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This new-generation 

scientific calculator 

features combinatorial, 

statistical, and 

probability functions, 

plus ten levels of 

addressable memory. 

T HE simple four-banger elec
tronic calculator can do little 

more than add , subtract , multiply, and 
divide. Since it was first introduced , 
however, we have welcomed at least 
two other " generations " of calcu
lators-each with added capabilities. 
Now, we 've taken another quantum 
jump in calculator capability with 
the " Senior Scientist." In addition 
to the functions that most scientific 
calculators can perform, (roots, pow
ers, trigonometries , summations , fac
torials , various conversions , nested 
parentheses , etc.) the Senior Sci
entist makes available combinatorial , 
statistical , and probability functions . 
Furthermore , it has 10 levels of 
storage memory that can be ad
dressed independently in any order 
desirable. And it 's a snap to build this 
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advanced hand ca lculator, whose kit 
price is just $115. 

The Specifics. There are 40 keys on 
the Senior Sc ientist's keyboard, di
vided into two groups of 20 keys each . 
The lower 20 keys are assigned the 
numbers 0 through 9, decimal point , 
arithmetic functions( +, - , x , + . = ), n. 
exponentiat ion (x ' ), and two-level 
parentheses functions . These are all 
single-function keys . Of the remaining 
20 keys , 19 are ass igned double
function status . while the remaining 
key (labelled F) serves the single func
tion of shifting the dual-funct ion keys 
to their alternate functions . 

The calculator's LED display con
sists of a 12-place arrangement . The 
left-most place is reserved for indicat
ing mantissa sign . calculation error , 

BY MARTIN MEYER 

degrees/radians status (degrees im
plied , bar segment on for radians) , and 
low-battery condition . Ten digits of 
the display are for the mantissa , while 
two are for the exponent. The sign for 
the exponent is located between the 
mantissa and exponent displays . 
(Only the - sign is displayed for both 
mantissa and exponent: + is implied .) 
The calculator has a built-in battery 
saver feature that blanks the display 
after a preset (adjustable) time when 
no operations are being performed: 
this is indicated by the - sign for the 
exponent coming on . For easy iden
tification , the exponent displays are 
half the size of the displays used for 
the mantissa and are shown as super
scripts at the right . 

The ability to solve complex and 
(Continued on page 35) 
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time-consuming mathematical prob formation contained within the problem to be entered as it is written 


lems is greatly enhanced by the parentheses defines a specific vari  or stated . 


calculator's two-level parenthetical able. The solution of this variable is The 10 levels of memory greatly en

hance the calculator's power, givingcapability. In stating an equation. in- computed and retained . This allows a 
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a simple programming capability. 
Without the 10-level memory, the 
calculator has three memory levels 
(sum , sum-of-the-squares, index). The 
10-level memory is a single IC that can 
be added at any time . It " plugs" into 
the holes provided for it on the pc 
board : no board changes are re
quired . Entry into the 10 levels is ac
complished by pressing STO and then 
the numeral (0 to 9) key that corre
sponds to the memory location de
sired. To recall a number from mem
ory, simply press RCL and then the ap
propriate numeral key. 

The Senior Scientist operates up to 
five hours on its built-in nickel -cad
mium battery. The battery can be fully 
recharged in about nine hours, using 
the ac adapter/recharger supplied 
with the kit. 

- P~RTS LIST 

B1-3.8-volt rechargeabl(! nickel-cadmium 
battery . 

Cl , C2. C3 , C6--4 .7-µF , 20-volt electroly
tic capacitor · 

C4--56-µF. 6-volt electrolytic capacitor 
C5-22-µF, to-volt electrolytiC capacitor 
Dl-1N914.silicon diode 
ICI , IC2 , IC3.:._Mathematical integrated 

circuit set 

· 

-

IC4, IC5 , IC6-7~492 .hex inverter inte
grated pircu.it ' 

IC7-·IO-level memor;y integrated circuit 
Jl-Minia'ture phone jack
PS I-De/de converter assembly 
Ql-2N5232 npn transi stor 
R1-39-ohm, \18-wat.t resistor 
R2-2oo0-ohm. \.11-watt. resistor 
R3-20,000,.ohm, linear-taper miniature pc 

potentiometer · 
Misc.-Keyboard; 14-digit LED display 

assembly;.;printed ·i;:ircuit board; case: ac 
adapter/recharger; Molex Soldercons 
(124): masking tape: solder: etc . 

