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Introduction

The Cemmodare P50 Programimable calculator
offers a wide variety of mathematical operations
angd the power of a 24 step programming capability,
alt at a very low cost.

The single 3/4” x 112" x 1/16" microprocassor
chip is the heart and brains of your new caleulator.
It is unique; virtually no other calewlator packs as
much power in a single chip. This accounts far the
remarikable cost efficiency. The chip is a product
of the superb engineering and production skills

of MOS Technology, a3 Commodore company .

This chip contains engugh circuitry to senerate
trigonometric, inverse trigonometric, logarithm
and exponentisl functions. In addition ta the
square, square root, reciprecal and factorial opera-
tors, there is a usefut intager function which trun-
cates the dacimal part of a aumber. Five mamaory
operatars simplify computations with the single
memory, and thus reduce the number of steps
negded in many pragrams,

The fult potential of the PE0 is reatized in the pro-
gramming featurs that allows up to 24 keystrokes
to be storad in the machine. Loops can be formed
using the GOTO key, thus enabling thousands of
operations to be performest at the touch of a
butten. There is conditional branching on positive
and negative numbers as well as zera.

This manual is designed 1o tamiliarize the reader
step by step with the P50, There are sampls prob-
lems that rainforce this procedure and a list of 16
usefu! programs including polar/rectangular coor-
dinata conversion, degrees/dms canversion, binary
numbers, the quadratic farmula, Fibonacck
numbers, compound interest, ioans and dice.

We at Commacdore take great pride in this calcu-
lator. We feal that exciting new applications in
mathematics and programming will be gpened up
1o you, the new awner,
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l. Preliminaries

Power On

¥our programmabie catculater can run on battery
power alone ar you can use the optional AC
adapter.

Push the ON/OFF stide switeh to the teft to turn
the calculator on, Agoiddot appears to the right of
the switch and 1he display should read 0.

The Display

3141.6927-03
-

mantista exponant

A sample disptay 15 shown above. The number on
the display reads

31415927 x 107

Y our caleulator can compute numbers as large as
99999999 x 10°°

and as infinitesimal as
00000007 x 107°°

Display Shut-Off Feature

To conserve battery power, the display has s timed
shut-off feature, After 60 seconds of non-use, the
dispiayed digits will disappear leaving only the
gecimal point. No informatian is lost and the cal-
culations can continue at any time. Press

twice to recall the number ta tha display,

Entry
Enter numbers exactly as they appear, using the
digit keys and the decimal key . To enter a neg-

ative numhber, press the change sign key .




The key will also change a negative number
on the display o a positive one,

Scientific Farm

Scientists usually express numbers in the following
way

6.023 x 10%2

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

{11 Enter rmantissa, 6.023

(2} If the number is negative, press
(3) Enter exponent by pressing [EE ] 23
(41 If exponent is negative, prass

The Clear Key

If you make a mistake on entry, press
ance. This will cleac only the display and will
leave the informatian stored in the registers.

To clear a continuing cafculation, press |C/CE
twice,

The Pi Key [7]
Press @ to display
31415927

li. Arithmetic Functions
Tha simpile arithmetic keys |E| E E E

are used to perfarm simple arithmetic exactly as
written. For example, 1o find 3 x 4 =, just press
3 m 4 E] and the answer, 12, appears on the
display.

Any of the keys |Z| E] E can be over-

ridden by another. I¥ you make a mistake, just
reenter the correct one. For example,

6

p—

3 [x] & {=] will ignore the and display

the answer as 12.
Chaining: Two examples of chained operations are
3x44+5= B-4+:2=

According to the ruies of algebra, x and < supersede
+and ~. So we shouid get

Ix4+5=(3x4)+5 B-4+2=8-14+2}
=12+5 =8-2
:1? =5

This is not tha case on this cglculator (and on most
calculators with algebraic logic). Each time an arith-
metic key is pressed, the preceding gperation is
perfarmed and the result is displayed. Thus, B

4 ['El will dispiay &, the answer toc B - 4. When you
push 2 . the calculator will perform 4 + 2 and
display 2. Thus, the abave gperations an the cal-
culator yiald

3[x]a[¥]s[E}] —17
g[-]a[F]2[F] — 2
C:aining is useful because complex expressions
like
f{3+21+ 111 x44)-6=
can be calculated without using the memory.
sfejzE 11 (xjeaZ]6[=] —— 14

On the other hand, the following expression must
be rearranged before calsulation.

J+{6a(2x12} 8=
ff{2x12) -8 x6)+3

2[x]12[F8[x]6{+] 3=} —21

Practica Problems: Compute

(G+1.7)- 4523 334+85-142
n

Answers: -2.1376018 49170142




With a little practice, vou will find that you can
chain compiex operations without having to re-
write the expression on paper. You will guickly
find that x and + give you no trouble, but - and
+ aresent §ome problems. Try ta calculate

24103+
It is for this reason we have the following key.
The Exchange Eil Kay: In bingry operations
t[+] [5] fx} (=]} thare are two numbers stored in

the registers. For example, after pressing 3 4,

the y register contains 3 and the X register (the dis-
piay) cantains 4. When you press the reg-

istors are switched,

You can use this feature to check a number af n;lg}dy
entered, For example, the number 8 626 x 10" s
in the display. You press 9 but then remember
that you shouid have written tha previous number
dawn, Sirﬂl:_:ggjlpress X~y | and the display reads
6.626 » 10 ° . You write this down, restore the
registers by pressing again and continue.

The major use of the {x—y] key, however, is in
chaining. Now expressions ke

2-(4={3+1))

tan be calculated without using the memaory.

3[3] 1[5 & [xy] B 2 [xmy] {=f —1.

Practice Problems: Compute

m-—T5  6.23-(441-1362-1.7)

m

Answar: 1.6746504 | 3.74

Algebraic Operators include:

Square Key: Press Ec:i:] to squarg the
digplayed number,

@ Square Root Key: Press @ 10 take the
square root of the displayed number.

Reciprocsl Kay: Press for the recipro-

cal of the dispiayed number.
Exampla: Find

1,2 2 1
we S+ (1 (P
whera Lx, v, z) = (3, 4, 5}
Sofution:

3 (] [x7] [+]
¢ [1x] [z2] {]
5 (7] [x%] []

[x] ——0.4621808

Practice Problams: Compute

1
NCE PEII g
Answar: 0,6833317 9595 8047

Factorial [nl] is defined by
nt=nxn=-1xfn-2x- -x2x1

far any positive integer n. (0! = 1), For example,
41=4x3x2x1=24

Press [E to compute nl for a displayed non-

negative integer where n is less than 70.

