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Your Math Pac

The Math Pac is a representative collection of key sequence routines for
solving problems with your HP-35 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. In most cases, the given answers are rounded. An understanding
of the HP-35 Operating Manual is also required if, in addition, you wish to
track the changes in the memory register and stack registers on a step-by-step
basis.

To make for easy reference, the body of the book is arranged in
alphabetic sequence of key 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, etc. Statistics (in the
“S” section) includes the Mean and Standard Deviation. Functions that are
thus grouped and presented under higher level headings are also given cross
reference entries in the alphabetic sequence. Thus, if you happen to search
for Mean in the “M” section, you will find there a reference to the page in the
“S” section where mean is presented under ‘‘Statistics”. The Contents section
at the front is arranged logically (instead of by page order) to show all the
routines available under each subject. The back cover contains an index.

Mr. Lee Skinner of Albuquerque, New Mexico (a prolific HP-35 user)
contributed all but a few of the routines in this book. 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.



2 Standard Key Sequence Format

Standard Key Sequence Format

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

AX?2 +BX+C=0

Using A, B, and C, which you supply as data, the routine produces an
intermediate result, D. If D < 0, one root is the complex conjugate of the
other; the real and imaginary parts of one complex root develop on lines 7
and 8. 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 5 and 6.

UNE| DATA | OPERATIONS | DISPLAY |  REMARKS |
‘ 1 A ] 7"

K B 1]

}r 3 | 1

t 4 c - D 1fD<0,g0t07

5 | ;; Root 1

balfe] (=) J[ ] ez | swp

‘ C ] .

|7 [ens] [wx | [x2v][ ][] Real part

s = I o pot

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 4 prompt the reader to enter coefficients
A, B, and C.

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

for the line. E] is the symbol used to denote the

key of the HP-35. All other key designations are identical to
the HP-35 keys. Ignore any blank positions in the operations
column.



Display:

Remarks:
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Intermediate or final results which you should, depending
upon the case, jot down. In the sample case, D is developed so
that the reader can decide which line (5 or 7) to execute next.

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 7 (ignoring lines 5
and 6) if D is negative. If the condition fails, execution con-
tinues 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 (lines 2, 3, and 4) illustrate this convention.

!(LINE | pata

1

Formula: n 2
: 2= (¥ ;:Ei)
i

i=1

where:  O; = observed frequency

E; = expected frequency

OPERATIONS DISPLAY | REMARKS |

r

- —]
ex|[ 1] \

2

3

4

Perform lines 2—4 fori=1,...,n

[[stol[ - ][t ][ x |[rcL
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Amortization
See page 135

Angle Conversions

Angle Conversions

Degrees, minutes, and seconds to decimal degrees

Example:
46°17'32.6" = 46.29°

11

LNE| DATA OPERATIONS
1| Seconds (6 |[o][stol[ +]
2| inues [ [lrec] [= ][ ][]
3 | Degrees LI JL ]

~ DISPLAY ]» REMARKS

|
1
|
|

Decimal degrees to degrees, minutes and seconds

Note:

x = decimal degrees.

Example:
23.32916667° = 23°19'45"

|

LINE DATA OPERATIONS | DISPLAY

REMARKS

N IS [ [ o
30 S [ ™"

; (e llofmlx] A
PO "™
s kel IC ] s

(=2}
%]

|

Let D = integer part of X

Let M = integer part of A

Let S = nearest integer to B
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Bearing to azimuth

Note:

X = bearing in decimal degrees

Example:
S42.6° E=137.4°

LINE DATA OPERATIONS DISPLAY REMARKS
! X | N I | I | 115X E.goto2
) :][:H:H:j:] 1£S X° W, go to 3;

C],:]DD[:] 1N X°W, go to 4;
C I I 10 Azimuth 1fN X° E, stop

2 |I, E] ‘:] Azimuth Stop
[ | )

3 E II] D Azimuth Stop
I | I | I | |

4 Le I[o]

5 C 100 ] ] Azimuth

Azimuth to bearing

Method:

If 0 < X <90°, convert toN-° ' /" E:

if 90° < X < 180°, convert to S-° -' - E;
if 180° <X < 270° convertto S-°-"-"" W;
if 270° < X < 360°, convert to N-° """ W.

Note:

X = azimuth in decimal degrees

Example:

226°23" =226.3833333° =S 46°23' W
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LINE DATA OPERATIONS DISPLAY REMARKS
1 X 1101 D 1f0<X <90, goto5;
11 190 < X < 180, go to 2;
] CC 11 If 180 < X < 270, go to 3;
C 1110 11270 < X < 360, go to 4
2 e [0 eyl -] D GotoS
(| | I , o )
3 [] [o ][ -1 ] D Goto5
NN N I |
CllsdlollJowsl| o | |
5 D! C 1101 Degrees Note: D' is the integer part of D.
6 - [:] E II] [I] A Let M = integer part of A
7 M CIC I Minutes
i O] 6 Lot - narest nteer 08
9 s |11 Seconds o
Radians to degrees
Examples:
1. 1radian=57.29577951°
2 3. radians = 135°
4
LINE DATA OPERATIONS DISPLAY REMARKS
1 ENER N ERE
2 C 1]
3 [ I | I | .
4 Radians C 0107 Degrees Stop. For new case, go to 3.
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Degrees to radians

Examples

1. 1°=.0174532925 radians
2. 266° = 4.64 radians

LINE DATA OPERATIONS DISPLAY REMARKS
L L=l dle )]
2 C ]
3 N | O | .
4 Degrees [: [:] [:] C] Radians Stop. For new case, go to 3
Mils to degrees
Example:
1600 mils = 90°
LINE DATA OPERATIONS DISPLAY REMARKS
v e (o[> ils]
2 0
Degrees to mils
Example:
90° = 1600 mils
LINE DATA OPERATIONS DISPLAY REMARKS
" | e [T ][ ][ ][0 ][]
2 HEN | N | I | | . Mils
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Grads to degrees

Example:
300 grads = 270°

1 LINE DATA OPERATIONS DISPLAY \‘ REMARKS
| 1 Grads ”1‘:" }7 . | 9 || x [ | Degrees

L

Degrees to grads

Example:
360° = 400 grads

:U}JE [ I:;ATA T OPERATIONS DISPLAY REMARKS

1 Degrees T, R = | | Grads

Angles of Triangle
See pages 147—151

Annuities

Present Value

The present value (PV) of an ordinary annuity is the total discounted value of
a series of payments

PV = PMT [l—ﬂi"]

1

where PMT is the payment
i is the periodic interest rate
and n is the number of periods.

Example:

What is the present value of $200 received at the end of each year for
10 years if the money earns 3% annually? (PMT = 200, i= .03, n = 10)

Answer: $1706.04



16 Anti-Log. of X

LINE|  DATA OPERATIONS | DISPLAY ‘\ REMARKS
LA A | M 7 B | R |
2 | o] e P ] L] byl
o AR (5 3 [
S LS NS I N | O | S 4 .
Anti-Logo of X
Example:
Antilog; ¢ 2 = 100.
UNE| DATA | OPERATIONS DISPLAY REMARKS

L . N | | AR 0

Arc Cosecant
See page 158

Arc Cosine, Secondary
See page 154

Arc Cotangent
See page 157

Arc Secant
See page 158

Arc Sine, Secondary
See page 154

Arc Tangent, Secondary
See page 155

Area of Triangle
See pages 151—-153

Arithmetic Mean
See page 138
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Arithmetic Progressions
See pages 113, 115-116

Average
See pages 138, 140—142

Azimuth to Bearing
See page 12

Base Conversion

Base conversion algorithms are given for positive values only. To convert a
negative number, (1) change the sign, (2) convert the number, and (3) change
the sign of result.

(A),, means, “A is a number in base b.”

Decimal integer to integer in any base

(I)IO - (J)h

In the following key sequence, f + 1 is the number of digits in (J),.
d; (i=1, f+ 1) represents the i*" digit in (J),,, counting from left to right, i.e.

Iy =(d, d, "'df+l)b
Notes: 1. If d; = 0, line 7 can be replaced by the @ key.

2. For large numbers, f is the exponent for base exponentiation.

(o =(dy - dy ... dgyq)y x b

LINE DATA OPERATIONS DISPLAY REMARKS
1 b t 1
2 | STO In x2y In + D Let f be the largest integer < D
3 f x2y | | CLX + f
4 x2y t t RCL | R
5 Rl xY + E, Let d; = integer part of E;
(i=1,...1
6 d, - X E
7 d; - X Eivq Perform line 7 fori=2, ..., f

8 d¢yq = nearest integer to E¢, 4
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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)10 = (4B6);6 (f=2)

Example 2:
Convert 513 to octal (base 8).

Answer:
(513),0 =(1001)g (f=3)

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

Answer:
6.023 x 1023 = (1.7743)5 x 8%

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.

—LINVET 6ATA T OPERATIONS DISPLAY : REMAI;I?SV
c2ooeos leex][ ([ [ [ ]

3| » [sTo [ | [x2y][n ][ 26.33160947

o | w el L0 w e

5 @y |t ][t ][ReL][ Ry

6 [Re ][> ][ = ][ J[ ]| 1992843519 |4, =1

7 1 T I 10 1] 7942748182 | a,=7

8 | 7 I 0 10 ] 7se1985216 |9y =7

9 7 Il |[ ]| 4335881728 |d,=4
| 10 4 - J0x JL I 1| 2687053824 | ds = 3 (rounded), Stop |



Base Conversion 19

Integer without exponent in base b to decimal integer

(d1d2 dn-l dn)b _’(I)lo

Examples:
1. (730020461)g = (123740465),,

2. (7DOF)16 = (32015)10
(A=10, B=11, C=12, D=13, E=14, F=15 in the hexadecimal
system)

Note: If d; = 0, line 3 can be replaced by the E] key.

LINE DATA OPERATIONS DISPLAY REMARKS
! b C 1]
2 R R0 | N | B
3 d; EN IR Perform line 3 for i = 2, ..., n-1
. [ [

Integer with exponent in base b to decimal integer
dy « dy - dpx P > (1)
Examples:
1. (3.0002)5 x 8'! =2.577399803 x 10'° (b= 8, Exp=11,n=5)
2. (D2EE4),4 x 1628 = (D.2EE4),4 x 1632

= 4.485999088 x 10>’
Note: 1f d; = 0, line 7 can be replaced by the [x] key.

LINE DATA OPERATIONS DISPLAY REMARKS

1 LI | B | N | | |
2 | ee ([0 J0 JL I ]
3 oo (I I ke ][]
: G -]
s | v 0,
6 o D JC JC I 0 )

7 d, I I 0| Perform line 7 for i = 2, ..., n-1
8 dn [+ IRe] [« 10 J[ ] Mo
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Fractional decimal number to base b

(xX)10 > (Yo
Method:
In the following algorithm, ¢ is the number of significant digits in x.
di(i = 1,...,c) represents the i'" digit in (y)y, counting from left to right.
(b =(dy +dy o de)y x b7
Examples:
1. (0.2937),0=(2.263)5 x 871 =(.2263)4 (c=4)
2. (3.688),0 x107%%* =(5.A6E) 4 x 1674%
(c =4, in hexadecimal system A = 10, E = 14)
Note:

If d; = 0, line 8 can be replaced by the @ key.

|LINE [ DATA OPERATIONS DISPLAY ‘ REMARKS
|1 b t t |
2 X STO x In x2y In
3 + D Let H be the smallest integer =D
4 H x2y | |CLX +
| 5 x2y | [ 1 t | [3cL]| Ry
6 R{ xY X E, d; = integer part of E;
(i=1,.,c-1)
7 d, - x E,
8 o [« [ I I 1 En | PeformiineBfori=2,...c-1|
9 ) - B [ d; = nearest imeg;é:; EC |

Fractional number in base b to decimal number

(- dydy -~ dp)y > (Ao
or
d, . dy - dy x bEXP > (A),,
Examples:

1. (.0E728),6 =(.0564), (In hexadecimal system, E = 14)
2. (7.200067)g x 872° = 4.6853 x 1072¢ (Exp=29)

Note: Exponents are in base 10.



Note: 1f d; = 0, line 3 can be replaced by the [Z] key.

LINE

DATA
b '/
d, X
bd. +
Exp t
b xY
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OPERATIONS DISPLAY
t 1 1
x
(A) 10
1 -
x X (A)io

Bearing to Azimuth
See page 12

Bernoulli Numbers

The Bernoulli numbers B,, B,, B3 - are defined by

B,

Specifically,

Example:

LINE

!
L
2

7T2n22n-1 2n 32n 42n

11 1 1 5 691
6> 30" 427 30 66 2730°

The 8™ Bernoulli number = 7.092

(i takes the values 1, 2, and
j takes the values 15, 14, ..., 2 in the example.)

DATA

OPERATIONS DISPLAY
2 X t t
1
2 X 1 +
| [ReL| + A
D

REMARKS

Perform line 3 fori=n-1, .., 1|
If there is no exponent, stop;

Otherwise go to 5

w].

7
oo

REMARKS

Perform lines 3—5 fori=1,2, .

until A; does not change

IfD<2,goto8

Perform line 7 for j = D-1,

D-2,..,2
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Centigrade to Fahrenheit

See page 55

Centimeters to Feet, Inches

See page 56

Chi-Square Evaluation

Formula:
n

(0; - Ep)?
E;

X2 =
i=1
where O; = observed frequency

E; = expected frequency

Example:
o, | 8 50 47 56 5 14
E; | 9.6 |46.75 51.85 544 | 825 | 9.15
Answer:
x? =4.844
LINE DATA OPERATIONS DISPLAY REMARKS
1 L JC JC ]
2 0, D D :] :] ; Perform lines 2—4 fori=1,...,n

2 | e (o) [ [ ][x][re]
: EaEn[an[an]as)
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Combinations

y objects taken x at a time (binominal coefficient)

Formula:
Y\o ~ Yo oy yry=D s (y-x+t1)
= =C’ =C = =
(x) R Ty 1-2-.-x
Notes:

1. This algorithm is for y = x = 2.

2. yCO'_'yCy:l;yCl:yCy—l:y

3. yCx=yCy_x;s0if y —x <x, compute ,Cy_y instead of yCy.
Example:

7Cs =21. (Compute ,C, to get the answer)

LINE| DATA OPERATIONS DISPLAY REMARKS
L A 20 | N | | N | B |
2 : i ED L—__H___j{:] Perform line2 fori=y-x+1,
I I | I | . ey -1
3 X DD[:IDD L!fx=2,got06,
| N N | .
! N | | | .
° i E I:] D[:]E Perform line 5 for j=x-1,
[ ] O | | x-2,..,2
| ® N I I
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Complex Number Operations

Complex add

Formula:

(a; +iby) +(ap +iby)=(a; +a,)+ i(b; +by)

=u+tiv
Example:
(3+4i)+(7.4-5.61)=10.4 - 1.6i
LINE  DATA OPERATIONS DISPLAY REMARKS
1 a, t
2 ay + u
3 b, 1
4 b, + v

Complex subtract

Formula:
(a; +iby) - (ay +iby)=(a; —ay) +i(b; - by)
=u+tiv
Example:
(3+4i)-(7.4-5.6i)=-4.4+9.6i
LINE  DATA OPERATIONS DISPLAY REMARKS
1 a, 1
2 a, - u
3 b, 1
4 b, - v

Complex multiply

(Use for short data input)

Formula:

(a; +iby) (ap +iby) =(aja; —b;by) +i(a;by +a5by)

u+iv



Complex Number Operations

Example:
(3+4i)(7-2i)=29+22i
LINE DATA OPERATIONS DISPLAY REMARKS
1 b, 1
2 a, tl
3 a x
4 b, Rt || RL || RL|[sTO| x
5 - u
6 a, RCL X Rl Rl Rl
7 b, x + v

Complex multiply, alternate method

(Data are entered only once, use for long data input)

25

Method:
If a,, a,, by, b, are all non-zero, and if 8 =0, + 0, #90° or -90°, then
b, *b
(a; tiby) (a, +ib2)=—1—i— (cos@ tisinf)=u+iv.

sin0, - sin 0,

Note: a, +ib; =r1,e°1,

a, +ib, = r,e'92
Example:
(3 +4i) (5 - 12i) =63 - 16i
LINE DATA OPERATIONS DISPLAY REMARKS
1 a, 1
2 b, STO | [x2y || = | arc || tan
3 a, 1
4 b, t RY | [x2y || + || arc
5 tan | |RCL || R} || Rl || Ri
6 x | |STO|| R} t Ri
7 + D If D =90 or -90, stop.
Use other method.
8 RCL | Rl |{STO|| RI || sin
9 x2y | | sin x + | |RCL
10 cos || x 1 t | |RCL
1 tan X X2y u
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Complex divide

(Use for short data input)

Formula:
(aja; +byby) +i(azb; —a;by)
+ib,) + +iby) =
(a, +iby) * (a2 2) 2y + by
=u+tiv

Example:

3P4 _ 45+ 64

7=2i
LINE| DATA OPERATIONS ' DISPLAY REMARKS

Ve O]
2 IR | | [ | i
2 I [ | [ |
o | wm[ned (] [ fsro) [x |
5 | [ o [
o | m|[e Cx ) [m )[R (]
S a |G -
w  CJLJ ]

8 |
1 4
. |00 () (e [e2y] |
10 oI efal =]
1

©
o

(= o o

Complex divide, alternate method
(Data are entered only once; use for long data input)

Formula:

Ifa;,a,, by, b, are all non-zero, and if 6 =0, - 6, # 90° or -90°, then

b in 0
(a; +ib;) +(ap tiby)= (_i/sm l) (cos@ +isinf)=u+iv

b2 sin 0 2

Note: a, +ib; =r1,e'°1,
a + lb2 = 1'23192.
Example:

(63 - 16i) = (5 - 12i)= 3 + 4i
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LINE| DATA

OPERATIONS

DISPLAY

REMARKS

N
o

& W
o
~

O]
(570) (] [ (2] (]
OE 6= 0
(=1 [70) [ [+ [ar]
| -
] | [
[rev] (k1] [sto] (A4 ] [sn ]
(] o) (=1 () [re)
[ooe] [ ) [ 1 (1 ] [met)
Con) G )b C 1]

L] [ JC L JE ]

If D =90 or -90, stop.