Note: T he following items are available 
from Netronics Research & Develop
ment' Ltd.~ 27 Eagle St. , Spring Valley, 
NY 10977: complete kit of parts, includ- .. 
ing assembly/instruction manual: bat
tery: ac adapter/recharger, soft carrying 
case, and ,I 0-level memory IC 
(N2000MX) for $114.95; same kit minus 
memory d C (N2000X) for $99.95 : 
keyboard (N201) for $12; double"sided 
pc board · with plated-through holes 

· (N202) for. $5 .50: 47A026 memory ·JC 
(IC8) for $J5: 75492 IC 's for $1.50 each: 
i:ic/dc :co1,1yerter assembly (N203) for 
$~.80: mathematics -l'C set (IC!; IC2; ' 

. IC3)(N204)for$65per set: 14-digitLED 

display assembly (N205) for $19.50. 


' New York state residents please add · 

~ales !ax '.\ : 
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Special Functions. The standard 
arithmetic and scientific functions in
corporated into the Senior Scientist 
need not be detailed here. Anyone 
who has used a second-generation 
calculator will be familiar with their 
use. However, the special advanced 
math functions in this calculator re
quire a few words of explanation. 
These functions inc.lude the gamma 
[r(n)] : combinatorial (n!) : permutation · 
[P(n ,k)] and combinations and bino
mial coefficient [C(n ,k)]: normal prob
ability [Pr(z)] : statistical group opera
tion (such as the summations L+ and 
L - ). arithmetic mean (x) , standard de
viat ion (o) , square-root-of-the-sum
of-the-squares (II x II) ; and factor re
versal (transposing x and y terms) 
funct ions, and such group operations 
as STO k, RCL k, RCL L, and group 
(GAP) clear. 

Combinatorial analysis is a powerful 
tool for obtaining the probabilities of 
complex events , binomial coeffi
cients , combinations , and permuta
tions . With the Senior Scientist, a few 
simple keystrokes let you evaluate the 
number of combinations of n different 
objects taken k at a time where the 
order of the resu I ting subsets does not 
distinguish one subset from another. 
The number of possible combinations 
of size k from group n is g iven by 
C(n ,k) = n/[k ! (n - k)!], where k is the 
number stored in the group index and 
n is the number in the display . 

The function C(n ,k) also gives the 
binomial coefficients for the binomial 
expansion (a + b)" = k~I C(n ,k)a "- 1'bk 
and allows the binomial distribution 
functions where P is the probability 
that an event will occur in a single trial 
and q is the probabili ty that the event 
will not occur in a single trial (q = 1 
P) . The probability that the event will 
occur exactly k times in n repeated 
trials is given a~ C(n ,k)Pkq•H. This is 
known as the binom ial probability 
function , since its terms fork = 0,1,2,3 

n correspond to the successive 
terms for the binomi al expansion . 

The Senior Scientist also evaluates 
the number of permutations of n d if
ferent objects taken k at a time where , 
from a group of n items, k items are 

selected under conditions where the 
order of the resulting subgroups does 
distinguish one subgroup from 
another. 

As one example of using com
binatorial functions , evaluate the 
condition C(n ,k), where n is 7 and k is 
4. Six keystrokes on the calculator 
give the solution as 35. Another· 
example : how many different five
man teams can be formed from a 
pool of 16 people? Again , six key
strokes provide an answer of 4368 . If 
you were to perform these problems 
with pencil and paper, even with the 
aid of a less advanced calculator, it 
would take you considerable time to 
reach the solutions . With the Senior 
Scientist , you can have the answer 
within seconds of stating the problem . 
(Note : We are not going into the de
ta ils of the keystroke sequence to use 
here , as the instruction manual that 
comes with the IC 's and calculator kit 
fully covers this subject.) 

