
SUBSTANTIAL PROGRAMS

FOR THE

HP-11C AND 15C
(And HP-12C, HP-41)



SPECIAL NOTE TO THE HP-15C USER
 

While the ten basic programs described in this manual are primarily for
the HP-11C they will also work for the HP-15C, assuming the appropriate
instructions are keyed. The pertinent steps to be changed (for 15C use) are
indicated in the program listings by an asterisk, and the proper keys shown in
parentheses. With regard to these programs there are four main differences
between the 11C and 15C which cause these changes:

1. Location of the summation registers.
11C: registers 0 through 5;
15C: registers 2 through 7.

2. Number and location of conditional tests.
11C: 8, located on the keyboard directly;
15C: 2 directly on the keyboard (g X<Y, g X=0), and

10 indirectly available by g TEST n.

3. Syntax of ISG (DSE is similar).
11C: f ISG uses register I as the index register;
15C: ff ISG n assumes the user specified

register n as the index register.

4. Location of II key.
11C: instruction is f II (code= 42,16);
15C: instruction is g II (code= 43,26).
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INTRODUCTION

The collection of major programs described in this book relates

primarily to the Hewlett-Packard HP-11C, a hand held, programmable calculator.

Although the supply of available "canned" programs for the HP-11C is sparse

(compared to the HP-417, for example) this calculator, and its companion the

HP-15C, remain favored choices of the scientific clientele who are tuned to

the efficiency afforded by the RPN (reverse Polish notation) system of problem

solving.

Having survived the trauma of the HP-34C being replaced by the HP-11C

the author recognizes that to spend significant time assembling programs

dedicated to a specific model of calculator practically assures that the

introduction of a refined model is imminent. Nevertheless, I have put

together several years of part-time efforts in the present work. This bold

move (in light of the eventual obsolescence of the HP-11C) is felt justified

since the background of each program is thoroughly described, providing the

user with the formulas and perhaps the solution format for writing programs

appropriate for the HP-11C replacement.

The reader will note that there are ten programs for the HP-11C (all of

which were consciously made compatible to the HP-15C), one program for the HP-

12C, and that starting with program 11F006, companion programs utilizing the

HP-41 appear’.

 

*u4p-41" is used throughout, however the programs so indicated herein will run
on the 41C, 41CV or 41CX models.

**Analogous HP-41 programs also have been prepared for the first five 11C
programs (SLR, LVC, PLS, ABCD, and SIMSTRAT), however they are not included in
this publication. See page 210 for their description and availability.
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This "companion" practice emerged in the chronology of programs when it was

realized that the same (or very similar) program-use description could be

employed for programs written for the different models. For the HP-41

programs, printed listings and program barcode are provided.

Several "narrative" sections are included in this book to make it more

of an educational tool than simply a collection of programs. Appendix A part

of program FICALC-11/15 discusses the "Concept of Time and Money". This

section is copied, with permission, from Hewlett-Packard literature in order

to keep an excellent tutorial from "getting lost" as new products and manuals

are introduced. It was written in an HP-12C framework”, but most sample

problems can be solved using the FICALC-11/15 or AMORT/8-11 programs and the

HP-11C (or appropriate HP-41 program). Also included (with the FICALC-11/15

program as Appendix B) is "An Elaboration of a Compound Interest Problem...",

which shows in some detail the nature of compound interest and several ways of

using the calculator to solve common problems.

Another narrative section, briefly describing amortization schedules and

the rule of 78s is included just prior to the AMORT/8-11 program.

In the next section brief descriptions are given in order by program

number. The only significance of the number is that it indicates the order in

which the programs were written. Since this chronological order was followed,

the subjects covered (statistical, forestry and surveying related, and

financial) occur randomly. A group of "amortization" type programs and

separate introduction are included at the end of the collection. In all

programs written for the HP-41, printed results can be obtained when a printer

(HP-82143A or HP-82162A) is connected.

 

*Actually the material was written for the predecessor of the HP-12C, the

HP-38C.



ANNOTATED DIRECTORY OF PROGRAMS

 

 
 

Program

Number Name Page

11F001* SLR 10

11F002 LVC 18

 

Purpose and Special Notes
 

This SIMPLE LINEAR REGRESSION program

provides for calculator initialization to accept

and process two-variable data, providing: the

slope and Y-intercept, their standard errors and

t tests; the slope forced through the origin and

its standard error; the correlation coefficient,

and; point and interval estimates for arbitrary

predicted mean Y and individual Y.

The program, LOG VOLUME CALCULATIONS,

calculates either board-foot volumes (by four

different log rules) or cubic-foot volume (by

Huber, Smalian or Newton formulas) for logs of

specified length and diameter.

*The original significance of this numbering scheme was: "11" indicates the

calculator model; "F" implies forestry related (in the broad sense); "001" is
the program's sequence in the category.



Program
 

Number Name Page 

11F003 PLS 26

11F004 ABCD 33

Purpose and Special Notes
 

The program, PARABOLIC LEAST SQUARES,

calculates the gross and corrected (for the

mean) sums of squares and products as well as

the regression coefficients for the model:

Y=b,+b1X1+byX,. The traditional parabolic fit

is achieved if Xp, is defined as the square of

X17. Optionally, X; and X, can be considered

independent, leading to the usual multiple

linear regression fit.

The program, AZIMUTH OR BEARING CORRECTION

FOR DECLINATION, achieves the conversion of

angles measured from the true north meridian to

angles measured from magnetic north and vice

versa. Angles can be expressed as bearings

(e.g., S 25 E) or in azimuth units from north

(e.g., 125 degrees) and can be in either the

degrees, minutes, and seconds or the degree,

decimal degree format.



Program
 

Number Name Page 

11FO05 SIMSTRAT 47

11F006 FICALC-11/15 55

Purpose and Special Notes
 

This SIMPLE AND STRATIFIED RANDOM SAMPLING

program is used to summarize data from either a

simple or stratified sample, obtaining within

stratum and overall estimates of the means and

standard errors. Optionally, arbitrary

confidence interval estimates can be obtained.

Either the finite or the infinite population

case can be processed.

The FINANCIAL CALCULATIONS ON THE HP-11C

OR HP-15C program is an attempt to simulate the

HP-12C in the solution of the basic financial

formula relating n (number of periods), I

(periodic interest rate), PV (present value),

PMT (periodic payment), and FV (future value).

When four of the variables are provided, the

unknown can (in most cases) be obtained by

simple one-key depression. Conversion between

annual percentage rate (APR) and effective

annual rate (EAR) is also provided.



 

 

Program

Number Name Page

41F041 FICALC 113

11F007 AREA-11/15 117

Purpose and Special Notes
 

The program, FINANCIAL CALCULATIONS, was

written for the HP-41 calculator to serve as a

close companion to FICALC-11/15, making it

feasible (with minor changes) to use the same

set of instructions and examples. A refinement

was added to provide for a "12-multiplier" or

"12-divisor" key similar to the HP-12C.

The program, AREA CALCULATIONS ON THE HP-

11C OR HP-15C, was written to calculate the area

of a closed traverse, given input in the form of

straight-side distances and directions either as

azimuths or as bearings and quadrants. Area is

calculated in square units corresponding to the

distance units and optionally in acres or

hectares. The linear error of closure is

calculated and displayed if desired. The

program can also be used as a bearing-to-azimuth

converter. Note that there is no provision to

"balance" the traverse; if this is necessary it

must be done separately.



 

  

Program

Number Name Page

41F039 AREA41 126

41F040 AREA-S 134

11F008  MUGO-11 138

41F042 MUGO41 147

Purpose and Special Notes
 

The program, AREA CALCULATIONS ON THE HP-

41, serves as a companion to AREA-11/15.

Additions to the program include the provision

to calculate the precision of the survey, audio

signals to indicate needed user input, and the

availability of printed output.

The program, AREA-SHORTENED VERSION,

provides the same output as AREA41 but chooses

the most likely input options from thos

available in that program, thus reducing the

code from 262 to 172 steps.

MEANS, WITH UNGROUPED AND GROUPED OPTIONS

ON THE HP-11C was written to calculate, for a

set of univariate data, the arithmetic,

quadratic, geometric, and harmonic means, and

the standard deviation, coefficient of

variation, and standard error. Data can be

ungrouped, or grouped using either true

frequencies or weights other than frequencies.

The program, MUGO ON THE HP-41, was

written as a companion to MUGO-11. Printed

output can be obtained.



 

 

Program

Number Name Page

11FO09 AMORT/78-11 159

11FO10  FINC78-11 170

12F001 AMORT-12 180

Purpose and Special Notes 

The program, AMORTIZATION SCHEDULES AND

SIMILAR FINANCIAL CALCULATIONS USING THE "RULE

OF 78s" WITH THE HP-11C, provides the usual

entries in a traditional amortization schedule:

payment number, interest paid, reduction in

principal, and outstanding balance. With

slightly different input, a similar schedule can

be obtained assuming the rule of 78s procedure

is used for interest allocation.

FINANCIAL CALCULATIONS ASSUMING THE RULE

OF 78S WITH THE HP-11C serves as a companion to

AMORT/8-11. For the user solely interested in

the rule of 78s procedure, interest allocation,

reduction in principal remaining balance and

appropriated summations are obtained much faster

than in AMORT78-11. Additionally, the "rebate"

due after a particular payment is provided.

This program, AMORTIZATION SCHEDULES WITH

THE HP-12C, provides the same amortization

schedule entries as AMORT/8-11, but because of

the AMORT function on the 12C results are

obtained much faster. An addendum to the

program is suggested to calculate an effective

periodic interest rate when the payment and

compounding frequencies are not the same.



 

 

Program

Number Name Page

41F043 AMORT 188

41F044 AM7841 201

Purpose and Special Notes

The program, normal AMORTIZATION SCHEDULES

WITH THE HP-41, provides the same schedule

entries as AMORT78-11, but calculations are

faster, input is prompted for, and output is

identified.

This program, AMORTIZATION SCHEDULES AND

SIMILAR FINANCIAL CALCULATIONS USING THE RULE OF

78s WITH THE HP-41, represents a direct analogy

to AMORT78-11, but provides advantages cited in

the previous program (AMORT).
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Calculator: HP-11C

Program Name: Simple Linear Regression

Author: Thomas W. Beers

Purpose: To initialize the calculator to accept two-variable data, process

data which are input by the I+ operation, and provide the statistics

listed below:

a, the Y-intercept, its standard error, S34 and t to

test the hypothesis: ao =0

b, the slope, its standard error, Sp» and t, to test
b

the hypothesis: B = 0

b', the slope forced through the origin, and its

standard error, Sp

r, the correlation coefficient

for specified Xo and Student's t, By the predicted Y for Xo

is provided as well as confidence interval estimates assuming

mean Y and assuming individual Y.

Note: the usual calculation of a and b, Y and r, and X, Y, by depression

of the L.R., v, r and X keys is still possible, and does

not interfere with the program.

A. Storage assignments

Register 15C Use
  

I external storage of appropriate Student's t

0-5 (2-7) statistical: n, IX, IX?, ZY, IY?, IXY

6 (0) Ix? = T(X.a. X)2 = £X2 - nX2, corrected sum of squares for X



A.

B.

C.
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Storage assignments (continued)

 

 

Register 15C Use

7 (1) Ly? = Z(Y, - Y)2 = £Y2 - nY?, corrected sum of squares for Y

8 xy = n(X; - X)(Y, - Y) = IXY - nXY, corrected sum of products

9 Syx? the standard error of estimate

0 Xo the current X for which Y and confidence intervals are

being calculated and the intermediate answer, C, used in

confidence interval calculations

Labels

Name Use

[1]* program start, clears registers and display

[A] calculates and displays a; by R/S also S4 and t

[B] calculates and displays b; by R/S also s, and ty

[C] calculates and displays r

[D] predicted Y and confidence interval calculation and display

[E] main processor; calculates and stores X,Y, Ix2, Iy2, Ixy,

and Syy > must preceed [D] and optional parts of [A] and [B]

[0] calculates and displays b' (slope forced through the origin)

and Sp»

2 confidence interval calculation in label D

*brackets indicate meaningful external accessibility

Flags-- none used
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D. Program procedure and example

I. In PRGM mode, load program

II. In RUN mode, proceed as given below; assume the following data, in USER
mode and FIX 2:

Yoox
7 5

5 3

9 8

Instructions Example

Step Input Key Output Input Key Output

1. Initialize - GSB 1 0.00 - GSB 1 0.00

2. Data input YX, r+ 1.00 745 z+ 1.00
(repeat for all data pairs) 543 T+ 2.00

948 L+ 3.00

3. Process data - E Svx - E 0.32

a. Optional: sums, gross and corrected sums of squares and
products can now be recalled from registers 0 through 8.

15C

- RCL 0 (2) 3.00(n)
- RCL 1(3) 16.00(ZX
- RCL 2 (4) 98.00(7X
- RCL 3 (5) 21.00(zY
- RCL 4(6)155.00(zY
- RCL 5(7)122.00(zZX
- RCL 6 (0) 12.67(zx
- RCL 7(1) 8.00(xy

(Zx- RCL 8 10.00(Zxy

4. a statistics - A a - A 2.79
- R/S S, - R/S .52

t 5.35
a

5. b statistics - B b - B 0.79
- R/S Sy, - R/S 0.09

ty 8.66

6. r statistics - C r - C 0.99
- gx? r? - gx? 0.99
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D. Program procedure and example (continued)

Instructions Example

Step Input Key Output Input Key Output

7. predicted Y and confidence intervals (assume t = 2 and X_ = 4,
then Xs = 6) ©

a. t STO 1 t 2 STO I 2.00

Xo D Ys 4 D 5.95

c.i. low 5.50
c.i. ro| for mean Y 6.39

b. (optional) - R/S c.i. low on . R/S 5.16

c.i. high| oF nd. ¥ 6.74

Cc. next Xo D Yo 6 D 7.53

c.i. low 7.13
c.i. high 7.92

d. (optional) - R/S c.i. low - R/S 6.77
c.i. high 8.29

8. b' statistics - GSB 0 b! - GSB 0 1.24

III. Comments

1. Note that the order of program execution suggests that depression of E
immediately follow the last data input, but thereafter the order of
pressing A, B, C, D, and GSB 0 is immaterial, and each can be repeated.

2. After the data have been input (and before or after E) the keyboard
functions X, s, y, r, and L.R. can be used to obtain their appropriate

output.

3. Correction for erroneous input data (key stroke blunders!) can be
made by use of the I - key as described in the manual.
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E. Program statements and code

   

Step Statement Code Step Statement Code Step Statement Code

01 [fBL11Y 42211 31 - 30 61 f PSE 42 31
02 f CLEAR REG 42 34 32* RCL 0 (2) 45 0 62 = 10

03 g CLX 43 35 33 2 2 63 R/S 31

04 R/S 31 3d - 30 64 [f LBL C] 42 21 13

05 [f LBL E] 42 21 15 35 = 10 65 fy, r 42 48
06 gX 43 0 36  /X 11 66  X2Y 34

07 STO 8 44 8 37 STO 9 44 9 67 R/S 31

08  X2Y 34 38 R/S 31 68 [f LBL D] 42 21 14

09 STO X 8 44 20 8 39  [f LBL A] 42 21 11 69 STO .0 44 .0

10 gx? 43 11 40  f L.R. 42 49 70 fy,r 42 48

11* STO 7 (1) 44 7 41 R/S 31 71 f PSE 42 31

12 X2Y 34 42* RCL 2 (4) 45 2 72 gx 43 0

13 gx? 43 11 43* RCL 0 (2) 45 0 73 Ry 33

14* STO 6 (0) 44 6 44* RCL 6 (0) 45 6 74 X2Y 34

15* RCL 0 (2) 45 0 45  X 20 75 g Rt 43 33

16 CHS 16 46 + 10 76 RCL .0 45 .0
17* STO X 6 (0) 44 20 6 47 /X 11 77 - 30

18* STO X 7 (1) 44 20 7 48 RCL 9 45 9 78 gx? 43 11

19 STO X 8 44 20 8 49  X 20 79* RCL 6 (0) 45 6
20* RCL 2 (4) 45 2 50  f PSE 42 31 80 = 10

21* STO +6 (0) 44 40 6 51 + 10 81* RCL 0 (2) 45 0

22* RCL 4 (6) 45 4 52 R/S 31 82 1/X 15
23* STO + 7 (1) 44 40 7 53  [f LBL B] 42 21 12 83 + 40
24* RCL 5 (7) 45 5 54  f L.R. 42 49 84 RCL .0 45 .0
25 STO + 8 44 40 8 55  X2Y 34 85 XY 34

26* RCL 7 (1) 45 7 56 R/S 31 86 STO .0 44 0

27 RCL 8 45 8 57 RCL 9 45 9 87 (f LBL 2) 42 21 2

28 gx? 43 11 58* RCL 6 (0) 45 6 88 VX 11

29* RCL 6 (0) 45 6 59 JX 11 89 Ry 33

30 + 10 60 = 10 90  X2Y 34

1/ Brackets imply meaningful external accessibility,

parentheses indicate internal use.
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Program statement and code (continued)

 

E.

Step Statement

91 g R#

92 RCL I

93 X

94 RCL 9

95 X

9 -

97 f PSE

98 g LST X

99 2

100 X

101 +

102 R/S

103 X2Y

104 fy,r

105 g LST X

106 1

107 RCL .0O

108 +

109 GTO 2

110 [f LBL 0]

111* RCL 5 (7)

112* RCL 2 (4)

113 =

114 R/S

115* RCL 5 (7)

116 X

117 CHS

118* RCL 4 (6)

119 +

120* RCL 0 (2)

*Indicates statements that must be changed for the HP-15C.

Code

42

43
45

45

42

43

42

43

45

22

45

45

45

45

45

33

25

20

20

30

31

36

20

40

31

34

48

36

40

10

31

5

20

16

4

40

0

 

Step Statement Code

121 1 1

122 - 30

123 + 10

124* RCL 2 (4) 45 2

125 = 10

126 VX 11

g MEM leads to

P-00 r-.0

Program memory completely full,

since R 0 is needed for computations

required change is shown in parentheses.

Suggested or

Although the "code" for these

statements will also change this is left for the 15C user to alter.
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Formulas used

I. In LBL E

1. means, X and Y, calculated by g X function,

2. corrected sums of squares and products (lower case letters):

Ix2 = IX? - nX?

ny? £Y% - nY?

 

 

zxy = IXY - nXY

3. Syx? standard error of estimate:

. [2 = (Txy)?/2x?
YX n-2

II. In LBL A

1. a, the Y-intercept, calculated by f L.R. function.

2. S43? the standard error of a:

_ rX2
Sa SyYx nx?

3. tos the calculated test statistic:

- a * - = -—t, s. , to test Hy: a=0, (d.f.=n-2)

III. In LBL B

1. b, the slope, calculated by the f L.R. function,

2. Sp» the standard error of b:

 

= 1 yx
b vx =x? ix?

3. t,» the calculated test statistic:

ty = D2 to test H : B=0, (d.f.=n-2)
Sh 0



F.
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Formulas used (continued)

IV.

VI.

In LBL O

1. b', the slope forced through the origin:

b! = XY
XZ

CooL Six
2e Spr = Syy\[TT © =X

v _ [IY2% - b'IXY
where Syx = =

3. Though not done in the program, one can test Hy B'=1, (i.e., Y=X)

b'-1
s (d.f.=n-1).

Sp
by calculating t = 

In LBL C

1. r, the correlation coefficient, calculated by the f Vv, r function.

2. r2?, the coefficient of determination can be calculated by gXZ2.

3. tes the calculated test statistic, was not calculated in the program;

however it must equal ts therefore Label B then R/S can be used.

In LBL D

1. Yo predicted Y for a specific value of X (i.e., Xy)s calculated

by f y, r function.

2. confidence intervals about the predicted mean Y given Xo

Yo 2 t Syy VC

where (X_-X)2
] 0= — t=

¢ n TX

and t = the user supplied value of Student's t assuming the proper
degrees of freedom (n-2) and desired confidence (1-probability)
level

3. confidence intervals about an individual predicted Y given Xo

7, tt sy /1+C



=}8= Program No. 11F002

Calculator: HP-11C

Program Name: Log Volume Calculations

Author:

Purpose:

A.

B.

Thomas W. Beers

To calculate the board-foot volume of logs by Doyle, Scribner,

International 1/4" and International 1/8" log rules and to calculate

cubic-foot volume using Huber, Smalian, and Newton formulas.

Board-foot calculations assume the scaling diameter and log length

are input as dAL, whereas the cubic-foot calculations assume the

following input

for Huber: DtL

for Smalian: DD,tL

for Newton: DD4DtL

where: Dy» Ds and Dy are log diameters in inches at the base,

midpoint and upper end,

L = Tog length in feet,

and d, = diameter inside bark at the small end of the log

Storage assignments

Register Use

Labels

0

1

2

3

Name
 

[E]*

[A]

Log length, L

L/16, used in board-foot calculations

d,s scaling diameter for bd. ft. calculations

temporary storage of Int. 1/8" volume

Use

initialization for board-foot calculations, clears flag 0

and sets number of decimals to zero.

Doyle volume; calculation and display
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Labels (continued)

Name

[B]

[C]

 

[D]

[1]

[2]

[3]

0,6,7,8

Flags

Number

Use 

Scribner volume; calculation and display

International 1/4" volume calculation and display;
Int. 1/8" volume obtained by R/S depression

all board-foot volumes calculated and displayed in the
above order; R/S between displays

Huber's formula cubic-foot volume; identified by 1 decimal
place

Smalian's formula cubic-foot volume; identified by
2 decimal places

Newton's formula cubic-foot volume; identified by
3 decimal places.

used in label C to calculate Int. 1/4" and Int. 1/8"
volumes

subroutine called by labels A,B,C, and D to store L,
L/16, and d,

*brackets indicate meaningful external accessibility

Use
 

in labels D and 9 to control the execution of label 9

in label C, flag is set to control the subroutine execution
of label 7 the first time through the loop

Program procedure and example

I. In program mode, key in the program



II. In RUN and USER mode, proceed as given below.
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the data for log 1 given in the following table.
The example will use

 

 

  

 

 

  

diameters length in

base mid upper scaling feet
log no, (Dy) (D.) (D,) (d,) (L) Volumes

1 16.6 15.4 14.5 14 16 100 (Doyle)
123 (Scribner)
136 (Int. 1/4")
150 (Int. 1/8")

20.7 (Huber)
21.20 (Smalian)
20.863 (Newton)

2 12.4 10.0 9.1 9 14 22,37,43,48
7.6,9.03,8.101

3 24.5 24.0 23.8 23 4 90,92,91,100
12.6,12.73,12.620

4 18 17.5 17 16 8.2 74,85,87,96
13.7,13.71,13.700

Example
Step Input Key Output Input Key Output

1. Initialize! . E 0. - E 0.

2. Bd. ft.calc.2/

a. d, tL A Doyle 14416 A 100.

b. dtL B Scribner 14416 B 123.

Cc. d, tL C Int. 1/4" 14416 C 136.

d. - R/S Int. 1/8" - R/S 150.

e. dtt D Doyle 14416 D 100.

- R/S Scribner - R/S 123.

- R/S Int. 1/4" - R/S 136.

- R/S Int. 1/8" - R/S 150.

this initialization step is necessary only at the start of the
first set of board-foot calculations or after any cu. ft.

calculations.
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Program procedure and example (continued)

2/he order or choice of steps 2a through 2e is immaterial
except that 2c must precede 2d.

Example

Step Input Key Output Input Key Output

Cu. ft. calc.

a. DAL GSB 1 Huber 15.4416 GSB 1 20.7

b. D,#D,tL GSB 2 Smalian 16.6414.5416 GSB 2 21.20

C. DDtO,tL GSB 3 Newton  16.6415.4+14.5416 GSB 3 20.863

3/The order or choice of steps 3a through 3c is immaterial.

Go to step 1 if board-foot volumes are needed for the next log, or
continue with step 3 for more cubic-foot volumes.



 

E. Program statements and code

Step Statement Code

1 [fLeL AY a2 21 1
2 GSB 9 32 9

3 RCL 2 45 2

4 4 4

5 - 30

6 g X? 43 11

7 RCL 1 45 1

8 X 20

9 g RTN 43 32

10 [f LBL B] 42 21 12

11 GSB 9 32 9

12 RCL 2 45 2

13 g Xx? 43 11

14 . 48

15 7 7

16 9 9

17 X 20

18 RCL 2 45 2

19 2 2

20 X 20

21 - 30

22 4 4

23 - 30

24 RCL 1 45 1

25 X 20

26 g RTN 43 32

27 [f LBL C] 42 21 13

28 GSB 9 32 9

29 g SF 1 43 4 1

30 (f LBL 8) 42 21 8
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Step Statement

31 RCL O

32 4

33 +

34 g INT

35 STO 4

36 g LST X

37 f FRAC

38 GSB 7

39 g CF 1

40 X

41 STO 3

42 RCL 4

43 g X=0

44 GTO O

45 (f LBL 6)

46 1

47 STO - 4

48 (f LBL 7)

49 RCL 4

50 2

51 +

52 RCL 2

53 +

54 STO 1

55 g X?

56 .

57 2

58 2

59 X

60 RCL 1

Code

45

43

44

43

42

44

45

43

22

30

45

45

44

43

45

0

4

10

44

4

36

44

7

1

20

S
S

o
S

H
H

W
w

5
=

S
—_

ND
00

—
—
O
N
O
N

DH
uN

PH
»
—

Oo
O

20

 

4/Brackets imply meaningful external accessibility,
parentheses indicate internal use.

Step Statement Code

61 43

62 7 7

63 1 1

64 X 20

65 - 30

66 g F? 1 43 6 1

67 g RTN 43 32

68 STO + 3 44 40 3

69 RCL 4 45 4

70* g X>0 (9 TEST) 43 20

71 GTO 6 22

72 (f LBL 0) 42 21

73 RCL 3 45

74 48

75 9 9

76 0 0

77 5 5

78 X 20

79 R/S 31

80 RCL 3 45 3

81 R/S 31

82 GTO D 22 14

83 (f LBL 9) 42 21 9

84 g F? 0 43 6 O

85 g RTN 43 32

86 STO 0 44 0

87 1 1

88 6

89 + 10

90 STO 1 44
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Step Statement Code

91 X2Y 34

92 STO 2 44 2

93 g RTN 43 32

94 [f LBL D] 42 21 14

95 g CFO 43 5

96 GSB 9 32

97 g SFO 43 4

98 GSB A 32 11

99 R/S 31

100 GSB B 32 12

101 R/S 31

102 GTO C 22 13

103 [f LBL E] 42 21 15

104 f FIX 0 42 7 0

105 g CFO 43 5 0

106 g CLX 43 35

107 g RTN 43 32

108 [f LBL 1] 42 21 1

109 f FIX 1 2 7 1

110* fn (gD) 42 16

111 X 20

112 5

113 7

114 6

115 + 10

116 X2Y 34

117 g Xx? 43 11

118 X 20

119 R/S 31

120 GTO 1 22 11
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Program statements and code (continued)

 

Step Statement

121 [f LBL 2]

122 f FIX 2

123* ff 1 (g 1)

124 X

125 1

126 1

127 5

128 2

129 +

130 X2Y

131 g X?

132 g R4

133 g X*

134 +

135 X

136 R/S

137 GTO 2

138 [f LBL 3]

139 f FIX 3

140 RY

141 g X?

142 Ry

143 g X?

144 X2Y

145 g X?

146 g R#+

147 +

148 X2Y

149

150

Code

42 21 2

42 7 2

42 16

20

34

43 11

43 33

43 11

40

20

31

22

42 21

42 7 3

33

43 11

33

43 11

34

43 11

43 33

40

34

4

20

Step Statement
 

151

152

153 *

154

155

156

157

158

159

160

161

*Indicates statements that must be changed for the HP-15C.

required change is shown in parentheses.

o
O

O0
1
B
W

X
X

H
h

Xx
X

+

R/S

GTO 3

I (gl)

g MEM leads to

P-00 r-5

Suggested or

statements will also change this is left for the 15C user to alter.

Although the "code" for these

Code

40

20

42 16

20

31

22 3
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F. Formulas used

I.

II.

Board foot volumes

In t

Cubi

In t

he following formulas,

V = bd, ft. volume of the log,

d = diameter inside bark at the small end,
Ugle., scaling diameter in inches,

L = Log length in feet

Doyle scale (in label A)

V = (d,-4)%(7%)

Scribner scale (in label B)

V = (.79d 2-2d -4) (<5)
: u u 16

International 1/4 inch scale (in label C)

V =.,905 (Int. 1/8" volume)

International 1/8 inch scale (in label C)

The Int. 1/8" volume was calculated using the algorithm
described in Forest Mensuration, 3rd. edition by Husch, Miller
 

and Beers. 1982. John Wiley & Sons, N.Y.

c foot volumes

he following formulas

V = cu. ft. volume

Dy = diameter in inches at log base

o
O I" diameter in inches at log mid-point
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Formulas used (continued)

O
O | diameter in inches at upper end of log

~
~ I log length in feet

a. Huber formula (in label 1)

(3)
V = =e (L)

b. Smalian formula (in label 2)

V = (578) (5) (D+ D2)

c. Newton formula (in label 3)

V = (57g) (g) (Dy? + 40.2 + D2)



Calculator:

Program Name:

Author:

Date:

Purpose:

A.

B.

HP-11C

=28= Program No. 11F003

Parabolic Least Squares

Thomas W. Beers

January, 1983

To calculate gross and corrected sums of squares and products

and the regression coefficients for the least squares fit to

model : Y = bg + bX; + bX, with the following optional

definition of the X's:

1.

2.

X: and X, are non-functionally related independent variables

Xo = X; 2

Storage assignments

Register 15C

o
°

—
O
O

WO
W

0
0

N
N

O0
0

O
r

H
H
W

N
N
—

(2)

(3)

(4)

(5)

(6)

(7)

(0)

(1)

Labels

Name
[E]*
[A]*

Use

n

ZX; then X; then b;

ZX12 then Ix;?

ZY then Ythen by,

ZY? then Ly?

zX1Y then Ixy

ZX, then X, then b,

£X,2 then Ix,?

ZX1X, then IXix:

X.Y then Ixy,y

X2 then Determinant, D = Ix12Ix22-(Ixix2)?

control number for automatic display (LBL D)

Use

program start; initializes calculator for new data

cumulative calculation of sums, and gross sums of squares
and products; A is pressed after each data set is keyed
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Labels (continued)

 

Name Use

[C]* after A, calculation of corrected sums of squares and
products and the regression coefficients

[D]* routine to automatically display contents of rgisters 0
through 10 (.0)

4 incrementing part of label D

5 misc. calculating routine used in label C

*brackets indicate meaningful external accessibility

Flags -- none used

Program procedure and example

I.

II.

In PRGM mode, Toad program.

In RUN mode, select option 1 or 2 and proceed.

Option 1 (X; and X, "unrelated") assumes:

USER mode

input format is: Y,ENTER,X;,ENTER,X, (Y + X; 4 X3)

sample data: Y Xi; Xz

2 3 5
5 6 12
9 8 15

Instructions Example

Step Input Key Output Input Key Output

a. Initialize. E zero E 0. 000000000

b. Data input Y;4X;14X2; A X2, 24345 A 25.00

YorXiotXoo A X32, 546412 A 144.00

YatX,34X3 A XZ, 948415 A 225.00

(repeat for all data triplets)

c. (optional) To display sums, gross sums of squares and
products use any of the following: Loc

(1) manual display: RCL 0 » n = 3.00 IXz2=32.00

RCL 1 > IX, = 17.00 Ix} = 394.00

RCL 2 + £X3 = 109.00 n= 3.00

RCL 3 > zY = 16.00 XX; = 17.00
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D. Program procedure and example (continued)

110.00

108.00

32.00

394.00

207.00

205.00

15.00

register number

register contents

 

replace program step 119 (h PSE) with an

X71

rY

ny?

rX1Y

display will be:

15C

semi-automatic display (having the display stop after

 

RCL 4 » xY?

RCL 5 -> IX;Y

RCL 6 » IX,

RCL 7 > IX3

RCL 8 ~» 2X1 Xo

RCL 9 -» X,Y

RCL .0 > Xap

(2) automatic display: press D and the

(pause)

(3)
each register rather than pause) can be achieved as
follows:

(a)
R/S statement (R/S)

(b) press D

(c) press R/S after each register display

Instructions

Input Key Output
d. Calculate. bo

by

ba

e. (optional)

Example

Input Key Output
C -3.40

Ry 3.80

RY -1.20

52=109.00
109.00

16.00

110.00

108.00

To display the regression coefficients and corrected
sums of squares and products proceed as in c above;
for example using automatic display:

o
Opress D and read:

O
O

WO
W

0
0

N
N

O
O

O
F

B
H
W

D
D
—

.
.

.
.

.
.

.
.

.

e
e
d

pause)

pause

pause

pause

pause

pause

pause

pause

pause

(

(

(

(

(
(pause

(

(

(

(

( N
r
?
N
e

N
m
”
N
e

N
a
?
n
n

n
n

S
a

N
a

N
u

pause

3.00

3.80

12.67

-3.40

24.67

17.33

-1.20

52.67

25.67

34.33

8.33

n

b,
nX2%

bo

ny?

LX1Y

b,

X32

TX1X2

LX2Y

15C

.20 = bo»

.67 = Yx3

.00 = n

.80 = b,

2
.67 = LX]

.40 = by

.67 = ry?