111
Example: Compute a1

Solution:
7 [af] [x]
4 [a1] [3]
1 [0] [x-y]

=] ———220
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Practice Problam: Compute
1.1, 1.1
TRETRE-TRE T

Answer: 1.6148589 x 1072

The Intsger Function will truncate {drop
off! the decimal part of the displayed number.
For example, 3.1415 ilﬂT' will drap the ,1415

and display 3. Similarly, -55.999

INT | will dis-

play -55. This key will be very useful in program-

ming {see Appendix A12).

Example: Compute int {(#®}

Solution: @ IE @

——— g7

Practice Problem: Compute
{il"l‘l (i'n!' -..|.|'5151 }]I
int ./ 151

Solution: 120

lll. Trigonometric Operators

The [DEG] [RAD] [GRAD] keys represent the
three units of measuremeant for angles:

1 circle = 360 degreas
= 2 raglians
= 400 gradians

Before using the trig keys, you must put the cal-

culatar in the right angle moda. That is, you must
choose whether you want your entries and answers
ta be expressed in degrees, ratians or grachans.

The machine is naturally operating in degree mod
Press ta enter radian mode and

enter gradian mode, Press
degree maode.

10

to return o

2.
1

The trig functions sin & and cos # are defined in
the fallowing diagram,

{sin 8, ¢os &)
=1

where (sin 8, co$ 8) are the rectangular coordinates
cf the indicated point.

The tangent is defined as

_sin #
tan g = —

The trig functions have the praperty that if

opposite

. b
thensin § =¢ = hypotenuse

adjacent

cos = - = hypotenuse

oppasite
adjacent

wio Tw

tan & =

11




Tha trig kays iﬁn| |¢us| [tln| instantly compute
the sine, cosine and tangent of the angle displayed.
Remember 10 pur the calculator in the appropriate

angle made using the [RrAD} [GRAD] keys

as explained in the previous section.

Exampla: Find x

\'\"‘0 ) &

330

Solution:

R
sin 33 T

Therefore, x = {11 x sin 33°) km.
Tha program is

33 [x] 11 {s] ————5.9910204
Therefore, x = 5991 km.

Practice Froblem: Find x

0047

-~

Bint: . IE] and E are impartant keys

in this computation.
Answer: 9.7596506 x 10

Exampia: Find x

12

23°
2.07am

Solution: Lse the law of sines {Appendix B}

x _ 207
sin 23°  sin 30°

207 .
Hence, x = Tn 300 X sin 23°

2.07 []
30 [sin] {x]

23 [} ——— 1.6176269
Thus x = 1.618 pm.

Practice Problem: Find ¢

Hint: Appendix 81 14.9

Answar: 11.370838

The inverse trig functions are the reverse of the trig
functions, The trig functions take an angle & and
give you a number x, The inverse trig functions take
a number x and give you an angle 8.

The inverse sine, cosine and tangent are denoted
srcsing, arccosine, arctangent
and are defined by

13




arcsinex =8 «sin 8§ = x {-180° < § < 180°)
arccosinex =9 ~cosf =x {06 < 180°)
arctangent x = § = tan § = x {0 < x)

inverse functions ga the reverse aperations of
their associated functions, Thus we have

arcsing (sin ) = & sin (arcsine x) = x
arccosing (cos 8] = 6 cos larccasine X = x
arctangent {tan 8} =@  tan {arctangent x} = x

whenever 8 and x fal! within the above constraints.

To take the arcsine of the number on display,
press Iﬂl Tha answer is an angle exprassed
in degrees, radians or gradians as incicated by the
angle mode (pg 10},

Simitarly, to calculate arccosine and arctangent,
press on (are] [n].

Exampla: Find 8 in gradians.

3.2
)
4.1
, 32
Solution: We have tan & = 21
Therefare,
o ~ arotan 3:2
arctan 5
Thus,
GRAD

3.2 5] 4.1 [=]
farc] ~———342.190671

S50, # = 42,19 gradians

14

Practice Problems: Find & in degrees

8

Answar: 35 686729°

Find & in degrees

.
# = arccosine (sm 19

Answear: 33.157895°

V. Transcendental Operators

{in] Natural Log Key: This key computes the
natural log {in} of the disptayed number.

Matural Antilog Kay: This key computsas
eX for a displayed number x.

@ Log Kay: This key computes the log to the
base 10 of the displayed number.

Antitogarithm Key: This key computes the
antilpg of the displayed number.

Properties of Transcendental
Functions:
e* and In have ihe following properties:

{il ina+Inb=in{axbl
(i ina~-inb=in{a=: bl
{iii} bin a = In {al)

livl elnX = x

ivi lneX=x

18




10* and log have the following similar properties:

{vi) loga+legb=log{axbl {ix} 1008 X =y
[vii} loga—logb=log [a3b) (x) log 10X = x
{viii) b log a = Jog (ab)

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

n=36x 10" +4.9x10?

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

Solutian: Solve for t
36x10° '+ 49 x 10* = 10°
=36x 102"~ 10% - (4.0 x 104
10°% - (4.9 x 10%)
3.6
Take the log of both sides
f4 9 x 10%) ]

=10"

log 103t = log {

By property (x) above.

log 102 = 24
Therefare,
B i
t=1"[0 (10 ~{498x107)
2 3.6

Now, compute t
i [eE] & [-]
49 [€E] a [7]
3.6 [=]
fiog]
[¥] 2 [} - 37217423
Clafxl24 5] —— 17321818

Thus it will take approximataly 3 days and 17
hours to reach a pogulatian of 100 million.

16

Practice Problem: Calculate
gl +eTl

Answar: 2.5956819 x 10!

<

. The Memory

Store Key: stores the displayed namber
in the memory. This will override the
previous entry in the memory.

RCL Recull Kay: displays the contents of the
memary .

+ Add to Mamory Key: adds the displayed
number to the number stored in the
mermnory. The result it then stored in

the memory.

N
-4
!

B

Multiply by Memory Key: multiplies
the displayad number by the number
stored in the memary. The result is
then stored in the memory.,

Mamary Exchange Key: displays the
contents af the mamary and at the
same time stares the dispiayed number
in the memaory.

