


g g C l e a n i n g u p a N o r t h S e a D e s i g n q u a l i t y is of u t m o s t i m p o r t a n c e ^ ,(̂"1̂  Tf̂T̂  b l o w o u t p a g e 1 w h e n y o u r products - w i t h o u t the benefit 
of f o r m a l " s h a k e d o w n " tests - are pressed 
in to service to save y o u r nat ion's coastline 
f r o m the insidious effects of a n o i l w e l l ex­
plos ion. 

M O S E S o f M o u n t i n this case, M o u n t Sinai is a hospi ta l a n d 
S i n a i p a g e 4 MOSES is an a c r o n y m for a computer sys­

t e m that frees doctors a n d technicians i n a 
c l in ica l l a b o r a t o r y f r o m the b o n d a g e of 
p a p e r w o r k . 

C a r d t e s t s y s t e m s u i t s The Storage Technology Corporat ion de-
S X C p a g e 8 ve loped an analog test system for p r i n t e d 

circuit boards that l o w e r e d test time b y 75%, 
w h i l e r e d u c i n g the n u m b e r of re jec ted 
boards b y 24%. A decided t r u m p o n the 
compet i t ion . 

E a g l e e y e s a n d e l u s i v e M i c r o w a v e s t r a n s m i t t e d over some dis -
b e a m s p a g e 10 tance behave w i t h the flightliness of a star­

t led b i r d , so it 's a good t h i n g the eagle eyes 
of Elmore Electronics can predict w h a t tele­
communicat ions microwaves w i l l d o w h e n 
faced w i t h natura l a n d m a n - m a d e obstruc­
tions. 

Keyboard t o c e a s e O u r last breath is an h u r r a h . 

p u b U c a t i o n p a g e 12 

D a t a B a s e : t h e h e a r t o f The special batteries that are used i n cardiac 
b a t t e r y t e s t s p a g e 14 pacemakers require special qual i ty test ing. 

Seven t h o u s a n d lines of code keep every­
t h i n g circulat ing for W i l s o n Greatbatch L t d . 

J a p a n e s e w a t c h q u a l i t y i n O n e of the w o r l d ' s largest producers of 
I C s p a g e 18 w r i s t w a t c h e s makes w h a t i t says is the 

w o r l d ' s smallest w a t c h . A l l this is m a d e 
possible thanks to the integrated circuit . M r . 
Nakagawa tells y o u h o w he maintains q u a l ­
i t y i n ICs natural ly made i n Japan. 

U . S . t e a m s k i i s w i t h o u t Thanks to the generosity of people at the 
s n o w p a g e 2 0 Ca lspan A d v a n c e d T e c h n o l o g y C e n t e r , 

A m e r i c a n skiers are i m p r o v i n g their techni ­
ques not o n snow, b u t inside a w i n d t u n n e l . 

- J 



Cleaning up 
a North Sea 

F R A N K M O H N AIS har u t v i k l e t et 
a u t o m a t i s k analyse-system for p r o t o ­
t y p e test ing av sine p u m p e r . Systemet 
som kalles F A P P A , har spart firmaet for 
store arbeidsmengder o g be-
tydel ige belc^p v e d a g i raske 
o g korrekte opplysn inger o m 
h v i l k e korr iger inger s o m er 
n(6dvendige pa en p r o t o t y p e 
f6r d e n settes i p r o d u k s j o n . 

The article that fo l lows de­
picts the at tent ion to qual i ty 
t h e F r a n k M o h n c o m p a n y 
pays to the m a r i t i m e p u m p s i t 
manufactures . The reason is 
underscored b y an event that 
occured A p r i l 24, 1977, w h e n 
an oU w e l l i n the N o r t h Sea 
e r u p t e d , c reat ing w h a t be­
came k n o w n as the Ecofisk 
Bravo b l o w o u t . 

A Frank M o h n o i l sk im­
mer , the heart of w h i c h is a 
p o r t a b l e h y d r a u l i c a l l y o p e r a t e d sub­
m e r g e d p u m p , was loaded aboard the 
s u p p l y vessel Tender Carrier. M o s t i n ­
teresting was that the sk immer , called 
the A C M - 4 0 0 , h a d never been tested for­
m a l l y at sea; its s h a k e d o w n , as i t were , 
came i n c leaning u p an actual spi l l . 

A t t a c h e d to the deck of the Tender 
Carrier, a n d u s i n g a n a r m that extended 
d o w n to the sea, the s k i m m e r took u p an 
estimated 1 500 to 1 800 tons of oO a n d 
water , p u m p i n g the l i q u i d in to storage 
tanks inside the sh ip . I t w o r k e d so w e l l 
that N o r w e g i a n authori t ies charged w i t h 
p r o t e c t i n g the i r nat ion 's coastline i m ­
mediately a p p r o v e d i t . 

Since t h e n F r a n k M o h n has de­
v e l o p e d an a u t o m a t e d system cal led 
F A P P A for testmg proto type p u m p s of 
the k i n d associated w i t h the o i l sk immer . 
I t provides i n one day i n f o r m a t i o n en-

hy Arne Selle 
with John Monahan 

-- f 

gineers of 1977 m i g h t have w a i t e d a 
m o n t h to have. F A P P A , short for Framo 
A u t o m a t e d P u m p Performance A n a l y ­
sis, is a data logging m e t h o d designed for 
gather ing and then analyzing data ac­
q u i r e d as p u m p s and hydraul ic mechan­
isms are tested. F A P P A can also be used 
for n o r m a l p r o d u c t i o n testing. 

The Frank M o h n automated system 
is b u i l t a r o u n d t w o modules . The first, 
called the registrat ion m o d u l e , uses a 
H o t t i n g e r - B a l d w i n - M e s s t e c h n i k 3200 
Scanner for collecting data. The heart of 
n u m b e r t w o , the analysis m o d u l e , is the 
Hewlet t -Packard 9845T C o m p u t e r Sys­
tem. Software was w r i t t e n by the N o r w e ­
gian c o m p a n y i n enhanced Basic. 

A l t h o u g h F r a n k M o h n m a k e s 
emergency discharge a n d oi l -gathering 
e q u i p m e n t (skimmers) , its m a i n product 
l ine is p u m p a n d hydraul ic systems used 

i n a variety of tanker ships a n d offshore 
o i l installations. Last year seven percent 
of the f i rm's total sales was directed to­
w a r d s deve loping n e w products of this 

type , w h i c h are sold u n d e r 
the name Framo. The com­
pany's m a i n m a n u f a c t u r i n g 
plants are i n the N o r w e g i a n 
c i t ies of Flat(^y a n d Fusa. 
M o h n subsidiaries are located 
i n other parts of Europe, the 
U n i t e d States, a n d Japan. 

It is i n the M a i n Office De­
ve lo pme nt Center i n Bergen 
whe re most of the prototype 
systems are engineered, and 
w h e r e F A P P A is at w o r k test­
i n g t h e m . The results of the 
F A P P A a n a l y s i s f o r m t h e 
basis for dec id ing w h a t de­
s i g n changes , such as the 
d i m e n s i o n s of a r o t o r , are 
needed to assure qual i ty p r o ­

ducts w h e n they are marketed . 
The abi l i ty to produce reliable test re­

sults as soon as possible after the comple­
t i o n of a test sequence, a n d to el iminate 
r e d u n d a n c y , w e r e t w o reasons w h y 
Frank M o h n w a n t e d to automate the reg­
istrat ion and analysis segments of its test­
i n g rout ine . A t h i r d reason was that the 
automated system provides the test en­
gineer w i t h accurate i n f o r m a t i o n as the 
test runs its course. W h e r e once i t took a 
m o n t h to produce a f inal report , F A P P A 
n o w provides i t i n a day. 

To unde rs tand w h y the previous sys­
tem, w h i c h was most ly m a n u a l , required 
so m u c h of the engineers' t ime , consider 
the phys ica l condi t ions that are mea­
sured d u r i n g a p u m p test: 
• Provided pressure f r o m a p u m p 
• Suct ion 
• H y d r a u l i c pressure for a m o t o r 
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• H y d r a u l i c o i l v o l u m e 
• T h r o u g h p u t v o l u m e 
• T e m p e r a t u r e s 
• N u m b e r of r e v o l u t i o n s 
• D r i v i n g m o m e n t 
• Stresses i n the s t ruc ture 
• O t h e r s 

The first results of an analysis w i l l 
o f ten be curves that , for a constant n u m ­
ber of m o t o r r e v o l u t i o n s at a certain 
p u m p rotor diameter, describe the rela­
t i o n s h i p b e t w e e n t h r o u g h p u t v o l u m e / 
l i f t i n g heights a n d t h r o u g h p u t v o l u m e / 
added effect. T a k i n g in t o account di f fe­
rent rotor diameters , revolut ions , a n d 
d i f f e r e n t data sources, u p to 12 000 
m a n u a l readings cou l d be required. This , 
needless to say, w o u l d consume an u n ­
satisfactory a m o u n t of t ime. 

Consequently , Frank M o h n devised 
the t w o - m o d u l e F A P P A system. Reg­
istrat ion, or collection, of data is accom­
pl ished b y a H B M scanner. The scanner 
automatical ly measures f r o m u p to 50 
di f ferent sources: 
• Voltages (V, m V ) 
• C u r r e n t ( A , m A ) 
• T h e r m o elements (resistance t h e r m o ­

meter) 
• S t ra ingauges ( f u l l - , ha l f - , quar ter -

br idge connections) 
• Induct ive sources 
• Other areas 

T h e m o m e n t w h e n data are reg­
istered at each measur ing p o i n t is con­
tro l led b y the test engineer. Ten separate 
measurement series are recorded. I n this 
w a y it is possible to k n o w w h a t p o i n t 
was measured w h e n , y i e l d i n g a broader 
basis for ana lyz ing the performance of 
that p o i n t . Data f r o m the scanner are 
s tored i n an H P 9875 Cartr idge Tape 
U n i t . The machines are interfaced via an 
ICS M o d e l 4880 coupler. 

I t is also possible to combine readings 
registered automatical ly w i t h m anual l y 
taken readings. This is h e l p f u l if some 
physical values cannot be measured w i t h 
available resources. H o w e v e r , the sys­
tem is designed to be f u l l y automatic , 
w i t h o u t r e q u i r i n g registrations gathered 
by h u m a n s . 

D a t a , w h e t h e r a u t o m a t i c a l l y or 
man ual ly recorded, are converted f r o m 
the cassettes b y the 9845 i n t o exact, 
n a m e d values. The computer registers 
w h a t sources p r o v i d e d i n f o r m a t i o n d u r ­
i n g the scanner tests, a n d ascertains that 
sufficient data are available for fur ther 
analyses. I t does this as fo l lows . 

Each measur ing p o i n t gathers data b y 
tak ing ten separate readings. U s i n g these 
data the computer determines the oscilla­
t i o n that has occured d u r i n g the test 
sequence. T h e test engineer has the 
o p p o r t u n i t y to set l imi ts f r o m the max­

i m u m a l l o w e d a m o u n t of osc i l la t ion. 
Such l i m i t s are s t ipula ted d u r i n g the 
scanning procedure. 

K n o w i n g the a m o u n t of oscillation 
enables the 9845 to decide w h e t h e r the 
measur ing p o i n t data can be accepted. If 
this a m o u n t exceeds l imi t s , all data about 

the p o i n t are cancelled. If the p o i n t is 
accepted, the exact measured values are 
c o m p u t e d f r o m the t en recordings. 

The f lexibi l i ty of the system is s h o w n 
i n the ensuing example. I n some situa­
tions i t is no t possible to install a sensor 
that can register the n u m b e r of r e v o l u -

(Below left) author Selle; (above left) inside Frank M o h n ; (be­
low middle) F R A M M O onboard deck installation on oil tanker 
in freezing conditions; (below right) F R A M M O PB 12-Booster p u m p testing; (above middle) service and 
maintenance for a p u m p onboard an oil tanker; (above right) F R A M M O oil recovery system on Mexico 
Gulp b lowout . 
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tions of an hydraul ic m o t o r integrated 
w i t h a p u m p . H o w e v e r , this n u m b e r can 
be c o m p u t e d b y the 9845, based o n speci­
fic m o t o r data p lus hydraul ic o i l v o l u m e 
a n d pressure. The software directs the 
mach ine to f i n d the most convenient 
c o m p u t i n g m e t h o d according to those 

sources that suppl ied data. 
M o r e o v e r , a t t i m e s m a n u a l l y 

gathered data about the n u m b e r of re­
vo lut ions a m o t o r makes is used to make 
analyses. These data are no t as consistent 
or exact as scanner-obtained data. The 
9845 w i l l therefore analyze a n d adjust 

s u c h readings a c c o r d i n g to accepted 
af f in i ty laws. Thus , i t is o n l y the c o m p u ­
ter-corrected data that are used for f u r t h ­
er com puta t ion of effects a n d efficiencies. 

The f inal result of the analysis w i l l be 
one data set for each measur ing point . 
The set contains: 
• N u m b e r of revolut ions ( rpm) 
• T h r o u g h p u t v o l u m e ( m /h) 
• L i f t i n g height (mlc) 
• A d d e d effect (kW) 
• Efficiency (%) 
• Decreased pressure over h y d r a u l i c 

m o t o r (bar) 
The data sets can t h e n be used as a 

basis for more comprehensive analysis 
programs. 

Corrected a n d c o m p u t e d test data are 
sent f r o m the 9845 for storage o n the H P 
9885 Flexible Disc Dr ive . This i n f o r m a ­
t i o n , along w i t h data about the tested 
p r o d u c t a n d physical condit ions d u r i n g 
the test, f o r m a data base of complete test 
records for all p u m p types developed b y 
Frank M o h n . The data base is used for 
such things as composing specific curve 
clusters for a variety of applications, data 
Kstings, comparison of data registered 
d u r i n g d i f fe rent test condi t ions , com­
parison of data w i t h di f ferent products , 
or for viscosity correction. 

The latter has i m p o r t a n t implicat ions 
for the company. A n appl icat ion p r o g ­
r a m u n d e r development w i l l convert a 
p u m p ' s performance data, gathered us­
i n g fresh water as a streaming m e d i u m , 
to corresponding data based o n stream­
i n g media of dif ferent viscosities a n d spe­
cific weights . For projects i n w h i c h h y d ­
rau l i c systems are i n s t a l l e d o n b o a r d 
ships that carry a divers i ty of cargoes, 
such computat ions are of great value , i n 
l i g h t of in ternat ional p u m p performance 
standards. I t w i l l also be possible to de­
vise viscosity a n d w e i g h t tests for h y d -
raulic ly d r i v e n p u m p s w i t h a g iven m o ­
m e n t l i m i t a t i o n . N o r m a l l y this involves 
extensive c o m p u t a t i o n procedures that 
take a l o n g t ime to complete w h e n con­
ducted w i t h o u t a computer . 

