


"The success and r-rosperity of our company will be assured only if we offer our customers 
superior products that fill real needs and provide lasting value , and that are supported by 
a wide variety of useful services, both before and after sale." 

Statement of Corporate Objectives. 
Hewlett-Packard 

When Messrs, Hewlett and Packard founded our company in 1939. we offered one superior 
product, an audio oscillator. Today, we offer more than 3,000 quality products. designed 
and built for some of the world's most discerning customers. 

Since we introduced our first scientific calculator in 1967, we've sold over a million world­
wide, both pocket and desktop models. Their owners include Nobel laureates, astronauts, 
mountaIn climbers, businessmen, doctors, students, and housewives. 

Each of our calculators is precision crafted and designed to solve the problems its owner 
can expect to encounter throughout a working lifetime. 

HP calculators fill real needs. And they provide lasting value. 
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How to Use This Handbook 

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, 
Gelling Started and Printer and Display Contro/' 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 Oil other Hewlett-Packard calculators? If you have used other ponable HP 
calculators, you will find that many features of the Hp·91 are old friends-the automacic 
memory stack , the storage registers. and mos: 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-9 1 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 ROlltines in section 5. Here are step-by-step 
solutions to import am 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-9!. 

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-9!. 
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Function and Key Index 

o Paper advance Digit Entry Logarithmic and Manual Storage 
pushbutton. Press to Exponential 
advance paper without mIDiD Enters a copy mmStore. Followed by 
printing (page 13). of number in displayed BiI Raises number in number key, or decimal 

X-register into Y -register to power of point and number key, 

OFF~ON Power Y -register. Used to number in displayed stores displayed 

switch (page 11). separate numbers X-register {page 72}. number in storage regis-
(page 41 ). ter specified (flo through 

OEG~RAD Trigo- 110" I Common an- Ri ; R·o through R.s). 
GRO m:m Changes sign of tilogarithrn. Raises 10 to 

Also used to perform 
nomelric Mode switch. storage register arith-
Selects degrees, grads, 

number or exponent of power of number in dis- melic (page 58). 10 in displayed played X-register (page 
or radians for trigono- X-register (page 12). 71 ). 
metric functions mill Recall. Folowed 
(page 63). ED Enter exponent. mil Natural an- by number key or deci-

ALL 
After pressing, next tilogarithm. Raises mal point and number 

MAN~NORM Print numbers keyed in are e (2 718281828) 10 key, recalls vatue from 
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gineering notation dis-

operators (page 16). used for keying in num- play (page 28). 
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Trigonometry 

c:::::3TI Adds hours, 
minutes, seconds or 
degrees, minutes, sec­
onds in X-register to 
those in Y -register 
(page 65). 

1 ttMS- I Subtracts 
hours, minutes, sec­
onds or degrees, 
minutes, seconds in 
displayed X-register 
from those in V-register 
(page 65). 

1 + H MS I Converts deci­
mal hours or degrees to 
hours, minutes, 
seconds or degrees, 
minutes, seconds 
(page 64). 

I H MS. ) Converts 
hours, minutes, 
seconds or degrees , 
minutes, seconds to 
decimal hours or 
degrees (page 64). 

m B am Com-
pute sine. cosIne, or 
tangent of value in dis­
played X-register (page 
63). 

I SIW1J leos,'1 ITAN-' I 
Compute arc sine, arc 
cosine, or arc tangent of 
number in displayed 
X-register (page 63). 

Statistics 

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

!E3 Subtracts x and y 
values from storage 
registers R.o through 
R. s for correctingQD 
accumulations (page 
82). 

ru Clears storage 
registers used for ac­
cumulations (A.o 
through R.s) to zero 
(page 61 ). 

lIST·OO Causes printer 
to list contents of ac­
cumulation registers 
(storage registers R'Q 

through R.s) (page 76). 

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

00 Computes mean 
(average 1 of x and of y 
values accumulated 
by lil2 (page 77). 

[!) Computes sample 
standard deviations 01 x 
and y values accumu­
laled by IiI2 (page 79). 

ITKI Linear regression. 
Computes v-intercept 
(Al and slope (8) for x 
and y data points ac­
cumulated usingm 
(page 83). 

It Linearestimate. With 
set of x, y data points 
accumulated uSingiD, 
computes estimated y 
for new x (page 85) . 
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Polar/Rectangular 
Conversion 

em Converts x, Y 
rectangular coordinates 
placed in X - and 
Y -registers to polar 
magnitude, and angle (J 

(page 67). 

a Converts polar 
magnitude, and angle (J 

in X- and Y -registers to 
rectangular x and y 
coordinates (page 68). 

