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Your Applications Book

, I

i

The Applications Book is a representative collection of key sequence
routines for solving problems with your HP-45 Pocket Calculator.

We suggest that you first read the introductory material explaining the
Standard Key Sequence Format. Then find the routine you want, and use it.
Numerical examples are provided to enable you to try out routines before
using them. An understanding of the HP-45 Owner’s Handbook is also
required if, in addition, you wish to track the changes in the calculator’s
memory on a step-by-step basis.
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The body of the book is arranged in alphabetic sequence of
topics—those you are likely to think of when you want a routine. Thus,
Complex Number Operations are presented in the “C” section; Progressions
are presented in the “P” section, including arithmetic, geometric, and
harmonic progressions. In addition to such main entries, cross-reference
entries enable the reader to find a routine by an alternate route. Thus, in the
“A” section (between “Arithmetic Mean” and “Average”) a cross-reference
entry, “Arithmetic Progressions,” refers the reader to the page under
“Progressions’ where the routine is presented. Similarly, cross-references are
provided for “Geometric Progressions,” and “Harmonic Progressions,” etc.
The contents section at the front is arranged logically (instead of by page
order) to show all the routines available under each of seven broad categories.
The back cover contains an index.

Two key sequence forms are included inside the back cover of this
manual. You may wish to duplicate these forms and record your own key
step programs.
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4 Standard Key Sequence Format

Standard Key Sequence Format

Shown below is the key sequence routine for computing the roots of the
Quadratic Equation:

AX? +BX+C=0

Using A, B, and C, which you supply as data, the routine produces an inter-
mediate result D. If D<O0, one root is the complex conjugate of the other;
the real and imaginary parts of one complex root develop on lines 10 and 11.
Except for the opposite sign of the imaginary part, the other complex root is
identical. If D = 0, the roots are real and develop on lines 6 and 9 (if -B/2A
> 0) or on lines 7 and 9 (if -B/2A <0).

LINE = DATA OPERATIONS | DISPLAY REMARKSH
B RS |2 | o o [ A | et |
2| e |l = Jlems]C 11|
BN B (o | e | = o | o _
A 'L____J[ e H'——]. D :IfD<0,goto10
6t R ot e | weh | o i) , g
14 -L_\/_’T_IL‘_”JL_![:J —B/2A (1 -B/2A<0,g0t07 l
CRIRET Gon | v | mmaes | 0 ) | A |
6 e g | i | o | s | (RO |Gotwo8
AR | o | e ey | ionet | e |
7| | R | et | covan | | (LT

8 ‘CRec ) Jx J[rec][2 ]| ‘

b ' + !

R (S PSS e WY, S SR

rppRERR

WA e | v | i |
DS [wvoe| o) )
1" S [ 7x?-yJ[ H::][ ,__],,__ hi) v‘

To execute the sequence, start with line 1 and read from left to right, making
the appropriate keystrokes as you proceed. Interpret the respective columns
as follows:

Data: Information to be supplied by you, the user. In the sample
case, lines 1, 2 and 3 prompt the reader to enter coefficients
A, B and C. To enter negative data, it is merely necessary to
press [CHS] after pressing the data value.

Lad W W

AEXEL

U U e L e e L

».

Standard Key Sequence Format 5

Operations:  The keys to be pressed after you enter any requested data item

for the line. [4] is the symbol used to denote the
key of the HP-45. All other key designations are identical to
the HP-45 keys. Ignore any blank positions in the operations
column. The gold prefix key is represented as a solid key with
no lettering (e.g., the first stroke of line 5). The next key to be
pressed is denoted by the corresponding functional name (e.g.,
V/x, second stroke, line 5) which, on the keyboard is printed in
gold.

Display: Intermediate or final results which you should, in most cases,

jot down. In the sample case, D is developed so that the reader

can decide which line (5 or 10) to execute next.

Remarks: Conditional and unconditional jumps to specified lines or
other information for the reader. In the sample case, the
reader is prompted to continue with line 10 (ignoring lines 5
through 9) if D is negative. If the condition fails, execution
continues on the next line. In the sample case, the reader

proceeds to line S, if D is zero or positive.

Thus, lines are read in sequential order except where the remarks column
directs otherwise (as in line 4 of the sample case). To assist the reader in
distinguishing lines to be repeated, a sequence of lines making up an iterative
process is outlined with a bold border. The following sequence for computing
chi-square statistic for goodness of fit illustrates this convention.

Formula:
n
2 _ (0; - E)?
ey GIE

i=1

where  O; = observed frequency

E; = expected frequency

LINE DATA OPERATIdNS DISPLAY ’ REMARKS

1 e | | | s | psa ,

2 o | BRI | [ | [ ] | Perform 2—4 fori=1,2,..,n
P R (o o e [ o [ e SRR
4 R0 R | WO | N

In a few cases, an iterative process is embedded in a series of lines which are
themselves iterated.
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i
=

Amortization
See page 90

p

Analysis of Variance (One Way)

m

The one-way analysis of variance tests the differences between means of
k treatment groups, group i (i = 1, 2, ..., k) has n; observations (treatment
may have equal or unequal number of observations).

=i

The following keysequence yields the analysis of variance table, sum of
squares, mean squares, degrees of freedom, and the F ratio.

Formulas: s ng L
v ()
Total SS =Z E Rigl o ol o
i=1 j=1 Z
nj

Error SS = Total SS - Treat SS

Ej' Treat df =k - 1
Kk
L Error df =) n; - k
~?ll i=1
Treat SS
= Treat MS = ——
m e Treat df
_ Error SS
;_;l Fidt Error df
Y k
Ll F=1reaMS - (ith k-1and 3y - kde
i ik el - i - grees of freedom)
Error MS e
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Example:
i ! | 2 4 5 6
10 8 5 12 14 11
Treatment 2 6 9 8 13
3 14 13 10 17 16
Answers:  Total SS=172.93
Treat SS = 66.93
Error SS = 106.00
Treat df = 2.00
Treat MS = 33.47
Error df = 12.00
Error MS = 8.83
F = 3.79 (with 2 and 12 degrees of freedom)
LINE DATA OPERATIONS ]l DISPLAY REMARKS
1 B (cueAr] (st |1 _|[ 510 ]| Or turn machine off and on.
3 | O | | S | N R || Perform 3-8 fori=1,2, ... k
4 | X_.—m 1 ‘[}:_0”—1_| Perform 45 for j=1.2,...n,
5 Y | VR | T | SR | RN
6 TSR A | o0 | B2 |
0 R (e | o | | R
) Gl sollz 1L
10 (rec 1= 1[5 1 =11 JT Towlss |
N e [ [ | | TARAR (A
| |GeC=JCeJCIC ] s |
12 L JC _JC_JC_JL_1| eross
| | st Crec ][ 11 ) [
_sl o s [ v | R TR
16 AR | R | Wl | T | P el H
R o o i | RO Al
) LR | AR | O | SO | IR B SRR U
B e w g
" PORRRR i | smaien  vonens | i | v | Y

A8 a3
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Angle Conversions

Bearing to azimuth
Note: x = bearing

Example:
S$42.6° E=137.40° = 137°24’

LINE DATA OPERATIONS DISPLAY REMARKS
45 U -LDE‘,;,,__“T—” 1 ] If x is in decimal degrees,
i VA | i | e i | | Roas. i
(2| WP IC | ‘
o Y | v | o oA | TR | OBV | [fSxE got08,
0 SRR e oo e | v | | [t sew, o105,
f mnanie [mam | vemmm | | 1‘ 1N, o 08,
B | | | oo | o | v | DR ¥ 1 e
,4‘ i l 1 IL 8 1[ 0 —”J‘ZYIL = Ix} ----- ‘Goto7
| v (v | osmon o |z | '
5;‘ ﬁL' ” 87@[ % ];J Goto7
0 ORRRN v | i | aon e | it | 5
| 8 | \Cens ]t 13 J[Ce J[0 ] ;
0 R | i g | A | '
F 0 VR vwonse | vt | e | o e ]| I ey
i e e | e | v o || Y T
§ooi e | s { oot | v | o NG R
$ [ =y s o e | i '




18 Angle Conversions
Azimuth to bearing
Note: x = azimuth

Method:
If 0 < x < 90°, convert to ND°E

If 90° < x < 180°, convert to SD°E
If 180° < x < 270°, convert to SD°W
If 270° < x < 360°, convert to ND°W

Example:
226°23 = $46.38°W = S46°23' W

LINE| DATA OPERATIONS DISPLAY REMARKS

% R - DEGIE___” Im__, If x is in decimal degrees,
2| Ml JC JC ] o
[ 3| [‘j[__][__]ﬁ | RN |  [#0<x<90,gw07,
) AR o i [t s | s ~ |ne<x<imnpows
VO B r—j|—]|—j[—j[—‘1 {1180 <x <270, g0 05,
T IR o o R | O 11270 <x < 360,50 0.
U R v | v o v v | R SRRAAEIRD 123
bl “—JF___Q{_—_W RrTy

5l | SR | P (RCTOS | B | i | L Goto?

SR o e | s i | RUATERERR
0 SRR | o s | oo e o | TR R A
7 | AR O s { AP v | s | For degres minutes,
[ e E____]r “ ; Jr H;] _socondsgotos.
e {iopaEm | e ] i e v | Otherwise, stop.
IR (o —]|

m

il

Radians to degrees
Note: x =input data in radians

Examples:

Angle Conversions 19

1. 1 radian = 57.30° (To see full display, press 9

0 211' radians = 135°
4
LINE DATA | OPERATIONS DISPLAY REMARKS
1 L_‘]F_—]E_I—IIJ
AR ot | e, o | AR RATH
- rzm[ 0 ) A | AR TR, BT
A o | e | e | e | | | stop. For new case, go 103

Degrees to radians
Note: x =input data in degrees

Examples:

1. 1° = 0.02 radians (To see full display, press )

2. 266° = 4.64 radians

u¢| DATA | OPERATIONS | DisPLAY REMARKS
it -LrIL1118II07 (il
TR o | | v o )| |
1 ! o
| 3| i e H__H TL__H 1| Lt
4 gl | B | jL 1L 1'__” | Stop. For new case, go to 3.
Mils to degrees
Example: 1600 mils = 90°
L'EI DATA ! OPERATIONS ’ DISPLAY REMARKS
_1] mils [ t ][ 9—|| |[ T [
2| W -1I__‘H__IL o | R i
Degrees to mils
Note: x =input data in degrees
Example: 90° = 1600 mils
LINE DATA j OPERATIONS DISPLAY REMARKS

x I__];JE—I[ o ][ x]

|
1\
2]

o e | s | et | e |




20 Angle Conversions
Grads to degrees

Note: x = input data in grads
Example: 300 grads = 270°

LINE  DATA OPERA’W”WVWW I i, GSPLAVV
8 A TR | ki | N ) R ) AR

Degrees to grads
Note: x = input data in degrees

Example: 360° = 400 grads

Angles of Triangles
See page 190
Appendix
See page 215

Arithmetic Mean
See page 148
Arithmetic Progressions

See page 157

Bartlett’s Chi-Square

See page 36

REMARKS

REMARKS

R

&7 3

(7

R RE
o e e

-

-

g3

Base Conversions 21
Base Conversions

Note:

Base conversion algorithms are given for positive values only. To con-
vert a negative number, change sign, convert, and change sign of result.

Decimal integer to integer in any base
Lio=>Jp
In the following key sequence, f + 1 is the number of digits in Jy,.

di(i=1,...,f+ 1) represents the i'" digit in Jy, counting from left to right, i.e.

Jp =(dyd; df+1)b

For large numbers, Jp, = (dy. d; ~dgy,), * bf, see example 3.

LINE DATA OPERKTW \ DISI;LAV 7 REMARKS

(8 PR ey o v | o e | ot i i

2| 1 |[sro ][ 1 J[n ]y [ ]

3 At e | e R S e o
EsrTIE ) integor <

4 BT T | e | RN |

s| ¢ (=] It Jlrec [ ]

6 [re J0As ]y | ]

RA W | B | SO | MR | E, d, = integer part of E;
_ B N | AN | et | G (=1, ... )

8 d; L:‘:__JL X l L H,,,W___] E; ] E;

9 d; E:] E :] :;] [ j Eisy Perform 9 for i=2, ...,
10 | A s | b | e | RN




22 Base Conversions

Example 1:
Convert 1206 to hexadecimal (base 16).

(The hexadecimal digits are 0, 1,2, 3,4,5,6,7,8,9, A, B,C, D, E, F)

Answer:
1206, = 4B6,¢ (f=2)
LINE  DATA OPERATIONS DISPLAY REMARKS
i o AT AR | TSRO | RN ) MRS | R
2 | 1206 i[ﬁsn)ﬂ | O O "1,,.,,! :
| 3 D | § EREMALT | VR MR 256 f=2
L3 RN (e | v T e | i | mmmm
s| 2 e J[ t J[t J[Rec ][ 1 ]
8 (R J(r ] L]
7 B PUEL | MR | | AT | SOV | 4n d, =4
8 a '[ EEHT | R j[ 11 .]; 11.38 [d2= 11
R | B EERT | RRCR | PRRATEY f A ]| 600 d; = 6
Example 2:
Convert 513 to octal (base 8).
Answer:
513, =1001g
LINE DATA OPERATIONS DISPLAY REMARKS
o AL MR | AR | BOURG | TR | Jsii
2| 513 7[s1'o 10 0w =y 1[0 ] ‘
e AN | PR | 1 | 3.00 [f=3
Al [ex [ ][ 1 J| ] |
4l ey Lt J[t J{Ret J[ 1 ] !
o] ORI ] |
B o[ v (oo v | oo SR IR Y
8 ALY | T QPCTHR |IRORG | M| R0 | GO, N
o] W TV ST | DG | G RO | i, RE
ol N 00 | S | T | ][ ] [ | 1.00 =1

.

i i

-
STV Y|

1

Base Conversions 23

Example 3:
Convert 6.023 x 10?® to octal.

Answer:
6.023 x 10%® = 1.77434 x 82¢

Note:

If we consider 6.023 x 10?* to be a scientific measurement good only
to 4 significant digits, it is meaningless for the octal representation to
contain more than 5 significant digits. Therefore, we stop before the
loop is completed.

DATA OPERATIONS DISPLAY REMARKS

LI, A0y | o P WD | VORI |

| ARG P | R | T | R | |

| JlsroJL 1 Lo Jlay [ RIS
BN | 0 | TR | NP | DO | 2633|1226 (Notw: this gives

‘ { CLX_][” i 1{ 3| BB :theexpgnenvtinbmsl

G Jee] [

(S § | W | WS ) SN ) SN | SN || SSNN ) SNNS )| SN | W) =

5!:!550 CREYRE-) m?agu!n - i
3

1 (e ] ] Dy | (]| I
] | | v | i | 19 41 {
ARIR | recs Turann  ocaso | o | 94 a7 i
ABLARLE | TSR | N | WURERE) | RN 784 |d=7
TR e | | oy | e | @ 434 ;a.-a
R ey | e | e | VR | 269 UL ek e 4 3

Integer without exponent in base b to decimal
(dydy = dp-1dp)y = Lio

Examples:
1. 7300204615 = 123740465,
2. 7DOF 6 =32015,,
(A=10,B=11,C=12,D=13,E=14, F = 15 in the hexadecimal

system)
LINE DATA OPERATIONS DISPLAY REMARKS
i L | AR | ST | RN | ]
Y RN e o | | R | s |
3 AVt | DTN © N § B | R g ] Perform 3 for i=2, ..., n-1
4| a L+ [ || RN | IR ]| |




24 Base Conversions

Integer with exponent in base b to decimal

Examples:

didy =~ dl kR 1

1. 3.00025 x 8'! =2.577399803 x 10'°
2. D2EE4,4 x 16® = D.2EE4,¢ x 16%2
=4.485999088 x 10*°
(D16 =13,E 6 = 14)

OPERATIONS

b

| V| |
| B | R | G | SR | ERTAN

I ey

670 T O ) i |
| i S | i (| By

| i | o | v | i |

| o | e | A RN

Perform 7 for i=2, ..., n-1

LINE
1
2
3‘ n
‘_
5
6
7
8

8 la e o

o e | o

Fractional decimal number to base b

Method:

In the following algorithm, c¢ is the number of significant digits in x.

d; (i =1, ..., c) represents the i digit in y,, counting from left to right.

Examples:

X10 2 Yo

yb =(dy - dy = de), x b7

1. 0.2937,0 = 2.2635 x 8~! =.22635 (c=4)
2. 3.688 x 1075% = 5. A6E,¢ x 16™*% (c =4, A6 =10, E,¢ = 14)

"

wi

2

ng

o b W b o W ouw b b U

i al

g RR

Base Conversions 25

UNE  DATA OPERATIONS oisPLAY | REMARKS |
1 L1h1) AR | DD | J{ ] J
2| x |Gl = ]ln =]
3 .[T—] vn | A | W | DR D |Let H be the smallest
I J{ || J{ ]| J integer > D
|4 Lex || 1{ J{ 11 J
5| v el el ]
6 (R ] TR ] Dy ) N (] .
7| I JC JCIC ] & [acwewpna
l J[ | T ¢ DR | ]| Bl o)
| SR PR S | ] [ J E
9 d; l - Jl x |L ]L__‘JL ] Ej+1q Perform 9 for i=2, ..., c-1
S e v o oo | Y
Fractional number in base b to decimal
(.dydy =—dy)p 2 210
or
dl .d2 . dn Xb-EXP_)alo
Examples:
1. .0E728,4 = 0.056434631 (E,¢ = 14)
2. 7.2000675 x 872° = 4.685338214 x 1072¢
UNE  DATA _‘icr»snmo'.cs TR T Reumxi__
ORI v o e o i
740 SITALC SUGH | VRN | RGO | SR | ][ I
3 O | ST | T | R | PR Perform 3 for i=n-1, ..., 1
4 [—_—_—| [ ] [_] 'L ] [_ _] { | If there is no exponent,
, R, | SOTONN | AT | R | RO | 5top. Otherwise g9 10 5.
4] AL | B sc ][ o | ]|
e e [t ][ J - ]Iy ]
7 700 | O o | 5

Bearing to Azimuth
See page 17




26 Bernoulli Numbers

Bernoulli Numbers

The Bernoulli numbers B, , B, B; ... are defined by

|
il VLR Rt e ot SR
(22" {7, 1) "211 32n 52n

specifically

Kok ad ko9 091 7

6’30°42°30°66°2730° 6"
Example:

The 8" Bernoulli number = 7.09 (i takes the values 1, 2).
.’,”5.4(./\
T SR

LINE DATA OPERATIONS DISPLAY REMARKS

1| R | O G | N | RO | WU R | R

2 | TRTSERED , T | ][ ][ |

3| BTN R YO | T | o |  |perform 3-6 for i=1,2, ..,
4! i L t ” 2 ”_xj[ 1 ][ + ] _|until A does not change
5 | ey | ] |

5 | PR | AREERD | RN | i Al

8| |Cee 0 10 10 Jee ]|
o| |2 ]l /NIy (]
o - )G M Ge]|
TR (oo

Bessel Function of First Kind, Order n

Bessel Function of First Kind , Order n

Formula:
=, (-2)
(30N 4
Tatme (2) Z Kl (n + K)!
k=0
x=0
Note:

This routine is only good for small values of the argument x.

Example:

J4(2) = 0.033995720(i= 2, ...,6,7)
(Press to see the whole display.)

27

T
LINE DATA |

OPERATIONS DISPLAY [ REMARKS

1 X {l[ SR | RS | M JISTG_)_I_I,‘L iSelmachinelodesired
2 n |[s10 2 ]-[ o % ]| | decimal setting

3 [ e | o

; (] o o
5 [ReL | 1 || | [ ] | Perform 5—12 for i=2, 3,
O EaEa] |a] | P
7 [CasT> | M [~ ][ = ][ ReL] | change
0 e Jm _
9 [ TR | A 1] A ]. 'Ifiisodd.gololl.

Iy e | .
0 D i e | e | cot012

SRR v | oy | amin | g | v
G i | oo ] o | s |
12 FETCHE | T | R | O | A | D,
BEEEE]  [wahcs)
14 (2 | 10 1] In (x)




28 Binomial Distribution

Binomial Distribution

-

L

Formula:
fix) = (;') X )

where n and x are integers,

gty

222550

0<x<n<69,and
0<p<1. j
Example:
Ifn=6,p=0.49 then -
Answer:
f(4) = 0.224913711 K
LINE DATA | OPEM_ TIONS ‘ WV‘ o ;M o)
1| e ] sto [ 1 { 7:& TinE j
2| x |[so][ 2 | ][]
3 | I | ST | e | | .
4 n st ][aJ[(Rec 12 . 3
o ) e - |
6 T | | o | | . 'Jj
7 (1< [Rec ][ 2] _
8 B ] FIX [ | § _ 7 j

o

s

Bivariate Normal Distribution 29

Bivariate Normal Distribution

Formula:
flxy) = —— g fa)
2w 0,0, V1 - P2
where
1 (x-u)? (X =pp) (Y - 2) | (y-p2)?
X,y) = -2 +
P( Y) 2(l-p2)[ 012 p 0,0, 022

Example:

Ifuy ==, up=1,0,=1.5,0,=.5p=.7,findf(1, 2).

Answer:
f(1, 2) = 0.0400

UNE | DATA OPERATIONS 7 oA REMARKS j
1 TR | e | Vet | DI | TA | IO |
75 P e [ e |y
3| o |[sto][ v J[ + ][so][ 2 ]
4| B A | RN | B | W |
I AT | VR | R | | R |
1 ML | w0 | SO | N | A | e |
7| o |[sro][ 3 J[ + ][svo ][ & ]|
8 [ J[+ (e J[ 2 J[mce ]|
® | W | R | N | T |

w s |EoJls = -1

" [Rec ][ J[» ][ - _][sm0 ]|

]
il
12 oI des]
1 [ J[res =ML |
e Crec ][+ [ = J(rec (3 ]
15 [x Iz )=
18 | [‘ﬁ > ) | fix,y)




30 Bonds
Bonds

Formulas:

n = total number of days between purchase and maturity

C = decimal coupon rate (on an annual basis)

i = annual yield to maturity (as a decimal)

PV = bond price
Ifn<182.5,
PV = 200-;100C . (]_ %> 1020C
b ! e
** 180 !

If n > 182.5,

-0 -n

& e C i\ i '"-Sl 100Cj
PV=100(1+= Shvez) =152 s
(43)7 on(E0e2)-02) 11

e : n
where j = 1 - fractional part of 1835
Example 1:

What is the price of a 4% bond yielding 3% and maturing in 99 days?

Answer:
100.27

Example 2:

What is the price of a bond which has a coupon rate of 4.5%, a yield of
3.22% to maturity, and the number of days between purchase and
maturity is 1868?

Answer:
105.99

H-

(.z

nN
u

peseaeERR!

L Y 17 T 7 S Y S T

W b b

seee

Bonds 31

OPERATIONS

[ stO || 1

| pdedh | ) |

[

()

2 >

(ORI

JL.2

| AT | ||x==v|

(5 | TS

[ncu.][ 5T ][ |

|
[
|
IR | IS
L
[
IL

2“*

jL* IL‘—ILO J|

oI 0 IE

L |

i e | N | o |

o e o o o |

e | ][sro}Lé

.l?ﬂﬂ_llﬁmm

Lol s JCeal( |

__l 2 )% [srj[ s"][ncﬂ

et | 1|

l~==v]L- S8 | ol

il FCL H || | RCL || ]

'L‘“]Lctl[ ]lRCLIL'T

TR | 0 | I

o | |

| | | o |

ey | e | v | [

o [ o e |
/5L )

| ©

. | | x"v 1 |~| Wl

PV

1fn>1825,g0t09.
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32 Cash Flow Analysis (Discounted) Chi-Square Statistics 33
Cash Flow Analysis (Discounted)

*
1
o

Centigrade to Fahrenheit
See page 65
Formula:

:

PV, = original investment

Chi—Square Statistics

PV, = cash flow of the k'™ period m
i = discount rate per period (as a decimal)
Cx = net present value at period k i Evaluation of Chi-Square for goodness of fit
n PV; Formula:

Ck = -PVO + Z g n
il i 4 (0; - E;)?
o JLEL

Example: i=1

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?

where  O; = observed frequency
E; = expected frequency

o e W W W w

Year Cash flow Fxample:
1 $34,000 e e 50 47 56 5 14
2 $27,500 B | 96 4675 5185 544 825 915
3 $59,700
L $ 7,800 Answer:
2 =
Answer: ity
Final value C, = $3817.36 is positive, so the investment will be E 3
profitable. 3 UNE DATA | OPERATIONS | oseav REMARKS
#7000 M £ AR ST | 1 e o | | e | e | N
s s b gt S AN TP e W N O o ] AR B R e | o | WeR | Perform 2—4 for i=1,2,...n
viZaigie ST £ el ¢ ]| ; 3| & [ -] = J[re]| ‘
RN e | MR NN | AR | N | _ 1 L s e | 5aed | D | e | |
3l e [ ] R | LA | SEASE | IR [-—
T (T | | | | — | Perform 46 for =2,3, ., n
o | WA IC ] .

