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Introduction

This Mathematics Applications book was written to help you get the most
from your HP-33E calculator. The programs were chosen to provide
useful calculations for many of the common problems encountered in
mathematics.

They will provide you with immediate capabilities in your everyday
calculations and you will find them useful as guides to programming
techniques for writing your own customized software.

You will find general information on how to key in and run programs
under ‘A Word about Program Usage’’ in the Applications book you
received with your calculator.

We hope that this Mathematics Applications book will be a valuable tool
in your work and would appreciate your comments about it.
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Algebra and Number Theory

Quadratic Equation
The roots x;, X, of
ax2 +bx +c¢c =0

are given by _
—b = Vb* — 4ac
2a

X2 =

If
D = (b? — 4dac)/4a

is positive or zero, the roots are real. In these cases, better accuracy
may sometimes by obtained by first calculating the root with the larger
absolute value:

If

b b
- —=0, = —-———+ VD
2a X1 2a
If
b b
- < 2= -
7 0, Xy 7 VD
In either case,
c
Xo =
X; a

If D < 0, the roots are complex, being

+:o . —b . Vdac — b .
uxijv = * i
2a 2a
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KEY ENTRY DISPLAY KEY ENTRY DISPLAY
(1) CLEAR (ereM) |00 xzy 19~ 21
01- 31 (@) <o} 20- 15 41
02- 22 24 21~ 13 24
=) 03- 71 22— 51
2 04- 2 26 23— 13 26
= 05— 71 xzy 24— 21
06- 32 = 25- 41
07- 31 RIS 26— 74
9 08- 15 0 €] 27- 15 3
09— 22 0 28— 24 0
10- 22 E3} 29- 61
11- 21 00 30— 13 00
= 12~ 71 CHS 31- 32
0 13- 23 0 0= 32- 14 0
= 14- 41 Xzy 33- 21
() (Pause) 15— 14 74 R/S 34- 74
16— 15 41 X%y 35~ 21
31 17- 13 31 00 36- 13 00
® 18- 14 0
REGISTERS
R, cla R, R, R,
R, R, Re R,




6 Algebra and Number Theory

STEP INSTRUCTIONS DATRUNITS KEYS A
1 | Key in the program
2 | Initialize E3)
3 | Enter coefficients and
display D ¢
b
a D)
4 |if D =0, roots are real X1
RIS Xs
or
If D < 0, roots are complex
of formu = iv u
R/S v
5 | For new case, go to step 3.

Example:

—_—

2. 3x*+2x—-1=0(D =

3. 2x2=-3x+5=0(D =

Keystrokes Display

(1) (PrGM)

6 [Crs)(ETERy) |

1 ~3.0000
2.0000
1 2

3 [R7s -1.0000
RIS 0.3333
5 3 [cns)

2 (®rs 0.7500

RIS 1.3919

x2+ x — 6 =0 (D = 6.2500, x,

= —3.0000, x, = 2.0000)
0.4444, x,

= -—1.0000, x, = 0.3333)

—1.9375, x4, x2 = 0.7500 = 1.3919i)

Algebra and Number Theory 7
Complex Arithmetic (+, —, X, +)
Let a, + ib; and a, + ib, be two complex numbers. The arithmetic
operations +, —, X, + are defined as follows:
1. +, addition
(a, + iby) + (a, + iby) = (a; + ay) + (b; + by)i

2. —, subtraction
(a, + iby) — (a, + iby) = (a; — @) + (b; — by)i

3. X, multiplication

(a; +iby) X (a; +iby) =113 el

4. -+, division
(a; + iby) _n

L = LT, +ib, #0
(a, + iby) Iy

where 1, e s the polar representation of a; + ib, and r, e 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.
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KEY ENTRY DISPLAY KEY ENTRY DISPLAY
(f)CLEAR (rram) |00 [EHE) 17~ 15 4
CHS 01- 32 2 18- 23 2
xzy 02- 21 19— 22
CHS 03- 32 1 20- 24 1
04- 21 0 21- 24 0
0 05- 24 0 (8] 22- 15 4
06- 51 (s7o] 2 23- 23 61 2
xzy 07- 21 24— 22
1 08- 24 1 25- 51
09- 51 2 26— 24 2
29 10- 13 29 E3 27~ 14 4
€] 11- 15 4 28- 21
(9] 12- 15 3 1 29- 23 1
X%y 13- 21 30- 21
chs 14— 32 0 31- 23 0
X%y 15— 21 00 32- 13 00
18 16— 13 18

REGISTERS
R, a;, x R, by,y R, Used R,
R, R Rs R,
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STEP INSTRUCTIONS DATAURITS KEYS DATNONIES
1 |Key in the program
2 | Store first complex number b, 1
a 0
3 | Key in next number b,
a;
4 | For addition 05 a +a
or
subtraction 01 a, — &
or
multiplication 17 a,a — b, b,
or
division | 11 Real Part
5 | For imaginary part imaginary
6 | For next calculation in chain,
go to step 3.
7 | For new case, go to step 2.

