCE 
IS NOT IN FREE RUNJ TRIGGER THE 
SYSTEM AGAIN TO CQiHINUE, 

52 ii 
ENTER NUMBER OF AVERAGES DESIRED 

52 12 
ENTER MEASUREMENT TYPE 

l=BASEBAND 
52=ZOOM 

52 13 
ENTER ZOOM MEASUREMENT MODE 

i=ON "LINE PREPROCESSOR 
52=OFF LINE/ PREPROCESSOR 
3=OFF LINE j SOFTWARE 
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S2 14 
ZOOM NOT APPROPRIATE WITH HP DAC 

BASEBAND MEASUREMENT WILL BE MADE 

S3 i5 
HOW WILL YOU SPECIFY ZOOK BANDWIDTH? 

i=NUHERIC ENTRY - CTR FREQ & BW 
2=CURSOR - ON PRIOR MEASUREMENT 

53 16 
ENTER CENTER FREQUENCY 

S3 i7 
ENTER BANDWIDTH 

53 18 
MOVE CURSOR TO START FREQUENCY 

PRESS "VALUE" (SWITCH RtGISTER Ul 

53 i9 
MOVE CURSOR TO END FREQUENCY 
PRESS ·VALUE" 

S3 20 
ANALYZE OLD OR NEW DATA? 

i=OLD (FROM THROUGHPUT FILE) 
2=NEW 

54 21 
THROUGHPUT COMPLETED 

S4 22 
PRESS "CONTINUE" FOR MEASUREMENT 

54 23 
MEASUREMENT COMPLETE 

54 24 
TO DISPLAY RESULTS PRESS: 

"DISPLAY" ·0· LOG TRANSFER FCN 
"DISPLAY· a1 8 COHERENCE 
"DISPLAY" "2" INPUT POWER SPECT 

Beeps to cue OperQiOr 
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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 input signal 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 nl SPACE n2 SPACE n3 ENTER 

where: 

nl = 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,S = 50 kHz. SOo '= 50ol4~, 

0= auto select mode: if in Fmax setting the filter range = 112m ax (where Fmax is from 100 Hz to 100 
kHz); for .:If sampling mode, a filter in the range of .38 = Fe = .8 of Fmax or filter bypass is selected. 
See Table E-l for filter range automatically selected for M 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 n2 in 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. 
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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 1 n21 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 fHter 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/Fc) + 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 timean ANALOG 
IN command is used. 

Example: 

Set ADC SAMPLE MODE to MAX FREQ, kHz/us and MULTIPLIER to 1001200/5 
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) orthe "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 set at 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. 
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Select Code Switches 

SWITCH HANDLE 

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 Fouriertime-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 a random 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 DAC is set to 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: 

n1 specifies the data block used by the ANALOG OUT command. It cannot be the same data block 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: 2 then the data block n1 is filled with random data with a peak value equal to n2 mY. 

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 :::; Fe:::; .8 Fmax where Fe = the cutoff frequency of the filter.) 
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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. 

NOTE 

If a 5477A System Control is part of the system be sure it is turned OFF whenever 
the ADC is not in remote. 

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 Time 

.1 kHz 1 ms N/A* N/A N/A N/A N/A 
500 Hz 2 ms N/A N/A N/A N/A N/A 
200Hz 5 ms N/A N/A N/A 25 kHz 12.5 kHz 

100Hz 10 ms N/A N/A 25 kHz 12.5 kHz 5 kHz 
50 Hz 20 ms N/A 25 kHz 12.5 kHz 5 kHz 5 kHz 
20Hz 50 ms 25 kHz 12.5 kHz 5 kHz 2.5 kHz 1.25 kHz 

10 Hz 100 ms 12.5 kHz 5 kHz 2.5 kHz 1.25 kHz 500 Hz 
5 Hz 200 ms 5 kHz 2.5 kHz 1.25 kHz 500 Hz 500 Hz 
2 Hz 500 ms 2.5 kHz 1.25 kHz 500 Hz 250 Hz 125 Hz 

1 Hz 1 second 1.25 kHz 500 Hz 250 Hz 125 Hz 50 Hz 
.5 Hz 2 second 500 Hz 250 Hz 125 Hz 50 Hz 50 Hz 
.2 Hz 5 second 250 Hz 125 Hz 50 Hz 50 Hz 50 Hz 

.1 Hz 10 second 125 Hz 50 Hz 50 Hz 50 Hz 50 Hz 
50 mHz 20 second 50 Hz 50 Hz 50 Hz 50 Hz 50 Hz 
20 mHz 50 second 50 Hz 50 Hz 50 Hz 50 Hz 50 Hz 

10 mHz 100 second 50 Hz 50 Hz 50 Hz 50 Hz 50 Hz 
5 mHz 200 second 50 Hz 50 Hz 50 Hz 50 Hz 50 Hz 
2 mHz 500 second 50 Hz 50 Hz 50 Hz 50 Hz 50 Hz 

1 mHz 1 ks 50 Hz 50 Hz 50 Hz 50 Hz 50 Hz 
.5 mHz 2 ks 50 Hz 50 Hz 50 Hz 50 Hz 50 Hz 
.2 mHz 5 ks 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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128 

N/A 
25 kHz 
5 kHz 

5 kHz 
2.5 kHz 
500 Hz 

500 Hz 
250 Hz 
50 Hz 

50 Hz 
50 Hz 
50 Hz 

50 Hz 
50 Hz 
50 Hz 

50 Hz 
50 Hz 
50 Hz 

50 Hz 
50 Hz 
50 Hz 

64 

25 kHz 
12.5 kHz 

5 kHz 

2.5 kHz 
1.25 kHz 
500 Hz 

250 Hz 
125 Hz 
50 Hz 

50 Hz 
50 Hz 
50 Hz 

I 

I 50 Hz 
50 Hz 
50 Hz 

50 Hz 
50 Hz 
50 Hz 

50 Hz 
50 Hz 
50 Hz 



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: 

n1 is 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 n1 without 
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: 

n1 is the time-domain data block to output, and 1 is 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 n1 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 met at 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: 

102010 

102012 

102011 
102007 

Halt Codes 

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). 
An attempted data transmission to the DAC has failed to occur (no flag response to a 
first mode device command from the interface card). 
The power up command was not accepted by the DAC. 
DMA is not available. This indicates that another device has requested DMA7. 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. 

HWWHAT 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 :::; Fe :::; .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) Fe 

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< Fe < .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 a random 
signal in a data block is as follows: 

ANALG OUT n1 SPACE n2 ENTER 

where: 

n1 is 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 
112 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 +1-1.0 
dB over the range from dc to 112 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 need 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 a data 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, a sample 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 25001256 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 112 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 tothe 
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/J.ls 
MULTIPLIER to 200/512.5 
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. 
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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 
5 

Start DAC outputJl9 
13 
17 

A three record wait 21 
loop to allow test sys-. 26 
tem impulse responsel[30 
to settle 34 

39 
45 

G .5 50 enerate new time 54 
domain random dat 
record 

60 

Fr 66 . 69 
Turns off continuou~ . 
output from DAC 75 

Clears out upper half of 
the data blocks 4 and 5 
to eliminate aliasing 
signal components and 
low level signals above 
1/2Fmax 

81 

87 

L 
CL 
CL 
CL 
CL 
B 
B 
L 
RA 
# 
B 
F 
SP 

# 
B 
CL 

CL 

CH 

• 

o 
2 
3 
4 
5 
6 
6 
1 
o 
1 
6 
o 
o 

4 

5 

o 

1000 

4 
3 
1000 
1 
2 2 

16 0 

128 256 

128 256 

2 2 

LABEL 0 ENTER 
CLEAR 2 ENTER 
CLEAR 3 ENTER 
CLEAR 4 ENTER 
CLEAR 5 ENTER 
ANALOG OUT 6 SPACE 1000 ENTER 
ANALOG OUT 6 ENTER 
LABEL 1 ENTER 
ANALOG IN 0 SPACE 4 ENTER 
COUNT 1 SPACE 3 ENTER 
ANALOG OUT 6 SPACE 1000 ENTER 
F 01 ENTER 
POWER SPECTRUM 0 SPACE 

2 SPACE 2 ENTER 
COUNT 1 SPACE 16 SPACE 0 ENTER 
ANALOG OUT ENTER 
CLEAR 4 SPACE 128 SPACE 

256 ENTER 
CLEAR 5 SPACE 128 SPACE 

256 ENTER 
TRANSFER FUNCTION 0 SPACE 

2 SPACE 2 ENTER 
END ENTER 

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 1 around 
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 periodic in the window period, the response can also be considered periodic in, 
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 112 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 

KYBD 

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 1/0 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: 
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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 Bit 3 = 0 Bit 3 = 1 

PHOTO READR Photoreader Terminal 
KEY BOARD Terminal Photoreader 
RPLAC or INSRT Terminal Photo reader 
"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 
4 and 6; the following table shows the effect of these bits on the output device selection for these commands: 

Command Bits 4 and 6 = 0 Bit 6 = 1 Bit 4 = 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 

1. Turn on high-speed punch. 

2. Generate adequate tape leader. 

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. 

6. 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 

1. Place paper tape in reader and press READ. 

2. Set bit 3 on the Processor S-Register and then press STORE. 

3. Give the appropriate REPLACE command on the Keyboard to enter the program into program 
memory. 

RPLAC LINE n1 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. 

4. The tape should now read in. 

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

DATA BLOCK I/O WITH PAPER TAPES 

Loading Tape via Photoreader 

1. Place data tape roll in photoreader tape holder, feed holes toward the instrument. 

2. Press POWER pushbutton. 

3. Press LOAD pushbutton. 

4. Run the tape leader underneath the wire guide and through the pair of feed rollers. 

5. Press READ pushbutton. 

6. 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. 