-

!

g e prpEe S e A HAEN

L e V) e 11 R 11 e 11

ﬁ,




34 Chi-Square Statistics I ‘3 Chi-Square Statistics 35
2 x 2 contingency table ET' 2 x k contingency table
observed results Fj 1 2 3 ____“h‘& fl'ota]si
I it Totals ot ERF) G A ax | Na |
Group A a b atbh 3 B by b;r b3‘ .._* bk WNB i
Group B c d c+d Totals | Ny | N | N3 | .. | N N
Formula: | 3 Formula: i I
2_ (ad-bc)* (atb+c+d) _ﬁz _N_Z__N
(a+b)(c+d)(a+c)(b+d) , j Na Ng Ni
(Degrees of freedom d.f. = 1) Degrees of freedom = k - 1
Example: 3 Example:
I I ‘ 415402 88
A 15 25 A 2
B 65 35 ﬁ 3 B 3 7
Answer: 3 Answer.
=238 (df.=1) x? =0.02 (df.=2)
i) o | . oseLay | REMARKS 3 LINE  DATA OPERATIONS DISPLAY ._.—-7 ‘,‘EMARRS” ;
N PRRRCHNR e [ o oo | e o } -3 ' B (cuear] (sto ][+ ][smo ]|
bt MR ) | PR | SO | P | PR | TR : - 2 U IR | YR | J{ |
4 D '| ST | A | e | ]r'—]' ' 3| b ey VA | O | R { SR [Perform 3-7 for i=1.2,...k
<] d :[ ot | mecuns | e i | ]: 3 4 ,'1__[ST°“ + 1|__J1 t [’ |
5 (LRer J[ 1 J[mRec J[4 ][ x |‘ » A R | [y ] | [x2v
6 [RCL | | e | e 6 an%tm I R;T]ILm }
7 =L I[RCﬂL‘ /| i -} T | IR | N
8 '[ncL e | o | ' I 3 8 [ree J[o J[rec J[2 ][+ ]i
9 \Crec] 4 J == J[rec] ’ " 19| Lsto J[ 4 J(re J[ v J[= 1]
8 R = o | Bad [ Eoocmrg
= [ e o ' I n Crec(= = JCrec (s | ‘
(LR NSCADY oo s { s | o o | R - S | | e | .5 | e LR




36 Chi-Square Statistics

Testing a population variance

Given a random sample of size n from a normal population (variance 02 is
unknown), we can use

n - 1)s?
Xz___( 2)
Jo

(where s? is the sample variance) to test the null hypothesis
Hy: o? = 0o”
Degrees of freedom=n - 1.

Example:

Given a sample {2.1, 0.5, -3.1, 1.4, -0.92, -1.35, 1.2} and 042 = 2.5,
find chi-square.

Answer:
=8.13(d.f.=6)

I.;E VVD-AT;” s OPERATIONS I -_EY I 1 Ranm(s 4 J
, [ o — — j IR
2 K oaer o m Pt "] Perform 2 for i=1,2,...n
3 [ W — — —

2 I = e o | e
5 s | i | | i | e |
(AR PR | GETEDNY | TR | TSR | A i

Bartlett’s chi-square

Formula:

K
fin S? - Z filn S;2
i=1

7 k
1 1 G
)4

W

s mumuwonew

WGl

AN

Chi-Square Statistics 37

where  S;? = sample variance of the i sample
f; = degrees of freedom associated with S;?
e Lo I <

k = number of samples

This x* has a chi-square distribution (approximately) with k - 1 degrees of
freedom which can be used to test the ‘null hypothesis that S;2, S,2, ..., S;2
are all estimates of the same population variance o2.

Hy: Each of $,2, 8,2, ..., S\2 is an estimate of ¢2.

Example:

i f X - S S

f; 10 20 17 18 8 15

8 S8 i | 5.2 4.7 4.8 4.3
Answer:

x2=025  (df.=5)

1 | (B [coer] [(s10 ][ 3 ][s10 ]
2 G | | | O |
3| 4 .I Fanoo | EIEET § ST | SR | R R Perform 3—7 for i=1,2,...k
4 ICw Jlsro 1+ 1« 1]
4 (G | A0 | SN | AT | AR | i 1|
6 | P | N | T | P
7 [z ] || 1[ | A
8 [rer J[ & J[me J[+ J[ 3 ]| ;
° \Cn Jleer 3 1% J[Rec ]| ;
10 o 72 Jlrer |[ ¢ 1l reL ]_ ‘
" La 1w J0 - Jlrcll s |
5% ARSOMNINR | P | BAPAY | MR | RV { R
|13 VRN | SR | DR ][ ] X ‘




38 Combinations

Circle
See page 95

Combinations

Combinations of a objects taken b at a time (binomial coefficient)

Formula:

1 i (oG P a!
(b) aCb Cb C(a’ b) b' (a i b)'

Example:

7C5 =21.00
Note:

aCO = aca & 1,

aC15aCa-1 =2

Program requires a < 69

REMARKS

Complex Hyperbolic Functions

Note:

In this section, all angles in the equations are in radians.

-

ia)

-

MwEw e EEn e

-

¥

A W o W o W e ow W WwWw o uw W

(B

lgi

Complex Hyperbolic Functions

Complex hyperbolic sine

39

Formula:
sinh (a +ib) =i sini(a +ib)=u +iv
Example:
sinh (3 -2i)=-4.17-9.151

LINE DATA Ty m:A_i ,,,,OPERATO‘S,, A it ”PISPLAV REMARKS "

1| o Cos](eo] 7 MMM GV

2 TN | N | AR | BT | W

3| o [[so][ 2 JFJT )% ]

4 e Iz 10 1 e

5 [ree J[ 1 J[cosJ[CRer ]2 ]

6 AR | T Bl

7 R | T & u

8 Ly J[_] v S
Complex hyperbolic cosine
Formula:

cosh (a+ib)=cosi(a+ib)=u+iv
Example:
cosh (1 +2i)=-0.64 +1.07i

{ LNE A oE I?(SPLAY REMARKS
[ 1
[
B2
3
1 4 i X u
s [rec JL 1 (s J[Rec ][z 7]

6 ISR | O | BTN | N | T

7 CHCSER | AN {0 | T | v




40 Complex Hyperbolic Functions
Complex hyperbolic tangent

Formula:
tanh (a +ib) = -i tani(a+ib)=u +iv
Example:
tanh (1 +2i)=1.17 - 0.241i
v | o |Coms JMMM o[z J[x }
2 | [sm | N [casT x| [cos ]{ ]| |
3 a I1JI2lfoST°l['l
B I- | FRECARS | R | WREING | R
5| |+ (= _]Ccrs A
6 [LASTxJ[RCLJI TR | AP | RO |
, )= Iz JC= J0o]
. |[+u e e 5 R
B v | oo | oo o | i | 101 i 2
Complex hyperbolic cotangent
Formula:
coth(a+ib)=icoti(a+ib)=u +iv
Example:
coth (1 +2i)=0.82+0.171i
DATA OPERATIONS DBPLAV WREIAARKS”WV S -” _1
b

1
|

'[ sin_| B [LasT ][ cos ][ cHs ]

LINE
1
2.
o AL PN | D | | T | SR | AR
4
5
6
7
8

2

| N ) AR | N | T A |
(I 10T fast )|
\[ree J[ + JL e 10 ¢t J{ % J|

| YR | YD | ST | N | AT u

Ccrs | I (rao 12 ][« |

e | e | ey oo o | S TR

-
—
i

fn

WoW b oW oW oW w W W W

pRRRAN

==

)

Complex Hyperbolic Functions

Complex hyperbolic cosecant

41

Formula:
csch(a+ib)=icsci(at+ib)=u+iv
Example:
csch (1 +2i) =-0.22 - 0.64 i
LINE | DATA | OPERATIONS DISPLAY REMARKS
1 b i_[__E:Ti_]ﬁToJ[ 1| [ rA0 ]|
2| IjsvTﬂ___lr | IR J|
3| o |Csroldl2 10« 10+ 1% ]|
4 | C+JC2 J[ = 1L x Jlme ]|
S IfcosJIncLJ[ 2 (]|
6 F1J[V J[ - NOEE
7| F__]ﬁroj[ 1J| e J[ xo-xj_
8 ﬁ'J-lLASTJI i | Y |
[ 9 | rm | O | -JHCLH |
10 -[LASTx RGN | Y
1 Doy I va i)l ]| ] v
Complex hyperbolic secant
Formula:
sech (a+ib)=seci(atib)=u+iv
Example:
sech (1 +2i)=-0.41-0.691i
DATA ! OPERATIONS DlSPLA;A—— -RF!;;ES_— o]
b chs |[sto [ 1 -RAD]‘
\Leos 1L__JL_lI 1r J
\Lsro [ 2 [ e ][t |

I+Hle+IFJRCLI‘
Lo s Jlree [ 2 J[ e J
LS T | RSN | AN | R |
Lixidlsto M T Jxy ].
o) I feast ] ] [Cme ]|
§ B | RS | I | S | R
10 Crec ] M ast [+ ] v

LINE
1
2
3il
4
5
6
7
8
9

-




42 Complex Hyperbolic Functions
Complex inverse hyperbolic sine
Formula:
sinh™" (a+ib)=-isin™' i(a+ib)=u +iv
Example:

sinh™ (8 - 5i) = 2.94 - 0.56 i

zoe

DATA OPERATIONS DISPLAY ‘

REMARKS

IR B | i | e | R

o e 10 1Dy ] N (asTo)

s [arw [eva)
(e e =n] (v

] (st (re )1 ]|
8| AT | v | e [ OCR | e |

g
!
g
[

10 BT | RARESY | S | ) R |
] i s o | e R AR
2] |Lay L 2 10« ]I (rac ]

o) |EERGwICes]C IC 1|

Ifa=0,goto 11

Complex inverse hyperbolic cosine
Formula:

cosh™ (a+ib)=icos™! (a+ib)=u+iv
Example:

cosh™ (5+8i)=2.94+1.01i
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vy

et

Complex Hyperbolic Functions 43

REMARKS

LINE DATA OPERATIONS ‘ DISPLAY 1
7 RS oo T oms o | e | o | '
(1% rmemiram] o)
(3] v |10 ey 1N st

[« I IEmOs]

: (Csro ]t JD= | v~ ]

ef ([ JEERssTd(re ]l 1]

Y SR (o | s | o e | orm

(] O mmCAIC]

yol %[InJ[ ||7 || ]11»_»];_"_”“ 1fb>0,goto 11
i L e | e Wi || e R
PR | s o ] e |

S5 R | s | s | swntimn | s | ey | EREACHE)

12 O]z ]+ IM[cos™] v

Complex inverse hyperbolic tangent

Formula:

tanh™' (a+ib)=-itan™' i(a+ib)=u +iv
Example:

tanh™! (8 - 5i) = 0.09 - 1.51 i

LINE DATA OPERATIONS DISPLAY | REMARKS
' [ o o |
2| o [ sto |[ 1 [ + |-|RAD|(
3| o [Cens][sto][2 ][] NN
. ] e o o= e
(s Lt Cre]C® )02 1NN
Sl [RGA0| TUTEH | B | ROREYRY MR | T |
R o R | | OO | RS |
8| [ ][N
jiy! L RN LT \ TR | A |
10 | BEARR0 | VRO | GO | ST | IR |
LR P PPN | KOO | | R | EG
12 Ly ][ ][ ][ [ ] v
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Complex inverse hyperbolic cotangent

Formula:

coth™ (a+ib)=icot™' i(a+ib)=u+iv
Example:

coth™ ! (8 - 5i) = 0.09 + 0.06 i

LINE  DATA OPERATIONS DISPLAY REMARKS
1 LN (ST | | | e /|
2 b |[ens][so][2 J[+ ] I
3 [(rao | I [an- ][ o I[RCL]_
ALl | TR | MR | TSI | XA | Y|
O o | |
6 \Cre ] I 10
? leec JL 2 Jle JC+ )N |
8 S | | T | | |
9 S | IO | SRR | T | R | ;
10 (A | CRIOA | SRR ) HERREN { u
1 [x2y ][ |} DR | | R | v

Complex inverse hyperbolic cosecant

Formula:

Example:

csch™ (a+ib)=icsc™' i(a+ib)=u+iv

csch™ (8 - 5i) = 0.09 + 0.06 i

(D=-0.09)
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L B R R REPERRARRS
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Complex Hyperbolic Functions 45
LINE DATA OPERATIONS DISPLAY REMARKS
OO R (o s o | o i
2| b I[ chs [ x| N [cAsTH [t ].
) R oo | o | o [ o o |
a | I (st (570
AR ;[71 | [z —— D
6 [ o o o
0 RN e | o | s | e | = |
s OO0
B s esa e |
(o] CAIGT]CGE]
Tt (O 3 T e ] I [CAsT x] [ReL ]‘
ECRRTREE e | meeee | e | e | v |
B o ][] _ ‘
RO e | e e | | 1D<0p w016
8 COURET, v o | oot | e | .
L R e Con | | o o | v | ;
b RIS AT | VRO SO | RCHESARANORN I
17 | ey 12 ]+ . v ] v
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Complex inverse hyperbolic secant

Formula:

sech™ (a+ib)=isec™ (a+ib)=u+iv
Example:

sech™' (5+ 8i)=-0.09 +1.51i
(D = -0.09)

LINE  DATA OPERATIONS DISPLAY ‘ REMARKS
N IR o ;
S N | o [ o [ o | |
a | ;-[LASTx” + J[svo ][ |‘ D ‘
ey |
6 | ] | |
7 \[Rao J[re J[ 1 J[« J[+ ]|
8 '-ILASTx][ x2y || «? ]
9 | v-[ﬁJ[STOH TR {
" astxf(mee J[ 1 J[ + J[ 2 ]|
2 | e ¢ I | B | D | ' Sl
3 .-[ VCi | T | T ]f_“]‘ 11D>0,g0t015
4l I J[ J{ I | |
" Lens || J ] J | ]|
15 I J{ 3 T | ]| J| u
16 Gy (2] =] I (cos™) v

—

Complex Number Operations

Complex Number Operations

Complex add

Formula:

(a; +iby) +(a; +iby)=(a; +a,) +i(b; +by)=u +iv

47

Example:
(3 +4i) + (7.4 - 5.6i) = 10.40 - 1.60i
LINE DATA OPERATIONS DISPLAY REMARKS
50 A i | LR | BN | ] J|
ol | Y | S | I ][ ]| g
o g ) (N | OSHR § ORE || 11 I
o | P J{ ][ ]! J X 5

Complex subtract
Formula:

(a; +iby) - (a; +iby)=(a; —a,) +i(b; - by)=u+iv
Example:

(3+4i))-(74-5.6i)=-44+96i

DATA OPERATIONS [ DISPLAY REMARKS

] 31 ;I 5 I I I I u
A 1 i e o
S e s e e | AR

b 4, 0t B AP | RO | A | e
2
3
4




48 Complex Number Operations
Complex multiply

Formula:

(a; +iby) (a; +iby)=(aja; = byby) +i(ayby +azby)=u +iv

Example:
(3 +4i) (7 - 2i)=29.00 +22.00 i
LINE DATA ‘\ OPERATIONS DISPLAY eI RED;;I;(S
TR o [ v | e | e | e |
' G [ e | e e | |
P I (| o i |
o | w | ]I [orsTa (Rec ) (] |
5 o o o | |
6 | | A | AR | AN, KU | R 1
7 e | | e | s | nne | (ST

Multiplication of n complex numbers
Formula:
n
n n i Z0g
H(ak+ibk)= Hrk o *™ =utiv
k=1 k=1

where ay +ibyg = ry ek,

Example:

(3 +4i)(7-2i)(4.38+7i) (12.3 - 5.44i) = 1296.66 + 3828.90 i

) N S

LINE  DATA OPERATIONS DISPLAY REMARKS

1| [ 1 e — —

z{ S (] I [ | i | Perform 2-3 fo k1,2,
3| o =)W1z 110 ]

‘1 ez ]« /N[ =~) « | i
5 T | W | A | SRS | v

et

—7r

L T T S 1 1 R

Complex Number Operations

Complex divide
Formula:

K
(ay +iby)+ (az +iby) = r—' ei01-02) = 4 jy
2

49

where
a; +ib|=f| e”l
a; +iby =1, ez #£0
Example:
St Al o g
7% =0.25+0.64i
UNE DATA OPERATIONS & 5 DISPLAY REMARKS
1] [ e ]| 5
2| » ([0 J] I 1] ][ ]|
3 b 'I . ] 1 | i |
(4] o ([ =2 oy 1[ a J[y I[ + ||
[ & | lL gt e e ][n_;]\
¢ WMIC C I .
7 [x2y | + ORI | IFOREH | DGR | P AR
Complex reciprocal
Formula:
il L amdl . ;
at+ib a2 +p? i
Example:
e
713 =0.15-0.231i
i Bl OPERATIONS DISPLAY ‘ REMARKS
RN = [ o [ | :
2| o | I (casto) [t )[R ]
a1 .[j{_”_']I + | ] ' u
4 (ree J[ 1 ] I [casT) (=] v




50 Complex Number Operations

Complex absolute value
Formula:
la+ib|= VaZ +b?
Example:
I3 +4i| = 5.00
UNE DaTA OPERATIONS | oseay

B v v s e |
P8 ST e o e | oo e |

Complex square

Formula:

(a+ib)? =(a® -b?) +i(2ab)=u +iv
Example:

(7-2i)> =45.00- 28.001i

LINE  DATA " OPERATIONS | DISPLAY |
S o | e wvee v v | RN 08
2 b .|sro | | S | MO || ",”,—' ]' D l,
3 L=y JlRet J[ 7 J[ x J[ 2]
4 N | v | 1L | PR | v

Complex square root

Formula:
R
Vatib =% IT ei2
where
a+ib = re¥
Example:

V76 =%(2.85 + 1.05i)

X253

w W ow
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LNE DATA OPERATIONS DISPLAY | REMARKS

T FIA 75 T e | G | NN | RO ;

;| o+ [ s (=] |

[ | e | T | NN | SR

Complex natural logarithm (base e)

Formula:
In (a +ib)=1In ( \/m)ﬂ (tan" 5)
=Inr+if =u+iv (0 isin radians)
Example:
Ini=1.57i

Note: a+ib= reif = r(cos @ +isin 0)

|

LINE  DATA OPERATIONS ' DISPLAY REMARKS
TR [ e e | S | S | e | f

2 o EEM(GRo ][ )[w ][]

3 v | e | e | e | IRERRE RN |

Complex exponential

Formula:

e(““”):eaeib=e.(cosb+isinb)=u"'iv

Example:

e'7 = 1.00i

[ [T — — —] |
W] ] —" —
e uon e oo e TR

LINE  DATA OPERATIONS [ DISPLAY J REMARKS
1 b
2 a
3




52 Complex Number Operations

Complex exponential (t**i%)

i

L3
ol W

2= we e e e

il

T

(d

Formula:
ta+ib £ e(a+ib)lnt =u+iv (t > 0)
Example:
23*4i = _7.46 +2.89i

l.lEr DATA ‘ OPERATIONS DISPLAY REMARKS —]
RO [ [ [ |
2| v (O )0 ] (st ) |
3, ol | S I e* - =R | u “
L. i | U0 ) R | IO ) TR | PIRRAOD | (A |
Integral power of a complex number

Formula:

(a+ib)" =1" (cosnf +isinnf)=u +iv
where r= Va? +b%,0=tan"! g and
n is a positive integer.
Example:
(3 +4.5i)° =926.44 - 4533.47i

LINE DATA OPERATIONS DISPLAY REMARKS ]
4 N7 | TN | SO | ]! J{ ]|

i | LT | R | A | | RN |

g i B = | I (casT]

4 _E---E u

5 Ly JL I | ARG | R v

-
o

| et | oo | e | oo | N

Complex Number Operations 53
Integral roots of a complex number
Formula:
1 1
(a+b)"= (cos kil +1sin L 36Ok)
n n
=uy +ivg
where n is a positive integerand k=0, 1, ..., n - 1. (0 is in degrees)
Example:
5 + 3 i has three cube roots:

ug +ivg =1.77 + 0.32i

u; + iV] =-1.16 + 1.37

U2 o iV2 = —0.61 —1.69i
LIEI DATA : OPERATIONS DISPLAY ;‘EHARKS
RRERCEN ] [T —" "
2] e iR | | J[
s o (N Ge ) NN
o] s 1= ]1 s e 1?
8, D .E - E‘E x| STO

? Ex*v i IL ) R vo
8 Ly 102 102y Jlrer ]| Perform 8-10 for k=1,2,..,
0 C )l ] . a1




54 Complex Number Operations

Complex number to a complex power

Formula:

(al + ib] )(az+ib2) I~ e(82 +ibg)In(ay +iby) = u+iv

where a; +ib; #0

Example:
(1+1)2D=1.49+4.13i
LINE  DATA OPERATIONS DISPLAY | REMARKS
B l[II-IMDH | o j
2| o [ ][ J{swo][ + J[ ]| ‘
3| b '[ sto |[ 2 |[ x |[x=v ] srolj
‘| | M | RIS | R | VW |
s | & ([ x I (uasTo(Rce ][ x ]
6 | 1 RCL 2 RCL I x |
7 L3 J[ - Jlsro ][ 1+ J[ ms ]
8 L | AT ]
9] | 625,20 | VWD | RN | (SDERD | ROVEEY | s
fioad SIS | ¥R WO | WY | IR , S0 | RN S0 v VRS M
Complex root of a complex number
Formula:
(al +ibl)nz‘lbib2 @ e““(.l +ib,) / (a, +ib,)] ar iy

where a, +ib; #0

Example:
Find the (2 - i)™ root of 1.49 +4.13i.

Answer:
1.00 + 1.00i

n

L

005 duse Jab Gk G L dd)
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UNE DATA | OPERATIONS DISPLAY | REMARKS
SO WEEN]  JICLTN | S — }
2‘ 8, [ = [ m J[st0 ][ 7 ][>y ] [
3 | L0 | U | T { WY, ,
72 AR | e oz | s o |
it R _| =p J{nct Jii2e b act J[ 1 ]‘
o] =
7| LTI § NS } BTN | BTN | BT |
| 8 | e ] ,
o (1570 | IO TR | TV | ) A N AU L
Logarithm of a complex number to a complex base
Formula:
1 ln(a2+ibg) :
log(.l+ibl) (32 "'lbz): m= u+iv
a|+ibl¢0
Example:
log(y +iy (1.49 +4.13i) = 2.00 - 1.00i
Ll!l DATA OPERATIONS DISPLAY M7 ]
DI ] [ -
21: | e 00 | BT | | e { ]|
3 W oem | o | o | e pt |
4 0w [ J[ = JC= ][]
£ {0 | I | W | S | TS |
| e | LR JC R TR
RN W | RS | S| | b | v




56 Complex Trigonometric Functions

Complex Trigonometric Functions

Note:

In this section, all angles in the equations are in radians.

Complex sine

Formula:
sin (a +ib)=sinacosh b +icosasinhb=u +iv
Example:
sin (2+3i)=9.15-4.17
LINE DATA AR AmilmAii g V i< DISPLAY [ REMAN(S” J
1 a STO 1 -I RAD SIN | o | T P EEITRR
L R '[sro][ TR |, | L | |
3 | I | | LT | ]| u .
4| ‘[_R—EL—I 1 cos |[ret J[ 2 ] ‘
s | ]| |
L2 RIS | i 1o | | | (S, ditgh ]
Complex cosine
Formula:
cos (a +ib) =cos a cosh b - isin asinh b=u +iv
Example:
cos(2+3i)=-4.19-9.11i
une| oma | oeemamons | osev | RemARks |

LINE  DATA

1| o |[sro ][+ MMM [rao |[cos | | i
2| o |[s]l2 I« JC 1 ][ % ]| ‘

AR o vy | v (e | | RSN |
“ AT | N | T T | , 1
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| S T | 4 | O | DT
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| S | R
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Complex Trigonometric Functions 57

Complex tangent
Formula:
sin 2a +i sinh 2b
i) e e B4}
s ol cos 2a + cosh 2b R
Example:

tan (2 + 3i) = -0.004 + 1.003i
(Press [l (3] tosee the answers.)

LINE  DATA OPERATIONS OPLAY - | e L
1| o+ MR 2 [ J[sv]
X N [LAsT <] [ cos
8 R [ e | o [ o [
23 N o e [ o [ e |
5 i | T | I | i | R | T
e EEMS[re ] ][+ )
? | | L0 0 | RN | | NV ) T |
A e e | | | |
Complex cotangent
Formula:
s Sin2a-isinh2b _ .
cot (a+ib)= S e u+iv
Example:
cot (2 + 3i) = -0.004 - 0.997i
e owm  oeemamows | osmay | Rewamss
| o [EEMa ]2 )= (s ]| o
2| |Gt (oo J[em ]|
s| o [t J[2 J[ = J(swo ][ ]
4 | | | | O | T | OO |
5 1IN | D | M | R | R v
6 (I casv <] (e ][ ][ )
8 R (o o e | |
o G Jle=lC L]




58 Complex Trigonometric Functions

Complex cosecant
Formula:

: 1
CSC +ib)e e =n 4+
(a+ib) sin (a +1b) u +iv

Example:

csc (2 +3i) = 0.09 + 0.04i

-
DATA OPERATIONS DISPLAY

o |Csro ][ v N[ Aao] [ siw]
b Gz JCe L JC=]|
o o [ o [ o | o | |
LJI_JmJZHEL
| | W |
Lx J(eons][sro][ + ][ <]
[EHE-MEZL
T | v | s | | e |

OO

| |
omuu‘n—i
- | .