Examples:
1. (1.2+37) - 2.6 - 19) =-14+ 5.6i

3+ 4i
7 -2

2.

= 0.2453 + 0.6415i

3. [(3 r4) + (74 5‘6“] [3.1+4.6i]] =3.6121 +7.1577i

(7= 20

Keystrokes

3.7 1

1.2 0

1.9 2.6

01 -1.4000
X%y 5.6000

Display
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Keystrokes

4 (s70] 1
3(E9o
2 [cns](EnTery) 7
(Gs8) 11

Display

0.2453
0.6415

ENEMU)A"
> @@
2 ‘AH
:magoo

v
E .
2 E

~J

N

w A
—_ N
.—E
~]

3.6121
7.1577

»®
AY
a3

Complex Functions ( |z|, z", and z'/")

A complex number z = X + iy has polar representation r e“. The
formulas used to evaluate the given functions are as follows:

|z|=r= x? + y?

=™ n=+(1,2,3,..))

len = rl/n (_ %60k>

The answer is represented by u + iv

..,n—1
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KEY ENTRY DISPLAY KEY ENTRY DISPLAY
(fJCLEAR(raM] | 00 3 21- 24 3
2 01- 24 2 ® 22- 71
1 02- 24 3 23-
€] 03- 15 4 6 24~
G 04~ 15 12 0 25—
3 05- 23 3 0 26— 249 0
01 06- 12 01 83 27— 61
3 07- 249 3 3 28— 24 3
E2]Fad) 08- 14 = 29— 71
5 09- 23 5 30- 51
10- 21 ¥y 31- 21
3 11- 24 3 MER 32— 14 4
12- 61 R/S 33- 74
4 13- 23 4 1 34-
38 14- 13 38 0 35-23 51 0
3 15- 23 3 3 36- 24 3
01 16- 12 01 16 37- 13 16
3 17- 24 3 5 38- 24
18- 15 3 | |0 39- 14
H&3 19— 14 3 00 40- 13 00
20- 21
REGISTERS
R, index R, x R, y R; n
R, né R; Rs R,
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STEP INSTRUCTIONS DATAUNITS KEYS AT
1 | Key in the program.
2 | Input the complex number
Z=X+iy X 1
y 2
3 | Select one of the 3 functions:
o Magnitude |z| 01 Iz
o2" n 05 u
xzy v
ozl 0 0
n 15 U
Vi
R/S Uz
X%y V2
RIS Un
X%y Vn
4 | For a new complex number
go to step 2.
Examples:
1. |12 = 5i] =13.00

2. (6 — i) = 35.00 — 12.00i

3.

1
2 +5i

= 0.0690 — 0.1724i

4. V3 +4i == (.00 + 1.00i)

Algebra and Number Theory 13

Keystrokes Display
12 1

5 2

01 13.0000
6 1

1 2

2 05 35.0000
-12.0000
2 1

5 2

1 05 0.0690
X%y -0.1724
3 1

4 2

0 LsTO 0

2 15 2.0000
1.0000
R/S -2.0000
X%y -1.0000

Determinant and Inverse of a 2 x 2 Matrix

ap a2 )
et = be a 2 X 2 matrix.
A azp

-

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

Det A = ay, aj; — ayp ay;

Also, the program evaluates the multiplicative inverse A~! of A. The
following formula is used: (A™! exists only when |Al # 0).
as/Det A —ays/Det A
At = = A’
—ay,/Det A a;,/Det A
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KEY ENTRY DISPLAY KEY ENTRY DISPLAY
(JCLEAR [ereM] | 00 2 14~ 249 2
4 01~ 24 4 0 15- 24 0
1 02- 24 1 =] 16- 71
Ca 03~ 61 CHS 17~ 32
2 04~ 24 2 R/S 18- 74
3 05- 24 3 3 19- 24
Cd 06- 61 0 20~ 24
= 07~ 41 = 21- 71
0 08— 23 0 CHS 22- 32