Date format on punched tape output 

P 
SF" 
( 

SF stands for "scale factors" 

-4 
0) 
8) 

o 
32767 

o 

9 
16384 

o 

8192 
o 
o 

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

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

9 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, Llt of 1000 ms. 

8192 is block calibrator which multiplies all data words in block. 

32,767 
16,384 are data words. Data word system is as follows: 

o stands for 0; 32767 stands for 1. 

To convert data words into actual physical values: 

Use the following formula: 

data word X block calibrator X 10k 

32,767 32,767 

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

32767 X 8192 X 10-4 = .25 X 10-4 
(32767)2 

Actual physical value of second data word is: 

16384 X 8192 X 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 (de) 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' J 0 

32767 

@ = carriage return 

@ = line feed 

Data format on punched tape input 

9 32767 @ 
16384 ••• i 

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

SF stands for "scale factor" (may be any two ASCII characters). 

is "k" in the expression "10k". 

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

9 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 MUL TI­
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 numberfrom 
o 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, .:It of 1000 ms. 

32,767 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. 

32,767 
16,384 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 

10k 

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

1~ X 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 0 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 O. The last word in a data block of size n is n-1 in the time do­
main, or nil 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 0 = Single Precision, Time, Linear, Rectangular Data 

CD Scale Factor. See examples below for use. 

@) Coordinate Code. 

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

o = Calibrator. See PUNCHed data example below. 

PRINTed Output 

( 

SF 
( 

( 

( 

f) ) 

! -4 ) 
??) 

? >j;j ,:) 

-1·) 

1 ,,) 11 (3 ~11 
-1 

-5M' 

2,?) 171 

-} 
500, 

-2 
1 \~00 

-5 

, Data (one word per channel) - __________ ~..--..-I, 

Calibration: data x 10scale factor Channel 10 = 100 X 101 = 1000 

PUNCHed Output 

6) 
14 } 
22) 

81 
32767 

-159 

163 
.2\ 

-814 

127 
!) 

-1634 

818 1163 71 
(1 -4 

-3274 -8189 

3275 
-14 

8189 
-29 

16378 
-79 

,'--------- Data (one word per channel) -----------_____ ..,~ 

C l·b t· data calibrator Itlscale factor 
a 1 ra IOn: 32767 x 32767 x ., 

_ 1637 6554 5 _ 
Channel 10 - 32767 x 32767 J( 10 - 999.26 
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A ;~ " ':> 

SF 
( 

( 

p 0 6 
SF 
( 

( 

( 

Figure £-2. Coordinate Code 2 - Data Representation 

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

CD Scale Factor. See examples below for use. 

e!) Coordinate Code. 

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

o = Calibrator. See PUNCHed data example below. 

PRINTed Output 

)D flJ ftJ 
26/ / / 
I,.,,:,} 2 15 

6) -6611 -6WJl -5399 I-Lj?)/nl -4';h'F1 
14) -1399 -10000 -10000 -10000 -9222 
22) -6025 -46~7 -4002 -3398 -2602 

... Data (one word per channel) 

-3199 -2 '1))? 
-2)135 -7SlJ. 

Calibration: ~~~a + scale factor 
-4603 

Channel 9 = ""i0ir + 100 = 53.97 dB 

PUNCHed Output 

2\/ 2/IS/!.'! 
6 ) - 1 7)) 8?1 - 1 5(1) 91l - 1 .] 1 l:j r-'--1-:3-} s-·})-. r,--') I 

14) -2 -32767 -32767 -32767 
22) -15162 -1051~ -8532 -6554 

-852G -6556 -19~6 

-25638 -22074 -2~002 
-39 .t~6 

-2,1)01 
-()t)11 

-1914 
- 1 71 52 

... "" __________ Data (one word per channel) _____________ -.J/ 

., [data calibratoi/ 
CalIbration: 1001.?2767 + 32767 J+ 20 x scale factor 

_ I:-10500 (-4580)1 _ 
Channel 9 - 101)2767 + 32767J+ 20 x 5 - 53.98 dB 
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SF' 
( 

( 

Figure £-3. Coordinate Code 4 - Data Representation 

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

CD Scale Factor. See examples below for use. 

e!> Coordinate Code. See description above, or Table E-l. 

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

o = Calibrator. See PUNCHed data example below. 

PRINTed Output 

Channel 6, imaginary part 

3) 
7 ) 

1 1 ) 

PUNCHed Output 

Chan",16.~ 

I ,~ 91 1 .... ~ 'J 1 99 ii'l) 
\ 

') 9 
2)j'J1 
-I) -:'),?) 

'21 
~) 

-}0-) 

-\ 

" Data (two words per channel) 

C l 'b . ( I . . ) d t Illscale factor a 1 ration rea or Imaginary: a a x v 

Channel 10 imaginary = 49 x 101 = 490 volts 

-1 ----~?~------~~-

-\ '.) '1 

---------------------------/ 

P 21 3 
SF 

13)D )D ~ jJ 
5 4 15 ~554 

( 

( 

3) 81 161 327 
7 ) 

1 1 ) 
32767 

-159 - :~: 1 ,.q -3274 

1 ') J 7 .3'~ 7 ') 
-L) -J..l~ 

- ';;:1 ';:;';1 -1,,-) / s; 

Y,l ;Co 9 
-;? :~ 

S 31;; 

" Data (two words per channel) _________________________ -..J/ 

.. .. data calibrator scale factor 
Cahbration (real or Imaginary): 32767 x 32767 x 10 

Channel 10 imaginary = 3~~~7 x ::;6~ x 105 = 499.33 volts 
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'"' " .":),..; 

( 

( 

P /1 3 
SF' 

( 

Figure £-4. Coordinate Code 5 - Data Representation 

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

CD 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 
Channel 6, magnitude 

ll// ? 
-1':) 1 J 

ChannelS, ph ... 7 
-5159 2559 -7989 3) 1490 489 1911 -2334 

28~'\8 -13655 
25'»61/)973 

2271 
2921 
22,1 r, 

7) 2767 -11821 -16493 2866 16665 
11) 272~ 13~2~ R121 

.3 ) 

./ ) 

1 I ) 

, 
Data (two words per channel) ---------------, 

C l'b . ( 't d ) d l"scale factor a I ratIOn magm u e: ata x ., Channel 6 magnitude = 2559 x, 10-1 = 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 

" 

)2J fJ fJ 
;) 1':) Ij::?4:~ 

15616 892 2~034 

29l0~ -19698 3~282 

-iI2LIR 

-:24>=55>3 
23f):tj6 
371628 

26272 19976 23234 

-9391 
-30'IJ2EJ 

14784 

26830 -14543 
30046 ')(2J338 

Data (two words per channel) ---------------, 

C l'b . ( 't d) data calibrator l"scale factor 
a I ratIon magm u e: 32767 x 32767 x., 

. _ 26830 10240 3-
Channel 6 magnItude - 32767 x 32767 x 10 - 255.89 vol. 

Calibration (phase): 3~~a7 x 180 
-14543 

Channel 6 phase = 32767 x 180 = -79.89 degrees 
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( 

( 

Figure £-5. Coordinate Code 7 - Data Representation 

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

G) Scale Factor. See examples below for use. 

o Coordinate Code. 

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

® = Calibrator. See PUNCHed data example below. 

PRINTed Output 

Channel 6, magnitude 

,)1 J "i 

Chann" 6, ph." ~ 

3) -1~5~ ~ 9 -1419 -'~]"3 /, -12P.9 -5t59 ~1186 -7989 
7) -1117 -lj;:;'?l -1 ';;:,": -13,;55 -}17/\ -16493 -1081 16665 

1 1 ) - I 1 r~,; 1 .'J ':;:';);1 - l~? .6 119 13 -1111 F121 

" .... ---------- Data (two words per channel) _____________ ...J~ 

Calibration (magnitude): ~~~ + scale factor 
. -1186 

Channel 6 magmtude = 100 + 60 = 48.14 dB 

Calibration (phase): d1~~ -7989 
Channel 6 phase = 100 = -79.89 degrees 

PUNCHed Output 

113)D ? ~ ? 
3 7 15 -3.312 

3 ) 
7 ) 

11) 

-211;1 692 
<VIR -19')93 
-3';':) ?516 ' ) 

- I ,6:12 
-?2 ,() 
-63(11 

-4248 
-2/.;358 

1 9976 

-91 (1 -9391 -572 -14543 
-1 94 -3(~024 -248 30338 
-980 1 47 84 

,,'------------ Data (two words per channel) -----------...-' 

.. . ( data calibrator) CalIbratIOn (magnItude): 100 32767 + 32767 + (20 x scale factor) 

Calibration (phase): 3~;~a7 x 180 

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

-14543 
Channel 6 phase = 32767 x 180 = -79.89 degrees 
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Figure f-6. Coordinate Code 12 - Data Representation 

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

CD 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 

'/1 :J 5 
Sk' 
( 

( 

5 ) 
9) 

13) 

1 J ::p 

IIi,? 
S;::l\ 

1 /.117 

,II ( ", 

Channel 8, LSBl 

Chann,1 8, MSB7 
>1 1:231 ,:] 

7(·~ 6 
.;>77 

" Data (two words per channel) ____________ ---J~ 

Calibration: (MSB + LSB) x 10scale factor Channel 8 = (1233 + 0) x 10-6 = .001233 V2 

PUNCHed Output 

S"' 
( 

( 

( 

9) 
13) 

/YJ / 
12 1737 

:?6:i::;6 
1 f11! 9') ';1 

9793 -3'27()7 

7 
;).3 9 S 
?L!7B i0 
1 (,? 4/) .', 

7F:f~/) -1 :;3R /1 

2 2 :~; 1 L1» 

II!,,);) 6 -327 'S 7 
616 f) -32767 

........ ---------- Data (two words per channel) 

Calibration (LSB positive): 

(N~:" + 3276r~~5536) x (ca~i;;:~or) x 10scale factor 

2:)691 (l 

118L1/j -32767 
163811 

Channel 16 = U:7~7 + 3276~6~8:5536) x (3623i667) x 10-2 = 2.767223165 X 10-4 V2 

Calibration (LSB negative) 

( MSB + LSB + 65536) (calibrator) 10scale factor 
32767 32767 x 65536 x 32767 x 

[ 6166 
Channel 15 -= 32767 + (-32768) +65536] 6396 x 10-2 = 3.673447426 X Hl-4 V2 

32767 x 65536 x 32767 
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Figure £-7. Coordinate Code 14 - Data Representation 

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

(!) = Scale Factor. See examples below for use. 

