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 Tocation 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: f ISG n assumes the user specified
register n as the index register.

4. Location of I key.
11C: instruction is f I (code= 42,16);
15C:  instruction is g I (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—41*, 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**.

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

**Ana]ogous 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 Tliterature 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 AMORT78-11 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 AMORT78-11 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.

*Actua11y the material was written for the predecessor of the HP-12C, the
HP-38C.



ANNOTATED DIRECTORY OF PROGRAMS

Purpose and Special Notes

Program
Number Name Page
11F001"  SLR 10
11F002 LVC 18

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,+b1X;+boX,. The traditional parabolic fit
is achieved if X, is defined as the square of
X1. Optionally, X; and X, can be considered
independent, leading to the usual multiple
lTinear 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

11F005 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 "l12-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
11FO08  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 Tlikely 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 AMORT78-11 159
11F010  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
AMORT78-11. 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 AMORT78-11, 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 Purpose and Special Notes

41F043 AMORT 188 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.

41F044 AM7841 201 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).



-10- Program No. 11F001

Calculator: HP-T1C
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, S4° and ta to
test the hypothesis: o =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, Spi

r, the correlation coefficient

for specified X0 and Student's t, ?o’ the predicted Y for X0
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., §, 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, ZX2, ZY, ZY?, ZIXY

6 (0 Ix2 = T(X,

. X)2 = £X? - nX?, corrected sum of squares for X
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A. Storage assignments (continued)

Register 15C Use
7 (1) Zy? = Z(Yi - Y)? = £Y2 - nY?, corrected sum of squares for Y
8 xy = 2(X; - Y)(Yi - Y) = XY - 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

B. Labels
Name Use

[1]* program start, clears registers and display

[A] calculates and displays a; by R/S also Sy and ta

[B] calculates and displays b; by R/S also Sy and tb

[c] calculates and displays r

[D] predicted Y and confidence interval calculation and display

[(E] main processor; calculates and stores X, Y, Zx2, Iy?, IxXy,
and Sy must preceed [D] and optional parts of [A] and [B]_

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

2 confidence interval calculation in label D

*brackets indicate meaningful external accessibility

C. 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:

Y X

7 5

5 3

9 8

Instructions Example

Step Input Key Qutput Input Key Qutput
1. Initialize - GSB 1 0.00 - GSB 1 0.00
2. Data input Y 4AX, T+ 1.00 745 o+ 1.00
(repeat for all data pairs) 543 T+ 2.00
948 L+ 3.00
3. Process data - E Syx - E 0.32

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

15¢C

= RCL 0 (2) 3.
- RCL 1(3) 16.
- RCL 2 (4) 98.
- RCL 3(5) 21.
- RCL 4 (6)155.
- RCL 5(7)122.
- RCL 6(0) 12.
- RCL 7(1) 8.
- RCL 8 10.

OO OO O

[N e Ne))
OO

4. a statistics - A a - A 2.
R/S S - R/S

.
o1~
N O

—+
o1
.

w
(Sa}

5. b statistics - B b - B .79
- R/S Sy R/S .09

tb 8.66

[ Ne»)

.99

6. r statistics - C r - C
2 .99

gx? r gx2

|
!
OO
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D. Program procedure and example (continued)

Instructions Example
Step Input Key Qutput Input Key Qutput

7. predicted Y and confidence intervals (assume t = 2 and X0 =14,
then XO = 6)

a. t STO I t 2 STO I 2.00
XO D Yo 4 D 5.95

c.i. lTow 5.50

c.i. high} for mean Y 6.39

b. (optional) - R/S c.i. low o R/S 5.16
c.i. high( Tor 1nd. ¥ 6.74

C. next X0 D YO 6 D 7.53
c.i. Tow 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 0O 1.24
- R/S Sb. R/S 0.13

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
00 [FeL11Y a2 1 a1 - 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 3/ - 30 64 [f LBL C] 42 21 13
05 [f LBL E] 42 21 15 3Bz 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] 4221 11 69 STO .0 44 .0
10 gX? 43 1 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 g X 43 0
13 gXx? 43 11 43* RCL 0 (2) 45 0 73 R¢ 33
14* STO 6 (0) 44 6 44*  RCL 6 (0) 45 6 74 XY 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) 4420 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 XY 34 85  XzY 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 /X 11
29* RCL 6 (0) 45 6 59 /X 11 89 R+ 33
30 = 10 60 10 90  X2Y 34

l/Brackets imply meaningful external accessibility,
parentheses indicate internal use.
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E. Program statement and
Step Statement Code
91 g Rt 43
92 RCL I 45
93 X

94 RCL 9 45
95 X

96 -

97 f PSE 42
98 g LST X 43
99 2

100 X

101+

102 R/S
103 XY

106 fy,r 42
105 g LST X 43
106 1

107 RCL .0

108 +

109 GTO 2 22
110 [f LBL 0] 42 21
111* RCL 5 (7) 45
112* RCL 2 (4) 45
13 =+

114 R/S

115* RCL 5 (7) 45
116 X

117 CHS

118* RCL 4 (6) 45
119 +

120* RCL 0 (2) 45
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code (continued)

Step Statement Code
33 121 1 1
25 122 - 30
20 123 =+ 10
9 124* RCL 2 (4) 45 2
20 125 = 10

30 126 /X
31
36

20
40
31
34
48
36

11

g MEM leads to

P-00 r-.0

40

5 Program memory completely full,

2
10
31

5
20
16

4
40

0

since R 0 is needed for computations

*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 used

I.

IT.

ITI.

In LBL E

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

2. corrected sums of squares and products (lower case letters):
Ix? = IX? - nX?
Ty? = Y% - nY?

Zxy = XY - nXY

3. X standard error of estimate:

o = zy? - (zxy)?/Ix?
YX n-2

In LBL A

Sy

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

2. Sa’ the standard error of a:

_ X2
Sa T Syx nIx?

3. ta’ the calculated test statistic:

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

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

2. Sb’ the standard error of b:

o = 1w
b~ Syx Y JixZ

3. tb’ the calculated test statistic:

t =

b . = = -
b gg-, to test Ho' B=0, (d.f.=n-2)
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Formulas used (continued)

IV.

VI.

In LBL O

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

br o IXY
X7
]
. T . Yx
e Spr T SyVEE T U
v_ [y - by
where Syx = —

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

by calculating t = %sll s (defo=n-=1).

b
In LBL C

1. r, the correlation coefficient, calculated by the f §, r function.
2. r2, the coefficient of determination can be calculated by gX2.

3. tr, the calculated test statistic, was not calculated in the program;
however it must equal tb’ therefore Label B then R/S can be used.

In LBL D

1. ?o’ predicted Y for a specific value of X (i.e., XO), calculated
by f ¥, r function.

2. confidence intervals about the predicted mean Y given XO:

Y0 £+t Syx v/ C

where (X_-X)2

1 0
= =t ——
¢ n X

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

3. confidence intervals about an individual predicted Y given XO:
v1+C

?0 £t sy
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Calculator: HP-11C
Program Name: Log Volume Calculations

Author: Thomas W. Beers

Purpose: 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 du+L, whereas the cubic-foot calculations assume the
following input

for Huber: Dm+L

for Smalian: D +DU¢L

b
for Newton: Db+D +D L
m u
where: Db, Dm’ and Du are log diameters in inches at the base,

midpoint and upper end,
L

log length in feet,

and du diameter inside bark at the small end of the log

A. Storage assignments

Register Use
0 Log Tength, L
1 L/16, used in board-foot calculations
2 du’ scaling diameter for bd. ft. calculations
3 temporary storage of Int. 1/8" volume

B. Labels
Name Use
[E]* initialization for board-foot calculations, clears flag 0

and sets number of decimals to zero.

[A] Doyle volume; calculation and display
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B. Labels (continued)

Name Use

[B] Scribner volume; calculation and display

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

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

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

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

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

0,6,7,8 used in label C to calculate Int. 1/4" and Int. 1/8"

volumes

9 subroutine called by labels A,B,C, and D to store L,

L/16, and du

*brackets indicate meaningful external accessibility

C. Flags
Number Use
0 in labels D and 9 to control the execution of label 9
1 in label C, flag is set to control the subroutine execution

of label 7 the first time through the loop

D. Program procedure and example

I. In program mode, key in the program
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In RUN and USER mode, proceed as given below.

the data for log 1 given in the following table.

The example will use

diameters length in
base  mid upper scaling feet
log no. (Db) (Dm) (Du) (du) Etz 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  OQutput Input Key Output
1. Initializel - E 0. - E 0.
2. Bd.ft.calc.?
a. du+L A Doyle 14416 A 100.
b. du+L B  Scribner 14416 B 123.
C. du¢L C Int. 1/4" 14416 o 136.
d. - R/S Int. 1/8" - R/S 150.
e. dqu 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.

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

calcul

ations.
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Program procedure and example (continued)

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

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

4, Go to step 1 if board-foot volumes are needed for the next log, or

continue with step 3 for more cubic-foot volumes.

Example
Step Input Key Qutput Input Key  Output
3. Cu.ft.ca]c.éf
a. Dm+L GSB 1  Huber 15.4416 GSB 1 20.7
b. Db¢Du¢L GSB 2 Smalian 16.6414.5416 GSB 2 21.20
c. Db+Dm+Du+L GSB 3 Newton 16.6415.4414.5416 GSB 3 20.863
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Step Statement Code Step Statement Code
1 [FLA¥ 422111 31 ReL O 45 0
2 GSB 9 32 32 4 4
3 RCL 2 45 33 + 10
4 4 34 g INT 43 44
5 - 30 35 STO 4 44 4
6 g X 43 N 36 g LST X 43 36
7 RCL 1 45 1 37 f FRAC 42 44
8 X 20 38 GSB 7 32 7
9 g RTN 43 32 39 g CF 1 43 5
10 [f LBL B] 42 21 12 40 X 20
11 GSB 9 32 9 41 STO 3 44 3
12 RCL 2 45 2 42 RCL 4 45 4
13 g X2 43 11 43 g X=0 43 40
14 . 48 44 GTO O 22 0
15 7 7 45 (f LBL 6) 42 21 6
16 9 9 46 1 1
17 X 20 47 STO - 4 44 30 4
18 RCL 2 45 2 48 (f LBL 7) 42 21 7
19 2 2 49 RCL 4 45 4
20 X 20 50 2 2
21 - 30 51 + 10
22 4 4 52 RCL 2 45 2
23 - 30 53 + 40
24 RCL 1 45 1 54 STO 1 44 1
25 X 20 55 g X2 43 1
26 g RTN 43 32 56 . 48
27 [f LBL C] 42 21 13 57 2 2
28 GSB 9 32 9 58 2
29 g SF 1 43 4 1 59 X 20
30 (f LBL 8) 42 21 8 60 RCL 1 45 1

43

20
30

32

20

48

20
31
3
31
14
9
0
32
0
1

10

Step Statement Code
61 .

62 7

63 1

64 X

65 -

66 g F? 1 43 6
67 g RN 43
68 STO + 3 44 40
69 RCL 4 45
70* g X>0 (gTEST1) 43
71 GTO 6 22
72 (f LBL 0) 42 21
73 RCL 3 45
74

75 9

76 0

77 5

78 X

79 R/S

80 RCL 3 45
81 R/S

82 GTO D 22
83 (f LBL 9) 42 21
84 gF?0 43 6
85 g RN 43
86 STO G 44
87 1

88 6

89 +

90 STO 1 44

4/Brackets imply meaningful external accessibility,

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

Step Statement Code Step Statement Code Step Statement Code
91 X2Y 34 121 [f LBL 2] 4221 2 151 + 40
92 STO 2 44 2 122 f FIX 2 42 7 2 152 X 20
93 g RTN 43 32 123* f 1 (g1 42 16 153* f I (g 42 16
94 [f LBL D] 42 21 14 124 X 20 154 X 20
95 gCFoO 43 5 125 1 1 155 3 3
96 GSB 9 32 126 1 1 156 4 4
97 g SFO 43 4 127 5 5 157 5 5
98 GSB A 32 11 128 2 2 158 6 6
99 R/S 31 129 + 10 159 + 10

100 GSB B 32 12 130 X2y 34 160 R/S 31

101 R/S 31 131 g Xx? 43 11 161 GTO 3 22 3

102 GTO C 22 13 132 g Rt 43 33

103 [f LBL E] 42 21 15 133 g X? 43 11

104 f FIX O 42 7 0 134 + 40

105 gCFoO 43 5 0 135 X 20

106 g CLX 43 35 136 R/S 31

107 g RTN 43 32 137 GTO 2 22

108 [f LBL 1] 4221 1 138 [f LBL 3] 42 21

109 f FIX 1 42 7 1 139 f FIX 3 42 7 3 g MEM leads to

110* f1n (g 42 16 140 Ry 33 P-00 r-5

111 X 20 141 g X? 43 11

112 5 142 Ry 33

113 7 143 g X? 43 11

114 6 144 X2Y 34

115 + 10 145 g X2 43 11

116 X2Y 34 146 g Rt 43 33

117 g X? 43 11 147 + 40

118 X 20 148 X2Y 34

119 R/S 31 149 4 4

120 GTO 1 22 11 150 X 20

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

required change is shown in parentheses.

