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The Computing Counter Gets Its Keyboard 
T h e  c o m p u t i n g  c o u n t e r  w i t h  i t s  k e y b o a r d  h a s  t h e  c o m p u t i n g  a b i l i t y  a n d  
o p e r a t i n g  c o n v e n i e n c e  o f  a  p r o g r a m m a b l e  d e s k  c a l c u l a t o r ,  p l u s  t h e  
ab i l i t y  t o  make  measu remen ts  and  p rocess  t he  measu red  da ta  i n  r ea l  t ime .  

By Keith M. Ferguson 

THANKS TO ITS INTERPOLATION TECHNIQUE AND ITS 
BUILT-IN ARITHMETIC PROCESSOR, the HP 5360A Com 
puting Counter that made its debut last year is almost 
certainly the fastest and most accurate electronic counter 
yet developed. Now it is even more. Design of the Model 
5375A Keyboard has been completed, giving computing- 
counter users a means of gaining easy access to the count 
er's arithmetic processor. With the keyboard, the counter 
can be programmed to do things that are, to say the least, 
unusual for a counter. 

Together with its keyboard and its plug-ins the counter 
is a small measurement/computer system that is both 
powerful and easy to operate. The system works very 
much like a programmable desk calculator with the abil 
ity to learn and repeat programs. However, three keys 
on the new keyboard aren't found on any calculator. 
These keys call for measurements on input signals. The 
following examples indicate the kinds of programs that 
have already been written using the counter's ability to 
mix measurements and computations. 

â€¢ Phase calculations 

â€¢ Frequency deviation calculations 

â€¢ Units conversion, e.g. 
frequency to RPM 
time interval to distance 
time interval to velocity 

â€¢ Frequency conversion calculations 

â€¢ Statistical analysis, e.g. 
running average 
mean, variance, standard deviation 
maximum and minimum values 
percent of measurements exceeding a specified 
value 

â€¢ Hewlett-Packard Journal, May 1969. 

â€¢ Limit testing 

â€¢ Formula solving, e.g. 
crystal impedance from frequency measurements. 

This is only a partial list, of course. Potential applications 
of the counter and keyboard include all the uses of a 
counter and a desk calculator, plus numerous others. 

Keyboard Fundamentals  
In contrast to conventional counters, the computing 

counter makes all its measurements under program con 
trol. When the counter is being used alone, measurements 
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Fig .  1 .  Comput ing  5375 A Keyboard  i s  an  ex te rna l  p rogrammer  fo r  Mode l  5360 A  Comput ing  
C o u n t e r .  P r o g r a m s  c a n  b e  e x e c u t e d  m a n u a l l y ,  o r  l e a r n e d  a n d  e x e c u t e d  r e p e t i t i v e l y .  T h e  
K e y b o a r d  c a n  m a k e  c o m p a r i s o n s ,  d o  p r o g r a m  l o o p i n g  a n d  b r a n c h i n g ,  a n d  i n s e r t  c o n  

s tan t s  i n t o  p rog rams .  

are controlled by read-only programs wired into the 
mainframe and the plug-ins. However, when the EXT 
button on the front panel is pressed, the counter is placed 
under the control of external programming devices, such 
as the keyboard. 

The keyboard is basically a device for presenting pro 
grams or sequences of instructions to the computing 
counter, and for entering numerical data. The keyboard 
has memory for data and programs, and has the ability 
to make comparisons, and perform program looping and 
branching. 

There are two data storage registers â€” the b and c 
registers â€” in the keyboard, and another storage register 
â€” the a register â€” in the counter mainframe. Also in the 
mainframe are three working registers â€” the x, y, and z 
registers â€” which are used for arithmetic operations and 
for measurements. Each of the storage and working reg 
isters can hold a single eleven-digit number in floating 

point form, including sign and exponent. The exponent 
is a power of ten used as a scale factor; it can be any 
integer between â€”31 and +31. Thus the stored number 
can range from 1 X 10 31 to 9.999 999 999 9 X 10!1. 
The counter displays numbers in the range 1 X 10~15 to 
999.999 999 99 X 101-, but the registers have a much 
greater capacity so they won't overflow when squares or 
square roots are called for. 

There are several modes of keyboard operation. In the 
MANUAL mode the keys perform the indicated functions, 
with the results of each operation being displayed on the 
counter. The LEARN mode is used to teach the keyboard 
a program, a program which will later be run automati 
cally in the RUN mode. The STEP mode is useful for check 
ing a learned program. 

Programs learned by the keyboard are stored in two 
program memories, designated MAIN and SUB. Each 
program memory can hold up to sixteen program steps. 
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The Keys 
Fig. 1 is a photograph of the new keyboard. The keys 

are arranged in groups according to their functions. 
The keys in the rightmost group are the digit entry 

keys. They are used for manually loading a constant into 
the x register. The constant may contain a decimal point 
and a scale factor. To be consistent with the display, scale 
factors are entered in standard engineering units: femto, 
pico, nano, micro, milli, kilo, Mega, Giga, and Tera. 
Numbers may be either positive or negative. 

When a constant is used in a program, it is first entered 
into the x register, using the digit entry keys, and it is 
then transferred to a data storage register. During execu 
tion of a program, the constant can be read out of the 
data register as often as needed. 

The keys in this right-hand group are the only keys 
not directly learnable into a program. 

The keys in the second group from the right are the 
ar i thmetic  funct ion keys.  The kevs^J.^J .  ^9,  and 
^Jcalculate y-f- x, y â€” x, yx, and y/x, respectively, with 
the result being left in the x register. In all cases the old 
value of x moves into y. The Â» operation replaces z 
with the old value of y, and E loses the old value of 
both y and z. The ^9 key replaces x with \/x, and loses 
the old values of y and z. 

The keys HI and jfl are used to bring the constants 
1 and N into a program. N is the number set on the 
REPEAT LOOP switch (see Fig. 1). The usefulness of 
this feature will become apparent in the section on 
programming^ 

I t  i s  t h e ^ S , C 8 ,  a n d  |  k e y s  t h a t  r e p r e s e n t  t h e  
most unusualfeature of the keyboard â€” the ability to 
incorporate measured quantities in real-time calculations. 
The i 3 and C 3 keys call for a measurement through 
either channel AT or channel B of the computing counter's 
input module. The type of measurement (period or fre 
quency) is determined by the setting of the module's 
FUNCTION switch. Similarly, 1 1 calls for a measurement 
through the plug-in compartment. The type of measure 
ment depends on the particular plug-in that is in use. 
With existing plug-ins this could be either a time interval 
measurement or a heterodyned frequency measurement. 
As future plug-ins are introduced, it will be possible to 
make different kinds of measurements. Combined with 
the very high accuracy and speed of the computing coun 
ter, this ability to make measurements and incorporate 

*  T h e  I t  m o d u l e  i s  s i m i l a r  t o  t h e  f r o n t  e n d  o f  a  n o r m a l  c o u n t e r .  I t  h a s  t w o  i n p u t  
c h a n n e l s ,  c h a n n e l  A  f o r  0 . 0 1  H z  t o  1 0  M H z  a n d  c h a n n e l  B  f o r  1  k H z  t o  3 2 0  M H z .  
Keyboa rd  se lec t i on  o f  channe l  A  o r  channe l  B  can  be  ove r r i dden  by  the  modu le  f ron t -  
pane l  MODULE Fo r  modu les  w i t h  se r i a l  p re f i xes  848  and  904 ,  t he  two  MODULE keys  
d o  t h e  s a m e  t h i n g  a n d  t h e  c h a n n e l  m u s t  b e  s e l e c t e d  u s i n g  t h e  m o d u l e  c o n t r o l s .  

them into mathematical calculations represents a signifi 
cant advance in the art of measurement. 

The remaining keys in the second group are self- 
explanatory. 

The keys in the second group from the left cause in 
terchanges of numbers among the various storage and 
working registers. The contents of the x register can be 
interchanged with that of any other register. The contents 
of the three storage registers and the z register can be 
nondestructively read into x, and x can be copied into y. 

The keys in the last group, the group on the left, are 
for program control and comparison. The two IF keys 
compare the contents of the x register and the indicated 
data register (a or b). The outcome of the comparison 
is signaled by lights on the keyboard and by signals ac 
cessible at an auxiliary connector. (The output signals 
are useful for go/no-go production testing, among other 
things. See Fig. 5.) When an IF instruction is used in a 
program, the step following it will be skipped unless the 
condition is fulfilled, allowing for program branching 
dependent on measured or calculated values. When an 
IF instruction is executed in a program, the contents of 
a, b, and x are not affected, but the contents of the y 
register are replaced by a â€” x or b â€” x. An example of the 
use of theJF instruction can be found in Fig. 9. 

The U instruction is a 'do nothing' program step. 
Its primary use is following an IF instruction, when no 
branching is desired. 