.33 = LX1Y

Determinant, D
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Program procedure and example (continued)

2. Option 2 (X, = X23)

USER mode

input format is:

assumes:

Y,ENTER,X; ,ENTER,ENTER,X (Y + X; + 4 times key)

  

sample data: Y Xj

2 3
5 6
9 8

Instructions Example

Step Input Key Output Input Key Output

a. Initialize E E 0.000000000

b. Data input  Y;4X;; MX, A X53, 2434+ X, A 81.00

YotXiott  X, A X35, 54644  X, A 1296.00

YatXist XX, A X3, 9484+  X, A 4096.00

c. (optional) To display sums, gross sums of squares and products
use any of the three options cited in lc.

d. Calculate

e. (optional)

Input Key Output
C bo
RY b,
RY b,

Input Key Output

C 2.60

RY -0.80

RY 0.20

To display regression coefficients and corrected

sums of squares and products proceed as in Ic.

press D and read: 0.

1.

2.

3.

4,

5.

6

7

8

9

0

3.00

-0.80

12.67

2.60

24.67

17.33

0.20

1512.67

137.33

192.67

300.00

15C

n 0.20 = bo»

b, 1512.67 = Ix}

Tx3 3.00 =n

b, -0.80 = b;

sy? 12.67 = Ixi

TX1Y 2.60 = by

b, 24.67 = Ly?

TX3 17.33 = Ixy

TX1X2

LX2Y

Determinant
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E. Program statements and code

Step Statement Code Step

1 fwLA2am 31
2 f FIX 2 42 7 2 32*

3 STO .0 44 .0 33*

4 Ry 33 34

5 (f LBL 2) 42 21 2 35%

6 r+ 49 36

7 g LST X 43 36 37%

8 RCL .0 45 .0 38*

9 X 20 39

10 STO + 8 44 40 8 40

11 X2Y 34 41

12 RCL .0 45 42*

13* STO + 6 (0) 44 40 43*

14 X 20 44

15 STO + 9 44 40 9 45

16 RCL .0 45 .0 46*

17 g Xx? 43 11 47*

18% STO + 7 (1) 44 40 7 48

19 g RTN 43 32 49

20 [f LBL C] 42 21 13 50*

21* RCL 4 (6) 45 4 51

22* RCL 3 (5) 45 3 52

23 ENTER 4 36 53

24 GSB 5 32 5 54*

25* STO 4 (e) 44 4 55%

26* RCL 2 (4) 45 2 56

27* RCL 1 (3) 45 1 57

28 ENTER 4 36 58

29 GSB 5 32 59

30 STO 2 (4) 44 60

Statement Code Step Statement Code

RCL 5 (7) 45 5 61 X 20

RCL 1 (3) 45 1 62 CHS 16

RCL 3 (5) 45 3 63* RCL 5 (7) 45 5

GSB 5 32 5 64* RCL 7 (1) a5 7

STO 5 (7) 44 5 65 X 20

RCL 8 45 8 66 + 40

RCL 1 (3) 45 1 67 RCL . 45 .0

RCL 6 (0) 45 6 63 : 10

GSB 5 32 5 69 RCL 8 45

STO 8 44 8 70* RCL 5 (7) 45

RCL 9 45 9 71 X 20

RCL 3 (5) 45 3 72 CHS 16

RCL 6 (0) 45 6 73 RCL 9 45 9

GSB 5 32 5 74* RCL 2 (4) 45 2

STO 9 4 9 75 X 20

RCL 7 (1) 45 7 76 + 40

RCL 6 (0) 45 6 77 RCL . 45 .0

ENTER + 36 78 10

GSB 5 32 5 79* RCL 0 (2) 45 0

STO 7 (1) a4 7 80* STO + 3 (5) 44 10 3

RCL 8 45 8 81* STO = 1 (3) 44 10 1

g X? 43 11 82* STO + 6 (0) 44 10 6

CHS 16 83 Ry 33

RCL 2 (4) 45 2 84* RCL 6 (0) 45 6

RCL 7 (1) 45 7 85 XY 34

X 20 86* STO 6 (0) 44 6

+ 40 87 X 20

STC .0 44 .0 88 CHS 16

RCL 8 45 8 89 XzY 34

RCL 9 45 90* RCL 1 (3) 45 1

Vg rackets imply meaningful external accessibility, parentheses indicate

internal use.
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E. Program statements and code (continued)

Step Statement Code Step Statement Code
   

91 X2Y 34 121 GTO 4 22 4

92* STO 1 (3) 44 1 122 g RTN 43 32

93 X 20 123 [f LBL E] 42 21 15

94 CHS 16 124 f CLEAR REG 42 34

95 + 40 125 0 0

96 * STO + 3 (5) 44 40 3 126 f FIX 9 42 7 9

97* RCL 6 (0) 45

98* RCL 1 (3) 45 1

99* RCL 3 (5) 45 3

100 g RTN 43 32 NOTE: Program memory is completely
full, since data registers

101 (f LBL 5) 4221 5 are Ro, through R., and
102 X 20 g MEM leads to

103* RCL 0 (2) 45 0 P-00 r-.0
104 + 10

105 - 30

106 g RTN 43 32

107 [f LBL D] 42 21 14

108 . 48

109 0 0

110 1 1

111 STO 1 44 25

112 (f LBL 4) 42 21 4

113 RCL I 45 25

114 g INT 43 44

115 f FIX 0 42 7 0

116 f PSE 42 31

117 RCL (1) 45 24

118 f FIX 2 42 7 2

119 f PSE 42 31

120* f ISG (£ISGI) 42 6

*Indicates statements that must be changed for the HP-15C. Suggested or

required change is shown in parentheses. Although the "code" for these

statements will also change this is left for the 15C user to alter.
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F. Formulas used:

I. Corrected sums of squares and products (designated by Tower case
letters)were calculated by:

 

2

Ix? = IX? - (2X) , similarly for Ly?

Xy = IXY (2X) (zY , similarly for Ix;x,

II. The least squares normal equations were assumed in "deviations
from the mean" form, that is:

b, TX? + b, LX1Xo = IXY

b, LX1Xo + b, TXp2 = LX2Y

The regression coefficients, b; and b,, were found using Cramer's
Rule making use of a ratio of two determinants, thus:

IX1Y IX22 = IXoY IXiXo

by = [Ex1? Zx22 = (Ix1x2)%] =D

b, = IX12  IXoY = IX1X2 IX1Y
2" D

then the Y-intercept, by, was found by:

b, =Y = bX; - b,X»
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Calculator: HP-11C

Program Name: ABCD--Azimuth or Bearing Correction for Declination

Author: Thomas W. Beers

Date: 1983

Purpose: To achieve the conversion of angles measured from the true north
meridian to angles measured from magnetic north and vice versa.
Angles can be expressed as bearings (e.g., S 25 E) or in azimuth
units from north (e.g., 125 azimuth degrees) and can be in the
degrees, minutes, seconds (dms) format (dd.mmss) or the decimal
degrees (decimal) format (dd.dddddd).

A. Storage assignments

 

Register Use

0 angle of declination: + meaning East and - meaning West

1 the quadrant in which a bearing lies: 1 = NE, 2 = SE,
3 =SW, 4 = NW

2 used variously to store the angle to be converted, an
intermediate answer, or the final converted answer

3 the constant, -1, used in various formula solutions

B. Labels

Because of the complex logic of the problem, a number of label
"names" are used more than once. To make the name unique in the following
list, the program step where the label occurs is also given when such
duplication exists.

  

Name Use

[D]* program start; generates and stores the -1 constant and
stores the keyed-in declination angle (+ = E, - = W)
after first converting the angle to decimal format if
necessary

[A] converts a keyed-in azimuth from magnetic to true (if flag 0
is clear) or from true to magnetic (if flag 0 is set)

[B] separates and stores the quadrant number (Q) and the bearing
(dd.mmss or dd.dd...), assuming the input angle format was
Qdd.mmss (F1 clear) or Qdd.dd... (F1 set)
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Labels (continued)

Name

[9]

 

[6]

[5]

[8]

[E]

2(step
3(step

4(step

O(step

2(step

1(step

O(step
7(step

3(step

27)
30)

32)

105)

117)
122)

127)

Use
 

stores 1 for quadrant number (NE) and stores keyed-in
bearing; leads to answer

stores 2 for quadrant number (SE) and stores keyed-in
bearing; leads to answer

stores 3 for quadrant number (SW) and stores keyed-in
bearing; leads to answer

stores 4 for quadrant number (NW) and stores keyed-in
bearing; leads to answer

NOTE: if labels 9, 6, 5, or 8 are used, the bearing
input format does not require Q as is needed
if label B is used, therefore the format is
either dd.mmss or dd.dd..., as appropriate; the
output (the answer), however, is in the "Q and
angle" format.

clears flags 0 and 1 and as an indicator, changes the decimal
fix to 2

*brackets indicate meaningful external accessibility

used in label A to achieve the desired true to magnetic
or magnetic to true conversion for azimuths

generates a minus sign to indicate that the output is an
azimuth, and converts answer to dd.mmss format if necessary
 

(F1 clear)

subroutine used to convert angles to decimal format and to
change the display "fix" appropriately
(FIX 4 = dd.mmss format) (FIX 6 = dd.dd... format)

primary routine in the conversion of bearings from magnetic
to true and vice versa and to direct control to appropriate
output label:

3(step 127) if "answer" <0
4(step 154) if "answer" > 90
1(step 105) if 0< "answer" <90

assembles the output bearing into the format Qdd.mmss or
Qdd.dddddd as appropriate

called in label 2(step 86) to adjust the exponent in the
conversion formula

calculates bearing and quadrant number if bearing "answer" <0
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B. Labels (continued)

Name Use 
 

5(step 146) used by label 3(step 127) to complete the calculations
6(step 150)

(step 154) calculates bearing and quadrant number if bearing
"answer" >90

 

C. Flags

Number Use

0 set or cleared externally to indicate the desired direction
of conversion:

FO clear indicates magnetic to true
FO set indicates true to magnetic

1 set or cleared externally to indicate the desired input and
output format:

F1 clear indicates dd.mmss or Qdd.mmss and
achieves a pause to observe keyed input

F1 set indicates dd.dd... or Qdd.dd...; note
that as an indicator, input is not
displayed prior to the answer

 

D. Program procedure and examples.

I. In program mode, key in the program.

II. Proceed according to the following steps.

1.a. Ensure that USER mode is activated, and set or clear flags 0 or
1 as needed; the direction of conversion and input-output format
is achieved as follows:

 

 

 

Flag 1

Clear Set

Clear mag. to true, mag. to true,
dms format decimal format

Flag 0
Set true to mag., true to mag.,

dms format decimal format
 

b. Pressing E will clear both flags and indicate such by a FIX 2
display.
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Program procedure and examples (continued)

2.4.

A.

Key the declination, using the convention of positive number for
East and negative for West declination; use the prevailing input
format.

. Press D and observe the keyed-in value (if F1 is clear) and then
the equivalent angle in decimal format.

If the angle to be converted is a bearing proceed as in either

option a, or bs; if an azimuth go to step 4.

. Key the bearing in as a number composed of the quadrant followed
by the bearing itself; for example, if in dms format

for N 45° 30' 15" E, key 145.3015
for S 4° 10' 00" W, key 304.1

Then, press B and observe the input (if F1 is clear) then the
answer in the same Q and angle format:

243.3030 means S 43° 30' 30" E
403.1830 means N 3° 18' 30" W

. Alternatively, key the bearing directly, then indicate the quadrant
by pressing GSB followed by one of the numbers 9, 6, 5, or 8,
indicating quadrants 1, 2, 3, and 4, respectively.

8=NW 9=NE
(visualize these keys as on the keyboard).

5=SW 6=SE

Then observe the input as it was keyed (if F1 is clear), then the

answer in the Q and angle format described in 3a.

If the angle is an azimuth, key the number and press A, observe
the keyed number (if F1 is clear) then the answer as an azimuth
with a minus sign preceding it; the only purpose for the minus is
to indicate the answer is an azimuth.

If declination remains the same, repeat steps 3 or 4 for the next
angle, otherwise go to step 2.

To change the direction of conversion or the input-output format
alter the flags as described in step 1.

Examples (assume USER mode)

Declination = 2° 30' E; convert the following magnetic bearing to
true bearings (CF 0), using Qdd.mmss input format (CF 1 and use key B):

S 58° 40' E =? (ANS. = S 56° 10' E)
N 1° 35' 30" W=172 (ANS. = N 0° 54' 30" E)
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D. Program procedure and examples (continued)

Step Input Keys Output Comment

1. - E X. XX clear FO and FI

2. 2.3 D 2.3000 input check
then 2.500000 D in dec. format

3a. 258.4 B 258.4000 input check
then 256.1000 answer =

S 56° 10' E

401.353 B 401.3530 input check
then 100.5430 answer =

N 0° 54' 30" E

B. Declination = 2° 30' E; convert the following true bearings to magnetic
bearings (SF 0) using the dms format (CF 1) and the GSB 9, 6, 5, 8
procedure to indicate quadrant number:

S 56° 10" E =? (S 58° 40' E)
N 0° 54' 30" E =? (N 1° 35" 30" W)

Step Input Keys Output Comment

1. - gSFO - set flag 0
g CF 1 - clear flag 1

2. 2.3 D 2.3000 input check
then 2.500000 D in dec. format

3b. 56.1 GSB 6 56.1000 input check
then 258.4000 answer =

S 58° 40' E

.543 GSB 9 0.5430 input check
then 407.3530 answer =

N 1° 35' 30" W

C. Declination = 8.25° W; noting that the decimal format is assumed (SF 1),
convert the following magnetic bearings to true bearings (CF 0). Use
B key and Qdd.dddddd input format for the first angle and the GSB 9, 6, 5, 8
approach for the second one. Furthermore convert the answer to dms format.

S1.5°E=7 (S9.75° E =S 9° 45' E)
N2.123° E=? (N6.127° W = N 6° 7' 37.2" W)

Step Input Keys Output Comment

1. - g CFO - clear flag 0
g SF 1 - set flag 1
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Step Input Keys

2. 8.25 CHS, D

3a. 201.5 B
- f > HMS

3b. 2.123 GSB 9
- f > HMS

Program procedure and examples (continued)

Output

-8.250000

209.750000
209.450000

406.127000
406.073720

n
n

Comment

S 9.75° E
S 9° 45" E

N 6.127° W
N 6° 7' 37.2" W

Declination = 18° 50' 30" W; convert the following magnetic azimuths
to true azimuths (CF 0), assuming dms format (CF 1).
convert the answers to decimal format.

12° 30' = 7
285° 25" 15" = 7

Step Input Keys

1. - E

2. 18.503 CHS, D
then

4, 12.3 A
then

- gH

285.2515 A
then

- gH

Output

X.XX

-18.5030

Furthermore,

(353° 39' 30" = 353.6583°)
(266° 34' 45" = 266.5792°)

Comment

clear FO and F1

input check
-18.841667 D in dec. format

12.3000
-353.3930
-353.6583

285.2515
-266.3445
-266.5792

n
o
n

input check
353° 39' 30"
353.6583°

input check
266° 34' 45"
266.5792°

A survey composed of magnetic bearings made in 1812 when the declination
was 10° 30' W is to be re-run in 1983 when the declination is determined
to be 11° 45' 15" W. Given below are the first two bearings; calculate
the true bearings (CF 0), then the 1983 magnetic bearings (SF 0), assuming
dms format (CF 1).

1912
magnetic bearing
 

N 8° 15' 30" E

true bearing

? (N 2°14" 30" W)
S 85° 26" 15" E ? (N 84° 3' 45" E)

1983
magnetic bearing 

? (N 9° 30' 45" E)
? (S 84° 11' E)
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Program procedure and examples (continued)

Step

1.

2.

3b.

3b.

Input Keys Output Comment

- E X. XX clear FO and Fl

10.3 CHS, D -10.3000 input check
-10.500000 D in dec. format

8.153 GSB 9 8.1530 input check
then 402.1430 = N 2° 14' 30" W

85.2615 GSB 6 85.2615 input check
then 184.0345 = N 84° 3' 45" E

- g SF O - SF 0 for true
to magnetic
conversion

11.4515 CHS, D -11.4515 input check
then -11.754167 D in dec. format

2.143 GSB 8 2.1430 input check
then 109.3045 = N 9° 30' 45" E

84.0345 GSB 9 84.0345 input check
then 284.1100 = S 84° 11' E
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   Step Statement Code Step Statement Code

01 [f LBL 0] 42 21 14 31 + 40
02 ] 1 32 (f LBL 4) 42 21 4

03 CHS 16 33 CHS 16

04 STO 3 44 3 34 g F? 1 43 6 1

05 RY 33 35 g RTN 43 32

06 GSB 0 32 36 f FIX 4 42 7 4

07 STO 0 44 37 f —HMS 42 2

08 g RTN 43 32 38 g RTN 43 32

09 [f LBL A] 42 21 11 39 [f LBL B] 42 21 12

10 GSB 0 32 0 40 GSB 0 32 0

11 STO 2 44 2 41 EEX 26

12 RCL 0 45 0 42 2 2

13 STO + 2 44 40 2 43 + 10

14 gF?0 43 6 0 44 g INT 43 44

15 STO - 2 44 30 2 45 STO 1 44 1

16 gF? 0 43 6 0 46 g LST X 43 36

17 STO - 2 44 30 2 47 f FRAC 42 44

18 3 3 48 EEX 26

19 6 6 49 2 2

20 0 0 50 X 20

21 RCL 2 45 2 51 STO 2 44 2

22% f X>Y (g TEST7) 42 20 Yi GTO 2 22 2

23 GTO 2 22 2 53 [f LBL 9] 42 21 9

24* g X<0(g TEST 2) 43 10 54 GSB 0 32 0

25 GTO 3 22 3 55 STO 2 44 2

26 GTO 4 22 56 1 1

27 (f LBL 2) 42 21 57 STO 1 44 1

28 - 30 58 GTO 2 22 2

29 GTO 4 22 4 59 [f LBL 6] 42 21 6

30 (f LBL 3) 42 21 60 GSB 0 32 0

  Step Statement Code

61 STO 2 44 2?

62 2 2

63 STO 1 44 1

64 GTO 2 22 2

65 [f LBL 5] 42 21 5

66 GSB 0 32 0

67 STO 2 44 2

68 3 3

69 STO 1 44 1

70 GTO 2 22 2

71 [f LBL 8] 42 21 8

72 GSB 0 32 0

73 STO 2 44 2

74 4 4

75 STO 1 44 1

76 GTO 2 22 2

77 (f LBL 0) 42 21 0

78 f FIX 6 42 7 6

79 g F? 1 43 6 1

80 g RTN 43 32

81 f FIX 4 42 7 4

82 f PSE 42 31

83 g ~H 43 2

84 f FIX 6 42 7 6

85 g RTN 43 32

86 (f LBL 2) 42 21 2

87 RCL 2 45 2

88 RCL O 45 0

89 RCL 3 45 3

90 gF?o0 43 6 0

Ygrackets imply meaningful external accessibility,

parentheses indicate internal use.
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Program statements and code (continued)

 
 

E.

Step Statement Code

91 GSB 0 32 0

92 RCL 1 45 1

93  v* 14
94 X 20

95 - 30

96 STO 2 44 2

97 g F? 0 43 6 0

98 GSB 7 32 7

99 * g X<0(gTEST 2) 43 10

100 GTO 3 22 3

101 9 9

102 0 0

103 * ff X<Y (g X<¥) 42 10

104 GTO 4 22 4

105 (f LBL 1) 42 21 1

106 RCL 1 45 1

107 EEX 26

108 2 2

109 X 20

110 RCL 2 45 2

111 + 40

112 g F? 1 43 6 1

113 g RTN 43 32

114 f FIX 4 42 7 4

115 f —»HMS 42 2

116 g RTN 43 32

117 (f LBL O) 4221 ©

118 1 1

119 STO + 1 44 40 1

120 Ry 33

Step Statement Code

121 g RTN 43 32

122 (fF LBL 7) 4221 7

123 1 1

124 STO - 1 44 30 1

125 RY 33

126 g RTN 43 32

127 (f LBL 3) 42 21 3

128 g ABS 43 16

129 STO 2 44 2?

130 RCL 1 45 1

131 2 2

132* f X=Y (g TEST 5) 42 40

133 GTO 5 22 5

134 RY 33

135 3 3

136 RCL 1 45 1

137* f X=Y (g TEST 5) 42 40

138 GTO 6 22

139 RCL 3 45

140 X2Y 34

141 ¥~ 14
142 X 20

143 - 30

144 STO 1 44 1

145 GTO 1 22 1

146 (f LBL 5) 42 21 5

147 3 3

148 STO 1 44 1

149 GTO 1 22 1

150 (f LBL 6) 42 21 6

* Indicates statements that must be changed for the HP-15C.
change is shown in parentheses.
also change this is left for the 15C user to alter.

Code Step Statement

151 2

152 STO 1

153 GTO 1

154 (f LBL 4)

155 2

156 X

157 RCL 2

158 -

159 STO 2

160 RCL 1

161 RCL 3

162 RCL 1

163 ¥*
164 -

165 STO 1

166 GTO 1

167 [f LBL E]

168 g CFO

169 g CF 1

170 f FIX 2

P- 05

g MEM leads to

r - 3

42

42

43

43

42

Suggested or required
Although the "code" for these statements will

44

22

45

44

45

45

45

44

22

21

~
N

O
r

O
n

n
N
B
=
—

20

30

30

No
—-
O
l

—
—
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F. Background and formulas used.

I. Background.

In the author's experience (admittedly limited), instructions
for the conversion of magnetic to true or true to magnetic bearings
frequently degenerate to "use logic" and/or "draw yourself a picture”.
If one does not make such conversions very often, logic becomes fuzzy
and what picture to draw is not confidently apparent. In this approach
it is imperative that one recall exactly what "magnetic bearing", "true
bearing", and "declination" mean-- the following statements, extracted
from Beers and Miller (1973), may help:

"The direction of a line is generally indicated by the
angle between the line and some line of reference. The line of
reference is generally a true meridian or a magnetic meridian.

The axis on which the earth rotates is an imaginary line
cutting the earth's surface at two points: the north geographic
pole and the south geograpic pole. The true meridian at any
place is the great circle drawn on the earth's surface passing
through both poles and the place.

 

If a magnetized steel bar such as a compass needle is allowed
to rotate on a pivot, the bar will take very nearly the same direc-
tion at any given place. The direction of the line so indicated
is the magnetic meridian at the place. The magnetic meridian has
the general direction of the true meridian, but varies from the
true meridian by different angles at different locations.

 

Except in a few places, the magnetic meridian through a point
on the earth's surface does not coincide with the true meridian
at the point. In other words, the compass needle does not point
toward the geographic poles of the earth.

The magnetic declination, D, is the angle between the true
meridian and the magnetic meridian, and is considered east if
magnetic north is east of true north, and west if magnetic north
is west of true north. When it is desired to attach a sign to
declination, east declination is considered positive, and west
negative."

 

By combining the above concepts and using azimuth (from North) one
can define the true and magnetic directions of a line as the angle
measured clockwise from true or magnetic North, respectively, to the
line in question. Furthermore, magnetic declination is the angle be-
tween true and magnetic north as shown in the sketch below, where the
magnetic compass points are shown in lower case letters:

 

Non
207 Line

A 0r~ Declination = 20° E (=+20)

Wo IN Direction of line:

W ~~ F magnetic azimuth = 29°
EE true azimuth = 49°

/ Se
/

/  



F.

-43-

Background and formulas used (continued).

When one needs ta convert magnetic to true or true to magnetic
directions (using azimuths) the following procedure can be deduced
from the above picture:

true
and magnetic

magnetic + declination (
true - declinationi

n
n

~
~

N
Y
=

N
a
r
”
a

where "declination" is + if East and - if West.

However, when one expresses the direction of a line as a bearing (i.e.,
the angle is measured clockwise or counterclockwise from North or South,
as needed, to maintain the angle less than 90°) the conversion process
becomes more difficult to visualize. The nearest to a definitive proce-
Tote) nat I have found proceeds as follows (Society of American Foresters,
1955):

"A rule of thumb for the conversion of magnetic to true
bearings is suggested. To obtain true bearings, if the declina-
tion is east, add declination to compass reading in the NE and
SW quadrants and subtract declination from compass reading in
the SE and NW quadrants.

If the declination is west, subtract declination from compass
reading in the NE and SW quadrants and add declination to compass
reading in the SE and NW quadrants. To obtain magnetic bearings
from true bearings reverse the above procedure."

Implicit in this "rule of thumb" is the fact that declination is always
a positive number (whether E or W) and one must first specify the
quadrant before conversion can take place. When to add and when to
subtract the declination can be indicated by memorization of , or ref-
erence to, the following "crutch":

Magnetic to True

 
 

West Declination East Declination

+ - - +

- + + -

True to Magnetic

reverse the signs above
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F. Background and formulas used (continued).

Since this type of solution does not lend itself to efficient pro-
gramming procedures, an algorithm was developed to achieve bearing
conversions assuming the declination (D) is specified as + for East
and - for West, and the quadrant number (Q) is specified (NE=1, SE=2,
SW=3, NW=4) for the bearing to be converted from magnetic (M) to true
(T) or vice versa:

Q+1
magnetic to true: T=M+ (-1)(D) (3)

Q
true to magnetic: M=T + (-1)(D) (4)

or, alternatively, Q
T=M- (-1)(D) (5)

Qt]
M=T- (-1)(D) (6)

Just a little thought regarding the algorithm (3) and (4) or (5) and
(6) will reveal that the "answer" (i.e., the after-conversion bearing
may change quadrants and the answer may be greater than 90° or less than
0°, both of which can lead to unsatisfactory bearing representations.
Therefore, additional relationships are needed to indicate the final after
adjustment quadrant (Q,) and bearing (By).

Let's assume that the "answer" from equations (3) and (4) or (5)
and (6) is designated by 8 and the input quadrant as (Qp); then three
cases need addressed:

1. 0<B<90 leads to Bz = 8 (7)

and Q, = Q (8)

i.e., the bearing has not changed quadrants as a result of the
conversion.

2. B>90 (i.e., the bearing has "crossed" the East-West line)
leads to

By 180 - ¢ (9)

and Q, Q, + (-1)dt] (10)

or Qy=Q - (-1)%
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F. Background and formulas used (continued).

3.

ings?

B<0 (i.e., the bearing has crossed the North-South line)
leads to

and

Ba = |B]

if Q = 1, Q = 4,

if Qp = 4, Q, = 1

or Q, = Q, - 3(-1)%

otherwise

Q, = 0+ (-1)

The reader who has not yet tired of this discussion, and who has
retained a perspective on the whole conversion process might wonder:
converting bearings seems too complicated, so why not convert azimuths
(by the simple equations (1) and (2)) then change the azimuths to bear-

The fact is that this approach is feasible and may or may not
be the desired programming approach-- the ultimate decision depends on
the scope of the program and the configuration of the calculator (ar
computer) to be used. The necessary algorithm(s) for this approach are
described below, assuming one inputs quadrant number and bearing and
desires the same format in the output (the converted bearing):

1. Change the input bearing (B) to an azimuth (A) by:

= formulas 1s

) A=0B
) A= 180 - 8B
) A=180 + B
) A= 360 -B

Convert from true to magnetic or vice versa using equations
(1) or (2).

Change the converted azimuth (A) back to a bearing (B) by:

 

if azimuth (A) is bearing (B) is and Q is

A<O B = |A| 4 (NW)
0<A<90 B =A 1 (NE)

90<A<180 B=180 - A 2 (SE)

180<A<270 B=A-180 3 (SW)
270<A<360 B = 360 - A 4 (NW)

1>360 B=A- 360 1 (NE)

A
N
N
A
N

M
N
)
o
d

e
d
e
d

O
W
o
o

N
N
N
~
~
~

P
P
O

P
N
D
N
D

O
D
O
T
W
N
—

~
—
r
n
a
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Background and formulas used (continued).

II. Formulas used, and logic flow:

1. In label A-- assuming azimuth input and output:

a. equations (1) and (2) were used to convert magnetic to true
(FO clear) or true to magnetic (FO set):

output = input + D, if FO clear
output = input - D, if FO set

b. then:

if output > 360; answer = 360 - output
if output <0 3 answer = 360 + output

otherwise; answer = output

2. In label B-- assuming quadrant and bearing input and output:

a. the "packed" input was first separated and stored as quadrant
number and bearing.

b. equations (5) and (6) were then used to convert from magnetic
to true (FO clear) or true to magnetic (FO set) bearings.

c. then:

if output < 0, equation (12), equation (15) and a modi-
fication of equation (16) were used to calculate
converted bearings and quadrants;

if output >90, equations (9) and (11) were used;
otherwise, equations (7) and (8) apply.

d. the final converted bearings and quadrants were then assembled
and packed into the Q and angle format for display.

3. In externally accessible labels 9, 6, 5, and 8, the key depressed
after GSB determines the input quadrant, enabling the bearing to
be keyed as a bearing, not in packed format. Since the unpacking
is not necessary, logic proceeds as in label B (above) with the
unpacking step omitted.

Literature cited.

Beers, T.W. and C.I, Miller. 1973. Manual of Forest Mensuration. T&C Enter-
prises, P.0. Box 2196 West Lafayette, IN 47906.

Society of American Foresters. 1955. Forestry Handbook. Ronald Press,
New York, NY.
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Program No. 11F005

HP-11C

SIMSTRAT -- Simple and Stratified Random Sampling

Thomas W. Beers

January 1984

To summarize data from either a simple or stratified sample,

obtaining within stratum and overall estimates of the mean,

standard error, and optionally, arbitrary confidence intervals.

Storage assignments

Register 15C

I

0-5

Labels

Name

[A]*

(2-7)

(0)

(1) Xs sample mean, stratum h then X,

Use

Student's t used for confidence interval calculations
(user input, but default value = 2.00)

Statistical: n, ZX, etc.

Ny,» population size, stratum h

£2 overall sample mean

for stratified sample.

IN

h
SY then SY , overall standard error; both corrected

h st

for finite population if appropriate.

INZsZ used in overall standard error calculation.
X
h

Use
 

program start and initialization, clears all registers and

display to zero
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B. Labels (continued)

Name

[8]

[1]

[2]

[5]

Use
 

after each stratum is summarized, calculates and displays
stratum mean and standard error and accumulates necessary
sums

internal use when population is finite

calculates and displays overall mean and standard error
for the stratified sample

calculates and displays limits of confidence interval
estimate using stored Student's t or 2.00 if no other number
is stored in I

loop to summarize basic data

calculates and displays s_ for each stratum and performs

calculations for overall sX for the stratified sample
X

calculates and displays s_ (%) for individual strata
X

*brackets indicate meaningful external accessability.

C. Flags

Number Use

if clear, a finite population correction is applied; if set,
a finite population correction is not applied

D. Program procedure and example

I. In PRGM mode, load program

II. In RUN mode, proceed as given below; assume the following stratified
sample chosen from a finite population of size 100.

 

 

Stratum

1 2 3 Total

Data: 3,0,2 12,8,15,13 18,22

Ng 30 50 20 100

Xp 1.7 12.0 20.0 10.5 = Xt

Sh 1.53 2.94 2.83

S_ 0.84 1.41 1.90 0.84 = s__
X

Xst
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Program procedure and example (continued)

1. Stratified Sampling assuming a finite population correction --

proceed as follows: (assume FIX 2 initially)

Example

Input Key Output Input Key Output

a. - g CFO - - g CFO -

b. - A 0.00 - A 0.00
X11 R/S 1.00 3 R/S 1.00
X21 R/S 2.00 0 R/S 2.00

(Repeat for all data 2 R/S 3.00
in stratum 1)

c. N; B X: (pause) 30 B 1.7 (pause)

°X, 0.84

d. (optional) calculate the confidence interval estimate for mean of the
stratum, by GSB 2; if a value of t other than 2.00 is used (say4.303)
following step is needed:

t STO I t 4.303 STO I 4.30

We'll here assume the default value of t, therefore simply press
GSB 2:

Example

Input Key Output Input Key Output

- GSB 2 lower (pause) - GSB 2 -0.007 (pause)
upper limit 3.340

e. After steps b and c¢ (and optionally, d) depress R/S (Not A!) and
repeat data entry part of b and repeat step c for all strata:

Using the sample data:

Input Key Output

- R/S 0.000
12 R/S 1.000
8 R/S 2.000

stratum 2 data 15 R/S 3.000

13 R/S 4.000

50 B 12.0 (X32)
1.41 (sv )

X2
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D. Program procedure and example (continued)

Input Key Output

f. - R/S 0.00
18 R/S 1.00Stratum 3 data 27 R/S 2.00
20 B 20.0 (Xs)

1.90 (sy)

g. Press GSB 1 to obtain overall estimates of mean and standard error,
R/S to obtain std. error as a %, then GSB 2 for confidence interval
estimates for the stratified sample:

Example

Input Key Output Input Key Output

- GSB 1 X4 (pause) - GSB 1 10.5 (pause)

S— 0.84
Xst

- R/S SY (%) - R/S 8.0 (%)
st

- GSB 2 upper (pause) - GSB 2 8.820%

lower limit 12.180*

*These are .95 confidence limits, since the default
value of t (= 2.00) is used. For .99 confidence
limits, store 2.6 in register I prior to pressing
GSB 2.