1
|

©®© o

Complex secant

Formula:

1 1 .
+ B i e WD
sec (a +ib) cos(a¥ib) u +iv

sec (2 + 3i) = -0.04 + 0.09i

| T
OPERATIONS DISPLAY

. 1-m--m

[ (R | | [ |
[ | |
T o [ [ e [ |
COC |
OG0
(] ., s ][R ]|
[ | e o | e T

e e —————d

!‘ u‘vombu;w-i

GF W G G oW b W W ow W W
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Complex arc sine

Formula:

sin! (a+ib)=sin"! B+isgn(b)In(a+ Va® -1 ) =u+iv

whete o= % Va+1)? +b? +% Via-1)7? +v?

%\/(a+l)’+b’ l\/(a )% + b2

4 Gy T
sgn (b) = '-1 ifb<0

Example:
sin~! (5 + 8i) = 0.56 + 2.94i

Note:

Inverse trigonometric and inverse hyperbolic functions are multiple-
valued functions, but only one answer is given for each.

LINE  DATA OPERATIONS l DISPLAY L REMARKS
A RS v o | o | o | v | {

2 |G . (e ;

3] v |G (st

¢ DI Imms]|

-
|
LR S

5 |Gl G A |

6 = ]-[LASTx][RCL” 11

L ]_]l2l[+l['||x‘l_

8 | 1 | R l-[\/’T | M J|
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Complex arc cosine Complex arc tangent

Formula: b

¥ Ui sniarhy o (1= k a? +(1 +b)?
tan '(a+1b)—5[n-tan '( 2 ) tan ( 7 )] +4In [___—a’+(l—b)’]

=u+tiv

cos™! (a+ib)=cos™! B-isgn(b)ln(a+ Va2 -_l)

where a=% V(a+1)? +b? +%\/(a-l)2 +b?

B=% Vaa+ 12 +b62 =L V- 1) + 12
¢ where (a +ib)? # -1

sgn (b) = [ _: tg:ig Example:
tan™! (5 +8i)=1.51 +0.09i
Example:
cos™" (5 + 8i) = 1.01 - 2.94i 10 W ks o i L et 0

B o [ —

2| o |[sro][ 7 ][~ ] (a0
UNE  DATA OPERATIONS | oispLay REMARKS } ﬁ 31 ¥ 1[ sto |[2 J[ = ] (AT }
TN e o e o Do | SR SR ‘ o = e [ o |
N e ][] - DS oW |
ol o Lelo oo RG] | l 3 Gt z]FTjL IF—_} SO
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62 Complex Trigonometric Functions

Complex arc cotangent
Formula:

cot™ (a+ib)= % -tan! (a+ib)

I : 2 2
g (l+b)+ltan_,(l b)_iln a’ +(1+b)
2 a 2 a 4 a? + (1 - b)?

=u+tiv

Example:
cot™ (5 + 8i)= 0.06 - 0.09i

Lne| DATA || OPERATIONS | oseLav REMARKS
RO RN o [ | e |
i3 470 [0 12 ][ + | [ (Ao ]
3 | |-ITAN'H 1 _J[Ret J[ - ]
ol ‘l 1 JCrec JC = 2J_ ]
s | | | o o | Il £ !
6 | I[ncn. B | PR | IR | ALY | YR | |
7 |[rec ]2 IIX’ l[*]! e |
8 [casTx][ 1 IFRCL][ A | VAR | R :
9 Ix’J[’J[*J['"JI‘]
10 (= 1[ens [ ] o v ‘

Complex Trigonometric Functions

Complex arc cosecant

63

Formula:
csc™! (a+ib) =sin™" (a+ib) =u+iv
Example:
csc™! (5 +8i) = 0.06 - 0.09i

(D =-0.09)
u:l DATA | OPERATIONS POy i
T Em[_jL_];J
(2« ¥ IS (R
il N FgﬂL T | e | | ||
I o o R
5[ o | | e | i |
o] I I mE
(7|  |[eso][rec ][ ]= =]
o o EGsDe [ ]
AR o e | o | SRR MR
10| J--@EE-
() leastajfme JIv ][+ ]2
ik | | | ]F_I[ s |
v AL e
23 BN o [ | Y
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AL 7 | B v | e o
ol T e | R | R | RN
1 T




64 Complex Trigonometric Functions

Complex arc secant

Formula:

sec™! (a+ib)=cos™! (;—iﬁ) =u+iv
Example:

sec™! (5 +8i)=1.51+0.09i
(D =-0.09)

Llil DATA T OPERATIONS DISPLAY REMARKS
1 b .[ chs |[sTo J[ 1 ][ 2 ] J_
2| o [ |ast][t J[Re ]
3 vl“*l*l[*llRCl—H_‘“_]
LA | [casT = ][sTo ][ 1] D ‘
| 5| | BEE7T | RN | WA | OVCOVGR | ARG '
6 Coz )l /| ;
7 \[rap J[Ree J{ 1 J[ = ][ + ||
o |Com) I (o o ] [ ]|
9 ,-l\ﬁ J{sto J[ 1 ]| |
o CoOmCA |
" »LASTxLRCL]Li || B | ]» !
12 R | RYORL € TSI | IR | VSR | i
13 | v ;
14 | BT | B | I [cos~! ' u }
T PR o wowm | s | i [ s D <0sw

RNV s | o e o ot
oY BRTRER o | v | et | iy | |
58 HRASEE vomomo | v | s | o [ e

Compound Interest

See page 132

Contingency Table

See page 34

neenee
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Conversions 65
Conversions

Repetitive use of formulas with two constants

Note:

The technique used here is storing both constants (one in register R,
the other in T), after which the formulas can be used repeatedly.

Centigrade to Fahrenheit
Formula:
a’C->b°F
where b=% a+32
Examples:
Vit ka0 0 28 100 539

a
b I -22.00 32.00 82.40 212.00 1002.20

LINE  DATA OPERATIONS DISPLAY REMARKS
1 T | JCsTo ][ [ ||
| SO A | RGN | SRR |

U257 AT | | AR | |

t

e OG0T 0| o [senrornmam

T
|
=

(PR Ui v | i | | i) w104

WIS Rl ettt



66 Conversions

Fahrenheit to centigrade

-

Formula:
b°F - a°C

where a=g (b-32)
Examples:

b | 4601 40

a | -27333  -40.00
LNE DATA | OPERATIONS [ DISPLAY REMARKS
e .o [ o [ o
0 N v | |
3 (RS WO | AR | e | e | G B
4 [ecx]| SR | | S0 |
o RV 0 | | LN | N | S R Stop. For new case,

TR | SRS, | IRRITH | BYRER ]| g4

Feet and inches to centimeters

Formula:
1 foot = 12 inches,

1inch=2.54 cm

Examples:

4'8" =142.24 cm
5'5" =165.10 cm
6'3" =190.50 cm

LINE = DATA { OPERATIONS I DISPLAY REMARKS
s AR [T | AN | e | o |
120 RRER o o T (o v o P  ai
TSR o ey oo | oo | s
4 In “—:—]- [ cm/uﬂ B | | Cm ZStop. For new case,

wnva | R | TR | RS | NS got02

o,

e ww o w e

B b B e G e e W W Ll Ll

i
Fi
Lak

-

Centime_ters to feet and inches

Examples:

164 cm = 5'4.57"
180 cm = 5'10.87"

Conversions 67

UNE DATA OPERATIONS DISPLAY REMARKS

1 G .

2 R (o o o i

3| ST O | MR | B | SR |

4i cm ,[ R T | TR | Rt b ]' D Let = integer part of D

21 B v o | o e | memm | Y 2 |

Gy W I TR | B SRR ) B o o v b RO IO
| I J J1 ) | J jgoto3

Gallons to liters

Formula:
1 gallon = 3.785411784 liters
Notation:
gal = gallons
Itr = liters
Examples:
5.3 gal = 20.06 1tr
61.55 gal = 232.99 Itr
LINE = DATA OPERATIONS DISPLAY REMARKS
1 !l'"’wlll AN | W9 | R A A
12, |9»'->A<~‘|I 1 J{ ) ]
__:,’., gl || x ][ ” 4 ” _“ ]L | | Itr 7 Stop. For new case,
L 1 1L 1| | TR goto2 FEAR
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Liters to gallons
Notation:
gal = gallons
Itr = liters
Examples:
20 1tr = 5.28 gal
232,99 1tr = 61.55 gal
LINE  DATA OPERATIONS | oseLay | ’nsm!mg;;dj
[ ] v-[ltr/gallf e A “—T—_]. i
2 | S | J{ ]l ¢ AR § 1
PR o | A | R | |
4‘ Itr [ X 1[ ” H ]I | gal ‘S(op.Fornewcase, E
TR o, (S| oo | EaRcn | i w103 |
Miles to kilometers
Formula:
1 mile = 1.609344 kilometers
Notation:
mi = miles
km = kilometers
Examples:
40 mi = 64.37 km
12.34 mi = 19.86 km
LINE DATA OPERATIONS DISPLAY REMARKS A Au_l
T8 M oo ot | 6 e o} | l
2 | MERECI { TR | RO | KO ) DG '
3 .[ i || | | J{ |
RS AREE o s i i |
3 IR PCORR KA | RS | IS § AR A AR o SRR
e | (FRER | S ¢ N gwtod ]

paeann.
e L Ll W U W dd

pRRR
W e w w

i

3

o2

Kilometers to miles

Conversions 69

Notation:
mi = miles

km = kilometers
Examples:

65 km = 40.39 mi

2444 km=15.19 mi
7 RTAEAN v o [ i [ |
il | RSO | AN} AT W | A |
3 | X W | | | N
N o in ] ormmaf iom Tme| ia | 4
5 km v[ S ] [ ”w—l mi :S!on.Fornewcase,

s, | RN | NN | A ; R | lewa |
Pounds to kilograms
Formula:
1 pound = 0.45359237 kilograms
Notations:
Ib = pounds
kg = kilograms

Examples:

1501b = 68.04 kg

120.5 1b = 54.66 kg
LINE  DATA OPERATIONS DlSPLAV R REMA;K;_
N Cere] ]| TSRS
2 | Lewx | [ ] 1[ J| |
3 b L X ][ 1r—jL ]L ] kg ‘Stop.Fornewcase,
AR ENU) PR | RGNS | NNCE | T b kel




70 Coordinate Translation and Rotation (Rectangular)

Kilograms to pounds

Notation:
1b = pounds
kg = kilograms
Examples:
60kg=132.281b
51.34kg=113.191b
UNE| DATA OPERATIONS DISPLAY |  REMARKS ]
1 (I oo ) (1 )|
AL T T e
4. kg I X { I j[ ] Ib | Stop. For new case,
D | BN | TR | VSN | RWSED | LT o103

Coordinate Translation and Rotation (Rectangular)

Suppose point P has coordinates (x, y) with respect to a coordinate system
having x, y axes. After translating the origin to (X, yo), rotate the two axes
through an angle . Find the coordinates (x', y') of P with respect to the new
system having x', y' axes.

v, Y

\ d

(Xp¥,)

"

2
w

PReERERERRAR®
AT o S B 4 0 S S R i ) 8 |

-

:

Lree I 1 Jlmer ][ 2 ][ sin ]:

_[ x_J[ews [ rer [ 3 ][ ReL ]

Coordinate Translation and Rotation (Rectangular) 71

Formulas:

X' =(x=Xxq)cosa+(y-y,)sina

y' = =(x = Xo) sin a + (y - yo) cos
Example:

lf(xo, yO) T (3s2)’ (X, )’) ¥ (S’S)’ o= 200
then (x', y') =(2.91, 2.14)

LNET DATA OPERATIONS DISPLAY REMARKS
e hr SR | e | e | s | womom |
2 Vit | N | | TN | ISR | AP
3| a .{ sto |[ 2 J[cos ][ x ][ ]_
AT e e st oo [ )|
5 v |[ - J{sto][ 3 J[rer ][ 2 ]
Sk VIR e [ e oo g | e | R,
7.
a.
9

oo 1T I ]j L AL

Correlation Coefficient
See page 72

Cosecant
See page 201

Cotangent
See page 200




72 Covariance and Correlation Coefficient Covariance and Correlation Coefficient 73

Covariance and Correlation Coefficient

| N TS |
MM CEaR) (5o [ 3 (s
| -0 G| RGTY D0t | A

Formulas:

X
g\
|
|
1
|
&
1‘
gv

B L ] Perform 36 for i=1,2,...n
feastoJ[ + 10+ 1L JL___]
» |[x J[so ][+ J[ & J[eox]
B sstx e J0 1]

Covariance

1 1
Sxy=— [in i- xi Eyi]

.

Correlation coefficient . s )= (s ][] i
[Rer ][4 J[Re J[ 7 ][wct ]
e J[ x J[(rer ][ s J[ + ]
(C="J(rec J[ & [ J[-_]|
VY| TR | O | R | RN | S
[rev ][ 3 (et ][ 8 ][« ]
I | | IO | = |
[ | [ |
177, e [ o | v | |
R N | | T | e | S

Sxy

—
a‘onuonAu»u[i
<

LK

2
5
=
s dar s Wi s ldi

where

-
-y

Sx =

| = 3l |
>

-
o

-
o

|

Sy =

n = number of data points

od

Example:
Xi

Yi

26 30 44 50 62 68 74
92 85 78 81 54 51 40

..

Coversine
See page 202

Answers:

Sxy = -354.14

r=-0.96

(Sx = 18.50, Sy = 20.00)
Note: Cross Product (Vector)

Also see ¢ statistic for correlation coefficient. See page 211

3
’

-

b ) g b b L

!

...

T




74 Cubic Equation Cubic Equation 75

Cubic Equation ' #! s Case 1. d>0: there exist one real and two complex roots.

p 3 Case 2. d=0: there exist three real roots of which at least two are equal.

P Case 3. d <0: there exist three real and distinct roots.

The general cubic equation

! ;l =4 Equation (1) has solutions
x3+ax? +bx+c=0 (1) 1
T
can be reduced to the form Xi=yi-—, i=1,2,3.
i 3
i j | S
y tpy+g=0 (2)
by letting t' g
g a Example 1:
3 t Solve x2+2x2-5x-6=0
=
where A :
p=b-21 Answers:
3 & 3 x; =2.00
q=2(a sl 4 X2 =-3.00
7 RO e X3 =-1.00
i3 :
(d=-8.33).
The reduced equation (2) has solutions tl 3 S e 5
=A+
it Solve x} - 4x? +8x-8=0
_~(A+B) ,. V3(A-B)
Yo i 5 +i 5 b 3 Answers:
Xy ™= 2.00
-(A+B) .vV3(A-B :
LS (2 )"\r(z ) o L] Xy = 1+1.73i
X3 =1-1.73i
whe < =
re A=, _2q_+\/g tl 3 (d=1.78)
B= , qu-- Nz [ 4
HHC &3
27




Curve Fitting 77

T
 DATA OPERATIONS

l REMARKS

76 Cubic Equation

LNE OATA OPERATIONS | oseLar REMARKS

150 0% }!MEL_JMEL

2| o ([smo] & (1 )« 137

3 2 JC="1[svo ][+ ] [(Rec]|

4 -L TN | AN | e | ]

5 IIIEEEE

6| @L"C_LIL_H_JE_

3 I o | o o [ o |

OO o o [ o

o | B | W T |

N s [ w (o] |

L -I:)LJQIJ d 11d <0, go to 31.
AR | wercn | casn [ wen | s o '

12 5 [so lEQcﬂj

13 L2 l(ens][ 2 J[ = ][sro]

14 | | IS | DU | R | A | o, :I'D.>0,ooto|6.
| IS R | ORI | TR | W | 11D, =0,g0t0 18,

15 8T | A | M | R |

6 O . J| 110, >0,got0 18,

17 T | e | | e | e |

18 ILsto ][« J(mee J[ 2 J[Rer]| ,

19 | e | v | e | e | T N F T P
. | SRR | OE AN | b | i || 11D, =0,001023

20 €T | e | v | oo | nemaa | |

21 [E[I]-EE[:] | 1D; >0,g0t0 23.

2 8T | R Y | VTN | R ‘

n| sl e Jlre]l e J[+]|

2 \[ sto [ 4 J[rec ][ 8 J[ 3 ];

Gl -QTO_][___‘]L_:JQ‘ x

% \Crec ][4 12 ]+ 1 Cens ]

27 [ [ | e [ e 4 [ R o Sy i oy
SRR (woom [ | v | sepe, oo '

» (Crec ] [a J[Rec s [z ]

» 1= ]

© A Gl s] v geuew

| RSN | MY | MG | L | i | %y == v, s

3 (Lree J[ 2 J[aec J[ 1 1+ ]|

S RO o [ [ o [ w3 |

=] O mmCEIC Lt

[ I+ ][ s | I (cos™']|
L3 J[* J[sro ][ 2 ][ Ceos]|
o o [ o | |
__[eval  [valerw)
N | L0 | N | T |
[ [ [ o3 [
0 | S | P | |

[RCLVII T | DR | R | |

[+ ][ cos ][ mct IL' 1|

| e | 27[ a [0 ]
L+ Jlcos]{reL][ 1 || Kj

| O | M | e | ]‘

e e 1 _JC |

Xy

X3

Curve Fitting

Linear regression and correlation coefficient

Formulas:
This routine fits a straight line

y=ax+b
to a set of data points

{ xiyii=1,

by the least squares method.
T ZXiZyi
X 2
zxiz 3 (le)
n
b=y -ax
where
L ]
n

o}

<



78 Curve Fitting

coefficient of determination:

xZy 12
[ExiYi . y]

|

r° can be interpreted as the proportion of total variation about the mean y
explained by the regression. In other words, r2> measures the “goodness of fit”

of the regression line. Note that 0 < 1? < 1, and if r? = 1, we have a perfect
fit.

- g

Correlation coefficient
r= Vr?
(r takes the sign of a)

Zyi?, Zxiyi, n, Zxi2, x;, Zy; are in storage registers R3 through Ry.

Example:

Yi 92 85 78 81 54 51 40
Answers:

y =-1.03x + 121.04

r2=0.92
r=-0.96
n=17

Zx; =354
X% = 19956
Zy; =481
Zy;? = 35451

Exiyi =22200

B ERERERRERSE

W o o W oW ow owow W W W

%

w W

a)

Curve Fitting 79

LINE  DATA OPERATIONS | psAay it

1 i-FLEAﬂlLSTOJ[ 31 s‘ro[‘

UG v e | T | MR | AR

3| v I[* ][0 ][ =« 10 3J-' iPorfova—Gfori-l.?,...,n

0 5 o o ;

s | ~ ([ sl ] Jlex]|

« | EsHEC 0 ]

7 [ReC 1[4 J[Rec ][ =+ ][ x ]

s | IFEgCE ] 1C=][s0] L

0 o = o

e RN o T | | wemen oo | R

2 oz e e o e e QR

13| A= Jrec s JC 1| o | e el

e | o o e e e ]

N AR = e o o

6 | V] e s | e | v | RGN O

7| ;-w;u A N Y N e SRRSO
S DA | WAVt | MR | :

18 {[cHs | s | || VR ] r

Multiple linear regression (three variables)

For the set of data points (x;, y;, Z), this key sequence fits a linear equation
of the form

Zz=3ap taxt+azy

by the method of least squares.



80 Curve Fitting

Formulas:

Regression coefficients ag, a;, a; can be found by solving the normal
equations:

2z;=aon +a; Zx; +a; Zy;
ZXizi = a9 ZX; +a; Zx;% + 2, IXy;
Zyizi = ap Zy; + 2, ZXjy; +a; Zy;?
iy 2000

¢ A-B
"7 Tnzx? - (2x)?] [n2y2 - (Zy0?] - [nZxiy; - (2x0) (Zy)] 2

where A= [n2x? - (2x7)*] [nZyizi - (Zy;) (Zz)]
B = [nZxjy; - (%) (Zyi)] [nZxiz; - (2x;) (22z)))

o = [nZXizi = (2x)) (22)] -3, [nZxiyi - (2x) (Zyi)]
y nZx;? - (Zx;)?

1
8 = H (Zz; - a, Zy; - a; 2X;)

ZXiyi, ZXizi, Zyizi, 2y, n, X%, Zx;, Dy;, 2z; are in storage registers R,
through Ry.

Example:
X 1.5 0.45 1.8 2.8
0.7 2.3 1.6 4.5
z 2.1 4.0 4.1 9.4
Answer:

z=-0.10+0.79x + 1.63y

Curve Fitting 81

LINE  DATA OPERATIONS REMARKS
1 I [cLeAr] [sTo |[ 1 |[sT0 | i iy Sodhine ¥ Mk o
2 [z s[5 J[sro][ 4]

[ 3 | A T | AN | O { PO |

R e | S | YR | mne f s | Perform 4-12 for i=1.2,...n
0 (s [ [ —~m P [ 5

6 [+ ][ 2 ][cux | N LasTx]

b2l w e sro I+ 108 e

8 (I (s [ ][50 ][+ ]

o (e [eux | N leasT <] Ry ]

10 LR J[me J[x2y ][ x ][st0 ]|

n e I ) astx] [ re ]

12 G AR 8O | R | IR

13 TSN | R T D SO

" Rec 17 1= I = J(rer |

15: [s J[rer 1[x ][ 2 ][RecL |

16 O O R O |

v Lx Ilmee ][ s [[ac ][ x ]

18 | ST TCTON T | TR | PR

19 N | S | T | e T

0 Ly 1 = J[rer J[7_][Re ]|

R g e | o

2| |[sa](e J(me]l= Jle ]

3 | \[rer 107 [« 1= ][Re]

24 ILs Jlre 1[x J[Ca J[rer]

VAR v [ [ [ |

- v v o o [ | i %
‘il R doe | i varinn | wsom e )| |
8 |0 | | N | o | iR | SROAT :
b \Crec][Cs 1(me JCx JC 2z ]|

3 irer ][ 7 J(eec 1[ x 1[To ]

a| = le)Ce e ][],

»|  |Ce]fee][7 (e[ |

3 | (L2 JC=1ee 10 1CRe ]|

sl \Cx JC=J(rer ][5 [rec ]|

% | 09| | = o o |

% i i || e | o | DY

d (Rer J[To J[Rer J[Ce ][me ]

% | BTSN | Y | | e |

ol N | T | | T | e

40

Lo el e JLx JC_1|




82 Curve Fitting

Parabola (least squares fit)

Formula:

For a set of data points {(xi, VOW TSR 2y n}, this routine fits a
parabola

y = 2o +2a,X +a,x?
which is a special case of the three variable multiple regression model
Zz=ay taxtay
(if we replace y by x? and z by y).
X2, 2xXiyi, 2Xi%yi, Zxi*, n, X%, Zx;, Dy; are in registers R, through Ry.

Example:

A I i 3 5
Vi |2.1 RO R AR, T

Answer:

y =2.28 + 1.85x - 3.66x?

W W

3
o
¢

3
3
3

3
3
=3

(V)8

"
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DATA OPERATIONS

1-[CLEAR][ sto |[ 1 _1 s10 |

[ 2 J{sto][ 3 J[sto][ 4 ]

1 v | |
Lsro [ + J{ 1 J[ x J[sto]|
| a2 o
v (s ][ )= J(sme ][+ ]|
L2 0= Jlso ][+ J[ s ]|
\Cecx I [rec 1o 1y J[ 2+ ]

| Perform 3-8 for i=1,2,....n

|Lhee J{ s I[mree [ x J[ & ]
iLhee J{ 7 J{ ¢ J[_- ][sro]
Lo J{ree J[ s J[mer J[ x 1]
L3 Jlee J[ & ][mee J[ x ]
(8 - 1= J(re][5 ]
Lree JL = J[ 2 J[Rec J[7 ]
(rec J[ « J[& J=J[Ret]
L8 J[ret [ 1 ][ x J[Re]
| RV | .10 ) SR | RN R
Lx JL - _J[met ][ J[Rec]
(s J[Rer J[ x J[a ][ne]|
} ST | | N | O Y L |

] oo [ [
] e o o e
i | o e

(Lrer J[ s J[mRee J[x ][ 2]
(lree J{ 2 [aec J[x J[e ]
(L= 1Cret J( s e J[1 7]
\Lx llret J[ 2 Jlrer [« 1
RN | | Y | Yo | v |
NI | Y | T T | T
LR J[ A J[ % J[-"J[ReL]]
2 | YO | YO | T |

1 e oo ot | D

3




84 Curve Fitting

Least squares regression of y = cx® + dx®
Formula:

This key sequence determines the coefficients ¢, d of the equation
y =cx® + dx®
for a set of data points
{(Xi, yi), i= l, 2, S4ay n} 4

where a, b are any given real numbers.

