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Ke?ﬁ'ﬂﬂal’d Index | Introduction

The Commodore SR4912 Scientific calculator offers
a wide variety of mathematical and statistical oper-
attons at a remarkably efficient cost.

The single 3/4" x 1/2"" x 1/16" microprocessor chip

Pg Pg Pg IS the heart and brains of your new calculataor. |t
. ' ' 'y lly no other calculator packs as
— " 18 is unique; wr?ua | _
+/ 0 8 much power in a single chip. This accounts for the
le cost efficiency. The chip is a product of
. 1 remarkab ‘ | .
EI 2 D/R/G 9 3 . the superb engineering and production skills of
| W d .
CICE . @ 11 19 ) OS T'F.Eﬂh nulugﬁv, a Cnmmn. nr':a company
{ This chip contains enough circuitry to generate
5 11 20 trigonometric, inverse trigonometric, logarithmic,
power and root functions. It can also compute
E] 6 11 20 conversions between degree and radian measures
_ p and between rectangular and polar coardinates.
8 14 20 There are two levels of parentheses, three mem-
ories, and a percent aperation which computes
El 6 ‘P_"HI 15 @ 71 percentage and percent change.
A particularly useful feature is the statistical pro-
[El & 16 21 gram. Enter a list of numbers and the machine will .
compute the sample mean X, the standard deviation
EI 3 @ 16 24 $, the sum X X and the sum of squares T x* .
E 6 -1fx 16 24 This manual contains interesting examples of
statistics and applied mathematics selected to
-M* y -mx 149 E| 24 tamiliarize the reader step by step with this ma-
chine. There is a comprehensive appendix contain-
] 147 24 Ing a large number of useful statistics, mathematics
@ | EI and geometry formulae, as well as physical conver-
1] q [In} 18 sions, constants, units and two important statistical

distributions.

| We at Commodore take great pride in this calcu-

: lator. We feef that exciting new applications in

| science, applied mathematics and statistics will be
' opened up to you, the lucky owner.
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. Preliminaries
Power On

Yaur Scientific calculatar can run on battery
power alone or you can connect to an optional AC
adapter and use the calculator while the AC
adapter is connected to an electric outlet. The cal-
culator does not need a battery to run off the
adapter.

Push the ON/OFF slide switch to the left to turn
the calculator on. A red dot appears to the right of
the switch and the display should read 0.

The Display

3141.5927 ~%

I | W—

mantissa exponent

A sample display is shown above. The number on
the display reads

3141.5927 x 107°

Your calculator can compute numbers as targe as
08999999 x 107

and as small as
00000001 x 1077

Display Shut-Off Feature

To conserve battery power, the display has a timed
shut-off feature. After 60 seconds of non-use, the
displayed digits will disappear leaving only the
decimal point. No information is lost and the cal-

culations can continue at any time,

Press twice to recall the number to the
display.

Entry

Enter numbers exactly as they appear using the
digit keys and the decimal key D . Toenter a -

negative number, press the change sign key .
The key will also change a negative number

on the display to a positive one.

Scientific Form

Scientists usually express numbers in the following
way :

6.023 x 10**

This is called scientific form and can be easily
entered with the following steps.

(1} Enter mantissa: 6.023

{2} If the number is negative, press
{3} Enter exponent by pressing E 23
(4) If exponent is negative, press

The Clear Key

If you make a mistake on entry, press |C/CE
once. This will clear only the display and will

leave the information stored in the registers. To
clear all the registers (except the memories) press

twice.
The Inverse Key

The inverse key has properties similar to inverse
| functions in mathematics. As shown on page 13

| It 1s used with the trig keys to calculate the inverse
trigonometric functions. On page 14 we see

1S used with the degrees to radians key. 10 convert
radians to degrees. On page 15 the' key is
used with the polar to rectangular key to convert
rectangular to polar coordinates.

On page 24, the |[INV | key is used with the data

entry key to delete an entry from an entered
sample. :

5




The Pi [=]| Key
Press 1o display
= 3.1415927

il. Arithmetic Functions

Simple Arithmetic
The arithmetic keys [:-_:l ‘El E E are used

to perform simple arithmetic exactly as written.

For example, to find 3 x 4 =, just press 3 E at
E and the answer 12, appears on the display.

Any of the Keys E‘ E‘ E can be overridden

by anather. 1f you make a mistakﬁust reenter the

correct one. For example, 3 4 IEI wili
ignore the and display 12.

Chaining
Two examples of chained operations are
3x4+5H= 8-4+2=

According to the rules of algebra, x and ~ supeér-
sede + and — and we get
Ixd+5=(3x4)+5H 8§8-4+2=8-(4+2)
=12 +5 =8 -2
= 17 = 5

This is not the case with your new calculator.
Each time an arithmetic key is pressed, the preced-
ing operation is performed and the result is dis-

played. Thus B =} & [3] will display 4, the
answer to 8 - 4. If you then press 2 , the cal-
culator will perform 4 = 2 and display 2. Thus,
the above operations on the calculator yield

3[x] 4[+]5[z]— 17

S El 4 E[ 2 E]— > 2
Chaining is useful because some complex expres-
sions such as

b

(((3+2)+11) x44) -6 =

can be entered without parentheses:

s+l 2fst1nixlaa-]l6 =] — 514

On the other hand, the following expression must
be rearranged to be calculated without using
parentheses,

3+(Bx((2x12)+8))=
({2 x12)+8) xB6) +3 =

2[x]12[] 86 ]3[x] ——21

With a little practice, you will find that vou can
chain complex operations without having to re-
write The expression on paper. You will quickly
find that x and + give you no trouble but - and
+ present some problems. Try to calculate

2-{4+({3+1))

It is for this reason we have the following key.