2. Stratified sampling assuming no finite population correction is applied--
set flag 0 and proceed as in step 1.

3. Simple random sampling-- proceed as in step 1 or 2 as appropriate, and
assume only one stratum. But, note the following:

a. GSB 1 is no longer appropriate, but sy (%) can be calculated and

displayed by GSB 5.

b. If no f.p.c. is to be used (i.e., Flag 0 set) keying in population
size, N, (step 1c) is meaningless, therefore simply press B after
all the X values have been processed.
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Program procedure and example (continued)

C. GSB 2 can be used to calculate confidence intervals.

Using stratum 2 as an example: (in FIX 2)

With Flag 0 clear: Input

12
8

15
13

50

3.182

or with Flag 0 set:

12

15
13

3.182

Example

Key
A

R/S
R/S
R/S
R/S

B

GSB 5

STO I
GSB 2

R/S
R/S
R/S
R/S

GSB 5

STO I
GSB 2

11.

— .

12,

3.

H
P
W
O
N
—
O

N
N
W

P
L
N

—
=
O



 

Program statements and code

Code

42

42

44

42

44

43

42

22

45

45

E.

Step Statement

01  [f LBL ALY 42 2
02 f CLEAR REG

03 2

04 STO I

05 g CLX

06 (f LBL 3)

07 R/S

08 r+

09 GTO 3

10 [f LBL B]

11* STO 6 (0)

12 STO + 9

13 f FIX 1

14 g X

15 f PSE

16* STO 7 (1)

17* RCL 6 (0)

18 X

19 STO + 8

20 gs

21 STO .0

22 g X?

23* RCL 0 (2)

24 T

25 gF? 0

26 GTO O

27* RCL 6 (0)

28* RCL 0 (2)

29 -

30 RCL 6 (0) 45

11

34

2

25

35

3

31

49
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 Step Statement

31 +

32 (f LBL 4)

33 X

38 JX

35 f FIX 2

36 STO .1

37 g X?

38 RCL 6 (0)

39 g X?

40 X

41 RCL .2

42 +

43 STO .2

44 f CLEAR Z

45 RCL .1

46 R/S

47 g CLX

48 GTO 3

49 (f LBL 0)

50 1

51 GTO 4

52 [f LBL 1]

53 2

54 STO I

55 RCL 8

56 RCL 9

57 :

58 f FIX 1

59* STO 7 (1)

60 f PSE

Code

42

42

42

42

42

21

7

44

43

45

43

45

44

42

45

44

45

45

44

42

VBrackets and parentheses are not programmable; they
are used to indicate externally meaningful or internal
use labels, respectively.

*Indicates statements that must be changed for the HP-15C.
Although the "code" for these statements willchange is shown in parentheses.

also change this is left for the 15C user to alter.

10
4

20
11
2
5
1
6
1
20
2
40
2
32
1
31
35

n
N
—

p
p

—
-

O
O

W
w

25

31

 Step Statement

61 RCL .2

62 RCL 9

63 g X?

64 3

65 VX

66 f FIX 2

67 STO .1

68 R/S

69 [f LBL 5]

70 RCL .I

71* RCL 7 (1)

/2 a

73 EEX

74 2

75 X

76 f FIX 1

77 R/S

78 [f LBL 2]

79* RCL 7 (1)

80 RCL I

81 RCL .1

82 X

83 -

84 f FIX 3

85 f PSE

86 g LST X

87* RCL 7 (1)

88 +

89 R/S

90 g CLX

91 GTO 3

Note:

Code 

45 .

45

43

42 7

44

42 21

45

45 - 7

42 7

42 21

45

45

45 .

42 7

42

43

45

43

22

g MEM Teads to

P-00 Yr - i)

Suggested or required

26

20

31

25

20

30

31

36

40

31

35
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Formulas

I. Simple random sampling

a. mean = x=

b. standard error

=~ [3
SX n

or
_ [s? ,N-n . . .

Sy = + (50) if finite population is assumed

c. confidence interval

X+t ST value of t determines degree of "confidence"

>X
d. sy (%) = + (100)

II. Stratified sampling

a. a., b.,c.,d.same as above for within-stratum estimates

 

_ INXp
d. overall mean, Xot = TN

where N = population size for stratum h

Xg = sample mean for stratum h

and N = total population size = IN

e. overall standard error, sy = 1 (sN2s2)
X N h™x
st h

where
s> = squared standard error for stratum h,
Xp corrected, if appropriate, for finite

population
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F. Formulas used: (continued)

f. confidence intervals commonly used

t = 2 for .05 probability level

and t = 2.6 for .01 probability level.

S_

7) = X
g. (%) (100)

st st
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Program No. 11F0064

Calculator: HP-11C (and HP-15C with minor changes)

Program Name: FICALC-11/15 Flnancial CALCulations on the HP-11C or HF-13C

Author: Thomas W. Beers

Date: April 198%

Purpose: To solve for certain unknown values among the usual components of

simple or compound interest problems. Specifically, with the fol-

lowing definitions:

n number of periods over which compounding takes place

I = periodic interest rate expressed as a percent

1 = periodic interest rate expressed as a decimal

PV = present value

PMT = periodic payments made for the n periods

FV = future value

NAR = the stated or "nominal" annual rate of interest

expressed as a percent

APR = annual percentage rate; the same as NAR

R = effective annual rate in percent; the amount that $100

would earn in one year with annual compounding (i.e.,

simple interest),

The program can provide the solutions listed below.

1. Assuming a simple interest framework-- any one of I,

PV, or FV can be obtained when the other two of these

components are supplied as input; n is here assumed to

be 1, usually 1 year.

os Assuming a compound interest framework with payments

equal to zero-- any one of n, I, PV, or FV can be ob-

tained when the other three components are supplied as

input.

3. Assuming, additionally, that periodic payments are

made, i.e., PMT # 0-- any one of n, PV, PMT, or FV can

be obtained when I and the other three components are

supplied as input.

4, "Effective" compound rates of interest (EAR) on an an-

nual basis can be obtained if n (here defined to be

the number of compounding periods per year) and the

NAR
nominal periodic rate (----- ) are properly located

n
in the calculator.



A.
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Storage Assignments

Register
<

U
T
N
N

=

Labels

Name

[Al*
[B1
{Cl
{Dl
[E]

[0]

[11

(21

~
N
O
U
B
A

the intermediate calculation B (see section G)

the intermediate calculation C (see section G)

n

i (note, this is interest rate as a decimal)

PV

PMT

Fv

the intermediate calculation A (see section G)

stores n keyed in, or calculates n

stores i when keyed in as I, or calculates I

stores PV keyed in, or calculates PV

stores PMT keyed in, or calculates PMT

stores FV keyed in, or calculates FV

initializes the registers (all cleared to zero except R1

which is set to 1), clears flag 0, and maintains the cur-

rent status of flag | (payments made at BEG or END of

period)

sets flag | (selecting BEG mode) then proceeds to label 0

clears flag | (selecting the END mode) then proceeds to

label 0

solves for and displays n

solves for i and displays I
solves for and displays PV if flag 0 is set

solves for and displays FMT

solves for and displays FV

displays JI (3.14), indicating the end of the input phase,

and optionally provides the calculation and display of EAR

sets flag 0, enabling the use of labels 3 to 7, and calcu-

lates and stores A, B, and C. (see section F)

tbrackets indicate meaningful external (i.e., in RUN

mode) accessibility.



C.

D.

Flags

Numbe

0

Progr

i.
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clear indicates the input phase, i.e., a number just keyed

will be stored appropriately in Ri, R2, R3, R4, or RD

set implies the calculation phase, and when keys A through

E are pressed, program control passes toc labels 3 through

7, respectively, to solve for the appropriate component

note: the status of flag 0 is program controlled and it

is unnecessary to alter its state from the keyboard.

set (achieved by pressing GSB 1) implies that the BEG mode

for payments is assumed; this condition is indicated

visually by the presence of the GRAD annunciator in the

display

clear (achieved by pressing 65B 2) implies that the END

mode for payments is assumed; here the GRAD annunciator is

not displayed.

am Procedure in General

INITIALIZE

Ferformed to clear all registers to zero (except Rl is made =

1), and prepare the calculator for the input of new data. This step

is not always necessary, since minor changes in the problem can be

made, such as changing only the interest rate, leaving the other

data in tact. If, however, the input data are to be substantially

changed, it is wise to perform one of the following, as appropriate:

a. GSB 0 this initializes the calculator and maintains the

current status of the BEG/END mode.

b. GSB 1 this initializes as in a. but additionally sets

flag 1 causing GRAD to appear in the display, in-

dicating the BEG (of period) payment mode is active.

c. GSB 2 this initializes as in a. but additionally clears

flag 1 causing the GRAD annunciator to disappear

from the display, indicating the END (of period)

payment mode is active.
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2. INPUT DATA

  
  

              

a. In USER mode, key the data given in the problem. Then, after

each, press the appropriate label key indicated below; the data

are stored by the program as shown:

A B C D E

n ICL) PV PMT Fv

stored in: Rl R2 R3 ka RS

(stored as

i, a decimal)

NOTE, the following constraints apply to the input data:

(1) n = number of compounding intervals; if payments are in-

volved in the problem, the number of payments must be the

same as the number of compounding intervals.

(2) I = % interest (periodic) is keyed as a percent although

it is stored as a decimal (1),

(3) the usual + and - cash flow conventions are followed for

PV, PMT, and FV (see specific examples)

(4) 1f FMT = 0, this implies a "single payment" problem, and

any 3 of n, I, PV and FV must be input to find the

fourth. Implication: interest (I) can be the sclved-for

unknown, just as n, FV, or FV can be.

(9) if PMT # 0, this implies an "annuity problem" with or

without an initial payment (PV # 0 or PV = 0), and the

interest rate must be one of the input variables plus any

3 ot n, PV, PMT, and FV to find the unknown.

Implication: interest (I) cannot be a solved-for unknown;

an attempt to do so will lead to "ERROR 3"

Kt SOLUTION

After sufficient data have been properly input:

Press R/5, and observe 3.14, which indicates that the key for

the desired unknown component can now be pressed.

Press the "unknown" key and read the answer.

NOTE, "ERROR 3" means you tried to solve for I when FMT # 0;
not possible with this program.
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Cc. (optional) To find EAR (effective annual rate) for compounding

other than annual:

(1) GSB 0, or GSB 1, or GSE 2

(2) key n = compounding frequency per year

(monthly = 12, quarterly = 4,

daily = 363), and press A

(3) key nominal periodic rate (i.e., key annual rate,

ENTER, key n, +, and press B

(4) press R/S and read 3.14

(3) press R/5 and read the desired EAR as a percent shown to

J decimal places,

4, NEW PROBLEM

If only minor changes are to be made in the input data, simply

key the new data, press the appropriate label key and proceed with

the SOLUTION steps.

If major changes are necessary, return to the INITIALIZE steps.

Examples

The following arbitrary examples are meant to introduce the user to

the variety of problems which can be solved by FICALC-11/15. A certain

understanding of "interest problems" is assumed. Cash flow diagrams are

shown where appropriate and the user not familiar with this method of

phrasing the problem 1s encouraged to study the diagrams to get a feel

for their use. Such observation will make obvious that amounts received,

such as borrowed money or accumulated savings are considered positive

{upward line), amounts paid out, such as deposits into a savings account,

into an IRA, or payments on a loan are negative (downward line); that the

completed diagram must have at least one + and one - line; and that pay-

ments must be specified as to the beginning or end of the compounding

period. It 1s also helpful to remember that each problem should be

viewed from the standpoint of the lender/investor, but not both view-

points in the same problem.

This program is meant primarily to solve compound interest problems,

therefore those dealing with simple interest will be described last and

in less detail. Consult the following directory (Table 1) to determine

the exact nature of the examples.
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Nature of Problems Described in Examples Which Follow.

 

Table 1.

Example Type of

Number Froblem

Page

1. IRAs and 5aving Accounts

a. 61 IRA

b. 62 IRA

C. 62 IRA

d. 62 IRA

e. 62 savings account

t. 63 savings account

g. 63 savings account

h. 64 savings account

2. Loans

a. 64 automobile

b. 65 automobile

€. 65 automobile

d. 65 automobile

e, 66 automobile

f. 66 automobile

g. 67 home improvement

h. 68 home improvement

i. 68 credit card

Jj.» 69 credit card

k. 70 automobile

3. Home Purchase

a. 70 regular mortgage

b. 71 regular mortgage

c. 71 regular mortgage

d. 71 regular mortgage

e. 72 contract sale

f. 72 contract sale

Specific Nature
 

given n, I, FMT; find FV; annual com-

pounding

change n; find FV

fix FV = 1,000,000; find n

change I; find n

given n, I, PV, PMT; find FV; monthly

compounding

find EAR for previous problem

change compounding to daily; find EAR

given n, I, PV, PMT; find FV; weekly

compounding

given ny, I, FV, FV = 0; find PMT;

monthly compounding

change I; find PMT

find exact FV after last payment

given I, PV, PMT, FV = 0; find n and

amount of interest

given I with "simple interest"; better

deal?

find the corresponding compound

interest, I

given n, I, PMT, FV = 0; find PV;

monthly compounding

find loan balance after given number

of months

given n, I, PV, PMT = 0; find FV;

monthly compounding

find EAR in previous problem

practice problems

given n, I, FV, FV = 0; find PMT;

monthly compounding

change nj; find PMT

change n back, change 1; find PMT

find exact FV after last payment

given n, I, PV, FV = 0; find PMT and

“balloon payment"

find amount of interest paid in pre-

vious problem
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Table 1. (continued)

Example Type of

Number Problem Specific Nature

Page

4, Effective Annual Kates

a. 73 EAR, discrete compounding given NAR, C (compounding frequency);

find EAR

. 75 EAR, continuous compounding given NAR; find EAR

c. 75 EAR, 365/360 basis given NAR; find EAR

d. 76 NAR, discrete compounding given EAR, C; find NAR

e. 76 NAR, continuous compounding given EAR; find NAR

 

 

3. Cash Flow Analysis

a. 77 net present value (NFV) given n, I, series of cash flows (CF);

find NPV

b. 78 modified internal rate given n, two interest rates, and a

of return (MIRR) series of cash flows; find MIRR

6. Simple Interest

a. 82 annual period given n = 1, PV, I; find FV

b. 82 annual period given n = 1, PV, FV; find I

c. 82 annual period given n = 1, I, FV; find PV

d. 82 multi-year given n, PV, I; find FV

e. 82 partial year given no. of days, PV, I; find FV

i. IRAs and Savings Accounts

a. An IRA is to be established, depositing $2000 in an account

on Jan, 1 for each of the next 5 years. Assuming 10 percent

interest, compounded annually, what is the accumulated value

(FV) at the end of the 5 years? NOTE, the payments are made

at the beginning of each period.

FV

I = 10%

Vv = 0 : : i
J EERE

PMT = 2000

n = 9 years

= 7?



-62-

SOLUTION

Input Key (s) Display Comment

- 6SEB,1 0.00 "GRAD" indicates BEG mode

9 A 3.00 $ periods =n

10 kB 0.10 I input, 1 displayed

2000 CHS,D -2000.00 periodic payment

- R/S 3.14 input complete

- E 13,431.22 FV = future value

b. What would the accumulation be 1f such payments were

made for 35 years?

SOLUTION (previous data still in place)

33 A 35.00 provide new n

- R/S 3.14

- E 996,253.61 BIG BUCKS!

Cc. How long would it take to accumulate one million dollars?

SOLUTION (previous data still in place)

1000000 E 1,000,000,00 FV

- R/S 3.14

- A 40,27 n = 40,27 years

d. If I managed to improve on the interest rate, say to

12 percent, how many years would it take?

SOLUTION (previous data still in place)

12 B 0.12 i =0.12

- R/S 3.14

- A 39.29 J years sooner!

e. A credit union savings account present balance (start of month)

is $4000. If I arrange for monthly deposits from my paycheck of

$100 starting at the end of this month, how much would be ac-

cumulated after 7 years, if the nominal annual rate is 7.875%,

compounded monthly?

FV = 7

I = 7.875/12 4

tv] 2] 83 I

EMT 100
PV = 4000 n = 7x12 84 months



SOLUTION

84 or 742%
7.875 412 =

4000
100

NOTE:
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Key (s) Display

GSB, 2 0.00

A 84.00

B 0.01

CHS ,C -4000.00

CHS,D ~-100,00

R/8 3.14

E 18,088.03

actual 1 =

Comment

END mode selected

n = 84

= 0.0065625

PV

monthly PMT

FV

Because of the way the problem is phrased, the last monthly

payment will accumulate no interest, but this must be

tolerated, due to the usual constraint that the number of pay-

ments and the number of compounding periods must be equal. If
this were not the case, the program and the formulas cited in

Section G6 do not apply.

f. In the previous problem the stated nominal annual rate was

7.875, compounded monthly.

(EAR)?

SOLUTION

12

7.8734M2+

g. Would the ef

place daily?

SOLUTION

363

7.8734363+

-—a—— wa -anw=— Ss wn w———

The symbol + is used in

6SB,0 0.00

A 12.00

B 0.01

R/S 3.14

R/S 8.166

fective annual rate change

A 365.000

B 2.158 -04

R/S 3.

R/S 8.

What is the effective annual rate

BEG/END mode immaterial

n = compounding frequency

per year

i = 0.00656235

nominal rate

monthly

EAR

much if compounding took

n = 365

i = 0.0002158 =

daily nominal rate

= EAR; not much change

this paper as short notation for the ENTER key.
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h. Shortly after President Kennedy's assassination, an acquaintance

of mine started collecting "Kennedy" dollar bills. He did this

up until 1976 when the mood changed to collecting "Drummer-boy"

quarters. In 1984, the collection box contained 73 dollar bills

and 104 dollars in quarters (an average of one quarter per week

for eight years). Ignoring any collecting value appreciation,

what would the accumulation have been if the #73 had been

deposited in a savings account in 1976 and one quarter per week

added for eight years? Assume 9% nominal annual rate and weekly

compounding.

FV = 72

I = 9/52 4%

viele Jey

PMT = .25

PV = 73 n = Bx52 = 416 weeks

SOLUTION

Input Key (s) Display Comment

6SB,2 0.00 END mode

416 A 416.00 n = 416

9452+ B 1.73 -03 actual 1 = 0.001731

73 CHS,C -73.00 PY = 73

«23 CHS,D -0.25 PMT = .235

R/S 3.14

E 302,00 FV = 302.00

Since only $177 is in the box, my friend lost #125 by

not putting the money in the account.

Automobile Purchase, Home Improvement Loans, Credit Cards.

a. A new car is advertised as being available for $4999.00 (after

trade in and cash down payment). You can borrow this amount at

8.8% nominal annual rate and make payments over 48 months. Cal-

culate the monthly payment. Note, you are paying off the loan

gradually and at the end of the 48 months the amount you owe

should be zero, i.e., FV = 0,

 

PV = 4999

g.8/712 %

“ee FV = 0

47 48

PMT = ?

n = 48 months
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SOLUTION

Input Key (s) Display Comment

- 6SB,2 0.00 END mode

48 A 48.00 n = 48

g.8 +12 + B 0.01 actual 1 = 0.007333...

4999 Cc 4999.00 PV

- R/S 3.14

- D -123.93 monthly PMT

b. Say that another dealer is offering an B.5% interest rate, how
much do the payments change?

SOLUTION (previous data still in place)

Bg. +12 + B 0.01
- R/S 3.14
- D -123.22 Not much change

(.71 per month)

c. Assuming you go with the 8.5% loan, and make 48 payments of ex-

actly 123.22, how much do you still owe? (FV = ?)

SOLUTION

123.22 CHS,D -123.22 exact PMT

- R/S 3.14

- E 0.18 probably added on to

the last payment

d. Another car dealer (in the absence of manufacturer's subsidies)

advertises a truck can be bought for $106.28 per month, by

financing $4620.00 at 13.49 APR (annual percentage rate). Haw

many months must you pay this and how much money in interest

will you have paid?

PV = 4620

I = 13.49/12 4

L _ _ [I IN re o Fv

i | 2 | Bl n=} "

PMT = 106.28

n = 7 months
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SOLUTION

Input Key (s) Display Comment

- GSB, 2 0.00 END mode

13.49412 + B 0.01 actual 1 = 0.0112417

44620 C 4620.00 PV

106.28 CHS,D -106.28 FMT

- R/S 3.14

- A 60.00 n = 60 months

Since 60 x $106.28 = $6376.80 and you would borrow $4620.00, the

amount of interest paid is the difference: #%#1736.80,

e. Yet another dealer offers the same deal at 8% "simple interest”;

is this a better deal?

SOLUTION

Using simple interest, finance charges are calculated in this

type of "deal", as 4620.00 x .08 x 5 years = $1848.00, Therefore you

would pay less interest under the previous plan (13.49% APR, with

monthly compounding).

tf. If the 8% simple interest dealer says you can pay the principal

($4620.00) plus the interest ($1848.00), total = $6468.00, in

easy monthly payments of 6468/60 = $107.80, you should think!,

and realize this is no longer a simple interest deal. Simple

interest would mean that you make no payments until the end of

the five years, therefore having use of the $4620 for the full

time of the loan. The next question that begs an answer is, 1f

the deal is accepted, making the monthly payments of $107.80,

what is the actual corresponding compound interest rate (monthly

compounding) being paid?

The cash flow diagram is

PV = 4620

I = APR?/712 J

 ¢ . y FV = 0

7 Jeo |

PMT = 107.80

n = 60 months

Unfortunately, as pointed out in the constraints cited in Sec-

tion D, the program cannot directly solve for I (since PMT 7 0).

However we can "zero-in" on the APR by trial and error as

follows:
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Comparing the FMT of $107.80 here with the PMT corresponding to
APR = 13.49% in example d. ($106.28), let's try APR = 14%:

Input Key (s) Display Comment

- GBS, 2 0.00 END mode

60 A 60.00 n = 60
14M2 E 0.01
4620 c 4620.00 PV
107.80 CHS,D -107.80 PMT

- R/S 3.14
- E 25.92 FV, too high

Since the goal is to find the APR that reduces FV to zero, try

APR = 14.2

14,2M22 B 0.01
- R/S 3.14
- E -15.51 FV, too low

APR must be between 14.0 and 14.2, try 14.1

14,1412 + B 0.01
- R/S 3.14
- E 9.27 FV, too high

Try APR = 14.12

14,1242 2 0.01

- R/S 3.14

- E 1.13 Close enough!

(or continue,

if preferred)

g. You want to add a new room to your house and can spring for $200

in monthly payments. If the local bank offers money at 15% com-

pounded monthly, how much can you borrow if you want to pay off

the note in 5 years?

PV = ?
I = 15/12 4

\ _ sss _ _ FV

LL TE
PMT = 200

n = 60 months
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SOLUTION

Input Key(s) Display Comment

- 6SB,2 0.00 END mode

60 A 60.00 n = 6&0

19M2+ B 0.01 actual 1 = 0.0125

200 CHS,D -200,00 PMT

- R/S 3.14

- C 8406.92 FV = amount you

can borrow

h. Say you hit the lottery just after the 34th payment and can pay

the loan off. How much is needed? That is, what is the FV at

the end of the 34th month; assume you actually borrowed $8400,

 

PV = 8400

FV = ?

34

I = 15/12 %

Aone ~ ts ss [I a _ _ FV = 0

blz) LE IER

PMT = 200

n = 34 months

SOLUTION (previous data still in place)

Input Key(s) Display Comment

34 A 34.00 n = 34
8400 C 8400.00 FV = amount

borrowed

- R/S 3.14

- E -4405.70 FV = pay off amount

34

i. Your credit card bill carries the statement that you are charged

1.5% interest on the unpaid monthly balance. This is equivalent

to the "18% annual rate" (since 18/12 = 1.5), which they are

required to state also. If you have $100 balance at the begin-

ning of Jan., how much do you owe at the end of Dec. that year?

PV = 100

PMT = 0

n = 12 months
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SOLUTION

Input key(s) Display Comment

- 65B,0 0.00 BEG/END

mode immaterial

12 A 12.00 n = 12

1.3 B 0.02 actual i = 0.015

100 Cc 100.00 PV = 100

- R/S 3.14

- E -119.56 FV = amount due, end

of Dec.

Jj. What is the effective annual interest rate (EAR) that this 1.5%

monthly rate equates to?

SOLUTION (previous data still in place)

Input Key(s) Display Comment

- R/S 3.14

- R/S 19.562 EAR

Note that the 19.562% is the same as the number of dollars that

the $100 would cost you for one year! That's the meaning of EAR

in this context.
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kk. Need more practice? Verify the entries in the table below,

solving either for PHT or PV (amount financed). Note that since

these represent loans to be paid off, FV = 0; furthermore, the

interest rate, I, cannot be solved for directly by the progranm

since PMT # 0.

ON CAVALIERS
AND S-10°'S

    
 

 

 

 

 

 

 

 

 

AMOUNT MONTHLY PAYMENTS
FINANCED 48 MONTH CAVALIER 60 MONTH 5-10

3,000 74.37 61.98

4,000 29.16 82.64

5,000 123.95 103.30

6,000 148.74 123.96

7,000 173.53 144.62

8,000 198.32 165.29

9.000 223.11 185.95

10,000 247.90 206.61     
Home Mortgages and Contract Sales

a. You plan to purchase a house worth $145,000 and can muster

$20,000 as a down payment, thus needing to borrow #125,000. As-

suming a 30-year mortgage (i.e., "amortized over 30 years"),

monthly compounding, and annual interest rate of 13.3%, what are

the monthly payments?

PV = 125,000

 

<
— r
a

A r
m
s
d
]

[ o
n

£
0

“
A A o
~

G
d

FMT = 7

n = 360 manths
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SOLUTIONS

Input key (s) Display Comment

- 65B,2 0.00 END mode

360 A 360,00 n
13.5412 k 0.01 actual 1 = 0.01125

125000 C 125,000.00 PV

(note FV = 0 was

achieved by GSB,2)

- R/S 3.14
- D -1431.77 PMT

b. How much would the payments change if a 40-year mortgage is

available?

SOLUTION (previous data still in place)

404+12X A 480.00 revised n
- R/S 3.14

- D -1412.83 not much change in

PMT amount

c. Reverting to the 30-year mortgage, what would the payments be if

I = 124?

SOLUTION (previous data still in place)

360 A 360.00 n

134127 B 0.01 actual 1 = 0.0108333

- k/S 3.14

- D -1382.75 PMT

So it looks like reducing the nominal annual interest rate from

13.9% to 13% saves more per month (1431.77 - 1382.75 = $49.02)

than extending the loan by ten years (1431.77 - 1412.83 =

$18.94)!

d. If our monthly payments were exactly 1382.75 as calculate in c.

would the future value come out to exactly zero or would there

be a final settlement? If so how much?

SOLUTION (previous data still in place)

1382.73 CHS, D -1382.75 exact PMT

- R/S 3.14

- E 2.62 Fv

Therefore, after the 340th payment we would still owe $2.62,

which would probably be added to that payment.
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e. Say, on the same $145,000 house we can get a contract arrange-

ment at 10.5% amortized over 25 years, can muster $80,000 down

(leaving $65,000 to be paid on the contract) but we must pay the

remaining balance after & years. What is the monthly payment?

and What 1s the "balloon" payment due at the end of the 3 years?

  

PV = 65,000 Fv = 7

60

I = 10.5/12 ¥% !
eee TTT FV =0

1 po L + 59 ! «| er! 12% ) so

FMT = 7?

n = 12x25 = 300 months

SOLUTION

Input key(s) Display Comment

- GSE, 2 0.00 END mode

23M 2X A 300,00 n

10.5412 EB 0.01 actual 1 = 0.00875
65000 C 65,000,00 PV

- R/S 3.14

- D -613.72 PMT per month

613.72 CHS,D -613.72 this step needed only

to round PMT to exactly

613.72

60 A 60.00 n for the 5 yr. period

- R/S 3.14

- E -61,471.25 FV = balloon payment

needed immediately after

the 60th payment is made

f. Assuming you terminate the contract after five years by paying

the balance due ($61,471.25), how much have you paid in interest

over the five years?

The program will not directly answer this question but applying

logic and knowledge as to where the various components are

stored:

SOLUTION (previous data still in place)

- - -61,471.25 balance due 1s still

in display

- RCL 3 65,000.00 FV = amount of loan

= + 3928.75 reduction in principal

- RCL 4 -613.72 monthly payment
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SOLUTION (previous data still in place, continued )

Input Key (s) Display Comments

- RCL | 60.00 n = no. of payments

- X -36,823.20 amount of interest

plus reduction in

principal

- + -33,294.45 amount of interest paid

over the § years.

The last operation (pressing + key) performed the addition of

-$36,823.20 and the reduction in principal ($332B.73) which was

still in the stack, where it was needed, the Y register.

Effective Annual Rates

When confronted with nominal anaual rates of interest (NAR) and

the frequency of compounding (C) it is occasionally of interest (no

pun intended!) to determine the effective anrual rate (EAR), which

has been pointed out earlier to be the same as the amount that $100

would earn for one year assuming simple interest.

One could use the program and essentially solve the cash flow

diagram for FV:

I = NAR/C ¥%

C = number of compounding

periods per year

FV = 00 § n

Then, EAR = FV - 100. However, because of certain intermediate cal-

culations routinely made in the program, a simple procedure, cited in

the next example (and also used in earlier examples), is recommended.

n

a. Complete the table below, finding the effective annual rates

(answers are shown in the table).

ae wn mt on mn wn oo Se mn Gr Wn Cm = Ww GP TE Che SE GE Tm Gn EE = EE Se m= Sm WE Cw Mm Gn a Sw Gm WD Gn En — cE. Cm en = Wn we — — —=

Type of Compounding

Nominal and the Resulting Effective

Annual Rate Compounding Frequency Annual Rate

(NAR) (C) (EAR)

% “

7.875 semi-annual (2) Ans. 8.030

7.875 quarterly (4) Ans. = B.111

7.875 monthly (12) Ans. = B.166

B.250 monthly (12) Ans. = B.569

8.250 weekly (52) Ans 8.593

9.000 daily (36595) Ans. = 9.416

9.000 “continuous” Ans, = 9.417



SOLUTION

7.87542 +

4

7.87544+

12
7.875M2+

B.254M2+

a2
8.25452+

363
A363 +

(1)
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key (s) Display Comment

GSB, 0 0.00 BEG/END mode immaterial

A 2.00 n=C=2

B 0.04 actual i = 0,039375

R/S 3.14

R/S 8.030 EAR = 8.030%

A 4.000 n=C=14

B 0,020 actual 1 = 0.0196875

R/S 3.142

R/S 8.111 EAR = 8.1117

A 12.00 n =C=12

B 0.007 actual 1 = ,0065625

R/S 3.142

R/S B.166 EAR = 8.166%

- 8.166 note, n is still 12

B 0.007 actual 1 = 0.006875

R/S 3.142

R/S 8.569 EAR = 8.569%

A 52.000 n==C= 352
B 0.002 actual 1 = 0.001586538

R/S 3.142

R/S 8.5912 EAR = 8.393%

A 365.000 n =C = 363

B 2.466 -04 actual 1 = 0.000246575

R/S 3.142

R/S ?.416 EAR = 9.4167

(actually 9.4162%)

It 1s worth noting that all these answers could be

obtained also by using the formula

EAR = 1000(1 + ---==-=) = {I

For example, 9% NAR under daily compounding (in the above

table) converts to

EAR 1000 (1 + -=-=—--- ) - 11]
36500

7.41627
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(2) Yet another alternative procedure is suggested in the

HP-12C Owner 's Handbook (p. 179); that is, let the

program solve for FV, after letting n = C,

NAR NAR
I = oT and PMT = - ---

SOLUTION (using the previous example)

Input Key(s) Display Comment

65B,2 0.00 END mode
365 A 369.00 n =C = 363

94365+ CHS,D -0.02 PMT = NAR/C
CHS,B 2.47  -04 1 = 0.0002463735
R/S 3.14
E 7.42 FV = EAR = 9.41624

The theoretical maximum for effective annual rate computations

occurs under "continuous" compounding. the FICALC-11/13 program

will not calculate this EAR (call it EARc). However, the com-
putational formula 1s simple:

NAR/100

EARc = 100(e -11, therefore

SOLUTION (for the last line in the above table)

key stroke sequence: 100, 4, 9, 4, 160, +, fe*, 1, -, X

result = EARec = 9.4174284]

caution: feX was necessary since the calculator is still in

USER mode (presumably).

A slightly chorter (and more abstruse!) key stroke sequence,

making use of the % and A7% functions would be:

ly +4 9, 9%, fex, gA%

result = 9.417%, as before,

Occasionally there 1s reference to a compounding procedure which

will lead to even higher rates than the theoretical maximum

cited in b. It 1s the "36&%/360 basis of compounding“. Effec-

tive annual rate 1s defined in this method as

NAR 3635
EAR = 1000(1 + ------- ) -11]

36000

thus, 1f NAR = 7IJ

363
EAR = 1000( + ------- ) - 11

36000

n ~
0

w
n
c
n

A =
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d. Sometimes there is a need to determine the nominal annual rate

(NAR) 1f the effective annual rate (EAR) is given. For example,

if the EAR is 8.569, what is the NAR assuming monthly

compounding? (line 4 in the table given in example a.)

A fairly direct procedure for solving this problem is to use a

procedure similar to that used in a. (2), also suggested in thc

HP-12C Owners Handbook (p. 180). That is, use the program to

solve for the periodic 1 after letting FV = 100 + EAR, PV = 100,

and n = C; then, NAR = (C){I) = (n) (I).

SOLUTION (data from line 4 in Table in example a.)

Input key (s) Display Comment

- G5B,0 0.00 BEG "END 1mmaterial

12 A 2.00 n =¢€=12

100 CHS,C,CHS 100.00 PV = -100, then sign

changed to simplify

next step.