® = Coordinate Code. 

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

o = Calibrator. see PUNCHed data example below. 

PRINTed Output 

.j ~~ 5 1 6 fJ fJ ft 
c::~ oJ!' -27) } L1 1 737 

:; ) -WJ2 7, -,q I 
9 ) -959 ij -}0 1 5 -1;) 19 

1 3 ) -12'3 ::.i 1 -1129 1 -1L13~ 

" '----------- Data (two words per channel) 

Calibration: ~~~ + scale factor Channel 16 = -35.58 dB 

PUNCHed Output 

p ,) 
c::-.. ~r 
( 

( 

( 

5 16 ~ / 7 7 
-2 ILl 1731 -2325 
5) -310 ~ -39R - 51 I-:, 

9) -815 l -998 - 1 ·211 
13) -1719 -?'l? 1 -?'~7i 

.... '----------- Data (two words per channel) 

.. ( data calibrator \ 
CalIbratIon: 100 32767 + 32767 I + (10 x scale factor) 

.1 

( -2780 -2325\ 
Channel 16 = 100 32767 + 327671 + [10 x (-2)] = -35.5769909 dB 
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·NQTE ON e()()~DINATEtQ(jE$. 
Tbe .S451·systems.oftware ·~s~um~~tnat. any ~tahaving<:OOrdiri~te· cod.e.'i12," . 
<tecta~gulatt linear; d.oUble~pr~d~i.on)WilSQbtainedby' perf.ormin~a<;:pnll!gat~ . 
mul\iply.operati.on . .on data that had c6.ordinatec.ode "4" (rectangular, linear, 
slngl.e-pre<;:isionl., and,qssumes tha.tthisdataiScali"'rat~ io.terms .of '~V~:'~(instead. 
of "V") regardless-.of howthisco.ordinate code ;'1t'dataWils .obtalneti:Tniscan 
cause unexpectE;!d resultswhen datawith co.ordinatec.ode "12" isenter¢dmanuaUy 
.and converted to !.o8Plagnltude, . 

Anexample,comparing conversipnQfmanuany-:e",t~redsingle-precisiondata and 
rnanually~entereddouble ... predsiondatatP IQg mag",itUd.e is presented below. 

If the data values 1,10/100,~oQo,and 10000 are ente~edwith c.o.ordinate c.ode "4",and 
a I.og magnitude .operati.onisthe'! petfprrried,the <::o.ordinatecode wm bechal'1ged 
t.o "7"(p.olar, l.og, single-precisi.on), and the vertical spacing between the d.ots (in 
a MAGNITUDE display) wifl be 2 cm. . 

If the same data values are entered WithcoOrdiit~tec.odeu12",anda I.ogmagnitude 
. .operatl.onis Jheil perf.ormed,thecoordinateCQde will. be changed<tQ"1:4JJ . (fectan­
gular; l.og, d.ou",'e"predsi.onLand the v~ttical spaeingbetween thedpts (in aREAL 
disp1ay} .. MII .be.lcm: .. 

In ~eanty,. fhesetwo dat~displaysrepresen~thesa~e difference (in dB) betWeen 
p.oints, since tne coorqinate code "if> verticafcalibrationis- .. 

. ·d67:= 2010g<> ~~f·\\Ih~fe Vn~stheC)rj~inaldadvaJUe(Jnvolt$IVre~islvoltp:ak 
and thecoordinaJe code "14" vertical calibration is - . .. .... ...... ... . 

d614 =10.log/~r:~~2Wherethese terms havethesam:meaning as given. ab.ove; 

Cpnsider theexarriplesbelow:"':" . ". 

• Usi",g. the data vah1es"1" and· 'll00",:enteredWithc.o.ordinate c.ode" 4", LOC 
MAG. gives tne foll.oWing deflecti.ons (and.c()ord inatec.ode· '.'7")~ 

·(20I.og~) .• .... .•. .(10I.og1~0) 
·f()r ~~1'~: 0 cm t.otU 10Q": 4cm 1.0 " 10 .. 

• . Using the data vaJu~s "1'! and "1.00" i enter~d. with coordiit~te· c.ode" 4", conJu- ... 
. .. gate mult1plicati()ngives.the values"l'~and"l0000n (and coordinate <;:Qde "nil); 

a. LpG MAG operation .on this data gives fhe.tollowing .detJeCti.ons (and.c.o.ordi-
natec.ode "14·")- .. 

(10./.081..) .. · .. (10·logl0000) 
.,..-."....,:-~l ....... " ·for."lQ02'~; " ... 1 . 1Q. . 7'" OClTl 10 A ern . 

. ~ . Using the. daiava.lue~ "1'1 and" "1Q!t', entered With . c()otdinaf(c.ode"12"; LQG 
... MA<;givE;!sJhe foll.owing deflec~rO,m; (andcp!:>rdinat:·eode j'14")-" . 

. ·10 ( l.og.1.. ) . ... .. .. . . .1(lil()g 100) 
f.or .. ·"1,1 ..... > .. 1· """.0·· ..#.0. f""100"'· ·.....1 . ";;'2·· 

.' ··,0 .cl11. ..... . 10. ..cm 
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Coordinate Codes 

Coordinate 
Time Frequency Rectangular Polar Log Linear 

Single Double 
Code Precision Precision 

0 x x x x 

2* x x x x 

4 x x x x 

5 x x x x 

7* x x x x 

12t x x x x 

14* x x x x 

* Log data cannot be entered via KEYBOARD data entry mode. 
t Double-precision data entered via KEYBOARD data entry mode must be between +32767 
and -32768. 

Freq. 
Code 

47 
43 
39 
46 
42 
38 
45 

41,8 
37,4 

33,15 

11 
7 

14 
10 
6 

13 
9 
5 
1 

Frequency Codes 

Fmax .1t Freq. .1t 
(MAX FREQ) (.1 TIME) Code (.1 FREQ) 

100 kHz 5 IJ.S 56 1000 Hz 
50 kHz 10 IJ.S 52 500 Hz 
25 kHz 20llS 63 200 Hz 
10 kHz 50 IJ.S 59 100 Hz 
5 kHz 100 IJ.S 55 50 Hz 

2.5 kHz 200 IJ.S 62 20 Hz 
1 kHz 500 IJ.S 58 10 Hz 
.5 kHz 1000 IJ.S 54 5 Hz 

.25 kHz 2000 IJ.S 61 2 Hz 
0.1 kHz 5000 IJ.S 57,24 1 Hz 

53,20 .5 Hz 
49,31 .2 Hz 

50 Hz 10 ms 27 100 mHz 
25 Hz 20ms 23 50mHz 
10 Hz 50 ms 30 20mHz 
5 Hz 100ms 26 10 mHz 

2.5 Hz 200 ms 22 5 mHz 
1 Hz SOO ms 29 2mHz 

0.5 Hz 1000 ms 25 1 mHz 
0.25 Hz 2000 Ins 21 0.5 mHz 

0.1 Hz 5000 ms 17 0.2 mHz 

o = general code, 99 = BSFA data, see Section 5 
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T 
(TOTAL TIME) 

1 ms 
2 ms 
5 ms 

10 ms 
20 ms 
50 ms 

100 ms 
200 ms 
500 ms 

1000 ms 
2000 ms 
5000 ms 

10 s 
lOs 
50 s 

100 s 
200 s 
500 s 

1000 s 
2000s 
5000 s 





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. 

INST ALLA liON 

1. Check to be sure that the system ADC A9 board is HP PIN 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 )25 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 )39 on rear panel of multiplexer. 

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

System ADC Mainframe 

MULTX SAMPE 

DIGITIZE 

DAR 

to Multiplexer Rear Panel 

J34 

J38 

J37 

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 MUL TX 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 J34 (MUL TX SAMPLE) and J38 (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 1st input; J2 is 2nd input; J12 is 12th 
input; etc.). 

7. COlmect 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 areto be used must be connected toa signal sourceof1K, 
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 (11 - BN'C) is the first input channel which is referred to as channel "0". The 
.second channel (12) 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 0); 
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 Ilsec for its first input operation (regardless of the number of channels used). 
The ADC requires 7 Ilsec 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 (Le., minimum 
time between samples) that can be set on the ADC is-

12 J.lsec + (N -1) (7 Ilsec) 
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Examples 

1. What is the fastest sample rate that can be sent when eight channels are to be multiplexed? 

III = 12 J-lsec + (8 - 11 X 7 J-lsec = 61 I-lsec 

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

Note: If external sampling signal is available then a signal of 16.393 kHz (1161 }lsec) 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? 

Ilt, the time between samples, must be $ 1 
2 Fmax 

which, in this case, is 

so, Ilt must be $200 I-lsec. 