Percentage 

fa Computes x% of y 
(page 57). 

16%1 Computes percent 
of change from number 
in Y -register to number 
in displayed X-register 
(page 58). 

F!J Computes percent 
that x is of the number 
(~x) in storage register 
R' I (page 76). 
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Section 1 

Getting Started 

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 HPJ 

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 OFFIEl]ON to ON. 
ALL 

Slide the Print Mode switch MAN~NORM 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 
I 0.00 I 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 primed on the face of the key, press the key. 

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

11 



12 Getting Started 

To execute this function, press E. 

To execute this function, first 

press , then press E . 

In thi s handbook. the selected key function will appear in the appropriate color outlined 
by a box . like this: 1ilI3. r=:::J. 

Keying in Numbers 
Key in numbers by pressing the number keys in sequence, just as though you were \uiting 
on a piece of paper. The decimal point must be keyed m if it is pall of the number (unless 
it is ro the right of the last digit), 

For example, to key in 148.84: 

Press Display 

I 148.84 

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 GmJ(c/tange sign ) . 
The number. preceded by a minus (- ) sign. will appear in the display. For example. ro 
change the sign of the number now in the display: 

Press Display 

I -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 -I ~8.84 no\\ in the display back 10 po5.itive: 

Press Display 

I 148.84 

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

II .. 
• • 
• • 
• 
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Clearing 
You can clear any numbers that are in the display by pressing mD (clear x), This key erases 

the number in the display and replaces it \\ ith I 0.00 I. 

Press Display 

[Q:oo 

If you make a mistake while keying in a number. clear the entire number :'-(ring b~ pressing 

tm. Then key in the correct number. 

Printer 
The printer has three modes of operation. which you control using the Print .\lode 

ALL 
s\\itch MAN m::::. NORM • 

ALL 
\Vith the Print Mode s\\itch MANu:.NORM set 10 f-..lA\, (/n(//J//a/), the printer i", 

idle and does not print unless you press the mm:II3 key or one of the 
This mode gi\es greatest economy of paper and battery PO\\cr. 

ALL 

function", 

With the Print Mode s\\itch MAN.oNORM set to NORM (norma!), the calculator 
records a history of the calculaticm sequence so that you can reconstruct your prohlem. 
In this mode you sec digit entries and functions, but intermediate and final ans\\ers 
are not printed unless you press the mm:II3 key. 

ALL 
\Vith the Print ~1ode s\\itch MAN.::c:.NORM set to ALL. the ealculalOr prints 

numbers. functions. and intermediate and final answers, just as they arc seen in the 
display. The results of functions are printed with the symbol *** to the ritht of the 
number. 

To advance the printer paper. press the paper ad\anee pushbutton that is to the right of the 
paper output. Don't \\OfI)' if the display blanks out while the paper advance is operating­
this is normal. To advance the paper more than one space. simpl} hold the pushbutton down 

until the paper has advanced the desired amount. To replace the paper roll, refer to Csing 
Your HP-91 Printer in appendix A of this handbook. 

;";0 matter what print mode you choose. you seldom hine to worry about' '()\'errunning' 
the printer when you are calculating. Your Hp·9l contains a ke) buffer that "remembers' 
up to seven keystrokes - no matter how fast you press the keys. 



14 Getting Started 

Print Mode Switch 

All ALL 
MAN~NORM ----------,-- MAN.mJNORM 

Manual. Printer operates only Normal. Printer records history of 
when you press IiliIIliEI or one of calculation sequence. showing 
the LIST functions. inputs and function keys pressed. 

Calculator 
Power Switch 

DEG~RAD 
GRD 

Trigonometric Switch. 
Lets you assume angles in de­
grees, grads, or radians. 

ALL 
MAN~NOAM 

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

Paper Advance 

Shift Key 



Getting Started 15 

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~NORM 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 

148 .84 

ra 

Display 

148.84 

12.20 
148.84 .rX 
12.20 ._, 

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, Iii , 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 . .--L.. / Function periormed. 

148.84 '[X 
12.20 ••• 

• 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 

I 148.84 
XL 

148. &4 ••• 

til and EI 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 Ell and 0~more about these later). 

Function keys operate upon either one number or two numbers. 



16 Getting Started 

One-Number Functions 
To use anyone-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 eJ key, you first key in the number represented 
by x, then press the function key. To calculate 14, key in 4 (the x-number) and press m. 
Press Display 

4 1 4. 4.DD l/X 
.-. '"'Ie 

mJ 1 0.25 1.< • .:: .. 1 ••• 
Now try these other one-number function problems. Remember,first key in the "umber, then 
prcss the fimction: 

1 10.04 
25 

V2500 150.00 
10' 1100000.00 (Usethe@]key.) 