8.569 +,E 108.57 FV = 108.357

- R/S 3.14

- B 0.69 I = NAR/C = 0.6874835

12 X 8.23 NAR = B.25%

e. If the assumption of continuous compounding prevails and one 1s

given the effective annual rate (EARg), to find the NAR the 1n-

verse of the procedure used in example b. can be employed, the

formula being, therefore

EARe
NAR = 10001ln (------ + 1)1.

1

Find the NAR corresponding to EARc of 9.417% under the con-

tinuous compounding assumption.

SOLUTION

keystroke sequence: 9.417,4, 100, :, 1, +, gLN, 100, X

result = NAR = 9.00%

Cash Flow Analysis

Two common ways of making this type of analysis are called NFV

(net present value) and IRR (internal rate of return). If one 1c

faced with many such analyses he should find his way to the nearest

HP-12C, HP-41C equipped with the Financial Module, or other such

computer. For an occasional solution, however, the FICALC-11/15

program can be used repeatedly to discount future cash flows to the

present, then add the present values so obtained to determine the NFV.



-77-

As an example, consider the problem below, extracted directly

from the HP-12C Owners Handbook (p. 68).

a. An investor has an opportunity to buy a duplex for $80,000 and

would like a return of at least 134 [compounded annuallyl. He

expects to keep the duplex 5 years and then sell it for

$130,000; and he anticipates the cash flows shown in the diagram

below. Calculate NPV to determine whether the investment would

result in a return or a loss.

CFs = 130,000

 

CFx 8

2500

CFa = CF a =

1 4300 1 4500

1 2 3 4 5

CFy = -300

CFo = -80,000

SOLUTION

Using FICALC-11/15 the solution 1s obtained by considering each

of the CF, through CFs to be future values (FV) and finding the

corresponding present value (PV), taking into account the 13%

annual compounding and the pertinent number of years for each.

Then the PVs are added to the initial investment (CFo) to deter-

mine profit (positive NPV) or loss (negative NPV).

CAUTION

The FICALC-11/15 program assumes the PV and FV to be opposite in

signs, therefore one must either mechanically reverse the input

or the visually reverse the output sign in order to achieve a

meaningful NPV, It seems more logical to reverse the input FV

sign and record the output PV as in the display.

This is the approach taken in the following table; the entries

in the last column were obtained as shown below the table.

ee wn=nae = —— — ——  — — Ge. Sw Sh Wn mn ww me mE a= —— ———— ——— — te = — —— — — —— —. ———— — aE —— —  — G—

Nature of

Year Item Amount Fresent Value

0 initial investment (CFo) 80,000 -80,000

1 payment (CF,) S500 -442.48

2 income (CF2) 4,500 3,924.16

3 incame (CFs) 9,900 3,811.78

4 income (CF) 4,500 2,759.93

3 sale of house (CFs) 130,000 70,558.79

—— —— ————  —————— m= = em Sm = em — — — me — ———— —— — —— . —— —— —— — We Mn Gn Gn he En we En  — —— ——— . e — - - WS —. wn - Gwe w—
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Input Key(s) Display Comment

- GSB 0 0,00 BEG/END mode immaterial

13 B 0,13 1 = 0.13

200 E 900,00 CFy, although a payment,

1s input as a positive

FV; also note n = 1 is

automatically achieved

- R/S 3.14

- C -442.48 PV of payment

2 A 2.00 n = 2

4500 CHS,E -4500,00 CF2 input as a negative FV

- R/S 3.14

- C 3524.16 PV of income

3 A 3.00 n = 3

ao00 CHS ,E -3300,00 CFs input as a negative FV

- R/S 3.14

- C 2811.78 FV of income

4 A 4.00 n = 4

4500 CHS ,E -45G0,00 CFs input as a negative FV

- R/S 2.14

- C 2759.93 FV of income

9 A 2.00 n==5

130000 CHS, E -130,000,00 CFs input as a negative FV

- R/S 3.14

- C 70,958.79 FV of income

Conclusion: since the sum of the PVs in the above table is positive

($212.18) the investment can be considered a success, i.e., realizing

the 13% rate specified by the investor.

Question: Exactly what interest rate was realized? or, in other

words, what rate would make the NPV = 0? This is what is called the

internal rate of return (IRR), and is beyond the scope of the FICALC-

11/15 program! To find IRR (using a calculator) one should seek out

an HP-12C (or other earlier financial calculator) or a properly con-

tigured HP-41C or other computer. Yet another alternative is

described in the next section.

b. Modified Internal Rate of Return (MIRR)

Another way of analyzing the cash flow, one which has cer-

tain advantages over the traditional internal rate of return,

and which can be solved by the FICALC-11/15 program 1s the so-

called modified IRR. The steps are as follows:



-79-

(1) Calculate the future values of all the positive cash flows

using a specified "reinvestment" or "risk" interest rate;

call the sum of these NFV,.

(2) Calculate the present values of all the negative cash flows

using a specified "safe" interest rate; call the sum of

these NPV..

{3) Knowing n, and letting FV = NFV, and FV = NFV,, use the

program to sclve for I, the "modified internal rate of

return".

(4) Alternatively [to (3)1, find MIRR from the formula

MIRR = 1000(--~----- ) -11

Using the same data given in the previous section dealing with

the NPV cash flow analysis, except specifying I = 10% for posi-

tive cash flows and I = 6% for negative ones:

CFs = 130,000
CFs = 5500

CF. = 4500 I CFs = 4500

1

a
d

3 o
nTT

CFy = -500
CFo = -B0,000

SOLUTION

With the program, complete the table below.

ame an cam ae —— — ——— — — o_o—wnen mn me an ve an —— tan GmWe wnGewe - w—a — — —

 

Input Frogram Output

Years 1 CF NFV NFV

0 - ~80,000 -80,000 -
1 b -300 -471.70 -

3 10 4,300 - 9,989.50

2 10 5,300 - 6,635.00

{ 10 4,500 - 4,950.00

0 - 130,000 - 130,000.00

Total NPV, = -B0,471.70 147,594.50 = NFVe

The steps required to do this are as follows, noting that the signs

of the input cash flows are reversed to achieve the desired sign on

the output:
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Input Key(s) Display Comment

GSB,0 0,00 BEG/END mode immaterial

B 0.06 i = 0.06, note n = 1 1s

achieved by the GSB

initialization

300 E a00, 00 FV

- R/S 3.14

- C -471.70 PV

3 A 3.00 n = 3

10 B 0,10 i= 0.10

4500 CHS ,C -4500.00 PV

- R/S 3.14

- E 9989.50 FV

2 A 2.00 n = 2

9500 CHS, C -5300.00 FV

- R/S 3.14

- E 6655.00 Fv

1 A 1.00 n = 1

4500 CHS,C -4500.00 PV

- R/S 3.14

- E 4950.00 FV

- GSE, 0 0.00

9 A 9.00 n=23

B0471.7 CHS ,C -80,471.70 NFV, = PV

147594.5 E 147,594.50 NPVe = FV

- R/S 3.14

- B 12.50 MIRR = 12.90%

Alternatively, the MIRR of 12.90 could be calculated from the

table totals using the formula given earlier,

147594.3 1/73
MIRR = 100 [(----------- ) - 11 = 12.90 %

-(-80471.7)

by employing the keystroke sequence:

100, 4, 147594.5, +, BO471.7, +, .2, fy* , 1, -, X
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Simple Interest.

Assuming simple interest, the principal (i.e., the original amount of

money) earns interest for the entire life of the transaction. For

example, if you borrow $1000 at 8% simple interest for two years:

Amount of interest = principal % annual interest rate x no.

= ($1000) (,08) (2) = $140.

years

A cash flow diagram would look like this:

FV = 1000 = principal

 

-
n

<
< H -1000 - 160 = -1160

principal + interesti

The FICALC-11/13 program will not directly solve such problems. It

can be used, however, in the same manner as for compound interest, if n =

1. Because of this need, the initialization of the program by GSB 0, GSB

1, or GSB 2 automatically sets n = 1, thus a simple interest scenario is

always established, and inputting 1 for n is not needed.

When n is not equal to 1, as in the last two examples below, the

program is used to calculate the FV (principal + interest) assuming one

year; the amount of interest is then calculated and added to the principal

to determine the actual FV.

The following examples should require no further description. The

answers are obtained using the procedures indicated.

a ——— — — ———En.—Sve as ee wn Sw SE Ee = We = - - GP wn  — — —. —— —— Ge em St GE Gm Ge WS SE Gm Mm GE Me Gu mw Em me Pe Cn mn Gn ND mm in mm En Gem Se WS WN Sw em ow

Amount Total Amount

Borrowed (+4) Annual Owed (-) or

or Invested (-) Interest Rate Accumulated (+)

Time (PV) (I (FV)

a. 1 year 4200.00 12.5 ? (Ans.=-4725.00)

b. 1 year -4500.00 ? {(Ans.= 10.13) 4956.00

Cc. 1 year ? (Ans.=-393961.99) 7.875 6000.00

d. 3 years -7000,00 10.5 ? (Ans. = 9205.00)

e. 60 days 8000.00 11.5 ? (Ans. = B131.23)
ncweww Gomn—o_o —n-ne=wn—— — —nomnen ee Gee —-—— Gh——we Gi Wh w=



SOLUTION

Input Key(s)

2. 2) - BEB 0
12.5 B
4200 C

- R/B
- E

b. 2 4500 CHS, C
4956 E

- R/S
- B

c.2/7.875 B
6000 E

- R/S
- C

d. 10.5 B
7000 CHS,C

- R/S
- E
- +

3 X
7000

e. 11.5 B
8000 C

- R/S
- E
- +

60, 1,365

- X
- CHS, +

-82-

Display

0.00
0.13

4200,00
3.14

-4725.00

~4500,00
4956.00
3.14

10,13

0.08
6000.00
3.14

-5561.99

0.11
=7000,00

3.14
7735.00
735.00

2205.00
9205.00

0.12
8000.00

3.14
~8920.00
-920.00

0.16

-151.23
8151.23

Comment

BEG/END mode immaterial

actual i = 0.129

PV = principal borrowed

FV = amount due

PV = principal invested
FV = total accumulation

actual I = 10.1333%

actual i = 0.078795

FV = accumulation

PV = amount invested

actual i = 0.1085

PY = amount invested

FV = accumulation in one year
Annual interest amount; note

that -7000,00 was in the Y
register, facilitating the

calculation
3-year interest amount

total accumulation

actual i = 0,115
PV = principal borrowed

FV = annual amount due

annual interest amount

proportion of year money

was borrowed

interest due

principal + 60-day
interest due

2/The perceptive and calculator-literate reader will note that examples a,b,

and c¢ can be solved easily using fundamental keyboard functions, that im:
a. 4200,4, 12.5, g%, + leads to 4725,00, as does 4200, +, 1.125, X;
b. 4500, *, 4956, gA% leads to 10.13; as does 4954, +, 4500, -, gL8Tx, :,

100, X; and
c. 6000, +, 1.07875, + leads to 5561.99.
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Step Statement

01 GTO ¢

02 [fLBL 13
03 g SF 1

04 [f LBL 0]

05 f FIX 2

06 f CLEAR REG

07 g CFO

08 ]

09 STO 1

10 g CLX

11 g F? 1

12 g GRD

13 g RTN

14 [f LBL 2]

15 g CF 1

16 g DEG

17 GTO O

18 [f LBL A]

19 g F? 0

20 GTO 3

21 STO 1

22 g RTN

23 [f LBL B]

24 EEX

25 2

26 3

27 gF?0

28 GTO 4

29 STO 2

30 g RTN

43

42

43

42

43

42

43

22

21

4

21

7

42

5

44
43
6

43
43
21
5

43
22
21
6

22
44
43
21

22

44

43

Code

n
N
©

—
=
—

©

34

—

—
—

Ww
W

O
O
—

O
O

N
N
=

m
n

n
N

~
~

W
w

n
N

O
O
N
N

—

O
S

o
O

32

Program statements and code

-83-

 Step Statement

31 [f LBL C]

32 gF?0

33 GTO 5

34 STO 3

35 g RTN

36 [f LBL D]

37 g F? 0

38 GTO 6

39 STO 4

40 g RTN

41 [f LBL E]

42 gF? 0

43 GTO 7

44 STO 5

45 g RTN

46 (f LBL 3)

47 RCL O

48 RCL 5

49 -

50 RCL 0

51 RCL 3

52 +

53 *

54 g LN

55 RCL 2

56 1

57 +

58 g LN

59 +

60 STO 1

Code

42 21

43 6

22

44

43

42 21

43 6

22

44

43

42 21

43 6

22

44

43

42 21

45

45

45

45

43

45

43

44

13

32

14

32

30

40

10

12

40

12

10

 

0

32

30

10

16

15

14

30

26

20

32

20

40

16

Step Statement Code

61 g CFO 43 5

62 g RTN 43

63 (f LBL 4) 42 21

64 RCL 4 45

65* g X # 0(g TESTO) 43

66 STO .9 44 .

67 RCL 5 45

68 RCL 3 45

69 #

70 g ABS 43

71 RCL 1 45

72 1/X

73 YX
74 1

75 -

76 STO 2 44

77 EEX

78 2

79 X

80 g CFO 43 5

81 g RTN 43

82 (f LBL 5) 42 21

83 RCL 5 45

84 RCL 6 45

85 RCL 0 45

36 X

87 +

88 CHS

89 RCL 6 45

90 1

3/ Brackets and parentheses are not programmable; they are used to indicate
externally meaningful or internal use labels, respectively.
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Step Statement

91 +

92 +

93 STO 3

94 g CFO

95 g RTN

96 (f LBL 6)

97 RCL 5

98 RCL 3

99 RCL 6

100 1

101 +

102 X

103 +

104 CHS

105 RCL 6

106 RCL I

107 X

108 T

109 STO 4

110 gCFo

111 g RTN

112 (f LBL 7)

113 RCL 3

114 RCL 6

115 RCL 3

116 RCL 0

117 +

118 X

119 +

120 CHS

43

42

43

42

Code

44

43

45

45

45

45

45

44

43

45

45

45

45

40

10

3

0

32

6

5

3

6

1

40

20

40

16

6

25

20

10

4

0

32

O
o

W
w

oO
o
w

40

20

40

16
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Program statements and code (continued)

 

Step Statement

121 STO 5

122 g CFO

123 g RTN

124 (f LBL 9)

125 g SFO

126 RCL 2

127 g X=0

128 GTO 8

129 1

130 +

131 RCL 1

132 ¥X

133 1

134 -

135 STO 6

136 0

137 RCL 2

138 1/X

139 g F? 1

140 1

141 +

142 STO I

143 RCL 4

144 X

145 STO O

146 (f LBL 8)

147* fn (glD

148 R/S

149 RCL 6

150 EEX

required change is shown in parentheses.
statements will also change this is left for the 15C user to alter.

Code

43 5

42 21

43 4

45

44

45

43 6

44

45

44

42 21

42

45

40

49

14

30

 

Step Statement

151 2

152 X

153 g CFO

154 f FIX 3

*Indicates statements that must be changed for the HP-15C.

Code
 

20

43 5 0

42 7 3

Note: g MEM leads to

P-00 r-6;

therefore program

memory is completely

full, since registers

0 through 6 are used

by the program.

Suggested or
Although the "code" for these
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Formulas and background.

For convenience, the symbols defined in the "Furpose" section are

repeated here:

n number of periods over which compounding takes place

I periodic interest rate expressed as a percent

1 periodic interest rate expressed as a decimal

PV = present value

FMT = periodic payment made in each of the n periods

FV = future value

NAR = nominal annual rate of interest, as a percent

APR = annual percentage rate; same as NAR

EAR = effective annual rate, as a percent

Other symbols are defined below, where appropriate.

1. Compound interest in general

a. basic formula when no payments are involved:

n

FV = PV (1+1)

b. basic formula when payments are made at the end of each period

(sometimes called "ordinary annuity" problem):

c. basic formula when payments are made at the beginning of each period

(sometimes called an "annuity due" or "terminating" annuity problem):

FV = PMT[-----=--m-=- 1 (141)

d. The general formula.

A significant computational breakthrough was made when Martin

(1977) cited a formula, later modified by Dewey (See PPC ROM, 1981)

which combines the above 3 formulas, enabling much more compact

solution:

n (1+1) ~-1

(FV) (141) + (PMT) (1+1XD)[-----=====~- 1 + FV =20
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H 0 if payments are made at END of period

1 if payments are made at BEG of period

where X

X

and the algebraic signs used in the conventional cash flow

diagram are employed.

As a simplification, the formula can be re-written as

(PV + CYA + PV + FV = 0

n

where A = (1+1) ~-1

B = (1+iX)/1 Label 9

and C = (PMT) (BR).

Now, the five components of the general formula can be solved for; these

are the expressions evaluated in the program (Label indicated):

C - FV

n=1n l---------- 1/ In (141) Label 3

C + PV

FV 1/n

1 = [------ ] - 1 , if FMT = 0 Label 4

PV

if PMT # 0, the solution is an iterative one, too complex

tor the current program.

-[FV + (A) (LC) 1]
PY = memememe Label 5

-[FV + (PV) {A+1)]
FMT I ee mn mn ee mn em oe mn =e— Label 6

Fv -[PV + A(FV+C)] Label 7

Effective annual rate calculations,

a. Discrete case.

The formula discussed in the examples section which relates

EAR with NAR is

EAR = 100[(1 + ------ ) = 11

100C

where C = frequency of compounding per year.
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This can be written more succintly as

n

i = (1+i') - 1
e

where 1 = effective annual rate as a decimal

e

i' = peripdic nominal rate as a decimal

= i/C
and n = number of periods per year = C

Because of this simplification, the formula is seen to be equal to the
factor A, routinely calculated in the program,

Therefore, EAR = 100 A Label B

b. Continuous case

The analagous two formulas under the assumption of continuous
compounding are

NAR/100
EAR = 100[e -1]1 , as percents

c

and

i =e -1 |, as decimals

Co Although the formulas presented in a. and b., were those used in the

program, more general formulas have been published (PPC, 1981) and
deserve documentation here:

(1) To convert nominal rates to effective rates

CF/PF
i = (1+i/CF) ~1 (for discrete compounding)
e

i/PF
and i =e -1 (for continuous compounding)

e
where

i = nominal annual interest rate as a decimal

effective interest rate (decimal) per payment periodi
e

CF = compounding frequency per year
PF payment frequency per year
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EXAMPLE:

Consider an IRA program with a $6500 initial deposit on Jan.

1, 10.5% nominal annual rate, monthly compounding, and semi-annual

payments of $1000 made on June 30 and Dec. 31 each year. What 1s the

accumulation after 25 years?

In order to use the program FICALC-11/15, on the following cash flow

diagram, the effective interest rate per half-year (I )

e

must be calculated and used, since payments are made every half-year.

Employing the discrete case of the above formula:

12/2

1 = (1+,105/12) -1 = 053661924

e

leading to I = 100 1 = 5.3661924 1%,

 

e e

SOLUTION:

FV = 7

I = 5.3661924 1%

e

1 | 2 | . 49 | a0 |

PMT = 1000

PV = 6500 n = 25x%x2 = 50

Input Key (s) Display Comment

- GSB, 2 0.00 END mode

20 A 90.00 n = 30

2.3661924 B 0.05 1 = 0353661924

e

6500 CHS,C -6500.00 FV = 6500

1000 CHS,D -1000,00 PMT = 1000

- R/S 3.14

- E 324,406.14 FV = Total accumulation

Reference to the detailed example in Appendix B will show that the to-

tal accumulation here is between that obtained with annual #2000 payments

($318,247.45) and $166.67 monthly payments ($329,627.33), under the same

interest rate and compounding frequency.

(2) To convert effective rates to nominal rates:

PF/CF

1 = CFL(i+1 ) -11] {discrete case)

e

and PF

1 = Inl€1+1 ) 1] (continuous case)

e
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a. Net present value (NPV)

NPY = CFo + =-----

where CFs; = cash flow at period J

b. Modified internal rate of return (MIRR)

NFV
P 1/n

MIRR = 100[(------ ) - 11
-NPV

N

where NFV = net future value of the positive cash flows
P

and NPV = net present value of the negative cash flows

N

4, Simple interest

AI = (P) (1) (N)

where AI = amount of interest (dollars)

P = principal (borrowed or invested)

1 = annual interest rate as a decimal

N = number of years; may be less than one,

such as 90 days implies N = 90/365
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The Concept of Time and Money 4/

The following pages represent a fairly complete introduction to basic con-

cepts of time and money. Most of the problems described can be solved from the

HP-11C or HP-15C keyboard and/or use of the FICALC-11/15 program if one notes

that:

Clearing the financial registers, CLFIN, is achieved on a FICALC-11/15

programmed HP-11C or HP-15C by GSB 0, GSB 1, or GSB 2, as appropriate.

The "BEG/END switch" mode is achieved by the choice of GSB 1 (= BEG)

or GSB 2 (= END).

Using FICALC-11/15, you must indicate the end of the input phase by

pressing R/S, then the appropriate label key for the desired unknown.

In the following examples the financial calculator assumed has been

"hard wired" to know when sufficient data have been supplied, there-

fore no signal (such as pressing R/5) to terminate input is needed.

Lower case 1 is used to indicate the interest rate as a percent,

whereas in FICALC-11/15%, capital I implies interest as a percent, and

lower case i implies interest as a decimal.

The material which follows dealing with amortization schedules and

discounted cash flow analyses is included for completeness; these

topics are not directly handled by the FICALC-11/15 program.

4/copied with permission of Hewlett-Packard Co. from "Your HF Financial Calculator",

1978 version. (see References, Section H).Feb.
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Appendix B: An Elaboration of a Compound Interest Problem and Solution Using

the HP-11C/135C

A more complete understanding of the compound interest process can be

obtained by considering an example such as that provided by a typical IRA in-
vestment problen:

1. Payments at the Beginning of Periods

Assume we start an IRA today with a $2000 payment and plan to con-
tinue depositing $2000 each year from now on. At 10% annual
compounding, how much will be the accumulation (FV) of principal

and interest at the end of five years?

The appropriate cash flow diagram is

 

FV = ?

I = 10 % 1
PV = 0

EEE
v

PMT 2000 sixth payment

n
o
u

n 9

Notice that the way the problem is posed, the payments occur at the
beginning of each period and we want the future value at the end of the

five years, to make the number of years coincide with the number of pay-

ments -- a normal constraint in such probleas.

Another way of considering the problem is to seek the future value just
before the sixth payment is made, which of course, is the same as "at
the end of five years".

Solution using the stack

Since the basic formula relating present value (PV), future value (FV),
interest expressed as a decimal (i), and the number of compounding
periods (n) is

n
FV = PV(L1+i)

the solution to the problem is to find the sum of the FVs when each

$2000 is considered a PV for t, 2, 3, 4, and 5 years.

The stack on all modern HP calculators provides an easy calcula-

tion mechanisa:

(1) load the stack with the constant multiplier, (1+i), in the example
1.103
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(2) key the amount to be “futured", in the example $2000;

(3) press the times key once for each year, and record the results
(the FVs).

Thus, the keystroke sequence:

(1) 1.10, +, 4, 4

(2) 2000

(3) X, read 2200,00 = 2000 @ 10% for 1 year
X, read 2420.00 = 2000 €& 10% for 2 years
X, read 2662,00 = 2000 @ 10% for 3 years
X, read 2928.20 = 2000 @ 104 for 4 years
X, read 3221.02 = 2000 @ 10% for 5 years

(4) The sum of the above J FVs is $13,431.22, the solution to the
posed problem.

Solution by formula.

The appropriate formula, algebraically derived from the above
procedure, is

1.10)
FV = 20000 ===msm] (1.10),

and using the following keystrokes leads to the answer 13,431.22, as
before:

2000, +, 1.1, 4, 5, Y*, 1, =, .1, +, 1.1, X, X

Solution using the program FICALC-11/13

Input Key (s) Display Coament

- 65B,1 0.00 BEG mode (observe GRAD)

9 A 5.00 n=23
10 B 0.10 i=0,10

2000 CHS,D -2000.00 PMT = 2000
~- R/S 3.14
- E 13,431.22 FV, as before
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Payments at the End of Periods

The above problem exemplifies an investment scenario sometimes
called an “annuity due" variation for the calculation of the future
value of a terminating annual annuity. The other common variation

(called an "ordinary annuity") occurs if payments are made at the endof
each period, as the following problem suggests.

Suppose we change IRA vendors and transfer $6500 already

accumulated, into an IRA account with the new vendor and plan to deposit
$2000 annually for the next 25 years. At 10.5% annual compounding how
much will accumulate after 25 years?

The appropriate cash flow diagram is
FV n -~

J

I = 10.35 %

2 [2 IE

PMT = 2000
PV = 4300 n = 23

Notice that in this case the payments are at the end of each period, and

because of this the 25th payment will accrue no interest.

Solution using the stack

It should be obvious that this procedure is impractical for such
long periods, however we still might want to see how the initial $6500
(or each $2000 payment, for that matter) would grow year-by-year. Using

the $6500:

(1) 1.105, *, t+, to fill the stack with (1+i)

(2) 6500

(3) X, read 7182.50 after 1 year
X, read 7936.66 after 2 years

X, read 78,880.62 after 25 years

Of course, for the complete solution we would have to add the fu-
ture value of each of the $2000 payments. This can be done far more ef-
ficiently by either of the following methods.
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b. Solution by formula

The appropriate formula for the sum of the future values of the
payments made at the end of each period is

FV, = PMTL[-=m-n=mmn- 1,

but to this must be added the FV of the initial deposit (PV), found by

n

FV2 = PV(1+i)

Substitution and the appropriate solution leads to:

Total accumulation = FV, + FVa

11] n
N
< <
o

o
O
~
~

1.105 25ols1 + 6500(1.105)
05

212,104.38 + 78,880.62

290,985.00

Ce Solution using the program FICALC-11/15

Input Key(s) Display Comment

- 65B,2 0.00 END mode

25 A 25.00 n = 23
10.5 B 0.11 i = 0,105
6500 CHS,C -6500.00 PV = 6500
2000 CHS,D -2000.00 PMT = 2000

- R/S 3.14
- E 290,985.00 Total accumulation,

as before

5/0bserve that this differs from the BEG mode of payment formula only by the
absence of the (1+i) multiplier.



-110-

Additional Use of the Program

Advantages of the programmed solution should be very obvious to
this point, however the ease with which repeated, but slightly different

solutions can be made, really emphasizes this point. For example, if
the time period changes, say to n = 30, simply do this:

30 A 30.00 n= 30
- R/8 3.14
- E 491,714.61 Total accumulation

after 30 years

If the frequency of either payments or compounding is not annual,
the formula procedure can become confusing and very prone to error,
whereas the program approach is perhaps easier to implement.

Consider an IRA plan starting with the same $6500 initial investment and
10.5% nominal annual rate but with monthly compounding and annual pay-

ments of $2000. This situation apparently violates one of the assumed

requirements for the use of the program -- that the total number of pay-

ments must be the same as the total number of compounding periods.

However if we can calculate the effective annual rate (EAR) correspond-
ing to the 10.5% nominal annual rate the problem satisfies the cited
constraint. Using the program (from scratch) to calculate the EAR:

Input Key (s) Display Comment

- GSB, 0 0.00 BEG/END mode immaterial
12 A 12.00 n =C= 12, compounding

frequency

10.9 t12 + B 0.01 actual 1 = 0.008735
- R/S 3.14
- R/S 11.020 actual EAR = 11.020345

Now, the advantage of monthly compounding (at the 10.5% nominal rate),

equivalent to 11.020345% annual compounding, can be shown using the

program. NOTE, the appropriate cash flow diagram is

Fv = ?
EAR = 11.020345%

[the l=)

PV = 6500 PNT = 2000
n = 23
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Input Key (s) Display Comment

- 6SB,2 0.00 END mode
25 A 25.00 n= 25

11.020345 B 0.11 actual i = 0.11020345
6500 CHS,C -6500.00 PV = 6500
2000 CHS,D -2000.00 PHT = 2000

- R/S 3.14
- E 318,247.45 Total accumulation

Note that monthly compounding resulted in considerably more money
(318,247.45 - 290,985.00 = $27,262.45) than annual compounding, il-
lustrating the powerful effect of compounding at shorter intervals.

b. Another point needs to be considered, which can be assessed easily
by the program. Consider basically the same IRA plan $6500 initial

investment, 10.5% nominal annual rate, monthly compounding, but monthly

payments of 2000 / 12 = $1664.67, perhaps made by monthly payroll
withholding. Now, what is the total accumulation after 25 years?

 

SOLUTION:
FV = ?

I = 10,5/12 4%

1 | 2 | Jae| soo]

PV = 6500 PMT = 166.67
n = 25X12 = 300

Input Key(s) Display Comment

- 6SB,2 0.00 END mode
25 +12 X A 300.00 n = 300
10.5412 + B 0.01 i = 0,0087%

6500 CHS,C -6500.00 PV = 63500
166.67 CHS,D -166.67 PMT = 166.67

- R/S 3.14
- E 329,627.33 Total accumulation = FV

after 300 months

Thus, the effect of depositing the money in monthly installments rather
than waiting until the end of each year is considerable (329,627.33 -
318,247.45 = $11,379.88).
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The thoughtful reader who has followed this example through all
the details might ask, why not make the annual payments at the beginning
of each year (if he can afford it) rather than monthly partial payments
or end-of-year full payments? If possible, this is the best way, as the
following solution shows. Note that this now becomes a beginning-of-
period payment situation rather the end-of-period done previously.

 

SOLUTION:

FV = 2

EAR = 11,020345 %

| 2 | IZ |

PV = 63500 PMT = 2000
n = 25

Input Key(s) Display Comment

- 6SB,1 0.00 BEG mode
25 A 25.00 n = 29

11.020345 B 0.11 i = 0.11020345
6500 CHS,C -6500,00 PV = 6500
2000 CHS,D -2000.00 PMT = 2000

- R/S 3.14
- E 343,543.16 Total accumulation

In summary, the results of the four fairly typical alternatives ares

Compounding Payments
Initial frequency at ----------------cccmmmmmeo Total

investment 10.5% NAR frequency amount number BEG/END accumulation
-— ED ewwo -— -——— — — —————— - a an wn we we an EE -— -— an aeon - am wn en We wnoom

$ $ $
6500 annual annual 2000 25 END 290,985.00
6500 monthly annual 2000 25 END 318,247,495

6500 monthly monthly 166.67 300 END 329,627.33
6500 monthly annual 2000 25 BEG 343,543.16

WD Gn Ce ED WE EE GE nt EE. Cn. C.D ESnD ED WG Ge GE GR A Gh Ge. —— Sw weED GE GS Gm G0 GE We Sw ED WR wn Gh SE WD BE WS Cw me WR GE EN=we
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Appendix LC: FICALC, A version of FICALC-11/135

Appropriate for the HF-41C, CV, or CX

The program found on the following pages, as a listing and in barcode

form, can be used with an HF-41C, HF-41CY, or HF-41CX.

It was written so that the user could follow the instructions found in

the main section of this paper, appropriate for the HF-11C or HP-{5C, with the

reminder that the XE8 key on the HP-41 is equivalent to the GSB key on the HP-

11C or HF-135C.

In addition to the obvious improvements regarding the identification of

input data and answers, two other refinements were incorporated into the

FICALC program:

1. A "12 multiplier” 1c provided in LBL a; by keying the number of

years and pressing the "label a" key (shift 2 +! the number of

months 1s calculated and becomes N, stored appropriately.

Zh A "12 divisor" 1s provided in LEBEL b; by keying the annual interest

rate (%) and pressing the "label b" key (shift 1/X) the monthly

interest 1s calculated and becomes 1, stored appropriately.

Thus, these two refinements replace the keystroke sequences otherwise needed:

number of years, t, 12, X, A

and

annual interest percent, 4, 12, + , BE.



A1eLBL “FICALC"
a2 SF 27
a3 LTO #4
Ad¢LBL Bl
a5 SF 81
AneLRL AA
a7 ADY
a3 FIX 2
A9 CLRG
14 CF 84
111
12 570 81
17 OLX
14 4.88 END MODE"
13 FS? 41
16 GRAD
17 FS? @l
18 =@.68 BEG MODE"
19 AVIEM
28 ADV
21 STOP
22¢LBL @2
23 CF a1
24 DEG
23 G70 a4
264LBL a

38 FS? 88
31 GT 93
32 STO 81
13 N=
34 ARCL
35 AVIEN
36 STOP
37 G10 89
3B4LBL b
19 12
4 /
414LBL 8
42 1 E2
43 7
44 F57 08
45 GTO 84
46 STO 82
47 1 £2
48 +
49 “I= *
58 ARCL X

al "F %"

52 AVIEH

93 STOP

24 G70 89

99¢LBL C

9h FS7 08

57 GTO 85

28 570 83

99 =Py= -

Rh ARCL ¥

61 AVIEH

hZ STOP

hd GTO A9

h4¢LBL T

AS FS? 84

hh GTO Ab

h7 STO @4

t8 “PHT= ©

h9 ARCL X

78 AVIEK

71 STOP

72 GT a9

736LBL £

74 F57 88

75 GTO 87

76 STD 85

77 "Fy= "=

78 ARCL X

79 AVIEH

88 STOP

81 GTO 89

R2¢BL A3

83 RCL 84

84 RCL 85

85 -

86 RCL 88

87 RCL a3

ge +

89 /

99 LN

91 RCL A2

92 1

93 +

94 LN

95 /

9% STO al

97 CF 04

98 GTO A

99¢LBL 84

189 RCL @4

-114-

181 X#h?
182 G70 18
183 RCL #5
184 RCL 83
183 7
186 ABS
187 RCL al
188 17%
189 YH
118 1
111 -
112 STO @2
113 1 E2
114 *
115 CF oa
116 GTO B
117+LBL 85
118 RCL 83
119 RCL Bs
120 RCL ha
121 *
122 +
123 CHS
124 RCL 86
125 1
126 +
127 7
128 STO a2
129 CF fe
138 GTO C
131¢LBL 85
132 RCL 83
133 RCL a3
134 RCL 85
13%
136 +
137 *
138 +
139 CHS
148 RCL 85
141 RCL #7
142 *
143 7
144 S70 84
145 CF aa
146 GTO 1
147¢LBL #7
143 RCL 83
149 RCL #6
159 RCL 83

Frogram Listing for FICALC, an HF-41 Analogy of the Frogram FICALC-11/14.