N= At - 5 }lsec 
7 ILsec 

which, in this case, is 

1 
2 X 2500 

200 Ilsec - 5 sec = 27 
7 I-lsec 

N, the number of channels that can be multiplexed can be 27 or less (assuming Il tor 200 I-lsec 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 256words 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 channell of the multiplexer. 
(Terminate all other channels.) 

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

3. Set the 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 o SPACE o 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. 

• 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 o SPACE o 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: 

MASS STORE 3 2 ENTER 

MASS STORE 2 2 SPACE 

N1 = Number multiplexer channels 
N2 = Number of records 

N1 SPACE 

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

N2 ENTER 

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. 

# Multiplexer Channels 

1 
2 7900 only 
2 
4 7900A only 
4 
8 7900A only 
8 

Max Block Size 

4096 
2048 
4096 
1024 
2048 
512 

1024 

ADC Alone 

25 kHz 

25 kHz 

10 kHz 

5 kHz 

5451C OPERATING 
F-4 

Fmax 

Throughput With 

7900A 7970B 7970E 

10 kHz 5 kHz 10 kHz 
5 kHz 

2.5 kHz 5 kHz 
2.5 kHz 

500 Hz 2.5 kHz 
500 Hz 

250 Hz 1 kHz 



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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SALES OFFICES [i] 
(Ja 

AFRICA, ASIA, HONG KONG Blue Star Ltd. Medical Only NIGERIA SRI LANKA 

AUSTRALIA Hewlett-Packard Hong Kong Ltd. 133 Kodambakkam High Road International Aeradio (E.A.) Ltd. The Electronics Metropolitan Agencies Ltd. 
Room 105, Austin Centre Madras 600 034 P.O. Box 95221 Instrumentations Ltd. 209/9 Union Place 

ANGOLA 1st Floor Tel: 82057 Mombasa N6B 1770 Oyo Road Colombo 2 
Telectra 21 Austin Avenue Telex: 041-379 KOREA Oluseun House Tel: 35947 
Empresa Tecnica de EQuipamentos TST P.O. Box 98524 Cable: BLUESTAR Samsung Electronics Co., Ltd. PM.B.5402 Telex: 1377METROLTO CE 

Electricos, S.A.R.L. Kowloon INDONESIA 22nd Floor Oongbang Bldg., Ibadan Cable: METROL TO 
R. Barbosa Rodrigues, 4 W oro Tel: 3-697446 (5 lines) BERCA Indonesia P.T. 250, 2-KA, Taepyung-Ro Tel: 461577 SUDAN 
Caixa Postal, 6487 Telex: 36678 HX P.O. Box 496/Jkt. Chung-Ku, Telex: 31231 TElL NG Radison Trade 
Luanda Cable: HEWPACK Hong Kong Jln. Abdul Muis 62 Seoul Cable: THETIEL Ibadan P.O. Box 921 
Tel: 35515/6 Medical 1 Analytical Only Jakarta Tel: 777-4886 The Eleclronics Khartoum 
Cable: TELECTRA Luanda Schmidt & Co. (Hong Kong) Ltd. Tel: 349255, 349886 Telex: SAMSAN 27364 Instrumentations Ltd. Tel: 44048 
AUSTRALIA Wing On Centre, 28th Floor Telex: 46748 BERSIL IA MALAYSIA 144 Agege Molor Road, Mushin Telex: 375 
Hewlett-Packard Australia Ply. Ltd. Connaught Road, C. Cable: BERSAL Hewlett-Packard Sales P.O. Box 481 TAIWAN 
3 I -4 I Joseph Street Hong Kong BERCA Indonesia P.T (Malaysia) Sdn. Bhd. Mushin, Lagos Hewlett-Packard Far East Ltd. 
Blackburn, Victoria 3130 Tel: 5-455644 PO. Box t74/Sby. Suite 2.21/2.22 Cable: THETEIL Lagos Taiwan Branch 
P.O. Box 36 Telex: 74788 SCHMX HX 23 Jln. Jimerto Bangunan Angkasa Raya PAKISTAN Bank Tower, 5th Floor 
Doncaster East, INDIA Surabaya Jalan Ampang Mushko & Company Ltd. 205 Tun Hau North Road 
Victoria 3 I 09 Blue Star Ltd. Tel: 42027 Kuala Lumpur Oosman Chambers Taipei 
Tel: 896351 Sahas Cable: BERCACON Tel: 483680, 485653 Abdullah Haroon Road Tel: (02) 751-0404 (15 lines) 
Telex: 31-024 41412 Vir Savarkar Marg JAPAN Protei Engineering Karachi-3 Cable: HEWPACK TAIPEI 
Cable: HEWPARO Melbourne Prabhadevi Yokogawa-Hewlett-Packard Ltd. PO Box 19t7 Tel: 511027, 512927 Hewlett-Packard Far East Ltd. 
Hewlett-Packard Australia Pty. Ltd. Bombay 400 025 29-21, Takaido-Higashi 3-chome Lot 259, Satok Road Telex: 2894 Taiwan Branch 
3 I Bridge Streel Tel: 457887 Suginami·ku, Tokyo 168 Kuching, Sarawak Cable: COOPERATOR Karachi 68-2, Chung Cheng 3rd. Road 
Pymble Telex: 01 1-4093 Tel: 03-331-61 I I Tel: 53544 Mushko & Company, Ltd. Kaohsiung 
New South Wales, 2073 Cable: FROSTBLUE Telex: 232-2024 YHP-Tokyo Cable: PROTELENG 10, Bazar Rd. Tel: (07) 2423t8-Kaohsiung 
Tel: 4496566 Blue Star Ltd. Cable: YHPMARKET TOK 23 724 MOZAMBIQUE Sector G-6/4 Analytical Only Telex: 21561 Band Box House Yokogawa-Hewlett-Packard Ltd. A.N. Goncalves, Ltd. Islamabad San Kwang Instruments Co., Ltd. Cable: HEWPARD Sydney Prabhadevi Chuo Bldg., 4th Floor 162, to Apt. 14 Av. D. Luis Tel: 28264 20 Yung Sui Road 
Hewlett-Packard Australia Pty. Ltd. Bombay 400 025 4-20, Nishinakajima 5-chome Caixa Postal 107 Cable: FEMUS Rawalpindi Taipei 
153 Greenhill Road Tel: 45 7301 Yodogawa-ku,Osaka-shi Maputo PHILIPPINES Tel: 3615446-9 (4 lines) 
Parkside, S.A., 5063 Telex: 011-3751 Osaka, 532 Tel: 27091, 271 t4 The Online Advanced Systems Telex: 22894 SANKWANG 
Tel: 272591 t Cable: BLUESTAR Tei 06-304-6021 Telex: 6·203 NEGON Mo Corporation Cable: SANKWANG Taipei 
Telex: 82536 Blue Star Ltd. Telex: 523-3624 Cable: NEGON Rico House TANZANIA Cable: HEWPARD Adelaide Bhavdeep Yokogawa-Hewlett-Packard Ltd. NEW GUINEA Amorsolo cor. Herrera Str. Medical Only 
Hewlett-Packard Australia Pty. Ltd. Stadium Road Sunitomo Seimei Nagaya Bldg. Hewlett-Packard Australia Pty. Ltd. Legaspi Village, Makati International Aeradio (E.A.), Ltd. 
141 Stirling Highway Ahmedabad 380 014 11-2 Shimosasajima-cho, Development Bank Building P.O. Box 1510 P.O. Box 881 
Nedlands, W.A. 6009 Tel: 43922 Nakamura-ku, Nagoya, 450 Ground Floor Metro Manila Dar es Salaam 
Tel: 3665455 Telex: Ot2-234 Tei 052 571-5171 Ward Strip Tel: 85-35-81, 85-34-91, 85-32-21 Tel: 21251 Ext. 265 
Telex: 93859 Cable: BLUEFROST Yokogawa-Hewlett-Packard Ltd. Port Moresby, Papua Telex 3274 ONLINE Telex: 4 I 030 
Cable: HEWPARD Perth Blue Star Ltd. Tanigawa Building Tel: 258933 RHODESIA THAILAND 
Hewlett-Packard AJstralia Pty. Ltd. 7 Hare Street 2-24-1 Tsuruya-cho NEW ZEALAND Field Technical Sales UNIMESA Co. Ltd. 
121 Wollongong Street Calcutta 700 001 Kanagawa-ku Hewlett-Packard (N.Z.) Ltd. 45 Kelvin Road North Elcom Research Building 
Fyshwick, A.C.T. 2609 Tel: 23-0131 Yokohama, 221 4·12 CruiCkshank Street P.O. Box 3458 2538 Sukumvit Ave. 
Tel: 804244 Telex: 021·7655 Tel: 045-312-1252 Kilbirnie, Wellington 3 Salisbury Bangchak, Bangkok 
Telex: 62650 Cable: BLUESTAA Telex: 382-3204 YHP YOK P.O. Box 9443 Tel: 705231 (5 lines) Tel: 3932387, 3930336 
Cable: HEWPARD Canberra Blue Star Ltd. Yokogawa-Hewlett-Packard Ltd. Courtney Place Telex: RH 4122 Cable: UNIMESA Bangkok 
Hewlett Packard Auslralia Pty. Ltd. Bhandari House Milo Milsui Building Wellington SINGAPORE ZAMBIA 
51h Floor 91 Nehru Place 105, l·chome, San·no-maru Tel: 877-199 Hewlett-Packard Singapore R.J. Tilbury (Zambia) Ltd. 
Teachers Union Building New Delhi 110024 Mito, Ibaragi 310 Cable: HEWPACK Wellinglon (Pie.) Ltd. P.O. Box 2792 
495-499 Boundary Street Tel: 682547 Tel 0292-25-7470 Hewlett-Packard (NZ.) Ltd. 1 I 50 Depol Road Lusaka 
Spring Hill, Queensland Telex: 031·2463 Yokogawa-Hewlett-Packard Ltd. P.O. Box 26-189 PO. Box 58 Tel: 73793 
4000 Cable: BLUESTAR Inoue Building 169 Manukau Road Alexandra Posl Office Cable: ARJAYTEE, Lusaka 
Tel: 2291544 Blue Slar Ltd. 1348-3, Asahi-cho, 1-chome Epsom, Auckland Singapore 3 OTHER AREAS NOT Cable: HEWPARD Brisbane T.C. 7/603 'Poornima' Atsugi, Kanagawa 243 Tel: 887-159 Tel: 270·2355 LISTED, 
BANGLADESH Marulhankuzhi Tel: 0462-24-0452 Cable: HEWPACK Auckland Telex: HPSG RS 21486 CONTACT: 
The General Eleclric Co. of Trivandrum 695013 Yokogawa-Hewlett-Packard Ltd. Analytical/MedicalOnly Cable: HEWPACK, Singapore Hewlett-Packard Intercontinental 
Bangladesh Ltd. Tel: 65799 Kumagaya Asahi Northrop Instruments & SOUTH AFRICA 3495 Deer Creek Road 
Magnet House 72 Telex 0884-259 Hachijuni Building Systems Ltd., Hewlett-Packard South Africa Palo Alto, California 94304 
Dilkusha Commercial Area Cable: BLUESTAR 4th Floor Sturdee House (Pty), Ltd. Tel: (415) 856-1501 
Motijhell, Dacca 2 Blue Star Ltd. 3-4, Tsukuba 85-87 Ghuznee Street Private Bag Wendywood, TWX: 910-373- I 267 
Tel: 252415, 252419 I I Magarath Road Kumagaya, Saitama 360 P.O. Box 2406 Sandt on, Transvaal, 2t44 Cable: HEWPACK Palo Alto 
Telex: 734 Bangalore 560025 Tel: 0485-24-6563 Wellington Hewlett-Packard Centre Telex: 034-8300, 034-8493 
Cable GECDAC Dacca Tel: 55668 KENYA Tel: 850-09 I Daphne Street, Wendywood, 
ETHIOPIA Telex: 0845·430 ADCOM Ltd., Inc. Telex: NZ 31291 Sandton, 2144 
Abdella Abdulmalik Cable: BLUESTAR Northrup Instruments & Tel: 802·5 111125 