V3204100 1 1790.00 

log 12 .58925411 1 1.10 
712 1 5041.00 

Two-Number Functions 
Two-number functions are functions that must have two numbers present in order for the 
operation to be perfonned. a ,II, EI, and II 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 ID!iIJ key is used to separate the two numbers. 

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

If you key in only one number, you never need to press ID!iIJ . To place two numbers into the 

calculator and perform an operation: 

1. Key in the first number. 

2. Press ID!iIJ 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 

mmiII 

3 

a 

The first number. 

Separates the first 
number from the 

second. 
The second 
number. 

The function. 

The answer, 15.00 I . is displayed and printed. 

Other arithmetic functions are perfonned the same way: 

To perform Press Display 

12 - 3 12mmi1131:1 9.00 

12 x 3 12 mmi11313 36.00 

12 "" 3 12 mmiII 3 a 4.00 
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l i.DO ENi1 
3. DO ~ 

15.0& * •• 

1.2. [leI ENTl 
;;.0(; 
Eo. aCI ... 

1::.00 ENTl 
3.DO x 

36.00 ... 
J ~. 00 ElIT1 
3.00 
4.00 •• , 

The III 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: 

I. Ke y in the first number. 

I 2. Press mm!iIJ to separate the first number from the second. 

3. Ke y in the second number (power) . 

4. Perform the operation (press fII). 

When working with any function key (including Oil), you should remember that the 

displayed number is always designated by x on the function key symbols. 

The number displayed is always x. 

So &i means square root of the displayed number, m means • etc. 
displayed number 
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Thus, to calculate 36 : 

Press Display 

3 13. 

!mimi 13.00 
6 16. 

m I 729.00 

x. the displayed 
number. is now 6. 
The answer. 

3. 00 £liTl 
b. aO r' 

729. 0J .... 

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

16' 

81' 

(16 to the 4" power) = I 
(81 squared)= I 

(Square root of 225)= 15.00 

(2 to the 16" power) = I 65536.00 

(4" root of 16)= LI 2",.",0",0 _ _ ..J 

Chain Calculations 

(You could also have 
done this as a one· 
number function 
using Ell.) 
(You could also have 
done this as a one­
number function 
using lEi.) 

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 interme.diate 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 pan. 

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

lfyou were working the problem with a pencil and paper, you would first calculate the inter­
mediate result of (12 + 3) .. 

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

(~X7 = 105 

I?X 7 

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) 



Press 

12 

!mimi 
3 
D 

Display 

1 12. 
112.00 

13. 
1 15.00 [ntermedi ate result . 
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12.00 tNT1 
3.00 + 

15. DD ..... 

.. and then solve for the final answer. You don't need to press !mimi to store the inte r­
mediate result-the HP-91 aUlOrnatically s.lOres it inside the calculator when you key in the 
next number. To continue. 

Press Display 

7 

13 105.00 

The intermediate 
result from the 
preceding opera­
tion is automat­
ically stored inside 
the calculator when 
you key in this 
number. 
Pressing the func­
tion key multiplies 
the new number 
and the inter­
mediate result, 
giving you the final 
answer. 

7.0U x 
105.00 t ... 

Because the HP-91 stores intermediate results automatically, you don't need 1O print them. 
You can slide the Print Mode switch to NORM to preserve a record of your calculations, 
and then press DmmI3 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 hislOry of the 
calculation: 

ALL 
Slide the Print Mode switch MAN.oJNORM to NORM. 

Press Display 

12 12. 

!mimi 12.00 
3 3. 
D 15.00 LOO EHI1 
7 7. 3.0& • 
13 105.00 7.0D x 

DmmI3 105.00 Preserves the final 105.0& ..... : 
answer in your 
printed record . 
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Now try these problems. Notice that for each p:oblem you only have to press rm:DiIl to insert 
a pair of numbers into the calculato:-each subsequent operation is performed using a new 
number and an automatically stored intermediate result. 

To solve 

(2 + 3) 

10 

3(16-4) 

14 + 7 + 3 
4 

-2 

Press 

2 

rm:DiIl 
3 
D 
10 

III 
ImiD 

16 

rm:DiIl 
4 

a 
3 

13 
ImiD 

14 

rm:DiIl 
7 

D 
3 

D 
2 
a 
4 

III 
ImiD 

Display 

0.50 

0.50 

36.00 

36.00 

I 5.50 

I 5.50 

2.00 EH T1 
3.00 of 

lO. Du 
0.50 ... 

16 .00 EHil 
4. 00 
J. OD A 

36. 00 ... 

14 . 00 EHTl 
7.0[, .;. 
3. 0D T 

2. 0u 
4. aD 
5.50 ... 