Suggested or

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

Although the '"code" for these



-24-

F. Formulas used
I. Board foot volumes

In the following formulas,

V = bd. ft. volume of the log,
d = diameter inside bark at the small end,
U e., scaling diameter in inches,
and L = Log length in feet

a. Doyle scale (in label A)

V= (d,-8)% (%)

b. Scribner scale (in label B)

L
= 2
V= (.79du -2du-4)(TE)

c. International 1/4 inch scale (in label C)
V =.905 (Int. 1/8" volume)

d. International 1/8 inch scale (in Tabel 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.

II. Cubic foot volumes

In the following formulas

<
1}

cu., ft. volume

o
[}

b diameter in inches at log base

(ws)
]

diameter in inches at log mid-point
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F. Formulas used (continued)

o
]

diameter in inches at upper end of log

—
1]

log length in feet
a. Huber formula (in label 1)
an2
V = =7 (L)
b. Smalian formula (in label 2)

V= (g7g) (5) (D, D,2)

c. Newton formula (in label 3)

V= (57g) (§)(D,? + 4D,2 + D 2)
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Calculator: HP-11C
Program Name: Parabolic Least Squares
Author: Thomas W. Beers

Date: January, 1983

Purpose: To calculate gross and corrected sums of squares and products
and the regression coefficients for the least squares fit to
model: ? = by + b;X; + baXz, with the following optional
definition of the X's:

1. X; and X, are non-functionally related independent variables
2. X2 = X12

A. Storage assignments

Register 15C Use
0 (2) n
1 (3) ZIX; then -X-l then b,
2 (4) zX,? then Ix;?
3 (5) zY then Y then b,
4 (6) IY? then Iy?
5 (7)  ZX,Y then Zx;y
6 (0) X, then X then b,
7 (1) X2 then Ix,?
8 X1 X2 then IXixa
9 ZX,Y then ZIx,y
.0 X2 then Determinant, D = Ix;2Zx»2-(Ixixz2)?
I control number for automatic display (LBL D)
B. Labels
Name Use
[E]* program start; initializes calculator for new data
[A]* 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

*pbrackets indicate meaningful external accessibility

Flags -- none used

Program procedure and example
I. In PRGM mode, Toad program.
II. In RUN mode, select option 1 or 2 and proceed.

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

USER mode
input format is: Y,ENTER,X,,ENTER,X, (Y 4 X; 4 X;)
sample data: Y X; Xz
2 3 5
5 6 12
9 8 15
Instructions Example
Step Input Key Output Input Key Qutput
a. Initialize. E zero E 0. 000000000
b. Data input Y,;#X;14X2; A X2, 24345 A 25.00
YotXi1o4X, A X3, 546412 A 144,00
YotXystXas A X3 3 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: -
(1) manual display: RCL 0 - n = 3.00 IX2 = 32.00
RCL 1 - £X,; = 17.00 Ix} = 394.00
RCL 2 » zX3i = 109.00 n= 3.00
RCL 3 » 1Y = 16.00 XX; = 17.00
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D. Program procedure and example (continued)

d.

e.

15C

RCL 4 - zY? = 110.00 %X7 = 109.00
RCL 5 - XY = 108.00 LY = 16.00
RCL 6 » ZX, = 32.00 %y? = 110.00
RCL 7 - 2X3 = 394.00 £X1Y = 108.00
RCL 8 - zX; X, = 207.00

RCL 9 - ZX,Y = 205.00

RCL .0 > Xy = 15.00

(2) automatic display: press D and the display will be:

register number
(pause)
register contents

(3) semi-automatic display (having the display stop after
each register rather than pause) can be achieved as
follows:

(a) replace program step 119 (h PSE) with an
R/S statement (R/S)
(b) press D

(c) press R/S after each register display

Instructions Example
Input Key Output Input Key Qutput
Calculate. C bo C -3.40
R¥ b, R 3.80
Ry b, RY -1.20

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

press D and read: 0. (pause) 3.00 = n -1.2olicb2
1. (pause) 3.80 = b, 52.67 = Ix3
2. (pause) 12.67 = ix3% 3.00 = n
3. (pause) -3.40 = b, 3.80 = b,
4,  (pause)  24.67 = gy? 12.67 = Ix}
5. (pause) 17.33 = Ix;y -3.40 = bg
6. (pause) -1.20 = b, 24.67 = Ly®
7. (pause) 52.67 = x5 17.33 = Ixyy
8. (pause) 25.67 = IXiXz
9. (pause) 34.33 = EIXxpy
10. (pause) 8.33 = Determinant, D
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Program procedure and example (continued)

2.

Option 2 (X, = X%) assumes:

USER mode
input format is:
sample data:

Step

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

a. Initialize
b. Data input

Yox

2 3

5 6

9 8

Instructions Example
Input Key  Output Input Key Output
E E 0.000000000

YitXiitt X, A X3, 2434+ X, A 81.00
YoAXiatt X, A X3, 54644 X, A 1296.00
YatXistt X, A X3, 94844 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 Qutput Input  Key Qutput
C bo C 2.60
RY b, Ry -0.80
Ry b, Ry 0.20

To display regression coefficients and corrected

sums of squares and products proceed as in lc.

press D and read:

0 (pause)
1 (pause)
2 (pause)
3 (pause)
4, (pause)
5. (pause)
6 (pause)
7 (pause)
8 (pause)
9 (pause)
0. (pause)

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 = b2
b, 1512.67 = Ix3
rx? 3.00 = n
b, -0.80 = b
ry? 12.67 = Ix3
X1y 2.60 = by
b, 24.67 = Ly?
Zx% 17.33 = Ixyy
IX1Xa2
X2y
Determinant
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E. Program statements and code
Step Statement Code Step Statement Code Step Statement Code
1 [fLAIY 422111 31+ ReLS (M 45 5 61 X 20
2 f FIX 2 42 7 2 32* RCL 1 (3) 45 1 62 CHS 16
3 STO .0 44 .0 33* RCL 3 (5) 45 3 63* RCL 5 (7) 45 5
4 Ry 33 34 GSB 5 32 5 64* RCL 7 (1) 45 7
5 (f LBL 2) 4221 2 35* STO 5 (7) 44 5 65 X 20
6 I+ 49 36 RCL 8 45 8 66 + 40
7 g LST X 43 36 37* RCL 1 (3) 45 1 67 RCL . 45 .0
8 RCL .0 45 .0 38* RCL 6 (0) 45 6 68 + 10
9 X 20 39 GSB 5 32 5 69 RCL 8 45
10 STO + 8 44 40 8 40 STO 8 44 8 70* RCL 5 (7) 45
11 XzY 34 41 RCL 9 45 9 71 X 20
12 RCL .0 45 42* RCL 3 (5) 45 3 72 CHS 16
13*  STO + 6 (0) 44 40 43* RCL 6 (0) 45 6 73 RCL 9 45 9
14 X 20 44 GSB 5 32 5 74* RCL 2 (4) 45 2
15 STO + 9 44 40 45 STO 9 44 9 75 X 20
16 RCL .0 45 .0 46* RCL 7 (1) 45 7 76 + 40
17 g X2 43 11 47* RCL 6 (0) 45 6 77 RCL . 45 .0
18% ST0+7 (1) 44 40 7 48 ENTER + 36 78 : 10
19 g RTN 43 32 49 GSB 5 32 5 79* RCL 0 (2) 45 0
20 [f LBL C] 42 21 13 50* STo 7 (1) 44 7 80* STO + 3 (5) 44 10 3
21* RCL 4 (o) 45 4 51 RCL 8 45 8 81* STO = 1 (3) 44 10 1
22* RCL 3 (5) 45 3 52 g X2 43 11 82* STO + 6 (0) 44 10 6
23 ENTER 4 36 53 CHS 16 83 R¥ 33
24 GSB 5 32 5 54* RCL 2 (4) 45 2 84* RCL 6 (0) 45 6
25* STO 4 (e) 44 4 55* RCL 7 (1) 45 7 85 X2y 34
26* RCL 2 (4) 45 2 56 X 20 86* STO 6 (0) 44 6
27* RCL 1 (3) 45 1 57 + 40 87 X 20
28 ENTER + 36 58 STO .0 44 .0 88 CHS 16
29 GSB 5 32 59 RCL 8 45 8 89 XzY 34
30* STO 2 (4) 44 60 RCL 9 45 90* RCL 1 (3) 45 1

J-/Br'ackets 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 R, through R., and
102 X 20 g MEM leads to

103*  RCL 0 (2) 45 0 P-00  r-.0
104 3 10
105 - 30
106 g RTN 43 32
107 [f LBL D] 42 21 14
108 . 48

109 0 0

110 1 1

11 STO I 44 25

112 (f LBL 4) 4221 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 lower case
letters)were calculated by:

2
Ix? = IX? - (Zﬁ) , similarly for ry?
Xy = XY (ZX)gZY , similarly for Ix;x,

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

b; Ix12 + b, IXiX2 = IXy
b; Ixixs + b» ZXz2 = IXoY
The regression coefficients, b, and b,, were found using Cramer's

Rule making use of a ratio of two determinants, thus:

IX1Y IX22 = IXoY IXiX2
[Zx1® Zx2% - (Zx1%x2)%] =D

b1=

b, = EX12  EXoY - IXiX2 IX1Y
2 - D

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

bO =Y - b]j(l - bz—X_z
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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 Tlabel
"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 Use

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

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

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

[8] 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.

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

*brackets indicate meaningful external accessibility

2(step 27) } used in Tlabel A to achieve the desired true to magnetic

3(step 30) or magnetic to true conversion for azimuths

4(step 32) generates a minus sign to indicate that the output is an
azimuth, and converts answer to dd.mmss format if necessary
(FT cTear)

O(step 77) 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)

2(step 86) primary routine in the conversion of bearings from magnetic
to true and vice versa and to direct control to appropriate
output Tabel:
3(step 127) if "answer" <0
4(step 154) if "answer" > 90
1(step 105) if 0<"answer" <90

1(step 105) assembles the output bearing into the format Qdd.mmss or
Qdd.dddddd as appropriate

O(step 117) called in Tabel 2(step 86) to adjust the exponent in the
7(step 122) conversion formula

3(step 127) 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)

4(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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D. Program procedure and examples (continued)

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

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

3. If the angle to be converted is a bearing proceed as in either
option a, or b; if an azimuth go to step 4.

a. 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

b. 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.

4. 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.

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

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

III. Examples (assume USER mode)

A. 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=7? (ANS. =S 56° 10' E)
N 1° 35" 30" W=7 (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 F1
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=7? (S 58° 40' E)
N 0° 54" 30" E=7? (N 1° 35" 30" W)

Step Input Keys Output Comment
1. - gSFoO - 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 401.3530 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 =72 (S 9.75° E =S 9° 45' E)
N2.123° E=7? (N 6.127° W =N 6° 7' 37.2" W)
Step Input Keys Qutput Comment
1. - gCFO - clear flag 0
g SF 1 - set flag 1
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Program procedure and examples (continued)

Step
2.

3a.

3b.

Input Keys
8.25 CHS, D
201.5 B
- f - HMS
2.123 GSB 9
- f - HMS

Output
-8.250000

209.750000
209.450000

406.127000
406.073720

on

Comment.

S 9.75° E
S 9° 45" E

N 6.127° W
N6° 7" 37.2" W

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

12° 30' = 7  (353° 39' 30" = 353.6583°)
285° 25' 15" = ?  (266° 34' 45" = 266.5792°)

Step Input Keys Output Comment
1. - E X. XX clear FO and F1
2. 18.503 CHS, D -18.5030 input check
then -18.841667 D in dec. format
4, 12.3 A 12.3000 input check
then  -353.3930 = 353° 39' 30"
- g-H -353.6583 = 353.6583°
285.2515 A 285.2515 input check
then  -266.3445 = 266° 34' 45"
- g-~+H -266.5792 = 266.5792°

E. 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

1983

true bearing magnetic bearing

N 8° 15' 30" E

? (N 2° 14" 30" W)
S 85° 26' 15" E ?