R/S 09- 74 R/S 23— 74

4 10~ 24 4 1 24— 24

0 11- 29 0 0 25— 24 0

= 12- 71 =] 26~ 71

RIS 13- 74 00 27- 13 00
REGISTERS

R, DetA R, ay R, ap, R, @

R, a, Rs Rs R,

STEP INSTRUCTIONS DATRUNITS KEYS OATANITS
1 Key in the program.
2 | Store matrix an 1
a, (s10] 2
a, 3
an 4
3 | Calculate the determinant 01 Det A
4 | Calculate the inverse R/S ay
a
'
R/S a“'
5 | For new case, go to step 2.
Example:
Find the determinant and inverse of the matrix.
3 2
A=
4 -4
Solution:
Det A = —20
0.20 0.10
Al =
0.20 -0.15
Keystrokes Display
3 1
2 2
4 3
4 (cns)(510) 4
01 -20.0000
0.2000
0.1000
0.2000

.l
=
»

-0.1500
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Simultaneous Equations in Two Unknowns
Letax + by = ¢
andcx +dy =f

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

e b‘

« = f dl _ ed —bf _
a b ad — bc
c d‘

Ia e
c fl _ af —ec
a b ad — bc
¢ d

If ad — be = 0 the calculator displays Error 0. In this case no solution
or no unique solution exists.

KEY ENTRY DISPLAY KEY ENTRY DISPLAY
(fJCLEAR (Prom] |00 =] 14- 41
3 01- 24 3 0 15— 23 0
5 02— 24 5 = 16- 71
B3 03- 61 RIS 17- 74
2 04— 249 2 1 18- 24 1
6 05- 24 6 6 19- 24 6
X 06— 61 3] 20- 61
= 07- 41 3 21- 24 3
1 08- 24 1 4 22- 24 4
5 09- 24 5 (23 23~ 61
3] 10- 61 & 24— 41
2 11- 249 2 0 25— 24 0
4 12- 24 4 = 26- 71
) 13- 61 00 27- 13 00

REGISTERS
R, ad — bc R, a R, b R, e
Re ¢ Ry d R, f R,
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INPUT

OUTPUT

STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
1 Key in the program.
2 | Store constants a 1
b 2
e 3
¢ 4
d 5
f 6
3 |Find x and y 01 X
R/S y
4 | For new case, go to step 2.
Example:
S5x — 3y =12
2x +y =9
Solution:
X = 3.5455
y = 1.9091
Keystrokes Display
5 1
3 sT0] 2
12 [s70) 3
2 4
1 [(579) 5
9 [sT9 6 01 3.5455

b
=
3

1.9091
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Number in Base b to 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.
Lip = fnlnoy on dody = ;b0 + 0, b2 + ..+ b + i)

This is evaluated in the form

b(...b(M b +i, ) i) +...)+i)+1i
The second subprogram changes the fraction part of a number in base b
to a number in base 10.

Fio=fify.. fn=1£fb"1+1fb2+ .. +fb™
Together the two programs can convert any number in base b to a
number in base 10. Zeros must be entered in their proper place.
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KEY ENTRY DISPLAY KEY ENTRY DISPLAY
(fJCLEAR (ereM) | 00 07 14- 13 07
1 01- 23 1 0 15- 24 0
0 02- 24 0 (9] 16- 15 3
03- 31 2 17- 23 2
04- 31 3 18- 23 3
05~ 31 x) 19- 61
1 06- 24 1 R/S 20- 74

/S 07- 74 2 21- 24 2
1 08- 23 1 3 22- 24 3
CLx 09— 34 3} 23~ 61
10- 51 3 24- 23 3
E3) 11- 61 & 25— 61
1 12- 24 1 26— 51
13- 51 20 27- 13 20

REGISTERS
R, b R, Used R, b™! R, b
R, Rs Rs R,

STEP INSTRUCTIONS DATAUNITS KEYS DATAUNITS
1 Key in the program.
2 | Store base b 0
3 | For integer part, input left
most digit in 01
4 | Perform forj = n-1 .,,,. 2:
Input next digit i* R/S
5 | Input final digit i* R/S lio
6 | For fractional part, input digit
after decimal f, 15
7 | Perform fori =2 .,,,. m-1:
Input next digit fyx R/S
8 | Input final digit fm* RIS Fio
9 | For new case, go to step 2.
* The stack must be main-
tained at these points.
Examples:
1. 17773 = 1023,
2. 143.2044; = 48.4384,,
Keystrokes Display
8 0
1 01
7 7
7 (R7 1,023.0000
5 0
1 01
4 3 48.0000
2 15
0(rs]) 4
4 |8/ 0.4384
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Number in Base 10 to Number in Base b

This program will convert any positive number in base 10, Ny, to a
number in base b, Ny, where 2 < b =< 100. The algorithm used is an
iterative one which adds one more digit to N;, at each iteration. The
program pauses as each new N, is calculated to display successive
approximations to the final answer. When the displayed value of Ny, has
reached the accuracy desired by the user, he should press to halt
the program, then 3 to display N,,.