The f H instruction causes execution of the program 
to stop w nen the PAUSE HALT switch is on. The keyboard 
may then be used manually to enter constants or perform 
calculations. Following a pause, execution can be re 
sumed from that point in the program, f H can also be 
used to provide an optional display, dependent on the 
setting of the PAUSE DISPLAY switch. 

Memory Organizat ion 
The new keyboard's program memory is organized for 

maximum flexibility with a limited number of instruc 
tions. The result is a distinctly unusual memory organi 
zation. There are two memories, MAIN and SUB, of six 
teen program steps each. (See Fig. 2.) 

From any point in the MAIN program, control can be 
transferred â€” using the (3 key â€” to the beginning of 
the SUB program memory. The same 1 J operation in 
the SUB program is used to resume the MAIN program, 
starting with the step after the XFER instruction in the 
MAIN program. 

In many programs there is a need to repeat a group of 
instructions a specified number of times. For example, 
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the average or standai d deviation of N measurements 
may be desired. TheC 1 key provides this capability. 

Used in the MAIN program B 3 causes program con- 
trolto return to the beginning of the MAIN program. 
Afi I in the SUB program memory works in conjunc 
tion with the REPEAT LOOP switch (see Fig. 1). The first 
N-l times that the^B is encountered, control returns to 
the beginning of the SUB program memory. On the Nth 
encounter, the E | is ignored, and control continues 
through the remainder of the SUB program. Thus a group 
of instructions can be 'looped through' N times and the 
result used in subsequent calculations. 

Whenever the program reaches the end of either the 
MAIN or the SUB program memories, execution contin 
ues from the beginning of the MAIN program. Entry of 
the first instruction of a new program automatically clears 
the memory by entering j j  in every program step. 
Thus if only part of the memory is used for a program, 
the necessary ] | steps to return to the beginning are 
automatically there. No END instructions are used. 

Types of  Programs 
Most 5375A Keyboard programs can be placed in one 

of three categories. 

Linear: The simplest type of program is the linear pro 
gram. These programs contain no looping or branching. 
They may contain up to 32 steps, one of which must be 
aC 3 . If the program contains sixteen or fewer steps, it 
can be placed entirely in one program memory and the 

pis not needed; this leaves the other memory available 
for a second program. Typical linear programs are phase 
calculations (Fig. 3) and units conversion (Fig. 4). 

Branching: Branching programs are used when the cal 
culations or manipulations to be performed depend on 
the outcome of some measurement. In this type of pro 
gram, there is first some initial action, usually involving 
a measurement. One or more tests are then performed, 
either using the measurement directly as a parameter or 
using some value calculated from the measurement. The 
IF instructions are used to implement the tests, and the 
outcome determines whether control stays in the MAIN 
program or transfers to the SUB program. In either event, 
once the MAIN or SUB program is completed, control 
returns to the beginning of the MAIN program. The limit 
test program (Fig. 5) is an example of a branching pro 
gram. 

P H A S E  P R O G R A M  
D E S C R I P T I O N :  M e a s u r e s  t h e  p h a s e  s h i f t  b e t w e e n  t w o  
s igna l s  o f  t he  same f requency .  The  two  s igna l s  a re  app l i ed  
t o  t h e  M o d e l  5 3 7 9 A  T i m e  I n t e r v a l  P l u g - i n ,  a n d  o n e  o f  t h e  
s igna ls  i s  a l so  app l ied  to  the  coun te r ' s  i npu t  modu le ,  wh ich  
i s  s e t  f o r  a  p e r i o d  m e a s u r e m e n t .  T h e  m e a s u r e d  q u a n t i t i e s  
a r e  A t ,  t h e  t i m e  d i f f e r e n c e  b e t w e e n  t h e  s i g n a l s ,  a n d  P ,  t h e  
s igna l s '  pe r i od .  

PROGRAM:  

M O D U L E  A  

*>Â»^x 
PLUGIN 

b  x  y  

DISPLAY x  

m e a s u r e s  t h e  p e r i o d  P  

s to res  P  in  the  a  reg is te r  

m e a s u r e s  t h e  t i m e  d i f f e r e n c e  A t  

reca l ls  P 

d iv ides  A f  by  P  

reca l ls  360 

mu l t i p l i es  A f /P  by  360  

d i s p l a y s  p h a s e  i n  d e g r e e s  

F i g .  2 .  M o d e l  5 3 7 5 A  K e y b o a r d  h a s  t w o  m e m o r i e s  o f  s i x  
t e e n  p r o g r a m  s t e p s  e a c h .  T h e  X F E R  P R O G  k e y  t r a n s f e r s  
con t ro l  f rom one  to  the  o the r .  The  IF  keys  a re  fo r  p rog ram 
b r a n c h i n g  a n d  t h e  R E P E A T  k e y  i s  f o r  l o o p i n g .  

O P E R A T I O N :  T h e  c o n s t a n t  3 6 0  i s  i n i t i a l l y  s t o r e d  i n  t h e  b  
register .  

Fig. 3 
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U N I T S  C O N V E R S I O N  P R O G R A M  
D E S C R I P T I O N :  C o n v e r t s  c y c l e s  p e r  s e c o n d  t o  r e v o l u t i o n s  
p e r  m i n u t e .  A  t r a n s d u c e r  o n  t h e  r o t a t i n g  s h a f t  p r o d u c e s  
o n e  p u l s e  p e r  r e v o l u t i o n ,  a n d  t h e  c o u n t e r  m e a s u r e s  t h e  
f r equency  o f  t he  pu l se  t r a i n .  

P R O G R A M :  

M O D U L E  A  m e a s u r e s  f r e q u e n c y  

reca l ls  60  

m u l t i p l i e s  f r e q u e n c y  b y  6 0  

d i sp lays  RPM 

a  x  y  

X  
DISPLAY x  

O P E R A T I O N :  T h e  c o n s t a n t  6 0  i s  i n i t i a l l y  s t o r e d  i n  a .  

Fig. 4 

L IM IT  TEST  PROGRAM 
D E S C R I P T I O N :  M e a s u r e d  v a l u e s  a r e  c o m p a r e d  a g a i n s t  a n  
u p p e r  l i m i t  a n d  a  l o w e r  l i m i t .  I f  v a l u e  i s  w i t h i n  l i m i t s ,  z e r o  
i s  d i s p l a y e d .  I f  o u t  o f  l i m i t s ,  t h e  d i f f e r e n c e  b e t w e e n  t h e  
m e a s u r e d  v a l u e  a n d  t h e  e x c e e d e d  l i m i t  i s  d i s p l a y e d ,  w i t h  
a  m i n u s  s i g n  i n d i c a t i n g  t h a t  t h e  l o w e r  l i m i t  w a s  t h e  o n e  e x  
ceeded .  The  p rog ram can  e i t he r  s t op  o r  con t i nue  f o l l ow ing  
an  ou t -o f - l im i t  cond i t i on ,  a t  t he  use r ' s  op t ion .  

P R O G R A M :  

M A I N  S U B  
M O D U L E  A  C L E A R  x  

I F  X  >  A  y > C T *  
X F E R  P R O G  

I F  x  <  b  P A U S E  

X F E R  P R O G  
CLEAR xyz  

D ISPLAY x  
OPERATION:  En te r  t he  uppe r  l im i t  i n  a ,  and  t he  l owe r  l im i t  
i n  b .  S e t  P A U S E  D I S P L A Y  =  O N .  T h e  P A U S E  H A L T  s w i t c h  
d e t e r m i n e s  w h e t h e r  a n  o u t - o f - l i m i t  m e a s u r e m e n t  c a u s e s  a  
p rog ram s top .  

Fig. 5 

Looping: The looping program is used in many statistical 
calculations. It consists of three principal parts. The 
initialization section clears registers in preparation for 
the actual looping. This section is located in the MAIN 
program memory, and ends with a PH instruction. The 
loop itself, located in the SUB program memory, is under 
the control of the REPEAT LOOP switch. This switch can 
be set at 1, 10, 100, 1000, or 10,000. After the loop has 
been executed the selected number of times, execution 
continues through the SUB program memory, which will 

generally contain a finalizing section, ending with a dis 
play of the results. If additional storage is needed for 
these final calculations a jQ instruction will return con 
trol to the MAIN program, making available any space 
not used by the initialization section. 

Note that the setting of the REPEAT LOOP switch, 
determining the number of times the loop is to be per 
formed, may be changed after the program is learned. 
(While a program is being learned the switch is treated 
as if set to N= 1 , regardless of where it is actually set. ) 
It is often of interest to see the effect of varying the num- 

S I M P L E  A V E R A G E  P R O G R A M  
DESCRIPT ION:  F inds  t he  ave rage  o f  N  measu remen ts .  