The Key
f binary operations ( E E] E

} there are two numbers stored in the reg-
isters, For exarmnple, after pressing 3 4 they
register contains 3 and the x register {the display)

contains 4. When you press the reqisters
are switched.

You can use this feature to check a number already
entered. For exampie, the number 6.626 x 107

is on the display and you press 9 but then re-
member you should have writien down 1the pre-
vious number. Simply pregs ]vaI and the display
reads 6.026 'ﬂ+ You write this down, restore the

registers by pressing again and continue.

The major use of the ‘J;*_—{"_"f\ key however, is in
chaining. Now, expressions like

2 - (4= (3+1))

can be caiculated without parentheses:

3[+] 1 [£) 4 [xov] (2] 2[xeov] [5] —

7



Parentheses

The parenthesas Keys @ have the same func-
tions as { ) in algebra. For example, expressions

like
(i} (I+4)x(b-2}=
i) 2+ {12+ (3+9)) =

can be computed exactly as written
(i) [[(] 3 [+] 4 1]
[x]

[(( 5[] 2 [0}

=]

(i) 2+ [1(] 12 [£]

21.

There are two levels of parentheses. The expression
(i} above uses one level, expression {ii] uses two

levels.
The fotlowing expression uses three,
2 — (3 - (4 - {5-6)))

To compute expressians using more than two

~ levels, the expression must be rearranged and

' ¢hained as shown in the section on Chaining. Or
the memories must be used,

The Percent Key
The percent key is used with the E E} E

keys in the following way.

Enter To Display

. -E| a + {b% of a)
EEIDEB a — (b% of a}

(%] {=] b% of a

aEbEE x where a=hb% of x

Examplea:
li} Increase 3,25 by 6%.
[ii} Decrease 1.50 by 40%.
(i1} 3% of 232 =
livi 9is 2% of what number

Solution:
(i) 3.25 [+] 6 (%] [s] ——— 3445
it 1.5 [=] 40 =] ——— 09
(i) 232 [x] 3[%] [7] ———— 6.96
{iv} BEZE ——— 450,

IH. Trigonometric Operators
The Angle Mode Key

8

There are three units of measurement for anales

1 circle = 360 degrees
= Z2wradians

= 400 gradians

Before using the trig keys, you must put the cal-
culator in the right ang/e mode. That is, you must
choose whether you want vour entries and answers
to be expressed in degrees, radians or gradians.

The machine is naturally operating in degree mode.

Press |D/R/G | once to enter the radian mode. Press

D/R/G | again to enter gradian mode. |f vou press

D/R/G| a third time, you will be back in degree

mode,

To keep track of your modes, a dot is displayed to
the right of the exponent for radian mode. A dot

- —  —— ——— — — 1 . -




is displayed to the left of the mantissa for gradian
mode.

Examples:;

3.1415927°°% -

Radian Mode

.3.1415927°°

Gradian Mode

Trig Functions
The functions

5in g
cos 8

are defined in the foliowing diagram

(sin 8, cas 8)

where {sin 6, cos 8) are the rectanguiar coordinates
of the indicated point.

The tangent 1s defined as

$in &
cos 0

tan 8 =

The trig functions have the property that if

i. - .

h
b
a
then

. _b Oppaosite
sin @ =4 hypotenuse

P adjacent
COSY TR T hypotenuse
ran @ _b _ opposite

a adjacent

The Trig Keys [sin] [tan |
The trig kays [sin] instantly compute

the sine, cosine and tangent of the angie displayed.

Remember ta use {D:"'HIG\ as explained in the pre-

vious section to put the calculator in the appro-
priate angfe mode.

Example: Find x

11




Solution:

X
11 Km

sin 33° =

= x =1{sin 33" x 11) Km

33 [sin] [x] 11 [z2] ———>59910294

Therefore.
x =5991 Km.

Example: Find X

_\

X

hN

la-—— 2.07m

Qolution: Use the law of sines (appendix F). We

have
X = .2'0?
. T . "
SN > 51 E
Hence,
1
Z2.07 X sin ?
X =
sin &
B
The program is
[D/R/G] (radians)

>1.7962737-

(The - to the right indicates radian maode)

Hence,

X =1796 um

The Inverse Trig Functions

The inverse trig functions are the reverse of the trig
f!.:mctinns. The trig functions take an angle @ and
give you a number x. The inverse trig functions
take a number x and give vou an angle 8,

The inverse sine, cosine and tangent are denoted

. =] -1 -
sin COS tan I

and are defined by

$iN 0 =x &8 =sin”_ x and —180°< § < 180°
COs 0 =x &8 = u:-:ns'lx and 0 < 8 < 180"
fan @ = x & @ = tanqlx and O < x

Inverse functions do the reverse operations of their
assoctated functions. Thus we have

.1, . ‘ _
sin =~ (gsinB8) =@ sin {sin lx} = x

EDS_I (cos 0} =@ COs ':CDE_l.I} =X

tan {tan &) = & tan (tan _].ﬁ:) =X
whenever & and x fall within the above constraints.