Notes:

1. When the base b is such that 11 < b < 100, two display positions
are allocated to each digit of Ny,. Begin partitioning to the right and
to the left of the decimal point. For example, 41106.12 in base 16
stands for 4B6.C.

2. If the calculation is terminated with all 9’s on the display, it
means the machine is overflowed and the range of machine has been

exceeded.

Algebra and Number Theory

KEY ENTRY DISPLAY KEY ENTRY DISPLAY
(D)CLEAR =aa) | 00 23 20- 13 23
0 01- 24 0 | |@ED 21- 15 32
1 02- 1 26 22- 1326
0 03- 0o | |@ED 23- 15 32
) 04- 1451 | |1 24- 1
11 05- 1311 ||3 25- 41
D62 06- 14 71 4 26- 23
11 07- 13 11 2 la7- 24
1 08- BE= 28- 21
0 09- 0o | | @@ 29- 14 3
0 10- 0 | |E=Ds 30- 24 3
2 11- 23 2 31- 51
0 12- 0 ||E®s3 32- 23 3
3 13- 23 3 | |@>Es 33- 1474
1 14- 24 1 | |@0usw u- 1474
Mm 15- 14 1 ||EDo 35- 24
0 16- 24 0 4 36- 24
Om 17- 14 1 | |@O® 377- 14 3
® 18- 71 | |31 38- 23 41 1
@ = 19- 15 41 14 39- 1314

REGISTERS
R, b R; Ny R, 10 or 100 R; N,
R, 1 digit Rs R R,
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Vector Cross Product

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

A ay a; a3l ja; A

AXB =

. >

by by by by {by by
(agbs —agby,a3b; —a; by, a; b, —ayby)

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

INPUT OUTPUT
STEP INSTRUCTIONS DATAMUNITS KEYS DATA/LUNITS
1 Key in the program.
2 | Set display format MEdg
3 | Store base and decimal
number b 0
Nso 1 01
4 | Display successive approxi-
mations to N,. (Nv)
5 | When number is shown with
desired accuracy, press
to halt, then 3 No
6 | For new case, go to step 3.
Examples:
1. 67.32,, = 403.050114
= 43.51E4
2. = 3.141592654,, = 11.00100100,
Keystrokes Display
MCEJ9
16 0
67.32 1
01 403.0501140  (Pause)
3 403.0501140
2 0 @M@
1
01 11.001007100  (Pause)

3 11.00100100

KEY ENTRY DISPLAY KEY ENTRY DISPLAY
()CLEAR (fraM] | 00 6 13- 24 6
2 01- 24 2 (E3} 14— 61
6 02- 24 6 &= 15- 41
& 03- 61 RIS 16- 74
3 04- 24 3 1 17- 24 1
5 05~ 24 5 5 18- 24 5
& 06— 61 19- 61
= 07- 41 2 20~ 24 2
R/S 08- 74 4 21- 24 4
3 09- 249 3 (E3) 22- 61
4 10- 24 4 || 23- 41
3 11- 61 00 24— 13 00
1 12- 24 1

REGISTERS

R, R, a, R, a, R, a;
R, b, Rs b, R; b, R,
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STEP INSTRUCTIONS

INPUT
DATA/UNITS

KEYS

OuTPUT
DATA/UNITS

1 Key in the program.

2 | Store A

a,

(s79) 1

az

79 2

—

_

-

G 3

3 |[StoreB

b,

(st0] 4

b,

7ol 5

by

GO 6

4 | Calculate cross product

(Gs8] 01

€y

R/S

C;

R/S

Cs

5 | For new case, go to step 2.

Example:

Let A =(2,5,2)
B = (3, 3, -4).

Solution:

A X B = (—-26, 14, —9)

Keystrokes Display
MEx] 2

&}
@
o

—_

W LN W
ol la| [n] [« [»
=

o

Hm&ww
5]
o

-26.00
14.00
-9.00

2
=
IE

b4
=
1]
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Angle Between, Norm,
and Dot Product of Vectors
Leta = (a;, ay ..., a,) and b= (b, by, ..., b,) be two vectors.