(N 84° 3' 45" E)

? (N 9° 30' 45" E)
? (S 84° 11" E)



-39-

D. Program procedure and examples (continued)

Step Input Keys Output Comment
1. - E X. XX clear FO and F1
2. 10.3 CHS, D -10.3000 input check
-10.500000 D in dec. format
3b. 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
1. - gSF O - SF 0 for true
to magnetic
conversion
2. 11.4515 CHS, D -11.4515 input check

then -11.754167 D in dec. format

3b. 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
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
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Statement Code Step Statement Code

[f LBL D] 42 21 14 31+ 40
1 1 32 (f LBL 4) 4221 4
CHS 16 33 CHS 16
STO 3 44 3 34 g F? 1 43 6 1
Ry 33 35 g RN 43 32
GSB 0 32 36 f FIX 4 42 7 4
STO O 44 37 f -HMS 42 2
g RTN 43 32 38 g RN 43 32
[f LBL A] 42 21 11 39 [f LBL B] 42 21 12
GSB 0 32 0 40 GSB 0 32 0
STO 2 44 2 41 EEX 26
RCL 0 45 0 42 2 2
STO + 2 44 40 2 43 8 10
g F? 0 43 6 0 44 g INT 43 44
STO - 2 44 30 2 45 STO 1 44 1
g F?2 0 43 6 0 46 g LST X 43 36
STO - 2 44 30 2 47 f FRAC 42 44
3 3 48 EEX 26
6 6 49 2 2
0 0 50 X 20
RCL 2 45 2 51 STO 2 44 2
f X>Y (g TEST 7) 42 20 52 GTO 2 22 2
GTO 2 22 2 53 [f LBL 9] 4221 9
g X<0 (g TEST 2) 43 10 54 GSB 0 32 0
GTO 3 22 3 55 STO 2 44 2
GTO 4 22 56 1 1
(f LBL 2) 42 21 57 STO 1 44 1
- 30 58 GTO 2 22 2
GTO 4 22 4 59 [f LBL 6] 42 21 6
(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 gF?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 O

J—/Bracke’cs imply meaningful external accessibility,

parentheses indicate internal use.



-41-

Program statements and code (continued)

E.

Step Statement Code
91 GSB 0 32 0
92 RCL 1 45 1
93 yX 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 * f X<Y (g X<¥) 42 10

104 GTO 4 22 4

105 (f LBL 1) 4221 1

106 RCL 1 45 1

107 EEX 26

108 2 2

109 X 20

110 RCL 2 45 2

11 + 40

112 g F? 1 43 6 1

113 g RN 43 32

114 f FIX 4 42 7 4

115 f >HMS 42 2

116 g RTN 43 32

117 (fLBLO) 4221 O

118 1 1

119 STO + 1 44 40 1

120 Ry 33

Step Statement Code
121 g RTN 43 32
122 (fLBL7) 4221 7
123 1 1
124 STO - 1 44 30 1
125 Ry 33
126 g RTN 43 32
127 (f LBL 3) 4221 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
145 GTO 1 22 1
146 (f LBL 5) 4221 5
147 3 3
148 STO 1 44 1
149 GTO 1 22 1
150 (f LBL 6) 4221 6

* Indicates statements that must be changed for the HP-15C.
change is shown in parentheses.

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 gCFo
169 g CF 1
170 f FIX 2
g MEM leads to
P-05 r-3

42

42
43
43
42

Suggested or required
Although the "code" for these statements will
also change this is left for the 15C user to alter.

44
22

45

44
45
45
45

44
22
21

~N o on

20

30

30

N o — O = —
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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
18 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 ic considered east if
magnetic north is east of true north, and west 1f 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:

N on
~32/ Line S .
/K\39o Declination = 20° E (=+20)
W / Direction of line:
W o~ £ magnetic azimuth = 29°
AT~ true azimuth = 49°
/ =€
/
/
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F. 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 = magnetic + declination (
and magnetic = true - declination (

N =t
S

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-
dure)that 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 Declinatign East_Declipnation
+ - - +
- + + -

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)
Q+1

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 g and the input quadrant as (Qp); then three
cases need addressed:
1. 0<g<90 leads to By = 8 (7)
and Qy = Qp (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

1]

By = 180 - 8 (9)

and  Q, = Qy + (-1)Qb+] (10)

or Qy=0Qp - (-1)%
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F. Background and formulas used (continued).

3. B<0 (i.e., the bearing has crossed the North-South 1ine)
leads to

Ba = [8]

and if Qb =1,Q. =4,
ifQ, =4,0Q, =1
or Q, = Q - 3(—])Qb
otherwise

0, =0+ (-

a

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-
ings? 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:

if Q = formulas is
1 (NE) A=B8B
2 (SE) A =180 - B
3 (SW) A =180 + B
4 (NW) A =360 - B
2. Convert from true to magnetic or vice versa using equations

(1) or (2).
3. Change the converted azimuth (A) back to a bearing (B) by:

if azimuth (A) is bearing (B) is and Q_is
A<0 B = |Al 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)
A>360 B=A- 360 1 (NE)

FTINTNN TNN N
N et —d
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NN~~~ o~
PO NN
SDDUOTH W —
~— e~



-46-
F. 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
output

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

b. then:

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

2. In Tabel 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.

G. 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

Calculator: HP-11C

Program Name: SIMSTRAT -- Simple and Stratified Random Sampling

Author: Thomas W. Beers

Date: January 1984

Purpose: To summarize data from either a simple or stratified sample,

A.

obtaining within stratum and overall estimates of the mean,

standard error, and optionally, arbitrary confidence intervals.

Storage assignments

Register 15C Use

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

0-5 (2-7) Statistical: n, ZX, etc.
6 (0) Nh’ population size, stratum h

7 (1) Yh, sample mean, stratum h then 7; , overall sample mean

t
for stratified sample.

8 N, X,

h"h
9 ZNh
.0 sh
. s—w then s—- , overall standard error; both corrected
Xh Xst

for finite population if appropriate.

e ZNﬁsi_ used in overall standard error calculation.
X
Labels
Name Use
[A]* program start and initialization, clears all registers and

display to zero
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B. Labels (continued)

Name Use

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

0 internal use when population is finite

[1] calculates and displays overall mean and standard error

for the stratified sample

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

3 loop to summarize basic data
4 calculates and displays s_ for each stratum and performs
calculations for overall Sj? for the stratified sample
[5] calculates and displays s_ (%) for individual strata
*brackets indicate meaningful exéernal accessability.
C. Flags

Number Use

0 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

IT. 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

Nh 30 50 20 100

Xh 1.7 12.0 20.0 10.5 = Xst
S 1.53 2.94 2.83

S_ 0.84 1.41 1.90 0.84 = s_
X
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D. Program procedure and example (continued)

1.

Stratified Sampling assuming a finite population correction --
proceed as follows: (assume FIX 2 initially)

Example
Input Key Qutput Input Key Qutput
- g CF 0 - - g CF 0 -
- A 0.00 - A 0.00
X11 R/S 1.00 3 R/S 1.00
Xo1 R/S 2.00 0 R/S 2.00
(Repeat for all data 2 R/S 3.00
in stratum 1)
N, B X: (pause) 30 B 1.7 (pause)
X, 0.84

(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 (say 4.303)
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

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:

InEut &x OUtEUt
- 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 (X3)

1.41 (SY})
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D. Program procedure and example (continued)

Input Key Output
f. - R/S 0.00
18 R/S 1.00
Stratum 3 data {22 R/S 2.00
20 B 20.0 (X3)
1.90 (SY')
3
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 igt (pause) - GSB 1 10.5 (pause)
Sv 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
1imits, 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 1 c) is meaningless, therefore simply press B after
all the X values have been processed.



D.

-51-

Program procedure and example (continued)

C.

GSB 2 can be used to calculate confidence intervals.

Using stratum 2 as an example: (in FIX 2) Example
With Flag 0 clear: Input Key ~ Output
- A 0.00
12 R/S 1.00
8 R/S 2.00
15 R/S 3.00
13 R/S 4.00
50 B 12.0 = X
1.41 = sy

- GSB 5 11.8 = SY-(%)

3.182 STO I 3.2
- GSB 2 7.507 = Tower
16.493 = upper
or with Flag 0 set:
- A 0.00
12 R/S 1.00
8 R/S 2.00
15 R/S 3.00
13 R/S 4,00
- B 12.0 = X
1.47 = Sy

- GSB 5 12.3 = SX'(%)

3.182 STO I 3.2
- GSB 2 7.316 = Tower
16.684 = upper
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E. Program statements and code
Step Statement Code Step Statement
o0 [fFLAY 222111 31 =

02 f CLEAR REG 42 34 32 (f LBL 4)
03 2 2 33 X

04 STO I 44 25 34 VX

05 g CLX 43 35 35 f FIX 2
06 (f LBL 3) 42 21 3 36 STO .1

07 R/S 31 37 g X?

08 T+ 49 38* RCL 6 (0)
09 GTO 3 22 3 39 g Xx?

10 [f LBL B] 42 21 12 40 X

11* STO 6 (0) 44 6 41 RCL .2

12 STO + 9 44 40 9 42 +

13 f FIX 1 42 7 1 43 STO .2

14 g X 43 0 44 f CLEAR %
15 f PSE 42 31 45 RCL .1
16* STO 7 (1) 44 7 46 R/S

17* RCL 6 (0) 45 6 47 g CLX

18 X 20 48 GTO 3

19 STO + 8 44 40 8 49 (f LBL 0)
20 g s 43 48 50 1

21 STO .0 44 .0 51 GTO 4

22 g X® 43 11 52 [f LBL 1]
23* RCL 0 (2) 45 0 53 2

24 8 10 54 STO I

25 gF?o0 43 6 0 55 RCL 8

26 GTO 0 22 0 56 RCL 9

27* RCL 6 (0) 45 6 57

28* RCL 0 (2) 45 0 58 f FIX 1
29 - 30 59*  STO 7 (1)
30 RCL 6 (0) 45 6 60 f PSE

42

42

42

42

42

Code Step Statement Code
10 61 RCL .2 45 .2
21 4 62 RCL 9 45 9
20 63 g X? 43 11
11 64 + 10
7 2 65 /X 11
44 1 66 f FIX 2 42 7 2
43 11 67 STO .1 44 .1
45 6 68 R/S 31
43 11 69 [f LBL 5] 42 21 5
20 70 RCL .1 45 .1
45 .2 71*  RCL 7 (1) 45 - 7
40 72 T 10
44 .2 73 EEX 26
42 32 74 2 2
45 .1 75 X 20
31 76 f FIX 1 42 7 1
43 35 77 R/S 31
22 3 78 [f LBL 2] 42 21 2
21 0 79  RCL 7 (1) 45 7
1 80 RCL I 45 25
22 4 81 RCL .1 45 .1
21 1 82 X 20
2 83 - 30
44 25 84 f FIX 3 42 7 3
45 8 85 f PSE 42 31
45 9 86 g LST X 43 36
10 87 RCL 7 (1) 45 7
7 1 88 + 40
44 7 89 R/S 31
42 31 90 g CLX 43 35
91 GTO 3 22 3

Note: g MEM leads to

J[Bracke’cs 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.

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

Suggested or required

P-00

Y -

Although the "code" for these statements will

.5
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F. Formulas

I. Simple random sampling

a. mean = X = %%

b. standard error

=~ /5"
X n
or
_ [s? /N-n e e ) )
sy = 7;—(—3r0 if finite population is assumed

c. confidence interval

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

°X
d. S")((/)) = *:.)E..— (]00)
II. Stratified sampling

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

_ IN X,
d. overall mean, XSt =
where Nh = population size for stratum h
Yh = sample mean for stratum h
and N = total population size = ZNh
e. overall standard error, sy = ly(zsti.)
X N h™x
st h
where
s®> = squared standard error for stratum h,
X 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_
g\ = X
g. s_ (%) __St(100)
st Xst
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Program No. 11F004

Calculator: HP-11C (and HP-15C with minor changes)
Program Name: FICALC-11/15 Flnancial CALCulations on the HP-11C or HP-15C
Author: Thomas W. Beers

Date: April 1985

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

i = 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

R = annual percentage rate; the same as NAR

EAR = 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.

2. 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.

S 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.
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Storage Assignments

Register

Labels

Name

[Al+
(Bl
[Cl
£D1
[E]

{0l

11

[21

~NO-U B
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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
PHT
FV

the intermediate calculation A (see section G)

stores
stores
stores
stores
stores

n keyed in, or calculates n

i when keyed in as I, or calculates I
PV keyed in, or calculates PV

PMT keyed in, or calculates PMT

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 1

(selecting BEGE mode) then proceeds to label 0

clears flag 1 (selecting the END mode) then proceeds to

label 0

solves
solves
solves
solves
solves

displays Il

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

for
for
for
for
faor

and displays n

i and displays 1
and displays PV
and displays FMT
and displays FV

if flag 0 is set

(3.14), indicating the end of the input
and optionally provides the calculation and display

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

*brackets indicate meaningful external (i.e.,
mode) accessibility.

phase,
of EAR

calcu-

RUN
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Number Use

0

clear indicates the input phase, i.e., a number just keyed
will be stored appropriately in Ri, R2, R3, R4, or RS

set implies the calculation phase, and when keys A through
E are pressed, program control passes to 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 G5B 2) implies that the END
mode for payments is assumed; here the GRAD annunciator is
not displayed.

D. Program Procedure in General

1.

