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INTRODUCTION

Most complex stientific and mathematical
calculations can be handled with ease pro-
vided that the tour basic arithmetic functions
{5+, — x, =) and eight transcendental
tunctions (log and antilog, sin and arcsin,
cos and arccos, tan and arctan) are readily
available and c¢an be incorparated in chain
calculations,

The Sinclair Scientific offers all thesge
facilities in a pocket calculator without add-
ing a single key to the wusual anthmelic
calculator keyhoard layout.

Because it provides generai caicutating
capability of great power, rather than an
accumulaticn af specialised functions, the
Sinclair Sciantific is an unusually versalile
machine. At one jeve!l it is a subsiitute tor A
slide riie and mathematical tables which is
both fasier and more convenienf to use; with
its separate expeonent, rdnging from —5%9 o
-0 it is also capabile of carrying ocut chain
calculations of uniitmited iength.

Although it was designed primarily for
scientists and engineers, its price puts il
well within the reach of stedents and schools
and its power makes it invaluable for any

commercial ar industeial manager.
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The Scientific is distinctive haoth in the wayin
which functions are used and in fhe format
in which numbers are represented. All the
fwelve funclions are ysed in a manner known
as Polish notation which is easy to get used
to and has considerable advantages in 2
scientific calculator.

Number representation and enfry is in scien-
tific notation which is fully explained in
section 2.

Many functions, such as sguaring and
square roots, do not have separate keys on
the keyboard devoted to them, but are ob-
{ainable from the other keyboard tunctions
simply and quickly. These extra functians
are part of the subject matter of section 6.

B orr ™ e ——

1. CONTROLS

On/OR
Alwavs switch the calculator off when net in

use, even i only for a few minutes. This wil
increase the hattery {ife.

€]

This key is used to clear the entire contents
of the caiculator.

[0] to [9]

The ten digits are used to enter numbers,
including exponents.

(E]

The E key precedes the entry of the exponent
part of a number.

X B EH

The four function keys are for multiplication,
division, addition and subtraction. [-| is
also used to enter a negative exponent.

Al and (V]

These function select keys, used in con-
junction with the four functions keys, give the

8 trigonometric and logarithmic functions.
| 2



Key Sequence Function
P logarithm
== tangent
+ Sine

e antogarithm
— - arctarigant
L arcsipe

A
A
A
A — COSINe
v
h 4
v
¥y — arccosine

2. NUMBER REPRESENTATION AND
ENTRY

Scientific Natation

if you are accustomed to warking with a
mantissa and exponent notation, you will
find nothing strange in the method of enter-
ing numbers or reading the display of the
Scientific—and yvou will know how conven-
ient it is.

1 you are not, you may find the folowing
helptut. |

Scientific and engineering calculations gften
employ positive or negative numbers of very
large or very smal! magnitude. To avoid
handling long strings of digits, these num-
berg are often represented by the first
asignificant digits (the mantissa) and an
exponent. The exponent fells you how many
fimes the number as writien has to he muilti-
plied by ten to be the ‘real' number.

Take 17 million. Expressed as 1,250,000 it is
an unwieldy number tg handle. To multiply
it by 133 enizils a sum like this;
1 260 000 x
133

+

3 150 QU0
37 500 000
125 Q00 000

i66 250 000



Actually the calculation has used only the
first 3 digits of 1250000—namely, 125 The
strings of 0's are confusing, irrelevant and
dangerous (since omitting one will throw
out the whole calculation).

Now suppose we write 1250000 as 1.25 x 10°
(in other words, 1.25—the mantissa—multi-
plied by 10 six times—the exponent). Then
the sum is cuf to its hare bones:

1295  (x 109
133

————L.

375
375
125

e N I S—

166.25  (x 10%)
It is then extremely easy to multiply by 10 six
times, simply by moaoving the decimal point
cix places to the right, thus:

1 ﬁﬁiﬂﬁﬂﬂﬂﬁ = 166,250,000.

132 can alsao be writtenn in mantissa and
exponent form, as 1.33 x 102, (1.331 =~ 133)

The sum can now be written as:

195  x 10°
133  x 102
375

375
125

1.6625 x 10" {the sum of the two
exponents)

&

This is how people who perform complex
calculatians with multi-digit numbers tend

to work—calculating with the fewest possible

digits, and simply keeping track of the ex-
ponent to indicate where the decimal point
will finally bhe positioned.

And that is exactly what the Sinclair Scien-
tific does.