Use other method.

Complex reciprocal

Formula:

Example:

1 _ a-ib
atib a?+b?

1
2+3i

=u+tiv

=.15-.23i

LINE

OPERATIONS

DISPLAY

REMARKS

N ] I I | I
(LI T [srol [ewx]
L J[Ri[x J[Ret] [+ ]
(sTo] [ = |[ers] [xey] [re ]
N I | |
L] C JC I JC ]




28 Complex Number Operations

Complex absolute value

Formula:
la+ib| = Va? + b2
Example:
I3+4i|=5
une| pata | OPERATIONS DISPLAY REMARKS
1 a [ 1t || x
2 b ERIERIERIN

Complex square

Formula:
(a+ib)? = (a® -b?) +i(2ab)=u +iv
Example:
(7 - 2i)* = 45 - 28i

LINE| DATA | OPERATIONS DISPLAY REMARKS
‘ 1 a ) 1 X

2 b sto|[ t x |[ - u
| 3 [x2y {RCL x |[2 X v

Complex square root

Formula:
A/a2 2
Va+tib =% at a2+b +i b =+(u +iv)
5 at Va®+b?
2
Example:

V7 + 61 = +(2.85 + 1.05i)
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LINE| DATA

OPERATIONS

DISPLAY

REMARKS

(ol beay] [ 1010 ]

I | I | I | I |
Lt ] [x e[ 1]
ES RNV RN

2] ] v
53 o [
0 N B |

L] [ JC I JC ]

Ifb=0anda<0,goto7;

ifb=0anda=>0,goto9.

Complex natural logarithm (base e)

Formula:

Example:

In(a+ib)=1In (Va% +b?)+ i(arc tan —Q) T
a

=u+tiv

Ini=1

STi

180

LINE DATA

OPERATIONS

DISPLAY

REMARKS

[ o
o o
(LI IC]
[5x] ex] [ens] [0 ][9]
[570] fxe] (1) [ ] (x|
[ew] (1] L) [+ ) [va ]
o o [
[z [rec] (=] [ore | [an |
S| | | - -
ER|EN|C|ES{a.
LDl Ce o]

(L JC JC 10 ]

Ifa#0,goto4

Ifa=>0,goto9
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Complex exponential

Formula:
e(@*) = ¢3 (cos 0 +isin ) =u+iv
where
9= 180b
s
Example:
15707963271 _ |
LINE| DATA OPERATIONS DISPLAY REMARKS

‘ LB | B | N | I |
2 a  [e]fstolbey][1 |8 ]

3 LoD 0= J[= ][+ ]|
‘ [ J[Ret] [x I ][] v
5 [xey] [sin ] [Rec] [ [} v

Complex exponential (t**1%)

Formula:
{atib = (atibdint = 4 gy
Restriction:
(t>0)
Example:
23*4 = _7.46 + 2.89i
LINE| DATA OPERATIONS DISPLAY REMARKS

‘ LN | NG | N | N | |
2 S | 7| N | | I |

3 ¢ |[n][sTo] [ ][] [Ret]
‘ L J[= ) Emopv] [1]
5 CeJlo =10
6 Lt ] [eos J[Ret] [ x ][] u

7 by [sin | [Rew] [ ][] v
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Complex number to integral power

Formula:
(a+ib)" =1" (cosnf +isinnf)=u+iv

where: r=Va? +b?,
b

0 = arc tan —, and
a

n is a positive integer.

31

Example:
(3 +4.5i)° = 926.44 - 4533.47i
LINE| DATA OPERATIONS DISPLAY REMARKS
‘ LR | N I | I | N |
2 SO | N | N | I | fa#0,g0t04
I I | I | I |
3 [oux] [Eex] [ens] [0 ][ 9 ]
4 [sto] [xev| [+ ][+ ][ x ]
5 (Rev] [t ][« ][+ ] [vx]
6 [y | [Ret] [+ ] [lare | [ton | fa>0,g0t08
N | I ] |
7 e e+ ]
8 stof [ J[ I I 1
° n
10 [ | [rer] [xay | [sTo] [cux]
" (x|
12 [0 | I | . v
13 D] [sin [ [Rec] [ ][] v
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Integral roots of complex number

Formula:
1 1
== +
(at+ib)" =r"{ cos 9+ 360k +
=ug tivg

where: n is a positive integer, and
k=0,1,..,n-1.
Example:

5 + 3i has three cube roots:
1.77 + .32i
-1.16 + 1.37i
u, +ivy, =-.61 - 1.69i

ug t+ivg

Uy + iVl

LINE DATA OPERATIONS DISPLAY
1 b t
2 a
3 CLX| |[EEX| |CHS 9 9
4 STO |  x2y t 1 X
5 RCL t X + Vx|
6 x2y | |RCL + arc tan
7 1 8 0 +
8 xay
9 n t U Rl R{ x2y
10 Rl xY | |STO | |CLX} | +
" + t t cos | |RCL
12 X ugy
13 x2y | | sin | |[RCL; | x Vo
14 Rl R
15 3 6 0 t
16 n + + ) 1 cos
17 RCL X U

18 x2y | sin | |RCL

.6 +360k
sin —————

REMARKS

Ifa#0,goto4

Ifa>0,goto8

Perform lines 14—18 for k = 1,

2,..,n=-1
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Complex number to a complex power

Formula:
Ifa; +ib; #0,
(al + ibl)(a2+ib2) - e(32+ib2)ln(a1+ib1) =u+iv
Example:
(1+0)? D =149 +4.13i
LINE DATA OPERATIONS DISPLAY REMARKS
! oI
2 a, [:]:H:]:H:l Ifa, #0,goto 4
(I | I | |
3 [cex] EEx] [ens] (o ]2 ]
4 o] =] (][] [ ]
5 red ] ][] ]
6 [in | [y ] [red] [+ ] [are |
7 [ |1 10 10 ] Ifa, >0,g0t09
I | O | I | I | - ]
8 ERIERIERIEN I
9 ERIFRIERIERIrN
10 BRI KN RN

REIN R | o [
2 e |[a) (A [a o] [ ]
N I [ [ | [
W e |fme [ () [m ][]
5 e [ ][] ][] o]

o b [ ) (e ][0 ][ ] N
Eal ) [ [eor ) et
E 0

O I -2 0 o8 [
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Complex root of a complex number

Formula:
Ifa, +ib; #0

1
(31 + ibl)32+ib2 - e[In(al+ib1)]/(a2+ib2)

Example:

Answer:

=u+tiv

1+i

Find the (2 - i)™ root of 1.49 + 4.126i.

LINE

DATA

OPERATIONS

DISPLAY

REMARKS

1

2

o s W

20
21
22

b,

a

a;

b,

o
~

o
~

ax

b,

O IC ]
|
0
feux]feex) [ovs [0 ][5 |
sr0] ez (1 ][ 1 ][+ ]
e [ [x [+ Ve
[ o] [rec] [+ [
o o
[ [
[ERIERIEaIEaI.
e ][o]
(B
[ == -
[ (A [mi ) 570 (x|
(|-
Il [
| [
OO0 R )
s70] [+ ] [xev] et [+ |
(o) 7o) (w2 (1 1[5 ]
K| En|En|Ea NN
feon fiet] [ )10
] [an | foet] [x [

Ifa, #0,goto 4

Ifa, >0,goto9

Logarithm of a complex number to a complex base

Formula:

log(a, +iby) (a2 +ibz) =

In (a, +1iby)
In (al + lbl)

=u+tiv




Complex Number Operations

35

a, +ib, #0
Example:  log(y+iy (1.49 + 4.126i) = 2 - i
(a5 = .34657359, b, = .7853981633)

LINE| DATA OPERATIONS DISPLAY REMARKS

LI ST | N | | N | |

2 3.77”7;] ] :][: ] Ifa, #0, goto 4

3 |lex] [eex]fens ][ e [[ o |

‘ 0] feav] [+ 107 1= ]

5 [Rec] [t ][ ][+ v
5 Ce JC ] a0

7 [x2y ] [reL] [ = |[arc | [tan | Ifa, >0,g0to9
- N I I - B
10 ERIERICRIEN I by

ST | N | N} O | o o
N O | N | N | N | It 0,00 0015
- N | N

e |EodEX s [E e ] . )

15 [sto] peay | [+ ][t ][ x ] -
16 [0 | N | KN v
8 :]L__][:]:] fa;>0,got020
s [ I | | |

19 [ERERICRIEN

K IR | R ) =7 | N | | )
2 S 0 | N | I .

N (R |[sto] [ x|

u (KN} | N | S | I

5 & [Red] [« [[RU][Re ][R

% oo [ ][ fsmol[ ][] .
20 T | NG| | | | . .
2 oo ][ ][+ [Ret] ey ]

29 [Z]E u

30 E7] | v
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Complex Trigonometric and Hyperbolic
Functions

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

Complex sine

Formula:
sin (a +ib) =sina cosh b +icosa sinh b
=u+tiv
Example:
sin (2 +3i) =9.154 - 4.1689i

INE| DATA | OPERATIONS | DISPLAY REMARKS
IR SN | N | N | N | O |

[ 2 | a [t ][8][o ][ x]

3 3 [ ™ ‘7" :STOE{Vsinjl)V(Zyj

| 4 [ Ry [RE ][]

s | 2]

KN [ et e | 570 | :

L7 [cLx| [+ ] [cos | [xev ][ e

| 8 HINIEERE

9 I JC JC I ] v

Complex cosine
Formula:
cos (a+ib)=cosacosh b -isinasinhb
=utiv
Example:

cos (2 + ei) = —4.189 - 9.109i
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LINE| DATA

OPERATIONS

DISPLAY

REMARKS

N | | I |
Ll s Lo ][]

(e[ ] [s10] [eon ] 2]

CrJle ]2 0]
[« J[reL] [xey][sTo] [ ]

lex] [+ J[sin | [y ][ |

En[aEnEnEn
CxJlens][ LI

Complex tangent

Formula:

Example:

tan (a +ib) =

sin 2a + i sinh 2b

cos 2a + cosh 2b

=u+tiv

tan (2 + 3i) = -.00376 +1.003i

LINE DATA

OPERATIONS

DISPLAY

REMARKS

[ | I | I | .
[+ ]2 ][x][sTo] [t ]
L Jle 0o J[x (=]
[ ] [ees] [ev] [ 2 ][]
CCs] 102 JL=]
(- ]2 ][+ J[red][ = ]
Leey] [ 18 1[0 [« ]
EREN
L] L LI I ]
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Complex cotangent

Formula:
. sin 2a - i sinh 2b
cot(atib)=———
cosh 2a - cos 2b
=u+tiv
Example:
cot (2 + 3i) =-.0037 -.9968i
|LINE DATA OPERATIONS DISPLAY
1 b t
2 a 1 2 x |[sTo|[ 1t
3 1 8 o | x ™
4 - cos xzv‘ 2 X
5 t t ][R [ Ry [ e
6 1 x + 2 +
7 X2y - RCL| |x2y | |STO
8 CLX + X2y e* t
9 Wil -l 2] + ||RrcL
10 + |[ens| [xzy || 1 8
1 0 x LA sin
12 RCL|| + u
13 x2y v
Complex cosecant
Formula:
csc(atib)= —1‘
sin (a + ib)
=u+tiv
Example:

cse (2 + 3i) = .09 +.0412i

REMARKS



Complex Trigonometric and Hyperbolic Functions

LINE| DATA OPERATIONS DISPLAY REMARKS
1 b t
2 a t s ol x
3 m - STO sin X2y
4 1 » t Rl R{ eX
5 tlw ]+ 2] =
6 x | [reL] [xey|[sTo] [cLx
7 + cos | | x2y ex 1
8 vl =2 ][ =] x
9 reu| [ 1 [ x [ [xav][ 1
10 t ] x | [Rrei] [ Ry | [x2y
1 R} + STO u
12 x2y | |RCL g CHS v
Complex secant
Formula:
sec (atib) = —-—1—
cos (a + ib)
=utiv
Example:
sec (2 + 3i) = -.04 +.09i
LINE DATA OPERATIONS DISPLAY REMARKS
1 b t
2 a t 1] 8][o]] x
3 n ||+ |[sT0]| cos || xey
4 t [ Ru][Re]] e
5 t x + 2 +
6 x | [ReL] [xey] [sTO] [cLx
7 + sin | | x2y || e 1
8 x - 2 + x
9 chs| [ReL] | 1 || x |[xzy
10 t [t ] x |[reL]| Ry
1 x2y|[ Ry || + |[sTO]| + u
12 x2y||RcL | + ||chs v

39
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Complex arc sine
Formula:

arc sin (a + ib) = arc sin § + i sgn(b) In (a + Vo2 - 1 )

=u+tiv

where: a= % Va+1)? +b2 + % V(a- 1) +b2

=%\/(a+1)2+b2—%\/(a-1)2+b2

1ifb>0
sgn (b) = {-1 ifb<0.

Example:
arc sin (5 + 8i) = .556 + 2.9387i

Note:  Inverse trigonometric and inverse hyperbolic functions are multiple-
valued functions, but only one answer will be given for each of them.

[LINE DATA ’ OPERATIONS DISPLAY [ REMARKS

20 I [ [ [ [ |

2 s [ Enlbal 1] |

; [(ERER|En|En]|Ea] |

T mooon |

s el ] 2],

’ 570 (ri] [+ ] [va) (2]

7 ] J[red] [+ ]

0 ][] [ (e (sm |

: L0 0s 0o

0 |0 | ] . v '

"o NN RN 1

12 1@@@[:] |11b>0,g0t014
[ an]an =] |

e [Cj = |

W Oooodl =
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Complex arc cosine

Formula:

arc cos (a +ib) = arc cos § — i sgn (b) In (a + Va? - 1)

=u+tiv

where: a=%\/(a+ 12 + b2 +%\/(a— 12 + b2

ﬁ=%%+1)2+b2—%V(a—1)2+b2

41

sgn (b) = 1112?ln><00
Example:
arc cos (5 + 8i)=1.0147 - 2.9387i

LINE| DATA l OPERATIONS DISPLAY REMARKS
T . [0y
2o [ fstol [
3 |EN|ER|EN| KNS
a Deey] Lo JL= S ]
5 | e (o) [ [2 ][]
5 [s70) [au] [+ ][] [ 2]
H I red [+
o ESIFNIERIEEIEE
10 e
" JETa] =)
12 E@[:] :Ifb<0,goto14

(| O A |
13 lews] [ JL I J[ ]
14 CICJC I ] v
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Complex arc tangent

Formula:

+
arc tan(a+ib)=% 11--arctan1 b

=u+tiv

where: (a +ib)? #-1.

Example:

| LINE DATA
‘ 1 ’ b

2 a

3

110
[ 1

arc tan (5 + 8i) = 1.5142 + .0898i

OPERATIONS
t 1 +
- arc tan
1 x:ly -
RCL + arc
Rl + x2y
8 0 X2y
+ g X
0 =
2 x2y -
RCL| | 1t X
| x2y [ 1 x

| |STO

| [rcL

1

DISPLAY

-b
- arc tan —
a

i
4

(1+b)* +a°
(1-1)? +a?