P R O G R A M :  

M A I N  S U B  
C L E A R  x  " C ^ x  
X F E R  P R O G  M O D U L E  A  

a  x  y  

- 

REPEAT 

" N  x  " y  

D ISPLAY x  

OPERATION:  Se t  N  on  t he  REPEAT LOOP sw i t ch .  

Fig. 6 

ber of samples included in a calculation. The current 
setting of the REPEAT LOOP switch can be read into the 
x register using the ^n instruction, and can be used 
in the calculations. An example of a looping program for 
finding a simple average is shown in Fig. 6. 

These three types of programs illustrate many of the 
techniques used in programming the keyboard. There 
are, of course, numerous variations on these basic types. 
For example, a program may first branch, and then one 
of the branches may contain a loop. The fractional fre 
quency deviation program of Fig. 7 is an example of 
looping followed by branching. 

The program in Fig. 8 illustrates another possibility, 
that of multiple subroutine calls. Here a group of instruc 
tions in the SUB program memory is to be executed at 
more than one point in the program. Instead of repeating 
these instructions each time they are needed, they are 
simply placed in the SUB program, from which they are 
called by the MAIN program each time they are needed. 
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F R A C T I O N A L  F R E Q U E N C Y  S T A N D A R D  
D E V I A T I O N S  

D E S C R I P T I O N :  S o l v e s  t h e  f o l l o w i n g  e q u a t i o n :  

f f. 
The  resu l t i ng  number  i s  use fu l  as  a  measure  o f  t he  s tab i l i t y  
o f  a  f r e q u e n c y  s o u r c e .  

P R O G R A M :  

M A I N  

C L E A R  x  

X F E R  P R O G  

Ã ‘  J T ~ 7  

T i  x  7  

V T  

~ c  x  7  
â€¢i- 
D I S P L A Y  x  

S U B  

M O D U L E  A  

a>%_--x 
M O D U L E  A  

x  y  

~ b  J T ^ i  

R E P E A T  

CLEAR x  

I F x  <  b  

X F E R  P R O G  
D I S P L A Y  x  

O P E R A T I O N :  L o a d  f 0  i n t o  c  i n i t i a l l y .  S e t  N o n  R E P E A T  L O O P  
sw i t ch .  
R E F E R E N C E :  H P  A p p l i c a t i o n  N o t e  1 1 6 ,  ' P r e c i s i o n  F r e  
q u e n c y  M e a s u r e m e n t s . '  

Fig. 7 

This is possible because the calling location is auto 
matically remembered by the keyboard, and the ^3 
instruction in the SUB program causes a return to the 
following location. Transfers to the SUB program always 
enter it at the beginning, and the transfer sets the loop 
counter to zero. 

It is useful to note that a program memory is cleared 
only when the first instruction of a new program is en 
tered into that particular memory. Thus it is possible to 
change the MAIN program, for example, without re- 
entering the SUB program. 

Theory of  Operat ion 
A simplified block diagram of the keyboard is shown 

in Fig. 10. For normal instructions, that is, for those exe 
cuted in the mainframe of the computing counter (+, 

Q  O F  A  F I L T E R  
D E S C R I P T I O N :  T h e  f i l t e r  i s  d r i v e n  b y  a  s w e p t  f r e q u e n c y  
sou rce .  Us ing  an  osc i l l o scope  wh i ch  has  a  de lay i ng  sweep  
(e .g . ,  t he  HP 180A w i th  1821  A  T ime  Base) ,  a  t r i gge r  s igna l  
i s  g e n e r a t e d  f o r  d r i v i n g  t h e  E X T  T R I G  i n p u t  o n  t h e  r e a r  o f  
t he  compu t ing  coun te r .  Th i s  t r i gge r  can  be  se t  a t  e i t he r  the  
low- f requency  o r  the  h igh - f requency  3 -dB po in t  on  the  f i l t e r  
sk i r t .  The  coun te r  measu res  t he  f r equency  a t  t hese  po in t s .  
S i nce  a  swep t  f r equency  sou rce  i s  be ing  used ,  t he  coun te r  
m e a s u r e m e n t  t i m e  m u s t  b e  k e p t  s h o r t  c o m p a r e d  t o  t h e  
sweep  ra te ;  ave rag ing  i s  used  to  remove  no ise  on  the  inpu t  
s i g n a l .  A n  a v e r a g e  o f  N  r e a d i n g s  i s  t a k e n  a t  t h e  l o w - f r e  
quency  po in t .  The  t r i gge r  i s  t hen  se t  t o  t he  h i gh - f r equency  
po in t  and  an  ave rage  o f  N  read ings  i s  aga in  t aken .  The  d i f  
f e r e n c e  i s  t h e n  t a k e n  t o  d e t e r m i n e  A f ,  a n d  t h e  a v e r a g e  o f  
t h e  l o w  a n d  h i g h  p o i n t s  i s  u s e d  a s  a n  a p p r o x i m a t i o n  t o  f 0 .  

The Q Â¡s  then ca lcu la ted  as  - i - .  
A f  

P R O G R A M :  

S U B  

M O D U L E  A  

C  x  7  
+  
REPEAT 

N  x  7  a  x  y  

b  x  y  - H  
PAUSE 

a x  a x  

1 

x  y  

X F E R  P R O G  

c  x  y  

PA U SE 

" a  x  7  

PAUSE 

O P E R A T I O N :  S e t  N  o n  R E P E A T  L O O P  s w i t c h .  S e t  b o t h  
P A U S E  D I S P L A Y  a n d  P A U S E  H A L T  t o  O N .  T r i g g e r  c o u n t e r  
a t  l o w - f r e q u e n c y  3 - d B  p o i n t ,  a n d  s t a r t  p r o g r a m .  T h e  a v e r  
age  o f  N  measu remen ts  w i l l  be  d i sp layed ,  and  the  p rog ram 
w i l l  s t o p .  C h a n g e  t h e  t r i g g e r  t o  t h e  h i g h  f r e q u e n c y  3 - d B  
po in t ,  and  s ta r t  p rog ram;  the  ave rage  read ing  w i l l  aga in  be  

d i s p l a y e d .  S t a r t  p r o g r a m  a g a i n ,  a n d  f 0  =  f h  +  f l  w i l l  b e  d i s  

p l a y e d .  S t a r t i n g  p r o g r a m  o n c e  m o r e  w i l l  d i s p l a y  t h e  Q  o f  
the  f i l t e r .  
"P rog ram based  on  an  i dea  o f  Ly le  Jevons .  

Fig. 8 
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M A X - M I N  P R O G R A M  
D E S C R I P T I O N :  F i n d s  t h e  m a x i m u m  a n d  m i n i m u m  o f  N  +  1  
measu remen ts ,  and  d i sp lays  t he  d i f f e rence .  
U S E S :  U s e d  t o  d e t e r m i n e  t h e  r a n g e  o f  a  m e a s u r e d  v a r i  
a b l e .  I f  t h e  m e a s u r e m e n t  t i m e  i s  s h o r t  c o m p a r e d  t o  t h e  
p e r i o d  o f  t h e  m o d u l a t i n g  s i g n a l ,  t h i s  c o u l d  b e  a  m e a s u r e  
ment  o f  FM dev ia t ion  o r  res idua l  FM.  

S U B  
M O D U L E  A  

I F x  >  a  

a  x  

I F x  <  b  
b ' ^ x  

REPEAT 
X F E R  P R O G  

b _  x  y  

PAUSE 
OPERATION:  Se t  N  on  the  REPEAT LOOPswi t ch .Se t  PAUSE 
D I S P L A Y  =  O N .  I f  P A U S E  H A L T  i s  O F F ,  p r o g r a m  w i l l  r u n  
c o n t i n u o u s l y ,  d i s p l a y i n g  R a n g e  =  M a x  â € ”  M i n .  I f  P A U S E  
H A L T  i s  O N ,  p r o g r a m  w i l l  s t o p  a f t e r  e a c h  d i s p l a y ;  t h e  m a x  
i m u m  m e a s u r e m e n t  c a n  b e  r e a d  o u t  w i t h  a  x " y ,  a n d  t h e  
m i n i m u m  w i t h  b  x  " .  

Fig. 9 

â€” , X, H-, etc.), the keyboard presents a 5-bit operation 
code to the counter. A 'start' signal is generated, and the 
keyboard then waits for a completion signal to be re 
turned by the counter. 

In the MANUAL mode, the instruction code is read from 
the diode encoder into the program buffer, under the 
control of the timing generator, which then generates the 
'start' signal. Upon completion of the operation the dis 
play generator places the display instruction code in the 
program buffer, and the counter is again started, display 
ing the results of the previous operation. 

The STEP mode is identical to MANUAL mode except 
that when the START switch is pushed codes are read from 
the program memory instead of from the diode encoder. 