A

Exampla: Find

eX 87 it x= t o]
2 stn 11" cps223°

Solution;
11 [sin] [x23} [1x
23 [oos] [x%) [iix

i

Sim

] [s
RCL -1
REL] [+/-] [ex] (5]
2 [5] —— 10553932

17




Practice Problam: Compute
1.2 142 1,2 2 1
(3—,} "{4_!) +(§) +{é] +(ﬂf

Answer: 29585302 x 1072

Practice Prablem: Compute
a“ +T
ef —n

Answar: 1.3141734

Exampie: Compute z
z=3x T +xt 2% w1 ot Xx= 7 -1
Solution: This formula cannot be computed

directly. A simpie trick iz 1@ rearrange the
expression:

2= @Bx +x-2xd +1
= {3x + 1lx ~ 2)c” +1
MNow compute z:

1.3356405

Practice Problem: Compute z
z2=3x*+ 2P 1 ifx=Inn

Hint: x!? = ((x2)*)? x x*

Answer: 26.63294

i8

When writing programs, it will be useful 1o keep
track af the disptay and memory as shown in the
next Exampie.

Example: Compute

- i 4
A= X Mg tat bn bpt 4

i=1

Salution

Enter x* M

T L 0

sTO 1r il

[rax) L n

[m+] ™ Mo

[Mz) m i &

T il G
[Mx] b AT e o

m RS T A
(M=) T LT MY LS o
[M+] rr rentraten +w
— 447,44625
*The Drisplay

g
A= I xi wherex= r'g—l
i=4 4l

Answer: 64793195 x 10’8

19




V1. The Programming Keys

LEN Tha Learn Key: is used to enter a pro-
gram into the calculator. Press
before entering the pragram. The display
will read Q0. This indicates step 00 is the
next step to be entered. As yvau enter
kaystrokes, the display reads the step
number fo the next step. After entering
the pragram, prass to return 1o
campute mogde.

The RUN/STOP Key: has two functions.

tn the learn mode, press far
STOF. When executing a8 program, the
calcuiator will stop at this paint, You
can then read a result or enter some data
or bath,

In the compute mode, press for
RUN. The machine cantinues in the
program whaere it left off,

The GOTOD Kay: has twa functions.
In the learn maode, press |GOTO| 09

and the machina will go to step 9 when-
ever it encountears this step in the pro-
grar. This is used tg form {oops.

in the compute maoda, use
befare the [RUN)]) key ta tell the
maching where to start the computations.
For example, vou usually press
00 before executing a new program,

[skZ] [SKN] [SKP] The Conditional Branching
Kays: are usad only in the learn mode.

The @ key means ski% if 2ero. When

the rnachine encounters in the
execution aof a program, it checks the
current displayad number. 1f this is zero,

it skips the next step. {If the next step is
GOYQ|, it skips two staps; i.e., |GDTD|

20

04 is two steps.) 1f the number is not
zera, it just continues,

Simitarly, [SKN]| and {SKP| test far a

negative sign on the displayed number.

Thus means skip if negative ang
means skip if positive or 2aro.

The Single Step Kay: is helpful when
debugging programs. In the compute
moda, is the same as RUN but
will anly execute one step. By repeatedly

pressing . you get 1o see each
intermediate calcuiation in the program.

Mote: Thers are 24 steps available, numberad 00
to 23. Each key entry takes up a single step; 2.q.,
329 takes three steps.

There are two exceptions:

takes O steps: is one step.

After |GOTQ |, the next twa digits take one
step: 1GOTO{] 04 are two stens.

At this time you, the reader, should attemp! somse
of the programs in Appendix A. This will familiar-
i2e vau with tha format we usa and will give you
Practica antaring and axeculting programs.

In the next chaptar, we analvza some sampfe
problerng and describe the techniques for writing
VOUr OWr Drograms.

VH. Programming

Evaluating Functions

Exampla: Fing f{x) for x = .9,51,99999 and
0.0101.

flx) = Inx — {em3rctan x) +g 4

21




Salution: Find the keystroke sequence for this Practice Problem: Find f(x) for

function using RCL for x: x=1,2,5 001102 and -1.08 x 107
ACL In - RCL arc tan +/- eX + 0.4 = if flx) =/ In (eX + e7X)
Next, compile the program: Hint: Don't torget the E]
PROGRAM Answar: f(1] = 1.0815687
LRN fi2) = 1.420616
o0 STO o8 9 fig9) = 3
01 In 09 . 0.01102} = 832641
02 - 10 4 11-1.08 x 10-23} = 8325548
{3 RCL 1" =
04 ot 12 STOP .
s e 113 GOTO Plotting Curves
06 e¥ 14 00 Example: Plot
?}m * fix} = sin (:-c)" for 0.001 < x < 0.020
using increments aof 001,
Selution: The formula for fix} is
EXECUTE 1
GOT0 00 RCL % sin
grln-:;:lrj el We will write the program 10 increment the memary
Enter x x by .GOT;evaluate fix); stop and then repeat. The
RUN — fix] program is
. PROGAAM
* LRN
: Q0 RCL o7 STO
MNow, run the program for the given values. Gt + % 1/x
02 . sin
coTo 2o 03 0 10 STOP
RUN — 9.2046395 o ? ;; Gggﬂ
Enter 51 08 _
RUMN —— 13,331826 LAN
Enter 92999
RUN — 20.81291%
Enter 5101

RUN —+ 4,2441353




EXECUTE

GOTO 00

RUN —— f1.001)
RUN —— {002}
RUN —— 1({.003)

We get {rounded 1o 3 decimal places):

£.001) = -985

#H.011) =1

002} = 643 H.012) = 883

1.003) = —.449 £.013) = 974

f{.004) = -.940 f(.014) = 948

f{.005) = -.342 fl.015} = 918

f{.006) = .23 §{.016} = BRY

f{.002?) = 604 f{.017} = 856

fl.ooB} = 819 fi.018} = 826

f{.009) = 833 £{.018} = .785

f.010) = 985 1.0201 = .766
if we plat this on a graph, we get
1— : ; M| I M '_i
RN I aa B SN
INSSEEEERD /R BESEEA S SEY
b e oot
h*{:, e +{
B grfer o dbddd o b
R n
B R i e S e ] B e S
LN LV O B s A B
T I B0 Rl o S Sl sl i
° —— T e e .
; i! 1 'Q-T;' L. .ot i D15 I ,.020
s il r Al e e
B A8 A e e et i
- i L : SRR b
2 T T
: i :‘fl Co . P Lo
: AEERE L e
oy
A — f ’
24