The norm of a is denoted by |§‘ and is calculated by the following
formula:

->

‘a‘ =Va?+a?+..+a?

similarly,

b

|*‘

= Vb2 + b2+ ..+Db,?

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

a-b=ab, +aby,+..+a,b,

The angle between a and b is denoted by 6 and is calculated by the

following formula:
= cos™! g—
ja] - [b]

The angle is calculated in any angular mode. When calculated in
degrees, decimal degrees are assumed.
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KEY ENTRY DISPLAY KEY ENTRY DISPLAY
{fJCLEAR (ereM) | 00 2 11- 23 51 2
01- 31 00 12- 13 00
@) 02- 15 0 2 13- 24
1 03- 23 51 1 0 14- 24
04- 22 1 15- 24

xxy 05~ 21 J 16~ 61
06- 31 e 17- 14 0
@6 07- 15 0 (E3] 18- 71
0 08- 23 51 0 (8] (cos7) 19— 15 8
09— 22 00 20~ 13 00
xJ 10- 61

REGISTERS
R, Z2a? R, Z2b? R, Zab; R,
R, Rs Re R,

STEP INSTRUCTIONS DATAUNTS KEYS DATAIONITS

1 | Key in the program.

2 | Initialize (0 (res) (D)

3 {Performfori =1, ..n:

Key in a; and b; a
b, R/S

4 |Find norm of 4 0 O®E [a]

5 | Find norm of b 1 (0 iB|

6 |Find |3 - B (re 2 la - b]

7 | Calculate angle between

2and b 13 0

Example:

Let 3 =(2,5,2)
b=3,3 -4

Solution:

|a| = 5.7446

|| = 5.8310

-

w4
o
I
—
W
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Display

5.7446
5.8310
13.0000
67.1635



Numerical Methods

Newton’s Method Solution to f(x) = 0

This program uses Newton’s method to find a solution for f(x) = O,
where f(x) is specified by the user.

The user must define the function f(x) by keying into program memory
the keystrokes required to find f(x), assuming x is in the X-register.
20 program steps are available for defining f(x); the program only uses
registers R, through R, the rest of the registers are available to the user.

The user must provide the program with an initial guess, x;, for the
solution. The closer the initial guess is to the actual solution, the faster
the program will converge to an answer. The program will halt when two
successive approximations for x, say x; and x;.,, are within a tolerance
€, i.e., when |Xi+1 - xi| < €. The value for € must be input by the
user. In general a reasonable value for € might be 1076 x,.

Equations:

The basic formula used by Newton’s method to generate the next
approximation for the solution is

f(x;)

Xi+1 = Xj

S

f(x)

Numerical Methods 29

This program makes a numerical approximation for the derivative
' (x) to give the following equation:

Xis1 = X = O ——f(XI * %) -1
f(xi)

where: 8, = 1073 x;

Notes:

1. After the routine has finished calculating, the last value of f(x)
may be displayed by pressing 4. If this value is not close

enough to zero, the program may be run again with a smaller value
for e.

2. The user can watch the function converge to zero by making a

slight change in the program. If the (9] (NoP] in line 45 is replaced
by an @h, the program will pause during each iteration,

displaying successive values of f(x) which should be converging to
zero. To make this change to a program that has already been keyed
in, perform the following operations:

1. Press 44

2. Switch to PRGM
3. Press (f]
4. Switch to RUN
5. Press (f][Prom)
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KEY ENTRY DISPLAY KEY ENTRY DISPLAY
(1) CLEAR [e5cm) | 00 [E]vA) 16- 15 3
1 01~ 24 1 3 17- 24 3
25 02- 1225 ||™ 18- 61
570) 4 03- 23 4 ||GE@E 1 19-23 41 1
1 04- 24 1 | |@Es 20- 15 34
1 05- 24 1 2 21- 24 2
(e£X) 06~ 33 | |O 22- 140
5 07- 5 01 23- 13 01
= 08- 71 49 24- 13 49
3 09- 23 3
10- 51
25 11- 12 25 | |(8)(~oR) 45- 15 13
4 12- 24 4 | |@E9 46- 1571
= 13~ 71 49 47- 13 49
1 14— 1 | |@EN 48- 15 12
= 15— 41 1 49- 24 1

REGISTERS
R, R, X R.e R, &
R, f(x) Rs Rs R,

Numerical Methods 31

STEP INSTRUCTIONS DATAUNITS KEYS A
1 | Key in lines 1-24 of the
program 24-13 49
2 | Key in function f(x)
3 |Keyin a branch to line 45 45
Press untii display
shows line 44
5 | Key in lines 45-49 of program
6 | Switch to RUN
7 | Store initial guess for solution X1 1
8 | Store tolerance € 2
9 | Calculate solution 01 Xo
10 | To change x, or € go to
appropriate step and store
new value.
Example:

An equation often solved by gear designers is

tanx —x -1 =0

where x is an angle in radians and I is the involute of x. Find the angle

X, corresponding to an involute of 0.0324.