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. 1If, however, the input data are to be substantially
changed, it is wise to perform one of the following, as appropriate:

a. BSB © 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 | causing GRAD tc appear in the display, in-
dicating the BEG (of period) payment mode is active.

c. G5B 2 this initializes as in a. but additionally clears
flag ! 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 (L) PV PMT Fv
stored in: Rl1 k2 R3 ) 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 (i),

(3) the usual + and - cash flow conventions are followed for
PV, PMT, and FV (see specific examples)

(4) if PMT = 0, this implies a "single payment" problem, and
any 3 of n, I, PV and FV must be input to find the
fourth. Implication: 1interest (I) can be the soclved-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 of 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 YERROR 3"

3. SOLUTION

After sufficient data have been properly input:

Press R/S5, 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 # 3
not possible with this program.
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c. (optional) To find EAR (effective annual rate) for compounding
other than annual:

(1) 6SB O, or GSB 1, or GSB 2

(2) key n = compounding frequency per year
(monthly = 12, quarterly = 4,
daily = 365), 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
3 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 is 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 problenms,
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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Table 1. Nature of Problems Described in Examples Which Follow.

Example Type of
Number Froblem Specific Nature
Page
1. IRAs and 5aving Accounts
a. 61 IRA given n, I, FMT; find FV; annual com-
pounding
b. 62 IRA change n; find FV
C. 62 IRA fix FV = 1,000,000; find n
d. 62 IRA change I; find n
e. 62 savings account given n, I, PV, PMT; find FV; monthly
compounding
f. 63 savings account find EAR for previous problem
g. 63 savings account change compounding to daily; find EAR
h. 64 savings account given n, I, PV, PMT; find FV; weekly
compounding
2. Loans
a. 64 automobile given n, I, FV, FV = 0; find PMT;
monthly compounding
b. 65 automobile change 1; find PMT
c. 65 automobile find exact FV after last payment
d. 65 automobile given I, PV, PMT, FV = 0; find n and
amount of interest
e. 66 automobile given I with "simple interest"; better
deal?
f. 66 automobile find the corresponding compound
interest, I
g. 67 home improvement given n, I, PMT, FV = 0; find PV;
monthly compounding
h. 68 home improvement find loan balance after given number
of months
i. 68 credit card given n, I, PV, PMT = 0; find FV;
monthly compounding
j. 69 credit card find EAR in previous problem
k. 70 automobile practice problems
3. Home Purchase
a. 70 regular mortgage given n, I, FV, FV = 0; find PMT;
monthly compounding
b. 71 regular mortgage change n; find PMT
c. 71 regular mortgage change n back, change I; find PMT
d. 71 reqular mortgage find exact FV after last payment
e. 72 contract sale given n, I, PV, FV = 0; find PMT and
“balloon payment"
f. 72 contract sale find amount of interest paid in pre-

vious problem
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Table 1. <(continued)

Example Type of
Number Problem Specitic Nature
Page
4, Effective Annual Rates
a. 73 EAR, discrete compounding given NAR, C (compounding frequency);
find EAR
b. 75 EAR, continuous compounding given NAR; find EAR
c. 75 EAR, 365/340 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

1. 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% I
e
PMT = 2000
= 3 years

= ?

2
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SOLUTION
Input Key(s) Display Comment
- 6SB,1 0.00 "GRAD" indicates BEG mode
5 A 3.00 % periods = n
10 B 0.10 I input, i 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 i1f 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 596,253, 61 BIG BUCKS!
c.

How long would it take to accumulate one million dollars?

SOLUTION (previous data still in place)

1000000 E 1,000,000,00 FvV
- R/S 3. 14
- A ‘ 40,27 n = 40,27 years

d. I+ 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 (
- R/S

.1
i
- A 359.

Ld o

r BN

9 5 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 7.8735%,
compounded monthly?

Fv = 7
I = 7.875/12 %

1l2l las la4l
FMT = 100
PV = 4000 n = 7x12 84 months
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SOLUTION
Input Key(s) Display Comment
- 1/ GSB,2 0.00 END mode selected
84 or 7412X A 84.00 n = 84
7.8754+12 <+ B 0.01 actual i = 0.0065625
4000 CHS,C -4000,00 PV
100 CHS,D -100,00 monthly PMT
- R/8 3.14
- E 18,088.03 Fv

NOTE: 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 G do not apply.

f. In the previous problem the stated nominal annual rate was
7.875, compounded monthly. What is the effective annual rate

(EAR) ?
SOLUTION
6SB,0Q 0.00 BEG/END mode immaterial
12 A 12.00 n = compounding frequency
per year
7.873M2= B 0.01 i = 0.0065625 = monthly
nominal rate
- R/8 3.14
- R/S 8.166 EAR

g. Would the effective annual rate change much if compounding took
place daily?

SOLUTION
365 A 363.000 n = 365
7.8754365+ B 2.158 -04 i = 0.0002158 =
daily nominal rate
- R/S 3.142
- R/S 8.192 = EAR; not much change

The symbol + is used in 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 = 2
I = 9/52 %
M1 l 2 l 3 l 1’415 *l 416 l
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 -72.00 PY = 73
.29 CHS,D -0.25 PMT = .25
- 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 Furchase, Home Improvement Loans, Credit Cards.

8. 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
I = 8.8/12 %

y Y _— Y y FV =0
i l' 2;1 l 47 \L 48 l
PMT = ?
n = 48 months
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SOLUTION
Input Key(s) Display Comment
- GSB,2 0.00 END mode
48 A 48.00 n = 48
8.8 +12+ B 0.01 actual i = 0,.007333...
4999 C 4999.00 PV
- R/S 3.14
- D -123.93 monthly PMT

b. Say that another dealer is offering an 8.5% interest rate, how
much do the payments change?

SOLUTION (previous data still in place)

8.5 ~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 $104.28 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 = 4420
I = 13.49/12 %
e , - FV =0
T T
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 i = 0,0112417
4420 C 4620.00 PV
106,28 CHS,D -106.28 FMT
- R/S J.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: #%1756.80.

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 % 5 years = $1848.00. Therefore you
would pay less interest under the previous plan (13.49% APR, with
monthly compounding).

f. 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, if
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?/12 4

60

PMT = 107.80
n = 60 months

Unfortunately, as pointed out in the constraints cited in Sec-
tion D, the program cannot directly soclve for I (since PMT o).
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
- 6BS,2 0.00 END mode
60 A 60.00 n = 60
14412 + B 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

14,2M2+ 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 5,27 FV, toa high

Try APR = 14.12

14, 12412+ B 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 157 com-
pounded monthly, how much can you borrow if you want to pay off
the note in 5 years?

PV = 7
I = 15/12 %

‘ e ] FV
A R AR AR
PMT = 200
n = 60 months




-68-

SOLUTION

Input Key(s) Display Comment

- 6SB,2 0.00 END mode

60 A 60.00 n = 40

19M2 = B 0.01 actual i = 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 =7
34
I = 15712 1%
] css ces . Fv =0
1lzl l:wl l59lbol
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

I =18/12 = 1.5%

[} -1 LIRS { I
v v T L)

1 2 11 12

PMT = 0
n = 12 months
FVv = 2
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SOLUTION
Input Key(s) Display Comment
- 65B,0 0.00 BEG/END
mode immaterial
12 A 12.00 n =12
1.5 B 0.02 actual i = 0.015
100 c 100,00 PV = 100
- R/8 3.14
- E -119.56 FV = amount due, end
of Dec.

j. 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/8 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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Need more practice? Verify the entries in the table below,
salving either for PHMT or PV (amount financed). Note that since
these reprecsent 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 §-10°'S

AMOUNT MONTHLY PAYMENTS

FINANCED 48 MONTH CAVALIER 60 MONTH §-10
3,000 74.37 61.98
4,000 929.16 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

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 13.5%, what are
the monthly payments?

PV = 123,000

<
I
<«
<
[}
on
~0
“«—
D%}
o~
]

PMT = ?
n = 360 months
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SOLUTIONS
Input key(s) Display Comment
- 65B,2 0.00 END mode
360 A 360,00 n
13.5412% B 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)

40412X 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 = 1247

SOLUTION (previous data still in place)

360 A 360,00 n

13412+ B 0,01 actual 1 = 0,0108333
- R/S J. 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 360th 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 $B0,000 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 is the "balloon" payment due at the end of the 3 years?

PV = 65,000 FV =7
60
/[ I = 10.5/12 % T
_ e , S CFV =0
1 1 2 l 1 591 wl 61l l299 l 3001
PMT = 7
n = 12%x25 = 300 months

SOLUTION
Input Key(s) Display Comment
- GSE,2 0. 00 END mode
2501 2X A 300,00 n
10.54M12+ B 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 = balloan 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

- REL 3 65,000,00 FV = amount of loan

- + 3928.7% 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 1 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 ($3328.73) which was
still in the stack, where it was needed, the Y register.

Effective Annual Rates

When confronted with naominal annual 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:

Fv = ?
I = NAR/C % 1
FV = 100 l n = C = number of compounding

periods per year

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.

a. Complete the table below, finding the effective annual rates
(answers are shown in the table).

Type of Compounding

Nominal and the Resulting Effective
Annual Rate Compounding Freguency Annual Rate
(NAR) (C) (EAR)
YA %

7.875 semi-annual (2) Ans. = 8.030
7.875 quarterly (4) Ans., = B8.111
7.873 monthly (12) Ans. = B.166
8.250 monthly (12) Ans., = B.569
8.250 weekly (32) Ans. = B.3593
9.000 daily (365) Ans. = 9.416
9.000 “continuous" Ans, = 9.417



SOLUTION

7.87542 =+

4
7.87544%

12
7.875M2+

B.25M2+

592
8.25452+

363
94365+

(1)
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Key(s) Display Comment
GSB,0 0.00 BEG/END mode immaterial

A 2.00 n=0=2

B 0.04 actual 1 = 0,039375
R/S 3.14

R/S 8.030 EAR = B,030%

A 4,000 n=C0C=4

B 0,020 actual 1 = 0.0196875
R/S 3.142

R/S 8.111 EAR = B8.111%

A 12.00 n==C=12

B 0.007 actual 1 = ,0065625
R/8 3.142
R/S 8.166 EAR = B.166%

- 8.166 note, n is still 12

B 0.007 actual 1 = 0,006875
R/S 3.142
R/S 8.569 EAR = B.369%

A 52.000 n==C= 32

B 0.002 actual 1 = 0.001586538
R/S 3.142
R/S 8.592 EAR = B.393%

A 365.000 n =C = 369

B 2,464 -04 actual 1 = 0,000246573%
R/S 3.142
R/S 9.416 EAR = 9.4164%

(actually 9.4162%)

It 1s worth noting that all these answers could be
obtained also by using the formula

EAR = 1000(¢1 + ------- ) - 11

For example, 9% NAR under daily compounding (in the above
table) converts to

EAR

n
—
<
b=t
—
—_
—

+
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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 = -E-, and PMT = - ---

SOLUTION (using the previous example)

Input key(s) Display Comment

- GSB,2 0.00 END mode
365 A 365.00 n =0C = 3863
94363+ CHS,D -0.02 FPMT = NAR/C

- CHS,B 2.47  -04 i = 0.000246575

- R/S 3. 14

- E 7.42 FV = EAR = 9.4162%

b. The theoretical maximum for effective annual rate computations
occurs under “continuous" compounding. the FICALC-11/15 program
will naot calculate this EAR (call it EARec). However, the com-
putational formula 1is simple:

NAR/100
EARe = 100Tle -11, therefore

SOLUTION (for the last line in the above table)

key stroke sequence: 100, 4, 9, 4, 1060, <+, fe*, 1, -, X
result = EARc = 9.41742847%

caution: fe* was necessary since the calculator is still in
USER mode (presumably).

A slightly shorter (and more abstruse!) key stroke sequence,
making use of the % and A% functions would be:

11 O 95 97'! fe!! gA'/.
result = 9.417%, as before,
c. Occasionally there is reference to a compounding procedure which
will lead to even higher rates than the theoretical maximum

cited in b. It is the "36%5/340 basis of compounding". Effec-
tive annual rate 1s defined in this method as

NAR 365
EAR = 1000(1 + ------- ) -1]
36000
thus, i1f NAR = 9%
9 365
EAR = 1000( ¢ ------- ) - 11
J6000

9.533%
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d. Sometimes there is a need to determine the nominal annual rate
(NAR) if the effective annual rate (EARR) 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 = €; then, NAR = (C)(I) = (n)(I).

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

Input Key(s) Display Comment

- 6SB,0 0.00 BEGEND 1mmaterial
12 A 2.00 n=°C=12
100 CHS,C,CH5 100,00 PV = -100G, then sign

changed to simplify
next step.

8.569 +,E 108.57 Fv = 108.37
- R/S 3.14
- B 0.69 I = NAR/C = 0.6B74835
12 X 8.23 NAR = B.23%

e. If the assumption of continuous compounding prevails and one 1is
given the effective annual rate (EARc), to find the NAR the 1n-
verse of the procedure uced in example b. can be employed, the
formula being, therefore

EARe
NAR = 1000ln (------ + 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 = 9.007%

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 is
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.
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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 35 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

CF3 =
3500
CF: = CF4 =
T 4500 T 4500
1 2 3 4 5
CFy = =500

CFo = -80,000

SOLUTION

Using FICALC-11/15 the solution is 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 NPFV).