Practice Problam: Plot
flx) = tan {ex +44)°

forJ0< x< 45
using increments of .1

/

Answar:

-

Polynomials .4
Example: Find pix) forx =4, 7, 6,5, 3 where
ple) = 3x% + 2x® —x + 1
Solution: As shown on paga 1B you cannot enter
this formula directly, You should first rearrange
the expression
pix) = [3:‘; + ?_x: —x] +1
= {3x" +2x z--1lx+1
={{3Ix+2tx" -t x+1
Thus, the key sequence for p{x} is

RCL x 3 + 2 x ACL x°
-1 xRCL + 1% =

Next, campile the program:

PROGRAM
LRMN

00 STO 09 1

01 b 10 x
02 3 1 RCL
02 + 12 +
04 2 13 1

05 X 14 =
06 RGL 15 STOP
07 x° 16 GOTO
08 - 17 60
LRN




EXECUTE

GOTO 00
Enter x
AUN —*p (x}
Enter x
RUN —rp (x]

.
»
L]

Mow compute the results

GOTO 00

Enter 4

RN — 893
Enter 7

RUN —— 7883
Enter 6

RUN —— 4315
Enter 1 -2 =
RUN -—— 9375
Enter1+-3=
AUN —— 7777777

Thus, pla} =893 p(1}= 9375

p(71=7883  p(3)=.7778
piG) = 4315

Practics Problam: Find
plx) forx = .17, .84, 3.6, 19
ifplx)=x" -2 +x? —x -1

Anzwer: —1,1500808, —1 8219366,
83.0086 ,116944

Roots of Polynomials

A root of a pelynomial is a number x* such that

plx*) =0

Suppaose you are given a palynomial. For example,

plx) = 16x° — 24x% + 4x + 8
26

The divisors of the leading coatficient, 15 are
15,5, 3.1

The divisors of the constant, 8 are
B,4,21

Make a tist of all fractions% where a divides evenly

into the consiant and b divides evenly into the
leading coefficient.

t1 713333
84218432271
5 § 5 5 151515 15

Evaluate p{x) for each of the above fractions and
their negatives. i plx] = O then x is a root of pix).

{Due to rounding errors, 2 number as small as 1078
should be considered equal 1o 2ero.)

This technigque will find all the rational (fractional)
raots of any palynomial. This cannot be wused for
irrational roots /2, \/3, etc.}.

Practice Problams: Find the roots of plx) above

2 2
Antwar: 2, 35

Find the roots of
plx) =27 - 13x  +x + 70

Angwar: 5, ;— -2

The Key

Tha [E] is ugeful in many programs as shawn in
the next example,

Exampie: Find flx) for x = 1,5, 10, 100
aX
fix) = nx—Jx+8
27




Solution: First write out the key sequence for the
formula;

RCL + 4 = +/x — RCL
In x—y 5+ RCL eX
Xy =

Notice haw x+vy is used in this axampla. Naxt,
compile the pragram.

PROGRAM
LRN -
00 aTO 2] +
(1} | + 10 RCL
02 4 1% ex
03 = 12 X~y
04 VX 13 =
05 - 14 STOF
06 RCL 15 GOTO
07 In 15 00
08 Xy
LRM
EXECUTE
GOTO Q0
Enter x
RUN — fix]
Entgr x

RUN — fix)

"

Run the program

GOTO 00

Enter 1

RUN —— 1. 1156526

Enter &

RUN — 106 7289

Enter 10

RUN —— —-15306.018

Enter 100

RUN —— ~4.8063297 x 10%

28

Practics Probtam: Find f{8) for

;] =% radians
4 = 46°
4 = 90 gradians

where f{8) = tan # —\/EInJ +cos 0

Answor: 1( 111 ) ~ -4.7997425

1(46°} = - 1535862
{00 grad) = 5.244114

The Key

The {xoM] key is useful in many programs as
shown in the following example.

Exampls: Find

E T aT VI +T 4ot VR
P=1

forn=5,11,18. 104
Solution: Supposa, for the time being, n= 11, 1t
is easier to find

JIT 048 -+ ST
Set up a table and experiment with different
arrangements:

e x b I -] ] ™
TR D
i [t | n Wil L1} WM ]
iv] T 1) " LI | | ]
[REL] 1w m [] [] ]
=] | <TF 0 ~T W ;| 5
=] ST [T TE il WITe ST 9 L]
Lzl njl.n L ST TR L] LR [ T |
| ul.m w o [T g VT T A
1 1|1 1 W14, 1 N L L -
S Bl B S 1 P P

It s essential 1o keep track of the memory in
this way.




When a possibie sequence is found, compile the The Key
program.

PROGRAM The |lNTi kay is used in programs 12 and 16 of
LAN Appendix A. You will use it to solve the next two
06 x—M 08 = prablems.
01 + 09 SKZ
02 RCL 10 GOTO Practice Problems: Write a program that rounds
03 X 1 an any decimal to the naarest cent. If you enter
04 = 12 RCL | 53.7152 you should get 53.72. Simitarly, if you
05 x M 132 5TOP enter 4.174, you should get 4.17.
06 - 14 GOTO I
Q7 1 15 a0 Write a program io find the greatest perfect square
LRN less than ar equal to any given number. (A perfect
EXECUTE square is a number whose square root is an integer. )
GOTO 00
Enter n .
RUN —— 2 Writing a Program
grii:? a We have seen there are six steps in writing a program
AUN ——Z (1) Write ocut the farmula,
DSTO (2) Reatrange if neceszary.
: (3) Write out keysequence for formula.
{4) Using a table to keep track of the mamory,
Then execute ) develapr key seguence for memary
aperators,
gg;? Dg {5} ‘{}Ise different techniques te shorten program
1T necessary.
2:,"‘:: 11 B.3823323 l {6} Compile, run, debug.
RUN -——— 25 784903 , We have saen how step (2] has been used to com-
Enter 18 pute polynomials. There is another trick you can
RUN —— 57.193842 USE 10O COMpUte powers. Suppose you wish to use
Enter 104 9.7%

RUN —— 71195926
in a computatian, This must be rearranged using
Practice Prablam: Find the farmuia
X
n v.x =Ell‘i!‘f . Exlny
Z Infil form=5,9 24,566
i=1

Answer: 10450452 489612595
559.68849 4010.7111
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Thus,
g 7% =paxing?