REMARKS
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Complex arc cotangent

Formula:
arccot(a+ib)=g—arc tan (a+ib)=u+iv
Example:
arc cot (5 + 8i) =.0566 - .0898i

LINE| DATA OPERATIONS DISPLAY REMARKS

1 O B | I

2 a[so] [+ | [arc|[1an ] [xay]

3 KR KR NN

. () (mec) [+ ) [me [ ]

5 |

1
6 EXIENIEN RN |
| B

7 NN N . u |

8 (Rl [2 by [ - ][] .

s Ca o) [+ ][s70] |

10 L I bey] [ ][] [Red] |

1 ENENITY NN ‘

12 T O I | v
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Complex arc cosecant

Formula:
1
+ib) = .
arc csc (a +ib) = arc sin (a m ib)
=utiv
Example:
arc csc (5 + 8i) =.05598 - .0899i
(D<0)
LINE| DATA OPERATIONS DISPLAY REMARKS
L LI | BN | N | I | | R
2 a | ][sto] [eux]
3 [ J[Red] [+ ]
‘“ (sto] [+ J[ens] [xev] [reL]|
° L) le] L LI o
s Dol
7 EN|ER|EN|ENFE B
8 ey [0 )]
0 (Rec] [+ J[wx][2 ][+ ] i
10 (sto] [y | [+ J[vx][2 ]
" Ce e fred ]
iz ey [Red] [ ][ ] [in ]
13 N ER| N ER RN
14 I | I | I | I | v -
15 (] L]0 e
16 EINGIERIrEI 11D >0, go to 18
, (I N I | I |
1”7 lens] [ 1]
18 CICJCIJCIC] v




Complex Trigonometric and Hyperbolic Functions

Complex arc secant

45

Formula:
1
ec (atib)= 0
arc sec (at+ib)=arcc S<a+ib)
=u+tiv
Example:
arc sec (5 + 8i) = 1.5148 +.0899i
(D<0)
LINE| DATA OPERATIONS DISPLAY REMARKS

L L N | N | |
2 G | | K | it |

=N ,-mmig-
s 7_Eﬂml‘_‘ll:]:l o
LR ER[ER S5

K R [En|a]xn]o|) o
ER 5 R

Enl el [N

o 570 [n0

18 o o e s o |

| IZI- -

2o ey ] [rew ] [ =] [are | [oos | ]
13 e[ ][ ][o] ]
14 [ o |

5o TN R S

6| E]--mr__] 1D <0.got018

0 sl I I
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Complex hyperbolic sine

Formula:
sinh (a + ib) = -i sin i (a + ib)
=u+tiv
Example:
sinh (3 - 2i) = -4.1689 - 9.154i
LINE% DATA OPERATIONS DISPLAY [ REMARKS

v

2

N [ [ [}
o e[ [s (0]
) =)0l

D) O ) [ ) (o] e )

O]
) D] ] ] 570,
o] [+ oo b (o]
[ ]E]
e ] o] o ]
(=] =]

!

Complex hyperbolic cosine

Formula:

Example:

cosh (a +ib)=cosi(a +ib)

=u+tiv

cosh (1 +2i) =-.6421 + 1.0686i
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LINE DATA OPERATIONS DISPLAY REMARKS

N e

2 b fems| [t ][ ][ 8 ][ 0]

3 [ [+ ][570] [eor]

s ] (] )[R (A

: [ [2]

6 [ red] [y fs0]

7 (o] [+ ] [sn ] v [ A
8 A EE] ’ |
0 Cfes) 0 )

Complex hyperbolic tangent

Formula:
tanh (a+ib)=-1itani(a+ib)
=u+tiv
Example:
tanh (1 +2i)=1.1667 - .243i
DATA OPERATIONS DISPLAY REMARKS

c

r4

m
1

N (=] =
2 b [[ons][1|[2][x |[sT0]

s T s o [x )
. (o[ oo (o] [2 ],
s ERIERIER|IED)
5 A0z
- [ ) [+ et ] 570
0 a2 ] e
Bl Ea]a]r
" [EalealEalEaIcs
2 Cles)b ]|
B =] [
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Complex hyperbolic cotangent

Formula:
coth (a+ib)=1icoti(atib)
=u+tiv
Example:
coth (1 +2i)=.8213 +.17138i
LINE 1 DATA ’ OPERATIONS DISPLAY REMARKS
e [y
2 b [ess] [t J[2 ][x][sT0]
2 [ERER|ERIER[ES
. (] [ees ] 2] (2]
6 CICICE]RY] ‘
7 (] b=v] =] [Ret] (=]
g A
1o (o] [+ ] ous] =] [ 1 ]
"o el =])
2 | [on ) frou) [+ o]
N e I v

Complex hyperbolic cosecant
Formula:
csch (at+ib)=1icsci(a+ib)
=u+tiv
Example:

csch (1 +2i) = -.2215 - .63549i
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LINE

OPERATIONS

DISPLAY

REMARKS

N |
[crs]

HE-WEI
] et =10 [

L] I 1]

-E]-II],

Complex hyperbolic secant

Formula:

Example:

sech (a +ib) =seci(a +ib)

=u+tiv

sech (1 +2i)=-.4131 - .6875i

OPERATIONS

DISPLAY

REMARKS

Jless] (s ][0]

| B I | I

EN|ER

o) [ () (R (7]
0 2]
[ D) o] o] f570)
o] [+ ] [ ) o] [+ ]
) )]
] o] e [ ] [+ ]|
b [ L [ [
i) ] (] () o).
||
bev] e [+ [ews] [
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Complex inverse hyperbolic sine

Formula:

Example:

LINE DATA

CHS

RCL

sinh™! (a +ib) = —i arc sini (a + ib)

=u+tiv

sinh~! (8 - 5i) = 2.9387 - .556i

OPERATIONS DISPLAY REMARKS

+ x2y  |RCL -
sin m X 1
0 + CHS| | STO
t t X 1
VX + In Ifa=>0,goto 14

Complex inverse hyperbolic cosine

Formula:

Example:

cosh™! (a+ib)=1iarc cos (a + ib)

=u+tiv

cosh™ (5 + 8i) = 2.9387 + 1.0147i
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LINE DATA OPERATIONS DISPLAY REMARKS
' O | N | N | I |

2 | o |[+][x ]Ero]lev] [t ]

3 ENIERIENIERIFN

4 EERIENI R

5 lreu] [+ J[yx][2 ][+ ]

6 sto Ay | [+ J[vx][ 2]

7 (= 0 [rec] [+ ]
K 2 ) [ [ )

o DEIEID)

; EnlEn]EN]ra|E)

12 G 1] 116> 0,g0 t0 14
D] - -

14 [ | | | u

15 med [T T v

Complex inverse hyperbolic tangent

Formula:
tanh™! (a +ib) = —i arc tan i (a + ib)
=utiv
Example:
tanh™! (8 - 5i) = .0898 - 1.5142i
LINE| DATA OPERATIONS DISPLAY REMARKS
! a | ]
2 b [cns][sto][ = [[arc |[tan |
3 ey [ ][ Jhey][ -]
4 (][t J[ren] [+ [ [are |
5
8 feux] (1] (o ] [0 ] (w2v],
. EEa|Ea|EnlEn]
8 ERIERCEER]CT) v
o (Re[2 J[ey][- ][]
10 [x [ [rec] [1 ][ x |[sTo]
n [+ Dev] [t 10« J[Ret]
12 EN|EN|CYIFNES v
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Complex inverse hyperbolic cotangent

Formula:
coth™! (a+ib) =iarc coti(a+ib)
=u+tiv
Example:
coth™ (8 - 5i) = .0898 + .0566i
LINE| DATA OPERATIONS DISPLAY REMARKS
1 a ]
2| v [570] [+ e (1]
3 ERE .
4 [t] (]
:
6 (]
7 e e ][] v
8 ENIEEY
8 o] et (1] [ ] 57o]
10 o) (1) x| [ret]
1 L= J[n][a ][ =] v
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Complex inverse hyperbolic cosecant
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Formula:
csch™! (a+ib)=iarccsci(a+ib)
=u+tiv
Example:
csch™ (8 - 5i) = .0899 +.05598i
(D<0)
LINE| DATA OPERATIONS DISPLAY REMARKS
1 SO | | I | I I |
2 b
: o) [+ [~ ][ | et
4 [+ [sto] [+ J[ens][x=v]
5 (Rec] [+ by [ ][] 0
6 L] [x Jfsmo] ey ][]
7 ENERENENE
8 | =7 N |
o e [+ vl [2 ][+ ] '
10
n L kel [+ |
12 [are | [sin ]
13 , ERIERIN
14 (= Jfsto] [me ][ ][1 ]
s | DO
16 (e 1100 1fD <0, go to 18.
(NN N | N | I |
1”7 ens [ I 10 I ] -
o "
19 med [ I I I ] v
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Complex inverse hyperbolic secant

Formula:

Example:

sech™! (a+ib)=1iarcsec (a+ib)

=u+tiv

sech™ (5 + 8i) = -.0899 + 1.5148i

(b<o)

LINE| DATA

OPERATIONS

DISPLAY

REMARKS

] | -
ERLOIERI
o] [+ | [os] [s=v] et
| o
) e Jsro] ] [ 1]
O]
Lo 1]
o] [+ ][] [2 ][+ ]

t

OOk [+
o] o] [~ (e | [eon
[ ER|ERiER]N
bl
O
[

Y -
om0 1)
[]:H:H:]E
fre) I ]

1fD >0, goto 18.

Compound Interest

See page 96




Conversions 55

Conversions
Repetitive use of formulas with two constants.

The technique used here is to store both constants—one in the S
register, and the other in the T register. After initially storing the two
constants, the formulas can be used repeatedly without limit.

Centigrade to Fahrenheit (a°C — b°F)

Formula:
=9 at32
5
Examples:
a | 30 0 28 100 539
b | =-22.  32. 82.4 212. 1002.2
LINE DATA OPERATIONS DISPLAY REMARKS
1 (3 2 |[sto][ o 1
2 (s B 1 1 t
3 CLX
4 a X RCL + b Stop. For new case, go to 3

Fahrenheit to centigrade (b°F - a°C)

Formula:
5
==(b-32
a=g(b-32)
Examples:
b | -460  -40 0o 32 212
a | -27333  -40. -17.78 0. 100.
LUNE|  DATA OPERATIONS DISPLAY REMARKS
1] "3‘2‘ST05 1
2 |9 || = to ot i
3 [cux] |

| a b |RCL|| - X ] Stop. For new case, go to 3
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Feet and inches to centimeters

Formulas:
1 foot = 12 inches

1 inch=2.54 cm

Examples:
4' 8" =142.24 cm
55" =165.1cm
6 3"=190.5 cm

leex] [ L0
R | | | |
5 ; Inches IE @:E EJ [7] E:] Centimeters | Stop. For new case, go to 3

SRR

LNE| DATA | OPERATIONS | DisPLAY | REMARKS
' (2 ][] (4 ][sm9]] |
2 | L] KRR 1
[ [

Centimeters to feet and inches

Examples:

164 cm=5"4.6"
180 cm = 5" 10.9"

LINE| DATA | OPERATIONS | DisPLAY | REMARKS
' | I e | S0 e
2 f HIENIVSIEN D
3| o e e o
4 o3 e [

5 Centimeters L__] Ej Ej Ej j | D . Let f = integer part of D
S | | "
7 B @:E E E_: Lij Inches Stop. For new case, go to 4
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Coordinate Conversions

Polar to rectangular

Formulas:
x =R cos 0
=Rsin 6§
y R v
(6 is in degrees)
Example:
If =40°, and R = 5.1, then 0
x =3.907, and X
y = 3.278.
LNE| DATA | OPERATIONS |  DISPLAY | REMARKS
o e OO0
B L | S| R (G
3 ] C I I 10 x
! 4 |[=v] [n ] e [x ][] v

Rectangular to polar

Formulas: /

R=‘/X2 +y2’ /
R

0 = arc tan(z> / y
X

Example:

If x=5.7,and y = 4.2, then 0
R =7.08, and
0 =36.38.
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LINE| DATA

1

CLX
STO

RCL

OPERATIONS DISPLAY REMARKS

If x#0,goto4

x2y t t X
t x + || Vx R

RCL + arc tan Ifx>0,goto8
8 0 +

Correlation Coefficient
See page 144

Cosecant
See page 156

Cotangent
See page 155

Coversine
See page 157

Cross Product
See page 160

Cross Product Sum
See page 144

Degrees, Minutes, Seconds to Decimal Degrees

See page 11

Decimal Degrees to Degrees, Minutes, Seconds

See page 11



Double Precision Product

Degrees to Grads
See page 15

Degrees to Mils
See page 14

Degrees to Radians
See page 14

Discount
See page 95

Dot Product
See page 161

Double Precision Product

Terms used:

59

A and B are the two numbers to be multiplied (each having up to 10

significant digits).
Ay s and By s are the left most 5 significant digits, of A and B.

AR s and Brs are the remaining significant digits, (zero filled at the

right if the number of significant digits is less than 10).

A; and By are integers with the same significant digits as A and B,

respectively.

A, and B,, are the number of significant digits each in A and B.

XR 5 is the rightmost portion (5 digits) of the display, regardless of how

many digits are displayed.
Xy is the leftmost digit of the display.

Xgxp is the value of the displayed exponent (=0, if none visible).

Xypp is the number of displayed digits to the left of the decimal point

(= -1 if the number is of the form .od - - -).
Xnp is the total number of displayed digits.
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LINE DATA OPERATIONS DISPLAY REMARKS

‘ GO | N | N I I o )

2 s [ fsmo] [T ] .

3 oas (I - N

I T N I | |

s e, (L ICIC ] ) )

6 | AL fex][+]

7 E - DDE 01 IfD1<10,goto |

, [ [ [ -

8 eux] [ ][ J[eex] 1] ]

a I | | R | ]

n o ([o][o][0][0][o]] ]

12 CICJEIEIE ] o ]

I T N | I I | I

T VR | -

15 NIEN IR D2 11D2<10', go 10 19
OO

16 ME-E@ i

L B BDDQD B ]

L VS | T | | O

L N N N N ,

EA AW | N | | | T L2 N

= | |EJCICIC]] .

23| 999999997 ;H:]:]_:]E - Go to 26

K leo] [ 1] . N

25 | 9999999949 :]:][:H:]:] - O

% [es] O] - ]

27 B, DDQL:LE} 7 B, Read note 1

N (| N | I | I | .

CI I | [ . B

2 Josesseeer [ N[ JLIL JL ] [Gew= ]

© | 53| N | | | | .

31 | 2999909940 CIC] [:]7[:] ] [ -
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LINE DATA OPERATIONS DISPLAY REMARKS
?2 [:] [:] [:] D3 I1f D3 is an integer, go to 735;7
[:’ l: D [:] l:] oihfr\ivjsg, lgt f be the ime?e;
(| | I | part of D3.
K C I
34 LA | N | I | | , -
35 ENIERIENI D4 11D4=0,got037
(I | | I |
36 (eI I Xyo = 10,9010 30;
C 111 otherwise, go to 41.
37 (re ][ 1110 If xnp < 10, go to 41;
[:H:][:]:][:] if Xy > 5, go to 42
38 [: :] [:} :] :] Go to 40
s xo [ed[e ][I0 I ]
40 ERIERIEN I If Xno < 10, go to 41,
C 110 ] if X >5gc1042
41 C 1] Go to 47
| I | I | I | ]
42 ‘i C 1] Let E = Xew, D = Xio
a3 £ Co -1 ]
a4 D (I | I | I | P
a5 C 1]
46 A | | |
47 ;C][___H:H:H:] Read note 2 -
(][] =
48 J[:][:H__—]C] Read note 3

Note 1: 1f Ay (By) contains 9 digits of which the first 8 are all 9’s and the last
digit is 8 or 9, go to 22 (28).

If Aj (Bp) contains 10 digits of which the first 8 are all 9’s and the
last 2 are 50 or more, go to 24 (30).

Otherwise, go to 26 (32).

Note 2: Read the sign, the leftmost 10 significant digits of the product, the
decimal point, and the exponent. If the number starts with .0, the
tenth significant digit is hidden. Multiply by 10 to read it. If less
than 10 digits are displayed, the balance of the rightmost blank
positions are significant zeros (providing the Y register is non-zero).

Note 3: Read the remaining significant digits. If less than 10 digits are dis-
played, fill in enough preceding zeros on the left to make 10 digits.
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Example:

If A=

Agrs = 18600,
A = 34927186,

349.27186, B=-2.431985517 x 10'2,
then Aps=34927, Bps=24319

A, =S8, B, =10
and A x B =-8.4942410501565162 x 10'%.

(Note that Ay 5,B1s, Ars, Brs, Ay, By, Ap, By, are all positive integers

Brs = 85517
B = 2431985517

that contain neither signs nor decimal points.)

DATA

OPERATIONS

DISPLAY

REMARKS

23

349.27186
2.431985517
349277
85517
24319

18600

8565900000
18600
85517

34927186
2431985517

D (I
feex] (1 ] [2)(x 510

Lol G fe ]
[ [ |
[n[ == =]-]
ARl
[ [ ]
oux] (o [ Jfeex] [+,
(| En]En[Ea|En]
(| | |
Co ) )L lfol[+]
Lol (L]
| [ o |
fox] (11 [s 101 101 ]
S [ o |
||
| |n -]
ol [ 1L 10 I
| | [ |
[ D]

3439185659.

1.01565162 10

156516200.

16.92912458

1.
156516200.
1565162000.
-8.49424105 14

1565162000.

| < D1<10"

«<D2>10'°

| <D3

<D4

Xnp =9

Xnp =10, X, =1
Note: only 9 digits are

displayed.
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Equation Solving (lterative Techniques)

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.

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 = .5671432904.

Note:  The algorithm will converge to .5671432904 after about 50 itera-
tions for any value of X,.

LINE DATA OPERATIONS DISPLAY REMARKS

1 5 CHS | | e* 6.737946999 -03
1-: 2 I CHS | | e* Perform line 2 fo;ty;tﬁ;e—é
times
3 ' 5671432904

_ 1
Example 2. 4=X X

Method:
Rewrite the equation as
X=144
X

choose an approximate solution for X (e.g., X, = 4).

Answer:
4.236067978
LINE DATA OPERATIONS DISPLAY REMARKS
1 4 1k 4 + 4.25
2 x 4 + Perform line 2 seven times

3 4.236067978
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Example 3. X* = 1000

Method:

Rewrite the equation in the form

x =In 1000/In x

Pick an approximation x, for x (e.g., X, = 4). If we use the following
sequence, convergence is from both sides and will take a long time.