In the LEARN mode, codes are read from the diode 
matrix, as in the MANUAL mode, but they are stored in 
the program memory as well as executed. In the LEARN 
mode, the REPEAT instruction is not executed, and the IF 
instructions do not cause skipping of the next instruction, 
even though the condition is not met. This simplifies the 
entry of programs. 

Other  External  Programmers 
The computing counter can also be programmed by 

other external devices in place of its keyboard. For ex 
ample, there is the Model 10538A Fixed Program Shell. 
This diode -programmed device can hold fixed programs 
of up to 18 steps. It is programmed by clipping leads off 

F ig .  10 .  Keyboard  p resen ts  f i ve -  
b i t  o p e r a t i o n  c o d e s  t o  c o u n t e r  
m a i n f r a m e  t o  c o n t r o l  m e a s u r e  
m e n t s ,  a r i t h m e t i c  o p e r a t i o n s ,  
a n d  d i s p l a y s .  T w o  s t o r a g e  r e g  
i s t e r s  a r e  i n  t h e  k e y b o a r d ;  a  
t h i r d  s t o rage  reg i s t e r  and  t h ree  
w o r k i n g  r e g i s t e r s  a r e  i n  t h e  
c o u n t e r  m a i n f r a m e .  
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multiple-diode packages, and inserting the resulting pack 
ages into the shell. While no provision exists for internal 
looping, branching, or digit entry, and the program shell 
is more limited in its data storage capability than the 
keyboard, it does provide a convenient, low-cost method 
of executing relatively simple programs. The phase pro 
gram (Fig. 3) is an example of a program that can be 
modified to operate from the program shell (the constant, 
360, must be synthesized using the arithmetic operations 
available in the computing counter). 

It is also possible to interface the counter with a digi 
tal computer, in such a way that the computer can pro 
gram the counter and transfer data in and out. 
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Correction to ' ' 'Flying Clock' Comparisons Extended to 
East Europe, Africa and Australia" 

Hewlett-Packard Journal 
Volume 19, Number 4 (December, 1967) 

By Leonard S. Cutler 

T h e  r e l a t i v i s t i c  e f f e c t s  o n  c l o c k s  i n  m o t i o n  w e r e  d i s c u s s e d  
i n  t he  December ,  1967  i ssue  o f  t he  Hew le t t -Packa rd  Jou rna l .  
P ro fesso r  Joseph  C .  Ha fe le  o f  Wash ing ton  Un ive rs i t y  po in ted  
ou t  co r rec t l y  t ha t  we  had  neg lec ted  t he  e f f ec t  o f  t he  ro ta t i on  
o f  t h e  e a r t h .  S i n c e  t h e  v e l o c i t y  d u e  t o  t h i s  r o t a t i o n  i s  1 0 3 8  
m i / h r  a t  t h e  e q u a t o r  o n  t h e  s u r f a c e ,  t h e  e f f e c t  i s  n o t  n e g  
l ig ib le.  

T h e  c o r r e c t  e x p r e s s i o n  i s  ( f o r  c o n s t a n t  h e i g h t s ,  v e l o c i t i e s  
and  la t i tudes) :  

I f  t h e  t w o  c l o c k s  f l y  a t  t h e  s a m e  h e i g h t  a n d  s p e e d  i n  o p  
p o s i t e  d i r e c t i o n s  a t  t h e  e q u a t o r  w i t h  c l o c k  1  g o i n g  e a s t ,  w e  
have 

T, -  T,  

7 ,  -  7 ;  
7, 

(g ,h ,  -  

7 ,  c 2  

T h i s  a m o u n t s  t o  â € ” 4 . 8  x  1 0 " "  o r  . 4  Â ¿ i s e c  i n  o n e  d a y  i f  t h e  
p l a n e s  c o u l d  f l y  c o n t i n u o u s l y  a t  1 0 3 8  m i / h r  ( t h e  v e l o c i t y  o f  
the  ear th 's  sur face) .  

T f c  -  T .  T h e  c o r r e c t  e x p r e s s i o n  f o r  w h e r e  T f c  i s  t h e  i n  

(2 uR (Vie COS Â«i â€” VÂ¡e COS 81) + V:' - 

2c! 

d ica ted  e lapsed  t ime  o f  a  f l y ing  c lock  and  T0  i s  the  ind ica ted  
e l a p s e d  t i m e  o f  t h e  g r o u n d  c l o c k  ( c o r r e c t e d  t o  s e a  l e v e l ) ,  i s  

where  T ,  and  T2  a re  the  i nd i ca ted  e lapsed  t imes  o f  two  f l y i ng  
c l o c k s ,  h ,  a n d  h Â ¡  a r e  t h e  h e i g h t s  o f  t h e  c l o c k s  a b o v e  t h e  
sur face o f  the  ear th ,  v ,  and v2 are  the i r  ve loc i t ies  w i th  respect  
to  the  su r face  o f  the  ea r th ,  v ,e  and  v2e  a re  the  eas tward  com 
ponents  o f  the  ve loc i t ies ,  s ,  and 0Â¡  a re  the  la t i tude  ang les ,  c  
i s  t he  speed  o f  l i gh t ,  u  i s  t he  angu la r  ve loc i t y  o f  t he  ea r th ,  R  
i s  t he  rad ius  o f  t he  ea r th ,  and  g  and  gz  a re  t he  va lues  o f  t he  
a c c e l e r a t i o n  d u e  t o  g r a v i t y  a t  t h e  s u r f a c e  f o r  e a c h  l a t i t u d e .  

7 , .  -  ' vjt) cos Â»(t) + v(tf~ 
2c  

eft 

w h e r e  g ( t ) ,  h ( t ) ,  v , ( t ) ,  v ( t ) ,  a n d  Â » ( t )  a r e  t h e  i n s t a n t a n e o u s  
v a l u e s  f o r  t h e  f l y i n g  c l o c k .  F o r  a  c l o c k  f l y i n g  e a s t w a r d  a t  
the  equa to r  a t  35 ,000  f t  and  650  mi les  per  hour ,  th i s  amounts  
t o  - . 8 1  x  1 0  2 .  I f  t h e  c l o c k  h a d  b e e n  f l y i n g  w e s t w a r d ,  
t h e  r e s u l t  w o u l d  b e  + 2 . 1 9  x  1 0 " 1 2 .  
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Protec t ing  Hosp i ta l i zed  Pa t ien ts  
f r o m  E l e c t r i c a l  H a z a r d s  

By Wil l iam F. Craven 

E l e c t r o d e s  i n t e r n a l  t o  t h e  b o d y  g i v e  r i s e  t o  s a f e t y  
p r o b l e m s  f a r  m o r e  c o m p l e x  t h a n  g e n e r a l l y  s u p p o s e d ,  
r e q u i r i n g  c h a n g e d  t h i n k i n g  a b o u t  t h e  d e s i g n  a n d  u s e  
o f  m e d i c a l  e l e c t r o n i c s  e q u i p m e n t .  E l e c t r o n i c  e n g i  
n e e r s ,  w h o  w i l l  r e a d i l y  u n d e r s t a n d  t h e  n e e d e d  p r e  
v e n t i v e  m e a s u r e s  d e s c r i b e d  h e r e ,  c a n  h e l p  e x p l a i n  
t h e s e  i m p o r t a n t  c o n c e p t s  t o  h o s p i t a l  p l a n n e r s ,  a r c h i  
t ec t s ,  adm in i s t r a to r s ,  and  med i ca l  pe rsonne l .  

11 
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EVEN BEFORE RALPH NADER ALERTED THE GENERAL 

PUBLIC to the danger, medical practitioners were con 
cerned about the growing possibility that hospital patients 
connected to monitoring equipment might be electro 
cuted. The equipment itself is basically harmless but, be 
cause it makes conductive contact to the patient, it can be 
the key link in a life-threatening current path. 

Although it is difficult to determine how many patients 
actually are electrocuted, because death of the very ill is 
often attributed to other causes, accidental deaths from 
electrocution have been reported in the literature since 
1 960.1 Some of these accidents are caused by faulty elec 
tronic equipment, but more often they are caused by mis 
application of equipment. I would like to discuss here the 
subtle ways electrocution can occur, and what can be 
done to reduce the likelihood of such catastrophes. 

Electr ic  Shock 
There has been concern about shock hazard ever since 

electric power came into general use in the late nineteenth 
century. Many investigations were conducted to establish 
safety standards, most of them concerned with gross 
effects â€” like pain, muscle stimulation, and tissue de 
struction from burning â€” caused by electrical current 
traveling through the intact skin from limb to limb. The 
results of these investigations are summarized in Table I, 

T A B L E  I  
E f f e c t s  o f  6 0  H z  e l e c t r i c  c u r r e n t  o n  t h e  a v e r a g e  h u m a n  

through h is  t runk  (one-second contac t )  

. 0 0 1 A  T h r e s h o l d  o f  p e r c e p t i o n .  