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: 

(2 + 3) X (4 + 5) 
First solve for the contents -- --

of these paren'hesd L .and then for these parentheses ... 

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

Press Display 

2 I 2. 

ImmI I 2.00 

3 13 

0 I 5.00 

Then add 4 and 5: 

Intermediate result. 

2.00 ENTl 
3. DG + 

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

Procedure Press Display 

4 ImmI 5 0 ccl 9'-".0'-"0_----' 
4.00 ENTI 
::. 0[1 1" 

Then muLtiply the intermediate answers rogether for the final answer: 

Procedure Press Display 

145.00 45.00 .u 

NOIice that you didn't need to write down or key in the intermediate answers from inside 
the parentheses before you multiplied-the HP-91 aUlOmatically 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: 

Press DIsplay 

91mm18D 1 17.00 

71mm12D 1 9.00 

EI 1153.00 

41mm15E1 1 20.00 

0 1 7.65 

CIllIliEI 1 7.65 

(9 + 8) x (7 + 2) 
(4 x 5) 

intermediate result of 
(9 + 8). 
Intermediate result 
of (7 + 2). 
(9 + 8) multiplied by 
(7 + 2). 
Intermediate result of 
(4 x 5). 
The final answer. 

9.00 EHTI 
B.DO • 
7. DO EHT! 
2 .. DO + 

X 

4. DO ENTl 
5. DO x 

7.65 , ... 



22 Getting Started 

Now lry 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 x 3) + (4 x 5) 

(14 + 12) x(l8 -12) 
(9 7) 

V16.3805 x 5 
.05 

26.00 

78.00 

181.00 

4 x (17 - 12) c- ( 10 - 5) L4"'."'00"----_.J 

V(2 + 3) x (4 + 5) + V(6 + 7) x (8 + 9) 21.57 

A Word about the HP-91 

ow 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 emer 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 (hey 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'I! 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. 
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Section 2 

Printer and Display Control 

In the HP-91 , you can se lect many different rounding options for display of numbers. 
When you first turn on the HP-9 1, for example, the calculator "wakes up" with numbers 
appearing rounded to two decima1 places. Thus, the fixed constant iT, 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 la-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 Imm 313 LI 6"'.::.:00'---_ 

However. inside the calculator all numbers have la-digit mantissas and two-digit exponents 
of 10. So the HP-91 aClllafly calculates us.ing full la-digit numbers: 

2. OOOOOOOOO X 10"" Imm 3.000000000 x 1000 13 

y ields an answer that is aClUally carried to full 10 digits internally: 

I 6.000000000 x 10" I 
~----

You see only these digits ... t t ... but these digits are a lso present. 

Display Control Keys 
There are four keys, [@ , I sell , IENGI, and the prefix key _ , that allow you to control the 
manner in which numbers appear in the dlsplay in the HP-91. 

(1!KJ displays and prints numbers in fixed decimal puint furlllat, while I sc ll permits you to 
view numbers in a scientific notation format. (ENG) displays numbers in engineering notation, 
with exponents of 10 shown in multiples of three (e.g., 10', 10-', 10"). _ followed 
by a number key (0 through 9) changes the number of displayed digits without Changing 
the format. 

No matter which format or how mallY displayed digits YOlt choose, display cOlllro/ alters 
only the manner in which (l number is displayed alld primed 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 se lect, the HP-91 always calculates internally with a full IO-digit 
number, multiplied by 10 rai sed 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 

10-<ligit number 

Sign 

Decimal point 

Using fixed point display. you can specify the number of places to be shown after the decimal 
poinl. It is selected by pressing mRJ 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 (he left side of the display (or the right side of the printed (ape) and includes 
trailing zeros within the selling selected. When the calculator is turned OFF, then ON, it 
"wakes up" in fixed point notation with the display rounded 1O two decimal places. 

For example: 

ALL 

Slide the Print Mode switch MAN~NORM to l\1AN now so that you can concentrate 
on the display Changes. 

Press Display 

(Turn the calcu-
lator OFF, 
then ON.) 0.00 Calculator "wakes 

up" in Il!Il 2 display 
format. 

123.4567 123.4567 
[FiX] 0 123. Display is rounded off 

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

Il!Il 4 123.4567 

Il!Il 7 123.4567000 

Il!Il I 123.5 Notice that the display 
rounds if the first 
hidden digit is 5 or 
greater. 