Registered a n d c o m p u t e d data are 
presented i n t w o w a y s . The 9845's inter­
na l p r i n t e r lists tabula t ions a n d text, 
w h i l e s imultaneously an H P 9872 Four-
color Plotter graphs performance curves. 
Scales for p l o t t i n g curves are c o m p u t e d 
b y the 9845 u s i n g p o l y n o m i c a n d ex­
ponent ia l s m o o t h i n g routines . 

Such sophist icated routines under ­
score the value of F A P P A as a n accurate, 
t ime-saving m e t h o d for obta in ing test re­
sults for p u m p s and hydraul i c motors . 
I t ' s a n o t h e r i n n o v a t i o n f r o m the en­
gineer ing labs of Frank M o h n . 
Arne Selle is a senior engineer for Frank 
Mohn AIS. 
Frank Mohn AIS 
P.O. Box 96 
Nesttun, Norway 
• 
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MOSES of Mt. Sinai 
by Irvin L. Bromberg, 

Alan Pollard, and 
Michael Rosenberg 

A n increas ing n u m b e r of 
m e d i c a l laborator ies are e m ­
p l o y i n g c o m p u t e r s to m a n ­
age d e m o g r a p h i c data , per­
f o r m analyt i ca l ca lculat ions , 
a n d p r o d u c e r e p o r t s . W i d e 
v a r i e t i e s o f h a r d w a r e 
approaches have been t r i e d , 
r a n g i n g f r o m s i n g l e - b o a r d 
micro-processor systems to 
l a r g e m a i n f r a m e s . I n t h e 
B i o c h e m i s t r y D i v i s i o n of the 
T h e D e p a r t m e n t of Labor­
atories at M o u n t S inai H o s ­
p i t a l i n T o r o n t o , C a n a d a , 
t w o H e w l e t t - P a c k a r d desk­
top computers are used i n a 
system affectionately k n o w n 
as MOSES ( M o u n t Sinai O n -
l i n e S e r u m E v a l u a t i o n 
System). 

T h e p e r f o r m a n c e 
achieved b y a u n i q u e soft­
w a r e s t r u c t u r e , w r i t t e n i n 
B A S I C a n d s p r i n k l e d w i t h 
k e y A s s e m b l y language a n d 
b i n a r y m o d u l e s , r iva l s , a n d 
i n m a n y aspects surpasses, 
that of m u c h larger systems 
d e s i g n e d , l i k e M O S E S , to 
r e d u c e p a p e r w o r k a n d 
speed data a c q u i s i t i o n . 

B y a v o i d i n g r e p e a t e d 
m a n u a l t r a n s c r i p t i o n s of re-
s u l t s , M O S E S r e d u c e s 
e r r o r s . R e p o r t s are legible 
because the are p r i n t e d , n o t 
h a n d w r i t t e n . L i k e w i s e , d a i ­
l y l o g s o f l a b w o r k a r e 
p r i n t e d as s o r t e d l i s t s . 
W o r k l o a d s t a t i s t i c s , o n c e 
c o m p i l e d m a n u a l l y , a r e 
n o w gathered b y c o m p u t e r . 
T h e status of the tests re­
quested for a n y sample or 
pa t i en t m a y be d i s p l a y e d o n 
a t e r m i n a l screen or p r i n t e d 
a n y t i m e . Pat ients ' files are 
a u t o m a t i c a l l y l o c a t e d b y 
s u r n a m e o r h o s p i t a l 
n u m b e r . 

I n c l u d e d i n the sys tem is 
the " E d i t o r " task tha t s u p ­
p o r t s w o r d p r o c e s s i n g o n 
m u l t i p l e d i s p l a y screens . 

The text e d i t o r is m o s t l y i n 
B A S I C , a l t h o u g h l ine w r a p ­
p i n g a n d r i g h t h a n d j u s t i ­
f i c a t i o n are i n A s s e m b l y l a n ­
guage. Text is p r i n t e d i n the 
b a c k g r o u n d o n a n y of the 
p r i n t e r s . 

A n o t h e r f u n c t i o n o f 
M O S E S i s r a d i o ­
immunoassay (RIA) data re­
d u c t i o n a n d result computa­
t i o n . Here data f r o m scintilla­
t i o n c o u n t e r s are p u n c h e d 
o n t o p a p e r tapes b y tele­
t y p e s , t h e n e ntered i n the 
c o m p u t e r v ia a paper tape 
reader. The computer quick­
l y collates the r a d i o a c t i v i t y 
counts, produces a standards 
report , plots the standards, 
fits a w e i g h t e d Spline curve 
t h r o u g h the points , plots the 
curve a n d its derivatives, i n ­
terpolates the u n k n o w n s o n 
the c u r v e , a n d produces a 
p r i n t e d report of the results. 
Assay protocols can be de­
f i n e d , m o d i f i e d , or l i s t e d 
onl ine . 

M O S E S inc ludes a statis­
t ical graphics task tha t has 
data f i le m a n a g e m e n t , data 
e n t r y , basic statistics, scat-
t e r g r a m s ( w i t h l i n e a r o r 
n o n - l i n e a r r e g r e s s i o n s ) , 
h i s t o g r a m s , p r o b a b i l i t y 
p l o t s , a n d L e v e y - J e n n i n g s 
p l o t s ( for q u a l i t y c o n t r o l ) . 
T h e R I A a n d s t a t i s t i c a l 
graphics tasks e v o l v e d f r o m 
H P s o f t w a r e , a l t h o u g h the 
s i m i l a r i t y is n o w m o s t re­
m o t e . 

How M O S E S Does It 

The h a r d w a r e c o n f i g u r a ­
t i o n of M O S E S is s h o w n i n 
F igure 1 . A t the hear t of the 
sys tem is the 9845T C o m p u ­
t e r S y s t e m w i t h 3 2 0 K of 
R A M , I / O e x p a n d e r , a n d 
R O M s f o r a d v a n c e d p r o ­
g r a m m i n g a n d A s s e m b l y 
l a n g u a g e e x e c u t i o n . M a s s 
s torage devices c o n n e c t e d 
to the 9845 i n c l u d e the H P 
9885 Flexible Disc D r i v e a n d 

M o u n t Sinai Hospital 

the H P 7906, a 20-megabyte 
d u a l h a r d disc. Five d i s p l a y 
t e r m i n a l s are l i n k e d to the 
9845 v i a h a r d w i r e d 9600 
b a u d s e r i a l RS-232 l i n k s . 
Four of the t e r m i n a l s have 
external or i n t e r n a l p r i n t e r s . 

T h e k e y b o a r d a n d d i s ­
p l a y screen of the 9845 serve 
as a s i x t h t e r m i n a l b y w a y of 
a fu l l - screen t e r m i n a l e m u ­
la tor s u b p r o g r a m . P r i n t e r s 
d i r e c t l y j o i n e d to the desk­
t o p c o m p u t e r i n c l u d e t h e 
H P 2631 v i a the H P I B b u s , a 
D i a b l o d a i s y - w h e e l - t y p e 
p r i n t e r v i a a serial RS-232 
300 b a u d inter face , a n d the 
9845's i n t e r n a l t h e r m a l p r i n ­
t e r . T h e D i a b l o m a c h i n e , 
w h i c h is a rece ive-only de­
vice , shares the H P 98036A 
Interface w i t h an O K T r o n i c s 
(General Electric) paper tape 
reader ( w h i c h is a para l le l 
t r a n s m i t - o n l y device) . 

i n Toronto, Canada. 

A c u s t o m - m a d e para l le l 
to serial conver ter t r a n s m i t s 
the p a p e r tape data to the 
9845 at a n o n - s t a n d a r d rate 
b e t w e e n 1200 a n d 2 4 0 0 
b a u d . Th e converter ' s t rans­
m i t t e r clock o u t p u t is w i r e d 
to the receiver clock i n p u t of 
the 98036A c a r d , a n d t h u s 
t h e y c o m m u n i c a t e correct ­
l y . T h i s s h a r i n g of interfaces 
saves n o t o n l y the cost of 
one H P serial interface , b u t 
also reserves a n essential 1/ 
O slot. T h e paper tapes o r i g ­
inate f r o m f o u r s c i n t i l l a t i o n 
c o u n t e r s u s e d i n r a d i o ­
i m m u n o a s s a y s ( R I A s ) . 

W h i l e t h e 9845 is t h e 
m a i n H P I B c o n t r o l l e r , the 
s m a l l e r H P 9 8 2 5 d e s k t o p 
c o m p u t e r is also connec ted 
to the H P I B bus . T h e j o b of 
the 9825 is to acquire a n d 
" p r e - p r o c e s s " d a t a 
g a t h e r e d f r o m f o u r o n l i n e 
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bi och emica l analyzers . T h e 
b u r d e n of rel iable data cap­
t u r e is too m u c h for the 9845 
a lone , because the analyzers 
t r a n s m i t data i n r a p i d bursts 
at r a n d o m interva ls w i t h o u t 
f i r s t a l e r t i n g the c o m p u t e r . 

T he 9825 easily handles 
t h i s w o r k b e c a u s e o f i t s 
greater speed a n d its capa­
b i l i t y for s i m u l t a n e o u s i n p u t 
b u f f e r transfers at m u l t i p l e 
I /O p o r t s . The t w o A B A - 1 0 0 
b i c h r o m a t i c analyzers t rans­
m i t c u r r e n t l o o p data at a 
t e l e t y p e ra te (110 b a u d ) , 
w h i l e t h e Gems aec p r o g ­
r a m m a b l e c e n t r i f u g a l ana­
lyzer a n d B e c k m a n Astra-8 
a n a l y z e r t r a n s m i t at 9600 
b a u d . 

T h e Astra-8 is the m o s t 
d i f f i c u l t dev ice to connect 
because i t sends seven to 
n i n e l i n e f e e d - t e r m i n a t e d 
s tr ings at each b u r s t . Th i s 
requires the use of the con­
t i n u o u s h i g h - s p e e d b u f f e r ­
i n g c a p a b i l i t y p r o v i d e d i n 
the p r o g r a m m i n g R O M , us­
i n g a bred s ta tement at f re­
q u e n t i n t e r v a l s . M o r e o v e r , 
the 9825 m u s t be p r o g r a m ­
m e d to b u f f e r u p to t en such 
sets of data s t r ings a n d send 
t h e m to the 9845 as i t can 
accept t h e m . 

T h e o ther analyzers are 
h a n d l e d b y i n t e r r u p t -
d r i v e n , l i n e f e e d - t e r m i n a t e d 
i n p u t t ransfers . W h e n the 
9825 receives a n analyt ica l 
resul t o n l i n e , i t reshapes i t 
to sui t the data base of the 
9845, before pass ing i t o n to 
t h e b i g g e r m a c h i n e v i a 
H P I B . U n d e r certa in c o n d i ­
t i o n s , the 9845 w i l l r e t u r n 
a c k n o w l e d g e m e n t s or error 
messages to the 9825, w h i c h 
i t logs u s i n g its o w n i n t e r n a l 
p r i n t e r or another one s i t u ­
a ted near lab technologis ts . 
A c t u a l l y , the p o w e r of the 
9825 is q u i te u n d e r - u s e d i n 
t h i s c o n f i g u r a t i o n ( the en­
t i r e H P L p r o g r a m is less 
t h a n 4 K bytes l o n g ) , a n d the 
m u c h less expensive HP-85 
or 9815 p r o b a b l y c o u l d d o 
the j o b . 

A l t h o u g h the 9845 is a 
versat i le m a c h i n e , i t was de­
s i g n e d f o r s ing le -user a p ­
p l i ca t ions . I t therefore lacks 
t i m e s h a r i n g , s w a p p i n g of 

user workspaces a n d p r o g ­
r a m c o d e , a n d a u t o m a t i c 
b a c k g r o u n d o p e r a t i o n . Us­
i n g A s s e m b l y language , the 
M o u n t S i n a i t e a m d e ­
v e l o p e d a r a p i d m e t h o d of 
s w i t c h i n g b e t w e e n u s e r 
w o r k s p a c e s w i t h i n R A M ; 
u s i n g I M A G E / 4 5 , t h e y de ­
v e l o p e d a m e t h o d for r a p i d ­
l y s w a p p i n g s u b p r o g r a m s 
f r o m the h a r d disc. I t w o r k s 
as f o l l o w s . 

I n f r e q u e n t l y u s e d sub­
p r o g r a m s a r e s t o r e d 
together i n a f i le o n the h a r d 
disc. C o m m o n l y u s e d sub­
p r o g r a m s f o r a l l tasks are 
k e p t i n R A M at a l l t i m e s , 
w i t h d u m m y s u b p r o g r a m s 
a p p e n d e d to t h e m . Before 
c a l l i n g o n e o f t h e i n f r e ­
q u e n t l y used s u b p r o g r a m s , 
the sys tem checks w h e t h e r 
tha t s u b p r o g r a m or f u n c t i o n 
a l ready exists ( located after 
the d u m m y s u b p r o g r a m ) . I f 
i t is n o t present , D E L SUB 
Dummy TO END is executed 
to make r o o m . N e x t , the re­
q u i r e d s u b p r o g r a m , p r e ­
c e d e d b y a r e p l a c e m e n t 
d u m m y s u b p r o g r a m , i s 
" s w a p p e d i n " u s i n g t h e 
LOAD SUB s tatement . 

Its j o b d o n e , t h a t sub­
p r o g r a m r e m a i n s i n place 
unless a d i f f e r e n t s u b p r o g ­
r a m is r e q u i r e d , i n w h i c h 
case the f o r m e r is de le ted . 
A n A s s e m b l y l a n g u a g e 
r o u t i n e is used to test i n a d ­
vance for the presence of re-
q u i r e d s u b p r o g r a m s b y 
n a m e , thereby a v o i d i n g the 
need to keep track e x p l i c i t l y 
of those s u b p r o g r a m s t h a t 
are or are n o t p a r t of the core 
m e m o r y . 