P.O. Box 30070 Telex: 8-4782 PO. Box 2635 Blue Star Ltd. Nairobi Systems Ltd. Cable: HEWPACK Johannesburg Addis Ababa Meeakshi Mandiram Tel: 331955 Eden House, 44 Khyber Pass Rd. 
Tel: It 9340 XXXXV 11379-2 Mahatma Telex: 22639 P.O. Box 9682, Newmarket Hewlett-Packard South Africa 
GUAM Gandhi Rd. Medical Only Auckland 1 (Pty), Ltd. 
Guam Medical Supply, Inc. Cochin 682 016 Tel: 794-091 PO. Box 120 

International Aeradio (E.A.) Ltd. Howard Place, Suile C, Airport Plaza Tel: 32069 PO. Box 19012 Northrup Inslruments & Cape Province, 7450 PO Box 8947 Telex: 085-514 Nairobi Airport Systems ltd. Pine Park Centre, Forest Drive, Tamuning 96911 Cable: BLUESTAR Nairobi Terrace House, 4 Oxford Terrace Pinelands, Tel 646-4513 Blue Star Ltd. Tel 336055156 PO. Box 8388 Cape Province, 7405 Cable: EARMED Guam 1·1-11711 Sarolini Devi Road Telex: 22201122301 Christchurch Tel: 53-7955 thru 9 Secunderabad 500 033 Cable: INTAERIO Nairobi Tel: 64-165 Telex: 57 -0006 Tel: 70126 
Telex: 0155-459 
Cable: BLUESTAR 9/79 



0 SALES OFFICES 
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CANADA BRAZIL GUATEMALA FOR AREAS NOT DENMARK Hewlett·Packard France 

Hewlett·Packard do Brasil IPESA LISTED, Hewlett·Packard A/S Immeuble pericentre 
ALBERTA l.e.C. Ltda. Avenida Reforma 3·48 CONTACT: Datavej 52 rue van Gogh 
Hewlett·Packard (Canada) Ltd. Alameda Rio Negro, 750 Zona 9 Hewlett·Packard intercontinental DK·3460 Blrkerod 59850 Villeneuve D'Ascq 
11620A • 168th Street Alphaville Guatemala City 3495 Deer Creek Road Tel: (02) 81 66 40 Tel: (20) 91 41 25 
Edmonton T5M 3T9 06400 Baruerl SP Tel: 316627, 314766, 66471·5, Palo Alto, California 94304 Cable: HEWPACK AS TWX: 160124F 
Tel: (403) 452·3670 Tel: 429·3222 ext. 9 Tel: (415) 856·1501 Telex: 37409 hpas dk Hewlett·Packard France TWX: 610·831·2431 Cable: HEWPACK Sao Paulo Telex: 4192 Teletro Gu TWX: 910·373·1260 Hewlett·Packard A/S Bitiment Ampere 
Hewlett·Packard (Canada) Ltd. Hewlett·Packard do Brasil MEXICO Cable: HEWPACK Palo Alto Navervej 1 Rue de la Commune de Paris 
210,7220 Fisher St. S.E. l.e.C. Ltda. Hewlett·Packard Mexicana, Telex: 034·8300, 034·8493 DK·6600 Slikeborg B.P.3OO 
Calgary T2H 2H8 Rua Padre Chagas, 32 S.A. de C.V. Tel: (06) 82 71 66 93153 Le Blanc Mesnll· 
Tel: (403) 253·2713 9OOOO·Porto Alegre·RS Av. Perilerico Sur No. 6501 EUROPE, Telex: 37409 hpas dk Cedex 
TWX: 610-821·6141 Tel: 22·2998, 22·5621 Tepepan, Xochimilco NORTH AFRICA, Cable: HEWPACK AS Tel: (01) 93188 50 
BRITISH COLUMBIA Cable: HEWPACK Porto Alegre Mexico 23, D.F. 