151 RCL AA

152 +

153 %

154 +

195 CHS

156 5ST) 45

157 CF ba

158 GTO E

159¢LBL 89

168 SF 848

161 RCL 82

162 X=8?

163 GTO 83

164 1
165 +

166 KCL 81

1A7 Y4¥

168 1

1p9 -

178 570 86

{71 8

172 RCL 82

173 17%

174 FS? ai

791

176 +

177 570 &7

178 RCL 04

179 %

188 ST) a4

181¢LBL 88

182 =3.14 : READY"

183 ADY

184 PROMPT

185 RCL 85

186 1 E2

187 *

188 CF Aa

189 FIX 3

194 “EAR= *

191 ARCL ¥

192 F %=

193 AVIEM

194 STOP

195 GTO a3

1961BL 19

197 “ERROR 3 -

198 AYIEM

199 END



HF-41 Program Barcode:

~1

FICALC

Program Registers Required: S51

15-

ROW 1: LINES I - 3

RARAAARAR
ROW 2: LINES 3 - 12

ERARR
ROW 3: LINES 13 14

JAAR
ROW 4: LINES 14 18

ERROR
ROW 5: LINES 18 - 23

HEAERER
ROW 6: LINES 23 30

HERE
ROW 7: LINES 31 3

dE
ROW 8: LINES 38 - 44

EERERAATEr
KOW 9: LINES 45 -

REET
ROW 10: LINES 51 57

HERR———"
ROW 11: LINES 57 - 63

HEE RRR
ROW 12: LINES 64 -

die
ROW 13: LINES 69 -

HERRERAERR
ROW 14: LINES 77 - B3

ERARERRTR
ROW 15: LINES 84 - 96

                     
T
2

                      

4
o                          

I 8

6                      



FICALC (continued)

ROW 16: LINES 97 - 105

ROW 17: LINES 106 - 115

ARRAN
ROW 18: LINES 116 - 126

ROW 19: L

ROW 20: L   

I

I 

NES 1

RES

i 7

~d
Jd+47

I         
ROW 21: LINES 147 -

ROW 22: L

ROW 23: L  

I

I

A
NES 138 -

NES 168 -      

136

146

158

167

179
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ROW 24: LINES 180 - 182

ROW 25:

ROW 24:

L

    LINES 190  

NES 182

  

189

  

     

 193

ROW 27: LINES 194 - 197

ROW 28: LINES 198 - 199

  

 

[HH

[UHHH

IH

HHA

Hill

IHR

HR

JIRRAIE

        

      

  

   

  

   

ii

Ii

[ill

ll

HNL

HR
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Program No. 11F007

Calculator: HP-11C (and HP-15C with minor changes)
HP-41C (see Appendix A and B)

Program Name: AREA-11/15 (AREA calculations on the HP-11C or HP-15C)

Author: Thomas W. Beers

Date: June 1985

Purpose: To calculate the area of a closed traverse, given input in the form
of straight-side distances and directions either as azimuths or as
bearings and quadrants. Area is calculated in square units
corresponding to the distance units and optionally in acres or
hectares. The linear error of closure is calculated and displayed if

desired. The program can also be used as a bearing-to-azimuth
converter. Note that there is no provision to "balance" the

traverse; if this is necessary it must be done separately.

A. Storage Assignments

Register 15C Use

0-5 (2-7) under the control of the summation key

 

 

0 (2) number of sides

1 3) sum of latitudes

3 (5) sum of departures

6 (0) bearing, then azimuth, in degree and decimal form

7 (1) double meridian distance of the previous side (DMD; _;)

8 departure of the previous side (DEP,_;)

9 cumulative area = half the sum of DMD

.0 quadrant number: 1 = NE, 2 = SE, 3 = SW, 4 = NW

1 the constant 43,560 or 10,000

B. Labels

Name Use

[A] converts keyed-in Azimuth angle from D.MS (degrees, minutes,
seconds) format to D.dd (degrees, decimal degrees) format,
pauses, then transfers to label 1
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B. Labels (continued)

Name

[Bl

[C]

[D1

(E]

£9]
[6]
[5]
[al

C. Flags

_Use

stores keyed-in quadrant number and converts keyed-in Bearing
in D.MS format to an azimuth angle in D.dd format

Calculates (actually just recalls and displays) area in the
square of input units, and optionally in acres or hectares,
and linear error of closure

uses the keyed-in Distance and stored azimuth angle to
calculate latitudes, departures, DMDs, and cumulative area

clears the registers for a new data set and stores and
displays the appropriate metric or U.S. units divisor,’
depending on the status of flag 0

stores azimuth angle in D.dd format then displays it in D.MS
format

generates the quadrant number implied by the key's position
(9 =NE: 1; 6 = SE: 2; 5 = SW: 3; 8 = NW: 4) and using the
keyed-in bearing passes control to label B

*brackets indicate meaningful external (i.e., in RUN mode)
accessibility.

Use

clear assumes the input distance units are in feet, therefore
output area is in sq. ft. and acres

set assumes the input distance units are in meters, therefore

Lyoutput area 1s 1n sq. meters and hectares

D. Program Procedure

1.

2.

In program mode, key in the program.

In run mode, activate USER mode and clear flag 0 (distances in feet) or
set flag 0 (distances in meters or chains).

3. PressE to initialize the calculator; observe either 43,560. or 10,000.
depending upon the status of flag O.

Vig distance input units are chains, choose this option, then area in acres =

1000 x "no. of hectares".
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D. Program Procedure (continued)

4. Provide the angle of the first side of the traverse, using any one of

the options cited:Z

a. key the azimuth angle as DD.MMSS, press A, observe the angle as
DD.dddd then as DD.MMSS to verify the input, go to step 5;

b. key the bearing, press ENTER, key the quadrant number (NE=1, SE=2,
SW=3, NW=4), press B, observe the angle as an azimuth in DD.MMSS
format, go to step 5;

c. key the bearing, press GSB followed by either 9,6,5,or8 (thus
implying quadrants 1, 2, 3, or 4, respectively), observe the angle
as an azimuth in D.MS format, go to step 5.

5. Key the distance, press either DorR/S;Y observe 1., indicating the

first side has been processed.

6. Repeat steps 4 and 5 for all sides of the traverse.

7. PressC to display the area in sq. input units, pressR/S to display
the area in acres or hectares (or acres/1000 if chains are the input
units), pressR/S to display the linear error of closure. (step 7 can
be repeated.)

Special note: The area answers may be displayed with negative signs,
which simply means that the direction of the traverse was clockwise,
rather than counterclockwise.

21g a mistake is detected just after the current bearing or angle has been
processed, it can be corrected by repeating any of the three options using
the correct angle or bearing. Mistakes detected after the distance is
processed (step 5) mean "start over".

3/14 the HP-41 version of the program, R/S must be pressed, since label D has

another use.



E. Examples

EXAMPLE
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Given the following closed traverse with distance expressed in feet,
calculate the area in sq. ft., in acres, and the linear error of

 

 

closure.

Bearing
as

side  _DD,MMSS Quadrant Distance

1 S 51,0656 W 3 199.123
2 S 13.2944 E 2 128.550
3 N 63.2606 E 1 111.803
4 N 7.0730 E 1 201.556

SOLUTION:

Note that each of the three angle input options are used below to
demonstrate the interchangeability of the procedures.
presumed.

Step _Input __Key(s) Display

2.

4c.
5.

4a,

5.

7.

51.0656 +3

199.123

13.2944
128.55

63.2606
111.803

7.073

201.556

gCF oO

B

D (or R/S)

GSB 6
D (or R/S)

GSB 9

D (or R/S)

A

D (or R/S)

C
R/S
R/S

43,560.

231.0656

1.

166.3016
2.

63.2606
3.

7.1250 (pause)
7.0730

4.

20,937.438
0.481
0.001

USER mode is

Comment 

clear flag 0

implies distances in
feet

azimuth displayed as
DD ,MMSS

one side done

azimuth displayed
two sides done

azimuth displayed
three sides done

azimuth as DD.dddd

then in D.MS format

four sides done

area in sq. ft.
area in acres

error of closure in

feet
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EXAMPLE

Assuming the same traverse data as in EX. 1, except that distances are
expressed in meters, calculate the area in sq. meters, in hectares, and
the linear error of closure.

 

SOLUTION:

Step Input  __Key(s)  _Display Comment

2, - g SFO - set flag 0

3. - E 10,000. implies distances in
meters

4b, and 5. 51.0656 GSB 5 231.0656 azimuth
(repeated) 199.123 R/S 1.

13.2944 GSB 6 166.3016 azimuth
128.55 R/S 2.

63.2606 GSB 9 63.2606 azimuth
111.803 R/S 3.

7.073 GSB 9 7.0730 azimuth
201.556 R/S 4.

7. - C 20937.438 area in sq. meters
- R/S 2.094 area in hectares
- R/S 0.001 error of closure in

meters

EXAMPLE

Assuming the same data except that distances are in chains, calculate
the area in sq. chains, in acres, and the linear error of closure.

SOLUTION:

The procedure is identical in all respects to EX. 2 down to
step 7. which is

 Step _Input  __Key(s)  _Display Comment

7. - C 20937.438 area in sq. chains
- R/S 2.094 area in acres/1000

1000 X 2093 .744 area in acres

- R/S 0.001 error of closure in
chains
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F. Program Statements and Code

Step _Statement __Code Step Statement __Code Step Statement __Code

oi C[fLBL EJ 422115 31 1 61  X 20
02  f CLEAR REG 4234 32 8 62 2 2
03 4 4 33 0 0 63  : 10
04 3 3 34 X 20 64 STO +9 44 40
05 5 5 35  X3Y 34 65 RCL 0 (2) 45
06 6 6 36 g LSTx 43 36 66 f FIX 0 42 7
07 0 0 37 RCL .0 45 .0 67 R/S 31
08 STO .1 44 .1 38 X 20 68 [f LBL Cl 42 21 13
09 EEX 2% 39 COS 24 69 fFIX 3 42 7
10 4 4 40  X 20 70 RCL 9 45 9
11 gF?0 43 6 0 a - 30 71 R/S 31
12 STO .1 44 .1 42 (fLBL1) 4221 1 72 RCL .1 45 .1
13 RCL .1 45 .1 43* STO 6 (0) 44 6 73: 10
14 fFIXO 42 7 0 44  f => H.MS 42 2 74 R/S 31
15  g RTN 43 32 45 R/S 31 75% RCL 3 (5) 45 3
16 [f LBL Al 42 21 11 46  [f LBL D1 42 21 14 76* RCL 1 (3) 45 1
17  f FIX 4 42 7 4 47* RCL 6 (0) 45 6 77 g->P 43 26
18 g => H 43 2 48  XXY 34 78 R/S 31
19  f PSE 42 31 49 ff ->R 42 26 79 [f LBL 51 4221
20 GTO 1 22 1 50 n+ 49 80 3
21 [f LBL BI 42 21 12 51  R¢ 33 8l GTO B 22 12
22  fFIX 4 2 7 4 52 g LSTx 43 36 82 [fLBL6] 4221 6
2B STO .0 44 .0 53 XY 34 8 2 2
24 XXY 34 54 RCL 8 45 8 84 GTO B 22 12
25 g->H 43 2 55 XY 34 85 [f LBL 8] 4221
26* STO 6 (0) 44 6 56 STO 8 44 8 86 4 4
27 XY 34 57 + 40 87 GTO B 22 12

28 2 2 58* RCL 7 (1) 45 7 88 [fLBLO9] 4221 9
29 10 59 + 40 89 1 1
30 g INT 43 44 60* STO 7 (1) 44 7 9 GTO B 22 12

Note: g MEM leads to
P- 01 r= .5

YBrackets and parentheses are not on the keyboard; they are used to indicate externally
meaningful or internal use labels, respectively.

* Indicates statements that must be changed for the HP-15C. Suggested or required
change is shown in parentheses. Although the "code" for these statements will
also change this is left for the 15C user to alter.
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Formulas and Unique Features

1.

2.

Formulas

a. Traverse area (A) was calculated using the double meridian
distance (DMD) method which can be found in most elementary
surveying textbooks. The DMD procedure makes use of latitudes

(LAT) and departures (DEP) calculated from the traverse data.
The pertinent formulas are:

1 n
A= 2 L (DMD) (LAT)

i=1

in which

DMD = DMD, _, + DEP, _, + DEP, ’

LAT, = (Dy) (cos Zy) ’

where

DEP, = (Dy) (sin Zy) }

hdistance of the 1" side,O
o I

o 3 a N ]i bearing of the {th side expressed as an azimuth
clockwise from north,

b. Area in acres or hectares was calculated simply by dividing the
area (A) by 43,560, or 10,000 respectively.

c. The linear area of closure (C), the distance by which the traverse
fails to close, is defined by the formula

 

C= V(sun of DEP)? + (sum of LAT) 2

Unique Features

The calculation of area of a closed traverse on a programmable
calculator has been a popular one since the HP-25 came on the market in
the early 1970's. As a result, many efficient computational short-cuts
have been employed. Some of these were used in this program; they
warrant the attention of the serious programmer and therefore are
discussed below.

a. Useofazimuthratherthanbearingangle

Those of us who learned the DMD method before computers came
along recall calculating latitudes and departures from the formulas
LAT = (distance)(cos bearing), DEP = (distance)(sin bearing), then



Ce.
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placing the results in a table, according to the convention LAT = +
for north bearing, - for south and DEP = + for east bearing, - for
west, and proceeding with the DMD calculation algorithm. This
process can be automated by converting the bearings to azimuths (2)
and using the formulas LAT = (D)(cos Z) and DEP = (D)(sin Z), which
assures that the proper sign is employed for the LATs and DEPs.
This fortuitous happening does not seem immediately logical since
azimuth angles are measured clockwise from the north axis, while
angles in the trigonometric sense are turned counterclockwise from
the "east axis"; but it works!

bearings

The procedure for the conversion of bearings (which of course
represent the angle from north or south measured toward east or
west) to azimuths is commonly done by visualizing the N-S, E-W axes
and applying some mental arithmetic. Obviously unsuited for
programming! A number of formulations have been proposed, such as:

To convert a bearing in degrees (B) to an azimuth in
degrees (2):

 

 

If Quadrant, Q = then

1 (NE) Z=0B
2 (SE) Z=18 -B
3 (SW) Z=180 +B
4 (NW) Z=360 -B

 

But such relations are still somewhat awkward to use, therefore

either of the following are to be preferred:

algyZ (180) (integer portion of + (-1)

(180) (integer portion of - (B)cos(180 Q)or Z

The latter formula was used in the AREA-11/15 program.

format

The relations described above (in section b.) require that
bearings and azimuths are expressed in degree format (D.dd). It is
convenient, however, to input and refer to bearings in degrees,
minutes and seconds (D.MS) format. Conversion from one format to
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the other is accomplished on most HP calculators by either of the

following functions:>/

->H ("to hours")--to convert D.MS to D.dd

or => H.MS ("to hours, minutes, seconds")--to convert D.dd to
D.MS

d. CalculationofLATsandDEPs

If the distance (D) and azimuth (Z) are located in the X and Y
registers respectively, the formulas for LATs and DEPs (LAT =
DcosZ and DEP =D sin Z) can be solved in
using the function ->R ("to rectangular coordinates"), leaving the
latitude in the X register and the departure in Y. This efficient
process works because in the usual polar and rectangular coordinate
representation, X = r cos © and Y = r sin ©, and in our application

r=D0D, and 8 = Z,

e. Simultaneoussummation ofLATsandDEPs

In order to calculate the error of closure, the sum of
latitudes and the sum of departures must be obtained. This is
easily accomplished in one program step on most HP calculators by
the z+ ("sum plus") function. So, if LAT, is in X and DEP, is in
Y, executing r+ on the HP-11C adds these to register 1 and register

3, respectively (on the HP-11C).

f. Calculationoferror ofclosure

The error of closure (C) defined by the formula
 

¢ = VLAD? + (zDEP)Z

can be found in one program step using the function =->P ("to polar
coordinates"). The rationale behind this calculation is that C is
actually the hypotenuse of the right triangle whose sides are X =
rcos® and Y =r sin 8, and since the magnitude, r, in polar
coordinates is calculated from the X and Y rectangular coordinates
by |

r=VxZ%+v2,

the ->P function solves the Pythagorean Theorem for the hypotenuse!
This meets our needs since we can position LAT in the X register
and zDEP in the Y register, use the =->P function, and the result in
the X register will be r = C.

5/ on the HP-41, the corresponding functions are HR (from D.MS to D.dd) and
HMS (from D.dd to D.MS).
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Appendix A: AREA4l1 (program number 41F039), Appropriate for the HP-41C,
Cv, or CX.

The program found on the following pages, as a listing and in barcode
form, was written so that the user could in_general follow the instructions
found in the main section of this paper. However, because of the prompting
available on the HP-41 and other design differences from the HP-11l, the
following should be noted before the user tries AREA4l initially:

1.

2.

Initialization is first achieved by XEQ AREA4l; re-initialization for
a new data set by shift E.

The three bearing options, providing cryptic prompts, are available on
keys A, Bs C, implying Azimuths, Bearings and quadrant number, and
bearing Combined with quadrant key, respectively. The prompts for
options A and B must be followed by proper input then R/S depression,
while the prompt for option C is followed by the bearing input and
keys D, E, I, or J as needed to indicate quadrants 4, 1, 3, or 2
respectively.

The distance prompt is automatically obtained, and after proper input,
R/S must be pressed (not D!).

When all sides have been processed and the prompt for the next
direction is in the display, the area (and other output) is obtained
by pressing R/S or by shift C (which can be repeated). Press R/S
between answers, unless a printer is attached, in which case the
output is continuous.

Storage register assignments in the HP-41 program are slightly
different from the HP-11 since the summation register configuration is
not the same. The AREA4l program designates ROO through R05 as the
statistical registers (step 06), but because "n" is positioned
differently from the HP-11, the following are the pertinent register
assignments in AREA4l:

 Register Use

00 2X (= sum of latitudes)
02 rY (= sum of departures)
05 n (= number of sides)

06 bearing or azimuth, in D.dd format

o same DEi-1

09 AEALLL/ 15 cumiTative area
10 quadrant number keyed in
11 43,560 or 10,000

12 azimuth in D.MS format
13 quadrant number generated in

labels Dy, Ey, I, or J

14 sum of distances
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CAUTION: after AREA4l has been executed, the user should note that
the statistical register assignment remains ROO through
R05; if the "normal" assignment of R11-R16 is desired,
YREG 11 must be executed.

An additional calculation was made in AREA4l: the precision of the
survey, defined by the formula

PREC. = 1: X

x =thedistances
where error of closure

The audio part of the bearing and distance prompts employs tones which
were assembled using synthetic programming. Unfortunately, the
program listing does not identify the tones precisely, but for those
who care about such details, "TONE O"™ {is actually TONE 100 and

"TONE 7" is actually TONE 87. An advantage of loading the program
from the barcode is that these synthetic tones will be compiled in the

program.

Printed output can be obtained if an appropriate printer is attached
to the HP-41 when AREA4l is used. The samples shown at the end of the
program listing are from the HP 82143A printer and demonstrate options
A, B, and C for bearing entries and the U.S.-Metric option.
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Program Listing for AREA4l, an HP-41 Analogy of the Program AREA-11/15
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for AREA41 (continued) and Sample Printed
Obtained in MAN Printer Mode

  

251 THT

252 FIZ #
J ~- TL G253 "PREC.= 1:° 5.3, 4254
254 ORCL ¥ So
acc PTC Ri.8656 + 03255 AVIEM
rr DIST: 199,123256 RTH FIST ps es

Zo7#LBL 15 oe oo
- _ _ 13 “3 4d 3h 33

258 F5? 21 2C- oe BIST: 128.558759 PSE 88.3 PERE cio

=F re
s Fi i
= = - wl

act oT Bi. ZeAe T BI
L it RINT i444 O37

ii Pili: EC

7.8738 + 6

BIST: 281.556

HREF= 28337.44 F1.12
= B.4581 RLRES

LL 50 43560

Z 3=n

166-326-118 S 51-86-56 #
nid TEC ST. §49 123= 146.5844 LEG, BIST: 199,123

nt ag CCG
i City d36

63-26% 5
= 63.4358 IEC.
DIST: 111.863 H 63-26-86 E

DIST: 111.863
7-67-38

258 DEG.

ARER= 2@8937.44 F1.1%2 RREH= 285937.44 FT.1Z
= @,451 GOPES = B.481 RCRES

Output

a
’

ia o
h
o
r

EOC= A, 80
PREC.=



HF-41 Frogram Barcode:

Program Registers Required:

ROW 1: LINES! - 3

ROW 2: LINES 4 - 9

dn
ROW 3: LINES 9 - 14

  

ROW 4: LINES

ROW 5ow 53: LI

14

16

- 16

NES     
2-2

ROW 6: LINES 23 - 25

R

  

Ow 7: L

ROW 8: LI

NES 26 - 27

NES 27 - 33

I

     
ROW 9: LINES 35 -

  

ROW |

ROW 1

0: L

I+ LINES 43 - 47

INES 41 - 42

    
ROW 12: LINES 47 - 5I

  

ROW 13: LI

ROW 14: LI 

NES 51 - 35

NES 553 - 60 

4

  

 

[HHH

HHH

[IEEE

HERRERA

SHERRIE

 

 

 
ROW 15: LINES 60 - 64
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AREA41

88

 

 

 

 

     

  

 

 

  

  

JH

HEH

HITE

HH

HH

HHH

JRE

HIRAI

HRA

HIRE

HEHEARE

   

  

  

 

  

 

 

 



AREAA41

ROW 16: LINES 64 - 73

REARRRR
ROW 17: LINES 73 - 77

ROW 18: LINES 78 - B4

ROW 19: LINES 85

ROW 20: LINES 86       

-8

-9 

b

    !

ROW 21: LINES 91 - 93

ROW 22:

ROW 23:

LINES 96

L    INES 107

- 1

  

06

117     
ROW 24: LINES 118 - 124

ROW 23: LINES

ROW 26: LINES     

124 - 127

127 - 131  
ROW 27: LINES 132 - 144

ROW 29 : LINES 13   

ROW 28: LINES 145

     

152

138    
RON 30: LINES 158 - 163

(continued)
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HHA

HIHRRIR

HER

HAIMA

[RH
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AREA41 (continued)

ROW 31: LINES 164 - 169

ROW 32: LINES 169 - 173

ROW 33: LINES 174 - 179

ROW 34: LINES 180 - 188

ROW 35: LINES 189 - 196

ROW 36: LINES 197 - 204

                  
ROW 37: LINES 205 - 2110

ROW 38: LINES 21 r
a - 216             

ROW 39: LINES 217 - 220

ROW 40: LINES 220 - 224

ROW 41: LINES 225 - 231       
ROW 42: LINES 231 - 233

43ROW 43: LINES 233 - 240

ROW 44: LINES 240 - 243       

 

 
44

ROW 45: LINES 243 - 248

 

JERRRRRRRI

RARAARARRRIA

INRARRR

HERRERAAR

RRR
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AREA41 (continued)

ROW 46: LINES 249 - 253

ROW 47: LINES 253 - 260

ROW 48: LINES 261 - 262
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Appendix B: AREA-S (program number 41F040), A Short Version of AREA4l.

While the AREA4l program is flexible and demonstrates how various options
can be incorporated into one program, it was felt that a shorter version
incorporating the most 1ikely options might be equally desirable. Thus, AREA-S
is included on the following pages in listing and barcode form. It assumes
distances are measured in feet and bearings in D.MS format are input using
option C -- key the bearing, and press D, E, I, or J as appropriate for NW, NE,
SW, and SE quadrants, respectively.
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Program Listing and Sample Printed Output for AREA-S, a Short
Version of AREA4l

#leBL “ARER-S"
B2 A
- 3:A: Tip
A 2

a4

18+
11
12
13
14
13
16
17

Fl
t
I
D

Pd
e
T
d

D
d

w
h
o

It

w
n
=

A
D

a
d

fa
d
L
d

P
a
a

a
S

i

46
47
43
49
af

LBL id

FIZ 8

LF 22

CLA

AECL 8%

“+ BRG..E, EEY"

TOHE 7

TORE 7

PROMPT

FCoC 22

LT0 ¢

“THIHK"

AVIEH

SIH

SIH
GT0 18
LBL 11
S70 18

8 HIN

HE

ARCL #3
“F DISTANCE?"
PROMPT
Fiz 3

n
y

32 ARCL X
a3 AVIEw
a4 RADY
33 57+ 14
a6 RCL B86
ar BOY
ag P-R
29 It
6@ RIN
61 LASTH
62 XO
63 RCL 83
hd XY
£5 570 &3
66 +
67 RCL 67
63 +
69 570 &7
78 *
il 2
72 7
73 5T+ AY
74 G70 1m
73¢LBL I
76 4
77 "HC
72 REB 12
73 "FW"
88 G70 13
GieLBL E
az |
33H"
84 SER 12
85 "FE"
26 G70 13
87eLBL I
88 3
39 "5
94 JER 12
91 "FW"
92 G70 132
93¢LBL J
94 2
95 *5
96 XEB 12
37 "FE"
9a¢LEBL 13
33 AVIER
14a GTO ii

= DIST: 181¢LBL 12
182 STD 12
183 xO0Y
ted STO 13
185 FIX @
186 INT
187 RRCL X
ta3 LASTX
189 FRC
tia 1 EZ
1 =
112 INT
HI “p--
114 18
115 4377?
116 =a"
117 RIM
118 ARCL ¥
119 LAST
128 FRC
21 1 EZ
22 *
123 INT
124 =F--
125 18
126 ¥3Y7?
127 =ka-
123 RIK
129 ARCL 4
138 RCL 13
131 RCL 12
132 RTH
133¢LBL ¢
134 FIX 2
135 "RARER=
136 ARCL 89
137 =F FT.t2"
138 AVIEW
139 XE@ 19
14a RCL #9
141 43364
142 7
143 FIX 3
144 == =
145 ARCL X
146 + ACRES"
147 AYIEK
145 ADY
149 XEQ 15
158 RCL #2

131 RCL #4
132 R-F
133 “E0C= -
134 ARCL 4
1535 "F FT."
136 AYIEK
137 XER 13
138 RCL 14
139 XOY
168 /
161 INT
162 FIX 8
163 *PREC.= |:-
164 ARCL X
165 AVIEW
166 RTH
1674LBL 15
168 FS? 2i
169 PSE
178 FC? 21
171 STOP
172 ERD

£ 13-29-44 E

N 7-87-38
BIST: 281.356

ARER= 20937.44 FT.12
= 8.451 ACRES

EOC= A.@al FT,
PREC.= 1:589937



HF-41 Program Barcode:

Program Registers Required:

ROW 1: LINES 1 - 4

ERR
ROW 2: LINES 4 - 11

ROW 3: LINES 12 - 15

ROW 4: LI

ROW 5: LI

NES |

NES

c
J

20       

19

c
oJ  

ROW 6: LINES 25 - 35

ROW 7: LINES 3

ROW 8: LINES 47   

46

48  
FOW 9: LINES 48 - 52

ROW 10: LI

ROW 11: LI    

RES 52

NES 64    

      

 

   
ROW 12: LINES 75 - 79

ROW 13: L

ROW 14:       

INES 80

INES 83 

8

9   

3

 

 

a2

 

 

  

 0

ROW 15: LINES 91 - 96
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AREA-S5

   

 

  

 

i

I

I

Jl

Ii

Il

   

   

 

 

    

  

 

 

 

 

AARERR

SIRE

IHRE

HHUA

IEUERRRERRRRO

AHR

{TH

HITE

HERI   

  



AREA-

ROW 1 7

8     

Ss

 

: LINES 104 - 112

HERRAR
: LINES 113 - 119

HEE

(continued)

ROW 16: LINES 96 - 103

 

    
ROW 19: LINES 120 - 127

gui

nnn

i

IEE

   

ROW 20: LI

ROW 21: LI  

LINES 127 - 133

 

NES 133 37   
ROW 22: LINES 137 - 141

{ill

Jin    

HEHE
ROW 23: LINES 142 - 146

HERERRR
LINES 146 - 133   

ROW 23: LINES 133 - 136

ROW 26: L

ROW 27: 

INES

LINES    

137 - 163

HERA
163 - 168   

RCW 28: LINES 168 - 172

aE

JRE
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HERRRRRR

HHRREER

IEEE  

  

HHH

HH

THERA

 

   

  

  

dH

NERERR

IER

 

IRI

IH

LH

HHH

di

   



-138-

Program No. 11F008

Calculator: HP-11C
HP-41C (see Appendix A)

Program Name: MUGO-11 (Means, with Ungrouped and Grouped Options

Author:

Date:

Purpose:

A.

on the HP-11C)

Thomas W. Beers

February 1986

To calculate, for a set of univariate data, the arithmetic,
quadratic, geometric, and harmonic means, and the standard
deviation, coefficient of variation, and standard error. Data can
be ungrouped, or grouped using either true frequencies or weights
other than frequencies.

Storage assignments

 

Register 15c Use

0 (2) number of observations, n, or sum of frequencies (Zf5), or

sum of weights (Zws)

1 (3) ZX5, of; X; or ZW; X;

2 (4) ZX%, zfiX3, or ZwiX}

3 (5) ZlogXj, Zf;logX;, or Iw;logX;

4 (6) forced to be (XTogX; )? to prevent an "ERROR" stop,

or fj or Wj

5 (7) not used, or X5

6 (0) z1/X;, Lfi/X5, or ZW; /X;

7 (1) arithmetic mean (X or X,iq.)

8 standard deviation (s or Swtd. )

I number of classes, c, in the case of grouped data



Labels

Name

[0]

 

[1]

[A]

[B]

[C]

[D]

[E]

2

3

Flags

Number

-139-

Use
 

program start if data are ungrouped; all storage registers
are cleared, flag 1 is cleared and the X register is set
to zero as a signal

program start if data are grouped (either frequencies or
weights); all storage registers are cleared, flag 1 is
cleared, and II is returned to the X register as a signal

calculates and displays the arithmetic mean, standard
deviation, coefficient of variation, and the standard error

calculates and displays the quadratic mean

calculates and displays the geometric mean

calculates and displays the harmonic mean

calculates and displays all four means separated by pauses

data summary loop for the ungrouped case

data summary loop for the grouped case; also tests for
negative "frequencies" which indicates the weighted case,
thus setting flag 1

if flag 1 is set, a correction is made to the standard
deviation so that the effective denominator under the
radical is (c-1)zw; rather than (2f;)(Zf;-1) which is
appropriate for the frequency case

*brackets indicate meaningful "RUN mode" accessability.

Use
 

Cleared in labels 0 and 1 but then set in label 3 if
keyed-in "frequencies" are negative, thus indicating that
they are actually weights.

Program procedure and example

I. In PRGM mode, load the program.

IT. In RUN mode, proceed as given below by way of example. The three
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cases described are ungrouped, grouped assuming frequencies, and
grouped assuming weights. Assume FIX 3, and in USER mode.

1. Calculate the four means and standard deviation(s), coefficient
of variation (CV), and standard error (s;) for the following

data set:

62, 58, 62, 73, 84, 68

Step Input Keys Qutput Comment

a. - GSB 0 0.000 ungrouped signal

b. 62 R/S 1.000 first observation
58 R/S 2.000 2nd observation

62 R/S 3.000 3rd observation
73 R/S 4.000 4th observation
84 R/S 5.000 5th observation
68 R/S 6.000 6th observation

Cc. - A 67.833 X = A.M
- R/S 9.517 S
- R/S 14.029 SV as a percent
- R/S 3.885 Sg

d. - B 68.387 Q.M.
- C 67.306 G.M.
- D 66.809 H.M

e. - E 67.833 (pause)

67.306 (pause)

A.M.
68.387 (pause) Q.M.

G.M
66.809 H.M

Note that the user can select among steps c, d, and e,
and the order of execution is immaterial.

f. for a new set of ungrouped data go to step a.

2. Calculate the same statistics (as in example 1) for the
following data:

X; f,

58 4
62 2
68 10
73 6
84 8



Step Input

a. -

b. 5844
6212
6810
7316
8418
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Keys

GSB 1

R/S
R/S
R/S
R/S
R/S

A
R/S
R/S
R/S

E

Output

.142

/1
72
71
70

.000

.000

.000

.000

.000

.533

.897
L437
.624

.533 (pause)

.066 (pause)

.000 (pause)

.470

Comment

grouped signal

first class
2nd class
3rd class
4th class
5th class

x (weighted)
s (weighted)
CV as a percent
S x (weighted)

A.M. (weighted)
Q.M. (weighted)
G.M. (weighted)
H.M. (weighted)

e. for a new set of grouped data go to step a.

