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INTRODUCTION

Material in HP-55 Mathematics Programs has been selected from the areas of
complex variables, business, linear algebra, integration, interpolation, number
theory, algebra, trigonometry, and analytical geometry.

Each program includes a general description, formulas used in the
program solution, numerical examples, user instructions, program listings,
and register allocations. The body of the book is arranged logically according
to subject matter.

Some related individual programs were combined into one program
when it seemed they might be useful together. In this way more programs
could be included in the book. For individual program use it is possible for
you to use only the portion of the combined program needed for your
particular application.

In most cases the programs do not destroy stored data. Therefore, in
order to run a different example only the data that is changed for the new
example need be reentered.

We suggest that you first read the material explaining the Format of
User Instructions, then use the programs. An understanding of the HP-55
Owner’s Handbook is also required if, in addition, you wish to track the
changes in the storage registers and stack registers on a step-by-step basis.

We hope you find HP-55 Mathematics Programs a useful tool for your
mathematical work, and welcome your comments, requests and suggestions—
these are our most important source of future user-oriented programs.
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FORMAT OF USER INSTRUCTIONS

The completed User Instructions form is your guide to operating the programs
in this book.

The form is composed of five columns. Reading from left to right, the
first column, labeled STEP, gives the instruction step number.

The INSTRUCTIONS column gives instructions and comments con-
cerning the operations to be performed. Steps are executed in sequential
order except where the INSTRUCTIONS column directs otherwise.

Normally, the first instruction is “Enter program’, which means to store
the keystrokes of the program into memory (press in RUN mode, switch
to PRGM mode, then key in the program, switch back to RUN mode).

Repeated processes—used in most cases for a long string of input/output
data—are outlined with a bold border together with a “Perform™ instruction.

The INPUT DATA/UNITS column specifies the input data to be
supplied, and the units of data if applicable.

The KEYS column specifies the keys to be pressed. [#] is the symbol
used to denote the key. All other key designations are identical to
those appearing on the HP-55. Ignore any blank positions in the KEYS
column.

Some programs are sufficiently complex that they cannot be done in the
49 programming steps. However, they were sufficiently important to be
included in this pac. In these cases the users must press additional keystrokes
(other than program control keys) in order to get the answer. Those keys will
also be shown in the KEYS column.
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COMPLEX ARITHMETIC, +, —, x, +

Let a, +ib, and a, +ib, be two complex numbers. The arithmetic operations
+, —, x, + are defined as follows:

1. +, addition

(a; +1ib;) + (a; +1iby) =(a; +a,) +(by +by)i
2. -, subtraction

(a; tiby) - (ap tiby) =(a; —ay) +(b; - by)i
3. x, multiplication

(a; tib;) x(a; tiby) =1, 1, el(@1 +02)
4. =+, division

a; tib Iy i(o. - .
(a; | D_ N, 92) 4, +ib, #0
(az +iby) 1,
where rlele1 is the polar representation of a, +ib; and r2e161 is the polar
representation of a, + ib,. In each case let the answer be x + iy.

After a calculation is finished x is stored in R, as well as the X-register and y
is stored in R, as well as the Y-register. In this way arithmetic operations can
be chained together.



DISPLAY
LINE | CODE
00.
o1. 42
02. 22
03. 42
04. 22
05. 34
06. 01
07. 61
08. 22
09. 34
10. 02
1. 61
) 12. -43
13. 32
14. 00
15. 13
16. 22
17. 42
18. 22
19. -22
20. 32
21, 00
22. 33
23. 03
24, 23

Complex Arithmetic, +, —, X, + 7
DISPLAY KEY REGISTERS
LINE |cODE | ENTRY
25. 34 RCL R,
26. 02 2 R, a,, x
27. 34 RCL R, b,y )
28. 01 1 R; Used
29. 32 | g R, ]
30. 00 R-P Rs
31. 34 RCL Rg
32. 03 | 3 R,
33. 7 x R,
34. 33 | STO R, |
35. 03 |3 Reo
36. 23 RY Re,
37. 61 + Re2
38. 34 RCL Res
39. 03 |3 Res
40. 31 f Res
41 00 R<P Res
42. 22 X2y Re7 |
43. 33 | STO Res
44, 02 2 Reg
45. 22 X2y
46. 33 | STO
47. 01 1
48. -00 | GTOO00
49.
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Examples:

1. (3+4i)+ (7.4 -5.6i)=10.40 - 1.60i

2. (3+4i) - (7.4 - 5.6i) = -4.40 + 9.60i

3. (3.1+4.6i) x (5 - 12i) = 70.70 - 14.20i

(3 + 4i) .
= =125+.64
7 -2i '
5. |[CraD+(74- 5‘6‘)] [3.1 + 4.61] =3.61+7.16i
L 7-2i
Istep INSTRUCTIONS oATHONITS KEYS DATA/UNITS
[ 1 [Enterprogram |l I Il ]l | B
2 For first calculation in chain [ “ ” H J
enter a, +ib, - 7 Vbl - *l 2 ” l Iki i
B R R 0 B | —
3 |Entera; +ib; | b ,J ! JI I[ ]H, ]
. B & 777«' ” ” ]r ]
4 |For Addition e J[ o [ s [ ms | x
o 1 | I | I |
. Sulﬁract»ion I BST Jr R/S ” “ I x
e I | I | |
Multiplication [feto |[ 2 [ o [ rs | x
I i I | I |-
Division [fero |[ 1+ |[ 3 |[ ”s | x
5 For imaginary part I X2y ” ” —“ |ny*~v i
6 For next calcula'fivc»‘n_iiilla‘in go [ JL ” ” J
to step 3 I ” ” IL ]" ]
or [ I[ I[ I |
For a new calculation, go to I “ ” J[ I

step 2

JL |




Complex Functions In z, log, w,logc z 9

COMPLEX FUNCTIONS In z, log,w, log.z

Let z=a; +ib, and w=a, +ib, be complex numbers with polar representa-

tions r,e'% and re

i0, respectively. Also, let ¢ be a positive real number. The

formulas used to evaluate In z, log, w, and log, z are as follows:

1.

lnz=lnr1 +i01

logzw:ln—wzgei(es—eq) z%#0

Inz 14
where Inr, +i6, =13 '%:
and lI'l I + 101 =14 e194

1 0
lnz __nh L c>0

Inc Inc Inc

In each case let the solution be x + iy. The calculator must be in RADIAN
mode for all three functions.
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DISPLAY

KEY

DISPLAY

TR Ny REGISTERS
25. 33 | sTO Ro

26. 03 3 R, a,c
27. 23 Rl R, b,
28. 51 — R3 ry/rg
29. 42 CHS R,

30. 34 RCL Rs

31. 03 3 Rg

32. 31 f R,

33. 00 R<P Rg

34. -00 GTO 00 Ry

35. 32 g Reo

36. 00 R—>P Ru

37. 31 f R..

38. 22 In Res

39. 34 RCL Res

40. 01 1 Res

41. 31 f Ree

42 22 In Re7

43. 81 + Res

44. 22 X2y Reg

45, 31 f

46. 34 LAST X

47. 81 +

48. 22 X2y

49. -00 GTO 00
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Examples:
1. In(1+i)=.35+.79i
2. log(;+iy (1.49 + 4.13i) = 2.00 - 1.00i
3. log, (~7.46 + 2.89i) = 3.00 + 4.00i
STEP INSTRUCTIONS oAThUNITS KEYS DATA/ONITS
J Enter program [ ] [ ] [ | B
2 Set in radian mode [ f J[ RAD IL J[ ]
j, ForIn z, enter z b, I t ” “ ” 41 ]
o [esT [ ms J[ | ||
(0 N I A
NS C 1|
3 For log, w, store z by fSTO ” 2 Jl ” I
, WS o
4 Enferw b, [ t ” ” ” I
a [ GTO ]r 0 ” 6 ” RIS | o
| ECT | | | R A
L Ll I [ o
3 Forlﬁog;f,storec c | STO ” 1 ” “ I
4 Etherﬁz': E, 77777 [ t ]r ” ” l
S a 6o [["3 [ s || ms |«
Lo || i | |
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COMPLEX FUNCTIONS i1z, 22, Vz,e%./Z

A complex number z = a + ib has polar representation re'?. The formulas used
to evaluate the given functions are as follows:

1. |z|=Tr

2. z22=r%e

4 z a ,ib

5. Vz=x (/1 e?1%) = £(x +iy)

The answer is represented by x + iy. For e* the calculator must be in
RADIAN mode.

u::PL::DE E:‘(%Y LI:;SPL;:DE E:%V REGISTERS
00. 25. 22 | € R,
o1. 32 | g 26. 31 f R,
02. 00 R-P 27. 00 R<P R,
03. | -00 | GTOO00 28. | -00 | GTO00 R,
04. 32 |g 29. 32 |g R,
05. 00 R-P 30. 00 R-P Rs
06. a4 t 31. 31 f Re
07. 7 X 32, 42 | Jx R,
08. 22 X2y 33. 22 X2y Rg
09. 41 * 34. 02 |2 R,
10. 61 + 35. 81 + Reo 1
1. 22 X2y 36. 22 x2y Rey
12, 31 f 37. 31 f Re2
"13. | 00 | ReP ~ 38. 00 | ReP Res
14, -00 | GTOO00 || 39. | -00 | GTOOO Res ]
15. 32 | g 40. Res
16. 00 R-P 41. Res
17. 13 1 42, Rez
18. 22 | x2y 43. Res
19. 42 CHS 44. Reg
20. 22 | x2y 45,
21. 31 f 46.
22. 00 R<P 47.
23, ~00 GTO 00 48.
24, 32 | g 49,
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Examples:
1. |3+4i|=5.00
2. (7 -2i)® = 45.00 - 28.00i

1

=.15-.23i
CFET 23i

4. eG4 = _13.13 - 15.20i
5. V/7+6i =+(2.85+ 1.05i)

STEP INSTRUCTIONS oAThUNITS KEYS DATA/UNITS
1| Enterprogram I JC_JC Q]
2 Set to radian mode (cff"y neces: - 7ﬁ| “ ” ]L ]
L for %) B N l f ” RAD ]L “ ]
3 | Enterz S 771377 AI t ][ “ ” ]
N N R
4 P [ st |[ s || || Il
. I | S |
z  lero J[ o [ 4 [ ms | x
N ,,,,,,v[ @y || J[ I J Y
. [ | I |
1/2 [ero || 1+ | s | ms | x
o (T | |
or [ J[ | I ]
o [ero |[ 2 ][ & [ ms | x
Loy [ |l ] v
. | | | —
V/z (one root only) [ GTO ” 2 JI 9 “ R/S I x
[y || | I | v
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COMPLEX FUNCTIONS 2", z1/n

A complex number z = a + ib has polar representation re'® . The formulas used
to evaluate z" and z'/® where n is a positive integer are:

1. 2" =" ein?

2. gl = 1/n [cos (M) +1isin (M)]
n n

where c¢=4sin"' 1 = 360° = 2 radians = 400 grads
and k=0,1,...,n-1

The solution to z" is represented by x + iy and the n solutions to z!/" are
represented by xy + iy.

DISPLAY KEY . :;SPLOA; - Eﬁ% REGISTERS
25. 71 X Ro
26. 33 | STO R, n, 'n
27. 04 4 R, c/n
28. 22 | xy R; R'/n
29. 31 f R, 0/n
30. 00 R<P Rs
31. 84 R/S Re
32, 34 RCL R,
33. 04 | 4 Rg
34. 34 RCL R, |
35. 02 2 Reo
36. 61 + Re, |
12. 33 | sTO 37. 33 | sTO | |Re2 |
.13 02 | 2 38. 04 | 4 Re3
14. 23 R{ ) 39. 34 RCL Res
|15 32 g 40. 03 3 Res )
16. 00 R-P 41. 31 f Res
17. 34 RCL | 42 00 R<P Re7
18. 01 1 43. -31 GTO 31 Res
19. 12 % 44. Reo
20. 33 | sTO 45,
21 03 3 46.
22. 22 X2y 47.
23 34 RCL 48.
24, 01 1 49.
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Examples:
1. 3+ 4.5i)5 =926.44 -4533.47i
2. 1.77 + .32i
(5+30)"*={ -1.16 + 1.37i
-.61-1.69i
STEP. INSTRUCTIONS oatT TS KEYS DS
"1 Enter program “ ” ” ] |
F?, ‘Storen n A[ STO ]L 1 ” ” ] ]
3 | Enterz b [ t “ ” ” J ]
I a [ I 1l I[ |
”74 For 2" rGTO H 1 ” 5 “ R/S J x B
0 | | I | |
e | | Il |
i (a+ ib) /™ (primary root) [ BST H R/S Jl ”__._] %o
I [y || I w
5 | Th}an ff)li other nt" roots 4[ R/S I [ JI ]» Xi
x2y Yi
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COMPLEX FUNCTIONS zVW, zV/W ¢z

Let z = a; +ib, and w = a, +ib, be complex numbers with polar representa-
tions r,e'®t and r,e! respectively. Also, let ¢ be a positive real number. The

formulas used to evaluate z%, z'/%, and c? are as follows:

i . i(6,+6 :
1. Zw=ewlnz=e(r2el 2)(In 1, +i0,) = o5 Ty el(0, 3)=ea4 eibs

where Inz=Inr, +i0, =13 e'%

and ag + lb4 =TI,I3 el(02+03)

2. 71w =W

1
where w'=—e7i%
Iz
3. ¢? =e2lne =ed Inc eibl In ¢

Let the solution in each case be x + iy. The calculator must be set in RADIAN
mode for all three cases.

DISPLAY DISPLAY

LINE | CODE E:‘(TE;Y LINE | CODE E:'TE;V REGISTERS
00. 25. 23 RY Ro
o1. 32 g 26. 61 + R, a,c
02. 00 R-P 27. 34 RCL R, b,
03. 13 x 28. 03 3 Ry rir3
04. 22 X2y 29. 31 f R,
05. 42 CHS 30. 00 R<P Rs
06. 22 X2y 31. 32 g Rg
07. -10 GTO 10 32. 22 e~ R,
08. 32 g 33. 31 f Rg
09. 00 R—P 34. 00 R<P Ry
10. 34 RCL 35. -00 GTO 00 Reo )
11. 02 2 36. 22 x2y Re,

12, 34 RCL 37. 34 RCL R,
13. 01 1 38. 01 1 Res |
14. 32 g 39. 31 f Res
15. 00 R-P 40. 22 In Res
16. 31 f 41, 71 X Res
17. 22 In 42. 22 X2y Re7
18. 32 g 43. 31 f Res
19. 00 R—->P 44, 34 LAST X Reo
20. 22 X2y 45. 71 x
21. 23 R{ 46. 32 g
22. 71 x 47. 22 e*
23. 33 STO 48. 31 f
24. 03 3 49. 00 R«P
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Examples:
1. (1+0)? D =149+4.13i
2. (1.49 +4.13)Y"D = 1,00 + 1.00i
3. 20374 = _7.46 +2.89i
STEP INSTRUCTIONS oAt ORITS KEYS s
| 1| Enter program 1! ]l I[ | ]
| 2 | Settoradian mode e lmee I N
jﬁthorz‘",storez , bl ,,Al STO |( 2 J[ ” I |
I L. T | |
4 | Enterw oo Lt L 1l 1|
% [ero |[ o |[ & |[ ms | x
B o I 0] v
or [ I[ Il |
3 Foirzjrlw,storez b, ) ,_l STO Jl 2 “ JI J |
L W s L] i
4 Enterrw ,,b2 I + J[ JI Jr J; -
o [ esT |[ A [ ] x|
- o | oy
or N |l Il I ]
3 [Forctsores G N | I | N |
|4 |Enterz by Lt | | |
O a ﬁq[ gto |[ 3 | & || ms | x
[ oxy | | || "
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COMPLEX TRIGONOMETRIC sin z, csc z

Let z = a + ib be a complex number. The functions sin z and csc z are
evaluated by the following formulas:

1. sinz=sinacoshb+icosasinhb

2. ¢cscz=

z#0,+t7, +2m, ...

sin z
Let the solutions be x; +iy; and x, + iy, respectively.

The calculator must be set in RADIAN mode.

DISPLAY DISPLAY
LINE | CODE E:%Y LINE | CODE E:%V REGISTERS
00. 25. 13 | '% | R,
o1. 33 STO || 26 51 - R, a
02. 01 | 1 27. 02 |2 R, e°
03. 31 f 28. 81 + Rs x,
04. 12 sin 29. 71 X R,
05. 22 x2y 30. 34 RCL Rs
06. 32 | g 31. 03 |3 Re
07. 22 e* 32. 84 R/S R,
08. 33 STO 33. 32 g Rg
09. 02 | 2 34. 00 R-P R,
10. 41 1 35. 13 x Reo
1. 13 x 36. 22 x2y Re,
12. 61 + 37. 42 CHS R,
13. 02 |2 38. 22 | x2y Res
14. 81 + 39. 31 f Res
15. 71 x 40. 00 R<P Res
16. 33 | sTO 41. -00 GTO 00 Res
17. 03 3 42. Re7
18. 34 RCL 43. Res
19. 01 1 44, Reo
20. 31 f 45.
21. 13 cos 46.
22. 34 RCL 47.
23. 02 2 48.
24 TR a9
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Examples:
1. sin(2+3i)=9.15-4.17i

2. csc (2 +3i)=.09 +.04i

OUTPUT
DATA/UNITS

[STEP INSTRUCTIONS DATRUNITS
1 Enter program
2 Set to radian mode
3 For sin z, enter z 7 b
o a
I
c; —
3 For csc z, Ventrerrz o b
R . . a,
4 [(Do not change the contents of | '
the X and Y registers at this
point.) 7 7 o

|

Y2

X2
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COMPLEX TRIGONOMETRIC cos z, sec 2z

Let z = a + ib be a complex number. The functions cos z and sec z are
evaluated by the following formulas:

|

1. cosz=cosacoshb-isinasinhb

1
cosz

ELRPELA
2 2

zF+

m
2. secz > +

Let the solutions be x; +1iy; and x, + iy, respectively.

The calculator must be set in RADIAN mode.

DISPLAY KEY DISPLAY KEY REGISTERS
LINE | CODE | ENTRY LINE | CODE | ENTRY
00. 25. 13 Ux Ro
o1. 33 | STO 26. 51 - R, a
02. 01 | 1 27. 02 |2 R, &
03. 31 f 28. 81 + Ry x,
04. 13 cos 29. 71 X R,
05. 22 x2y 30. 42 CHS Rs
06. 32 | g 31. 34 RCL Rg
07. 22 e* 32. 03 | 3 R,
08. 33 | STO 33. 84 R/S Rg
09. 02 | 2 34. 32 | g R,
10. 41 t 35. 00 R->P Reo
1. 13 Ux 36. 13 ' Re,
12 61 + 37. 22 x2y Re,
13. 02 2 38. 42 CHS Res
14. 81 + 39. 22 X2y Res
15. 71 x 40. 31 f R.s
16. 33 STO 41. 00 R<P Res
17. 03 | 3 42. | _00 | GTOO00 Rz
18. 34 RCL 43, Res
19. 01 1 44. Reg
20. 31 f 4s.
21. 12 sin 46.
22. 34 RCL 47.
23. 02 2 48.
24. 11 t 49.
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Examples:
1. cos(2+3i)=-4.19-9.11i

2. sec(2+3i)=-.04 +.09i

STEP INSTRUCTIONS oATRUNITS KEYS DATA/UNITS
1 Enter program I ” ” ” ]
7 ESet to radian mode [ f ] [ RAD I [ “ ] B
FS; F&cosz,enterz b gl t ” “ ” ] V
O a et [[ ms || I |
T Co L » |
1. I ——
3 For sec z, enter z b [ T I [ “ ” ]
o a et [ s [ I
) iDo not cﬁange the contents of l Ir ” Jl I ]
the X and Y regi;(e;s at this ¥{ ]F J[ ” ] | B
[ [poinus [ s || 1l I e
| L 0 | 0w
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COMPLEX TRIGONOMETRIC tan z, cot z

Let z = a + ib be a complex number. The functions tan z and cot z are
evaluated by the following formulas:

. tisi
1 tanZ=sm2a isinh 2b z;&il,i%,
cos 2a + cosh 2b 2 2
T 37
2. cotz= F0,t — tm,+t —,
nz 2 2

Let the solutions be x,; +iy; and x, + iy, respectively.

The calculator must be set in RADIAN mode.

Ifz=il,iﬁr-, ...thencotz=0.
2 2
DISPLAY KEY DISPLAY KEY REGISTERS
UNE | copE | ENTRY ||
25. 13 x Ro
26. 51 — R, 2a
27. 02 |2 R, e2b
28. 81 + R3 cos 2a + cosh 2b
29. 22 X2y R,
30. 81 + Rs
31 34 | RCL R
32, 01 1 R,
33. 31 f Rg
34. 12 sin Ry
35. 34 | RCL Reo
36. 03 3 R,
37. 81 + Re.
38. 84 | R/S Res
39. 32 q Res
40. 00 R-P Res
41. 13 l/>< | Res
42, 22 X2y Re7
43, 42 | CHS Res
44, 22 | x2y Reo
as, 31 | f
46. 00 | R<P
47. | 00 | GTOOO
48.
49.




Complex Trigonometric tan z, cotz 23

Examples:
1. tan(4+.01i)=1.16 +.02i

2. cot (4 +.01i) = .86 - .02i

STEP. INSTRUCTIONS oaTURITS KEYS DATAIOMITS
e I  — ——
2 | Set to radian mode L [ mao | 1[ |
3 | Fortangz, enterz ] ,R,,,,jfil t L H| [ ]
a BsT |[ mss || Il | xi
7 e ] 1l Il I w
or L Il 1L | ]
3 | For cot z, enter 2 , E B 7%[ t ” J[ ]L J
- a [ esT 1 rs | I ] xi
(Do not change the contents of | | L | ]
the Xand Y registers at this | 7|7 | i I[ L ]
point.) - es ] 1l I | x2
[ ey N | | ™




24 Complex Hyperbolic sinh z, csch z

COMPLEX HYPERBOLIC sinh z, csch z

Let z = a + ib be a complex number. The functions sinh z and csch z are
evaluated by the following formulas:

1. sinhz=-isiniz=cosbsinha+isinb cosha

1
2. cschz=—— z#0, tin, £ 2in, ...
sinh z 4 4

Let the solutions be x; + iy, and x, + iy, respectively.