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.

Nature of
Year Item Amount Fresent Value
0 initial investment (CFo) 80,000 -80,000
1 payment (CF,) 500 -442.48
2 income (CFz) 4,500 3,524.16
3 incame (CFs) 9,900 3,811.78
4 income (CFa) 4,500 2,759.93
3 sale of house (CFs) 130,000 70,558.79



Input Key(s)

- GSB 0

13 B
500 E

- R/S

- C

2 A
4500 CHS,E

- R/S

- C

3 A
5500 CHS,E

- R/S

- C

4 A
4500 CHS,E

- R/S

- C

5 A
130000 CHS,E

- R/S

- C

Conclusion:

Question:
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Display

0,00
0,13
S00,00

3.14
-442.48

2,00

-4500,00
3.14
924.16

4

)

ra

D

3.00
-3300.00

3.14
3811.78

4.00
-435G0.00

3.14
2739.93

3.00

-130,000,00

3. 14

70,558.79

words, what rate would make the NPV

internal rate of return
11/15 progranm!'

To find IRR

described in the next section.

b. Modified Internal Rate of Return

Comment

BEG/END mode immaterial
1 = 0.13
CFy, although a payment,

is input as a positive
FV; also note n =1 is
automatically achieved

PV of payment

n =2

CF2 input as a negative
PV of income

n =i

CFsx input as a negative
FV of income

n =4
CFa 1nput as a negative

FV of income

n =23

CFs input as a negative

FV of income

since the sum of the PVs in the above table is positive
($212,18) the investment can be considered a success,
the 134 rate specified by the investor.

Exactly what interest rate was realized? or, in other
This is what is called the
(IRR), and is beyond the scope of the FICALC-
{using a calculator) one should seek out
an HF-12C (or other earlier financial calculator)
figured HP-41C or other computer.

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 is the so-
The steps are as follows:

called modified IRR.

or a properly con-
Yet another alternative 1is

Fv

Fv

Fv

Fy

i.e., realizing
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(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
CF2 = 4500 T CFa = 4500

1

(]
-
wn

T

CFy = -300
CFo = -B0,000

SOLUTION

With the program, complete the table below.

Input Frogram Output

Years 1 CFy NFV NFV

0 - -80,000 -80,000 -

1 6 =300 -471.70 -

3 10 4,500 - 5,989.50

2 10 5,300 - 6,635.00

1 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:



6SB,0
B

0.00
0.06

500,00
3.14
-471.70

3.00
0.10

-4500.00

3.14
9989.50

2.00

rs
-9300.00

3.14
)

55.00

b

1.00

-4500.00

3.14
4950.00

Comment

BEG/END mode immaterial

i

= 0.06, note n
achieved by the GSE
initialization

FvV

Y

i = 0,10

(52

B0471.7

147594.5

Alternatively, the MIRR of

0.00
3.00

-80,471.70

147,594.350

3.14
12.50

table totals using the formula given earlier,

by employing the keystroke sequence:

100, +,

MIRR =

147594.5
-(-80471.7)

147594.5, +, BO471.7, +

NPVe

MIRR =

11 = 12.9

12.90%

0

"

PV

Fv

1

is

12.90 could be calculated from the
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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. years
= ($1000) (,08) (2) = $160.

A cash flow diagram would look like this:

PV = 1000 = principal

I =814

n = 2 years l

n
<
H

-1000 - 160 = -1160
principal + interest

The FICALC-11/135 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 GSE 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 belaw, 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.

Amount Total Amount
Borrowed (+) Annual Owed (-) or
or Invested (-) Interest Rate Accumulated (+)
Time (PV) (I (FV)

a. i year 4200,00 12.5 ? (Ans.=-4723.00)
b. 1 year ~4500,00 ? (Ans.= 10.13) 4956.00
c. 1 year ? (Ans.=-55961.99) 7.873 6000.00
d. 3 years -7000.00 10.5 ? (Ans. = 9205.00)
e. 60 days 8000,00 11.3 ? (Ans. = 8151.23)
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SOLUTION
Input Key(s) Display Comment
2. 2/ - BSB 0 0.00 BEB/END mode immaterial
12.5 B 0.13 actual i = 0,129
4200 c 4200,00 PV = principal borrowed
- R/B J.14
- E -4725.00 FV = amount due
b.g/ 4500 CHS,C -4500,00 PV = principal invested
4956 E 4956.00 FV = total accumulation
- R/S 3. 14
- B 10,13 actual I = 10,1333%
c.2/7,875 B 0.08 actual i = 0.07875
6000 E 6000.00 FV = accumulation
- R/8 J.14
- c -5561.,99 PV = amount invested
d. 10.5 B 0.11 actual i = 0,109
7000 CHE,C -7000,00 PV = amount invested
- R/S 3.14
- E 7735.00 FV = accumulation in one year
- + 735.00 Annual interest amount; note
that -7000.00 was in the Y
register, facilitating the
calculation
3 X 2205.00 3-year interest amount
7000 + 9205.00 total accumulation
e. 11.5 B 0.12 actual i = 0,113
8000 C B000,00 PV = principal borrowed
- R/8 314
- E ~-8920.00 FV = annual ampunt due
- + -920.00 annual interest amount
60, 1,365 0.16 proportion of year money
was borrowed
- X -151.23 interest due
- CHS,+ B8151.23 principal + 60-day

interest due

2/The perceptive and calculator-literate reader will note that examples a,b,
and ¢ can be solved easily using fundamental keyboard functions, that im:
a. 4200,+, 12,5, gi, + leads to 4725,00, as does 4200, +, 1.125, X;
b. 4500, *, 49546, gA% leads to 10.13; as does 4956, +, 4500, -, gLSTx,: ,
100, X3 and
c. 6000, %, 1,07875, + leads to 5561.99.
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F. Program statements and code
Step  Statement Code
01 GTO S 22 9
02 [fueL 11 4221 1
03 g SF 1 43 4 1
04 [f LBLO] 4221 0
05 f FIX 2 42 7 2
06 f CLEAR REG 42 34
07 g CFoO 43 5 0
08 1 1
09 STO 1 44 1
10 g CLX 43 35
11 g F?2 1 43 6 1
12 g GRD 43 9
13 g RTN 43 32
14 [f LBL 2] 4221 2
15 g CF 1 43 5 1
16 g DEG 43 7
17 GTO O 22 0
18 [f LBL A] 42 21 1
19 g F? 0 43 6 O
20 GTO 3 22 3
21 STO 1 44 1
22 g RTN 43 32
23 [f LBL B] 42 21 12
24 EEX 26
25 2 2
26 g 10
27 g F? o0 43 6 0
28 GTO 4 22

29 STO 2 44

30 g RTN 43 32

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 O
51 RCL 3
52 +
53 =
54 g LN
55 RCL 2
56 1
57 +
58 g LN
59 *
60 STO 1

Code Step  Statement Code
42 21 13 61 gCFoO 43 5 0
43 6 0 62 g RIN 43 32

22 5 63 (fLBL4) 4221 4
446 3 64  RCL 4 45
43 32 65* g X # 0(gTESTO) 43 30
42 21 14 66  STO .9 44 .9
43 6 67  RCL 5 45 5
22 68  RCL 3 45 3
44 69 = 10
43 32 70 g ABS 43 16
42 2115 71 RCL 1 45 1
43 6 0 72 /X 15
22 7 73 ¥X 14
44 5 74 1 1
43 32 75 - 30
42 21 76  STO 2 44 2
45 77 EEX 26
45 78 2 2
30 79 X 20
45 0 80 gCFO 43 5 0
45 3 81 g RTN 43 32
40 82  (fLBL5) 4221
10 83 RCLS 45
4312 84 RCL 6 45
45 2 85  RCL 0 45
1 8 X 20
40 87 + 40
43 12 88  CHS 16
10 89  RCL 6 45 6
44 1 90 1 1

§/Brackets and parentheses are not programmable; they are used to indicate
externally meaningful or internal use labels, respectively.
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F. Program statements and code (continued)
Step Statement Code Step Statement
91 + 40 121 STO 5

92 + 10 122 g CF O
93 STO 3 44 3 123 g RTN

94 gCFoO 43 5 0 124 (f LBL 9)
95 g RTN 43 32 125 g SFO
96 (f LBL 6) 4221 6 126 RCL 2

97 RCL 5 45 5 127 g X=0

98 RCL 3 45 3 128 GTO 8

99 RCL 6 45 6 129 1

100 1 1 130 +

101 + 40 131 RCL 1

102 X 20 132 ¥X

103 + 40 133 1

104 CHS 16 134 -

105 RCL 6 45 6 135 STO 6
106 RCL 1 45 25 136 0

107 X 20 137 RCL 2
108 = 10 138 1/X

109 STO 4 4 4 139 g F?2 1
110 g CFoO 43 5 0 140 1

111 g RTN 43 32 141 +

112 (fLBL7) 4221 7 142 STO I
113 RCL 3 45 3 143 RCL 4
114 RCL 6 45 6 144 X

115 RCL 3 45 3 145 STO 0
116 RCL O 45 0 146  (f LBL 8)
117 + 40 147 fnm (gD
118 X 20 148 R/S

119 + 40 149 RCL 6
120 CHS 16 150 EEX

Code Step Statement Code
44 151 2 2
43 5 0 152 X 20
43 32 153 gCFO 43 5 0
42 21 9 154 f FIX 3 42 7 3
43 4 0
45 2
43 40
22 8 Note: g MEM leads to
1 P-00 r-6;
49 therefore program
45 1 memory is completely
14 full, since registers
1 0 through 6 are used
30 by the program.
44 6
0
45 2
15
43 6 1
1
40
44 25
45 4
20
4 0
42 21 8
42 16
31
45 6
26

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

Suggested or

Although the "code" for these
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G. 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
i = periodic interest rate expressed as a decimal
PV = present value
FMT = periodic payment made in each of the n periods
FV = tuture 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[-------=---- 1 (1+i)

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) (1+1) + (PMT) (1+iXD[------~----~- 1 +FV =20
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where X = 0 if payments are made at END of period
X 1 if payments are made at BEG of period

and the algebraic signs used in the conventional cash flow
diagram are employed.

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

(PV + C)A + PV + FV = 0

n
where A = (1+i) -1
B = (1+iX)/1 Label ¢
and C = (PMT) (B).

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[----~--~---- 1/ In (141) Label 3
C + PV
Fv 1/n
i = [------ ] -1 , if FHT = 0 Label 4
PV

if PMT # 0, the solution is an iterative one, too complex
for the current progranm.

-[FV + (A)(C)1]
PY = e Label 5

-[FV + (PV){(A+1)]
PMT = == cmmmmmme e - Label 6
(R) (B)

Fv

-[PV + A{FVHO) ] Label 7
2. Effective annual rate calculations.
a. Discrete case.
The formula discussed in the examples section which relates
EAR with NAR is
EAR = 1000(1 + ------ ) - 11
100C

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

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] , as percents
c
and

i =e -1 , as decimals

C. 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
wherei

i = nominal annual interest rate as a decimal
effective interest rate (decimal) per payment period

i
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 is 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:

1272
1= (1+.105/12) -1 = 053661924
e

leading to I = 100 1 = 5.3661924 7%,

e e
SOLUTION:
FV = 7
I = 5.3661924 7
e
1 l 2 l l 49 I 50 L
PMT = 1000
PV = 63500 n = 25x2 = 50
Input Key(s) Display Comment
- GSE,2 0.00 END mode
a0 A 50.00 n = 30
5.3661924 B 0.05 i = .033661924
e
6500 CHS,C -6500.00 PV = 6300
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 freguency.

(2) To convert effective rates to nominal rates:

PF/CF
1 = CFL(i+1 ) -11 {discrete case)
e

and PF
1 = 1Inl€1+1 ) 1] {(continuous case)
e
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a. Net present value (NPV)

NPV = CFo + =-----

where CFy; = 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
Al = (P) (i) (N)

where AI = amount of interest (dollars)

P principal (borrowed or invested)

i annual interest rate as a decimal
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 Mnneyﬂ/

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

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 1label 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 i1s 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.

Q/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/15C

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 problenm:

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 % j‘
PV =0 i
l1121314l5}
v
PMT = 2000 sixth payment
n=23

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 probleams.

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".

a. 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(L+i)

the solution to the problem is to find the sum of the FVs when each
$2000 is considered a PV for 1, 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
1.10;
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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

(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
Xy read 2928.20 = 2000 @ 10% for 4 years
X, read 3221.02 = 2000 @ 10% for 5 years

(4) The sum of the above 5 FVe is $13,431,22, the solution to the
posed problenm.

Solution by formula.