M O S E S p r o d u c e s 
assorted repor ts o n several 
p r i n t e r s , w h i l e s i m u l ­
t a n e o u s l y m e e t i n g t h e 
needs of technicians at the 
v a r i o u s t e r m i n a l s . T o 
a c c o m p l i s h t h i s , a r o u n d -
r o b i n b a c k g r o u n d manager 
was dev ised (Figure 2). T h i s 
g e n e r a l l y o p e r a t e s i n t h e 
m a i n p r o g r a m a n d receives 
the l o w e s t p r i o r i t y t h e r e . 
H o w e v e r , f o r c e r t a i n jobs 
t h e b a c k g r o u n d m a n a g e r 
makes br ief calls to the p r o ­
cessing s u b p r o g r a m s , a n d 
at o t h e r t i m e s i ts p r i o r i t y 

m a y be raised i f opera t ions 
i n v o l v i n g c r i t i c a l da ta are 
o c c u r i n g . ( A c c o m p l i s h e d 
u s i n g A s s e m b l y language . ) 
M u l t i p l e p r i n t i n g tasks can 
be p r o g r e s s i n g for a n y n u m ­
ber of the devices connected 
to the 9845; graphics p l o t ­
t i n g a n d p a p e r tape r e a d i n g 
also are d o n e i n the back­
g r o u n d . 

T h e fact t h a t s ign i f i cant 
A s s e m b l y - l e v e l o p e r a t i n g 
i n f o r m a t i o n is p r o t e c t e d b y 
H e w l e t t - P a c k a r d p r o p r i e t ­
ary pol ic ies w a s a c o ns t ra in t 
t h a t s l o w e d — b u t d i d n o t 
p r e v e n t — d e v e l o p m e n t of 
i m p o r t a n t A s s e m b l y m o d ­
u l e s . S e v e n t e e n - y e a r - o l d 
M i c h a e l R o s e n b e r g d e ­
v e l o p e d a v a r i e t y of A s s e m ­
b l y m o d u l e s a n d b i n a r y 
p r o g r a m s tha t w e r e essen­
t ia l i n p u s h i n g the p e r f o r m ­
ance of the 9845 far b e y o n d 
t h e l i m i t s i m p o s e d b y 
B A S I C . 

Rosenberg i n i t i a l l y used 
the H P A s s e m b l y D e v e l o p ­
m e n t a n d E x e c u t i o n R O M 
for t h i s , b u t later w r o t e an 
a s s e m b l e / b i n a r y p r o g r a m 
d e v e l o p e r i n B A S I C . T h e 
h o s p i t a l t e a m n o w k e e p s 
o n l y t h e E x e c u t i o n R O M , 
a n d does a l l o the r m a c h i n e 
l a n g u a g e d e v e l o p m e n t us­
i n g Rosenberg's assembler. 
S o m e i n t e r e s t i n g b i n a r y 
p r o g r a m s a d d n e w or m o d ­
i f i e d s t a t e m e n t s t o t h e 
B A S I C f i r m w a r e . 

T h e PEEK a n d POKE 
p l u s WORD a n d WORD$ 
f u n c t i o n s are t w o - b y t e ver­
s ions of NUM a n d CHR$. 
EDIT LINE n o w a l l o w s a n y 
m i x of u p p e r - or lowercase 
s p e l l i n g , regardless of the 
k e y b o a r d ' s m o d e . REN n o w 
p e r m i t s the p r o g r a m m e r to 
s p e c i f y t h e p a r t i c u l a r l i n e 
w h e r e r e n u m b e r i n g s h o u l d 
start , t h u s f a c i l i t a t i n g the i n ­
se r t io n of m u l t i p l e l ines . 

T he DO...THEN...THEN 
s ta tement , w h i c h is a lmost 
t h e s a m e as IF...THEN, 
a l l o w s as m a n y m u l t i p l e 
s tatements as there is r o o m 
for to be t y p e d i n a n d acti­
v a t e d o n the same p r o g r a m 
l i n e . F i n a l l y , a FIND c o m ­
m a n d e x p a n d s o n EDIT 
LINE b y its a b i l i t y to search 

speci f ical ly for a v a r i e t y of 
p r o g r a m s y m b o l s (variable 
names , s u b p r o g r a m names , 
constants , etc.) 

A n o t h e r ra ther a w a k e n ­
i n g feature of M O S E S is t h i s : 
a fu l l - screen o n l i n e p r o g r a m 
e d i t i n g fac i l i ty tha t operates 
i n the b a c k g r o u n d ( a l l o w i n g 
p r o g r a m m o d i f i c a t i o n or de­
v e l o p m e n t to be d o n e at the 
t e r m i n a l s ) , w h i l e t h e 9845 
cont inues to service a l l the 
r e m o t e devices a n d p e r f o r m 
o t h e r a c t i v e b a c k g r o u n d 
j o b s . A s s e m b l y m o d u l e s 
used b y this e d i t i n g f a c i l i t y 
p e r f o r m several f u n c t i o n s : 

• P u t the last i t e m f r o m the 
RECALL b u f f e r i n t o a 
s t r i n g , PEEK, or POKE. 

• D i s p l a y a c o m m a n d or 
p r o g r a m l ine to be e d i t e d 
i n t h e k e y b o a r d e n t r y 
l ines ( u n l i k e B A S I C l a n ­
g u a g e ' s TDISP s t a t e ­
m e n t , t h i s w o r k s e v e n 
w h e n O N KBD is OFF. 
C h a r a c t e r s are a c t u a l l y 
s h o w n — t h e y are n o t 
" g h o s t s " — a n d the spe­
cial v i d e o enhancements 
s t i l l w o r k ) . 

• P r o g r a m m a t i c a 1 l y 
" p r e s s " t h e E X E C U T E 
k e y (to cause a c o m m a n d 
d i s p l a y e d i n t h e 
k e y b o a r d e n t r y l i n e 
u n d e r p r o g r a m c o n t r o l to 
be i m m e d i a t e l y c a r r i e d 
o u t ) . 

M O S E S is u n o r t h o d o x i n 
tha t a l l the p r o m p t s , special 
f u n c t i o n k e y labels ( w h i c h 
are d i s p l a y e d o n al l the d i s ­
p l a y screens), m e n u s , a n d 
M O S E S error messages are 
s tored o n the h a r d disc i n 
the the " s y s t e m w o r k s p a c e 
f i l e " ins tead of i n the p r o g ­
r a m c o d e . T h i s v a s t l y re­
duces R A M c o n s u m p t i o n . 
S p e e d is n o t a d v e r s e l y 
a f f e c t e d b e c a u s e t h e 
A S S / G N m e n t s t o a l l f r e ­
q u e n t l y used files are m a d e 
o n l y o n c e a t s t a r t - u p . 
ASSJGNments are r e t a i n e d 
a n d p a s s e d t o a l l s u b ­
p r o g r a m s t h a t n e e d t h e m , 
as a resul t of the speed of the 
h a r d disc a n d because the 
OVERLAP m o d e is a lways 
i n e f fect . T h e da ta i n the 
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w o r k s p a c e f i l e c a n b e 
c h a n g e d o n l i n e at a n y ter­
m i n a l (after a p a s s w o r d is 
g i v e n ) . 

F i g u r e 3 s h o w s the struc­
t u r e of the i n t e r r u p t servic­
i n g s o f t w a r e . The " E r r o r " , 
" P r o m p t " , a n d " K e y s " sub­
p r o g r a m s , a l o n g w i t h the 
d i s p l a y screen manager , are 
g e n e r a l i z e d to h a n d l e t h e 
s l i g h t b e h a v i o r a l differences 
p e c u l i a r to the the screens 
i n t e r f a c e d t o t h e s y s t e m 
(9845, 2645, 2621, 2624.) 

T h e s o f t w a r e is o r g a ­
n i z e d to use a h i e r a r c h y of 
p r o g r a m b r a n c h i n g corre ­
s p o n d i n g to the e ight spe­
cial f u n c t i o n keys o n a l l the 
d i s p l a y screens. T h u s , there 
are p o t e n t i a l l y e ight Tasks, 
e a c h o f w h i c h m a y h a v e 
e i g h t Levels , each of w h i c h 
m a y have e ight Jobs, each of 
w h i c h m a y have 99 Subjobs 
( t h i s is ca l led the "TLJS" 
s t r u c t u r e ) . 

TLJS, p l u s the fact tha t 
c r i t i c a l d a t a are s t o r e d i n 
C O M m e m o r y , p e r m i t s the 
opera tor to restart the sys­
t e m after a n u n e x p e c t e d a n d 
grave error b y s i m p l y pres­
s i n g R U N . The p r o g r a m w i l l 
r e s u m e f r o m the p o i n t j u s t 
p r i o r to the error , w i t h o u t 
d e s t r u c t i o n of the i n f o r m a ­
t i o n . A f t e r certa in in te rva l s , 
cr i t ica l data are a u t o m a t i c a l ­
l y s tored o n the h a r d disc, 
t h e r e b y m i n i m i z i n g t h e 
a m o u n t of i n f o r m a t i o n that 
w o u l d be lost i f a p o w e r f a i l ­
u r e occured . 

O n a l l t h e d i s p l a y 
s c r e e n s t h e E N T E R , 
B R E A K , a n d special f u n c ­
t i o n keys are s u p p o r t e d i n 
l i n e b l ock m o d e w i t h D C l -
D C 2 - D C 1 h a n d s h a k i n g . 
T h e " K e y b o a r d " s u b p r o ­
g r a m causes t h e c o n s o l e 
k e y b o a r d a n d d i s p l a y 
screen of the 9845 to emulate 
the r e m o t e d i s p l a y screens 
u s i n g t h e C O N T , S T O P , 
a n d special f u n c t i o n keys kO 
t h r o u g h k7 . 

A s s e m b l y m o d u l e s used 
b y t h e " K e y b o a r d " s u b ­
p r o g r a m p e r f o r m t h e s e 
f u n c t i o n s : PEEK; s e n s e 
w h e r e the cursor is; i n p u t a 
l ine f r o m the p r i n t o u t area 
of a d i s p l a y screen; s ignal an 

i n t e r r u p t t o B A S I C o n a spe­
c i f i ed select code; a n d cause 
the cursor to f lash a u t o m a t i ­
cal ly. A n y l i n e i n the p r i n t 
o u t area of the 9845's screen 
can be entered i n response 
to a p r o m p t . W h e n keys kO-
k 7 are p r e s s e d , t h e same 
escape sequence is passed to 
the CRT manager as is sent 
b y a l l the r e m o t e CRTs ( that 
is , ESCp, ESCq, etc.) T he 
l o w e r r o w of special f u n c ­
t i o n k e y s g i v e s access t o 
o ther f u n c t i o n s n o t available 
o n the r e m o t e screens. 

T h e C R T " M a n a g e r " 
s u b p r o g r a m is the k e y to the 

s e c o n d s , t h e p r o g r a m i n ­
vokes the b a c k g r o u n d m a n ­
ager o p e r a t i o n . 

A s s e m b l y l a n g u a g e is 
u s e d f o r r e c e p t i o n h a n d ­
s h a k i n g , because B A S I C is 
n o t fast e n o u g h at 9600 b a u d 
t o go f r o m a WRITE BIN 
Crt;17 s ta tement to a n E N ­
TER Crt;Buffer$ s ta tement , 
w i t h o u t somet imes m i s s i n g 
t h e f i r s t f e w c h a r a c t e r s . 
A l s o , cer ta in I /O errors can 
o c c u r i n t h e OVERLAP 
m o d e . 

The " C h e c k " f u n c t i o n is 
i n v o k e d b y the CRT m a n a ­
ger to t rap for o u t of range . 

v a l i d , the M a n a g e r calls the 
" E r r o r " s u b p r o g r a m a n d a n 
error message is g i v e n . 

W i t h one d i s p l a y screen 
a c t i v e , t h e s y s t e m ' s r e ­
sponse is v i r t u a l l y i n s t a n ­
taneous . W i t h several ter­
m i n a l s act ive, the response 
t i m e is s o m e w h a t l o n g e r , 
b u t s t i l l fast. There exist a 
f e w l e n g t h y p r o c e s s i n g 
r o u t i n e s tha t are n o t w r i t t e n 
i n t o t h e b a c k g r o u n d be­
cause t h e y are u s e d i n f r e ­
q u e n t l y . L o n g reponse de­
lays occur w h e n a w e i g h t e d 
R I A Spl ine c u r v e f i t is b e i n g 
c o m p u t e d ( w h i c h m a y take 
10 to 30 seconds d e p e n d i n g 
o n the scatter of the p o i n t s . ) 
Delays m a y also occur w h e n 
someone is u s i n g the E d i t o r 
scans i n several screens of 
text , or w h e n l o n g , m u l t i ­
c h a n n e l b i o c h e m i s t r y w o r k -
lists are b e i n g deal t w i t h . 

W i t h t h e LOAD/DEL 
SUB/FN s t a t e m e n t s , 
M O S E S is a l m o s t a " v i r t u a l 
m e m o r y " s y s t e m f o r ex­
t e n d i n g the p r o g r a m code, 
a n d t h u s f u t u r e p lans call for 
the o n g o i n g d e v e l o p m e n t of 
a v a r i e t y o f i n f r e q u e n t l y 
n e e d e d spe c ia l f u n c t i o n s . 
I n t e n s i v e w o r k for the de­
v e l o p m e n t o f b i n a r y p r o ­
grams is c o n t i n u i n g . I t is n o t 
pract ia l to a d d m o r e CRTs to 
the present sys tem, m a i n l y 
because there are n o m o r e 
I /O slots le f t , a n d also be­
cause response t i m e w o u l d 
s l o w . T he a d d i t i o n of m o r e 
p r i n t e r s d r i v e n b y the H P I B 
system is u n d e r considera­
t i o n . F u t u r e a d d i t i o n a l a u t o ­
m a t i c b i o c h e m i s t r y ana lyz­
ers can be connec ted to the 
present sys tem, because the 
9825 has p l e n t y m o r e p o w e r 
to h a n d l e a d d i t i o n a l data ac­
q u i s i t i o n . 