The calculator must be set in RADIAN mode.

DISPLAY KEY DISPLAY KEY REGISTERS
LINE | cCODE | ENTRY LINE | cCODE | ENTRY
00. 25. 31 f Ro
o1. 32 g 26. 13 cos R, ¢°
02. 22 eX 27. 71 X R, b
03. 41 t 28. 84 R/S Rj
04. 33 | STO 29. 32 | g R,
05. 01 1 30. 00 R-P Rs
06. 13 x 31. 13 x Re
07. 61 + 32. 22 x2y R,
| os. 02 | 2 33. 42 | cHs Re

09. 81 + 34. 22 Xy Ry
10. 22 Xy 35. 31 f Reo
11. 33 STO 36. 00 R<P Rey
12. 02 2 37. -00 GTO 00 Re2
13. 31 f 38. Res
14. 12 sin 39. Res
15. 7 x 40. Res
16. 34 RCL 41. Res
17. 01 1 42, Res
18. 41 t 43, Res
19. 13 Ux 44, Reo
20. 51 - 4s.

21. 02 | 2 46.

22. 81 + a7.

23. 34 RCL 48.

24, 02 | 2 49.




Complex Hyperbolic sinh z,cschz 25
Examples:
1. sinh (3 -2i)=-4.17 -9.15i
2. csch (1 +2i)=-.22-.64i
STEP INSTRUCTIONS DATRONITS KEYS DATA/UNITS
1 Enter program - gl “ jl ” |? —
2 Set to radian mode [ f —” RAD | [ ” !
E- 7Fo?r7s§17rr\ { enterz b AI U ” “ J[ ]
[ a [ BST |[ mis || Il ] x
o 2 |
o« o]
3 For csch z, enter z 7b’ HI t ” I [ ” l
7 B o [est [ s ]| 1l ] x
(Do not change the contents of ] L ” JI ” I
the X an& Y re?iiters at this ] HL ” ” ” I
point.) B [ R/S ] I ” I I I ¥,_x_’,_‘
N | I 0w
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COMPLEX HYPERBOLIC cosh z, sech z

Let z = a + ib be a complex number. The functions cosh z and sech z are
evaluated by the following formulas:

1. coshz=cosiz=cosbcosha+isinb sinh a

2. sechz=1— zF+ —,
cosh z 2

y 5 aee

ir, 3in , Sin
2 2

Let the solutions be x; +iy; and x, + iy, respectively.

The calculator must be set in RADIAN mode.

DISPLAY KEY Ll:;SPL;Y)DE E:gY REGISTERS
25. 31 | f R,
26. 13 cos R, €
27. 71| x R, b
28. 84 R/S R
29. 32 g R,
30. 00 R->P Rs
31. 13 x Re
32. 22 X2y R,
33. 42 | CHS Rg
: 34. 22 X2y R
10. 22 X2y 35. 31 f Reo
11. 33 STO 36. 00 R<P Re,
12, 02 | 2 37. -00 GTO 00 R.,
13. 31 | f 38. Res
14. 12 sin 39. Res
15. YAl X 40. Res
16. 34 RCL 41. Res
17. 01 1 42, Re7
18. 41 t 43. Res
19. 13 x 44. Reo
20. 61 + 45.
21. 02 2 46.
22. 81 + 47.
23. 34 RCL 48.
24, 02 2 49.




Examples:

Complex Hyperbolic cosh z, sechz 27

1. cosh (1 +2i)=-.64+1.07i

2. sech (1 +2i)=-41-.69i

STEP INSTRUCTIONS oATRONITS KEYS S
gl Enter program | l [ ]l l | |
| 2| Settoradian mode e Jleodl L1
| 3| Forcoshz,enter z b [ ] I[ I ]% ]
i a st |[ s | i I
B L @y || ” JI | oo
e A I I[ I[ | o
3 | Forsechz enter z b ﬁ[ r | 1l Il ]r |
i s est | s [ I I
i (Do not change the contents of ] L_—_IL_I o -
| the X and Y. registers at this - B <[ ” J[ ” J_ . |
| |Po) oms ] I I T
[y [ 1l I[ |




28 Complex Hyperbolic tanh z, coth z
COMPLEX HYPERBOLIC tanh z, coth z

Let z = a + ib be a complex number. The functions tanh z and coth z are
evaluated by the following formulas:

. i . .

1. tanhz=—itaniz=w z#i—ll,iﬁ,
cosh 2a +cos 2b 2 2

2. cothz= z#+ 0 i3m,...orz¢0,ii1r,i2in

tanh z Pk
Let the solutions be x; +1iy, and x, + iy, respectively.

The calculator must be set in RADIAN mode.

ifz=1" 3T cothz=0
22
DISPLAY DISPLAY

LINE | CODE E:‘(f';v LINE | CODE E:'TE;Y REGISTERS
00. 25. 12 sin Ro

o1. 02 | 2 26. 22 | xy R, ¢22
02. 71 x 27. 81 + R, 2p
03. 32 g 28. 34 RCL R3 cosh 2a + cos 2b
04. 22 e* 29. 01 1 R,

05. 41 t 30. 41 t Rs

06. 33 | STO 31. 13 x Re

07. 01 1 32. 51 - R,

08. 13 x 33. 02 | 2 Rg

09. 61 + 34. 81 + R,

10. 02 | 2 35. 34 RCL Reo

11. 81 + 36. 03 3 Rey

12. 22 x2y 37. 81 + R..

13. 02 2 38. 84 R/S Res

14. 71 x 39. 32 | g Rea

15. 33 | sTO 40. 00 R->P Res

16. 02 | 2 41. 13 | & | [Res

17. 31 f 42. 22 X2y Re7

18. 13 cos 43. 42 CHS Res

19. 61 + 44. 22 X2y Reo

20. 33 | STO 45. 31 f

21. 03 | 3 46. 00 R<P

22. 34 RCL 47. -00 | GTOO00

23. 02 | 2 48.

24, 31 f 49.




Complex Hyperbolic tanh z, cothz 29

Examples:
1. tanh (1 +2i)=1.17 - .24
2. coth(1+2i)=.82+.17i
INPUT
STEP INSTRUCTIONS DATA/UNITS
1 Enter program
7 Set to radian mode
'3 | Fortanh z, enter 2 b
a
i or
*3 #;}:o}h z, enter z b

(Do not change the contents ot
the X and Y registers at this

point.)

KEYS

I[ I

I
[+ ][ R~ ][
I | |

[est |[ ms ||

T -

LIl I

K I[

[esT |[ ms ||

(| Il

, I I[

(s L] [

= L LI

OUTPUT
DATA/UNITS
I |
| |
I
[
o
1
|
]R 7Xl
|
|
|
J Y2




30 Complex Inverse Trigonometric sin-! z, csc-! z

COMPLEX INVERSE TRIGONOMETRIC
sin1z, csclz

Let z=a + ib be a complex number. The functions sin’! z (arc sin) and csc™! z
(arc csc) are evaluated by the following formulas:

Lsin™! z=km+(=1)%sin™" B+ (=1)* i sgn (b) In [+ (@® - 1)**]
where a=%Y @+ 1)? +b2 ruV@-1) +b?
B =%\/(a+1)2 +b? -vz\/(a-l)2+b2

g f1ifb>0
sgn (b) =b/ Vb _{—lifb<0

k=0,x1,%£2, ...
2.¢csc’lz= sin'l[-%-] z#0

k is assumed to be zero for this program.

Program does not work for b = 0 but the calculator functions can be used
instead.

Let the solutions be x; + iy; and x, + iy, respectively.

The calculator must be in RADIAN mode and all angles are assumed to be in
radians.



Complex Inverse Trigonometric sin-' z, csc'z 31
DISPLAY DISPLAY K
LINE | CODE E:‘(%Y LINE | CODE EN%V REGISTERS
00. 25. 7 X Bo ]
Lol | 2 | x2y || 26 | o R, |
02. 33 | sT0 27. | 51 | - Rz b ] |
03 | 02 |2 128 | 3 f Rs Via-1)7 +b? .
| o4. 22 | x2y 29. 42 | Vx R ]
~ 0s. o1 |1 30. 61 | + Rs
06 | 51 | — | a1 31| f Re |
. o7. 32 |g 32. 22 |iIn R,
' 08. | 00 | RoP 33 | 34 |RCL Re
" o09. 33 | sTO 34. 02 |2 Rg |
" 10. | 03 |3 | 3. a1 |t Reo |
1. 3 | f 1] 3e. 32 |g Re, |
12, | 00 | ReP - a7 82 | X | Re2 |
13 | 02 | 2 || ss. 31| f R.s
' 1a. 61 | + 39. 42 | Vx | Res
15, | 32 | g 40, | 81 | = Res |
" 16. | 00 | RoP a1 | 71 | x | [Res
BET2 34 | RCL a2, 22 | x2y Re7 |
8. 03 | 3 1] aa. 34 | RCL Res
19 | 61 |+ a4 | 03 |3 Res
- 20. 02 |2 4s. 51 | —
s g1 | =+ 46. 32 |4
" 22. 41 1 47. 13 sin~!
23 | 4 |t 48. | 00 | GTOOO
24 | 41 |1+ " a9 1
Examples:
1. sin™! (54 8i)=.56 +2.94i
2. csc™! (5 +8i)=.06 - .09i
STEP INSTRUCTIONS oATEORITS KEYS DATA/UNITS
1 Enter program [ ” ] [ ” I L
7 Set to radian mode [ f ” RAD } [ J[ J
3 For sin:l 2z, ;nter 2z [ t J [ I [ ” ]
N o [esT |[ ms || I[ | x
T B
[ I[ I |
3 For csc™'z, enter z [ } [ ] { ” ] ]
and calculate 1/z t [ ” ” l I
[0 | ree || x| xev J B
| Lons [[ ey |[ ¢ [ e | i
| ssT || ms | Il e
I X2y H «_]_[;“ _ ” l \2)




32 Complex Inverse Trigonometric cos! z, sec! z

COMPLEX INVERSE TRIGONOMETRIC
coslz, secz

Let z = a + ib be a complex number. The functions cos™*

sec™! z (arc sec) are evaluated by the following formulas:

z (arc cos) and

1. cos™! z=2km + {cos™ B-isgn (b)In [a+(e? - 1”1}
where o= 5Vas 07 757 + UV IF 7
B=1%V(a+t1)? +b2 -%V(a-1)* +b*

_ua_ | 1ife>0
sgn (b) =b/Vb {-1ifb<0

k is assumed to be zero for this program.

Program does not work for b = 0 but the inbuilt calculator functions can be
used instead.

Let the solutions be x; +iy; and x, + iy, respectively.

The calculator must be in RADIAN mode and all angles are assumed to be in
radians.



Complex Inverse Trigonometric cos-' z, sec'z 33
DISPLAY DISPLAY K
LINE | CODE E:%Y LINE | CODE EN%V REGISTERS
00. 25. 71| x R,
i7017 22 x2y 26. 01 »R| 7,, ;
02. 33 | sTO 27. 51 | — R, b
03 | 02 |2 28. | 31 |f Rs Via-1)2 +b?
04 | 22 | x2y 20, | 42 | x R, )
o5 | 01 |1 30. | 61 |+ R .
| o6. 51 | — 31. 31 | f Re
o7, | 32 | g 32. | 22 |n R,
" 08. | 00 | RoP 33. | 42 | CHS Re B
| o9. 33 | sTo " 3a. | 34 | RCL ||Re N
10 | 03 | 3 35 | 02 |2 | [Reo B
ET) 31 | f 36. a1 |1 Re,
12, | o0 R<P 37. 32 |g R,
13 | 02 | 2 38 | 42 | x Res
| 1a. 61 39. 3 | f Res
s | 32 | g 4. | a2 | Jx | Res
16 | 00 | RoP “. | 81 |+ Res
17, | 34 | ReL 2. | 71 |« Rer ]
18, | 03 | 3 1 a3 | 22 | xzy Res i
1. 61 + 44. 34 RCL Reg
- 20. 02 | 2 as. 03 | 3
21 81 | = 46. 51 | —
22 41 t 47. 32 g
23 41 | 1 a8. 13 | cos™
24 | a1 |t 49. -00 GTO 00
Examples:
1. cos! (0.9 +3i)=1.29 - 1.86i
2. sec™! (0.9 + 3i) = 1.48 + .30i
STEP INSTRUCTIONS oATAUNITS KEYS DATA/UNITS
1 Enter program [ “ ] [ ][ ]
2| Set to radian mode [ 7 |[mao |[ i il ]
T! F;r ;:os'rl zr,reinter z b [ t ] [ J [ ]
I a [TesT |[ s || I[ ] i
, | W
e [ [ 1 1
3 For sec™'z, enter z [ “ “ J
B ;nd caléﬁlat;e 1/z b I t ] [ ” }

g R->P 1/x X2y

[oms [ |

f

[rr ]

7[ BST |[ Ris ||

| =




34 Complex Inverse Trigonometric tan-' z, cot-' z

COMPLEX INVERSE TRIGONOMETRIC
tan’ z, cot z

Let z = a + ib be a complex number. The functions tan~! (arc tan) and
cot™! z (arc cot) are evaluated by the following formulas:

1. taﬂ_l z= % [(21(‘*‘ 1)7{ - tan”l (lﬂ)_ tan_l (I_—b)]
a a

i [(1 +b)2 +a2]‘/z
+—1n A AL
27 \[(1-by +a7]"
where k=0,+1,22,... (z22+#-1)

2. cot™! z=tan™? (%) (z? #-1and z#0)

The rectangular to polar routine is used so the division by zero problem is

b) and tan~! (l_—b) )
a

Let the solutions be x; + iy, and x, + iy, respectively.

. . . 41+
avoided in the evaluation of tan™! <

k is assumed to be zero.

The calculator must be in RADIAN mode and all angles are assumed to be in
radians.



Complex Inverse Trigonometric tan-' z, cot-'z 35
DISPLAY DISPLAY
KEY TR E:‘TE;Y REGISTERS
25. 81 + R,
26. 3 |t R, a ’
27. 83 | R, b
28. 23 R Rj
29. 23 RV R,
30. 61 + Rs
31. 51 — Re
32. 02 2 R,
33. 81 = Rg
34. | 00 GTO 00 Ro
35. 32 g Reo
36. 00 R->P Re,
37. 13 % Re.
38. 22 x2y Res
39. 42 CHS Res
40. 22 x2y Res
41. 31 f Res
42. 00 R<P Rz
43. | 01 GTO 01 Res
44, Reo
45.
46.
47.
48.
49.
Examples:
1. tan™! (5 +8i)=1.51+.09i
2. cot™! (5 +8i)=.06 - .09i
STEP INSTRUCTIONS oAt UNITS KEYS DATA/UNITS
1| Enter program C_C_JC ]
2 Set to radian mode f RAD
:;I For tan~!z, enter z b [ t ]r ” ” I
o et (s ] .
| Il [ ow
o C_ I C_ 1
3 For cot™ 'z, enter z b [ + H JI ” J
| a [Gro |[ 3 |[ s | wms | xa
@y || LI ] w




36 Complex Inverse Hyperbolic sinh-!' z, csch-' z

COMPLEX INVERSE HYPERBOLIC sinh™ z, csch z

Let z = a + ib be a complex number. The functions sinh™! z (arc hyperbolic
sine) and csch™! z (arc hyperbolic cosecant) are evaluated by the following
formulas:

1. sinh™z=-isin! iz=(-1)*sgn(a)In [a+ (c? - 1)"]

+ [(km+(=1)*sin™! (-p)] i

where a=%V(1 -b)? +a? +% V(1 +b)? + a2

B=1%V(1 -b)? +a% ~% V(1 +b)? + a2
sgn(a)=a/\/z:2~

k=0,+1,+2, ..

2. csch™ z=sinh™ (i> z#0
z

k is assumed to be zero.
Let the solutions be x; + iy, and x, + iy, respectively.

The calculator must be in RADIAN mode and all angles are assumed to be in
radians.

Note:

If the calculator flashes zero because a = 0 in the division at line 39, the result
can still be found by rolling down twice, [R+], [R+ ], switching to PRGM,
single stepping twice, , , switching to RUN, and pressing [ -



Complex Inverse Hyperbolic sinh-! z, csch-'z 37
DISPLAY DISPLAY
LINE | CODE E:%Y LINE | CODE E:%V REGISTERS
00. 25. 01 | 1 Ro i
o1 | 33 | sTO 26. 51 | — R, ]
02 | 02 | 2 27. | 31 | f R, a B
03 | 22 | x2y 28 | 42 | Vx Rs V(1 -b)? +a? ]
Coa. | 01 | 1 20. | 61 |+ IR, ]
o5 | s1 | - 30 | 31 | f Rs
06. 32 | g 3. 22 | R, ]
Co7. | 00 | RoP 32. | 34 | RCL R, ]
08 | 33 | sTO 3. | 02 |2 Re O
 0o. 03 | 3 3a. a0 |1 R, ]
10 | 31 | f 35 | 32 | g Reo ]
11, | 00 | ReP 3. | 42 | x? | Rey ]
12. | 02 |2 || 37 | 31 |f | |Re2 )
13| e | o+ 38 | 42 | Vx | |Ra )
18| 32 | g 3. | 81 | + Res
. 15. | 00 | RoP 0. | 1 x Rus ]
R 34 | RCL a1 2 | x2y Res
17. | 03 | 3 42 | 34 | RCL | [Re |
18 | 61 |+ 43 | 03 | 3 Res
10, 02 | 2 aa. 51 | — Res
20. g1 | =+ 4s. 32 | g
21 a1 | 1 46. 12 | sin”!
22, | a1 | 1t 47. 22 | xy
I N I | 48. | -00 | GTOOO
24. 71| x 49.
Examples:
1. sinh™! (3.14 + 10.3i) = 3.07 + 1.27i
2. csch™! (3.14 + 10.31) = .03 - .09i
STEP INSTRUCTIONS oAt UNTS KEYS o TS
»—1 Enter program I ” J [ “ ] | B
bg Set to radian mode f RAD ]
| 3 |For sinh™! z, enter z [ t ” ” ” I> |
B Lest I rs I | o
| =y || 1 Il v
C ]
3 |Forcsch™' z, enter z [ “ ” I[ J
| and calculate 1/z { i) “ ” J[ ]
Lo Mlre [Lw | |
B . lews ey [ ¢ J[Ree |
| st [ ms ][ I
r 00 I I —




38 Complex Inverse Hyperbolic cosh-! z, sech-' z

COMPLEX INVERSE HYPERBOLIC cosh™ z, sech™ z

Let z = a + ib be a complex number. The functions cosh™ z (arc hyperbolic

cosine) and sech™ z (arc hyperbolic secant) are evaluated by the following
formulas:

1. cosh™ z=2knmit {sgn (b) In [a + (a® = 1)”]+icos™! B}
where oz=1/£\/Za_+—l)2Jr—bz+1/z\/(a—1)72+b2
B=%V(@+1)2 +b2 -%V(a-1)? +b?
sgn (b) = b/Vb?
k=0,21,%£2, ..

2. sech™! z=cosh™! (—l—> z#0
z

Let the solutions be x; + iy, and x, + iy, respectively.
The calculator must be in RADIAN mode.

If the calculator flashes zero because b = 0 in the division at line 40, the result
can still be found by rolling down twice, [R+ ], [R+], switching to PRGM,
single stepping twice, B, B, switching to RUN, and pressing .



Complex Inverse Hyperbolic cosh-' z, sech-'z 39
DISPLAY DISPLAY
KEY e T cone ENeny REGISTERS
25. 71 X Ro |
2. | 01 R, |
27 51 | — R, b
28. 31 f Ra Vi(a-1)?% +p? N
29. 42 Vx R, ]
30. 61 + Rs -~
31. 31 f Re |
32, 22 | In R, |
33. 34 RCL Rg
34, 02 | 2 | R |
35. 41 t Reo
36. 32 g Re,
37. 42 x? Re> |
38. 31 f Res
|| 3. 42 VX Res
| 40. 81 + Res
2 41. 71 X |Res
17, | 34 RCL 42, 22 | x2y |Rez |
18. 03 | 3 43. 34 RCL Res
19, 61 + 44. 03 | 3 Reo
| 20. 02 2 45. 51 -
21 81 + 46. 32 g
22. 41 t 47. 13 cos ™!
23. 41 T 48. 22 X<y
24. 41 1 49. -00 | GTOO00
Examples:
1. cosh™ (5 +8i)=2.94 + 1.01i
2. sech™ (5+8i)=-.09+ 1.51i
STEP INSTRUCTIONS oATONITS KEYS o s
1 Enter program I ] [ ] I ][ J
I -
2 | Set to radian mode [+ ][ rao |[ 1[ |
1 ©
3 | Forcosh™'z, enter z l t I [ J I ” ]
i [ esT |[ ms || 1 o«
[0 |
or ! ] I I[ || .
'3 | For sech! 2, enter z I—-—| [ J[ ]
B and calculate 1/z | t ” J’ Jl I
I g ] R-P I 1/x ] x2y
[Tems [ v [ f | Rep |
[ost s | [ | =
[y | | I | w




40 Complex Inverse Hyperbolic tanh-' z, coth-' z

COMPLEX INVERSE HYPERBOLIC tanh 'z, coth z

Let z = a + ib be a complex number. The functions tanh™! z (arc hyperbolic
tangent) and coth™! z (arc hyperbolic cotangent) are evaluated by the
following formulas:

[+ 02 +b2)%
| [(1-2)* +b7]%

+(%> [—(Zk +1) 7+ tan™! <1_:) a> +tan™! (i_;bzi)] (z2#1)

2. coth™ z=tanh™ (~1—> (22 #1, z#0)
z

1. tanh ! z=-itan"'iz=%In

The rectangular to polar routine is used so the division by zero problem is

avoided in the evaluation of tan™! (—1 ;a) and tan™ (1 ; a> .

k is assumed to be zero.
Let the solutions be x; +1iy; and x, + iy, respectively.