Note:

Since a gear designer might want to calculate x for several values of I,
it will be simpler to store I in R; for use by the function f(x).

Solution:

Xo = 25.62°
Last f(x) = 1.30 X 107*
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Keystrokes Display

Switch to PRGM
(Key in lines 1-24 of the program)

Blimnse
A 70
G 45

... (until display shows line 44)
(Key in lines 45-49 of the program)
Switch to RUN

.0324
(s10) 7

1 50 1

(EEx] (cHs] 6 2
(cs8) 01

180 XEI™ME
(red] 4

0.4472
25.6211
1.3000-09

Numerical Integration, Simpson’s Rule

Let Xo, X1, ... X, be equally spaced points such that x; = x, + ih for
i =0,1,2, ..., n at which corresponding values f(x,), f(x,), ... f(xp)
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. n must be an even
positive integer.

h

f fx) dx == [ £(xo) + 4(x;) + 2£(xe) + ... + 4f(xp_5) + 2f(Xn-2)

+ Af(xy_y) + f(xp)].

Let the solution be indicated by I.

Numerical Methods 33

KEY ENTRY DISPLAY KEY ENTRY DISPLAY
(D CLEAR (prem) |00 18 12- 12 18
0 01- 24 0 RIS 13- 74
3 02- 3 2 14- 2
= 03- 71 B3] 15- 61
0 04— 23 0 18 16— 12 18
E3) 05— 61 09 17- 13 09
1 06- 23 1 0 18- 24 0
R/S | 07- 74 E3} 19- 61
18 08— 12 18 1 20- 23 51 1
RIS 09- 74 1 21- 24 1
4 10- 4 (9)(eN] 22- 15 12
) 11- 61
REGISTERS
R, h/3 R, 2 R, R,
R, Rs Re R,
STEP INSTRUCTIONS DATAUNITS KEYS A
1 1 Key in the program
2 | Store increment h 0
3 | Enter first function value (o) 01 Partial sum
4 | Enter last function value f(X,) R/S Partial sum
5 |Entervaluesi =1,2,..., n-2 f(x;) R/S Partial sum
6 |Entervaluei =n-1 f(Xn-1) R/S |
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Example:

Computef sin? x dx using Simpson’s rule with h = 7/8.
0

The following data must be found first:

i |0 1 2 3 4 5 6 7

x; |0 w8 | wd| 3n/8 |w/2 | 5a«/8 |3w/4 | Tw/8

f(x) | 0| 0.1464 | 0.5 | 0.8536 | 1 |0.8536 | 0.5 | 0.1464

Solution:

T

f sin? x dx =~ 1.5708
0

The exact solution is 7/2.

Keystrokes Display
8 BEQ 0

0 01 0.0000
0 0.0000
0.1464 (®/s] 0.5

0.8536 1

0.8536

0.5 [®/5]) 0.1464 1.5708

Analytical Geometry

Hyperbolic Functions

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

X —X
1. sinhx = ¢ e
2
X —X
2. coshx = e te
2
X —X
3. tanh x = ¢ ¢
ex + e *
1
4. csch x =— (x #0)
sinh x
1
5. sechx =
cosh x
. 1 _
6. cothx = x#0)
tanh x

35
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KEY ENTRY DISPLAY KEY ENTRY DISPLAY
(D CLEAR (frem] | 00 @) 13- i5 1
@ 01- 15 1 14- 31
02- 31 | |@ 15- 15 3
€| 03- 15 3 = 16~ 11
&= 04- 41 17- 31
2 05- 2 18- 31
= 06- 71 Msty 19- 14 73
00 07- 13 00 2 20~ 2
@ 08- 15 1 B3] 21- 61
09- 31 22~ 51
E]) 10- 15 3 & 23- 71
11- 51 00 24~ 13 00
05 12— 13 05