LINE DATA OPERATIONS DISPLAY REMARKS
e (el
2 4 Cn [0 ][] 4982802143
3 o Cm =10 10 1 1] 4301189432
4 NI 4.7349339
5 Cn 0= 10 T[] a4a2378437
6 (=10 10 J[ ]| ae632377082
7 (=1 ][ J[ ] 4505830645
8 (o ][ =0 10 ][ ]| ass88735608
9 [ 0= 10 1 ]| 4533824358
10 [ 1000 10 I ]| 4s60933525 | etc.

To hasten the convergence, we modify the loop and use the average of
the last two approximations as the new approximation.

Answer,
4.555535705
LINE DATA OPERATIONS DISPLAY REMARKS
! 1000 [ 1in ] ]
2 4 [ ][]
3 =] [ ][ ]| 4491446072
. (n ][] L]
5 I [ 1] as4a974651
6 [ ][+ ] L]
7 [+ l[sto] [ ][ 1] assa7a6075
8 IENEN L]
9 B [ ][ 1| 4555231426
C ]
l:] :] E [:] l:] 7 iterations
2 e e R [ ][]
k,25 [Z] E [_—_] [:l 4.555535705
2% (i [[+] ]
27 [ZJ E [:] D 4.555535705 Display converges
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Example 4. Largest XX

What is the largest value of x such that x*" does not overflow in the
HP-35 (i.e. x* " < 9.999999999 x 10°°)?

Method:

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

=G
x*Inx=InG
x* =1n G/In x
x In 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 routine alternates between the two answers,
3.830482865 and 3.830482864. Upon substitution of both values in

x"x, 3.830482865 gives an overflow while 3.830482864 does not.
Thus, the answer is 3.830482864.

LINE DATA OPERATIONS DISPLAY REMARKS
1 Lo ] Cm])CT] -
2 C 1] 230.2585093 | <InG
3 [ ][]
4 | E] E C] :] 4.865369574
5 (= ][ ] [Ret] [ ]
‘ CFen) 10 I | B
7 =] C 1] 4.006633409
; (] (=1 (o ] [ |
8 =] . | 7
10 [+ [smo][ ][] 3.84465425 |
I | I | I | I |
| C I 1110 6 iterations
R0 3 | 3| | f -
I N 3
Kl =] [ ][] 3830482865
2 = o
33 [+ ] C I
34 =] [ ][ ]| 3830482864 | etc.
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Example 5. x> +4sinx=0

(x is in radians).

Method:

Rewrite the equation as

Since x is in radians, we convert to degrees before using it with the
trigonometric function keys.

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

X==+/-4sinXx.

Note:  This algorithm converges from both sides, to hasten convergence, the
following routine averages two approximations to get the next
approximation.

It is only necessary to do the loop 5 times to get 4 digits of accuracy.

LINE r DATA I OPERATIONS ' DISPLAY REMARKS
v 2 sl [ [ ]
2 ENIERIERIENIES Perform lines 2—5
3 ‘ [« ][ = ][sin][chs|[ a] ‘ | until A;does not change.
‘ o) [v] e [ (2] |
5 [+ [ens][sto] [ 1[| A
6 00 T 00 0 ] -1.933753764 w After 17 iterations
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A method for faster convergence

Some equations for f(x)= 0 converge very slowly by the above methods.
The following method gives faster convergence.

Formula:

E; (xi - Xi_1)

Xi+1 = Xj -
" Ei-E,

where i=1,2,3, ..
X; = current trial value
Xj+1 = next trial value
Xj-1 = previous trial value
E; = current error = f(x;)
E;_1 = last error = f(xj_;)
L = lower bound for the solution

U = upper bound for the solution.

The keystrokes evaluating the equation f(x) may not modify the S
register, because the trial value is stored there.

Example 6. Solve x® =3* where ] < x<e

Method:

Rewrite the equation in the form

x®-3%=0.
Replace f(x) in the routine (shown after example 7) by the key
sequence:
olof T =
Let L=1
U=e.
Answer:

2.478052685 (E, = —2.000000001, E, =.27254617, E, = .05608461,
E, = -.03342142, E, = 1.19176 x 1073, E5 = 2.254 x 1075, E¢ = E,)
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Example 7. Find a root of a polynomial
f(x) = x* - 4x3 + 8x% + 20x - 65.
Method:
Replace f(x) in the program by
(LI el s [+ (%] 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

Answer:

2236067977 (or /5 ) (X0 = 2, X; = 3, x, = 2.183673469,
X3 = 2.224244398, x4 = 2.236236914, x5 = 2.236067428,
X = X7 = 2.236067977)

LINEW DATA OPERATIONS DISPLAY REMARKS
1 L [ | I | i
2 C 10 Eo Replace f(x) by proper
D [:1 :] [:] C} keystrokes
s | v 0
4 | D D [:] E E; Perform lines 4—8 for i = 1,
5 E 2, ..., until either the last
6 E E two trial values are the same
7 | or the last two errors are
s | e ([ Xor | the some.




Euler Numbers

Compute the n® Euler number

Formula

E,

_2""2(2n)! [1 1

- 32n+1

1

Euler Numbers 69

,”2n+l

1
+52n+1 —72n+1 +:'

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

Example:

The 5™ Euler number = 50521.

LINE DATA

OPERATIONS

DISPLAY

REMARKS

Gz JL 0]
N I | I
I I A

IfD<2,goto4

LI I I 1]
N |

Perform line 3 for i = D-1,

D-2,..2

ENET | ER N e
Lo ][+ Jex][o ][+ ]

Eex|lo JL- 0 JL 1
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Exponentiation

Multiple successive power operations

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

example,

ox 1
means

%) 1ot e"?

LA

means
a(bc), not (ab)c.
Example:

- 1
t
Evaluate t' where t = e®.

Answer:
1.98957
LINE, DATA OPERATIONS DISPLAY REMARKS
1 (1]
2
3 | 0] | | |
Example:

Find the limit of t*' where t =+/3.

Answer:
oo
LINE DATA OPERATIONS DISPLAY REMARKS
1 (3 J[vx ][t ][sto][ ]
2 RCL E i:} C] :] Perform line 2 six times
3 L L JE J[ J[ ]| eoesesesee oo




Example:

Find L, the limit of " where t = V2.

Exponentiation 71

Answer:
2 (rounded)
LINE| DATA OPERATIONS DISPLAY REMARKS
1 L2 ] L]
2 R L Perform line 2 until L= L;.
3 ‘:} D [:] [:] [:] 1.999999995 Unchanging L after 54 iterations
e* for large positive x (x > 230)
Formula:
Suppose eX=ax10°
where a<10

Find a, b for a given x.

Example:

e300 =1,942426525 x 10'3°

DATA

OPERATIONS

DISPLAY

REMARKS

Ct J[7 ][ [ ][sTo]
Il I I ]
s J[- leex][o [+ ]
eex|[ o J[ - J[ 1+ |[Ri]
(= Jlrec] [ e 0]
[T TS | .
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xY for large x and/or y (y In x > 230)

Formula:
Suppose
x¥ =ax10°
where
a<10,

find a, b for a given x, y.

Example. 75100 =3.207202635 x 10'37

LINE DATA OPERATIONS DISPLAY REMARKS
1 y | |
2 x L ] Jr][o ]
3 [+ ]
4 (- J[s ][ I[eex][o ]
5 Co I
6 [ J[rer][x] a
7 C I L] b

Example:

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

Answer:
9°° =3.981071706 x 10269693099

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

answer.)
LINE DATA OPERATIONS DISPLAY REMARKS
; o] ]
? IRrairajraraies
3 ENIFEIERICNES
4 (][0 ][ ][sto] [+ ]
5 L ]ls]
6 [~ J[ex] o]
7 Lo ][] ]
8 [x] [ ]| 3981071706
° [0 ][ 1l 369s93099.
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u-
Converging u"

Formula 1

- u-’
If 0<x <eandu=x", thenu" will converge at x.

Example:
1

Letx=1.5,u=x;

Answer:
u-’

u" converges at 1.5 in 21 iterations. (Display = 1.499999999).

LINE DATA OPERATIONS DISPLAY REMARKS

v« e el
2 | -

3 :] I:] L__] Perform line 3 as many times
[:] [:] [:] ':] l:] as necessary to see convergence

u’
Diverging u"

Formula: ‘
Ifu>e® (= 1.444667861), u® will diverge.
Example:

Letu=1.45

Answer:

us’
u"  diverges (overflows) after 43 iterations.

LINE DATA OPERATIONS DISPLAY REMARKS

! u E-I:JL—_H:

l:] :] [:] Perform line 2 as many times
} [:] D [:J E [: as necessary to see divergence
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Calculator limits for x¥

1.  For a given positive value of x, how big can y be without causing x to
overflow?
Example:

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

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

LINE DATA ( OPERATIONS T DISI{LAY REMARKS
1 NN N .
2 x ‘ Dn-j [:] i:] [:j E] D Answer is the largest
| B | N | I I | | integer <.

2. For a given positive value of y, how big can x be without causing x¥ to
overflow?

Example:

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

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

LINE | DATA ‘Y OPERATIONS j DISPLAY : ‘RVEMARKS
| [Ea[Ea]ra]xn]um] |
2 | v ‘ =1l ] I 1] ‘ D Answer is the largest
| A I _ |imegr<p.
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Factorial

Formula:
x!=x-(x-1)-..*2-1

(x is a positive integer).

Example:
9! =362880.
Note: 0!'=1.
LINE| DATA | OPERATIONS | DispLaY | REMARKS
1 x 1!:[:]D’:] T'foZ,Stop
I | =
2 i C] [:[:H: Perform line 2 for i = x-1,
LIC JC JC JC ]| X2, .2

Factorial and Gamma Function

Stirling’s approximation

Notes:

This approximation can be used for positive x < 69
(otherwise the answer is > 10!°9),

This approximation is good for large x.
For x <1, use polynomial approximation.
To compute Gamma function:

'x)=x-1)!

Formula:

| 1 139 571
x!'=2rxx*e {1+ —+ - -
< 12x  288x2?  51840x3 2488320)(4)
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Example:
4.25!'=35.21159
LINE DATA OPERATIONS DISPLAY REMARKS
I S B S | N | P I
EN N R e (2] )
; Bcra
° ] 7| I O i ]
RN (Y| N N | | L
8 2488320 |[ = |[x J[ 1 ][5 |[9 ]
) I i[5 [En [T |xw o
T8 BN 3 [ -
LI I | NN N | 70| e |
r O]

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! =]+ blx + b2X2 + ..+ ngg

for0<x<1

where b, =-.577191652, b, =.988205891
b; = -.897056937, b, =.918206857
bs =-.756704078, be =.482199394

b, =-.193527818, bg =.035868343



Example:

Factorial and Gamma Function

4.25!'=35.21161962

77

DATA

OPERATIONS

DISPLAY

REMARKS

COC I I ]

Ifx>1,goto3

| | I |

L (o] (R I

Goto8

N N | |

Ifx>2,goto5

T | N N |

Goto8

N | N | | |

(sTo] [ Jlee] [+ ][ -]

Perform line 6 until D <1

Lyl [sto] ] [ [ ]

L I ]

.035868343

193527818

CIGaCICIC])

482199394

[HES | I | | .

.756704078

[ S | I I

918206857

(I | N ] I | |

.897056937

[ | I

.988205891

CJCJOI0I0])

577191652
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Factoring Integers and Determining Primes

Prime Numbers under 100

2 13 31
3 17 37
5 19 41
7 23 43
11 29 47

53
59
61
67
71

73
79
83
89
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 S from the list of primes if the integer endsin 1, 3, 7 or 9.

UNE| DaTA | OPERATIONS | DISPLAY REMARKS
! X D(:H:ID[:] If x is even, let P = 2;
| - C] otherwise P = 3.
2 (sto| [vx|[ ][ ] [j { Max ‘
3 C I I I I 117> Max, 0
4 [ [ [ ) |
s e COLJLICIC] o mese

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

Example:  Factor 4807.
Answer: 4807=11x19x23
LINE DATA OPERATIONS DISPLAY REMARKS
1 4807 [vx][ ][ ][] 6933253205 |« Max,P=3
2 [=][ ][] 1602333333 |p=7
3 [Red] [ 7 [ = ][ ][ ]| ese.7142857 |p=11
4 [ 1] E [ ] 437. «Qis an integer, so 11
C 1103 is a factor
5 | [vx][1[ ][ ]| 2090454296 | <Max,P=11
6 (][] = ][ ]| 3972727213 |P=13
7 [Red] [17] [= ][ ]| 3361538462 |P=17
8 [red] [ ][ 7 ][+ ][ ]| 2570588238 |p=19
9 [red) [ ][ o ][ = ][ ] 23, Q=23 s a prime; 19 and
CJC 1103 23 are factors
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Example: Factor 2909.

Answer: 2909 is a prime.

Fahrenheit to Centigrade
See page 55

Feet, Inches to Centimeters
See page 56

Fibonacci Numbers

Fibonacci sequence
Formula:

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

terms.

fi=1fi. +fi,

f; represents the i term in the sequence.

Example:

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

Answer:

1,1,2,3,5,8,13,21, ...

LINE DATA | OPERATIONS ; DISPLAY REMARKS
O I [ Ea [ | ]
2 R [ [ | ]
3 | [ @ @ [j | fi Perform line 3 fori= 3,4, ...

Finding the n*" Fibonacci number

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

Answer: 144

LINE| DATA | OPERATIONS | DISPLAY | REMARKS
BN EAGES RS
2 | [En=a]Ea]Ea]a]
3 [Red [+ ] [eex] [ ] [+ ]
+ | [z e
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Fractions

Improper fractions to mixed numbers

Formula: a q
= p + —
b b
where a>b
q<b
E: :
xample 517 10
T = 39 -
13 13
LINE| DATA OPERATIONS DISPLAY REMARKS

2 b E[:H: D Let p = integer part of D
3 feox] [ 1]
N EO E T

Reduce fraction to lowest terms

Formula:
N

ol hee]

a
b

Note: If p > q, we can simplify the fraction further, see “Improper
fractions to mixed numbers”, above.

Example: 138 _ 6
391 17
LINE| DATA OPERATIONS DISPLAY REMARKS

G L | N | | | | - N ,
3 EH:] D Let f be the largest integer < D
4 f FE:] E IfE=0,g0t0 6
o | o FJC L1 e
7 L | i G ] I | a
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Addition and subtraction of fractions

Formulas:

Since

Only an addition routine is necessary.

Note: If the highest common factor HCF (b, d) = I, start from Line 6 and
skip the three “[[B8] (<] sequences in the routine.

Example 1:
1 1 9 _241
12 34 204
Example 2:
4_5_6
11 31 341
LINE DATA OPERATIONS DISPLAY REMARKS

1 b ([sto] [ [ T J[ ]
2 L | | .
3 [E:]‘ D Let f be the largest integer < D
4 f [x2y] [cux] [Red] [ x ][ -] E I1fE=0,goto6

| [ [ |
5 :EMW@]- Goto3
| E | N | N { |
6 O | N | N N I |
7 o [Dcdfred [ ]
8 I | N | N | I | I |
0 b [ ][red] [= ][+ 10 ] p
10 [ | N ] N | I | |
1" o Ddfred =] 1] a
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Multiplication and division of fractions

Formulas:
a ¢ _ac _p
St =2%F
b d db q
Since
a.c_a_d
— T —=_=X — ,
b d b ¢

Only a multiplication routine is necessary.

Note:  The result is not necessarily reduced to lowest terms, (see “Reduce
fraction to lowest terms”, above).
Example: 3.2.3 7.2
197 1972 38
uNe| oatA _ REMARKS |
B
2 c L 5
3 b [ ‘
| - |
| ¢ [ |
Gamma Function
See page 75
Gaussian Probability Function
Formula:
R
f(x)= ——e 2
(x) o
Example:
f(2.23)=.03319
UNE| DATA | OPERATIONs | DISPLAY | REMARKS |
T EIEIE]
|2




Harmonic Numbers

Geometric Progressions
See pages 114—118

Grads to Degrees
See page 15

Gudermannian Function
See page 85

Harmonic Mean
See page 139

Harmonic Numbers

Formula:

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

1,1+l,1+1+1 1+l+l+l,...
2 2 3 4

3’ 2
or
3128
bl 2’ 6 b 1 b
Example:

Display the sequernce in decimal form.

Answer:

1,1.5,1.833,2.083, ...

UNE| DATA | OPERATIONS | DISPLAY REMARKS
1 111
2 ["I_____l + | [i E BEL ‘ Perform lines 2—3 for i = 1,
| B | I | I | 2.3,
3 [ dfstol [ L 10 1) H, ‘
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nt? Harmonic number

Example:

Find the 7™ Harmonic number

Answer:

2.59

Note:  .5772156649 is Euler’s constant.

LINE DATA OPERATIONS DISPLAY REMARKS
1 n
2 L]z ][ o]
3 (] -]
4 ENIEN
5 | .5772156649 [n] ] Ha

Harmonic Progressions
See page 114

Haversine
See page 157

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).

Example: HCF (51,119) = 17.

LINE ! DATA OPERATIONS DISPLAY REMARKS

1 a[sto [ ][]
20 N [ [ [ o [ o [ |
3 [Red] [ = ][] D Let f be the largest integer < D
4 f [y [eux] [Ret] [ x ][ -] E IfE=0,got0 6

I | I | I | I |
5 [red] [x2y] [sTo] [cLx] [+ ] Goto3
I | I | I | I
6 red [
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Hyperbolic and Inverse Hyperbolic Functions

Register usage for the following functions:

(Same as for keyboard trigonometric functions.)