The calculator must be in RADIAN mode.



Complex Inverse Hyperbolic tanh™! z, coth™!z 41

DISPLAY KEY DISPLAY KEY

LINE | CODE | ENTRY LINE | cODE | ENTRY REGISTERS
__00. 25. 81 + Ro

o | 33 | sTO 26. 31 | f R, -b |
02 | 02 | 2 27. | 83 | R, a ]

03. | 01 | 1 28. | 23 | RI Ry ]
. 04. 61 | + 20. | 23 | RY R,
. 05 | 22 X2y 30. 61 + Rs

06. | 42 | cHs 3. | 51 | - Re
. o7. | 33 | sTO 32. | 02 | 2 R,
08 | 01 | 1 33 | 81 | Re
L oe. | 32 | g 3. | 42 | cHs R, |
10 | 00 | RoP C8s. | 22 | x2y Reo ]
1| o | 3. | -00 | GTOO00 ||R.,
| 12. | 34 | RCL 37, | 32 | g Re: |
13| 02 | 2 3. | 00 | RoP Res '
 1a. 51 | — 39. 13 | % Res

15. | 34 | RCL 40. 2 | xzy Res |
16 o1 | 1 41 | 42 | cHs Res
17| 32 | g 42. 2 | x2y Rer |
18, 00 | RoP 43. 31 | f Res
.19, 22 Xy 44. 00 R<P Reg
. 20. 23 | RJ 45. | -01 | GTOOI
2. 81 | + 46.

22 31 | f 47.
23 22 | In 48.
22 | 02| 2 49.
Examples:
1. tanh™' (8 - 5i)=.09 - 1.51i
2. coth™! (=7i) = .14i

STEP INSTRUCTIONS oATAUNITS KEYS DTS

1 | Enter program l l I__—_—‘I

2 | Set to radian mode f [ RAD I l “ ]

3 For tanh™! z, enter z

or

3 For coth™!z, enter z

C I |
esT || ms | ] 1

("2 | I |

L] | |

Lo 0 1 1

[ GTO I 3 [ 7 ” R/SJ

Loy |l I | I

Y2




42 Complex Polynomial Evaluation

COMPLEX POLYNOMIAL EVALUATION

Given a polynomial (with complex coefficients) of the form
f(z) = (a; +iby) 2" + (a, +iby) 2"+ 4 (ag +iby) 2+ (an+y +ibgsy)

This program evaluates f(z) for a complex number z, = c¢ + di. Let the
solution be x + iy.

If a coefficient is zero it still must be entered.
The polynomial is evaluated in the form

(.((ay +iby)z+(az +iby))z+..) + (an+y *ibn+y)

ne [ cooe | ENRY | ume | cove | ENTRY
00. 25. 34 RCL R,

o1. 33 | STO 26. 07 7 R, ¢
02. 05 5 27. 31 f R, d
03. 23 R 28. 00 R<P Rj a,
04. 33 | STO 29. 34 RCL R4 by
05. 06 6 30. 05 5 Rs Used
06. 34 RCL 31. 61 + Re Used
07. 04 4 32. 33 STO R; Used
08. 34 RCL 33. 03 3 Rg

09. 03 3 34. 22 X2y R

10. 32 | g 35. 34 RCL Reo

11. 00 R-P 36. 06 6 R.,

12. 34 RCL 37. 61 + R,

13. 02 2 38. 33 STO Res

14. 34 RCL 39. 04 | 4 Res

15. o1 | 1 40. 22 | x2y Res

16. 32 | g 41. | -00 GTO 00 R.e

17. 00 R-P 42. Re7

18. 22 X2y 43. Res

19. 23 R{ 44. Reo

20. 71 x 4s.

21. 33 STO 46.

22. 07 7 47.

23. 23 Ry 48.

24, 61 + 49.
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Example:

Evaluate the complex polynomial f(z) = (3 + 4i) z* + 18 2> + (-2 +1i) 2?
- 10z + (5 - 7i) at the complex number z, = 2 +i.

Solution:
f(z,) = -106.00 + 220.00i

a

STEP INSTRUCTIONS OATRUNITS KEYS DATA/NITS
1 | Enter program [ Il I Il ]
2 |Storez, d L sto || 2 | | ]
f S i
3 |Storea, +b,i b, [ STO ” 4 “ —“ ]
B I
|

sto |[ 3 |[ BsT
4 Repeat this step fork =2, 3,...,n

Enter a, + byi by t
EM R/S Tev;a;) B

5 Enter an+q + ibp+q bpsq t [ I

wo A ]




44 Compounded Amount
COMPOUNDED AMOUNT

Let n=number of time periods

i = periodic interest rate expressed as a decimal, e.g., 6% is represented
as .06

PV = present value or principal
FV = future value or amount
I = interest amount
Each value can be calculated from the others by the following formulas:
1. FV=PV (1 +i)"
2. PV=FV(1+i™

= In(EV/PV)
In(1+1)

FV l/n
4. i=(—) -1
' (PV)

5. 1=PV [(1+i)" - 1]
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DISPLAY
LINE | CODE
00.

o1. 34
02 02
- 03. 01

04. 61

0S. 34

06. 01
07. 12
08. 34

" 09. 03

10. 7
1. -00
12. 34
13. 04
14. 31
15. 22
16. 34
17. 02

18 o1

19. 61

20. 31
L2 22

22, 81

23. —00
24. 34

KEY
ENTRY

DISPLAY KEY

LINE | CODE ENTRY REGISTERS

25. 04 4 Ro

 26. 34 RCL R, n,-n

27. 01 1 R, i |
28. | 13 | % Ry PV,FV

29. 12 | v* R, FV/PV

30. 01 1 Rs ]
31. 51 _ R,

32. | 00 | GTo00 |[R, :
33. 34 | RCL Rs

34, 02 | 2 R,

35. o1 | 1 Reo

36. 61 + Re, 1
3r. 34 | RCL R.;

38. 01 1 R.s |
39. 12 |y Rus

40. 01 1 Rys

41. 51 _ Res

a2, 34 | RCL R.;

43. 03 3 Res 1
44. 71 x Reo

45. -00 GTO 00

46.

47.

48.

49.
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Examples:

1.

Find the future amount of $1500 invested at 6% (.06) compounded
annually for 5 years.

2. What sum invested today at 6% compounded annually will amount to
$2007.34 in 5 years?

3. How long does it take $100 to double if it is invested at 6% annual
interest compounded quarterly?

4. Find the rate of return on $2000 compounded monthly if it amounts to
$3000 at the end of S years?

5. Find the compound interest on $1500 for 5 years if interest at 6% is
compounded annually.

Solutions:

1. $2007.34

2. $1500.00

3. 46.56 quarters = 11.64 years (i =.06/4)

4. .0068 monthly = 8.14% annually (n = 60)

5. $507.34
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STEP INSTRUCTIONS oA'T'ﬂJ;ms KEYS nlg‘zm{rs
"1 Enter program I ” I L j[ j | |
2 [ForFy oo s JL ] 1 ]
i SR . A
oS s ]
7 [esT |[ Rs || Il ],, v
2 |Forpv n [Tens ][ sTo | | |
P 7| sto |[ 2 || I | ,,:
- A T
- (st | s | I[ || e |
2 Fornr Fv L U ][ J{ ” 17 R
B S B [ R
i A[ sto |[ 2 || i I ]
L | ILes )~
2 (Fori FV ,%[ t ] ” “ I,, ]
v = ([ sT0 ] Il ] *
n Lso [ 1 | | I
[ero || 2z | || rs | ‘
2 |Forl " Hl STO ” ! ” JL J .
7 T -
v [sto [ s 0] ]
fero |[ 3 [ 3 ][ ms | :
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DIRECT REDUCTION LOAN
INTEREST RATE

This program calculates the interest rate on a mortgage where payments are
made at the end of period.

Let n=number of payments

i = periodic interest rate expressed as a decimal, e.g., 6% is represented
as .06

PMT = payment
PV = present value or principal

This routine solves the equation f(i) by an iteration for i using Newton’s
method:

f@)

£'(i)

ig+q =ik =

1-(1+)™
where f(i) = ( B A
i

PMT
and  f'(i) is the first derivative of f(i)

First an initial guess i, is stored in R,. For iy either the suggested routine or
a rough guess can be used. However, i, cannot be zero. If the suggested
routine produces zero, then zero is the solution.



DISPLAY

KEY

Direct Reduction Loan—Interest Rate 49
DISPLAY

T cone NNy REGISTERS
25. 61 | + R,
26. 81 | + R, n ]
27. o1 | 1 R, i
28. 61 | + R,y PV/PMT B
29. 34 | RCL R, ]
30. 05 Rs (1+i) ]
31 71 | x Re
32. 01 1 R, 1
33, 51 | — R,
3a, 34 | RcL R,
35. 02 | 2 Reo ]
36. 81 | = R.,
37. 81 + R,
38. 33 | sTO Res B
39. 61 | + Res
40. 02 | 2 Res
a1. 41 | 1 Res |
a2, 71| x Re B
43. 43 | EEX Res ]
44, 01 1 Reo
as. 02 | 2
46. 42 | CHs
a7. 31 | f
48. | 01 | x<yo01
49. | -00 | GTOO00
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Example:

Find the monthly interest rate on a mortgage of $30,000 if the loan requires
360 monthly payments of $179.86 to be payed off.

Answer:
.0050 (0.5%) (4] (15 seconds iteration)
The suggested routine supplies an initial guess of .0047 (.47%). The user can

notice the change in iteration time if he tries different iy’s such as .001 or .01
(25 seconds iteration).

STEP INSTRUCTIONS DATEUNITS KEYS DATATUNITS
1| Enter program N | I | I |

2| Store PV and PMT PV [+ [ i | :

| et [+ [ sto |[ 3 ] ]
3 |Storen n [ STO “ 1 J[ ” ]

4 Sto;e Varrough guess io A[ STO J [ 2 ] [ ] l ] ]
e , | I I[ I |

4 Calculate an initial guess [ RCL ” 3 ” 1/x ” RCL ]

B (I | | | 7 |

I Lree J[a I - )

Clso L2 ] I[ |

| 5 |Meratefori [Cest [ ms || IC 1 1.0000000-12
6 | When iteration stops [ Rer [ 2 ] [ ]M i
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DIRECT REDUCTION LOAN
PAYMENT, PRESENT VALUE,
NUMBER OF TIME PERIODS

Calculates payment, present value, and number of time periods of a mortgage
given two of the three and the interest rate.

Let n=number of payment periods
PV = present value or principal
PMT = payment

i = periodic interest rate expressed as a decimal, e.g., 6% is represented
as .06.

Then, PMT, PV, and n can be calculated from the other three by
the following formulas:

1. PMT=PV[1—]
1-(1+i)™m
- + i) N
2. PV=PMT[iL]
1

_In(1-iPV/PMT)

3. n=
f In(1+i)
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DISPLAY
LINE | CODE
0o
.ol 34
| 02 02
03. 01
04. 34
05. 02
| _06. 01
07 61
| 08. 34
|09 01
10. 42
) 1. 12
12, | &1
13. 81
14. -28
15. 01
16. 34
| 17. 02
18. 01
|19 61
20. 34
21. 01
22. | g4
23. 12
24, 51

KEY
ENTRY

DISPLAY

LINE | CODE E:%:Y REGISTERS
25. 34 | RCL Ro
26. 02 2 R TN
27. 81 + R, i
28. 34 | RCL Rs PMT, PV, PV/PMT
29. 03 3 R
30. 71 X R,
31. | -00 | GTOO00 ||Rg
32. 01 1 R ;
33. 34 | RCL Re
34. 03 3 R o
35. 34 | RCL Reo
36. 02 2 R.1
37. 71 X R.,
38. 51 _ Res
39. 31 § Res
40. 22 In Res
41 34 | RCL Res
a2, 02 | 2 R,
43. 01 1 Res
a4, 61 | + Res
45, 31 £
46. 22 | In
a7. 81 +
48, 42 | cHs
49. | 00 | GTOOO




Examples:

1. To pay off a loan of $4000 at 9.5% (.095) in 30 months, what monthly

payment is required?

Direct Reduction Loan—Pmt, Pv, n

53

2. A person is willing to pay $150 per month for 30 months for a loan at
9.5%. How much can be borrowed?

3. How many monthly payments of $100 must be made to pay off a loan
of $4000 at 9.5% annual interest?

Note:

Divide 0.095 by 12 to find the monthly interest rate expressed as a decimal.

Answers:
1. $150.32
2. $3991.55

3. 48.29 (4.02 years)

1 Errjtreifriogram { l [ ] [ I [ ]
2 | For payment PV [sto |[ 3 | Il |
i [sto |[ 2 | I ]
n Lsto [[ 1 I |
[esT || ms | Il || pwr
or [ | I[ I[ |
2 |For present value et [ sto [ 3 ] Il |
i sto |2 [ [ ]
oo Lso [ ] ]
[gro |[ 1 | s ][ ms | PV
or l | Il |
3 | For number of payments PV 1 1]
ur e [sto [ s ][]
i STO 2 ]
gto |[ 3 |[ 2 || ms n
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DIRECT REDUCTION LOAN
ACCUMULATED INTEREST,

REMAINING BALANCE

This program finds the accumulated interest and remaining balance of a

mortgage.

Let  I._g= the accumulated interest paid by payments ¢ through k
PV = the remaining balance after payment k.

n = number of payments

i= periodic interest rate expressed as a decimal, e.g., 6% is
expressed as .06

j=c-1

Then, I,_yx and PV can be calculated by the following formulas:

A k-n
1. I._x=PMT [k -j- .gl.iL(l -(1+ i)j_k)]

2. ka-M [ -@a+ikn]
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DISPLAY
LINE | CODE E:TEFYIY REGISTERS
25. 34 | RCL Ro
26. 02 2 R| n
27. 81 + R, i |
28. 34 | RCL Ry PMT n
29. 06 6 Re k
30. 51 — Rs j —
31. | -47 | GTO47 |[Re j—k
32. 01 1 ,5‘7 )
33. 34 | RCL R
34. 02 |2 R,
35. 01 1 Reo N
36. 61 | + Re,
37. 34 | RCL R., 1
38. | 04 |4 R ]
39. 34 | RCL Res
40. 01 1 iRos
41. 51 _ Rus
42. 12 v R., |
43. 51 | — Res
44. 34 | RCL Reo
45. 02 2
46. 81 =
~ a7. 34 RCL
48. 03 3
49 71 | x

DISPLAY KEY
LINE | coDE | ENTRY
‘o G
7 61. 34 RCL I

" 02. 02 | 2

03, 01 1

| oa. 61 +

© 05. 34 | RCL

~ 06. 04 | 4
7. 34 | RCL

o8 | o1 |1

" 09. 00 0

0. 61 | +
1. 51 _
12, 12 | ¥

I 13. 22 X2y

| 1a. 34 | RCL
15. 05 | 5
16. 34 | RCL
. 04 | 4

) 1§. 51 _

) 19. 33 STO
20. 06
21. 12 v

|22 0 |1

23 | s | -

24 | 71|«
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Examples:

1. A house costs $30,000 with a mortgage life of 30 years at 8% (.08) yearly
interest. Find the interest paid on the first 36 monthly payments. The
payment can be calculated from the program, Direct Reduction Loan
Payment but is $220.13.

2. Using the above example calculate the remaining balance after the 36th

payment.
Solutions:
1. $7108.72

2. $29,184.13

STEP INSTRUCTIONS DATAONITS KEYS DATATNITS
1 Enter program _[ ” ] I ” l |
2| For accumulated [ - i J -

interest of ct" I ]

| |throush k™" payment n &9_“ [ I ]7 7 B

i i jlsto J[ 2 ] |

r PMT [Tsto ][ 3| I ]k ]

i SR I —

- 1 [sto [ s | Il |

r R T ™

= | . — ——
2 Foriremaining balance A[ “ ” ” I
after k" payment n sto |[ ‘
i [sto ][ 2 | Il |
. et ([sto |[Ts | | I
o L _L sto |[ a4 [ 1 1 |
[fero |[ 3 ][ 2 | ms | PVi
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DIRECT REDUCTION LOAN
AMORTIZATION SCHEDULES

This program calculates a table of interest paid, payment to principal, and
present value of a mortgage. It also can be used to find accumulated interest.

Let I, = interest paid in k'™ payment
PMT = payment
PP, = payment to principal of k'™ payment
PV = remaining balance after k! payment
PV, = amount of loan

i = periodic interest rate expressed as a decimal, e.g., 6% is expressed
as .06

An amortization schedule consists of the interest paid, the payment to
principal, and the remaining balance for each payment k=1, 2, ...

These quantities are calculated by the following formulas:
1. Ig=iPVy_,;

2. PP, =PMT -1

3. PV =PV, _, -PPy
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DISPLAY

LINE
00.

ol

02.
03.

04.
05.

CODE

00
33
01
34
04
34

02

n
33
05

33

61
01

84 |

34
03
34
05
51
33
06

84
34
04

KEY
ENTRY

DISPLAY

TR E:TE;Y REGISTERS
25. 34 RCL Ro
~26. 06 | 6 R, Tl N
27 | s1 | = ||Ryi H
"28. | 33 | sTO Ry PMT B
29. 04 | 4 R, PVk
30. | 84 | R/S Rs Ig ]
" 31. | 04 | GToosa ||Re PPk i
32. T R,
33, R,
34. R, o ]
35. Reo ]
36. Re, 1
37. R - i
38, | Res ]
39. Res N
40. Res
a1 Res 1
a2. Rer
43, Res ﬂ
44, Reo
as.
46.
a7.
a8.
49.
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Example:

Find the amortization schedule for a loan of $30,000 at 7% (.07) annual
interest with payments of $200 monthly.

Note:

Be sure to enter monthly interest rate by dividing 0.07 by 12.

Solution:
Payment No. I PP, PV, 21
1 175.00 25.00 29,975.00 175.00
2 174.85 25.15 29,949 .85 349.85
3 174.71 25.29 29,924 .56 524.56
STEP INSTRUCTIONS DATAIUNITS KEYS TS
1 |Enter program B <]~ “ ] [ ” I ]
2 Store periodic interest rate i I STO ] [ 2 ] L ” ]
I 3 |Store payment PMT [ STO ][ 3 ” ” | i
"4 |Store initial loan amount PV, sTO a [ esT
5 |Calculate interest I R/S [ ] |
6 |Calculate payment to principal [ R/S J [ “ “ ] PP:
>7 i Eal;:;:late remaining balance [ R/S Jr ” “ I PV; 7
E ] Repeat steps 5, 6. and 7 ‘ o
 Fork=2,3,4,.. [ I | '
- [ ]I ” [ ],, I
Note: At anytime after steps l
] 5, 6, or 7 have been executed the 7 [ ” “ ” _] ) o
_ froumamedineresteanbe | L NI N0 L]
found rRee [ 1] ] | |
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SINKING FUND
INTEREST RATE

This program calculates the interest rate on a savings program where payments
are assumed to be made at the end of compounding period.

Let n=number of payments

i= periodic interest rate expressed as a decimal, e.g., 6% is expressed
as .06

PMT = payment
FV = future value or amount

This routine solves the equation f(i) by an interation for i using Newton’s
method:

(i)

ik =ik—f—'(i—)_

where  f(i) =

(1+)"-1 FV
i PMT

and f'(i) is the first derivative of f(i). First an initial guess i, is stored in
R,. Either the suggested routine or a rough guess can be used. However, i,
cannot be zero. If the suggested routine produces zero, then zero is the
solution.
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DISPLAY KEY . :ISPLAY E:$;Y REGISTERS
E | CODE

25. 81 | - R,

| 26. 01 | 1 R, n ]
27. 51 - R, i B
28. 34 | RCL Rs FV/PMT
29. 04 | 4 1IRe (140" ]
30. 71 X Rs
31. 01 1 Re
32. 61 | + R, ]
33. 34 | RCL R B
34. 02 | 2 Ro ]

| 3s. 81 | + | |Reo ]
36. 81 - Rey
37. | 33 | st0 Rez |
38. 61 + Res
30, 02 | 2 Res |
40. 41 1 Res 4
41. 71 X Re6
42, 43 | EEX Re; N
43. 42 CHS Res
44. 01 1 Reo
45, 02 2
46. 31 f
47. -01 x<y 01
48. 34 | RCL
49, 02 | 2
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Example:

What annual rate of interest must be obtained to amass a total of $10,000 in
10 years on an annual investment of $600.

Solution:
.1093 (10.93%) [4] (20 seconds iteration)
The suggested routine supplies an initial guess of .1365 (13.65%). The user

can try other initial guesses such as .10 or .20 and notice the change in
iteration time. (15 and 25 seconds iteration time respectively.)

STEP INSTRUCTIONS oATENITS KEYS DATA/UNITS
1 Enter program 1 [ “ I[ ” ]
2 | Store FV and PMT FV [t ” ] L | | | |
7 ) et [ = [ sto I[ 3 ]
3 |Storen n l STO ][ 1 JI ” I
4 | Enter a rough guess for i io [ sto || 2 || Il |
or I I[ | I |
4 | Calculate an initial guess [ mer || 3 [ mer I[ 1 ]
- 2 |« | ke |
L JL o J0 - I+ 1
Lox Jlre |[ 3 [« |
[+ Jlso |[ 2 ][ ] io
5 | calculate i [ BsT | ms || 1 | i
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SINKING FUND
PAYMENT, FUTURE VALUE,
NUMBER OF TIME PERIODS

This program calculates payment, future value, or number of time periods
given two of the three and the interest rate.