To take the inverse sine of the number on display

+press [:EE . The answer is an angle expressed
in degrees, radians or gradians as indicated by the
angle mode {page 9)}.

similarly, to calculate EDE-I and tan _l, eSS

[cos] and [INV] [tan].

13




Example: Find & in gradians

4.1

B
3.2

Solution: We have

|IJJ’F’.KE\ ‘D;’HIGI (gradian mode)

So g =57.d gradians

Degrees/Radians Conversion

The key will cenvert the displayed
number from dearee measure to radian measure

{regardIESS of the angle mode). Similariy, m
‘ \ will convert radians to degrees.

Exampie: Express in degrees

8 = cos {sin %)

solution:
7 (:] 3 [=]
[INV]

Lsin
W —30.

14

Therefore,
f =30°

Notice that angies expressed in terms of »

(TT 2 .
3.5, &te. ) are assumed to be in radians

Example: Express in radians
0 = tan (sin 11° + cos 15°)

Solution:

11@

15-
[=]

——— 0.8579429
s]n[z] ———0.2730017

Thus,
¢ = .86 radians
= 27m radians
Polar/Rectangular Coordinates
Polar Hectangqular

X =rcosé
¥V =71 5N &

The above equations show the relationship between
potar and rectangular coordinates.

To convert (r, @} to rectangular coordinates first

enter r ¢ and then press to aisplay
Xx. Press to display v.

15




i

To convert (x, v} to polar coordinates, enter x

nd press . This disptays r
and

will then display 6.

The angle £ 1s expressed in the measure determined
by the ‘DKHIG\ key .

Example: Convert to rectangutar coordinates
() (3,23")

(i) (1,%)

{iti} {4, 111 grads}
Solution:

[G/CE]

C/CE
D/R/G {radian mode)

— 1. .

(gradian mode}
4 111
lP+R|— —-0.6877164
—» +3.9404373

Therefore, the three points are

(i} (2.76, 1.17)
(ii) (0, 1}
(iii) (-.69, 3.94)

V. Algebraic Operators
Square Key

Press to square the displaved
number.

16

|\/X | Square Root Key

Press to take the square root of
the displaved number.

[1/x] Reciprocal Key

Press for the reciprocal of the
displayed number.

Example: Find
1 [ 1
W =4/ (“;]2 + (;,';]1 + (;]1

where {x, v, 2z} =1{3, 4, 5)

Solution:

3 [1/x] 1x%] [+]
4 [1/x] [x*] [4]
5 [1/x] [x7] [=]

—— 0.4621808
Power Key

To find abl enter

a (yX] b [=]

X/7y] Root Key
To find by/a enter

a@ha

Note: With the and ’E keys, parenthesas
cannot be used, the base a must be positive, and

15 used to complete the computation.
Example: Find

> = 41.."“3)12}?1’
Solution:

3 12 [=]
yx] n (=]
41 (5] ——— 2.7460502

Thus z=2.76

17




PROPERTIES OF EXPONENTS

.
{i) % = Elb [iv) ah ¥ gt = Eb+c
. 1 =h

( —_— —"b — b - C

ii) b a {v) . a

(iii) a0 =1 (vi} (ab)c = ghxc

Example: Find 3!—4

Solution: You cannot use the and

keys for negative bases. You must first rearrange
this expression using the above identities.

]

I3 =(-a7

]

= (-1 x 4)7
1 i
= (-1)7 x 47
=?--1 }:W

Thus

4 &yl 7 [=] ————> —1.2190137

V. Transcendental Operators

In]  Natural Log Key

This key computes the natural log (In) of
the displayed number.

Natural Antilog Key
This key computes e* for a displayed
number x.

Log Key

This key computes the log to the base 10
of the dispiayed number.

Antilogarithm Key

This key computes the antilog of the
displayed number.

PROPERTIES OF TRANSCENDENTA
FUNCTIONS

The transcendental functions have the following
properties:

(i) Ina+inb=1n{axb)
(i’ Ina-Inb=In{a+b)
(iii) blIna=In (ab)

(iv) e'nX =y

{v] Mhe*=x

(vi) loga+logb =Ilog (a x b)
(vii} loga —log b =log {a + b}
(viii} b log a = log (ab)

{ix) 10f09X = x

(x) log 10X = x

Example: A colony of bacteria has the following
papulation formula:

n=3.6x102t+49 x 104

Here the number of organisms, n, is determined by
the number of days, t. How long will it take the
nopulation to reach 100 million?

Solution: Solve for ¢
36 x 102t + 49 x 104 = 108

> 36 x 102t =108 - (4.9 x 104)

108 - (4.9 x 104)

> 102t = e

Take the iog of both sides

8 _ 4
log 102t = {og (ﬂ:'_ -{—:‘EHTD })

19



By property {ix), above,

log 102t = 2t
Therefore,
1 (103- (4.9 x 109) )
2 199 3.6

Now, compute t

3] 2 [5] ~—>3.7217423
[-] 3 [x] 24 [5] ———17.321816

Thus, it will take approximately 3 days and 17
hours to reach a population of 100 million.