Display Format

Mumbers are represented with a signed, five-
digit mantissa and a signed, two-digit ex-
panent, The decimal pointis Gxzed in position
after the first digit of the mantissa, which is
non-zero except in the case of 4.0040 06

For exampie:

3.5267—12 (yepresenting 3.5267 x 10-13)
—4.829% 03 (representing —4829.6)
7.5093—01 (representing 0.75(393)

Number entry

During number entry it is not necessary to
enter a decimal point, it will automatically he
inserted after the first digit, The entry of an
exponent ts optional and s done by using
the E Key, foliowed by — tor a negative ex-
ponent. It no exponent is entered it will be
assumed to be zero.

There are separate rules governing the entry
oi fractional and non-tractional numbers.

9



Entry of nen-fractional numbaers

When entering a number which 1s greater
than 1 the first digil entered must be non-
zero {i.e. the number must be entered in tha
same format as that in which it would be
dizsplayed},

Examples:

Number Key Sequence
582 592EQ

4.29 4249

50 5E1

Entry of fractianal numbers
When entering a number which is less than 1

the first dipit entered must be 0 and the
second non-zero,

Examples:

Number Key Sequernice
0.6037 037E -2
5673 x 10- 1~ 05673E—1EFZ
6.7 x 10 -7 067 E—2

The negative exponent entered is the number
ot @'s aller tne decimal point when the
number is wrtten without an exponeni—
0.0037 or 0.0067 in tweo of the above examplies.

[n many circumstances it i1s permissible to
enter fractional numbers in alternative for-
mats, e.g. 20037 for 0.0037, This sublect is
dealt with in detail in the Appendix.

10

The last two digits eatered during exponent
entry will be accepted. This enables an
error made during exponent entry to be
simply corrected. For example, it 4125E34 jg
intended and 4125E6 is entered, the mistake
can be corrected and the entry comoleted by
pressing 34.
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3. FOUR FUNCTION ARITHMETIC

The tour basic functions, x, =, — and +,
are used as Pualish {post-fixed) operators.
This means that when a key is pressed
the corresponding function is carried out
immediately, operating on the pravious result
angd the new number which has just teen
entered. So, ifaresult has been obtained and
it is to be divided by 7, press 7 = ifitis to
be mulliplied by 2D, press 25 E1 %, and so
on. Enter the new number and then the func-
tion which is to be applied to it and the
previous resulif.

Before beginning a new sequence of calcu-
latign, the calculator should be cleared by
using C. The first numhber is entered, foil-
owed by 4+ or —, thereby adding or sub-
tracting it fiom the previous result {0.0000 00,
produced by C). When — is used the rasult
i5 the entry of a negative number.

Exampies:

Q) 18 (-‘1.5 —?—-H.E)

Mey Segquence Dhsplay

C 0.Q000 Qo

45 + 4.50060 0OG¢

32— 1.3000 Q0

T = 1.89711-—01

18E1 X 3.342¢7 )
12

{ti) {0.326 — 0.583) x 1.48 x 107
Key Sequence Risplay

C 0,0000 00
0326 4+ 3.2600—01
0583 — —2 5700—01
148BE7 x —3.8036 06

13



4. TRANSCENDENTAL FUNCTIONS Examples:

There are eight transcendental functions Key Sequence Display

directly obtainahie from the keyboard. Log- 1 A x (o) 0.0000 OO log 1
arithms, tangent, sine and cosine are gbtain- 36 & X 5.5634—M log 3.6
able by using the upper key, A, tollowed by 71 E4 4 x 43512 00 log 71000
x, <+, = and —, respectively. Antlog- 1E1 & 1.000¢ Q0 icg 10

arithms, arctangent, arcsine and arccosine

A natural logarithm (base e) is obtained by
are obtained by pressing the lower key, W,

multiplying the resolt by ioge10 {2.30259),

then x, —, + or-—. - which is one of the conversion factors given
Like the four basic functions, the trans- on the calculator. For example loge$ is
cendental functions are used in a post-fixed given by

mode. This means that the number should be > A X23026 x Result: 1.6005 00
entered before the appropriate function keys Note that 2.3026 has been used as an approx-
are used. If function keys are pressed with- imation to 2.30259 However, the interpal
out entering a new number the function will capacity of the calculator is such that the
operate an the number in the display. {See full six-digit conversion factor could have
the next section on chain calculations for been used.