Il!Il 2 1 123.46 Normal1l!Il2 display. 
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Scientific Notation Display 

Sign of expo nent of 10 

Mantissa sign 

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 _ (]§) 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 idenlify the exponent of 10. For example: 

Press 

123.4567 
_ @ 2 

_ @ 4 

_ @ 7 

_ @ 9 

Display 

123.4567 

1.23 

1.2346 

02 I Indicates 1.23 x 10'. 
~~~==='!052 I Indicates 1.2346 

x 1 ()2. Notice that the 
display rounds if the 
first hidden mantissa 
digil is 5 or greater. 

~1.-;;2"'34~5~6"'7coO-~0"'2""l lndicates I. 2345670 
x 10'. 

r71.-=2"'3475~6"'7coO-=00=--=0"'2"'1 Indicates 1.234567000 
x 102 , 

Note: You can easily key in numbers in scientific notation format by using the aD 
(enter exponent) key-more about this later. 

Engineering Notation Display 

Specified significant 
digits after the first one 

i 
One significant 
digit always present 

Exponent of 10 
i--!.IWi.YS a multiple 

of three 

Engineering notation allows all numbers to be shown with exponents of 10 that are multiples of 
three (e.g .• 103 , 10- 6 , 10"). 
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This is particularly useful in scientific and engineering calculations. \\ here units of measure are 
often specified in multiples of three. Refer 10 the prefix chart below. 

Multiplier Prefix Symbol 

1012 tera T 
10' giga G 
10' mega M 
10' kilo k 
10-3 milli m 
10-' micro IJ-
10- ' nano n 
10- 12 pico p 
10-15 lemto I 
10- 18 atto a 

, 

Engineering notation is selected by pressing _ IENGI 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 disp~ ay. For example: ~ 

Press 

.000012345 

. IE""I I 

Display 

1.000012345 1 

L..I .!.12",.~ _ _ ...:-=-,Q§OOJ 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. 

""12"".""3""5----"06;;--)1 Display i, rounded off 
to third s ignificant 
digit after the first one. 

r 1;-;2'"'. 3"4"'50"'00=00"-"06.---1 
10. -06 I Display rounded off to 

first significant digit. 

Notice thal rounding can occur to the left of the decimal point, as in the case of 0 0 
specified above . 

When engineering nmalion has been selected . the dec imal point shifts to show the mantissa 
as unit s . tens, or hundreds in order to maintain the exponent of 10 as a muhiple 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: 



Press 

(02 

lOa 
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Display 

12.3 -06 
I 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 IENGI 2 earlier, 
[he HP-91 maintains two significant digits after the first one when you muhiply by 10. 

Press Display 

loa L'-1.c=2=3 ____ -"'03"--.j1 Decimal point shifts. 

Display Number Changes 

Power of I 0 shift!'> to 
1 0-3 . Display main­
tains two significant 
digits after the first 
onc. 

You have seen how you can change the HP-91 display to show numbers in fixed. sc ientific 
notation. or engineering notation format. When you have specified any of these formats. 
the HP-91 permits you to change the /lumber of di splayed 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 se lected. _I 
1.2 04 I} The HP-91 remains in _6 
1.234500 04 I scientific notation 

_ 2 1.23 04 I mode; only thenumber 
of displayed digits is 
changed. 

~2 12.3 03 Engineering notation 
format selected. 

3 12.35 03 I} Number of displayed 
digils changes, but _7 

12.345000 03 I calculator remains in _I 
12. 03 I engineering notation 

mode. 

CERJ 5 12345.00000 Fixed format selected. _3 
12345.000 I} Number of displayed 

0 12345. I digi ts changes, but 
2 12345.00 I 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 CIiImD 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 notatiull. By sdecting 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 (hat 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. numbe·rs that are not the results of operations-are ~ 

also printed by the HP-9l. 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 fonnat or press a 
function key. Then the number is printed exactly as YOlt 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 fonnat with a three-asterisk label. For example: 

ALL 
Slide the Print :I'Iode s"itch MAN.r:J]NORM to NORM. 

Press Display 

.0000123456 
_ lsc, 13 When you press any 

)~ function, the number 
is first printed just as 
you keyed it in. 

CIiImD 1.235 -05 1 Results of functions. 
including display for- } .0000123456 
matting. are printed in --1.235-05 •. U 
the selected fonnat. :2345678%. 

1234567890 1234567890. 1 /1.234568+09 .n 
_ IENGI6 1.234568 09 1 The number is printed 1/ as you keyed it in. 

mIIm3 1.234568 09 1 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. 

I 

I 

1 

I 