V1. Memories

There are three memories labeled
01,2

QOperations for the n memory (n =0, 1 and 2} are
made with the following kevys:

Store Key

To store the displaved number in memory

N, press n. This will override the
previous entry in memaory n.

RCL] Recall Key
Press n to display the contents of

memory'n.

Add to Memory

Press n to add the displayed

number to the number stored in memaory
n. FThe result is then stored in memory n.

Mulitiply by Memory
Press @ n to multiply the displayed

number by the number stored in memaory
n. The result is then stored in memory n.

XCH| Memory Exchange
Ta display the contents of memory n
and at the same time store the displayed
number in memory n, simply press

[XCH] n.

H

Note: Each time one of the above keys is used, it
must be immediately followed by 0, 1 or 2 to
indicate which mamaory is used.

Example: Solve for X
3x%-Bx+1=0

Solution: Use the quadratic formuila

-+ /b* - 4ac
AT 28
3[(STO] 0  (a)
5 sTO] 1 (b
1 ISTOQ| 2 (c)
RCL | (-]
(] 4 [x] o [x] [RcL] 2 [1]
=] (b - 4ac)
(vb? - dac)

[s70] 2

[ReL] 1 {+/-] (] (BeL] 2
=] [ 2 [x] [reL] o W]

(ReL] 1 [+/-] [+] [ReL] 2

=] [ 2 [x] [ReL] o 3] [=] —1.4342585

Thusx =23 0rx =1.43

i

i
-3
C3
r

~>{.2324081

(0]

?

-~
+

-
+]
P,

M

21



i E xampie:. raclor

471, 339
Solution:

: 471339 1

i =] 2 [=}——235669.5
RCL| 1 {3] 3 [=F——157113.
1 {+] 3 [z=F———52371
1[#] 3 [sF—— 17457
1 [+] 3 [s}——5819
1 (3] 3 [s}— 19396667
1[+] 5 [=—>11638
RCL] 1 (] 7 [=}——831.28571

1 [x] 17 [E}———31.117647
1 [x] 19 [=]——27.842105
1 5] 23 [=}———23.

= 3% x 11 x 232

Example: Compute

i~1—l+l++:-|-+i+l
11 2t " 31 41 B 8

22

Therefore 471339 =3 x 3 x3Ix3Ix 11 x23x 23

Solution:
1 [STO| O
1 |8TO| 1
2 [Mx] 0
[REL] o [1/x] [me] 1
3 [Mx] ©
[RCL] o [1/x] [M+] 1
. 4 [Mx] 0
[ReL] o [1/x] [M+] 1
5 [Mx] 0
(RCL] 0 {1/x] [M+] 1
6 [Mx] 0

0 (1/x] 1
{ ————> 1.7180556

VIl. Statistical Operators

(Given a sample of observed values

the standard deviations

,r’E{:nri—.f}i
S = n -
r E{Ii—f}z
=V T

the sum of entries
2 X
and the sum of squares

Exiz

23



Appendix A contains useful statistical tests. The
Normal distribution is in Appendix 8 and the
Student’s distribution is in Appendix C.

The Statistical Keys

Data Entry: 1o enter a sample 5, 9
11, 21 press 5 9 [xn] 11

21 |xn|. To delete 11 from this sample
press 11 [xn]. Each time

is pressed, the number of points
entered so far is displayed.

Sample Mean: Press for the

sample mean once the data has been
entered.

[s] [s'] Standard Deviation: Press [s] or

for the unbiased and biased
standard deviations as defined above

n Number of Entries: The number of
points entered, n, is stored in memory Q.

%X sum of Entries: The sum of entries is
stored in memory 1.

2

2 X3 Sum of SQLIEII'EE: The sum of squares

Is stored in memory 2.

Important: Memories cannot be used during statis-
tical computatiaons. Before beginning statistical
computations, all three memories must be cleared
by switching the machine off and on or by entering
O into all three memories.

Confidence Intervals

Example: A new laboratory technigue to synthesize
a rare chemical compound has resutted in the fol-
lowing vields in grams.

0.47 0.44 0.62
051 0.63 0.50
0.69 0.49 0.65b

T B e o

Find the 95% confidence interval for the average
yvield for the new process.

Solution: First, find X and s,

a7 44 [xn] .62

51 53 50

69 49 55
—> 0.5333333
{s] — 7.7942286

By test 3, Appendix A, the value

-02

_X-my

L —
SX

satisties a t distribution with B degrees of freedom
where

My = My

'
Sy =——

Jn
7.7942286 x 107
) NG
= 2.5980762 x 107
Let the confidence interval be

[ 533 -4, 533 +4]

At best, the average yield my = .533 + 2 and we
have

2.5%

\
*..ﬁ\\\\\\\

033 'lTlx

25




At worst, my. = 533 - & and we have

2.5%

%ffm..

up bB33

Consider the case where

My = 532 = &

We have
t = 533 — {533 _&:L
2.5080762 x 1072

AN
T 2.6880762 x 10 °

Next, from Appendix C we have
Loys = 2.31
Therefore,

A =231 x 2.5980762 x 1077
= 0.0600

Therefore,

633 +4 = KO3
B33 -4 = 473

We are 95% certain that the average vield is be-
tween .47 and .59 grams.

