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New user? If you’re a new calculator user, or even new to the many advantages offered
by Hewlett-Packard calculators, you’ll appreciate the step-by-step explanations in this
handbook. After you have learned how to use the HP-91 by reading sections 1 and 2,
Getting Started and Printer and Display Control, you will probably want to look at section 3,
The Automatic Memory Stack, to see how the HP-91 is able to work through difficult
problems quickly, easily, and accurately. In section 4 you will learn, via text and examples,
how to use each of the many Function Keys.

Experienced on other Hewlett-Packard calculators? 1f you have used other portable HP
calculators, you will find that many features of the HP-91 are old friends—the automatic
memory stack, the storage registers, and most of the mathematical functions. But you’ll
find some new highlights on the HP-91 too. Eventually you will want to look over this entire
handbook, but to maximize the usability and power of the calculator immediately, you will
especially want to refer to the pages dealing with the many features of the special thermal
printer. And be sure to read about the powerful statistical capabilities of the HP-91.

Novice or expert, you will find that the Function and Key Index on pages 7-9 packs a
lot of information about the HP-91 into two pages. Use the index as a quick reference guide,
as a handy page index to the operation of any key, or even to show your friends the
many features available on your HP-91 portable calculator.

Nor should you overlook the HP-91 Applications Routines in section 5. Here are step-by-step
solutions to important problems from the areas of mathematics, statistics, finance, surveying,
and navigation. Whether knowledgeable or a neophyte in these fields, you will find it a simple
matter to solve common problems by following the keystroke lists—you don’t have to
remember formulas or evaluate expressions. And you can pick up some hints to help use
your HP-91.

Whether your interest lies in learning to use your calculator completely, or merely in solving
a particular type of problem, we hope that this handbook will help you get the most from
your HP-91.
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D Paper advance
pushbutton. Press to
advance paper without
printing (page 13).

orf [MMoN Power

switch (page 11).

oeG [l RAC Trigo-
GRD

nometric Mode switch.
Selects degrees, grads,
or radians for trigono-
metric functions

(page 63).

ALL
mAN [[TINORM Print
Mode switch. Controls
extent of printing of
keyboard operations
(page 12).

Prefix key. Press
before function key to
select function printed
above that key
(page 11).

Mathematics

i3 Computes square
root of number in dis-
played X-register (page
55).

©%] Computes square of
number in displayed
X-register (page 56).

Computes recip-
rocal of number in dis-
played X-register (page
54).

(7] Places value of pi
(3.141592654) into dis-
played X-register (page
56).

& E1 B8 Arithmetic

operators (page 16).

Function and Key Index

Digit Entry

Enters a copy
of number in displayed
X-register into
Y-register. Used to
separate numbers
(page 41).

Changes sign of
number or exponent of
10 in displayed
X-register (page 12).

Enter exponent.
After pressing, next
numbers keyed in are
exponents of 10 (page
32).

EZ%] Exchanges con-
tents of X- and
Y-registers of stack
(page 39).

G Rolls down contents
of stack for viewing in
displayed X-register
(page 38).

[ Rolls up contents of
stack for viewing in dis-
played X-register (page
39).

[S%3 Clears contents of
displayed X-register to
zero. (page 13).

(CLEAR Clears contents
ofstack (X,Y,Z,T)andall
storage registers (R,
through Ry; R., through
R.s) to zero (page 40).

[LINiES Prints contents

of displayed X-register
(page 19).

(5720 causes
printer to list contents of
stack (page 37).

(0) through (o) Digits
used for keying in num-
bers and display format-
ting (page 12).

Logarithmic and
Exponential

Raises number in
Y-register to power of
number in displayed

X-register (page 72).

(2] cCommon an-
tilogarithm. Raises 10 to
power of number in dis-
played X-register (page
71).

Natural an-
garithm. Raises

e (2.718281828) to
power of number in dis-
played X-register
(page 71).

[tog) Computes com-
mon logarithm (base 10)
of number in displayed
X-register (page 71).

1 Computes natural
logarithm (base e,
2.718281828) of
number in displayed X-
register (page 71).

Display Control

Fixed point dis-
play. Followed by a
number key, selects
fixed point notation dis-

play (page 26).

(52 scientific display.
Followed by a number
key, selects scientific
notation display (page
27).

(E50) Engineering dis-
play. Followed by a
number key, selects en-
gineering notation dis-
play (page 28).

Manual Storage

B3 Store. Followed by
number key, or decimal
point and number key,
stores displayed
number in storage regis-
ter specified (R, through
Rq; R.o through R.s).
Also used to perform
storage register arith-
metic (page 58).

i¥" Recall. Followed
by number key or deci-
mal point and number
key, recalls value from
storage register
specified (R, through R,;
R., through R.;s) into the
displayed X-register
(page 59).

(CC7iC]Clears contents

of storage registers
(page 61).

(EcC) Causes

printer to list con-
tents of all storage
registers (page 60).

[LA57 X)Recalls number
displayed before the
previous operation back
into the displayed
X-register (page 53).



Trigonometry

(5ME+] Adds hours,
minutes, seconds or
degrees, minutes, sec-
onds in X-register to
those in Y-register
(page 65).

(775-] Subtracts

hours, minutes, sec-
onds or degrees,
minutes, seconds in
displayed X-register
from those in Y-register
(page 65).

(=H7¥=] Converts deci-
mal hours or degrees to
hours, minutes,
seconds or degrees,
minutes, seconds
(page 64).

(F7==] Converts
hours, minutes,
seconds or degrees,
minutes, seconds to
decimal hours or
degrees (page 64).

ET) (68 D) Com-
pute sine, cosine, or
tangent of value in dis-
played X-register (page
63).

(s [cos] [Tan])

Compute arc sine, arc
cosine, or arc tangent of
number in displayed
X-register (page 63).

Statistics

Accumulates num-
bers from X- and
Y-registers into storage
registers R., through R.s
(page 74).

(=7 Subtracts x and y
values from storage
registers R., through
R.; for correcting
accumulations (page
82).

[:] Clears storage
registers used for ac-
cumulations (R.q
through R.;) to zero
(page 61).

(2] Causes printer
to list contents of ac-
cumulation registers
(storage registers R.,
through R.s) (page 76).

(7] Computes factorial
of number in displayed
X-register (page 55).

(5] Computes mean
(average) of x and of y
values accumulated
by 51 (page 77).

(5) Computes sample
standard deviations of x
and y values accumu-
lated by ' (page 79).

[: Linear regression.
Computes y-intercept
(A) and slope (B) for x
and y data points ac-
cumulated using

(page 83).

I Linear estimate. With
set of x, y data points
accumulated using f243
computes estimated y
for new x (page 85).

Polar/Rectangular
Conversion

Converts x, y
rectangular coordinates
placed in X- and
Y-registers to polar
magnituder and angle 6
(page 67).

..., Converts polar
magnituder and angle 6
in X- and Y-registers to
rectangular x and y
coordinates (page 68).

Percentage

| Computes x% of y
(page 57).

(27) computes percent
of change from number
in Y-register to number
in displayed X-register

(page 58).

..} Computes percent
that x is of the number
(2x) in storage register
R., (page 76).
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Section 1

Congratulations!

Your HP-91 is a professional-quality instrument from the Hewlett-Packard line of calculators,
calculators whose durability and ease of operation have made them famous around the world.
Besides the HP logic system that lets you slice with ease through the most difficult equations,
the HP-91 includes:

Dozens of scientific, mathematical, and statistical functions.

16 storage registers for unparalleled computing power.

Whisper-quiet printer to give enhanced usability and archival permanence to your

answers.

Rechargeable batteries for completely portable operation.

AC adapter/recharger for desktop use.

In addition, each HP calculator is backed up by continuing support in accessories, mainte-

nance, and applications from the worldwide Hewlett-Packard network of sales and service
facilities. You’re in good company with HP!

Power On
Your HP-91 is shipped fully equipped, including a battery pack.

Although the calculator is completely portable, if you want to use your HP-91 on battery power
alone, you should connect the ac adapter/recharger and charge the battery for 7-10 hours
first. Whether you operate from battery power or from the ac adapter/recharger, the battery
pack must always be in the calculator. The battery pack is never in danger of being
overcharged.

To begin: Slide the OFF-ON switch orr[ll[[llon to ON.
ALL
Slide the Print Mode switch man[[[[Jilinorm to MAN.

Display
Numbers that you key into the calculator and intermediate and final answers are always seen
in the bright red display. When you first turn the calculator ON, the display is set to

to show you that all zeros are present there.
Keyboard

Most keys on the keyboard perform two functions. One function is indicated by the symbol
on the face of the key, while another function is indicated by the gold symbol written below the
key.

To select the function printed on the face of the key, press the key.

To select the function printed in gold below the key, press the gold prefix key then
press the function key.

11



12 Getting Started

To execute this function, press .

To execute this function, first

press » then press (€% -

In this handbook, the selected key function will appear in the appropriate color outlined

by a box, like this: , [CLEAR].

Keying in Numbers

Key in numbers by pressing the number keys in sequence, just as though you were writing
on a piece of paper. The decimal point must be keyed in if it is part of the number (unless
it is to the right of the last digit).

For example, to key in 148.84:

Press Display

0@E 06 E

The resultant number 148.84 is seen in the display.

Negative Numbers

To key in a negative number, press the keys for the number, then press BiH (change sign).
The number, preceded by a minus (-) sign, will appear in the display. For example, to
change the sign of the number now in the display:

Press Display
[ -148.84

You can change the sign of either a negative or a positive nonzero number in the display.
For example, to change the sign of the —148.84 now in the display back to positive:

Press Display

CHS 148.84

Notice that only negative numbers are given a sign in the display.



Clearing
You can clear any numbers that are in the display by pressing (clear x). This key erases
the number in the display and replaces it with [:]

Press Display

CLX 0.00

If you make a mistake while keying in a number, clear the entire number string by pressing
[E®3. Then key in the correct number.

Printer

The printer has three modes of operation, which you control using the Print Mode

ALL
switch man [ NoRMm :

ALL ]
With the Print Mode switch man[[[[IliNnorm set to MAN (manual), the printer is
idle and does not print unless you press the [GINLEJ key or one of the functions.

This mode gives greatest economy of paper and battery power.

With the Print Mode switch MAN-AL]IL]]]]DNORM set to NORM (normal), the calculator
records a history of the calculation sequence so that you can reconstruct your problem.
In this mode you see digit entries and functions, but intermediate and final answers
are not printed unless you press the GGINEES key.

ALL
With the Print Mode switch man|I[[[linorm set to ALL, the calculator prints
numbers, functions, and intermediate and final answers, just as they are seen in the
display. The results of functions are printed with the symbol *** to the right of the
number.

To advance the printer paper, press the paper advance pushbutton that is to the right of the
paper output. Don’t worry if the display blanks out while the paper advance is operating—
this is normal. To advance the paper more than one space, simply hold the pushbutton down
until the paper has advanced the desired amount. To replace the paper roll, refer to Using
Your HP-91 Printer in appendix A of this handbook.

No matter what print mode you choose, you seldom have to worry about ‘‘overrunning’’
the printer when you are calculating. Your HP-91 contains a key buffer that ‘‘remembers’’
up to seven keystrokes—no matter how fast you press the keys.
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Print Mode Switch

ALL ALL
maN [ NorM man T norm
Manual. Printer operates only Normal. Printer records history of
when you press or one of calculation sequence, showing
the LIST functions. inputs and function keys pressed.
ALL
AN [Tl Norm

All. Printer duplicates display
changes, showing all functions
and intermediate and final

answers.

Calculator
Power Switch

(8% [av0 [l | ennEsEE

[enters [onus fesxd [E0

mnnnu
N N
.
mmmm

oeG [l rAD

GRD
Trigonometric Mode Switch. Paper Advance
Lets you assume angles in de-

grees, grads, or radians. Shift Key




Functions
The best way to see how simple functions operate on your HP-91 is with the Print Mode
switch set to ALL to give you a complete record of inputs, functions, and answers.

ALL
Slide the Print Mode switch man [[[[[[linorm to ALL now.

In spite of the dozens of functions available on the HP-91 keyboard, you will find the calculator
functions simple to operate by using a single, all-encompassing rule: When you press a
function key, the calculator immediately executes the function written on the key.

Pressing a function key causes the calculator to immediately perform that function.

For example, to calculate the square root of 148.84, merely:

Press Display
148.84 148,84 V¥
(/%) 12,20 xxx

Let’s look briefly at the printed copy of that problem to see the simple way that the HP-91
printer duplicates your calculations.

The paper tapes are printed just as you read, from left to right and top to bottom. The number,
148.84, is printed exactly as you keyed it in. A symbol for the function performed, &3, is
printed next to it. The answer, 12.20, is printed with a three-asterisk label to its right,
indicating that the HP-91 performed some operation in order to obtain the number as it
is printed.

Number keyed in—no asterisks.

¢ Function performed.
—_— /

148,84 VX
12,20 xxx
N — —

Asterisks indicate this number as
printed is the result of some operation.

Now let’s continue. To square the result of the previous calculation:
Press Display

NE
[ x?

146,64  xx»

i3 and B2 are examples of one-number function keys; that is, keys that execute upon a
single number. All function keys in the HP-91 operate upon either one number or two numbers
at a time (except for statistics keys like and (5)—more about these later).

Function keys operate upon either one number or two numbers.
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One-Number Functions
To use any one-number function key:

1. Key in the number.
2. Press the function key (or press the prefix key, then the function key).

For example, to use the one-number function 23 key, you first key in the number represe‘nted
by x, then press the function key. To calculate %, key in 4 (the x-number) and press £/3 .

Press Display
] (025 | Go25  aoky

Now try these other one-number function problems. Remember, first key in the number, then
press the function:

I -

25

V2500 -

10° = (Use the (2] key.)
V3204100 -

log 12.58925411 = [1.10 j

712 = [[5041.00 |

Two-Number Functions

Two-number functions are functions that must have two numbers present in order for the
operation to be performed. §3, @, B3, and @ are examples of two-number function keys.
You cannot add, subtract, multiply, or divide unless there are two numbers present in the
calculator. Two-number functions work the same way as one-number functions—that is,
the operation occurs when the function key is pressed. Therefore, both numbers must be in the
calculator before the function key is pressed.

When more than one number must be keyed into the calculator before performing an operation,
the key is used to separate the two numbers.

—

Use the key whenever more than one number must be keyed into the
calculator before pressing a function.

— S— SO—— —.

If you key in only one number, you never need to press . To place two numbers into the
calculator and perform an operation:

1. Key in the first number.

2. Press to separate the first number from the second.
3. Key in the second number.
4

. Press the function key to perform the operation.
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For example, to add 12 and 3:

Press

12 The first number.

Separates the first
number from the 12,080 ENT?
second. .00 -+

3 The second 15.00  wxx
number.

The function.

The answer, , is displayed and printed.

Other arithmetic functions are performed the same way:

To perform Press Display
12,00 ENTT

12 -3 REEDS 5,00 sk
12,00 ENT?

3.00 X
12 x3 12 EED3 8 JE.00 wxr
12.00 ENT?
300 =
12 +3 12 El - 4,00 wnr

17

The key is also a two-number operation. It is used to raise numbers to powers, and you

can use it in the same simple way that you use every other two-number function key:
1. Key in the first number.
2. Press to separate the first number from the second.
3. Key in the second number (power).

4. Perform the operation (press E&).

When working with any function key (including EZl), you should remember that the
displayed number is always designated by x on the function key symbols.

The number displayed is always x.
So E8 means square root of the displayed number, 2 means ! , etc.

displayed number
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Thus, to calculate 3°:

Press Display

3

3.00 ENTT

6 x, the displayed 6.00 v~
number, is now 6. FES.G0 wwx

The answer.

Now try the following problems using the EZ key, keeping in mind the simple rules for
two-number functions:

164 (16 to the 4" power)=

812 (81 squared)= | 6561.00 (You could also have
done this as a one-
number function

using £4.)

2253 (Square root of 225)= (You could also have
done this as a one-
number function

using [£§.)

216 (2 to the 16™ power)=
1623 (4 root of 16)=

Chain Calculations

The speed and simplicity of operation of the Hewlett-Packard logic system become most
apparent during chain calculations. Even during the longest of calculations, you still perform
only one operation at a time, and you see the results as you calculate—the Hewlett-Packard
automatic memory stack stores up to four intermediate results inside the calculator until
you need them, then inserts them into the calculation. This system makes the process
of working through a problem as natural as it would be if you were working it out with
pencil and paper, but the calculator takes care of the hard part.

For example, solve (12 + 3) X 7.

If you were working the problem with a pencil and paper, you would first calculate the inter-

mediate result of (12 + 3).....
(1y3/)>< 7=

/5

..... and then you would multiply the intermediate result by 7.

(1247 X 7 = 105

15 x7

You work through the problem exactly the same way with the HP-91, one operation at
a time. You solve for the intermediate result first.....

(12 +3)
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Press Display

12 ol

ey
e

3 3. 15.00 ww

15.00 Intermediate result.

..... and then solve for the final answer. You don’t need to press to store theinter-
mediate result—the HP-91 automatically stores it inside the calculator when you key in the
next number. To continue.....

Press Display

7 The intermediate
result from the
preceding opera-
tion is automat-
ically stored inside
the calculator when

I

you l;ey in this 206
number. s
105,36 wax
[ x| 105.00 Pressing the func- :

tion key multiplies
the new number
and the inter-
mediate result,
giving you the final
answer,

Because the HP-91 stores intermediate results automatically, you don’t need to print them.
You can slide the Print Mode switch to NORM to preserve a record of your calculations,
and then press to print the final answer.

For example, when you solved the above problem in ALL mode, you preserved all inter-
mediate and final results. To solve the same problem and preserve only a history of the
calculation:

ALL
Slide the Print Mode switch manll[[[Inorm to NORM.
Press
12 [12.

Display
(2. ]
[ 12.00

12.00 ERT?
7 Jofitt -+
105.00 7. 0 x

. a7 e

105.00 Preserves the final 105,00 wey
answer in your
printed record.

u\law
I
& |f
: o
S
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Now try these problems. Notice that for each problem you only have to press to insert
a pair of numbers into the calculator—each subsequent operation is performed using a new
number and an automatically stored intermediate result.

To solve Press Display
2 +3)
e T J) 2
10
Z.00 ENT?
3 00+
10.06 =
10 G.50 %%»
a 0.50 |
0.50 |
3(16 —4) 16
ENTER4
4 16.00 ENT?
= 4.00 -
3 .00 X
e (3600 ] 36.00 ¥
[36.00
14 +7 +3 —-2
2 14
7
14.00 ENT?
3 s+
.00 +
206 -
4,00 =
& 5.50 sk
4
a

Problems that are even more complicated can be solved in the same simple manner, using
the automatic storage of intermediate results. For example, to solve (2 + 3) X (4 + 5)
with a pencil and paper, you would:

Q2 +3)x@+5)

First solve for the contents i ]
of these parentheses... ...and then for these parentheses ...

...and then you would multiply the
two intermediate answers together.
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You work through the problem the same way with the HP-91. First you solve for the inter-
mediate result of (2 + 3).....

Press Display

2

2,00 ENT!
3 U

5.00 Intermediate result.
Then add 4 and 5:

(Since you must now key in another pair of numbers before you can perform a function,
you use the key again to separate the first number of the pair from the second.)

Procedure Press Display
4.0C ENTT

(2/;:-’7)><(4/;/5/) 4ENED S0 200 +

Then multiply the intermediate answers together for the final answer:

Procedure Press Display
@) x 4A3) 45.00 wnx
5 7

Notice that you didn’t need to write down or key in the intermediate answers from inside
the parentheses before you multiplied—the HP-91 automatically stacked up the intermediate
results inside the calculator for you and brought them out on a last-in, first-out basis when it
was time to multiply.

No matter how complicated a problem may look, it can always be reduced to a series of one-
and two-number operations. Just work through the problem in the same logical order you
would use if you were working it with a pencil and paper.

For example, to solve:

9 +8) X (7 +2)

(4 X35)
Press Display
9 LY +] Intermediate result of :;'g":' ENT1
9 + 8). ol
7 2 Intermediate result f-'D_' ENT?
of (7 +2). 200 +
(] (9 + 8) multiplied by »
(7 +2). 4,00 ENT?
4 58 Intermediate result of w00
4 x5). *

] The final answer. 763 xR
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Now try these problems. Remember to work through them as you would with a pencil and
paper, but don’t worry about intermediate answers—they’re handled automatically by the
calculator.

2 x3) +(4 x5 =[2600 ]

(14 +12) X (18 — 12) _
Pt

V16.3805 X 5
_— = __181.00
.05

4 x(17 =12) = (10 =5) = [400 ]

V2 +3) X @4 +5) + V(6 +7) X8 +9) = [21.57

A Word about the HP-91

Now that you’ve learned how to use the calculator, you can begin to fully appreciate the
benefits of the Hewlett-Packard logic system. With this system, you enter numbers using a
parenthesis-free, unambiguous method called RPN (Reverse Polish Notation).

It is this unique system that gives you all these calculating advantages:

You never have to work with more than one function at a time. The HP-91 cuts
problems down to size instead of making them more complex.

Pressing a function key immediately executes the function. You work naturally through
complicated problems, with fewer keystrokes and less time spent.

Intermediate results appear as they are calculated. There are no ‘‘hidden’’ calculations,
and you can check each step as you go.

Intermediate results are automatically handled. You don’t even have to print out long
intermediate answers when you work a problem. (Of course, if you want intermediate
answers, the HP-91 printer will record them in ALL mode.)

Intermediate answers are automatically inserted into the problem on a last-in, first-out
basis. You don’t have to remember where they are and then summon them.

You can calculate in the same order that you do with pencil and paper. You don’t
have to think the problem through ahead of time.
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The HP system takes a few minutes to learn. But you’ll be amply rewarded by the ease with
which the HP-91 solves the longest, most complex equations. With HP, the investment of a
few moments of learning yields a lifetime of mathematical dividends.






Section 2

In the HP-91, you can select many different rounding options for display of numbers.
When you first turn on the HP-91, for example, the calculator ‘‘wakes up’’ with numbers
appearing rounded to two decimal places. Thus, the fixed constant 7r, which is actually in
the calculator as 3.141592654, will appear in the display as 3.14 (unless you tell the
calculator to display the number rounded to a greater or lesser number of decimal places).

Although a number is normally shown to only two decimal places, the HP-91 always computes
internally using each number as a 10-digit mantissa and a two-digit exponent of 10. For
example, when you compute 2 X 3, you see the answer to only two decimal places:

Press Display

2 EED 36

However, inside the calculator all numbers have 10-digit mantissas and two-digit exponents
of 10. So the HP-91 actually calculates using full 10-digit numbers:

2.000000000 x 10°° 3.000000000 x 10°°E3

yields an answer that is actually carried to full 10 digits internally:

[6.000 X 107 ]
N N m— c—
You see only these digits... j T ...but these digits are also present.

Display Control Keys
There are four keys, (FiX], (5C1J, (Eid), and the prefix key , that allow you to control the
manner in which numbers appear in the display in the HP-91.

displays and prints numbers in fixed decimal point format, while (SC1) permits you to
view numbers in a scientific notation format. (EN7) displays numbers in engineering notation,
with exponents of 10 shown in multiples of three (e.g., 103, 107¢, 10'2). followed
by a number key (0 through 9) changes the number of displayed digits without changing
the format.

No matter which format or how many displayed digits you choose, display control alters
only the manner in which a number is displayed and printed in the HP-91. The actual
number itself is not altered by any of the print options or the display control keys. No matter
what type of display you select, the HP-91 always calculates internally with a full 10-digit
number, multiplied by 10 raised to a two-digit exponent.

The printer does not immediately indicate when you change display formats, but any new
results will be shown in the new format.

25
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Fixed Point Display

Using fixed point display, you can specify the number of places to be shown after the decimal
point. It is selected by pressing followed by a number key to specify the number of
decimal places (0 through 9) to which the display is to be rounded. The displayed number
begins at the left side of the display (or the right side of the printed tape) and includes
trailing zeros within the setting selected. When the calculator is turned OFF, then ON, it
““‘wakes up’’ in fixed point notation with the display rounded to two decimal places.

For example:

ALL
Slide the Print Mode switch man[[[[Jiilinorm to MAN now so that you can concentrate

10-digit number

7~

Sign —

—

Decimal point

on the display changes.

Press

(Turn the calcu-
lator OFF,
then ON.)

123.4567
0

(70 4
) 7
D 1

(Fx] 2

123.4567 |
123.4567000 |
123.5

Display

123.4567

123.

123.46

Calculator ‘‘wakes
up’’ in 2 display
format.

Display is rounded off
to 0 decimal places.
Internally, however,
the number maintains
its original value of
123.4567.

Notice that the display
rounds if the first
hidden digit is 5 or
greater.

Normal (Fix] 2 display.



Scientific Notation Display

Sign of exponent of 10

\/
10-digit mantissa Exponent of 10

In scientific notation each number is displayed with a single digit to the left of the decimal
point followed by a specified number of digits (up to nine) to the right of the decimal point
and multiplied by a power of 10. Scientific notation is particularly useful when working
with very large or small numbers.

Scientific notation is selected by pressing (501 followed by a digit key to specify the
number of decimal places to which the number is rounded. The display is left-justified and
includes trailing zeros within the selected setting. The printed copy is right-justified, with a
sign to identify the exponent of 10. For example:

Press Display
123.4567 [ 123.4567 ]
G 2 [1.23 > | Indicates 1.23 x 102

G4 [ 1.2346 | Indicates 1.2346
X 10. Notice that the
display rounds if the
first hidden mantissa
digit is 5 or greater.