Thus, whenever you key in a number, the HP-91 prints it just as you keyed it in; then the I 
fonnat 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 formal I 
before printing. If you have specified fixed point notation (by turning the calculator OFF, 
then ON, or by pressing 0EJ followed by a number key) and the number keyed in is a.lso 
in fixed point format (i.e., you have not pressed aD). the HP-91 will attempt to align I 
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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 fennat (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 primed record of your calculations. 

Example: You begin the month with a balance of 5735.43 in your checking account. 
During the month, you write checks for S235, $79.95, ,5, $1.44, SI7.83, ,50, and $12.43. 
Calculate the closing balance for the accounr and preserve a printed record of yourcalculations. 

All. 
First, ensure that the Print Mode switch MAN.-rJ]NORM is set to NORM. 

Press 

[@2 

735.43 mmlIl 
235 a 

79.95 a 

5a 

1.44 a 
17.83 a 
50a 

12.43 a 

IililIlID 

Display 

10.00 

735.43 
500,43 

1420.48 

I 415.48 

I 414.04 

I 396.21 
I 346.21 

333.78 
333.78 

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

Two extra zeros } 735.43 £HH 
printed so that decimal .... 235. DO 
points will line up. ~ 79.95 

The number is prin~ed} : " DO 
exactly as you keyed 1.44 
it in. 17.83 

Two extra zeros) / ~D. 00 
printed . 12.43 

Two extra zeros) 
printed. 

Closing balance. 

J33.78 u. 

You need not worry about "'osing" 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: 

Press Display 

.0005 0.0005 

13 0.17 

IililIlID I 0.17 

Entire number is } 
printed-not rounded ------.. 
to [@ 2. .OD05 
Amount set aside for } ~ 0.1'( 
sister-in-Iaw 's gift. ~ 
Result of function is 
rounded to I!IKl 2. 

x ... 
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Automatic Display Switching 
The HP·91 switches the display from fixe<! point notation to full scientific notation (! ;;;e' 19) ~ 

\\ henever the number is too large or too ::lrnall to be seen with a fixed decimal point. This 11 
feature keeps you fron missing unexpectedly large or small answers. For example, if you 
try to solve (.05)3 in normal @ 2 display, the ansv.er is automatically shown in scientific 
notation. 

Press 

[ill] 2 

. 05 [mmJl 
3 Gil CIilIm3 

Display 

I 0.00 I Normal [ill] 2 
'-"'=--------' di,play. (Display 

IrcO"'.0=-=5~------'1 

shown assumes no 
results remain from 
previous example.) 

I 1.250000000-04 I Displayautomaticall) 
'" itched 10 0 9 10 
show answer. 

.05 Elli1 
J.OO yx 

;.2:0000000-0; ••• 

After automatically sWllchi ng from fixed to scientific, and a new number is keyed in or , 
mJ3 is pressed, the display automaticalJy revens back to the fixed point display originally 
selected. 

The HP-91 also switches to sciemific nClarion if the answer is too large (~ 1010) for fixed 
point displa). For example. the dispJa} will not switch from fhed if you solve 
1582000 x 1842: 

Press 

1582000 
[mmJl 
184213 

CIilIm3 

Display 

I 1582000. 

I 1582000.00 
I 2914044000. 

I 2914044000. 

: ~S2Da[: . DO EHT1 
Fixed point fonnat. l~~::.DD .~ 

25'14044DOO. ..._. 

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

Press Display 

1013 CIilIm3 I 2.914044000 10 I Scientific notation 
format. 

Jli . O[' X 

2 . 9:4[~4000+1u ••• 

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 ID3 (enter exponent of 
10) followed by number keys to specify the exponent of 10. For example, [0 key in 15.6 
trillion (15.6 x 10") . and multiply it by 25: 



Press 

15.6 

1m 
12 

I'\ow Press 

mmJl 
25 13 IllmI3 
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Display 

15.6 

15.6 00 
,-,-15~.",6 ___ --,1",2--,--, Thi s means 15 .6 

x 1012 . 

Display 
15.6d2 fHTf 

I 1.560000000 13 25.00 X 
1 3.900000000 14 3.900000000+;4 .. ~ 

You can save time when keying in exact powers of lOb) merely press ing 6D and then 
pressing the desired power of 10. For example . key in 1 million (lOS) and div ide by 52 . 

Press 

52 II IllmI3 

Display 

'--'-1.'---___ ----'00"'-11 You do not have to key 

r.-1.----"06"'1 

in the number 1 before 
pressing lID when the 
number is an exact 
power of 10. 

1 000000.00 1 Since you have not 

0:;-19:::2:-:3:::0.-=7:::-7- - -'1 

speci fi ed scientific 
notalion , the display 
revens to fixed point 
notarion when you 
press m:iim. 

1. +D6 flirt 
52.00 

19230.77 u> 

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

Press Display 

1 1.923077 04 1. 92J077 +04 .... : I 1.923077 04 

To key in negative exponents of 10 . key in the number , press~, press m:m to make the 