Hypothesis Testing

Example: Two varieties of corn are grown in ad-
jacent plots at 10 different locations, The vields in
pounds are;

26

| ocation Variety A Variety B
T 135 131
2z 120 112
3 108 102
4 1056 107
5 126 121
B 122 125
7 110 110
8 1156 111
S 110 105
10 118 117

Are the variety means significantly different at the
a5% level?

Solution: Let X denote variety A
v denote variety B

Thend = x - vy is the difference in weight of the
two varieties at each (ocation,

From test b, Appendix A, the values
d ~md

t:

500

satisfy a t distribution with 9 degrees of freedom
where

md = mMd = Mx — My

5d 503

= Jn 1o

We test the hypothesis

Mp: mx = my
From above, we get
Ho: md =0
The alternate hypothesis is

Hq: mx > my

27



This indicates a 1 tailed test.
Compute d and Sef-

135 [-] 131 {=]

120 [2] 112 [5]

108 [-] 102 {=]

105 (=] 107 [=]

126 (-] 121 [=]

122 [=] 125 [=] [xq]

110 [=] 110 [=]

115 (=] 111 [5]

110 (=] 105 [=]

118 [-] 117 [=]
- 378
[s] ————>3.6147845

Thus
2.8 - 0.0
t= (3.814?845)
< 10
= 2.4494897

From Appendix C, using 9 degrees of treedom,
t.g5 = 1.83

We have

5%

!

t=2.45
This is a significant difference. Variety A has a

higher vield than Variety B.

28

Appendices

29



Appendix A. Statistical Tests

Test Variate Assumptions Distribution

Transformation Valuas
1 x x normal normal v _
or n=30 X-ms ne~ My
L
G—_ —
F T %
—— - Jn
X —y X,y normal, normal vt W _
Independent , = Xy mf—g mf—? - My~ m‘v’
O— —
XY 0= —=~/g2+g2 where
¥ X \
#) g
U:E:_-I"ﬂ? :L
N, «.fnv
3 x X normal t | — .
n< 30 (n — 1) df t=I M3 M3 My
Sx Sz =8,
n
4 X-y X,y nermal, t X -y =
independent  (ny +n, —2) df ' = {x-»v}-rnf_? Tx-y  Tx My
S — _
X =y 55_;_v52+3v2 where
5 S
SE — 5.__:
-..,.J'I'"II 4 ”Iny
. /Zx-X)2+ Tty -¥)?
nx+ny-'2
5 E=x—v X,y normal t H'”"a 5_:_52 =5:':*'!"
aired n—"1)df t = d
H [ } Sq n \E
mg=m,=m, - ™,
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Appendix B. Areas under the
Standard Normal Curve from 0 to z

2 O 1 2 3
0.0 0000 80410 A0E0 0120
0.1 0388 D438 0478 0517
0.2 0793 UB3Z A8 0910
0.3 1179 1217 1285 1293
D.4 Jiob4a saY G228 Jebd
0.5 1915 14980 1985 2019
0.6 2258 2281 3394 73R7
0.7 2580 2512 26472 2073
0.8 2881 2910 G340 elslol,
0.5 3159 31806 3212 3238
10 3413 3438 3451 G485
1.1 3643 3665 3080 3708
1.2 3849 JBHY 4888 3907
1.3 4032 4049 A06B6 4087
1.4 4197 A207 4222 4236
1.5 A3372 4345 4357 4370
1.6 4457 A48 3 44 74 Ad 84
1.7 4554 4554 4573 4532
1.8 a4 Aad9 A5 dh6d
1.9 4712 4719 4726 4732
2.0 A772 4778 ATHS 4788
2.1 A8521 A826 A830 4834
2.2 48617 4864 AB6E 44871
2.3 A B3 4896 4898 49017
9 4 4918 A920 4aA272 A925
2.b 4935 4940 A84 1 44943
2.8 A0953 4055 4955 A957
2.7 4965 4966 49657 AAEE
2.8 A974 4975 4976 g7
2.9 4981 4982 4987 AQR7
3.0 A987 44987 A987 4888
2. 4930 4991 44997 991
3.0 4993 4993 49494 4944
3.3 49095 4905 A9845 A48
3.4 48997 4997 A997 4897
3.5 A998 4995 A998 49485
4 65 4898 4998 49499 45999
3.7 4999 4999 A998 44949
3.B 4994 449949 4999 49449
3.9 S000 SO0 CH000 SO0