Irvin L. Bromberg 
Division of Clinical Bioche­
mistry 
Mount Sinai Hospital 
600 University Avenue 
Toronto, Canada MSG 1X5 

• 

Authors Rosenberg (left), Bromberg (sitting), and Pollard. For more 
information about MOSES, including purchase informat ion , consult them. 

m u l t i - u s e r , m u l t i - t a s k o p - i m p r o p e r l e n g t h , i m p r o p e r 
e r a t i o n of M O S E S . I n t e r ­
r u p t s f r o m CRTs are ser­
v i c e d o n a f i rs t come, f i rs t 
served basis. Each e n t r y is 
c o m p l e t e l y serviced before 
o ther p e n d i n g or a r r i v i n g i n -
t e r r u p t s a r e a d d r e s s e d . 
W h e n i t is expected tha t a 
c e r t a i n o p e r a t i o n w i l l re ­
q u i r e process ing or p r i n t i n g 
f o r l o n g e r t h a n a f e w 

characters, a n d other " p r i ­
m a r y " errors . This is accom­
p l i s h e d b y u s i n g c o n t r o l 
flags p r e v i o u s l y read f r o m 
the disc b y the " P r o m p t " 
s u b p r o g r a m . I f any e n t r y is 
f o u n d to be v a l i d , i t is re­
peated o n the user's d i s p l a y 
s c r e e n a n d t h e M a n a g e r 
calls for the a p p r o p r i a t e sub­
p r o g r a m . I f an e n t r y is i n -
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Card test system suits STC 

A s stone tablets a n d styluses gave 
w a y to paper a n d pens , data storage 
became feasible, b u t n o t too pract ica l , 
f o r t o d a y ' s v o l u m e o f i n f o r m a t i o n . 
Paper gave w a y to p u n c h e d cards, pa­
per tape a n d microfiche - a d m i t t e d l y 
faster, more convenient methods stil l i n 
use today. 

N o t u n t i l the emergence of c o m p u ­
ters, h o w e v e r , has storage t e c h n o l o g y 
a d v a n c e d to a p o i n t w h e r e data storage 
re t r ieva l is fast a n d c o n v e n i e n t . C o m ­
p u t e r t e c h n o l o g y is q u i c k l y r e p l a c i n g 
p u n c h e d cards a n d p a p e r tape w i t h 
m a g n e t i c m e d i a i n t h e f o r m of ree l 
t a p e s , casset tes , h a r d a n d f l e x i b l e 
d isks , a n d car t r idge or d i s k packs. 

W o r k i n g to meet the g r o w i n g de­
m a n d s for d i s k dr ives speci f ical ly , is 
the D i s k D i v i s i o n of Storage T e c h n o l o ­
g y C o r p o r a t i o n (STC), L o u i s v i l l e , C o l ­
o r a d o , U . S . A . T h e g r o w t h o f t h i s 
y o u n g c o m p a n y is i n d i c a t i v e of the re­
cent g r o w t h of the c o m p u t e r i n d u s t r y 
itself . W h i l e some businesses are ex­
p e r i e n c i n g the p a i n of w o r l d w i d e re­
c e s s i o n s a n d c u t b a c k s , S T C is ex­
p e r i e n c i n g the pleasure of g r o w t h a n d 
e x p a n s i o n . The f i r m ' s net i n c o m e for 
the second quarter of 1981, for exam­
ple, w a s u p 55% over the same p e r i o d 
ast year. H o w is STC h a n d l i n g th i s 

g r o w t h ? 
I n the test e n g i n e e r i n g d e p a r t m e n t 

of STC's D i s k D i v i s i o n , engineers have 
d e v e l o p e d a n d i m p l e m e n t e d a c o m p u ­
t e r - c o n t r o l l e d h y b r i d p r i n t e d c i r c u i t 
b o a r d test s y s t e m ( c o m m o n l y cal led an 
ana log test s y s t e m or A T S ) to p e r f o r m 
a n a l o g c a r d f u n c t i o n a l i t y tests. T h e 
sys tem, i n use for a b o u t a year a n d a 
hal f , is b o o s t i n g p r o d u c t i v i t y b y de­
creasing the t i m e n e e d e d to check ana­
l o g cards b y 75%, w i t h a s i m u l t a n e o u s 
i m p r o v e m e n t i n p r o d u c t q u a l i t y . Since 
the c o n s t r u c t i o n of the c o m p u t e r i z e d 
A T S , the u n i t test reject rate d r o p p e d 
f r o m 32% to 8%. For a c o m p a n y tha t 
w o u l d l i k e , w i t h i n a year , to d o u b l e its 
d a i l y p r o d u c t i o n rate of 1200 ana log 
cards, these f igures are e n c o u r a g i n g , 
off ic ials say. 

The a n a l o g cards c u r r e n t l y u n d e r 
test are s e r v o cards a n d r e a d / w r i t e 
cards, b o t h of w h i c h are u s e d i n the 
d i s k d r i v e u n i t s m a n u f a c t u r e d at STC. 
Servo cards c o n t r o l m o v e m e n t of the 
d i s k heads, w h i l e r e a d / w r i t e cards read 
a n d w r i t e the data s tored o n the d isks . 

There are ac tual ly f ive A T S u n i t s at 
STC, d e v o t e d solely to t es t ing these 
c a r d s . E a c h A T S c o n s i s t s o f m a n y 
pieces of e q u i p m e n t , b u i l t i n t o , or s i t u ­
ated o n t o p of, a c o m b i n a t i o n cabinet-
table u n i t . T he m a n u f a c t u r i n g t e c h n i ­
c ian sits fac ing the m a j o r i t y of test i n ­
s t r u m e n t s . T he c o m p u t e r s y s t e m , a 
H e w l e t t - P a c k a r d 9835A, sits o n the 
r i g h t , w i t h i n easy reach, a n d acts b o t h 
as an i n s t r u m e n t contro l ler a n d as a test 
p r o g r a m m o n i t o r or p r o m p t e r . The i n ­
d i v i d u a l i n s t r u m e n t s i n the sys tem, be­
s ides t h e H P 9835, i n c l u d e a n H P 
9885M D i s k D r i v e , an H P 5335A U n i ­
versal C o u n t e r , an H P 3325A F u n c t i o n 
G e n e r a t o r / F r e q u e n c y S y n t h e s i z e r / 
Sweeper, an H P 8165A P r o g r a m m a b l e 
S ignal Source, an H P 3455A D i g i t a l 
V o l t m e t e r , an H P 1980B Osci l loscope, 
an H P 1602A 16 Bit Logic State A n a l y z ­
er, a n d Electronic M e a s u r e m e n t s p o w ­
er source u n i t s . A l l i n s t r u m e n t s are 
connected to the 9835 via H P - I B . 

The 9885M d i s k d r i v e u n i t is b u i l t 
i n t o the A T S f r a m e , u n d e r n e a t h the 
9835. T h e s o f t w a r e , d e v e l o p e d i n -
house , is s tored o n a f l o p p y d i sk i n a 
test m e n u f o r m a t . W r i t t e n i n Basic, the 
m e n u p r o g r a m m i n g a p p r o a c h a l l o w s 
each technic ian to call u p w h i c h e v e r 
r e l i a b i l i t y test is des i red , o u t of a to ta l of 
13. The 9835 sets u p the a p p r o p r i a t e 
i n s t r u m e n t a t i o n for each test. 

A l t h o u g h the m e n u f o r m a t takes 
a w a y some of the p r o g r a m m e r ' s f lex­
i b i l i t y , i t is v e r y h e l p f u l i n t r a i n i n g n e w 
technicians. T h r o u g h the use of " t e c h -
t i p s " , n e w c o m e r s can u n d e r s t a n d the 
analog cards' c o n s t r u c t i o n , a n d h o w 
each section o n the card w o r k s . A step-
by-step p r o c e d u r e is f o l l o w e d to c o m ­
plete each of the 13 tests. Paul Zies-
chang . Senior E n g i n e e r i n g M a n a g e r i n 
d i s k test e n g i n e e r i n g , says t h a t , " I t 
takes p r o b a b l y h a l f a n h o u r for the 
technic ian to f i g u r e o u t h o w to use the 
c o m p u t e r , " a d d i n g , " T h e system itself 
was v e r y s imple to p u t together . 

" I t t o o k us n o t m o r e t h a n three 
weeks to d o a l l the o p e r a t i n g system 
s o f t w a r e , l ike the d r i v e r s for the par­
t icular i n s t r u m e n t s . " 

T he sof tware ' s m e n u f o r m a t also 
a l l o w s the m a n u f a c t u r i n g test t e c h n i ­
cians to examine a card i n three m i n ­
utes, c o m p a r e d w i t h t w e l v e w h e n the 
re l iab i l i ty procedures w e r e p e r f o r m e d 
m a n u a l l y . This r e d u c t i o n i n test t i m e , 
a l o n g w i t h a t h r e e - s h i f t s - a - d a y , six-
d a y s - a - w e e k w o r k s c h e d u l e , a l l o w s 
STC to increase p r o d u c t i o n to meet de­
m a n d . 

F r o m the 13 test p r o g r a m s i n the 
m e n u f o r m a t , technic ian R o n B ishop 
d e m o n s t r a t e s a p o r t i o n of one test , 
w h i c h a l l o w s h i m to locate a n y p a r t o n 
the ana log card . B i s h o p a d m i t s t h a t 
w i t h a p p r o x i m a t e l y 350 p a r t s o n a 
b o a r d , a technic ian , even a g o o d one, 
can't r e m e m b e r w h e r e a l l of that 's l o ­
cated. 

To locate p a r t R-23 o n the b o a r d . 
B i shop snaps the card i n t o the u n i t test 
f i x t u r e , types R-23 o n the k e y b o a r d of 
t h e 9835, a n d t h e l o c a t i o n o f R-23 
flashes o n the CRT. T he so f tware for 
th i s f u n c t i o n is p r o g r a m m e d to locate 
parts per sect ion, or g r i d , a n d the c o m ­
p u t e r focuses r i g h t d o w n i n t o the g r i d 
w h e r e R-23 is located. 

I n a n o t h e r tes t . B i s h o p d e m o n ­
strates one use of t h e 9835's b u i l t - i n 
s t r ip p r i n t e r . W h e n a b a d p a r t is f o u n d . 
B i s h o p t y p e s i n the l o c a t i o n of tha t 
par t . The 9835 a u t o m a t i c a l l y p r i n t s o u t 
the STC p a r t n u m b e r , the generic de­
s c r i p t i o n a n d p a r t n u m b e r , the let ter 
d e s i g n a t i o n of the card b e i n g tested, 
a n d the a p p r o p r i a t e p r o d u c t n u m b e r . 
A t this p o i n t . Bishop tears off the pr in ter 
tape a n d places i t o n the b o a r d . The 
board is t h e n taken away, the bad part 
rep laced , a n d the b o a r d r e t u r n e d to 
complete testing. 

E x p a n s i o n has f i n a l l y c a u g h t u p 
w i t h employees at the disc d i v i s i o n , 
a n d a re locat ion to the n e w headquar ­
ters nearby is p l a n n e d . S i m u l t a n e o u s ­
l y , t h e test e n g i n e e r i n g d e p a r t m e n t 
p lans an e x p a n s i o n of t h e i r A T S fac i l i ­
ties, w h i c h m a y i n c l u d e c o m p u t e r net­
w o r k i n g capabil i t ies a n d the i n c o r p o r a ­
t i o n of a h i g h e r o r d e r p r o g r a m m i n g 
language , such as Pascal. 

Paul Zieschang 
Senior Engineering Manager 
Storage Technology Corporation 
Mail Drop 'ND' 
2400 Industrial Lane 
Broomfield, Colorado 80020 
U.S.A. • 
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by John Monahan, Editor 

T h e f a t h e r - a n d - s o n e n ­
g i n e e r i n g f i r m of Lee a n d 
Jeff E l m o r e of Sarasota, Flor­
i d a , U . S . A . offers a p a t e n t e d 
system for i m p r o v i n g l o n g ­
d i s t a n c e m i c r o w a v e c o m ­
m u n i c a t i o n s t h a t uses a n 
a i r c r a f t f u l l of e l e c t r o n i c s 
a p t l y d u b b e d "eagle eyes . " 

The sys tem, 12 years i n 
d e v e l o p m e n t , uses a ircraf t -
c o n t a i n e d radar to ascertain 
t h e t e r r e s t r i a l a n d a t m o s ­
pheric factors tha t affect re-
i a b i l i t y a n d f a d i n g of m i c r o ­

w a v e s p a s s i n g b e t w e e n 
pairs of t o w e r s tha t are s i t u ­
a t e d a n h o r i z o n a p a r t i n 
l i n e - o f - s i g h t l i n k s . A realis­
tic d i g i t a l m o d e l of each p a t h 
is r e c o r d e d b y a n a i r b o r n e 
c o m p u t e r , w h i c h is p r o g ­
r a m m e d to d e s i g n a u t o m a t i ­
cally the he ights of the t o w ­
ers to a l l o w the m i c r o w a v e s 
to clear a l l o b s t r u c t i o n s . 

T h e d i g i t a l m o d e l is 
f u r t h e r u s e d for c o m p u t e r 
s i m u l a t i o n of the actual per­
formance of the m i c r o w a v e s 
i n o r d e r to protect against 
deep fades caused b y sur­
face ref lect ions i n a c h a n g ­
i n g a t o m o s p h e r e . These i n ­
n o v a t i o n s r e s u l t e d i n t h e 
g r a n t i n g , i n 1977, of U n i t e d 
States p a t e n t 4 050 067 -
" A i r b o r n e M i c r o w a v e Path 
M o d e l i n g S y s t e m . " 

E n g i n e e r i n g services us­
i n g th i s t e c h n o l o g y are p r o ­
v i d e d i n the U n i t e d States 
b y E l m o r e Electronics , I n c . , 
a n d i n t e r n a t i o n a l l y b y 
E l m o r e E l e c t r o n i c s , L t d . 

es 
and elusive beams 

Lee Elmore (right) and son Jeff at their f i f th Cessna 337 Skymaster. 

C l i e n t s i n c l u d e l o n g ­
d i s t a n c e t e l e p h o n e c o m ­
p a n i e s , s p e c i a l i z e d m i c r o ­
w a v e n e t w o r k s , e l e c t r i c 
p o w e r u t i l i t i e s , o i l a n d gas 
p i p e l i n e s , a n d n a t i o n a l tele­
c o m m u n i c a t i o n s systems i n 
d e v e l o p i n g c o u n t r i e s . I n 
t h e i r t r a n s c o n t i n e n t a l l ab , 
the E lmores have f l o w n over 
a m i l l i o n mi les to p r o f i l e net­
w o r k s i n A m e r i c a , as w e l l as 
f r o m the A r t i e to the equator 
a n d over u n m a p p e d , inac­
c e s s i b l e p a r t s o f S o u t h 
A m e r i c a a n d A f r i c a . 