Calculate the same statistics (as in example 1) for the
following data:

Xj

58
62
68
73
84

Step Input

a. -

b. 581.4 CHS
62 1.2
68 11
731.6
84+.8

=
o
o
m
o
r
n
s

|
=

Keys

GSB 1

R/S
R/S
R/S
R/S
R/S

A
R/S
R/S
R/S

Output

7

1

3.

O
O
P
w
n
N
=

1.

0.

142

.000

.000

.000

.000

.000

533
.575
590
.374

Comment

grouped signal

negative weight
indicates weighted
data -- this need
be done only for
one of the
keyed-in weights.

X (weighted)
s (weighted)
CV as a percent
Sg (weighted)

d. pressing A through E will give the same values as in
example 2, since the weights were developed by scaling
the frequencies by a factor of ten.



 

E. Program statements and code.

Step Statement Code

01 [f LBL 01) 42 21 0
02 f CLEAR REG 42 34

03 g CLX 43 35

04 gCF1 43 5 1

05 [f LBL 2] 4221 2

06 R/S 31

07 1/X 15

08* STO + 6 (0) 44 40 6

09 gq LST X 43 36

10 g LOG 43 13

11 gg LST X 43 36

12 I+ 49

13 GTO 2 22 2

14 [f LBL 1] 4221 1

15 g CF 1 43 5 1

16 ff CLEAR REG 42 34

17* fun (gl) 42 16

18 (f LBL 3) 42 21 3

19 R/S 31

20* g X<0 (9g TEST 2) 43 10

21 g SF 1 43 4 1

22 g ABS 43 16

23x STO 4 (6) 44 4

24* STO + 0 (2) 44 40 ©

25  XQY 34
26* STO 5 (7) 44 5

27 X 20

28* STO + 1 (3) 44 40 1

29* RCL 5 (7) 45 5

30 g X? 43 11

1
1 Brackets and parentheses are not programmable; they are used to indicate

externally meaningful or internal use labels, respectively.
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Step Statement Code

31* RCL 4 (e) 45 4

32 X 20

33* STO + 2(4) 44 40 2

34* RCL 5 (7) 45 5

35 g LOG 43 13

36* RCL 4 (6) 45 4

37 X 20

38* STO + 3(5) 44 40 3

39* RCL 4 (e) 45 4

40* RCL 5 (7) 45 5

41 = 10

42* STO + 6 (0) 44 40 ©

43* f ISG(fIsGI) 42 6

44 48

45 RCL I 45 25

46 GTO 3 22 3

47 [f LBL A] 42 21 11

48* RCL 3 (5) 45 3

49 g X? 43 11

50* STO 4 (6) 44 4

51 g X 43 0

52* STO 7 (1) 44 7

53 R/S 31

54 gs 43 48

55 g F? 1 43 6 1

56 GSB 4 32 4

5/7 STO 8 44

58 R/S 31

59* RCL 7 (1) 45 7

60 + 10

 

Step Statement Code

61 EEX 26

62 2 2

63 X 20

64 R/S 31

65 RCL 8 45 8

66* RCL 0 (2) 45 0

67 Vx 11

68 + 10

69 g RIN 43 32

70 [f LBL B] 42 21 12

71* RCL 2 (4) 45 2

72* RCL 0 (2) 45 0

73 = 10

74 Vx 11

75 g RTN 43 32

76 [f LBL C] 42 21 13

17 9g X 43 0

78 XSY 34

79 10% 13

80 g RIN 43 32

81 [f LBL D] 42 21 14

82* RCL 0 (2) 45 0

83* RCL 6 (0) 45 6

84 = 10

85 g RTN 43 32

86 [f LBL E] 42 21 15

87 g Xx 43 0

88 f PSE 42 31

89 GSB B 32 12

90 ff PSE 42 31



 

E. Program statements and code. (continued)

Step Statement Code

91 GSB C 32 13

92 ff PSE 42 31

93 GTO D 22 14

94 (f LBL 4) 42 21 4

95* RCL 0 (2) 45 0

9% 1 1

97 - 30

98 RCL I 45 25

99 1 1

100 - 30

101 = 10

102 Vx 11

103 X 20

104 g RIN 43 32

NOTE: g MEM leads to P-0I
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r-.3

*Indicates statements that must be changed for the HP-15C. Suggested or
required change is shown in parentheses. Although the "code" for these
statements will also change this is left for the 15C user to alter.



-144-

F. Formulas

1. Ungrouped case

Given n observations, and summations over the range indicated by

 

 

 

n
z

i=1,

: i — aX
arithmetic mean = X = A.M. = 1

n

IX;
quadratic mean = Q.M. = =

i ] X 5
geometric mean = G.M. = antilog (20)

harmonic mean = H.M. = o,
5

Xj

(Xi X)2
standard deviation = s = His )

 

 

coefficient of variation = CV = 3(100)

x
1

standard error =S = _S_
X vn

2. Grouped case using frequencies.

Given c groups (or classes) of observations, each having a frequency
indicated by fi, the summations are over the c classes, i.e., :

i=1>
therefore the sum of the frequencies, DAE = n, the total number

of observations.



  

 

 

 

 

_ xfXfxX
X _ iii
wtd A.M. nt n

rf.X2

QM ytd. = !

rf .logX.
G.M.,tq = antilog ( - 1)

HMoytg, = —
y_1
Xi

of (X -X)2

Swtd. = —

X L 2) - (2 2NEAEEIRIEES
n(n-1)

CV = _3(100)
X

SE >
X Vn

Grouped case using weights.

Given c groups of observations, each having a weight indicated by
Wj, the summations are again over the c classes, & , but the sum of

i=]
the weights is not the total number of observations. We now have c
observations, and 2w; # c. This not so subtle change, however,
affects primarily the standard deviation calculation. The casual
user is cautioned that only the weighted arithmetic mean, s, CV, and

Sg are used to any extent. The other weighted means as defined
below have questionable utility and indeed are difficult to justify.
Their formulas are given for completeness only.
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AM.td. = Swe

 

Zw. X:

QM.ytd. = Tw;

rw logX
G.M. - i 11wt. antilog (lr)

LW
HM. ytd. = —

y1
X;

sw. (X.- X)?2
s _ id
wtd. c-1

 

 

JrCn) - (Bw X.)*®

Swtd. = (Tw; )(c-1)

CV " 7
%

— o
O
o
O
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Appendix A: MUGO41 (program number 41F04 2), Appropriate for the HP-41C, CV,
or CX.

The program found on the following pages, as a listing and in barcode
form, can be used with any model of the HP-41. It was written so that the
user could in general follow the instructions found in the HP-11C section of
this documentation, assuming he knows that the XEQ key on the HP-41 is
equivalent to the GSB key on the HP-11C.

Briefly, the steps in using MUGO41 are as follows, assuming the program
has been loaded into the calculator:

1. Program start and initialization is achieved by XEQ MUGO41 (which
can be assigned to a key, say shift LN, i.e., -15).

2. Select ungrouped or grouped option.

a. The ungrouped option is initially assumed, as evident in the
first prompt: KEY X(1), R/S, meaning of course, "key in the
first value of X and press R/S". The prompt for X(2) will
follow, after keying X1 and pressing R/S.

b. Grouped option -- using frequencies (F) or other weights (W).

(1) At the initial prompt described above, pressing XEQ 01
will lead to the prompt:

(Cl) X4F, R/S, meaning "for class 1 key in the value of X,
press ENTER , key in the frequency for the class, and
press R/S." The prompt for the next class X and frequency
will follow after R/S has been pressed.

(2) If in response to the (Cl), X4F, R/S prompt the user keys
in a negative value for "F", this and all subsequent
"frequencies" will be assumed to be positive weights; the
prompt for the second class then will be (C2), X4W, R/S.

3. After all data have been keyed in, the means and other statistics
are obtained using the same labels and keys as in the HP-11C
program, for example

 Key Pressed Output

A AM= XX. XXX
R/S SDEV= XX.XXX
R/S CV= XX.XXX 7%
R/S SXBAR= XX. XXX

B QM= XX. XXX
C GM= XX. XXX
D HM= XX. XXX
E All four means, separated by pauses.
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For a new set of data:
ungrouped: XEQ 00 (or XEQ MUGO41)

grouped: XEQ O01 followed by input of X values and either
positive frequencies or an initial negative
"frequency" (i.e., weights), as appropriate.

Storage register assignments in the HP-41 program ar slightly
different from the HP-11C since the summation register configuration
is not the same. The MUGO41 program designates ROO through R05 as
the statistical registers (step 03), but because "n" is positioned
differently from the HP-11C, the following are the pertinent
register assignments in MUGO41:

 

Register Use

00 XX5 afi Xs, or ZW; Xs

01 IX3, LfiX3, or Zw; X3

02 zlogXy, Zf;TogX;, or rw;logX;

03 forced to be (2z1ogX;)? to prevent an "ERROR"
stop, or f; or w;

04 not used, or X;

05 number of observations, n, or sum of frequencies

(f5), or sum of weights (Zw; )

06 same as | n1/x, ¥i/Xs or ZW; /X;

07 in \ arithmetic mean (X or X,tq. )

08 MUGO-11| standard deviation (s or Swtd. )

09 number of classes, c, in the case of grouped data

CAUTION: After MUGO41 has been executed, the user should
note that the statistical register assignment
remains ROO through R05; if the "normal"
assignment of R11-R16 is desired, ZREG 11 must be
executed.

Careful attention to the display will show that parentheses have
been used rather than the < and > symbols available on the standard
HP-41 keyboard. The user who loads the program from the keyboard
therefore can substitute these "brackets" for parentheses.
Alternatively, the program can be loaded using the barcode provided,
wherein parentheses are made part of the program.

Printed output can be obtained if an appropriate printer is attached
to the HP-41 when MUGO41 is used. The samples shown at the end of
the program listing are from the HP 82143A printer and make use of
the same examples cited in the HP-11C part of this documentation.
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Program Listing for MUGO41, an HP-41 Analogy of the Program MUGO-11

BleLEL “MUGO4!®
82 CF 29
83 ZREG 8
B4eLEL 80
85 CLS
86 8
87 STO 86
88 CF 81
B9eLBL 62
18 FIX 8
11 RCL #5
12 1
13 +
14 “KEY K(-
15 ARCL ¥
16 *F3, R/S
17 PROMPT
18 1/%
19 ST+ 86
28 LASTX
21 LOG
22 LASTX
23 T+
24 =X(~
25 ARCL 85
26 “F)= -
27 FIX 3
28 ARCL L
29 AYIEH
38 GTO 82
31eLBL 81
32 CF a1
33 [LE
348
35 STO 86
36 STO 89
I7eLBL 83
38 FIX
39 RCL 89
48 1
41 +
42 =(C"
43 ORCL ¥
44 "F) Kt
45 £5? 81
46 "HH"
47 FC? 01
48 “HF
49 °F, R/S"
58 PROMPT

51 X87
52 SF 81
52 ABS
54 S70 @3
55 §T+ 85
56 XO
57 570 #4
58 *
59 5T+ 0
66 RCL 84
61 X12
62 RCL #3
63 *
64 ST+ 81
5 RCL 84

66 LOG
67 RCL @3
68 *
69 ST+ 2
76 RCL @3
71 RCL 04
72 /
73 ST+ 86
74 15 89
75.
76 =(C
77 ARCL 89
78 th):
79 FIX 3
86 AVIEW
81 - %= *
82 ARCL 84
83 AVIEN
84 FS? 81
85 * W
86 FC? 81
87 = F-
88 “k= -
89 FC? ol
9 FIX #
91 ARCL 3
92 AVIEW
93 ADY
94 GTO @3
95¢LBL A
9 ADY
97 XEG 05
98 FIX 3
99 RCL 82
168 ¥12

18! STO a3
182 MEAN
183 STO @7
184 “AN= *-
185 ARCL @7
186 AYIEW
187 STOP
188 SDEY
189 F5? a1
1168 XEG 84

111 570 88
112 = SDEY= =
113 ARCL a8
114 AYIEM
115 STOP
116 RCL &7
117 7
118 1 EZ
119 *
128 = Cy= =
121 ARCL X
122 *F %°

123 AVIEN
124 STOP
125 RCL 68
126 RCL 83
127 SORT
128 7
129 = SXBAR= *
138 ARCL X
131 AYIEW
132 STOP
133¢LBL B
134 RCL 61
135 RCL 85
136 7
137 SORT
RH
139 ARCL X
148 AYIEN
141 RTN
1424BL C
143 HEARN
144 OY
145 10tX
146 “GN= =

147 ARCL X
148 AYIENW
149 RTN
158¢LBL D
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Program Listing for MUGO41 (continued) and Sample Printed Output

151 RCL @5
152 RCL 86

153 +
134 "Hi= -
155 ARCL X
156 AYIEH
157 RTH
158¢LBL E

159 BEAK
168 =AM= =
161 ARCL %
162 ARDY
162 AVIEM
164 PSE
165 XE@ B
166 PSE
167 XE6 C
168 PSE
169 %E6 1
78 PSE
{71¢LBL 85
172 5F 12
173 “exes”

174 AVIEH
175 CF 12
176 RTH
177¢LBL 84
178 RCL 85
179 1
188 -
181 RCL aS
ig2 1

183 -
184 +
185 56R7
186 *
157 EHD

PIive £9 GOs

Ali
LAZ}

a
C

"
n
i
n

e
d ht

"
“

“

o
y

CR
Y

O
n

2
5
0
O
N
O

h
o
n

Ga
d

Fa
l
wa

R
a

on
l]
aX(-3= 71,0088

/33= Bd,

2(61= BA. R
e

C
R
)

h
e
n

T
h
e

Aokok

fAR= 57.832

D
e
|

|
cr

ed
f
l

o
R

.
TB
E
C
H

mn
a

P
T

O
T

o
r

C
r
a
=

1
=

r
e

“
"

"
n

V
C
E

Ge
d
ed
0

E
S

e
e

«
S
R I

CO
R
=
J

+ * * + we -n

Obtained in MAN Printer Mode

¥= 59.808
F= 4

a —

3

EE

-

i.

 

WHkk

A= 71.533

SDEY= 7.575

of Ae Hk ok
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HP-41 Program Barcode: MUGO41

e
m L

              
                          

                                      

1

                                                     
ROW 15: LINES

ROW 16: LINES 85

Program Registers Required: 52

ROW 1: LINES 1 - 2

A AARAEAAA
ROW 2: LINES 2 - 18

ROW 3: LINES 12 -

ROW 4: LINE 5

ROW 5: LINES 18

J IiIInAERA
ROW BE: LINES =

ROW 7: LINES 38 - 2d

ROW 3G: LINES 38 -

ROW 9: LINES 44 - 47

IHN l IA
ROW 10: LINES 48 - 50

ROW 11: LINES -

ROW 12: LINES bE

HOW 12. INES 69 ~ 7h

ROW 14: LINES Yb - du

ROW 17: NES gf ~ Hi

i|iAn
ROW 18: ES - {1&2
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HP-41 Program Barcode: HUGGET {contineed)

Row 22: LINES Vis ~ 122

HOW 23: LINES 122 - 129

17ROW 24: LINES a P52

How 13: LINES 103 - 188

ROW 20: LIN 199 - 112

Rn
LINES ti) " ; .

foe . bo

   

       
                                                

            

    
                 

5       
INES

ad

IHRE fin i
ROW Zh: LINES 12 ¥e

THAJ1JER
ROW Jb LINES 138 -

J
Uh i LINEE 14b in?

TinHOACA
HUW S28: LINES 153 - 158

Il iDA
ROW 29: LINES 188 - 163

IWIHOARARERREMI
Huw Sd: LINES 184 ~

JH niIAEEARR
RW LINES - 173

nnI
OW 32: 173 — 1482

IH 1 iHII
ROW 53: LINES 183

I
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Some Programs Dealing with Amortization Schedules

Thomas W. Beers*

The programs presented and described in this package provide the means by

which various entries of a common home mortgage amortization schedule can be

obtained. The usual scenario assumed is that the monthly payments are to be

made at the end of each month over the life of the loan and interest is

charged based on the outstanding balance just after the previous payment.

Part of the payment, then, pays this interest and the remainder (reduction in

principal) reduces the outstanding balance for the next interest calculation.

Thus, the proportion of each month's payment attributed to interest starts out

high and S-L-0-W-L-Y drops. Conversely the part of each payment applied to

reduce the principal starts out L-0-W and increases gradually.

Also included in some of the programs is the capability of calculating

entries in a schedule which is developed by a financial scheme known as "the

rule of 78s". In this approach the borrower makes monthly payments as above,

but the interest component of each payment starts out very high (compared to

 

*Professor of Forestry, Dept. of Forestry and Natural Resources, Purdue
University. West Lafayette, IN. 47907.
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the normal amortization schedule) and drops off precipitously in the late

stages of the loan life. The net effect of this way of opportioning the

finance charge is to discourage the borrower from making an early payoff of

the loan, since the principal is reduced so slowly during the first part of

the Toan. On the positive side, apportioning the interest this way may be

beneficial to the borrower when claiming income tax deductions.

The programs found herein are

1. AMORT78-11. AMORTization schedules and similar financial
calculations using the rule of 78s with the HP-11C. (Program number
11F009).

 

2. FINC78-11. FINancial Calculations assuming the rule of 78s with the
HP-11C. (Program number 11F010).

3. AMORT-12. AMORTization schedules with the HP-12C. (Program number
12F001).

4. AMORT. Normal AMORTization schedules with the HP-41. (Program
number 41F043).

5. AM7841. AMortization schedules and similar financial calculations
using the rule of 78s with the HP-41. (Program number 41F044).

Several tables found on the following pages will be referred to

repeatedly in examples used in the programs. Table 1 is a portion of a normal

amortization schedule generated using an HP-71 computer equipped with a

finance module and connected to an HP Thinkjet Printer. The loan is a 25-year

home mortgage with initial principal (PV) of $35,000, an annual percentage

rate (APR) of 11% (monthly rate = 11/12 = .916666667%), leading to a constant

monthly payment of $343.04. This payment value can be found easily by a

number of options:
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Table 1. Portion of a Normal Amortization Schedule for a Home Mortage Loan.
Loan amount is $35,000, term is 25 years with 11 percent annual
interest applied monthly, leading to equal monthly payments of

$343.04.

Loan balance is 35000

Payment amount is -343.04

made at the End of each period

Periodic interest rate % is ©0.91666666667

Period # Amt. of Int. Change in Balance Ending Balance

@ -0.00 0.00 35000.00

] -320.83 -22.21 34977.79

2 -320.63 -22.41 349855. 38

3 -320.42 -22.62 34932.76

4 -32@.22 -22.82 34909.94

5 -320.01 -23.03 34886.91

6 -319.80 -23.24 34863.67

7 -319.58 -23.46 34840.21

8 -319.37 -23.67 34816.54

9 -319.15 -23.89 34792 .65

10 -318.93 -24.11 34768.54

11 -318.71 -24.33 34744 21

12 -318.49 -24.55 34719.66

13 -318.26 -24.78 34694 .88

14 -318.04 -25.00 34669.88

15 -317.81 -25.23 34644 .65

16 -317.58 -25.46 34619.19

17 -317.34 -25.70 34595.49

18 -317.11 -25.93 34567.56

19 -316.87 -26.17 34541.39

2 -316.63 -26.41 34514.98

21 -316.39 -26.65 34488.33

22 -316.14 -26.90 34461.43

23 -315.90 -27.14 34434 .29

24 -315.65 -27.39 34406.90

25 -315.40 -27.64 34379.76

2 -315.14 -27.90 34351. 36

27 -314.89 -28.15 34323.21

28 -314.63 -28.41 34294.80

26 -314.37 -28.67 34266.13

30 -314.11 -28.93 34237.20

31 -313.84 -29.2 34208.00

32 -313.57 -29.47 34178.53

33 -313.30 -29.74 34148.79

34 -313.03 -30.01 34118.78

35 -312.76 -30.2 34088.50

3 -312.48 -30.56 34057.94

298 -9.26 ~-333.78 676.07

299 -6.20 -336.84 339.23

300 -3.11 -339.93 -.70
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(1) from the keyboard of an HP-12C;

(2) using either of the programs FICALC-11/15 (HP-11C or HP-15C) or
FICALC (HP-41);

(3) using the TVM program in an HP-41 equipped with the Advantage module;

(4) using the FI program and an HP-41 equipped with a PPC ROM module.

Table 2 exemplifies a 12-month loan where the interest allocation

procedure is by the rule of 78s and month-by-month values are shown. Table 3

also demonstrates the application of the rule of 78s, but a 3-year loan is

assumed and totals are obtained for each year. It is interesting to note that

the annual percentage rate of interest corresponding to the cited monthly

payments does not appear in either Tables 2 or 3, but can be shown to be

35.07% in Table 2 and 22.60% in Table 3. Fortunately for the unsuspecting

borrower the use of the rule of /8s is seldom seen in home loans or other

long-term loans and is gradually being phased out by most lending

institutions. Tables 2 and 3 were extracted from an article titled "The Rule

of 78s" by E.T. Clare which appeared in Real Estate Today, July/August, 1984. 



Table 2. Monthly summary of a Twelve-Month Loan with Total Finance
Allocated Using the Rule of 78s.
finance charge is $1000,
monthly payments of $500.
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Loan amount: $5,000

Loan term: 12 months
Loan monthly payments: $500
Finance charge (interest): $1,000

Exhibit I

 

 
Payment Applicable Total
Period Fraction Interest

1 12/78 X $1,000

2 11/78 x 1,000
3 10/78 X 1,000

4 9/78 X 1,000

5 8/78 Xx 1,000

6 7/78 X 1,000

7 6/78 xX 1,000

8 5/78 x 1,000

9 4/78 X 1,000

10 3/78 X 1,000

11 2/78 x 1,000

12 1/78 X 1,000

Interest Allocation Per Payment Period

_n(n+1) _ 12(12+1)

 

 

SOD 3 5

SOD = 6(13)
SOD = 78 (fraction denominator)

Interest Principal Remaining
Allocation Reduction Balance

= $153.85 $346.15 $4,653.85

= 141.03 358.97 4,294.87

= 128.21 371.79 3,923.08

= 115.38 384.62 3,538.46

= 102.56 397 44 3,141.03

= 89.74 410.26 2,730.77

= 76.92 423.08 2,307.77

= 64.10 435.90 1,871.80

= 51.28 448.72 1,423.08

= 38.46 461.54 961.54

= 25.64 474.36 487.17

= 12.83 487.17 0

$1,000.00 $5,000.00  
 

Charge
Loan amount is $5000, total

thus the $6000 is paid back in 12 equal
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Table 3. Monthly Detail and Annual Summary of A Three-Year Loan with Interest

Allocation Using the Rule of 78s. Loan amount is $20,000, total
finance charge is $7720, thus the $27,720 is paid back in 36 equal
monthly payments of $770.

 

 

Exhibit II

Monthly Payment Change over Life of Loan

. n(n+1)
Loan amount: $20,000 SOD = ———

oe 2
Loan term: 36 months

Loan monthly payment: $770 _ 36(36+1)
Loan finance charge: $7,720 SOD = = 2 = 18(37)

SOD = 666

Payment Applicable Total Interest Principal Loan
Period Fraction Interest Allocation Reduction Balance

1 36/666 x $7,720 = $417,30 $352.70 $19,647.30
2 35/666 x 7,720 = 405.71 364.29 19,283.00

3 34/666 Xx 7,720 = 394.11 375.89 18,907.12

4 33/666 Xx 7,720 = 382.52 387.48 18,519.64

5 32/666 Xx 7,720 = 370.93 399.07 18,120.57

6 31/666 Xx 7,720 = 359.34 410.66 17,709.91

7 30/666 X 7,720 = 347.75 422.25 17,287.66

8 29/666 x 7,720 = 336.16 433.84 16,853.81

9 28/666 xX 7,720 = 324.56 445.44 16,408.38

10 27/666 X 7,720 = 312.97 457.03 15,951.35

11 26/666 X 7,720 = 301.38 468.62 15,482.73

12 25/666 X 7,720 = 289.79 480.21 15,002.52

$4,242.52 $4,997.48

13 24/666 x $7,720 = $278.20 $491.80 $14,510.72
14 23/666 x 7.720 = 266.61 503.39 14,007.32

15 22/666 x 7,720 = 255.02 514.98 13,492.34

16 21/666 Xx 7.720 = 243.42 526.58 12,965.76

17 20/666 X 7,720 = 231.83 538.17 12,427.60

18 19/666 X 7,720 = 220.24 549.76 11,877.84

19 18/666 X 7,720 = 208.65 561.35 11,316.48

20 17/666 Xx 7,720 = 197.06 572.94 10,743.54

21 16/666 Xx 7.720 = 185.47 584.53 10,159.01

22 15/666 X 7,720 = 173.87 596.13 9,562.88

23 14/666 x 7.720 = 162.28 607.72 8,955.16

24 13/666 x 7,720 = 150.69 619.31 8,335.85

$2,573.34 $6,666.66

25 12/666 X $7,720 = $139.10 $630.90 $ 7,704.95

26 11/666 xX 7,720 = 127.51 642.49 7,062.46

27 10/666 Xx 7,720 = 115.92 654.08 6,408.38

28 9/666 Xx 7,720 = 104.32 665.68 5.742.70

29 8/666 X 7,720 = 92.73 677.27 5,065.43

30 7/666 x 7,720 = 81.14 688.86 4,376.57

31 6/666 X 7,720 = 69.55 700.45 3.676.12

32 5/666 xX 7,720 = 57.96 712.04 2,964.08

33 4/666 xX 7,720 = 46.37 723.63 2,240.45

34 3/666 X 7.720 = 34.77 735.23 1,505.22

35 2/666 het 7,720 = 23.18 746.82 758.41

36 1/666 x 7.720 = 11.59 758.41 0

$904.14 $8,335.86

Totals $7,720.00 $20,000.00   
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Program No. 11FO009

HP-11C

AMORT78-11 (AMORTization schedules and similar financial
calculations using the "rule of 78s" with the HP-11C)

 

Thomas W. Beers

March 1986

To provide the usual entries in an amortization schedule
(payment number, interest paid, reduction in principal, and
outstanding balance) assuming the input values are

k = the number of periods over which the amount of interest
and the reduction in principal are to be summed (can be 1
for the complete schedule, month by month or year by year)

I = periodic interest rate as a percent

PV = initial value of the loan, the amount borrowed

PMT = periodic payment (input as a negative)

The program provides the option of calculating similar entries
for a schedule which assumes the rule of 78s interest
allocation procedure, in which case the required input values
are PV, PMT, and k as defined above, and

n = the total number of periods (usually months) in the loan

and

INT = the total finance charge for the loan, i.e., the sum of
all the periodic interest payments (input as a negative)

A. Storage assignments

Register

0

1

Use
 

k = no. of periods per group

ZINT = the sum of the interest paid through the current
payment (within the group)

PRIN = the sum of the reduction in principal paid through
the current payment (within the group)
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Storage assignments (continued)

Register

3

Labels

Name

[E]*

[A]

[B]

[C]

[D]

Use
 

PV = initially the amount borrowed, then the current
remaining balance

I = periodic interest rate (a percent), or INT = the
total finance charge for the loan (for the 78s rule option)

PMT = the periodic payment

the current number of periods amortized or processed;
1, 2, ..., n

not used, or a "count-down" index of the stage of
processing; n, n-1, n-2, ..., 0 (for the 78s rule option)

not used, or the sum of digits (SOD) from 1 through n (for
the 78s rule option)

an index for each group, starting each time with k; then
k-1, k-2,...,0

program start; all storage registers are cleared, FIX 2 is
set, and the X register is cleared as a signal

the access to the part of the program under the
calculation procedure of the rule of 78s; sets flag 0,
then calculates the sum of digits from 1 to n; input
assumption is n ENTER k

stores the input value, I, or INT

stores the input value, PV

stores the input value, PMT, and after input of k, clears
flag 0 and proceeds to label 3

the calculation loop for an amortization schedule; current
allocation for interest is calculated then control passes
to label 6

establishes the within group index (in register I) then
clears R1 and R2

stores the new value for k if just input

calculation Toop for the rule of 78s; calculates ZINT,
ZL PRIN, and PV, making use of label 6 as a subroutine
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Labels (continued)

Name 

5

Use

displays the number of periods amortized or processed,
INT, ZPRIN, and PV; control is transferred (upon R/S
depression) to label 2 if no number is keyed (i.e., k
remains the same) or to label 3 if a new k (group size) is
keyed

completes the calculation loop for an amortization
schedule, calculating the current allocation for reduction
in principal, ZINT and ZPRIN, and incrementing the number
of periods currently amortized or processed

*brackets indicate meaningful "RUN mode" accessability.

Flags

Number 

0

Use
 

cleared in label D if R/S is pressed after a value for k
is keyed, indicating the selected option is the common
amortization schedule;

 

set in label A if A is pressed after a value for n and k
have been keyed at the "label D" stop, indicating the
selected option is a table summarizing the rule of 78s
results

 

Program procedure and example

I. In PRGM mode, load the program (first refer to comment 5 found after
the examples).

II. In RUN mode. proceed as given below by way of example.

1. Example 11-1. Duplicate the amortization schedule (for the
first three months) shown in Table 1. That is, for a home
mortgage loan of $35,000 (PV) where annual percentage
rate = 11% (periodic rate, I, therefore is 11/12 %), the
monthly payment, PMT, is $343.04, and the number of periods to
be grouped, k, is 1. USER mode is assumed.

Step Input Key Output Comment

a. initialize - E 0.00 "clear" signal

b. input 11 ENTER 12 + B 0.92 [=.91666...7
35000 C 35,000.00 PV=35,000
343.04 CHS,D -343.04 PMT=343.04
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Program procedure and example (continued)

Step Input Key Output Comment

c. solution 1 R/S 1. (pause) k=1, month 1
-320.83 (pause) interest
-22.21 (pause) principal reduction

34,977.79 after-payment balance

- R/S 2. (pause) month 2
-320.63(") interest
-22.41(") prin. red.
34,955.38 balance

- R/S 3. (pause) month 3
-320.42(") interest
-22.62(") prin. red.
34,932.76 balance

etc., for all months, if more are desired.

Note: if the pause is too fast, current interest,
and balance can be recalledprincipal reduction,

and R3 respectively. lL.from R1, RZ,

d. for a new value of k (group size) key this value then press R/S;
for an entirely new problem, press E (step a.).

Example 11-2. Given the same basic loan data as in the
previous example except that the first payment is due on Dec.
15, 1985 and all subsequent payments are due the 15th of the
month. For tax reports we need the sums of interest paid and
principal reduction paid by calendar years for 1985 (k=1
payment), 1986 (k=12), 1987 (k=12), and 1988 (k=11). We also
want to know the loan balance remaining after the 36 payments
have been made, i.e., the "balloon" or pay-off amount.

Step Input Key Output Comment

a. initialize - E 0.00 clear signal

b. input 11 ENTER 12 + B 0.92 [=.91666...7
35000 C 35,000.00 PV=35,000

343.04 CHS, D -343.04 PMT=-343.04

c. solution 1 R/S 1. (pause) month 1
-320. 83(") interest
-22.21(") prin. red.
34,977.79 balance

 

1 1¢ this is done, however, the group size ( 1 in
prior to pressing R/S to continue.

this case) must be re-keyed
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Program procedure and example (continued)

Step 

The sums
Table 1.
balloon)

CAUTION:

calculations "by hand"!

3. Example 11-3.

Input

12

11

Output

13. (pause)
-3,833.57(")
-282.91(")
34,694.88

R/S 25. (pause)
-3,800.86(")
-315.62(")
34,379.26

R/S 36. (pause)
-3,452.12(")
-321.32(")
34,057.94

Comment

months 2-13
12-month interest

12-month prin. red.
balance

months 14-25
12-month interest

12-month prin. red.
balance

months 26-36
11-month interest

11-month prin. red.
balance

can be verified by adding up the pertinent values from
Note that the balance after the 36th payment (the

also checks.

because of the iterative nature of the program, some
18 seconds are required to determine the 12-month sums, so
don't panic; think how Tong it would take you to make the

More speed is possible if the
corresponding HP-12C or HP-41 programs are used.

Duplicate the interest and principal reductions
for the first three months of Table 2, which assumes use of the
rule of /8s.

PV
n
PMT
INT

and Kk

Step

n
i
n

o
n
o
n

Note that

$5000, amount borrowed
12, term of the loan in months
$500, monthly payment
$1000, total finance charge =

= 1, number of periods to be grouped

Input

a. initialize -

b. input 1000
5000
500

Key Qutput

E 0.00

CHS, B -1,000.00
C 5,000.00

CHS,D -500.00

Also find the pay-off value (remaining balance)
immediately after the 9th payment.

n(PMT) - PV

Comment
clear signal

INT=-1000
PV= 5000

PMT=-500.00
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D. Program procedure and example (continued)

Step

Cc. solution

4. Example 11-4.

terminal years shown in Table 3.
prevails and

and

Step

a. initialize

b. input

c. solution

a

~
a
o
s
2

Input Key Output

12 ENTER 1 A 1. (pause)
-153.85(")
-346.15(")
4,653.85

- R/S 2. (pause)
-141.03(")
-358.97(")
4,294.88

- R/S 3. (pause)
-128.21(")
-371.79(")
3,923.09

6 R/S 9. (pause)
-499.98(")

-2,500.02(")
1,423.07

Comment

month 1 (n=12)
interest

prin. red.
balance

month 2
interest
prin.red.
balance

month 3
interest

prin. red.
balance

months 4-9
interest sum

prin. red. sum
balance

Duplicate the 12-month totals for interest and
principal paid and remaining balances for each of the three

$20,000, amount borrowed
36, term of the loan in months
$770, monthly payment
$7720, total finance charge
1

Input Key Output

- E 0.00

7720 CHS, B -7,720.00
20000 C 20,000.00
770 CHS,D -770.00

36 ENTER 12 A 12. (pause)
-4,242.52(")
-4,997.48(")

15,002.52

- R/S 24. (pause)
-2,573.34(")
-6,666.66(")
8,335.86

2, number of periods to be grouped

Note that the rule of 78s

Comment

clear signal

INT=-7720
PV= 20,000
PMT=-770

months 1-12
interest sum

prin. red. sum
balance

months 13-24
interest sum

prin. red. sum
balance
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D. Program procedure and example (continued)

ITI.