/ l(');t

t

z _4 VA
y Y
X X
f(x) lost

s S

Gudermannian function

Formula:
gdx=2arctanex—g
Example:
gd 0.345=19.386
Note: T =90°
2
UNE| DATA | OPERATIONS | DispLaY | REMARKS
L ENIEN]
2 ER| ] EN] ]
Hyperbolic sine
Formula:
X -X
sinh x = e -¢
Example:
sinh 3.2=12.25
LINE| DATA OPERATIONS | DISPLAY | REMARKS

B A EE]
2 | [ ] | .
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Hyperbolic cosine

Formula:
X + -X
coshx=2 ¢
Example:
cosh 3.2=12.29
LINE| DATA OPERATIONS DISPLAY REMARKS
AR 2]
2 | I I 1]
Hyperbolic tangent
Formula:
tanh x = sinh x _ sin gd x
osh x
Example:
tanh 3.2 =.99668
LINE| DATA | OPERATIONS DISPLAY REMARKS
. | CoCo] Il ],
Hyperbolic cotangent
Formula:
th x =
cotx tanh x
Example:
coth 3.2 =1.003
LINEi DATA OPERATIONS DISPLAY REMARKS

2

1 1 X @Ei
| Lo J[o ][ = [sn] [a]]
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Hyperbolic cosecant

87

Formula:
csch x = I
sinh x
Example:
csch 3.2 =.08166
LINE| DATA OPERATIONS \r DISPLAY REMARKS
B EEaaEEa]
2 | =10 11|
Hyperbolic secant
Formula:
sech x = !
cosh x
Example:
sech 3.2 =.081
[LINE} DATA OPERATIONS DISPLAY REMARKS
1 CAI 2]
2 | a1

Inverse Gudermannian function

Formula:
gd™'0 =1In tan(z +4 >
4 2
Example:
gd™! 30° =.549
Note: T =45°
4
LINE DATA ! OPERATIONS T DISPLAY ‘ REMARKS

I (S |Ea] s x]a)
z (o] Con) o )L JC

]
|
+
|
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Inverse hyperbolic sine

Formula:
1
sinh™! x =1n [x +(x2 + 1)2]
=gd™! (tan"! x)
Example:
sinh™! 51.777 = 4.64
LINE| DATA OPERATIONS DISPLAY REMARKS
1 x EN|EN
2 (5] Cn ][]
Inverse hyperbolic tangent
Formula:
tanh~! x = %ln =gd™! (sin7! x)
Example:
tanh™! 0.777=1.038
LINE| DATA OPERATIONS DISPLAY REMARKS
1> [sn J[2 J[= ][]
2 (5] ]

Inverse hyperbolic secant

Formula: .
sech™! x=1In |1 +<—l -1 : =gd™! (cos™! x)
X \x?
Example:
sech™ 0.777=.74
LINE| DATA OPERATIONS DISPLAY REMARKS
! x ]

(s J0+ Jlen ][] ]
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Inverse hyperbolic cosine

Formula:
cosh™! x =sech™! 1
X
Example:
cosh™! 51.777 = 4.64
LINE| DATA OPERATIONS [ DispLAY REMARKS
1 x |
2 ER]EN [in ]|

Inverse hyperbolic cotangent

Formula:
coth™! x = tanh™! 1
X
Example:
coth™! 51.777=.0193
LINE| DATA OPERATIONS DISPLAY REMARKS
v Ca[En[E

Inverse hyperbolic cosecant

Formula:
csch™! x = sinh~! L
X
Example:
csch™! 0.777 = 1.0705
LINE| DATA OPERATIONS | DIsPLAY REMARKS

1 R | 2 | EN | N N I |
|
2 (2]l J0+ (e ] |
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Hyperbolic Cosecant
See page 87

Hyperbolic Cosine
See page 86

Hyperbolic Cotangent
See page 86

Hyperbolic Secant
See page 87

Hyperbolic Sine
See page 85

Hyperbolic Tangent
See page 86

Improper Fractions
See page 80

Infinite Power Series Summation

Method:
To sum an infinite power series

Z ain

i=1 ’
1. accumulate the sum in the S register,
keep the value of x in the T register

retain the previous term in the Z register, and

ENIS

calculate the coefficient modifier using only the X and Y registers.
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Example:

Evaluate the sine integral SI(x) for x =

T
2

3

7

x .
SI(x) = f MU qu=x- 24 X X
) ) u 3.3 5.5 77!
i takes the values 1, 3, 5, ..., 13 in the algorithm
Answer:
SI(E> =137
2
LINE DATA OPERATIONS DISPLAY REMARKS
R ]
2 [x] ] Perform lines 2—7 fori= 1,
3 P (] :]D[:] 3,5,7, .. until D, does

R LI 0 | | [
s | e |ICOICICIC]
o | 2 |[xfew)[=][1][T]
, e [+ [sto] [ ][

not change.
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Numerical Integration

Method:

To approximate the area A between a curve and the x-axis, sum the
areas of the constituent trapezoids of width I. Each trapezoid has the
area

Yi tYi-1
Ix
2
y

Yo ——————————

Yoo -————

5 X

Example:

Find the area bounded by

y=x2+2x-3,
X==2,
x =0,

y = 0 (the x axis).

In this case

Xo ==2,X,=0,n=4,1=.5

Replace f(x) by E] E] E] 2 @ 3 B "



Answer:

7.25

Numerical Integration

93

LINE| DATA

OPERATIONS

DISPLAY

REMARKS

COC I JCIC]

o o o

[ | I I | I |

o o o o

T
o s w N
x 5 | x

I | N | | |

Yo Replace f(x) by proper

) N I | |

keystroke(s)

07| N N I |

(HE | N | N | N |

(][ JC I JC ]

|GIEIEICIC]

D 1fD>0,goto 13

I N | I I

ens] [ [ JC 101

(stol [ J[ [ J[ ]

CIC L IC JC ]

Perform lines 14—21 for

i=2,

I | N I | |

L] C JCIC I

o o

T [ e e

E; If E; >0, go to 21

o

(Ret [+ ] [sto](_J[ ]
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Interest and Discount (Simple)

Simple amount and interest

Formulas:

The simple interest I on a principal PV for n years at the annual interest
rate i is given by

[=PV-i-n
The simple amount FV is

FV=PV+I=PV (1 +in)

Example:
Find the simple amount and interest on $1000 at 5% interest for
2 years (i = 0.05).

Answers:

FV=351100,1=5$100

LINE| DATA OPERATIONS |  DISPLAY REMARKS
1 A | NN | T | |
2 L | A3 | N | | |
s o0 D[] 7 ][ ] [eex])
4| | S | I I !
NN I | O | N | | | | i

Simple add-on interest

The following key sequence finds the monthly payments and finance
charge for an amount PV, to be paid over t years at interest rate i.

Example:
Find the monthly payments and finance charge for a loan of $2037.01
which will be paid over 3 years at 5%. (i = 0.05)

Answers:

TP (Total of payments) = $2342.57

F (Finance charge) = $305.56

n (Number of payments) = 36

PMT, (First payment) = $65.12

PMT (Each payment except first) = $65.07



Interest and Discount (Simple)
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LINE DATA

OPERATIONS

DISPLAY

REMARKS

1 PV

[so] (+ 1+ ][ J[ ]
LI I I ]
(][« JL- J[o ][]
[s 0 JEex] (7 ][+ ]
feex| 7 1] 1]
[Ret] [xev] [sT0] [x2y] [ - |
(e [+ [t ][ ][ 2]
R | | I | .
L JC JC L JC ]
(=L Jod[o][s ]
(- Jleex] (7 ][+ J[eex]
I | I
LI T T T [Re]
£ | | .

T

PMT

PMT,

Total of payments

Finance charge

Number of payments

Each payment except first

First payment

Simple discount

Formula:

The simple discount D on a sum S for n years at the discount rate i is

given by

D=Sni

and the present value of S is given by

PV=S-D=S(l-in).

Example:

Find the simple discount on a debt of $1500 due in 9 months at a
discount rate of 6%. What is the present value of the debt? (i = 0.06,

n=9/12).

Answers:

D (Simple discount) = $67.50
PV (Present value) = $1432.50

LINE DATA

OPERATIONS

DISPLAY

REMARKS

1 S

2 i

3 n

[N T | I | I .
[ I | | .
CxJEex] 7 ][+ J[EEX]
(7 ][ J[rec] b= ][]
N N | | .

PV
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Interest (Compound)

Formula:

The formula for finding the future value FV of PV dollars invested for
t years at interest i compounded q times a year is:

i\
FV=pPV(1+1
q

If $50 is deposited at 6% interest, compounded quarterly, what will be
its value after 5 years? (i = 0.06)

Example 1.

Answer:

$67.34

LINE DATA , OPERATIONS T)ISPLAY I l{EMARKS
v e sl I I ] "

2 |« I

3 e [ 1[0 |
o ey [ feex] 7 [+ | [eex] | |

Example 2:

Suppose $500 is to be initially deposited in a savings account and $100
is added to it monthly. If the account grows at a rate of 6% com-
pounded monthly, what is the balance at the end of each month over a
1-year period? (i =0.06)
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LINE DATA OPERATIONS DISPLAY REMARKS

v e O]
|
3 500 ER I C 1] 502.5 After 1 month

4 100 :] (] 605.5125 After 2 months

5 EN 709.0400625 | After 3 months

6 C ] 813.0852628 | After 4 months

7 ) ENRIEN 917.6506891 | After 5months

8 ENIRIE 1022738942 | After 6 months

9 ENRIEN 1128.352637 | After 7 months l
10 E L] B  1234.4944 After 8 months B
1 C 1] 1341.166872 | After 9 months

12 Cj [:] 1448.372706 | After 10 months

13 C 1] 1556.11457 | After 11 months
1w | [ .

1664.395143 After 12 months

Continuous compounding

Formula:

The future value FV of PV dollars invested at interest rate i for t years,
compounded continuously is:

FV=PV - ¢
Example:

Determine the value of $50 deposited at 6% for 5 years, compounded
continuously. (i = 0.06)

Answer:

$67.49

LINE DATA OPERATIONS DISPLAY REMARKS

‘ (N | N | N | I | |
2 S | | I | | I | .
3 v D JERI L JEE
‘ I | . Fv
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Interest Rates

True interest rate

Formula:

The true interest rate (approximate) on installment purchases may be
calculated by using the direct ratio formula:

Q= 6 mF
" 3PV(@+1)+F(n-1)

where n = number of payments
m = number of payments in one year
PV = amount financed

F = finance charge (carrying charge).

Example:

A financial corporation advertises consumer installment loans up to
$1000 at 6% (add-on) rate. If such a loan is to be paid off in 12 equal
monthly payments, what is the true interest rate? (n=m= 12, F = 60,

PV =1000)
Answer: 10.89%
LINE ~ DATA | OPERATIONS DISPLAY REMARKS
o [l =] —=]—-]
N |
3 F (sto [x J[rec] [ ][] ‘ ‘
o |0 ]fsmo] [ - K] }
5 [red] [ 10+ s I ]
o v [ [ J[= JEex][2 ]
7 [ ] [eex] [7 ][+ J[eex]
5 | ] |

Effective rate from nominal rate

Formula:

The effective rate equivalent of the nominal rate r compounded n times
per year is:

r n
effective rate = (l +A> -1
n
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Example:

What is the effective rate if the nominal rate is 6% compounded
monthly? (r = 0.06)

Answer:

6.17%

LINE DATA OPERATIONS DISPLAY REMARKS
1 n CJC I ]
2 v [ ]

) [ feex]
4 | E] Answer is in %

Find i (given PMT, PV, and n)

Formula:

Example:

A $30,000 mortgage is paid at $179.86 per month for 360 months.
Find the interest rate. (PV = 30,000; n = 360; PMT = 179.86).

Answer:

.5% after 8 iterations (monthly interest rate)

LINE DATA OPERATIONS DISPLAY REMARKS
! n C I
2 PMT C I 1 10 ]

AN B CrY | B B

[1] Perform lines 4—5 fork=1,2, ..

E IZ] Cl Dy until Dy converges (to 2"¢

LI JC I JC ] | decima place)

; (2 ] = JEo (o]

’ II_H:]D Answer is in %

o & W




100 Interpolation

Interpolation

Formula:

If f(x) is a function of x and x; < x, < X,, we can approximate

f(xo) by
flxg) = X2 7 X0) X )0 ()
f(x,)]
£(xo)]
(%)
Example:

Suppose a table shows

X f(x)
1.2 0.30119
1.3 0.27253

Interpolate f(x) to 5 decimal places for x = 1.27.

Answer:

.28113 (Display = .281128)

LINE DATA OPERATIONS DISPLAY REMARKS

0 N [ o |
I 5| | [
s xR ][R 7]
: e ]
O I [ s [
O I 5 |
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Short-cut for interpolating tables

Example:

Find f (21.37)

where X f(x)
21.3 0.4283
21.4 0.4153
Answer:

Since 21.37 is 7/10 the distance to 21.4 and 3/10 the distance to 21.3,

£(21.37)= 0.7 f(21.4) + 0.3 £ (21.3) = .4192

LINE DATA OPERATIONS DISPLAY REMARKS
1 7 | I I |
2 ass [ L]
3 S | B | N | | I |
4 | 4283 ERIEN I D 4192

Inverse Gudermannian
See page 87

Inverse Hyperbolic Functions
See pages 88—89

Iterative Solutions to Equations
See page 63
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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.

_ b
LCM (a, b) = HCF( 5
Example:
LCM (51,119) = 357.
'lUNE| DATA | OPERATIONS | DisPLAY | REMARKS
0 S | CLC1{ N | | |
AN WL | | N |
3 rT J L J RCL L } L 7J D Let f be the largest integer < D
4| f Lxhy}rl_x [Red] [ x ][ -] E | 1fE=0,got0 6
| o o
5 | [Red] [xzy] [sTo] [cLx] [ + ] Goto3
i h?TJF]LJL;J
6 | [Red [ [’,,,,“
7 e Lﬂ[i?jfﬂ |
8 b [ by [ =] :1-, -

Linear Regression
See page 144

Loan Repayments
(See also, simple add-on interest page 94)
Down payment, monthly payments, and finance charge
Formulas:

The key sequence below computes the following values:

DP = down payment (= S x D)

PV = principal (= S - DP)
i = monthly interest rate (= r/12)
n = number of payments (= 12 t)



Loan Repayments

PMT = monthly payment

_pv [_i ]
1-(1+iy"

TP = total of payments (= n x PMT)
F = finance charge (= TP - PV)
T = total paid for items (= S + F)
Using the following given values:

S = sale price
D =% down payment/100
r = annual interest rate

t = number of years

Example:

103

Find the monthly payments to buy a tract of land priced at $1195.00
with annual interest 6%% and 10% down, the balance to be paid over

a 7-year period. (r = 0.625, D =0.1)
Answers:

Down payment = $§119.50
Amount financed = $1075.50
Monthly payment = $15.85
Total of payments = $1331.40
Finance charge = $255.90
Total paid for land = $1450.90

LINE DATA OPERATIONS —[ DISPLAY REMARKS
R 0]
2 D [ E [:i [j DP Down payment
3 - [:] ij [_jj PV Amount financed
4 r 1 @ E] i Monthly interest rate
: [ - = -
6 t } [j II] E] E] E_j n Number of payments
7 [ews] [mec] (] [+ ][]
’ (O Ed I
g [o][o](s]+] |
10 7 E@ EJ - PMT ' Monthly payment
" - |
12 t m Ex_] [j E] L‘j TP Total of payments
13 PV E ‘j [;~:] D - : F .‘ Finance charge
14 S EI E o E_T Ei] I‘ - T 7 i To!éllpaid for item
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Monthly payments and finance charge

Objective

Find the monthly payments and finance charge if the amount financed
is PV, which will be paid over t years at annual interest rate r.

Example:

Find the equal monthly payments and finance charge if the amount fin-
anced is $2037.01, which will be paid over 3 years at the rate of 9.25%.
(r=.0925)

Answers:

Number of payments = 36

First payment = $65.15

Each payment except first = $65.01
Total of payments = $2340.50
Finance charge = $303.49

LINE DATA OPERATIONS DISPLAY REMARKS
1 PV I | I
2 ' EN|EN|EN
4 t [1] (] n Number of payments
5 L]
6 Lo Jbev] (=10
7 [ J[o][o][s ]
8 [-]
9 I 1] PMT Each payment except first
0 el [
n| e
" Co ] e Jeenl 7 ][]
13 -1 3 Total of payments
: o] (1 JC I |
15 PV C- ] F Finance charge
16 CICJC I ]
” n Lo ] 0]
w L JC 0] PMT, First payment
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Number of payments

Formula:

The number of monthly payments required to pay for an item costing
PV dollars at annual rate r if payments are close to PMT dollars is:

1

n=logii —Hyi
|

PMT

Example:

How many payments will pay off $4000 at 9.5% annual rate, if the
payments are close to $150 per month?

Answer:

30 monthly payments.