P r i o r t o a i r b o r n e p a t h 
m o d e l i n g , c o n s t r u c t i n g mic ­
r o w a v e routes r e q u i r e d tha t 
g r o u n d crews m a k e surveys 
t o c h e c k o b s t r u c t i o n s o r 

erect t e m p o r a r y t o w e r s to 
test ref lect ions , according to 
t h e E l m o r e s . M o r e o v e r , 
t h e y say, these crews o f t e n 
h a d l i m i t e d access to areas 
because of r u g g e d t e r r a i n , 
a n d t h e t e s t s t h e y p e r ­
f o r m e d w e r e subject to u n ­
e x p l a i n e d a t m o s p h e r i c a l 
effects. 

S o n J e f f c a l l s t h e s e 
m e t h o d s " h o i s t a n d h o p e , " 
a n d p o i n t s o u t that hal f the 
E lmores ' business i n v o l v e s 
i m p r o v i n g e x i s t i n g routes . 
H e a v y traf f ic a n d c o m p u t e r 
data sent over m o d e r n mic ­
r o w a v e systems — such as 
d i g i t a l r a d a r a n d s i n g l e -
b a n d t r a n s m i s s i o n s — re­
q u i r e h i g h e r p e r f o r m a n c e 

over each t a n d e m p a t h , the 
E l m o r e s say. T h e y bel ieve 
t h e i r s y s t e m c a n e n s u r e 
such p e r f o r m a n c e . 

The f l y i n g lab is a Cessna 
337 Skymaster I I w i t h t w i n 
p u s h - p u l l e n g i n e s , a n air­
p lane special ly e q u i p p e d for 
s t a b i l i z e d f l i g h t o v e r 
s t r a i g h t - l i n e m i c r o w a v e 
p a t h s . T h e i r c u r r e n t Sky­
m a s t e r i s t h e f i f t h t h e 
Elmores have o w n e d since 
1967. 

T h e y h a v e s i m i l a r l y 
stuck w i t h H e w l e t t - P a c k a r d 
e q u i p m e n t , b e g i n n i n g w i t h 
a h a n d h e l d calculator a n d 
m o v i n g u p to their first desk­
t o p computer system purch­
ased i n the m i d 1970s. 
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A s n e w d e s k t o p s w e r e 
a d d e d t o H P ' s l i n e , t h e 
Elmores a d d e d t h e m to the i r 
of f ices i n Sarasota . T h e r e 
t h e y use t h e 9815, 9825T, 
9845T, 9845C, p l u s assorted 
p e r i p h e r a l d e v i c e s . H P ' s 
newest d e s k t o p , the 9826, 
f inds service ins ide the air­
plane as c o n t r o l l e r for the 
H P 3497A data acquis i t ion 
system. The m a c h i n e w i t h 
t h e p r o p e l l e r s a n d t h e 
machines w i t h the I C chips 
w o r k as f o l l o w s . 

D u r i n g a s ingle d a y , the 
E lmores t y p i c a l l y f l y f i v e , 
o n e - h o u r p a t h s , for a to ta l of 
150 r o u t e m i l e s . U n t i l re­
cently, the m i c r o w a v e p a t h 
data t h e y g a t h e r e d w e r e re­
corded o n magnet i c tape for 
processing i n Sarasota. Th i s 
analog m e t h o d w a s c u m b e r ­
some, re lat ive to h o w fast 
i n f o r m a t i o n c o u l d be c o l ­
l e c t e d , a n d so t h e 9826-
c o n t r o l l e d d i g i t a l da ta ac­
q u i s i t i o n s y s t e m w a s i n ­
stalled. 

N o w the 9826 p r o d u c e s 
i n - f l i g h t m o d e l s of each p a t h 
and t o w e r d e s i g n , so t h a t 
t h e y a re a v a i l a b l e u p o n 
l a n d i n g . The a l l - d i g i t a l sys­
tem p e r m i t s the E lmores to 
handle a l l of t h e i r c l ients ' 
n e t w o r k e x p a n s i o n s o r 
m o d e r n i z i n g of heavy t raf f ic 
routes w i t h jus t one a ircraf t , 
they say. 

Of course, possessing a l l 
this h a r d w a r e , w i t h o u t h a v ­
i n g s o m e t h i n g to te l l i t w h a t 

to d o , is l ike h a v i n g a b o d y 
w i t h o u t a b r a i n . The k e y to 
E l m o r e E l e c t r o n i c s is t h e 
p r o p r i e t a r y s o f t w a r e t h e 
o w n e r s w r o t e . 

The E lmores ' m i c r o w a v e 
s o f t w a r e is o r g a n i z e d i n t o 
f o u r g r o u p s , w h i c h are used 
s e q u e n t i a l l y to a c c o m p l i s h 
m a p r o u t e p l a n n i n g , a i r ­
b o r n e r a d a r m o d e l i n g , 
a t m o s p h e r i c ana lys i s , a n d 
p e r f o r m a n c e t e s t i n g . B o t h 
H P L a n d Basic l a n g u a g e s 
are used here. M A P - A R T is 
the f i rs t g r o u p of p r o g r a m s . 

M A P - A R T . . . i s a p r e -
f l i g h t s o f t w a r e u s e d f o r 
p l a n n i n g n e w p a t h s . 
Geodetic a n d c o n t o u r data 
are e n t e r e d f r o m t o p o g ­
raphic m a p s i n t o the 9845T 
via the H P 9874A D i g i t i z e r . 
The c o m p u t e r t h e n orders 
the 9872S Four-co lor Plotter 
to p r o f i l e t h e n e w p a t h s , 
t a k i n g i n t o account the va­
r i o u s t o p o g r a p h i c d a t a . 
These prof i l es indicate w h a t 
p a t h - t o w e r c o n f i g u r a t i o n s 
are the m o s t feasible. (These 
p r e d i c t i o n s are la ter c o n ­
f i r m e d b y actual f l i g h t over 
the p a t h ) . 

Scaling a n d t o w e r d e s i g n 
are a u t o m a t i c . G r a p h i c re­
s u l t s c a n b e s e n t b y 
d a t a p h o n e t o l i c e n s e d 
c h e n t s . P r o d u c i n g a c o m ­
p l e t e p r o f i l e a n d d e s i g n 
takes one operator less t h a n 
an h o u r . 

R A D - A R T . . . i s the radar 
s o f t w a r e f o r p r o c e s s i n g 

m e a s u r e m e n t s t a k e n i n the 
air to p r o d u c e a d i g i t a l m o d ­
el of the p a t h a n d the reflec­
t i v i t y of the t e r r a i n . F r o m a 
d o m e b e l o w the fuselage of 
t h e a i r p l a n e , t w o v e r t i c a l 
radars scan the m i c r o w a v e 
p a t h . T h e m e a s u r e d radar 
range is corrected to account 
f o r v a r i a t i o n s i n t h e a i r ­
p l a n e ' s a l t i t u d e , t h e r e b y 
y i e l d i n g a t rue p r o f i l e . The 
r a d a r echo is ca l ibrated to 
measure t e r r a i n r e f l e c t i v i t y . 
L a n d m a r k s a r e p h o t o ­
g r a p h e d b y a n e x t e r i o r 
c a m e r a at t h e p u s h o f a 
b u t t o n . 

The 3497 data a c q u i s i t i o n 
s y s t e m c o n v e r t s the radar 
a n d o ther m e a s u r e m e n t sig­
n a l s i n t o d i g i t a l da ta a n d 
sends t h e m to the 9826. A s 
t h e Cessna f l i e s o v e r t h e 
m i c r o w a v e r o u t e , the data 
are processed; at the e n d of 
e a c h p a t h , t h e r e s u l t a n t 
d i g i t a l m o d e l is s tored o n 
the f i v e - i n c h f lexible disc i n 
the 9826. The E lmores l ike to 
cal l t h i s q u i c k t u r n a r o u n d 
" i n s t a n t r e p l a y . " 

The radar -based p r o f i l e 
is d e p i c t e d o n the d i s p l a y 
screen of the 9826. The for ­
m a t of the radar p r o f i l e is 
i d e n t i c a l to t h e M A P - A R T 
p l o t s for direct c o m p a r i s o n 
of these p r e - f l i g h t p lo t s w i t h 
t h e r e a l - w o r l d f i n d i n g s of 
R A D - A R T . 

M E T - A R T . . . i s t h e 
m e t e o r o l o g i c a l s o f t w a r e 
u s e d to process a t m o s p h e r i c 
m e a s u r e m e n t s m a d e b y 
sensors d u r i n g f l i g h t . The 
t e m p e r a t u r e o f t h e a i r , 
h u m i d i t y , p r e s s u r e , a n d 
h e i g h t of t h e a i r c r a f t are 
u s e d to c o m p u t e the refrac-
t i v i t y g r a d i e n t . T h i s g r a ­
d i e n t d e t e r m i n e s the b e n d ­
i n g tha t occurs as the m i c r o ­
w a v e b e a m passes b e t w e e n 
t o w e r s . M e t e o r o l o g i c a l data 
are later s tored i n the H P 
7906 h a r d disc for statistical 
a c c o u n t i n g of geographica l 
a n d s e a s o n a l c h a n g e s i n 
a t m o s p h e r i c c o n d i t i o n s . 

( I n o r d e r t o p r o d u c e 
m o r e loca l ly v a l i d statistics, 
M E T - A R T can also r u n an 
H P 85 p e r s o n a l c o m p u t e r / 
3497 data logger c o n f i g u r a ­
t i o n w h e r e p r o b e s a r e 

a t tached to the m i c r o w a v e 
t o w e r s , a c c o r d i n g t o t h e 
Elmores) . 

S I M - A R T . . .is the s i m u l a ­
t i o n s o f t w a r e f o r t e s t i n g 
m i c r o w a v e p a t h p e r f o r m ­
ance a n d f a d e - p r o t e c t i o n 
d e s i g n s . T h i s t e c h n o l o g y 
e m p l o y s t h e d i g i t a l p a t h 
m o d e l s a n d meteoro log ica l 
d a t a t o d e t e r m i n e f a d e 
sources a n d p r e d i c t the re­
l i a b i l i t y o f a p r o p a g a t e d 
b e a m . 

Path loss tests are s i m u ­
la ted b y p l o t t i n g p a t h t rans­
m i s s i o n s agains t antennae 
h e i g h t s , w i t h a t m o s p h e r i c 
b e n d i n g f i x e d at v a r i o u s sta­
tic c o n d i t i o n s (such as n o r ­
m a l o r e x t r e m e t e m p e r a ­
tures for s u m m e r or w i n t e r . ) 
A d y n a m i c s i m u l a t i o n of a 
p a t h ' s p e r f o r m a n c e i s 
a c h i e v e d b y p l o t t i n g t h e 
t r a n s m i s s i o n t h r o u g h o u t 
t h e r a n g e of a t m o s p h e r i c 
v a r i a t i o n s . P r o t e c t i o n 
a g a i n s t r e f l e c t i v e fades is 
also tested b y s i m u l a t i n g the 
o p e r a t i o n of the m i c r o w a v e 
c o m b i n e r , a black box o n the 
m i c r o w a v e e q u i p m e n t tha t 
l o o k s at s igna ls f r o m t w o 
a n t e n n a e a n d s w i t c h e s to 
tha t antenna g i v i n g the best 
s ignal . 

L i c e n s e d a n d p r o p e r l y 
e q u i p p e d E l m o r e c l ients can 
receive m a p p r o f i l e s , f l i g h t 
resul ts , a n d s i m u l a t i o n s v i a 
the t e l ephone , t h a n k s to the 
data c o m m u n i c a t i o n s capa­
bi l i t ies of the 9845T a n d the 
9845C located i n Sarasota, or 
those of the 9826 located i n 
the Cessna. The 9845C c o m ­
p u t e r , w i t h its 4 913 colors , 
is f u r t h e r u s e d to d e m o n s ­
trate E l m o r e t e c h n o l o g y at 
s y m p o s i a , w h e r e the mes­
sage is l i k e l y to be, i n Lee 
E lmore ' s w o r d s , tha t " o u r 
t e c h n o l o g y is b e i n g u s e d for 
e x p e d i t e d e x p a n s i o n of m i c ­
r o w a v e n e t w o r k s , a n d for 
e n h a n c i n g p e r f o r m a n c e of 
ex i s t ing routes to great ly i n ­
crease c a p a c i t y . " 

I n o ther w o r d s , E l m o r e 
E l e c t r o n i c s p r o v i d e s a n 
eagle ' s eye v i e w ( f o r t h e 
electr ical engineer ) of t h a t 
s o m e t i m e s e l u s i v e e n e r g y 
cal led m i c r o w a v e s . • 
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Keyboard 
to cease publication. 

This is the last issue of Keyboard that y o u w i l l receive. The 
magazine was p u b l i s h e d f r o m the spr ing of 1969 u n t i l n o w , the 
w i n t e r . 

The decision to cease publ icat ion w e n t b e y o n d the staff's 
means of p r e v e n t i n g i t . I t was , w e are t o l d , a matter of the m i n d 
that w o n o u t over the heart: for n o one close to the magazine 
w a n t e d i t to die . A p p a r e n t l y someth ing called " C o m p u t e r A d ­
vances" is to suffice for Keyboard. 

The staff remains s o m e w h a t embarrassed, because i n the 
previous issue, w e i n v i t e d y o u to send i n article ideas a n d 
p r o g r a m m i n g t ips . W e were , please believe, u n d e r the assump­
t i o n that Keyboard's pos i t ion w i t h i n Hewlet t -Packard was u n ­
quest ioned. That expression of exuberance was as genuine t h e n 
as our surprise a n d d i s a p p o i n t m e n t are n o w . 

Sti l l , speaking for the m a n y people w h o ' v e been associated 
w i t h Keyboard over the last 13 years, w e are satisfied, if no t 
p r o u d i n some instances, that w e have actually communicated 
w i t h m e n a n d w o m e n w h o m we 've never met . . . communica ted 
w i t h t h e m across continents , cultures, polit ics. O f late, i t has no t 
been o u r i n t e n t i o n to tout Hewlet t -Packard, so m u c h as to 
i m p a r t useful i n f o r m a t i o n i n the most objective manner possi­
ble. W e w o u l d n ' t change a t h i n g . 

I t is i n this spir i t that w e leave y o u w i t h this p h o t o g r a p h of 
the Colorado m o u n t a i n s , near to where Keyboard was p u b ­
l ished. To us the p h o t o depicts the sol idarity of g o o d w i l l w e 
hope the magazine has fostered. G o o d w i l l , w e main ta in , that 
lasts longer t h a n journalist ic endeavors - because, l ike the 
m o u n t a i n s , i t w o r k s effects that are no less real for be ing merely 
m u t e . 