This new arrangemant is compatible with the
machine,

It is impartant to use a table to keep track of the
memory (step 4) when creating a program. For an
example of this techaigue, see page 29.

If your program turns out to ba too large, don't
give up. You may be able to rearrange your
formula to make the program sharter. |f this does
not work, part af the program may be entered
enanuglty during the execution of the program. For
example, the program for the gquadratic farmula
Inrograrm 7, appendix A) is too long, The last part
must be entered manually: - RCL —=RCL = .

Finatly, you compile the pragrarn, yun a test prab-
lem and get the wrong answer. You rmust debug
the program.

Use the key to run the program step-by-
stap. You will thus find where the program goes
wrang,

The biggest cause of errors is the omission ¢f the
key. For exarnple,

3+4Jx =
computes 3 + /4 If, instead, you wanted +/3 + 4,
yau have misplaced the = sign:

3+ 4= Jx
Check your program for In, eX, /X , ¥’ . 3in atc. An

equals sign befare these operators makes a big
difference.
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Appendix A, Useful Programs

ToyX
This program calculates yX using the formula
yx = aX Iny v >0
PROGRAM EXECUTE
LRN GOTO 00
03 in D4 ¥ Enter v
01 x 05 STOP RUMN
D2 STOP|0B GOTO Enter x
03 = a7 a0 RUN — &
LERMN
2. Yy
This program caleutates &y using the formula
y=elnysx  yug
PROGRAM EXECUTE
LEN GOTO 00
GO In 04 eX Enter y
a1 = 05 STOP RUN
Q2 STOP| 06 GOTO Enter x
03 = 07 00 RUN ¥y
LRN

3. Fibonacei Sequence
This program computes the Fibonacci sequence
X, X3,
using the formula
xp =0 x3=1 )
-‘:i:-"'i—z"’xi—j I=3,4,5."'
PROGR AM EXECUTE
LAN GOTO 00
oG o 05 x--M RUN — x,
01 STQP |06 STOP RUN — x3
021 07 M+ RUM — x5
Q3570 |08 GOTO . .
04 STOP |02 05 '
LAN .
34

4, Base 10 -+ Basa 2

This program canverts a base 10 number nyg
tc a base 2 number x4 . Denote the digits of

X2 by

y Ok -2

o8 dy

To executa the program, choose a value for k
bigger than the expected number of digits in
X32. Far example, ta chﬁnge BOE4 to binary

form choose k = 13 {2

= B197).

PROGRAM EXECUTE
LRN GOTO GO
012 13 18 AuUN
02 in 14 0 Enter k
03x  [15STOP RUN - d,

04 STOP{16 GOTD RUN
D5 = 17 D1 Enter ¥ — 1
D6 eX I8 STO RUN —d_ _ ;
0?7 - 1941 RUMN
DB RCL |26 STQF Enter k -2
D9 x-v |21 GOTO RUN - e 5
10 = 2201 :
11 KN .
LBN RUMN
Enter 1
RUN -+ d]
Qiln _ iseven
du:h ifn\ is odd
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Note: You can modify this program to convert
numbers to a base different from 2. Step 01
shoulid be changed to this new basa. For each
digit d;, rapsat the sequence

RUN
Enter i
ARUN—-Dar?

until 8 O appears. The number of 15 generated
by this procedure /s the d; digit.

Base n —+ Base 10

This program converts a base n number x

to a base TG number y 5. Denote the digits
of x, by

36

dkdk-1dk -3 - do
PROGRAM EXECUTE

LRN GOTG 00

00 STO 0d x Enter n

010 05 RCL RUN

02 + 08 GOTO Enterd,

03 STOP 07 02 RUN

LERN Enter d _,
RUN
Enterd,
RUM
Enter dp
= Y10

. Additional Memory

Yaou can use the programming registers to store
freguently-used constants, Suppose you wilf be
making numaraus calculations with the
constants

C=2908 x 108
G=6673x10""
K=172

These can be entered into the program and
whenever one of these vatues appears in a com-
putation, press GOTO and the appropriate

tine number. The dasired canstant appears on
the display and you may continue with the
calculatians.

PROGRAM EXECUTE
LRMN GOTO 00
o0 2 117 RLUIN —C
01 123 ot
0249 13 EE GOTO 08
039 14 1 AUN — G
048 151 or
05 EE 16 +/- GCOTO 18
0b 8 17 STOP RUN — K
Q7 STOP |18 1
086 97
09 - 202
106 21 STOP
LRN

7. Quadratic Formula

This program computes the solution of
ax? +hx +c=0

using the formula

_=b+ /b7 - dac
*1 = Za

_-b- Jb? - dac
*2 = Za
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If the roots are complex numbers, an error
will ocgur,

PROGRAM EXECUTE
LAN GOTO 00
00 + 12 x—~M Enter c
0% STOP 13 - RUN
02 5TO |14 RCL Enter a
03 = 15 x° ARUN
04 x+M |16 = Enter b
05 x 17 +/~ RUN — x,
DB 2 18 = -RCL - ARCL
07+ 19 /x = —* X3
08 STOP 120+
09 = 21 x-t
10 +/- 22 =
11 1/x  [235TOP
LEN

8. Distance Between lx{, v;} and (x5, v3)

This program computes the distance between
two points on the Cartesian plane.

X, vy
'\d\

d= 'v"[.x] —X;;z +h|"] '5!'2]2

® {x3.v¥37)

PROGRAM EXECUTE
LRN GOTO 00
00— 08 = Enter x,
01 sTOP|09 x* RUN
0z -, 10+ Enter xs
03 x 11 RCL RUN
04 5TO |12= Enter v
a5 STOP |13 /x RUN
06 — 14 5TOP Enter y,
07 STOP RUN —d
LRN

8.

10.

Polar —~ Rectangular Coordinates

; —
] vi /]

x
Polar Coordinates Rectangular Coordinates
{r. @) ix,¥)

This program converts {r, #) to {x. v) using the
forraulae

X =rcosd
¥ =rsing

Step 2 of the execution is used to enter the
angle mode aof 8. This step may be left out in
successive camputations unless the angle mode
is to be changsd.