The appropriate formula, algebraically derived from the above
procedure, is

.10)
FU = 20000----=2--===1 (1.10),

and using the following keystrokes leads to the answer 13,431.22, as
before:

2000, 4, 1.1, 4, 5, Y%, 1, =, .4, 7, 1.1, X, X

Solution using the program FICALC-11/13

Input Key(s) Display Coament
- 65B,1 0.00 BEG mode (observe BRAD)
9 A 5.00 n=3
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 end of
each period, as the following problem suggests.

Suppose we change IRA vendors and transfer $4500 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 = ?

I =10.5 %

el ]

PMT = 2000
PV = 6300 n = 25

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, *, 4+, 4% to fill the stack with (1+i)
(2) 6500

(3) X, read 7182,50 after 1 year
Xy, read 7936.66 after 2 years

X, read 78,880.462 after 25 years
0f 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

FVy & PMTL[-=mm=mmmm- 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

]
N
(=
(=]
(=]
(]

1.105 25
.......... 1 + 6500(1.105)
05

212,104.38 + 78,880.62

290,985.00

c. Solution using the program FICALC-11/15

Input Key(s) Display Comment
- GSB,2 0.00 END mode
25 A 25.00 n =25
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.
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3. 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/S 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 errar,
whereas the program approach is perhaps easier to isplement.

a. Consider an IRA plan starting with the same $6500 initial investaent 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-
aents 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
10,5 12 = B 0.01 actual i = 0,00873
- 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 = 2
EAR = 11.020345%

- 6500ji’1 1 2 l o l}4 l 25 l

PMT = 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 PMT = 2000

- R/S J.14

- E 318,247.45 Total accuaulation

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.

Another point needs to be considered, which can be assessed easily
by the program. Consider basically the same IRA planj #6500 initial
investment, 10.5% nominal annual rate, monthly compounding, but monthly
payments of 2000 / 12 = $164.67, perhaps made by monthly payroll
withholding. Now, what is the total accumulation after 25 years?

SOLUTION:
FV = ?
I = 10,5/12 %
1 l 2 l lzwlwol
PV = 6500 PMT = 166.67
n = 25X12 = 300
Input Key(s) Display Comment
- GSB,2 0.00 END mode
25+12 X A 300.00 n = 300
10.5 412 + B 0.01 i = 0.00873%
6500 CHS,C -6500.00 PV = 6500
166.67 CHS,D -166.67 PHMT = 166,47
- R/S 3.14
- E 329,627.33 Total accumulation = FV

after 300 amonths

Thus, the effect of depositing the money in monthly installments rather
than waiting until the end of each year is considerable (329,427.33 -
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 %
iﬁl l 2 l 124 l'25
PV = 6500 PMT = 2000
n = 25

Input Key(s) Display Coament

- 6SB,1 0.00 BEGE mode

25 A 25.00 n = 25

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 are:

Compounding Payments
Initial frequency at ------------eemmm e Total
investaent 10.5% NAR frequency amount number BEG/END accumulation

- - - - - —— - - - - - - -—— - - o - - o - - -

$ $ $
6500 annual annual 2000 25 END 290,985.00
6500 monthly annual 2000 25 END 318,247.45
6500 monthly monthly 166,47 300 END 329,627.33

6500 monthly annual 2000 25 BEG 343,543.16
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Appendix C: FICALC, A version of FICALC-11i/15
fippropriate for the HF-41C, CV, or CX

The program found on the following pages, as a listing and in barcocde
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 HF-13C, with the
reminder that the XE@ key on the HP-41 is equivalent to the GSE key on the HF-
11C or HF-15C.

In addition to the obvious improvements regarding the identification of
input data and answers, two other refinements were incorporated into the
FICALC program:

i. A "12 multiplier" 1c provided in LBL a; by keying the number of
years and pressing the "label a" key (shift X +! the number of
months is calculated and becomes N, stored appropriately.

2. A "12 divisor" is provided in LBL b; by keying the anpual interest
rate (%) and pressing the "label b" key (shift 1/X) the maonthly
interest is calculated and becomes i, 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, + , B.
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Frogram Listing for FICALC, an HP-41 Analogy of the Frogram FICALC-11/13.

A1+LBL “FICALC" ] B e 181 ¥#@? 151 RCL @8
a2 SF 27 52 AVIEH 182 GT0 18 132 +

83 GTO A4 53 STOP 183 RCL #3 153 #
fAd¢LBL 81 34 GT0 89 184 RCL 83 134 +

A5 SF 81 294LBL € 183 # 135 CHS
AceLBL 88 36 FS7 @8 186 ABS 156 STO @5
a7 AnY 37 GT0 @3 187 RCL 81 157 CF o4
a8 FI¥ 2 58 570 @3 188 1/% 138 GT0 E
A9 CLRG 39 =Py= - 189 Y4¥ 159+LBL 89
14 CF 898 6@ ARCL ¥ 118 1 168 SF 84
11 61 AYIEW 11 - tel RCL 82
12 570 81 h2 STOP 112 S70 82 162 X=87
17 CLX 61 GT0 49 112 1 E2 163 GTD 83
14 *H.88 END HODE" hdeLBL T 114 * 164 |

13 F5? 81 65 F5? @8 115 CF a4 165 +

16 GRAD at GTO #b 116 GTO B 166 RCL 81
17 FS? &l 67 STO @4 117¢LBL @5 167 Y42

18 =9.88 BEG MODE" 68 “PHT= * 118 RCL @5 168 1

19 AVIEW 69 ARCL X 119 RCL Be 189 -

28 ADY 78 AVIEW 126 RCL @@ 178 ST0 86
21 STOP 71 5TOP 121 * 171 @8
22¢LBL @2 72 BT A9 22 + 172 RCL @2
23 CF a1 734LBL £ 123 CHS 173 1/%
24 DEG 74 F5? 08 124 RCL 86 174 FS?7 @l
23 670 44 75 GT0 @7 125 1 731
264LBL a 76 570 @3 126 + 176 +

27 12 77 "F¥= = 27/ 177 570 &7
28 * 78 ARCL X 128 STO @3 178 RCL 84
29¢LBL A 79 AVIEH 129 CF @ 179 *

38 FS? 68 8@ 5TOP 138 GT0 € 188 STO @4
31 G0 A3 81 GT0 @9 131¢LBL 85 181¢LBL @8
32 STO 81 R2+LBL A3 132 RCL @5 182 =3.14 : READY"
33 =N= - 83 RCL 88 133 RCL 83 183 aby
34 ARCL X 4 RLCL 85 134 RCL 85 184 PROMPT
35 AVIEW 83 - 135 1 185 RCL @6
I6 STOP 86 RCL 88 136 + 186 1 E2
37 GT0 89 87 RCL @3 137 * 187 %
I8¢LBL b 82 + 138 + 188 CF a8
3912 a9 / 139 CHS 189 FI¥ 3
48 s 94 LN 148 RCL @5 198 “EAR= =
414/BL B 91 RCL A2 141 RCL @7 191 ARCL ¥
42 1 E2 921 142 * 192 =k %-
43 / a3 + 143 # 193 AVIEH
44 F5? @8 94 LN 144 ST0 B4 194 5TOP
45 GT0 84 9% s 145 CF 6@ 195 670 83
46 570 82 9% 5T a1 146 GTO D 196¢LBL 18
47 1 E2 97 CF R 147¢LBL 87 197 “EPROR 3 -
48 * 98 GT0 A 148 RCL 63 198 AYIEW
49 == * 994LBL 84 149 RLCL @5 199 EHD

3@ ARCL ¥ 188 RCL A4 138 RCL 83
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HF-41 Program Barcode: FICALC

Program Registers Required: 51

ROW {: LINES I - 3

ROW 2: LINES

- 12

<
h

ROW 3: LINES 13 - 14

ROW 4: LINES 14 - 1

ROW 5: LINES 18 - 2

o

ROW 6: LINES 23 - 3

ROW 7: LINES 31 -

5
I
ROW B: LINES 38 - 44

R RS A
KOW 9: LINES 45 - 50
s
ROW 10: LINES 51 - 57
I i
ROW 11: LINES 57 - 63
R
ROW 12: LINES 64 - 68
i
ROW 13: LINES 69 - 76

iR AR
ROW 14: LINES 77 - B3
HEE AR AR
ROW 15: LINES 84 - 96

AR
AR

R
A AR
i
| AR
SRR AR
AR AR

i

RN
du

TR
HEE R AR
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———
——
—_—
A
—

1

]

ROW 16: LINES 97 - 105
LI 15

ROw LINES 116 - 126

ROW 19: LIRES 127 - 136

ROW 21: LINES 147 - 158

ROW 22: LINES 158 - 167

ROW 24: LINES 180 - 182

ROW 25: LINES 182

ROW 27: LINES 194 - 197

ROW 28: LINES 198 - 1

FICALC (continued)
ROW 17: LINES 106 - 1
18:
ROW 20: LINES 137 - 146
ROW 23: LINES 168 - 179
189
ROW 24: LINES 190 - 193
99
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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 1is calculated in square units
corresponding to the distance units and optionally 1n acres or
hectares. The 1inear 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 1 Use

0-5 (2=7) under the control of the summation key

0 (2) number of sides
1 B) 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 (DMDi-l)
8 departure of the previous side (DEpi-l)
9 cumulative area = half the sum of DMD1
.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

[Cl

D1

(E]

[9]
[6]
[s]
[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 1s in sq. ft. and acres

set assumes the input distance units are in meters, therefore
v

output area is in sq. meters and hectares

D. Program Procedure

1. In program mode, key in the program.

2. In run mode, activate USER mode and clear flag 0 (distances in feet) or
set flag 0 (distances in meters or chains).

3. Press E to initialize the calculator; observe either 43,560. or 10,000.
depending upon the status of flag 0.

1/If 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 c1ted:2/

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, or 8 (thus
implying quadrants 1, 2, 3, or 4, respectively), observe the angle
as an azimuth in D.MS format, go to step 5.

Key the distance, press either LL;u;BLﬁ;al observe 1., indicating the
first side has been processed.

Repeat steps 4 and 5 for all sides of the traverse.

Press C to display the area in sq. input units, press R/S to display
the area in acres or hectares (or acres/1000 if chains are the input
units), press R/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.

2/If a mistake 1s 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/In the HP-41 version of the program, R/S must be pressed, since l1abel D has
another use.
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EXAMPLE 1
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Given the following closed traverse with distance expressed in feet,
calculate the area in sq. ft., in acres, and the 1inear 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 o

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

USER mode is

Comment

43,560.

231.0656
1.

166 .3016
2.

63 .2606
3.

7.1250 (pause)
7.0730
4,

20,937.438
0.481
0.001

clear flag 0

implies distances 1in
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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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 1inear error of closure,

SOLUTION:
Step —Input = __Key(s) =~ _Display
2. - g SF O -
3 . - E 10 0000 .
4b. and 5. 51.0656 GSB 5 231.0656
(repeated) 199.123 R/S 1.
13.2944 GSB 6 166 .3016
128.55 R/S 2.
63,2606 GSB 9 63 .2606
111.803 R/S 3.
7.073 GSB 9 7.0730
201.556 R/S 4.
7. - C 20937.438
- R/S 2.094
- R/S 0.001
EXAMPLE 3

— Comment
set flag 0

implies distances in
meters

azimuth

azimuth

azimuth

azimuth

area in sq. meters
area in hectares
error of closure in
meters

Assuming the same data except that distances are in chains, calculate
the area in sq. chains, in acres, and the 1inear 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
20937.438

7. - C
- R/S

1000 X
- R/S

2093.744

Comment

area in sq. chains

area in acres/1000

area in acres

error of closure in
chains
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Program Statements and Code

Step _Statement  __Code Step

01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18
19
20
21
22
3
24
25
26*
27
28
29
30

[f LBL E1%/
f CLEAR REG

4

o o nn W

STO .1
EEX

4

gF? o0
STO .1
RCL .1

f FIX 0
g RTN

[f LBL A]
f FIX 4
g->H

f PSE

GTO 1

[f LBL B]
f FIX 4
STO .0
XY

g ->H
STO 6 (0)
X3Y

2

g INT

42 21 15

43

42

42
42

42
42

42

44

44
45

43

43

42

22

44

43
44

43

34

o O U1 W N

=N

.1l
ol

32

11

31

12

.0

34

34

10
44

31
32
33
34
35
36
37
38
39
40
41
42
43 *
44
45
46
47>
48
49
50
51
52
53
54
55
56
57
58*
59
60*
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Statement __Code Step

(f LBL 1)
ST0 6 (0)
f => H.MS
R/S

[f LBL D]
RCL 6 (0)
X3y
f->R

v+

RY

g LSTx
XY

RCL 8
X3Y

STO 8

+

RCL 7 (1)
+

STO 7 (1)

43
45

21
44

21

45

42

44

45

44

20
34
36
.0
20
24
20
30

31
14

34
26
49
33
36
34

34

40

40

61
62
63
64
65*
66
67
68
69
70
71
12
73
74
75*
76 *
77
78
79
80
8l

82
83
84
85
86
87
88

89
90

Note:

STO + 9
RCL 0 (2)
f FIX 0
R/S

[f LBL CJ
f FIX 3
RCL 9
R/S

RCL .1
R/S

RCL 3 (5)
RCL 1 (3)
g ->P
R/S

[f LBL 5]
3

GTO B

[f LBL 6]
2

GTO B

[f LBL 8]
4

GTO B

[f LBL 9]
1

GTO B

g MEM Tleads
r-

P-01

44

42

42
42

42

42

42

42

to
5

40

45

21

45

45

45
45
43
21

22
21

22
21

22
21

22

ﬂfBrackets 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.