Let n=number of payments

i = periodic interest rate expressed as a decimal, e.g., 6% is expressed
as .06

PMT = payment
FV = future value

Then, FV, PMT, or n can be calculated from the other three by the following
formulas:

(1+)" -1

1. FV=PMT |2 =%
1

2. PMT =FV [—1—]

A+ -1
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DISPLAY
LINE | CODE
_oo.

o | 3
|02 02
| 03. 01
. 04. 61
05. 34
| 06. 01
| o7. 12
08. 01
| 09. 51
10. 34
| e
12| 81
18 34

14. 03

15. 71
| 16. -00
.17, 34

18. 02

19. 34
| 20. 03
S
22. 34
23. 02

24. 01

KEY
ENTRY

RCL
2
1
+
RCL

DISPLAY

KEY
UNE | CopE | ENTRY REGISTERS
25. 61 | + Ro B
26. 34 | RCL Ry n
2. | o Ry i |
28 12 |y Rs PMT, FV, FV/PMT |
29. 01 | 1 R, B
30. 51 | — Rs
31, 81 | + Re |
'32. | -00 | GTOOO |[|R, )
33. 34 | RCL Rg |
34. 03 | 3 R, B
35, 34 | RCL Reo ]
36. 02 | 2 Re, |
37. 71 X Re. |
38. 01 | 1 R.s
39, | 61 | + Res
~ 40. 31 f Res
41. 22 | In Res
a2, 34 | RCL Re7 |
~43. 02 2 Res
44. 01 1 Reo
45. 61 +
46. 31 £
47. 22 | In
48. - 81 =+
49. -00 | GTOO00
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Examples:

1. How much money will a person have if he saves $100 a month for 5 years
at 7% (.07) annual interest?

2. How big a monthly payment does a person have to make to save $10,000
at the end of 5 years? Assume an annual interest rate of 7%.

3. How long will it take to save $10,000 making monthly payments of $100
at 7% annual interest?

Note:

Remember to enter interest rate as 0.07 divided by 12.

Solutions:
1. $7,159.29
2. $139.68

3. 79.01 months or 6.58 years

T INPUT oureur
| STEP| INSTRUCTIONS DATA/UNITS KEvS

DATA/UNITS
1 Enter program ' - .
2 | ForFV n [ st0 1
i STO 2
PMT STO 3 ‘
BST Ris || FV
or
2 | For PMT n STO 1
i STO 2
FV STO 3
GTO 1 7 R/S | PMT
or
2 Forn FV t
PMT + STO 3
i STO 2

GTO 3 | 3 R/S n
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DISCOUNTED CASH FLOW ANALYSIS

Let PV, = original investment

PV = cash flow of k' period

Cy = net present value at period k

i = discount rate per period as a decimal, e.g., 6% is expressed as .06

Then
CompVy+ 3 Tk
k= -FVo Z UK
=ik
DISPLAY DISPLAY
LINE | CODE E:‘(ITE;Y LINE | CODE ESE;V REGISTERS
00. 25. 33 | STO R, o
o1. 34 | RCL 26. 03 R, PV,
02. 02 2 27. 12 x R, i
03. 01 1 28. 81 | =+ R; k
04, 61 + 29. 34 | RCL R, Cy
05. 81 | + 30. 04 | 4 Rs
06. 01 1 31. 61 + Re
07. 33 STO 32. -13 GTO 13 R,
08. 03 | 3 33, R,
09. 23 | Ri 34. R,
10. 34 RCL 35. Reo
11. 01 1 36. Re,
12, 51 — 37. R..
13. 33 STO 38. Res
14. 04 | 4 39. Res
15. 84 | R/S 40. Res
16. 41 t 41. Res
17. 01 ] 42, Res
18. 34 | RCL 43. Res
19. 02 | 2 a4, Reo
20. 61 + 45,
21. 34 | RCL 46.
22. 03 | 3 47.
23. 01 1 48.
24, 61 + 49.
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Example:

You are offered an investment opportunity for $100,000 at a capital cost of
10% after taxes. Will this investment be profitable based on the following
cash flows?

Year Cash Flow
1 $34,000
2 $27,500
3 $59,700
4 $ 7,800

Solution:
C, =%$-69,09091

C, = $-46,363.64
C, =$-1,510.14
C, = $3817.36

Since C, is positive the cash flow is profitable to the extent that the cost of
capital is 10%.

INPUT OUTPUT
STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS

1 Enter program

2 Store PV, and i PV, STO 1

i STO 2

3 Enter PV, PV, BST R/S C,

| 4 Perform for k = 2,..., n PV R/S Ci



68 Depreciation Schedules—Straight Line
DEPRECIATION SCHEDULES

STRAIGHT LINE

Let PV = original value of asset (less salvage value)

n = lifetime number of periods of asset

By = book value at time period K

D = each year’s depreciation

k = number of time period, i.e., 1,2,3,...,0orn
Then, By and D can be calculated by the following formulas:
1. D=PV/n
2. By =PV -kD

| oseay | oy | okey || REGISTERS

| LNE | coDE | | UNE [ cope | ENTRY |/

| o0 25, | ? 1lRo D
o1. : 2. | |[Ri n
02. 27. | R,

| o03. 28. | Rs Py

| oa. ( 29, | Rak

L os. | 81 | =+ | 30. Rs

| 06. | 33 | sto || 31 | | Re

L o7 | 00 |0 || 82 | ‘ 'R,

| 08. | 84 | RIS || 33 » | Rs

| 09. | 34 | RCL | 3a. | Re

' 10. | 03 |3 | oss | ; | [Reo

| 11| 34 | RCL || 36 | ‘ | [Res

| 12 | o4 | 4 37 | | Rez

| 13. | 34 | RCL || 38 | j | [Res

14 | 00 |0 || 39, ‘ | [Rea

| 15 | 71 | x 40. | | [Res

| 16 | 51 | - 41. . j [ |Res

| 17. | 84 | RsS 42. : ‘ | |Rez

L 18 | o1 | 1 | e ‘ Res

| 19. | 33 | sT0 | 4| | [Res

20, | el |+ || as. ' ‘

21. 04 | 4 46. 1

| 22. | 01 | groo1 || 47. | ; \

| 23 | || a8. | i 1

| 2a | ' |



Example:

Depreciation Schedules—Straight Line

69

A fleet car has a value (not including salvage value) of $2100 and a life
expectancy of six years. Using the straight line method, what is the amount
of depreciation and what is the book value after two years?

Solutions:

D = $350.00

B, = $1400.00

STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS

1 Enter program L_]

2 |Storen, PV, and k n sTO 1
S O T | i
PO 5 N -

3, TbcalculateDandBk [ R/S J! ” H j D

] 0 I

4 For the next year go to step 3

[ | I | .
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DEPRECIATION SCHEDULES
SUM-OF-THE-YEAR’S DIGITS

Let

S = salvage value

n = life time number of periods of asset

Dy = depreciaton over time period k

By = book value at time period k

PV = original value of asset (less salvage value)

k = number of time period, ie., 1,2,3,...,0rn

Then, Dy and By can be calculated by the following formulas:

2(n-k+1)
1. Dy=——=PV
n(n+ 1)
2. Bk = S + (n—_l.()_lzl.(_
2
DISPLAY KEY DISPLAY KEY
LINE | copE | ENTRY | "|\Ng [cope | ENTRY
. 25. 84 R/S R, Dk

ot. 4 RCL 26. 34 | RCL R, n
02. | o 1 27. 02 |2 R, n-k
03. | 34 RCL 28. 02 |2 R; PV
04. ! 04 | 4 29, 81 B R, k
05. 51 - 30. 34 RCL Rs S
06. 33 | sTO 31. 00 |0 Rg
o7. 02 | 2 32. 71 x R,
08. 01 1 33. 34 RCL Rg
09. 61 + 34, 05 | 5 R,
10 02 | 2 35. 61 + Reo
11. 71 x 36. 84 R/S Re,
12, 34 RCL 37. 01 1 R..
13. 03 3 38. 33 STO Res
14, 7 x 39. 61 + Res
15, 34 RCL 40. 04 | 4 R.s
16. 01 1 a1. -01 GTO 01 Res
17. 01 1 42, Re7
18. 61 + 43 Res
19. 34 RCL 44. Reo
20. 01 1 45,

21. 71 X 46.

22. 81 = 47.

23. 33 STO 48.

24. 00 0 49.




Depreciation Schedules—Sum-of-the-Year’s Digits 71

Example:

A car has a value (not including the salvage value of $800) of $2100 and a life
expectancy of 6 years. Using the Sum-of-Year’s Digits method what is the
amount of depreciation and what is the book value after 2 years?

Solutions:

D, = $500.00

B, = $1800.00

rSTEP-‘ INSTRUCTIONS nA'Ir'f;ldIuTs
1 [ Enter program

2 Store n, PV, k, and S n
PV

3 To calculate By and Dy

4 For the next year go to step 3

STO
STO
STO
STO
R/S
R/S

OUTPUT

KEYS DATA/UNITS

BST
Dy

By



72 Depreciation Schedules—Variable Rate Declining Balance

DEPRECIATION SCHEDULES
VARIABLE RATE DECLINING BALANCE

Let PV = original value of asset (less salvage value)
n = lifetime periods of asset
R = depreciation rate (given by user)
Dy = depreciation at time period k
Bk = book value at time period k
k = number of time period, i.e., 1,2,3,...,0orn

Then, Dy and By can be calculated by the following formulas:

k-1
1. Dk=Pv5<1-5)
n n

k
2. Bk=PV(1-5)
n

If R = 2 the program gives the double declining balance method. If R = 1.5
the program gives the 150% declining balance method.



KEY
ENTRY

Depreciation Schedules—Variable Rate Declining Balance 73
DISPLAY

T o Ny REGISTERS
25. 03 | 3 Ro |
26. 71 X R, R/n
27. 84 R/S R,
28. o1 |1 R, PV ]
29. 33 | STO R, k |
30. 61 + Rs
31 04 | 4 R
32. | -01 | GToo1 [R,
33. R
3a. R, .
35. Roo |
36. Re, |
37. Re. |
38. Res i
39. Rol
40. Res
41. R.s
42, Re7
43. Res
44, Reo
as.
46.
a7.
a8.
a9

DISPLAY
LINE | CODE
|_00.
ol. o1
02. 34
. o3. o1
| oa. 51
© 05. 34
" 06. 04
o7. 01
08. 51
| 0o. 12
10 34
BETY 01
i 12. n
13 3
14, 03
| 1s. 7
16. 84
17. o1
18. 34
19. 01
20. 51
21 34
'”22. 04
- 23. 12
28, | m




74 Depreciation Schedules—Variable Rate Declining Balance
Example:

A fleet car has a value of $2500 and a life expectancy of six years. Use the

double declining balance method (R = 2) to find the amount of depreciation
and book value after four years.

Solutions:
D, =$246.91
B, = $493.83
' INPUT OUTPUT
STEP INSTRUCTIONS DATAUNITS KEYS DATA/UNITS
1 Enter program
2 | Store R/n, PV, k R |t
n [+ sto |[ 1
PV ) 3|
k sto |[ 4 |[ BsT
3 Calculate Dy and By | R/S Dy
RIS || | ‘ By

4 For next year go to step 3



Calendar Routines 75

CALENDAR ROUTINES
DAY OF THE WEEK
DAYS BETWEEN TWO DATES

This program calls March 1, 1700, day 1 and gives every succeeding day a
corresponding number. The program works for days to and including
February 28, 2100. However, for days from March 1, 1700, to February 28,
1800, 2 days must be added to the answer and for days from March 1, 1800,
to February 18, 1900, 1 day must be added.

Let M = month, D = day, Y = year, W = day of the week (0 = Sunday,
1 = Monday, etc.)

The day’s number is calculated from the following formula:
NM, D, Y) = [365.25 g(y,m)] + [30.6 f(m)] + D - 621049
where

y-lifm=1or2 m+13ifm=1or2

gy, m)= yifm>2 and f(m) = m+1ifm>2

[m] represents the integer part of a number, i.e., if n = 7.2 then [7.2] = 7.
This must be put in by user.



76 Calendar Routines

DISPLAY DISPLAY
LINE | CODE E:%V LINE | CODE E:ITE':V REGISTERS
00. 25. 8 | R/S Ro
ot 02 | 2 | 26. 22 | x2y R, Month
02 34 | rReL || 27 23 | R R, Day
03, | 01 |1 1 28, | 22 | x2y R, Year
| oa. 31 | f 29. 03 | 3 R,
05, | -1 | x<y 11 30. 00 |0 1R,
' 06. 01 1 31. 83 | - Re

07. 61 + 32. 06 6 R,
" o8. 34 RCL 33. 71 x Rg Temporary
" 0o. 03 | 3 1] 3a. 84 | R/S R, '
"10. | -18 | GTO18 || 35 22 | x2y | [Reo
BETR 01 | 1 BRI 23 | RY 1[Rey

2. | 03 | 3 37. 61 | + R.,
13, | e1 |+ || 38 | 33 | RcL | [Res
T 1a. 3 | rRcL || 39 02 | 2 Res
15, 03 | 3 " 40. 61 | + Res
16, o1 | 1 1 e 06 | 6 Res
T2 51 _ 42, 02 2 Rez
18 | 03 | 3 R 01 | 1 Res

19. 06 | 6 44, 00 | o Reo
" 20. 05 | 5 45. 04 | 4
Co21. 83 | - 46. 09 | 9
22, 02 | 2 | a7. 51 | —
23 | 05 | 5 | 48 | -00 | GTOO00

24. 71 X 49.




Calendar Routines 77
Examples:
1. What day of the week was Pearl Harbor? (December 7, 1941)
2. How many days between February 28, 1972, and March 1, 1972?
Solutions:
1. 0, Sunday
2. 2(1972is a Leap Year)
STEP INSTRUCTIONS oAt TS KEYS DTS
71 Enter program [ ” ” ” J N
£7 | Storem, D, Y M [ STO ” 1 J{ ” l |
| ) [ sto |[ 2 | I | B
N \Lso [ 3 I[ ]
3| Calculate NM, D, Y) [est |[ ms || A
4 | Enter integer part of N, [Ny " [ R/S ” ” “ ] N;
5 Ent?r integer part of N, [Ng]*" ] [ R/S I r Jr “ I N,(M’E,’,Y,)j,
6 For days between two dates [ STO J | 8 ” H I . B
k777 ;Iepiea; steps 2 thru 5 for second I ] [ I I 1 -
I ;;;e, then, RCL 8 - _] Pfys _
1 or [ - _] L._] [———-—] - 4
6 | For day of the week [ 7 “ - H ” ] N
I 7 Enter integer part of Nj [N3] ™" - J 7 lr x J[

* Add 2 for days between

March 1, 1700 and February 28,

1800.

* Add 1 for daysLeitween March
1, 71 800 and February éB, 1900.
e The value is pl;t in the X
register, the ENTER key must not
be pushed, and the stéck must

be maintained. Decide on [n]

with the calculator in Fix 9 .

[ | I[




78 Determinant and Inverse of a 2 x 2 Matrix

DETERMINANT AND INVERSE
OF A 2 x 2 MATRIX
a1 a2
Let A= be a 2 x 2 matrix.
21 a2

The determinant of A denoted by Det A or |A| is evaluated by the following
formula:

Det A =2y, 251 —ay3 a2y

Also, the program evaluates the multiplicative inverse A™! of A. The following
formulas is used:

322/DetA —312/DetA

Al =
—azl/DetA a“/DetA

" DISPLAY | ey || DISPLAY | ey ||

LINE | CODE E:‘(%V PL;NEW CODE E:'TE;Y REGISTERS
" 00. 25. | 09 | 9 | /Re Deta
| ot 34 RCL [ 26. 81 + R, a,
| o2 04 | 4 || 27. 33 | sto R, aj,
| o03. 34 RCL 28. 08 | 8 R; ay,

04. 01 1 29. 34 RCL R, aj,

05. 71 X 30. 02 2 Rs a;;!

06. 34 RCL 31. 34 | RCL Rg a7 !

07. 02 2 32. 09 9 R, a;,7!

08. 34 RCL 33. | 81 + Rg a3~}

09. 03 3 34. 42 CHS Ry Det A

10. 71 x 35. 33 | sTO Reo

11. 51 — 36. 06 6 Re,

12, 33 STO 37. 34 RCL Re.

13. 09 9 38. 03 3 Res

13, 84 R/S 39. 34 RCL Res

15. 34 RCL 40. 09 | 9 Res

16. 04 | 4 41. 81 = Res

17. 34 RCL 42. 42 CHS Re7

18. 09 | 9 43. 33 | sTO Res

19. 81 + 44, 07 7 Reg

20. 33 | STO 45. -00 GTO 00

21. 05 5 46.

22. 34 RCL 47.

23. 01 1 48.

24, 34 RCL 49.




Determinant and Inverse of a 2 x 2 Matrix 79
Example:

Find the determinant and inverse of the matrix

1 4
3 2
Solution:
Det A=-10
o, _[-20 40
30 -.10
INPUT OUTPUT
STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
1 Enter program
2 For Det A ETRY STO 1
a2 STO 2
an STO 3
a2 STO 4
BST R/S Det A
3 Then for A™! R/S
RCL 5 a, !
RCL 6 a, ™!
RCL 7 a, ™!

RCL 8 ap; !



80

Determinant of a 3 x 3 Matrix

DETERMINANT OF A 3 x 3 MATRIX

), di2 a3

A= a1 ajzq ar3 be a 3 x 3 matrix.

a3y a32 d33

The determinant of A denoted by |A| or Det A, is calculated by expanding A
by minors about the first column. The formula is:

dz2 Q23 d12 13 a1 A3
DetA=all = asz; +a31

a3 433 a3 433 42  dz3

=a;; [222 333 — 223 332 — a2y [233 212 — 23, a53]

+a3; [a23 52 — 13 g2 ]

[ oispLaY | key || obispLay | wey ||
] _KEY '[L TNE 'I’od'ﬁéw; ENTRY 1 REGISTERS
Tas 51 | = | R, peta —
26. | 34 | RCL | Ry 4,
27. | 04 | 4 ngz a1z
ENREE |Rs
29, 51 | - 'Ry ay,
3. | 34 | RCL  ||Rs ay,
31. | 06 | 6 | |Re ays
32. | 34 | RCL IRy ay,
3. | 02 | 2 [|Rs a3,
4. | N | x 1 Ry aj;
35. | 34 | RCL [ [Reo
3. | 03 | 3 'R,
37. | 34 | RCL }5R.2
8. | 05 | 5 | [Res
39. | 71 | x | |Res
40 | 51 | - | Res
41. | 34 | RCL | R
a2. 07 | 7 | |Rer
3. | 7 | x | |Res
a4 | 61 | « ' [Reo )
45. | 33 | sTO
4. | 00 | O
a7. | 00 | GTOO00 ‘
48. | [ |
‘

[l a9, | 5 |

e



Determinant of a 3 x 3 Matrix 81

Example:

Find the Determinant of

-1 0 3
A= 7 -1
3 0
Solution:
Det A =54
STEP INSTRUCTIONS DATAONITS KEYS oS
| 1 Enter program [ “ ” ” Ik
2 Store A apy [ STO ” 1 H ” I
i a: ([ st0 |[ 2 | |
B a3 [ STO ” 3 ” ” ] _ -
o sto |[ 4 ] | |
m  [sto |[ s I Il
I o [ sto || e | I[ ] |
o [so || 7 ] I |
a3z I STO ] 8 I I{ ]
i as33 [ STO ” 9 “ ” l#,
3 | Calculate Det A BST R/S Det A




82 3 x 3 Matrix Inversion

3 x 3 MATRIX INVERSION

If aj; indicates a number in the i™ row, j™ column then a 3 x 3 matrix A can
be represented as

then the multiplicative inverse of A is denoted by A™! and is calculated as
follows:

F d22 43 d12 a3 d12 Q3 ]
d37 433 d32 433 dz2  dz3
DetA  DetA Det A
41  dz3 411 43 a1 43
ATl = d3; 433 431  d33 d1  dz3
" DetA DetA  DetA
dz1 A2 a1 3412 a1 4p2
d3; 432 d3; 432 d1 42
DetA  DetA Det A

For the i*", j* position of A~! use the minor of the j™, i position of the
original matrix. The minor is the two by two matrix left after crossing out the
i row and j*™ column of A.



3 x 3 Matrix Inversion 83

DISPLAY KEY LI:;S”L(‘; - eKEY REGISTERS
25. Ry Det A
26. R, aj,
27. Rz a2
28. Ri a3 :
29 R4 az)
30. Rs ay;
31. Re az3 |
32. R, asy
08. 42 | cHS 33. Ro 2 1
" o9. 34 | RCL 34. Ro a5
10. 0 | o 3s. Reo :
1. 81 | + 36. Roy
“12. | -00 | GTOOO 37. Re.
13. 3s. | |Res
1a. 39. Res
15. 40. Res |
1. a1. Ree
7 a2, Re7
- 18‘ 43. R.B ]
10, 44, Reo
- as.
21. 46.
23, a7.
23, a8.
24, | 49.




84 3 x 3 Matrix Inversion

Example:

Find the inverse of the matrix

-1 0 3
A= 1 -1
2 3 0
Solution:
Det A =54

.056 167  -.056
A l=]-037 -111 .370
352 056 -019



3 x 3 Matrix Inversion 85
STEP INSTRUCTIONS oATHUNITS KEYS DATA/UNITS
J ;Follow instruction of Determi- ) ,4[ “ ” “ ]* B
"a,",tf,’,f,s,x 3 Matrix progr:fm L JI H ” ] | ]
i ;nter this“program (do not 7<[ J[ ] [ ” I | -
change cogie[vts ofrregisters.) _l ” ” ” }k -
'3 [ Tofinda™ [ Ree || s || oL [ e ]7 ]
(Note: coefficients must be [ ree |[ 8 |[ meL || o ]
calculated in order shown.) R :[ esT || ms || ] Jiﬁia:.v N
ml e = e
Clee [z [ ke [ 3 ]
I R T B —
T [
e s R [l s | |
) - es Il J[ | s
lmee |7 [ Re [ e |
L Clmel [ e [ e |
- Lors | Il ” J__ a1
o B o R 1 RCL 3|
77<r ret || 7 | mer || 9 |
[ mis ][ | ” ] a2
[Ret |[ 2 [ Re || & |
o leee [l e |[ 3 |
7 [
| ree [ a [ rer || 5 |
i lme L7 [ Ree [ 8 |
[ as || I[ 1l | Y
i [Ree |l 7 [ R || 8 |
. lmee [0 e [ 2 |
«I R/S ” ”7 ” [ a3y
) [ree [+ Il Ree Il 2 |
RCL 4 LLC_L_”L‘]
R/S l l a3




86 Vector Cross Product

VECTOR CROSS PRODUCT

If A = (a,, a,, a3) and B = (b, b,, bs) are two three dimensional vectors
then the cross product of A and B is denoted by A x B and is calculated as
follows:

a2 a3
by by

a; as
by by

a; a

b, b,

AxB=

= =(ap by —a3 by,a3 by —a; by,a; by—a, by)

>

Let the solution be represented by (c,, ¢, C3).