Farewell . 

John M o n a h a n , 
H a l A n d e r s e n , 
Paula Dennee, 
Rene'e A d a m s , 
L i n d a B i n g h a m , 

Editor 
A r t Director 
Layout A r t i s t 
Staff Assistant 
T y p o g r a p h y 

Alpine glow... Long's Peak, elevation 14 255 feet, located in 
Colorado's Rocky Mountain National Park. The photo was shot by art 
director Hal Andersen last October 20 from a clearing 9 000 feet high. 

' J 

Adieu 

Adeus 

Farvel 

Hej D a 

Ramas bun 

Zbogom zauvek 
• 

Zegnajcie 

Adios 

Vaarwel 

Addio 

i f ) ^h'b 

Hyvasti 

Isten veled 

auf Wiedersehen fiir innmer 

Slain Agus Grurmiabh Maith Agut 
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Data Base: 
The heart of battery tests 

h / William Fairchild 
with John Monahan 

Some of y o u reading tfi is 
m a y n o w o w e y o u r l ife to 
W i l s o n Greatbatch. O n e day 
some of y o u w i l l . 

M r . W i l s o n Greatbatch is 
the i n v e n t o r of the i m p l a n t ­
able cardiac pacemaker, the 
device that uses a pulsed cur­
rent to steady the beat or re­
establish the r h y t h m of an 
arrested heart. 

Just as i t is the heart that 
keeps the b o d y alive, so i t is a 
battery that keeps the pace­
maker w o r k i n g . The impera­
tive is thus to b u i l d a battery 
that is reliable, because the 
s i tuat ion can be one of life 
a n d death . 

I n 1970, r o u g h l y a decade 
since the pa tent ing of its first 
pacemaker , W i l s o n Great -
patch L t d . ( W G L ) developed 
a t r u s t w o r t h y l i t h i u m iodine 
battery. I t p r o v i d e d p o w e r for 
a m i n i m u m of six years, com ­
pared w i t h the one or t w o 
y e a r s p r e v i o u s b a t t e r i e s 
lasted. I n order to achieve the 
qual i ty d e m a n d e d i n such a 
critical c o m p o n e n t , the com­
p a n y devised a comprehen­
sive system for qual i ty con­
t r o l . 

Th i s sys tem tests every 
battery at b o d y temperature 
u n d e r s imulated pacemaker 
load. The n u m b e r of batteries 
tested, the nature of the tests, 
a n d the v o l u m e of data re­
quire the a id of a computer , 
a n d W G L uses the H e w l e t t -
Packard 9845T, a l o n g w i t h 
other H P gear. 

Technician and HP 9845 at Greatbatch site i n Ireland. 

T h e h u g e h e r d of data 
accumulated d u r i n g battery 
testing calls for a f e w cow­
boys to k i n d of keep i t i n l ine , 
w h i c h is w h y the c o m p a n y 
op te d for the I M A G E / 4 5 a n d 
QUERY/45 data base m a n ­
agement package. I M A G E / 4 5 
consists of programs for m a n ­
i p u l a t i n g the data base (de­
f i n e , r e s t r u c t u r e , r e c o v e r , 
etc.), p lus R O M s for enhanc­
i n g the 9845's B A S I C l a n ­
guage. QUERY/45 is a p r o ­
g r a m that a l lows a person to 
a d d n e w data, p e r f o r m sorts 
a n d s e a r c h e s , a n d c h e c k 
ranges. 

The system is no t used i n 
Clarence, N e w York , U . S . A . , 
the f i rm's headquarters, b u t 
i n G a l w a y , I r e l a n d , at the 
laboratories of a subsidiary 
c o m p a n y called G w y d d L t d . 
The G a l w a y battery test ing 
facility has no computer ex­
perts, so technicians there are 
t r a i n e d to use the system, 
m o s t l e a r n i n g w i t h i n t w o 
weeks. Such p r o d u c t i o n test­
i n g is called b u r n - i n , a n d is 
c o n d u c t e d i n t h e W a r m 
R o o m . 

D u r i n g b u r n - i n each bat­
tery is tested u n d e r s imulated 
pacemaker load a n d at b o d y 

temperature for 63 days. The 
dc voltage a n d ac impedance 
(at 1 OOOHz) of each battery 
are measured. Also recorded 
are the date a n d temperature, 
w h i c h m u s t be mainta ined at 
37°C (plus or m i n u s 0.5°C). 
Batteries are placed i n 50-unit 
test racks that are stored i n 
carousels. Each of the f ive 
ro ta t ing carousels holds 144 
racks, m e a n i n g the r o o m may 
c o n t a i n 36 000 batteries, of 
w h i c h 400 m a y be tested at 
once. Every battery is tested 
six t imes over the 63 days. 

T h e W G L - w r i t t e n soft­
w a r e f o r a c c o m p l i s h i n g al l 
this o n the 9845T consists of 
several programs. ONTEST is 
a pre-measurement p r o g r a m , 
SMLIST is for scheduling and 
sor t ing , a n d B A T M A N per­
f o r m s t h e a c t u a l t e s t i n g . 
Other post-test programs are 
also e m p l o y e d . 

Each rack is referred to as 
a G R O U P a n d g iven a unique 
code name b y ONTEST. The 
code name consists of the cur­
rent date (kept b y a real-time 
clock) a n d the rack n u m b e r , 
obtained b y 9845 after read­
i n g t w o resistors a n d us ing a 
table l o o k - u p procedure to 
calculate a n u m b e r between 1 
a n d 3 025. ONTEST next re­
quests the bat tery 's model 
n u m b e r a n d checks i t againsi 
another table to ensure it's 
correct, t h e n determines tht 
m e a s u r e m e n t schedule foi 
the batteries a n d displays i 
o n the 9845's CRT screen foi 
the technician. 
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F u r t h e r , O N T E S T auto­
matical ly checks to make sure 
each ba t te ry i n the rack is 
p r o p e r l y c l ipped to leads that 
are connected to a 100 000-
o h m resistor. Once a battery 
i s p r o p e r l y c o n n e c t e d , 
ONTEST asks the operator to 
t y p e i n t o t h e c o m p u t e r ' s 
m e m o r y the n ine-dig i t serial 
n u m b e r etched o n the bat­
t e r y ' s s ta inless steel case. 
O N T E S T t h e n veri f ies tha t 
the correct n u m b e r has been 
entered . The d ig i t - check ing 
a l g o r i t h m i t e m p l o y s is so 
precise that typical ly just one 
t y p i n g error i n 100 000 goes 
undetected. 

Prepatory to actual bat­
te ry tes t ing , the technic ian 
runs SMLIST every m o r n i n g . 
SMLIST p r i n t s a list of the 
G R O U P S s c h e d u l e d f o r 
measurement that day. I t also 
lists any unmeasured groups 
that need testing. I n a d d i t i o n , 
SMLIST provides a measure­
m e n t schedule for any past or 
fu ture date. 

N o w i t ' s t i m e for B A T ­
M A N (for BATtery M e A s u r e -
m e N t ) to p e r f o r m scheduled 
measurements. A f t e r check­
i n g to see w h e t h e r rack con­
nections are (Correct a n d the 
r o o m is at the proper temper­
ature, B A T M A N reads each 
battery for voltage a n d i m ­
pedance. I t t h e n refers to a 
table entry u n i q u e to the age 
a n d m o d e l of the batteries 
u n d e r test to see w h e t h e r the 
readings are w i t h i n accept­
able l imi t s . These l imi t s are 
compi led f r o m historical data 

W a r m Room where as many as 36 000 batteries may reside. 

a n d enable the system to spot 
m e a s u r e m e n t errors ; t h u s , 
the m a i n p u r p o s e of l i m i t 
checking is to locate proce­
d u r a l measurement mal func­
tions, no t unusa l batteries. 

A f t e r the f i rs t scan the 
technician w i l l examine the 
p r i n t o u t of voltage a n d i m ­
pedance for failed uni ts . Us­
i n g this i n f o r m a t i o n he takes 
c o r r e c t i v e a c t i o n , s u c h as 
r e c h e c k i n g c o n n e c t i o n s . 
B A T M A N can t h e n remea-
sure all of the connected uni t s 
or o n l y those that fai led i n ­
i t i a l l y . W h e n a l l measure ­
ments have been p e r f o r m e d 

correc t ly , the r e a d i n g s are 
stored i n the data base. This 
process is repeated (each t ime 
connecting a n e w set of bat­
t e r ies ) u n t i l a l l t h e d a y ' s 
m e a s u r e m e n t s — 4 800 at 
f u l l c a p a c i t y - are c o m ­
pleted . 

W i t h t h i s i n f o r m a t i o n 
n o w r o u n d e d u p for all six 
m e a s u r e m e n t s , S M L I S T 
w o r k s t h r o u g h the data base 
a n d points o u t those batteries 
tha t s h o u l d be rejected be­
cause of impedance or vo l t ­
age problems. I t does this b y 
referr ing to a table that tells i t 
acceptable l imi ts for voltage 

a n d impedance , based o n the 
m o d e l of battery it 's l o o k i n g 
at. Because the t e c h n i q u e , 
that is, the measur ing , was 
done correctly, W G L can be 
c e r t a i n t h a t a n o u t - o f -
tolerance read in g is i n d e e d 
caused b y some abnormal i ty 
i n the battery itself, a n d is n o t 
an artifact of the testing. 

W i t h b u r n - i n completed , 
f ina l processing occurs. Bat­
teries pass t h r o u g h several i n ­
spections, a n d rejected uni ts 
are p h y s i c a l l y s e g r e g a t e d 
f r o m g o o d ones a l o n g the 
w a y . Some batteries are m o d ­
i f ied (cutt ing a n d t i n n i n g ter­
m i n a l pins) to suit a custom­
er's specific order. These bat­
ter ies , a l o n g w i t h re jected 
ones, receive a special code 
that identif ies the alteration 
or reason for fai lure. A n o t h e r 
W G L p r o g r a m , called FIRES 
( F i n a l I n s p e c t i o n R E S u l t s 
program) , facilitates enter ing 
this last i n f o r m a t i o n in to the 
data base. I t also gives counts 
of shippable batteries based 
o n m o d e l a n d par t n u m b e r . 

The f inal step i n the p r o ­
cess is selecting a n d packag­
i n g batteries for i n d i v i d u a l 
orders a n d p r i n t i n g a report 
for the customer. A p r o g r a m 
c a l l e d B O X E R re la tes t h e 
n u m b e r of batteries to p u t i n a 
box , a l o n g w i t h the m o d e l 
a n d par t n u m b e r s . BOXER 
t h e n pr in ts a report that con­
tains the serial n u m b e r s of 
the batteries for that box a n d 
t h e k final voltage a n d i m p e d ­
ance readings. 

The beauty of the I re land-
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based system cannot be f u l ­
l y a p p r e c i a t e d u n t i l o n e 
u n d e r s t a n d s s o m e o f t h e 
advantages i t holds over the 
o lder sys tem used i n Clar­
ence, N e w Yo rk . I n I re land, 
the machine checks for incor­
rectly entered digi ts ; i n N e w 
York , t w o people m u s t do i t . 
Spec i fy ing electrical rejects, 
s c h e d u l i n g m e a s u r e m e n t s , 
recording temperatures, a n d 
reading dates are done quick­
ly b y co mp u t e r i n Ire land; i n 
N e w Y o r k , they're done b y 
h a n d . 

U n d e r the N e w Y o r k sys­
t e m the m e a s u r e m e n t p r o ­
cess m u s t be c o n t i n u a l l y 
m o n i t o r e d , b u t i n I re land it's 
done b y B A T M A N . The o l d 
system measures 192 batter­
ies at once, the n e w system 
400. A l s o , the selection of bat­
teries for s h i p m e n t is a m a n u ­
al o p e r a t i o n i n N e w Y o r k , 
a n d the customer does not re­
ceive a u n i q u e r e p o r t . The 
BOXER p r o g r a m offers b o t h . 

D e v e l o p i n g al l this soft­
ware , i n c l u d i n g documenta­
t i o n , took a l i tt le more t h a n a 
year. Over 7 000 lines of code 
were w r i t t e n b y author Fair-
c h i l d . Such an i n v e s t m e n t 
w a s w e l l w o r t h i t , because 
one key w o r d keeps p o p p i n g 
u p : p r o d u c t i v i t y . A n d w h e n 
y o u can increase p r o d u c t i v ­
i t y , w h i l e m a i n t a i n i n g v i t a l 
qual i ty , y o u r heart is i n the 
r ight place. • 

Notes on the Data Base 

I t s h o u l d be ev ident that 
the b u r n - i n test processing re­
quires a fair a m o u n t of i n ­
f o r m a t i o n . T h e Q U E R Y / 4 5 
a n d I M A G E / 4 5 d a t a base 
package provides a mechan­
i s m for logically s t ruc tur ing , 
s tor ing, a n d re t r iev ing this i n ­
f o r m a t i o n . The battery data 
can be b r o k e n d o w n in to t w o 
subsets. Some data are u n i ­
que to an i n d i v i d u a l battery 
(serial n u m b e r , for instance). 
T h e r e m a i n i n g d a t a 
(measurement temperatures 
are an example) are the same 
for a l l batteries i n a g i v e n 
G R O U P . The data base can 
be organized so that i n f o r m a ­
t i o n u n i q u e to a ba t tery is 
stored for just that battery, 
w h i l e i n f o r m a t i o n u n i q u e to 
each G R O U P is stored solely 
for t h a t G R O U P . F i g u r e 1 
shows the QUERY/45 struc­
ture for the battery data base. 