PROGRAM EXECUTE
LRN GOTO QO
00 x 07 RCL deg, rad or grad
1 STOP| 08 tan Enterr
025TO |09 = RUN
03 cos 10 5TOP Enter 8
04 = 11 GOTO RUN — x
05 STOP| 12 00 AUN —»y
06 x
LRN

Rectangular —+ Polar Coordinates
This program converts {x, vy} to [r, #] using
rex-cosé

{arctan ;— ifx>0
ﬂ £

arctan—z- +180° ifx <0
This program will not compute r, 8) ifx =0,
Befora entering the program, you must decide

which angle made you want # to be expressed
in and adjust steps 00, 10, 13-15 accordingty.
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1.
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PROGRAM EXECUTE
LAN GOTO 00
00 degy {rad, grad]f 12 + Enter x
1 87O 13,180y RUN
02+ 14(1r 0r) Enter v
03 5TOFP 154200/ RUN — 8
04 xrry 16 = RUN —r
D5 = 17 xM
06 arctan 18 =
07 x~M 19 RCL
08 SKN 20 8TOP
09 GOTO 21 cos
10 18{186) 22=
1 x—+M 23 STOP
LRN

d/mjs — degrees

This program converts

[N ']

a degrees/minutes/

seconds vafue X" v’z to a decimal degrees
value w’. This can aiso be used for hours/

minutas/seconds conversion to decimal haurs,

The formuia is

= +L+--—E-.-.-
w=XT80 * 3600

PROGRAM EXECUTE
LRN GOTO 00
00 8TO |106 Enter x
G1STOP |11 0 RLIN
02+ 120 Enter vy
036 13= RUN
040 14 M+ Enter z
05 = 15 RCL RUN — w
06 M+ |16 STCP
07 STQP |17 GOTO
08 - 18 00
o3
LRN

12. degreas — d/m/s

This program converts a decimal degrees vatue
w” to a degrees/minutes/seconds value x"y'z"
This can also be used to convert decimal hours
10 hours/minutes/seconds, Tha formulae ara

x = int (w}
v = int {60 x {w - x})
z2=60x [60x {w—x} -v]

PROGRAM EXECUTE
LRN GOTO Q0
00 3TO |12 INT Enter w
01 INT |13 STOP RUN —x
02 STOP|14 — RUN — y
03 - 16 RCL RUN — 2z
04 RCL |16 x+vy
D5 xey |17 x
0gG = 186
07 x 1290
086 20-

0o 0 21 8TCOP
10 = 22 GOTO
11 5TO |2300
LRN

13. Compound intersst

Let P = principal
i = interest rate compounded k times a
vear (expressed as a decimat}
B = balance after n compoundings

The formuia for compound interest is
+ iy
B=PI1t El

Program A: This pregram computes B given P,
i,n, k.
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Program B: This program computes P given B,

Program : This program computes n given B,

42

PROGRAM
LRN
00 + 08 =
01 STOP |02 X
02+ 10 x
031 1 §TOP
04 = 12 =
05 tr, 13 STOP
06 x 14 GOTO
0?7 STOP|15 0D
LAN

i,n, k.

PRACGRAM
LAN
00 = a9 eX
D1 STOPI10 =
02 + 11 8TOFP
03t 12 xoy
04 = 13=
05 In 14 STOP
06 x 15 GOTO
07 STOP{16 0O
0B =
LAN

P ik,

PROGRAM
LRMN
00+ 10=
31 STOQP| 11 n
02 = 12 +
023 in 13 RCL
D4 STO |14 x++y
05 STOP|16 =
06 = 16 5TOP
07 STOP|17 GOTO
08 + 18 00
031
LRN

EXECUTE

GOTO 00
Enter i
RUN

Enter k
RUMN

Erter n
RUN

Enter P
RUN-— B

EXECUTE
GOTQ O
Enter i
RUN
Enter k
RUN
Enter n
RUN
Enter B
RUN—P

EXECUTE
GOTO
Enter B
RUN
Enter P
RUN
Enter i
RUN
Entar k
HU‘N-—* ]

Program D: This program computes i given B,

P.n k
PROGRAM EXECUTE
LARN GOTO 00
00 = 08 — Enter B
01 §STOP 109 1 RUN
02 = 10 x Enter P
02 n 11 STOP RUN
04 = 12 = Enter n
05 STOP|13 STOF RLUN
06 = 14 GOTO Enter k
07 ¥ 1500 RUN—
LARN
14. Loans

Define P = principal

PMT = payment amount
n = nummber of payments

i = interest rate (expressed as a decimal]

k = number of payments

The formula for loans is

P=

Iy ~n
1-(1 +*E}
PMT -
k

in T year
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Program A: This program computes P given
PMT, i, n, k.

PROGRAM EXECUTE
LRN GOTO 00
00 = 12 eX Enter i
01 5TOP[13 — RUN
a2 = 141 Enmer k
03 5TO |15 x~y RUN
04 + 16 = Enter n
05 1 17 RCL RUN
0§ = 18 » ) Enter PMT
07In 18 STOP RUN - P
0B x 20 =
09 5TOP|21 sTOP
10 +/- |22 GOTO
11 = 23 00
LRN

Program B: This program computas PMT given
P.i,n, k.

PROGRAM EXECUTE
LAN GOTGC 00
00 = 12 @X Enter i
01 STOP (13 - RUN
02 = 141 Enter k
Q3 5TO 115 x~y RUN
04 + 16 + Enter n
05 1 17 RCL RUN
06 = 18+ Enter P
07 in 19 STOP RUN--= PMT
08 x 20 x vy
09 5TOP |21 =
10 +/- 122 SYOP
11 =

Program C: This program computes n given P,
PMT, i, k.

PROGRAM EXECUTE
LRAN GOTO 00
0g + 12 8TOP Enter i
01 STOP|13 — RUN
Q2 = 141 Enter i
03 5TO |15 x+y AN
04 + 16 = Enter P
0581 17 in RUN
08 = 18+ Enter PMT
07 In 18 ACL RUN—nn
08 x--M |20 =
02 x 21 +/-
108TOP| 22 STOP
11+

LRN

15. Pariodic Savings

Define PMT = amount deposited k times & year
at equal irntervals
i = interest rate exprassed as a decimal
n = number of depasits
FV = total value of the agccount at the
end of the term.
The formuta is
i
i 1+zin-1
FV = PMTx 1+ ) x [ ! "1
ifke

Program A: This program computes £V given
PMT, i, n, k.