Step Input Key Output Comment

- R/S 36. (pause) months 25-36
-904.14(") interest sum

-8,335.86(") prin. red. sum
0.00 balance

Comments

If the output answers appear too fast for recording, they can
be recalled from the assigned registers:2/

R1 = current grouped interest
R2 = current grouped principal reduction
R3 = current balance

Alternatively, the R/S key can be pressed during any display,
thus "freezing" the answer; pressing R/S again will re-start
the program at the point it was interrupted.

As should be evident from the examples, input and output data
make use of the conventional signs from the viewpoint of the
borrower, that is, money received (the loan amount and the
current balance) is positive, whereas money paid (amount of
interest, payments, and principal reduction) is negative.

CAUTION: The program does not check to assure that the proper
input signs are observed, therefore care should be taken to
conform to the sign convention; otherwise, erroneous results
ensue.

As evidenced by the examples dealing with amortization
schedules, only the straight-forward cases can be easily
treated with the programmable calculator. In cases, for
example, where the compounding frequency (CF) and payment
frequency (PF) do not match, the development of an amortization
schedule can become abstruse and in general a suitable computer
program should be sought.

It is always advisable to ask the lending agency to specify in
detail how the interest charges are obtained and how and when
the reduction in principal takes place.
 

In situations where interest charges are compounded (like in a
savings framework) assuming one frequency (CF) while payments are
made at another frequency (PF), an effective periodic (period
corresponding to the payment period) interest rate in percent (Ie)
can be calculated from

Ip = 100[(141) CF/PF-1]

 

el 1¢ this is done, however, the group size must be re-keyed
prior to pressing R/S to continue.
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Program procedure and example (continued)

where i = APR/100 = annual percentage rate expressed as a decimal.
and CF, PF are 365 for daily, 12 for monthly, 2 for semi-annually,
etc.

The use of this relation is more applicable to determine periodic
payments or to determine future values of regular servings rather
than to develop amortization schedules.

Thus, as an HP-11C program it is more appropriate to consider it a
corollary to the progrram FICALC-11/15, or to keep permanently
stored in an HP-12C. For the HP-11C the sequence of steps to solve
the equation for Ig [assuming input of APR, ENTER, PF, ENTER, CF]
would be

LBL O 1

STO 4 +

XSY XSY
: yX

XSY 1
EEX -

2 EEX

+ 2

RCL 4 X

2 R/S or RTN

When keying the AMORT78-11 program initially, the user interested
only in developing normal amortization schedules, i.e., not by the
rule of 78s, can shorten the program considerably by deleting those
statements marked with a preceding asterisk, numbers 15, 24, 25, 31,
41, 42, 45, and 64 through 89 (see next section). Remember,
deleting statements from the end of the program toward the beginning
preserves the original statement numbers and minimizes deletion
blunders.



E.

Step Statement Code

Program statements and code.

 

01

02

03

04

05

06

07

08

09

10

11

12

13

14

*15

16

17

18

19

20

21

22

23

*24

*25

26

27

28

29

30

[f LBL £142 21 15
42 7 2f FIX 2

f CLEAR REG

g CLX

R/S

[f LBL B]

STO 4

R/S

[f LBL C]

STO 3

R/S

[f LBL D]

STO 5

R/S

g CFO

(f LBL 3)

STO 0

(f LBL 2)

RCL 0

STO 1

0

STO 1

STO 2

gF?0

GTO 4

(f LBL 1)

RCL 3

CHS

RCL 4

g %

42

42

43

42

42

42

42
43

21

44

21

44

21

44

21

44

21

45

44

44
44

22

21

45

45

43

34

35

31

12

4

31

13

3

31

14

5

31

S
o

N
D

O
O

W
w
O

25

w
=

PS
H

O
O

N
D
=

o
O

16

14
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Step Statement Code

*31 (f LBL 6) 4221 6

32 g RND 43 34

33 STO + 1 44 40 1

34 CHS 16

35 RCL 5 45 5

36 + 40

37 STO + 3 44 40 3

38 STO + 2 44 40 2

39 1 1

40 STO + 6 44 40 6

*41 gg F?0 43 6 O

*42 g RIN 43 32

43%/ f DSE (£DSED 42 5
44 GTO 1 22 1

*45 (f LBL 5) 4221 5

46 RCL 6 45 6

47 ff FIX O 42 7 0

48 f PSE 42 31

49 f FIX 2 42 7 2

50 RCL 1 45 1

51 f PSE 42 31

he ff PSE 42 31

53 RCL 2 45 2

54 f PSE 42 31

55  f PSE 42 31

56 RCL 3 45 3

57 ENTER 36

58 R/S 31

59  - 30

60 g X=0 43 40

3/Brackets imply meaningful "RUN mode" accessibility.

 

Step Statement Code

61 GTO 2 22 2

62 g LSTX 43 36

63 GTO 3 22 3

*64 [f LBL A] 42 21 11

*65 gg SFO 43 4

*66 STO O 44

*67 STO I 44 25

*68  XSY 34
*69 STO 7 44 7

*70 1 1

*71 + 40

*j2 RCL 7 45 7

x73 X 20

*74 2 2

*75 = 10

*76 STO 8 44

*77  (f LBL 4) 42 21

*78 RCL 7 45

*79 g X=0 43 40

*80 GTO 5 22 5

*81 RCL 8 45 8

*82 = 10

*83 RCL 4 45 4

*84  X 20

*85 GSB 6 32 6

*86 STO - 7 44 30 7

xg7 f DSE(fDSEI) 42 5

*88 GTO 4 22 4

*89 GTO 5 22 5

NOTE: g MEM leads to P-02

*Indicates those statements which are needed only by the rule of 78s application of the
program; they can be deleted for normal amorization schedule development.

4/The 15C user should key f DSE I for statements 43 and 87.

r-.5
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Formulas

1. Regarding conventional mortgage calculations: 

The algorithm used to determine Zhe part of each periodic payment
(PMT) attributed to interest (INT.:) and reduction in principal
(PRIN; ) starts with the initial 13an amount (PVy) and proceeds as
follows:

INT, = i(PVy), i = periodic interest rate expressed as a decimal

PRIN; = PMT - INT,

PV, = PV, - PRIN; = balance immediately after the first period
payment.

Then:

INT, = i(PVy)

PRIN, = PMT - INT,

PVo = PV; - PRIN,

etc., thus

for the jth payment: INT; = i (PV. 1)

PRIN; = PMT - INT,

and just after the jth payment PV; = PVi_1 - PRIN;

Regarding loans processed using the rule of 78s:

The algorithm used to determine the part of each periodic (usually
monthly) payment (PMT) attributed to interest (INT.) differs from
the conventional loan in that the total ee doe (INT) is
first determined by

INT = n(PMT) - PV,

where n = total number of periods (months)

and PV, = initial loan amount.
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F. Formulas (continued)

Then:

- NnINT) = DS(INT),

where

SOD sum of digits = 1+2+3+...+n

_ n(n+l) :

_n-1INT, = 550 INT) ,

w
m

etc., up to INT, .

The amount of each payment attributed to reduction in principal
(PRIN;), and the remaining balance (PV:) are calculated the same as
described in F.1 for conventional Joand:

PRIN; = PMT - INT

and PV, = PV, = PRIN;

etc., thus

 
X . __ n-j+lfor the jth payment: INT; S00 (INT)

PRIN; = PMT - INT;

and, just after the jth payment PV; = PVi_1 - PRIN.

3. CAUTION. For simplicity and readability in both cases covered by
1. and 2., the negative signs appropriate for input and output were
deleted in the variables INT;, PRIN:, PMT, and INT. Alternatively,
one could place "absolute value" signs about each of these
variables in the equations cited.
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Program No. 11F010

HP-11C

FINC78-11 (FINancial Calculations assuming the rule of 78s with
the HP-11C)

Thomas W. Beers

April 1986

This program serves as a companion to the rule-of-78's part of
the previous program (AMORT78-11), providing direct solution for

INT, = the interest part of the jth payment

PRIN = the reduction in principal part of the jth payment

and PV; = the remaining balance after the jth payment.

The results are obtained much faster than in AMORT/78-11 since
sequential calculations are not necessary. Additionally,
values can be obtained by direct calculation for

INT = sum of the interest paid through the jth payment

LPRIN ; sum of reduction in principal through the jth
payment

and a new value,

REB; = the "rebate" (a misleading term) or the amount of
unpaid ihterest (better phraseology) immediately after the jth
payment has been made.

A. Storage assignments

Register

0

Use
 

Jj = the number of the current payment

LINT; = sum of the interest paid through the jth payment,
stordd as a negative value

LPRIN; = sum of the principal reduction through the jth
paymelt, stored as a negative value
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Storage assignments (continued)

Register

Labels

Name

[E]*

 

[B]

[C]

[D]

[7]

Use 

PV = the initial amount of the loan

INT = total finance charge for the loan, stored as a
negative

PMT = periodic payment, stored as a negative

not used

n = total number of payments in the loan

n-J

PV; = remaining balance after the jth payment

PRIN: = the reduction in principal part of the jth
payment, stored as a negative.

INT; = interest part of the jth payment, stored as a
negdtive.

program start; all storage registers are cleared, FIX 2 is
set, and the X register is cleared as a signal

stores the input value, INT (= total finance charge) as a
negative number

stores the input value, PV (= Toan amount) as a positive
number

stores the input value, PMT (= periodic payment) as a
negative number

achieves the calculation, storage and display of the
interest and principal reduction part of the jth payment
(INT; and PRIN;) and proceeds to label 9 for the display
of the balance after the jth payment (PV3)s the input
assumption is n ENTER j
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Labels (continued)

Name

[8]

 

Flags

Number

Use
 

recalls and displays the sums of the interest paid and
prinipal reductions through the jth payment (X INT; and
PRIN) and the remaining balance (PV.); optionally, by
R/S ddpression, the amount of the unpdid interest after
the jth payment (REB.) is calculated and displayed. As
for label 7, the input assumed is n ENTER j

 

calculates and stores LINT55 LPRINS, and PV., then returns
control to label 8 (flag 1“set) or calculatds and displays
PV if not called as a subroutine (flag 1 clear)

* brackets indicate meaningful "RUN mode" accessability.

Use 

cleared in label 7 so that execution will stop in label 9
to display PV;

set in label 8 so label 9 will be executed as a subroutine

Program procedure and example.

I. In PRGM mode, load the program.

II. IN RUN mode, proceed as given below by way of example.

1. Example 11-5. Referring to the rule of 78s schedule and loan
summarized in Table 3, verify the interest, principal reduction
and balance for the 8th payment (GSB 7 is appropriate), then
obtain the sums of interest, principal reduction, and balances
through the 12th, 24th and 36th payments (GSB 8 is appropriate).

 

Note that

PV = $20,000, amount borrowed
n = 36, term of loan in months

PMT = $770, monthly payment
INT = $7720, tctal finance charge

and J = 8, 12, 24, or 36, payment number pertinent to the
problem
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Note in Table 3:

c. solution 36 ENTER 36

-6,815.86(")
-11,664.14(")

8,335.86

Comment

clear signal

INT=-7720
PV= 20,000
PMT=-770

for n=36 and j=8
INTg

PRINg
PVg

through payment 12

Program procedure and example (continued).

Step Input Key Output

a. initialize - E 0.00

b. input 71720 CHS,B -7,720.00
20000 C 20,000.00
770 CHS,D -770.00

c. solution 36 ENTER 8 GSB 7 8. (pause)
-336.16(")
-433.84(")
16,853.81

c. solution 36 ENTER 12 GSB 8 12. (pause)
-4,242.52(") ZINT5
-4,997.48(") ZPRIN; »
15,002.52 PV

Co etGT.

c. solution 36 ENTER 24 GSB 8 24. (pause) through payment 24
LINTog

ZPRINo4

0 rounding)

4242.52 + 2573.34 = 6815.86
and 4997.48 + 6666.66 11,664.14

GSB 8 36. (pause) through payment 36
-7,720.00 LINT3=INT

-20,000.00 YPRIN;c=-PV
0.00 PV3¢

Using the same loan as in the previous example,
find the sums of interest, principal reduction, and the balance
after the 33rd payment, and find the "rebate"-- the amount of
interest (displayed as a positive number) left to be paid
immediately after the 33rd

Step Input

a. initialize -

b. input 7720
20000
770

payment.

Key Qutput

E 0.00

CHS, B -7,720.00
C 20,000.00

CHS, D -770.00

Comment

clear signal

INT=-7720
PV=20,000
PMT=-770
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D. Program procedure and example (continued).

c. solution 36 ENTER 33 GSB 8 33. (pause) through payment 33
-7,650.45 ZINT33

-17,759.55 2PRIN33
2,240.45 PV33

R/S 69.55 REB,.=rebate
after 13rd payment

Note in Table 3:

REB33 = INT34 + INT5g + INT36

= 34.77 + 23.18 + 11.59

= 69.54 (checks, except for rounding)

33
or REB33 = INT - = INT;

j=1

= INT = 2INT35

= 7720.00 - 7650.45

= 69.55

IIT. Comments

1. If the output answers appear too fast for recording, they can
be recalled from the assigned registers:

When using GSB 7 (input = n ENTER j)

RI = amount of interest in payment j
R.2 = amount of reduction in principal in payment j
R.1 = loan balance just after payment j,

or, when using GSB 8 (input = n ENTER j)

1 = sum of the interest through payment j
2 = sum of the principal reduction through payment j
1 = Toan balance just after payment j

R1-R4 = rebate after the jth payment.

Alternatively, the R/S key can be pressed during any display,
thus "freezing" the answer; pressing R/S again will re-start
the program at the point it was interrupted.

 

Vis this is done, however, both n and j must be re-keyed prior to pressing

R/S to continue.
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Program procedure and example (continued).

2. The program makes use of conventional signs for the values
input and displayed, from the viewpoint of the borrower; money
received or credited (the loan amount, current balance, and
rebate) is positive, whereas money paid (amount of interest,
payments, and principal reduction) is negative.

This program, however, differs from AMORT/8-11 in that here the
input INT, PV, and PMT are checked for the proper sign and if
wrong, forced to be correct.

Because of the similarity of this program (FINC78-11) with the
previous one (AMORT78-11) it would seem desirable that both
should be combined into one. Unfortunately, the HP-11C lacks
sufficient storage to do this. Instead, the user is referred
to the HP-41 program AM7841 for this convenience.
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E. Program statements and code.

Step Statement Code

01 [f LBL E}¥/ 42 21 15
02 f FIX 2 42 7 2

03 f CLEAR REG 42 34

04 g CLX 43 5

05 R/X 31

06 [f LBL B] 42 21 12

07* g X>0(g TEST1) 43 20

08 CHS 16

09 STO 4 44 4

10 R/S 31

11 [f LBL C] 42 21 13

12* g X<0(g TEST2) 43 10

13 CHS 16

14 STO 3 44 3

15 R/S 31

16 [f LBL D] 42 21 14

17% g X>0(g TESTL) 43 20

18 CHS 16

19 STO 5 44 5

20 R/S 31

21 [ff LBL 7] 4221 7

22 g CF 1 43 5 1

23 f FIX O 42 7 0

24 f PSE 42 31

25 f FIX 2 42 7

26 STO O 44

27 XSY 34
28 STO 9 44 9

29 XSY 34
30 - 30

Step Statement Code

31 ST0.0 44 .0
32 1 1
33 + 40

34 RCL 9 45 9
35 g X° 43 11
36 RCL 9 45 9
37 + 40
38: 10
39 2 2
40 X 20
41 RCL 4 45 4
42 Xx 20
43 STO I 44 25
44 f PSE 42 31
45 f PSE 42 31
46 CHS 16
47 RCL 5 45 5
48 + 40
49 STO .2 44 2
50 f PSE 42 31
51 f PSE 42 31
52 (f LBL 9) 42 21 9
53 RCL 4 45 4
54 RCL .0 45 .0
55 1 1
56 + 40
57 RCL .0 45 .0
58  X 20
59 RCL 9 45 9
60 g X° 43 11

Step Statement Code

61 RCL 9 45 9

62 + 40

63 = 10

64 CHS 16

65 1 1

66 + 40

67 X 20

68 STO 1 44 1

69 CHS 16

70 RCL O 45 0

71 RCL 5 45 5

72 X 20

13 + 40

74 STO 2 44 2

75 RCL 3 45 3

76 + 40

77 STO .1 44 1

78 gq F?1 43 6 1

79 g RIN 43 32

80 R/S 31

81 [f LBL 8] 42 21 8

82 gq SF 1 43 4 1

83 STO O 44 0

84  XSY 34
8 STO 9 44 9

86  XSY 34
87 - 30

88 STO .0 44 .0

89 GSB 9 32

90 f FIX O 42 7 0

2/grackets and parentheses are not programmable; they are used to indicate
externally meaningful or internal use labels, respectively.
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Program statements and code (continued).

 

E.

Step Statement Code

91 RCL O 45 0

92 f PSE 42 31

93 f PSE 42 31

94 f FIX 2 42 7 2

95 RCL 1 45 1

96 f PSE 42 31

97 f PSE 42 31

98 RCL 2 45 2

99 f PSE 42 31

100 f PSE 42 31

101 RCL .1 45 .1

102 R/S 31

103 RCL 4 45 4

104 RCL 1 45 1

106  - 30

106 CHS 16

Note: g MEM leads to P-06

*Indicates statements that must be changed for the HP-15C. Suggested or
required change is shown in parentheses.
statements will also change this is left for the 15C user to alter.

Although the "code" for these
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F. Formulas

Because of the nature of the interest allocation scheme using the
rule of 78s, the formulas used are directly solved in FINC78-11 rather
than the iterative solution used and described in AMORT78-11. The
results obtained in label 7 and label 8 are described separately.

Label 7

Assuming a final input of n and J,

where

n = total number of payments in the loan

and Jj = the number of the current payment,

the part of the jth payment, PMT, allocated to interest, INT, and to
reduction in principal, PRIN,

as well as the after-payment remaining balance, PV., are obtained byl/J?

INT; = 2(n-J+1) (1n7),
J n(n+1)

PRIN; = PMT - INT; ,

and PV; = PV - LPRIN; ,

where LPRIN; = J (PMT) - LINT4 s

LINT4 = INT - REB; ,

= (n-J)(n-j+1)and REB; ame NT) .

Reminder:

PV = the original amount of the loan
PMT = the constant periodic payment
INT = the total finance charge

 

The formulas are derived from formulas found in "HP-12C Solutions Handbook"

Hewlett-Packard. March, 1984.
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Formulas (continued)

Label 8

Assuming the same input as for label 7, n and j, the sum of the
interest paid, ZINT;, and sum of principal paid through payment j,
LPRIN;, and the remdining balance, PV., are calculated as shown above
using“ label 9 as a subroutine. The aMount of the unpaid interest, or
rebate, REB;, is calculated upon R/S depression using the formula

REB; = INT - LINT

CAUTION. For simplicity and readability in the formulas given the
negative signs appropriate for input and output were deleted in the
variables INT;, PRIN;, PMT, and INT. Alternatively one could place
"absolute valde" sighs about each of these variables in the equations
cited.
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Program No. 12F001

HP-12C

AMORT-12 (AMORTization schedules with the HP-12C)

Thomas W. Beers

April, 1986

To provide the usual entries in an amortization schedule
(payment number, interest paid, reduction in principal, and
outstanding balance) assuming the input values are

k = the number of periods over which the amount of
interest and the reduction in principal are to be
summed (can be 1 for the complete schedule, month by
month or year by year)

I = periodic interest rate as a percent

PV = initial value of the loan, the amount borrowed

and PMT = periodic payment (input as a negative)

Storage assignments

Use
 

k = number of periods to be grouped

LINT = the sum of the interest paid through the current
payment (within the group)

LPRIN = the sum of the reduction in principal paid through
the current payment (within the group)

represents the total number of payments which have been
amortized (by the AMORT function)

 

initially used to store the original amount of the loan,
part of the input; after the program is run, the register
contains the loan balance, PV,» immediately after the nth
payment has been made

I = the periodic interest rate as a percent

PMT = the periodic payment (as a negative)
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Labels -- there are no labels used in HP-12C programming.

Flags -- no flags are available in the HP-12C.

Program procedure and program

I. Put calculator in PRGM mode (press f P/R), then

a. f CLEAR PRGM to clear other programs

b. key in the following program:

  Step Statement Code Step Statement Code

01 STO O 44 0 13 g PSE 43 31

02 RCL O 45 0 14 RCL 2 45 2

03 f AMORT 42 11 15 g PSE 43 31

04 S101 44 1 16 g PSE 43 31

05  XSY 34 17 RCL PV 45 13
06 STO 2 44 2 18 ENTER 36

07 fO 42 0 19 R/S 31

08 RCL n 45 11 20 - 30

09 g PSE 43 31 21 g X=0 43 35

10 f 2 42 2 22 g GTO 02 43 33 02

11 RCL 1 45 1 23 g LSTX 43 36

12 g PSE 43 31 24 g GTO 01 43 33 01

II. Put calculator in RUN mode (press f P/R), then

a. f CLEAR FIN (or f CLEAR REG) to clear the financial (or all)
the storage registers

b. load the financial registers with the pertinent loan data:

key periodic interest rate, I, press i
" loan value, PV, press PV
" periodic payment, press CHS then PMT
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D. Program procedure and program (continued)

c./ensure that the program pointer is at step 00 by any of the
following:

(1) turn calculator off, then on (press ON twice)

(2) go into and out of PRGM mode (press keys f P/R twice)

(3) press g GTO .00

d. key in k, the number of periods for which totals are to be
grouped, press R/S and observe the results:

n. (the number of periods amortized)
(pause)

LINT (the sum of interest paid in the group of
payments, displayed as a negative)

(pause)
(pause)

Z PRIN (the sum of the principal reduction paid in
the group of payments, displayed as a
negative)

PV, (the remaining loan balance after the nth
payment)

e. for the next group of periods of the same size, simply press
R/S and see the results indicated in d.; for a different group
size, key the new "k", then press R/S.

 

Lf,he results are displayed too rapidly, they can be recalled

by

RCL n to see n
RCL 1 to see INT
RCL 2 to see PRIN
RCL PV to see PV,

Alternatively, the results, when displayed, can be "frozen" by
pressing R/S; pressing R/S again will continue the program
where it was interrupted.

 

1/o/Inis step is not always necessary but it is a good idea to routinely do it.

= If this is done, however, the group size must be re-keyed prior to pressing
R/S to continue.
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D. Program procedure and program (continued)

ITI. Examples (assuming the program has been properly keyed in, and the
calculator is in RUN mode).

1. Example 12-1. (same as Example 11-1).
Duplicate the amortization schedule (for the first three
months) shown in Table 1. The pertinent loan data being
$35,000 to be amortized over 25 years at 11 percent annual
percentage rate, leading to monthly payments of $343.04.
Therefore, as input data:

I = 11/12%, the periodic (i.e., monthly) rate
PV = 35,000

PMT = -343.04
and k = 1 ("group" size = 1 month)

Step Input Key Output Comment

a. clear - f CLEAR FIN ? display is not cleared
or f CLEAR REG 0.00 display is cleared

b. input 11 g i 0.92 [=.91666...7
35000 PV 35,000.00 PV=35,000

343.04 CHS, PMT -343.04 PMT=-343.04

c. orient pointer - ON,ON -343.04 not always needed

d. solution 1 R/S 1. (pause) k=1, month 1
-320.83(") interest
-22.21(") principal reduction
34,977.79 balance

e. next month - R/S 2. (pause) month 2
-320.63(") interest
-22.41(") prin. red.
34,955.38 balance

e. next month - R/S 3. (pause) month 3
-320.42(") interest
-22.62(") prin.red.
34,932.76 balance

e. etc., for additional months simply press R/S; if say the
next 12 payments are to be grouped one would key 12, then
press R/S (see next example).
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Program procedure and program (continued)

2. Example 12-2. (same as Example 11-2.)
Given the same basic loan data as in the previous example
except that only one payment is to be made in the first year of
the loan (1985). For tax reports we need the sums of interest
paid and principal reduction paid by calendar years for 1985
(k=1 payment), 1986 (k=12), 1987 (k-12), and 1988 (k=11). We
also want to know the loan balance remaining after the 36
payments have been made, i.e., the "balloon" or pay-off amount.

Step Input Key Qutput

a. clear - f CLEAR FIN ?

b. input 11 BCR 0.92
35000 PV 35,000.00

343.04 CHS, PMT -343.04

c. orient pointer - ON, ON -343.04

d. solution 1 R/S 1. (pause)
(Dec. 1985) -320.83(")

-22.21(")
34,977.79

e. next 12 months 12 R/S 13. (pause)
(1986) -3,833.57(")

-282.91(")
34,694.88

e. next 12 months - R/S 25. (pause)
-3,800.86(")
-315.62(")
34,379.26

e. next 11 months 11 R/S 36. (pause)
(Jan.-Nov., 1988) -3,452.12(")

-321.32(")
34,057.94

Comment

display not clear

[=.91666...7
PV=35,000

PMT=-343.04

optional step

month 1
interest

principal reduction
balance

months 2-13
12-month interest
12-month prin. red.

balance

months 14-25
12-month interest
12-month prin.red.

balance

months 26-36
11-month interest

11-month prin.red.
balance

The sums can be verified by adding up the pertinent values from
Table 1.
balloon) also checks.

IV. Comments

Note that the balance after the 36th payment (the

1. As noted in the instructions (Il.e.), if the results display
too quickly they can be recalled from the indicated registers
or R/S can be used to interrupt the output.
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D. Program procedure and program (continued)

2. The input and output data make use of conventional signs from
the viewpoint of the borrower, that is, money received (the
loan amount and the current balance) is positive, whereas money
paid (amount of interest, payments, and principal reduction) is
negative.

3. CAUTION: The program does not check to assure that the proper
input signs are observed, therefore care should be taken to
conform to the sign convention; otherwise, erroneous results
ensue.

4. Although the concept has limited application to loans, the
facility with which the HP-12C handles savings type problems
suggests that a short program reside permanently in the
calculator which could calculate an effective percent periodic
interest rate (I_,) in situations where the compounding
frequency (CF) and the payment frequency (PF) do not coincide.
(See Comment 4 in AMORT78-11).

The formulas’ to be solved is

_ i \CF/PFIo = 100[ (14) /PF_17

where i = APR _ annual percentage rate expressed as a decimal.
1 O

l

Example 12-3. Consider an IRA investment program with the
folTowing characteristics:

PV = -$6500.00, the initial investment

PMT = -$2000.00, annual payments made at the end of each
year.

APR = 10.5%, the annual percentage rate

What is the effective periodic (annual in this case) interest
rate if compounding takes place monthly (CF=12) even though
payments are made annually (PF=1)?

What is the total accumulation at the end of 25 years?

 

3/ The formula shown is adapted from that given in "PPC ROM Users Manual"
PPC, Box 9599, Fountain Valley CA. 1981.



-186-

D. Program procedure and program (continued)

To solve such a problem using the HP-12C where the AMORT-12 program
is already in memory (taking up 24 lines of program) one would
proceed as described below.

a. In RUN mode, move the program pointer to line 24 by: g GTO 24

b. Go into PRGM mode by f P/R and observe 24-43, 33 O01

c. Key in the following program:

  

Step Statement Code Step Statement Code

25 STO 0 44 0 35 + 40

26 XSY 34 36 XSY 34

27 +: 10 37 YX 21

28 XSY 34 38 1 1

29 EEX 26 39 - 30

30 2 2 40 EEX 26

31 = 10 41 2 2

32 RCLO 45 0 42  X 20

33 10 43 g GTO 00 43 33 00

3 1 1

d. Go into RUN mode by f P/R.

e. Ensure that END (of period) mode is active by g END.

f. Proceed as follows, using the given data.

Step Input Key Output Comment

(1) Tocate - g GTO 25 ? moves the program
pointer pointer to the start

of the program
(step 25)
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Program procedure and program (continued).

Step Input Key

(2) input 10.5 ENTER 1 ENTER 12 R/S

Note, the exact effective rate is 11.0203
pressing f 9 (then return to 2 places by

(3) clear - f CLEAR FIN

(4) input - i

25 n
6500 CHS, PV
2000 CHS, PMT

(5) solution - FV

Note, this result checks with the result
procedure in Appendex B, part 3a. of the

Formulas

Output Comment

11.02 for APR=10.5%,
PF=1, and CF=12,
Io=11.02=effective
periodic (annual)
percentage rate

45%, as can be seen by

 

f 2).

11.02 clear financial
registers

11.02 loads the exact
Io into the 1
register

25.00 n=25 years
-6500.00 PV=6500
-2000.00 PMT=2000

318,247.45 FV=total
accumulation
just after the
25th payment h
been made

found by another
FICALC-11/15 program,

The program makes use of the AMORT function, therefore no formulas
need be solved. When executed from the keyboard, AMORT sums the interest
and reduction in principal for the number of payments (periods) indicated
in the X register (the display), using the amount of the loan in the PV
register, and the periodic payment in the PMT register. The result
returned to the X register is the sum of interest paid (ZINT); the sum of
the principal reduction (ZPRIN) is in the Y register and can be displayed
by pressing XSY. The remaining balance after n payments, PV_, is found
in the PV register (RCL PV to display it), and the total number of
payments amortized is in the n register (RCL n to display it).
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Program No. 41F043

HP-41

Program Name: AMORT (normal AMORTization schedules with the HP-41)

Author: Thomas W. Beers

Date: June 1986

  

Purpose: To provide the usual entries in an amortization schedule (payment
number, interest paid, reduction in principal, and outstanding balance)
assuming the input values are

k = the number of periods over which the amount of interest and the
reduction in principal are to be summed (can be 1 for the complete
schedule, month by month or year by year)

I = periodic interest rate as a percent

PV = initial value of the loan, the amount borrowed

PMT = periodic payment (input as a negative)

A printed schedule can be obtained when a printer (HP-82143A or HP-
82162A) is connected, and the user has the option (by setting
flag 02) of having a continuous printout if the size of the group (k) is
uniform.

A. Storage assignments

Register Use

00 k = no. of periods per group

01 2 INT = the sum of the interest paid through the current payment
(within the group)

02 LPRIN = the sum of the reduction in principal paid through the
current payment (within the group)

03 PV = initially the amount borrowed, then the current remaining
balance (BAL)

04 [ = periodic interest rate (a percent)

05 PMT = the periodic payment
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Storage assignments (continued)

Register

06

07-08

09

10-12

13

Labels

Global 

AMORT

Local

B

01

03

Use
 

the current number of periods amortized; 1, 2, ..., n

not used

N = the final period to be amortized and printed (only used in the
"auto" option, i.e., flag 02 set)

not used

an index for each group, starting each time with k; then k-1,
k-2, ..., 0

Use
 

program start, clears all registers and flag 02, provides flag 02
reminder, then prompts for next step (label E)

stores the input value for interest rate (I), displays and prints
it, then prompts for the loan amount

stores the input value for the loan amount (PV), displays and
prints it, then prompts for the payment amount. PV is checked to
ensure a positive value.

stores the input value for the payment amount (PMT), displays and
prints it, then prompts for the number of periods to be grouped
(k); PMT is checked to ensure a negative value

program re-start if most of the input parameters have not changed;
prints heading for the amortization schedule, then prompts for the

periodic interest rate

provides a convenient divide-by-12 operation to easily convert an
annual interest rate to a monthly one; control passes
automatically, then, to label B for the PV input prompt

the calculation loop for the amortization schedule; current
allocation for interest is calculated then control passes to
label 06

stores the new value for k, if just input, clears registers 01 and
02, and proceeds to label 01
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Labels (continued)

 

 

Local Use

05 displays and prints the number of payments grouped (can be 1)
then proceeds to labels 11, 12, and 13 for the grouped results

06 completes the calculation loop for the amortization schedule,
accumulating the amounts for interest and reduction in principal,
INT and 2PRIN, and incrementing the number of periods currently
amortized

11 displays and prints the grouped amount of interest ( Z INT)

12 displays and prints the grouped reduction in principal (Z PRIN)

13 displays and prints the remaining balance (BAL)

14 tests for "end of schedule" condition and/or automatic printout
mode, directs control accordingly or prompts for a new group size

(k)

95 sets flag 04 and stores the terminal non-uniform group size to be
used as "k" for the final group summary; called as a subroutine in
label 97

96 prompts for and stores the final N if flag 02 is set, indicating
the "auto-display and print mode"; called as a subroutine in
label E

97 tests for end-of-schedule condition, and either recycles to
label 03 or passes control to label 99

98 used to print dashed-line in schedule heading; called as a
subroutine in labels D and E

99 used to print the initial, and if flag 02 is set, the final
asterisk-1line

Flags

Type and
Number Use

User:

02 set externally by the user to skip the prompt for the input of
group size, k, after the first such prompt. This achieves a
continuous display or printing of results and is appropriate when
k remains constant



C.