. 0 1 6 A  " L e t - g o "  c u r r e n t .  S u s t a i n e d  m u s c u l a r  c o n t r a c  
t ion.  

, 0 5 A  P a i n .  P o s s i b l e  f a i n t i n g ,  e x h a u s t i o n ,  m e c h a n i c a l  
i n ju ry .  Hear t  and  resp i ra to ry  func t i ons  con t inue .  

. 1  t o  3 A  V e n t r i c u l a r  f i b r i l l a t i o n .  R e s p i r a t o r y  c e n t e r  i n  
tact.  

> 6 A  S u s t a i n e d  m y o c a r d i a l  c o n t r a c t i o n  f o l l o w e d  b y  
n o r m a l  h e a r t  r h y t h m .  T e m p o r a r y  r e s p i r a t o r y  
pa ra l ys i s .  Bu rns  i f  cu r ren t  dens i t y  i s  h i gh .  

which shows the effects that various current levels have 
on human beings.2 

Although it varies widely from person to person, the 
threshold of perception is about 1 mA. At this level, a 
faint tingling sensation is felt. At a current level of 5 mA, 
many sensory nerves are stimulated and the sensation be 
comes painful, usually to the point that the subject jumps 

1  ' M e d i c i n e  a n d  t h e  L a w :  F a t a l  S h o c k  f r o m  a  C a r d i a c  M o n i t o r , '  L a n c e t  1 : 8 7 2 ,  1 9 6 0 .  
1  Bruner ,  John M.  R. ,  'Hazards  o f  E lec t r i ca l  Appara tus , '  Anes thes io logy ,  Mar -Apr .  1967.  

away from the source of stimulation. 
At current levels higher than 5 mA, motor nerves are 

stimulated and the affected muscles contract. At the so- 
called "let-go" cur-'ent level, around 10 to 20 mA, muscle 
fibers are kept in a constantly depolarized condition. The 
subject then has no ability to control his own muscle ac 
tions and he is unable to release his grip on the electrical 
conductor. Above the "let-go" level, electrical stimulation 
becomes increasingly painful and mechanical injury may 
result from the powerful contraction of the skeletal mus 
cles. Despite pain and fatigue, however, the heart and 
respiratory functions continue. 

At about 100 m A, other more life-threatening physio 
logical phenomena occur. One of the more common is 
ventricular fibrillation, a lack of coordinated action 
among the muscle fibers of the heart. Fibrillation defeats 
the heart's ability to pump blood and is fatal unless cor 
rected within minutes. At about 6 amperes or more, 
though, the heart goes into sustained muscular contrac 
tion, much as skeletal muscles do at the let-go level, but 
when the current ceases, the heart usually reverts to its 
normal coordinated mode of operation. This phenom 
enon is used extensively to restore normal rhythm to 
fibrillating hearts, usually by applying a 1-3 kV, 5 ms 
pulse to the chest. 

Continuous high current levels of 6 amperes or more 
also cause temporary respiratory paralysis and may cause 
serious burns if the current density is high. At current 
levels much above 6 amperes, massive damage is caused 
by the heating effect of the current flow. 

The voltages required to obtain these current levels 
vary widely because the contact impedance varies from 
person to person, depending on skin type, contact area, 
and on other parameters such as whether or not the skin 
is moist. Typically, the threshold of feeling is from ten 
to fifty volts. 

From the many investigations conducted over the 
years, 5 mA has become accepted as the maximum that 
should be allowed to pass through a human being from 
external contact. Among the many tests that electrical 
equipment must pass to receive Underwriter Laboratories 
listing, is one specifying that 60 Hz leakage currents from 
the power line to the equipment case shall be less than 
5 mA. That is, if a person were to touch an electrical in 
strument or appliance while standing barefoot on wet 
earth, there should be no more than 5 mA flowing 
through his body. Nowadays, these leakage currents arise 
in electronic equipment primarily from capacitive cou 
pling in RF line filters and between the primary winding 
and core and case of the power transformer. Resistive 
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leakage paths have been reduced significantly by modern 
insulation materials. 

Internal  Current 
The preceding has assumed that electrical contact is 

made outside the body. With the improved instrumenta 
tion now available to hospitals, it is common to have 
electrical contacts made inside the body where fluid elec 
trolytes substantially reduce resistance to current flow. 
In a modern surgical intensive care unit, for instance, a 
patient may have four direct connections to his heart to 
allow measurement of pressures in the various chambers 
of the heart. This patient would also, most likely, have an 
electrocardiograph attached externally to his body along 
with temperature probes, respiration sensors, and per 
haps mechanical assist devices like respiration pumps and 
heart-lung machines. Under these circumstances, there is 
a possibility that leakage currents might pass directly to 
the heart. Furthermore, not only is the resistance to cur 
rent flow reduced by internal electrodes, but the current 
levels deemed hazardous are much smaller than exter 
nally applied hazardous current levels. 

Of the many groups concerned with patient safety, 
most believe that current passing internally through a 
patient should be limited to less than 10 /lA. Investigators 
at Duke University have shown that a current as small 
as 20 /Â¿A flowing between the right and left ventricles in 
the hearts of dogs can cause ventricular fibrillation.3 Al 
though the average current causing ventricular fibrillation 
in this study was 170 /J.A, the fact remains that much 
smaller currents can cause fibrillation. Naturally, it is 
difficult to perform similar experiments with humans but 
there is good reason to believe that the fibrillatory current 
may be similar. Since the minimum impedance likely to 
be found between two electrodes can be as low as 500 
ohms, a working group of the National Fire Protection 
Association recommends that non-therapeutic voltages 
that a patient may contact should be less than 5 mV. 

Internal  Shock Hazards 
We are all aware of the hazards posed by common 

household appliances and power tools, where a leakage 
path to the case can create a shock hazard, but when we 
are concerned with microamperes rather than milliam- 
peres, there are many unsuspected ways that shock haz 
ards can arise. 

Let us look at some of the situations that can arise in 
hospitals. Fig. 1 shows a patient in bed with grounded 
monitoring equipment attached. He reaches over to turn 
>  W t i a l e n ,  R o b e r t ,  S t a n n e r ,  M c l n t o s h ,  ' E l e c t r i c a l  H a z a r d s  A s s o c i a t e d  w i t h  C a r d i a c  
Pacing, '  Academy of  Sc ience Annuals ,  New York,  1964.  

on his bed lamp, a two-wire lamp that has a leakage cur 
rent of 1 mA but which still passes all present safety 
requirements. This 1 mA can pass through his arm, then 
through his trunk to the grounded patient monitor with 
a portion going through his heart. In fact, if a grounded 
electrode were attached to his heart, all of the 1 mA 

F i g .  1 .  N o r m a l l y  h a r m l e s s  l e a k a g e  c u r r e n t  i n  l a m p  c a n  
b e c o m e  d a n g e r o u s  i f  p a t i e n t  h a s  i n t e r n a l l y  a t t a c h e d  
e lec t rodes .  

might flow through his heart, causing immediate ventric 
ular fibrillation. The existence of this leakage path would 
go undetected, unless a nurse or attendant, accidentally 
touching both lamp and monitor, also noticed a shock. 
Who knows how many patients might have been electro 
cuted before anyone correlated a patient's sudden crisis 
with touching the lamp? Fortunately, when a patient is 
monitored, an alarm sounds if his heart starts fibrillating 
so resuscitation can be started immediately. 

A more subtle situation is shown in Fig. 2. Here the 
patient is on a bed that has electric motors to raise, lower, 
and adjust his position. A ground wire is broken, so the 
metal framework may be at some potential other than 
ground because of capacitive coupling between motor 
wiring and bed frame. The patient is connected to ground 
through an ECG monitor, and he has a pacemaker cath 
eter inserted into his heart to synchronize his heart's 
rhythm. However, the pacemaker is battery operated and 
is not tied to any ac outlet. So, the patient is safe â€” so far. 

Now suppose the nurse adjusts the wiring on the pace 
maker while leaning against the metal bed frame. 
Obviously, she supplies an electrical path from the bed 
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frame to the patient's heart and then to the grounded 
monitor, as shown in the equivalent circuit of Fig. 3. As 
much as 100 /Â¿A could flow through the patient's heart 
and, as discussed earlier, this could cause ventricular 
fibrillation. 

Had the bed been grounded, there would have been 
no problem. Equipment in hospitals, however, gets severe 
use, and it is usually handled by people who do not un 
derstand electricity and who do not understand the need 
for good grounding. The bed, which worked fine because 
it did not rely on the ground wire for operation, could 
have had a broken ground wire unnoticed for a long time. 
The only evidence that something might be wrong might 
have been excess 60 Hz interference on the monitor oscil 
loscope. Those using the equipment probably would have 
assumed the problem was in the monitor or electrodes, 
and would likely have done nothing further. 