C7 [ 1.2345¢ | Indicates 1.2345670
X 102,

EE) [[1.23456700 | Indicates 1.234567000
X 102,

You can easily key in numbers in scientific notation format by using the [F33
(enter exponent) key—more about this later.

Engineering Notation Display

Specified significant

digits after the first one
— e

Exponent of 10
of three
A
One significant

digit always present

Engineering notation allows all numbers to be shown with exponents of 10 that are multiples of
three (e.g., 10, 107, 10'?).
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This is particularly useful in scientific and engineering calculations, where units of measure are
often specified in multiples of three. Refer to the prefix chart below.

| Multiplier | Prefix Symbol |
10" tera | T
10° giga G
108 mega M
103 kilo k
1073 milli m
10°¢ micro ®
10°° | nano n
10712 pico p
107" femto f
1078 | atto a
Engineering notation is selected by pressing ([Eng) followed by a number key. The first

significant digit is always present in the display, and the number key specifies the number
of additional significant digits to which the display is rounded. The decimal point always
appears in the display. For example:

Press Display
.000012345 (.000012345 |

Eng 1 [12. -06 ] Engineering notation
display. Number
appears in the display
rounded off to one
significant digit after
the omnipresent first
one. Power of 10 is
proper multiple of
three.

Eg 3 [ 12.35 -06 | Display is rounded off
to third significant
digit after the first one.

Evg) 9 [ 12.34500000-06 |

Eg 0 [ 10. -06 | Display rounded off to

first significant digit.

Notice that rounding can occur to the left of the decimal point, as in the case of (Eng) 0
specified above.

When engineering notation has been selected, the decimal point shifts to show the mantissa
as units, tens, or hundreds in order to maintain the exponent of 10 as a multiple of three.
For example, multiplying the number now in the calculator by 10 causes the decimal point
to shift to the right without altering the exponent of 10:
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Press Display
Eng 2 [12.3 -06 |
108 [ 123. -06 |

However, multiplying again by 10 causes the exponent to shift to another multiple of three
and the decimal point to move to the units position. Since you specified (Eng) 2 earlier,
the HP-91 maintains two significant digits after the first one when you multiply by 10.

Press Display

108 [1.23 -03 | Decimal point shifts.
Power of 10 shifts to
107%. Display main-
tains two significant
digits after the first
one.

Display Number Changes

You have seen how you can change the HP-91 display to show numbers in fixed, scientific
notation, or engineering notation format. When you have specified any of these formats,
the HP-91 permits you to change the number of displayed digits by simply pressing the prefix

key followed by the desired number key. For example:
Press Display
12345 [ 12345. |
(=) 3 [ 1.235 04 ] Scientific notation
format selected.
1 [1.2 04 _]Y The HP-91 remains in
6 [ 1.234500 04 | sciedntificlnoltlation )
mode; only the number
2 [1.28 os [} 3% Gisplayed digits 18
changed.
(Eng) 2 [12.3 03 | Engineering notation
format selected.
3 [ 12.35 03|\ Number of displayed
digits changes, but
7 [ 12.345000 03 | calculator remains in
1 [12. 03 | engineering notation
mode.
5 [ 12345.00000 | Fixed format selected.
3 [12345.000 |\ Number of displayed
0 [ 12345. | ¢ digits changes, but
2 [ 12345.00 1) calculator remains in

fixed mode.
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Format of Printed Numbers

When using the printer, whether you are in MAN or NORM mode (where you must
press to see answers) or in ALL (where the HP-91 automatically prints answers as they
are calculated), printed numbers can be shown in any display format—fixed point, scientific
notation, or engineering notation. By selecting the display format, you also select the
print format.

Results from your HP-91 are always displayed and printed in the format that you have chosen.
The three-asterisk label that you see printed next to a result is a guarantee that it is in the
chosen display format. Although numbers in the display are left-justified, printed numbers
are right-justified.

Numbers that you key in—that is, numbers that are not the results of operations—are
also printed by the HP-91. When you key in a number with the Print Mode switch set
to NORM or ALL, the HP-91 does not print it until you change display format or press a
function key. Then the number is printed exactly as you keyed it in. (One case is an excep-
tion to this rule—more about that later.) A number that you keyed in is not the result of an
operation, and no asterisks are printed to its right. Subsequent results, of course, are printed
in the selected format with a three-asterisk label. For example:

ALL
Slide the Print Mode switch man[Jl[[[Jnorm to NORM.

Press Display
.0000123456  [.0000123456 ]
E03  [1.235 -05] When you press any
function, the number
is first printed just as
you keyed it in.
[ 1.235 -05 ] Results of functions,
including display for- | .008012345¢
matting, are printed in \1.335-05 Xk
the selected format. 1234567890,
1234567890 [ 1234567890. | 1.23 JEE+05  wux
(Eng) 6 [ 1.234568 09 ] The number is printed }
as you keyed it in.
[ 1.234568 09 ] The three-asterisk

label guarantees that
the number is now in
the selected format.

Notice that the HP-91 prints a + sign to show you positive exponents of 10.

Thus, whenever you key in a number, the HP-91 prints it just as you keyed it in; then the
format is changed. It is easy for you to reconstruct your calculation because your exact
inputs are identifiable from your printed copy.

When you have keyed in a number, there is one time that the HP-91 will change its format
before printing. If you have specified fixed point notation (by turning the calculator OFF,
then ON, or by pressing followed by a number key) and the number keyed in is also
in fixed point format (i.e., you have not pressed [EZ3 ), the HP-91 will attempt to align
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the decimal points for easy readibility on your printed copy. It will do this in fixed point
notation by printing the number that you keyed in in the specified format (if the number can be
printed without truncating), adding trailing zeros if necessary.

This feature permits you to key in numbers in fixed point notation and line up the decimal
points in the printed record of your calculations.

Example: You begin the month with a balance of $735.43 in your checking account.
During the month, you write checks for $235, $79.95, $5, $1.44, $17.83, $50, and $12.43.
Calculate the closing balance for the account and preserve a printed record of your calculations.

ALL
First, ensure that the Print Mode switch man[ll[[[INorm is set to NORM.

Press Display

2 Sets 2 display
mode. (Display shown
assumes that no results
remain from previous
example.)

735.43 735.43

2358 500.43 Two extra zeros
printed so that decimal
points will line up.

} r9.95 -

79.95 @ 420.48 The number is printed / 06 -
exactly as you keyed } li44a. . -

it in. 1785 -

Ly -] 415.48 Two extra zeros} S0.00 -

735.43 ENT1
—»735.00 -

1.44 B 414.04
17.83 B 396.21

50 8 346.21 Two extra zeros
printed.

printed. 12,43 -
333.78 xxx

You need not worry about ‘‘losing’” digits on the printed copy. The HP-91 printer will
never truncate digits (not even extra zeros) that you have keyed in. For example, if you
wanted to set aside 5/10000 of the closing balance of your account for a present for
your sister-in-law:

12.43 8 333.78
333.78 Closing balance.

il

Press Display
.0005
a Entire number is
printed—not rounded
to 2. T L0005 ¥
0.17 Amount set aside for Colf ¥xx
sister-in-law’s gift. /

Result of function is

rounded to 2.
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Automatic Display Switching

The HP-91 switches the display from fixed point notation to full scientific notation (51 9)
whenever the number is too large or too small to be seen with a fixed decimal point. This
feature keeps you from missing unexpectedly large or small answers. For example, if you
try to solve (.05)* in normal 2 display, the answer is automatically shown in scientific
notation.

Press Display

2 [0.00 | Normal 2
display. (Display -
shown assumes no .05 ENT?
results remain from 3.00 ¥¥

previous example.)  I.250000000-04 xxkx

.05 [0.05 |

kY y* [ 1.250000000-04 ] Display automatically
switched to (5C7] 9 to
show answer.

After automatically switching from fixed to scientific, and a new number is keyed in or
is pressed, the display automatically reverts back to the fixed point display originally
selected.

The HP-91 also switches to scientific notation if the answer is too large (= 10') for fixed
point display. For example, the display will not switch from fixed if you solve
1582000 x 1842:

Press Display

1582000 1582000.
1582000.00 1582060, 00 ENT?

1842 B3 2914044000. Fixed point format. 142,00
2914044000. 2514044000,  xxx

However, if you multiply the result by 10, the answer is too large for fixed point notation,
and the calculator display switches automatically to scientific notation:

Press Display

108 [ 2.914044000 10 ] Scientific notation _ a0
format. C.514044000+10  wxkx

Notice that automatic switching is between fixed and scientific notation display modes
only—engineering notation display must be selected from the keyboard.

Keying in Exponents of Ten
You can key in numbers multiplied by powers of 10 by pressing B2 (enter exponent of
10) followed by number keys to specify the exponent of 10. For example, to key in 15.6
trillion (15.6 X 10'?), and multiply it by 25:
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Press Display
15.6 [ 15.6 |
[ EEX ] [ 15.6 00 |
12 [ 15.6 12 ] This means 15.6
X 102,

Now Press Display -

1G. 6412 ENT?
[1.560000000 13 | R
258 [3.900000000 14_] 3.900000000+i%  whx

You can save time when keying in exact powers of 10 by merely pressing [EZ3 and then
pressing the desired power of 10. For example, key in 1 million (10%) and divide by 52.

Press Display
[ EEX] [1. 00 | Youdo not have to key
in the number | before
pressing [EZ3 when the
number is an exact
power of 10. q ENTT
.t ENTT
¢ 7 %l 200
[ 1000000.00 ] Since you have not

. .o 20
specified scientific 1523077 wxx

notation, the display
reverts to fixed point
notation when you

press ERED.
28 [ 19230.77 1

To see your answer in scientific notation with six decimal places:

Press Display
BB )6 [ 1928077 04 ] 1823077404 Wk
[ 1.923077 04 ]

To key in negative exponents of 10, key in the number, press EZ3, press to make the
exponent negative, then key in the power of 10. For example, key in Planck’s constant
(h)—roughly, 6.625 X 10727 erg sec.—and multiply it by 50.

Press Display

CcLX [ 0.000000 00|

2 [0.00 ] [l
6.625 EZ3 [ 6.625 00 | 6.625-27 ENTY
&3 [ 6.625 -00 | 50,00 X
27 [ 6.625 -27] 2.312500000-25 %k
| 6.625000000 -27 |

5083 | 3.312500000 -25] Erg sec.
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Calculator Overflow

When the number in the display would be greater than 9.999999999 X 10%, the HP-91
displays all 9’s to indicate that the problem has exceeded the calculator’s range. For example,
if you solve (1 X 10*%) x (1 x 10°), the HP-91 will display the answer:

Press Display

[ 0.00 | L ¥
ERN 49 [ 1.000000000 49 ] 1.+49 ENTT
[ eex JRIN x | [ 1.000000000 99 | 1150 X
[ 1.000000000 99 | 1.000000000485  xxy

But if you attempt to multiply the above result by 100, the HP-91 display indicates overflow
by showing you all 9’s:

Press Display

o 1
100 3 [ 9.999999999 99 | Overflow indication. 4. 09099998

Error Display

If you happen to key in an improper operation, the word Error will appear in the display.
In addition, if the Print Mode switch MAN-ALﬁ]]]I]NORM is set to NORM or ALL, the printer
will print Error.

For example, if you attempt to calculate the square root of —4, the HP-91 will recognize
it as an improper operation:

ALL
Ensure that the Print Mode switch manl[[[Inorm is set to NORM.
Press Display

4ED -4.00 14
.

= ERROR

Pressing any key clears the error and is not executed. (Pressing the paper advance push-
button clears the error and is executed.) The number that was in the display before the
error-causing function is returned to the display so that you can see it.

Press Display

cLx

All those operations that cause an error condition are listed in appendix B.

Low Power Display
When you are operating the HP-91 from battery power, a red lamp inside the display
will glow to warn you that the battery is close to discharge.

6.02 23




You must then connect the ac adapter/recharger to the calculator and operate from ac
power, or you must substitute a fully charged battery pack for the one that is in the calculator.
Refer to appendix A for a description of these operations.






Section 3

The Stack

Automatic storage of intermediate results is the reason that the HP-91 slides so easily
through the most complex equations. And automatic storage is made possible by the
Hewlett-Packard automatic memory stack.

Initial Display
Turn the HP-91 OFF, then ON.

You can work through this section with the Print Mode switch at any setting you desire. The

printed tapes that illustrate the problems in this handbook were created with the Print Mode

ALL
switch man[l[MINorRm set to NORM.

When you first switch the calculator ON, the display shows . This represents
the contents of the display, or ‘‘X-register.”’

Basically, numbers are stored and manipulated in the machine ‘‘registers.”” Each number,
no matter how few digits (e.g., 0, I, or 5) or how many (e.g., 3.141592654, —23.28362,
or 2.87148907 X 10%7), occupies one entire register.

The displayed X-register, which is the only visible register, is one of four registers inside
the calculator that are positioned to form the automatic memory stack. We label these
registers X, Y, Z, and T. They are ‘‘stacked’’ one on top of the other with the displayed

X-register on the bottom. When the calculator is switched ON, these four registers are
cleared to 0.00.

Name Register
T 0.00
z 0.00
Y 0.00
X 0.00 Always displayed.

You can view the contents of the entire stack at any time by printing them using the

(STAcK) (list stack) key.

Press Display 0,06 LIST
g.av 71
G 0.00 £
g.ou Y
0.06 X
Notice that (Eack), like and the other functions, operates regardless of the

position of the Print Mode switch.
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Manipulating Stack Contents
The GO (roll down), BB (roll up), and (x exchange y) keys allow you to review the stack

contents or to shift data within the stack for computation at any time.

Reviewing the Stack
To see how the G} key works, first load the stack with numbers 1 through 4 by pressing:

4.00 ENT?
4 EIED 3 ENED 2 EOED | 3.00 ENT?
2.00 ENT?

The numbers that you keyed in are now loaded into the stack, and its contents look like this:

T 4.00
z 3.00
Y 2.00
X 1 Display

To see the contents of the stack now, press:

Press
1.00 LIST
3,00 T
@ LIST: (S7AcK) J.0 2
200 Y
1.06 A

When you press the GI} key, the stack contents shift downward one register. So the last
number that you have keyed in will be rotated around to the T-register when you press
D . When you press B again, the stack contents again roll downward one register.

To see how the @ key operates, press Bl LIST: to list the stack contents after each
press of the G key:

Press Display
ke
LIST
(R+) oo 1
@ LIST: (S7AacK) 2.00 4.00 £
.00 ¥
.00 &



Press Display

K¢
LIST

[R+] 2.00 7
(sTack]) 1.00 Z
4.00 Y

J.00 %

Kv

LIST

3y .00 1
(STack] 200 £
1.006 ¥

4.00 X

K
LIST

.00 7T

(Stack] 308 2

2.00 ¥

l.0g X

Once again the number 1.00 is in the displayed X-register. Four presses of theffj key roll
the stack down four times, returning the contents of the stack to their original registers.

You can also manipulate the stack contents using the Iy (roll up) key. This key rolls the
stack contents up instead of down, but it otherwise operates in the same manner as the

GO key.

Exchanging x and y

The (x exchange y) key exchanges the contents of the X- and the Y-registers without
affecting the Z- and T-registers. If you press with data intact from the previous example,
the numbers in the X- and Y-registers will be changed...

...from this... ...to this.

T 4.00 T 4.00

V4 3.00 z 3.00

Y200 — Y 100

X Display X ) Display



You can verify this by first listing the stack contents and then pressing EZ¥J. To see the
results, list the stack contents again:

Press Display
LIST
4.00 T
Ga)  [1.00 3.00 2
.U Y
1.00 X
X%y 2.00 ASY
LIST
4.00 T
(sTac) 2.00 3.00 £
.00 ¥
2.00 X

Notice that whenever you move numbers in the stack using one of the data manipulation
keys, the actual stack registers maintain their positions. Only the contents of the registers
are shifted. The contents of the X-register are always displayed.

Clearing the Stack

To clear the displayed X-register only, press (€%3. To clear the entire automatic memory
stack, including the displayed X-register, press (CCEAR]. This replaces all numbers in the
stack with zeros. (It also clears all manual storage registers—more about these later.)
When you turn the calculator OFF, then ON, it ‘‘wakes up’’ with all zeros in the stack
registers.

Although it may be comforting, it is never necessary to clear the stack or the displayed
X-register when starting a new calculation. This will become obvious when you see how
old results in the stack are automatically lifted by new entries.

Press now, and the stack contents are changed...

...from this... ...to this.

T 4.00 T 4.00

4 3.00 4 3.00

Y 1.00 Y 1.00

X 2.00 Display X 0.00 Display



You can verify that only the X-register contents are affected by listing the stack contents
after you have pressed (%3 :

Press Display
CL X
LIST
4.006 7T
(stack] 3.00 2
1.00 &
G.00 X
Now press (CLear]. The contents of the stack are changed...
...from this... ...to this.
T 4.00 T 0.00
Z 3.00 V4 0.00 CLEAR
Y 1.00 Y 0.00
X 0.00 X 0.00

You can verify that the stack has been cleared completely and now contains all zeros by
listing the stack contents:

Press Display
LIST
G.OG 7
G.00 £
(K] Bon v
G.oo %

The &2 Key

When you key a number into the calculator, its contents are written into the displayed
X-register. For example, if you key in the number 314.32 now, you can see that the display
contents are altered.

When you key in 314.32, the contents of the stack registers are changed...

...from this ...to this.
T 0.00 T 0.00
Zz 0.00 y4 0.00
Y 0.00 Y 0.00
X 0.00 X 314.32



In order to key in another number at this point, you must first terminate digit entry—i.e.,
you must indicate to the calculator that you have completed keying in the first number
and that any new digits you key in are part of a new number.

Use the key to separate the digits of the first number from the digits of the second.

When you press the key, the contents of the stack registers are changed...

...from this... ...to this.

T 0.00 T 0.00

Zz 0.00 V4 0.00

Y 0.00 Y 314.32

X 314.32 Display X 314.32 Display

As you can see, the number in the displayed X-register is copied into Y. The numbers
in Y and Z have also been transferred to Z and T, respectively, and the number in T has
been lost off the top of the stack. But this will be more apparent when we have different
numbers in all four registers.

Immediately after pressing , the X-register is prepared for a new number, and that new

number writes over the number in X. For example, key in the number 543.28 and the contents
of the stack registers change...

...from this... ...to this.

T 0.00 T 0.00

z 0.00 V4 0.00

Y 314.32 Y 314.32

X 314.32 Display X 543.28 Display

replaces any number in the display with zero. Any new number then writes over the
zero in X.

For example, if you had meant to key in 689.4 instead of 543.28, you would press
now to change the stack...

...from this... ...to this.

T 0.00 T 0.00

Y4 0.00 Y4 0.00

Y 314.32 Y 314.32

X 543.28 Display X | 0.00 Display



and then key in 689.4 to change the stack...

...from this... ...to this.

T 0.00 T 0.00

Y4 0.00 z 0.00

Y 314.32 Y 314.32

X ( Display X Display

Notice that numbers in the stack do not move when a new number is keyed in immediately after
you press (5ack), GENEES, EXED, or B3, However, numbers in the stack do lift
upward when a new number is keyed in immediately after you press most other functions,

including 63, GO, and E533.

One-Number Functions and the Stack

One-number functions execute upon the number in the X-register only, and the contents of
the Y-, Z-, and T-registers are unaffected when a one-number function key is pressed.

For example, with numbers positioned in the stack as in the earlier example, pressing the
73 key changes the stack contents...

...from this... ...to this.

T 0.00 T 0.00

Y4 0.00 z 0.00

Y 314.32 Y 314.32

X 68 Display X Display

The one-number function executes upon only the number in the displayed X-register, and
the answer writes over the number that was in the X-register. No other register is affected
by a one-number function.

Two-Number Functions and the Stack

Hewlett-Packard calculators do arithmetic by positioning the numbers in the stack the same
way you would on paper. For instance, if you wanted to add 34 and 21 you would write
34 on a piece of paper and then write 21 underneath it, like this:

34
21

and then you would add, like this:

34
+21
55




Numbers are positioned the same way in the HP-91. Here’s how it is done. (If you clear

the stack first by pressing (CLEAR], the numbers in the stack will correspond to those
shown here in the example.)

Press Display
0.00
34 34 is keyed into X. CLEAR
34 is copied into Y. 34.00 ENT?T
21 21 writes over the 34
in X.

Now 34 and 21 are sitting vertically in the stack as shown below, so we can add.

T 0.00

z 0.00

Y 34.00

X 21 Display
Press Display 2l.00 +
The answer. S5.00  okx

The simple old-fashioned math notation helps explain how to use your calculator. Both
numbers are always positioned in the stack in the natural order first; then the operation
is executed when the function key is pressed. There are no exceptions to this rule. Subtraction,

multiplication, and division work the same way. In each case, the data must be in the
proper position before the operation can be performed.

To subtract 21 from 34:

34
—21
Press Display
34 34 is keyed into X.
34 is copied into Y. 34.00 ENTT
21 21 writes over the 34 21.00 -
in X. 12.00 xx»
a8 The answer.



To multiply 34 by 21:

34
Xx21
Press Display
34 34 is keyed into X.
34 is copied into Y. 34.00 ENT?
21 21 writes over the 34 21.00
in X. 714,00 xxx
8 The answer.
To divide 34 by 21:
34
21
Press Display
34 34. | 34 is keyed into X.
l 34.00 | 34 is copied into Y. 34.00 ENT?T
21 21. | 21 writes over the 34 21000 =
in X. 1.62 ¥mx
8 1.62 The answer.

Chain Arithmetic

You’ve already learned how to key numbers into the calculator and perform calculations with
them. In each case you first needed to position the numbers in the stack manually using the
key. However, the stack also performs many movements automatically. These
automatic movements add to its computing efficiency and ease of use, and it is these
movements that automatically store intermediate results. The stack automatically *‘lifts’’ every
calculated number in the stack when a new number is keyed in because it knows that after it
completes a calculation, any new digits you key in are a part of a new number. Also, the
stack automatically ‘‘drops’’ when you perform a two-number operation.

To see how it works, let’s solve
16 +30 + 11 +17 =2

If you press (CLEAR] first, you will begin with zeros in all of the stack registers, as in the
example below; but of course, you can also do the calculation without first clearing the stack.

You can use the
contents.

(572K function to monitor the changes in the stack



Press

16

30

11

Stack Contents

0.00
0.00
0.00

X< N-H

0.00
0.00
16.00

X < N -

0.00
0.00
16.00

X <N+

0.00
0.00
0.00

X < N -

0.00
0.00
46.00

X < N =

0.00
0.00
0.00

X < N4H

0.00
0.00
57.00

X< N-H

16 is keyed into the
displayed X-register.

16 is copied into Y.

30 writes over the 16

in X.

CLEAF
16.0G ENT?
30.a0

16 and 30 are added 11.00 +
together. The answer, 7.0 +
46, is displayed. 74.00 xx»

11 is keyed into the
displayed X-register.
The 46 in the stack is
automatically raised.

46 and 11 are added
together. The answer,
57, is displayed.

17 is keyed into the
X-register. 57 is auto-
matically entered

into Y.



T | 0.00
Z  0.00
Y 000
X

57 and 17 are added
together for the
final answer.

After any calculation or number manipulation, the stack automatically lifts when a new
number is keyed in. Because operations are performed when the operations are pressed, the
length of such chain problems is unlimited unless a number in one of the stack registers
exceeds the range of the calculator (up to 9.999999999 x 10%).

In addition to the automatic stack lift after a calculation, the stack automatically drops during
calculations involving both the X- and Y-registers. It happened in the above example, but let’s
do the problem differently to see this feature more clearly. First press to clear the
X-register. Now, again solve 16 +30 + 11 + 17 =7

Press Stack Contents
T 0.00
16 Z 0.00
Y 0.00
X
T 0.00
Z 0.00
Y 16.00
X
T 0.00
30 Z 0.00
Y 16.00
X
T 0.00
Zz 16.00
Y 30.00
X

T 0.00

11 y4 16.00
Y 30.00
X

16 is keyed into the
displayed X-register.

16 is copied into Y.

30 is written
over the 16 in X.

30 is entered into Y.
16 is lifted up to Z.

11 is keyed into the
displayed X-register.



Press Stack Contents

16.00
30.00
11.00
11.00

X < N -

16.00
30.00
11.00
17.

17

X < N —

16.00
16.00
30.00
28.00

X <N -

16.00
16.00
16.00
58.00

X <N -

16.00
16.00
16.00
74.00

X < N-H

The same dropping action also occurs with & , B3 and B . The number in T is duplicated
in T and drops to Z, the number in Z drops to Y, and the numbers in Y and X combine to

11 is copiedinto Y. 16
and 30 are lifted up to
T and Z respectively.

17 is written over
the 11 in X.

17 and 11 are added
together and the rest of
the stack drops. 16
drops to Z and is also
duplicated in T. 30 and
28 are ready to be
added.

30 and 28 are added
together and the stack
drops again. Now 16
and 58 are ready to be
added.

16 and 58 are added
together for the final
answer and the stack
continues to drop.

give the answer, which is visible in the X-register.

This automatic lift and drop of the stack give you tremendous computing power since you
can retain and position intermediate results in long calculations without the necessity of

reentering the numbers.

s ba fa) b
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Order of Execution

When you see a problem like this one:
5x[B+4-(5+2)+@ x3)] =3 x.213)

you must decide where to begin before you ever press a key.

Experienced HP calculator users have determined that by starting every problem at its inner-
most number or parentheses and working outward, just as you would with paper and pencil,
you maximize the efficiency and power of your HP calculator. Of course, with the HP-91
you have tremendous versatility in the order of execution.