LINE DATA OPERATIONS DISPLAY REMARKS
: COC LI I
2 N En || En[E]c0)
I e )
S I [N B | S |
s | R |ES|ra|Ee])

1
. Co 10 Jfeex] (s 10
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Logarithms
Logarithm of x to the base y
Formula:
lO X = l_nl
& X y
Example:
log,; 5=.827
LUNEl DATA |  OPERATIONS | DISPLAY |
T B f':ﬁ — p— — — B
LA N S | A | N ] | I |
R [
Means

See page 138—139

Mils to Degrees
See page 14

Modulo: (Y Modulo X)

See page 129

Multiple
See page 102

Normal Function
See page 82

Odometer Adjustments

See page 136

Optimization of Register Use

See page 128

 REMARKS
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Percent
Percent change
Formula:
Vy -
% change = w x 100
o

where Vg = Original Value (base number)
Vn = New Value

Example:
If sales last year were $8.6 million, and this year were $9.3 million,
what is the percent change?

Answer:
8.14%

LINE DATA OPERATIONS DISPLAY REMARKS

v v Eel L L L]
2 | v |[mer] [ [rel)[ ) [eex]

3 [2 ][ = J[eex][6 J[+]
4 [eex] e J[-JL J[ ]

Markup percent

Formula:

To make a gross profit of G%, add A% to the cost price. To find A for
a given G:
100G

A=
100 -G

Example:

To make a profit of 30%, what is the percentage of markup?

Answer:
42.86%
LINE| DATA OPERATIONS DISPLAY REMARKS

R [

2 ] |

) ] |
[

4| ) A
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Percent profit

Formula:

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

_ 100A
A+100

Example:

If we add 30% to our cost price, what percent of the selling price will
be the profit?

Answer:
23.08%
LINE| DATA OPERATIONS DISPLAY REMARKS
1 A (2 ][]
2 1]
3 [x | 5
4 CIJC I G

Permutations

Permutations of y objects taken x at a time

Formulas:
- -yt
VP"’P(V’X)'(y_X)! =y (y-D-(y-x+1)
Example:
.Ps =2520

Notes:

1. yPo=1

2. yPy =y

3. yPy=y!

4. The following routine applies fory =2 x =2
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LINE DATA OPERATIONS DISPLAY REMARKS
! v I | I | .
2 i D’:D:} Perform line2 fori=y-x+1,
]|

Plotting Curves

Objective:

The following two routines give values of y = f(x) in x increments of |
for values of x between x, = a, and x = b where b > a. f(x) should be
replaced by appropriate sequence of keystrokes.

Examples of f(x)

For Replace f(x) by

y=x’ KIEY

y =In sin x @

e33R @@

y=xt -2+ 3x-7| [ X2 HEsHE (-]

Routine 1:

(Saves 1 in the stack.) When using this routine, f(x) must not destroy
the stack value in the Y register.

LINE DATA OPERATIONS DISPLAY REMARKS
1 ! CJCIC]
) o o o R
4 ] xi Perform lines 4—5 for i = 1,
5 I | | I vi 2, ..., kuntil x =b
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Example:
Ploty = /In % from x = 3 to x = 5 at intervals of 0.5. Replace f(x) in

routine 1 by

oha] - 1)

LINE DATA OPERATIONS DISPLAY REMARKS
D s O T
2 3 (I | | . 3 “x
3| [+ 1[m] 6367614216 | < f(x,)
5 [+ [m | [ ] 7480747208 | <fix,)
6 . “x
7 (2 [= [w J[yx][ | ssssaern1 | «<fixy)
8 a5 “x
9 [2 ][+ 1[m J[yx][ ] 000166385 |« fix;)
10 foux] [+ J [ ][] 5. ex
1 (2 [+ 1[m J[yx][ ]| os7230%82 | «fixa)
Routine 2:

(Saves I in S register.) When using this routine, f(x) must not destroy
the S register.

LINE DATA OPERATIONS DISPLAY REMARKS
! ! CIC I ]
2 SO | N | N N | B |
3 @ l:l [___J D :] Yo Replace f(x) by proper
L] :] (] [:] ] keystrokes
4 ] x; Perform lines 45 for i = 1,
5 [ [T 10 ] vi 2, ..., k, until x =b
Example:

Use routine 2 to ploty = /In % from x = 3 to x = S atintervals of 1.

Replace f(x) by
ofle
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LINE| DATA OPERATIONS DISPLAY | REMARKS
1 ! I |
2 3 (N | O | 3 “%o
3 [2][+] [E [VX] 6367614216 | «f(xo)
5 [+ ][m] ‘ 8325546111 |« f(x,)
6 exfred [ I[TI 1 s ew
7 [2 ][ = ][] { 957230762 | « f(x,)
Polar to Rectangular
See page 57
Polynomial Approximation
See page 76
Polynomial Evaluation
Formulas:
f(X) = cox™ + ™ T+ 4y xtep
write

f(X0) = (... (((coXg t 1) Xp +C2) X tC3)Xg +...) Xg +Cpy

The following algorithm may even be shortened further:

If ¢y = 1, both the ¢y and the@ after it may be skipped.
If ¢; =0, both the c; and the after it may be skipped.

If ¢; <O, press B instead of after c; instead of using .

Example:

If f(x) = x® + 5x* - 3x% - 7x + 11, find {(2.5)

Answer:  267.71875
LINE DATA OPERATIONS DISPLAY REMARKS
T % |00 7
» | o |CJCICIC ]
3 E‘ l:j D E ':] Perform lines 3—4 fori =1,
< e I
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Power Operations
See page 70

Powers

x¥ —where x is any number, y is a positive integer

Examples:
2t =16
(3.14)* =30.959
(-3.14)* =-30.959
(-2.34)® = 898.932

LINE DATA OPERATIONS DISPLAY REMARKS

! v C I I 1] ,

2 x [:H:][:]:H:] Ifx>0,goto5
I | | I I |

3 C] D :] If y is even, stop
(| | N | I |

: [
| I | I | I |

8 I | I I | I

Primes

See page 78
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Progressions

Formulas:
Arithmetic Progression
a,atd,a+2d,..,at+(n-1)d
Geometric Progression
a, ar, ar?, ..., ar""!

Harmonic Progression

a a a a
b’b+c’b+2c” " b+(n-1)c

n = number of terms
a = first term in arithmetic and geometric progressions
[ = last term

d = difference between two successive terms in an arithmetic
progression

r = ratio between two successive terms in a geometric progression

S = sum of a progression

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

0,17,34,51,68,85,102, 119, ...

LINE DATA OPERATIONS ? DISPLAY REMARKS

! d O]

2 SR | | N I |

3 | E E:J Ej (] Perform line 3 as many times
[ [ [ == =]
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Step through a geometric progression
Formula:
a, ar, ar?, ..., ar""!
Example:
Step through the powers of 8.

Answers:

8, 64, 512, 4096, 32768, ...

LINE DATA OPERATIONS DISPLAY

REMARKS

1 A | B | | .
2 G | I N I |

3 I I | | .
L IC JC JC 0]

i Perform line 3 as many times

| as desired

Step through an harmonic progression

Formula:

a a a

a
b’b+c’b+2c’ T b+(n-1)c

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,
xi (i=1, 2,...) represents the i term of the progression.

Example:

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

Answers:

.5,.2,.125,.09009, ...

LINE DATA OPERATIONS DISPLAY

REMARKS

1 a fsmo] [ L JL 1]
2 N | N | N | N |
3 b [t 1w R [ 1] x

4
5 (reu] [ JL LI ]

Perform lines 4—5 fori=2,3, ...
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n'M term of arithmetic progression
Formula:

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

n™ term=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
1 " | .
2 N | R | N N | I |
3 : [ | N

n'" term of geometric progression

Formula:

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

nt? term = ar™~!

Example:

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

Answer: 5769197.692
LINE DATA OPERATIONS DISPLAY REMARKS
R I a
2 r [ | N | I | I | Ifr>0,g0t05
[ | N I | I |
3 fens] [ ] 10 1] If nis odd, go to 6
I ] N | N |
4 [:] [::’ Goto6 ]
I N I I |
5 IS | | | I |
6 a [ | I |
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Arithmetic progression sum (knowing the last term)

Formula:

Given the last term, the sum of an arithmetic progression to n terms is
n
S=—(a+))
5 (

Example:

If a=3.5,1=25,and n =11, find the sum.

Answer:

S=156.75

LINE DATA OPERATIONS DISPLAY REMARKS

’ S | LA | N | I | I
2 G | B | N I | |
2 n I 0] s

Arithmetic progression sum (knowing 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
2

Example:

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

Answer:

S=156.75

LINE| DATA OPERATIONS DISPLAY REMARKS
1 BN | M | NG O | N |
2 S | RSN N | I | I |
3 . N KRN L
4 I | I I
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Sum of geometric progression (r < 1)
Formula:

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

n
S=a(l—r)
1-1

Example:

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

117

Answer:
=-27.3439

LINE DATA OPERATIONS [ DISPLAY REMARKS

SN IR N | I N | )

3 r [:H:U:]I____] Ifr>0,g0to5

DD:]:]:I If nis even, go to 6
a [I_] 7 Goto7 B
5 C I ] Goto7 B
8 I | I I | I | 1
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Sum of geometric progression (r > 1)
Formula:

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

S=a(r"—l)
r-1

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

S=77.06

T

LINE ‘ DATA OPERATIONS DISPLAY REMARKS

e OOy
2 N | o o |
30l b ]
‘| med ()~ ]I

Sum of infinite geometric progression (-1 <r< 1)

Formula:
g=_1
-1

Example:

Ifa=2andr=.5, find the sum.
Answer:

S=4

LINE| DATA OPERATIONS DISPLAY REMARKS

N N Ea] ] na]as]w]
: | @O




Quadratic Equations

Quadratic Equations

Formulas:
The roots of

Ax?2 +Bx+C=0

are
-B+VB?-4AC _-B (—_3)2_£
2A 2A 2A/  2A

If

D = (B? - 4AC)/4A2

is positive, the roots are real; otherwise they are complex, being

-B , V4AC-B?
2A 2A

Example 1:
Solve 3.142958x? - 6.987122x + 1.001976 = 0

Answers:

x =2.069 and x = .154

Example 2:
Solve -7.231844x% +2.665513x - 3.169115=0

Answers:

Roots are .1843 + .6358i and .1843 - .6358i

119

LINE DATA OPERATIONS i DISPLAY I

REMARKS

oA e dfsTol [
2 s e (sl 1)1]
s [En]mm]am =[] |
4 c EEE@EE D [11D<0.got07
| i [ [
. Nal | Grof i [ T
6 @EED Root 2 | stop
; | BN ] N | I | I |
7 \ @@DC] Real part
. =IO meeewn
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Questions and Answers
See page 163

Radians to Degrees
See page 13

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:

.280850049, .144651421, .194891209, .651845061
.90350677, .20169633, .84919357, etc.

LINE DATA : ’ OPERATI(;E; o _TiblSPLAY“ r REMARKS
v el ey,
2 s |31
3 < T ] D, Perform lines 3—4 for i = 1,

s |« a4l R, 12,3, Letf, - integer
' (I part of D,
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Application

Suppose S is a positive seed, and L is any integer. The following pro-
gram will simulate

(a) tossing a coin, if L= 2,

(b) throwing a dice, if L= 6,

(c) picking integers between 1 and 100, if L = 100.
Example:

Let S = .2510637948, the following sequences of numbers N; will be
generated:

(@) (L=2)1,1,1,2,2,1, ...
(b) (L=6)2,1,2,4,6,2, ...
(c) (L=100)29, 15,20, 66,91, 21, ...

Note: 1<N;<L

LINE| DATA OPERATIONS | DispLAY REMARKS
1 L (2 (e J[t [t ]|
2 | s N I | I | I

3 P E:]‘ D; Perform lines 3—5 for i = 1,
‘| fi IERIERIERITNIES -i 2,3, ... Let f, = integer

| [ | o [ |
s COCICICIC T & | mowrosnore

Rectangular to Polar
See page 57
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Register Operations

In the following eighteen routines, x, y, z, t and s denote the contents of
registers X, Y, Z, T and S, respectively.

The following techniques may be useful when writing your own key sequence
routines.

1.  Clear stack; retain storage . l?lft
z Z
y Y
X X
0
s S
UNE| DATA |  OPERATIONS DISPLAY REMARKS
. ———— e p— p— - T ""7"7”*""’1‘
L [ N | | | ]
2. Delete x
t —YT
7 Z
y Y
X X
lost
[UNE| DATA | OPERATIONS | DISPLAY |  REMARKS j
1 (S ]
3. Deletey

(Lower that part of the stack above x)

[une] pata |

OPERATIONS | DISPLAY |  REMARKS

B D] feex] [+ ][]
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4. Reverse the stack
t T
z Z
y Y
X X

LINE| DATA OPERATIONS DISPLAY REMARKS

1 ]
5. Fetch t or roll up
(Bring t to X, keeping the other operands in the same order)

t T
z Z
y Y
X X

LINE| DATA OPERATIONS DISPLAY REMARKS

! CIC ]
6. FetchttoY
(Bring t to Y, keeping the other operands in the same order)

t T
>k
y Y
X X

LINE| DATA OPERATIONS | DIsPLAY REMARKS

-
[ (o] (] o] |
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7. FetchztoX

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

T

t

z Z
X
X X

LINE| DATA OPERATIONS DISPLAY

REMARKS

1 (R ][Ry ] byl [Re ][]

8. CopyxintoZand T

_r

H<d N e
Mo N9

LINE| DATA OPERATIONS DISPLAY

REMARKS

1 I TR T

9. Copy y into Z (T is cleared)

0 lost
| >
z Z
y—LY
X

X

LINE| DATA OPERATIONS : DISPLAY

REMARKS

1 COC ]
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10. CopyyintoZand T

lost
t / T
z é Z

y Y
X X
LINE DATA OPERATIONS DISPLAY REMARKS
L R | <=7 | N | N | T | AT | O
2 CICJC 1]

11. Copyyand x into Zand T respectively

(Copy x and y in reverse stack order, but this is the shortest way to save

both x and y in the stack)
lost
s
Z

t
z
y Y
X X
LINE DATA OPERATIONS DISPLAY REMARKS
1

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
Z

t
z
y Y
X X
LINE } DATA OPERATIONS [ DISPLAY REMARKS
1 jCESJ ]
z - -
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13. Swap x and s

(Exchange x and s, t is lost)

lost
t : T
z Z
y Y
X X
s S
LINE| DATA OPERATIONS DISPLAY REMARKS
T
" [Fec] e ] o] [eux] [+
14. Swapy and z
t T
z Z
y ><:Y
X X
LINE| DATA OPERATIONS DISPLAY REMARKS
1
15. Swapzand t
t T
. >,
y Y
b X
LINE| DATA OPERATIONS DISPLAY REMARKS

1 ] (o] o] [ (A ]




16. Swap x and t

Register Operations
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t T
z Z
y Y
X X
LINE DATA OPERATIONS DISPLAY REMARKS
1 (R ]|
17. Swap x and z
(Reverse contents of X, Y, Z)
t T
z Z
y >€ Y
X X
LINE DATA OPERATIONS DISPLAY REMARKS
1
18. Swapyandt
(Reverse contents of Y, Z, T)
t T
z Z
y Y
X X
LINE DATA OPERATIONS X DISPLAY REMARKS

[Re] b [r] [R] ]|




128 Register Use Optimization
Register Use Optimization

Illustrative routines to show the trade offs between the number of keystrokes
and number of registers used.

Example 1:

x B
+C

Evaluate A
B

S keystrokes (+ data), 3 registers

[

LINE| DATA | OPERATIONS DISPLAY \ REMARKS
O IR [ [ |
2 I [ a | | [ [} |
S AN | [ | |
Divide both the numerator and denominator by B
A
e
B
6 keystrokes (+ data), 2 registers
LINE| DATA ' OPERATIONS DISPLAY REMARKS
! A | BN | N | N | I |
a0 D | N | N | N | |
s a0 )
Example 2:
Evaluate
A+
C+D
7 keystrokes (+ data), 4 registers
LINE| DATA { OPERATIONS | DISPLAY REMARKS

N N [a [ [ ]|
20 I [ | | e [
O I [ | | o | i [
LI Ea | Ea kA aa )
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Divide both the numerator and denominator by A.

1

I+
A(C + D)
8 keystrokes (+ data), 2 registers
LINE DATA OPERATIONS DISPLAY REMARKS
1 c [ | I |
2 D [ | I | |
3 A CJC 1]
4 8 ENEN|AN i
Remainder Function
y modulo x
Example:
7 modulo 5=2
LINE DATA ' OPERATIONS DISPLAY REMARKS
1 AN N | N | |
: |« [0
3 ’j [: C\ |:] [:I D | Let f be the largest integer <D
o =] |
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Resistance

Formula:

The equivalent resistance of a parallel combination of resistors is

—1~ + —1 + ...+ —1
R, R Ry
Example:
Find Req. l
R1=4 Q § § 12Q =R2
Answer: T
Req = 3.
LINE DATA " OPERATIONS DISPLAY REMARKS
v R L JC JC JC ]
2 R | El [: [: [: Perform line 2 fori=2,...,n
3 C I

Roots
th
x"" root of y (> 0)
Example:
5
V7 =1.47577
LINE| DATA | OPERATIONS | DISPLAY REMARKS

e asa.]
2 A | o | o
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Rounding Numbers

Objective:

Round a number A to the n'™ decimal place in the HP-35 for n = 0,
1, ..., 8(if n = 0, round the number to an integer).

/lost
t

Z _4 Z
y

X

X
f (x)-><lost

Examples:
1. Round 2.343678 to the 2" decimal place.