Analytical Geometry 37

STEP INSTRUCTIONS nA}mJns KEYS Dﬂ‘ﬂ.’]ﬂﬁs
Key in the program
sinh x M 01 sinh x
or
cosh x X 08 cosh x
or
tanh x X 13 tanh x
or
csch x X 01
(g] csch x
or
sech x X 08
9 sech x
or
coth x X 13
(9) coth x
Examples:

1.

sinh 2.5 = 6.0502

cosh 3.2 = 12.2866

tanh 1.9 = 0.9562

csch 4.6 = 0.0201

sech (—.25) = 0.9695

coth (—2.01) = —1.0366
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Keystrokes Display
2.5 01 6.0502
3.2 08 12.2866
1.9 13 0.9562
4.6 01 @4 0.0201
25 08

© 0.9695
2.01 13

«©J -1.0366

Inverse Hyperbolic Functions

This program evaluates the inverse hyperbolic functions by the following

formulas:

. sinh™'x =1In[x + (x* + 1)M2]

2. cosh'x =1In[x + (x2 — 1)12]

3, tanh™'x =% ln[
4. csch™!'x = sinh™!
5. sech™'x = cosh™!

6. coth™!x = tanh™!

1 +x
1 —x

x2 > 1

Analytical Geometry 39

KEY ENTRY DISPLAY KEY ENTRY DISPLAY
(1) CLEAR (FreM] | 00 16- 51
01- 31 K1) 17- 14 1
02- 31 00 18- 13 00
E3) 03- 61 19- 31
1 04— 1 20- 31
05- 51 1 21- 1
K2 06- 14 0 22- 51
07- 51 23- 21
i3] 08- 14 1 24— 32
00 09- 13 00 1 25— 1
10- 31 26— 51
11- 31 53] 27- 71
& 12- 61 © 28— 14
1 13- 1 2 29- 2
= 14— 41 = 30- 71
e 15— 14 0 00 31- 13 00
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STEP INSTRUCTIONS DATAUNITS KEYS OATAUNITS
1 Key in the program
2 |sinh-1x X 01 sinh—! x
or
cosh~ x x 10 cosh™! x
or
tanh-1 x X 19 tanh~1 x
or
gsch=1 x X ® 01 esch=! x
or
sech~! x X (9)(x)(Gs8) 10 | sech'x
or
coth! x x @ 19 | coth~'x
Example:
1. sinh™' (2.4) = 1.6094
2. cosh™!' (90) = 5.1929
3. tanh™! (—.65) = —0.7753
4. csch™! (2) = 0.4812
5. sech™ (.4) = 1.5668
6. coth™! (3.4) = 0.3031

Keystrokes Display
2.4 01 1.6094
90 10 5.1929
.65 19 -0.7753
2 01 0.4812
4 @@(EsE 10 1.5668

3.4 19 0.3031

Analytical Geometry 41
Circle Determined by Three Points

This program calculates the center (x,, y,) and radius (r) of a circle given
three non-collinear points.

The equation of a circle is:

(x = x> + (y —yo)* =1
X and y, are solved from:
(X1 — X3) (Y1~ ys) Xo |
(X1 = %) (Y1 = y2) Yo

z] [(Xl —Xz) (X; T X3) F(yr —ya)(y, + )'3)]
V2 [(Xl ~ X)) (Xy T X)) F (Y —y2) (Y t )/2)]

and 1 = V(x; — X2 + (Y1 — yo)?
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STEP

INSTRUCTIONS

INPUT
DATA/UNITS

KEYS

OQUTPUT
DATA/UNITS

Key in the program

Store (x,, y,)

Xy

(sT9) 0

¥

(579) 1

Input (x,, y,) and caiculate

Xz

]

(Gs8) 01

(s19) 2 (R7S]

&) 3 (@5)

570 4 (5)

(s10)(+) 3

Input (x;, y;) and calculate

X3

]

(cs8) 01

& 5 (75)

(570] 6 (715)

(s70) 7 (Ris)

G 6

Calculate y,

(6sB) 21

Yo

Calculate x,

R/S

Calculate r

X

[S]ES)

Y1

BEEY

NOTE: The stack shouid be

maintained between step 2

to step 7.