Let us look at one more example. Fig. 4 shows a 
patient grounded by an ECG monitor. Intercardiac blood 
pressure is also being monitored by a saline-filled catheter 
inserted through a vein into the patient's heart. The 
catheter transmits pressure to an external transducer that 
is connected to a grounded monitoring device in such a 
way that the saline-column is also connected to ground. 
The patient's heart is thus effectively tied directly to 
ground. No problem yet. 

It so happens that the patient is in an older hospital 
where the intensive care unit was converted from a gen 
eral ward area, requiring the installation of additional 
electrical outlets. As is common practice, and as per 
mitted by most electrical codes, the ground wire for the 
new outlets was not connected directly to existing outlets 
but was routed all the way back to the main distribution 
panel. In this case, the ECG monitor was connected to 
an outlet on one grounding system and the pressure mon 
itor was connected to the other grounding system. Still 
no problem. 

Now, along comes the cleanup man with his vacuum 
cleaner. Vacuum cleaners are notoriously unsafe devices 
because they are prone to large amounts of residue in 
their suction motors, and they often pick up debris that 
may be damp. Over a period of time the motor develops 
resistive leakage paths from its windings to the vacuum 
cleaner case although a three-wire power cord prevents 
the case from rising to a high potential. 

This particular vacuum cleaner has developed a leakage 
path that allows 1 A to flow in the ground wire. This cur 
rent flows through the ground wire in the outlet back to 
the power distribution panel 50 feet away. The 12-gauge 
ground wire has a resistance of 80 milliohms, which 

F i g .  2 .  B r o k e n  g r o u n d  w i r e  c r e a t e s  h a z a r d o u s  e n v i r o n  
m e n t  f o r  m o n i t o r e d  p a t i e n t .  I n  t h i s  c a s e ,  n u r s e  u n i n t e n  
t i o n a l l y  c o m p l e t e s  c i r c u i t  f r o m  p o w e r  l i n e  t o  g r o u n d  
th rough  pa t ien t .  

means there is a voltage drop of 80 mV from outlet to 
distribution panel. So now the patient is connected be 
tween two grounds that  have an 80 mV potential  
difference. Now there is a problem: if the impedance 
between the two grounds on the patient were much less 
than 8000 ohms â€” and it could be as low as 500 ohms 
â€” more than 1 0 /Â¿A would flow. 

Here we have an insidious situation in which the pa 
tient might have expired without anyone touching him or 
without his touching a lamp or anything else. The connec 
tion between plugging in the vacuum cleaner and the 
patient's sudden demise is far from obvious. It should be 
emphasized that the wiring as installed met all require 
ments of existing electrical codes. 
Protecting the Patient 

The above examples show that where there is direct 
electrical access to the heart, extreme caution must be 
observed in attaching electrical monitoring equipment to 
patients. What can be done to prevent problems from 
occurring? One way is to prevent, where possible, elec 
trical pathways to the heart. The new Hewlett-Packard 
Model 1280B/C Pressure Transducers, for example, 
have dome and diaphragm electrically isolated from the 
rest of the transducer to provide protection for catheter- 
ized patients. Potentials of 1 20 V at 60 Hz cannot cause 
more than 10 /iA to flow from transducer fittings to the 
case. 

Additional protection can be provided by limiting to 
less than 10 Â»A the maximum possible current in all 

1 4  

© Copr. 1949-1998 Hewlett-Packard Co.



Motor - to -bed  f rame capac i tance  
C  =  2 5 0 0 p F  = :  

F i g .  3 .  E q u i v a l e n t  c i r c u i t  o f  s i t u a t i o n  d i a g r a m m e d  i n  
Fig. 2. 

leads connected to the patient. Hewlett-Packard electro 
cardiographs and instruments for patient monitoring 
(Table II) now have current-limiting circuits that allow 
no more than 10 //A to flow through patient-connected 
leads should the patient come in contact with 1 1 5 volts, 

T A B L E  I I  
Hewlet t -Packard Instruments wi th isolated inputs 

1500A Po r tab le  E lec t roca rd iog raph  
1511  A  Mob i le  E lec t roca rd iog raph  
1513A  Th ree -channe l  E lec t roca rd iog raph  
1 5 1 4 A  T h r e e - c h a n n e l  E l e c t r o c a r d i o  
g raph /  Phonoca rd i og raph  
7807B Beds ide  EGG Pa t ien t  Mon i to r  
8811A  B io -e lec t r i c  P reamp l i f i e r  
1 2 8 0 B / C  P r e s s u r e  T r a n s d u c e r s  

or even 230 volts. This insures that HP equipment does 
not supply a ground path if the patient comes in contact 
with voltages produced by other equipment such as beds, 
TV sets, radios, and electric shavers. The new HP mon 
itoring equipment, by isolating the patient electrically, 
does not contribute to hazardous situations. 

How patient isolation is achieved in this equipment is 
shown in the diagram of Fig. 5. In much the same way 
that signal ground is isolated from equipment ground in 
guarded digital voltmeters, patient leads are isolated from 
the measuring equipment. The only connection between 
the patient and equipment ground is through stray capac 
itance Cl, which is on the order of 95 picofarads. During 
the design phase, careful attention was also paid to all 

F i g .  4 .  I f  a l l  e q u i p m e n t  n e a r  p a t i e n t  i s  n o t  c o n n e c t e d  d i  
rec t l y  t o  common g round  po in t ,  a  haza rdous  s i t ua t i on  can  
d e v e l o p .  L e a k a g e  c u r r e n t  i n  v a c u u m  c l e a n e r  h e r e  i s  s u f  
f i c i en t  t o  c rea te  vo l t age  dange rous  t o  pa t i en t .  

other possible current leakage paths from the isolated 
input to the rest of the equipment. As a result, the im 
pedance between input circuits and ground is greater than 
25 megohms at 60 Hz. This means that if a patient con 
nected to a monitor using this circuitry should come in 
contact with 1 15 volts, no more than 4.6 /<A could flow 
through him. 

Other isolating techniques are possible, one being the 
use of optical isolators, as shown in Fig. 6. This technique 
is not being applied at present because of the relatively 
high cost. 

Another technique uses current-limiting diodes in 
series with all patient leads, as shown in Fig. 7. Whenever 
voltages across these diodes exceed the operating range, 
the only current that can flow is the leakage current 
through a reversed diode. The problem with this tech 
nique at present is the difficulty of manufacturing tem 
perature stable diodes that have both a low impedance in 
the signal operating range and a reverse leakage current 
of less than 10 /Â¿A. 

Careful  Grounding 
To protect the patient from all sources of electrical 

shock, regardless of the equipment used, great care must 
be exercised in the installation and maintenance of equip 
ment within his reach. One way is to connect to one 
common point all nearby metal surfaces and all elec 
tronic devices to which he is attached. This point, referred 
to as the equipotential patient reference (EPR), is then 
connected to the hospital grounding system. The EPR 
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can have a potential with respect to real ground without 
harm to the patient because he cannot come in contact 
with any metal object except those tied to the EPR. It is 
important, however, to limit the length of ground wires 
connecting the equipment to the EPR and to limit pos 
sible current flow in these wires so that the potential 
difference between equipment and EPR is always less 
than 5 mV. 

Further improvements in an EPR system can be ob 
tained with an isolating transformer, as shown in Fig. 8. 
Here, even if a leakage path exists in a piece of equip 
ment from the "hot" side to "common" (the EPR), the 
maximum current that can flow is that permitted by stray 
capacitance between the isolation transformer windings 
and in associated wiring. 

Also included in this system is a fault detector that 
monitors the impedance between the EPR and each side 
of the line. Should the impedance fall below a level that 
allows just a few milliamperes to flow in the EPR, a 
warning is set. 

Nevertheless, even with the improved protection pro 
vided by an EPR, not all hazards are eliminated. If the 
ground wire connecting the EPR to the chassis of an 
attached instrument should break, stray capacitance 
could raise the chassis potential above ground. And, since 
plugs get yanked out of outlets and power cords get 
stepped on and kicked around, breaks in ground wires 
occur far more often than leakage faults in transformers. 
If the installation were designed so that all leakage 
currents in the isolation transformer, wiring, and instru 
ments were less than 10 ,uA (designing a distribution sys 
tem with less than 10 /<A leakage is not easy), the patient 
would be safe should a ground wire break. Obviously, 
instruments with isolated inputs provide an important 

F i g .  6 .  E x c e l l e n t  i s o l a t i o n  c a n  b e  p r o v i d e d  b y  o p t i c a l  
c o u p l i n g  b u t  t e c h n i q u e  i s  n o t  e c o n o m i c a l l y  f e a s i b l e  a t  
present .  

F i g .  7 .  B a c k - t o - b a c k  d i o d e s  i n  s e r i e s  w i t h  p a t i e n t  l e a d s  
c a n  l i m i t  c u r r e n t .  