_ (Bx) Cxlyi) - Gxity) (3x)
(2x2°) (2x%%) - (2x*1)?

iy Exi‘yi - dEXia+b
ExiZE
where x; >0fori=1,2,...,n
Example:
1
=—,b=3
N
g 9 16
vi | 9 -44  -699  -4056
Answer:
y=10x* - x*

RAan
W W

pan
W W

W oW oW W

W

—
!
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OPERATIONS [

DISPLAY

--WEH:J

ISTOIFJF ¢ [ |

(5o )[ s JCrec ] 1 |

p—
©® N o o » w[nld E
-2

0 o | I | l-

G 1Ce x|

I [T [ros )3 ] [Rer ]|

] [wmco]am)

e

Perform 4-13 for i=1,2,....n

e MR | PRCIR | M | o | W | I ||

I o o [ o .o | :
Lt s Jm > I ][ ],

di (e J[rec J[= ][ ][50

13 R | e || [ I ]k

14 (Rec J[ 8 JfmReL J[ x ][ 4 ];

o] EOC I 0]

6 [ - ][RCL [ 7 T[Ret ][ x ]-

s e | CRet ] A i

GRS o o o R i
_19*1'7 [ncn. 1 5 ” S I[Re ][ o T b { !

S e e SRR
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Power curve (least squares fit) OPERATIONS DISPLAY REMARKS

._,,_jl_,-k:‘-EARH sto ][ 3 _][s10]|
'[ "". l[ = ]ISTO “ 8 H 3 ] Perform 3—6 for i=1,2,...,n
il-[""s""” RO | A | ] -

‘w3 J(svo I+ ][4

|Coox ] I loast<) (= I ]

Formula:

For a given set of data points

{(Xi, yi),i=1,2, .., n}

fit a power curve of the form

s

fo o |~ m!m Aéu NT}_ ﬁ
-

T

y = ax® - {[ree [ & J[rer J[ 7 J[Rer ]|.
| Le 10« Jlre 1[5 J[ = ]
(a>0) e o e | e

0 Lree JL 2 J( o J[mc ][5 ]
S e on o [ o |
12 (Cre 107 1« J(rec 1(Ce |
13 AP | IS § YT | e
14 | T | AR | RATORD | VI { AR .

By writing this equation as

Iny=blnx+lna

.

the problem can be solved as a linear regression problem.

s 6]  Cre][1 J(re]z x|
o i ; 16 IIRCL 3 RCL 8 [« ||
xample: 17 = o e |
Xi | LT R A R R G
O I AT R, R R R T
\
Answers: ‘
y = 987.66x7°7 t’
1 = 0.80 |
LR
Note:

Compare results with those of the example for “Linear regression and
correlation coefficient”. Since in that case r?> = 0.92 > 0.80, we know
that the linear regression line

- @
oW oW oW W W w e w

o
W

y=-1.03x + 121.04

fits the data points better than the power curve

5
i

y = 987.66x™ %7
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Exponential curve (least squares fit)

Formula:

For a given set of data points

{&i,y),i=1,2,..,n}

this algorithm fits an exponential curve of the form
y =ae

(a>0)

By writing this equation as
Iny=bx+Ina

the problem can be solved as a linear regression problem (y; must be positive
foralli=1, 2, ..., n).

Example:

R
R U T R S R

Answers:
y = 149.07¢ 002X
2 =0.89

Note:

Compare results with those of the example for “Linear regression and
correlation coefficient”. Since in that case r> = 0.92 > 0.89, we know
that the linear regression line

y =-1.03x + 121.04
fits the data points better than the exponential curve

y = 149.07e~002*

M

———
|

=

i "
Wow oW W W W wwww w w

LN,

r "

-

'ﬂ'"rﬂ"ﬂ

4

r

!

E
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DATA OPERATIONS | pseavy | neMARKS |
R o | | T | | T Perform 3-6 for i=1.2,...n
B (0 —]

X X r+ JL 4 ”CLX ]'

B (v -

1"

T
aomummawui—g

Crer ][ & J[re 17 J[Rct

G0 ][z J[ree J[e 1|

oo e e o

Crec 12 1 J[rec J[e ]|

o e o [ [

i e e | e T { o) | SRR
e ) Jlrec )2 I ]|

[rec )3 1[rec Je 10 1| |
T g e oo | N

Declining Balance Depreciation
See page 91
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Depreciation Amortization m Variable rate declining balance
~ Formulas:
Straight line depreciation 'F'»S R ( R)k-l
Dy=PV-:—[1-=
n n
Formulas: ' .
PV ‘ g 3 R\K
D=T Bk=PV(l—H>

By =PV -kD where PV = original value of asset

where PV = original value of asset (less salvage value) . It ;
n = lifetime periods of asset tl 3 S
R = depreciation rate (given by user)

D=e ear’s depreciation B A 1
Niph P 1 3 Dy = depreciation at time period k

By = book value at time period k By = book value at time period k

Example:

1
3 Example:
A fleet car has a value of $2100 and a life expectancy of six years.

Using the straight line method, what is the amount of depreciation and t - 3 &eﬂfieotu‘l:;: };Zi;nz#ui):li:czesﬁil?: da Eiée:xzp)e cttoanf;:r)l' doil:ixaﬁ?);sr-ltui
what is the book value after two years? ' g

depreciation and book value after four years.

Answers: t‘ 3 e i

i $§SO. B, = $ 493.83
B, = $1400.00 ‘
t 3 D, = $246.91
UNE DATA | OPERATIONS T B o) g e R

-

0 R o e o | o, || SRR | NN | | W | |

== L | N | ][ J{ J 1|
) ) J,.",,“ = ]L s ]L—T—_“:.] ARl S ; ‘[ el s ee L 1 e ]

e Immr_u:][._j | i t| 3 LINE  DATA OPERATIONS | osPLAY _ REMARKS

[ | =
ot ot e oo | [ | R
{ A o o | o |

.
o

0 | DAL | | ][:): =




92 Depreciation Amortization

Sum of the year’s digits depreciation (SOD)

Formula:
2(n-k+1)
Dy=2—— 2 PV
% n(n +1)

By = S+(n-k)Dy/2

where PV = original value of asset
n = life time periods of asset
S = salvage value
Dy = depreciation at time period k

By = book value at time period k

Example:

A car has a value (less salvage value — $800) of $2100 and a life
expectancy of 6 years. Using the SOD method, what is the amount of
depreciation and what is the book value after 2 years?

Answers:
D, = $500.00
B, = $1800.00
[ime oaa | OPERATIONS | oseay |  REMARKS

o o o oo v | | |
7] « BRI IEmIE ) |
3 [ o o o |
; CO )

: S AN | A [ Bt

R R ] i ) RS |
’ [ e [ |
0 SR v o v | |

paneR
W e W

o wwwm o e

L

199

w w W W

WO W W W W W

Depreciation Amortization 93

Diminishing balance depreciation

Formulas:

'
S n

PVi =PVy_, - Dy
where PV, = beginning value of asset
S = salvage value (> 0)
PV = book value at time period k (k= 1, 2, ..., n)

Dy = depreciation at time period k

Example:

A car has a value of $2500, a salvage value of $400, and a life
expectancy of six years. Find the amount of depreciation and book
value for each of the first three years by using the diminishing balance
method.

Answers:
D, =$657.98
PV, =$1842.02
D, = $484.81
PV, = $1357.21
D; = $357.21

PV; =$1000.00

LINEW DATA ” OPERATD&# ' DISPLAY L REMARKS
SRR o s | o e | o | SEROENRE S
A R | e | e | o |

3| o [ LY 10 0= |

4 o R | P | W

5 Cae 1R 1w J(sr0 ] 1]

6 e | o | | e ) v | SRR

7 e | M | e wm | i | AR

8 S | | e o e ne | R
5 A | i | e | o o | R

e




94 Determinant of a 3x3 Matrix

DETERMINANT OF A 3x3 MATRIX

Formula:
a, bl C1
D= |a, b, )
ajz b3 C3
=ay(bze3 =b3cy) —az(byc3 -bscy) +as(bycy =bycy)
Example:
1.3'=4.525
29 33 -7.8|=191.19
22 4.1 -25
LINE  DATA OPERATIONS DISPLAY REMARKS
O TR o [ [ o  aaom| ma K
2| b ;[ sto [ 2 J[ x ] J1 ]|
3| e |Isroll 3 J[ «x J[_"] _
al o |Istojl ¢ J[ ] |
A RS | T | T | MR | T .
e| » [[swo]{ e [T+
7] e (s ][ 7 ] i
e| & (s ® ][ =TI
L ot |- L2 § R | TN | G |
10 :[ TS § RN | ST 3 I ]_
" iLree JL 7 JL x ][ = 1{ |
12 ,[ Ret |[ 8 J[mer ][ 5 ][ x ]_
13 Lree JL v+ 1[ « J( -] v
" .[RCLH 3 |[re ][ 8 ][ x ]_
15 % | e | B | RN e
DOT PRODUCT
See page 212

mEBeReq
W W W oW W

}g

b

B E e eE
W

Pl

33

Equally Spaced Points on a Circle 95
EQUALLY SPACED POINTS ON A CIRCLE

Given a circle with radius r and center (Xo, Yo), the routine computes the
rectangular coordinates of equally spaced points (x;, y;), (i=1, 2, ..., n) on the
circle if angle # and number of points n are known. The position of the first
point (X;, ¥;) on the circle is determined by the angle 6.

(x,,¥,)

(x,,¥;)

o

(Xpy¥n)

Xk+1 = Xo +rcos(0+ 3i0 k)
X 360
i rmirnfes 8.

wherek=0,1, 2, ...,n-1

Note: 0 is in degrees.
Example:
(x0,¥0)=(1,1)
6 =90°
=1
n=4



96 Equation Solving (lterative Techniques)
Answers:

(x1,y1)=(1,2)

(x2,y2)=(0,1)

(x3,y3)=(1,0)

(Xa,¥4)=(2,1).

LINE DATA OPERATIONS DISPLAY REMARKS :
1| o NN Coss]) (o[ L] 5
2| . |Gz M= )|

R I v e i | o] SRR

4 A e oo e | oo |

8 R o o e | i o | A

6 | NAETHER | W00 | OSCAEH | SOCHM | W |

A0 AL O | SR | T | R | D | AR ‘

8 [rec 32 Mrec s 1+ ] Perform 8—11 for i=2,...,n
0 \Csro ) J[rer I 2 ) | T

o IEE]GICEIC ] -

1 [xy J[ReL || ¢ J[ « ][ ] Vi

Equation Solving (lterative Techniques)

Note:
We will deal here with equations of the form
x = f(x)

for cases where it is difficult to separate all X’s to one side of the equal
sign. The iterative approach is illustrated through the solution of
selected equations.

peRN
w

XL,

L.

R

K

" :
O A

ne
&

—"
¥

Equation Solving (lterative Techniques) 97
Example 1: Find x such that x = e™
Method:

Choose X, = 5 as an approximation for the solution. Then after 44
iterations, the answer is X = 0.567143290.

Note:

The algorithm will converge to 0.567143290 in about 50 iterations for
any value of x,.

LINE  DATA OPERATIONS ¥ DISPLAY CREMARKS |
1 5 |[ceus |[ e [ Frx ][ 9 ] ] 0.006737947 TOR il
2 [CensT][ e ] [ N R Perform 2 forty-three times
3 ST | WSO | hwamny | e | e | 1)

Example 2: 4=x - %

Method:

Rewrite the equation as
X= e +4.
X

Choose an approximate solution for x, say x, = 4.

Answer:

4.236067978
LINE DATA OPERATIONS IJISF‘LAVq_w T REMARKS Fomy
1 « MW e [+ JFrx][e ]

PR 0 | o
N o i e

Perform 2 seven times




98 Equation Solving (Iterative Techniques)
Example 3: x* = 1000

Method:

Rewrite the equation in the form

x =1n 1000/In x .

Pick an approximation x, for x, say x, = 4. If we use the following
algorithm, convergence is from both sides, and takes a long time.

OPERATIONS

REMARKS

LINE  DATA DISPLAY
O 0 o o o |

2 7S | TR § g | FRGEST | S | | 4982892143
3 o | | | | | A
4 eI JC_C_J[__| a7
5 | A| CIRER | R | [ ][“’_]' 4.442378437
6 '[ i JEVEC || R 1) ]' 4.632377942
7 Cn 0 JC_JC_J[__]| «sesssoess
8 .[ TR | | R ']L,,.J: 4.588735608
0 [ | R
10 [ | | e

To hasten convergence, modify the loop and use the average of the last

two approximations as the new approximation.

LINE DATA OPERATIONS | DISPLAY J, W,_ ]
) ol | {0 | i | et | | |
2| « o] Jw JC*J0me]| 1
O30 EN o o | [

4 L[ 1[ 1 1 | 4491446072

5 [_lg G | T | P [Perform 5 twelve times

6 | I I I | GBI | R

: | FARBR | | A A e ST

Example 4: Largest XX

What is the largest value of x such that xxx does not overflow in the HP-45
(ie., XX <9.999999999 x 10°%)?

BAen

FE B MR BReS
1 N S 1 1O 1 R Y S /S /R

=

-1

Method:

Equation Solving (lterative Techniques)

Since 9.999999999 x 10°? is only slightly less than a googol (10'°°), let
us call this constant G.

Then xxx =G

x*Inx=InG

x* =In G/In x

xIn x =In (In G/In x)
x=[In(In G/In x)] /In x

Use 3 as an initial approximation for the solution. The loop in the
following algorithm eventually alternates between the last two answers,
3.830482865 and 3.830482864. Upon substitution of both values in

xxx, 3.830482865 gives an overflow. Thus the answer is 3.830482864.

] 6 iterations

LINE  DATA | oPeRaTIONS DISPLAY ;
R o] i oL [ |
2| .[ R | ST | T B T ]}2.302585093 02 |«InG
4 L J{* J[sm0 J[ v J[__] 4865360874
5 Cn = J O JRe] (]|
7 [z [ [ )[1 ][] #oossance
8 [n Eoi i s RcA [ ]
0 o
10 2 JF [T ]| ssseseso0
| ot | o e TR
FRRUL AT | G | |
A R | AR | AR | R |
29 [ | PR | SN | BT f R
% | R | TSI R
31 2 ][+ J[stoJ[7 ][] 3830482885
2 L JC 1w JfRec J(7 ]
el R | T | W7 R | T |
o RS | AR | OB | W | P o | L, o O 2




100 Equation Solving (lterative Techniques)

Example 5: Solve x> +4sinx =0
Method:
Rewrite the equation as

x =+ /=4sin x (x is in radians)

upon plotting this curve, we see that there is a root near -2, so take
Xa = =2 as an approximation of the solution, and substitute in

X=-+/-4sinXx.

Note:

Since this algorithm converges from both sides, we modified our loop
to average two approximations to hasten convergence. It is only
necessary to do the loop 5 times to get 4 digits of accuracy.

DISPLAY REMARKS

LINE  DATA OPERATIONS

7| 2 |[ows J[sto](_1 )M 7] RN
K MR L e i |
3 [sin J[ens [ 2 1 x| I

4 P | v e | e | O
5 [+ Jfens Jfsro JC 1 J[ ]

Perform 3—5 seventeen times

(=2

| NG | I | DS | R | AT e

A method for faster convergence

Some equations f(x) = 0 converge very slowly by the above methods, how-
ever, the following method gives faster convergence.

Formula:

E; (x; = Xi-1)

Xi+1 = Xj = R MY

where i=1, 2,3, ...
X; = current trial value
Xj+1 = next trial value
Xj-; = previous trial value
E; = current error = f(X;)
E;., = last error = f(X;_;)
L = lower bound for the solution

U = upper bound for the solution

Equation Solving (lterative Techniques) 101

Example 6: Solve x® = 3* where 1 < x<e

Method:
Rewrite equation in the form
x?-3%¥=0

Replace f(x) in the program by

« g iy g (10
(0] 3 I L) () 3 (o) Lo d (2]

Let L=1,
U=e
Answer:
2.478052679

(Eo = =2.000000001, E, = 0.272546170, E, = 0.056084610,
E, = -0.033421420, E, = 0.001191760, E5 = 0.000022540,
E¢=E,=-1x10"%)

Example 7: Find a root of a polynomial
f(x) = x* - 4x3 + 8x? +20x - 65.
Method:
Replace f(x) in the program by
“[JEIJ4 =) 8 [+ [x) 20 [+] [x] 65(=] ™
Note that f(2)=-9<0, f(3)=40>0, so there is a root between 2 and 3.

Let  L=2
U=3.



102 Equation Solving (lterative Techniques)
Answer:
2.236067977 (or 4/5)

(Xo = 2, Xy =3, X, = 2.183673469, x5 = 2.224244398,
X4 = 2.236236914, x5 = 2.236067428, X4 = X, = 2.236067977)

UNE DATA ~ opERATIONS DISPLAY REMARKS

S I o o o i

2 '[ tx) [ sTo J[ 2 ]| i (R _I' Eo EReplncef(x) by proper

| B | i | i g [ | Keysurokets

3t v s ETa 7 J[ ][ l

4 \Cra JCsto J[Ce JC_]I J| E Eperform4-1uori-1,2,.“
5 TR | AT | T | | until either the last two
6 [ x H RCL H 4 ” RCL ]m Etrialvaluesarothesamu
7 | L= J[+ Jlree J[ 3 [y | or the last two errors
8 ﬁ[_-—ﬁjl JL__J( ] Xie1 .arothesama

9 [Rev ][ 3 J[sto J[ 1 ][ Re ]

10 RS RE L § SR § ST | TR

1 T | RV § A | DS AR

EXEENEEEENENNE.

G & W W W W W wwwad d

W e L

Error Function

Error Function

Formula:
2 X
)
erff x= — e du =0
2 fo (x>0)
erf x =1 -(a;t+a,t? +ast® +a,t* +ast%) ex’
where t=
1 +px
p=0.3275911 a; =0.254829592
a, =-0.284496736 a3 = 1.421413741
aq =-1.453152027 as = 1.061405429
Example:

erf 1.34=0.9419138

Note:

erf (-x) = -erf x

o (Lsvo [ v Jlex ][ 2 J[_1]|
| | | N
S 7 R | N | O
15 D 0| N O )
e T | | A | W
ol T | | PR | SR
x |Csro (7 J[rer Je I ]
| | e | | |
Lt J(se J[ s ][ ][rer]|
_ | PN | DO | P [ T | I |
" (S he 12 10+ 1|
2 | | e e |
13 \Caee [ 7 ][5 JCens ] [Ce |
4 | | | | e | |

LINE
1
2
3
4 a,
5
6
7
8
9
10

Stop; for new case,

|t e | e | o | e |

goto?7

103




104 Euler Numbers
Euler Numbers

Compute the n'® Euler number

Note:

The Euler numbers are 1, 5, 61, 1385, 50521, ...

Formula:

The Euler numbers E, , E,, E, ... are defined by

B il ) 1 1 1 1
E, = g2+l ¥ 32n+1 ¥ g2n+1 ¥, 72n+1 t..

Example:

The 5™ Euler number = 50521.

DATA OPERATIONS

P | | o
Cr e )= 7]
[(EmEEn] [wam)
(> 0= - )
R | ] | A | |

*amaun-i

Exponential Curve (Least Squares Fit)
See page 88

Exponentiation

Multiple successive power operations

As written, these terms must be executed from right to left. For example,

means

REMARKS

b ————

means

Exponentiation 105

c
a®®) not (a®)°".

Example: ( :

. -
Evaluate S = t' where t = e®.

Answer:

199

OPERATIONS

o] [

LINE  DATA
1
2
3

Example:

Find the limit of & where s = V3.

Answer:

o (Display = 9.999999999  99)

1.44 -t

| s N 0 ]

2 | [ | N | N | S

Perform 2 six times

Example:

Find the limit of & , where s= V2.

Answer:

2 (rounded)

OPERATIONS

(Lo (e ) (2 I ]
R A | ] | e | 1 ]

] —

lPerform 3 fifty-six times

LINE  DATA
1
2
3
4

| A e | | . |

i | | | W | R |

1.999999995 ‘.Display would not change

any more.




106 Exponentiation
e* for large positive x (x > 230)

Formula:
Suppose e* =a x 10°
where a< 10

Find a, b for a given x.

Example:

%9 = 1942426525 x 10'3°

DATA OPERATIONS
9700 A | e | W |
x [ 100 100 JCw J(sme |
| S | | e e e '
I 1= Jeex e |
T | | T | |
| e | | vmorn | v | e | IR
T | W i | e | e | e

y* for large x and/or y (x In y > 230)

wwam.un-i

Formula:
Suppose y* = a x 10°
where a < 10

Find a, b for given x, y.

Example:

75'9% = 3.207202635 x 10'®7

LINE  DATA OPERATIONS DISPLAY

1 7 e o |
RS (v | v | o [ wm | s
P I | [ [
P R 7 o o o [ |
C3 N o s [ e | e [ |
o] |l
7
8

l

[ | v | s e
P | | ST R | RO ;

{7 | TN | e | s | e | RS

T I ...
Wb G U W b Lo b W W W W &

U L

Lpp s

Exponentiation 107
Example:

The largest number that can be written with three digits and no other
symbol is 9°°. How big is this number?

Answer:
9 = 3.981071706 x 1036962309

(Due to machine accuracy limitations, this is only an approximate

answer.) L S
LINE DATA OPERATIONS “HJV . REMARKS

AT | T | TG | R | R
| | | | R
| ST | D | SO | T | VY|
S | PR | I | |
G | R | ) | Y O A

]

| I | S | I | S | T
Y | | T | e |
Ce JCre JO= 10rec 101 ]
o || T | S | ) [ ] 3es1071708

0 N O O s WIN -

0 [reJCee JL_JC__J[__]| s.e00030000 ce
Converging ut’

Formula:
1

- I.I-.‘
If 0<x <e,and u=x*, thenu" will converge at x.

Example:
1

Letx = 1.5, and u = x*, find w

Answer:

u

u  converges at 1.5 in 21 iterations

(display shows 1.499999999).

DATA OPERATIONS | DISPLAY REMARKS

L“\
" GRIER % | e | m
2
3
4

« ] e )]
| T | | e |

-[ "l | | ) | ] Perform 4 as many times as
T | PR | | S | W necessary 1o see
[ AT | R | ) convergence.




108 Exponentiation Factorial and Gamma Function 109

Diverging u®” Factorial and Gamma Function

Formula: Stirling’s approximation
1

Ifu>e® (= 1.444667861), u®  will diverge.

1y

Notes:

Example:

n

W W oW W W oW w W W W ow W W

This approximation can be used for positive x < 69

- ise th is > 10199),
Ifu= 145 thenu®  diverges ety tie atiore s )

This approximation is good for large x.

(overflows after 43 iterations).

\UNe| pama | R A L For x < 1, use polynomial approximation.
i G v o | ot | s | R T HaR S t“ - To compute Gamma Function I'(x) = (x - 1)!
2 | - v it Perform 2 as many times
| ARSERS | IR | SN | IR | O | a8 necessary 10 see t Formula:
s | a0 | | VO R aivergence ' Jal I 1 139 571
x!=V2rx x*e* {1+ —+ - 5 - ;
Calculator limits for y* 12x  288x*  51840x®  2488320x

"

1. For a positive value of y, how big can x be so that y* will not overflow Example:
i 9
i B 4.2513521
Example: SR 1 L CL N R RS T IR AN O LR DR
LINE DATA OPERATIONS DISPLAY Fm

If y = 50, then x can be as large as around 58 (50%° will overflow).

i v | | o e o )

10 [0 (V= ] [Red ]
n | AT | | T |
12 M (s e [~ |
13 [Rec )8 )« % 1= ]
2 Csro ][+ (e J[Rec ][5 ]
7 | | o o |

Example:

o
Note:  The following gives an approximate, not exact answer. l ; ! ;] Ej_f‘__—-lj %:c‘igj [[’_s%@:] E‘?‘g
e oem [ ommow [ oew | e B 1 R, v o [ o
h IRFESY | VU7 Y08 | R | M | AR _ 5 | e I 1o 1+ 1
i RIS N | M | S | SR | PO 0 Answer is the largest t, 5 [ews J[s0)[ 2z [z I[ & )
Lobon JE JEJC JC_JE_J|° | eews<o” | 4 (s
2 For a positive value of x, how big can y be without causing y* to L ? [z [ %] [é@m L
ovestiow? . o+ GRICs Izl

&

If x =50, then we can take y as large as around 99 (100%° will overflow).

r

Note:  The following gives an approximate, not exact answer.

LINE  DATA  oPeRaTioNs oseLA | REMARKS 16 T | | | e | e

1 T 15 | MR 0| | | . 1| I T | [ |

3% Bl | TN | 7.0 | R | WA | e | 0 Answer is the largest | 18 T | PO | e | T | I | ‘

A GONRE T | e | e | e | RAOENE [owmso. = | o RS | I | i | o | e | | For new case. 90 10 9

I




110 Factorial and Gamma Function

Polynomial approximation

Notes:

This approximation can be used for positive x < 69.
This is a more accurate method (to 6 or 7 decimal places), but longer

than Stirling’s approximation.