For example, you could work the problem above by beginning at the left side of the equation
and simply working through it in left-to-right order. All problems cannot be solved using
left-to-right order, however, and the best order for solving any problem is to begin with the
innermost parentheses and work outward. So, to solve the problem above:

Press Display
3 3.
[3.00 ]
4
a Intermediate answer
for 3 + 4).
5
2
] Intermediate answer 3.00 ENTY
for (5 + 2). L
d.00 =
2] Intermediate answer :l 00 ENT?
for(3 +4) — (5 +2). ;'00_ 4
4 e
4,00 ENT1
__3. < nn
S8 - X
8 Intermediate answer 4
for (4 X 3). 3.00 ENT?
Intermediate answer 213 X
for3 +4) — (5 +2) -
@, 5.0 x
3 B0.20  aa
213 .213
8 0.64 Intermediate answer
for (3 X .213).
&
5 The first number is
keyed in.
(]



Constant Arithmetic

You may have noticed that whenever the stack drops because of a two-number operation
(not because of [(IJ ), the number in the T-register is reproduced there. This stack operation
can be used to insert a constant into a problem.

Example: A bacteriologist tests a certain strain whose population typically increases by 15%
each day. If he starts a sample culture of 1000, what will be the bacteria population at
the end of each day for 6 consecutive days?

Method: Put the growth factor (1.15) in the Y-, Z-, and T-registers and put the original
population (1000) in the X-register. Thereafter, you get the new population whenever you
press 3. Try working this problem with the Print Mode switch set to ALL so that you’ll
have a record of all the answers without pressing each time.

ALL
Slide the Print Mode switch man [J[[[[liNnorm to ALL.

Press Display
1.15 [1.15 ] Growth factor.
(115 ] L.15 ENT?
AT 154401
[:] i(r},r("}‘Wth factor now ENT?
) g.on. X
1000 [1000. ] Starting population. lggg ;B i
8 :j Population after 1% ¥
day. 1 3on 50 e
idZi. kKx
] [1322.50 | Population after 2" 5 ¥
day. o
1520.86 wxx
] [1520.88 | Population after 3™ J s
day. e
1745.01  x%x
8 [1749.01 | Population after 4" e ¥
day. anfi or
[ x ] [2011.36 | Population after 5t #0136 ‘:‘
day. 2313.06 % i
x| [2313.06 | Population after 6' SheoeEe. W
day.

When you press 3 the first time, you calculate 1.15 X 1000. The result (1150.00) is
displayed in the X-register and a new copy of the growth factor drops into the Y-register.
Since a new copy of the growth factor is duplicated from the T-register each time the stack
drops, you never have to reenter it.



Notice that performing a two-number operation such as EJ causes the number in the T-
register to be duplicated there each time the stack is dropped. However, the (X key, since
it rotates the contents of the stack registers, does not rewrite any number, but merely shifts
the numbers that are already in the stack.
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Section 4

The HP-91 has dozens of internal functions that allow you to compute answers to problems
quickly and accurately. Each function operates immediately when the function key is pressed.
To save printing time and paper, you might wish to learn how to use the functions with the
Print Mode switch set to MAN. Or you might want to see every intermediate and final answer

by setting the switch to ALL. Except when indicated, however, all examples in this section are

ALL
illustrated with the Print Mode switch man [J[IInorm set to NORM.

LAST X

In addition to the four stack registers that automatically store intermediate results, the HP-91
also contains a separate automatic register, the LAST X register. This register preserves the
value that was in the displayed X-register before the performance of a function. To place the
contents of the LAST X register into the display again, press (CAsT x).

Recovering from Mistakes

(CAST5) makes it easy to recover from keystroke mistakes, such as pressing the wrong
function key or keying in the wrong number.

Example: Divide 12 by 2.157 after you have mistakenly divided by 3.157.

Press Display

12

3.1578 Oops! You made a 12.0C ENT?
mistake. 3057 0 =

3.16 Retrieves that last LSTY

entry (3.157). X

(% 12.00 You’re back at the 2087 =
beginning. 5.56 &a&x

2.1578 [556 ] The correct answer.

53



In this example, when (CAST X]is pressed, the contents of the stack and (LAST X] register are
changed...

...from this... ...to this.
T 0.00 T 0.00
Z 0.00 z 0.00
Y 0.00 Y 3.80
X 3.8( X ¢
LAST X r LAST X

This makes possible the correction illustrated in the example above.

Recovering a Number

The LAST X register is useful in calculations where a number occurs more than once. By
recovering a number using (CAST X], you do not have to key that number into the calculator
again.

Example: Calculate

7.32 + 3.650112331
3.650112331

Press Display

7.32

3.650112331 T.32 ENTY

ot ane J.600112331 +

Intermediate answer. 2 5

i Recalls 3.650112331 LSTX
to X-register. % =

& The answer. 3.01 wx

Reciprocals

To calgulate the reciprocal of a number in the displayed X-register, key in the number, then
press 3. For example, to calculate the reciprocal of 25:

Press Display
253 0.04 25.00 1/

0.04 ¥mx

You can also calculate the reciprocal of a value in a previous calculation without reentering
the number.



Example: In an electrical circuit, four resistors are connected in parallel. Their values are
220 ohms, 560 ohms, 1.2 kilohms, and 5 kilohms. What is the total resistance of the circuit?

Ry = ! = !
1 " 1 " 1 " 1 1 n 1 4 1 4 1
R, R, R; R, 220 560 1200 5000

Press Display

220 74 [ 4.545454545-03 ]

560 ¥ .785714286-03 Lo ,

a an 86-03 | 2206.00 148

20 ] 560,00 1/

1200 7 [ 8.333333333-03 | .

L0.07 ] 1200.00 175

5000 73 [2.000000000-04 ] .

+ [0.01 l 5006.00 1%

A [ 135.79 ] The reciprocal of the +
sum of reciprocals 1K
yields the answer in 175.79 “wks
ohms. Een

[135.79 ]

Factorials

The (1] (factorial) key permits you to handle permutations and combinations with ease.

To calculate the factorial of a positive integer in the displayed X-register, press B (V] .

Example: Calculate the number of ways that six people can line up for a photograph.

Method: P =6! =6 X5 X4 X3 X2 X 1.

Press Display

6 ~

- (v The answer. o .06 N!
720,00 wxx

The calculator overflows for factorials of numbers greater than 69.

Square Roots
To calculate the square root of a number in the displayed X-register, press {&d . For example, to
find the square root of 16:

Press Display

16 53 16.00 4
4.00 4.00 wax



56 Function Keys

To find the square root of the result:

Press Display

[2.00 : T
[2.00 ‘ 2,00 xxw

Squaring
To square a number in the displayed X-register, press E&l. For example, to find the
square of 45:

Press Display

4513 [2025.00 ] 45.00 xt
[2025.00 ] 2025.00  waw
To find the square of the result:

Press Display

4100625.00 HE
4100625.00) 4i00625.00 xkx
Using Pi

The value 7 accurate to 10 places (3.141592654) is provided as a fixed constant in the HP-91.
Merely press [0 whenever you need it in a calculation. For example, to calculate
3

Press Display
3o (942 ] p
'

9042wk

Example: In the schematic diagram below, X; is 12 kilohms, R is 7 kilohms, E is 120 volts,
and f is 60 Hz. Find the inductance of the coil L in henries according to the formula:

L _Xu _ _ 12,000
2af 2 X X 60




tion Keys 57

Press Display
12 G 3 12,403 ENT?
g -
28 :
@] =] [ 1909.86 %
608 [31.83 Henries. e0.00 =
3183w
Percentages

The 4 key is a two-number function which allows you to compute percentages. To find
the percentage of a number:

1. Key in the base number.

2. Press EEL .

3. Key in the number representing percent rate.
4. Press (3.

For example, to calculate a sales tax of 6.5% on a purchase of $1500:

Press Display

1500 1500.00 Base number. 1500.00 ENT?
6.5 6.5 Percent rate. 6.50 %
The answer. 97.50 sak

97.50
6.5% of $1500 is $97.50.

In the above example, when the 4 key is pressed, the calculated answer writes over the
percentage rate in the X-register, and the base number is preserved in the Y-register.

When you press 74, the stack contents were changed...

...from this... ...to this.
T 0.00 T 0.00
Z 0.00 y 4 0.00
Y 1500.00 Y 1500.00
X 6.5 X 97.50

Since the purchase price is now in the Y-register and the amount of tax is in the X-register,
the total amount can be obtained by simply adding:

Press Display
1597.50 Total of price and sales +

tax combined. 1567.50 %k%

7597.50



Percent of Change

The (2% (percent of change) key is a two-number function that gives the percent increase
or decrease from Y to X. To find the percent of change:

Key in the base number (usually, the number that happens first in time).
Press
Key in the second number.

Press =4

hala i e

Example: Find the percent of increase of your rent 10 years ago ($70 per month) to today
($240 per month).

Press Display

70 [7000 ] 70.00 ENTT
240 ) Percent increase. 240.00 4%
202,06 o

Storage Registers

In addition to automatic storage of intermediate results that is provided by the four-register
automatic memory stack, the HP-91 also has 16 addressable storage registers that are
unaffected by operations within the stack. These storage registers allow you to set aside
numbers as constants or for use in later calculations.

Automatic Memory Storage Registers
Stack

3 3 — i —
2 o — R
v 3 — o —
X Dlsp]ay R3:] R'3:
D — R ]
R ] Rs ]
R[]
[LASTX | .
R[]
Rl ]
R[]

The addresses of the storage registers are indicated by number keys (0] through (8], and by
() (@ through (3 (8).

Storing Numbers
To store a displayed number in any of storage registers R, through Ry:
1. Press (store).
2. Press the number key of the applicable register address (() through (9)).




For example, to store Avogadro’s number (approximately 6.02 X 10?%) in register R,:

Press Display
602G 23 [6.02 23] 05423 6 F
2 [ 6.020000000 23 | denias

Avogadro’s number is now stored in register R,. Notice that when a number is stored, it
is merely copied into the storage register, so 6.02 X 10% also remains in the displayed
X-register.

To store a displayed number in any of storage registers R., through R.;:

1. Press B3.
2. Press the decimal point key [*].
3. Press the number key of the applicable register address (O through 5).

For example, to store 16,495,000 (the number of persons carried daily by the Japanese
National Railway) in register R.,:

Press Display

16495000 [ 16495000. ] s e
1£49500G.00 8.4

@4 [ 16495000.00 e

The number has been copied into storage register R., and also remains in the displayed
X-register.

Recalling Numbers

Numbers are recalled from storage registers back into the displayed X-register in much
the same way as they are stored. To recall a number from any of storage registers R,
through Ry:

1. Press (recall).
2. Press the number key of the applicable register address (0 through 9).

For example, to recall Avogadro’s number from register R,:

Press Display
2 [ 6.020000000 23 ] Rz

To recall a number from any of registers R., through R.;:

1. Press 8.

2. Press the decimal point key (].

3. Press the number key of the applicable register address ((0) through (5)).
For example, to recall the number of persons carried daily by the Japanese National
Railway:
Press Display

(RCLATII! [[16495000.00 ] K4

Recalling a number causes the stack to lift unless the preceding keystroke was EXiEL, ,
or B3 (more about B later).



When you recall a number, it is copied from the storage register into the display, and it
also remains in the storage register. You can recall a number from a storage register any
number of times without altering it—the number will remain in the storage register as a 10-digit
number with a two-digit exponent of 10 until you overwrite it by storing another number there,
or until you clear the storage registers.

Example: Three tanks have capacities in U.S. units of 2.0, 14.4, and 55.0 gallons, respec-
tively. If 1 U.S. gallon is equivalent to 3.785 liters, what is the capacity in liters of each of
the tanks?

Method: Place the conversion constant in one of the storage registers and bring it out
as required.

Press Display
3.785 0 Constant placed in i
register R,. S.r80. 5 0
28 7.57 Capacity in liters of 200 X
1 tank. Tabr . By
14.40 K ©
14.4 0B [5450 | Capacity in liters of ¥
2" tank. 4,50 xnx
55.00 K G
55 (0] x| [208.18 ] Capacity in liters of X
3" tank. 206,18 woan

208.18

Listing the Storage Registers

You can see the contents of all of the storage registers at any time by pressing
(52c) to print the contents of all storage registers. If you have worked through the examples
above, a listing of storage contents should look like the one shown here.

Press Display LIST
dirY € 0

G.00 « i

£. G20000000+23 +« 2

G.00 ¢ 3

G.00 + 4

6.00 < 5

.00 « ¢

) e
¢ 8

G.00 ¢ &8

G.00 +.0

0.00 +.1

G.O0 «.Z2

C.00 +.3

16485000.06 +.4

G.00 .5



If you want only a partial listing of storage registers, you can stop the printing of them
at any time by holding down the paper advance pushbutton for about one second, then
releasing it.

Clearing Storage Registers

Notice that even though you have recalled the numbers from storage registers Ry, R,, and
R.,, the numbers remain in the registers. A number stored in one of the storage registers
may be recalled into the display any number of times, and it will still remain in the storage
register. Storage registers may be cleared in any of three ways:

To replace a number in a storage register, merely store another number there. To
clear a storage register, replace the number in it with zero. For example, to clear
storage register R,, press 0 2.

To clear all storage registers back to zero at one time, press (CCEAR). Besides
replacing the contents of each storage register with zero, this also replaces the contents
of the automatic memory stack with zeros as well.

When the HP-91 is first turned ON, it ‘‘wakes up’’ with the quantity zero in each of
the storage registers and in each of the automatic stack registers. Thus, turning the
calculator OFF, then ON, also clears the storage registers and the stack.

You can also clear storage registers R, through Ry or registers R., through R.; while
leaving the remaining registers and the stack intact.

Press (CLEEG) to clear only storage registers R, through Ry while preserving the
contents of the stack and storage registers R., through R.;.

Press (E23 to clear only storage registers R., through R.; while preserving the
contents of the stack and storage registers R, through R,.

Storage Register Arithmetic

Arithmetic can be performed upon the contents of storage registers R, through Ry by pressing
followed by the arithmetic function key followed in turn by the register address.
For example:

Press Result
[+ Number in displayed X-register added to contents of storage register

R;, and sum placed into R;; (r; + x = R)).

(- Number in displayed X-register subtracted from contents of storage
register R,, and difference placed into R,; (. — x = Ry).

[ x K Number in displayed X-register multiplied by contents of storage
register R3, and the product placed into Rj; [(rs)x - Rg].

B4 Contents of storage register Ry divided by number in displayed
X-register, and quotient placed into register Ry; (ry = x = Ry).

When storage register arithmetic operations are performed, the answer is written into the
selected storage register, while the contents of the displayed X-register and the rest of the
stack remain unchanged.



Notice that you can perform storage register arithmetic upon the contents of only storage
registers R, through Ry. You cannot perform storage register arithmetic upon storage
registers R., through R.;.

Example: During harvest, farmer Flem Snopes trucks tomatoes to the cannery for three
days. On Monday and Tuesday he hauls loads of 25 tons, 27 tons, 19 tons, and 23 tons,
for which the cannery pays him $55 per ton. On Wednesday the price rises to $57.50
per ton, and Snopes ships loads of 26 tons and 28 tons. If the cannery deducts 2% of the
price on Monday and Tuesday because of blight on the tomatoes, and 3% of the price
on Wednesday, what is Snopes’ total net income?

Method: Keep total amount in a storage register while using the stack to add tonnages
and calculate amounts of loss.

subtracted from total
in storage register Rs.
5 8078.45 Snopes’ total net

income from his
tomatoes.

Press Display
25
27
19 3 23 Total of Monday’s and
Tuesday’s tonnage.
558 Gross amount for
Monday and Tuesday.
5 Gross placed in -
storage register R;. L:i.OO ENTT
2 Deductions for Eall . *
Monday and Tuesday. 1'2 BNk o 3
|5 Deductions subtracted 23.00 +
from total in storage 55.00 X
register Rj. - 3.‘5
26 26.00 2.00 K
28 Wednesday’s tonnage. 2. 00 2;‘?7
57.50 &3 Gross amount for s
Wednesday. 2§' 0o+
5 Wednesday’s gross 5730 i
amount added to total 543
in storage register Rj. 3.00 %
38 Deduction for §-5
Wednesday. kS
- Wednesday deduction 8076.45 wxx

8078.45

(You could also work this problem using the stack alone, but doing it as shown here illustrates
how storage register arithmetic can be used to maintain and update different running totals.)



Trigonometric Functions

Your HP-91 provides you with six trigonometric functions, which operate in decimal
degrees, radians, or grads. You can convert angles between decimal degrees and degrees
minutes, seconds, and you can add and subtract angles in any of these forms without converting
them.

Trigonometric Modes

The Trigonometric Mode switch DEG%RAD is used to select whether angles are assumed
by the calculator to be specified in decimal degrees, radians, or grads.

360 degrees = 400 grads = 27 radians.

Functions
The six trigonometric functions provided by the calculator are:

(sine)

(arc sine)
(cosine)
(arc cosine)
(tangent)

000 (@A) (arc tangent)

Each trigonometric function assumes that angles are in decimal degrees, radians, or grads,
depending upon the position of the Trigonometric Mode switch.

All trigonometric functions are one-number functions, so to use them, you key in the
number, then press the function key(s).

Example 1: Find the cosine of 35°
First, specify degrees mode by sliding the Trigonometric Mode switch DEG%“AD
to DEG.

Press Display

75.00 C0S
0.82 wax
—

Example 2: Find the arc sine in radians of .964.
First, specify radians mode by sliding the Trigonometric Mode switch DEG@D“AD
to RAD.

Press Display

964 964 SIN-
B Radians. 1 30 s
(o0 :



Example 3: Find the tangent of 43.66 grads.
Slide the Trigonometric Mode switch DEG.G]EHD.“AD to GRD.

Press Display

43.66 S
TN o
e

Hours, Minutes, Seconds/Decimal Hours Conversions

Using the HP-91, you can change time specified in decimal hours to hours, minutes,
seconds format by using the (Z1V5] (1o hours, minutes, seconds) key; you can also change

from hours, minutes, seconds to decimal hours by using the (Fvs<) (from hours, minutes,
seconds) key.

When a time is displayed or printed in hours, minutes, seconds format, the digits specifying
hours occur to the left of the decimal point, while the digits specifying minutes, seconds,
and fractions of seconds occur to the right of the decimal point.

Hours T T Tenths of a Second
Minutes  Seconds

To convert from decimal hours to hours, minutes, seconds, simply key in the value for

decimal hours and press (=Hms]. For example, to change 21.57 hours to hours, minutes,
seconds:
Press Display
21.57 Key in the decimal
. time. 21,5700
4 21.5700 | Reset display format. NS
(zHms) 21.3412 | This is 21 hours, 34 21.3412 wEx

minutes, 12 seconds.

21.3412

Notice that the display is not automatically switched to show you more than the normal two
digits after the decimal point ((Fix] 2), so to see the digits for seconds, you had to reset
the display format to 4.



To convert from hours, minutes, seconds to decimal hours, simply key in the value for hours,
minutes, seconds in that format and press (5v=+]. For example, to convert 132 hours,
43 minutes, and 29.33 seconds to its decimal degree equivalent:

Press Display

132.432933 This is 132 hours,
43 minutes, 29.33

seconds. 132

3|

G0 [0327248 1 Thisis 132.7248
hours.

Using the [ Jand ( ] operations, you can also convert angles specified in decimal
degrees to degrees, minutes, seconds, and vice versa. The format for degrees, minutes,
seconds is the same as for hours, minutes, seconds.

432533 HNS+
32,7246 ¥xx

Example: Convert 42.57 decimal degrees to degrees, minutes, seconds.

Press Display
42.57 Key in the angle.
(=ams) 42.3412 This means 42°34’
12", (Display
assumes [Fix] 4 42,5700 S
notation remains 2.3417 kKK

specified from
previous example.)

42.3412

Example: Convert 38°8'56.7" to its decimal equivalent.

Press Display
38.08567 38.08567 Key in the angle.
38.1491 Answer in decimal

degrees. ([Fix] 4 Z .
display specified 36.08567 HHS+

from previous J6.145]1
example.)

38.1491

Adding and Subtracting Time and Angles

To add or subtract decimal hours, merely key in the numbers for the decimal hours and
press or @. To add or subtract hours, minutes, seconds, use the ((11s+) (add hours,
minutes, seconds) and (Vs (subtract hours, minutes, seconds) keys.

Likewise, angles specified in degrees, minutes, seconds are added by pressing (Hms+]
and subtracted by pressing (hms—),



Example: Find the sum of 45 hours, 10 minutes, 50.76 seconds and 24 hours, 49 minutes,
10.95 seconds.

Press Display
45.105076
4 notation from 45.105076 ENT?

previous example. 24.491095 HMS+
24.491095 7G.000171 *aa
@B (hv 70.0002

56 70.000171

Example: Subtract 142.78° from 312°32'17"’, with the answer in degrees, minutes, seconds
format.

Press Display
312.3217

(Fix] 6 from previous
example.

312.321700 ENTH
Decimal degrees. S12.321700 ENTT

142, 780000 +HNHS

To degrees, minutes, HMS-
seconds. 165.452900  xx¥

8 This is 169°45'29"".
2

Display mode reset.

In the HP-91, trigonometric functions assume angles in decimal degrees, decimal radians,
or decimal grads, so if you want to compute any trigonometric functions of an angle given
in degrees, minutes, and seconds, you must first convert the angle to decimal degrees.

Example: Lovesick sailor Oscar Odysseus dwells on the island of Tristan da Cunha
(37°03'S, 12°18'W), and his sweetheart, Penelope, lives on the nearest island. Unfortunately
for the course of true love, however, Tristan da Cunha is the most isolated inhabited spot
in the world. If Penelope lives on the island of St. Helena (15°55'S, 5°43'W), use the

following formula to calculate the great circle distance that Odysseus must sail in order to
court her.

Distance = cos™! [sin(LATs) sin (LAT,) + cos (LAT;) cos (LATy)
cos (LNGy — LNGy)] X 60.

Where: LAT; and LNG, = latitude and longitude of the source (Tristan da Cunha).
LAT4 and LNGy = latitude and longitude of the destination.



Solution: Convert all degrees, minutes, seconds entries into decimal degrees as you key them
in. The equation for the great circle distance from Tristan da Cunha to the nearest inhabited
land is:
Distance = cos™! [sin (37°03") sin (15°55") + cos (37°03") cos (15°55")
cos (5°%43'W — 12°18"'W)] x 60

First, ensure that the Trigonometric Mode switch DEG%RAD is set to DEG.
Press Display

5.43

- 18r—1 Lz ] 5.43 HHS+
: 12,18 HMS+

m e -

cos

15.55 15.55 HHS+
Ciwss)  [1592 ] § 1
1 15.92 cos
0.96 X
[ | 0.96 37.03 HMS:
37.03 LY
=) &3 0 tos

5
’."G
0ED S1
8 1 ED SIN

g
=

] ;
[o.93 | :
o= [ 21.92 | oS-
60 B3 [ 1315.41 Distance in nautical 60.00 X
miles th.at Odys.seus 1315.41 a3
must sail to visit
Penelope.

Polar/Rectangular Coordinate Conversions

Two functions are provided for polar/rectangular coordinate conversions. Angle 6 is assumed
in decimal degrees, radians, or grads, depending upon the position of the Trigonometric
Mode switch.

To convert from rectangular x, y coordinates to polar r, 6 coordinates (magnitude and angle,
respectively):

1. Key in the y-coordinate.

2. Press to raise the y-coordinate value to the Y-register of the stack.

3. Key in the x-coordinate.

4. Press the GEXJ (rectangular to polar) key. Magnitude r then appears in the X-register and
angle 6 is placed in the Y-register. (To display the value for 6, you press EZ%3.)
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The following diagram shows how the stack contents change when you press (I3 .

Tt ‘ ot T
z z -z Z
Y y-coordinate — ——> | angled vy
X |x-coordinate) — —  » |magnitude roX

To convert from polar r, 6, coordinates to rectangular x, y, coordinates:

Key in the value for the angle 6.

Press to raise the value for 6 to the Y-register of the stack.

Key in the value for magnitude r.

Press the (ZX3) (polar to rectangular) key. The x-coordinate then appears in the displayed
X-register and the y-coordinate is placed in the Y-register. (To display the value for the
y-coordinate, you can press E333.)

A LW N -

The following diagram shows how the stack contents change when you press [Z3] .

Tt ot T
z z ‘ z Z
Y angle6 —> —»chordinate: Y
X jrihagnityyg r ——-»m —— x-coordinate, X

After you have pressed (I3 or (¥}, you can use the key to bring the calculated angle 6
or the calculated y-coordinate into the X-register for viewing or further calculation. With

the Print Mode switch set to MAN or NORM, you must also use the key to print
ALL
these values. With the Print Mode switch man [I[[IliNorm set to ALL, however, both computed

values are printed automatically when you press [I3 or 23] . (No three-asterisk label is printed
next to these results in ALL. Instead, they are conveniently labled with symbols for x and y or
for r and 6. These results are printed in the specified display format.)

Example 1: Convert rectangular coordinates (4, 3) to polar form with the angle expressed
in radians.




Slide the Trigonometric Mode switch peci[[[ra0 to RAD.

Press

3 GIED

4

P

Display
3.00

il

GRD

y-coordinate entered
into the Y-register.
x-coordinate keyed
into the X-register.

Magnitude r.

Angle 6 in radians.

Function Keys 69

ALL
Now slide the Print Mode switch man [J[[[linorm to ALL and work the problem again.

3.00 ENTY
4.00 R+P
.04 6
500 K

Example 2: Convert polar coordinates (8, 120°) to rectangular coordinates.

Slide the Trigonometric Mode switch DEG%“AD to DEG.
Ensure that the Print Mode switch MANﬁHﬁT.NORM is set to ALL.

Press

120

8

Display
120.00

6.93

Angle 6 entered into

the Y-register.