4 5 B 7 3 H
0160 01949 239 0279 03149 0354
0557 OEO6 0B 36 OR75 a4 0754
0948 QAR 7 026 A0684 1103 11417
1331 3268 1406 1443 A4A80 AB17
1700 1136 AFF2 1808 1844 1879
2054 A08E 2123 2157 2180 22
2384 227 2R 2486 2818 2549
2704 2734 2icd 2794 2823 MY
2996 3023 S051 3078 2106 3133
3264 37886 3315 3340 3365 4384
3508 3531 43554 LN RCRSI LY 3621
37 2d 374G 3770 4 790 3810 3830
3925 1944 SU67 SY9ED 34947 Ad1E
A04849 4115 T3 A147 A167 A1 77
4251 4265 4279 4292 4306 4310
387 4394 A406 A418 4429 A441
A449% AR5 AB1E AR5 4535 ARAH
45491 4595 AE08 Ablb Ag2h AB33
A AL TFE 4580 FaYil i A4 AT706
A73H A744 A 750 A756 A7aT AT67F
4793 AR 12 A B0 A EDE Ah17 daB17
A838 48472 =246 Fa¥o1314 GE0d A8BR7T
AR7H AR iR AEET AEEd ARBE7 ABS0
B9 4 A900 EAYIYY AN AS13 ASYh
4927 Aa20 A93T 4Q32 A8934 4936
A45 A946 A4448 44949 951 4952
4959 A950 961 A9657 963 4964
A49GY 4870 A7 A9 77 A973 A974
4977 AY78 AY7FY 48975 A9E0 A95T
4984 duBd A9B5 4955 4986 A998
A95H 44989 A4989 AY98Y 4990 A330
4997 A8997 A9G7 AY07 4993 4993
A4Q4 A494 4504 Aaag 4995 AY95
4906 9965 A 05 A9496 49495 4997
4997 4997 A847 A8a7 AAa7 A993
A998 A998 49095 A998 AUGE 4994
4999 4909 ATy AYhhy Aot A99Y
49404 A09g9 A994 59499 43499 484949
484849 44999 A000 A0 Aaay 49499
S000 S {0 5000 CSOCHD B0 A000
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Appendix C. Percentile Values {tp)

for Student’s t Distribution with

v Degrees of Freedom

34

Bb 60 iy 75 20

1 b8 326 727 1.000 1.376
2 142 289 617 816 1.061
3 A3 277 584 85 978
4 34 271 Red 141 341
& 132 267 BED F27 220
a 131 265 663 1B 806
7 30 263 548 F17 BI6
& 130 262 GAG 06 884
z 129 261 B43 F0O3 883
10 329 B0 547 400 g74
TT 129 260 540 Ea7 S876
12 128 259 639 645 873
13 A28  .25%9 538 684 BT
14 128 258 537 =1 b HbE
1h A28 258 B30 21 B85
16 A28 258 B30 &30 Ha5
17 28 257 534 B8Y B8B83
18 27 257 Ri4 038 B6 2
14 A27 257 B33 51a1a 6
20 A27 257 R334 L8 B
21 127 257 532 686 853
22 A27 286 532 686 BhHE
23 A27F 256 B32 £85 858
24 27 .25%6 531 aBh 857
25 27 28 53] 684 5506
26 127 .2h6 B3 £584 856
27 127 256 531 584 .B55
28 127 256 530 683 Retele
24 A27 .2k 530 £83 254
30 27 .2B6 K30 883 854
40 26 Z2ER 625 £a1l 551
60 126 264 BZ27 61714 848
120 A28 254 82% 877 Hdh
£ 426 253 RX4 674 842

3.08

1.84
1.64

£ 53
t.48
{ .44
1.47
1.40
1.38
137

1.36
1.36
1.356
1.34
1.34

3
33
33
32
32
Y.
32
Y.
32

32
G

Ny
A
Ky
30
30
25
28

_'L__'l._'l.-_'hl.-_'h.u_'h.iiiiidiidddd

.37

2.92
235
2173
2.02
1.94
1.90
1.86G
1.83
1.87
1.80
1.78
1.77
1.76
1.75
1.75
1.74
1.73
1.73
1.72
1.72
1.72
1.71
1.71
:

;

1

;

]

A
I

i
1
70
1.70

1.68
1.67

186
1.645

12.71
4 .30
3.18
2,73
2.57
2.45
2.36
2.31
2.26
2.23
2.20
218
2.16
2.4
213

212
211

210
2.0
2.09
2.08
2.07
2.07

2.06
2.06

2.06
2.05
2.05
2.04
2.04
2.02
2.00
1.94
1.96

31.82
b.56
4.54
3.75
2,36
3.14
4.00
2.90
2.82
2.76
272
268
265
262
264
2.bH
2.07
2.b5
2.54
2R3
202
2.57
2 .50
2.49
2.48
2.4t
241
247
2.46
2.46

2472
2.33
2.38
2.3

53.66
9.92
5.64
4 B0
4.03
3.7
3.50
3.36
3.25
3.7
3.1
3.06
3.07
2.98
2.45

2.92
2.90
288
2. 86
2.84
2.83
2.82
2.81
2.80
2.79
2.78
2. 77
276
2.76
2.79
2.70
2.66

257
Z2.58
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Appendix D. Derivatives

General
dic)_ . dlu+v) _du  dv
dXx dx dx dx
dix"}_ =1 d{urv} dv N uﬁy_
dx dx = dx ' dx
dicu) _ EE diu/v} _ (EE] [du
dx dx dx ¥ 'dx' "Y 'dx
v
(Chain Rule} dz _ dz dy
dx dy X dx
Trigonometric
d{sinx) - coex disin~ 1x) _ 1
o dx \f’1 - x?
dlcosx} _ einx dicos™ 'x] _ 1
dx dx _\_/1 2
ditanx) _ 4 d{tan™ tx) 1
= seCX ——— =
dx 1+ x°

30

Hyperbolic

dicoshx) d{cosh™Tx) 1

i sinhx T
Vx<2 -1

d{sinhx) d{sinh~ Tx) _ 1

= COsSNX A PO E— S —
a N

d{tanhx) _ v, d(tanh~ x) 1
T = spch<y T = >
T —~x

Transcendental
dilnx) 1 de®) _ x

oy X dx ¢

X

diﬂ, ' = #¥Ina
d{uu:l _ u_’l du v Ef"u’

dx = I -dx+lnu Ll " Tx
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Appendix E. Integrals