Formula: x!2=1+b;x+byx? +... +bgx®
for0<x<1
where b; =-.577191652, b, =.988205891
b; = -.897056937, bs =.918206857
bs =-.756704078, be = .482199394
b, =-.193527818, bg =.035868343
Example: 4.25!=35.2116196
LINE DATA OPERATIONS 6|§PLAV
1 bl (HESTOZ Msu o IR R ]
R BT e R | R |
3| b |[s10 ][ 3 ] | SR | M
4| b |[sto ][ 4 ] | FEARE ; S
5| b |[s10 |[ 5 ]f I ] ]
L T | AR | R | AT | O
o I | | o |
3 T com [ o | oo | o | e
S | i { o el s
_ | S | O | | TR | I J
10 [+ _][(smo J[ s H_N i |
" SRS | ERINR  FAVINE | RO | AR
12 LR T, | LG | SR | KR
IR | I WEi]L__]
13 | PR W D R
& [sto [ & ][ x TLIW ]
15 | T | R | Y | RV | P o
PR | RN TR | B J',______l
16 Cev 0sto J[(o 0= J[__]
17 N A | N | L | B
18 (L= _J[ret J[ 2 J[+ J[ x ]
19 \[rec 3 ][+ 1= J[Ret ]
»| I FE )
21 | O I | O | DR
2 | MR | DTV | R | MK | R
2 A0 L | NGO | DA | BSY
0 N o o e o ||

Ifx>1,goto 11

Goto 17

Ifx>2goto 13

Goto 17

1fD>1,goto 14

For new case, 90(09

Ub W b U L e b W Wi W W

wi

»momomow o

-

|

P e D
4!

-
¥

U

Factoring Integers and Determining Primes 111

Factoring Integers and Determining Primes

Prime Numbers under 100
2 13 31 53 73
3 174 37 59 79
5 19 41 61 83
7 238 43 67 89
11 29 47 71 97

With the list memorized or in sight, it is easy to factor any integer x less than
10000 (and many other integers even greater). In the following program, omit
the numbers 2 and 5 from the list of primes if the integer ends in 1, 3, 7 or 9.

LINE  DATA OPERATIONS DISPLAY REMARKS

(AR e o e | | e x woven, o P2
| | | | othervise =3

2 C T 70+ 7. \/7_] Max

2 | v Vo |} 19> Mo, stop

DRI oo | gt i |

O | | e o | A | R Read note

Note If 0 is not an integer, let P = next prime number, go to 3. If Qisa pnme (hon both P and Q are factors, stop.
Otherwise P is a factor, let P = current prime, go to 2.



112 Factoring Integers and Determining Primes

Example:

Factor 4807.

Answer:

4807=11x19x23

LINE DATA ‘ OPERATIONS REMARKS
1| 4w |CAx][Cs JCt ]+ 11 ] gt |
2 | v - JL;,ji 69.33253 :-—MAX,P-3
3 LA J03 JC = JC__JC__J| 1ec23ssss  |p=7
4 e I 2 M0 = 10 __J[__J| eseriaze  [p-m
5 _m[_v_][ | R ]' 437.00000 | ~Qisan integer,
[ [ H H ” ' .lo"iulac(or
6 | t JC+ (/<] %04 [P
7| Cee JC 0 JC« JC | serzr :9-13
8 [Cre JL« JL 3 J[+ ] | 3361538 P=17
o  RCTIGEICEIC ]| s (e
10 Lre JLa JL s JL = J[ ] 230000  @=23isaprime, 19and
QG | PRRISH | GO0 | ORI | A | WL Basiocswy |
Example:
Factor 2909.
Answer:
2909 is a prime.
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P pee
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Fibonacci Numbers 113
Fibonacci Numbers

Formula:

In a Fibonacci sequence, each term is the sum of the two preceding
terms.

fi=fi.y +fip

f; represents the i term in the sequence.

Example:

Develop the Fibonacci sequence with f; = 1,f, = 1.

Answer:

13115i2,8,5,8, 13,21, ..,

LINE DATA OPERATIONS DISPLAY REMARKS
3 o B e | | I | g | ‘
AL} el ][ ][ ]{ ]| ] 5
3 i | T | Y | TR | ) 1, |Perform 3 for i=3,4,...

Finding the n'* Fibonacci number

Example:

Find the 12" Fibonacci number in the sequence 1, 1,2,3,5,8. ..

Answer:

144

| s Wi e |

e e | e o | | o |
[ ]Gy ] I [ [ReL ]|
G o | T | T | A




114 F Statistic
F Statistic

Testing two population variances

Given independent random samples {xi, 188 I S90S nx}and{yi, i=1.2, .., ny}
taken from two normal populations whose variances are 05> and oy?, the
F statistic (with ny—1 and ny~1 degrees of freedom) can be used to test the
null hypothesis

. 2= 2
Ho- Oy —oy

F is computed from the following:

s
F=—2
it
where s, 2 = sample variance of x
sy? = sample variance of y

Example: ‘

x: 91,103,90, 113, 108, 87, 100, 80, 99, 54 (ny =10)

y: 79, 84,108, 114,120, 103, 122, 120 (ny =8)
Answer:

F=1.02(d.f.=9and 7)

DATA i OPERATIONS il DISPLAb_VV ) I VRE;A;\;(;“ TR

LINE

1 [ T ] ——
2| « [ ]] [ || i | B
s M%)
B B (cieAr] [ ] ][ J
5

6

K2

| Perform 2 for i=1,2,....n,

Tl 2 o | A | OS] PR
B = (= ) = J[Po] | ‘

Perform 5 for i=1,2,...n, J

Gaussian Probability Function 115

Future Value
See pages 135, 139

Gamma Function
See page 109

Gaussian Probability Function

Formula:
TR
@(x) = e 2
V2n
1 MLk
d(x) = f 8 Al
7 TR PN
where x =2 0

D(x) = 1-p(x) (a;t + ayt? +a3t> +a,t* +agt%)
1
1 +px

where t=

p=0.2316419
a; =-0.356563782
aq = -1.821255978

a; = 031938153
a; = 1.781477937
as = 1.330274429
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l2=f f(x) dx

by the six point Gauss-Legendre quadrature formula,

Ib f(x) dxzbz;ai wif (————Z‘ (b'az)+b+a)

i=1

Example:
¥(2.22) = 0.033940763
$(2.22) = 0.9867907

>3-

Note:

"

@=x) = @(x), P(-x) = 1 - D(x)

e o oo [ oww | e | » e, M oF
PR | e | o | e | orf o) dx =5 37 P "(l+zi +a-1)
2 e R | S | S | ) t' a i=1 i

[N = | — | — — |
T o e o | |
5| o [(st0 | [:E (PR | I r' 4 ! t | where i Z; W
N B | o ] o | | | '
S AR - )l | | 9 | | 1 2386191861 | 4679139346
o [ow)[ v MM, (2] T 2| -2386191861 | 4679139346
o . 1] lr_f_g J| 3 6612093865 360761573
e {ij'[f o Jl { R:LJJ [F : i = ]1 S | B 4 | -6612093865 | 360761573
“ N | A [pow [ | 5 9324695142 | .1713244924
13 L N | N | YT | | . 6 -.9324695142 | .1713244924
:: .[L"S g L:_j [n[—_%_d Ui_jj | | f(x) is any single-valued function and a, b are finite.
o] = Jlee]le] . - Example:
17 R || O T | 10

(o]  [GadC—Jlex [z JC 1 e |Fomwompwr t Evaluate In 10 = f % _

1 1

Gaussian Quadratures

Answer:

2.30 (replace f(x) by * [ )

5

b o
Gaussian quadrature for f f(x) dx or f f(x) dx
a

Example:
2
e
Formula: Evaluate J S
x(In x)?
We estimate the value o "
I, = J. f(x) dx Answer:
a

or

0.37 (replace f(x) by “ E] - 3 - [i’_j} [Z] . i

W o W W ow W oW W w W W ow W

...



118 Gaussian Quadratures

Example:

Evaluate 1(1.8)= J " Rent St B
0

Answer:

0.92

(replace f(x) by “ [c@ o | :“‘f’_: @ 0.8 -
T

FE
Rt

LINE DATA OPERATIONS DISPLAY REMARKS

1| & lﬂlu_]L_H__JE:l; i

2| & eI IC _JC_JC )|

3| w |e]CaJC_IC_JC 1

| - el I JC | ‘

5 [_grg_]fo | SN | T | 7 J' ‘lfb--ootoal
TREAR | TOR | TN | R |

17 BN e | o | vt { e | i | .

Lot 4 -WEHE{I- ;

o | |enl—Jlse]le JC_| ﬁ

s | « JCa eI ,

S R (7 e [ oram | i | e  Reptace fx) by prope

R | o oo | A | 00 | P —

1 Crec )4 = Jso ][ 7 ]

12 [mec | e J[mrer ][ I ]! VaMwmlz-11fora3;.3

S O (e | | [ |

"~ GERD. moow | e | s | o |l |

£ I (5 s i [ i [ i |

o] el JC JC JC | L

| ws | JCsvo [+ JC7 I |

18| z |[mc ][ 8 J[ = ][cns][ReL] 1

Y R [ wcoi | b | s | j

0 {00 | S | AR | NP | ]|

2 [_Tgt_l[_l[I]Esp_lL_l

7 | | TN A RS | RS 1

2z lL@L_”_j_]U_C_L_]L__]:] Perform 23-28 for i<2.3

Y ) L__][ chs | [ ReL || 7J-‘

s lE__J-L_JL__lL_J

2 | | ot | | J '

@ w |[x s+ JC_1| |

Gaussian Quadratures 119

LINE DATA OPERATIONS | osew | REMARKS
0 = | | [ e
__3;‘ ,.,[ v Jl x “ jl ” I‘ I Stop, for new case, go to

i s | | | oam | s
I t J J—_J[sw][7 ]|

n |50 ][ J[ o J[so e ]

LN O R ) I | e |
(3| o [ J0 s JC+ Jlre J[7 ]|
TR | W | DRI | IR | B | e |
72 RGN o | | e | o |
a7 DA | TN | R | T | TR

Perform 33-48 for i=1,2,3

N B o o [ e o [ e |
3 AT | SO | PR | ey | eIy
w0 3 | |[sto ][+ e 12 ]
a
P

KR, |1 | e | | e | |
i ,Lcusu o | [ )

/R s e | oo [ { i |
N Rl ok | ey | e | e | |
45 | Vo e | T | SO | AT | SR |

]| |Ces]o 1= I 10=]|

o I GelC_JCJC |
@ » [ 10 10 ]

| ,__-[ ACL | MR | 0 | Y | _] 1y |Stop, for new case,
R e T 0t080r31
Gaussian quadrature forJ. e* f(x) dx
a

We estimate the value

l=f e f(x) dx

by the three-point Gauss-Laguerre quadrature formula:

> 3
f X ) dx =et D w Mz +a)
a i=1

where i I A | Wi
1 4157745568 .7110930099
2 2.29428036 .2785177336
3 6.289945083 .0103892565




120 Gaussian Quadratures

Example:

Approximate the Gamma function

I=l‘(a)=f e X x*! dx fora=5.25.
0

Answer:

35.21

O B (on o e
DA o | o | o | 0 | et
o B (D8 | 8 19 | BT | RS | KDWY |
o A0 (o o | e | | O |
5| w |[sT0 (5] [
6
7
8

w [[s]Ce 3 _JC_JL_]| |

P 0 | . o [ |

Replace f(x) by proper

IR (e % e [actve | s | |

\

|

| W | PN | A | AT M Keystrokes jl

9 [Rer ][4 x_J[sro][e_]| '|
|

\

10 CRec] (7 J(rec ][z I+ ]|
" [0 i | | oo |
12 [rec ] J(= (s [+ ]
13 e )R] 3 J[rec] (7 ]| | ;
1 EAE WA | ) | s |
|

15 (M0 | i | FIOY iR | BN
16 po [ 6 = J{meE ][ 8 |
” e [ e [ [ |

SO [ o | o | v | e | i |

Geometric Mean
See page 148

Stop, for new case, go to 7

Geometric Progressions
See page 157

Goodness of Fit
See page 33

Harmonic Mean
See page 149

ENEN.

»
i

| B »
k)

£

Harmonic Numbers 121

Harmonic Numbers

Formula:

The Harmonic numbers H; (i=1, 2, ...) are

or

Example:

Display the sequence in decimal form.

Answer:

1.00, 1.50, 1.83, 2.08, ...

uNe DA OPERaTIONS DISPLAY  REMARKS 71
I T o o | | IO

2 fctear][ ][ | A | o Perform 2—4 for i=1,2,...

3 N | | | |

! [ o [ o o | A

n'™ Harmonic number

Example:

Find the 7 Harmonic number.

Answer:

2.59

Note: E=.5772156649 is Euler’s constant.

r T et s p—— " : =
I.ll[ DATA OPERATIONS DISPLAY REMARKS
i — | N— = opunend

N N [ o o
2 | | | T | O | |
G| 7o | | [ [
«| A e e )|
5 | 4406 | MR | | DS | e |
6 a0 | B _]_[‘nqL_][A__:_Jf w =+ 1




122 Highest Common Factor

Harmonic Progressions
See page 157

17

Haversine
See page 203 p ‘S

Highest Common Factor

Definition:

The highest common factor (or greatest common divisor) of two
positive integers a and b is the largest integer which divides both a and

b. We write it as HCF(a, b). tl 3
Example:
w3
HCF (51, 119) = 17.00
o
S R Yy VRN W™ N B ™ yeamm

8 N (o o s s | |
1 TR o v | o i | s | i | |
3 [_—DI]@ lrj:][j D ‘Letlbelhelargm ]
VR v | g | 2 e | semem | intoer <0

|+ CedCedGe]o 1] | |
S| E”::]:”:JC] E IfE=0,g0t08 i
RN v o | o | | |
o |Cre][T1GedCsm] )| | |

ay

RAep

|

|

|
d

m m
MMwmwmww
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Hyperbolic Functions 123
Hyperbolic Functions

Hyperbolic sine
Formula:
hhE eX-e™
sinh X = >
Example:
sinh 3.2=12.25
LINE DATA RrR OPERATIONS i DISPLAY 148 ,RE,.,.:ME,,, '
8 [ [ e e [ |
VT e | | | oo | |
Hyperbolic cosine
Formula:
coshx = : ;e
Example:
cosh 3.2=12.29
LINE DATA OPERATIONS _;,, 7§an7>7 REMARKS ]
1 ‘ « |Ce 0 n—-/.”ngrgg ‘
1 e o | | R | S | 1 0
Hyperbolic tangent
Formula:
_ sinhx
tanh X = m
Example.
tanh 3.2=1.00
LINE A&;;“T 70&”70{8777777;:7a—zﬂ7.k¥‘ AL Réﬂh?{iiq
v| x e Jlsto ][ J[t J[ & 1| |
2| - JCee( v )W (osts ‘
13| T | TR | N | ) | |




124 Hyperbolic Functions

Hyperbolic cotangent
Formula:
cothx = :
tanh x
Example:
coth 3.2=1.00
UNE | DaTA 2 OPERATIONS | DispLay REMARKS
NN | s o o o o T A T
2| (R M st |
1) (| TUELAR {10 | R | [ | A
Hyperbolic cosecant
Formula:
1
hx=
b 4k sinh x
Example:
csch 3.2=0.08
LINE DATA TR OPERATIONS j DlsPLAVV L WREMARKSV MA |
Hyperbolic secant
Formula:
sech x = I
Example:
sech 3.2=0.08
UNE DAA  oPemaTONs | oDisPLav j REMARKS T
R R i | | . | wagcm i v y l

o T E T

Hyperbolic Functions 125

Inverse hyperbolic sine

Formula:
sinh~! x=ln(x+ x2 +1 )
Exumple:
sinh™! 51.777 = 4.64
LINE DATA o OPERATIONS 1 DISPLAY 7L7 ARE;;;(Si il
A i MRS | BTV | B 301 | HREPN | B j
2] L+ JEELVEIL s ]l ] |
Inverse hyperbolic cosine
Formula:
cosh™ x = ln(x+ vx2 - 1) x=1)
Example:
cosh™! 51.777 = 4.64
LINE DATA OPERATIONS DISPLAY REMARKS ‘]
|« I J
2 RPN | WA | B J{ ]| ]
Inverse hyperbolic tangent
Formula:
2 = .!.. 1+x
tanh™" x 3 In ol
(-1<x<1)
Example:
tanh™' 0.777 = 1.04
LINE  DATA G OPERATIONS “S;LA’VV % l R,E,M‘AE‘KS, B
1 | PR | ST | | R | ] i

2 x| sl ]|
3 + [ In ” 2 ]L—-————’L——T]-
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Inverse hyperbolic secant

Formula:
sech™! x = cosh™! 1
X
(0<x<1)
Example:
sech™! 0.777 = 0.74
LINE DATA OPERATIONS DISPLAY REMARKS
2 AR R | S | R | i |
Inverse hyperbolic cotangent
Formula:
coth™! x = tanh-1 1
X
x3>1)
Example:
coth™ §1.777=0.02
:LINE DATA OPERATIONS 7 DISPLAY RE;A_A;KS s
1] AT | 78000 { WA | ey | st |
2 o« [ JE ) I (asT X
0 ONR wom wir s e o [ | R
Inverse hyperbolic cosecant
Formula:
csch™! x =sinh™! =
Example:
csch™! 0.777 = 1.07
LINE DATA HOPERAT'Q(S B DISPLAY RéMARKS i

1.x.'/-u_]x’l‘l + |

Rsnd

Hypergeometric Distribution 127
Hypergeometric Distribution

(o )
1)

x= Qe ladiiien

Formula:

f(x) =

where h = min (n, k).

If a population consists of k elements of one kind and N-k elements of
another kind, then f(x) represents the probability of getting exactly x
elements of the first kind in a random sample of size n.

Restriction: N <69

Example:
Ifk=2,n=3,N=5 then

f(0)=0.10
f(1)= 0.60
f(2) = 0.30

LINE  DATA OPERATIONS [ DISPLAY REMARKS

1| « eIl e ]|
SIS o | o] | |
3| » WE]F"?-T‘W
o GOGaCs e
5 Emunmuw
6
2
8

9

o] .
(e JCRet ]2 ) .|

0| L e e |

n| e J[Rec][s (R

12 e =100 J[7_] |

L N | | s | [ [

W s )| ‘

15 mE |_Y_] (=] L«__] f(x) '5top; for new value
e 0 C b sl




128 Interpolation Interpolation 129

Interpolation Answer:
x; =0 yi1 =1

Aiken’s formula

yi' =1.262928
Given a set of n + 1 data points

p 3 X2 =0.1y, =1.105171 y," =1.283667
{iyidi=1,2, .0 +1}
v12=1279519  y;' =1.284030
where the x; are distinct, a unique polynomial P,,(x) of degree n exists which 3
passes through those points. e x3 =0.2y3=1.221403 y,%=1.284103 ya' =1.284026 = P,4(0.25)
: P :
I\?Z)em%e:erate a table (using Aiken’s formula) to evaluate P,(x) at a given | " 3 yi? = 1.285631 ya? = 1284023
0- -
Xy £l Xq = 0.3y, =1.349859 y,3% =1.283942
' h tr- 3
Xa Yao y2| YI4 e 1.278876
oy :
Y1 ‘
y2 B 3 xo=04y,=1491825
Ynl =Pn(xo)
p yzn-Z
n-1
Xn ¥n Y2 LINE  DATA OPERATIONS DISPLAY REMARKS J
n ’ 1T Y RN R ASRL WA
" L | | | T | [
st £ ¥ R o i |
i X 5 i o
kK i A 4 ﬁm [_4_—“ RCL ] 1 L_~_] »Periorm 4-9fork=1,2,..n
Y1 = [yk * (Xo = Xk+1) = Yk+1 * (X0 = xi)] /(Xk = Xk41) h 3 5[ xeen I@EL—_]L_"_J ]|
k=1,2,..,n 6| we |[sTo][ 4 J[Rec ][] [ReL]
I 20 N o] o [ v [ | =
Yo = Iy k0 =ik ) = YN W (ko = )] R = X ) v | o |z | | oo RS
# b 9 il lisTo 1127
m=2,..,n,andk=1,2, .. ntl-m = 3 R | o | Bt | ResER | Perform 10—16 for m=2,....n
Superscripts of ymk denote the index value of the left hand data point used n _[IN RCL PN v | Perform. 1116 fork =1, .
in an interpolation, subscripts indicate the degree of the iterated interpolating e (AN % | BSA | WA | SeerR Wit
polynomial at the current stage of the procedure. o ] SO .00 v [ e | o |
13l e, L | e Lol
Example: 3 R | [ [ )
Use Aiken’s formula to approximate P, (0.25) if five data points (0, 1), | (Cal s Jine ] 2] R | .
(0.1, 1.105171), (0.2, 1.221403), (0.3, 1.349859), (0.4, 1.491825) are 16 i | A | e | RERAY v Paxo) = o'

given.

ppe

ks




130 Interpolation

Linear interpolation

Assume f(x) is a function of x, for given x, X, f(x,), f(x;) and x; < xq <x,,

we can approximate f(x,) by

(x2 = x0) f(x,) + (X0 - Xy) f(x;)

f(xo) =

Xg = Xy

Example:

Suppose a table shows

x | fx)
12 | 030119
13 | 027253

Interpolate f to 5 decimal places for x = 1.27.

Answer:
0.28113
LINE DATA i OPERAT‘lOOfSi;V b : __j{S:L_AV B i ?E;IM;KS R
S o o T oo v | i | :
2| w O]z =] ]|
B | LTI | P ]E’j["'jl
pll AL 5 ML |V JEAY | I | G | RO |
s | W RO JRe]
° | 0 R | S 0 N |

|
|

Intersections of Straight Line and Conic
Intersections of Straight Line and Conic
Formula:
Find the intersections (X;, y; ), (X2, y») of the equations
axt+tby+c=0
Ax? +Bxy +Cy? +Dx +Ey +F=0

if there are any real intersections.

131

(1)
(2

We can solve equation (1) for x (if a # 0), then substitute in equation
(2) and solve the new quadratic equation in y (this program does not
work if the new equation in y is linear or constant, in that case display

will show flashing zeros).

Example:

Find intersections of

2x-y-2=0
and
4x% + 16y? - 8x - 32y -44=0
Answers:
(xy,y1) =(2.43, 2.87), (X2, y2) =(0.51, -0.98) (Q=3.71)
UNE| DATA Vi

OPERATIONS DISPLAY | REMARKS
P | e | i e
0 e | e [ e [

| o e | o |

v
_J
T

2

3

s S 0 [ W
TR s e e |
6

b f

8

9

o

[j*:][hf_”*'][‘5*04]{—5“|
Crec JL v+ [z J[x J[Re]
ETI | S | T | e |
IR AR | WO | VSR § MR
[sto J[e J[x J[Ret][a]
" (et J{ e [« J(reL ]3]
12 e e T )
Csto (7 J(rer ]2 ][ <]
14 CEEEIE VROV ) G | S |

=
o
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Interest amount

13-

UNE DATA | OPERATIONS | DISPLAY [ REI!ARK?“ ***** “

6 e [+ J[so][ 8 J[Rer J[1 ]| B ol

16 RCL R | AN | ”RCL]l ,

17 TN | S | R | ST {2 I=PV[(1+i)" -1]

18 TR T RN YT ) R

SRR o e i e v S e

20 f [+ J{sro][ 1 J[Rc][ & ]| Find the compound interest on $1500 for 5 years if interest at 6% is
2 [rec J[ s [ = J[ews ][t ] compounded annually.

\
o = [ o [ o | i }
23. Wmmﬁ]::] Q ilf0<0,thereareno }

Answer:

-
o
s e e W

| ‘ ( ][ || ][ ] :rul intersections, stop. ~d 507.34 i
5 | AR ’ ‘ t\ $507. (Note: i=0.06)
25_ :[ sto |[ &4 [ x2y |[ ReL ][ 1 ]. L
% e [ | v sy e | (L o g g s Py
27 RGO | PR | LT o T ] e
i - | SR | NN | ROREIRAN | RSN | ]
28 + |[rec [ 3 J[ + J[cus] N A R, . FYni 3 7 [
) N = [ [ . e | -1 e .
e [Rev J[_ & J[ + J[Ret ][ 3 ]| ' ; P ' AT FATET
R R e | e | snin | SR MEEROSI TR I,
t — Number of time periods
Interest (Compound)
Formula:

n(EY)

In(1+i)

2|2

Notation:

n =
n = number of time periods

Example:

i = periodic interest rate expressed as a decimal

rERERE
o W e w

PV = present value or principal How long does it take to yield $2007.34 at 6% compounded annually
if the principal is $1500?
FV = future value or amount
A Answer:
I = interest amount

S years (Note: i=0.06)

Fl

&=
d.
S

LINE DATA OPERATIONS DISPLAY REMARKS
| S | i | ooy | Ay |

RV v | o | R [ | S |

V2 PR orvm | o | o e | pevi s
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134 Interest (Compound)

Rate of return

Formula:

._(FV)'/“ i
1 W -

Find the rate of return if $1500 invested today compounded annually
will amount to $2007.34 in 5 years?