Normal probability functions are a 
·thing unto themselves . Besides per
mitting you to determine the area of a 
Gaussian distribution curve , the prob
ability functions in the calculator let 
you do some mundane things . For ex
ample, if you have an installation con
ta ining 4000 light bulbs , each of which 
has an average I ife of 1000 hours and a 
standard deviation of 200 hours, you 
can qu ick ly calculate how many lamps 
can be expected to fail in the first 700 
hours . 

The Sen ior Scientist is capable of 
evaluating the arithmetic mean , stan
dard deviation , and square root ofthe 
sum of the squares of any data. The 
data need be entered only once : 
thereafter , only single keystrokes are 
required to complete the calculations. 
Besides providing the arithmetic 
mean , the calculator can solve 
geometric mean , which is the type of 
average that is applied in situations 
that approximate a geometric pro
gression, geometric growth , or expo
nential law (for example, population 
growth) . 

Solution of the harmonic mean is 
also simple. Th is mean is the measure 
of the central tendency to employ 
when dealing with rates or prices, 
such as mph , dollars/gallon , etc. An 
example of this type of problem is the 
old school math question that re
quires the student to determine the 
average speed of an airplane flying a 
square course that is 100 miles long 
on each side and where the speed is 

(Continued on page 38) 
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100 mph on the first leg , 200 mph on 
the second , 300 mph on the third , and 
400 mph on the fourth . With a few sim
ple keystrokes, the Sen ior Scientist 
provides an answer of 192 mph . 

Last but not least, the calculator can 
evaluate the gamma function of all 
positive values of n where n ~ 2. The 
gamma function can be cons idered as 
a type of interpolation of the factorial 
funct ion of nonintegral values of n. 

With the features and functions in
corporated into the Senior Scientist , it 
is not difficult to see th at this is a cal 
culator that will be highly useful for 
any science, technology, and math
ematics major right on through col 
lege and beyond . 

About the Circuit. The schematic 
diagram of the Sen ior Scientist's basi c 
circuit is shown in Fig . 1. It would be 
pointless to attempt a stage-by-stage 
analysis of this circuit , especi ally 
since what goes on inside of 
mathematical integrated circuits IC1 
through /C3 would require a manual to 
explain. Consequently, only the high
lights are presented here. 

The schematic shows a 40-key ma
trix for the keyboard . The unshaded 
boxes in the upper two rows are the 
single-function keys . The shaded 
boxes in the second two rows are the 
dual-function keys and are labelled 
with their primary functions . The sec
ondary functions of these keys are il
lustrated by the phantomed boxes in 
the last two rows. The F key, shown 
with a heavy outline box is respons ible 
for shifting the two-function keys to 
their secondary functions. 

Integrated circuits IC1 , IC2 and /C3 
form the special mathematics system 
that is responsible for all of the arith 
metic and mathematics functions in 
the calculator. Integrated circuits JC4 , 
JCS, and IC6 isolate the display system 
from the low-power math IC's and 
provide the necessary drive current 
for the display. Last but not least, /Cl 
is the 10-level memory system. 

The power supply circuit for the cal 
culator is shown in Fig . 2. This circuit 
employs an ingenious de-to-de con
verter that boosts the voltage available 
from battery B 1 to the level required by 
the calculator circuit. By employing 
this scheme, physical battery re
quirements are minimized and the 
calculator is kept to hand-held size. 

Construction. There is no practical 
way to assemble the calculator with
out using a printed circuit board . The 

board requires conductors on both 
sides . You can make your own board 
by using the actual-size etching guide 
shown in Fig . 3, but you will not be 
able to plate-through the holes as re
quired. So, don 't forget to solder 
component leads to both sides of the 
board . 