MIDDLE EAST EGYPT Telex: 211032F 
Hewlett·Packard (Canada) Ltd. Hewlett·Packard do Brasil Tel: 905·676·4600 I.EA Hewlett·Packard France 
10691 Shellbridge Way l.e.C. Ltda. Telex: 017·74·507 AUSTRIA International Engineering Av. du Pdt. Kennedy 
Richmond V6X 2W7 Av. Epitacio Pessoa, 4664 Hewlett·Packard Mexicana, Hewlett·Packard Ges.m.b.H. Associates 33700 Merlgnac 
Tel: (804) 270·2277 22471·Rlo de Janeiro·RJ S.A. de C.V. Wehlistrasse 29 24 Hussein Hegazi Street Tel: (56) 97 01 81 
TWX: 610-925·5059 Tel: 288-0237 Ave. Constitucion No. 2184 P.O. Box 7 Kasr·el·Aini Hewlett·Packard France 
MANITOBA Telex: 021·21905 HPBR·BR Monterrey, N.l. A·1205 Vienna Cairo Immeuble lorraine 
Hewlett·Packard (Canada) Ltd. Cable: HEWPACK Rio de Janeiro Tel: 48·71·32, 46·71·84 Tel: 35·16·21·0 Tel: 23829 Boulevard de France 
380·550 Century St. CHILE Telex: 036·410 Cable: HEWPACK Vienna Telex: 93630 91035 Evry·Cedex 
St. James, Jorge Calcagni y Cia. Ltda. PANAMA Telex: 13562/135066 Cable: INTENGASSO Tel: 077 98 60 
Winnipeg R3H OY 1 Arturo Burhle 065 Electronico Balboa, S.A. Hewlett·Packard Ges.m.b.H. SAMITRO Telex: 692315F 
Tel: (204) 788·6701 Casilla 16475 Aparatado 4929 Wehlistrasse, 29 Sami Amin Trading Office Hewlett·Packard France TWX: 610·671·3531 Correo 9, Santiago Panama 5 A·1205 Wlen 18 Abdel Aziz Gawish 23 R~e lothaire 
NOVA SCOTIA Tel: 220222 Calle Samuel lewis Tel: 35·16·21 Abdlne-Calro 57000 Metz 
Hewlett·Packard (Canada) Ltd. Telex: JCAlCAGNI Edilicio 'Alia." No.2 Telex: 135066 Tel: 24932 Tel: (87)65 53 50 
P.O. Box 931 COLOMBIA Cludad de Panama BAHRAIN Cable: SAMITRO CAIRO GERMAN FEDERAL 600 Windmill Road Instrumentacion Tel: 64·2700 Medical Only FINLAND REPUBLIC Dartmouth B3B lL1 Henrik A. langebaek & Kier S.A. Telex: 3483103 Curundu, Wael Pharmacy Hewlett·Packard Oy Hewlett·Packard GmbH Tel: (902) 489·7820 Carrera 7 No. 48·75 Canal Zone P.O. Box 648 Revontulentie, 7 Vertriebszentrale Frankfurt TWX: 610·271-4482 Apartado Aereo 6287 Cable: ELECTRON Panama Bahrain SF-02100 Espoo 10 Berner Strasse 117 
ONTARIO Bogota, 1 D.E. PERU Tel: 54888, 56123 Tel: (90) 455 021 t PosHach 560 140 
Hewlett·Packard (Canada) Ltd. Tel: 269·8877 Compania Electro Medica S.A. Telex: 8550 W AEL GJ Cable: HEWPACKOY 0·6000 Frankfurt 56 
1020 Morrison Dr. Telex: 44400 los Flamencos 145 Cable: WAElPHARM Telex: 121563 hewpa sl Tel: (06011) 50041 
Ottawa K2H 8K7 Cable: AARIS Bogota San Isidro Casilla 1030 AI Hamidiya Trading and FRANCE Cable: HEWPACKSA Franklurt 
Tel: (613) 820·6483 Instrumentacion Lima 1 Contracting Hewlett·Packard France Telex: 04 13249 hpffm d 
TWX: 610·563·1636 H.A. langebaek & Kier SA Tel: 41·4325 P.O. Box 20074 Zone d'activites de Courtaboeul Hewlett·Packard GmbH 
Hewlett·Packard (Canada) Ltd. Carrera 63 No. 49·A·31 Telex: Pub. Booth 25424 SISIDRO Manama Avenue des Tropiques Technisches Buro Bilblingen 
6877 Goreway Drive Apartado 54098 Cable: ElMED Lima Tel: 259978, 259958 Boite Postale 6 Herrenbarger Strasse 110 
Mississauga l4V lM8 Medellin SURINAM Telex: 8895 KAlDIA GJ 91401 Orsay·Cedex 0·7030 B~bllngen, 
Tel: (416) 678·9430 Tel: 304475 Surtel Radio Holland N. V. BELGIUM Tel: (1) 907 78 25 Wurttemberg 
TWX: 610·492·4246 COSTA RICA Grote Holstr. 3·5 Hewlett·Packard Benelux S.A.I N. V. TWX: 600048F Tel: (07031) 667·1 
Hewlett·Packard (Canada) Ltd. Cientilica Costarricense SA P.O. Box 155 Avenue du Col·Vert, 1, Hewlett·Packard France Cable: HEWPACK Boblingen 
552 Newbold Street Avenida 2, Calle 5 Paramaribo (Groenkraaglaan) Chemin des Mouilles Telex: 07265739 bbn 
London N6E 2S5 San Pedro de Montes de Dca Tel: 72118, 77860 B·1170 Brussels B.P.162 Hewlett·Packard GmbH 
Tel: (519) 688·9181 Apartado 10159 Cable: Surtel Tel: (02) 660 50 50 69130 Ecully T echnisches Buro Dilsseldorf 
TWX: 610·352·1201 San Jose TRINIDAD & Cable: PAlOBEN Brussels Tel: (78) 33 81 25 Emanuel-leutze·Str. 1 (Seestern) 
QUEBEC Tel: 24·36·20, 24·08·19 TOBAGO Telex: 23·494 paloben bru TWX: 310617F 0'4000 DUsseldorf 
Hewlett·Packard (Canada) Ltd. Telex: 2367 GAlGUR CR CARTEL CYPRUS Hewlett·Packard France Tel: (0211) 5971·1 
275 Hymus Blvd. Cable: GALGUR Caribbean Telecoms Ltd. Kypronics 20, Chemin de la Cepiere Telex: 085/88 533 hpdd d 
Pointe Claire H9R lG7 ECUADOR P.O. Box 732 19 Gregorios Xenopoulos Street 31081 Toulouse Hewlett·Packard GmbH Tel: (514) 697·4232 CYEDE Cia. ltda. 69 Frederick Street P.O. Box 1152 Le Mlrall-Cedex Technisches Bilro Hamburg 
TWX: 610·422·3022 P.O. Box 6423 CCI Port-of-Spain Nicosia Tel: (61) 40 1112 Kapstadtring 5 
FOR CANADIAN Av. Eloy Allaro 1749 Tel: 62·53066 Tel: 45628/29 Hewlett·Packard France 0·2000 Hamburg 60 
AREAS NOT Quito URUGUAY Cable: Kypronics Pandehis le Ligoures Tel: (040) 63604·1 
LISTED: Tel: 450·975, 243·052 Pablo Ferrando S.A.C.el. Telex: 3018 Place Romee de Villeneuve Cable: HEWPACKSA Hamburg 
Contact Hewlett·Packard (Canada) Telex: 2548 CYEDE ED Avenida Italia 2877 CZECHOSLOVAKIA 13100 Aix-en-Provence Telex: 21 63 032 hphh d 
Ltd. in Mississauga. Cable: CYEDE·Quito Casilla de Correo 370 Hewlett·Packard Tel: (42) 59 41 02 Hewlett·Packard GmbH 

Medical Only Montevideo Obchodni zastupitelstvi v CSSR TWX: 410770F Technisches Buro Hannover 
CENTRAL, Hospitalar S.A. Tel: 40·3102 Pisemny styk Hewlett·Packard France Am Grossmarkt 6 
SOUTH AMERICA Casilla 3590 Telex: 702 Public Booth Post. schranka 27 2, Allee de la Bourgonette 0·3000 Hannover 91 

Robles 625 Para Pablo Ferrando CS 11801 Praha 011 35100 Rennes Tel: (0511) 46 60 01 
ARGENTINA Quito Cable: RADIUM Montevideo CSSR Tel: (99) 514244 Telex: 092 3259 
Hewlett·Packard Argentina SA Tel: 545·250 VENEZUELA Vyvojova a Provozni Zakladna TWX: 740912F Hewlett·Packard GmbH Santa Fe 2035, Martinez Cable: HOSPITAlAR·Quilo Hewlett·Packard de Venezuela C.A. Vyzkumnych Ustavu v Bechovicich Hewlett·Packard France Technisches Buro Nilrnberg 6140 Buenos Aires EL SALVADOR P.O. Box 50933 CSSR·25097 Bechovice u 18, rue du Canal de la Marne Neumeyerstrasse 90 Tel: 792·1239, 798·6088 IPESA Caracas 105 Prahy 67300 Schiltigheim 0·8500 NUrnberg Telex: 122443 AR CIGY Bulevar de los Heroes 11·48 los Ruices Norte Tel: 899341 Tel: (88) 83 08 10 Tel: (0911) 52 20 83 Cable: HEWPACKARG Edificio Sarah 1148 3a Transversal Telex: 12133 TWX: 890141F Telex: 0623 880 
Biotron S.A.C.l.y M. San Salvador Edificio Segre Institute 01 Medical Bionics 
Avda. Paseo Colon 221 Tel: 252787 Caracas 107 Vyskumny Ustav lekarskej Bioniky 
9 piso Tel: 239·4133 (20 lines) Jedlova 6 
1399 Buenos Aires Telex: 25146 HEWPACK CS·88346 Bratislava-
Tel: 30·4846/1851/8364 Cable: HEWPACK Caracas Kramare 
34·9356/0460 14551 Tel: 44·551 
Telex: (33) 17595 BID AR Telex: 93229 
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EUROPE, ITALY NETHERLANDS Modern Electronic Establishment Medical only Hewlett-Packard Ltd. 

NORTH AFRICA, Hewlett-Packard Haliana S.p.A. Hewlett-Packard Benelux N.V. (Branch) Sawah & Co. T ralalgar House 
Via G. Di Vittorio, 9 Van Heuven Goedhartlaan 121 P.O. Box 193 Place Azma Navigation Road 

MIDDLE EAST 20063 Cernusco Sui P.O. Box 667 AI-Khobar B.P.2308 Altrincham 
Hewlett-Packard GmbH Navigllo (MI) 1181KK Amstelveen Tel: 44678-44813 Damascus Cheshire WA 14 lNU 
Technisches Buro Munchen Tel: (2) 903891 Tel: (20) 47 20 21 Telex: 670136 Tel: 16367-19sg7-14268 GB-England 
Eschenstrasse 5 Telex: 334832 HEWPACKIT Cable: PALOBEN Amsterdam Cable: ELECT A AL -KHOBAR Telex: 11304 SATACO SY Tel: (061) 9286422 
0-8021 Taufklrchen Hewlett-Packard Haliana S.p.A. Telex: 13216 SPAIN Cable: SAWAH, DAMASCUS Telex: 668068 
Tel: (089) 6117-1 Via Turazza, 14 NORWAY Hewlett-Packard Espanola, S.A. Suleiman Hilal EI Mlawi Hewlett-Packard Ltd. 
Telex: 0524985 35100 Padova Hewlett-Packard Norge AIS Calle Jerez 3 P.O. Box 2528 Lygon Court 
Hewlett-Packard GmbH Tel: (49) 664888 Ostendalen 18 E-Madrid 16 Mamoun Bitar Street, 56-58 Hereward Rise 
T echnisches Buro Berlin Telex: 430315 HEWPACKI P.O. Box 34 Tel: (1) 458 26 00 (10 lines) Damascus Dudley Road 
Kaithstrasse 2-4 Hewlett-Packard Haliana S.p.A. 1345 Osteraas Telex: 23515 hpe Tel: 11 46 63 Halesowen, 
0-1000 Berlin 30 Via G. ArmeJlini 10 Tel: (02) 1711 80 Hewlett-Packard Espanola S.A. Telex: 11270 West Midlands, 862 8SD 
Tel: (030) 24 90 B6 1-(lO143 Roma Telex: 16621 hpnas n Colonia Mirasierra Cable: H1LAL DAMASCUS GB-England 
Telex: 018 3405 hpbJn d Tel: (06) 64 sg 61 Hewlett-Packard Norge AIS Ednicio Juban TUNISIA Tel: (021) 5011221 

GREECE Telex: 610514 Nygaardsgaten 114 clo Costa Brava, 13 Tunisie Electronique Telex: 339105 