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

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

20

10

31
13

31
ol
10
31

- W

12

12

12

12
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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=7% ] (DMD)(LAT,)

2 151 i
in which
DMD1 = DMDi_1 + DEP1_1 + DEP1 ’
LAT1 = (D1)(cos Z1) ’
where
DEP1 = (D1)(51n Z1) :
D, = distance of the 1th side,

and Z;= bearing of the 1th 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= \/(sum of DEP)2 + (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. Use of azimuth rather than bearing angle

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
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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!

Conversion of bearings to azimuths

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=B
2 (SE) Z=18 -8B
3 (SW) Z=18 +8B
4 (NW) Z=360 -8B

But such relations are still somewhat awkward to use, therefore
either of the following are to be preferred:

z Ol g)

(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.

Angle format conversion

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:g/
->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. mmmmlwl

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 6, and in our application
r=D, and 8 = Z,

e. Simultaneous summation of LATs and DEPs

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 ¢+ ("sum plus") function. So, if LAT, is in X and DEP, is in
Y, executing £+ on the HP-11C adds these to register 1 and register
3, respectively (on the HP-11C).

f. Calculation of error of closure

The error of closure (C) defined by the formula

¢ = ViLan? + (zDep)2

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 @, and since the magnitude, r, in polar
coordinates is calculated from the X and Y rectangular coordinates

by
I”=VX2+Y21

the ->P function solves the Pythagorean Theorem for the hypotenuse!
This meets our needs since we can position tLAT 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: AREA4l (program number 41F039), Appropriate for the HP-41C,

CV’ or CX.

The program found on the following pages, as a 1isting and in barcode
form, was written so that the user could in_general follow the instructions
found 1n the main section of this paper. However, because of the prompting
available on the HP-41 and other design differences from the HP-11, 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, B, 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 RO0O through R0O5 as the
statistical registers (step 06), but because "n" 1is positioned
differently from the HP-11, the following are the pertinent register
assignments in AREA4l:

Register Use
00 X (= sum of latitudes)
02 Y (= sum of departures)
05 n (= number of sides)
06 bearing or azimuth, in D.dd format
gg same 8Eg1-1
09 [ ZgElgll/ls cumlTative area
10 quadrant number keyed in
11 ) 43,560 or 10,000
12 azimuth in D.MS format
13 quadrant number generated in

labels D, E, 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
RO5; if the "normal"™ assignment of R11-R16 {s desired,
tREG 11 must be executed.

An additional calculation was made in AREA4l: the precision of the
survey, defined by the formula

PREC. = 1: X

sum of the distances
X:

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 1isting 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

BielBL “ARER4T” 3l ta a1
B2#LBL = 32 182 52
A3 CLRG % 14 53
4 §F &7 54 184 54
S OF 29 a3 i@ 2 35
6 IREG BE 3 18 36
7 57 187 37
3 5T+ 85 it ins i 58
3 43568 183 % 39

FS? 6@ 18

8
i1 E4 i &1
2 570 1 ! 62
IFIZ @ 63
S 64
&5

o5y .

e w

Do AR [ -8
il

Dn

B

—-

»
< Ay
rm
e

= e

]
Dt}
a

-
rm r
&

O RN |
-]

=
D)

ER TSl o B T e

o
DY e e |

po o Ty e e}

2 T
Ty B o

Gaed Pl e R g

DI}
o = I ]
=

ol
o el

Ll
D

[
A

b
‘

waed ) ed el Gl el el l:,-.:l L e I o e i e T T T e O T e e T e e e S e A T o ~ B o TR e B R e

£
Do LN 5 TR ~ NN I O TR, - BN

[ ~ = _"
H Jdod 7 7
GE 2l 728 -
“BRG. OPTIOHS:© i3 m= 7
4 RYIEH 74 ARCL X 74
5 5IN 75 *F DEG.* 75
& SIH 76 AYI 2
7 =KEY A,B. OR 77 PEE 77
% RAVIEH 78 £70 8l 73
3 SIH 7S9+#LEL E 79
8 5IH 38 FIZ 27
1 FS7 55 At OF 22 &1
2 5F 2 82 SF #6 -
3#LBL © 2% [OF RS : a7 X%
4¢LBL 1B 34 CLA 14 a4 ST0 13
SFI: @ 83 3 85¢LRL 16
7 CF 85 5 ks 37 IKT
F 2z :
L

QoI |
DO Y |

)
DeCe I ]
O e T )

b ]
[
i)
P 0 S e

4@ ARCL A5 9 4 g
41 =k BRG.,E. EEY" 41 4 3
42 TOHE 7 92 4 q
TOHE 7 33 4
4

D (Y )
Do TR [N N T I <)

I

PEORPT 94

Do SR 5 R ST [ T S . )

45 FL2C 22 25 4 g
46 470 ¢ 36 4 g
3

]

“THINK" 97
AVIE % |
SIN 934LEL 11
SIN 168 ST0 18

¥ TN N
e -

. e

(R R |

FIH
ARCL X
LARSTX

o
el

B o

N
o
[~

o

D~

[ I e T
Nl
el

D I S
[ Il
TTY T e
L |
A+
L]

o)
- ~ RN
cn
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SR,
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&
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S )

il

Fadr M Ple ) Pl TG
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(|

S U v S RO S T ~ ]

N R
A

[ A I
[ |

Dv. I N I

ol

Gl el Gt

£
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i

%
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)

W
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for AREA4l (continued) and Sample Printed Output
Obtained in MAN Printer Mode

251 IKT

252 FIY o
253 *PREC.= §:° .5, : 43568
254 ARCL X e e am
255 AVIFH 51,8655 1 B3
e P;' BIST: (99,123
£ib KiH T
Z57+LBL {5

252 F5? 21

259 P3E

28 FO7 21

[ I )
.
(ool

wnorm
[y
[}
[y
o]
oy
Y]
DY = D
e
T
taed
[}

i)
.
%

7-67-38
= ok Ee =
i .

44 FT.42 RRER= 20937.44 FT.1Z ARER= 2R937.44 M.
AORES = B.481 ACRES = 2,894 HECT.

=
Lo
=
-]
— D
comh

3
R

o5
on
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HF-41 Frogram BRarcode: AREA41

Program Registers Required: 88

ROW f: LINES 1 - 3
L AR KRR
ROW 2: LINES 4 - 9
O R
ROW 3: LINES 9 - 14
LR R AR

T A T
23
T R T A
25
HA R R R
‘ 27
A
: 35
(TR LT T
4
] AR R

e
——
cm———

sl
(o]
=
—
—

=
[~
E el
—
N
.

ROW 10: LINES 41 - 42
LR
L
| AR
LINES 47
LD
L
: LINES 55 - 40
TR AR
i

INES 43 - 47
HHERER
- 51
H AR
3: LINES 51 - 35
TR
3
15: LINE5S 60 - 64
HEHTERRRIRRI




AREA41
ROW 16: LINES 64 -

ROW 17: LINES 73 -

ROW 18: LINES 78 -

18:

ROW 19: LINES 85 -

73

7

Qo I —
O EEE - swwwe S Smmew

ROW 20: LINES 86 - 91

ROW 21:

ROW 22: LI

NES 96 -
T
L 4] |

ROW 23: LINES 107

ROW 24: LINES 118

LINES 91 -

95

- 117

ROW 25: LINES 124

ROW 26: LINES

ROW 27: LINES

127

132

Il

ROW 28: LINES 145 -

ROW 29:

RON 30:

LINES 153

LINES 138

- 13

- 144

- 138

- 163

124
27
152

(continued)

T
AR

AR
(R
I
AR
]
A
IR
L
(AR
[RHAARRRRHAI]
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N
il

LR RRRR
]
AR AR ARRRRAEAERRTRARTARRR
SRR
HARIERR
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AREA41 {(continued)
ROW 31: LINES 1464 - 169

ROW 32: LINES 169 - 173

ROW 33: LINES 174 - 179
ROW 34: LINES 180 - 188
ROW 35: LINES 189 - 196
ROW 38: LINES 212 - 216
ROW 39: LINES 217 - 220
L
ROW 41: LINES 225 - 231
ROW 42: LINES 231 - 233
T
ROW 44: LINES 240 - 243
RkDW 45: LINES 243 - 248

ROW 36: LINES 197 - 204
ROW 37: LINES 205 - 211
ROW 40: LINES 220 - 224
am
ROW 43: LINES 233 - 240
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AREA41 (continued)
ROW 46: LINES 249 - 233

ROW 47: LINES 253 - 260
2

ROW 48: LINES 281 - 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 1isting 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

B1¢LBL “AREA-&"
B2 ADY

23 CLRG

a4 SF 27
85 CF 23
A6 EZREG @8
a7 1

a2 57+ 835
AI+iRL
1A+ B {8
it Flz @
12 CF 22
13 CLA

14 ARCL B85
15 =+ BEG..§. EEY"
1 TOHE 7
17 TOKE 7
18 PEOMPT
19 FC2L 22
28 070 ¢
21 =THIHK®
22 AVIEH
23 5IH

24 5IH

25 G0 i@
264LBL 11
27 870 18
28 ¥y

29 HE

38 Ry

Cad Gl Cad tled el G

P Y |
D ~ NN TR TR I Ry Y=

-
d T e

= ST 4 Y = S
L)
s
p )

h TONE 7

47 ARCL #5

4% =k DISTANCE?"
43 PRONFT

58 FIZ 3

al
52 ARCL
5’ AVIEW

bB .DH
&1 LASTA
62 RO
63 RCL 83
B4 XY
£5 STD 63

h7 BCL 67
£d o+

&9 ST0 &7
78 %
it2

72 7

LA

73 5T+ @9
74 GTO 18
7o¢LBL T
76 4

77 "H -
78 FER 12
79 "k W"
88 G70 13
BieLBL E

a2 |

33 "R
84 SER 12
85 "k E"
8 070 i3
G7¢LBL 1
88 3

89 5 -

98 REQ 12
91 “F K"
92 470 12
93¢LBL U
94 2

?E -x" "
96 XEG |

13'.? Ii_ En

93eLBL 13
93 AVIER
1Al GT0 L1

» DIST:

181¢LBL 12
182 ST0 {2
183 ¥OY
te4 STO 13
185 FIZ @
186 INT
187 RRCL X
183 LASTR
189 FRC
118 1 E2
1l

112 INT
H3 =p--
114 18

115 B2
116 =H@-
117 RIH
118 ARCL ¥
119 LASTH
128 FRC

21 1 B2
22 %

123 INT
124 =k-=
125 18

126 ¥3Y?
127 -F@"
123 EDN
129 ARCL %
138 RCL 13
131 RCL 12
132 RTH
133¢LBL ¢
134 FIX 2
135 "ARER= -
136 ARCL B9
137 “F FT.42"
138 AYIEW
133 ¥E@ 15
148 RCL @9
141 43564
142 7

143 FIX 3
144 == =
145 ARCL X
146 -+ ACRES"
147 AVIEN
145 ADVY
149 XEQ 15
158 RCL @2

151 REL @A
132 R-F

153 EQC= =
154 ARCL ¥
135 "k FT."
156 AYIEW
157 XER 13
138 RCL 14
139 XY
168 /

161 INT

162 FIX #
163 =PREC.= 1:*
164 ARCL X
165 AYIEM
166 RTH
1674LBL 15
168 F5? 21
169 PSE

178 FC? 21
171 STOP
172 END

§ 51-86-56 M
DIST: 199,123

§ 13-29-44 E
DIST: 128,550

N 63-26-f6 E
DI5T: 111.883

N 7-87-38 £
II5T: 281.536

ARER= 28937.44 FT.12

= 8,481 ACRES

EOC= @.861 FT.
PREC.= 1:589937
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HF-41 Program Barcode: AREA-S5

Program Registers Required: 52

I
T

ROW 2: LINES 4 - {1
FOW 3: LINES 12 - 15
L R A T
20
W5 LINES 25 - 35
ROW 7:
ROW 8: LINES 47 - 4
ROW 10: LINES 52
13: 85
INES 85 -
9%

RO

(]
o~
o

o
-
—

=
(=]
=
—_—
4=
~—

8
LR AR AR
FOW 9: LINES 48 - 52
AR R
ROW 11: LINES 64 - 74
i
ROW 12: LINES 75 - 79
T TR AR
INES 80 - 85
AR R T
B 90
LR
ROW 15: LINES 91 -
IR
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AREA-S {(continued)

ROW 16: LINES 96 - 103
ROW 1 04 - 112
13 - 119

e

A

e

A
e
i L

n Zn I
|

—
o4
wn
(]
—
(2]
~4

142 - 146
ROW 24: LINES 146 - 153

ROW 23: LINES 133 - 156

O
5: LINES 157 - 163

oW 2
T

ROW 27: LINES 1863 - 1

T

ROW 28: LINES 168 - 172

R
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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 1sc Use

0 (2) number of observations, n, or sum of frequencies (If;), or
sum of weights (Iw;)

1 (3) ZX1, Zf1X1 or ZW.|X1

2 (4) ZX?, Zf.IX%, or ZW1X§

3 (5) Z]ogXi, Zfilogxi, or Iw;logX;

4 (6) forced to be (ZlogX;)® to prevent an "ERROR" stop,
or f; or W

5 (7) not used, or X;

6 (0) ZI/X1, Zf.I/X-I, or ZW.I/X.|

7 (1) arithmetic mean (X or X,iq.)