2. Round -4.3128057 to the 5™ decimal place.
3. Round -1.334455 to an integer.

Answers:
1. 2.34
2. -4.31281
3. -1.
LINE| DATA | OPERATIONS  pispLaY | ;?EE;I\EAFKSi
oA [ Eeex] [ LT[ Letm=9-n
2 m L LTL B ] IfA<0,goto5
[ |
3 LTJ FEj [ ]
4 m CC Stop l
_ ;,,,WL ‘1,"7"' |
| 5 [ - [eex] 'r,,
e | m *M L |

Secant
See page 156

Sides of Triangle
See pages 147—151
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Simultaneous Linear Equations

Formulas:
a;xt+tby+c,z=d,
;X tbyy tcpz=4d,

azXx + b3y + C3Z = d3

Determinant solution to those simultaneous equations:

d; b; ¢
d, b, ¢,
d3 bz c3

S

X =

a; d; ¢
a; d; ¢,
ag dzc3

D

y:

dy -=byy-a;x
Z:.__———.__
C1

where

a; by ¢y
D = a, b2 Ca
az by c3

= a4 b2 c3 ta, b3 ¢y tas bl Cp —aj b2 Ci —ay b] C3z —a; b3 Cop

#0
Example:
3x-2y+z=3
Solve { 9x +3y -5z=-2
2x -y -2z=-15
Answers:

x=2,y=5,z=7



Simultaneous Linear Equations 133

LINE DATA OPERATIONS DISPLAY REMARKS
LA ST | N N N | O A .
N R [ e o | R .
2 | W D
e I N I | ]
o | o (LI
v | ]
8 O A | I | . R
o | |
o ..
SRS | N
2| o |
s o . ]
14 . (< ][ ] E]DC]
15 a, [x][-] I:_—] [:] ] N
L N | I I | I
v W |
S o 5 S ]
o | e |OOJJJ
0| w (DI
A I N N I | I - |
2 | b (| N | I |
5| e L JC L] o
2| o |JCJJJC] B
s | o ([CJCJC I .
K R | EC3 | N | N | I | I |
2 R | I | I | | .
N R [ [ e [ ]
® v ..
EX ] . 7
B (| I | I | ]
IS I | R N | I | N |
w | e | o
e | I | I |
L R | I | B | I | | B
36 b, ENIEN @ Q, . B
v | W I -
s o 1] -
I S | A3 N | N | N - ]
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Continued
LINE| DATA OPERATIONS DISPLAY REMARKS

40
41

42
43
44
45
46
47
48
49
50
51

52
53
54
55
56
57
58

59

o L)L JE I JC ]
e (LI JC I 0]
o (L] I 0]
SO | N | I | .
o (L]0 JE I ]
S N N | |
o | I JC ]
o LTI 0]
o (L JC IO ]
o | ICICI0C]
O | R | N | N |
o [ J[=Jfred [ ][] v
b [ Jfems] L 10 ]
o (LI ICIC I
a I JE 0]
O R | N | | I

Sinking Fund and Amortization

Sinking fund

Formula:

The sinking fund method of debt repayment is based on accumulating
funds through periodic deposits which also earn interest. The periodic
payment PMT required to accumulate a given future value FV is given
by the formula

i

PMT=FV '
(1+)" -1

where 1= interest rate

n = number of payments
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Example:

How much money must be deposited at the end of each year in a
15 year sinking fund to accumulate $1000 if interest is to be paid at 5%
annually? (i = 0.05)

Answer:
$46.34
LINE| DATA OPERATIONS | DISPLAY REMARKS

1 i C I JC ]
2| e [ )]
3 [ I N | I
o e Defe ][
5 I

Amortization

To repay a loan by amortization, a payment amount is chosen that will
(1) pay the current interest on the declining balance and (2) reduce the
balance by whatever amount is not needed for interest.

PMT =PV [’l——}
1-(1+i)™

where n = number of payments
i = periodic interest rate
Example:

Find the uniform month-end payment that will repay a loan of $1000
in 20 months at 6% annual interest. (i = 0.06/12)

Answer:
$52.67
LINE DATA l OPERATIONS 1 DISPLAY REMARKS
1 e naaas] |
3 L] [ ] [med] [sv] ]
o | v (D [ |
5 | ] o o |
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Speedometer/Odometer Adjustments

Objective:

Assume that you are an automobile passenger approaching a speed-
ometer test section with an HP-35 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

Notation:

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

b, = mileage read at beginning of test section (to nearest 201 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

LINE [ DAfA OPERATIONS [ DISPLAY 7 REMARI{S
1 b, ZCHé'_‘ r 1l ' ) -
2 b, [+ };

3 L = |[sTo0
4 | { | ] For TS, goto 5

For RS,go to 6
For DS, goto 7

For RD, go to 9

5 s N ‘ TS Goto4
[ [ [ [

6 p RCLV X | L 11 RS Goto4d

i ‘

7 a, Lt |

8 a, [ - Jlred| [ = ][] DS Gotod
— =

9 d RCL x ||

10 q ENIEEIEEIEEI RD Goto4d



Example:

Assume the following:

a; =2185.2

b; =2219.4

b, = 2224.15
L= 5 miles

Mileage at start of trip

Length of test section

Square

Mileage at start of test section

Mileage at end of test section
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1. How fast is the car actually traveling when the speedometer registers
(a) 50 mph? (b) 70 mph? (c) 30 mph?

o

(b) 55 mph?

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

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

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

LINE DATA ‘ OPERATIONS ) ‘ DISPLAY ‘ REMARKS
1 ‘ 2219.4 \ W j m Ti
| — 1 t
2 s 1L]TLTDLJ’ |
3 s (= fsTol [ [ 10
4 50 . [E =0 0 T 5263157895 | Answer for 1a
5 70 [Rec] [ ][ ][] C] | 7368421053 Answer for 1b
6 30 ' [Rec| [ ][ 1 1] | 3157894737 | Answer for Tc
7 ‘ 65 EJ Lj L,jDL J 61.75 iAnswerforZa
8 | 55 [Rec) [ [ [ 11 52.25 | Answer for 2b
o ames [t ][ [ [ J[ ] '
10 21882 || - |[reL][ = |[ ][] 5378947368 | Answerfor3
n 48 [RcL] f"'] C I JC]
12 2a5 [+ [ ] (] L,,, L;[ 2287.1 ‘ Answer for 4
Square of x
f(x) = x?2
Example:
(2.359)% = 5.564881
LINE| DATA | OPERATIONS DisPLAY | REMARKS

1

x

COCoIC I ]

|
|
| -
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Stack Operations
See page 122

Standard Deviation
See page 141

Statistics

Arithmetic mean

Formula:

The arithmetic mean (average) of a set of numbers

{al yd2, e, al’l}

is

=
i

Example:
Compute the arithmetic mean of
2,3.4,341,7,11,23
Answer:

8.3

LINE| DATA | OPERATIONS DISPLAY

REMARKS

1 GO | N N | |

2 SO | B | I |

Perform line2 fori=2, ..., n

3 S [ o o o [

Geometric mean
Formula:
The geometric mean of a set of numbers
{al7 a2, ..., an}

is




Example:
Compute the geometric mean of
2,3.4,3.41,7,11,23
Answer:

5.87
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LINE DATA OPERATIONS DISPLAY

REMARKS

! O 1 | N I | |

2 SR | B | B

Perform line 2 fori=2,3,...,n

3 B | 3 | E= | IS |

Harmonic mean

Formula:
The harmonic mean of a set of numbers

{31,32, ""an}

is

Example:
Find the harmonic mean of
2,3.4,341,7,11,23

Answer:

4.3968

LINE DATA OPERATIONS DISPLAY

REMARKS

1 G 2| N | |

2 O | 70| N I | | .

Perform line 2 fori=2,3,...,n

3 A A | N | | |
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Average and count simultaneously

Constraints
1. Averaged values must be positive integers.
2. Number of values may not exceed 999.
3. Sum of values may not exceed 10 million.

This technique is advantageous in that entries are counted as they are
added. In the following routine, X3 refers to the rightmost three
digits visible in the display.

LINE DATA OPERATIONS DISPLAY REMARKS
1 L IC JC I
2 n [0 ][0 ][] ] Perform line 2 fori=1, ..., n
s | xe 0[]
4 I I I |
Example:

Assume that someone is calling out the following series of integers, and
you don’t know how many there will be, compute the average.

37,16,43,18,29,11,43,2,61,73,54,19, 28
Answer:
33.38461538

LINE DATA OPERATIONS DISPLAY REMARKS

! fewr] [ JL 1]
2 37001 :H:]J:H:]
3 16001 I::H:]:]
4 43001 DDDD
5 18001 :1[:”::]
6 29001 [:[jl:][:]
7 11001 D[:H::]
8 43001 DD[:H:]
9 2001 [:]E[:H:]
10 61001 D:H:H:
" 73001 L___-H:H:H:]
12 seoor [ J ]
L o N | | B |
Lo e | =TI
15 13 EE”:}
1 (= T ]| 33.38461538
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Summing two columns simultaneously

Example:

Sum the following two columns simultaneously.

Xi Vi

14 37.2
3 190.15
438 16.4

93 .005
1736 41.81
19 11.13

AnSWer: guMx =2303  SUM y = 296.695

LINE DATA OPERATIONS DISPLAY REMARKS
v n OO
2 2 CIC JC ]
3 X C 1] Perform lines 3—4 for i = 2,
O] 5

A )
s el I ) s,
; 553 ™
CICJCICIC]

Mean, standard deviation, and sums (ungrouped data)

Formulas:
Mean:

n
E Xj
i=1

n

2
Standard deviation: L
Z Xi2 _ i=1 s
i=1

;(:

Sum of values: n
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Sum of squared values: n

Example:

Compute X, S, Sx, SS for the set of numbers {2, 34,341,7,11, 23},
we have Sx = 49.81,SS = 726.1881,x=8.3,S="7.9.

Note:  This routine can be used to find Sx and SS only.

LINE DATA OPERATIONS DISPLAY REMARKS
! [ | I
2 Xi | Perform lines 2—3 fori=1,
| | | |
: ] ]
! ] e
5 lj [:] D [:] SS Stop if x and S are not needed
6 .
2 I S
s (] L et [+
) kel D[]
10 o |

Mean, standard deviation, and sums (grouped data)
Formulas:
Given a set of data points
X1, X2, s Xp
with respective frequencies

£, f2, ., fa

n
Letk=2 f,
i=1

Then n

E fix;

— i=1
X =




n
Sx = E fixi
i=1

n
S =2, fix;2
i=1

Example:

Compute mean, standard deviation, and sums for
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fi ' 3 3 1 2 1
Xi l 1 2 3 4 5
Answer:

k=10

Sx =25

SS =81

x=2.5

S=1.43

LINE DATA OPERATIONS DISPLAY REMARKS

1 T A |
2 f C 111 Perform lines 2-5 for i=1,...,n
3 X ERjERjEn 7
:
5 ]
6 N | sx o
7 C 1110 ss Stop if X and S are not needed
8 E77 | N | N | I
° ko fsmol =000 ] x
0 ol [+ |
" (- e [ 1010+ ]
2 23 | I | | | s
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Cross product sum

Formula:
n
Z XiYi
i=1

Example:

Find the cross product sums for the following:

=
)
w
IS
w
N
<

Answer:

5
Z Xiyi = 102.03
i=1

LINE DATA OPERATIONS DISPLAY REMARKS
N CIC I
: | v |G
3 x; ERIIE Perform lines 34 for i = 2,
4 vi I I ] 3,

Linear regression and correlation coefficient

Objective:

1. For a set of data points

{(Xi, yi), i= l, ey n}
fit a straight line to them having minimum least squares deviation.

2. Find the correlation of x and y.

Formulas:
y=ax+b
TX;y; - Xj 2Yi
_ n
»x 2 (Exi)2
! n
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where

Coefficient of determination

>x Iy |?
[ - =22

) [E@_)_] [E B <zyi>2]
1 n Y1 - n

Correlation coefficient

r=Vr? (using the sign of a)

xi|26 30 44 50 62 68 74
yi|92 85 78 8l 54 51 40

Answers:

Sx =354

SSx = 19956

Sy = 481

SSy = 35451

Sxy = 22200
y=-1.03x+121.04 =ax+b
2 =0.92

r=-.957

145
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LINE DATA OPERATIONS DISPLAY REMARKS
1 e I I ]
2 xi | Perform lines 2-3 for i< 1,
I N | 2m -
3 (] L IC ]
’ JCJEIJod s i
5 bl ssx |
‘ (|- -
7w |Ee]l] L Perform lines 7-8for 1 =1, |
8 [x] L IC ]
; |
o ] o | o
] 0 - -
12 xi ] BD [:] Perform lines 12—13 for i =1,
13 vi ENIERIINIE 2,..,n
“ I |
| s C 1] )
v s J JE ]
N I 1 1
O e 7
19 B | N | N | N N | S0 | R A
G AR AN 1 7)) [ |
AR IS | N | | | | , ]
22 o E}D DDD b Stop if r? is not needed |
z [re]e] (I I —
2 s [HEJCICIE]
s | 5 LI ] B |
o AL | 0 | N | | | o
27 |:]|:]:]|:] T [Ma>0stop
I I I |
2 CICJC 1] r




Triangles (Oblique)

Stirling’s Approximation
See page 75

Sum Two Columns Simultaneously
See page 141

Triangles (Oblique)

Law of sines

a _ b _ ¢
sin A sinB sinC

Law of cosines

c? =a% +b% - 2abcos C

Notes:

147

1. When , , are used in programs,

secondary values may be required instead of the principal values.

2. A.B.Care in degrees
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Given a, b, C, find A, B, c.

A
Example:
Given a= 132
b=224
C=28°40
= 28.66666667°
Find A, B, and ¢
Answer: B a=132 C
c=125.35
A =30.34°
B =120.99° (secondary value)
LINE| DATA | OPERATIONS DISPLAY REMARKS
1 a N
2 | v
3 [x] ]
N H= :
5 [sin |
6 C I , i -
2 B s = e S e T S
’ Crij e (1010
° b [x ] pey] = ] [fare] [[sin] 8
C
Givena, b, ¢; find A, B, C
wAo2
Example: A c-62.6 B
Given a = 30.3
b=40.4
c=62.6

then find A, B, and C.
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Answer:

A=23.66"
B=3235°
C=123.99°

LINE DATA OPERATIONS DISPLAY REMARKS

1 N | | .
2 o[ drol L [+ J[ ]

4 EN|ENIFRIENETS
5 leos J LTI JL ] c

K SO L | N |
7 e [ dfrol [ [+ JL ]
8 o [0 ]I Jbey]lrel]

0 [ L2 J0e J L= Do ] S
o | | |

TR B S5 i | =

° 5 |

Given a, A, C; find B, b, c.

Example:

Given a=17.5
A=41°14" = 41.23333333°
C=62°12"=62.2°

Find B, b, and ¢

Answer:

B=176.57°
b=125.82
¢ =123.486

LINE DATA OPERATIONS DISPLAY REMARKS

1 O I | N | N | .
2 A brol[+ J[1 J[s J[o ]

3 by (- I I I ] 8
4 (re Jfsm J[JLJL ]
5 » [ Jlred][sn Jfsto] [ = ] b
6 [ReJfsn I I JL ]

7 o kel =00 I ] c
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Given a, B, C;find A, b, ¢

Example:

Given a=25.2
B=35°20"=35.33333333°
C=68°30"=68.5°

Find A, b, and ¢

Answer:

A=176.17°
b=15.009
c=24.1469

LINE  DATA OPERATIONS DISPLAY REMARKS
L c CIC 1]
2| 8 (1 ][s][o]

. i
. FGd L0

s s Ddfedfnlfolc]
S I [ [ |
2 IR | = o o [ S

Given B, b, c; find a, A, C.

Example:
Given B =33°40' = 33.66666667°
b=31.5
c=51.8

Since B is acute and b < ¢, there are two solutions. Find a, A, and C.

A

Answer:

a=56.06
A =80.6°
C=65.729°
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Alternate Answer: A
a; = 30.16
A, =32.06°
C,=114.27°
B Y 3340 C
LINE| DATA OPERATIONS DISPLAY REMARKS
1 c I I |
2 I ™ | S N | I |
3 b (] | ] D 1 D> 1, no solution, stop
N | I O I {
4 [sin | [sTo] [+ ][] c
5 e[ s o (el
6 | I | | . A
7 G ) I JC 0]
8 ¢ E@ED a If b>c, stop
N ] I I I |
9 L] Lo ] L] b < c, there are two solutions.
10 ) 1 ,
s el e 1o eyl
P Y| [ o
1 OO
14 c | a

Given a, b, and c; find the area.

Formulas:

Given the lengths of a triangle’s three sides a, b, and ¢

area= \/S(S-a)(S-b)(S-¢)

where

S=%(a+b+c)
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Example:

Given a=5.317361553
b =7.089815404
c = 8.862269255
Find the area.

Answer: A c=8.86
Area=18.85(S=10.63)

LINE DATA OPERATIONS DISPLAY REMARKS

L SO | N N | |
2 G | | I I |
3 o srof[+ Il Jhey|[m]

s FOCIEIEIC ]| s

:

‘ [t ] 670 v ] (= =]

. e e (= = =] |
. et v ] [ ) [x et |
. GG e

Given a, b, and C; find area

Formula:

Area=%absinC

Example:

Given a=5.3174
b= 7.0898
C=45°

Find the area.