Magnitude r placed in
displayed X-register.

x-coordinate.

y-coordinate brought

into displayed

X-register for use, if

desired.
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Example 3: Engineer Tobias Slothrop has determined that in the RC circuit shown above, the
total impedance is 77.8 ohms and voltage lags current by 36.5°. What are the values of
resistance R and capacitive reactance X, in the circuit?

Method: Draw a vector diagram using 77.8 ohms total impedance for polar magnitude
r and —36.5° for angle 6. When the values are converted to rectangular coordinates, the
x-coordinate value yields resistance R in ohms, and the y-coordinate value yields reactance
X, in ohms.

Solution:

Ensure that the Trigonometric Mode switch DEG%“AD is set to DEG.

ALL
Ensure that the Print Mode switch man J[[[liNorm is set to ALL.

Press Display

36.5 -36.5 L A

~36.50 it

7r.cll F*R

77.8 77.8 =4pief:

(P+R] [_62.54 Resistance R in ohms. E: 5 ¥

X%y [ -46.28 Reactance X, 46.28 Sy
ohms, available in —4E. 28 k¥

displayed X-register.



Logarithmic and Exponential Functions

Logarithms
The HP-91 computes both natural and common logarithms as well as their inverse functions
(antilogarithms):

M is log. (natural log). It takes the log of the value in the X-register to base
e (2.718. . ).

is antilog, (natural antilog). It raises e (2.718. . .) to the power of the value in the
X-register. (To display the value of e, press 1 &)

is log;y (common log). It computes the log of the value in the X-register to base 10.

og @

is antilog;, (common antilog). It raises 10 to the power of the value in the X-register.

Example 1: The 1906 San Francisco earthquake, with a magnitude of 8.25 on the Richter
Scale is estimated to be 105 times greater than the Nicaragua quake of 1972. What would
be the magnitude of the latter on the Richter Scale?

M, 105
R, =R, —lo =825 — ([ log ——
Solution:

(If you want your printed copy to match the one shown here, slide the Print Mode switch
ALL
mAN M norm to NORM.)

The equation is:

Press Display
8.25 ERED 5,25 ENTH
Oedd !
105 S () 105,00 LG
-] Rating on Richter ; a
scale. . ;
Becd XEN

Example 2: Having lost most of his equipment in a blinding snowstorm, ace explorer
Jason Quarmorte is using an ordinary barometer as an altimeter. After measuring the sea
level pressure (30 inches of mercury) he climbs until the barometer indicates 9.4 inches of
mercury. Although the exact relationship of pressure and altitude is a function of many factors,
Quarmorte knows that an approximation is given by the formula:

30 30

Altitude (feet) = 25,000 /n = 25,000 In ——
Pressure 9.4
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Where is Jason Quarmorte?

Solution:

Press Display

30 30.00

943

(LN}

25000 (25000 ] 25000.00  x
a 29012.19 Altitude in feet. SO0IE. 15 kR
29012.19 | e

Quarmorte is probably near the summit of Mount Everest (29,028 feet).

Raising Numbers to Powers

The key is used to raise numbers to powers. Using the permits you to raise a
positive real number to any real power—that is, the power may be positive or negative,
and it may be an integer, a fraction, or a mixed number. also permits you to raise any
negative real number to the power of any integer (within the calculating range of the HP-91,
of course).

For example, to calculate 2% (thatis, 2 X 2 X2 X2 X2 X2 X2 X2 X2):

Press Display

2 9

512.00

512.00

To calculate 8~1-2567;

Press Display

8 600 ENTH

1.2567 B -1.2567 i =t~ A

0.07 e LT
= L. te Xxx

To calculate (—2.5)%:

Press Display

2.5 bk
e SRT
s 6 500 v
.56 *ka

In conjunction with #73, E& provides a simple way to extract roots. For example, find the
cube root of 5. (This is equivalent to 5'3.)

Press Display =G0 ENTH

5 3.00 1%
3 Reciprocal of 3. e
Cube root of 5. 1.71 k¥x
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Example: In a rather overoptimistic effort to break the speed of sound, highflying pilot
Ike Daedalus cranks open the throttle on his surplus Hawker Siddeley Harrier aircraft. From his
instruments he reads a pressure altitude (PALT) of 25,500 feet with a calibrated airspeed
(CAS) of 350 knots. What is the flight mach number

speed of aircraft

M =
speed of sound

if the following formula is applicable?

Method: The most efficient place to begin work on this problem is at the innermost set of

2
brackets. So begin by solving for the quantity [ %] and proceed outward from there.

Press Display

350 [350.00 ]

661.5 & [ 0.53 |

[ x? ] [ 0.28 | Square of bracketed J5C. GG ENT?
quantity. G6l.0l o~

281 [ 1.06 | RE

356 18 [ 0.21 | Contents of left-hand -EC_' 5
set of brackets are in l.00 =+
the stack. 2,90 1"

1 [1.00 1 00 -

6.875 E=3 6.875 00] .00 ENTY

6 6.875000000-06 | &.87o-U6 ENIT

2a500. 00

|
[

25500 3@ [ o0s2 |
[

5.2656 -5.2656 | Contents of right-hand -5.0E5E
set of brackets are in Husmes
the stack. o

[2.76 ] M

al [ 1.58 ]

.286 [ 1.14 |

-] [ 0.14 |

58 [ o.84 | Mach number of
Daedalus’ Harrier.

[ 0.84 |

In working through complex equations like the one containing six levels of parentheses above,
you really appreciate the value of the Hewlett-Packard logic system. Because you calculate
one step at a time, you don’t get ‘‘lost’” within the problem. You see every intermediate
result, and you emerge from the calculation confident of your final answer.



Statistical Functions

Accumulations

Pressing the (53 key automatically gives you several different sums and products of the values
in the X- and Y-registers at once. In order to make these values accessible for sophisticated
statistics problems, they are automatically placed by the calculator into storage registers
R., through R.5. The only time that information is automatically accumulated in the storage
registers is when the key is used. Before you begin any calculations using the (3 key,
you should first clear the storage registers used in accumulations by pressing

When you key a number into the display and press the 3 key, each of the following
operations is performed:

1.

The number that you keyed into the X-register is added to the contents of storage
register R.;. (2x— R.,)

The square of the number that you keyed into the X-register is added to the contents of
storage register R.,. (2x2— R.,)

The number in the Y-register of the stack is added to the contents of storage register
R.;. (Zy— R.y)

. The square of the number in the Y-register of the stack is added to the contents

of storage register R.;. (2y?— R.,)

. The number that you keyed into the X-register is multiplied by the contents of the

Y-register, and the product added to storage register R.5. (2xy—R.;)

The number 1 is added to storage register R.,, and the total number in R., then writes
over the number in the displayed X-register of the stack. The stack does not lift.

an'O
i X

The number that you keyed into the X-register is preserved in the (257 ] register, while the
number in the stack Y-register remains in the Y-register.

Thus, when you press B3, the stack and storage register contents are changed...

X <N -

...from this... ...to this.

=
X <N -
H
><N
P 7

LAST X LAST X
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To use any of the summations individually at any time, you can recall the contents of the
desired storage register into the displayed X-register by pressing (] followed by the
number key of the storage register address. (After you have pressed B3, recalling storage
register contents or keying in another number writes over the number of entries (n) that
is displayed. The stack does not lift.)

Example: Find 3x, 2x2, 2y, 3y?, and 3xy for the paired values of x and y listed below.

y
X
Press Display
() Ensures that storage
registers R., through
R.; are cleared to
zero initially. Display
assumes no results
remain from previous
example.
7
5 First pair is accumu-
lated; n = 1.
5 EIED o e 2
3 Second pair is i’ UL_’ ENT?
accumulated; n = 2. 5.0d “+T
9 ENED §.Cifi ENTT
8 Third pair is 308 5%
accumulated; n = 3. '-;"' uu Eﬂ”
(RCLADII| Sum of x values from &.00 2+
register R.;. K. {
J2 Sum of squares of x R"f:
values from register k.2
R.,. R.4%
)3 Sum of y values from k.S
register R.;. RO
RCLATI Sum of squares of y
values from register
R.,.
Js Sum of products of x
and y values from
register R.;.
(RCL RI) 3.00 Number of entries
(n = 3) from

register R.,.
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Listing Accumulations
You can see all of the values accumulated by the key at any time. Simply press

(£J, and the printer will print out the contents of the storage registers used for summations
along with a description for each summation.

For example, to list all of the accumulations that are now in the storage registers
from the previous example:

L157
2 &S

. R 00 N
Press Display 16.00 Ix
te L -

B 85,00 Zx=
2100 2Y

185,00 Zve

122,00 ZXY

Percent of Sum

The B3 (percent of sum) key permits you to compute the percentage that several values
are of a total, while leaving the total intact. The key computes the percentage the
number in the X-register is of the value in storage register R.,. The formula used is:

X

3x

X100 = %%,

The computed value for %2, writes over the number in the X-register, and the rest of the stack
remains unchanged. (x is, of course, preserved in the LAST X register.)

You will probably want to accumulate the total value in register R., using the key before
you press {Z51. (You could also accumulate a value in register R.; manually, by simply
storing the value there using the key.)

Example: A compound is made up of 5.4 grams of hydrogen (H), 172.8 grams of oxygen (O)
and 866.7 grams of sulfur (S). What is the percentage by weight of each chemical in the
compound, and what is the total weight of the compound?

Press Display i
) Display assumes no € 4 nga
results remain from -
revious example. L
5.4 1 613 1.00 ’ ’ dracdt E_:'
172.8 2 2.00 865, 2l g 3
866.7 B 3 3+
1 Percent H is of total R
weight. uT
[052 ] 0.52 *ax
2 33 16.54 Percent O is of total F 2
weight. 3
16.54  xar
383 Percent S is of total s

weight. %z



J
: 82.93 xxx
(J1 Total weight of the R
compound. : .1
1044.50  xxp

Mean

The (3] (mean) key is the key you use to calculate the mean (arithmetic average) of x and y
accumulated in registers R.; and R.;, respectively.

When you press ®@:

1. The mean (x) of x is calculated using the data accumulated in register R., (2x) and R., (n)
according to the formula:

- 1N _
=— DX That is, —1 =X
n ; ( R., )

The resultant value for X is seen in the displayed X-register.

2. The mean (y) of y is calculated using the data accumulated in register R.; (2y) and
register R., (n) according to the formula:

y=—2v (That s :V)
n =

R,

The resultant value for y is available in the Y-register of the stack.

The easiest way to accumulate the required data in the applicable registers is through the use
of the key as described above.

In order to see the calculated values for X and y, you can slide the Print Mode switch

ALL
man J[[Mlinorm to ALL before pressing (5). The HP-91 will compute and print both

the value for X and the value for y. To use either of these values, of course, it
must be summoned into the displayed X-register if it is not already present there.

Example: Below is a chart of a daily high and low temperatures for a winter week in
Fairbanks, Alaska. What are the average high and low temperatures for the week selected?
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Press

3

6 GOED 22

11 EIED 17

14 @D 15
12 E0ED 9
5 ENED 24
2ED EIED
29 [€B B3

9EH EIED
35ED B8

&)

Function Keys

1.00

2.00

3.00

5.00

-2.00
6.00
-9.00

-21.57

-21.57

5.29
5.29

Accumulation
registers cleared.
(Display assumes no

results remain from

previous calculations.)

Number of data pairs

(n) is now 1.

Number of data pairs

(n) is now 2.

Number of data pairs

(n) is now 7.
Average low
temperature.

Average high
temperature.

Sun Mon Tues Wed Thurs Fri Sat

High| 6 11 | 14 | 12 5 | -2 | -9

Low |—22|—-17|-15| -9 |—-24 | -29|-35
Display

€. 0C
-2z, 00
1i.00
=1¢.00
14,00
=15.00
12.G0
=5.00
e
-24.00
=2.00
-23.00
-8.00
-35%.00

T

Zeed

L 2
ENT?T
I+
ENTT
I+
ENTY
i+
ENT1
I+
ENT?
I+
ENT?
I+
ENTT
I+

AR
&Y

Ey

As shown, you can use the and keys to print the values for X and ¥, but another

method is:

ALL
Slide the Print Mode switch man J[[[linorm to ALL.

Press

&

Display

-21.57

e ap v
Vel i
Bt == g

Tola?

Notice that instead of a three-asterisk label, the HP-91 conveniently prints Y and X labels
() in ALL mode.

when you press



The illustrations below represent what happens in the stack when you press .

Press () and the contents of the stack registers are changed...
...from this... ...to this.
T t —> T t
4 z > Z z
Y y —> |ost Y y
X X X

\ LAST X
Standard Deviation

The (5] (standard deviation) key is the key you use to calculate the standard deviation
(a measure of dispersion around the mean) of data accumulated in storage registers R.,
through R.;.

When you press BE

1. Sample x standard deviation (sy) is calculated using the data accumulated in storage
register R., (2x?), R.; (2x), and R., (n) according to the formula:

The resultant value for standard deviation of x (sy) is seen in the displayed X-register.

2 Sample y standard deviation (s,) is calculated using the data accumulated in storage
registers R.; (2y?), R.; (2y), and R., (n) according to the formula:

The resultant value for standard deviation of y (sy) is available in the Y-register of
the stack.

Thus, with data accumulated in registers R., through R.5, when you press &, the
contents of the stack registers are changed...

...from this... ...to this.
T T t
Z Z z
Y > Y s
X

\X* LAST X
[ x ]



To see both of the values returned by the calculator when you press (5], you can
print out the values for s, and s, automatically by first sliding the Print Mode switch

ALL
maN Mlnorm to ALL.

To use the value for standard deviation of y (sy) simply use the key to bring that
value into the displayed X-register of the stack.

Example: In a recent survey to determine the age and net worth (in millions of dollars)
of six of the 50 wealthiest persons in the United States, the following data were obtained
(sampled). Calculate the average age and net worth of the sample, and calculate the standard
deviations for these two sets of data.

Age 62 58 62 73 84 68
Value 1200 | 1500 1450 1950 1000 1750

If you want your printed copy to match the one shown here, begin with the Print
Mode switch MANiﬁ]]]ﬂNonM set to NORM.
Press Display

(C)

Clears storage
registers used for 3.
(Display assumes no
results remain from

previous examples.)

62 62.00

1200 Number of data pairs L Z
(n) is 1. tZ. G0 ENTT
58 i200. 00 I+
1500 553 2.00 .00 ENTY
62 62.00 i50G0.00 Z+
1450 3 62.00 ENT
7 130,80 B4
1950 3 i
84 ;'154. Og ENTI‘
1000 1000.00 I+
68 66.00 ENT?
1750 g]l;r?sbgr of data pairs 1750.00 3+
® Average value of net X2y
worth. <
X%y Average age of the ..\,.:,
sample. :
8] Standard deviation
(sy) of net worth of
sample.
X%y 9.52 Standard deviation

(sy) of age of sample.



To see how the HP-91 prints both s, and s,:

ALL
Slide the Print Mode switch man J[[[liNorm to ALL.

Press Display

8] 347.49 8.5z Y
347.49 X

Notice that instead of a three-asterisk label, in ALL mode the HP-91 identifies these results
with Y and X labels when you press (5].

If the six persons used in the sample were actually the six wealthiest persons, the data
would have to be considered as a population rather than as a sample. The relationship
between sample standard deviation (s) and the population standard deviation (o) is illustrated
by the following equation.

Since n is automatically accumulated in register R., when data is accumulated, it is a
simple matter to convert the sample standard deviations that have already been calculated to
population standard deviations.

If the accumulations are still intact from the previous example in registers R., through R.;,

you can calculate the population standard deviations this way:

If you want your printed copy to match the one shown here, slide the Print Mode
ALL
switch man [l Nnorm back to NORM.

Press Display
8] 347.49 Calculate s, and sy.
©o Recall n. S
- | Calculate n — 1. E.C
ReLJONT = Divide n — 1 by n. .08 -
E8 317.21 Population standard R'q
deviation oy. =
317.21 ia ‘
X%y [9.52 Brings s, to the s e
X-register. 1.zl st
S| 0.91 Recall conversion A
factor. LETA
8 8.69 Population standard L ¢ :
deviation oy. Ca b5 KNR
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Deleting and Correcting Data

If you key in an incorrect value and have not pressed B53 , press and key in the correct

value.

If one of the values is changed, or if you discover after you have pressed the B3 key that
one of the values is in error, you can correct the summations by using the 3 (summation

minus) key as follows:

1. Key in the incorrect data pair into the X- and Y-registers. (You can use [(A5T <] to
return a single incorrect data value to the displayed X-register.)

2. Press

(3 to delete the incorrect data.

3. Key in the correct values for x and y. (If one value of an x, y data pair is incorrect,
both values must be deleted and reentered.)

4. Press B41.

The correct values for mean and standard deviation are now obtainable by pressing

(& and E.

For example, suppose the 62-year old member of the sample as given above were to lose
his position as one of the wealthiest persons because of a series of ill-advised investments
in cocoa futures. To account for the change in data if he were replaced in the sample by
a 21-year old rock musician who is worth 1300 million dollars:

Press Display

62

1200
B

21

1300 1300.

(Z+) 6.00

Data to be replaced.

Number of entries (n) 6. 0
is now five. lz2cn. 00
The new data. 21,00

1200. 00

Number of entries (n)
is six again.

EWT?

ENT?
i+

The new data has been calculated into each of the summations present in the storage
registers. To see the new mean and standard deviation:

ALl
Slide the Print Mode switch man [[[[linorm to ALL.

Press Display

® 1491.67

X%y 61.00

333.79

@]

X%y 21.60

The new average

(mean) worth. t’jl . qg
The new average 1451, 87
(mean) age available

in X-register for use. 61.00

The new standard
deviation for worth. Zil.ol

The new standard Jade g
deviation for age
available in X-register 21.60

for use.

it

-~

SRR HE £ T
» -~
-

% 4

Ast

KXx
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Linear Regression

Linear regression is a statistical method for finding a straight line that best fits a set of data
points, thus providing a relationship between two variables. After a group of data points
has been totaled in registers R., through R.5, you can calculate the coefficients of the
linear equation y = A + Bx using the least squares method by pressing 5],
(Naturally, at least two data points must be in the calculator before a least squares line can
be fitted to them.)

To use the linear regression function on your HP-91, first key in a series of data points using
the B23 key. Then press ).

When you press (C2], two values are calculated:
1. The y-intercept (A) of the least squares line of the data is calculated using the equation:

_ 3y 3x* — 3x 3xy
n 2x% — (2x)?

A

The y-intercept (A) appears in the displayed X-register of the stack.

2. The slope (B) of the least squares line of the data is calculated using the equation:

B -0 3xy — 3x 3y
n 2x2 — (2x)?
The slope (B) is available in the Y-register of the stack.
Thus, when you press (CE), the contents of the stack registers change...
...from this... ...to this.
T t T t
Y4 z z z
Y y _> Y B
X X —_—> X A
ALL
With the Print Mode switch man [J[[[[IliNorm set to ALL, the HP-91 automatically prints values
for both A and B whenever you press (A

Touse the value for B or to bring it into the displayed X-register, simply shift the stack contents
with the key.

Example: Big Lyle Hephaestus, owner-operator of the Hephaestus Oil Company, wishes to
know the slope and y-intercept of a least squares line for the consumption of motor fuel in the
United States against time since 1945. He knows the data given in the table.

Motor Fuel Demand
(Millions of Barrels) | 969 994 1330 1512 1750 2162 2243 2382|2484

Year | 1945 1950| 1955|1960 1965 1970 1971 1972 1973
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Solution: Hephaestus could draw a plot of motor fuel demand against time like the one shown

below.

-

.

-

However, with his HP-91, Hephaestus has only to key the data into the calculator using the
key, then press .

(If you want your printed copy to match the one shown here, begin with the Print Mode

switch manMnorm set to NORM.)

Press

@ (ciear)

696
1945

994
1950

1330
1955 £23
1512
1960 (23
1750 ESED
1965 (23
2162
1970 23

2243
1971

2382
1972

2484
1973

-

XY

Display

696.00
1.00
994.00

1330.00
[3.00
1512.00
4.00
1750.00
5.00
2162.00
6.00
2243.00
7.00
2382.00
8.00
2484.00

i

-118290.63

iLhirii

Stack, summation,
and storage registers
all cleared to zero.

All data pairs have
been keyed in.

The y-intercept of the
line.

Slope of the line.

CLEAR
656,00 ENTT
1945. 00 I+
254,00 ENTT
1950.00 I+
133G.0C ENTT
1955, 00 I+
1512.00 ENTY
960,00 I+
1750.00 ENT?
19€5.00 I+
2162.00 ENT1
1970.00 I+
2243.00 ENTt
1971.00 I+
2362.00 ENT?
1972.00 3+
2484.00 ENT?
1973.00 I+
LR
X2y



To see how the HP-91 automatically prints the y-intercept A and the slope B of the line:

ALL
Slide the Print Mode switch man[[[[linorm to ALL.

Press Display

LFE
=) -118290.63 Elilc B
f

T
.

-118250.6
In ALL mode, the HP-91 identifies these results with labels for A and B instead of with
a three-asterisk label.

val

Linear Estimate
With the data totaled in registers R., through R.;, a predicted y (that is, a y) can be calculated
by keying in a new x-value and pressing E3 .

For example, with data intact from the previous example in registers R., through R.;,
if Hephaestus wishes to predict the demand for oil for the years 1980 and 2000, he has only to
key in the new x-values and press E3.

(If you want your printed copy to match the one shown here, ensure that the Print Mode

switch man [J[MlinoRm is set to ALL.)

Press Display

1980 €2 Predicted demand in 196000 ¢
millions of barrels for :“C e Sai
the year 1980. :Erji'g;; gy

2000 Predicted demand in p? U;"," bz "

millions of barrels for
the year 2000.

Coefficient of Determination

To establish how well the data fits the linear regression, you may want to calculate the
coefficient of determination (r?). The coefficient of determination is a value between
0 and 1. At r = 0 you have no fit, while at r> = 1 you have a perfect fit. The traditional
equation for r? is:

a__[Be-ne-y)
o -0l [Ee -y

On your HP-91, however, the most efficient way to calculate r? is to use this equivalent

equation:
2 = n 2xy — 2x 2y |?
n(n —1)sysy
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Example: Calculate r? for the previously calculated linear regression.

ALL
Slide the Print Mode switch man JJi[[linorm to NORM if you want your printed copy to
match the one shown here.

Press Display i
[ =) -118290.63 ENT1
[ -118290.63 S

£ 10.37 | ”
a [e61.59 | =
a 0.99 Xe
[x?] [Co.99 (.55 xxx

Since the correlation coefficient is 0.99, you can assume the fit of the line is excellent.

Vector Arithmetic

You can use your HP-91 to add or subtract vectors by combining the polar/rectangular conver-
sion functions (the 32 and (ZX;) keys) with the summation functions (the 3 and (£ keys).

Example: Grizzled bush pilot Apeneck Sweeney’s converted Swordfish aircraft has a true
air speed of 150 knots and an estimated heading of 45°. The Swordfish is also being
buffeted by a headwind of 40 knots from a bearing of 25°. What is the actual ground speed
and course of the Swordfish?

Method: The course and ground speed are equal to the difference of the vectors. (North
becomes the x-coordinate so that the problem corresponds with navigational convention.)




Slide the Trigonometric Mode switch DEG%RAD to DEG.

Press

3

45 EIED

150
P>R]

25 ELED

40

B8

ED =

Display

(=]
o
o

45.00

150.

106.07

1.00

25.00

40

36.25

69.81

808 ot

Clears summation
registers R., through
R.; . (Display assumes
no results remain from
previous examples.)
0 for 1 vector is
entered to Y-register.
r for 1%t vector is keyed
in.
Converted to rectan-
gular coordinates.
15t vector coordinates
accumulated in stor-
age registers R.; and
3 .

60 for 24 vector
is entered to
Y-register.

r for 2" vector
is keyed in.

2" vector is con-
verted to rectangular
coordinates.

2nd vector rectangular
coordinates subtracted
from those of 15
vector.

Recalls both R.; and
R.;.

EL 2
45.00 ENT?
150,00 F+R

&7
25,00 ENTt
40. GG F+K

I-

k3

A
Slide the Print Mode switch man[[[[llNorm to ALL now, so that the HP-91 will automat-

ically print both desired values.

Press

R+>P

Display

113.24

Course in degrees of
the Swordfish.
Actual ground speed
in knots of the
Swordfish.

|

E+F
9l.94 @

——»113.24 F
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Section 5

HP-91 Applications Routines

In order to further enhance the usability of your HP-91, we have included in your HP-91
Owner’s Handbook dozens of keystroke routines to solve problems in several scientific

disciplines. In the next pages are routines to use your HP-91 to solve common problems from
the areas of mathematics, statistics, navigation, surveying, and finance.

To use any of the routines:

1. Begin at line #1 of the keystroke list.

Key in the information called for under DATA at line #1.

Press in left-to-right order the keys called for under OPERATIONS for line #1.
If specified under RESULTS, read the answer from the display or the paper tape.
. Note any REMARKS.

= Y

. Continue with line #2, reading from left to right.

ALL
You can place the Print Mode switch man[ll[lINorm in any of its three positions when

using the routines shown here. Of course, in MAN (manual), the printer will be idle and
will only print if you press or one of the functions. In NORM
(normal), the printer will record your inputs and the function keys you press—to record
your results, press GGIMEI . In ALL, the HP-91 prints inputs, functions, and the result of
each function. Regardless of the position of the Print Mode switch, you will find that you
can press keys quite rapidly—the internal key buffer in the HP-91 ‘‘remembers’’ up to
seven keystrokes, even though you seem to be outrunning the printer.