Example:

Answer:

0.06 (6%)

g e T LT S e
A v T o ) e |

T o e | v [ vt |

3, o [ w |NEECy 10 10—

L

B EEEEEENRNENNRR

-
W

Present value

Formula:
APR LEEN
(1+i)"

Example:

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

Answer:

$1500.00  (Note: i=0.06)

l:INE DATA . 7OPER.ATIONSV | VI;SPLAV &Mm
T3 e | e e | s |
Yl oo e e | i | .

N

w

I L | )
wwwwwwu‘mwwwwwzz

Interest (Compound) 135
Future value
Formula:

FV=PV (1 +i)"

Example:

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

Answer:

$2007.34  (Note: i=0.06)

LINE  DATA OPERATIONS

| WDTSPLAV R‘EMMKS
L, R | TR | IR 11 J|
2| o N ] | e )
o\l ot S | SRR | R | YOTRIY | R | L ¥

Compound continuously
Formula:
FV=PV : ¢

Example:

Determine the value of $50 deposited at 6% for 5 years, compounded
continuously?

Answer:

$67.49  (Note: i=0.06)

|L'€ DATA OPERAT!QCEV : ;M“. DISPLAY [ o REMARKS e
e e ]
e TR | R | DN |
R | | |
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136 Interest (Compound)

Nominal rate converted to effective annual rate

Formula:

Effective rate = (1 +i)" - 1

Example:

What is the effective annual rate of interest if the nominal (annual) rate

of 12% is compounded quarterly? (n=4,i= 0.12/4).

Answer:

0.1255 (12.55%)

LINE DATA A OPEE‘I’ENS DISPLAY
% AR | e | i | L | L)
(2] ~ |[WECy 00 0= 10 ]

Add-on rate converted to true annual percentage rate (APR)

Formula:

600 ni

s 3(n+1)+[(n-1)ni/m]

1

where n = number of payments
m = number of payments in one year

i = add-on interest rate
Note: This formula will give an approximate, not exact answer.

Example:

What is the true rate of interest (APR) on an 18-month, 5% add-on loan?

Answer:

9.27 (%)

IEEELES
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Interest (Simple) 137

DATA OPERATIONS | DISPLAY

LINE REMARKS
3 e o | i ] e
2| n |[s10 (2 ][ x J[rer J{ 2 ]|
3 | oo | e e e |
al m [+ J[eec){ 2 1[ ¢ [+ |
5 [ | | o o |
. [o JCrec ][z ) J(rec]
SRR inrvms | v | o | ke [ e | | A
Interest (Simple)
Notation:
n = number of time periods
i = periodic interest rate expressed as a decimal
PV = present value or principal
FV = future value or amount
I = interest amount

Interest amount

Formula:
[=PV-.n-i
Example:

Find the interest payment due of $1500 on a 360-day basis at 6%
simple interest for 200 days.

Answer:

$50.00 (Note: i=0.06/360)

LINE  DATA OPERATIONS G| DISPLAY aeufnxs
T i i | e |
R v e o | v | v )
L i TECR | e | | R | O |




138 Interest (Simple)

Number of time periods
Formula:
i FV -PV
PV -i
Example:

How long does it take to yield $1950 at 6% simple interest if the

present value is $1500?
Answer:
5 years (Note: i=0.06)
LINE DATA i OPERATION; DISPLAY REMARKS 77"'

0 LA o [ i T oo o | v o ]
2| ev ([sro ][ J=1I l . 1
0 R o v o | R : |

Interest rate

Formula:

i=FV-PV
PV +-n

Example:

Find the simple interest rate if $1500 invested today will amount to
$1950 in 5 years.

Answer:

0.06 (6%)
LINE  DATA opsmmous T e REMARKS
R v [ oy | s ) v | | i
4 MO 1T | RN | RN | WO | b | |
S WBLCA) I | N | RSN | 6B | S | J

e

7
o e Gu e Wl

-
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Interest (Simple) 139

Present value

Formula:

FV

PV = -
1+ ni

Example:
What sum invested today at 6% simple interest will amount to $1950
in 5 years?

Answer:

$1500 (Note: i=0.06)

LINE D;Yl; OPERATIONS ¢ DiSPLAVi ‘ koo
Y a | | i

8 R o | s S R

COURNE ot (i [ [ | e | AR

Future value

Formula:

EV =PV (1 +ni)

Example:

Find the future value of $1500invested at 6% simple interest for 5 years.

Answer:

$1950.00 (Note: i=0.06)
Tu{'sm"f‘—d’";;e;;';@s"’"’ [ o [
T T | | | i
T B T bt i), R | | S |
AR | W G | VAR PR | e R

Interest Rebate (Rule of 78’s)
See page 145

Inverse Hyperbolic Functions
See page 125
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Iterative Solution of Equations

See page 96

Least Common Multiple

Formula:

The least common multiple of two positive integers a and b is the

smallest positive integer that both a and b can divide.

a*b
LCM (a, b) = HCF (o B) @b
Example:
LCM (51, 119)=357.00
LI;‘EW DATA L T OPERD:TIONS e nDiSPLAV REMARKS”
i DIVRLINE] | | SRR TR | VBTG | RN |
RN N B RO S { MO _
3 ST | SBCSA | TR | NN | BN b) | Let f be the largest
il TR | S | DR | GRS | RN integer <D
4| + Deylex][ree J[ 7 ] ]| .
i 5 M | BN | R AR | I T. E [fE=0,90t08
AR | VAN | WFADE | Il |
6 [re J[ 1 J[ey J(sto [ 1 ] _
7 TR | RN | ERORY | RO | R Goto3
RGN | R | | R § W
8 Cree 1+ 1t J[re 103 1|
9 2 Jleec 12 J0x 16y ]
10 MY | TR | DRI | RH) | MR | E,

Least Squares Regression

See page 77

Linear Regression

See page 77
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Loan Repayments 141
Loan Repayments

Notations:
n = number of payments
i = periodic interest rate expressed as a decimal
PMT = payment
PV = present value or principal

Number of time periods

Formula:
n =log, 4 Lt e
Rk
PMT
Example:

How many payments does it take to pay off a loan of $4000 at 9.5%
annual rate, with payments close to $150 per month?

Answer:

30.07 payments (Note: i=0.095/12)

(UNE DATA OPERATIONS DISPLAY f e REM;RKS

l RN 0 e Tt i [
[

whA | ULECUEE | RS | e | ARCRHH | ONMORN
o | D | LN | B B IR | O |
PR (AT | 0oL ) WA | s |
L | W | RS | ARG |

o & W N




142 Loan Repayments

Interest rate

Formula:

1 n
o 1.2
{1
PV
Annual interest rate = monthly rate x 12

Monthly interest rate i =

Example:

If n = 360, monthly payment PMT = 179.86, PV = 30000, find the
annual interest rate.
Answer:

6.00% (8 iterations)

LINE DATA OPERATIONS DISPLAY REMARKS
o) | DT | TR | VSRR ]| |
0 Pl | LIRS | ML § RO | AR || ]|
3. pv {l + J1670 J§ 1 Jf SEX ]
4 0 10 e Perform 4-6 for k=1,2,...
5: Ly I J{xv ][ - ][ RcL ]: :unlilD.‘converges(to '
6 ) | O | N | v D desired decimal place)
7 [ o o e |
Vo] SRR | I LS TG RAPHHG | TN i1
Payment amount
Formula:

ST A YR

1 -(1+0)"

Example:

To pay off a loan of $4000 at 9.5%interest in 30 months, what monthly
payment is required?

Answer:

$150.32 (Note: i=0.095/12)

OPERATIONS

LINE DATA i

5 A vt T s | it | 0V |
2| w O]
3o A0
4 Yo A o | b e

Loan Repayments 143

Present value

Formula:

RS [&]

1

Example:

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

Answer:

$3991.55  (Note: i=0.095/12)

LINE  DATA OPERATIONS

TR .20 W | (i { | |
S o = |

LI s | | .2 e |

T cal | | e | B | R | T

[alw N =

Accumulated interest

Formula:

The interest paid from payment j to payment K is

I,y = PMT [k—j i ﬂil‘)l( L i)j’k):l

Compute the monthly payment, PMT, by the formula given above
under “Payment Amount.”



144 Loan Repayments
Example:

Consider a house costing $30,000 with a mortgage life of 30 years at
8% yearly interest. Find the interest paid on the first 36 monthly
payments (i=0.08/12,j=0, k = 36, n = 360).

Answer:

PMT = $220.13
Io-36 = $7108.72

N RN oo o | o | J g
X VRIS | | o | o | v |

3w |[Csro] (3] =] (]| N
: | o e [ = [ i
s e

6 lml[ 3] lr_!‘

T R s [ HacLIL_qu i
-3 BRI e | e | o | v | o | g
ot I o | s v | e | o 1078 1
Remaining balance

Formula:

The remaining balance at paymentk (k=1, 2,3, ...,n)is

ka - PIMT

[1-@+ik]

Example:

Using the previous example, find the remaining balance at payment 36.

Answer:

§29184.13
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Loan Repayments 145

LINE DATA OPERATIONS DISPLAY l‘ e .REMAMS
AR o e | s s e |
2| & -E:H::l:][:
2 0 - n =] 1
4 | | [ ]L
[s | ewr [ CRec] ] III [::]
Interest rebate (Rule of 78’s)
Formula:
F = finance charge
L2 _2(n-=-k+1)
I = interest charged at month k = TR @+ F
rebate = m
Example:

-
A 30-month, $1000 loan having a finance charge of $180.00 is being
repaid at $39.33 per month. What is the interest portion of the 25"
payment? What is the interest rebate at that point?

Answers:

Interest portion of the 25™ payment = $2.32
Rebate = $5.81

: 1 + RCL 1 ] + l

el ,
| TR W I

PR o s | |
eIz )] R

LINE
1
2 | k
3
4
5
6
7




146 Logarithms
Logarithms

Logarithm of a to base b (log;, a)

Formula:

|0gb a= ln—a

Inb
Example:
log, 5= 0.83
lﬂ;fh “(;TA?TV 0 ’7—*_ g _O?ERATIONS DISPLAY i
TR w5 san e | comiog | vaseom |
1. ety B | 4G | bt | g | | (RN |
Means

Mean, standard deviation and sums of grouped data

Formulas:

Given a set of data points
Xa Xt
with respective frequencies
Y RIS i

n
Letk= Y f;.
i=1

preonneas

W oW W oww w o w W ow ow oW ow oW W

Means 147
Then 2 fix,
8 i,
2
i=1
§=
Example:
f ‘ 30 13 4 22 7
X; 1 2 3 4 5
Answers X =2.51
s=1.48
Sx =191.00
SSx = 645.00
N DA opemaTIoNs ~ pispLAY REMARKS |
v B L [F MR IR
RRET | o | n | e | ]| | | Perform 2—4 for i=1.2,...n
3 o« [x Jlsto ][+ ][ 7 NN
‘ [Lasto[ « J[sto ][ « ][ & ]
5 [ | | | | %
6 T | RGO | LS | SR | TR s
7 B AT | NS | T | R s
| 8| BT N SR | P | e | (R g




148 Means

Arithmetic mean

Formula:

The arithmetic mean (average) of a set of numbers

fi0, 2

is

Example:
Compute the arithmetic mean of

2,34,341,7,11,23

Answer:
8.30
LINE DATA i OPERATIONS DISPLAY ; REMARKS
W AR | RN ] [ [ J
2 | a [ + ” “ ] Perform 2 for i=2,3,...,n
o | i | R | i l

Geometric mean

Formula:

The geometric mean of a set of numbers

{al s A2, ey an}
is
G= nal *d * ..."8g
Example:
Compute the geometric mean of

2584034157 11103

Answer:

5.87

13-

3
N ;

W W W W w u w w

AEEN.

pEeoees
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-
W oW W

o
W W

Harmonic mean

Formula:

The harmonic mean of a set of numbers

{a,, A2y eoey an}
is

H= "1

n
a
=1 1

1

1

Example:
Find the harmonic mean of

2,34,341,7,11,23

Means 149
une oam oeenarions [ omw [ eeame ]
(b e | A | O [ 1[ ]

2 a; ﬁx ][ ._.” ” I Perform 2 for i=2,3,....n
(3] » [~ 1N 10 ] o

Answer:
4.40
LINE DATA i OPERATIONS DISPLAY il { i Rguf?ts |
T ) o | e | |
i (AR P | VS | B | A | J{ ] |
3 a I Vu ”—T-H ] Perform 3 for i=2,3,....n
4 i | R | { s |

Mils to Degrees
See page 19

Multiple Linear Regression

See page 79

Navigation
See page 186



150 Negative Binomial Distribution

Negative Binomial Distribution

Formula:
o R fa e o |
f(x)-(x)p'(l-p)"-( £ )p'(l-p)"
where x=0,1,2,..
it P A
0<p<l

Example:
If r=4,p=0.9 then

f(0) = 0.66
f(1)=0.26
f(2) = 0.07

DATA OPERATIONS mA«mw;A J iy hm" m""“_ 's' N

P (5 o o o | |
o o]z I =—][so][ 3]
e | e o s
=~ ) [(Rec ]
Ca T~ )¢ ][ec ]
.
o o | e | e [ {
B (- (Rel[ s ] ‘
Q‘LL_JL_‘._]-LL_HZ vSloo;Vovnewvalwoix,

o

e
1
2
3
3 ]
5
6
7
8
9

v s k| | TN P
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Normal Distribution
See page 115

Numerical Integration 151

Numerical Integration

Method:

To approximate the area A under a curve, sum the areas of the con-
situent trapezoids of width L. Each trapezoid has the area

53 Yi *Yia
2
y
Yo ———-
yoh___.vﬁ

Example:
Find the area bounded by
y=x2+2x -3,
x=-2,
x = 0 (the y axis)
and

y = 0 (the x axis).

¥




152 Numerical Integration Percent 153
In this case r %

Xo=-2,X,=0,n=4,1=0.5

Replace f(x) by E] [Z] [Z] 2 [)_T_] 3 E] At E"\g Markup percent
Answer: E! , Formula:

7:25 To make a gross profit of G%, add A% to the cost price. To find A for

E ‘ a given G.

Percent

UNE  DATA ~ opeRaTIONS OISPLAY | REMARKS | UML)

1 - CLEAR | N . IR E ' 100-G

| 10 | BN | PRERR | . b Example:

S . | I | T | RN | Y | TR N g

48 HARAL S | R | 0T | | AR | o | I E*!" To make a profit of 30%, what is the percentage of markup?
5 . | o | | e | W o

6 o 1[smo ][ 3 __:" 3 \ ‘ Answer:

7 [_R_(:L__]Dj[ Rcﬂ + 2 . .Perform 7-12fori=1,2,....n F : l - 42.86%

8 \Csro ][ ]| | M | W _

9 i[ fx |[sT0 J[ 4 ] J | vi ] - LINE  DATA } OPERATIONS | DisPLAY REMARKS
ol (Crec ] 3] ] e ] R | E"’ g v 6 [ % Jleex][emsil z [ =]

i Loz J( = [aeL ][ 4 J[smo0] | P NG o o | e | o e |

12 AR | RS | BSOS | O | TSR - ’ ) d R e 0 e

i Rec ][ 7 J[me ]2 J[ = ] v Gross % profit

14 T | SR R R

Ry | E‘; : ’ Formula:

If A% is added to the cost price, the profit will be G% of the selling

Ev-_ ' price.
™ _ 100A
Parabola (Least Squares Fit) , T A+100
See page 82 Et .
R Example:
Payments L—-‘ If we add 30% to our cost price, what percent of the selling price will
- be the profit?

See page 142

g‘-# Answer:
23.08%
ke, _ ARV D
Ejﬁ _' LINE  DATA OPERATIONS DISPLAY [ REMARKS o]

T A Aoz ]|

By LU DL G B AT




154 Permutations

Permutations

Permutations of a objects taken b at a time

Formula:
P, =P A b)= L
afp (a,b) (a-b)!
Example:
7Ps =2520.00

Notes:

BPO o la

aPI o a,

aPy = a!

Program requires a < 69.
LDE: DATA OPERATIONS | DISPLAY REMARKS

BN [ww] o)
2| v - EERCe I

Plotting Curves

Objective:

The following routines give values of y = f(x) in increments of I for
values of x between X, = a, and x = b where b > a. f(x) should be
replaced by appropriate sequence of keystrokes. I is saved in register
R,, so f(x) cannot use that register.

Plotting Curves 155
Examples of f(x): (assuming x is in the X register)
For Replace f(x) by

yu g (J(x]

y = In sin x n
y=3 Jx s (x)
y=x*-22+3x-7 |[[*][*][*]) (%) 2 (=) (x])3(*](x] 7(-]
LINE  DATA OPERATIONS DISPLAY | bbb REMARKS
A o i e | e |
% 8 0 v | ] pen it i}
3 LT | RN | /| J{ l Yo
4 BT | RS | BT | R | X Perform 46 for i=1.2....k,

TR | AR | g | Eam | |
P R | o | v | | P
6 TR | R ][ 1{ ] vi

Example:

/R
ST o
Plot y n

from x = 3 to x = 5 at intervals of 0.5.

until xg =b

Replace f(x) in the program by

DEID] | S
UNE DATA | OPERATIONS 3 oISPLAY | REMARKS
ol R (o e s e i | I
3 IR o s e i o] AT
3 o [ [ (|| |
CO AT e i o o | o] ORI TR R
5
6
7
8
9

|CoxJC+ J(rec [+ J[ 1 ]|  aso -x,

| | O R T | .
[ o | | | — R e
Lo ][+ Jleec [+ J[ 1 ]| 400 =%
| NECSE | A SN | VO ) R | |
10 [ |V . ]| ]| 0.83 = fixa)
M (o s o e | R S
12 | YOIC R | NI | O | TR | P | |
13 s )0 J[ ]| oo i)
" [ | e | e | 500 wx
T v o oo s | | 4
o EEECAIC JC 10 1) os |-




156 Poisson Distribution

Poisson Distribution

Formula:

A X
x!

f(x) =

where X is a positive integer and A > 0.

Example:

Suppose A = 2.8; f(7) =0.016279878

REMARKS

LINE DATA OPERATIONS DISPLAY
1 a [cws J[ e ] [ [cAsT ] [chs ]
IR |[wam| [mm |
3 LN | PR § O | | N
Polynomial Evaluation
Formulas:
f(x) =cox™ +¢c,x" T + .. +cp X +ep
write

f(x0) = (... (((coXp +¢1) Xg +C2) Xg +C3) Xg +... )Xo +Cpy

Example:
If f(x) = x5 + 5x* - 3x% - 7x + 11, find f(2.5).
Answer:

267.72

OPERATIONS DISPLAY

REMARKS

GV AR | NP AR ) 70 | W § R |
o | HESNRE LR  ORNT | RS, |

LECL BN

2
SR v i s o
IS o v a | i

|Perform 3-4 for i=1,2,....n
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nomom o
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Formulas:

Progressions

Power Curve (Least Squares Fit)
See page 86

Present Value
See pages, 134, 139

Primes
See page 111

Progressions

Arithmetic Progression
a,at+d,a+2d,..,a+(n-1)d

Geometric Progression

a, ar, ar?, ..., ar™™}

Harmonic Progression

g a a a
b’ b+c’  b+2c’ " b+(n-1)

n = number of terms

a = first term in arithmetic and geometric progressions

[ = last term

157

d = difference between two successive terms in an arithmetic progression

I = ratio between two successive terms in a geometric progression

S = sum of a progression



158 Progressions
Step through an arithmetic progression
Formula:
a,atd,a+2d,..,a+(n-1)d
Example:
Display the progression witha=0,d=17.
Answer:

0.00, 17.00, 34.00, 51.00, 68.00, 85.00, 102.00, 119.00, ...

LINE DATA I OPERATIONS DISPLAY | REMARKS

N S | O | R R 1 | NG |
2 a I | [ “ ”__]

“% SRR oo e e 1t | s

| Perform 3 as many times

a | A Dy | e [ ) e [ desied

Step through a geometric progression

Formula:
8, ar art.l. arek
Example:
Step through the powers of 8.

Answers:

8.00, 64.00, 512.00, 4096.00, 32768.00, ...

LINE  DATA OPERATIONS DISPLAY REMARKS
0 AR v o | | ]
o5 RO L | BRI § | RN | AV
3 | [ X ” ” 1[ 1[ ]‘ lF’er'orm:!as many timgs
[ “ IL ]L____”__] }udesired

Progressions 159
Step through a harmonic progression
Formula:

9_ a a a
b’btc’b+2c’ " b+(n-1)

Note: A harmonic progression can be obtained by multiplying the constant
a by the reciprocals of the terms of the arithmetic progression
b,b+c, b+ 2, .,b+(n-1)c. In the following algorithm,
x; (i=1,2,...) represents the i'™ term of the progression.

Example:

Step through the harmonic progression where a= 1, b= 2, and ¢ = 3.

Answers:

0.50, 0.20, 0.13, 0.09, ...

UNE  DATA OPERATIONS | DISPLAY 7 rsaA

bR Rl .08 | L8 || J[ | e | | PHSNL U RE
4 VOVEAG e ) e { e BN W | e | |
3| o L% J[Rec] 7 J ] A

‘i I_CL_X_Jml 2 ” 1 ]Ll/_ ] EPerformd—Sfori-Z,a,...
5 LTSN | MR | R | ][ | Xi

n'" term of an arithmetic progression
Formula:

Given the number of terms, the last term of an arithmetic progression
is given by

nMterm=a+(n-1)d
Example:

Find the 25™ term of the arithmetic progression with a = 2, d = 3.14.

Answer: \
77.36
LINE  DATA OPERATIONS | DISPLAY REMARKS
WA XA | TGS | WY | M | ] J|
WS | PR | J{ | NGHOH, | A |
i VL0 | RRRR ) M | SRR Jh) |
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n'" term of a geometric progression
Formula:

Given the number of terms, the last term of a geometric progression is
given by

n™ term = ar™!
Example:

Find the 14™ term of the geometric progression with a = 2, r = 3.14.
Answer:

5769197.69
LINE DATA ’ OPERATIONS DISPLAY REMARKS
R o oo | SO | SO | ‘
WA wren [ovomn | oo e | oo [te>opws |
T aremar e e i | vom | , i
3 | xy |[cns | [ | 1 |1 niseven, go to 5. il
WO o | s | oot 0 i | [ovarwionsor08 il
«  ERCC JC ) Goros ]
AL o o | som [ e wtem |
Cl SRR o o | o { e | s o
o AN o o | oo [ oshite | mksivis

Arithmetic progression sum (given the last term)
Formula:
Given the last term, the sum of an arithmetic progression to n terms is
n
S==(atl
> @*h
Example:

Ifa=3.5,1=25and n =11, find the sum.
Answer:

S=156.75

Progressions 161

LINE  DATA OPERATIONS DISPLAY REMARKS
(I v | oo v s | |
CHRBALA o | s | s sy | et |
R OO o e [ oo | e

Arithmetic progression sum (given the difference)

Formula:

Given the first term and the difference between two successive terms,
the sum of an arithmetic progression to n terms is:

S=na+——n(n-l)d

Example:

Ifa=3.5,n=11,and d=2.15, find the sum of 11 terms.

Answer:

S=156.75

LINE' DATA | OPERATIONS DISPLAY {
) AT oo s [ s | e |
R ICTA o v oo
O RN o[ s |
T RIS oo | o | s oo

)|
)|
]¢
]|

Sum of a geometric progression (r <1)

Formula:
The sum of a geometric progression to n terms with r <1 is

a(l1-m)
1-r1

S=



162 Progressions Progressions 163

;s Sum of an infinite geometric progression (-1 < r < 1 )

g Formula:
h)

Example:

Ifa=1,r=-2.1, and n = 6, find the sum of 6 terms.

MM ey

Answer: i
8=_-2734 @ -t
LNE DATA | OPERATIONS 1750 oespuny [ s s : Example:
1 l AR | WAL ARG | PR | R | e F, ;,! Ifa=2and r=.5, find the sum.
P R | A | RO RGN | i | st -
0 T T | R | e OO | AT | Mr>0gpws | ' Answer:
IR [ i e | PR E @ S
4 \Lons 10~ | I (v 1| X Ifnisodd, o106, |
‘, IL | R | B SR | %0(hemin,goto7 A
8 O | [ | O T | =
Waes | !E ”: ]L__][ ]L_]‘ ‘ R LINE  DATA OPERATIONS DISPLAY | REMARKS
1 HUBGHGH 10| G | | | | L e i R o o o | o PN 1
0 R | v e [ [ | i i B o R TR | AR | M { S ot | f
8 [ - o § OO | SRR | AN i

Sum of a geometric progression (r > 1)

m m
o

Formula:

The sum of geometric progression to n terms with r > 1 is

n
g= a(r"-1)
r-1

m m
oo

Example:

Ifa=1,r=2.1,n=6, find the sum.