further details.) The acceptable number range for the anti-

fogarithm function (10%) is from 0.0000 io

Logarithms and antilogarithms 99.999. The maximum error is approx-
imately 0.001.
Logarithms and antilogarithms are calcu-

lated directly to the base 10, but conversion Examples:

te the base e, or any other base is simple. Key Sequence Display

The acceptable range of number for the 0 ¥ x (antilag) 1.0000 00 100
{ogarithm function is from 1.0000 o 9.999% 05¥ x 31621 00 V10
x 10%%, The maximum error is less than 15¥ x 3.1621 01 igl-s
0.0001. 6/5E1W x 3.1621 67 100675

14 137,



The exponrential function {(eX) can be ob-
tained, if reguired, by dividing the original
number by logei0 (2.3026). For example,
ve (e”?) is given by

05 - 23026 - ¥ x Result 1.6486 00

Trigonometric functions

The Sinclair Scientific deals directly with
angles expressed in radians, and a simple
sum enables you to use these funciions
when working in degrees as well. The con-
version factor used is 57.3 (a very close
approximation to the 57.2958 given on the
calculator}. Examples are given below for
both radians and degrees,

(i) Sine
The sine of angles bhetween 0 and

o
radians (0° and 90°) can be evaluated with
an error of less than 0.001.

1

1

Exampies:

Key Sequence Risplay

D306 E & + (sin) 3.8629—01  sin 0.3966
DO9241 & + 1.8842—01 sin (0.9241
132 4 + 9689101 sin 1.32
15708 & + 1.0000 G0 sin 1.5708
| 16
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N -

C45+ 573+~ &+ 71072001 5in 45°
C3 +5673 - 4+ 5.0003—01 sin 30°
C94+573+ A + 1.0060 00  sin 90°

Note that in calculating the sine of 45°, 30°,
and 90° the angle has been entered as 4.5,
3.0 and 8.0—ten times too small in each case.
This has, however, been compensated for by
entering the conversion factor, 57.3, as 5.73
—als¢o ten times too smal. This illustrates
a useful general rule, namely, when the ex-
ponents of two numbers which are to be
divided are equal they may ba omitted.

{ii) Casine
The cosine of any angile between 0 and TE—E
radians (0° and 96°) will be evaluated with a

maximum errgr of approzimately 4.001,

Examples:

Key Sequence Display

0 & — {cos) 10000 00 cos O
D66 4 — 7.8994—01 cos 0.66
132 A — 2.4802—01 cos 1.32
15703 4 — 5.5000—04 co% 1.5703
C45+573 - &4 — 7.0731—01 cas 45°
C6-1573 - 4 — 5.0008—01 cas 60°
CO08 +573 - 4 9.9034—01 cos B°

LY



(i1i) Tangent

The tangent of angles hetween © and “;:

radians (0° to 90°) can be evaluated. In the

range fram 0 to %f radians (Q° fo 45°) the

error will be legs than 0.001%.

Examples:

Mey Sequence Display

31322 & — (tan) 1.3330—01 tan 0.1322
0924 4 — t.3250 00 tan 0,924
1188 4 - 2.4850 0C tan 1.188
13 & = 3.6040 00 1{1an 1.3

C45 4573 - 44— 9999001 tan 45°
C 346873 4A=— 57T720—01 tan 30°
Cih+57T3 - A - 3.7167 Q0 tan 75°

{iv}] Arcsine

The result is given in radians for values be-
tween 0 and 0.9295 with a maximum error of
0.001. The result can be canverted to degrees
by muitiplying by 57.3.

Examples:

Key Sequence Display

Radians:

03125% L (asin) 31B00—0t asin 0.3125
093904W — 1.5350 Q0 asin 0.9994
Oegrees:

g% L S5T3E1 x 2997 1 asin{.5
18

(v) Arccosine

The result is given in radians for values be-
tween 0.001 and 0.9995 with 2a maximum error
of .001.

Examples:

Key Sequence Display

Radians;

3% — (acos) 1.2660 00 acos 0.3
09H V¥ — 2.8400—01 acaos 0.96
Degrees:

05w —573E1 x 60050 Of acos 0.5

{vi) Arctangent

The result is given in radians for values be-
tween 0 and 9.9999 with a maximum error
of 0.001.