Start assembly by soldering the bat
tery clips (see Fig . 3 for component 
placement) to both sides of the board . 
Next, install IC4, /CS, and IC6 . Solder 
their pins directly to the pads on the 
board . Do not use sockets. (The pin-1 
pads for all IC 's are ind icated by short 
bars on the top of the board near the 
respective pads .) Install the capaci
tors , de/de converter, diode, power 
jack , potentiometer, and resistors . 
· Cut six 1 W' (3.8-cm) lengths of 1/a" 

(3.2-cm) wide masking tape and press 
them onto the top of the board over 
the lead holes fo r IC1 , IC2, and IC3. 
Press a 2W' (6.4-cm) length of the 
tape over the display board connector 
holes and a 2" (5.1-cm) length over the 
keyboard connector holes. 

Break off a strip of 23 Soldercons 
and force their pointed ends through 
the tape and into the d isplay connec
tor holes. (Note: The hole at the far 
right is not used .) Solder the Solder
cons to the pads on the board and 
carefully break away the connecting 
strip. Similarly, install 16 Soldercons 
at the bottom of the board for the 
keyboard and six sets of 14 Solder
cons in the /Ct , IC2, and /C3 ho les. 

Before you remove the remaining 
IC 's from their protective carrier, you 
must familiarize yourself with the fol
lowing procedures to avoid damaging 
them by static electricity: 

•Wear only anti-static clothing , 
such as cotton, when working with 
MOS devices. (Synthetics readily build 
up static charges .) 

•Ground your work surface . 
•Ground yourself ; wrap a length of 

wire mesh around your wrist and ter
minate it at a cold water pipe or the 
grounding screw of an electrical out
let. 

•Ground your soldering tip in a 
similar manner, but use heavy solid 
wire-not mesh-around the tip. 

•Always install a MOS device im
mediately into its circuit after removal 
from its protect ive carrier and replace 
it in the carrier immediately after re
moval from the circuit. 

• NEVER install a MOS device in , or 
remove it from , a circuit to which 
power is applied. 

•Always install MOS devices last. 

Once you have familiarized yourself 
with the proper procedures to use, 
remove /Cl from its carrier and install 
it into place on the board, without 
using Soldercons. This done, install 
the remaining IC's. 

Plug the display and keyboard as
semblies (they come ready to use) , 
into their respective connectors. When 
the keyboard is properly seated , two 
plastic posts on it drop into small 
holes in the pc board . The foam plastic 
on the back of the display board 
should be compressed against IC4, 
JCS, and IC6 . 

At this point , you can check out the 
calculator . Slip the battery into its 
connectors and turn over the cal
culator . Turn on the power; a 0, fol
lowed by a decimal point should come 
on . If not, the battery needs to be 
charged . Charge it , with the battery 
charger, for about an hour. (Note: If 
you operate the calculator at any time, 
the battery must be installed .) 

Press C, 9, STO, 1, C, 5, STO, 5. The 
number 9 should now be stored in the 
second level of memory (0 is the first 
level) and 5 in the sixth level of mem
ory . Now, press C, RCL, 1 (9 dis
played) , +, RCL, 5 (5 displayed) , = ; the 
display should now read 14. 

Finally, press C, 8, L +, 5, L+ , 3, L +, 
F, RCL; the answer displayed should 
be 16, which is the sum of 8 + 5 + 3. 
Set the power switch to OFF . 

Potentiometer R3 sets ,the point in 
the battery 's charge condition at 
which the battery-low indicator (L) is 
displayed in the left-most digit. Set the 
pot to the center of its rotat ion initially. 
Then if you find that the L comes on 
too soon or doesn 't come on soon 
enough , you can readjust the pot's 
setting . 