8 standard deviation (s or s ¢4 )

I number of classes, ¢, in the case of grouped data



Labels

Name

[o]*

(1]

[A]

[B]
(€]
(D]
(E]
2

Flags

Number
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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 Il 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)iw; rather than (If;)(2f;-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 Tabel 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.

I[T. 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 (sy) 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
C. - 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) A.M.
68.387 (pause) Q.M.
67.306 (pause) 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.

Calculate the same statistics (as in example 1) for the
following data:

58 4
62 2
68 10
73 6
84 8
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Step Input Keys Output Comment
a. - GSB 1 3.142 grouped signal
b. 5844 R/S 1.000 first class
6212 R/S 2.000 2nd class
68410 R/S 3.000 3rd class
7316 R/S 4.000 4th class
8418 R/S 5.000 5th class
c. - A 71.533 x (weighted)
- R/S 8.897 s (weighted)
- R/S 12.437 CV as a percent
- R/S 1.624 Sx (weighted)
d. E 71.533 (pause) weighted

A.M. ( )
72.066 (pause) Q.M. (weighted)
71.000 (pause) G.M. (weighted)
70.470 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:

X

i W
58 .4
62 .2
68 1.0
73 .6
84 .8
Step Input Keys Qutput Comment
a. - GSB 1 3.142 grouped signal
b. 58 .4 CHS R/S 1.000 negative weight
62 1.2 R/S 2.000 indicates weighted
68 11 R/S 3.000 data -- this need
73t.6 R/S 4.000 be done only for
84+.8 R/S 5.000 one of the
keyed-in weights.
c. - A 71.533 X (weighted)
- R/S 7.575 s (weighted)
- R/S 10.590 CV as a percent
- R/S 4.374 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 [fLeL o] 4221 o
02 f CLEAR REG 42 34
03 g CLX 43 35
04 g CF1 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 g LST X 43 36
10 g LOG 43 13
11 g LST X 43 36
12 I+ 49
13  GTO 2 22 2
14 [f LBL 1] 4221 1
15 g CF1 43 5 1
16 f CLEAR REG 42 34
17* fn (gl) 42 16
18 (f LBL 3) 4221 3
19 R/S 31
20* g X<0 (g TEST 2 43 10
21 g SF 1 43 4 1
22 g ABS 43 16
23 STO 4 (e) 44 4
24* STO + 0 (2) 44 40 O
25 Xy 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
—/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 (o) 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 (o) 45 4
40* RCL 5 (7) 45 5
41 = 10
42* STO + 6 (0) 44 40 6
43* f ISG(fIsSsGI) 42 6
44 48
45 RCL I 45 25
46  GTO 3 22 3
47 [f LBL A] 4221 11
48* RCL 3 (5) 45 3
49 g X? 43 11
50* STO 4 (e) 44 4
51 g X 43 0
52* STO 7 (1) 44 7
53 R/S 31
54 g s 43 48
56 g F? 1 43 6 1
56 GSB 4 32 4
57 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
72* RCL 0 (2) 45
73 = 10
74 Vx 11
75 g RTN 43 32
76 [f LBL C] 42 21 13
7 g X 43 0
78 XSY 34
79 10X 13
80 g RTN 43 32
81 [f LBL D] 42 21 14
82* RCL 0 (2) 45
83* RCL 6 (0) 45
84 = 10
85 g RTN 43 32
86 [f LBL E] 42 21 15
87 g X 43 0
88 f PSE 42 31
89 GSB B 32 12
90 f PSE 42 31



E. Program statements and code. (continued)

Step Statement Code
91 GSB C 32 13
92 f PSE 42 31
93 GTO D 22 14
94 (f LBL 4) 4221 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 /x 11

103 X 20

104 g RTN 43 32

NOTE: g MEM leads to P-01
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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.
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1. Ungrouped case

Given n observations, and summations over the range indicated by
n

z
i=1,
. . - X ;
arithmetic mean = X = A.M. = 1
n
. IX;
quadratic mean = Q.M. = -
geometric mean = G.M. = antilog ( Z]oan1 )
harmonic mean = H.M. = nl
ij
. (X i- X)?
standard deviation = s = ( nzl )

coefficient of variation = CV = 5(100)

standard error =S = _S_
X v

2. Grouped case using frequencies.

Given ¢ groups (or classes) of observations, each having a frequency
indicated by f;, the summations are over the c classes, i.e., &

izl

therefore the sum of the frequencies, Zfi = n, the total number
of observations.
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_ if X If X,
X _ S B R B
rf.X2
QM ytg. = ; 1
. f . TogX.
G.M., tq. = antilog ( - 1)
HM.tq. = fﬁ
st
X
Zf (X, -X)2
Swtd. = —nl‘[_1'—__
) z 2) - (& 2
n(n-1)
CV = _5(100)
X
So. = S
X v/

Grouped case using weights.

Given c groups of observations, each having a weight indicated by

Wi, the summations are again over the c classes, % , but the sum of
i=1

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

Sz 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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A-Mowtd. = W

Zw1X§
Q'M'Wtd.z ZW_I
zw logX
G.M. = i 1 1
wtd. = antilog ( v, )
LW,
H-M-wtd': _w-|j_
il
X

sw. (X.- X)?
Swtd. = LA
. c-1

\//(Zwi)(Zw1X§) - (ZwiXi)2
Swtd. = (ij)(c_l)

Cv

I
%

—
—
o
o
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Appendix A: MUGO41 (program number 41F042), 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 Ol
will lead to the prompt:

(C1) 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), X+F, 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), XtW, 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 Qutput

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 A1l four means, separated by pauses.
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For a new set of data:
ungrouped: XEQ 00 (or XEQ MUGO41)
grouped: XEQ 01 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 RO5 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 ZX1, Zf1X1, or ZW.IX-I

01 X5, IfiX3, or Zw;X§

02 ZlogX;, Zf;logX;, or Iw;logX;

03 forced to be (x1ogX;)? to prevent an "ERROR"
stop, or f; or w;

04 not used, or X;

05 number of observations, n, or sum of frequencies
(2f), or sum of weights (Zw;)

06 | same asl v1/x, Zf;/X5, or zwi/Xi

07 in arithmetic mean (X or X,iq.)

08 MUGO-llj standard deviation (s or s, .4 )

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

@lelBL ~MUGD41"
82 OF 29
83 ZREG @6
B4¢LBL B8
5 CLE
é6 @
87 570 86
88 CF 81
#9¢LBL @2
16 FIX &
11 RCL 45
12 1
13 +
14 =KEY ¥(®
15 ARCL ¥
16 “Fj, R/S"
17 PROMPT
18 1/%
19 ST+ 86
28 LASTR
21 LOG
22 LASTH
23 I+
24 “K(*
25 ARCL 85
26 “F)= -
27 FI% 2
28 ARCL L
29 AVIEW
38 G0 82
31¢LBL 81
32 CF &l
33 CLE
3448
35 ST0 85
36 STO @9
37¢LBL 83
38 FIX 8
39 RCL a9
48 1
41 +
42 =(f*
43 ARCL X
44 *1) K-
45 F5? 81
46 “Hd"
47 FC? a1
48 "FF-
49 *F, R/5*
58 PROMPT

51 #{@?
52 SF 81
52 ABS
54 ST0 &3
55 §T+ 85
36 X0
57 570 a4
58 *
59 5T+ ad
66 RCL 84
61 %42
62 RCL @3
63 %
64 ST+ @1
65 RCL 84
66 LOG
67 RCL 83
68 *
69 ST+ @2
78 RCL &3
71 RCL a4
72 7
73 5T+ 86
74 156 89
75 .
76 =(C"
77 ARCL @9
78 "F):-
79 FIX 3
8@ AYIEM
8l - ¥= -
82 ARCL 84
83 AVIEM
84 FS? 81
5 W
86 FC? @l
87 = F
88 b= -
89 FC? 81
58 FIX @
91 ARCL 83
92 AYIEW
53 ADY
94 GT0 83
95¢LBL A
96 ADY
97 XEG 85
98 FIxX 3
99 RCL 82
186 %12

tat STO a3
182 MEAN
183 STO0 @7
164 ~AN= -
185 ARCL @7
186 AYIEW
187 ST0P
188 SDEY
189 FS? 81
118 XEG 84
111 570 88
112 = SDEY= -
113 ARCL o8
114 AYIENW
115 STOP
116 RCL &7
117 7

118 1 E2
119 *

128 = CY= -
121 ARCL X
122 =+ %-
123 AVIEW
124 STOP
125 RCL 88
126 RCL @5
127 SORT
128 #

129 = SXBAR= "
130 ARCL X
131 AYIEW
132 STOP
133¢LBL B
134 RCL @1
135 RCL @5
136 7

137 SORT
138 -of= -
139 ARCL X
148 AVIEW
141 RN
142¢(BL C
143 HERN
144 5OY
145 101X
146 “GH= -
147 ARCL X
148 AVIENW
149 RTH
158¢LBL D
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Program Listing for MUGO41 (continued) and Sample Printed Qutput

154 ~HH= =
155 ARCL X
156 AYIEH
157 RTH
158¢LBL E
139 HEAH
168 =AN= -
161 ARCL ¥
162 AIY
162 AVIEH
164 PSE
165 XEE B
166 PSE
167 XEG C
168 PSE
169 2E6 T
{7@ PSE
171¢LBL @3
172 SF 12
{73 “#kehxse
174 AYIEMW
175 CF 12
176 RTH
177¢LBL 84
178 RCL @5
{79 1

188 -

181 RCL &9
162 1

183 -

184

185 SORT
186 *

187 EHD

62, BBE
HEM
#4323 . Bag
¥(:3= 73,808
/3= B4.8a8
#{6)= od.Bed

o o ok ok o
fiB= 57,833

SDEY= 9.517

L¥= 14,
SEBAR=
K=
GH= 67.38¢
HH= o6, 84S

A= 67.832
ah=
Gh= £7.38¢
H= 66.389

Wk Rk EF

B

Obtained in MAN Printer Mode

{C13:
#= 58,668
#= A 488
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HP-41 Program Barcode:z MUGO41

Program Registers Required: 52

ROW 1: LINES 1 - 2
ROW Z: LINES - 19
III I Il' R
| it
ROW 3: LLINES 1@ - i4
ROW 4: LINES 15
H5: LINES 18 - 25
ROW B: LINES 25 - Z9

T

ROW 7: LINES 3@ - 28

ROW g: LINES 38 -
44 '

0W B LINES

ROW 1©: LINES 48 - L@

ROW 11: LINES 5i

¢
—
=
(93!
C

=g

U
i

l T
ROW 12: LLINES 53 -~ E&
[T I
ROW t35. LINES 69 - 76
|| O
ROW 14: LIMES 768 - ©d
ROW 15: LINES i o5
i
ROW i6: LLINES 8% -~ 858
| |

NN
VAR
I
I
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HP-41 Program Barcode: AUGG4T {continoeed)

R

FOw 19: LINES 103 -

) 20

D8

—
=
=
(&3]
&

RO )

g

1
12
i

RO

—
=5
=
m
o
~

=
&S
-
—
™
(3%
s}

LINES 123 o

I
=

ROW 2

ROW 26 LINE 139 |4k
ALV LINEE 1db (52

FOW 29: LINES 158 163
Ruw 29 LINES 164 159

L8 L]
T e 1
e L

]

R0
R

i

)

W

)

=

NES 183 - 187
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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 loan. 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 -0.00 .00 35000.00
1 -320.83 22.21 34977.79
2 -320.63 -22.41 34955. 38
3 -320.42 -22.62 34932.76
4 -32Q0.22 -22.82 34809.94
5 -320.01 -23.03 34886.91
B -319.80 -23.24 348B63.67
7 -319.58 -23.46 34840.21
8 -319.37 <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>