Examples:

Key Seqguence . Display

Radians:

331W% = (atan) 3 .01 00—0% atan 0.31%
3Y¥ = 1.2500 GO0 atan 3
Degreas:

1% - 573E1 x 4.5038 0% atan i
19



5. CHAIN CALCULATIONS

The transcendental functions may be used
in the middle ot a sequence of calculations,
provided that they are applied to a partial
result. For example:

C3+ 2 x A x will give the logarithm of 6

fog
I a transcendental function is applied to a
newly-entered number, a new sequence of
calculation will begin and the previous resulf
~ill be overwritten. For example:
C32+2 x5 A& ¥ Wil produce 6, and then

—
[og

the logarithm of 5. The result 6 has been
overwritten and a new sequence of calcu-
latians begun, Note that, because the new
sequence has begun with a transcendental
function, it has not been necessary to use
C fo clear the previous resuif, as would have
been the case W we had tequited & x 4
followed by & - 3: |

CHh +4x C8+3 =

The following exampfes show chain calcu-
lations in which the four basic functions and
the transcendental functions are used
together:

20

{—3.82 + 22.6) x 0.04
(i} log <_ oRen )

0.0826
Key Sequence Display
C382 -~ —3.8200 00
826 E1 + 1.8780 Of
D4E—1T x T.5120—01
D826E —1 = 40044 Q0
A = (log) 9.5880—01
(iiy 1003 X sin {0.4455 — (.032)
C044b0 + 4.4550—01
032E—1— 4.1350—01
A + (sin) 4.0193—01
03 % 1.2057T—04
¥ x (antilog) 1.3189 00
(iii) (4.5 x c0s1.3) + T.B9
13 4 —(cos) 2.67137—01
4 5 x 1.2031 00
7839 - 9.0931 Q0
(iv) Arccos (log 982 — 2.0088)
9S32EZ 4 % (log) 2.9921 00
200838 — 9.8331—01
¥ — {arccos) 1.8300—01
2



5. TECHNIQUES

(i) Squaring and Doubling

If any of the basic four function keys is used
without entering a new numbear, the function
will mealtiply, divide, add or subtract the
previous result from itself. If the result was

A, this will produce the result AZ, 1.0000, 2A
or D.9000.

Example: 2 x {3 + 5.2%)

Key Sequence Display

C52 -+ 52000 00

X 2.7040 01

3 3.G040 01

+ 65.0080 0O

— 0.0000 Q0

The fingl —, which was not a required part

of the calculation, has caused the result to be
subiracted from itseif, and has exactly the
same offect as using C in these circum-
stances.

(1) Square roots and XY

Here we use an extension of the method
givent in section 4 for e* since x¥ is an anti-
logarithm function, to the base x. Using the

relationship x¥ = altog {y.log,.x) we calculate
the {egarithm of x, multiply by vy and calcu-

ga

late the antilogartthm ot the product. In the
case of obtaining a square root y is & and

the lggarithm ot x cant be muitiplied by 0.5 or
divided by 2. |

Examples:
(a)

V&
€ A& = {log) 7.i818—M
2 - 3.8905—01
¥ > (antilog) 2.4495 00 6
- 6.0000 00O

The fina! % has sguared the result and pro-
vides a means of checking its accuracy.

{b)

41.6

Y/ 17
478E1 < 4.7600 Q1
17 - | 2.8000 01
A x (log) 1.4472 00
3 = 4.8240—01
¥ x {antilog) 3.0367 00

(c) 14.23°08

Key Seguence Display

14 2E1 4 % (log) 1.1523 Q0
308 x 3.5492 00
¥ = {aniilog) 3.9416 OJ

23



7. EXAMPLES

Financial

L4000 is invested at 9154 per annum.

What will the investment have grown $o in
10 years 9 months?

4000 x {1 + 0.095)1¢73

Mey Sequence

1095 A x (log) 3.9420—02
1075E1 x 4.2376—01
¥ x {antilcg) 2.6529 00
A4 E3 x 1.0611 04

Result: £10,611
Trigonometry

Find the area ot a triangle having sides of 53
artd 82 inches, enclosing an angle of 30°
axbxsinC 53 % 82 x sin 30°

Area = > = >

Key Sequence
C3I 573 - 5.2356—01

A 5.0003—0% sin 30°
SIET xB82E1T x 2~ 1.0865 03

Resilt: 1086.5 square inches
24

Inductanee in a DC circuit

The coil of a refay has an inductance of
25 H and resistance of 100 ghms. If a steady
voltage 0f-30 v is applied what is the time
taken for the current to reach 50% of its
maximum vafue ?