PROGRAM EXECUTE
LAN GOTO 40
o0+ 12 RCL Enter i E k
0t 1 13 = RUN
02 = 14 x M Enter n
03STO [15 - RUN
04 In 16 1 Enter PMT
05 x 17 RUN — FV
06 STOP |18 RCL.
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07 = 19 x ey
08 ex 20 x
09 - 21 5T0P
131 22 =
11 x 23 5TOP
LRMN
Program B: This program computes PMT given
FV,i, n, k.
PROGRAM EXECUTE
LAN GOTO Q0
00+ |12RCL Enter i [+] k
011 13= RUN
02 = 14 x M Enter n
03 5TO |15 — RUN
o4 In 16 1 Enter FV
0% x 17+ RUN—*PMT
06 STOP| 18 RCL
ar= 19 x
DE X 20 8TopP
09 - M=
101 22 STOP
11 x
LRN
Program C: This program computes n given
FV, PMT, i, k.
PROGRAM EXECUTE
LRN GOTO g0
00 + 12+ Enter i
01 STOFP{13 STOP RUN
02-= 14 + Enter k
02 8T0 181 RUN
04 + 16 = Enter FV
051 17 In AUN
06 = 18 = Entar PMT
07 x~M |19 RCL RUN——n
G8 x 20 In
08 8TOP|21 =
10+ 22 STOP
11 RCL
LAN

Program 16: Dice

This program simulates the ratl of a die. Choose
a 4 digit dacima!l n, to begin the sequence, For
example, n = 2951

PROGRAM EXECUTE
LEN GOTO Q0
DORCL [12 = Enter n 5TO
o1 + 13 8TO RUMN— djg
oz 14 INT RUMN—- dig
03= 15 — RUN— die
0ax® (166 .
0B 5TO |17 = *

06 — 18 SKN -
07 RCL |19 GOTO

08 INT | 2000

09 x 21 5TOP

10 1 22 GOTO

110 2300

LRN
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Appendix B. Mathematical Formulae
1. General

Quadratic

~h + Vb2 - 4ac

Za

R:

Binomsial

(a+b}" = E ‘:) n—k pk
k=0 T 0

n

ny . 1., .
where () = {n—k}!

Distance betwean lx.l, Yqr 21} and {xz, ¥y zzl

= - 2 - 2 _ 2
d \/':’H x2} +{V1 v2] +{21 221

Exponential and Logarithmic Identities

a” =1 [2*ita¥)=a**Y Inab=Ina +inb
1
— =a* a*fa¥=g*"¥ In (E}ﬂnarinb

{ab)* = a¥pX {aX}¥ = g*¥ In{y*)=xIny

e=lim (1 +%l"
n—+co

Law of Cosines

a2+ b2 -2 ab cosd = o2

b
Law of Sines

$in A _sinB _sinC
b a b~ ¢

2. Geometry

Circle

(9

Sphere

Ellipsa

Clp2

Triangle

Cylinder

Circumference

Circle

Area

Circle
Sphere
Ellipse
Triangie

Valuma

Sphere
Cvlinder
Cane

Eguationr

Circle

Ellipse

Hyperbola

Paraboia
Line

2T

r2
ans2
Tab
1/2 ab
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Appendix B, Mathematical Formuiae (cont)

3~DERIVATIVES

General
g_tg=g diu+v) _du _dv
dx dy dr dx
dix™ oy dlusv) _ dv . du
dx = nx ox =u ax"— + v dx
dicu) _ du diufv) _ u
ol ==V lﬂ-—-ii-u %
v2
(Chain Rule} dz L gz dy
dx  dy *dx
Trigonometric
disinx} disin~1x) 1
——— = posX =
dx dx ,-’_"—1 _;2
dicosx) . dicos™ 'x) 1
gy dx
V1-x2
ditany) > ditan™ "x) 1
= gecey =
dx ¥ dx 1+x2
650

Hyperbolic
dlcoshx) _ sinhu dicosh ™ 'x} _ i
dx dx 21
disichx) _ disinh™ Y} _ 1
o ax x2+1
ditanhx} _ sech2y ditanh™ x} o1
dx dx 1-x?
Transcendental
dilnx) _ 1 dleX) - X
dx x dx
g-{g:;x-:' = a*Ina
1Y
d&ixl = yy¥1 _% +inusu’-

] Iw—- - I T




Appendix B. Mathematical Formulae (cont}
4-I{NTEGRALS

fSdu=u+C
Jadu=au+C whereaisany constant

J[#lu) + glud] du = [ flutdu + [ glu) du
n+ 1

fuPdy=2

n+1+C_ n# -1

T oin i +c

u

U @
f a¥ du — +C

Jeldu=e"+C

fsinudu=—cosu+C
Jcosudu=sinu+C
fseczudu=tanu+c
Jese?udu = —cotu+C
fsenutanudu=secu+c
fescucotudy = ~cseu +C

ftanudu =tn |secul +C
feotudu=In|sinul +C
[secudu=1in jsecu +tanui +C

Jescudu=In lescu —cotul +C

j'd—uﬂ sin”g- +C wherea>0
Vaz—uz
du

-'312-!-u2

du
IUVUE-aZ
fsinhudu=coshu+C
fcoshudu =sinthu+C
Jsech? udu = tanhu +C
feseh? udu = —cothu +C
{sech u tanh 1 du = -sech u + C
Jeseh u coth udu = —cschu +C

1 __1.'...|
=gtan” g +C

@

__1 -1 u
=g sec ‘EI"'C where a >0

Integration by parts
Judv=uv - [vdu
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Appendix C. Physics Concepts
1-PHYSICAL CONSTANTS

Name of Quantity

Symbol  Value

Speed of light in vaguym
Charge of eleciron

Rest nrass of electron

Ratio of charge to mass of electron
Planck's constant

Baltzmann's constant

Avogadro’s number {chemical scale}
Universal gas constant {chemical scale)
Mechanical equivalert of heat
Standard atmospheric pressure

Votume of ideal gas at 0° C and 1 atm
Iichemical scale}

Absalute zero of temperature

Accaleration due to gravity
{sea level, at equator!)