Kostas Karayannis Cable: HEWPACKIT Roma P.O. Box 4210 Madrid 34 31 Avenue de la Liberte Hewlett-Packard Ltd. 
8 Omirou Street Hewlett-Packard Italiana S.p.A. 5013 Nygaardsgaten, Hewlett-Packard Espanola, S.A. Tunis Wedge House 
Athens 133 Corso Giovanni Lanza 94 Bergen Milanesado 21-23 Tel: 280 144 799, London Road 
Tel: 32 30 303/32/37 731 1-10133 Torino Tel: (05) 21 9733 E-Barcelona 17 Corerna Thornton Heath 
Telex: 21 59 62 RKAR GR Tel: (011) 659308 POLAND Tel: (3) 203 6200 (5 lines) 1 ter. Av. de Carthage Surrey, CR4 6XL 
Cable: RAKAR A T1£NS Telex: 221079 Biuro Inlormacji Technicznej Telex: 52603 hpbe e Tunis GB-England 

ICELAND Hewlett-Packard Haliana S.p.A. Hewlett-Packard Hewlett-Packerd Espanola, S.A. Tel: 253 821 Tel: (01) 684-0103/8 

MedicalOniy Via Principe Nicola 43 GIC UI Stawki 2, 6P Av Ramon y Cajal, 1 Telex: 12319 CABAM TN Telex: 946825 

Etding Trading Company Inc. 1-95126 Catania PLOO-950 Warszawa Edilicio Sevilla, planta 90 TURKEY Hewlett-Packard Ltd. 
Hafnamvoli -Tryggvagijtu Tel: (095) 37 05 04 Tel: 39 59 62,39 5187 E-Sevilla 5 TEKNIM Company Ltd. 14 Wesley St 
P.O. Box 895 Telex: 970291 Telex: 81 2453 Tel: 64 44 64/58 Riza Sah Pehlevi Castleford 
IS-Reykjavik Hewlett-Packerd Haliana S.p.A. PORTUGAL Hewlett-Packard Espanola S.A. Caddesi No. 7 Yorks WF10 IAE 
Tel: 1 58 20/163 03 Via Nuova san Rocco A Telectra-Empresa Tecnica de Edificio Albia II 70 B Kavaklidere, Ankara Tel: (0977)550016 
Cable: ELDING Reykjavik Capadimonte, 62A Equipamentos Electricos 5.8.1.1. E·Bilbao 1 Tel: 275800 TWX: 5557335 

IRELAND 80131 Napoli Rua Rodrigo da Fonseca 103 Tel: 23 83 06/23 82 06 Telex: 42155 Hewlett-Packard Ltd. 
Hewlett-Packard Ltd. Tel: (081) 710698 P.O. Box 2531 Hewlett-Packard Espanola SA Teknim Com., Ltd. Tradax House 
King Sireet Lane Hewlett-Packard Haliana S.p.A. P-Lisbon 1 CIRamon Gordillo 1 Barbaros Bulvari 55/12 51. Mary's Walk 
Wlnnersh, Wokingham Via Martin Luther King, 38/111 Tel: (19) 68 60 72 (Entia.) Besikyas, Istanbul Maidenhead 
Berkshire, RG 11 5AR 1-40132 Bologna Cable: TELECTRA Lisbon E-Valencia 10 Tel: 613 546 Berkshire, SL6 1 ST 
GB-England Tel: (051) 402394 Telex: 12598 Tel: 96-361.13.64/361.13.58 Telex: 23540 GB-England 
Tel: (0134) 78 47 74 Telex: 511630 Medical Only SWEDEN E.M.A. Hewlett-Packard Ltd. 
Telex: 841178 JORDAN Mundinter Hewlett-Packard Sverige AB Muhendislik Kollektil Sirketi Morley Road 
Cable: Hewpie London Mouasher Cousins Co. Intercambio Mundial de Comercio Enighetsvligen 3, Fack Mediha Eidem Sokak 41/6 Staplehlll 
Hewlett-Packard Ltd. P.O. Box 1387 5.8.1.1. 5-161 Bromma 20 Yuksel Caddesi Bristol, BS 16 4QT 
Kestrel House Amman P.O. Box 2761 Tel: (08) 730 05 50 Ankara GB-England 
Clanwilliam Place Tel: 24907/39901 Avenida Antonio Augusto Telex: 10721 Tel: 17 56 22 Hewlett-Packard Ltd. 
Lower Mount Street Telex: SABCO JO 1458 de Aguiar 138 Cable: MEASUREMENTS Cable: EMA TRADE I Ankara South Queensferry 
Dublin 2, Eire Cable: MOUAStERCO P-Llsbon Stockholm Yilmaz Ozyurek West Lothian, EH30 9TG 
Hewlett-Packard Ltd. KUWAIT 

Tel: (19) 53 21 31/1 Milli Mudalaa Cad 16/6 GB-Scotland 
Telex: 16691 munter p Hewlett-Packard Sverige AB 

2C Avongberg Ind. Est. AI-Kheldiya Trading & Contracting Cable: INTERCAMBIO Lisbon Frotallsgatan 30 Kizilay Tel: (031) 3311168 
Long Mile Road P.O. Box 630-Salat 5-421 32 Vilstra Ankara Telex: 72682 
Dublin 12 Kuwait QATAR FrCilunda Tel: 250309 - 17 80 26 Hewlett-Packard Ltd. 
Tel: 514322/514224 Tel: 42 4910/41 1726 Nasser Trading & Contracting Tel: (031) 49 09 50 Telex: 42576 OZEK TR Kestrel House 
Telex: 30439 Telex: 2481 Areeg kt P.O. Box 1563 Telex: 10721 via Bromma office Cable: OZYUREK ANKARA Clanwilliam Place 
Medical Only Cable: VISCOUNT Doha UNITED ARAB Lower Mount Street 

Tel: 22170 SWITZERLAND 
Cardiac Services (Ireland) Ltd. LUXEMBURG Telex: 4439 NASSER Hewlett-Packard (Schweil) AG EMIRATES Dublin 2, Eire 
Kilmore Road Hewlett-Packard Beneluz S.A./N. V. Cable: NASSER ZUrcherstrasse 20 Emitac Ltd. (Head Office) Hewlett-Packard Ltd. 
Artane Avenue du Col-Vert, 1 P.O. Box 301 P.O. Box 1641 2C Avonberg Ind. Est. 
Dublin 5,Eire (Groenkraaglaao) ROMANIA CH-8952 Schlieren- Sharjah Long Mile Road 
Tel: (01)315820 B-1170 Brussels Hewlett-Packard Reprezentanta ZUrich Tel: 35412113 Dublin 12 
Medical Only Tel: (02) 660 5050 Bd.n. Balcescu 16 Tel: (01) 7305240 Telex: 8136 Tel: 514322/514224 
Cardiac Services Co. Cable: PALOBEN Brussels Bucuresti Telex: 53933 hpag ch Emrtac Ltd. (Branch Office) Telex: 30439 

Tel: 158023/138885 95A Finaghy Rd. South Telex: 23 494 Telex: 10440 Cable: HPAG CH P.O. Box 2711 USSR 
Belfast B110 OBY MOROCCO Hewlett-Packard (Schwail) AG Abu Dhabi Hewlett-Packard 
GB-Northern Ireland Dolbeau SAUDI ARABIA Chateau Bloc 19 Tel: 331370/1 Representative Office 
Tel: (0232) 625568 81 rue Karatchi Modem Electronic CH-1219 Le Llgnon- UNITED KINGDOM USSR 
Telex: 747626 Casablanca Establishment (Head Office) Geneva Hewlett-Packard Ltd. Pokrovsky Boulevard 41 17-kw 12 
ISRAEL Tel: 304182 P.O. Box 1228, Baghdadiah Street Tel: (022) 96 03 22 King Street Lane Moscow 101000 

Jeddah Electronics Engineering Div. Telex: 23051/22822 Tel: 27 798 Telex: 27333 hpag ch Winnersh, Wokingham Tel: 294.20.24 
01 Motorola Israel Ltd. Cable: MATERIO Telex: 40035 Cable: HEWPACKAG Geneva Berkshire RG 11 5AR Telex: 7825 hewpak su 

16, Kremenetski Street Gerep Cable: ELECT A JEDDAH SYRIA GB-England YUGOSLAVIA 
P.O. Box 25016 2, rue d' Agadir General Electronic Inc. Tel: (0734) 784774 Iskra Commerce, n.sol.o. 
Tel-Aviv Boite Postal 156 Modern Electronic Establishment Nun Basha-Ahnal Ebn Kays Street Telex: 84 71 78/9 Zastopstvo Hewlett-Packard 
Tel: 38973 Casablanca (Branch) P.O. Box 5781 Hewlett-Packard Ltd. Obilicev Venac 26 
Telex: 33569, 34184 Tel: 212093/5 P.O. Box 2728 Damascus Fourier House, YU 11000 Beograd 
Cable: BASTEL Tel-Aviv Telex: 23139 Riyadh Tel: 33 24 87 257-263 High Street Tel: 636-955 

Tel: 62596/66232 Cable: GEREP-CASA Telex: 202049 Telex: 112151T1KAL London Colney Telex: 11530 
Cable: ELECTROBOR DAMASCUS St. Albans, Herts Iskra Commerce, n.sol.o. 