DISPLAY KEY DISPLAY KEY REGISTERS
LINE | CODE | ENTRY LINE | coDE | ENTRY

00. 25. 3a | RCL | |R,
o1. 34 RCL 26. o1 1 R, a
02. 02 2 27. 34 RCL R, a,
03. 34 RCL 28. 05 5 Rj a,
04. 06 6 29. 7 X R4 b,
05. 71 X 30. 34 RCL Rs b,
06. 34 RCL 31. 02 2 Re b,
07. 03 3 32. 34 RCL R,
08. 34 RCL 33. 04 | 4 R,
09. 05 5 34. 71 x Ro
10. 71 x 35. 51 _ Reo
1. 51 - 36. -00 GTO 00 Re,
12, 84 R/S 37. Re2
13. 34 RCL 38. Res
14. 03 3 39. Res
15. 34 RCL 40. Res
16. 04 4 41, Ree
17. 71 x 42. Re7
18. 34 RCL 43. Res
19. 01 1 44. Reo
20. 34 RCL 4s.

21. 06 6 46.

22. 71 X 47.

23. 51 _ 48.

24, 84 R/S 49.




Vector Cross Product 87
Example:
Find the cross product of the two vectors A = (2.34, 5.17, 7.43) and
B =(.072, .231, .409).

Solution:
A xB=(40,-42,.17)

STEP. INSTRUCTIONS oATEONITS KEYS DATATONITS

*1 Enter program [ ] [ I [ “ ] N

| 2 |StoreA a [ STO Ir 1 ” “ ] |

I o [sto [ 2 I[ ]

| a [so |[ 3 | I[ |

'3 |storeB by [sto |[ a4 |[ 1

| b [ sto |[ s ] 1 J

i b [ sto || 6 | ” ]

4| Calculate Ax B [rs J o

i - Ces [ [:] [:] @
Ces [ [ I




88 Simultaneous Equations in Two Unknowns

SIMULTANEOUS EQUATIONS
IN TWO UNKNOWNS

Let ax +tby=e
and cx+dy=f

be a system of two equations in two unknowns. Cramer’s Rule is used to find
the solution.

e b
- fdl _ed-bf
a b ad - bc

c d

a e
_le f _ af-ec
y a b ad - bc

c d

If ad - bc = 0 the calculator flashes 0. In this case no solution or no unique
solution exists.



DISPLAY
LINE | CODE
00.
o1. 34
02. 03
03. 34
04. 05
05. n
06. 34
07. 02
08. 34
09. 06
10. 71
11. 51
12. 34
13, 01
14. 34
15. 05
16. Al
17. 34
18. 02
19. 34
20. 04
21. 71
22. 51
23. 33
24, 00

KEY
ENTRY

Simultaneous Equations in Two Unknowns 89
DISPLAY

ne | cooE E:‘TE;Y REGISTERS
25. g1 | + Ro ad - bc

26. 84 R/S R, a

27. 34 RCL R, b

28. 01 1 R; e |
29. 34 RCL R, ¢

30. 06 | 6 Rs d

31. 7 x Re f

32. 34 RCL R,

33. 03 | 3 Rg

34. 34 RCL Ry

35. 04 | 4 Reo

36. 7 X Re,

37. 51 — R,

38. 34 RCL Res

39. 00 0 Res

40. 81 + Res

41. -00 | GTOO00 ||[Res

42, Re7

43. Res

44, Reg

4s.

46.

47.

48.

49,




90 Simultaneous Equations in Two Unknowns

Example:

Solve for x and y the following system of equations.

732x-9.08y=3.14
12.39x+7.00y = .05

Solution:
x=.14
y=-.24
STEP INSTRUCTIONS oATHONITS KEYS TS
F‘il Enter prgram I l [ ] [ ” ]
2| Store coefficients a [sto || 1 ] | ]
| b [ sto || 2 | | | |
I R
o c L sto [ a4 | Il |
ol o [ so |[ 5 | | ||

- ¢ Lso [ s | I[ |
3 |Findxandy ) [ est || ms || [ =

[as || I[ | ] y




Simultaneous Equations in Three Unknowns 91

SIMULTANEOUS EQUATIONS
IN THREE UNKNOWNS

Let a; xt+tbyy+cz=d,
32X+b2 ytc, Z=d2
azXtbyytcyz=d;

be a system of three equations in three unknowns. Cramer’s Rule is used to
find the solution.

dl bl Cy a; dl Cy a; bl dl
d2 b2 Ca as d2 Cy az b2 d2
d3 b3 C3 ajz d3 C3 ajz b3 d3
Det A Det A Det A
where | | and Det represent the determinant and
a; by ¢

A= ay b2 Cy

a3 by c3

If Det A = 0 in step 3 the system has no solution or no unique solution.
Continuing the program will cause the calculator to flash zero.

Note:

The program for “Determinant of a 3 x 3 Matrix” on p. 80 is also used here.



92 Simultaneous Equations in Three Unknowns

STEP INSTRUCTIONS AT TS KEYS oA ATONIES
1 | Enter program I ” ” ” l_,f B
|| “Determinant of 3 x 3 Matrix” i 1 I | |
2 St;re coefficients 7 a, i Al STO I [ 1 J | I[ J
h ' e [so [ 2 ] | |
) ) o [solls L1
o [so [ 4 ] I |
oom o Lso |[ s ] I[ |
e s s 1
o s so [ 7 ] Il |
. e [so s
e so [ e ] 1
3 | Calculate Det A BST R/S l Det A
4 Stor;DetA 7 o 77*[ STO ]L : “ 1 |L ]VV ]
5 Store constants d; STO [ 1 | I_;]
dz | sT0 IL a || Il ||
- o [so L7 1
6 Calculate x i - I R/S “ RCL ” “ ]
| f I | o«
7 Calculate y a [ STO ” 2 ] l I L J
o so [[ 5 | |
o  [so [ 8 | I |
N [ || Rer || I[ ]
) 7 [+ lens | I [
8 Calculate z‘ by - [ STO “ 3 I [ I L —I
by [ sto |l 6 | I[ |
b [sto |[ o | [ ]
o [ rs [ Rree || - |
L + l I l z
(If the coefficients are quite [_ I ”
long it may be useful at step 2 L ” H ” ] ]
[ [osmororen, b mmm . | |
| |b3inRaez, Res...., Req respec- | B [ “ ” ” |_ ]
tively andrthen recall them in B L j[ “ ” I% ]
steps 7 and 8 as needed.) [ “ ” ” |
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Example:

Solve the following system for x, y, and z.
xty+z=6
3x+5y +4z=23
6x =7y -2z=2
Solution:
Det A=-3

x=3, y=2, z=1



94 2 x 2 Matrix Multiplication
2 x 2 MATRIX MULTIPLICATION

Let

a a b b
A= 11 12 alld B= 11 12

a1 a2 by, by,

be two 2 x 2 matrices. The matrix product of A and B is calculated as
follows:

AB = aj; byy tagz by ayy byp tag; by
a1 by taz byy a3y byy tay; by,

Let the answer be denoted by:

Ci1 C
C= 11 12
C21 C22
[ _oweuay ] DISPLAY | ey || REGISTERS
[ uNE | copE | LINE | copE | ENTRY ||
[ oo. 1B "25. | 34 | RCL | [Ro
o | 6. | 03 |3 Ry a2y,
| o2. | 27. | 34 | RCL | IRz a,
| 03 | 28. | 05 |5 | Rs ay,
| o4 | || 20 | 71 | «x | Ra a5
Los. | 71| x | 0. | 34 | ReL  |[Rs by,
06. | 34 | RCL || 31. | 04 | 4 | [Re by
L or. | 02| 2 ’ 32. | 3 | RoL |R7 by,
; 08. | 34 | RCL || 38 | 07 |7 Re by,
09. | 07 | || 34. | 71 X | IRe
1. | 71 I35 | 61 | + | [Reo
\’ M. | 61 |+ 36. | 84 | m/s ijq
| 12. | 84 | RS || 37. | 34 | ReL | |Re:
| 13. | 34 | RCL | 38 03 | 3 | |Res
14“, | o1 | 1 39. | 34 RCL Res
15. | 34 | RCL 40. | 06 | 6 Res
6. | 06| 6 LAt 71| x Rus
7. | 71| «x | 42 | 34 | ReL | |Rer
[ 18 | 34 RCL || 43. | o4 | 4 | |Res
| 19 02 | 2 | a4 | 34 RCL Reo
20. | 34 | ReL || 45 08 | 8
21. 08 | 8 ‘ 46. 71 | x
22. | 71 % 47. 61 | +
23. | 6 | + | 48. | 0 | GToOO

24. | 84 | RSS || 49
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Example:

Find the product of the two matrices

1 2 1 -1
A= and B=
-1 3 2 4

Solution:
N
C=
5 13
lsrer INSTRUCTIONS oaThURITS KEYS DATA/UNITS
,,1 Enter program [ “ J I ” l :
F? Store A T [ STO H 1 “ H 1
an [ sto |[ 2 ] I 1
o sto [ 3 | I[ ]
| S N ——
3 Store B by [ STO H 5 Jr ” ]
i oo [sto |[ s | ] |
bas [sto || 7 || 1l ]
S I —
»4 Calculate C [_BST__] R/S L___H:] C",, _—
Les I[ [ e
700 I
[ rs [ ] [ | c22




96 Angle Between, Norm, and Dot Product of Vectors

ANGLE BETWEEN, NORM,
AND DOT PRODUCT OF VECTORS

Leti=(a;,a,,...,a,) and b= (by, bs, ..., by) be two vectors.
The norm of ais denoted by [a| and is calculated by the following formula:

Al =Va;? +a,% +... +a,°

similarly,

Bl =Vb,? +by2 + ... +b,2

The dot product of a and b is denoted by a - b and is calculated by the
following formula:

N
a‘b=al b1+32b2+...+anbn

The angle between a and b is denoted by 0 and is calculated by the following

formula:
0=cos '3~ E
lal - bl

The angle is calculated in any mode the calculator is set. However, if in
degrees, decimal degrees are assumed.




Angle Between, Norm, and Dot Product of Vectors 97

T oo NTR R KEY REGISTERS
LINE | CODE | ENTRY UNE | cope | ENTRY
25. 81 | = R, -
26. 32 g R, |
27. 13 | cos™ R, B
28. -00 | GTOO00 [|Rs
29. ] R, 1
30. R, 1
~06. | -00 | GTOO0O 31. R,
|07 3 | RCL || 32 R, A
08. 83 . 33. Re ]
- ,09' 04 4 34. R, |
10 31 | ¢ 35. Reo n
AN 42 | x || s3e Rey Ta;
.;,,12' -00 GTO 00 L 37,,' R, Zaiz |
13. 34 | RCL 38. | [Res 20, A
14. | 83 . 39. Res Ib?
15, 05 | 5 40. Res Taib; 1
16. 34 | RCL 41, R
BRI 83 | - 42, R.,
18| 02| 2 || aa 1 Re
19. 34 | RCL a4, Reo
20. 83 . 45.
21. 04 | 4 46.
22 71 x 47.
| 23 31| f 48.
2. | 4| Jx 49.




98 Angle Between, Norm, and Dot Product of Vectors

Example:

Let a = (2.34, 5.17, 7.43) and b = (.07, .23, .41), find the norms of a and b,
the dot product of a and b, and the angle between aand b.

Solution:
|al =9.35
b= 48
a-b=440

>

0 =cos! [0 ) =8.11° = .14 radians = 9.01 grads
lal - [bl

STEP INSTRUCTIONS oAThUNITS KEYS s
1 Enter program [ l I I [ ” I
2 Ir:itialize o 9 CL-R l_] B |
3 Perform fori=1,2,..,n b; | t l “ l

a | = I ]-
4 |Forfal 7 [est || ms | | fal

or - I ]l I[ 1l |
B 0 el o 7 M ms I w0
or L | 1l | I
3B o AI et || - || s H_____J* acb
or , | | | I ]

0 [ero | 1 [ 3 |[ ~s | o
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100 Sine Integral
SINE INTEGRAL

The sine integral is denoted by Si (x) and is defined as follows:

X .
Si (x) = f =
o

where x is a real number. Also, a Taylor’s series expansion of Si (x) yields

et (_l)n X2n+1

Si () = g (2n +1) (2n + 1)!

This program computes successive partial sums of the series. It stops when
two consecutive partial sums are equal, and displays the last partial sum as the
answer.

DISPLAY DISPLAY

LINE | CODE E:‘('E;V LINE | CODE 1 Ezﬁ’“’ REGISTERS
00. 25. 02 2 R,

o1. 33 STO 26. 81 + R, —x?

02. 03 3 27. 34 RCL R, 2n+1

03. 41 t 28. 03 3 R3 Used

04. 71 X 29. 71 x R

05. 42 CHS 30. 33 STO Rs

06. 33 | STO 31. 03 | 3 Re

07. 01 1 32. 34 RCL R,

08. 01 1 33. 02 2 Ra

09. 33 STO 34. 81 + Ro

10. 02 2 35. 61 + Reo

11. 34 RCL 36. 32 g Re,

12, 03 3 37. -00 x=y 00 R |
13. 34 RCL 38. -13 GTO 13 Res

14. 01 1 39. Res

15. 34 RCL 40. Res

16. 02 2 41. Ree

17. 01 1 42, Re7

18. 61 + 43. Res

19. 81 = a4, Reo

20. 31 f 45.

21. 34 LAST X 46.

22. 01 1 47.

23. 61 + 48.

24, 33 STO 49.
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Examples:
1. Si(.69)=.67 (15 seconds iteration)
2. Si(9.8)=1.67 (50 seconds iteration)
STEP INSTRUCTIONS _EDA'{X‘;‘&ITS [ o KEYS s
1 » I%nter program i J( ” ” ]
2 | Calculate Si(x) x [ BsT || R ] ] Si(x)




102 Cosine Integral

COSINE INTEGRAL

The cosine integral is denoted by Ci (x) and is defined as follows:

X
Ci(x)=7+1nx+f Cosft'l dt
o

where x >0, and y = 0.5772156649 is Euler’s constant.
Also, a Taylor series expansions yields

. _ hd (-l)n x2n
Ci(x)=y+Ilnx+ Zl 30 (2n)]
n=

This program computes successive partial sums of the series. When two
consecutive partial sums are equal, the value is used as the sum of the series.

DISPLAY DISPLAY
LINE | CODE E:‘(%V LINE | CODE E:'E;Y REGISTERS
00. 25. 81 + R,
o 41 |t 26. 31 | f R, —x?
02. 71 X 27. 34 LAST X R, 2n
03. 42 | CHS 28. 01 1 Ri Used
04. 33 STO 29. 61 + Ry vy
05. 01 1 30. 33 | STO Rs
06. 01 1 31. 02 2 Re
o7. 33 | sTO 32. 81 + R,
08. 03 | 3 33. 34 RCL Rg
| 09. 00 |0 34. 03 | 3 Ro
10. 33 | sTo 3s. 71 | x | |Reo
1. 02 | 2 36. 33 | sTO R.,
12. 31 f 37. 03 3 Re2
13. 34 LASTX || 38. 34 RCL Res
14, 31 f 39. 02 2 Res
15. 22 In 40. 81 + | [Res
16. 34 RCL 41. 61 + Ree
17. 04 4 42, 32 g Re7
18. 61 + 43. -00 x=y 00 Res
19. 34 | RCL 44. -19 | GTO19 | |Res
20. 01 1 45.
21. 34 RCL 46.
22. 02 2 47.
23. 01 1 48.
24. 61 | + 49




Examples:
1. Ci(1.38)=.46 (20 seconds iteration)

2. Ci(5)=-.19 (40 seconds iteration)
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STEP INSTRUCTIONS oAThURITS KEYS .
1 Enter program l ” ] I ” I
2 | Storey=.5772156649 [ ” 5 J[ 7 ][ ]
o 7 o Je e s J
) N [ |
B o I
3 | Calculate Ci(x) x [ BsT |[ RIS J[ I ] Cilx)
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EXPONENTIAL INTEGRAL

The exponential integral is denoted by Ei (x) and is defined as follows:
X et

Using a Taylor’s series expansion and letting v = 0.5772156649 be Euler’s
constant:

where x > 0.

xn

n(n!)

Eix)=y+Inx+ Z

n=1

This program computes successive partial sums of the series. When two
consecutive partial sums are equal, the value is used as the sum of the series.

DISPLAY KEY DISPLAY KEY HEGISTERS
LINE | CODE | ENTRY LINE | CODE | ENTRY

00. 25. 34 | RCL R,

o1. 33 | sTO 26. 01 1 R, x
02. 01 1 27. 34 | RCL R, Used
03. 01 1 28. 02 | 2 Ry Used
04. 33 | stO 29. 01 1 R,

05. 03 | 3 30. 61 | + Rs

06. 00| o 31 33 | sTO R,

o7. 33 | sTO 32. 02 | 2 R,

o08. 02 | 2 33. 81 | = R,

09. 34 | RcL 34. 34 | RCL R

10. 01 1 35, 03 | 3 Reo

11. 31 | f 1 3e. 71| x Re,

12, 22 | In 37. 33 | sTO Rez

13. 83 | - 38. 03 | 3 Res

14. 05 | 5 39. 34 | RCL Res

15, 07 | 7 40. 02 | 2 Res

16. 07 | 7 a1. 81 | = Res

17. 02 2 42, 61 + Re7

18. 01 1 43, 32 | g Res

19. 05| 5 a4, -00 | x=y 00 Reo

20. 06 | 6 45, -25 | GTO25

21. 06 | 6 46.

22. 04 4 47.

23. 09 9 48.

24. 61 | + 49.




Examples:
1. Ei(1.59)=3.57 (35 seconds iteration)
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2. Ei(.61)=.80 (25 seconds iteration)

STEP

INSTRUCTIONS

INPUT
DATA/UNITS

KEYS

OUTPUT
DATA/UNITS

Enter program

Compute Ei(x)

[ LI

|

[ BsT |[ ms ||

|

Ei(x)
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NUMERICAL INTEGRATION,
TRAPEZOIDAL RULE

Let x¢, X;, ..., Xp be equally spaced points such that x; = xo +ih fori=0, 1,
2, ..., n, at which corresponding values f(xq), f(x;), ..., f(xy) of a function
f(x) are known. The function need not be known explicity but if it is, these
values can be found previously by writing the function into memory and
evaluating at the various points. R, through Reg could be used to store these
values.

The Trapezoidal Rule is:

Xn n-1
f (09 dx= 2 |1(xo) +2 2 1)+ 10)

X0

Let the answer be represented by I.

DISPLAY DISPLAY

LINE | CODE E:$;Y LINE | CODE E:'?;Y‘y REGISTERS
00. 25. 34 RCL Ro h/2

o1. 02 2 26. 00 0 R, =

02. 81 | + 27. 71 | x R,

03. 33 | STO 28. 34 RCL R,

04. 0 | o 29. 01 | 1 R,

0s. 84 | R/S 30. 61 + R,

06. 34 RCL 31. 33 STO Re

07. 00 0 32, 01 1 R,

08. 7 ox 33. | -24 | GTo24 |[R,

09. 33 | STO 34, R,

10. 01 1 35. Reo

n 84 | R/S 36. Re,

12. 34 RCL 37. R.,

13. 00 0 38. Roa .
14. 71 X 39. Res

15. 33 | sTO 40. R.s

16. 61 | + A Ruc

17. 01 1 42, R.,

18. 02 | 2 43, Res |
19. 33 | sT0 44. Reo

20. 71 X 45.

21. 00 | 0 46.

22. 34 RCL a7.

23. 01 1 48.

24. 84 | R/S a9.
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Example:
. 2
Find the f x> dx using h = .25.
o

The following data must be found first:

i |0 1 2 3 4 5 6 7 8
x; (0] .25 S0 |75 1.00 1.25 1.50 1.75 2.00
f(x;)| 0 |.0156 | .1250 | .4219| 1.0000 | 1.9531 | 3.3750 | 5.3594 | 8.0000

Solution:
2
f x? dx =4.0625
o
Actual solution is 4.
STEP INSTRUCTIONS oaTuTiTs KEYS TS
1 Enter program [ l [ J [ ] [ l
2 |entern h [Test |[ A || Il I w2
'3 |Enter flxo) f(xo) rs [ 1 I[ || Partial sum
(4 |Enter fixq) flxn) [ms [ 1 ]| || Partial Sum |
5 Perform step 5 fori=1,2,...,n-2 f(x;) R/S L Partial Sum
6 | Enter flxq_) flxn-1) R/S [ 1
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NUMERICAL INTEGRATION, SIMPSON’S RULE

Let xo, X3, ..., X, be equally spaced points such that x; = xo + ih for
i=0,1,2, .., n at which corresponding values f(xo), f(x;), ..., f(xy) of a
function f(x) are known. This function need not be known explicitly but if
it is, these values can be found previously by writing the function into
memory and evaluating at the various points. R, through Reg could be used
to store these values. n must be an even positive integer.

Simpson’s Rule is:

an f(x) dx = % [f(x0) + 4f(x1) + 2f(x2) + ... + 4f(xn_3) + 2f(xn )

+4f(xq-1) + f(x0)].

Let the solution be indicated by I.