Within each application area, we’ve tried to arrange the routines in the order of use, with the
most common routines from each discipline at the beginning.

Don’t be afraid to rearrange and experiment with any of the routines. The HP-91 is a
tremendously powerful and versatile calculating instrument, and with a little practice, you’ll
soon be writing keystroke procedures of your own to solve the most complicated of problems
within your field.

89/90






Mathematical Applications

Quadratic Equation ............. ... . ... 92
Simultaneous Linear Equations

iNnTwo Unknowns ........... ... ... 94
Determinantof a3 X 3 Matrix ............................ 95
Hyperbolic Functions . . .. ... 96
Complex Number Operations ............................. 98
Vector Operations . .............cooiiiiiiiiiiinannn.. 102
Triangle Solutions . ........ ... 105
Curve Solutions . ... ... 114
Coordinate Translation and

Rotation ........ ... 118
Base Conversions . ............iiiiiiiii 119
Highest Common Factor ............... ... . ...oooio... 122

Least Common Multiple .............. ... i i 123




Quadratic Equation

Formula: A general quadratic equation is of the form

Ax?2 + Bx +C =0.

The equation has two roots, x; and x,.

B? — 4AC

D =
Let IAZ

2 _ —
__B '/B 4AC .. B
2A 4AZ 2A

If D =0, then x, =
R "B2—4ACif_ B
2A 4A% 2A

and x, = %
1

B . " 4AC — B?
< s = ———— * -
If D <0, then x4, x» 7A i e

= uziv

The coefficient A cannot be zero.

Examples: Find the solutions to the following equations:

1. x2=-3x —4 =0
2.2x2 +3x +4 =0

Answers:

1. D =6.25 X =4, %, = -
2. D =-144 X1, X = - 0.75 £ 1.20i

=0

<0
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LINE DATA OPERATIONS RESULTS REMARKS

1 8]

i ]

2 @

3 @ me ’ ]

4 2] - | B3
5 . | ee

6 o] - D IfD < 0, goto 11.

7 -BJ2A If -B/2A < 0, g0 10 9.
-8 X, Goto10. -
9 =] Xq

10 0a X2 Stop.
n | | comem u B
12 X%y \
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Simultaneous Linear Equations in Two Unknowns
Formula: Solve for x and y given the following:
ax + by =e
cx +dy =f

Cramer’s Rule is used to find the solution.

e b
f d ed — bf
X = =
a b ad — bc
c d
e
f af — ec
y = =
b ad — bc
c d

where ad — bc # 0.

Example:

7.32x —9.08y =3.14
Solve
12.39x + 7y =0.05

Answer:
x =0.14
y = —0.24

LINE DATA OPERATIONS RESULTS REMARKS
e 80

d (70 NFIN x|

b sTojE]

f [sroJe3f <] -]

a (sro Jaf~c Jeaf ]

BDEOERE B

(- JstoJa] - | X
CIEENER

e Jaf~c Jof x|

e@dOa y

© o N o o, R 4] N =
(o]

-
o
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Determinant of a 3 x 3 Matrix

A Az Ay
Let D = Ay Ay Ay be a3 X 3 matrix.
A3 Az agg

The determinant of D is calculated by expanding D by minors about the first column. The
formula is:

Det D =a;; (ay; ag3 — ay3 ay) — Ay (212 ag3 — A3 a30) T Ay (Ay2 pg — g3 Apy)

Example:

LINE DATA OPERATIONS RESULTS REMARKS
0

az B <}

ag B x]

ar, @

ax a

Q) x]

a;

Az a

as, B x]

(€ @A

(reL JEIN < J - |

® B8

oy <] -

ReL 16 a8

O * J - | D

o © o] ~ (2] o > N -
D [y
H] 2

- a4 a4  a a
(6 I N O S R



Hyperbolic Functions
These procedures evaluate three hyperbolic functions and their inverses.

Hyperbolic Sine

Formula:
. eXx —e™¥
hx =~ %
sinh x >
Example:
sinh 3.2 = 12.25
LINE DATA OPERATIONS RESULTS REMARKS
1 X €] Bner
2 a sinh x

Hyperbolic Cosine

Formula:
COSh X = .ﬂ
2
Example:
cosh 3.2 =12.29
LINE DATA OPERATIONS RESULTS REMARKS
1 X ex] (< I + 163
2 =] cosh x

Hyperbolic Tangent

Formula:
tanh x = 7smh X
cosh x
Example:
tanh 3.2 = 1.00
LINE DATA OPERATIONS RESULTS REMARKS
1 X o] (V) - |

2 EYCE A Oe tanh x



Inverse Hyperbolic Sine

sinh™ x =1In(x + Vx? + 1)

sinh™' 51.777 = 4.64

Formula:
Example:
LINE DATA OPERATIONS
1 X Bl0E
2 (LN]

Inverse Hyperbolic Cosine

RESULTS

sinh~' x

(x

RESULTS

Formula:
cosh™'x =In(x + Vx* — 1)
Example:
cosh™ 51.777 = 4.64
LINE DATA OPERATIONS
1 X BOOGE
2 m

Inverse Hyperbolic Tangent

(-1 <x<1

cosh ' x

+ x
- X

tanh™' 0.777 = 1.04

Formula:
tanh ' x =
Example:
LINE DATA OPERATIONS
1 0 EEED
2 X €] =) @

3 B@MEa

RESULTS

tanh ' x

1

REMARKS

REMARKS

REMARKS



Complex Number Operations

These procedures evaluate the basic complex number operations.

Complex Addition

Formula:
(a; +iby) + (a, +1iby) = (a; +a,) +i(b; +by) =u +iv
Example:
(3 +4i) + (7.4 —5.6i) =10.40 — 1.60i
LINE DATA OPERATIONS RESULTS REMARKS

1 a,

2 a, u

3 b,

4 b, \

Complex Subtraction

Formula:
(a; +1ib;) — (ay + iby) = (a; — a,) +i(b; — by) =u +iv
Example:
3 +4i) — (7.4 — 5.61) = —4.40 + 9.60i
LINE DATA OPERATIONS RESULTS REMARKS

1 a,

2 a, (-] u

3 b,

4 b, -] v



Multiplication of n Complex Numbers

Formula:

n n i z 6y
H(ak +iby) = Hrk )e o= u v
k=1

k=1

where ay +iby =rkein
Examples:
(3.1 +4.6i)) X (5 — 12i) =70.70 — 14.20i
(3 +4i) (7 — 2i) (4.38 + 7i) (12.3 — 5.44i) = 1296.66 + 3828.90i

LINE DATA OPERATIONS RESULTS REMARKS
1 (G
2 by Perform 2-3 for
3 ay (R pRLNEs+] k k=1,2 ., n
4 RCLYx+ N ex Wp+r u
5 v

Complex Division

Formula:
(a; + fb‘) _ euﬁ,—b\_,):u tiv
(ap + iby) Iy
where a, +ib; =r, e’
. i0,
a, +ib, =r,e * # 0
Example:

3 + 4i)

- =0.25 + 0.64i
7 —2i



LINE | DATA OPERATIONS RESULTS
1 b,
a,
b,
a (R+P] (RY) a
QBemeEn u
[xxy] v

o A~ W N

Complex Reciprocal

Formula:
;. = L e_iH’Z ;\éo
a+ib r
= u+iv
Example:
1 .
=0.15-0.23
2+ 3 !
LINE DATA OPERATIONS RESULTS
1 b
2 a u
3 X%y \

Complex Square

Formula:
(a +ib)? =r2e'2f
Example:
(7 — 2i)? = 45.00 — 28.00i

LINE | DATA OPERATIONS RESULTS

1 b

2 a @a

3 [ x u

4 X%y v

REMARKS

REMARKS

REMARKS



Complex Square Root

Formula:
Va+ib = i(\/;ew/z) =*(u +iv)
Example:
V7 +6i = = (2.85 + 1.05i)

LINE | DATA OPERATIONS RESULTS

1 b [ENTER ]

2 a CREENGEe

3 (PR} u

4

v

REMARKS



Vector Operations

Vector Addition

Suppose vector Vi (in two-dimensional space) has magnitude my and direction 6,(k =1,

2, ..., n). Find the sum

n
VvV = EVk =x-i'+x}
k=1

Example:
my, 6
2 30°
6.2 -45°
7.6 125°
10.7 232°
Answer:
V = —4.83{ —5.59]
LINE | DATA OPERATIONS RESULTS
1 (€3
2 O
3 my k
4 RCL X
5 X%y y
Vector Angles
Suppose X = (X1, Xz, X3)

Y = (Y1, Yzu ¥s)

then the angle between these two vectors is

X1 Y1 t X2 ¥2 + X3y

REMARKS

Perform 2-3
fork=1,2,..., n.

0 = cos™!
VxZ +x2 + X

Vy2 +y? +ys ]



Example: Find the angle between

X =(,-6.2, -7)

y = (3.15, 2.22, —0.3)

Answer:

= 84.28 degrees = 1.47 radians

LINE DATA OPERATIONS RESULTS REMARKS
1 (CLear]
X; 3 0] Perform 2-5
(R) fori=1,23
Yi %7} @
(Rl x|
Q@ @
Lol <] -] @ 0

N OO 0 A W N

Vector Cross Product

Formula:

If X = (xy, X, X3) and § = (Y1, Y2, ¥3) are two vectors, then the cross product 7 is also a vector.

Z =XXy
=(X2Ys —X3Y2,X3¥1 —X1¥3, X1Y2 — X2 Y1)

= (24, 2o, Z3)

Example:
If X =(2.34, 5.17, 7.43)
y = (.072, .231, .409)
Find X Xy
Answer:

-

X Xy =(0.40, —0.42, 0.17)
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LINE DATA OPERATIONS RESULTS REMARKS
1 X @]
Ya (B %]
X3 8]
1 N <]} z,
¥i ® BN ]
X4 ® @8
B2 z,
OEEn
OEnen
B z

© o N O 0 » 0N

—_
o

Vector Dot Product
Formulas:

Given two vectors X, )7 in an n-dimensional vector space
X = (X1, X2, «vvy Xp)
Y =01 Y2 s Yn)
the dot product is

-
X'y =Xy T Xy + ... + Xy ¥n

Example:
If X = (2.34, 5.17, 7.43, 9.11, 11.41)
§/ = (.072, .231, .409, .703, .891)
then Xy =20097
LINE | DATA OPERATIONS RESULTS REMARKS
1 X
2 Y 8
3 X; Perform 3-4
g Yi a fori =2,8,..,n
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Triangle Solutions

The basic formulas used to solve a triangle are:

1. law of sines

2. law of cosines

¢ =a% + b%2 —2ab cos C

Note: Triangle solution routines work in any of the three angular modes. When the calculator
is in DEG mode, all angles are in decimal degrees.

Given a, b, C; Find A, B, ¢

Formulas:
¢ =Va? + b2 — 2ab cos C
A = tan-! asin C
an (b —acos C
B =cos™' [~ cos (A +C)]
Example:
Given C = 28°40’ (convert angle C to decimal degrees)
a =132
b =224

Find c,A,B



Answer:

¢ =125.35
A =30.34°
B = 120.99°
LINE | DATA OPERATIONS RESULTS
1 c
3 b | D@ oD c
4
5 ) B

Given a, b, c; Find A, B, C

Formulas:
A = 2 C0571 ( M)
V bc
B = tan-! b sin A
c —bcos A
where S =(a + b + ¢)/2
C =cos™! [— cos (A + B)]
Example:
Given a =303
b =40.4
c =62.6
find A, B, C
Answer:

A =23.66° = 0.41 radians = 26.29 grads
B =32.35° = 0.56 radians = 35.95 grads
C =123.99° = 2.16 radians = 137.76 grads

Il

REMARKS



LINE DATA OPERATIONS RESULTS
1 a sToJ D}
b (sTojB)]
c oo e
8 CIED G @8 O
(- ) xJre B - |
re 1B - ]
Emm[el) < ) stoj i) A
a8 EED anE
<2y | - Qaspl x2y] B
[rcL JBBY + Jecosy chis]
(cos) (e}

© © N O 0 » 0N

-
- O

Given a, A, C; Find B, b, c

Formulas:
=2 sin (A + C)
sin A
¢ = Va? + b2 —2abcos C
B = tan-! b sin C
a —bcosC
Example:

Given a=17.5
= 1.09 radians

C
A = 0.72 radians

Find b,c, B
Answer:

b =25.78

c =23.53

B = 1.33 radians

REMARKS
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LINE DATA OPERATIONS RESULTS REMARKS
1 a ®
c @
A B+ N Sin
EIf sin ] -] @
a b
@ (P
Ueme e
B

@® N O 0O~ 0N

Given a, B, C; Find A, b, ¢

Formulas:
_ a sin C
sin (B + C)
b = Va? + ¢ — 2ac cos B
A =cos™! [—cos (B + O]
Example:
Given a =252
B =35.3°
C =68.5°
Find c,b, A
Answer:
c =24.14
b = 14.99

A =176.20°
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LINE DATA OPERATIONS RESULTS

REMARKS

Py

sTo 6}

B stof Bl
[stoJEIN sin Wre ]
reLJEIN I SN N - ]
[reL [N x K so |83} c

 @E@E D
(reL [N x>y | - Jr+r] b
[xxy Jre |63}
@B = A

© ©® N O 0o » W DN

Given B, b, c; Find a, A, C
Formulas:
_csin(B +C))

sin C,

where

C =

A = tan-! asin B
c —asinB

C =cos™' [~ cos (A + B)]

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

Example:
Given b =31.5
c =51.8
B =33.67°

Find a, A, C




Answer:

C =65.74°
a = 56.05
A = 80.59°

Alternate answer:

C =114.26°
a =30.17
A =32.07°

LINE DATA OPERATIONS RESULTS
1 b (sTo N El
c (sTo )]
B [sToJEIN SIN I x JrcL |
@] -] (Ema) s 7o)
@ C,
ENEBR e
[+ I SNl ] <]
@8 a
(reLJEIN x>y fesrfReL ]
CENeEn &9 A
reL JEIN + Jcos]
) c
NG EBERE

© O N O O s~ W N

- a4 a4
w N =+ O

Given a, b, c; Find Area

Formula:

area = VS (S —a) (S —b) (S —c)

where S =1/2 (a + b+ ¢)

Example:
a = 5.31

b =7.09
c = 8.86

REMARKS

If b = c, stop.
Go to 6 for alternate

solution
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Answer:
area = 18.82
(S =10.63)
LINE DATA OPERATIONS RESULTS REMARKS

1 e Ee|d .
2 b @ -

3 c | EPROoGa , S -
4 @ ]
5 (-] @ !
6 . | @Xmy I
7 28 area

Given a, b, C; Find Area
Formula:
area = 1/2 absin C

Example:
a =5.3174
b = 7.0898
C :l = 450
4
Answer:

area = 13.33
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LINE DATA OPERATIONS RESULTS REMARKS
1 a | Setmachineto
| 2 b B3 aﬁ S desired mode
3 c |me o ‘aea | (DEG, RAD, or GRD).

Given a, B, C; Find Area

Formula:
area = a’ sin BsinC
2 sin(B + 0O
Example:
a = 14.625
B =70°32"12"
C =62°57'28"
Answer:
area = 123.80

Note: In this example, convert angles to decimal degrees before using trigonometric function
keys.

LINE | DATA OPERATIONS RESULTS REMARKS
1| a 18] - I 7 B | Setmachine to
2 | B O ED desired mode
‘ 3 o ] () sin I ] Vﬁiﬁr | SDEG, RAD, or GRD). -
4 h @ (] area




Given Vertices; Find Area

Formula: Given the three vertices (x;, ¥;), (X2, ¥2), (X3, y3) of a triangle,

I
arca =T Xo
X3
1
=__—|x —
2 [ 1(y2

Y1
Ya
ys 1

¥s) T X2 (¥s —y1) + X3 (V1 _Y2)]

Example: Compute the area of a triangle with vertices (0, 0), (4, 0), (4, 3).

Answer:
6.00
LINE DATA OPERATIONS RESULTS REMARKS
1 Y2 0]
2 Y ey -]
3 X a @
4 ¥ ) -]
5 X a @)
6 o] -}
7 X3 (<) +Jeay - | Area
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Curve Solutions

Notation:

T = Tangent distance
C = Chord length

L = Arc length

R = Radius

A = Central angle

Given A and R, Find Remaining Parameters
Plus Sector and Segment Area

Formulas:

T =R tan (1/2 A)

C =2Rssin (1/2 A)

L = A 7w R/180

Sector area = LR/2

Segment area = Sector area — 1/2 R? sin(A)

Example:

A =45°30'23"

R =223.181
Answers:

1/2 A =22°45' 12"

T =93.602

C =172.636

L =177.258

Sector area (V) = 19,780
Segment area() = 2,015



LINE | DATA

1
2 A
3
4
5 R
6
7
8
9

10

11

12

13

14

OPERATIONS
(e
wem
] -
—
.
[reL ) sin BrcL]B)]
oo
O @mE o
288
+]
.
@EE @O
Ao
ee

RESULTS

12 A

L

Sector area

Segment area

Given R and C, Find Remaining Parameters
Plus Sector and Segment Area

Formulas:

R = C/(2 sin (1/2 A))
A =2 sin7! (1/2 C/R)
T =R tan (1/2 4)

L = A7 R/180
Sector area = LR/2

Segment area = Sector area — 1/2 R% sin A

Example:

C =172.636

R =223.181
Answers:

A =45°30'23"

12 A =22°45" 11"

T = 93.602

L =177.258

Sector area (y) = 19,780
Segment area (&) = 2,015

REMARKS



LINE | DATA OPERATIONS RESULTS REMARKS

)

C [enrers O - |
sofAaY - | G
(sTo i) Gavs) 12 A
(re JEIN ran JrcL B
] T
(ReL1EY] (@ ~ ]
OB
a L
ReL B3N < Jea) - | Sector area
(ReL]B))
GREBae
8e Segment area

© O N O 0~ W N =

- =
- o

- -
w N

Given A and C, Find Remaining Parameters
Plus Sector and Segment Area

Formulas:

R = C/[2sin (112 1)]

T =R tan (1/2 A)

L = A7 R/180

Sector area = LR/2

Segment area = Sector area — 1/2 R? sin A

Example:

C =172.636

A =45°30'23"
Answers:

1/2 A =22°45" 12"

R =223.181

T = 93.602

L =177.258

Sector area (7 ) = 19,780
Segment area (o) = 2,015
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DATA

OPERATIONS

RESULTS

REMARKS

5

Evren Jea] -]

m o Ee
affcven f
I sn]-Fsoln)
re ol Tan] x|

e Jul e -]
ool Jolo)

-]

@moaoa
rejalTrc o
al-Isv]-]a)
as

12 A

L

Sector area

Segment area
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Coordinate Translation and Rotation

Suppose point P has coordinates (x, y) with respect to the rectangular coordinate system
(x, y axes). Let (x,, y,) be the center of a new coordinate system rotated through an angle 6.
Find the new coordinates (x’, y') of P with respect to the new system having x’, y' axes.

Formulas:
x" = (X — X,) cos 0 + (y — y,) sin 6

’

y'=—(X —X,)sin 0 +(y —y,) cos 6

Example: Translate the point (1, 3) to a new coordinate system with center at (—1, 4) at
30° to the old system.

Answer:

x' =1.23

y' = —1.87

LINE DATA OPERATIONS RESULTS REMARKS

1y
2 Y &8 - .
38 | x @@

4 R B R - - S
5 0 BERED - X
6 I , ) Sy | InALL this

is not needed.




Base Conversions

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

Decimal Integer to Integer in Any Base

Lip = Jp

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

i.e. Jb = (d1 d2 === df+1)b

For large numbers, J,, = (d; d; --- dg;), - bf. See example 3.

LINE DATA
1 b
2 |
3
4
5 f
6
d,
d;
9

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

OPERATIONS

mm

a

CLX

[enters JRCLIED)
QDB

a8

an

E @

RESULTS

E,

E,
Eiv
ey

REMARKS

Let f be the largest

integer < D.

d; = integer part of
Ei(i=1,..,f).

Perform 8 fori =2, ..., f.

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

Answer:

120610 = 4B6]6 (f = 2)
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LINE DATA OPERATIONS
1 16 (EnTER+ JENTER?)
2 1206 &0 00 E9E
3 a
4 CLX
5 2 (reL 6]
6 @ [+]
7 4 an
8 11 an

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

Answer:

513, = 1001g

LINE A DATA OPERATIONS
8

-

2 513 (so JEDRLN Iy JLn ]

3 a

4 CcLX

5 3 xxy Wenters lenters lRCLED)
6 (0D 6 8

7 1 88

8 0 28

9 0 (- x]

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

Answer:
6.023 X 10% = 1.7743; X 826

RESULTS

2.56

4.71
11.38
6.00

RESULTS

3.00

1.00
0.02
0.13
1.00

REMARKS
f=2
d, =4
d, = 11
d; = 6
REMARKS
f=3
d, =1
d, =
d, =
d, =1
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Note: If we consider 6.023 x 1023 to be a scientific measurement good only to four significant
digits, it is meaningless for the octal representation to contain more than 5 significant digits.
Therefore, we stop before the loop is completed.

LINE DATA OPERATIONS RESULTS REMARKS
1 8 eEE
2 BREIEE
3 a
4 [+ ] 26.33 f = 26 (Note: this gives

the exponent in base 8.)

5 CLX

6 26 ®

7 (ReJ R¢) ] - | 1.99 d, =1

8 1 e8 7.94 d, =

9 7 en 7.54 d; =
10 7 a8 4.34 d, =
1 4 28 2.69 ds = 3 (rounded), stop.

Integer in Base b to Decimal

(dy dy ---dp—y dp)p = Iy

Examples:

1. 73002046153 = 123740465,
2. 7DOF,¢ = 32015,,
(A =10,B=11,C =12,D =13, E = 14, F = 15 in the hexadecimal system.)

LINE DATA OPERATIONS RESULTS REMARKS
1 b
2 d, a8
3 d; a Perform 3 for
i=2 .. n-1

4 d,



Highest Common Factor

The highest common factor (or greatest common divisor) of two positive integers a and b is
the largest integer which divides both a and b. We write it as HCF(a, b).

Example:
HCF (51, 119) = 17.00
LINE DATA OPERATIONS RESULTS REMARKS

1 a 0]

2 b

3 0] =] D Let f be the largest
integer < D.

4 f )]

5 a8 E If E= 0, go to 8.
Otherwise, continue with
line 6.

6 a ]

7 Go to 3.

8 @] HCF(a, b)



Least Common Multiple

The least common multiple of two positive integers a and b is the smallest positive integer
that both a and b can divide.

a-‘b
LCM(a,b) = ——M—
@) = HcFa b
Example:
LCM(51, 119) = 357.00
LINE DATA OPERATIONS RESULTS REMARKS

1 a ® Q)]

2 b @

3 e D Let f be the largest
integer < D.

4 f afx

5 = E If E =0, go to 8.
Otherwise, continue with
line 6.

6 ® 0]

7 Goto 3.

8 0 EE

@28 [ LCM (a,b)
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Exponential Curve Fit .......... ... ... .
Power Curve Fit . ... e
Analysis of Variance (One-Way)..........................
Covariance and Correlation
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Normal Distribution . ...t
Inverse Normal Integral ................... ..
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CombinationNs . ......ii
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F StatistiC . ..ottt
Paired t StatistiC . . ......covii i s
t Statisticfor TwoMeans ..ot
Factorial and Gamma Function..................... ... ...




Exponential Curve Fit

Formulas: For a given set of data points
{xi, y0, i =1,2, ..., n}
this procedure fits an exponential curve of the form
y = aeP*
(a>0)
The equation is linearized into
Iny =Ina + bx

The following statistics are computed:

1.  Coefficients a, b

2x; Iny; - (2x))(ZIn y;)
b= n

I
n

a=exp|:2lnyi -b 2:’ ]
n

2.  Coefficient of determination

2
[Exi In y; _% 2x 2 1n YZI

3x;)2 2 Iny))?
[Exiz —(_;:)__] [E(m yi)z —_ (%.]

3. Estimated value y for a given x

2 =

y = aePX
Note: n is a positive integer and n # 1.
Example:

Xi 72 131 195 258 3.14
y; | 216 161 1.16 .85 .50



Answer:

a =345

b = —0.58

y = 3.45¢70-:58x
rr =0.98

Forx =1.5,y =1.44

LINE @ DATA OPERATIONS

Yi

X

Yk

Xic =

5 @ 68 O

[y [ sTo el
&) -]
- W)

x | oo mos
0] ]

RESULTS

r2

<>

REMARKS

Perform 2-3 for
F=1,2 .0
Perform 2’ -3’ to delete

erroneous data x,, Y.

For a new x, go to step 8.
For a new case, go to

step 1.



Power Curve Fit

Formula: For a given set of data points

{(Xi, yi)’ i= 1, 2, R ¢ |

where Xi >0andy; >0
this procedure fits a power curve of the form
y = ax?
(a>0)

By writing this equation as

Iny =blnx +Ina

the problem can be solved as a linear regression problem.

Output statistics are:

1.  Regression coefficients

(% In x;)(Z In y;)
n
_ (3 1n x;)?
n

3(In x;)(In y;) —
b =

3(n x;)?

a = exp [ZI::Yi b EI:Xi ]

2. Coefficient of determination

[E(m x)(n y;) JEI_““M] 2

n

[E(In X1)? —M] [E(In Vi)? — (ZIny)® ]
n n

3.  Estimated value y for given x
y = ax

Note: m is a positive integer and n # 1.