To complete assembly , insert the 
bottom of the calculator assembly 
into the top half of the case and swing 
the assembly into place. It is properly 
positioned when the keyboard fits 
snugly into the case surround and a 
pair of plastic posts protrude through 
the bottom of the pc board . Thread a 
pair of small nuts onto the plastic 
posts to hold the assembly firmly in 
place. (It may be necessary to pre
thread the posts.) Insert the two lugs 
on the bottom of the back half of the 
case into the slots in the top half and 
snap the halves together. 

Plug the adapter/charger into the 
jack on the side of the Senior Scientist 
and the plug into a wall outlet and let 
the battery charge for at least nine 
hours. ~ 
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lists for POPULAR ELECTRONICS construc
tion articles. /live in an area of the country 
where obtaining many parts is almost im

possible. Without a parts or kit supplier , I 
~ would have to forego building many of the 

PE construction projects that appeal to me.
1:.:: I -Glenn A Goss, Elon College, N.C. 

SWL SPACE INVADERSLetters 
I am very disturbed with the "DX Listen

ing column. As I m sure you are aware, the 
40-meter Amateur Radio band covers the 

IN REBUTIAL frequency range of 7.0 to 7.3 MHz. Most 
In rebuttal to A.D. Acton s comment in countries acknowledge these frequencies 

the April 1976 Letters Column , I for one as belonging to hams and do not broadcast 
appreciate having a source from which to on them . Several communist countries , 
buy parts and kits listed at the ends of parts however, insist on transm itting on several 
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CIRCLE NO. 43 ON FREE INFORMATION CARD 

frequencies in the 40-meter band, causing 
considerable interference to the hams, 
who have legal ownership of this band . 

I feel that your printing of frequencies of 
these illegal broadcasts aids and abets the 
invasion of the 40-meter band. I hope, 
therefore, that in the future you will delete 
any listing of international broadcasts on 
amateur frequencies.-Onis Cogburn, 
K5VKQ, College Station, TX. 

The 7.0-to-7.1-MHz segment of the 40
meter band is allocated to Amateur Radio 
on a world-wide basis (to 7.3 MHz in Region 
II). In Regions I (Eurasia & Africa) and Ill 
(China , India, Iran, and Australasia), the 
7.1-to-7.3-MHz portion is allocated to 
Broadcasting by the ITU. Many noncom
munist countries use the "41-meter" band. 

WHERE'S MY CB LICENSE? 

After five months, I still haven't received 
my license. I am frantic because I can't use 
my CB rig without a license for fear of being 
caught. As a result, I'm on the verge of 
selling my rig. 

-Roger L. Triplett, Louisburg, WV. 

As mentioned in last month s CB Scene, 
there s a new temporary permit that can 
put you on the air legally without delay. The 
form to be filled out was also printed last 
month. However, the address to which 
Form 505 is to be sent (Item 2, p 98) is 
simply: Federal Communications Com
mission , Gettysburg, PA 17326. 

Out of Tune 

In Now You Can Build a Scientific Prog

rammable Calculator" (May 1976), there is 
an error in the program for solving x 3 
on page 38. Steps 12, 13, and 14 (GO T0,2, 
and 0) will cause the machine to subtract 
11 from x instead of 1. It will also cause the 
program to "not count" the number of 
times it goes through a loop, and the ulti 
mate answer to any x with this program will 
be 0. The proper instructions should be GO 
TO , 1, and 8, respectively. 

In Space War Game (April 1976) , type 
numbers were inadvertently omitted in the 
Parts List for IC7 through IC10. In tegrated 
circuits IC7 and IC8 are 4023's, IC9 and 
IC10 4001 's. 

In "Tips and Techniques," June, 1976, 
the circuit for Alan Kong's tip is incorrect. 
To add a tail to a seven-segment "9", the 
bottom resistor should be connected to the 
"g" segment output, not the "d" segment 
output. The other input is correctly shown 
connected to the a" segment output, and 
the collector of the top transistor is prop
erly connected to the "d" segment driver. 
The circuit for adding a top tail to a seven
segment 6 is correct. 
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