DISPLAY KEY DISPLAY KEY REGISTERS
LINE | CODE | ENTRY
25. 71 | x R, h/3
26. 34 RCL R, T
27. 01 1 R,
28. 61 + Rs
29. 33 STO R,
30. 01 1 Rs
31. 84 R/S Re
32. 34 RCL R,
33. 00 0 Rg
34. 71 X Ry
35. 02 2 R.O
36. 71 X Re,
37. 34 RCL Re2
38. 01 1 Res
39. 61 + Res
40. 33 STO Res
41- 0] ] R.s
42, -20 GTO20 | |Rer
43. Res
a4, (Reo
45. -
46.
47.
48.
49.
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Example:

2
Compute f x* dx using Simpson’s Rule with h = .25.
0

The following data must be found first:

i |0 1 2 3 4 5 6 7 8
x; (0] .25 S0 |75 1.00 1.25 1.50 1.75 2.00
f(x;)| 0 |.0156|.1250 | .4219 | 1.0000 | 1.9531 | 3.3750 | 5.3594 | 8.0000

Solution:

2
f x3 dx = 4.0000
0

The exact solution is 4.

STEP INSTRUCTIONS oaThUNITS KEYS i .
e prram I I |
2 |Enterh h [ 8sT |[ mis || 1l | h/3
3 | Enter f(xo) flxo) -R/S [ Ji [ || Partial sum
4 | Enter f(xq) f(xn) 4[ Ris || 1] I || Partial Sum
5 |Performfori=1,2,.,n-1 flxi) R/S I | Partial Sum
6 | Enterflxg_;) flxn_1) R/S [ ] 1
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NUMERICAL SOLUTION TO
DIFFERENTIAL EQUATIONS

This program may be used to solve a wide variety of first order differential
equations of the form

"
y =f(x,y)
with initial values xq, yo.

The solution is a numerical solution which calculates y; for x; = xo + ih
(i=1,2,3,..). his an increment specified by the user.

The program uses Euler’s method:
Yier =i t (X, yi) h

f (x, y) is keyed into memory starting at line 20. The user has 30 program
steps and all registers except R4, Rs, and Ry available to write f (x, y). The
user can assume Xx to be in the X-register and in R4 and can assume y to be in
the Y-register and in Rs. The routine should return the value of f (x, y) in the
X-register and should end with GTO 08. The accuracy of this method is low
unless a small step size is used.

 E—— T - 1T - - - — T

| DISPLAY | ey || DISPLAY | ey || HEGISTERS

| UNE | copE | ENTRY || N | cope | ENTRY ||

oo HEEEE 25 | ke

| o | 22 [ x2y || 26. § ‘:QR,

| o2 | 33 | sto || 27 | 'R,

| 03. | 05 | 5 || 28 | ‘ | R,

| oa. | 22 | x@y [| 20, | : Re h

| 0s. | 33 | sTO || s0. | [Rs vy

| 06. | 06 | 6 I [Re x

| or. | 20 | GgTo20 || 32 | .‘ 'R,

| o8 | 34 | RCL || 33 | ' R,

| 09. | 04 | 4 || sa | : IR,

1o | 7| «x | 35 | | Reo

| 1. | 34 | RCL | 36 | , | [Rey
12. | 05 | 5 | a7 | 3
13| 61 | + I ‘ [

| 14| 3 | R || 39 | | [Res

| 15 | 06 | 6 40. | ; | [Res

| 16. | 34 | RCL [| 41 | j | |Res

, 17. | o4 | 4 , a2. | jiR.,

| 18 | 61 | + 43. | | j{n.s

| 19. | —00 | GToo0 | 44. | ; ' |Reo

| 20 | ~j || as. ‘

| 21 | ; || ae. ‘

22 | || a7. | ‘ 1

2| ? | 48 | ’

[2e [ | e [ |
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Example:
Solve numerically the differential equation

y_ xt+t1+2y

X

with the initial conditions xo = 1, yo =-.5. Use a step size of h = .1.

Solutions:

The keystrokes for f (x, y) are: [1] (] (6] [£]

X l 1 l 1.1 l 1.2 l 1.3 ‘ 1.4 l 1.5
y | -5 ' _4 l _28 ’ .15 ’ 01 | 18
STEP| INSTRUCTIONS DATA/UNITS KEYS DATA/NITS |
) 17 ’ Enter program
2 | Switch to RUN mode GTO 1 9
3 | Switch to PRGM
4 Key in function
5 |Keyin GTO 0 8
6 | Switch to RUN
7 | Store step size h STO 4
8 Put in initial values Yo +
Xo BST R/S X;
, 9 7 If yrvalure desired V ' X2y Yi ‘
10 | If y value has been displayed X2y X;
: 11 | For next x value R/S Xi+1 >
{

| 12 |Gotostep9
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LINEAR INTERPOLATION

If (x;, f(x;)) and (x5, f(x3)) are two points of a function f(x), then the
function at xo can be approximated by the following formula:

(x2 = %0) f(x1) + (X0 = x1) f(x2)

(x2 = x1)

f(x0) =

This is called the linear interpolation formula. Of course, x, cannot equal x;.

DISPLAY DISPLAY
LINE | CODE Es%v LINE | CoDE E:-f;y REGISTERS
|_00. 25. | -00 | GTOO00 |[R,
o1. 33 | STO 26. R, xi
02. 05 5 27. R, fix,)
03. 34 | RCL 28. Rs x,
04. 03 | 3 29. R flxz)
05. 22 | x2y 30. Rs xo
06. 51 - 31. Re
o7 34 | RCL 32. R,
08. 02 | 2 33. R,
09. Al X 34. R,
10. 34 | RCL 35. Reo
1. 05 | 5 36. 1 R,
12. 34 | RCL 37. R.,
13. 01 1 38. R.s
14. 51 - 39. Res
15. 34 | RCL 40. R
16. 04 | 4 41. 1 Res
17. 71 X 42, Res
18. 61 + 43. Res
19. 34 | RCL a4. Reo
20. 03 | 3 45.
21 34 RCL 46.
22 01 1 47.
23 | 51 | - 48.
24, 81 | + a9,
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Example:

If (1.2, .30119) and (1.3, .27253) are two points of a function, find f(1.27)
and f(1.29).

Solution:

1. f(1.27)=.28113 [Fix][5]
2. f(1.29) = .27540 [Fx](5]

STEP INSTRUCTIONS DAPUT s KEYS s
1 Enter program I ” I [ ][ l

2 | store (xy, flx: ) xi [sto [+ [ Nl | |
T ) flxy) [ sto |[ 2 | | ]k i
'3 [ Store (xa, flxa)) x [ so |[ 3 | i 1l

o ) ([ sto |[ 4 || I | ]
|4 | Find fixo) Xo [ BsT |[ RS [ I ]*mﬁfﬁ(;;)ﬁw




114 Quadratic Equations
QUADRATIC EQUATIONS

A general quadratic equation is of the form ax* +bx+c¢=0

b? - 4ac

The equation has two roots x; and x,. Let D= e
a
LI/ L
2a 2a
If D >0 then x; = b b
-—-vD if -—<O0
VP -

c
and X, =

aX,
These formulas compute the larger root (in absolute value) first. Better
significance can be obtained by this method.

If D<O then xl,x2=_2li Di=utiv
a

The coefficient a cannot be zero.

DISPLAY KEY DISPLAY KEY REGISTERS
LINE | coDE | ENTRY LINE | cODE | ENTRY ]
"T— 25. 42 | CHS R, cha

o1. 34 RCL 26. 31 f R, a

02. 02 2 27. 42 | \/x R, b

03. 34 RCL 28. 22 X2y Ry ¢

04. 01 1 29. 84 R/S R,

05. 02 2 30. 22 X2y Rs

06. 71 X 31. | -00 GTO 00 Re

07. 81 + 32. 23 Ry R,

08. 42 CHS 33. 31 f Rg

09. 41 1 34. a2 | Jx R,

10. 32 | g 35. 22 | x2y Reo

11. 42 x2 36. 00 0 Re,

12. 34 RCL 37. 31 f Re2

13. 03 3 38. -43 x<y 43 Res

14. 34 RCL 39. 23 R Res

15. 01 1 40. 22 X2y Res

16. 81 + 41. 51 - Res

17. 33 | STO 42. | 45 | GTO45 Re7

18. 00 |0 43. 23 R Reg

19. 51 | — a4. 61 | + Re
20. 84 R/S 45, 84 R/S ‘

21. 00 | o 46. 34 | RCL i

22. 31 f a7. 00 |0 |

23. -32 x<y 32 48. 22 x2y

24, 23 RY 49, 81 =
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Examples:
Find the solution to the following three equations:
1. x2-3x-4=0
2. 2x2+5x+3=0
3. 2x2+3x+4=0
Solutions:
1. D=6.25 X; =4, %, =-1
2. D=.06 x; =-1.50,x, =-1.00
3. D=-1.44 Xy, Xp ==.75 £ 1.20i
INPUT OUTPUT
STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
1 Enter program |
2 Store coefficients a [ sTt0 1
b STO 2
c STO 3
3 Calculate D BST R/S D*
4 If D = 0 roots are real R/S Xy
R/S X2
or
|4 If D <0 roots are complex of the
formutiv R/S u*
R/S v

* The stack must be maintained

at these positions.
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SYNTHETIC DIVISION

This program divides a polynomial of the form
ap x" +a; x" N +a, x" 2+ .. +a,
by a binomial of the form
X = Xp

The positive integer n must be less than or equal to 8. The answer is of the
form

- - n
bo x" ! +by x" 2 4. +b,_; +

- Xo
Be sure to input the xo and not the -x of X - xq.
DISPLAY DISPLAY

LINE | CODE E:‘(%Y LINE | CODE E:ﬁ‘{y REGISTERS
00. 25. 61 + Ro ag
ot. a1 | 1t 26. 84 | R/s R, a
02. a1 | 1t 27. 71 | x R, a,
03. 41 |t 28. 34 | RCL Ry as
oa. 34 | RCL 29. 05 | 5 R, a,
05. 00 | 0 30. 61 | + Rs as
06. 84 | R/S 31 84 | R/S Re as
o7. 71| x 32. 71 | x R, a
08. 34 | RCL 33. 34 | RCL Rg ag
09. 01 1 34. 06 | 6 R,

10, 61 | + 35. 61 | + Reo
1. 84 | R/S 36. 84 | R/S Re,
12. 71| x 37. 71| x R.,
13. 34 | RCL 38. 34 | RCL Res
14. 02 | 2 39. 07 | 7 Res
15. 61 | + 40. 61 | + Res
16. 84 | R/S a1. 84 | R/S Res
17. 71| x a2, 71 | x Res
18. 34 | RcL 43. 34 | RCL Res
19. 03 3 44. 08 8 Reo
20. 61 | + as. 61 | +
21. 84 | R/S 46. | -00 | GTOO00
22. 71 X 47.

23, 34 RCL 48.
24. 04 | 4 a9.
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Example:

Divide x* - 4x* + 7x® - 10x> + 8 by x - 2. (Note the coefficient of x is 0.)

Solution:

5 4 3 2
x> —4x" +7x° - 10x* +8 8
=x* -2x3 +3x* -4x-8 -
x=-2 X-2
STEP INSTRUCTIONS DATRUNITS KEYS DATA/UNITS
1 Enter program I “ I [ J[ I
2 | Storeag ] a;ﬁ_[ STO ” 0 I [ ” J
3 |Storea;fori=1,2,..,n 3 [ STO ” ” “ ]
- w<er i [ Il I[ Il |
4 Enter xo Xo [_BST R/S ___J [—] bo
5 Perform fori=1,2,..,n R/S b;

* The stack must be maintained l ” I
at these positions. [ ” ]r I
[ 1]

]

]

** a; for i < n must be stored [ ” J[ ”

even if it is zero. L J [_H
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FACTORING INTEGERS AND
DETERMINING PRIMES

With the following list, numbers up to 40,000 can be factored. Of course, if a
number x is prime it has no factors. Let p be a prime from the list below and
let max =+/x. The only prime numbers that need be checked as factors are
those such that p < v/x .
13 31 53 73 101 127 151 179
17 37 59 79 103 131 157 181
19 41 61 83 107 137 163 191
23 43 67 89 109 139 167 193
29 47 71 97 113 149 173 197

199

—_ ] U W
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Examples:
1. Find the factors of 823.
2. Find the factors of 221.
Solutions:
1. 823 is prime. Since /823 =28.69 only 2, 3,5,7, 11, 13,17, 19, 23 need
be checked.
2. 13 and 17
STEP INSTRUCTIONS oAt UNTS KEYS DTS
1 eemzitxmeeno-s | L L QL0 ]
otherwise X ! STO J [ 1 ] l I l J
I 2 | Letmax =v/x f l Vx H J[ J max
3 Coeee ([0 I[ |
K | 1] I[ [
5 If x/p is an integer p is a factor x/p STO l 1 ] [ ] [ ]
6 | Gotostep4 [ H “ l
7 If x/p is prime then x/p is the
only remaining factor. Stop.
or |
5 If x/p is not an integer let p be [ J I ” ] I ]
the next prime and go to step 3. L_} [:]
I | |
Note: Only those p’s less than :]
or equal to max need be { ] [ H J
checked. I I ]l Il |
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POLYNOMIAL EVALUATION

A polynomial of the form
f(x)=ao x" +a; x" 1 +..+a,_; x+a,
is evaluated by writing it in the form
X (o x(x(apx+ay)+az)+..+a,_)+a,

n can be any positive integer.

DISPLAY DISPLAY

LINE | CODE E:‘(%V LINE | CODE E:%V REGISTERS

00. 25. Ro

o. | 33 | sTO | 26. 1R, x ]
| 02 02 2 o 27. 7 Reremporary ]
" 03. 34 | RCL 28. R,
' oa. 01 | 1 290, 1R, ]
" os. a |t 30. R,

06. a |1 a1 Re

o7. s |1 32. R,
| o8. 34 | RL || 33 Re

09. 02 | 2 34. R, ]
10. | 84 | RS || ss. | [Reo ]
. 3 | st0 || 3. Res
2 | o2 |2 | a7 R |
13 a4 | cLx 38. Res

1a. 61 | + || se. Res

15. 71 | «x | a0. ) Res

16. 3 | RCL a1 | [Res
17| 02 | 2 42, Rer ]
. | el |+ || aa. Res ' ]

19. | -10 | GgTo10 || 44 Reg

20. 4s5.
21 | ae.
22, a7. |
- 23. || a8
24 || a0
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Example:

Evaluate f(x) = x> + 2x + 3 for x = 2.

Solution:
f)=11

INPUT OUTPUT
STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS

1 Enter program I “ ” ” l -
Store x ) ] x [ STO ” 1 ” JI lﬂ

Input ag E BST ] R/S

Perform fori=1,2,.., n-1 a" ::] Partial

o e w N

Inmit,a,“,, - R/S I | I f(x)

-] I I | -

* The s&;ckmust be rn.;int.;:ined [ “ ” Jl l

at this position. I ]r JI ” ]
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NUMBER IN BASE b TO A NUMBER IN BASE 10

This program consists of two subprograms. The first changes the integer part
of a number in base b to a number in base 10.

Lio =ipin_y « ipi; =igb™ ™! +i,_; b" 2 + .. +i,b +1,
This is evaluated in the form
b(..(b(b(inbtig_g)+tinp)+..)+iy) +i,

The second subprogram changes the fraction part of a number in base b to a
number in base 10.

FIO = f1f2 .. fm = flb_l +f2b_2 + ... +fmb—m

The two programs together can then convert any number in base b to a
number in base 10. Zeros must be entered in their proper place.

| DispLay | 1 oseeay | ey | ]
»LINEM oo EREY ! Mo L cont | ENTNY E REGISTERS ’
| oo. ERR R BIC - ?
| ot | 33| sTO [| 26 | a1 | 1 [IRy b
|02 | 02 | 2 |27, | a1 | 1 3R2 Temporary
03. | 34 RCL [| 28 | 34 | RCL |R3 Temporary ;
04. | 01 | 1 20 | 02 | 2 | |Rs _‘
05. | 41 | ¢t || 30 | 71 | x ||Rs ]
06. | a1 | t || 31 | 84 | RS | |Rs |
07. | 41 | ¢ || 32. | 33 | sTO JLE ;
8. | 34 | RCL || 33 | 02 | 2 | Rg
09. | 02 | 2 || 34 | 44 | cix [[Rs ‘
| 10, [ ga s | ss. | el |+ | |Reo »
[ 1 33 | sT0 | %6 | 33 | sTO | |Res
2. 02| 2 || 37. | o3 | 3 :‘iR.z ‘
| 13 | a4 | cix || 38 | 44 | ctx | |Res f
| 14 | e |+ || 3. | e | + 'iR.. l
15. 71| x || a0 | x [Res |
16. 3 | RCL || 4t a1 | 1 | [Res I
17. 02 | 2 || 42 | a1 | ¢ | |Rer |
18. 61 | 43 34 | RCL | |Res :
19. | -0 | 44. 02 | 2 [[Reo . |
20. 33 | || as. 71 | x
2. | 02| 2 || 46 | 34 | RcL
22. | 34| RCL || 4T 03 | 3
23. ; 01 1 " 48. 61 |t
24 | 13 Y || 49 | -31 | GTO3 |
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Examples:

1. Convert 101.0101, to a decimal number.

2. Convert Al to a decimal number (in base 16, A =10, B =11, C=12,
D=13,E=14,and F = 15).

Solutions:
1. 5.31
2. 161
STEP INSTRUCTIONS oatutiTs KEYS puTRuT
1 | Enter program [ ” I [ ” ]
| 2 |storeb b Lso [[ 1 | | |
3 | For integer part in [ BST J | R/S ] [ ” I
4 | Perform for j=n-1,n-2, ..., 2 ij’ R/S I Partial
5 | Inputi, i R/S 0 1 Iio

or [ I[ I [ I

3 | For fractional part f, GTO 2 0 R/S
4 | Performforj=2,3, ..., m-1 i rs | :] Partial
5 | Input fry fm ms || I [
I |

|| *The stack mustbe maintained | CC_C_ i

|
|
|
at these positions. o . I H—] { 1H

Fio

_
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NUMBER IN BASE 10 TO NUMBER IN BASE b

This routine converts any number in base 10 to a number in base b, Ny,. The
user must input the greatest integer of the number displayed after the .
The greatest integer of a number is the largest integer less than or equal to the
number; i.e., if

x =1.5then GI[1.5] =1
and if
x =-1.5 then GI[-1.5] =-2

The user ends the routine when the display flashes or when the accuracy of
the machine is exceeded. The variable ¢ must be input as 1 to allow one
display position per digit for 2 <b < 10 or as 10 to allow 2 display positions
for 11 <b < 100.

DISPLAY KEY . ::ESPL(A:CY) _ Eggy HEGISTERS
25. 61 | + R,
26. 03 | 3 R, b |
27. 34 | RCL R, Njo
28. 02 | 2 Ra Np
29. 34 | RCL R, c 1
30. 01 1 Rs Temporary
31. 34 | RcL R,
32. 05 | 5 R,
33. 12 | vy R,
34. 51 | — R,
35. | 33 | sTO Reo ]
36. 02 | 2 R,
37. | 07 | GTOO07 ||Re;

38. Ro:
39. Res
40. Res
a1 Res
a2, Res
43. Res
a4. | | Reo
as.
46.

22. 22 X2y 47.

23. 12 v 48.

24. 33 | stO a9




* Decide on [x;] displaying x;

in Fix 9.

| | |

| | I

|

I | Il
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Examples:
1. Convert 18,4 to base 17.
2. Convert 2.333333333 to base 2.
Solutions:
1. 101;ie., 11,4
2. 10.01010101,
STEP INSTRUCTIONS D A':":\’%IIITS KEYS Dﬂ‘ﬂmﬁs
1 Enter program _[ ” IL ” ] .,
2 |Storeb b [TsTo ][ 17| I[ Il
| 3 Store ¢ c l STO ] [ 4 I I ” ] B
c=1if2<b<100r |l i i 1 ] |
¢=10if 11<b<100) [ | { I[ ] |
3 Input n n BST R/S Xy
4 Repeat this step until display | -
flashes or until x; is more than [ I [ J [ ” I
10 less than x, if ¢ = 1 or more [ ” “ ” ] -
than 5 less than x, if ¢ = 10. [ JI “ IL_._’7
Input greatest integer less than E:I
or equal to x; [x]* R/S | [— l__.___] i+
5 To obtain answer RCL 3 Np
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NEWTON’S METHOD SOLUTION TO f(x)=0

Newton’s method is an iterative solution technique that uses an initial guess
Xo and calculates succeeding x’s by the formula

Xk+1 — Xk — %

where f'(x) is the first derivative of f(x).

The user must write in f(x)/f'(x) to be solved starting at line 18. He can
assume X is in the X-register and R;. He has 31 program memory locations,
the stack registers, and all storage registers except R; available for this
evaluation. The user must end his code with GTO 04.

The code as written gives 5 place accuracy to the right of the decimal. For
more or less accuracy change the constant (10_12) in program memory
locations 9 through 12. The constant 107'? assures that the square or the
change in x is less than 1072, i.e., that x is off no more than one count in
the sixth decimal place, assuring that the fifth decimal place is correct.

Warning:

Newton’s method may not converge and will only find one solution. A new
solution may be found or convergence may be improved with a different
initial guess.



DISPLAY

LINE | CODE ENTRY
00.

ot.
02.
' 03.
" oa.
05.
06.
o7.
~ 08.
09.
10.
1.
12.
13.
1a.
15.
16.
17.
18.
T
20.
21.
22.
23,
24.

34
01
-18
33
51
01
41
71
43
01
02
42
31
-01
34
01

-00

KEY

RCL

1

GTO 18
STO

X - =

EEX

1

2

CHS

f

x<y 01
RCL

1

GTO 00
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DISPLAY

LINE | CODE Ezslzv REGISTERS

25. rRo

26. R, x

27. R,

28. R,

29. R, ]

30. R.

31. R,

32. R,

33. R,

34. R, |
- 35. Reo

36. Re,

37. Res

‘38. Rus )

39. Res

40. Rus

a1. Fue |

42. R

43. Reo

a4. Rus

45,

46.

a7.