Example:

X 10 12 15 17 20 22 25 27 30 32 35
yi| 095 1.05 125 1.41 173 200 253 298 385 4.5 6.02

Answer:
a =0.03
b =1.46
y = 0.03x!6
rr =0.94
For x =18,y =1.76
x =23,y =2.52
LINE | DATA OPERATIONS RESULTS REMARKS
1 32
2 Xi m Perform 2-3 for
3 yi i i=f.2 n.
2’ Xk Perform 2’ -3’ to delete
3’ Y () erroneous data Xy, Y.
4 (N e ® a
5 @ b
6 ) -]
7 aa: r
8 X @ ®
9 8 y For a new x, go to step 8.

For a new case,
go to step 1.



Analysis of Variance (One Way)

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

The key sequence yields the analysis of variance table: sum of squares (SS), mean squares
(MS), degrees of freedom (df), and the F ratio.

Formulas:

Xij —

j=
2

i=1
N;

(2) (%)

1
n;

kK n 2

kK n ( Z Z Xij )

Total SS = 2 2 L_
i=1

1

k
Treat SS = 2
i=1

Error SS = Total SS — Treat SS
Treat df =k — 1

k
Error df = Eni —k

i=1

Treat MS = M
Treat df

Error MS = Error SS
Error df

k
Treat MS . E

F=—7"+— thk — d i —
Error MS (w1 k —1lan < n; —k degrees of freedom)
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Example:
]
; 1 2 3 4 5 6
1
1 10 8 5 12 14 11
Treatment 2 6 9 8 13
3 14 13 10 17 16
Answer:

Total SS = 172.93

Treat SS = 66.93

Error SS = 106.00

Treat df = 2.00

Treat MS = 33.47

Error df = 12.00

Error MS = 8.83

F = 3.79 (with 2 and 12 degrees of freedom)

LINE DATA OPERATIONS RESULTS REMARKS
1 ]
2 1 @] [+ O} Perform 2-8 for
s e = 1 ri = 1,2,7.... k.
3 Xij i Perform 3 for
e e e f=1,2 ., 0. :
4 © (=]
5 of--T JoI '} B
6 a8 @
i ole) >
8 @ -
9 B @O E
10 @y - |- Total SS
Ll ] ReL 16
| 12 [- ] Treat SS
13 a8 Error SS
14 ) EE O
15 (-] Treat df
16 8 Treat MS
17 © @
18 -] Error df
19 [+ ] Error MS
20 a F




Covariance and Correlation Coefficient

Formulas: For a set of given data points {(xi, yi), i =1,2, ..., n}, the covariance and the

correlation coefficient are defined as:
1 1
Exiyi - Exi Eyl
-1 n

or sy, - (inyi - 2x; Eyi>
n n

covariance Sy, =

Sxy
Sx Sy

correlation coefficient r =

where s, and s, are standard deviations

o = [/ 3x% — (2x;)%*n
¥ n—1

s. = af 2y — (Zy)*n
v n—1

Note: —1 <r < |

Example:
yi 192 85 78 81 54 51 40
X; 126 30 44 50 62 68 74
Answer:
r = —0.96
Sxy = —354.14

Sxy = —303.55
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LINE | DATA OPERATIONS RESULTS REMARKS
1 Ea
2 Yi Perform 2-3 for

=1, 2.0

B e

X; i
Y Perform 2 -3’ to delete

X — erroneous data X, Y.
2 a3
aa r
mog
a Suv

[~ Jojo
a]-1-1-] Sy

T

|
|

© ® N o o~ W N ©

il
T
|




134 Applications: Statistical

Normal Distribution

Formulas: The density function for a standard normal variable is

f(x) = 2
(x) 5;6

The upper tail area is

1 fx e
= 2 dt
Qx) Eer

For x = 0, polynomial approximation is used to compute Q(x):
Q(x) =f(x) (byt + by 2 +byt® + by t* +b; ) + €(x)

where |€(x)| <7.5 x10°®

t=—1  1=02316419
1 +rx

b, = .31938153 b, = -.356563782
by = 1.781477937 b, = -1.821255978
b; = 1.330274429

Il

Note: The routine only works for x= 0. Equations f(-x) = f(x), Q(-x) =1 — Q(x), where
x = 0, can be used to find f and Q for negative numbers.

Examples:

1. x=1.18 2. x =228
f(x) = 0.20 f(x) = 0.03
Q(x) =0.12 Q(x) =0.01
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LINE

DATA

OPERATIONS

RESULTS

REMARKS

-

e
—_

© ® N O O A W N

-
o

soln)
[srola)
ol
e
ol
60 B
meEee
EommmoE
0EB 60
o m@mEa

0) @3 EIED EOED

_._.
@ N

T

EIED O 6 0 D

| Poome

‘
— | —
RTINS

—_
(o))

[+ J < Jre Bl + ]

[ x JrcLNEDN + I x ]
1 —

Q(x)

Go to 7 for new x.
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Inverse Normal Integral

Formulas: This procedure determines the value of x such that

2
x5
e °
Q =f dt
X 27T

where Q is given and 0 < Q < 0.5.

The following rational approximation is used:

cp ot +cyt?
X =t — + €
1 +d,t +d, 2 +d, ¢ Q

where |€(Q)| < 4.5 x 104
1

t = In >
¢y = 2.515517 d, = 1.432788
¢; = 0.802853 d, = 0.189269
c, = 0.010328 d; = 0.001308
Examples:
Q =0.12 Q =0.05

x =1.18 x =1.65
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LINE DATA OPERATIONS RESULTS REMARKS
1 Co ©@

2 | o | =
C @
4 | mm
d, S0l
¢ |
0 |PEmEed
6 CIED COED COED G
Rm@mOE
10 [ x BrCLIETN + ) x]
1" o) ReroJagey
12 @Bd
13 B@i

14 (ReLNpall - B -] X Go to 7 for new Q.

© ©® N o 0 » W




Permutations

A permutation is an ordered subset of a set of distinct objects. This procedure calculates the
number of possible permutations of ‘‘a’’ objects taken ‘‘b’’ at a time.

Formula:
_ . al
2Py = P(a, b) —m)—!
where a, b are integers and 0 <b = a.
Example:
Ps = 2520.00

Notes:

aPo = 1

aPr =a

aPa = a!

Procedure requires a < 69.

LINE | DATA OPERATIONS RESULTS REMARKS

1 a @ (LAsTx)
2 b = @a aPo



Combinations

A combination is a selection of one or more of a set of distinct objects without regard to order.
This procedure calculates the number of possible combinations of ‘‘a’” objects taken “‘b’’ at
a time (binomial coefficient).

Formula:
a . al
=,C, =C§ =C(@a, b) =———
(b) alt b (a, b) bla — b)!
Example:
/Cs =21.00
Notes:
aC(D = aCa = 1
aCi =aCay = a

Procedure requires a < 69.

LINE | DATA OPERATIONS RESULTS REMARKS
1 a @ (Easty
2 b =2 (LasTy) @



Random Number Generator

Formulas: This procedure calculates uniformly distributed pseudo random numbers u; in
the range

using the following formula:

u; = fractional part of [997 ui_l]
where u, = 0.5284163.

Example: Using the above u,, generate a series of uniformly distributed random numbers.

0.83, 0.56, 0.27, 0.04, 0.20, 0.75, 0.83, 0.95,...

LINE DATA OPERATIONS RESULTS REMARKS
1 997
2 .5284163
3 B8 D, Perform 3-4 for
L=1,2 8 v

a4 fi =] u; Let f, = integer part of D,.



Mean, Standard Deviation, Standard

Error for Grouped Data

Formulas: Given a set of data points

X1y X2, -.ny Xp
with respective frequencies
fi, £, ..., £y
the following statistics are computed:
mean X = fix,
2f;

EfiXiZ - (Efi)xz

standard deviation s =

Zfi - 1
S
standard error sz = X
V2f;
Example:
X 2 3.4 7 11 23 3.41
fi 5 3 4 2 3 1
Answer:
X =7.92
s =7.52

ss = 1.77
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LINE

DATA OPERATIONS

RESULTS

REMARKS

-

X

Perform 2-5 for

=12, ... n

| | con@Emao

R s EnaEm

O EDEE

ke ]ojafsolo}

e T

© o N o o » W

me

10

EBOEa

Sk




Chi-Square Statistics

Chi-Square Evaluation

This routine calculates the value of the x? statistic for the goodness of fit test by the equation

where  O; = observed frequency
E; = expected frequency

Example:
O; 8 50 47 56 5 14
E; 9.6 46.75 51.85 54.4 8.25 9.15
Answer:
X =4.84
LINE | DATA OPERATIONS RESULTS REMARKS
1 (Ctear)
2 E Perform 2-3 for

3 O emEman =12 N



2 x k Contingency Table

Formulas: Contingency tables can be used to test the null hypothesis that two variables are

independent.
1 2 3
A a az as
B b, by by
Totals N; N, N

Test statistic x* has k — 1 degrees of freedom.

N a? N
NS
E N; Ng

k
EIN

bx

k
b
2

Totals
Na
Ng

N

o

-N

X =

K

NAill

i

Pearson’s coefficient of contingency C measures the degree of association between the two

variables.
e/ ¥
N + @
Example:
1 2 3
A 2 5 4
B 3 8 7
Answer:
X = 0.02

C =0.03
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LINE

DATA

OPERATIONS

RESULTS

REMARKS

-

a;

EIED

Perform 2-7 for

isofpfisol + o)

i=1,2 .,k

Lo Ysiofafsol +]

0 6EEE

[y [+ Jre fEIl

Eem

recJolalrc o)

© ©®© N o o A~ 0N

BEOE D

_
o

peEDEe

-
-

recjofrcfo]+]

-
N

[
|
|
|

-
w

OED D O O G

-
S

@)+ +] - )]




F Statistic

This procedure is used for testing two population variances.

Formulas: Given independent random samples {xi, i=1,2,.., nx} and {yi, i=1,2, ...,ny}
taken from two normal populations whose variances are o,* and o7, the F statistic, withny, — 1
and n;, — 1 degrees of freedom (df), can be used to test the null hypothesis

Hy: 02 = 02

F is computed from the following:

F=_—X
Sy
where s, = sample variance of x
s> = sample variance of y
Example:
x: 91, 103, 90, 113, 108, 87, 100, 80, 99, 54 (ny = 10)
y: 79, 84, 108, 114, 120, 103, 122, 120 (ny =8)
Answer:
=1.02 (df =9 and 7)
LINE DATA OPERATIONS RESULTS REMARKS
1 (G5
2 X 5+ i Perform 2 for
i= 1,2 .n
3 ) )
4 (G5
5 Yi 4] i Perform 5 for
=12, ..
6 8 ' ®

7 EHena F



Paired t Statistic

Formulas: Given a set of paired observations from two normal populations with means
M1, Mo (unknown)

Xi X; Xo ... Xn
Yi Y1 Y2 ¥Yn
let
Dl =Xy — }’.
n
— 1
D= — D;
n =
D2 — - (3D
n
Sp = B
s = Sp
5 =
Vo
The test statistic
D

Sb

which has n — 1 degrees of freedom (df), can be used to test the null hypothesis

Hy: 1y = o
Example:
Xi 14 17.5 17 17.5 154
yi 17 20.7 21.6 209 17.2
Answer:
t =-7.16

df =4.00
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LINE

DATA

OPERATIONS

RESULTS

REMARKS

-

X;

Perform 2-3 for

=120

Yi

e

[ JajrcLIDN0

GO0

QEnoea

N o a0~ W

retjolaials)

df




t Statistic for Two Means

Formulas: Suppose {x,, X2y «-vs x"l} and {yl, Yoo «ens y,,2} are independent random samples

from two normal populations having means u;, m, (unknown) and the same unknown
variance 2.

We want to test the null hypothesis
Ho: py =, =D

where D is a given number.

Define

|

n,
LD
=_ X

1=1

n,

XxX—-y—-D
\/ 1 + 1 J Exiz —n,'Xz + Zyiz - nzyz
n, n, n, +n, —2

We can use this t statistic, which has the t distribution with n; + n, — 2 degrees of freedom, to
test the null hypothesis H,.

Example:

x: 79, 84, 108, 114, 120, 103, 122, 120
y: 91, 103, 90, 113, 108, 87, 100, 80, 99, 54

n, =8
n, = 10

If D =0 (i.e., Hy: u; = w)
then

X = 106.25
=925
t
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LINE | DATA OPERATIONS RESULTS REMARKS
1 g
2 X i Perform 2 for
=12 .5 by
3 Q@GR -
4 @EOOERO - ’ -
5 BN olal-<lak - N - i
6 a8 @ % - .
7 B 3 o
8 Yi j Perform 8 for
=12 ... n,
0 = @ Y
10 b |mE ® o |
11 ﬁ@ o S
12 EoOomea 7 | - ]
13 amem ’
14 RO
15 emuzo . ’
16 @EE@E -
17 o é]ﬂ@i 7
R QEo®
19 Bﬂﬂiiww Tt




Factorial and Gamma Function

This procedure uses Stirling’s approximation to compute factorial. From factorial, Gamma
function can easily be calculated.

Notes: This approximation can be used for positive x < 69 (otherwise the answer is > 10'%0).
This approximation is good for large x.
For x <1, use polynomial approximation.

To compute Gamma function, I'(x) = (x — 1)!

Formula:
T o (1 P S S RN V) )
12x 288x> 51840x3 2488320x*
Example:
4.25! =35.21
LINE DATA OPERATIONS RESULTS REMARKS

1 3

2 X 18]

3 (G x Jre ll x|

4 () x Jre lcrsfex

5 [ ] CmA

6

7 12 7 en

8 288 B pes

9 139

10 51840 B EHBREIm

—_
-

571
12 2488320 | @I ER
13 EEOE0
14 [+ JreoJa) x!
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Interest (Compound)

This procedure applies to an amount of principal that has been placed into an account and
compounded periodically with no further deposits. With any three of the important variables
given, a fourth may easily be calculated.

FV

PV

Notation:

n = number of time periods

1 = periodic interest rate expressed as a decimal
PV = present value or principal

FV = future value or amount

I = interest amount

Future Value
Formula:

FV =PV (1 +i)"

Example: Find the future amount of $1000 invested at 6% compounded annually for 5 years.

Answer:
$1338.23 (Note: i = 0.06)

LINE | DATA OPERATIONS RESULTS REMARKS
1 i 0
2 n | e

3 PV 8 FV



Present Value

Formula:

FV
a+in

Example: What sum invested today, at 6% compounded annually, will amount to $1500 in 5
years?

Answer:
$1120.89 (Note: i = 0.06)

LINE DATA OPERATIONS RESULTS REMARKS
1 FV
2 i ®
3 n [y <] PV

Number of Time Periods

Formula:

FV
In { ——
PV )

In (1 +1)
Example: If you deposit $250 in a savings account at 6% interest, compounded annually,
how long will it take for your money to double?

Answer:

11.90 years (Note: i = 0.06)

LINE DATA OPERATIONS RESULTS REMARKS
1 FV
2 PV 8 mo

3 i ome n



Rate of Return

Formula:

- ()

Example: Find the annual rate of return if $2000 doubles in 10 years when compounded
monthly.

Answer:
6.95% (0.0695) annually

(Note: n = 120 months; FV = 4000; answer must be multiplied by 12 to find an annual rate
of return.)

LINE DATA OPERATIONS RESULTS REMARKS
1 FV
2 PV a
3 n 1IBO8

Interest Amount
Formula:
=PV [(1 +i)" —1]

Example: Find the compounded interest on $2000 for 5 years if interest at 5.5% is compound-
ed monthly.

Answer:
$631.41
(Note: n = 60 months; i = 0.055/12)

LINE DATA OPERATIONS RESULTS REMARKS
1 i GED U8
2 n oe

3 PV 8 I



Nominal Rate Converted to
Effective Annual Interest Rate

This procedure calculates the effective or compounded annual interest rate when the number
of periods per year and the nominal annual interest rate are known.

Finite Compounding
Formula:
Effective = (1 + )" —1

Example: What is the effective annual rate of interest if the nominal (annual) rate of 6% is
compounded monthly?

Answer:
6.17% (0.0617)
(Note: n = 12,1 = .06/12)
LINE | DATA OPERATIONS RESULTS REMARKS
1 @
2 i M
3 n (-] Effective

Continuous Compounding

Formula:

Effective =e' —1

Example: A bank offers a savings plan with a 5.75% annual nominal interest rate. What is the
annual effective rate if compounding is continuous?

Answer:
5.92% (0.0592)
(Note: i = .0575)
LINE DATA OPERATIONS RESULTS REMARKS
1 i BOB

2 (@ Effective



Note: Some banks offer 365 days of continuous compounding on a 360-day basis. To find the
effective interest rate, use the following procedure.

LINE | DATA
1 i
2
3

: 365)
e 360 )

OPERATIONS
EENEEEa
BIOION -]
BElEEE

RESULTS

Effective

REMARKS



Add-On Rate to Annual Percentage Rate (APR)

This procedure converts add-on interest rate (when a percentage of the loan amount is added on
as a finance charge) to the true rate of interest (annual percentage rate).

Formula:

600 ni

APR =
3n +1) + [(n — l)ni/m]

where n = number of payments
m = number of payments in one year
1 = add-on interest rate

Note: This formula will give an approximate, not an exect, answer.

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

Answer:

9.27%
(Note: i = 0.05)

LINE 'DATA OPERATIONS RESULTS REMARKS
1 i ®
n B3] x] @
e
m a2 @0
BBaEO
© @8
(0] x| = APR

N O o A WwoN



Periodic Savings

This procedure calculates payment, future value, or number of time periods for a schedule of
periodic payments into a savings account, given the interest rate and two of the other three
variables.
FV
1 2 3 n-2| n-1 n

PMT PMT PMT PMT PMT PMT PMT

Notation:

n = number of payments

i = periodic interest rate expressed as a decimal
PMT = payment (at the beginning of the period)
FV = future value

Note: Payments are assumed to occur at the beginning of the time period (annuity due or

‘‘payments in advance’’).
Number of Periods
Formula:

m | EY gy
~ PMT

n = - -1
In (1 +1)

Example: If you deposit $100 a month in a savings account which earns 5%% interest
(compounded monthly), how long will it take to accumulate $2000?

Answer:

19.10 months
(Note: i = 0.055/12)

LINE | DATA OPERATIONS RESULTS REMARKS
1 i 0
2 FV (x]
3 PMT = Nrc JOIE)
4 @am
5 omelOa n



Payment Amount
Formula:
_ FV -i
(I +)™ =1 +i)

PMT

Example: In 3 years you will need $5000. How much should you deposit each month, if you
will receive 6% annual interest, compounded monthly?

Answer:
$126.48
(Note: n = 36, i = .06/12)
LINE | DATA OPERATIONS RESULTS REMARKS
1 i 88
2 FV B0 ®
3 @
4 n () + §y>Jret ]
5 pEa PMT

Future Value

Formula:
PMT

1

FV = [ +imt =1 +10)]

Example: You are depositing $1000 per year in a savings account earning 7.5% interest
compounded annually. How much will you have in 10 years?

Answer:

$15,208.12
(Note: i = 0.075)

LINE | DATA OPERATIONS RESULTS REMARKS
1 i OO

2
3 n GIED () 0 36 9

4 &2

5 PMT [EEOa FV



Direct Reduction Loan

Given any three of the variables listed below, these procedures calculate the fourth for a direct
reduction loan (the type of loan commonly used for mortgages).

PV
1 2 3 n-2 | n-1 n

PMT  PMT PMT PMT PMT

Notation:

n = number of payments

i = periodic interest rate expressed as a decimal
PMT = payment

PV = present value or principal

Payment Amount
Formula:

pMT = PV i
1 -1+

Example: What monthly payment is required to pay off a $5000 loan at 9.5% interest in 36
months?

Answer:

$160.16
(Note: i = 0.095/12)

LINE DATA OPERATIONS RESULTS REMARKS
1 i B8O
PV ] D)0
n EREE O &
a8 PMT

A W N

Present Value

Formula:

PV = PMT [M]
1



Example: You are willing to pay $125 per month for 36 months. If the current interest rate is
9.5%, how much can you borrow?

Answer:

$3902.23
(Note: i = 0.095/12)

LINE DATA OPERATIONS RESULTS REMARKS
1 i O®
2 n chs ]y HEIN x-y -]
3 Oa
4 PMT | B PV

Number of Time Periods

Formula:

_ In(1 — i PV/PMT)

n = -
In(1 +1i)

Example: How many payments are required to pay off a loan of $4000 at 9.5% annual
interest, with payments of $175 per month?

Answer:

25.31 months
(Note: i = 0.095/12)

LINE | DATA OPERATIONS RESULTS REMARKS
1 i )

PV [ x ]

PMT B0 a8m

o » O N



Interest Rate
It is not possible to write a closed equation for i in a direct reduction loan. Hence, it is necessary
to use an iterative process like the one below.

Formula:
n
PMT 1 — ! -
I +i
Periodic interest rate i =
PV
Annual interest rate =1 X A

where A = number of payments per year

Example: You have a $30,000 mortgage on which you will make 360 monthly payments of
$179.86. What interest rate are you paying?

Answer:

6.00% (8 iterations)

LINE DATA OPERATIONS RESULTS REMARKS
1 Fx] [9)
n
PMT B
PV B3 [@cLx)
[ + X% Ed Perform 5-7 fork = 1,2, ...,
0] =] &) until i, converges (to
[ x| T desired decimal place).
cex JEIN x|
A BE0E Answer is in %.

© O N O o~ W N

Amortization Schedule
I, = interest paid in k™ payment
PMT = payment
PP, = payment to principal of k' payment
PV, = remaining balance after k™ payment
PV, = amount of loan
i = periodic interest rate expressed as a percent



An amortization schedule consists of the interest paid, the payment to principal, and the
remaining balance for each paymentk =1, 2, ....

Formulas:
Iy =iPV,_,/100
PPk = PMT - lk
ka = PVk71 - PPk

Example: Generate an amortization schedule for the first two months of a $40,000 loan at
9% (i = 9/12) with monthly payments of $321.85.

Answer:
I, = $300.00 I, = $299.84
PP, = $21.85 PP, = $22.01
PV, =$39978.15 PV, =$39956.14
LINE DATA OPERATIONS RESULTS REMARKS
1 PMT &}
2 i i is expressed as a percent.
3 PV,
4 xxy % I Repeat for subsequent
5 @ a PPy payments.
6 2 PV




Discounted Cash Flow Analysis

The primary purpose of this procedure is to compute the net present value (NPV) of a series of
cash flows. The NPV is found by discounting the cash flows at the desired rate of return, and
then subtracting the initial investment.

In general, an initial investment is made in some enterprise that is expected to bring in periodic
cash flows. After discounting, a negative value for NPV indicates that the enterprise would
not be profitable, while a positive value for NPV means that the enterprise will show a profit
to the extent that a rate of return i on the initial investment has been exceeded.

Notation:

PV, = original investment

PV, = net cash flow of the k™ period

i = discount rate per period (as a decimal)
NPV, = net present value at period k

Formula:
k

NPV, = —PV, + D, — Vi _
S oA+

Example: A small shopping complex, which costs $137,000, is estimated to have annual cash
flows as follows:

Year Cash Flow ($)
1 10,000
2 13,000
3 19,000
4 152,000 (property sold in 4™ year)

The desired minimum yield is 10%. Will this rate be achieved by the above cash flows?

Answer:

NPV, = —127909.09
NPV, = —117165.29
NPV; = —102890.31
NPV, = 927.74

Because the final NPV is positive, the investment more than achieves the desired yield.
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LINE @ DATA OPERATIONS RESULTS REMARKS
1 i ® )
2 PV, 8
3 évo 2 NPV,
4 PV; ” E] Perform 4-5 for
1=2,3, .,k
5 i a NPV;




Depreciation

These procedures can be used to calculate depreciation of assets using straight line, declining
balance, or sum of the years’ digits method.

Straight Line Depreciation

Formulas:

RDVy =PV —kD

where PV = original value of asset (less salvage value)
n = depreciable life of asset
D = depreciation per year
RDVy = remaining depreciable value at time period k

Example: A duplex costing $40,000 (exclusive of land) is depreciated over 25 years, using the
straight line method. What is the depreciation amount and remaining depreciable value after 5

years?
Answer:

D = $1600
RDV; = $32,000

LINE | DATA OPERATIONS RESULTS REMARKS
1 PV
2 n B D
3 k ae RDV

Declining Balance Depreciation

Formulas:

k-1
D, =PV - (1—_—R
n n

k
RDV, = PV (1—l)
n



where PV = original value of asset
n = depreciable life of asset
R = depreciation rate (given by user)
Dy = depreciation at time period k
RDVy = remaining depreciable value at time period k

Example: A fleet car has a value of $2500 and a life expectancy of 6 years. Use the double
declining balance method (R = 2) to find the amount of depreciation and remaining depre-
ciable value after 4 years.

Answer:
RDV, = $493.83
D, =$246.91
LINE | DATA OPERATIONS RESULTS REMARKS
1 k aJ
2 R
3 n (-] - Jsrojil
4 ey
5 PV [x] RDV,
6 o
O] ] ] D,

Sum of the Years’ Digits Depreciation (SOYD)
Formula:

2m =k + 1) PV

Dk =
n(n + 1)

RDVy =S + (n — k) Dy/2

where PV = original value of asset
n = depreciable life of asset
S = salvage value
Dy = depreciation at time period k
RDV, = remaining depreciable value at time period k



Example: Apartments valued at $88,000 are depreciated over 25 years using SOYD
depreciation. What is the depreciation amount and remaining depreciable value after 10 years?
Assume a salvage value of zero.

Answer:

D,, = $4332.31
RDV,, = $32492.31

LINE | DATA OPERATIONS RESULTS REMARKS
1 n @
k Bf-Ysrole)
of - Jrc.]
ooaes
[
PV [x] Dy
afxJof=]
s RDV,

® N O g ~ W N



Calendar Routine

Weekday
This procedure finds the day of the week for any date since September 14, 1752.