-191-

Flags (continued)

 
 

Type and
Number Use

User:

03 set in label 05 to indicate group size is 1 and to select the
proper heading (PAYMENT: if set; PMTS:, if clear)

04 set in label 95 to indicate the final-group condition

12 print double wide flag; set in labels 98 and 99 to achieve
double-wide printing

22 numeric data input flag; tested throughout to detect a
keyed-in number

29 digit grouping flag; cleared (in presence of FIX 0) to suppress
decimal point

System:

55 printer existence flag; used throughout to test for the presence
of a printer in the system and therefore print results and skip
the pauses necessary for displayed results

Size and key assignments

SIZE: > 014

Suggested key assignments:

"AMORT" on shift, Z+ (i.e., -11)

"g", "C", "D", "E", and "b" all done internally

Program procedure and examples

I. Load the program "AMORT" into the calculator.

IT. In RUN mode, proceed as given below by way of example. USER mode is
assumed, and "AMORT" is assigned to shift, Z +.

1. Example 41-1 (same as Example 11-1).

Duplicate the amortization schedule (for the first three months) shown
in Table 1. That is, for a home mortgage loan of $35,000 (PV) where
annual percentage rate = 11% (periodic rate, I, therefore is 11/12%),
the monthly payment, PMT, is $343.04, and the number of periods to be
grouped, k, is 1.
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Program procedure and examples (continued)

Therefore the input data are:

 

I = 11/12%, the periodic (i.e., monthly) rate

 

PV = 35,000
PMT = -343.04

and k = 1 ("group" size = 1 month)

Step Prompt Input Key(s) Comment or Output

a. prelim. - - USER activates USER mode

b. initialize - - shift, 2 + starts program

c. auto, or not - - - AUTO: SF 02,
THEN PRESS E - E AM. SCHEDULE

d. data input I(%)= 0.007 11 shift, B I= 0.92 %
PV= 0.007 35000 C(or R/S) PV= 35000.00

PMT= 0.007? 343.04 D(or R/S) PMT= -343.04

e. results KEY K, R/S 1 R/S PAYMENT: 1
INT= -320.83
PRIN= -22.21
BAL= 34977.79

R/S OR K, R/S - R/S PAYMENT: 2
INT= -320.63
PRIN= -22.41
BAL= 34955.38

R/S OR K, R/S - R/S PAYMENT: 3
INT= -320.42
PRIN= -22.62
BAL= 34932.76

R/S OR K, R/S problem finished

Note 1. If flag 02 had been set before pressing E in step c.,
and a "FINAL N" of 3 had been provided at the subsequent
prompt, the pressing of R/S each time in step e. would
not be necessary. This feature is perhaps most useful
when a printer is attached.

Note 2. If the display of results is too fast, the ZINT (or INT),
LPRIN (or PRIN), and BAL can be recalled from R 01, R 02,
and R 03, respectively (RCL Z+, RCL 1/X, or RCL VX). If
this is done at the "R/S OR K, R/S" prompt, the schedule
can be continued by following the prompt directions.
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Program procedure and examples (continued)

Note 3. The following printed output shows the results obtained
with the printer in NORM mode to detail the keys pressed,
then in MAN mode to demonstrate the "cleaner" output.

AEG “AMORT"
AUTO: SF 82, THEN PRESS E

SF a2
AEQ

FINAL WN?
j.ae RUM

Ac he fc fe ok ke

AM. SCHEDULE

I(%)= 4.82?
11.68 XEO

I= 8.92 %
PY= @.887

3606.88 RUN

Py= 35646.00
PHT= 6.887

343.84 RUM
PHT= -343.84

KEY K. R/S
i.e PUK

PAYMENT: 1
INT= -328.83
PRIN= -22.21
BAL= 34977.79

PAYMENT: 2
INT= -328.63
PRIN= -22.41
BAL= 34933. 38

PAYMENT: 3
INT= -328.42
PRIN= -22.62
BAL= 34932.76

Ae oc Hk Ae kof

He ok ok A ok ok
AM. SCHEDULE

I= 8.92 %
Py= 35800.0R4
PHT= -343.84

PAYMENT: |
INT= -328.83
PRIN= -22.21
BAL= 34977.79

PAYMENT: 2
INT= -328.63
PRIN= -22.41
BAL= 34935.138

PAYMENT: 3
INT= -328.42
PRIN= -22.52
BAL= 34932.76

He 3c ofc of ok ok
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Program procedure and examples (continued)

2. Example 41-2 (same as Example 11-2).

Given the same basic loan data as in the previous example except that
the first payment is due on Dec. 15, 1985 and all subsequent payments
are due the 15th of the month. For tax reports we need the sums of
interest paid and principal reduction paid by calendar years for 1985
(k=1 payment), 1986 (k=12), 1987 (k=12), and 1988 (k=11). We also want
to know the loan balance remaining after the 36 payments have been made,
i.e., the "balloon" or pay-off amount.

Flag 02 is assumed clear.

 Step Prompt Input Key(s) Comment or Output

a. prelim. - - USER activates USER mode

b. initialize - - E since the basic
input data are the
same as previous
example, E is
pressed for
re-start

c. since E was used to re-start the program, the "AUTO: SF 02" prompt
1s skipped.

d. data input I(%)= 0.92? - R/S [= 0.92 %
PV= 34932.767 35000 C(orR/S) PV= 35000. 00
PMT= -343.047 - R/S PMT= -343.04

e. results KEY K, R/S 1 R/S PAYMENT: 1
INT= -320.83
PRIN= -22.21
BAL= 34977.79

R/S OR K, R/S 12 R/S PMTS. 2--13
INT= -3833.57
PRIN= -282.91
BAL= 34694.88

R/S OR K, R/S - R/S PMTS. 14--25
INT= -3800.86
PRIN= -315.62
BAL= 34379.26

R/S OR K, R/S 11 R/S PMTS. 26--36
INT = -3452.12
PRIN= -321.32
BAL = 34057.94

R/S OR K, R/S problem finished
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Program procedure and examples (continued)

Note 4. The following printed output shows the results obtained
with the printer in NORM mode to detail the keys pressed,
then in MAN mode to demonstrate "cleaner" output.

ZER “AHORT"
AUTO: SF A2, THEW PRESS E

¥EQ E
Hc oe ok Hk of

AM. SCHEDULE oe ok oe heh ok
eo__ AM. SCHEDULE
= a.82 m=

11.89 ¥EQ b = 8.92 %
I= 8.92 % PY= 35808. 88
PY= &,08? PHT= -343.84

5004.88 RK

0000000000000

—————-
PY= 35099. 99
PHT= 9.88? PAYMENT: 1

343.84 RUM INT= -320.83
PHT= -343.84 PRIN= -22.21
—_————— BAL= 34977.79

KEY K, R/S PATS. 2--13
1.08 RUN SINT= -3833.57

PAYMENT: | ZPRIN= -282.91
INT= -320.53 BAL= 34634.88
PRIN= -22.21
BAL= 34977.79 PHTS. 14-25

SINT= -3800.86
R/S OR K, R/S EPRIN= -315.62

12.88 RUN BAL= 34379.26
PATS. 2--13
SINT= -3833.57 PATS. 26--36
SPRIN= -282.91 SINT= -3452.12
BAL= 34694,88 SPRIN= -321.32

BAL= 34857.94
R/S OR K, R/S

RUN
PATS. 14--25
SINT= -3889.86
SPRIN= -315.62
BAL= 34379.26

R/S OR K, R/S
11.68 RUN

PHTS. 26--36
LINT= -34532.12
EPRIN= -321.32
BAL= 34837.94

R/S OR K, R/S
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Program procedure and examples (continued)

ITI. Comments

1. If the output answers appear too fast for recording, they can be
recalled from the assigned registers:

R 01 = current grouped interest

R 02 = current grouped principal reduction

R 03 = current balance

Alternatively, the R/S key can be pressed during any display, thus
"freezing" the answer; pressing R/S again will re-start the
program at the point it was interrupted.

As should be evident from the examples, input and output data make
use of the conventional signs from the viewpoint of the borrower,
that is, money received (the loan amount and the current balance)
is positive, whereas money paid (amount of interest, payments, and
principal reduction) is negative.

Contrary to the corresponding HP-11C and HP-12C programs, the
AMORT program does check the input for proper sign, and if
necessary changes the sign, thus ensuring sensible results.

 

Background and formulas used

(Same as the used in the corresponding HP-11C program, AMORT78-11)
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Program listing and barcode for AMORT.

3:89PH 85/23
A1e¢LBL "ANORT"

82 CLRG

a2 CF 82

#4 -AUTO: SF 82."

#5 “FTHEN PRESS E-

#6 PROMPT

A7¢LBL b

Ag 17

a9 /

1a GTO B

11¢LBL E

12 FS? 82

13 XE@ 96

14 FS? 55

15 %XEG 99

{6 “AM. SCHEDULE"

17 AVIEM

18 ¥EQ 93

19 CF 29

28 FIX 2

21 CF 22

22 A

23 STO 86

24 =I{¥)="

25 ARCL 84

26 "F2"

27 TONE 9

28 PROMPT

29¢LBL B

38 FS2C 22

3 570 84

32 I=

33 ARCL Ad

34 Fi

35 AVIEM

36 PSE

37 “Py= -

38 ARCL a3

39 “}7-

48 TONE 3

41 PROMPT

42¢/BL C

43 FS72C 22

44 ST) 83

45 RTL 83

4h ¥{(A?

47 CHS

48 STO 83

49 “Py= -

58 ARCL 83

91 AVIEH
32 PSE
33 “PHT= *
34 ARCL 83
33 "k2"
36 TONE 9
37 PROMPT
a8e¢LBL D
29 FSC 22
68 STD 83
61 RCL @5
62 X87?
63 CHS
64 STD 83
63 “PHT= *
66 ARCL 85
h7 AVIEW
68 FS? 35
69 XEQ 98
78 ADY
71 PSE
72 “KEY K. R/S"
73 TONE 7

74 TONE 7

75 PROMPT

76¢LBL 83

77 FSC 22

78 STO #8

79 RCL 94

88 S70 13

81 8

82 S70 ai

83 STO @2

B4¢LBL 81

85 RCL 83

86 CHS

87 RCL 84

88 %

B9¢LBl 46

9 FIX 2

91 RND

92 ST+ a1

93 CHS

94 RCL #5

95 +

9% S5T+ 83

97 ST+ 82

98 1

99 ST+ 86

198 DSE {3

181 GTO a1
182¢LBL 85
183 CF @3
194 FIX @
183 1
186 RCL 44
187 X=Y?
188 SF 83
189 CHS
118 RCL 86
11 +
112 1
113 +
114 FS? 83
115 “PAYMENT: =
116 FC? 83
117 =PNIS. ~
118 ARCL X
119 FS? 83
126 GT0 11
121 “F--=
122 ARCL @6
123¢L8L 11
124 AYIENW
125 PSE
126 FIX 2
127 “EINT= =
128 FS? 83
129 =INT= -
136 ARCL al
131 AYIEW
132 FS? 33
133 GTO 12
134 PSE
135 PSE
136¢LBL 12
137 “IPRIN= =
133 FS? @3
139 “PRIN= =
148 ARCL 82
141 AYIEW
142 F57 53
143 GTO 13
144 PSE
145 PSE
146¢LBL 13
147 =BAL= =
148 ARCL 83
149 AYIEW
158 ADY

151 FS? 35
152 GT0 14
153 PSE
134 PSE
130¢LBL 14
136 CF 22
157 RCL od
138 FSC 84
139 £70 99
168 FS? 82
161 GT0 97
162 “R/S OR K. R/S”

163 TONE @
164 TONE @
165 PROMPT
166 GTO 63
167¢LBL 93
168 SF 64

163 RCL 89
178 RCL 86
171 -
172 510 @e
173 RTH
174¢LBL 96
175 “FINAL N?-
176 TONE 9
177 PROMPT
178 STO 89
179 RTH
18@¢LBL 97

181 RCL 86
182 RCL @9
183 X=Y?
184 GT0 99
185 XM
186 -
187 RCL Bu
188 Xv?
189 XE@ 95
198 GT0 83
191¢LBL 98
192 SF 12

194 AVIEW
195 CF 12

196 RTH

197¢LBL 99

198 SF 12

199 =skkkkx”

288 AVIEM

281 CF 12
282 END
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HP-41 Program Barcode: RNHORT ~198-

ROW 1: LINES 3

ROW 20 LINES © -

ROW 4: LINES

ROW 5: LINE!

ROW 7: LINES =

“0W 8: LINES 19 ~ 24

ROW 8: LINES

ROW 11: LINEE

ROW 12: LINES 37 - 41

00Or
13

ROW 14: LINES - 53

ROW 15: LINE = EE

Il il AEF
ROW LINES 5¢

RuWw 17: LINE 5

ROW 18: ES 7

       

Program Registers RBequired: bY

ROW 3: LINE - 5

<0W Bi: LINES

ROW 1@: LINES

ROW 13: LINES

54

Iail
£93 —            
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HP-41 Progran Barcode: RIMORT {continaed’
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ROW 26: LINES

ni
FOL

 

    

 

VoloWoo: ND

ROW 28: LINESA

ROW 29: LINE

            O
P
E
R

L
e

—
—
—

— —
—          a S

E
E
R
A            

i
)
e
—
—
—

        

                      
        

 

ROW 19. LINES

Rb NES G

2s LINES 533 ~ 194

Ze LINES

T .

Z - 1:Nooh

ROW 5: LINE =IAS

ROW 31: LINES 139 - 14

ROW SS. 5H

Hill 1 Hill [llII[lil

34: LINES =

         
  

ROW 2@: INE

11 —

ROW 32: LIMES 146 ~ 150

ROW 35: LINES 162

ROW 36: INES - 15H             



HP-41 Program Barcode:

SA eT.
ROW &7:

RHINA
ROW 38

i
ROW - .

or .

RO 43:

IH
iROW 4

Ui

  

  

 
 

Tow
CA ®

Ri435:

     

u
x

LINES

INES

nr
L

LI 
 

|

5 158 - 147

LINES

LINES
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ORY (continued)

HAAR

IiRRR

LI

RHR

168 175

75 74

186 ~- }
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Program No. 41F044

Calculator: HP-41

Program Name: AM7841 (AMortization schedules and similar financial
calculations using the rule of 78s with the HP-41)

Author: Thomas W. Beers

Date: June, 1986

Purpose: To provide the usual entries in an amortization schedule (payment
number, interest paid, reduction in principal, and outstanding
balance) assuming the input values are

k = the number of periods over which the amount of interest and
the reduction in principal are to be summed (can be 1 for
the complete schedule, month by month or year by year)

I = periodic interest rate as a percent

PV = initial value of the loan, the amount borrowed

PMT = periodic payment (input as a negative)

The program provides the option of calculating similar entries for
a schedule which assumes the rule of 78s interest allocation
procedure, in which case the required input values are PV, PMT,
and k as defined above, and

n = the total number of periods (usually months) in the loan

and

INT = the total finance charge for the loan, i.e., the sum of all
the periodic interest payments (input as a negative)

A printed schedule can be obtained when a printer (HP-82143A or
HP-82162A) is connected, and a continuous printout is optionally
available (by setting flag 02) if the size of the group (k) is
uniform.

SPECIAL NOTE TO THE USER:

Since AM7841 is so similar to AMORT/8-11, the directions of use and
examples provided there can be followed. Also, the bulk of the register
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assignments and the various labels are very similar to that used in the AMORT
program for the HP-41. For these reasons a detailed writeup was not
considered necessary.

Program listings, printed results of the examples used in AMORT/78-11,
and program barcode are found on the following pages.

A. Printed results of examples using data from AMORT7/78-11

1. Example 11-1, first in NORM printer mode to show keystrokes, then
in MAN printer mode for cleaner looking results.

XEQ "AN7841"
AUTO: SF 82,PRESS E OR «

CF 82
XEQ E

He feok ofc He ke ofc oe of

Lh AM. SCHEDULE
1(x)= 8.0887 eR
Ian peta Py= 35600. 88

I= 8.92 = PHT= -343.84
Py=9.882 ___TT

35006.08 XEQ C
PY= 35060. 080 PAYMENT: 1
PHT=- 8.88? INT= -3128.83

343.84 YEO TB Ne 2m 21Lo SER AER PRIN= -22.21
PRY= 343.84 BAL= 34977.79

T: ¢
KEY K. R/S PATHENT2INT= -326.631.88 RUM oeoo PRIN= -22.41
Be BAL= 24955. 38
INT= -320.83
PRIN= -22.21 PAYMENT: 3
BiL= 34972. 71 INT= -320.42

oo PRIN= -22.62
R/S OR KE. R/S - BAL= 34932.76

PAYMENT: 2
INT= -320.63
PRIN= -22.41
BAL= 34955. 38

R/S OR K, R/S
RUN

PAYMENT: 3
INT= -328.42
PRIN= -22.62
BAL= 34932.76

R/S OR K, R/S



2. Example 11-2, 11-3, and 11-4 in MAN printer mode.

AM. SCHEDULE

I= 8.92 %
Py= 35608. 28
PHT= -343.84

PAYMENT: |
INT= -328.83
PRIN= -22.21
BAL= 34977.79

PETS. 2--13
ZINT= -3833.57
ZPRIN= -282.91
BAL= 34694.88

PRTS. 14--23
ZINT= -3808.8¢6
ZPRIN= -313.62
BAL= 34379.26

PHTS. 26--36
TINT= -3452.12
ZPRIN= -321.32
BAL= 34857. 94
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INT= -id08, a8
Py= 5h0d. ae
PMT= -308.08

PHYMENT: |
INT= -1533.83
PRIN= -346.13
BAL= 4633.83

PAYMENT: 2
INT= -141.83
PRIN= -338.97
BAL= 4294.88

PAYMENT: 3
IHT= -128.21
PEIN= -371.79
BAL= 3923.8%

PHTS. 4--9
LINT= -499.98
LPRIN= -2580.82
BAL= 1423.87

ae ke a oe ok oe
RULE OF 78s

INT= 7728.84
Py= 20008. a¢
PHT= -7708.08

PATS. 1--i2
ZINT= 4242.52
IPRIN= -4997.48
BAL= 15882.32

PETS. 13--24
ZINT= -2573.34
EPRIN= -66b&. 66
BAL= 8335.86

PHTS. 25--36
CINT= -984. 14
SPRIN= -8335.86
BAL= 6.04
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3. Example 11-4 using the automatic printout option (flag 02 set);
results shown in both NORM and MAN printer modes.

AEG “AM7B4]-
AUTO: SF @2,PRESS E OF =

FINAL KH?

6.88 ROH
oe oh he of oe ok
RULE OF 78s

7728.88
INT= -7728. 48
PY= @.8@7

2004, ae
PY= 20844. 08
PHT= @.8u?

778.
PRT= -/78.86

o
g

m
n

KEY NHK. R/S
36.088 ENTER?
12.08

PHYS. 1--12
LIHT= -4242.5¢
iPRIN= -4997.48
BAL= 15@82.52

PHTS. 13-24

ZINT= -2573.34
iPRIH= -6666.65
BAL= 8333.86

PHTS. 25--36

LINT= -90@4.14

LPRIN= -8335.86
BAL= @.88

r
n

a de of ok oe of

RULE OF 78s

IHT= -7728. 08

P¥= 7RGEG, AE

PET=- -778.88

PRTG. 1--12
LIRT= -4242.52
ZPRIN= -4397.48
BAL= 1588.57

PHTS, 13--24
EINT= -2573.34
iPRIN= -66bE.66
BAL= £335.86

PETS. 25--36
ZiNT= -984, 14
IPRIN= 8335.86
BAL= &.88
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Program listing and barcode for AM7841.

lelBL "AM7G41"

82 CLRG

#3 CF a2

@4 “AUTO: SF @2.,-

85 “HPRESS E OR e-

86 PROMPT

B7¢LBL e

#8 SF #8

85 FS? 82

18 ZEQ 9%

11 G70 18

[2¢LBL b

13 12

14 7

{15 GTO B

1oeLBL E

17 CF @8

18 FS? &2
19 EQ 96

Z20¢LBL 18

21 FS? 33

22 XEQ 99

23 “AM. SCHEDULE"

24 FS? d8
25 “RULE OF 78s"

26 AYIEW

27 %EG 98

28 CF 29

29 FIX 2

38 CF 22

31 8

32 ST0 86

33 ~1{%= =

34 FS7 8

35 "INT($)=*

36 ARCL 84

37 "BE?"

38 TONE 9

39 PROMPT

48+BL B

41 FSC 22
42 STO 84
43 I= =

44 FS? a8

45 XEQ 28

46 ARCL #4

47 FC? 88
48 “F %-

49 AYIEW

56 PSE

31 “Py= -

52 ARCL 83
53 “}2-
94 TONE 9
55 PROMPT
S56¢LBL C
57 FSC 22

58 STO 83
39 RCL @3
6B x<@7
61 CHS
62 STO 83
63 “Py= =

64 ARCL 83
S AYIEH

66 PSE
67 “PHT=
68 ARCL 85
69 “F7"
78 TONE ¢
71 PROMPT
72¢LBL T
73 FSC 22
74 STO 85
75 RCL &5
76 %8?
77 CHS
78 STO 85
79 “PHT= -
#8 ARCL 85
81 AYIEH

82 F57 55

83 XEQ 98
g4 ADY
85 PSE
B6 “KEY K, R/S"
87 F57 @@

88 “KEY NtK. R/S"
89 TOKE 7
98 TONE 7
91 PROMPT
9z FS? a8
93 GTO #
94+BL 83
95 FSC 22
96 STO a8
97 RCL 98
9g 570 13
99 @

168 570 81

181 STO @2
182 FS? #8
183 GT0 84
184+BL 81
185 RCL 463
186 CHS
187 RCL 64
188 Z
189¢+LBL 86
118 FIX 2
111 RND

112 ST+ 8
113 CHS
114 RCL 85
113 +
116 ST+ 83
117 57+ 82
118 1
119 57+ Be
128 FS? @4
121 RTN
122 DSE 13
123 GTO 81

124¢LBL 85
125 CF 83
126 FIX @
127 1
128 RCL 98
129 X=Y?

138 SF 63
131 CHS
132 RCL 86
133 +
134 |
135 +

136 FS? @3
137 “PAYMENT:
138 FC? 83
139 -PHTS. ©
148 ARCL X
141 FS? 83
142 G70 11
143 “F---
144 ARCL 86
14541BL 11
146 AYIEN
147 PSE
148 FIX 2
149 =ZINT= =
15 FS? 63
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Program listing and barcode for AM7841

131 "INT= ~
152 ARCL &1
133 AYIEN

154 F5? 35
155 G70 12
156 PSE
157 PSE
158¢+LEBL 12
159 “ZPRIN= *

168 FS? 83
161 "PRIN= ©
162 ARCL @2
163 AYIEW
164 FS? 3%
165 G10 13
166 PSE
167 PSE
168¢LBL 13
169 “BAL= ©
178 ARCL 83
171 AVIEM

172 AY
173 FS? 3%
174 GTO 14
175 PSE
176 PSE
177¢LBL 14
178 CF 22
179 RCL @8
168 FS? 82
181 670 97
182 “R/S OR K. R/S"
183 TONE @

184 TONE @
185 PROMPT
186 G70 63
187¢LBL H
188 570 @a
189 570 13
198 XY
191 570 #7
192 1
193 +
194 RCL 67
195 *
192
197 +
195 570 88
199 @
208 S70 81

(continued).

281 S70 92

2082¢LBL wd
283 RCL #7
264 %=47
285 G70 #5
206 RCL @8
287 7
288 RCL 64
289 *
218 XE@ a6
211 57- @7
212 DSE 13
213 G10 a4
214 GT0 85
215¢LBL 28
216 RCL 84
217 X87
218 CHS
219 STO a4

228 "INT= =
221 RTH
222¢LBL 9%
23 “FINAL N?=

224 TONE 9
225 PROMPT

226 570 a9
227 RTH
22G¢LBL 97
22% RCL 86
238 RCL 89
231 A=Y?
232 GT0 99
233 G70 8d
234¢LEL 98
235 5F 12

237 AVIEM
238 CF 12
239 RN
24@¢LBL 99
241 SF 12
242 "*Exxkx”

243 AVIEW
244 [OF 12
245 END



ROW 1: LINES |
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ROW 9: LINES 24 25
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HP-41 Prograns Barcode: ARA7H41 ~207-

Program Registers Feguired: 82

JA HnLH
BOW JZ: LINES

INA iia
ROW J: INES :

A
ROW 4: LINES S 8

HHHJAO
NES £ 13

TI AEACAR
ROW B&B: LINES V3 - 18

Er
ROW 7: i 23

J HEARNE
ROW 2: LINES 23

HAAO

EAA

iil JHAEAENRAR
ROW 11: | SEG

OA
OW 12: Links 34 - 3%

EE
ROW 13: LIMES 36 41

li i Iil JEREEEERR
ROW 14: LINES - 45

1 1AE
ROW 15h: LINES ~ 5]

II li | JEARRARER
ROW 16: ES

OR
ROW 17: LINES G55 - b3

HHIiEO
ROW INES - 7

A
oo t

in Hy oe           
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HPE-11 Program Barcode: ARYE4T {continued

HOE 19: IES B7HE Joa LICo

“i A s an 3
PLAHa Am » L. E

ES 73

SEZ aR

I
UN
CEE

i

i
i
i

        

               
         

   

 

                          

r
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O
o

ROW 22:1 L

ROW 28: LINES 38 -

ROW 30: 130

ROW 31: LINES

ROW 32: LIMES 13

ROW 23: LINES 86 ~ gt

ROW 24: LINES 88 - 90

ROW 27: LINES 107 ~ [ih

ROW 28: LINES - 'Y

| I HHI | [ll | IN

to 3

la . LINEEE

ROW 34:
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JONES 148

MES 91

ROW 29: LINES 29
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HOW 3 -
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HP-41 Prograns Barcode: ASR7841 {contiauwed?

RD fut 42 3 \ :

RO INES z

ROW 42: LINES 3b

fiOO
ROW 42: LINES 187 - 14ki

- -
iROW 44: Ih

517 0

1

JW Gi: LINES

0 -

ROW 57: LINES 159

In I Ill
ROW J&: LINES 162

[a I
ho~d

  
RO
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-
HL

ROW 45: LINES

ROW 49: LINES 228 - 2

52: LINES 242 -

 

   

ROW 46: LINES

ROW 50: LINES 5 - 238

f.                    
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ANALOGOUS HP-41 PROGRAM DESCRIPTIONS

Prior to the existence of the HP-11C, programs were written for the HP-
41 which address the subject matter covered by the first five 11C programs
presented in this manual. HP-41 users who have a need for such programs may
find the following descriptions useful. Copies of the programs as separates’
can be ordered as described on page 213.

A. HP-41 Analogies to the HP-11C program SLR:
 

1. LR (Linear Regression), Program No. 41F018.

Provides simple linear regression calculations which simu-
late the L.R., ¥, and r keys found on the HP-34C, HP-11C and HP-
15C. Specifically, one may readily calculate the following, for X
and Y data summarized by the Z+ key:

a, the Y-intercept

b, the slope of the least-squares fitted line

b*, the slope assuming the line is forced

through the origin

r, the simple correlation coefficient

r=, the coefficient of determination

the calculated t to test the hypothesis

of zero correlation
A

Y, a predicted value of Y for any keyed-in X

Additional statistics such as confidence interval estimates and
standard errors can be calculated using the program SLR (Program
No. 41F019), but for brevity (96 program steps, 176 bytes, one
magnetic card) only the listed items are included in "LR".

 

programs LR, SLR, MSLR, LOGVOL, and SSRS are also included (without barcode)
in the 1983 publication, "A Chronology of HP-41C Programs for Use and
Example", by T.W. Beers.



-211-

2. SLR (Simple Linear Regression), Program No. 41F019.

Extends the simple linear regression calculations achieved
by "LR" (Program No. 41F018) to provide, for ungrouped X and Y
data summarized by the + key:

(1) a, b, b', r, re, t., and y (see LR program);

(2) standard errors: Syx> Sas Sh» Sp's

(3) confidence interval estimates assuming mean Y and

assuming individual Y for given X;

and (4) Student's t to test the following hypotheses:

Care was taken to make the program "printer compatible" and an
automatic print-out mode (flag 00 set) is provided.

3. MSLR (Master Simple Linear Regression), Program No. 41F020.

MSLR is a steering program to be used in conjunction with
SLR (Program No. 41F019) to accommodate ungrouped, grouped, or
weighted data and to extend the prompting, correction, and/or
deletion capabilities of that program. With the insertion of ap-
propriate subroutines it is anticipated that MSLR can also be used
to transform the input data and achieve linear approximations to
certain non-linear models.

Detailed examples of ungrouped and grouped cases are
provided with printer output.

The deletion of data sets, purposefully or to correct for a
keyboard error, is provided for and described in detail.

HP-41 Analogy to the HP-11C program LVC: 

LOGVOL (LOG VOLumes), Program No. 41F008.

Written to calculate log volumes by Doyle, Scribner, Int. 1/4-
inch, Int. 1/8-inch rules and cubic content by Huber, Smalian, and New-
ton formulas -- United States or Metric units.

Metric or U.S. units input and output are readily handled as is
output conversion from one to the other.
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HP-41 Analogy to the HP-11C program PLS:
 

PRABLA (obvious contraction of PARABOLA), Program No. 41F034.

Written to calculate the gross and corrected sums of squares (SS)
and sums products (SP), regression coefficients, and other related
statistics for the least squares fit to the "parabolic" model:

Y = by + byXy + bpX,, with the following optional definition of the Xs:

A. Xp = X{

B. X1 and X, as non-functionally related variables

C. Xo = Xs , and the values of X; are equally spaced between
arbitrary lower and upper limits.

The program, by means of flags, can process data that are ungrouped,
grouped (F1 set), or weighted (F1 + F2 set).

HP-41 Analogy to the HP-11C program ABCD: 

COMPAS (obvious abbreviation for COMPASS), Program No. 41F038.

Written to achieve the conversion of angles measured from the true
north meridian to angles measured from magnetic north and vice versa.
Angles can be expressed as bearings (such as S 25 E) or in azimuth units
from north (such as 125 azimuth degrees) and can be in degrees, minutes,
seconds format (e.g., dd.mmss) or the decimal degrees format (e.g.,
dd.dddddd) .

The program also has facility to convert from one format tothe
other (such as from decimal to dms) and to convert bearings to azimuth
angles and vice versa.

HP-41 Analogy to the HP-11C program SIMSTRAT:
 

SSRS (Simple and Stratified Random Sampling), Program No. 41F017.

Written to summarize data from either a simple or stratified
sample, obtaining within stratum and overall estimates of the mean and
standard error and, optionally, user-specified confidence intervals and
other sample statistics. Provision is made to use or not (flag 00 set)
a finite population correction.
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PUBLICATION AVAILABILITY INFORMATION

Copies of the following publications are available and can be ordered
from the author as indicated below.

1. A Chronology of HP-41C Programs for Use and Example. 299 pages,
including 29 statistical and forestry related programs (without
barcode). Price: $33.00 plus $3.00 postage.

 

2. 0S-41, An Operating System for the HP-41 and Peripherials. 472
pages, including over 70 programs (with barcode) especially useful
to move programs, and either numeric or alphabetic data back and
forth among main memory, extended memory, magnetic card, tape and
disc storages, printers, and barcode. Price: $42.00 plus $3.00
postage.

 

3. Separates of the following HP-41 "analogous" programs:

LR (Linear Regression) 7 pages, plus barcode.
SLR (Simple Linear Regression) 16 pages, plus barcode.
MSLR (Master Simple Linear Regression) 18 pages, plus barcode.
LOGVOL (LOG VOLumes) 16 pages, plus barcode.
PRABLA (Parabola) 17 pages, plus barcode.
COMPAS (Compass) 24 pages, plus barcode.
SSRS (Simple and Stratified Random Sampling) 13 pages,

plus barcode.

Price per separate (including program listings and barcode):
$5.00 each, plus $3.00 postage and handling for up to 10
separates.

4. Additional copies of the present manual, Substantial Programs for
the HP-11C and HP-15C. Price $17.00 plus $3.00 postage.
 

 

Copies of the above may be ordered from

Thomas W. Beers
1808 Summit Drive
West Lafayette, IN 47906

Please make checks or money order payable to Thomas W. Beers.

Indiana residents add 5% sales tax.

Overseas orders should double the postage charge.

ORDERS ORIGINATING OUTSIDE THE UNITED STATES MUST BE PREPAID IN U.S. DOLLARS

AND BE DRAWN ON A UNITED STATES BANK.





COLOR KEY
 

Blue -- Start of HP-11C program descriptions

Gold —- HP-12C program

Green -- HP-41C programs



MAIN PROGRAMS

 

Page

Description Code

eo —
1. Simple Linear Regression (SLR) 10 14

)— 2. Log Volume Calculations (LVC) 18 22

3. Parabolic Least Squares (PLS) 26 30

4. Declination Correction (ABCD) 33 40

Pro 5. Simple and Stratified SamplingSIMSTRAD 47 52

6. Financial Calculations (FICALC) 59 83

} AREA 7. Area of a Closed Traverse (AREA) 117 122

8. Means--Grouped, Ungrouped Data (MiGo) 138 142

) MIG) 9. Amortization Schedules (AMORT) 159 167

10. Mortgages by Rule of 78s (FINC78) 170 176
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