exponent negative. then key in the power of 10. For example. key in Planck ' s constant 
(h)-roughly. 6.625 X 10-" erg sec.-and multiply it by 50. 

Press 

13!3 
(@ 2 
6.6251m 

ta 
27 

mmJl 
50 13 IllmI3 

Display 

Q~~~~3~ Erg sec. 

tL X 
5.625-27 HiT1 

5{"i.OO x 
3.31250000"-25 ••• 
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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 (I x 10"'), the HP-91 will display the answer: 

Press Display 

Be FI O¥'O§O~~~~ 
1m 49 mmJl I 1.000000000 49 

1m 50 EI I 1.000000000 99 

CL X 
1. +49 flirt 
L +50 ): 

IiIimIJ3 I 1.000000000 99 :.OCCOOOOOO+99 ••• 

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 
100.00 " 

100 EI IiIimIJ3 9.999999999 99 I Overflow indication. 
S.~9P999999+99 .... 

Error Display 
If you happen to key in an improper operation, the word Error will appear in the display. 

ALL 
In addition, if the Print Mode switch MAN.:mJNORM 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: 

AU 
Ensure that the Print Mode switch MAN.mNORM is set to NORM. 

Press Display 

I -4. 
I Error 

-4.00 IX 
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 

1-4.00 

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. 

23 Low Power Display 
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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. 



.. 
.. 
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Section 3 

The Automatic Memory Stack 

The Stack 
Automatic storage of intermediate results is the reason that the HP-9l 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 thal illustrate the problems in this handbook were created with the Print Mode 

ALL 
switch MAN.m:IIlNORM set to NORM. 

When you first switch the calculator ON, the display shows I 0.00 
the contents of the display, or "X-register." 

. This represents 

Basically, numbers are stored and manipulated in the machine "registers." Each number, 
no matter how few digits (e.g., 0,1 , or 5) or how many (e.g., 3.141592654, - 23.28362, 
or 2.87148907 x 1027

), 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 fonn 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. 

~ame Register 

T ~o.oo J 
z 

1 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 LIST: 
1 STACK 1 (list stack) key. 

Press 

_ LIST' I STACK I 

Display 

I 0.00 

o. DO LlSi 
O.OU T 
0.00 2 
V.Dli Y 
0.00 X 

Notice that LIST: 1 STACK I, like cmIm and the other LIST functions, operates regardless ofthe 
position of the Print Mode switch. 

37 
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Manipulating Stack Contents 
ThellD (rolf dOlVn) . 1iD (rolf lip). and aD (x exchange y) keys allow you to review the stack 
contents or to shin data within the slack for computation at any time. 

Reviewing the Stack 
To see how the CD key works, first load the stack with numbers I through 4 by pressing; 

4mmiD3mmiD2mmiDI 
4.00 fNTI 
J.OO fliil 
2.00 HiTt 

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. 

To see the coments of the stack now, press: 

Press 

_ LIST: I STACK I 

Display 

1.00 UST 
4.00 T 
3.00 '-
2.00 Y 
1.00 X 

When yOll press the liD 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 
liD . When you press liD again, the stack contents again roll downward one register. 

To see how thelia key operates, press . LIST: I STACK I to list the stack contents after each 
press of thellD key: 
Press 

IlD 
_ LIST: I STACK I 

Display 

12.00 

R. 
LIST 

1. 00 T 
4.00 Z 
:;. DO ). 
2.00 X 
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Press Display 

.... 
LIST 

liD 2.00 T -LIST I STACK I 1 3.00 1.00 Z 
4.00 ) . 

3.00 ),' 

k. 
LIST 

liD 3.00 T , -LIST: I STACK I 14.00 2.00 " 1.00 l' 
4.00 X 

f<. 
LIST 

liD 4.0U T , -LIST. I STACK I 1.00 3.00 Z 
2.00 y 

1. 00 ~ 

Once again the number 1.00 is in the displayed X-register. Four presses of thelia key roll 
the stack down four times, returning the contents of the stack 1O their original registers. 

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

Exchanging x and y 

The aD (x exchange y) key exchanges the contents of the X- and the V-registers without I affecting the Z- and T-registers. If you press E1D with data intact from the previous example, 
the numbers in the X- and V-registers will be changed ... 

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

T 
,--
~O _ T 14.00 

Z 3~ Z 3.00 
Y ,l:~ :~ 1~ X 1.00 Display 2.00 Display 
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You can verify this by first listing the stack contents and then pressing an. To see the 
results, list the stack contents again: 

Press Display 

LiST 
4.0[1 T 

_ LIST: I STACK I 1.00 3.00 2 
2.00 )' 

1.00 Ii 
Em 2.00 X';'j' 

LIST 
4.00 ;-_ LIST' I STACK I 2.00 3.00 " 1. DO v , 