-RifL
e

1 —
I
L iﬂﬂe _i-
—a
Key Sequence

? F 3-'-]111-—-{}1 IUQ”](—:)

i
rpe— —

or 1 =

23026 x 6.9333—01 Enﬂe(—:-)

025 x 1.7333—01 L luge(‘%)

1. EE — 1??333—‘]3 o

Result: 1.73 msecs.

Transmission line tension

A twin wire aeriai transmission line Is
supported on 15 ft. peles 150 1, apart. A stay
is attached to the terminal pole and anchored

9 . from the base. The sag at the centre of
the span is 18 in. and the weight of the wire

is (0.992 1bs/it.
b



What is the tension in the stay?

tEtﬂF . thﬂriI

sin 9
__ t : WIE
2 = arctan {i5/9) Thoriz = v

Key Sequence

C15E1 L 9 - 16666 00 15/9

v - 1.0310 00 arctan {15/9)
A + 8.5817—01 sin ©
Ci15E2 - x 29500 04 |2

0S92E —1 x 22320 03 w2

B — 27900 02 wii/s
15 - 1.8600 02 wl?/8s
085817 = 21674 02

. Result 217 1.
Amplifiers

The power output from an amplifier is in-
creased from 2 to 5 watts. What is the change
in level in decibels?

.
M = 10 io L
Qw(PI)

Key Sequence

CS 19 25000 00 @ |2
P’i
P,
A X 3.9800-—01 mgm( __:>
P
P.
1E1 x 3.6800) 10 |~::.gm(P_~>
Resuli: 3.98 dhb 1
26

8. BATTERIES

The Sinctair Scientific Calculator uses four
dry-cells, Mallory MN 2400, or any U16 sized
celis (sometimes known as “AAA"Y size).
These cells are availahle from most chem-
ists, radio and electrical shops.

The MN 2400 batteries will give about 25
hours of use under the most severe caon-
diticns of continuous operation and with all
segmenis of the display permanently on;
with normal usage, the battery life wili be
significantly longer, but i{ is important to
switch your calculator off between calcu-
lations to conserve battery life.

Whiist it is possible to use LH6 cells, these
should not be left in the calculator for fang

pericds—also they will give a shorter
cperational lite.

When changing the cells it is most im-
porfant to replace a complete sat at any one
time.

Indication of failing batteries will be given by
a fading of the display. {t is possible for
calculaticns 1o be aflected if batteries are
tog flat, so it 5 wise 10 replace batteries as
so0n as any dimming in the caiculator's
displays is noticed.

Batteries are replaced through the removable
caver in the bottom of {he calculator. Al-

27



though reversal will not damage the calcu-
lator, batteries must he fitfted the right way
round or the calculator will net work. This
is shown in the diagrams on the opposite

page.

28




CARE OF YOUR CALCULATOR

If your calcutator remains unused for a long
period of time, especially in a hot ar humid
climate, it is possible for a thin fiim of oxida
to form underneath the keyboard plate,
causing incorrect number entry. This film
can be cleared simply by pressing each key,
firmly, cnce.

30

APPENDIX

There are few circumstances in which one
would wish to enter a non-fractional number
with a leading 2ero, hut if it is required to
enter, say, 67.2 as 06 72 E 2 rather than the
more usual 6§ 72 £ 1, then it will rarely cause
a problem, However, this format is not
accepiable to the lagarithm function, and &
loss of accuracy may occur if more than one
leading zero is entered in a mantissa prior
to the multiplication function.

As far as tractional numbers are concerned,
there are circurnstances in which you might
want to depart from the normal format of a
leading zero and non-zero second digit in
the mantissa. If the leading digit is non-zero
arnd the exponent decremented by one—for
example 63E—3 instead of 463E—2—there is
liftle chance of any problem arising. In fact,
the only situation where this entry format for
a fractional number would not be acceptable
s immediately before a multiplication where
the previous result, by which it is to be
muittplied, has an exponent which is of the
same magnitude but positive, and where the
result wouid be greater than 10.

It more than one leading zero is entered in
a fractional number, {or example 0.003 is
enfered as 0003 instead of 03E—2, then as
for non-ractional numbers a loss of ac-
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curacy may occur if the following function is
multiplication. In other cases, the format is
acceptable,

Internally, the calculator has a capacity to
accept and work with six digits in the man-
tissa. For example, to add 3.12698 and
456217 the operations required are as
follows:

C3126938 + 3.1269 00
456217 + 7.6891 OO0
7 — 6.8915—01

The last step has removed the most sig-
nificant diqit of the mantissa, 7, and revealed
the sixth and least significant, 5. The full
result is theretore 7.68915.