F i g .  5 .  A C  c o u p l i n g  t o  i s o l a t e d  
a m p l i f i e r  e l i m i n a t e s  a n y  d c  c o n  
n e c t i o n  b e t w e e n  i n p u t  a n d  o u t  
pu t .  I npu t  s i gna l  modu la tes  100  
k H z  c a r r i e r  f o r  c o u p l i n g  t o  e x  
t e r n a l  c i r c u i t s .  D e m o d u l a t o r  r e  
c o v e r s  o r i g i n a l  i n p u t  w a v e f o r m .  
S u p p l y i n g  c i r c u i t  p o w e r  f r o m  
1 0 0  k H z  o s c i l l a t o r  r a t h e r  t h a n  
6 0  H z  p o w e r  l i n e  r e d u c e s  n e e d  
f o r  t i g h t  c o u p l i n g  b e t w e e n  
p o w e r  t r a n s f o r m e r  w i n d i n g s .  
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safety factor here, but many installations do not have 
them. Hence, good grounding practice is not only essen 
tial, but frequent inspection of the electrical environment 
is imperative. 

From the preceding, it is obvious that providing good, 
safe monitoring to patients in hospitals is not a simple 
task. An outline of precautions that should be observed is 
presented in Table III. The best that can be done is to 
reduce the risk of accidental electrocution to the lowest 

T A B L E  I I I  
Maintaining safe pat ient  electr ical  environment 

1 .  U s e  3 - w i r e  p o w e r  c o r d s  e x c l u s i v e l y .  
2 .  S u p p l y  a l l  e l e c t r i c a l  e q u i p m e n t  w i t h i n  1 5  f e e t  o f  p a t i e n t  

f r o m  s i n g l e  b a n k  o f  w a l l  o u t l e t s  t h a t  h a v e  g r o u n d  t e r  
m i n a l s  t i e d  t o g e t h e r  b y  1 2  g a u g e  o r  l a r g e r  w i r e .  

3 .  S u p p l y  b a n k  o f  w a l l  o u t l e t s  f r o m  p o w e r - l i n e  i s o l a t i o n  
t r a n s f o r m e r  w i t h  g r o u n d - f a u l t  m o n i t o r .  

4 .  Abandon  a l l  o the r  e lec t r i ca l  ou t l e t s  i n  v i c in i t y  o f  pa t i en t .  
5 .  C o n n e c t  c o n d u c t i v e  s u r f a c e s  o f  a l l  n o n - e l e c t r i c a l  d e  

v i c e s  w i t h i n  1 5  f e e t  o f  p a t i e n t  t o  c o m m o n  g r o u n d  t e r  
m i n a l  w i t h  s e p a r a t e  1 2  g a u g e  o r  l a r g e r  w i r e  f o r  e a c h  
d e v i c e .  C o n n e c t  c o m m o n  g r o u n d  t e r m i n a l  t o  w a l l  o u t  
l e t  g round .  

6 .  U s e  m o n i t o r i n g  e q u i p m e n t  w i t h  i s o l a t e d  i n p u t s .  
7 .  C h e c k  a l l  p o w e r  c o r d s  f o r  s i g n s  o f  d a m a g e .  C h e c k  f o r  

g round  con t i nu i t y  f r om p lug  t o  equ ipmen t  case .  
8 .  W i t h  a l l  e q u i p m e n t  t u r n e d  o n ,  m e a s u r e  p o t e n t i a l  b e  

t w e e n  c o m m o n  g r o u n d  t e r m i n a l  a n d  a l l  c o n d u c t i v e  s u r  
f a c e s  w i t h i n  1 5  f e e t  o f  p a t i e n t .  N o  s u r f a c e  s h o u l d  b e  
m o r e  t h a n  5  m V  f r o m  g r o u n d .  

9 .  E s t a b l i s h  p r o g r a m  f o r  p e r i o d i c  i n s p e c t i o n  o f  p a t i e n t  
e n v i r o n m e n t ,  i n c l u d i n g  c h e c k s  o n  g r o u n d  c o n t i n u i t y ,  
i s o l a t i o n  o f  m o n i t o r  i n p u t s ,  a n d  p o t e n t i a l  o n  c o n d u c  
t i ve  sur faces.  

possible level by using a combination of isolated patient 
circuits and a properly installed and maintained ground 
ing system. These provide a double barrier to electrical 
accidents. Failure of either one does not place the patient 
in immediate jeopardy as long as the other is intact. The 
fault would be found during the next routine inspection 
of the electrical environment. By making regular inspec 
tions, the probability of simultaneous failure of both 
safety barriers can then be reduced to an acceptably 
low level. S 

*  F u r t h e r  d e t a i l e d  i n f o r m a t i o n  o n  s a f e t y  p r o c e d u r e s  i s  g i v e n  i n  H e w l e t t - P a c k a r d  A p  
p l i c a t i o n  N o t e  N o .  7 1 9 ,  t o  b e  a v a i l a b l e  i n  t h e  n e a r  f u t u r e  b y  w r i t i n g  o n  c o m p a n y  
l e t t e r h e a d  t o  t h e  H e w l e t t - P a c k a r d  M e d i c a l  E l e c t r o n i c s  D i v i s i o n ,  1 7 5  W y m a n  S t r e e t ,  
Waltham, Massachusetts 02154. 

r  

O p e r a t i n g  r o o m s  t h a t  u s e  w i d e  a r r a y  o f  m o n i t o r i n g  e q u i p  
men t  a l so  need  e lec t r i ca l  sa fe ty  su rve i l l ance .  

F i g .  8 .  I s o l a t i o n  t r a n s f o r m e r  a n d  s i n g l e  g r o u n d  p o i n t  p r o  
v i d e  s a f e  e l e c t r i c a l  e n v i r o n m e n t  p r o v i d e d  t h a t  a l l  g r o u n d  
leads  a re  inspec ted  on  a  regu la r  bas is .  

Wil l iam F.  Craven 
Bi l l  C raven ,  on  j o in ing  the  HP 
A d v a n c e d  R  a n d  D  L a b s  i n  
1 9 6 1 ,  a t  f i r s t  i n v e s t i g a t e d  o s c i l  
l a to r  des igns  and  reco rd ing  
t echn iques  and  t hen  med i ca l  
e lec t ron i cs .  He  con t r i bu ted  
to the 721 4A Diagnost ic  Sounder 
a n d  t h e  1 5 1 0 A  E l e c t r o m y o -  
g raph,  subsequent ly  t rans fe r r ing  
t o  HP ' s  Med i ca l  E l ec t r on i cs  
D i v i s i o n  i n  W a l t h a m ,  M a s s . ,  
w h e r e  h e  b e c a m e  p r o j e c t  
l e a d e r  o n  t h e  1 5 1 0 A  d e v e l o p  
ment .  S ince then,  B i l l  has  

con t r ibu ted  to  the  des ign  o f  many  o f  the  780-ser ies  Pat ien t  
Mon i to rs  and  i s  now in  charge  o f  HP 's  In tens ive  Care  
M o n i t o r i n g  I n s t r u m e n t  d e v e l o p m e n t  p r o g r a m .  

B i l l ,  who  ob ta ined  BSEE and  MSEE f rom the  Un ive rs i t y  
o f  Ca l i fo rn ia  jus t  p r io r  to  jo in ing  HP,  has  se rved  
on  seve ra l  i ndus t r y  commi t t ees  conce rned  w i t h  pa t i en t  
sa fe t y  and  the  s tanda rd i za t i on  o f  med i ca l  i ns t ru  
men ts .  Mar r ied  and  the  fa the r  o f  two  ch i ld ren ,  he  en joys  
sk i i ng ,  hun t i ng ,  and  f i sh ing  i n  t he  New Eng land  ou t  
doo rs ,  and  woodwork ing  i ndoo rs .  
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Calculator Processes 
Mult ichannel Analyzer Data 
Two interface cards and a cable connect HP multichannel 
a n a l y z e r s  t o  H P ' s  p r o g r a m m a b l e  d e s k t o p  c a l c u l a t o r .  

By Norman D.  Marschke 

MULTICHANNEL ANALYZERS were developed by nuclear 
scientists to measure the distribution of pulse heights in 
the outputs of nuclear radiation detectors. Subsequently, 
experimenters in other fields discovered applications for 
them, and now they are used not only in physics but also 
in chemistry, biology, electronics, and other disciplines. 
Pulse height analysis remains their principal function, 
but they are also doing such things as signal averaging, 
measuring time-interval distributions, recording pulse- 
rate variations with time, and determining amplitude 
probability distributions. 

A multichannel analyzer is a digital instrument, and 
it produces its results â€” normally some form of histogram 
(see Fig. 1 ) â€” in digital form. Numerical techniques are 
sometimes used to extract information from these results, 
and a computer has usually been required to carry out 
this data reduction. 