48.

49.
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Example:

1. Find the solution to the function

fx)=x>-2x-4

Solution:

fx) _

x> -2x-4

f'(x)
Keystrokes:
(4] [0 [+ [X] (%] (2][x] (=]
2] =) &

x =2.00

With an initial guess of 10, iteration time is about 30 seconds.

 —— T
i STEP l INSTRUCTIONS oaTUNITS
" 1 | Enter proéram [
|2 ' Switch to RUN
3 “ Switch to PRGM
4 ’ Enter f(x)/f' (x)
| 65 | Keyin
6 | Switch to RUN
j 7 Enter initial guess Xo

8 Find solution

BISIESINDNE

3x2-2

GTO

GTO

STO
BST

| outpur |
DATA/UNITS |
S ————
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TRIGONOMETRIC FUNCTIONS

-1 -1 -1
(cot, sec, csc, cot™!,sec™ !, csc™!)

The above functions can be evaluated by the following formulas:

1. cotx=

tan x
2. secx=

cos X
3. cscx=—

sin x

4. cot™! x=tan™! (

)
()

6. csc”! x=sin"? (

> |

1

5. sec”! x=cos!

> | =

|-
~——
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Examples:

1. cot (30°)=1.73

2. sec (5> =1.41
4

3. csc (100 grads) = 1.00
4. cot™' (5)=11.31°
5. sec™! (2) =60.00°
6. csc! (4)=14.48°

INPUT OUTPUT
DATA/UNITS KEYS DATA/UNITS

1 For cot x X [ f ” tan ” 1/x l cot x

STEP INSTRUCTIONS

" I | - ﬁ
| sec x x [ f ] l cos I [ 1/x “ ] sec x
B C o
csc x x [ f J[ sin H 1/x ” J €sC X
or l | l I |
cot™! x x m[ g I tan~! l ] cot™! x
or Ll I |

sec™! x x [ 1/x ” g H cos”! J sec™! x
or [ 11
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VERSINE, COVERSINE, HAVERSINE, EXSECANT

The above are calculated by the following formulas:
1. versine (versed sine)
versf =1 -cos 0
2. coversine (covered sine)
covf=1-sind
3. haversine
hav 6 = % vers 6 = sin? % 0
4. exsecant
exsec § =sec 0 - 1

The program works in any angular mode. However, if in degrees decimal
degrees are assumed.

B —
" 00. 25. 51 | — |Ry - |
o1. 26. -00 | GToo00 ||R,
02. 13 | cos 27. R,
03. 42 CHS 28. R
04. 01 1 29. (R4
05. 61 | + 30. | Rs
06. -00 | GTOO00 31. |Re
o7. 31 | f 32. : R,
08. 12 | sin 33. | |Re |
09. | 42 | CHs 34. R,
10. 01 1 35. Reo
1. 61 + 36. ! Re,
12, -00 | GTOO00 37. Re:
13. 31 f 38. | [Res
1a. 13 | cos 39. ‘ | |Res
15. 42 CHS 40. [ ? Res
16. o1 | 1 41 } Res
17. 61 | + 42, ‘ Re;
18. 02 | 2 a3. K Res
19. 81 = 44. i , Res ]
20. -00 | GTOOO || 45. | \
21. 31 | f a6. | |
22. 13 Ccos 47. 1
23. 13 | 48. !
L %4,,',,. LI L ;_.,.4_& I N B
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Examples:
vers 100° = 1.1736
cov 100° = .0152
hav 100° = .5868

exsec 100° = -6.7588

INPUT
STEP INSTRUCTIONS DATA/UNITS

1 Enter program

2 Versine [’}

or
Coversine 0

or
Haversine 0

or
Exsecant 0

BST

GTO

GTO

GTO

R/S

KEYS

R/S

R/S

R/S

OUTPUT
DATA/UNITS

Vers 6

Cov 6

Hav 6

Exsec 0
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HYPERBOLIC FUNCTIONS

This program evaluates the six hyperbolic functions by the following

formulas:
X -X
1. sinhx= e-e
2
X -X
2. coshx= e te
2
X -X
3. tanhx= ex - e-x
e” te
1
4. cschx=— (x#0)
sinh x
1
5. sechx=———
cosh x
1
6. cothx=—— (x#0)
tanh x
DISPLAY DISPLAY
LINE | CODE E:‘(g" LINE | CODE E:$'v‘v REGISTERS
25. 7 x R,
26. 61 + R,
27. 81 + R,
28. -00 | GTO00 ||R,
29. R,
30. Rs
31. R,
32. R,
33. R
34. R,
35, Reo
36. R,
37. Re.
38 Rus
39. Res
40. R,s
a1, Res
42, Re
43. Res
aa. Reo
4s.
46.
7 a7
2| 3 | LASTX 48. _
24. 02 | 2 a9,
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Examples:
1. sinh 1.5=2.13

2. cosh 5.9 =182.52
3. tanh 1.3=.86
4. csch0.95 =91

5. sech (-3)=.10
6. coth (-1.99) =-1.04
STEP INSTRUCTIONS oatT s KEYS oS
| 1| Enterprogram [ 1] I[ I |
REES x [esT [ ms ]| I I simhx
B C I C
| »cgshx x A[ GTO ” 0 ” 9 ” R/S ],,,,C,O,s,hx |
| e [ Il 1] J[ |
tanh x x lero [ 1 [ s [ ms || wnx o
e I I i I[ ||
csf:h x x [ BST lr R/SJ[ 1/x “ l_, csfhx B
. [ |
sechx | ox leo | o [ 9 [ ms || o
1 T ———
B s |
coth x o« oo [ s |l ms || comx
x| I I |
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INVERSE HYPERBOLIC FUNCTIONS

This program evaluates the inverse hyperbolic functions by the following
formulas:

1. sinh™! x=In [x +(x® + 1)”]

2. cosh™! x=1In [x + (x? - 1)**] x=>1

3. tanh"1x=%ln[1+x] X2 <1

1-x

1
4, csch™ x=sinh! —] X#0

L x
5. sech™! x=cosh™! %] 0<x<1

1
6. coth™! x =tanh™! —:I x2>1

L x
R - S ,.
| DISPLAY | gy || DISPLAY | gy
| UNE | cope | ENTRY || [|Ne | cope | ENTRY REGISTERS
| oo. T 25 | o1 |1 | Ro
| o | 41 |1 [| 26. | 61 | + R,
L 02 | a1 |1 o2 | 22 | Xy | R,
03 | 71 | x || 28. | 42 | chs IRs
| oa | 01 |1 2. | 01 |1 R

05. | 61 | + [| 30. | 61 |+ ||Rs
06. | 31 | f o8 | e | s | [Re

Lor. | a2 | Ux || 32, | a1 | ¢ R,
| o8. | 61 | + || 33 | 22 |n |Rs
| 09. | 31 | f || 34 | 02 |2 R
L 10. | 2 | n || 35 | 81 | = Reo
| 1. | 00 | GTO00 || 36. | -00 | GTOO00 ||Res
| 12 | a1 |t || 37 | . | Rz
L3 a4 |t || 38 | ‘ Res
|14 7 x ’ 39. | | [Res
[ 15 | 01 |1 || 40. | |Res
| 16. | 51 | — [l 41 | j |Res
[ 17 | 31 | ¢ || a2 | | IRy
L e | a2 | Wk | oea | ‘ [Res
[ 19 l 61 | + || aa. | | | [Res
L 200 | 31 |t | a5 | |
|21 | 22 | || 4s.
! 22. | -00 | GTOO00 || a7 |
L 23 | a1 |t | es | ‘
L24 | a1 |t || 49 | 1
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Examples:

1. sinh™! (3.5)=1.97
2. cosh™! (100)=5.30
3. tanh™! (=.7) = -.87
4. csch™! (3)=.33

5. sech™! (5)=1.32
6. coth™' (5.4)=.19

STEP INSTRUCTIONS oAUt TS KEYS DS‘ZB‘&Ls
1 Enter program
sinh™! x x BST R/S sinh™! x
or
cosh™! x x GTO 1 2 R/S cosh™! x
or
tanh™! x x GTO 2 3 R/S tanh™! x
or
csch™! x X 1/x BST R/S osch™! x
or
sech™! x x 1/x GTO 1 2
R/S sech™! x
or
coth™! x x 1/x GTO 2 3

R/S coth™! x
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POLYGONS INSCRIBED IN A CIRCLE

Given the radius of a circle this program calculates the length S; of a side and
the area A, of a polygon of n sides inscribed in the circle. The formulas used
are:

1. S; =2rsin <£>
n

2. A, =%nr? sin <£>

n
where

c=2sin"! 1 =7 radians = 180° = 200 grads
n = number of sides

r = radius of the circle

It must be true that n is an integer greater than 2.

DISPLAY DISPLAY
LINE | CODE E:‘(TE:"Y LINE | CODE E:%V REGISTERS
00. 25. 34 RCL Ro
ot o1 | 1 || 26 | 02 | 2 R, n
02. 2| g 27. a1 | 1 R, r
| oa. 12 | sin! 28. 71 | «x R c/n
04. 022 | 2 29. 71 | x R, |
05. 71 X 30. 34 RCL Rs
06. 34 | RCL 31. 01 1 [
07. 01 1 32. 71 x R, i
| os. 81 | + 33, 02 | 2 R,
| 09 33 | sTO 34. g1 | =+ R,
0. 03| 3 35 | -00 | GTOO00 ||Reo ]
| 3 |k 36. Re,
Ty 12 | sin || 37 | |Rez
13, 02 | 2 3s. | [Res 1
14 7 x 39. 1 |Res
15 34 RCL 40. Res
16. 02 | 2 a1. | [Ree |
T2 71 |« 42, 1 [Rez
18. 84 R/S ' 43. 1 Res
19. 34 RCL a4, | Reo
20. 03 3 45.
21. 02 2 46.
22. 71 X a7, 1
23 31 | f 48.
24. 12 sin 49,




Example:

Polygons Inscribed in a Circle 139

Given a circle of radius 5 find the length of a side and area of a polygon of 6
sides inscribed in the circle.

Solution:
S, =5.00
A, =64.95
STEP INSTRUCTIONS oATRURITS KEYS DATA/UNITS
_71 Enter program A[ ]r ]r ” J }
2 Storgnand( n ) I STO ” ” “ l -
- N 0 N
3 | Finds, [ st |[ ms |[ [ J S
4 |FindA, [rs | ][ ] | At
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POLYGONS CIRCUMSCRIBED ABOUT A CIRCLE

Given the radius of a circle this program calculates the length S, of a side and
the area A, of a polygon of n sides circumscribed about a circle. The
formulas used are:

1. S, =2rtan (c/n)
2. A, =nr? tan (c/n)
where

¢=2sin"! 1 =7 radians = 180° = 200 grads
n = number of sides

r = radius of the circle

It must be true that n is an integer greater than 2.

DISPLAY DISPLAY

| LINE | CODE E:‘(%V LINE | CODE E:%Y REGISTERS
00. , . 25. 01 1 R,
o1. 01 1 26. 7 X R, n
02. 322 | g 27. -00 | GTOO00 ||R, r
03. 12 sin”! 28. R3 rtan (c/n)
04. 02 | 2 29, R,
05. 71 X 30. Rs
06. 34 RCL 31. R,
o07. 01 1 32. R,
08. 81 + 33. R,
09. 31 f 34. R,
10. 14 tan 35. Reo
11. 34 RCL 36. Re,
12, 02 2 37. R,
13. 7 X 38. Res
14, 33 | sTO 39. Res
15. 03 | 3 40. Res
16. 02 2 41. Ree
17. 7 X a2, Re7
18. 84 R/S 43. Res
19. 34 RCL 44, Reo
20. 03 | 3 45,
21. 34 RCL 46.
22. 02 2 47.
23. 71 x 48.

24, 34 RCL 49.
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Example:

Find the length of a side and the area of a polygon of 6 sides circumscribed
about a circle of radius 5.

Solution:
S, =5.77
A, = 86.60
STEP INSTRUCTIONS oAt UNITS KEYS DATAUNITS
1 Enter program [ I [ “ J _
2 Store nand r n [ STO ” 1 J [ ” ]
; [sto |[ 2 [ Il ] ]
3 Calculate S, [ BST J l R/S ] [__] [ J S,
I 4 Calculate A, E [ R/S ” ” H ] A '




142 Circle Determined by Three Points
CIRCLE DETERMINED BY THREE POINTS

Let (x1,y1) (X2,¥2) (X3, y3) be three points such that x; # x, and x; # X3.
If the points cannot be renumbered to satisfy this condition, the points
cannot be on a circle. Let the center of the circle be (Xq, yo) and the radius

of the circle be r. Then

YOz‘k—z—El" Xo =k =13y, andr:\/(xl -x0)* +(y1 - ¥o0)?
n, —n,;
where
1
k, = 5 [((x1 +x2)+ny (yy +y2)], k== [(xg +X3) tny (yy tys)]
_ Y1 Y2 _Yi Y3
1 =——, andn, = ——
X1 — X2 X1 — X3
If n; = n, the points cannot form a circle.
DISPLAY DISPLAY
KEY TR ey REGISTERS
25. 02 | 2 roe
26. 81 + R, x
27. -00 | GTo00 | |R: vy,
28. 34 RCL Ra x;,X3
29. 08 8 R, Y2.Y3
30. 34 | RCL Rs n,
31. 06 6 Re k;
32, 51 - R; n,
33. 34 RCL Rg k,
34. 07 7 Rs yo
35. 34 RCL Reo
36. 05 | 5 Re,
37. 51 - Re:
38. 81 + Res
39. 33 | sTO Res
40. 09 | 9 Res
41. 84 R/S Ree
42, 34 RCL Re7
43. 07 | 7 Res
44. 7 X Re
4s. 34 | RCL
46. 08 8
a7. 22 X2y
48. 51 _
49. -00 | GTOO00
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Examples:

1. Find the equation of the circle that goes through the three points (1, 1),
(3.5,-7.6),(12,0.8).

2. Find the equation of the circle that passes through the three points (0, 1),
(-1,0), (0, -1).

Solutions:

1. n; =-3.44,k, =13.60,n, =-.02,k, =648
Center = (6.45, -2.08), 1= 6.26
Equation: (x - 6.45)? + (y + 2.08)% = (6.26)?

2. n; =1.00, k; =0.00, n, =-1.00, k, =0.00
Center =(0,0),r=1
Equation: x2 +y2 = |
Note: (-1, 0) must be (x;,y;)

INPUT OUTPUT
STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS

1 Enter program

2 Store (x;,v;) Xy STO 1
Y1 STO 2
3 | Store (x2,Y2) Xz STO 3
Y2 STO 4
4 | Calculate and store n; BST R/S n*
STO 5
5 Calculate and store k; R/S ky
STO 6
6 Store (x3,y3) X3 STO 3
V3 STO 4
7 |Calculate and store ny R/S n*
STO 7
8 Calculate and store k; R/S ko
STO 8
9 Find yo GTO 2 8 R/S Yo
10 |Find xo R/S xo*
11 |Calculate r RCL 1 - RCL
9 RCL 2 -
[*} R->P r

* The stack should be maintain-

ed at these points.
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EQUALLY SPACED POINTS ON A CIRCLE

Given a circle with center (Xq, Yo) and radius r, this program calculates the
coordinates of equally spaced points on the circle. The user inputs the
coordinates of the center, the radius, the number of points n to be spaced on
the circle, and an angle 6 (measured from the positive x-axis) which describes
the position of the first point on the circle.

The formulas used are:
Xk+1 = Xo trcos (0 +ck)
Vier1 = Yo +1sin (0 + ck)
where
k=0,1,2,..,n-1
and

4sin™' 1 _ 2 radians _
C = =

360° _ 400 grads
n n n n

The program works in any angular mode but if in degrees decimal degrees are
assumed.



DISPLAY
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DISPLAY KEY REGISTERS
LINE | coDE | ENTRY
25. 61 + Ro
26. 34 | RCL R, xo ]
27. 04 | 4 R: vo
28. 31 f R; 0 |
29. 00 R<P Ry r |
30. 34 | RCL Rs c
31. 01 1 Rg k |
32. 61 + R,
33, 84 | R/S Rg |
34. 22 X2y Ro i
35, 34 | RCL Reo N
36. 02 | 2 | Re
37. 61 | + Re2 |
38. 84 R/S Res
39. -14 | GTO14 ||Res
40. Res
41. 1| Res
42. Res
43. Res
44. Reo
4s.
46.
a7.
48.
a9.
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Examples:

1. Find five points equally spaced around a circle with center at (4.28, 3.10)
with radius 1. Start the first point at m/4 radians around the circle.

2. Find three points equally spaced around a circle with center at (-3.4, 1.8)
with radius 3.21. Start the first point 36° around the circle.

Solutions:
1. (4.99,3.81),(3.83,3.99),(3.29, 2.94), (4.12, 2.11), (5.17, 2.65)
(Set calculator in radian mode.)

2. (-.80,3.69), (-6.33, 3.11), (-3.06, -1.39)

‘ | INPUT OUTPUT
sTep INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS

1 Enter program

2 | Store (xo, Vo) ‘ Xo __STO 1
Yo STO 2
3 Store 0 [} STO 3
4 Store r r v STO 4
5 Enter n n ' BST || R/S ‘ x "
| s | I L ow
; 6 |Perform fori=2,..,n | Ris ' X ‘
RIS | | B Vi

* Stack must be maintained at

these positions.
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TRIANGLE SOLUTION B, b, ¢

c

Given two sides and a non-included angle, this program solves the triangle for
the remaining parameters by the following formulas:

in B
L C=si _l(csm )
sin 3

2. A=2sin"' 1 - (B+C)=nradians - (B+C)=180° - (B +C)

=200 grads - (B + C)
_ bsinA
a =
sin B

If B is acute (< 90°) and b < ¢, a second set of solutions exists and is
calculated by the following formulas:

4, C'=2sin"'1-C
5. A'=2sin"' 1-(B+C)
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DISPLAY KEY DISPLAY KEY REGISTERS

LINE | cODE | ENTRY LINE | copE | ENTRY

00. 25. 04 | 4 R,
ot | 34 | mcL || 26 | 22 | x2y  |[R, B
| o2 03 | 3 1] 27 51 | — R, b

03. 3 | RCL || 28. 84 | R/S Rs ¢
' 04. o1 | 1 29. 31 |t 1R 2sin" 1
| 05. 31 | f 30. 12 | sin Rs C
. 06. 12 | sin 31. | 34 | RCL Re
| o7 71 X || 82 02 2 R,

08. 3 | RCL || 33 71| x Re

09. 02 2 34. 34 RCL R,
B 10. 81 s 1 3s. 01 1 | Reo
L. 32 g || 36 31 f | Re,
12 12 | sin”! 37. 12 | sin | [Re2

13. 33 | STO 38. 81 + Res
|14 05 | 5 || e 84 R/S Res
15 84 | R/S || 40 34 | RCL | |Res

16. 34 RCL 41. 04 4 Ree

17. 01 1 a2. 34 RCL 1 Rer
18 61 | + || a3, 05 | 5 | |Res

19. 01 1 44, 51 - Reo

20. 32 | g 45, 84 R/S
e 12 | sin7! 46. -16 | GTO 16

22. 02 | 2 a7,

23. 71 x 48.

24. 33 STO I 49.
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Example:

Given the following two sides and non-included angle:

B =33°40' (convert to decimal degrees)
b=31.5
c=51.8

Solve the triangle.

Solution:

Since B is less than 90° and b < ¢, two sets of solutions exist.

C=65.73 C'=114.27°
A =80.60 A'=32.06°
a=156.06 a' =30.16
STEP INSTRUCTIONS DA'T'X';SL”S KEYS oﬁr%m}rs
1 Enter program I | [ ” l N
|2 |Store B, b,andc B 7[75T0 [ Il |
b Lso |[ 2 | | ] |
c [so [ 3 | 1 ]
3 | Solve triangle [ BST “ R/S ” H J c*
Les [ I[ [|oa
Les [ I[ I
4 1HB<90andb<e [ ][ I If |
find alternate solution [rs ] Il I[ | |
Lrs ][ ] JL__ | A |
[Trs ] I ] d
( I[ I I[ |
* The stack must be maintained [ [ |l 1[ | |
at these positions. l ][ ]r H—]
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TRIANGLE SOLUTION a, b, ¢

A B
c

Given three sides of a triangle this program solves the triangle for the
remaining parameters by the following formulas:

2 + b2 _ C2
C = cos™! (——~—a
cos St

B=Sin_,(bsinC> Azsin_1<asinC>
c c

Reletter if necessary to make c the largest side. The program works in any
angular mode. However, if in degree mode decimal degrees are assumed.

— — — .
LINE F;L:;DE ENTRY l‘ﬁ:ésrl‘-gbd E:;:;Y REGISTERS |
——— bl Shetbutndll SRR  S— i ]
00. —> 25. | 84 | RIS | [Ro ]‘
o1 34 | RCL | 26. 3 | f R, a ‘,
02. 01 | 1 | 27. 12 | sin R, b
03. a1 |1 || 28. | 34 | RcL Rs ¢
o4. | 71 | «x | 2. |3 |3 Rs ‘
05. 34 | RCL | 30. | 81 < Rs :
06. 02 | 2 31 34 | RCL Re .
o7. a1 32 02 | 2 R,
08. | 71 | 33 22 | x2y R, |
09. 61 | + 3a. | 711 | «x R, ‘
10. 34 | mrcL || 35 | 31 | ¢ Reo ’;
1. 03 | 3 36. 34 | LASTX ||Re,
12. YRR 2 2 | x2y | |Rez
13. 7 x 38. 32 | g | |Res j
14. 51 - 39. 12 | sin”! | |Res ‘
15. 34 RCL 40. 84 | R/S Res i
16. 01 1 5 41. 23 RY Ree :
17. 34 RCL [| 42 | 34 RCL Re7 |
18. | 02 | 2 a3 o1 | 1 Res ',
19. 71| x | a4 71| x (R - )
20. 02 | 2 | as 32 | g I
21. 71 X E 46 12 sin”!
22, g1 | = | a7 -00 | GTOO00
23. 32 g 48.
24. 13 cos' || 49 | |
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Example:

Given the following three sides:

a =303
b=404
c=62.6

Solve the triangle.