T h e b o x l a b e l e d B A T ­
TERY represents its name­
sake's data set. The i tems i n 
that box are stored once for 
each entry i n the BATTERY 
data set. There is one entry i n 
the B A T T E R Y data set for 
each battery i n the data base. 
The box labeled G R O U P rep­
resents the G R O U P data set. 
There is one entry (containing 
the i tems l isted i n the box) for 
each G R O U P of batteries i n 
the data base. The l ine d r a w n 

S E T _ N A 

S E T _ N L • 

Capacity: 61 

P L U G D A 

P L U G D I 

Capacity: 11 

B A T T E R Y D 

S T A T U S _ C I 
R A C I C J D I 
G R O U P - I D L 
R A C ^ P O S I 
S E R I A L _ N L 
DISP_C X 
R W R f C C X 
M O D I F - C I 
H O L D _ C I 
R L S E _ C I 
M E V _ C I 
M V D C I 
IMPD I 

Capacity: 6000 

R A C K S D 

R A C K ID I 
R _ C R E A T D D 
L O C A T _ C I 
R _ C Y C L E S I 
R_BADPOS I 

R A C K D A 

R A C K D I 

Capacity: 151 

G R O U P M 

G R O U P _ I D L 
M E A S _ D D 
TEMPR S 
G R O U P J I 
C A L I B R I 
MEAS_P I 
M O D E L J M c 
S E T _ N L 

Capacity: 151 

P L U G S D 

P L U G ID I 
D 
S 
S 

P _ C R E A T D 
P _ C Y C L E S 
P_BADPOS 

I 
D 
S 
S 

Capacity: 9 

SETS D 

GRPS L 
N_GRPS I 
S E T _ N L 

Capacity: 50 

Capacity: 120 
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f r o m G R O U P _ I D i n t h e 
G R O U P data set to G R O U P -
I D i n the BATTERY data set 
i n d i c a t e s t h a t t h e G R O U P 
data set acts as an index to the 
BATTERY data set. 

T h i n k a b o u t h o w y o u 
c o u l d f i n d al l batteries i n a 
part icular G R O U P (for exam­
ple , w h e n y o u need to mea­
sure t h e m ) . O n e w a y w o u l d 
be to search the entire B A T ­
TERY data set for each serial 
n u m b e r i n the G R O U P . This 
m e t h o d isn ' t b a d if the B A T ­
TERY data set is smal l , b u t i n 
this case the data set can con­
tain 24 000 entries. U s i n g I M ­
A G E / 4 5 a n d t h e i n d e x i n g 
structure, one m a y gain direct 
access to a l l the B A T T E R Y 
data set entries for a par t icu­
lar G R O U P . I f one w a n t s to 
w o r k w i t h the batteries i n a 
part icular set, he can gain ac­
cess to the SETS data set to 
ascertain w h a t GROUPS are 
i n that SET. The previously 
d e s c r i b e d m e t h o d is t h e n 
used to o b t a i n the desired 
BATTERY entries. 

M o s t the p r o g r a m s de­
scribed i n the accompanying 
a r t i c l e a re e x t e n s i o n s t o 
QUERY/45. The mechanism 
for i m p l e m e n t i n g a QUERY/ 
45 extension is to w r i t e the 
m a i n p r o g r a m as a s u b ­
r o u t i n e that f o l l o w s certain 
QUERY/45 s tr ic tures . Such 
extensions d o n o t have to 
open or close the data base, 

b e c a u s e t h a t is d o n e b y 
Q U E R Y / 4 5 a u t o m a t i c a l l y . 
QUERY/45 also possesses a 
search capability that al lows 
selection of a subset of data 
p r i o r to act ivat ing the exten­
sion. 

Extension programs have 
access to a set of u t i l i t y sub­
rout ines . These routines per­
m i t W G L to w r i t e measure­
m e n t software that is entirely 
m e n u - d r i v e n , w i t h f u l l screen 
e d i t i n g capabil i t ies . This is 
especia l ly i m p o r t a n t w h e n 
w r i t i n g r o u t i n e s for people 
n o t technically or iented. For 
e x a m p l e , p r o g r a m BOXER 
h a n d l e s B A T T E R Y s h i p ­
ments a n d requires o n l y four 
i n p u t s f r o m the user. W i t h ­
o u t screen e d i t i n g , one is 
forced to ask each quest ion i n 
seqtlience - a n d superf luous 
d i a l o g b e t w e e n m a n a n d 
machine m a y be required . 

A l l i n p u t screens a n d 
m e n u s appear o n the display 
screen as the result of three 
programs. The first , w r i t t e n 
b y W G L , p u t s a character 
s t r i n g a n y w h e r e o n t h e 
screen a n d offers h i g h l i g h t ­
i n g f e a t u r e s ( u n d e r l i n i n g , 
b l i n k i n g , or inverse v ideo) . 
T h e s e c o n d , p r o v i d e d b y 
Q U E R Y / 4 5 , d i s p l a y s t h e 
m e n u opt ions . The t h i r d , also 
f r o m QUERY/45, reads a f i e ld 
a n y w h e r e o n t h e s c r e e n . 
C o n t i n u i t y is mainta ined be­
cause each extension uses the 

s a m e s u b r o u t i n e s t h a t 
QUERY/45 uses. 

T h e r e is o n e p r o g r a m 
w r i t t e n w i t h o u t QUERY/45 
that s h o u l d be n o t e d . BARC 
( B a t t e r y d a t a A R C h i v a l ) 
opens t w o data bases at once 
a n d is used to transfer data 
between t h e m . The p r o g r a m 
was developed because of a 
need to remove periodical ly 
batteries f r o m the active data 
base to make r o o m for n e w 
batteries about to be tested. 
The s o l u t i o n was to create 
archive data bases, indentical 
i n s t r u c t u r e to act ive data 
bases, a n d t h e n transfer bat­
teries tha t have c o m p l e t e d 
process ing t o t h e a r c h i v e 
jase. A n advantage of this 

m e t h o d is that QUERY/45 or 
W G L programs can st i l l be 
u s e d t o m a n i p u l a t e t h i s 
second base — n o n e w p r o ­
g r a m m i n g is required . E 
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T H E WORLD'S 
SMALLEST WATCH 

Japanese watch quality in ICs 
by Hisahide Nakagawa 

with John Monahan 

+ III # 

The fact that one of the w o r l d ' s b i g ­
gest manufacturers of wris twatches also 
m a k e s p e r h a p s the w o r l d ' s smallest 
w a t c h is attributable to one of the al l - t ime 
electronic marvels . 

T h e C i t i z e n W a t c h C o m p a n y of 
T o k y o , Japan, manufactures about 28 
m i l l i o n w r i s t w a t c h e s a year , 47% of 
w h i c h are quartz watches. A m o n g this 
staggering n u m b e r is a w a t c h staggering­
ly small : the "Exceed G o l d " m o d e l - a 
m i d g e t compared w i t h one t h i n A m e r ­
ican d i m e - is the smallest w r i s t w a t c h 
i n the w o r l d , says its maker. 

The keys to such huge p r o d u c t i o n 
levels, as w e l l as to such a d i m i n u t i v e 

size, are the integrated circuit (IC) chips 
that control the operat ion of the quartz 
watches . For th is reason, the Q u a l i t y 
Measurement Section of Ci t izen is cen­
tral ly i m p o r t a n t , because i t is charged 
w i t h testing samples of ICs developed 
for n e w products to determine w h e t h e r 
they are satisfatory. If the ICs d o not 
meet Citizen's qual i ty standards, the sec­
t i o n m u s t analyze the causes for fai lure 
a n d f i n d a so lut ion . 

The section's q u a l i t y efforts d o n ' t 
s top t h e r e , h o w e v e r . Its t h i r d j o b is 
s t u d y i n g the propert ies of ICs used i n 
w a t c h e s s o l d b y o t h e r companies i n 
order to compare the qual i ty of those 
chips to that the T o k y o f i r m . 

A desktop computer system is indis -
pensible to the section's efforts for one 
i m p o r t a n t reason: i t saves t i m e . A n d 
t ime eventual ly converts in to m o n e y , be­
cause u s i n g p r o p e r l y w o r k i n g ICs i n the 
first place c i rcumvents the need for de­
sign alterations a n d prevents the produc­

tion of watches that possess infer ior ICs 
a n d cannot be sold. 

The Q u a l i t y M e a s u r e m e n t Section 
evaluates 20 or mor e properties f r o m five 
samples of each I C type . O n the face of i t , 
this doesn't s o u n d l ike such a l engthy 
process, u n t i l one understands that the 
temperature a n d h u m i d i t y test takes an 
average 40 hours w h e n p e r f o r m e d b y 
h u m a n s . U n d e r the m a n u a l system, one 
technician completed just three to four 
evaluations a m o n t h . 

A n o t h e r p r o b l e m s t e m m i n g f r o m the 
m a n u a l system was that i t took a l o n g 
t ime to f i n d the cause of a fai lure. Produc­
tion methods h a d to be re-evaluated a n d 
revised, a n d once a " f i x " was f o u n d , 
n u m e r o u s t r i a l - a n d - e r r o r p r o c e d u r e s 
were needed to ver i fy that the solut ion 
really w o r k e d . For these reasons, the de­
cision was made to convert to automated 
measurement a n d data processing. The 
quest ion t h e n became: w h a t k i n d of com­
puter to buy? 
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A f t e r a n i n t e n s e i n v e s t i g a t i o n . 
Ci t izen decided o n a desktop computer ; 
specifically, the Hewlett -Packard 9845T 
C o m p u t e r System. The reasons are prob­
ab l y w e l l - k n o w n to regular Keyboard 
readers. First, the 9845T is easy to p r o ­
g r a m i n BASIC language, according to 
c o m p a n y workers , w h o opine that even 
a non-professional can create a p r o g r a m 
o n i t . S imilarly, they say, the PO control 
o n the 9845 makes i t easy to connect 
measurement devices to the computer . 

The c o m p a n y was also attracted to 
t h e 9845 f o r i ts g r a p h i c s c a p a b i l i t y . 
Graphics , i t was felt, w o u l d speed u p 
data processing b y p r o v i d i n g i n f o r m a ­
t i o n i n the f o r m of charts a n d graphs -
a n d as y o u w i l l see, automatic data p r o ­
cessing d r o p p e d evaluat ion t ime f r o m 35 
to 45 h o u r s d o w n to one-half to f ive 
hours . 

The 9845's f u n c t i o n is t w o - p a r t : to 
contro l the test e n v i r o n m e n t , a n d t h e n 
to ma ke measurements . For tempera­
ture or h u m i d i t y contro l l ing , a t h e r m o ­
static o v e n that can be operated direct ly 
b y v a r y i n g v o l t a g e s o f t w o p o w e r 
s o u r c e s is u s e d : - l - l . O O V i n p u t = 
- 4 0 ° C , a n d -H 5.00V i n p u t = + 8 0 ° C . 
S imilar ly , the h u m i d i t y can be changed 
c o n t i n u o u s l y : -hl .OOV i n p u t = 20%, 
a n d + 5.00V i n p u t = 100%. 

For measur ing, the 9845 operates the 
H P 6130C p o w e r source that is connected 
to a test socket of the IC . The m i n i m u m 
operat ing voltage V e n (V) of the I C is 
c a l c u l a t e d b y i n p u t t i n g v o l t a g e a n d 
reading — t h r o u g h the use of the H P 
5370A Universal Counter — the resul­
tant frequency. Start voltage or Vst (V) is 
calculated f r o m this data. 

Other calculations require somewhat 
di f ferent methods . Current c o n s u m p t i o n 
I D D ( | J L A ) is calculated b y sending voltage 
across a d a t u m resistor at 1.55 (V). The 
frequency deviat ion c)F/F ( p p m ) f r o m a 
s tandard reference frequency is calcu­
lated b y the 9845 u s i n g the o u t p u t of the 
5370A counter. This value shows h o w 
m u c h the frequency of the I C deviates 
f r o m the reference frequency. The value 
of dF/dV ( p p m ) is calculated b y the SF/F 
( p p m ) b o t h at 1.45V a n d 1.55V. 

The values Ven(V) , Vst (V) , Idd(|jLA), 
3F/F ( p p m ) , and d¥dV, w h i c h are f u n ­
damenta l values of the I C , are measured 
automatical ly for the five samples by the 
H P 3495A Scanner, control led b y the 
9845. F o r t e m p e r a t u r e tes t s , these 
measurements are taken at five-degree 

intervals between - 2 0 ° C a n d 80°C, a n d 
stored i n the H P 9895A Flexible Disc. 
Next , these values are graphed a n d p lo t ­
t ed for each I C (volts o n the Y axis, 
temperature o n the X.) A report is also 
p r o v i d e d . 

The five-degree temperature sweep 
f r o m - 2 0 ° C to 80°C is completed i n 10 
hours (overnight ) , a l t h o u g h these para­
meters m a y be changed freely. H u m i d i t y 
tests are conducted the same w a y that 
temperature tests are. 

Since the f u l l i m p l e m e n t a t i o n of the 
s y s t e m , e v a l u a t i o n capabi l i ty has i n ­
creased b y a factor of 10. M o r e reliable 
evaluations are n o w made, w h i c h con­
tributes to enhanced qual i ty i n Ci t izen 
watches, i n the o p i n i o n of the company . 
Moreover , the system enables the Q u a l i ­
ty Measurement Section to analyze p r o ­
ducts of other companies, i n order to 
determine the veracity of their claims. 

Software d e v e l o p m e n t occurred i n 
t w o steps. A s u m m a r y of the process is 
p r o v i d e d i n this table: 

Before 
Introduction 

r ' Step 2"^' Step 

Outline of 
Measurement 

• Manual 
Measurement 

• Manual Data 
Processing 

• Manual 
Measurement 

* Automatic Data 
Processing 

• Aulomalic 
Measurement 

• Automatic Data 
Processing 

Implementation 
of the System 

1 to 3 months 
after introduction 

7 to 9 months 
after introduction 

Data Evaluating 
Time 
(Measurement & 
Data Processing) 

35 lo 45 hours 17 to 23 hours 0.3 to 3 hours 

Number of 
Measurements 

3 to 4 6 to 10 35 to 50 

N a k a g a w a - s a n h a d n o experience 
w r i t i n g software, a n d so he at tended a 
three-day BASIC p r o g r a m m i n g course 
a b o u t the 9845 of fered b y Y o k o g a w a 
Hewlet t -Packard (YHP) . H e also s tudied 
the r u d i m e n t s of the system w h i l e at 
h o m e . H i s first step was to automate the 
processing of data; the 50 programs he 
eventual ly w r o t e were completed w i t h i n 
three m o n t h s after his f irst course. 

H e n o w seems to possess the k i n d of 
quiet pr ide peculiar to persons w h o learn 
b y d o i n g . H e says, for instance, that the 
f i r s t g r a p h i c r e p r e s e n t a t i o n s he p r o ­
duced were f u l l size (frame-size), b u t la­
ter he reduced t h e m 30% to a demure 
size m ore be f i t t ing official reports. H e 
even j o i n e d a g u i l d of other craftsmen: he 
became a m e m b e r of the Y H P Basic Us­
er's C l u b , where he obtained the least-
squares p o l y n o m i n a l curve f i t t i n g soft­
ware a n d curve construct ion programs 
he incorporated in to his o w n w o r k . 