GB-England Zastopstvo Hewlett-Packard 
Tel: (0727) 24400 Mikiosicevi 381V1J 
Telex: 1-8952716 YU-61000 Ljubljana 

Tel: 321-674, 315-879 
Telex: 31583 
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EUROPE, 5400 West Rosecrans Blvd. ILLINOIS Crystal Brook Professional Building 1021 8th Avenue WISCONSIN 
NORTH AFRICA, P.O. Box 92105 5201 Tollview Dr. Route 35 King of Prussia Industrial Park 150 South Sunny Slope Road 

World Way Postal Center Rolling Meadows Eatontown 07724 King of Prussia 19406 Brookfield 53005 MIDDLE EAST Los Angeles 90009 60008 Tel: (201)542·1384 Tel: (215) 265·7000 Tel: (414) 784-8800 
SOCIALIST Tel: (213) 776·7500 Tel: (312) 255·9800 NEW MEXICO TWX: 510·660·2670 

FOR U.S. AREAS COUNTRIES NOT TWX: 910·325·6606 TWX: 910·687-2260 P.O. Box 11634 PUERTO RICO NOT LISTED: SHOWN, PLEASE 'Los Angeles INDIANA Station E Hewlett·Packard Inter·Americas Contact the regional office CONTACT: Tel: (213) 776· 7500 7301 North Shadeland Ave. 11300 Lomas Blvd., N.E. Puerto Rico Branch Office nearest you: Hewlett·Packard Ges.m.b.H. 3200 Hillview Av Indianapolis 46250 Albuquerque 87123 Calle 272, Atlanta, Georgia .. North Holly· Handelskai 52 Palo Alto, CA 94304 Tel: (317) 842·1000 Tel: (505) 292·1330 Edif. 203 Urg. Country Club wood, California ... Rockville, P.O. Box 7 Tel: (408) 988-7000 TWX: 810·260·1797 TWX: 910·989·1185 Carolina 00924 Maryland ... Rolling Meadows, A·1205 Vienna, Austria 
3003 Scott Boulevard IOWA 156 Wyatt Drive Tel: (809) 762·7255 Illinois. Their complete addresses Tel: (0222) 3516 21 to 27 2415 Heinz Road Las Cruces 88001 Telex: 3450514 are listed above. Cable: HEWPAK Vienna Santa Clara 95050 

Iowa City 52240 Tel: (505) 526·2484 SOUTH CAROLINA 'Service Only Tel: (408) 988-7000 Telex: 75923 hewpak a 
TWX: 910·338·0518 Tel: (319) 35f.1020 TWX: 910·9983·0550 P.O. Box 6442 

MEDITERRANEAN KENTUCKY NEW YORK 6941·0 N. Trenholm Road ·Ridgecrest 
Columbia 29260 AND MIDDLE EAST Tel: (7t4) 446·6165 10170 linn Station Road 6 Automation Lane 
Tel: (803) 782·6493 COUNTRIES NOT Suite 525 Computer Park 

SHOWN, PLEASE 646 W. North Market Blvd. 
Louisville 40223 Albany 12205 TENNESSEE 

CONTACT: Sacramento 95834 
Tel: (502) 426·0100 Tel: (518) 458·1550 8914 Kingston Pike 

Hewlett·Packard SA Tel: (916) 929·7222 
LOUISIANA TWX: 710·444-4961 Knoxville 37922 

Mediterranean and Middle East 9606 Aero Drive P.O. Box 1449 650 Perinton Hill Office Park Tel: (615) 523·0522 
Operations P.O. Box 23333 3229·39 Williams Boulevard Fairport 14450 3027 Vanguard Dr. 
35, Kolokotroni Street San Diego 92123 Kenner 70063 Tel: (716) 223·9950 Director's Plaza 
Platia Kefallariou Tel: (714) 279·3200 

Tel: (504) 443·6201 TWX: 510·253·0092 Memphis 38131 
GR·Kifissia·Athens, Greece 'Tarzana MARYLAND No. 1 Pennsylvania Plaza Tel: (901)346·8370 
Tel: 8080359/429 Tel: (213) 705·3344 

7121 Standard Drive 55th Floor 'Nashville Telex: 21-6588 COLORADO Parkway Industrial Center 34th Street & 8th Avenue Medical Service Only Cable: HEWPACKSA Athens 5600 DTC Parkway Hanover 21076 New York 10001 Tel: (615) 244·5448 
FOR OTHER AREAS Englewood 80110 Tel: (301) 796·7700 Tel: (212) 971·0800 TEXAS 
NOT LISTED, Tel: (303) 771·3455 TWX: 710·882·1943 5858 East Molloy Road 4171 North Mesa 
CONTACT: CONNECTICUT 2 Choke Cherry Road Syracuse 13211 Suite CllO 
Hewl.ett·Packard S.A. 47 Barnes Industrial Road Rockville 20850 Tel (315) 455·2486 EI Paso 79902 
7, rue du Bois·du-lan Barnes Park South Tel (301)948·6370 1 Crossways Park West Tel: (915) 533·3555 
P.O. Box Wallingford 06492 TWX: 710·828·9684 Woodbury 11797 PO. Box 1270 CH·1217 Meyrin 2· Geneva Tel: (203) 265·7801 MASSACHUSETTS Tel: (516) 921-0300 201 E. Arapaho Rd. Switzerland FLORIDA 32 Hartwell Ave. TWX: 510·221·2183 Richardson 75080 Tel: (022) 82 70 00 P.O. Box 24210 Lexington 02173 Tel: (513) 671-7400 Tel: (214) 231·6101 Cable: HEWPACKSA Geneva 2727 N. W. 62nd Street Tel: (617) 861-8960 NORTH CAROLINA P.O. Box 42816 Telex: 2 24 86 Ft. Lauderdale 33309 TWX: 710·326·6904 

5605 Roanne Way 10535 Harwin Dr. Tel: (305) 973·2600 MICHIGAN Greensboro 27405 Houston 77036 UNITED STATES 4080 Woodcock Drive # 132 23855 Research Drive Tel: (919) 852·1800 Tel (713) 776·6400 
ALABAMA Brownett Building Farmington Hills 48024 OHIO 'Lubbock P.O. Box 4207 Jacksonville 32207 Tel: (313) 476·6400 

Medical/Computer Only Medical Service Only 8290 Whitesburg Dr. Tel: (904) 398·0663 724 West Centre Ave. Bldg. 300 Tel: (806) 799·4472 Huntsville 35802 P.O. Box 13910 Kalamazoo 49002 1313 E. Kemper Rd. 205 Billy Mitchell Road Tel: (205) 881·4592 6177 Lake Ellenor Dr. Tel: (616) 323·8362 Cincinnati 45426 San Antonio 78226 8933 E. Roebuck Blvd. Orlando 32809 MINNESOTA 16500 Sprague Road Tel: (512) 434·8241 Birmingham 35206 Tel: (305) 859·2900 
2400 N. Prior Ave. Cleveland 44130 UTAH Tel: (205) 838·2203/2 P.O. Box 12826 St. Paul 55113 Tel: (216) 243·7300 

2160 South 3270 West Street ARIZONA Suite 5, Bldg. 1 Tel: (612) 636·0700 TWX: 810·423·9430 Salt Lake City 84119 2336 E. Magnolia St. Office Park North MISSISSIPPI 330 Progress Rd. Tel: (801)972·4711 Phoenix 85034 Pensacola 32575 
322 N. Mart Plaza Dayton 45449 VIRGINIA Tel: (602) 244·1361 Tel: (904) 476·8422 
Jackson 39206 Tel: (513) 859·8202 

P.O. Box 9669 2424 East Aragon Rd. Computer Systems Only Tel: (601)982·9363 1041 Kingsmill Parkway 2914 Hungry Springs Road Tucson 85706 110 South Hoover Blvd. MISSOURI Columbus 43229 
Richmond 23228 Tel: (602) 889-4661 Suite 120 

11131 Colorado Ave. Tel: (614) 438·1041 
Tel: (804) 285·3431 'ARKANSAS Tampa 33609 

Kansas City 64137 OKLAHOMA Computer Syslems/Medical Only Medical Service Only Tel: (813) 872·0900 
Tel: (816) 763·8000 P.O. Box 32008 

Airport Executive Center P.O. Box 5646 GEORGIA TWX: 910·771·2087 6301 N. Meridan Avenue 
Suite 111 Brady Station PO. Box 105005 

1024 Executive Parkway Oklahoma City 73112 5700 Thurslon Avenue Little Rock 72215 450 Inlerstate North Parkway St. Louis 63141 Tel: (405) 721·0200 Virginia Beach 23455 Tel: (501)376·1844 Atlanta 30348 
Tel: (314) 878·0200 9920 E 42nd Street Tel: (804) 460·2471 CALIFORNIA Tel: (404) 955·1500 
NEBRASKA Suite 121 WASHINGTON 1579 W. Shaw Ave. TWX: 810·766·4890 
Medical Only Tulsa 74145 

Bellefield Office Pk. Fresno 93771 Medical Service Only 
7101 Mercy Road Tel: (918) 665·3300 

1203· 114th Ave. S.E. Tel: (209) 224·0582 'Augusta 30903 
Suite 101 OREGON Bellevue 98004 1430 East Orangethorpe Ave. Tel: (404) 736·0592 Omaha 68106 17890 SW. Lower Boones Ferry Tel: (206) 454·3971 Fullerton 92631 P.O. Box 2103 Tel: (402) 392·0948 Road TWX: 910·443·2446 Tel: (714) 870-1000 1172 N. Davis Drive NEVADA Tualatin 97062 

PO. Box 4010 3939 Lankershim Boulevard Warner Robins 31098 'Las Vegas Tel: (503) 620·3350 Spokane 99202 North Hollywood 91604 Tel: (912) 922·0449 
Tel: (702) 736·6610 PENNSYLVANIA Tel: (509) 535·0864 Tel: (213) 877·1282 HAWAII 
NEW JERSEY 111 Zeta Drive 'WEST VIRGINIA TWX: 910·499·2671 2875 So. King Streel 
W. 120 Century Rd. Pittsburgh 15238 

Medical/ Analytical Only Honolulu 96826 Paramus 07652 Tel: (412) 782·0400 
4604 Mac Corkle Ave., S.E. Tel: (808) 955·4455 Tel: (201) 265·5000 Charleston 25304 

TWX: 710·990·4951 Tel: (304) 925·0492 
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