42 Analytical Geometry
KEY ENTRY DISPLAY KEY ENTRY DISPLAY
() CLEAR (rcM] | 00 4 24~ 24 4
01- 31 5 25- 24 5§
1 02- 24 1 Y 26— 61
=] 03- 41 = 27- 41
chS 04- 32 1 28- 23 1
05— 74 7 29- 24
06- 21 3 30- 24 3
1 07- 24 1 || 31- 61
08- 51 6 32- 24 6
= 09- 61 4 33- 24 4
R/S 10~ 74 41 34- 12 41
11- 34 R/S 35- 74
0 12- 24 0 6 36- 24
= 13- 41 2 37- 24
14- 32 3 38— 61
15- 74 5 39- 24 5
xzy 16- 21 3 40- 24
0 17- 24 0 || 41- 61
18- 51 = 42- 41
3] 19- 61 2 43- 2
20- 74 ® 44— 71
7 21- 24 7 1 45— 24 1
2 22- 24 =] 46— 71
) 23- 61 (@) () 47- 15 12
REGISTERS
Ro X, R, vy, Det R, (Y1 — V) R; used
R, (Xy — Xp) Rs (Y1 — ¥a) R; used R, (X, — Xa)
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Example 1:

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

Solution 1:
Center = (6.45, —2.08), r = 6.26
Equation: (x — 6.45)% + (y + 2.08)* = (6.26)*

Display

F =
(]
et
w
-,
@ H
S
[ ] %
w

1 (s9) 0

i
i’
[e)

8.60

a

o
=
et

(AR
4=
!!

D | D [2
el
(ﬁll
4]
o
ope®
w

-11.25

i

0.20

"o
o X
—

;]

3
I\xox
o

-143.00
-2.08
6.45

2| |»] |=|{n
===
& |8 |||
(%]
—

k]
2
pe

0
(o)
ofE

6.26

Example 2:

Find the equation of the circle that passes through the three point
(0, 1), (-1, 0, (0, —D.

Analytical Geometry 45
Solution 2:
Center = (0, 0), r =
Equation: x? + y? = 1|

Keystrokes Display
© 2

—_—
ol [« (v
EHEH
EEHO
o
=
[en)

1.00

4
o

Pl
<
w

oxm

&)@
E

9

o
""H#w

0| [w] to
= |2
of |[O

-1.00

:
@
=g~

2.00

)

=5
!
w

o
=
[
12
=5
(=]

4
o

0.00
0.00
0.00

E6EE 1.00

P | |D
FEEE
e m
— |2
=)
F~ o
o

(o=}

(1
X
<

Intersection of Line and Line

This program calculates the point of intersection (x,, y,) of two lines,
each of them is specified by two points, i.e., (x4, ¥1), (x;’, y;') and
(X2, ¥2), (X2, ¥2'). X, and y, are calculated from the equation of straight
line y = x tan 6 + c. i.e., by solving:

1 —tan 6, Yol _ | &
1 —tan 6, Xp Cy

“‘Error 0" will be displayed if two lines have the same slope, i.e., if
there are either parallel or overlapping.
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KEY ENTRY DISPLAY KEY ENTRY DISPLAY
(1)CLEAR (zreM] | 00 = 24- 71
37 01- 12 37 [ris 25- 74
3 02- 23 3 4 26— 24
2 03- 24 2 5 27- 24 5
1 04- 24 1 CcHS 28- 32
3 05- 24 3 (B3] 29- 61
] 06- 61 3 30- 24 3
=) 07- 41 6 31- 24 6
4 08- 23 4 3] 32- 61
(R's 09- 74 33- 51
37 10- 12 37 7 34- 24 7
5 11- 23 5 = 35- 71
2 12- 24 (Ris] 36— 74
(Bei] 1 13- 24 1 37- 23 1
5 14- 24 5 = 38- 41
=) 15— 61 0 39- 23 0
= 16—~ 41 40~ 22
6 17- 23 6 2 41- 23 2
4 18- 24 4 = 42— 41
=] 19- 41 0 43- 24
3 20- 24 3 @ 44~ 15
5 21- 24 5 45- 22
= 22—~ 41 DG 46- 14 9
7 23- 23 7 (3)(en) 47~ 15 12

REGISTERS
R, used R, x,/, %’ R, v, y2 R, tan 6,
R, ¢, R; tan 6, R ¢ R, Det

Analytical Geometry 47

STEP INSTRUCTIONS DATAUNITS KEYS DAYNUNITS
1 | Key in the program
2 | Input the first line by two
points X
X'
Vi
v’ 01 &
3 | Input the 2 jine by two
points and calculate the
intersection Xe
Xo'
Y2
y.' 10 Xp
R/S yp
4 | For a new pair of lines, go to
step 2.
Example:

Find the intersection of the lines defined by the points (4, 8), (—1, —2)

and (=3, 9), (7, —1).

Solution:

Xp =4, y, =2

Keystrokes Display
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