Now there is an alternative to the computer for proc 
essing data from Hewlett-Packard multichannel analyz 
ers. An interface has been developed to transfer data 
from the HP 5400A and 5401 A Multichannel Analyzers1 
directly to the HP 9100A/B Calculator2 (see Fig. 2). 

The calculator is programmable, easy to use, and fast. It 
can perform many of the necessary calculations just as 
well as a computer, but its cost is much lower and it 
doesn't require expert knowledge of a special program 
ming language. 

With the interface installed, experimental data can be 
entered into the calculator either from the keyboard or 
remotely, directly from the analyzer. Results of compu 
tations are shown on the calculator's CRT display. Com 
pletely automatic operation is possible with the calcula 
tor starting and stopping the analyzer and controlling the 
transfer of data. 

ENERGY (Channel  Number)  

F i g .  1 .  G a m m a - r a y  s p e c t r u m  o f  C s ' "  a s  s e e n  b y  a  s c i n t i l  
l a t i on  de tec to r  i s  t yp i ca l  o f  mu l t i channe l -ana lyze r  resu l t s .  
The  in fo rmat ion  o f  in te res t  â€”  the  energy  and  in tens i t y  o f  
each peak â€”  can ' t  be  read d i rec t ly ;  i t  has  to  be ex t rac ted 
by  compu ta t i on .  

F ig .  2 .  Two  i n te r f ace  ca rds  p lugged  i n to  t he  mu l t i channe l  
a n a l y z e r  a l l o w  i t  t o  c o m m u n i c a t e  w i t h  t h e  H P  c a l c u l a t o r .  
T h e  c a l c u l a t o r  i s  p r o g r a m m a b l e ,  e a s y  t o  u s e ,  a n d  f a s t ,  
a n d  i t  c a n  r e d u c e  m o s t  a n a l y z e r  d a t a  Â ¡ u s t  a s  w e l l  a s  a  
compu te r .  

Detai ls of  Operat ion 
The interface consists of a control board, a data con 

verter board, and an interconnecting cable. The two cir 
cuit boards plug into the HP 5400A and 5401 A Multi 
channel Analyzer input/output card cages. The cable 

IS  
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connects from the rear of the analyzer to the rear of the 
calculator. No modifications are required to either in 
strument. 

Data transmission is initiated by a FORMAT com 
mand from the calculator keyboard or stored program. 
A channel of data (6 digits) from the analyzer is then 
sent to the calculator, followed by a CONTINUE entry 
to resume the calculator program. The next FORMAT 
command causes the next channel of data to be entered, 
and so on (see flow chart, Fig. 3). 

Two special entries are available for Model 5401 A; 
these can be selected by means of a switch on the inter 
face control board. First, the very first data entry can be 
the starting channel number of the multichannel analyzer 
data. And second, after the final data entry, a SET 
FLAG-CONTINUE command can be entered by the in 
terface. This can be used to cause a conditional branch 
in the calculator program. 

FORMAT COMMAND TO MCA 
STARTS READ OUT 

MCA ENTERS STARTING 
ADDRESS AND CONTINUE 

TO CALCULATOR 

CALCULATOR PROGRAM 
RESUMES 

FORMAT TO MCA FOR 
NEXT DATA 

MCA ENTERS DATA 
AND CONTINUE TO 

CALCULATOR 

END OF MCA 
TRANSMISSION? 

MCA ENTERS SET FLAG 
A N D  C O N T I N U E  T O  C A L  

CULATOR 

CALCULATOR PROGRAM 
RESUMES. MCA STOPS. 

SINGLE PASS 
OR LAST OF MULTIPLE 

PASS PROGRAM? 

DISPLAY ANSWERS IN 
X,  Y ,  AND Z  REGIS  

TERS OF CALCULATOR 

F ig .  4 .  Th i s  p rog ram causes  t he  ca l cu l a to r  t o  t o t a l i ze  t he  
d a t a  i n  N  s e l e c t e d  m u l t i c h a n n e l - a n a l y z e r  c h a n n e l s .  

Programming â€” an Example 
Programming the HP calculator is relatively easy, even 

for a novice. Once written, programs can be recorded on 
magnetic cards for future use. 

Fig. 4 is an example of a simple program for the ana 
lyzer/calculator system. It causes the calculator to total 
ize the data in N selected multichannel analyzer chan 
nels. After the program has been run the calculator dis 
plays the total count, the number of channels and the 
address of the first channel. 

Programs for  Nuclear  Exper iments  
Nuclear radiation experiments, the first multichannel 

analyzer applications, are still among the most important. 
In a typical experiment the output of a radiation detector 

F i g .  3 .  S i m p l i f i e d  f l o w  c h a r t  o f  m u l t i c h a n n e l - a n a l y z e r /  
ca l cu la to r  ope ra t i on .  

F ig .  5 .  Typ i ca l  o f  t he  t asks  t he  ca l cu la to r  can  do  i s  f i t t i ng  
a  b a s e l i n e  t o  a  p e a k ,  t h e n  s u b t r a c t i n g  t h e  b a s e l i n e  t o  
leave on ly  the  s ign i f i can t  da ta .  

19 

© Copr. 1949-1998 Hewlett-Packard Co.



is accumulated by a multichannel analyzer for a preset 
period of time. The resulting histogram is a spectrum, or 
energy distribution, giving radiation intensity (counts) 
versus energy (channel number). Data reduction involves 
the use of numerical techniques to find the energy and 
intensity of each peak in the spectrum, thereby identifying 
the radioactive sources and their intensities. This is not as 
simple as it seems, since the peaks overlap to some extent, 
and since the shape of each peak must be taken into 
account. 

Several calculator programs have been written for re 
duction of multichannel analyzer data. One of these lo 
cates and measures a spectral peak. To do this, the multi 
channel analyzer memory sub-group thumbwheels are set 
to bracket the peak (see Fig. 5). The calculator then 
makes two passes through the selected data. On the first 
pass the calculator fits a baseline between the endpoints 
of the spectral peak. During the second pass, the baseline 
is subtracted from the data leaving just the peak. Then the 
program calculates the net area under the peak, the cen- 
troid location, and the standard deviation, or width of the 
peak. This double pass program takes about 10 seconds 
to process a spectral peak spread over 100 data points. 

Once the channel of the peak centroid is located and 
the area under the peak is found, another program con 
verts this information to peak energy and count rate. To 
do this, the channel locations and energies of two refer 
ence peaks and the counting time of the spectrum are 
entered into the calculator. The calculator uses this in 
formation to convert the centroid and area information 
from the peak-location program into energy and counts- 
per-second information. Thus a large amount of multi 
channel analyzer data is easily and quickly reduced to 
quantities that have real physical significance. 
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H P Model 1 061 9A 

Interface 
D A T A  T R A N S F E R  M O D E :  5 4 0 0 A / 5 4 0 1 A  t o  9 1 0 0 A / B  
D A T A  T R A N S F E R  T I M E :  <  3 0  m s / c h a n n e l  
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D A T A  T R A N S F E R  F O R M A T :  

C A L C U L A T O R  T R A N S M I T S :  A N A L Y Z E R  T R A N S M I T S :  
FORMAT 

Address of f i rst  chann 
CONTINUE 

FORMAT 
Content of f irst channel 
CONTINUE 

FORMAT 
FORMAT 

Content  of  last  channel  
CONTINUE 

FORMAT 
S E T  F L A G  L  
CONTINUE 

*  T h e s e  i n t e r c h a n g e s  b e t w e e n  a n a l y z e r  a n d  c a l c u l a t o r  m a y  b e  s u p  
p r e s s e d  b y  a  J u m p e r  o n  t h e  c o n t r o l  b o a r d .  T h e y  a r e  a v a i l a b l e  o n l y  
w i th  t he  5401A Mu l t i channe l  Ana lyze r ,  no t  w i th  t he  5400A.  
MULTICHANNEL ANALYZER CONTROL 

A  F O R M A T  c o m m a n d  c a u s e s  t h e  M C A  t o  s t a r t  I f  I t  i s  n o t  r u n n i n g .  
A f te r  t ransmi t t ing  the  las t  ou tpu t  (SET FLAG)  the  MCA s tops .  

PRICE: $500.00. TENTATIVE 

HP Model  5375A 
Keyboard 

PRICES:  Mode l  5375A ,  $1350 .00 .  Mode l  5360A  Compu t i ng  Coun te r ,  
$6500.00. Model 5379A Time Interval Plug-in, $750.00. 

M A N U F A C T U R I N G  D I V I S I O N :  S A N T A  C L A R A  D I V I S I O N  
5 3 0 1  S t e v e n s  C r e e k  B o u l e v a r d  
S a n t a  C l a r a ,  C a l i f o r n i a  9 5 0 5 0  
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Satel l i te.  
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