Urtiversal gravitational constant
Mass of earth

Mean radius of earth

Equatorial radius of earth

Mean distance from earth to sun
Eccentricity of earth's orbit

Mean distance from earth to moon
Diameter of sun

Mass of sun

Coulomb’s law canstant
Faraday’s constant {1 faraday}
Mass of neutral hydrogen atom

Mass of proton

Mass of neutran

Mazs of glectron

Ratic of mass of proton ta mass of electron

Rydberg canstant for nucteus of infinite mass
RAydberg constant for hydrogen
Wien displacement law constant

c 28979 x 108 ms™"
e -1e02x10719¢C
m 9.10x 103" kg

8 11 -1
ag/Me 1.759 %107 Ckg

h 6.626 x 1073% Js
K 1381 x1073 1K~
! 6.022 x 1022 mplecules mole™?
R 8314 Jmole"1 K]
J 4.185 x 103 J keal ™}
1 atm 10132105 N m-?
22 416 liters mole™

0K -273.15°C
9.78049 m 52
G 6673 x 10" T N« m? kg2
m 5.975x 1024 kg
6.371 x 10% m = 3958 rmi
£.378 x 10° m = 3963 mi
1 AU 1.49 %107 m=9.29x10" mi

0.0167 _
A.84 x 108 m =60 earth radii
1.39x 10° m = 8.64 x 10% mi

m 1.99 x 1070 kg = 333,000 x mass

of garth .

k=1/411€,8.9874 x 109 N-m2 ¢
96.487 C mole™"

1 1.007825 amu

1.007277 amu

1.008665 amu

5.486 x 1072 amu

m 1836.11

109.737 cm ™!

109,678 cm™

0.2898 cm K~
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Appendix C. Physics Concepts {cont)
2-CONVERSIONS
English to Metric

To Find Multiply By

microns mils 25.4 i
centimeters inches 2.54 '
meters feet 1.3048

meters yards 0.9144

kilometers miles 1.609344

grams Qunces 28.349523

kilograms pounds 0.45359237 F
liters gallons(U.S.) 3.7864118 i
liters gallonsiimp.) 4.546080 5

miltilitersice)
s0. centimeters
5q. meters

$q. neters
millilitersicc)
CU. MeTers

€U. meters

fl, ounces
sq. inches
sq. feet
5g. yards
cu. inches
cu, feet
cu. yards

Temperature Conversians

9
= 5(0] +32

5
= g‘IF ~32)

b6

29573530
6.4516
0.09290304
0.83612736
16.387064
28316847 x 102
0.76455486

Ganeral
To Find Multiply By
atmospheres  feet of water 0294890
@ 4°C
atmospheres  inches of 0334211
mercury @ 0°C
atmospheres  pounds per 068046
5. inch
BTU foot-pounds 00128593
8TU joules 9.4845x10™4
cu. ft. cords 128
args foot-pounds 136568200
feet miles 5280
feet of water atmaoasphere 33.89856
@ 4°C
foot-pounds  harsepower- 1.98 x 105
hours
foot-pounds  kilowatt-hours 26656220
foot-pounds  horsepower 3.3x104
per mir.
horsepower  foot-pounds 00181818
PEr sec.
inches of mer- pounds per 2.03602
cury @0°C sq. inch
joutes BTU 1064 3604
joutes foot-pounds 1.35582
kilowatts BTU per min. 01757251
kilowatts foot-pounds 2.9587x10~2
per min.
kilowatts horsepower 7457
knots miles per hour {0.B6897624
miles feet 1.89393x10~%
nautical miles miles 0.86897624
sq. feet acres 43560
watts BTU per min. 17.5725

Boldface numbers are exact; others are rounded,
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Appendix C. Physics Concepts {cont)

3-TABLE OF UNITS
Dierived Linity
Supplemenisry Tables Atceleration .Ifs : metar per second souared
Units far & Systern of Measurss | | Activity {of ragioactive source) s 1 per fecand 3
ot International Relatione Angular acceleration raclis reciran second st are
Angular valbcity radfs racian per secand
Length metar m | |area . m? sqUArE rstar
Wrass kragram  Kg _— : kgim*t kilogram per cublic mear
Densiry . a .
T second g Cynamic wiscomny . N sim* newlon-secand ger 3q meler
Elegtng curreni apere A Electric capatitance : F 1A-s/v1 farad
Temporatura ¥elvn * Electric charge C (A5 eoulemb
Luminous intensity  candeld  ca | | Eteceric hatd strength H WVim vall pae meter
Liscing resistance IV IAY abm
Entropy Ji¥ joule e kelvin
H
Prafix Mamas of Muliipies and Forge N “‘9" mist) newton
Submultiphes of Uinits Frequency H: s hens
Hlumination l= tim!m=1 lux
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Appendix D.
Batteries and Maintenance

- AC Operation

If you have bought or own a8 Cammodora adapter,
connect this optional adapter to any standard alee-
trical outlet and plug the jack into the calculator.
After the above connections have been made, the
power switch may be turned "ON." (While con-
nected to AC, the battery may be left in place or
remaved but we recommend remnovaf,

Use proper Commodore/CBM adapter for AC
operation. Adapter 620 or 707 Morth America:

Adapter 708 Engtand; Adapter 709 West Germany.

Battery Operation

Push the power switch “0ON.” An interlock switch
in the calculator sacket will prevent battery opera-
tion if the adapter jack remains connected.

Your new calculator uses one ordinary 9 valt
rectangular battery, available virtually anywhere,
The connector must be attached firmly to the two
battery terminals.

Low Power

if bactery is low, calculator display
a. will appear erratic

b. will dim

. will fail 1o accept numbers

If one or atl of the above conditions oecur, you
may check for a low battery condition by entering

a series of 8's. If 8's fail 10 appear, vperations should

not be continued on battery pawer. Unit may be
operated an AC power.

Shipping Instructions

A defactive machine shouid be returned to the
authorized service center nearest you. See Yisting
of service centers,

i TEMPERATURE RANGE

Mode Yemparature °C ] Temperature °F

Operating 0° to 50° 32° 10 122°
Storage ~40° to 55° ~40° w0 1317

For a copy of SOLUTIONS TO THE
PRACTICE PROBLEMS IN THE PROD
MANUAL, send $3.50 to caver cost

of handling to the persanal attention

of Mr. Sam Bernstein, Nassau, Bahamas.

CAUTION

A strong static discharge will damage your machine.
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