These, he says, p lus i n d e x i n g a n d 
tabl ing techniques, enabled h i m to re­
duce report generation t ime b y 50%. H e 
used these stitches i n t ime to make the 
data acquisit ion system, step t w o . 

Here he encountered some trouble 
w i t h noise a n d data transfer, b u t m a n ­
a g e d t o so lve t h e p r o b l e m s i n f o u r 
m o n t h s . This was w h e n the current sys­
t e m actually became effective, a l t h o u g h 
another f o u r m o n t h s were needed to col­
lect e n o u g h data for test ing i t . D u r i n g 
this p e r i o d he fur ther i m p r o v e d his o r i ­
ginal programs. 

Technician at IC test system checks quality. 

A s for the f u t u r e , Nakagawa-san says 
there is stil l a lot more software he wants 
to create. H o w e v e r , he's n o t so con­
cerned w i t h being 'on the leading edge of 
technology, ' as the line goes. Rather, he 
says, " I t h i n k that the most i m p o r t a n t 
t h i n g is to d o m y job effectively, so I 
i n t e n d to create software useful to me, 
ra ther t h a n h i g h l y sophist icated soft­
w a r e . " 

O n e m a y f inal ly p o i n t out that the 
better he does his job , the better his com­
pany (and country) prospers. Perhaps a 
lesson about qual i ty resides there - one 
made i n Japan. 

Hisahide Nakagawa is chief engineer in the 
Development Division of Citizen Watch Com­
pany, Ltd. He wishes to express his thanks for 
help received from Yasue-san and Kin-san, as 
well as the sales and service departments, of 
YHP. 

Citizen Watch K.K. 
6-1-12, Honcho 
Tanashi City 
Tokyo, 188 Japan 
• 
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US. leom skii/ without 

by Dr. George Skinner 
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For the past t w o years, as part of their pre-season t ra in ing , 
the downhUlers o n the U n i t e d States ski team have been i m ­
p r o v i n g their f o r m b y " s k i i n g " i n a w i n d t u n n e l . Suppor ted o n 
a drag balance i n a 55 m p h w i n d , the athletes s tudy the effects 
of their b o d y posit ions o n aerodynamic drag . I n this w a y they 
can f ine- tune the aerodynamics of n o t o n l y their basic " t u c k " 
posi t ions, b u t those posit ions taken o n turns a n d b u m p y ter­
r a i n to attain higher speeds - thereby shaving off those f e w 
h u n d r e d t h s of a second absolutely critical to an O l y m p i c com­
pet i tor . 

The or ig inator of the w i n d t u n n e l w o r k s h o p is D r . Michael 
F io lden , p r i n c i p a l aerodynamicist w i t h the Calspan Corpora­
t i o n of Buffalo , N e w Y o r k , U . S . A . , a n d a certif ied sk i ing instruc­
tor ( a m o n g other accomplishments) . The w o r k s h o p takes place 
i n a facility designed to s tudy atmospheric boundary- layer phe­
n o m e n a such as dispersal of pol lutants , w i n d effects o n h i g h -
rise b u i l d i n g s , a n d pedestrian-level w i n d s i n the v i c i n i t y of such 
bui ld ings . 

For the w o r k s h o p , certain devices are r e m o v e d f r o m the 
t u n n e l , a n d i t is operated at fuU speed. This speed, about 55 
m p h , is close to the average speed of a d o w n h i l l r u n a n d typical 
of the speeds at w h i c h the tuck pos i t ion can be h e l d w i t h relative 
ease. 

The experiments are set u p so that the skiers themselves can 
direct ly observe a n d evaluate their performance. I n f o r m a t i o n , 
b o t h verbal a n d v isua l , has to be passed to the skier s tanding o n 
the w i n d t u n n e l balance. First a cable is r u n u n d e r the skier's 
suit f r o m one ankle to the helmet , w h i c h is equ i pped w i t h 

V 
m 

P 
A 

SKIER'S SPEEDS-WIND VELOCITY 
SKIER'S MASS 
ACCN. OF GRAVITY 
SKI-SLOPE ANGLE (=0 IN THE TUNNEL) 
COEFFICIENT OF FRICTION 
AIR DENSITY 
EFFECTIVE DRAG AREA (WIND DRAG - P v f Al 

IN THE EQUATIONS: 

o 

X 
t 

RUN" 

= pA/m 

- INITIAL SPEED AT START OF SIMULATED 
= 2g(sin9-/icos0)//? 
= DISTANCE FROM START OF SIMULATED "RUN 
= TIME TO COVER THE DISTANCE x 

headphones a n d a microscope, so that D r . H o l d e n can com­
municate w i t h the skier once he or she steps i n t o the b indings 
and the w i n d begins. 

Secondly, the skier's drag i n p o u n d s is d isplayed o n a dig i ta l 
voltmeter ( D V M ) m o u n t e d i n a fa i r ing some small distance 
ahead of the athlete. W i t h his head in the usual racing pos i t ion , 
the skier can thus see the effects of small b o d i l y changes. 

T h i r d l y , t w o television cameras are set u p , one to s h o w a 
head-on v i e w , the other a side v i e w . Either v i e w can be s h o w n 
to the skier inside the t u n n e l or an adviser outside i t . A n o t h e r 

D V M , visible f r o m the side, shows drag i n p o u n d s . The D V M ' s 
readings, p lus of course the skier's performance, are recorded 
o n v ideo tape. 

F o u r t h l y , the skier's stance is documented b y three auto­
matic Hasselblad cameras that p h o t o g r a p h f r o m the f ront ( w i t h 
a long-focus lens located far upstream i n the w i n d tunnel ) , 
f r o m the side, a n d f r o m overhead. The resultant pictures are 
valuable references t h r o u g h o u t the W o r l d C u p season. 

This year a n e w feature was a d d e d , one that the skiers f i n d 
invaluable : a display that shows just h o w m u c h t ime they are 
p i c k i n g u p w h e n they i m p r o v e their tuck pos i t ion . The H P 9825 
C o m p u t e r System does the c o m p u t a t i o n every half second, 
t h e n sends the result to a D V M beside a television m o n i t o r 
beneath the tunnel ' s f loor . To better grasp h o w this is done , i t is 
necessary to examine brief ly w h a t m i g h t be called the theory of 
the accelerating skier. 
The skier leaves the gate or t u r n w i t h a speed V Q . H e goes into a 
tuck to reduce aerodynamic drag a n d pick u p speed as quickly 
as possible. The dif ferential equat ion of the m o t i o n is: 

m -
d v 
d t = m g s in 0 — (pV^ A / 2 - I - |JL m g cos 6 ) (1) 

I t is assumed that the skier holds his stance t h r o u g h o u t the 
acceleration r u n , so that his effective drag area remains con­
stant. The di f ferent ia l equat ion for his velocity at any distance 
f r o m the in i t i a l p o i n t w h e r e his speed was V Q can be solved as: 

V 2 = (Vo^ - V , 2 ) e x p ( ~ px) + Vt^ (2) 

The q u a n t i t y V Q is the termina l velocity he w o u l d u l t imate ly 
reach. 

O n e can n o w relate elapsed t ime to distance r u n b y n o t i n g 
that d t = dx/V. Equat ion (2) gives V i n terms of x. Integrat ing 
f r o m 0 to X, one gets this result: 

(3) 
t = (2/pVt) [ t a n h " ^ V 1 - (1 - Vo'/V,^) exp ( - px) 

- t a n h - i (Vo/Vt)] 

w h i c h one can readi ly solve for x as a f u n c t i o n of t. The hyper­
bolic funct ions m u s t be w r i t t e n i n terms of exponentials, a n d the 
inverse hyperbol ic funct ions i n terms of natural logar i thms for 
p r o g r a m m i n g o n the 9825. 

The t u n n e l w i n d speed is no t necessarily related to the 
skier's speed. Together w i t h the drag measurement, i t yields 
the skier's effective drag area w i t h w h i c h to calculate p . To 
compare t w o tuck posit ions, one first measures P i , i n the poorer 
pos i t ion . W h e n the skier settles in to an i m p r o v e d tuck, P2 is 
measured a n d the calculation is started o n the 9825. 

First entered i n t o the computer are the parameters relevant 
to the case u n d e r s tudy . The 9825 t h e n watches the D V M that 
reads the o u t p u t of the drag balance that supports the skier. A 
r u r m i n g average, w i t h a suitable t ime constant, is cont inual ly 
calculated a n d displayed. 

W h e n a skier is settled o n his f irst pos i t ion , the stop key (on 
the 9825) is h i t , saving the averaged drag reading. D r . H o l d e n 
t h e n discusses i m p r o v e m e n t s w i t h the athlete. W h e n a lower 
drag has been established, another special f u n c t i o n key is h i t . 
The skier t h e n sees, alongside his te evis ion m o n i t o r , a D V M 
s h o w i n g the t ime he is ga in ing , u p d a t e d every half second. 

For each half-second interva l , the computer calculates h o w 
far the skier w o u l d have gone i n his or ig inal tuck posi t ion. I t 
t h e n calculates h o w l o n g i t w o u l d take i n the i m p r o v e d posi t ion. 
The t ime difference is the gain i n t ime accomplished by the 
skier. 

The skier's drag is n o t actually read t h r o u g h o u t the r u n . H i s 
average drag i n the first half second is used for the calculation. 
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The result is an evaluat ion that is m u c h more m e a n i n g f u l to the 
skier t h a n s i m p l y a measurement of drag , a l t h o u g h he does 
have that d isplayed before h i m as w e l l . H e studies the drag as 
he w o r k s w i t h his pos i t ion ; the system gives h i m a reasonably 
realistic appraisal of w h a t i t really means i n t ime . A l l the skiers 
relate w e 1 to this procedure , one reason be ing , perhaps, the 
s t ra ighforward nature of the h a r d w a r e . 

The drag balance s u p p o r t i n g the p l a t f o r m o n w h i c h the skier 
places his skis is a convent ional w i n d t u n n e l strain-gauge bal­
ance, or iented to use its most sensitive direct ion to measure 
drag . The skier's drag , w h i c h at 55 m p h may r u n i n the ne igh­
b o r h o o d of 40 lbs w h e n he stands u p , drops in t o the 10 to 15 lb 
range w h e n he adopts a g o o d tuck pos i t ion . Some skiers can 
even get be low 10 lbs at 55 m p h . 

The strain-gauge o u t p u t is c o n d i t i o n e d b y a solid-state 
ampl i f ier that includes an analog filter to remove f luctuations 
caused b y the skier's movements . Some experienced athletes 
are very steady a n d cause l i t t le f luc tuat ion o n the balance out ­
p u t . Other skiers m o v e about quite a b i t , a n d i t has been f o u n d 
that a t ime constant of about f ive seconds w o r k s best for reduc­
i n g f luctuations. 

The processed drag signal, stil l i n analog f o r m , goes to a 
D V M (placed i n f r o n t of one of the television cameras), to 
another D V M o n the w i n d t u n n e l f loor (where the skier can see 
i t ) , a n d f inal ly to another D V M connected to the 9825 t h r o u g h a 
B C D interface. To o u t p u t data f r o m the computer to the skier's 
display, an H P 98032A 16-bit Parallel Interface is used. 

Because a display that w o u l d decode a b inary o u t p u t was 
n ot available, a D A C - 0 2 seven-bit D / A converter is used to send 
back an analog signal to the D V M m o u n t e d alongside the skier's 
television m o n i t o r beneath the f loor of the t u n n e l . N o n e of this 
represents an ideal system, b u t one m u s t take into account that 
i t is all done w i t h the donated t ime of a couple of engineers a n d a 
f e w technicians, a small c o n t r i b u t i o n f r o m the U.S. Ski Team, 
a n d the donated use of the A r v i n / C a l s p a n Atmospher ic Simula­
t i o n facil ity. The skiers seem to appreciate this appropriate use 
of advanced technology, a n d that is al l that counts. 

The 9825 is, of course, used i n other k i n d s of investigations. 
I t was or ig inal ly purchased to acquire a n d plot data i n the 
Calspan A t m o s p h e r i c S imulat ion Facility w h e n the capabilities 
of previous e q u i p m e n t , the H P 65 a n d H P 67, were exceeded. I t 
is n o r m a l l y used to acquire data f r o m a mass spectrometer 
(actually a m o d i f i e d h e l i u m leak detector) used as a gas analyzer 
to s tudy the dispersal of pol lutants f r o m industr ia l plants. 

Dispersal of S O 2 f r o m large p o w e r plants , steel-making 
facilities, a n d other indus t r ia l operations has been investigated, 
as has the dispersal of C O f r o m cars o n h i g h w a y s , a n d the 
re-ingestion of exhaust gases i n gas-turbine p o w e r plants . The 
9825 w a s t h e p r i n c i p a l c o m p o n e n t o f a d i g i t a l , t h r e e -
d i m e n s i o n a l , c o n s t a n t - t e m p e r a t u r e , h o t - w i r e a n e m o m e t e r 
used to chart the w i n d f ie ld a r o u n d a m o d e l of the Trestle 
Facility at K i r t l a n d A i r Force Base, A l b u q u e r q u e , N e w Mexico, 
w h e r e m u l t i - m i l l i o n dollar aircraft are ro l led o u t o n a w o o d e n 
trestle a n d subjected to electromagnetic impulses . 

The same anemometer arrangement has been used to ex­
plore the velocity fields i n aircraft gas-turbine compressors oper­
at ing i n , or near, ro ta t ing stall condit ions . The computer has 
also acquired calibration ciata for balances used to m o u n t m o d ­
els i n hypersonic shock tunnels , w h e r e , for example, a lot of 
w o r k o n the Space Shuttle has been done . M o s t recently, the 
9825 was interfaced w i t h the N A V C O R data system used o n 
these shock tunnels , to relieve peak loads o n the regular data-
reduct ion system. 

C o m p l e t i n g these k i n d s of applications p r o v i d e d the exper­
tise needed for the U.S. Ski Team project. I t has been a pleasure 
to see the enthusiasm i n these athletes w h e n they experience 
the results that come about w h e n serious research engineers 
t u r n their talents a n d equipment to the skiers' special needs. 

Dr. George T. Skinner is principal aerodynamicist in the Aerodynamic 
Research Department for the Calspan Advanced Technology Center. 
P.O. Box 400 
Buffalo, New York 14225 
U.S.A. 
• 