Answer: B a-5.32
Area=13.33.
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LINE DATA OPERATIONS DISPLAY REMARKS

1 O | N | N I | |
2 |0 | X |
3 c I JE I T

Given a, B, and C; find the area

Formula:
a? sin Bsin C A
A = __ e ___
Ty Sin(B+0)
Example:
Given a=14.625
B =70.54°
C=62.96"

Find the area.

70.54° 62.969
a=14.625
Answer:
Area=123.8
LINE| DATA OPERATIONS DISPLAY REMARKS

v e O]
2 | o |510)[s ][] [an ]
g e [on ] s b [+
|« OEbJEIE]
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Trigonometric Functions

Register usage for trigonometric functions

lost
t T
z Z
y Y
b X
f (x><;0st
s S

Secondary value of arc sin x
Let p = principal value

q = secondary value

Example:

Find secondary value for arc sin (-.7660444436)

Answer:
230°
| LINE| DATA ~ OPERATIONS DISPLAY
| x Lare | [sin | [ [ ][] p
2 ERIERIERIE a

Secondary value of arc cos x

Let p = principal value

q = secondary value

REMARKS
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Example:

Find the secondary value of arc cos (.76).

155

Answer:
319.46°
LINE| DATA | OPERATIONS DISPLAY REMARKS
e [
2 s ][e ][ o][xev][ -] a
Secondary value of arc tan x
Let p = principal value
q = secondary value
Example:
Find the secondary value of arc tan (2).
Answer:
243.43°
LNE| DATA | OPERATIONS | DispLAY REMARKS
T CJC ] E; p |
2 Co ]+ 0] a f
Cotangent
Formula:
cotx =
tan X
Example:
cot37°=1.327
UNE| DATA OPERATIONS | DisPLAY REMARKS

R I [ [z [ e [
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Cosecant
Formula:
_ 1
CSC X = —
sin x
Example:
csc 30°=2
LINE| DATA OPERATIONS DISPLAY REMARKS
1 x Lsin | [ [T ]
Secant
Formula:
sec X =
cos X
Example:
sec 45° = 1.41
LINE| DATA OPERATIONS DISPLAY REMARKS
1 x C I JC]
Versine
Formula:
versX =1 — cos x
Example:
vers 38° = .21
LINE| DATA OPERATIONS DISPLAY REMARKS

‘ x (leos [ Jhev] [ 1]
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Coversine
Formula:
covers X = 1 —sin x
Example:
covers 38° = .38
LINE| DATA OPERATIONS DISPLAY REMARKS
1 x ] (] ey -]
Exsecant
Formula:
1
exsecx=secXx-1= -1
cosX
Example:
exsec 52° = .624
LINE| DATA OPERATIONS DISPLAY REMARKS
T I
Haversine
Formula:
1 -cosx
havx= ———
2
Example:
hav42.3° = .13
LINE| DATA OPERATIONS DISPLAY REMARKS
1 x R L |
2 [ | I | | I |
Arc cotangent
Formula:
_ 1
arc cot X = arc tan —
X
Example:
arc cot 0.35=70.71°
LINE| DATA OPERATIONS DISPLAY REMARKS

C |« CAGe el ]
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Arc cosecant

Formula:
arc ¢sc X = arc sin l
X
Example:
arc csc 3.45 = 16.849°
LNE| DATA | OPERATIONS | DispLAY | REMARKS

v« DA

Arc secant
Formula:
1
arc sec X = arc cos —
X
Example:
arc sec 1.1547 = 30°
LINE| DATA OPERATIONS | Dispay | REMARKS
1 x C I

T-Statistic (Paired)

Formulas:

Given a set of paired observations:

Xj ‘ Xy X2 X3 Xn
Yi | Y1 Y2 Y3 ¥Yn
Di=xi-vyi
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and test statistic

Example:

Compute t for the following:

Xi ]14 17.5 17 175 154
Vi |17 207 21,6 209 172

Answer:
t=-7.1554
LINE DATA OPERATIONS DISPLAY REMARKS
1 L IC JC JC ]
2 x ] [_——I,D (] Perform lines 2—4 for i = 1,
) - 2n
8| ||
4 [x ] L]
5 C 1]
L S S } .0 B | | o B
7 ] |
o Cre =]+ -
10 V3] I | I s
1 I ] t
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Vector Cross Product

Formula:

If X = (X, Xz, X3) and y = (y;, Y2, y3) are two vectors, then cross
product Z is also a vector.

>

-
XXy

>
z

= (X2Y3 = X3Y2,X3Y1 - X1¥3, X1¥Y2 = X2¥1)
=(z

1>22, Z3)
Example:
If X =(2.34,5.17,7.43)
y =(.072, .231, .409)
Find X x y
Answer:

> >

X x ¥ =(.3982, -.4221, .1683)

LINE DATA OPERATIONS DISPLAY REMARKS

' N | B I | | |
2 vo (BT[] JL 1]
3 v (O JC I I
4 I | B | 23 | | | 4

5 TN N | |
6 LN | NN | N | N | I | I
7 T I I |
8 x|l - JC [ ] z
8 T | | .

o v (IO
1 X2 :H:][:‘[:]
N I | e [ [ o o
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Vector Dot Product

Formulas:
. - - . . .
Given two vectors X, y in an n-dimensional vector space
5
X = (X1, Xa, s Xp)
5
y= (Yl s Y2, s Yn)

the dot product is

Xy =X1y1 +X2¥2 + . + XYy
Example:

If X=(2.34,5.17,7.43,9.11, 11.41)
y =(.072, .231, .409, .703, .891)

then X+ § = 20.97226

LINE| DATA 1 OPERATIONS DISPLAY REMARKS ‘
L « L JC 0 I ] 3
G I NN | N | N | B | |
3 X [:T;] ‘Lﬂi \ "i ;J [ 7 Perform lines 3—4 for i = 2,

I 3
4 1 | N N B | |

Versine
See page 156

Weekday

DAY OF THE WEEK FOR ANY DATE
(Since September 14, 1752)

d = day of month

m = month, with January and February being the 13" and 14™ months
of the previous year.

y = year (4 digits)
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Output is read as follows:

0 — Saturday

1 — Sunday

2 — Monday

3 — Tuesday

4 — Wednesday

5 — Thursday

6 — Friday
Example:

On what day was February 29, 1972?

Answer:
Tuesday (d =29, m= 14,y = 1971)

LINE DATA OPERATIONS DISPLAY REMARKS

B G | M ] N | | I | I

2 SR |

3 v fstol[me [ [ [ ]

4 ‘-[Z”EE”:] E, Lete, = integer part of E,
5 TSI N

6 e [v][men] [ey] [s70] [

7 Co] s ] [x]

8 ’Il E' ,:] E :] E, Let e, = integer part of E,
o e (I I ) )
10 €2 I:] :‘ ’:] For 20 century date, go to 17

(N I | O

11 ) . E] @ [I] [E E, Let e; = integer part of E4
-

9| e (o) e [+ el (4] B
14 @ II] [E[: l:] Eq - J‘ft e, = integer part of E,
1 (3 N N N 7

16 e Re [ 1] Goto 18

(| I | I | I |

1”7 Ce I I

18 E Es Let eg = integer part of Eg

19 T3 B N

20 e e [ L1010 ]
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Appendix

Questions you may have wanted answered about your HP-35.

1.  Question:

Answer:

2. Question:

Answer:

3.  Question:

Answer:

4. Question:

Answer:

5.  Question:

Answer:

What are the maximum and minimum light displays on the
HP-35?

Maximum: .8.888888888:88 after all decimal points light
up on low battery power!

Minimum: -

A googol is 10'°%. We can key this in as 10 x 10°° on the
HP-35, right? Its reciprocal can be keyed in as .1 x 107°°,

right?

Wrong. 10 99 - 9.999999999 99

1 99 > Q.

The display is blanked out during computations. Is the
keyboard also locked out?

Yes

What is the longest response on the HP-35?

tan x where x = 9.9999999999 99 (about 2 seconds).

Do:

tl)20]s (]
Now, if we press [E]or(that is % or 0°) a flashing zero
will be displayed. Will the stack be dropped?

Yes, if we divide!:

el - =Y Y- B

No, if we doa x¥!:
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6. Question: Pressing which key will reset the arc prefix?

Answer:  Any key except ‘, , , or .

7. Question: Do: 6 16. How would you make the whole number
negative?

Answer: [ons].

8. Question: When is desirable before entering data, but NOT

just after a , ,or ?

Answer:  Sometimes after negating a result by :

-V5+6iss [ [ons) [+] 6 [+]

9. Question: How can three successive presses be used to calculate
the tangent of 30° (accurate to about 7 decimal places)?

Answer: 30 ~ 5773502648

10. Question: When may it be desirable to press if the display is
already zero?

Answer:  When we get zero as the result of an operation, but don’t
want to raise it in the stack upon entering data.

11. Question: When may it be desirable to enter 0 if x is already zero?

Answer: If an algorithm requires the integer part of a number
(already in the X register) such as.4, we would do: 0,

which would insure that this zero would be raised in the
stack if the algorithm requires it.



12.

13.

14.

15.

16.

17.

Question:

Answer:

Question:

Answer:

Question:

Answer:

Question:

Answer:

Question:

Answer:

Question:

Answer:
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Do: [£] > 0548861507
- 0548861507

E] - 1. -11; why not 0?

See problem 20.

The calculator gives overflow for the tangent of 90°, right?

Wrong, but nearly so:
90 [tan] - 9.99999999 99
We can still add to it:

90 [+] - 9.999999991 99

Enter any three digits in the form d.dd x 1077

d.dd [eex [ens] 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?

Al and

(All this means that In(1 + x) approaches X as x approaches
0.)

Display .00026 x 1072 in correct scientific notation.

.00026 2 >9.6-06

If we do ““S 8”7, does 8 appear as an exponent or
does it push up the stack?

Exponent.

For which numbers will the HP-35 not give reciprocals?

0. and any number with an exponent of +99 having a value
other than *1.
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18.

19.

20.

21.

Appendix

Question:

Answer:

Question:

Answer:

Question:

Answer:

Question:

Answer:

How can you insure an integer result for , if x and y
both contain integers?

B (=) o[+] o] 0[]

X contains 26.56505118. You wish to get tan x, but
accidentally you hit the key. How can you cancel the
preﬁx, and get tan x?

».4999999999

Numbers which start with .0d, where d is any digit other
than zero, are displayed with only 9 significant digits,
although ten significant digits are used in calculations. (This
includes numbers .01 through .09999999999). The number
is not rounded to 9 significant digits. Can you give some
examples to show this fact?

Example 1:

23 - .0434782608 10 %]~ 4347826087

Example 2:
1.000000001 2 - 1.000000001 -02
~.01 10 [x] = .1000000001

Example 3:

99 IIE] sto [0

- 00 B - 01 [ - 99.9999991

Example 4:

1.000000001 2[+]23

~.0534782608 10 [+]~.5347826088-03

Compute e™ - 7°.

(") I () B (-]~ 68153493



22.

23.

24.

25.

26.

Question:

Answer:

Question:

Answer:

Question:

Answer:

Question:

Answer:

Question:

Answer:
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s B 30

(=][*] > 29.99999999 [sin] > 4999999998
[+] [+]~ s0. -5
4] [+ > 30.00000001 [si] > 4999999998
~ 30.00000002 [3i"] > 5000000002

Can be explained by the accuracy statement on page 21 of
the operating manual.

2050667999 - 89.99999995
8 [+] ~ 89.99999996

- 861719914.7

Can be explained by the accuracy statement on page 21 of
the operating manual, an extreme “end case”.

For values:
89.99999997 to 90. ~9.99999999 99

89.99999992 to 89.99999996 - 861719914.7
89.99999987 to 89.99999991 - 457788704.7
89.99999980 to 89.99999986 - 311685926.6
89.99999975 to 89.99999979 - 240151451.6

Can be explained by the accuracy statement on page 21 of
the operating manual, an extreme “end case”.

How many decimal points light up on low battery power?

Only 14—the point following the true decimal point does
not come on!

9 [+].5[4] .5 =] = 1000000001. Why?

9 or 10000000000 [+].5 = 1000000000.5 which is

rounded to 1000000001, and 1000000001 =] .5 =
1000000000.5 which is again rounded to 1000000001.
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27.

28.

29.

30.

Question: How would you display all 1’s, 2’s, ... 9’s?

Answer: I’s: 9988E]
s oI 45 =) 77 (%)
3s: o R 3 = o6 (5]
2s: 9 B 225 = 55 (%)
ss: 9 1.8 e 44 [£)
os: oI5 33 (3]
Ts: 7.777777777 [eex] 77
gs: oS I .125 [ 11 (5]
os: 9 [ S

Question: To divide the displayed value by 2: 2 E] What other
three keystrokes will do the same?

Answer: , for |x| < 227.

Question: 9(+]8 [+][eex) 97[x] &Y~ -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°8, we also get
into trouble.

answer: (e ox (B ()2 ) 0 (3) QR 2

Question: 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? (7 keystrokes)
(¢c) as the function of a digit? (5 keystrokes)
(d) using the key, but not |

or £’ (13 keystrokes)

(e) asacontinued fraction? (21 keystrokes)



31.

32.

Answer:

Question:

Answer:

Question:

Answer:

Appendix 169

(a) 10rifx=0:

=Kol - JEC

© 5 s

W HHEEH@EED@EDmE

@ 18 B4+ B o+ e+ [
@

Can you display all ten L.E.D. digits in an orderly sequence?
(5 keystrokes):

8 [+]81[£]) - .0987654321

Determine the Golden Ratio ¢ to 11 significant digits, given

6=(/5+1)2and ¢ - %= 1.

5 1 [+) 2 [£]~ 1618033989 [+ ]

2 - 6180339887 [=] > 1.
¢=1.6180339887
























Amortization 135

Angle Conversions 11
Angles of Triangle 147-151
Annuities 15

Antilog of x (common) 16
Appendix

Arc Cosecant 158

Arc Cosine, Secondary 154
Arc Cotangent 157

Arc Secant 158

Arc Sine, Secondary 154
Arc Tangent, Secondary 155
Area by Integration 92

Area of Triangle 151-153
Arithmetic Mean 138
Arithmetic Progressions 113, 115-116
Average 138, 140-142
Azimuth to Bearing 12

Base Conversion 17
Bearing to Azimuth 12
Bernoulli Numbers 21
Binomial Coefficient 23

Centigrade to Fahrenheit 55
Centimeters to Feet, Inches 56
Chi-square Evaluation 22
Combinations 23

Complex Number Operations 24
Complex Trigonometric and
Hyperbolic Functions 36-54
Compound Interest 96
Conversions 55

Coordinate Conversions 57
Correlation Coefficient 144
Cosecant 156

Cotangent 155

Coversine 157

Cross Product 160

Cross Product Sum 144

Decimal Degrees to
Degrees, Minutes, Seconds 11
Degrees, Minutes, Seconds to
Decimal Degrees 11
Degrees to Grads 15
Degrees to Mils 14
Degrees to Radians 14
Discount
Dot Product 161
Double Precision Product 59

Equation Solving

(iterative techniques) 63-68
Euler Numbers 69
Exponentiation 70-74

Factorial 75
Factorial and Gamma Functions 75-77
Factoring Integers and
Determining Primes 78
Fahrenheit to Centigrade 55
Feet, Inches to Centimeters 56
Fibonacci Numbers
Fractions 80

Gamma Function 75

Gaussian Probability Function 82
Geometric Progressions 113-118
Grads to Degrees 15
Gudermannian Function 85

Harmonic Mean 139
Harmonic Numbers 83
Harmonic Progressions 114
Haversine

Highest Common Factor 84
Hyperbolic Functions 85

Index

Improper Fractions 80

Infinite Power Series Summation 90
Integration, Numerical 92

Interest and Discount (simple) 94
Interest (compound) 96

Interest Rates 98

Interpolation 100

Inverse Gudermannian 87

Inverse Hyperbolic Functions 88-89
Iterative Solutions to Equations 63—68

Least Common Multiple 102
Linear Regression 144

Loan Repayments 94, 102-105
Logarithms 106

Markup Percent 107
Means 138-1 9

Mils to Degrees

Modulo: (Y Modulo X) 129
Multiple 102

Normal Function 82
Odometer Adjustments 136

Percent 107
Permutations 108
Plotting Curves 109-111
Polar to Rectangular 57
Polynomial Approximation 76
Polynomial Evaluation 111
Power Operations 70
Power Series 90

Powers 112

Primes 78

Progressions 113-118
Profit Percent 108

Quadratic Equations 119
Questions and Answers 163-169

Radians to Degrees 13
Random Numbers 120
Rectangular to Polar 57
Register Operations  122-127
Register Use Optimization 128
Remainder Function 129
Resistance 130

Root of Polynomial 68

Roots

Rounding Numbers 131

Secant 156
Sides of Triangle 147-151
Simultaneous Linear Equations 132
Sine Integral, example
Sinking Fund and Amortization 134
Speedometer /Odometer

Adjustments 136
Square of X 137
Stack Operations 122-127
Standard Deviation 141
Statistics 138-146
Stirling’s Approximation 75§
Sum Two Columns Simultaneously 141

Triangles (oblique) 147-153
Trigonometric Functions 154-158
T-Statistic (paired) 158

Vector Cross Product 160
Vector Dot Product 161
Versine 156

Weekday 161
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