= day of month

m = month, with January and February being the 13" and 14" months of the previous
year
y = year (4 digits)

Weekday = [d +e +e —e; + 64] (mod 7)

where e; = INT (-%3— (m + 1) )
5
e; = INT [ —2—
100

e, =INT [ —2—
400

INT is ‘‘integer part of*’.

Output is read as follows:

0 - Saturday

1 - Sunday

2 - Monday

3 - Tuesday

4 - Wednesday
5 - Thursday
6 - Friday

Example: On what day was February 29, 19727

Answer:

Tuesday (d =29, m =14,y = 1971)
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LINE @ DATA OPERATIONS RESULTS REMARKS
1 d
2 m
3 y Uma
4 DjaExjo)-] E, Let e, = integer part of E,.
5 CLX
6 € ®
7 )
8 B x<]oy-| E, Let e,= integer part of E,.
9 CLX
10 e ® For 20' century date,
go to 18.
11 OmEe
12 a8 E, Let e; = integer part of E,.
13 CLX
14 e )¢}
15 Blojo) -] E, Let e, = integer part of E,.
16 CLX
17 e, 6} Go to 19.
18 ©
19 [+ ] Es Let es= integer part of E.
20 CL X
21 es ae
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174 Applications: Navigation

Rhumb Line Navigation

This procedure calculates the rhumb line distance and course for the rhumb line between two
points on the earth (a spherical earth is assumed). Successive legs can be linked without
reentry of initial latitude and longitude.

Notation:
1 = latitude of initial point
A; = longitude of initial point
L, = latitude of final point
A, = longitude of final point
C = rhumb line course
DIST = rhumb line distance

C= tan-! rsin~! {sm [()\1 )\2)/2
00y _tan _tan(45 +L,/2)

Formulas:

tan (45 + L1/2)

If sin™" [sin (\, — A;)] <0, then C = 360 — C

60 (A, — Ay)cos (L), ifcos (C) =
Lg - Ll
cos (C) ’

DIST =
if cos (C) #0

Notes: No course should pass through the North or South Pole.

This procedure gives incorrect results when computing distances due east or due west across
the dateline. To obtain correct results, compute up to the dateline and then proceed on the other
side.

Errors in distance calculations may be encountered as cos(C) approaches zero.

Accuracy deteriorates for very short legs.

Northern latitudes and western longitudes are input and output as positive values; southern
latitudes and eastern longitudes are input and output as negative values.



Example: Find the distances and headings for a flight from Anchorage, Alaska, to Juneau,
Alaska, to Seattle, Washington.

Anchorage L61°13'N A149°54'W
Juneau L58°18'N A134°25'W
Seattle L47°36'N A122°20'W
Answer:
Anchorage - Juneau C =110.52° DIST = 499.22 nautical miles
Juneau - Seattle C =145.94° DIST =774.90 nautical miles
LINE | DATA OPERATIONS RESULTS REMARKS
1 L, = sTo N E)
2 A =168 3
3 Next L (ewss) B)]
4 Next A (ams+) @
5 Beree
6 (3] < [ SN
7 Emjoja] -
8 (@] ] @
9 @86
10 [ TAN ] aja] -]
" @Qesme
12 (LN N R+pl x| ix]
13 [ SIN ] ) If negative, go to line 15.
14 X%y C Cindecimal degrees.Goto
line 16.
15 e c C in decimal degrees.
16 Cos) cos (C) If zero, go to line 19.
17 @ 0]
18 BB DIST DIST in nautical miles. Go
to line 21.
19 @ &B
20 BE0B DIST DIST in nautical miles.
21 @ ®

22 @ @ Go to line 3 for next leg.
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Great Circle Navigation

This procedure calculates the great circle distance and initial course for the great circle
track between two points on the earth (a spherical earth is assumed). The coordinates of
the vertex and the distance from the initial point to the vertex can be calculated. The latitude
of a point of intersection of a great circle track with an intermediate longitude can also be
calculated.

Notation:

L, = latitude of initial point

A; = longitude of initial point

L, = latitude of final point

A, = longitude of final point

DIST = great circle distance

C; = initial course

L, = latitude of vertex

A, = longitude of vertex

Ay = longitude of alternate vertex
DIST, = distance from initial point to vertex
L; = latitude of intermediate point
A = longitude of intermediate point

Formulas:
DIST = 60 cos™! [sin(Ll) sin(L,) + cos(L;) cos(L,) cos(\; — )\2)]

C = cos-! sin(L,) — cos(DIST/60) sin(L,)
' sin(DIST/60) cos(L,)



If sin(A; — A\y) <0, then C; =360 — C;

L = tan-! tan(L,) sin(\; — A,) — tan(L,) sin(\; — A;)
‘ sin (A — A)

A = tan-! tan(L,) cos(A;) — tan(L,) cos(A,)
X tan(L,) sin(A;) — tan(L,) sin(\,)

A=A £ 180°
DIST, = 60 sin—t [ _S03(C1) cos(Ly)
‘ sin(L,)

Notes: No point on a leg should be at either the North or South Pole.
No leg should pass more than halfway around the earth.

Points located at diametrically opposite sides of the earth should not be used since there
are an infinite number of great circle courses through such points.

C; cannot always be calculated along lines of longitude (A; = Ay).
Equator crossings are at A = A\, = 90°.

Northern latitudes and western longitudes are input and output as positive values; southern
latitudes and eastern longitudes are input and output as negative values.

Example: A ship is proceeding from Manila to Los Angeles. The captain wishes to sail a
great circle course from L12°45'12"'N, A124°20'06"'E (input as negative), off the entrance
to San Bernardino Strait, to L33°48'48''N, A120°07'06''W, five miles south of Santa
Rosa Island.

Find the initial great circle course and great circle distance; the latitude and longitude of the
vertex and the distance from the initial point to the vertex; the latitude at A180°.

Answer:

DIST = 6185.88 nautical miles

C; = 50.32°

Ay = 19°26'00"'E (output as negative)

A, = 160°34'00"'W

L, = 41°21'08''N

DIST, = 4228.83 nautical miles

L; = 39°41'33"'N (longitude at \; = 180°)
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LINE | DATA OPERATIONS RESULTS REMARKS
1 L, &3 so]ea)]
2 &R
3 L, ] 0o
4 (P+R] ®
5 E@mam
6 am
7 Ay ) (sTo]6)
8 Ay &3 [sTo]OIN |
9 ©@
10 i
11 © DIST DIST in nautical miles.
12 @ e
13 oe
14 Ea ®
15 8 ReL ][
16 EJ GRO If negative, go to line 18.
17 C Ci in decimal degrees.
Go to line 20.
18 ENGEEO
19 (-] B C C, in decimal degrees.
20 @ @
21 e 1] @ If the coordinates of the
vertex are not desired,
go to line 32.
22 EBE) &0 ED
23 & @
24 e
25 Damm
26 5] Ay If negative, go to line 29.
27 Olajoy-|
28 ] 7 ) A Go to line 31.
29 ¥ (D) @




LINE | DATA OPERATIONS RESULTS REMARKS

30 [EXIS| A/

31 To calculate L,, let
A = A, or A,/ and proceed
to line 32.

32 Ai (Ems=)

33 @ BED ®

34 a ay-}

35 ED Zoa

36 @8 3

37 Hms) L; Goto line 32 for next A;; or,
if L, was just calculated,
continue with line 38 to
calculate DIST,.

38 =) ED @B ©

39 COs] Baa

40 Em|Ol)

41 [x ] DIST, DIST, in nautical miles.

42 Go to line 32 for

intermediate points.




Sight Reduction Table

This procedure calculates the computed altitude and azimuth of a celestial body given the
observer’s latitude and the declination and local hour angle of the body.

Notation:

DEC = declination of celestial body
LHA = local hour angle of body

L = observer’s latitude

Zn = azimuth of body

Hc = computed altitude of body

Formulas:

He = sin™! [sin(DEC) sin(L) + cos(DEC) cos(L) cos(LHA) ]

7 = cos—! [ _SIN(DEC) — sin(L) sin(Hc)
cos(Hce) cos(L)

Z, if sin(LHA) <0
n =
360 —Z,ifsin(LHA) >0

Notes: Northern latitudes, northern declinations, and western hour angles are input as positive
values; southern latitudes, southern declinations and eastern hour angles are input as
negative values.

This procedure may also be used for star identification by entering the observed azimuth
in place of local hour angle and observed altitude in place of declination. The outputs
are then declination and local hour angle, respectively, instead of altitude and azimuth. The
star may be identified by comparing this computed declination to the list of stars in The
Nautical Almanac.

Example: Compute the altitude and azimuth of the Sun if its LHA is 333°01'54"'W
and its declination is 12°28'06''S (input as negative). The assumed latitude is
34°11'06"'S (input as negative).

Answer:

He = 57°15'58""
Zn = 54.97°



Applications: Navigation 181

LINE | DATA OPERATIONS RESULTS REMARKS
1 DEC B 0 ER
2 L it O &R
3 ) @m
4 [x Jr+ N sTo JEIY x|
5 @
6 LHA i &2
7 L@e
8 [£3) 8]
9 =B H.
10 ® @
1 BOhEmme
12 em oa
13 a © z
14 @) If negative, go to line 17.
15 B ©
16 a8 Z, Z, in decimal degrees.
17 (8 Z, Z, in decimal degrees.
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Most Probable Position

This procedure computes the most probable position (MPP) from a single observation of a
celestial object by dropping a perpendicular from the dead reckoning position (DR) to the line
of position (LOP) of the object.

Notation:

L, = latitude of observer’s DR

A; = longitude of observer’s DR

Lmpp = latitude of most probable position

Ampp = longitude of most probable position

Hc = computed altitude of object

Ho = corrected sextant height

a = altitude intercept: (—) = toward, (+) = away
Zn = azimuth of object

Formulas:
a = Hc — Ho

a sin(Zn)

=N+
Ampp = Ay +—— )

Lmpp = L; — a cos(Zn)

Notes: Northern latitudes and western longitudes are input and output as positive values;
southern latitudes and eastern longitudes are input and output as negative values.



Example: A navigator determines his DR to be L40°12’S (input as negative), A\159°57'E
(input as negative). He observes Procyon to be 11°11'18"" above the horizon. The computed
altitude is 10°57" at azimuth 73.4°. What is his MPP?

Answer:

Lmpp = 40°07'55"'S (output as negative)

A

mpp

LINE | DATA

-

Zn
Hc
Ho

L,

© O N O O~ O DN

= 160°14'56"'E (output as negative)

OPERATIONS RESULTS

Civs-) @ a
) 8

(rims-] ®

Crms] Lmes
(RY) @jcosy - |

Cehms]

Evss) Ampp

REMARKS

Z, in decimal degrees.






Surveying Applications

Bearing Traverse ............ i 186
Field Angle Traverse ..., 188
Inverse from Coordinates . ..., 190
Horizontal Curve Layout . ......... ... ..., 192
Elevations along Straight Grades ......................... 194
Elevations along a Vertical Curve ........................ 195
Volume by Average End Area............................ 197

Several procedures from the section on Mathematical Appli-
cations will also be of interest to surveyors, such as:

Triangle Solutions
Curve Solutions
Coordinate Translation and Rotation




Bearing Traverse

This procedure uses bearings and distances to calculate coordinates of successive points in
atraverse. Area, closing distance, and closing azimuth can be calculated for a closed traverse.

Notation:

HD = horizontal distance

SD = slope distance

ZA = zenith angle

AZ = azimuth

BRG = bearing

N; = northing of point i

E; = easting of point i

AREA = area of traverse in square feet
CL HD = closing horizontal distance
CL AZ = closing azimuth

Formulas:

HD = SD sin (ZA)

Ni;: = N; + HD sin (AZ)

Ei;; = E; + HD cos (AZ)

AREA = (E; — E)[(N, — Np/2] + (E; — E)[(N;
+ ... + (Ex — Ex_)) [(Nk—l
+ ...+ (E; —E)[(N, = Np) + (N, — N»/2]

- N) + (N; = Ny)2]
- Np) + (N — Ne_p/2]

Example: Traverse the figure shown below using the bearing and distance for each side
to calculate the coordinates of the points. At the end of the traverse, calculate area and closure.

N, 800 1
1000
E; .
=2y
7 39'46\,
A . ’Q‘%‘o W
nswer: o
CL N = 799.998 EAN 4 766.836
CL E = 1000.007 . o 1105.477
AREA = 5104 sq. ft. 5\
CL HD = 0.007 ft. o oV
CL AZ = 109°05'49"' S/
&7
700.972 X
1059.846 2 24,078 <
Seooo 696.810
7 1083.499

5%
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LINE, DATA OPERATIONS RESULTS REMARKS
1 @ ()
2 N, @)
3 E, @ [Z+]
4 BRG NE| &m0

BRGSE| I () EB@QE
O] +]

BRG NW| 0 () &8
BRGSW| I (M OE O

5 HD or SD

6 Omit lines 6-7 if distance
7 ZA Lo Eme is horizontal.

8 P+R}

9 G - Omit lines 9-12 if
10 By | @ AREA is not calculated.
" ae8
12 (@

13 N

14 X%y E Go to line 4 for next course.
15 @ AREA Ignore sign if negative.
16 @ [ .

17 =+ R~p) CL HD

18 B CL AZ If negative, add 360°

(B (Fws7] ).




188 Applications: Surveying

Field Angle Traverse

This procedure uses angles or deflections and distances to calculate coordinates of successive
points in a traverse. Area, closing distance, and closing azimuth can be calculated for a closed
traverse.

Notation:

HD = horizontal distance

SD = slope distance

ZA = zenith angle

AZ = azimuth

REF AZ = reference azimuth

ANG RT = angle right

ANG LT = angle left

DEF RT = deflection right

DEF LT = deflection left

N; = northing of point i

E; = easting of point i

AREA = area of traverse in square feet
CL HD = closing horizontal distance
CL AZ = closing azimuth

Formulas:

HD = SD sin(ZA) Ni;; = N; + HD cos(AZ)
Ei;;1 = E; + HD sin(AZ)
AREA = (N, = N [(E, —E)2] + (N; — N,) [(E; — E)) + (E; — Ep2]
+ ...+ (N, =Ny [(Easy —Ep) + (En — E, 2]
Example: Traverse the figure shown below using the field angle traverse for each side to

calculate the coordinates of the points. At the completion of the traverse, calculate area and
closure.
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Answer:
CL N = 149.905
CL E = 399.783

AREA = 26559 sq. ft.
CL HD = 0.237 ft.
CL AZ =246°19' 43"

LINE | DATA OPERATIONS RESULTS REMARKS
2 N, ®
3 E, @
4 REF AZ | o 0HEO
5 B
6 ANGRT | o ®KE O
ANG LT | o, @]
©

DEFRT | @
DEF LT | mm

7 ® 8]
8 HD or SD
9 Omit lines 9-10 if distance
10 ZA =3 {Sin I x| is horizontal.
11 (P+R]
12 B Omit lines 12-15 if AREA
13 @) | @ is not calculated.
14 ean
15 @
16 N
17 E Go to line 6 for next course.
18 (@ AREA Ignore sign if negative.
19 @ o] |
20 [ReP) CL HD
21 ez CL AZ If negative, add

360°. (0 )-




Inverse from Coordinates

This procedure uses coordinates to calculate distance and azimuth between points of a traverse
Area can be calculated for a closed traverse.

Notation:

HD = horizontal distance

AZ = azimuth

N; = northing of point i

E; = easting of point i

AREA = area of traverse in square feet

Formulas:

HD = V(E, — E_,)* + (N; = N, ?

AZ =tan— ( BT B
Ni = N,

AREA = (N, — N)[(E; — ED2] + (N; — Ny)[(E,

—E) + (s —Ep2]
+ ...

+ (Ng = Ne_D[(Eey — Ep) + (Bx — Ex0)/2]
+ ...+ (N, - N)[E, — E) + (E, — En)2]

Example: Traverse the figure shown below using coordinates to calculate the azimuth and
distance for each side. At the completion of the traverse, calculate area.

350.000
470.000
3
z
DD
RPN ol @
R ©4 %
APERS s 0
N >
s <
AREA =
230.000 20,175.000 Sq. Ft. 2 225.000
300.000 Sy o < 500.000
7o |
<0- X\ o
]90-0 9‘5,’ V\gj‘b 93_00
5 & NA

N; 150.000

E; 400.000
Answer:

AREA = 20175 sq. ft.



LINE
1

© O N O 0 » W DN

- A A a4
W N =+ O

15
16
17

18

DATA OPERATIONS RESULTS
(Cear)
N,
E, 2+
=+]
Next N
NextE (D (Re )l - JR¢]
] @m
)=+
@ =3
@ e
een
@ ® @
(R+P] HD
X2y s AZ
[ESES > IR+ HD
X%y Gums) AZ
@ AREA

Convert azimuth (in DMS) to bearing (in DMS) as follows:

AZ

0°to 90°
90° to 180°
180° to 270°
270° to 360°

BRG

NE

SE, press HE O
SW, press M 0@
NW, press BEO

REMARKS

Omit lines 9-15 if AREA

is not calculated.

If negative, add 360°
( ).
Go to line 18.

If negative, add 360°
( G,

Go to line 4 for next N
and next E. Continue
until N, and E, have

been reentered.

(ams+)

(ams+)




Horizontal Curve Layout

Given the radius of the curve, this procedure calculates short and long chords and deflection
angles for successive arcs along the curve.

Notation:

R = radius of curve

ARC = length of curve between stations
SHT CHD = length of short chord
LNG CHD = length of long chord

DFL ANG = deflection angle

PC = station at start of curve

PT = station at end of curve

Formulas:

SHT CHD =2Rsin { ARC 180
27R

LNG CHD = 2R sin (DFL ANG)

DFL ANG =189 (ARC, + ARC, + ... + ARC,)
2mR
Example: R = 900 feet
Station ARC SHT CHD LNG CHD DFL ANG
PC12 +57.00
12 +75.00 18 18.000 18.000 00°34'23"'
13 +00.00 25 24.999 42.996 1°22'07"'
13 +43.00 43 42.996 85.967 2°44'15"
13 +75.00 32 31.998 117.916 3°45'22""

PT 13 +89.00 14 14.000 131.882 4°12'06"
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LINE

DATA

OPERATIONS

RESULTS

REMARKS

B (cesr)

EIED () B CIED 60

OmEmoa

Bpean

|

@

ARC

< JsTo ) + JEIE SN

CBE D @O

© © N o o &~ 0w N

-
o

EB0E) e o)

I —

SHT CHD

LNG CHD

DFL ANG

Go to line 5 for next ARC.




Elevations along Straight Grades

This procedure calculates elevations of specified stations along straight grades.
Notation:

EL, = elevation at beginning of grade
STA, = station at beginning of grade
GR = grade in feet per foot

EL; = elevation at station i

STA; = station i

Formula:
EL; = (STA)) (GR) + EL, — (STA,) (GR)
Example:
o
Qo
[so BN}
o ? =4
= 26 g
- [Ye] d
= 3 8 &% 58
w4 © o ~| = - tlo
w g oo ) 2o o
o i) AN ~ ® - Qo
S o B A + o - | ®
oo ® o © |« 001 | ai
T e T = o > 8
n N G“ 0 ?2 @
0 S
N\,
9
~ 003 %
oR =9
LINE DATA OPERATIONS RESULTS REMARKS
1 3
2 EL,
3 STA,
4 GR 8 EY@me
5 (Re 2+
6 RCL]S+]
7 STA [ x ] EL Repeat lines 6-7 for next

STA. For a new GR, go to

line 1.



Elevations along a Vertical Curve

This procedure calculates elevation at any specified station along a vertical curve. The
elevation and station at the highest or lowest point can also be calculated.

Nomenclature:

GR,; = grade at beginning of curve in feet per foot
GR, = grade at end of curve in feet per foot
STA, = station at beginning of curve

STA, = station at end of curve

EL,; = elevation at beginning of curve

STA; = station i

EL; = elevation at station i

STA, = station on curve where grade is zero

Formula:
(GR, — GR))
EL; = STA; —STA,)> +GR, (STA; —STA,) +EL
i 2(STAn — STAI) ( i 1) l( i l) 1
Example:
<
. o <
I Z
» w 8 o B o 8 -
8 %5 2o ¥3 Zg
0|9 o< o < -3 5
Pty - - ~ -3
oF o
G,
006 92%

\

Q)
>
/
O
&
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LINE

DATA

OPERATIONS

RESULTS

REMARKS

|
w N

|
m}a:

- -
= O

12
13
14

© ® N o

GR,

-
e
solol-1:1e8
em®
Sl
-1
reqo) - L=

mEeEon

(reL [l +)

B0 EIED CED O
- R0 T-Ta) -
a

EL

STA,

Repeat lines 8-11 for
next STA.

Lines 12-14 may be per-

formed any time after

line 6.




Volume by Average End Area

This procedure calculates the end area for a station, volume from the previous station, and
accumulated volume to the present station.

Nomenclature:

INT; = interval between stations i and i + 1

EL; = elevation from datum of point i in cross-section

HD; = horizontal distance from centerline or baseline to point i in cross-section
AREA,; = end area of cross-section at station i

VOL,; = volume between stations i and i + 1

TOT VOL = total volume between all stations

Formulas:
AREA; =1/2 [(EL2 + EL,) HD, — HD,) + (EL; + EL,) (HD; — HD,) + ...

+ (EL, + EL,) (HD, — HD,)]
VOL; = 1/2 INT, (AREA; + AREA,,,), AREA, # 0 and AREA,,, # 0
VOL, = 1/3 INT, (AREA, + AREA,,,), AREA; =0 or AREA;,, = 0

TOT VOL = VOL, + VOL, + ... + VOL,
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Example:
Answer:
STA AREA VOL TOT VOL
1 0 0 0
2 216 1800 1800
3 321.5 13437.5 15237.5
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LINE | DATA OPERATIONS RESULTS REMARKS
1 B0
2 *EL, If END AREA of station is
3 HD, @ zero, go to line 7.
4 | NEXTEL @ @
5 | NEXT HD 28
6 ® Go to line 4 for next ELand
HD. Continue until EL, and
HD, have been reentered.
7 BEOs
8 @a
9 @ AREA
10 @ -
1 a8
12 INT | & E VOL cu. ft.
13 08 VOL cu. yd. |Go to line 2 for next END
AREA.
14 3] TOT VOL cu.ft.
15 A8 TOT VOLcu.yd.

* If first station has zero end area, start with second station.

** Change (2) to (3 if previous station area was zero.






Appendix A
Accessories, Service, and Maintenance

Your Hewlett-Packard Calculator

Your HP-91 is another example of the award-winning design, superior quality, and attention
to detail in engineering and construction that have marked Hewlett-Packard electronic
instruments for more than 30 years. Each Hewlett-Packard calculator is precision crafted by
people who are dedicated to giving you the best possible product at any price.

Switches silicon greased
for long life.

/ Positive keyboard feel.

Keys double
injection-molded
for permanent, precise

symbols.

Major High-intensity light-emitting-

component diode display.

groups mated

and pretested.

< 4 Two magnifying lenses

Gold-plated contacts e for clear, sharp, display
resist corrosion. digits.

Positive alignment of
display in window.

Sturdy, lightweight
plastic case.

Thermal-type printer for
low-noise operation.

One-piece rechargeable battery
pack needs no tools for
replacement.

Simultaneous ac line
operation and battery
pack charging

from recharger.

Non-skid PVC feet. /

High quality, pretested
components mounted flush
with printed circuit

board to resist vibration.

201



After construction, every calculator is thoroughly inspected for electrical or mechanical flaws,

and each function is checked for proper operation.

When you purchase a Hewlett-Packard calculator, you deal with a company that stands behind
its products. Besides an instrument of unmatched professional quality, you have at your
disposal many extras, including a host of accessories to make your calculator more usable and

service that is available worldwide.

Standard Accessories

Your HP-91 comes complete with the following standard accessories:

Accessory

Battery Pack (installed in calculator before packaging)
HP-91 Owner’s Handbook
AC Adapter/Recharger (one of the following)
U.S.(90-127 Vac, 50-60 Hz)
European (200-254 Vac, 50-60 Hz)
Australian (200-254 Vac, 50-60 Hz)
U.K. (Desktop, 200-254 Vac, 50-60 Hz)
Two Rolls of Paper (available in six-roll packs)
Carrying Case

HP Number

1420-0227
00091-90001

82040A
82031A
82039A
82032A
9270-0513
1540-0383

You can purchase additional standard accessories from your nearest dealer or by mail from
Hewlett-Packard. See Optional Accessories below for information on how to order.

Optional Accessories

Security Cable 82044A

A tough six-foot long steel cable that prevents unau-
thorized borrowing or pilferage of your calculator by
locking it to a desk or work surface. The cable is plastic-
covered to eliminate scarring of furniture, and you have
full access to all features of your HP-91 at all times.
Comes complete with lock.

Reserve Power Pack 82037A

The reserve power pack attaches to the calculator’s ac
adapter/recharger to keep an extra battery pack freshly
charged and ready for use. Comes complete with extra
battery pack.




Paper Rolls 9270-0513

Each pack gives you six rolls of special Hewlett-Packard
thermal paper for your HP-91 printer.

To order additional standard or optional accessories for your HP-91 see your nearest dealer or
fill out an Accessory Order Form and return it with check or money order to:

Hewlett-Packard

Advanced Products Division
19310 Pruneridge Avenue
Cupertino, CA 95014

If you are outside the U.S., please contact the Hewlett-Packard Sales Office nearest you.

Availability of all accessories, standard or optional, is subject to change without notice.