Jdu=u+C
{adu=au+C whereaisany constant
{flu) + glu}] du = { flu) du + [ glul du

fmum=”mw+c n# -1
n+ 1
d—L:J=In ul + C
au
Li =
{ a" du - *C
JeYdu=e"+C

[sinudu=-cosu+C

feosudu=sinu+C
[sec?udu=tanu+C

fcsc:zudu=—r:ﬂtu+c
[secutanudu=secu+C

fescucotudu=—cscu+C

NN

Integration by parts
fudv=uv-Jvdu

-'#w._

Jtan u du = in [sec u| + C
Jecotudu=In{sinu|+C

fsecudu=ln lse':u+tanu|.+f.‘,

fescudu=In jescu—cotul +C

_1u

f——dLL—= sink - — +C
Vat -2 °

duy [ 1 LI
J =~tan 'z +C
EE +LrE a d
f___du = l sec™ | e
uvu2 _g?2 @ :

J sinh u du =¢cosh u + C
J cosh ¢ du =sinh u + C

[ sech? u du =

[esch® udu =

tanh u + C

—-coth u + C

where a >0

+ C wherea>0

f sech u tanh u du = —sech u + C
J csch u coth u du = —csch u + C




Appendix F. Mathematical Formulae

Quadratic
_=b 2+ Vb2 -4ac
2a

4

Binomial

n
(a +b}" =k§0(rk1) an-k pk

)

Distance between [x,l, Yo 21} and {:-:2, Yoo 2o

= Viy —w 12 RY- L, 12
d '[:{1 xz} +hr1 v 17+ (2 22}

2 1

Exponential and Logarithmic ldentities
= (a%)}{a¥)=a*"Y Inab=Ilna+inb

0

d
1 =a"x a*fa¥ =a*"Y¥ In (E)=Ina—lnh
8% b

fab)* = a*Xp* (a*)¥Y =a™*Y inly*)l=xIny

_ Tin
e = lim {1+ﬂ}

T‘I-!l"'l:lll:l

Law of Cosines

d C
a2 + b2 =2 ab cosh = c2

b

Law of Sines

a ﬁ b
sinA _ sinB _ sinC

c A b C

40
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Appendix G. Geometry Formulae

Circle

Sphere

.rr""‘__l'_'-l._
@

Ellipse

Triangle

(VAN

Cylinder

Circumference
Circle 2T
Area
Circle mré
Sphere 474
Ellipse fTab
Triangle 1/2 ab
Volume
Sphere 47373
Cylinder mreh
Cone Ta‘h
12
Equation
2 2
Circle XL +L = 1
L
}{E 2
Eilipse — 4 — =1
a2 b<
2 2
X Y
Myperbola — —-—— =1
a? b?
Parabola vE =+ 2 pX
L.ine v =mx + b

41
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Appendix H. Conversions

English to Metric

To Find Multiply By

MICrons mils 25.4
centimeters Inches 2.54

meters feet 0.3048
meters yards 0.9144
kilometers miles 1.609344
grams OUNCES 28.349523
kilograms pounds 0.45359237
fiters galions({l).S.}) 3.78b54118
liters gallons{Imp.} 4.546090

millilitersicc)
5. centimeters
50]. mMeters

5. meters
milliliters{ce)
CU.meters
cu. meters

fi. punces 29.9735630

5q. inches 65.4516

sy, feet 0.09290304

sc]. yards 0.83612736

cu. inches 16.387064

cu. feet 28316847x 1072
cu, yvards 0.70455486

Temperature Conversions

9
= —-— +
I E[E] 37
b
:— —3
C g“: 2)

42

General

—-.d-_—-—l—-“.__

To Find

Multiply

By

____——l—-l_—-———_—_—-*_“._

atmospheres

atmospheres
atmospheres

BTU

BTU

cu. ft,

ergs

feet

feet of water
@ 4°C
foot-pounds

faot-pounds

foat-pounds
per min,

horsepower

inches of mer-

cury @ Q°C
joules
joules
kilowatts
kilowatts

lkilowatts

knots

miles

nautical miles
5¢1. feet

Watts

feet of water
@ 4°C

inches of
mercury @ Q°C
pounds per
sq. inch
foot-pounds
[ouies

cords
foot-pounds
miles

atrmosphere

horsepower-
howurs

lkilowatt-hourg
Morsepower

foot-pounds
Ber sec.

pounds per
sg. Inch

BTL
foot-pounds
BTU per min,

faot-npounds
per min.

horsepower
mifes per hour
feat

miles

acres

BTU per min,

0294990

0334211
068046

00128593
9.4845x 104
128
13558200
5280
33.8006

1.98 x 10°

2655220
3.3 x 104

00181818
2.03602

1054 .3504
1.35582
01757251
2.2597x10°°

7457
0.86897624
1.89393x10™4
0.86897624
43560

17.5725

HBoldface numbers are exact: others are rounded.
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Appendix |. Physical Constants

44

Name of Quantity

speed of light in vacuum
Charge of electron

Rest mass of electran
Hatio of charae to mass of eleciron

Planck’s constant
Baoltzmann's constant
Avagadro’s number (chemical scale)