L

Answer: 2
T
S=77.06
LNE  DATA OPERATIONS | DisPLAY REMARKS -~
00 LR Re) | | e | ey | | R
RN om0 | e il .
3 ) 1G]l N R ‘ R -
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164 Quadratic Equation
Quadratic Equation

- Formula:
The roots of Ax? +Bx+C=0
i -B: VB? 4AC
2A
If D = (B* -4AC)/4A

is positive, the roots are real. The root with larger absolute value x; is
computed first to obtain better significance. The second real root x, is
found by C

x2 B cm—
AX]

If D is negative, roots are complex (one root is the complex conjugate

of the other), being SeAAVVSAON
utiv = _—_B_ + —_.4AC s Bz i
T AN 2A
Example 1:

Solve 3.142958x% - 6.987122x + 1.001976 =0

Answers: Xy =2.07,x, =0.15
-B
(D—0.92, By 1.11)
Example 2:
Solve -7.23x* +267x-3.17=0
Answers: utiv=0.18 * 0.64i
(D=-0.40)
LINE DATA OPERATIONS | DISPLAY | REMARKS
0 (Sl T | PSRN | ORRCNA | AP | ]| l
2| 8 .[ xey [+ J[ens][t ][ ]' j
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SRR wicse [ | ook | e v j
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AR v oo | o st e RS PRSP 1
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9 Lxzy )= ]I J{ | SR | X3 | Stop 2
. { J | A IR | | 1| :
o s MCAIC=AC | o | ]
1 [xzy ] J{ ] Bl ] v

mmnm

m DD OHDnNDMNDmMm
AT EEEEEEREEEERE

Z;'n-
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Radians to Degrees
See page 19

Random Numbers

Objective:

This routine will use a “seed” S to generate a sequence of pseudo
random numbers R; in either of two ranges -1 to 0 (if S<0)or 0 to 1
(if S > 0). For best results, the seed must be a ten digit decimal fraction
containing all digits O through 9 in an arbitrary order.

Example:

If S =.2510637948, generate a random series.

Answers:

0.28, 0.14, 0.19, 0.65, 0.90, 0.20, 0.85, etc.

LINE DATA OPERATIONS DISPLAY REMARKS
K 0 | 00O | AR | B | R
P8 TR e ot | o | oy | it
3 AN | [ | [ ] D; Perform 3-4 for =1.2,3,..
o« [ O JC 0 ] R (et woerpee
G0 | AR | R | RO | G of D,

Rank Correlation (Spearman’s Coefficient)

Formula:

n
63 D/
i=1

I n(n?-1)

Ig) ¥

where n = number of paired observations (x;, y;)

D; = rank (x;) - rank (y) = R = S;
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If the X and Y random variables from which these n pairs of observa- E; E

B e

Rank Correlation (Spearman’s Coefficient) 167

Example:
tions are derived are independent, then r¢ has a mean of zero and a 4 ol i
variance — X Y R S
1 E: i Student Math Grade | Stat Grade Rank of X Rank of Y
= ¥ i ik M v Ry d A yoftanrane
: - 1 82 81 6 7
An approximate test for the null hypothesis - ’ 2 67 75 ] 14 11
Ho: X, Y are independent 3 91 85 i 3
is - | 4 98 90.. 1
Z=r1s Vn-1 5 74 80 11
which is approximately a standardized normal variable (for large n, E ‘ 6 32 60 15 15
say n = 10). 7t 86 } 94 4 , 1
If the null hypothesis of independence is not rejected, we can infer that Fi 1 8 95 ‘ 78 2 ?
the population correlation coefficient p(x, y) = 0, but dependence 9 79 ; 83 9 ‘ 6
between the variables does not necessarily imply that p(x, y) # 0. F; ‘ 10 78 i 76 10 1 10
iz |
2 11 84 | 84 5 } 5
;- < ‘
ik bt e E 3 12 8001 SR RN
— 13 69 | 72 13 ' 12
: 14 B R Towi 3
E i@ 15 Ml a1
E: Answers:
’ s = 0.76
f Z=2.85
- I UNE DATA | OPERATIONS DisPLAY | REMARKS
1 [ s — — —) i
Et_ ‘ RN e | m || | e | mase | |Perform 2-3 for i=1.2,...n
el WIS, 0 | PR | R | R | R
1 4 ReL ][6 1[Ce [ x J[Rer]
| 8 R0 [ o [ i |
: 3 R e i - o | D
E} 7 IO N . | _
JOON T e e o | RO AR

Rate of Return
See page 134
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Register Operations 169

m

|/

3.1 Delete.y

(Lower that part of the stack above X.)

In the following eighteen routines, x, y, z, t and ry denote the contents of
registers X, Y, Z, T and Ry, respectively. (k=1, 2, ..., 9)

mom
& & & &
/i

1. Clear stack; retain all storage registers

lost )
: T ::— lost
z Z
Y Y :
& X E} Loe | oama | OPERATIONS DISPLAY ‘ & rvatried
0 3 Gy Jleox )0+ JL__ 10|
LINE ~ DATA OPERATIONS DISPLAY | REMARKS 4. Reverse the stack

2. Delete x

m

B
Z
X
X

X< N e

(Lower the stack.)

—~
M

/(]
's's'g's'g

z & i
y LINE  DATA OPERATIONS DISPLAY REMARKS
p A ‘ M RO YR 80| ORIV D ke AR T T
lost E"
LNE DATA | OPERATIONS DISPLAY REMARKS E: 5. Fetch t or roll up
: (e YR (Bring t to X, keeping the other operands in the same order).
t L5
st ﬂ z Z
y b
S i )
B i
LINE DATA OPERATIONS DISPLAY REMARKS

E:i e i M w e U SAT AT L wal i
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6. FetchttoY

(Bring t to Y, keeping the other operands in the same order).

t T
o
y e
X X
LINE DATA OPéRATIONS DISPLAY % REMARKS

: L .T308 | T LT | | i

7. Fetchz

(Bring z to X, keeping the other operands in the same order).

t ¥

z Z

o

X X
LINE| DATA pPERATIdNS f DISPLAY :  REMARKS
_.1_' S T R | i A
8. CopyxintoZand T

lost

t { &

z Zi

y Y

X X
LINE DATA i O;’ERATM DN USPL‘AY‘ REMARKS

9. CopyyintoZ
(T is cleared).

M NS
o

Register Operations 171

LINE DATA OPERATIONS

: oot | | o (i

10. CopyyintoZand T

[LDNE DATA OPERATIONS

DISPLAY REMARKS

8 = [ oo o |
W 0 2 i e

—_—

11. Copy y and x into Z and T, respectively

(Copy x and y in reverse stack order, but
both x and y in the stack)

this is the shortest way to save

lost
t / T
z Z
y Y.
X X
LINE DATA OPERATIONS DISPLAY REMARKS
LS TPV UM MBI | VI8 A | P
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12. Copy y and x into T and Z, respectively
(Copy x and y in the same stack order to Z and T).

lost
t 7. *
z Z
y Y,
X X

LINE  DATA OPERATIONS DISPLAY REMARKS
1| L ) T e R G L AR §
2 TR0 | e | e | oo | ) |
13. Swap x and ry
(Exchange x and ry, tis lost), where k=1, 2, ..., 9.
/ lost
t T
z —4 Z
y X
fonens
Tk Rk
LINE | DATA OPERATIONS DISPLAY : REMARKS
1 | RCL I I : ‘kis-aljiptegennd
0 = o o 1ex<o
3 | TS | I B | BN | VRN |
14. Swapyandz
t ik
o e
y b
X X
LINE DATA OPERATIONS DISPLAY ] REMARKS
1 (R ] ,’f‘f_‘f__.l Rt |[ Ry R |

15. Swapzandt

X

Register Operations 173

[one

DATA

OPERATIONS |

K

I,j‘ 1CrC ]Gy R J[ R ]

16. Swap xand t

X

® < N o~
X< NS

LINE

DATA

OPERATIONS

DISPLAY

[ Jlr JLRE Jxv J[ R ]

17. Swap x and z
(Reverse contents of X, Y, Z)

K

e
X< NH

LINE

DATA

OPERATIONS

REMARKS

Galmm b= [ m ]|
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18. Swapyandt

(Reverse contents of Y, Z, T).

t T
oK
y bs
X X
LINE D:T_A OPERATIONS e DISPLAY REMARKS
__1» .[ R [ x2y ][Ry “][ RI || xay ] R
Resistance
Formula:

The equivalent resistence R of a parallel combination of resistors is

Example: I
Find R.

12Q 'R2
Answer:
R =3.00
LINE  DATA OPERATIONS | DisPLAY REMARKS
Wl ML | RS NARERA | § J[ ][ ]
2 R; I 1« + I IE E Perform 2 for i=2,....n
3 | ]| J{ J{ J

Roots of a Polynomial 175
Roots of a Polynomial

Formula:

The Newton-Raphson iterative method can be used to compute a root
of the polynomial equation
f(x)=aox" +a,x"" + .. +a,;x+2,=0
by using
x.
Xi+1 = Xj - f_f(&%
where f' is the derivative of f.
Due to storage limitations, the following key sequence is limited to
handling polynomials with n < 9. The routine can be modified (to

record intermediate results instead of storing them) to solve poly-
nomials with n > 9.

Example:

Given an initial estimate x, = 0.6875 of a zero of the polynomial
f(x)=x3 - 11x? +32x - 22

improve the estimate so that it is accurate to the 5™ decimal place.

Answer:
X; =0.95396, x, = 0.99875, x5 = x4 = 1.00000
uus{mu OPERATIONS | oispLaY | REMARKS
15 R o o | i T o | |
2 o | R | P || ][ ] |Perform 213 for i=1,2,...
< e | FRTIR | A ) ][ N e Perform 34 for j=1.....
R (ran | wawen [ i | -
A DR PN | RPN | VBB | SR | SRY | O
o W | S | K | O | B | e | '
o | » eI ] |
o0 TR o e | | i Lt |
8 rml H H ][——] | Perform 89 for k=1,...,
| R | BOVREN { WAATN | FSRRA | e | [n-2
PS8 O oo | v | g
10| ST | R | ORI | AR | B NRORN
ol N o | sy | e | o
13 R (W | R | oo
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Secant
See page 201

Simple Interest
See page 137

Simultaneous Linear Equations

Two unknowns

Formula:

Solve for x and y

ax+by=e
cxt+dy=f

Determinant solutions are:

e b'
g L,
D
la e
2 le f
ol
where
Addanl
D= b \ #0
Example:
7.32x - 9.08y = 3.14
Solve
12.39x + 7y = 0.05
Answers:
x=0.14
y=-0.24
(D=163.74)

m m i

R

J[Ret ]|
|

mm

Three unknowns

Determinant solution to these simultaneous equations:

monmm

P
B EEEEEEREEEEEEEEE

Simultaneous Linear Equations 177

E RN

ax+by+c,z=4d,
82X+b2y tcz=d,

azXx +byy tcaz=d;

dl bl Cy
d; by ¢
_|d3 b3 c;3

a, d, ¢
a; dp ¢,

a3 d3 Cjy
D

y:

dy =byy-a;x
Z:——.__._.~__—_—‘__

€1

a, b] Cy
D= az bz Ca #0

az bz c3
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Example:
Solve

3.14x +10.02y - 72 = 1
0.25x +30.3y - 9.1z=2
-3.5x +274y +82=3

Answers:

x=0.29
y=0.11
z=0.14
(D=1052.86)

DATA } OPERATIONS DISPLAY 1 REMARKS

AN G | T | B

Dl a0l s e N

b,

|

LINE

1

2 | 2 2
s | ilml[oux” )(

< v Al
5

6

7

8

9

]
]

o |E]CeJ=JC_1C ]|

PO | e | et | i | e | |

‘ ,P o] | R i |
e | AR | NN | A0 | T |

(5 o [ o e |

Crec s Jx J(rer][ 7]

n| = JC=JCrec][e (el

77 AR 0 oo e | o

n] & |- ]|

“ . fru | BT N | N | D

15 | B TR | T | RO | AR | O | i
w| o [sto [ v J[rec ][ 5 ][ x ]' e,
v e ) Jre][e ], e
(o] IRe)(e JC=JC_1C 1) .
w o 0] J= ]+ _J[rec] | {
2 | o [ o [ o e it
2 hmn 2 ][ = J+ J[reL]| v
2 GO ] e }

B (e e s ow | DS TR

a|  |[eer][s Jx J[rec][ 7] BT

s |LeJC-Jlee o Jlae]|
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ol ORI | RO | TR | A | N |
8| o [« Jlece]l s [« JL+ ]
u o |[mec [ 2 J( x J{re ][ 7z ]
E R e [ [ e [

% e JC x Jlnce Jl & 1L = J|
7 | SRR | 07T § Y | R | R | |
® o [« J[re J[ v J[ = J[ -1 1
3 Ly 1L+ el 1] J' y |
40 \[ree J[ o J[ x Jlcns J(ace ]| |
o |G ]Ge]Ce ke 5
a2 | I | NPT | J[RCLJ[ . || '

PGB | e o | o v | e SR I

LINE  DATA OPERATIONS | DISPLAY | REMARKS

2% L2 )0 Jlre JL & 01| |

2 e = o oo e | | |
2 | TN | S | O | MU | ' 0
» s |[srol[e J[lae J[2 J[ « ]| 1 ]
o \Lree [ o [ x J{me J[ 1 | 1

an TR | A | T | RN | N

Sinking Fund

Notation:

n = number of time periods

i = periodic interest rate, expressed as a decimal

PMT = payment

FV = future value
Number of periods

Formula:

ln(PMT
ln(l+l)
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Example:

If you put $100 into a savings account every month, how long does it
take to save $5000, if interest is earned at 5% compounded monthly?

Answer:

45.51 months (Note: i =0.05/12)

UNE  oaTA wsmrdé : | iseuay REMARKS
.b BF .i'—ST‘_O;'”i" i | Tif"" R R TR
I - | FV [*H jri,_“ ‘—_]'
R o o [ 3
L4 Cre] = 1( [ _
Payment amount
Formula:

pMT=_FY i

(1+i)" -1

Example:

To save $5000 in 45 months in a savings account paying 5%, com-
pounded monthly, how much should you deposit each month?

Answer:

$101.25 (Note: i=0.05/12)

e oara OPERATIONS DISPLAY |
1
2
3

i TsT.JEjL—]r—lrﬁ
T | o [ ]|
o o [

Future value

Formula:

FV = PMT [——(l "ii)n - ']

TSR
-

IO T T R T LI B R, B, )
‘T E EEEEEE B

|l 1
- e -

Skewness and Kurtosis 181
Example:

If you deposit $100 every month in a savings account at 5% com-
pounded monthly, how much will you accumulate after 45 months?

Answer:
$4938.25 (Note: i=0.05/12)
e o oeemanons | oseua L mewas _"]
BRI (o s e s | e ]
(2 o EEECe L. =)
| 3 | O R | GRTEA | UG | K ,
4 PuT lx_j TR | B! [:J poo i) _ ; |
Skewness and Kurtosis
(for grouped or ungrouped data)
Formulas:
mean:
X= l in
n
2" moment:
m; = l EXi2 - ;2
n
3" moment:
My = l EXiB - §§ Exf + 23('3
n n
4™ moment:
my = i EXi‘ - iin;’ G o Ei? inz - 3;4
n n n
Skewness:
7 =—
. =
m23/2
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Kurtosis (excess):

= -3
72 g
Example 1: Ungrouped data
W R SR S e e R I
R E R R TR TR S e T
Answers:
7 =0.24, v, =-0.16
(m2 =1.39, m3 = 0.39, my = 549)
Example 2: Grouped data
B bl
ik 8 3
Answers:
Y1 =0.77, Y2 =-0.19
(m; = 1.98, m3 = 2.14, my = 11.05)
LIDEl DATA I OPERATIONS DISPLAY REMARKS
1 I [cLear][sTo |[ 4 || ] | For grouped data, go to 7
I /[ ]| ][ J |
2N ‘i[ I [ | Perform 2-6 for i=1,2...n
P o o [ = )
. OO 1G]
5 RN O | SARATA | HEDAN s GO
o A i | e | | oo} Gow 16
VNG| RN { B | ¢ R
7. X; [ 1 ]L t ” 4 I-l y* I Per(orm7—15f0(i-1,2,j.>..,l
8 A[ 0o | ECORER BRI | Bl e ]' | i s the frequency of x,
9 INCCON | T R | WO |

R o o [ o= [

I [ | = [

15 RO | S I | MRRA | YN

O | e
12 va' | o | |sro]:

14 x_|[sto ][+ luj[*‘c'-]:
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YR [ [ | [
33 | SR | W00 | DR | TS J

LINE DATA | OPERATIONS DISPLAY REMARKS
16 M = ](sto ][ J[Re]

1”7 (e JlrecJ[ s J[* J0=v]

18 V030 1 DS | AR | SRR | SRR | N,

19 (I [/~ ] (sto ][ 2 ] [CRe]|

o e ]lre] 7 J[rec] e ]|

2 L JC3 J < JC - J[ret])

Y [ [ o [ o [ [ |
M (]| [ e |
2 [Rec ][ 2 J[ 3 N[ v ] |
ol RN e | mopons| v v | oo | RN
2 L CTSTO | N | T | | O |
gl T e T f
% RIS § N | O | Y | P

2 \Lree J[ 8 J[ x J[ + J[Ret]|

% s 0+ Jlre JL ] [T

3 AT § O A | WO PR m,

SOD Depreciation

See page 92

Speedometer/Odometer Adjustments

Objective:

Assume that you are an automobile passenger approaching a speed-
ometer test section with an HP-45 in your hand. You want to calculate

TS — true speed of the car

RS — what your speedometer will register at a posted speed

DS — distance traveled after a trip

RO — the reading of the odometer after a specific distance d
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Notation:

= mileage read at beginning of trip
a, = mileage read at end of trip

b, = mileage read at beginning of test section (to nearest 20" of a mile,
if possible)

b, = mileage read at end of test section
L = length of test section
s = speedometer value
p = posted speed

q = present milage

e o | oeemations | osw | mewanss
168 T v e s o i | | i
T8 R o o [ |
N R | e o | v
4 [ ]L][ H_ __H_* ‘. For TS,goto 6
r *W ______ Tﬂr [_j For RS, goto 6
[ _][——[ —jf_ ) For DS,goto 7
r _]l ]L _____ kj( ] For RD,goto 9

3 N T | AT | Y | ][ o S Gotod
[ | U § ][ | e |

a0 O N IR | P | R | S | R RS Gotod

] T | T R | WO § P

A0 AT | R | G |  IARSE ) S !

8| & L= Jlae 1 JCET]]

Ds Gotod

]
I i
widi b e HURE S TR T T T
. SN F L0 RN P | v | v | ol YRR ES SRR
Example:

Assume the following:

a; =2185.2 Mileage at start of trip

b; =2219.4 Mileage at start of test section

b, =2224.15  Mileage at end of test section
L =5 miles Length of test section

momoT M e
HETEEEERERE RN

4
N
&

Speedometer/Odometer Adjustments 185

1. How fast is the car actually traveling when the speedometer registers
(a) 50 mph? (b) 70 mph? (c) 30 mph?

2. What will the speedometer register if the true speed is (a) 65 mph?
(b) 55 mph?

3. When the odometer reads 2236.3, how many miles have you traveled
since the start of your trip’

4. You see asign saying “DOEVILLE 48, If your odometer now reads
2241.5, what will it register when you arrive at DOEVILLE?

|15

OPERATIONS

o | |

CeJCes]Ct 12 J[ 2]

,LJ&HLJ&JDT

{3 ) E:J EREL,,J _,J,j Ef_]'
E;}f] o J[rec J 1+ 1|
e o A |

IR | T T |

s JCs Jlrec ][ JFWT
T O O [ P
R | | '*“TE:J,
A g G M | 8|

i R {em | e | PEOOR

CeJCe JlreC 10
WA T
[ S | N | |5

52.63

31.58
61.75
52.256

53.79

2287.10

Answer for 1(a)

Answer for 1(b)

| Answer for 1(c)

Answer for 2(a)

Answer for 2(b)

Answer for 3

Answer for 4
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Spherical Triangle

Formulas:

Suppose A, B, C are the three angles of a spherical triangle and a, b, ¢
are the opposite sides.

If A, b, ¢ are given, then

a=cos™' [cos b cosc +sin b sin ¢ cos Al

Gl ua [cos C - COs a cos b]
sin a sin b

LINE  DATA OPERATIONS DISPLAY REMARKS

5 [ o
¢ |Csro]l 2 J[eos ][ x J[rer]|
(Csto]( s J[aec ][z ](Ccos |
STV | AT | N | Y | e |
] — — c

® 0N e W]

PSRRI

-
o

Spherical Triangle 187
Navigational course

The above routine can be used to find the great circle route a and the
true course C if the coordinates of the source (¢, 05) and destination
(¢p, Op) are known.

North Pole

S
(9s, 0s)

S = Source

D = Destination

Notes:
1. A=0,-0p, b=90° - ¢, c=90° - ¢,

2. Northern hemisphere latitudes and Western hemisphere longitudes
are indicated as positive numbers, Southern and Eastern coordinates
are indicated as negative numbers.

3. 1° (spherical coordinate) = 60 nautical miles

4. True course = 360° - C if sin A <0 (i.e., going west).
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Example:

Find the great circle distance and true course from San Francisco

(37° 37’ N, 122° 23' W) to Monterey (36° 35’ N, 121° 51' w).

Answers:

Distance = 67.05 nautical miles
True course = 157.46°

OPERATIONS

DISPLAY

REMARKS

N

une | oama
I

1 |
2
3
4
5
6
7
8
9

10

R OB S, S | | o
-@E]@E‘
Ceos 1L o J( o I+ 1[5 ]|
[”é_]f‘-_lmr?j-‘
[oms-][ - J[sro ]2 1]
\LCeos J[ % J[rer 11 J[sm ]

[ e} 2 M e [T 5]
G0 | YA | RPN | nr
I (ovs-] [ 12 ][

s . o),
A | |

Ll

NG | I | | e

ree [ 2 J[cos [ Rrec J[ 3 ]
\[eos J[mee 11 J[Ccos 1[ =

=1 Cre ] 3] Com ] Crew ]|
o0 100 .
8 | M | RV | | i |

53.42

0.53
1.12
67.05

157.46

=~¢

“A
+ a (in decimal degrees)

+ a (in nautical miles)

+ C (in decimal degrees)

Stack Operations

See page 168

Stirling’s Approximation
See page 109

Formula:

This program performs synthetic division on a polynomial of degree n

Synthetic Division 189

Synthetic Division

(with real coefficients)

by X - X so that

n-1
anx" +a, X t..taxta,

anx™+..+a;x+a, N TP I R
X =-Xp X =Xp
Example:
Divide x5 - 4x* + 7x® - 10x® + 8 by x - 2.
Answer:
(x4—2x3+3x2—4x-8)+(-—8)
Xx=-2
LINE DATA ‘ OPERATIONS DISPLAY REMARKS S
B v [ o oo | TR
2| s || | RS | (B | M bo- 1
3 [ X ][—_——H ]L ]I ] _Perform3—4fori-n—l,
| e e [ [r2,
e | DR RN | PRI | L bis
5 | IR RO | SRR | WO { A
e, B | R ) RIS | MR R
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Triangles (Oblique) - pon oenm | reume
The basic formulas used to solve a triangle are: 3 Z .%_“ ; JJ{ Jl[f J]{ }J ;
E: ‘ 2 |
1. law of sines L B L j-r*" | (re ][ | Lxzy || l
S Al S e 4 | e I I ]| c ‘
sinA  sinB sinC E: 5 0 | i | vy e | s | T
6 [Rec ][ 2 J[ + ][ cos ][ chs |'
2. law of cosines F“' 7 '-[COS"JI_ JRRR ) IR e N gy

Given a, b, ¢; find A, B, C

R
c?=a? +b? - 2abcos C "‘ P
o m

Formulas:
c b
F':, A=2cos™! S(Sb; 2)
B < c -
Note:  Triangle solution routines work in any angular mode. When the - where S=(a+b +c¢)/2
calculator is in DEG mode, all angles are in decimal degrees. ! ‘
| B=tan-! b sin A
Given a, b, C; find A, B, ¢ | o5 c-bcos A
— |
Formulas: \ C=cos™' [-cos (A +B)]

c= Va? +b? = 2ab cos C F;!’
- Example:

LE LI asin C
A= fan <b—acosC> E;‘ Given a=303

b=404
B=cos™! [ =cos (A +C)] €= c=62.6
Example: . 1 Find AB I,
Given b=224 i
C=28°40' F.:' |
a=132
Find ¢, A, B g,-‘ )
A 62.6 B
(Note: C must be converted to decimal degrees before calculation.) - s v
Answer: ‘ Answer:
c=12535 ;:, A=23.66"=0.41 radians = 26.29 grads
A=30.34° | B =32.35° = 0.56 radians = 35.95 grads

B =120.99° g: C =123.99° = 2.16 radians = 137.76 grads
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LINE  DATA OPERATIONS DISPLAY

3 AR (o o e |
) RN (o o o [
NI (| | e [ |
‘ [ o = |
5 [ e i e |
6
7
8
9

(I (cos™'][ 2 ][ x ][svo]|

LA | e | onau | e | AR

(Re (2] I (=5 ] [(Rew ]|
10 ORI e
n [Rec ][ ][+ _J[cos ] [em]
AR | N | N | - | c

Given a, A, C; find B, b, ¢
Formulas:

asin (A +C)
sin A

b=

¢=Va? + b2 = 2ab cos C

B=tan"! _ bsinC
a-bcosC

Example:
Given a=17.5
C = 1.09 radians
A =0.72 radians
Find B. b6
Answer:
b=125.78
c=23.53

B = 1.33 radians

i

Triangles (Oblique) 193

[roe] o e PR 0 xS WO o or AT
NN v x| o o | | e |
| 2] ¢ ISl st i Il
3| a |[Fo]s ][+ JCew][Re]|
2 o | | | = e
| || PR | R | e | v
o] Rz =l
| 7 TSI N | N | S | | c
| 8 | TR | NEDRN IR | SRS | R 8
Given a, B, C; find A, b, ¢
Formulas:
e asin C
sin (B + C)
b=Va? +c? -2accos B
A=cos™! [~cos (B +C)]
Example:
Given a=25.2
B = 39.26 grads
C=176.11 grads
Find A,b,c.
Answer:
c=24.15
b=15.01
A =84.63 grads
o e R S O 0 .
B R o s | ot | o | rai |
Rl (S O | T | NI | | OO
13 ¢ |[swo][3][sw][Rec ][z ] ‘
N o o | |
s iChet JL v JCx Jswo ][ 3 ]| e }
. [Rec J[2_J[Aec ][ 3 ] NN ‘
|7 [=A J(Ret J[ 1 J0= [ - ] |
| 8 B R | R R b |
9 [ J[Rer ][2 ][+ ][cos

10 [ows Mo ][]
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Given B, b, c¢; find a, A, C E%
Formulas: &;‘

_csin(B+Cy)

sin C, Fvg"
o) Fom

where

b

el 5 ( B> E-m

b

Asitagt [ R8nB
c—a;ch Fz- '

C=cos™' [-cos (A + B)]

Note: If Bis acute and b < ¢, two solutions exist.