AC Line Operation

Your calculator contains a rechargeable battery pack that is made up of nickel-cadmium bat-
teries. When you receive your calculator, the battery pack inside may be discharged, but you
can operate the calculator immediately by using the ac adapter/recharger. Even though you are
using the ac adapter/recharger, the batteries must remain in the calculator whenever the calcu-
lator is used.

Attempting to operate the HP-91 from the ac line with the battery pack
removed may result in wrong or improper displays.

The procedure for using the ac adapter/recharger is as follows:

1. You need not turn the HP-91 OFF.
2. Insert the female ac adapter/recharger plug into the rear connector of the HP-91.
3. Insert the power plug into a live ac power outlet.

The use of a charger other than the HP recharger supplied with the calculator may
result in damage to your calculator.
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Battery Charging

The rechargeable batteries in the battery pack are being charged when you are operating the
calculator from the ac adapter/recharger. With the batteries in the calculator and the recharger
connected, the batteries will charge with the calculator OFF or ON. Normal charging times
from fully discharged battery pack to full charge are:

Calculator OFF: 7-10 hours
Calculator ON: 17 hours

Shorter charging periods will reduce the operating time you can expect from a single battery
charge. Whether the calculator is OFF or ON, the HP-91 battery pack is never in danger of be-
coming overcharged.

Note: It is normal for the ac adapter/recharger to be warm to the touch when it is
plugged into an ac outlet.

Battery Operation

To operate the HP-91 from battery power alone, simply disconnect the female recharger
plug from the rear of the calculator. (Even when not connected to the calculator, the ac
adapter/recharger may be left plugged into the ac outlet.)

Using the HP-91 on battery power gives the calculator full portability, allowing you to carry it
nearly anywhere. A fully charged battery pack provides approximately 3 to 6 hours of continu-
ous operation. By turning the power OFF when the calculator is not in use, the charge on the
HP-91 battery pack should easily last throughout a normal working day.

The printer is the most power-consuming part of your HP-91, and you can maximize battery

operating time by leaving the calculator in MANUAL yan mﬁmm printing mode when
printing is not necessary.

Battery Pack Replacement
If it becomes necessary to replace the battery pack, use only another Hewlett-Packard battery
pack like the one shipped with your calculator.

Use of any batteries other than the Hewlett-Packard battery pack may result in
damage to your calculator.

i CAUTION
|
L

To replace your battery pack, use the following
procedure:

1. Turn the ON-OFF switch to OFF and dis-
connect the ac adapter/recharger from the
calculator.

2. Slide the two battery door latches inward.
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3. Let the battery door and battery pack fall
into the palm of your hand.

4. If the battery connector springs have been
flattened inward, bend them slightly out-
ward again.

5. Insert the new battery pack so that its con-
tacts face the calculator and line up with
the connector springs.

6. Insert the end of the battery door opposite
the latches behind the retaining groove and
close the door.

7. Secure the battery door by pressing it
gently while sliding the two battery door
latches outward.

Battery Care

When not being used, the batteries in your HP-91 have a self-discharge rate of approximately
1% of available charge per day. After 30 days, a battery pack could have only 50 to 75% of its
charge remaining, and the calculator might not even turn on. If a calculator fails to turn on, you
should substitute a charged battery pack, if available, for the one in the calculator. The dis-
charged battery pack should be charged for at least 14 hours.

If a battery pack will not hold a charge and seems to discharge very quickly in use, it may be
defective. The battery pack is warranted for one year, and if the warranty is in effect, return the
defective pack to Hewlett-Packard according to the shipping instructions. (If you are in doubt
about the cause of the problem, return the complete HP-91 along with its battery pack and ac
adapter/recharger.) If the battery pack is out of warranty, see your nearest dealer or use the
Accessory Order Form provided with your HP-91 to order a replacement.



Do not attempt to incinerate or mutilate your HP-91 battery pack—the pack may
burst or release toxic materials.

Do not connect together or otherwise short circuit the battery terminals—the pack
may melt or cause serious burns.

To maximize the life you get from your battery pack, keep printing to a minimum and display
only the fewest number of digits necessary during portable operation.

Your HP-91 Printer

The printing device in your HP-91 is a thermal printer that uses a moving print head to print
upon a special heat-sensitive paper. When the print head is energized, it heats the paper be-
neath it. The heat causes a chemical change in the paper, which then changes color. The printer
in your HP-91 prints answers quickly and quietly, and has been expressly designed to give
you a permanent record of your computations in a portable scientific calculator.

Paper for your HP-91

Because the printer in your HP-91 is a thermal printer, it requires special heat-sensitive paper.
You should use only the Hewlett-Packard thermal paper available in 80-foot rolls from
your nearest HP distributor or sales office, or by mail from:

Hewlett-Packard

Advanced Products Division
19310 Pruneridge Avenue
Cupertino, CA 95014

Because of the special heat-sensitive requirements of the paper, standard adding machine
paper will not work in the HP-91. Also, since different types of thermal paper vary in their
sensitivities, the use of thermal paper other than that available from Hewlett-Packard may re-
sult in poor print quality or even in damage to your calculator.

Use only Hewlett-Packard paper in your HP-91.

The heat-sensitive paper used in your HP-91 should be stored in a cool, dark place. Dis-
coloration of paper may occur if it is exposed to direct sunlight for long periods of time, if stor-
age temperatures rise above 50°C (122°F), or if the paper is exposed to excessive humidity
or to acetone, ammonia, or other organic compounds. (Exposure to gasoline or oil fumes
will not harm your HP-91 paper supply.)

Printed tapes from your HP-91 will last 30 days or more without fading under fluorescent light,
but to ensure the permanence of your records, you should store printed tapes at room tempera-
ture in a dark place away from direct sunlight, heat, or fumes from organic compounds.
(For added permanence, you can copy tapes with a suitable office copier.)



Replacing Paper
To replace the paper roll in your HP-91,
proceed as follows:

1. Open the paper roll cover and remove the
empty core from the paper well.

2. Before inserting the new roll of paper into
the calculator, discard the first 2/3 turn to
ensure that no glue, tape, or other foreign
matter is on the paper.

3. Fold the leading edge of the paper and
crease the fold with your fingernail.

4. Temporarily place the paper roll into the
paper roll cover and insert the leading edge
of paper into the slot near the bottom of the
paper well.

5. Turn the calculator ON-OFF switch to ON
and press the paper advance pushbutton
several times until the leading edge of
paper becomes visible beneath the clear
plastic tear bar. You can remove the tear
bar for accessibility, if desired.

6. Drop the roll of paper into the paper well
and close the paper roll cover.

When there is no paper in the calculator, the
paper advance pushbutton operates, but the
printer does not.




Printer Maintenance

The printer in your HP-91, like the rest of the calculator, is crafted for engineering excellence
and is designed to give trouble-free operation with a minimum of maintenance. All moving
parts in the printer mechanism contain self-lubricating compound, and no lubrication, clean-
ing, or servicing of the mechanism is ever required. You may want to occasionally remove the
clear plastic tear bar and clean it with mild soap and water solution. (Do not use acetone or
alcohol to clean the tear bar.)

You should never attempt to insert a tool, such as a screwdriver, or pencil into the printer
or its mechanism. If the paper tape should become jammed and fail to feed properly,
clear it by grasping the tape and pulling it forward or backward through the printer mech-
anism. (You can remove the plastic tear bar for accessibility.)

If the paper is feeding properly through the printer mechanism, but no printing appears on the
tape, the paper roll is probably inserted backwards. (The paper is chemically treated, and will
print on only one side.) Tear off the leading edge of paper, open the paper roll cover and grasp
the paper roll, and pull it backward to remove the paper tape that is in the print mechanism.
Reverse the paper roll and feed it back into the printing mechanism as described earlier under
Replacing Paper.

If, after reversing, there is still no printing on the tape when you press [LI[[i#3 or other print
functions, remove the paper roll and insert a roll of Hewlett-Packard thermal paper.

Printer operation may be affected if the printer is in close proximity to a
strong magnetic field. Normal operation can be restored by removing the calculator
from the vicinity of the magnetic field. No permanent damage will result.

Service

Low Power

When you are operating from battery power, a bright red lamp inside the display will glow to
warn you that the battery is close to discharge.

You must then either connect the ac adapter/recharger to the calculator as described under AC
Line Operation, or you must substitute a fully charged battery pack for the one in the
calculator.

Blank Display

If the display blanks out, turn the HP-91 OFF, then ON. If |:] does not appear in
the display, check the following:



1. If the ac adapter/recharger is attached to the HP-91, make sure it is plugged into an ac
outlet.

2. Examine the battery pack to see if the contacts are dirty.
Substitute a fully charged battery pack, if available, for the one that was in the calculator.

4.  Ifthedisplay is still blank, try operating the HP-91 using the recharger (with the batteries
in the calculator).

5. If, after step 4, the display is still blank, service is required. (Refer to Warranty
paragraphs.)

Temperature Range

Temperature ranges for the calculator are:

Operating 0°to 45°C 32°to 113°F

Charging 15°to  40°C 59°to  104°F

Storage -40°to +55°C —40°to +131°F
Warranty

Full One-Year Warranty

The HP-91 is warranted against defects in materials and workmanship for one (1) year from the
date of delivery. During the warranty period, Hewlett-Packard will repair or, at its option, re-
place at no charge components that prove to be defective, provided the calculator is returned,
shipping prepaid, to Hewlett-Packard’s Customer Service Facility. (Refer to Shipping
Instructions.)

This warranty does not apply if the calculator has been damaged by accident or misuse, or as a
result of service or modification by other than an authorized Hewlett-Packard Customer
Service Facility. Hewlett-Packard shall not be liable for consequential damages.

Obligation to Make Changes

Products are sold on the basis of specifications applicable at the time of sale. Hewlett-Packard
shall have no obligation to modify or update products once sold.

Repair Policy

Repair Time

Hewlett-Packard calculators are normally repaired and reshipped within five (5) working days
of receipt at any Customer Service Facility. This is an average time and could possibly vary
depending upon time of year and work load at the Customer Service Facility.



Shipping Instructions

The calculator should be returned, along with completed Service Card, in its shipping case (or
other protective package) to avoid in-transit damage. Such damage is not covered by warranty,
and Hewlett-Packard suggests that the customer insure shipments to the Customer Service
Facility. A calculator returned for repair should include the ac adapter/recharger and the
battery pack. Send these items to the address shown on the Service Card.

Shipping Charges

Whether the calculator is in-warranty or out-of-warranty, the customer should prepay ship-
ment to the Hewlett-Packard Customer Service Facility. During warranty, Hewlett-Packard
will prepay shipment back to the customer.

Further Information
Service contracts are not available. Calculator circuitry and design are proprietary to Hewlett-
Packard, and Service Manuals are not available to customers.

Should other problems or questions arise regarding repairs, please call your nearest Hewlett-
Packard Sales Office or Customer Service Facility.



Appendix B

If you attempt a calculation containing an improper operation—say, division by zero—the

calculator display will show [ Error | . In addition, if the Print Mode switch
ALL
maN [l norm  is set to NORM or ALL, the word will be printed.

The following are improper operations:

where x =0

wherey = 0and x <0

where y < 0 and x is non-integer
where x <0

where x = 0

where x < 0

where x <0

where |x| is >1

where |x|is > 1

DDED@EH&“

a8 where x = 0

@ where n = 0

® where n <1

(L&) or B where n 2 x? — (2x)2 =0
(C&] or B where n =0

(%3] wherey = 0

where 3x =0

()

where x < 0 or x is non-integer
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ac line operation, 203
Accessories, 202
Accumulations, 74

Adding angles, 65

Addition, complex numbers, 98
Addition, simple, 17

Addition, vectors, 86, 102
Addressable storage registers, 58
Add-on interest to APR, 159
ALL mode, 13

Amortization schedule, 164
Analysis of variance (one-way), 130
Angle conversions, 64, 67
Angles, vector, 102

Antilogs, 71

Applications routines, 89

Arc cosine, 63

Arc sine, 63

Arc tangent, 63

Area of triangle, 110-113
Arithmetic average, see Mean, 77
Arithmetic, complex, 98
Arithmetic, simple, 17
Arithmetic, storage, 61
Automatic display switching, 32
Automatic memory stack, 37

Base conversions, 119
Battery care, 205

Battery charging, 204

Battery operation, 204
Battery pack replacement, 204
Bearing traverse, 186

Blank display, 208

Calendar, 171

Care of battery, 205
Chain arithmetic, 45
Chain calculations, 18
Changing paper rolls, 207
Changing the battery, 204
Charging times, 204
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Chords of arc, 192

Chi-square statistics, 143

Clearing: display, 12; stack, 40; storage registers, 61

Closing azimuth, 186, 188, 190

Closing distance, 186, 188, 190

Coefficient of contingency, 144

Coefficient of determination, 85

Combinations, 139

Common logarithms, 71

Complex arithmetic, 98

Compound interest, 154

Constant arithmetic, 50

Constants, storing, 58

Contingency table, 144

Continuous effective rate, 157

Conversions:
decimal-octal, 119
decimal-hexadecimal, 119
degrees-degrees, minutes, seconds, 65
hours-hours, minutes, seconds, 64
interest rates, 157
polar-rectangular coordinates, 67

Coordinate rotation, 118

Coordinate translation, 118

Correlation coefficient, 132

Cosine, 63

Covariance, 132

Cramer’s Rule, 94

Cross product, vector, 103

Cube roots, 72

Curve fit, exponential, 126

Curve fit, power, 128

Curve solutions, 114

Day of the week, 171

Dead reckoning position, 182

Decimal degrees, 65

Decimal hours, 64

Declining balance depreciation, 168
Degrees, minutes, seconds, 65

Deleting and correcting accumulations, 82
Density function, 134

Depreciation, 168

Determinant of a 3 X 3 matrix, 95

Direct reduction loan, 162

Discoloration of paper, 206

Discounted cash flow analysis, 166
Display: blank, 208; clearing, 12; control, 25; error, 34; formatting, 25; low power, 208
Distance, great circle, 176

Distance, rhumb line, 174



Division, complex numbers, 99
Division, simple, 17
Dot product, vector, 104

ex, 71

Effective annual rate, 157

Elevations along a vertical curve, 195
Elevations along straight grades, 194
End area, 197

Engineering notation, 27

key, 16, 42
Equator crossings, 177
Error conditions, 211
Error display, 34, 211
Exchanging x and y, 39
Exponentiation, 72
Exponential curve fit, 126
Exponents of ten, 32

F statistic, 146

Factorial function, Stirling’s approximation, 151
Factorial key, 55

Field angle traverse, 188
Finance charge, 159

Financial applications, 153
Fixed point display, 26
Format of display, 25

Format of printed numbers, 30
Function index, 8

Functions, 15

Future value, 154

Gamma function, 151

Getting started, 11

Gold prefix key, 11

Grads, selection of, 63

Great circle navigation, 176
Greatest common divisor, 122
Grouped data, 141

Heat-sensitive paper, 206
Highest common factor, 122
Horizontal curve layout, 192
Hours, decimal, 64

Hours, minutes, seconds, 64
Hyperbolic functions, 96



Improper operations, 211
Index, function, 8

Inserting paper, 207

Interest amount, 156

Interest, compound, 154
Interest rate conversions, 157
International dateline, 174
Inverse from coordinates, 190
Inverse functions, 63

Inverse hyperbolic functions, 97
Inverse normal integral, 136

Keying in numbers, 12
Keyboard summary, 8

LAST X register, 53

Law of cosines, 105

Law of sines, 105

Least common multiple, 123
Linear equations, simultaneous, 94
Linear estimate, 85

Linear regression, 83

Lining up decimal points, 31
Loan payment, 162

Loans, 162

Logarithms, common, 71
Logarithms, natural, 71

Long chord, 192

Listing accumulations, 76
Listing the stack, 37

Listing the storage registers, 60
Low power display, 34, 208

Mach number formula, 73
Maintenance of printer, 208
MAN mode, 13
Mathematical applications, 91
Matrix, determinant of, 95
Mean, 77

Mean for grouped data, 141
Memory, HP-91, 8

Memory stack, 37

Modes of operation, 13
Mode switch, 13

Mortgages, 162

Most probable position, 182
Multiplication, complex numbers, 99
Multiplication, simple, 17



Natural logarithms, 71
Navigation applications, 174
Negative exponents, 72
Negative numbers, 12

Net present value, 166
Nominal to effective rate, 157
NORM mode, 13

Normal distribution, 134

One-number functions, 16
One-way analysis of variance, 130
One-year warranty, 209

Order of execution, 49

Overflow display, 34

Paired t statistic, 147

Paper advance, 13

Paper replacement, 207

Paper rolls, 203, 206

Pearson’s coefficient of contingency, 144
Percent increase/decrease, 58
Percent of change, 58

Percent of total, 76

Percentages, 57

Periodic savings, 169
Permutations, 138

Pi, 56

Polar/rectangular coordinate conversion, 67
Population standard deviation, 81
Power curve fit, 128

Power on, 11

Powers, see Exponentiation, 72
Print format, 30

Print mode switch, 13

Printer maintenance, 208
Probable position, 182

Quadratic equation, 92

Radians mode, 63

Raising numbers to powers, 72
Random number generator, 140
Range of temperature, 209
Rate of return, 156



Reciprocals of complex numbers, 100

Rectangular/polar coordinate conversion, 67

Registers: LAST X, 53; stack, 37; statistical, 74; storage, 58
Repair policy, 209

Repair time, 209

Replacing paper, 207

Replacing the battery, 204

Reserve power pack, 202

Rhumb line navigation, 174

Roll-down key, 38

Roll-up key, 39

Roots: complex numbers, 101; cube, 72; quadratic, 92; square, 55

Savings problems, 169

Scientific notation, 27

Sector area, 114-117

Security cradle, 202

Segment area, 114-117

Setting printer modes, 13

Shipping charges, 210

Shipping instructions, 210

Short chords, 192

Sight reduction table, 180

Sigma plus key, 74

Simultaneous linear equation (two unknowns), 94
Sine, 63

Square roots, 55

Square roots, complex numbers, 101
Squaring complex numbers, 98
Squaring numbers, 56

Stack, 37

Standard deviation, 79

Standard deviation, grouped data, 141
Standard error, grouped data, 141
Star identification, 180

Statistical applications, 12§
Statistical functions, 74

Stirling’s approximation, 151
Storage registers, 58

Storage register arithmetic, 61
Storing numbers, 58

Storing paper, 206

Straight line depreciation, 168
Subtraction, complex numbers, 98
Subtraction, simple, 17
Summations, 74

Sum of the years’ digits depreciation, 169
Surveying applications, 185
Recalling numbers, 59

Reciprocals, 54



t statistic for two means, 149

t statistic, paired, 147

Tangent, 36

Temperature range, 209

Testing population variances, 146
Thermal printer, 206
Three-by-three matrix, 95
Translating coordinates, 118
Trend line, see Linear Regression, 83
Triangle solutions, 105-113
Trigonometric functions, 63
Trigonometric modes, 63

True rate of interest, 159
Two-number functions, 16

Upper tail area, 134

Variance, analysis of, 130
Vector addition, 86, 102

Vector angles, 102

Vector arithmetic, 86

Vector cross product, 103

Vector dot product, 104

Vertical curve, 195

Volume by average end area, 197

Warranty, 209
Weekday routine, 171

x-exchange-y key, 39
X-register, 37



For reference in case your calculator is lost, stolen, or requires service in the
future, enter the serial number of your HP-91 here.

HP-91 Serial Number

220




FIRST CLASS

Permit No.
232

Cupertino,
California

BUSINESS REPLY MAIL

No postage stamp necessary if mailed in the United States

Postage will be paid by:

]
Hewlett-Packard .
19310 Pruneridge Ave.
Cupertino, California 95014 i
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Please fill in and return this card within 15 days of receipt of calculator.

Your Name Serial Number Street Address
Date Received Telephone Number (Optional) City State 2IP
o1/ From HP 03| Office Equipment Dealer
02| Department Store/Bookstore 04 Specialty Store
01, Advertisement 05 Clerk in Store 09| Information Mailed (your request)
02| Article 06 HP Product Owner 10 Information Mailed (unsolicited)
03 HP Salesman 07, Phone Call to HP
04| Dealer Salesman o8 Literature in Store
o1/ Personal Funds 02| Eusiness/Institution Funds
01/ Some High School 03| Some College, Trade, 05 Some Graduate School
or Less or Technical School 06| Graduate or Professional
02/ High School o4 College/University Graduate
o1 Under $10,000 04/ 20,000-24,999 07, Over 50,000
02 10,000-14,999 05/ 25,000-34,999
03/ 15,000-19,999 06/ 35,000-49,999
01/ Mfg.-Durable Goods 06| Finance/Real Estate 12|Federal Govt.
02| Mfg.-Chemicals, 07 Wholesale/Retail (Non-Military)
Textiles, etc. 08 | Utilities 13| DOD/Armed Services
03| Construction 09 R&D Lab (Non-Medical) 14| High School
04| Mining/Petroleum 10 Medical Research 15, Community College
05, Transportation 11/ Municipal/State Govt. 16 College/University
o1 Engineering 04| Quality Control 08 Maintenance/Service
02| Research o5 Facilities Planning 09| Administration
03| Mfg./Production 06 Drafting 10| Teaching
Testing/Control 07| Surveying 99 Other
Engineering Science General Capabilities
o1/ Electrical 21| Biology 41| Logarithms
02| Mechanical 22| Chemistry 42| Statistics
03| Civil/Structural 23 Physics 43 Geometry
04| Chemical 30 Other 44| Trigonometric
05 Industrial Applied Science 45 Financial Analysis
06/ Thermal-Heat Transfer 31 Surveying 60 Other
07 Nuclear 32 Navigation
08| Hydraulics 40| Other
20 Other

Would you describe problem?

(Fold, moisten and seal to form mailing envelope.)




Must be completed and returned with your calculator, charger and batteries

Owner’'s Name Date Purchased

Home Phone Work Phone
Ship-to-address for returning repaired calculator

Street Address City State Zip

Describe Problem:

Model No. Serial No.
Preferred method of payment for out of warranty repairs. If not specified, unit will be

returned C.0.D. O BankAmericard O Master Charge

Card No. Expiration Date

Name appearing on credit card
O Purchase Order, companies with established Hewlett-Packard credit only. (Include copy of
Purchase Order with shipment.)

Authorized Signature P.O. Number

HEWLETT@PACKARD

Calculator C ;

| Afriend or associate might also want to know about Hewlett-Packard calculators. If you
would like us to send the Hewlett-Packard Calculator Catalog and Buying Guide
(with interesting articles, features and letters), please mail his/her name and
address on this postage paid Request Card.

ataiog ana o

Primary Interest
O Scientific Calculators O Business Calculators a Al
O Scientific Printing Calculator

Name

Title

Company

Street

City State __ Zip
Valid in U.S. only




Refer to the appendix of your Owner’'s Handbook to diagnose a calculator malfunction. The
warranty period for your calculator is one year from date of purchase. Unless Proof of Purchase
is enclosed (sales slip or validation) Hewlett-Packard will assume any unit over 12 months old is
out of warranty. Proof of Purchase will be returned with your calculator, charger, batteries and
this card protectively packaged to avoid in-transit damage. Such damage is not covered under
warranty.

Return items safely packaged directly to:

Hewlett-Packard
Corvallis Division Service Dept.
1000 N.E. Circle Bivd. P.O. Box 999
Corvallis, OR 97330
We advise that you insure your calculator and use priority (AIR) mail for distances greater than
300 miles to minimize transit times. All units will be returned via priority mail.

Where required please fill in the validation below and return your unit to the nearest designated
Hewlett-Packard Sales and Service Office. Your warranty will be considered invalid if this com-
pleted card is not returned with the calculator.

Model No. Serial No. Date Received

Invoice No./Delivery Note No.

FIRST CLASS

Permit No.
232

Cupertino,
California

BUSINESS REPLY MAIL

No postage stamp necessary if mailed in the United States

Postage will be paid by:

Hewlett-Packard

19310 Pruneridge Ave.
Cupertino, California 95014




The following factors are provided to 10 digits of accuracy where possible.
Exact values are marked with an asterisk. For more complete information on
conversion factors, refer to Metric Practice Guide E380-74 by the American
Society for Testing and Materials (ASTM).

1 inch = 25.4 millimeters*

1 foot = 0.304 8 meter*

1 mile (statute)t = 1.609 344 kilometers*

1 mile (nautical)t = 1.852 kilometers*

1 mile (nautical)t = 1.150 779 448 miles (statute)t

1 square inch = 6.451 6 square centimeters*

1 square foot = 0.092 903 04 square meter*

1 acre = 43 560 square feet

1 square milet = 640 acres
cubic inch = 16.387 064 cubic centimeters*
cubic foot = 0.028 316 847 cubic meter

ounce (fluid)t =29.573 529 56 cubic centimeters
ounce (fluid)t = 0.029 573 530 liter
gallon (fluid)t = 3.785 411 784 liters*

[ G G Y

e

ounce (mass) = 28.349 523 12 grams
pound (mass) = 0.453 592 37 kilogram*

-

1 ton (short) = 0.907 184 74 metric ton*

1 British thermal unit =1 055.055 853 joules
1 kilocalorie (mean) =4 190.02 joules

1 watt-hour = 3 600 joules”

-

ounce (force) = 0.278 013 85 newton
pound (force) = 4.448 221 615 newtons

-

-

horsepower (electric) = 746 watts*

1 atmosphere = 760 mm Hg at sea level

1 atmosphere = 14.7 pounds per square inch
1 atmosphere = 101 325 pascals

Fahrenheit = 1.8 Celsius + 32

Celsius = 5/9 (Fahrenheit — 32)

kelvin = Celsius + 273.15

kelvin = 5/9 (Fahrenheit + 459.67)
kelvin = 5/9 Rankine

1t U.S. values chosen.  * Exact values.
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