Liniversal gas constant (chemical scale]
Mechanical equivalent of heat
atandard atmospheric pressure

Valume of ideal gas at 0° C and 1 atm
lchemical scalel

Absolute zero of temperature

Acceleration due to gravity
[sea level, at eguator)

Universal gravitational constant
Mass of earth

Mean radius of earth

Equatarial radius of earth

Mean distance from earth to sun
Eccentricity of garth’s orbit

Mezan distance from sarth 1o moon
Diameter af sun

Mass of s5un

Coulamb’s law constant
Faraday's constant {1 faraday !
Mass 0f neutral hydrogen atom

Mass af proton
Mass af neutron

Mass 01 electron

Ratio of mass of proton to mass of electron

Fydberg constant for nucleus of infinite mass

Rydberg constant for hydrogen
Wien displacement law constant

oK

=

1 Al

'
5

k=1/4 “EEJ

Value

29979 x 108 ms T
-1.602 x 1{}"19 C

9.10 x 1021 kg
1.759x 101 C kg~

6626 x 10729 Jg
1381 x 1023 J k™!
6,023 = 'I[]EE‘ molecules mole ™!

8.314 I male™ ! K~
4.185 % 1D3J keal !
1.013x10° N m~2

22 415 liters mole ~ !

_2?7315° ¢
g 78049 m s <

8673 %107 T N-m? kg3
5975 x 102% kg

5371 x10°% m = 3959 m;
6.378 x 10°% m = 3963 mi
149x10' T m=929x10" mi
0.0167

384 % 10% m = B0 earth radii
1.38x10° m =8.64 x 10° mi

1.99 x 10°0 kg = 233,000 x mass
of carth

80874 x 10" N-m2 -2
06 487 © mofe !
1.007825 amu

1.907277 amu
1.008665 amuy
5AR6 x 1072 amu
1836 .11

109737 cm™ |
109678 cm™ |

0 2888 cm K~




"Appendix J. Tahle of Units

Derived Units
meter per second squared

Acceleration m/s

Supplementary Tables

Units for a System of Measures Activity [of radicactive source) 5 > 1 per second
for International Relatians Angular acceleration rad/s raclian per second squared
Angular velocity rad{s radian per secand
LEﬂQTh mater.- Area mE square metar
Mass kilogram Density kgim kiogram per cubic meter
Time secand Dynamic viscosity Nes/m? newton-secand per sq meter
Electric current ampere Electric capacitance F {A~s/V) farad
‘Temperature K.elvin Electric charge C {A-s) coulomb ]
Luminous intensity candela Electric field strength \V frm volt per meter |
Electric resistance (W /A ahm 'r
Entropy JIK joule per kelvin |
Prefix Names of Multiptes and | | Force N tkgrm/s?) newton ;
Submultiples of Units Frequency Hz s | hertz i
[ Hlumination % {im/m?} lux i
Factar by Ingductance H |V s/A} henry |
winich urit Kinematic vISCosity m* fﬂz &) meter per secand ,
is multiplied Luminance cd/m candela per sq meter ;
Luminous flux Im (cdesr} lumen |
n Magnetomative farce A ampere :
o Magnetic field strength Afm ampere per meter |
y Magentic flux Lie (V s) . weber ,
) Magentic flux density T {(Wb/m*) tesla .
Fower W {J/s]) watt .
n Frassure N/m* newton per square meter
da Radiant Intensity W/sr watt per steradian |
d Specific heat Jikg K jaule per kilogram kelvin .
c Thermal conductivity Wim K watt per meter kefvin
m Velocity '""£5 meier per second
- Valume m cubic meter |
" Voiltage, Potential difference, |
i Electramptive force v y (W/A) valt
f Wave number m 1 per meter
. Work, energy, quantity of heat J (M) joule

46
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Appendix K. Shipping Instructions

| _ A defective machine should be returned to th
Batteries and Maintenance . ©

| authorized service center nearest you. See listing
AC Operatinn ot service centers.
It vou have bought or own a Commodare adapter,
connect this optional adapter to any standard elec- TEMPERATURE RANGE
trical outlet and plug the jack inta the calculator. |

Atfter the above connectians have been made, the
power switch may be turned “ON."” (While con-

nected to AC, the battery may be left in place ar
remaoved .}

Use proper Commodore/CBM adapter for AC
aperation. Adapter 640 or 707 North America;
Adapter 70a England; Adapter 709 West Germany .

m Temperature “C | Temperature °F

Operating 0" to 50° 32° to 122°
-40" to §5° -40° to 131°

Storage

Battery Operation

Push the power switch "ON." An interlock switch
In the calculator socket wilt prevent hattery opera- T
tion if the adapter jack remains connected. |

Your new calculator uses ane aordinary 9 volt
rectangular battery, avatlabhle virtually anywhere.
The connector must be attached firmly to the twao
battery terminals.

Low Powaer

it battery is low, calculator display:
a. will appear erratic
b. will dim

c. wiltl fail to accept numbers

{f one or al! of the above congitions occur, you

may check for a low battery condition by entering

a series of 8's. {f 8's fail to appear, operations should
not be continued on battery power. Unit may be
operated on AC power,

CAUTION

A strong static discharge will damage your machine.
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