Solution:
o
C=123.99
o
B =32.35
o
A=23.66
INPUT OUTPUT
STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
1 Enter program
2 Store a, b, and ¢ (c is the largest) a STO 1
b STO 2
c STO 3
3 Find the solution BST R/S c*
R/S B*
R/S A

* The stack must be maintained

at these positions.
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TRIANGLE SOLUTION a, A, C
B

A b C

Given two angles and an opposite side this program solves the triangle for the
remaining parameters by the following formulas:

B=2sin"' 1 - (A +C) =7 radians - (A + C) =180° - (A + C)
=200 grads - (A + C)

_asinB

T sinA

_asinC

" sinA
The program works in any angular mode. However, if in degree mode all
angles are assumed to be in decimal degrees.

DISPLAY DISPLAY
LINE | CODE E:‘(;E;V LINE | CODE ESE;Y REGISTERS
" o00. 25. | 01 |1 Ro
Lo | 01 |1 BEDR K R, a B
02 | 32 |g || 27. | 38 | LASTX |R, A ]
| 03. 12 | sin”! 28. 81 | + Rs C
|04 | 02 |2 || 29. | 34 | RcL R. ]
05. 7 | x 1| 30 | 03 |3 ||rs ]
06. 34 | RCL 31 31 | f 1 Re
| 07. 02 2 32. 12 sin R,
| o8 34 | RCL 33, 71| x IIGH
09. 03 | 3 34. | 00 | GTO00 |[R, T
10 | 61 |+ | 3s. | |Reo i
BTN
2 | e | RS || e | | Rex ]
| 13, 31 | f || 38 Res
1. | 12 | sin ) 1 | Re
| 15 34 | meL 40. | |]Res
16. o1 | 1 41 Res
| |« || ez 1 | |Rer ]
| 18, 34 | RCL || a3. Res ]
19. | 02 | 2 a4, | [Res i
| 20. 31 | f 45.
AL . V sin || 46.
22, g1 | =+ || a7 ]
| 23 8 | RS || 48 | |
24. 34 RCL 49. F
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Example:

Given the following two angles and opposite side:

a=175
A=4123°
C=62.20°

Solve the triangle.

Solution:
B=76.57°
b =25.83
c=23.49
STEP INSTRUCTIONS AP s KEYS L S
J Enter program 17 ” ] [ H ] ]
_2 Store a, A, and C a L STO ” 1 J[ ” J I
B A 4[ sto |[ 2 | I[ 1
B - c [sto [ 3 | 1
|3 |Find the solution [est ][ ms | I e
i Cas 1w
L ws | | I[ |
I ——
| * The stack must be mainfained [ I [:][ ” I ) |
at these positions. | ” J[ J[ J




154 Triangle Solution a, b, C

TRIANGLE SOLUTION a, b, C

A

b (o

Given two sides and their included angle this program solves the triangle for
the remaining parameters by the following formulas:

c=Va? +b? = 2ab cos C A =sin! <ﬂ)
c

B=2sin"' 1 - (A +C) =7 radians - (A + C) = 180° - (A + C)
=200 grads - (A + C)
Reletter if necessary, to make a the smaller of a and b.

This program works in any angular mode. However, if in degrees decimal
degrees are assumed.

DISPLAY key || DISPLAY | gy | - o

REGISTERS
DE | ENTRY

1 Ro

B —

o
o

20. 13 cos 45.
21. 42 CHS 46.
22. 32 | g 47.
23. 13 cos 48.
24, -00 | GTO 00 49.
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Examples:
Given the following two sides and included angle:
a=132
b =224
C =28°40’ (convert to decimal degrees first)

Solve the triangle.

Solution:
¢=125.35
o
A=3034
o
B=120.99
INPUT OUTPUT
STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
1 Enter program
2 Store a, b, and C
(a is smaller of a and b) a STO 1
b STO 2
C STO 3
3 |Solve triangle BST R/S c*
R/S A"
R/S B

* The stack must be maintained

at these positions.
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TRIANGLE SOLUTION a, B, C
B

A b Cc

Given two angles and their included side this program solves the triangle for
the remaining parameters by the following formulas:

A=2sin"! 1 - (B +C) = radians - (B +C) = 180° - (B +C)
=200 grads - (B + C)

_asinB
sin A
_asinC
sin A
The program works in any angular mode. However, if in degrees the program
assumes decimal degrees.

DISPLAY KEY DISPLAY KEY HEGISTERS

LINE | CODE | ENTRY LINE | CODE | ENTRY

00. 25. 02 | 2 | Ro
C o1 | 01 | 1 HEDEERE Ri a

02. 32 g 27. 12 sin R, B |
- 03. 12 | sin! 28. 71 | x ||Rs ¢
| oa. 02 | 2 29, 84 | R/S R4 A, (a/sin A)

05. 71| x 30. 34 | RCL Rs

06. | 34 | RcL 31 04 | 4 Re
| or. 02 | 2 || 32 34 | RCL R,

08. 34 | RcL | 33, 03 | 3 Rg
| 09. 03 | 3 || aa 31 | ¢ R,
10 | 61 |+ | 3. 12 | sin | [Reo ]
Lo 51 | - || 38 71| x Re, ]
| 12. | 33 | stO || 37. | 00 | GTOO00 ||Re: |
1. 04 | 4 L Res
| 1a. 84 | RS || 39 Res
15, | 34 | RCL || 40. Res |
16 o1 | 1 | 4. | [Res |
L 34 RCL || 42 IRez ]

18. 04 4 43. Res

19. 31 f aa. Reg

20. 12 sin 45,
2 g1 | = || ae. |

22. 33 | sTO a7.
' 2?. 04 | 4 48.
24, 34 | RCL a9 o
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Example:

Given the following two angles and their included side:

a=25.2
B =35°20" (convert B and C to decimal degrees first)
C =68°30'

Solve the triangle.

Solution:
{e]
A=76.17
b=15.01
c=24.15
INPUT OUTPUT
STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
1 Enter program
2 Store a, B, C a STO 1
B sto || 2
c STO 3
3 Solve triangle BST R/S A
R/S b*
R/S c

* The stack must be maintained

at these positions.
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AREA OF A TRIANGLE a, b, c

Given three sides of a triangle this program computes the area by the following
formula:

Area=vVs(s-a)(s-b)(s-c)

wheres=% (a+b+c)

B
c a
A C
b
DISPLAY KEY . :'IESPL;V) - E:%Y HEGISTERS
25. 03 3 Ro
26. 51 - R, a
27. 7 X R, b
28. 31 f Rs ¢
29. 42 | x R,
30. -00 GTO 00 Rs
31. Re
32. R,
33. Rg
34. R,
: 35. Reo
11. 41 t 36. Re,
12. 41 t 37. Re,
13. 41 1 38. Res
14. 34 RCL 39. Res
15. 01 1 40. Res
16. 51 - 41. Res
17. 7 X 42, Re7
18. 22 X2y 43, Res
19. 34 RCL 44, Reo
20. 02 2 as.
21. 51 — 46.
22. 71 X a7.
23. 22 | xRy 48.
24. 34 RCL 49.




Example:

Find the area of a triangle with the following three sides:

a=5.31
b=7.09
c=28.86
Solution:
Area = 18.82
| INPUT
STEP INSTRUCTIONS DATA/UNITS
1 Enter program
2 Storea, b, c a

3 Find area

STO
STO
STO
BST

KEYS

R/S

Area of a Trianglea,b,c 159

OUTPUT
DATA/UNITS

Area
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AREA OF A TRIANGLE a, b, C

Given two sides and an included angle of a triangle this program computes the
area by the following formula:

Area = %5 ab sin C

The angle C can be in any angular mode but if in degrees it is assumed to be
in decimal degrees.

DISPLAY KEY DISPLAY KEY REGISTERS
LINE | copE | ENTRY
25. Ro
26. R, a |
27. R, b
28. R; C |
29, Ra
30. Rs
31. Re
32. R,
33. Rg
34. Ry
35. Reo |
36. Re,
37. Re.
13. -00 GTO 00 38. Res
14. 39. Res
15. 40. Res
16. 41. Ree
17. 42, Re7 |
18. 43. Res
19. 44. Reg
20. 45.
21. 46.
22. 47.
23. 48.
24. ) 49,
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Example:

Find the area of the triangle with the following two sides and included angle.

a=5.3174
b =7.0898
C=45°
Solution:

Area=13.33

STEP INSTRUCTIONS oAt NS KEYS DATA/UNITS

1 Enter program :] _]

2 Store data a STO ! _H __.__]

b [so [ 2 || f |
¢ so [ s I [ |

3 | Find area [esT |[ ms | 1 ] Area
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AREA OF A TRIANGLE a, B, C

Given two angles and an included side of a triangle this program computes the

area by the following formula:

Angles B and C can be in any angular mode.
assumed to be decimal degrees.

Area =

a? sin Bsin C
2sin (B +C)

If in degrees all angles are

DISPLAY
LINE | CODE
00.
o1. 34
02. 01
03. 32
04. 42
05. 02
06. 81
07. 34
08. 02
09. 31
10. 12
1. 71
12. 34
13. 03
14. 31
15. 12
16. 7
17. 34
18. 02
19. 34
20. 03
21, 61
22. 31
23. 12
24, 81

KEY
ENTRY

RCL

N X @ =
Y}

RCL

sin

RCL

sin

RCL

RCL

DISPLAY

LINE | CODE E:%:Y REGISTERS
25. | -00 | GTO00 |[R,
26. R, 2
27. R, B
28. R, C
29. R,
30. R,
31 R,
32. R,
33. R,
34. R,
35. Ao
36. R.,
37. R.,
38. R.s
39. ™
40. R
a1. Roe
a2, R
43 Res
aa. | Res N
as. |
46. |
a7, |
8. |

]

49.
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Example:

Given the following two angles and included side find the area of the triangle.

a=14.625

B =70.54°

C=6296°
Solution:

Area = 123.82

lsTep| INPUT OUTPUT |
|STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS

1 Enter program

2 Input data a STO 1
B STO 2
C STO 3

3 Find area BST R/S Area
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AREA OF A TRIANGLE [(x1, y1), (x2, y2), (x3, y3)]

Given the coordinates of the vertices of a triangle, the area is found by the
following formulas:

Area = % Determinant of D where

x; yp 1
D=| x, y2 1
X3 y3 1
Therefore,
Area =% [x; (Y2 —y3) t X2 (Y3 - y1) + X3 (Y1 - ¥2)]
DISPLAY KEY u:;spl-gos ENTNY REGISTERS

25. 71 x Ro
26. 61 + R, x
27. 02 2 Rz Y1
28. 81 = ||Rs x2
29. -00 | GTOO00 ||R, v,
30. Rs x3
31. Re v3
32. R,
33. Rg
34. Ry
35. R.o
36. Re,
37. R,
38. Res
39. Res
40. Res
41. Res
42. Ro7
43. Res
44, Reo
45,
46.
47.
48.
49.
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Example:

Find the area of the triangle with the following x-y coordinate vertices.

0,0
4,0)
4,3)
Solution:
Area =6
STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
J Enter program I lr ” ” l |
2 Enter coordinates of vertices Xy I STO ” 1J[ ” I
i v |lsro J[ 2 ] ] B
x  Lso [ s Il ]
v Lso J & J[ [ ]
x |[sto |[ s | | ]
N va [sto |[ & | I | 7
3 |Find area rBST ” R/S ” J[ J Area
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AREA OF A POLYGON

If the x—y coordinates of the vertices of a polygon are known, the area can be
found by the following formula:

Area =% [(x; +X2) (Y1 -y2) + (X2 +X3) (Y2 =Y3) + . + (Xn +X1) (Yn - ¥1)]

Traverse the coordinates clockwise for a positive area.

DISPLAY KEY : :;SPL:; - ES'TE;Y REGISTERS
—

25. 81 + R,
26. 33 STO R| Xij-1
27. 61 + R, vig
28. 05 5 Rs x;

04. 33 STO 29. 34 RCL R, i

05. 01 1 30. 04 4 Rs ZAREA

06. 00 0 31. 33 STO Re

07. 33 STO 32, 02 2 R,

08. 05 5 33. 34 RCL Ry

09. 84 R/S 34. 03 3 Ry

10. 33 STO 35. 33 STO Reo

1. 04 4 36. 01 1 Re,

12, 23 R{ 37. 34 RCL Re.

13. 33 STO 38. 05 5 Res

14, 03 3 39. -09 GTO 09 Res

15. 34 RCL 40. Res

16. 01 1 41. Res

17. 61 + 42. Re7

18. 34 RCL 43. Res

19. 02 2 44. Reo

20. 34 RCL 45.

21. 04 4 46.

22. 51 — 47.

23. 71 X 48.

24. 02 2 49.




Area of a Polygon 167
Example:

Find the area of the polygon with the following x-y coordinate vertices.

Point Coordinates (x, y)
1 (1,3)
2,4)
(5.4)
(5,7
(7,5)
7,1
(3,1)

<N O AW

Solution:
Area =19.50

y

INPUT OUTPUT
STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS

I 1 | Enter program [ “ If l
2 | Input (x;,y1) xi " [ | [ ]
v [ est |[ ms [ ] 0.00

| 3 | Input (xj,yj)fori=2,...,n X ) [ t TL ”_ ] I,, ]
Yi R/S Intermediate

4 Input (x,, y,) again Xy 1

- n!

|

v es |l I[ I I
| C__IC__IC_ 11
| *1f x, and y, are quite com- [ ][ J[ ” J
B | plit;ated it may be convient to _[ J [ ” ” J |
ftorfe them in R and R, and L___“ ” ]

recall them when needed. [ ” ”:_” 1 V
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SPHERICAL TRIANGLE SOLUTION A, b, ¢

Given two sides and an included angle of a spherical triangle this program
finds the other side by the following formula:

a=cos™! (cos bcosc+sinb sin c cos A)

The program ‘‘Spherical Triangle Solution a, b, ¢ can then be used to find
the other angles.

The program works in any angular mode. However, if in degree mode all
angles are assumed to be decimal degrees.

DISPLAY DISPLAY
LINE | CODE E:‘(%Y LINE | CODE E:’E"*{Y REGISTERS
00. 25. 13 cos”! Ro
o 34 | RCL | 26. 33 | sTO R, a
02. 04 | 4 27. 01 1 R, b
03. 34 | RCL 28. | -00 | GTO00 ||Rs ¢
04. 03 | 3 29. R, A
| 0s. 31 | f 30. Rs
06. 12 | sin 31 R
o7. 31 f 32. R,
08. 00 | Rep 33. R,
09. 34 | RCL 34. R, 1
" 10. 02 | 2 | 3s. 1 [Reo
11. 31 f 36. Re,
12. 12 | sin | a7 Re2
13, 71 | x 38. Res
1a. 34 | RCL 39. | [Res
15. 02 | 2 40. Ros
16. 3 | f a1, | [Res
YA 13 | cos a2, Re;
18 34 | rer || aa Res
19 03 | 3 a4, Reo
20. 31 | f as.
21. 13 cos 46.
22. 71 | x a7.
23. 61 + 48.
- 2a. 32 | g 49,
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Example:

Given the following two sides and included angle, find the remaining
parameters of a spherical triangle.

A=30°, b=50.5°, ¢=473°

Solution:
a=2271°
After running the program Spherical Triangle Solution .a, b, and ¢
B =87.88°
C=72.13°
STEP INSTRUCTIONS oaTUT TS KEYS DTS
1 Everprorm C I LIt 1
| e [so s I | ]
a Lo [ e ] I J

3 |Find solution [Bst |[ ms ] | a |
[74 To find B and C the program now: I [ J[ I
I I[ |

[
{

registers to run Spherical [ I I ” H I
L

I I I |

has a, b, and c in the correct

Triangle Solution a, b, and ¢
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SPHERICAL TRIANGLE SOLUTION a, b, ¢

Given the three sides of a spherical triangle this program calculates the angles

by the following formula:

A = cos-! (cosa—cosbcosc)
sin b sin ¢

B = cos-! (cos b-cosacosc )
sinasinb

C = cos-! (cosc —-cosacosb
sin a sin b

The program works in any angular mode. However, if in degree mode all

angles are assumed to be in decimal degrees.

DISPLAY key || DISPLAY | gy

LINE " LINE | cope | ENTRY

00, 25, 32 | g R,
o1. 26. 13 cos™! R, a
02. 27. 84 R/S R, b
03. 28. 34 RCL R; ¢
04. 29. 01 1 R,
05. 30. 34 RCL Rs
06. 31. 02 2 Re
07. 31 f 32. 34 RCL R,
08. 13 cos 33. 03 3 Rg
09. 34 RCL 34. 33 STO R,
10. 03 3 35. 02 2 Reo
1. 31 f 36. 23 R Ry
12, 13 cos 37. 33 STO Re>
13. 71 X 38. 01 1 Res
14. 51 - 39. 23 | R Res
15, 34 RCL 40. 33 | sTO Res
16. 022 | 2 a1. 03 | 3 Ree
17. 31 f 42, -01 GTO 01 Re;
18. 12 sin 43. Res
19. 34 RCL 44. Reo
20. 03 3 45,
21. 31 f 46.
22. 12 sin 47.
23. 71 X 48.
24. 81 + 49

REGISTERS
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Examples:

Given the following three sides of a spherical triangle calculate the three
angles.

a=1.12°, b=5238°, andc=5342°

Solution:
A=.52°, B=121.63°, C=158.05°

STEP INSTRUCTIONS oATRURITS KEYS oS
[T [wr oo | | | l
L72 Store a, b aid c ) a [ STO Jr 1 ]r “ ]
i S 3 |
o e [so [ s [ I[ |
3 Sf)lV(a for A, B,and C I BST “ R/S ” ” ]' o 7»5«777

I | | |

R/S | [ c
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SPHERICAL TRIANGLE SOLUTION A, B, C

Given the three angles of a spherical triangle this program calculates the sides
by the following formulas:

2= cos-] (cosA+cosBcosC)
sin B sin C

b = cos-1 (cosB+cosAcosC>
sin A sin C

. (cosC+cosAcosB>
¢=cos . :
sin A sin B

The program works in any angular mode. However, if in degree mode all
angles are assumed to be in decimal degrees.

DISPLAY KEY L':LSPL(‘;; - E:'TE;V REGISTERS
25. 32 | g Ro
26. 13 cos™! R, A |
27. 84 R/S R, B
28. 34 RCL R; C
29. 03 | 3 R,
30. 34 RCL Rs |
31 02 | 2 Re
32. 34 | RCL R,
33. 01 | 1 R
34. 33 | STO R
35. 03 | 3 Reo ]
36. 23 | R Re,
37. 33 | sTO Rz
3s. 01 | 1 Res i
39. 23 | Ri Rea
40. 33 | sTO Res
a1 02 | 2 | [Res
42 -01 GTO 01 Re7
43. Res ]

19. 34 | RCL 44. Reo

20. 03 | 3 45.

21. 31 f 46.

22. 12 sin 47.

23, 7 x 48.
24 | g1 | = | 49.
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Example:

Given the following three angles of a spherical triangle find the three sides.

A=.52°, B=21.63°, C=158.05°

Solution:
a=1.10°,b=51.51°, c=52.53°
T
s wercrows | o, MU rers oS
1 Enter program l l [ I [_.__]
2 | Store A, B,and C A [sto |[ 1 ] Il |
B [sto |[ 2 | I |
c [so |l 3 | I[ J
3 Calculate a, b, and ¢ LBif_j R/S _] a
Lo [ I 1 ] b
[ rs |l I I -




174 Translation and/or Rotation of Coordinate Axis

TRANSLATION AND/OR ROTATION
OF COORDINATE AXIS

Let (x, y) be coordinates in the old system and let (Xq, yo) be the center of a
new coordinate system rotated through an angle of 6. The new coordinates
are (x', y') and are calculated by the following formulas:

1. xX'=(x-x%g)cos8 +(y—-yo)sinf
2. Y ==(x-X¢)sinf +(y -yo) cos
For no rotation put in 6 = 0.

For no translation put in (xq, yo) = (0, 0)

| LINE | CODE | LINE | copE | ENTRY ||

[ oo. 25. 51 | — Ro

| o1. | 34 | RCL || 26 | 22 | x2y R, 0
02. | 02 | 2 27. | 34 | RCL R, xo
03. 51 | — 28. 04 | 4 Ra vo
04. | 34 | RCL 29. 61 | + [Re (x - xo) cos 0
0s. o1 | 1 || 30. | -00 | GTO00 ||Rs (x-xo)sin®
06. 22 | x2y 31. Rg
07. | 31 | ¥ || 32 R,
08. | 00 | ReP || 33 ‘ Re
09. 33 | sTO 34. R,
10. 04 | 4 35. | Reo
11. 23 Rl || 36. |Rey
12, 33 STO 37. R..
13. | 05 | 5 38. Res
14. | 23 Rl 39. Res
15. | 34 | RCL 40. [Res
16. 03 | 3 a1 Ree
17. 51 — 42. Re7
18. 34 RCL 43. Res
19. o1 | 1 a4, Reo
20. 22 X2y 45.
21. 31 | f 46.
22, 00 | ReP a7.
23. 34 | RCL a8.

24, 05 5 49.
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Examples:

1. Translate the point (1, 1) to a new coordinate system with center at (1, 2).
6=0)

2. Translate the point (1, 3) to a new coordinate system with center at
(-1, 4) at 30° to the old system.

Solutions:

1. (0,-1)
2. (1.23,-1.87)

@y || | I

STEP INSTRUCTIONS DATAIUNITS KEYS DATA/UNITS
771 Enter program [ l { l [ l
2 | store constants 0 [sto [ 1+ ] I[ ]
i xo [sto ][ 2 ] I[ |
Yo [so |[ 3 [ | |
3 | Enter coordinates y | 1 ] { ] l I [ l
x [esT |[ ms || [ ]
l J
[ |

4 For a new point go to step 3.
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