Example:
Given b=31.5
c=51.8
B=33.67°
Find a, A
Answer:
a=156.05
A =80.59° e
C=65.74°

Alternate answer:

a=30.17
A=3207°
C=114.26°
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LINE =~ DATA

OPERATIONS

DISPLAY REMARKS

-2

© @ N OO s W N -

3

n

1.0 A | | | s |

| e | i s |

STO |7| 3 |[siNn ][ x ]mm.]:

[ ] 5o _
| RIS | MU | A | e | T

[sin J[reL ][ 3 [ ReL ][ 4 ]

[ = .
o7 | e | s { s | st |
;[ FHENEE (EN

(Rec Jz = )= J[=F]|

EOCoC |
,‘ ReL [ 3 ][+ ][ cos |[cns |

[ — — |

| A | o e v | |
[[rer J[ & J[cHs J[sT0 ][ & ]

(% If b > c, stop

Go to 6 for alternate solution!

Given a, b, c; find area

Formula:

area= VS(S-a)(S-b)(S-c¢)

where

S
g

(a+b+c).
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Example:

a=5.317361553

b= 7.089815404

¢ = 8.862269255
Answer:

area = 18.85

(S=10.63).

OPERATIONS

[ s DISPLAY REMARKS
l*‘v BN e [ [ | s} mt | N
L2 [STO W T
0 - [ [ UL |
L [ jf;'Hf’*_ Jt achL‘"i"]
: B W
6 I‘:,.'J.f* ey ] [Ret ] 'LT"“J
7 | e -rﬁ_j N—_W area
Given a, b, C; find area
Formula:
1 i
area=— absinC A
2
Example:
If a=5.3174, c b
b=7.0898
= E /
4
B < c
Answer:
area = 13.33
LINE INTA OPERATIONS DISPLAY ﬂEm N
1 a [ RUSEH | MR | Al ] o Set machine to any desired
| 2 RN TR | R { et | it | ] mode (DEG, RAD, or GRD).
o il | 11 59 | TN | R | T
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Given a, B, C; find area

Formula:
2 . %
area = -2_ sinBsin C
2 sin(B+C)
Example:
If B=170%32'12"
284 o ' "
C=62"57 28 \70.54° 62.96%
a=14.625 B a-14.625 c

Answer:

area = 123.80

Note:

In this example, convert angles to decimal degrees before using trigo-
nometric function keys.

LINE  DATA  OPERATIONS. | oseuay j\:um(s ARy
; lf—‘: _-"_I:j;;;ljf;»_] f__] [_ Hw] r__‘A] | N 7. Set machine to any dmr;»‘
12 8 |[swol][ v J[sw ][ ]| mode (DEG, RAD, or GRD).
13 ¢ [[sroll + J[ 1 J[sw][ ]|
R I o o o
ML Wlioh) e s ey s | evctie, ) AR RRIRIRY okl i

Given vertices; find area

Formula:

Given the three vertices (X;,y,), (X2, ¥2), (X3, y3) of a triangle

Xy yr 1
X2 y2 1
X3 ya 1

area

BN | =

= 5 [X1 (2 - y3) + X2 (v3 = y1) + %3 (y1 - ¥2)]
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Example: E s

LINE  DATA OPERATIONS DISPLAY i REMARKS
Compute the area of the triangle with vertices (0,0), (4,0), (4,3). R e U | I A DA | [n in RAD mode, go t04
E::a [ T el 11 GAD mode, go 108
ks 2 | o o | T

iy _ 3 i | oo (v oo e R R I S
F W BB v i [ ] e | fo
DRI [

P W s RG] o0 [swe
A sk | nssone | Rm | g | e | .

: o EEEGNC | 1i S

oaTA | OPERATIONS | DisPLAY REMARKS 7 SRR | TORCRRY | AV RS § S q

PO i ] ot | | E“

LINE

1

A RTHN - i o | mey | ki [ |
o A AN | OIS | TR | RTINS | O '
4
5
6
7

.
-

Secondary value of arc cos x

TR (5 T o oy e
x |Lx J[ + J{mee J[ s ]J[ReL]| : 5‘- g Example:
% '[::}I : ]Lm“[ = “__Jj ; s e x = 0.76, find secondary value of arc cos x.

; n Answer:

q=319.46° = 5.58 radians = 354.96 grads.

Trigonometric Functions

E; LINE DATA OPERATIONS DISPLAY ; REMARKS
# o wi ] e | R | N, | o || If in RAD mode, go to 4
Let p = principal value . l [ Enad [ ]| Ifin GRO mode, g0 106 |
q = secondary value. 2 | | N | N - | p "
gx 3 | EE T T | I | IR | I q | Stop
We set the calculator to DEG, RAD, or GRD mode, as desired. [ ‘| Il Il Il 1 ]'
Secondary value of arc sin x E:ﬂ : - -={c°:'ﬂ:: = H : 1]: - J] : g
SRS vt | v i | S | |
E le: . . . | 2 od)
it B‘ 6 | e | | | —| |
x ==0.77, find secondary value of arc sin x. 7 g e | R | e Dy p :

Answer: gi

q = 230.35° = 4.02 radians = 255.95 grads.
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Secondary value of arc tan x

Example:
x = 2, find secondary value of arc tan x.

Answer:

q = 243.43° = 4.25 radians = 270.48 grads.

LINE  DATA

OPERATIONS DISPLAY

REMARKS

T U s e | o | i R
B0 |G | | |
2 | o —

I1f in RAD mode, go to 4

If in GRD mode, go to 6

J P
3 st | o | e im0 £
ERTEYm| pe  r |wimi) s |
4 B 0 IC 1 e
5 [ | — | q Stop

! e | W | AR SR |
6 [ e | — b

s (10 1 BN | R N

q
Cotangent
Formula:
cotx =
tan x
Example:
x =37
Answer:
cot x = 1.33 (in DEG mode) or
-1.19 (in RAD mode) or
1.52 (in GRD mode).
UNE  oaTa  opemaTiONs sy | Remamks
AR .7 . o | v SRR B

e e mem

mm

m m om |
g & 4 & & &8 & @ & & @ @

4y
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Cosecant
Formula:
cSC X = —
sin X
Example:
x =30
Answer:
¢sc x = 2.00 (in DEG mode) or
-1.01 (in RAD mode) or
2.20 (in GRD mode).
e o o g AR s | RewAws
KT o o e TR SR
Secant
Formula:
sec X =
cos X
Example:
x =45
Answer:
sec x = 1.41 (in DEG mode) or
1.90 (in RAD mode) or
1.32 (in GRD mode).
P P T | o v RN REMARKS __}
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Versine
Formula:
vers X = 1 - cos X
Example:
x=38
Answer:

vers X = 0.21 (in DEG mode) or
0.04 (in RAD mode) or
0.17 (in GRD mode).

LINE  DATA OPERATIONS | DIsPLAY

| REMARKS
(1]« [Ceos 10 0 =] i)
- Coversine
Formula:
covers X = | - sin X

Example:

x =38
Answer:

covers X = 0.38 (in DEG mode) or

0.70 (in RAD mode) or

0.44 (in GRD mode).
LINE  DATA OPERATIONS DISPLAY REMARKS

3 A (o [ = o
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Haversine
Formula:
1 -cosx
h =
av X >
Example:
x=423
Answer:
hav x = 0.13 (in DEG mode) or
0.56 (in RAD mode) or
0.11 (in GRD mode).
LINE | DATA OPERATIONS DISPLAY REMARKS
1| ox (Leos I Jhee W = Vo2 )
2 RN | AR | ] | DV
Arc cotangent
Formula:
cot™! x = tan™? 4
X
Example:
x=0.35
Answer:
cot™! x =70.71° or 1.23 radians or 78.57 grads.
LINE DATA OPERATIONS [ DISPLAY REMARKS

BRI BN | | YV | N | -
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Arc cosecant
Formula:

csC™ X =sin~

|-

Example:

x=345

Answer:

csc™! x = 16.85° or 0.29 radians or 18.72 grads.

[

LINE  DATA OPERATIONS

BN (eam] o e | —

Arc secant
Formula:

sec™! x=cos”

P -

Example:

x=1.1547

Answer:

sec™! x =30 or 0.52 radians or 33.33 grads.

OPERATIONS DISPLAY

] 5 ——

DISPLAY

| REmARKS ‘%

REMARKS

1)

mmTmTnmnm

mnmnmmmm

mmmm

E R N EE R R E R EEEE Y

T Statistics 205
T Statistics

t for paired observations

Formulas:

Given a set of paired observations:

X l Xy Xa X3 dos Xn
Yi l Y1 Y2 Y3 ¥n
let D; = x; -yi
S T
D=— D;
1 b
i=1

test statistic

Example:
Compute t for the following:

A B A L L SV
R T T T U

Answer:
t=-7.16
LNE DATA el OPERATIONS. ' | DISPLAY 7 VREMARKS 0!
KRS T o o |
R (RO o - G | 9N | TR iR Pertorm 2-3 for e1.2,..0
3 ¥ , D ] V
| 4
5
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t for population mean t for correlation coefficient

Formula: Formula:

Suppose {x, xn} is a random sample from a normal population
(mean y and variance are unknown).

1

X =— ZX;
n
where  n = sample size
o (Exf 5 m?2>'/2 r = estimate of the correlation coefficient.
il R
= This t statistic has n — 2 degrees of freedom and can be used to test the
it null hypothesis that the correlation coefficient p is zero.
X = Mo
t=
8 F’“ Ho: p=0
"
Degrees of freedom=n - 1 ™ Example:
We can use this t statistic to test the null hypothesis Ho: u = u,. F - 1 & { 26 30 44 50 62 68 74
- i 92 85 78 81 54 51 40
Example:
= | n=7
Compute t from the sample: - g
r=-0.96 (See Covariance and Correlation Coefficient)
{2.1,05,-3.1,1.4,-092,-1.35,1.2 P
o= , Answer:
for testing Ho: p = 0.2.
=-7.67
Answer: E; ‘ (Degrees of freedom = 5)
t=-0.12 .
(6 degrees of freedom) - _'
“ UNE DATA | OPERATIONS DISPLAY [ REMARKS
UNE  DaTA | OPERATIONS | oispLay REMARKS 1 r|Lsto J[ v ][ 1[ 1 || ,‘
| EEmEewC L | bl |- - O mmoa
2 | X BSTTRE ] | [ 7 Perform 2 for i=1,2,...,n 3 | I— & HE —“RCL | B Gl 1 i
o o o [ | _ H Ll I s T SRR g e
L0 | |
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t for two sample means E s Variance, Analysis of
Formula: See page 15

Suppose X;, X3, ..., Xn, and y;, ys, ..., Yn, are samples from normal E}§
populations with means u; and u,, both with variance o (unknown).

Vector Operations

A2 X-y-d _ . Fl'
/ Al gl / Zx? - nyX* + 2y - nyy? %t Vector addition
n, n +n, -2
1 2 n; +n, E ‘ Suppose vector Vi (in 2-dimensional space) has magnitude my and direction
where e 1 x. -_ 1 s 0k (k=1,2,...,n). Find the sum
n—l i Y ;2- Yi
k'. n - -
We can use this t to test the null hypothesis ;—:“ b s Z Vi =xityj
k=1
Hoipy —pp =d i
F: Example:
t has n; +n, - 2 degrees of freedom.
Example: /’ mg O
x: 79,84, 108, 114, 120, 103, 122, 120 (n, = 8) ke = 2 30°
y: 91,103, 90, 113, 108, 87, 100, 80, 99, 54 (n, = 10) g 6:2 o
Answer: — g 7.6 125°
Ifd=0, thent=1.73 10.7 gag
degrees of freedom = 16 ;..
= Answer:
VI.;EN—?A‘I;—AW TAGARIY RO ;ERAT'ONS EIYED DISPLAY REMARKS g -+ +
1 | B [CLEAR] [ [ I ] E‘ V =-4.83i - 5.59j
201 s v RN 1[ [ I ] Perform 2 for i=1,2,...,n, - '
3 B [ =- |[smo ][ 7 ][ | : LINE  DATA OPERATIONS | DispLay REMARKS
‘“ [sto][z_](Ret J[& ][50 | E; " 1 ?-CLEAR[ 1[ i ];
8 (3] N [cLeAR] [ o P T I 1 i I!T Perform 23 for k=1,2,...n
N R o] s | GO | | Perform 6 for =1.2,..n, CRREHE e oo s | RO 1
- e £ |
: M =s J[cvs J[nee J[ 1 ) E & : S| e | |
ol { ' H % 'ﬁ JJ{ } ‘ EX B - s [ mana [ oo | S ]
9 d £, STO 1 X2y x?
0 i[RCL][ [ Y | T § ]j mﬁ
" [ReL ][ 2 x? |[reL ][ 3 ],
12 G0 | W | PO | N § LT H
13 [ 3 J[rec ][ s J[ + J[ 2] i
4 R | MR | O | A |

15 RCL T R M H”—,jl
ik v ][Rl ][ 1 ][ ]|
] Ul R | K | W | A |t | g

e

&

————
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Vector angles
Suppose

e
X=(Xy, X2,X3)

y=(Y1,¥2,¥3)

then the angle between these two vectors is

B e vond X1y1 t X2y, tX3y3
‘/xlz x4% $ixg? \/le ty,? +y;?

Example:
Find the angle between
x=(5,-6.2,-7),
y=(3.15,2.22,-0.3)

Answer:

6= 84.28 degrees = 1.47 radians = 93.64 grads.

| para OPERATIONS ‘ DISPLAY REMARKS

!
|

B cicar] | ]| ]| ]|

o | O | P | I [s_ll

R o o e [ |
T CE § | [ ]|

Perform 25 for i=1,2,3

\[ree [ s )N (= ][Rc ]|
e )N (= 10 1=
1 T — — 3o

LINE

1

2 e
R DR v v o o [ o |
4

5

6

7

8

Vector Operations 211

Vector cross product

Formula:

If x = (X3, X2, X3) and )7 = (y1, Y2, y3) are two vectors, then cross

=
product z is also a vector.

- - -

Z=XXYy
=(X2y3 = X3y2, X3y, - X1¥3, X1Y2= X2¥1)
=(21,22,23)

Example:
If x=(2.34, 5.17, 7.43)
y=(.072, .231, .409)
Find x x-;'
Answer:

X x y = (0.40, -0.42, 0.17)

LINE  DATA OPERATIONS DISPLAY

REMARKS

x
-

M e o e | |
e 4570 e | | o o |
Ak o ot v v e | VR SO
vi |[sto ][ s J[rec J[x J[3_]|

e o | v | R
e | o

O I NI alwN| -

-
(=]
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Weekday

7

Vector dot product

Formulas: E

- -
Given two vectors X, y'in an n-dimensional vector space

Day of the week for any date since September 14, 1752

x=(x1,X2,..., xn) F; u
y=(yl7y2a seey )’n) d=day Ofmonth
e F‘*‘ : g m = month, with January and February being the 13™ and 14™ months
X - ; =Xy TXaVa kLR of the previous year.
Example: ;_‘ - g y = year (4 digits)
If X =(2.34,5.17,7.43,9.11, 11.41 -
)f ( ) F;’ - Weekday =[d +n; +n; =ns +ng4 [(mod 7)
y = (.072, 231, .409, .703, .891) =18 € ]
> e 13
thenx * y = 20.97 ‘ where n; = Int (—5— (m+ 1))
E> n, = Int (i )
2 4 V4
s y
LI = It paasas
E o (100)
y
‘ ng = Int (——
LINE  DATA OPERATIONS DISPLAY l REMARKS ;; ! (400)

Int is “integer part of .

R 00 o oot [ oo it |
PRI oo om | v i

‘F'EEEERER

3 | X :m [_—j [___j [ ] | | Perform 34 for i=2,3,...n E- Output isread as fO”OWS.'
At SRR O ( | ! 0 — Saturday
E; 1 — Sunday
2 — Monday
3 — Tuesday
Versine E: 4 — Wednesday
5 — Thursday
Se 20
ok iin ooy 6 — Friday
E‘ — Example:

On what day was February 29, 19727

[
-

Answer:

(1
o

Tuesday (d =29, m= 14,y = 1971)

{
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OPERATIONS

€5

LINE DATA DISPLAY REMARKS
EROWC0; o oa ] oww | avin | oswis | 9

A B | AW | PR | SOV | M | T |

2| v | JCm ]l | N | 7

* O | T AR | (O | A ] E, | Lete, = integer part of E,
Y RN (o [ | e [ e | |

N e T e (e | sTO |

7 Ll dl €00 ¢ 1L | |

8 RO N | YT B | E, | Lete, = integer part of €, |
9 | B | BT | SAAMGS | RN | DR |

Ll OO, A | | TN | O | RO | N | For 20" century date,

| VAT | R0 | WA | MLE | R (gt018
") [sto J[+ J[ms J[eex][2 ] |
12 || [ | R || ] E, | Let e, = integer part of E,
TR | | | e

w| o [ews][sto][ « J[ 1 ][ ] ;
15 | Ao o 10 0] & | Lete = imeger ponote,
16 AT | RO, | IR | TR | e | _

17: R | BT | R | TR | RO | FeR Goto19

_ B | T | SR | NORIR | RN

18 | G | R | (O | B { LN

19‘ [ t J[ 1 ]EH * ]E:_j Eg .L-rc,-immrpmofE,
20 T A | TR | AR |
) BT | PO | D | TS | |

Appendix 215
Appendix

Questions you may have wanted answered about your HP-45.

1. Question: What are the maximum and minimum light displays on the
HP-45?

Answer:  Maximum: ~8.888888888~88 after all decimal points light

up on low battery power.

Minimum: »

2. Question: A googol is 10'°°, We can key this in as 10 x 10° on the
HP-45, right? Its reciprocal can be keyed in as .1 x 1079,
right?

Wrong. 10 [eex] 99 9.999999999 99

1 [eex] [ows] 99 0.00

Answer:

3. Question: The display is blanked out during computation. s the key-
board also locked out?

Answer: Yes

4. Question: What calculation takes the longest response on the HP-45?

Answer: 99! It’s about 2 seconds.
B or B8 of 9.999999999 99. It’s about 2 seconds.

5. Question: Do 1 [3 2 E 3 [Z] . Now if we press E] or
m (that is % or 03) which will result in
flashing zeros, will the stack be dropped?

3
Answer:  Yes for 5:[R+]>2.00 [re]~1.00 [A+]~ 1.00
No for 0°: [#+]- 3.00(R¢]~ 2.00[R¢] > 1.00
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6.

10.

11.

Question:

Answer:

Question:

Answer:

Question:

Answer:

Question:

Answer:

Question:

Answer:

Question:

Answer:

Suppose we pressed the gold key by mistake. Which key
will cancel it, causing no other operations?

Any one of E],@,@,[Z], @,@

Do: 6
negative?

16. How can we make the whole number

How can three successive presses be used to calculate
the tangent of 30° (accurate to about 7 decimal places)?

B = )
30 oecl [l Dl B - oss

When may it be desirable to press if the display is
already zero?

When we get zero as the result of an operation, but don’t
want to raise it in the stack upon entering data.

When may it be desirable to enter O if x is already zero?

If an algorithm requires the integer part of a number
(already in the X register) such as 0.41, we would do: |cLx
0, which would insure that this zero would be raised in the
stack, if the algorithm requires it.

Enter any three digits in the form d.dd x 1077

d.dd @] 7.

How do you add 1 to this number with one keystroke?
Your number now has the form 1.000000ddd, how do you
subtract 1 from it with one keystroke?

and (All this means is that In (1 + A) approaches
A as A approaches 0.)

e
i

1

e

’?‘!
® &

1]

Il

A &

W o e

mom oM o
2

IR

"

I
"

i

:

Question:

Answer:

Question:

Answer:

Question:

Answer:

Question:

Answer:

Question:
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What numbers will the HP-45 not give reciprocals to?

0 and any number with an exponent of +99 having a value
other than *1.

How many decimal points light up on low battery power?

Only 14; the point following the true decimal point does
not come on!

To divide x by 2: [ +] 2 [+]. What other keystrokes will do
the same?

BN R orxi<22.
o () s 7] 66 ) 97 (%) R0

- —8.888888889-98

Change this number to -8.888888888-98 in a shorter
number of keystrokes than keying in the new value. (Note:
we must add 1 x 107'°7 to the number in the display. If
we try to add .000000001 x 107?%, we also get into trouble.)

9 98 [ = 0 (=) (%) o) o) o8 (5]

How would you display the number e(2.718281828):

(a) in the shortest number of keystrokes? ( 2 keystrokes)
n

(b) as the limit of (1 + —#) as n gets large? ( 9 keystrokes)

(c) as the function of a digit? ( 6 keystrokes)

(d) using the [:vij key, but not

r -
ori yxi?
Cedsnnid

(14 keystrokes)

(e) asacontinued fraction? (21 keystrokes)

(Press @ to see the whole number.)
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16. Cont’d
Answer:

17  Question:
Answer:

18. Question:

Answer:

@1 B

®) (eex] 6 [+]RA1[+] () I (o)

© Bl

O VEEOEE ) EE
o - 1B

OREN - BEAEIN - BUNESY - KRERN - |
35l Hollo

Can you display all ten L.E. D. digits in an orderly sequence?

80 [+] 81 [¥] 9 — 0.987654321

Determine the Golden Ratio ¢ to 11 significant digits, given

4= (\/§+l)/2and¢-%=l.

SEl [+ 2[F] <19 -1.618033989

(+] - 6.180339887-01
E] e 2 - 1.00

¢»=1.6180339887

E:ﬁ:g

m
\

/

’3

1" x‘"‘
® B A & @

TR EEEE

= n
»
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Amortization 90

Analysis of Variance 18
Angle Conversions 17
Angles of Triangles 190
Appendix 215

Arithmetic Mean 148
Arithmetic Progressions 157

Bartlett’s Chi-Square 36

Base Conversions 21

Bernouli Numbers 26

Bessel Function of First Kind 27
Binomial Distribution 28
Bivariate Normal Distribution 29
Bonds 30

Cash Flow Analysis (discounted) 32
Chi-Square Statistics 33

Circle 95

Combinations 38

Complex Hyperbolic Functions 39
Complex Number Operations 47
Complex Trigonometric Functions 56
Compound Interest 132

Conversions 65

Coordinate Translation and Rotation 70
Correlation Coefficient 72

Cosecant 201

Cotangent 200

Covariance and Correlation Coefficient 72
Coversine 202

Cross Product (Vector) 211

Cubic Equation 74

Curve Fitting 77

Declining Balance Depreciation 91
Depreciation Amortization 90
Determinant of a 3 x 3 Matrix 94
Dot Product 212

Equally Spaced Points on a Circle 95
Equation Solving (Iterative Techniques) 96
Error Function 103

Euler Numbers 104

Exponential Curve (Lease Squares Fit) 88
Exponentiation 104

Factorial and Gamma Function 109

Factoring Integers and Determining Primes 111

Fibonacci Numbers 113
F Statistic 114
Future Value 135, 139

Gamma Function 109

Gaussian Probability Function 115
Gaussian Quadratures 116
Geometric Mean 148

Geometric Progressions 157

Harmonic Mean 149
Harmonic Numbers 121
Harmonic Progressions 157
Haversine 203

INDEX

Highest Common Factor 122
Hyperbolic Functions 123
Hypergeometric Distribution 127

Interpolation 128

Intersections of Straight Line and Conic 131
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