2.00 Ii 

Notice that whenever you move numbers in the slack using one of the data manipulation 
keys. the actual stack registers maintain thei r 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 m. To clear the entire aulOmatic memory 
stack, including the displayed X-register, press _ I CLEAR r. This replaces all numbers in the 
slack 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, ir is never ,zecessary [0 clear rhe stack or [he displayed 
X-register when starring a new calculation. This will become obvious when you see how 
old results in the stack are automatically lifted by new entries. 

Press B!3 now, and the stack contents are changed ... 

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

T f 4.00 T 4.00 
-----; 

Z 

~ 
Z 3.00 

Y 1.00 Y 1.00 

X 2.00 Display X 0.00 Display 
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You can verify that only the X-register contents are affected by listing the stack contents 
after you have pressed em : 
Press Display 

CL X 
LIST 

_ LIST: I STACK I LI "o."'o"O __ --' 
4.0[; T 
3.00 " 1. DO j' 

[I. DO X 

Now press _ I CLEAR I. The contents of the stack are changed ... 

•.. from this •.. ... to this . 

T jj T 0.00 

Z 3.00 Z 0.00 CLEI/Ii 
y . 1.00 Y 0.00 

X · 0.00 X 
I 

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: I STACK I 1 0.00 

The ",131_ Key 

LIST 
0.00 T 
0.00 Z 
0.0[; )~ 

0.00 X 

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 

J contents are altered. 

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

... from this ..• to this. 

T 1 0.00 T 0.00 

! z 10.00 Z 0.00 

Y 0.00 Y · 0.00 
, I 

i 
X 0.00 X 314.32 I -
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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 mom key to separate the digits of the first number from the digits of the second. 

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

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

T ~ T 0.00 
Z ~-' Z 0.00 
Y 

1
0.00 , Y 314.32

1 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 mom. the X-register is prepared for a new number, and that new 
number writes over the number in X. For exam9le , key in the number 543.28 and the contents 
of the stack registers change .. 

... from this .•. ...to this . 

T 

~ 
T 0.00 

Z 0.00 Z 0.00 
Y 314.32

1 

Y 314.32 

X I 314.32
1 

Display X 543.28 Display 

tiE 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 CBI3 
now to change the stack .. 

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

T 0.00 T 0.00 
Z 0.00 Z 0.00 

I 
Y 314.32 Y 

: ~.104~32 1 X 543.28 Display X Display 
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and then key in 689.4 to change the stack. . 

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

T - 0.00 T 0.00 

z 0.00 Z 0.00 
y 314.32 Y 314.32 

X 0.00 Display X 689.4 Display 

Notice that numbers in the stack do not mo"e when a new number is keyed in immediately after 
you press lIST [ STAO- I, mImIEJ, cmi!iZJ, or E. However. numbers in the stack do lift 
upward when a new number is keyed in immediately after you press most other functions, 
including liD. liD. and 13D. 

One-Number Functions and the Stack 
One-number funelions execute upon the number in the X-register only. and the contents of 
the Y·. Z'o and T-registers are unaffected when a one-number function key is pressed. 

For example . with numbers positioned in the slack as in the carlier example. pressing the 
Ii key changes the stack contents .. 

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

T 0.00 T 0.00 

Z 0.00 Z 0.00 

Y 314.32 Y 314.32 

X 689.4 Display X 26.26 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 
Hewlen-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: 

and then you would add. like this: 

34 
21 

34 
+21 

55 
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Numbers are positioned the same way in the HP-91. Here's how it is done. (If you clear 
the stack first by pressing _ I CLEAR J, the numbers in the stack will correspond to those 
shown here in the example.) 

Press 

_ I CLEAR I 
34 

GmD 
21 

Display 

10.00 

134. 
134.00 

121. 

34 is keyed into X. 

34 is copied into Y. 
21 writes over the 34 
in X. 

CUHR 
34.00 flirt 

Now 34 and 21 are sitling vertically in the stack as sho'~vn below, so we can add. 

Press Display 

155.00 

T 
Z 
Y 
X 

~ 
0.00 I 
0.00 I 

1 34.00 
1 21. 

The answer. 

Display 

21.00 + 
55.00 u. 

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: 

Press Display 
34 134. 

GmD 134.00 
21 121. 

a IiiIm3 1 13.00 

34 
-21 

34 is keyed into X. 

34 is copied into Y. 
21 writes over the 34 
in X. 
The answer. 

34.0D ENT1' 
21. Oll 
13.00 .n 



I 

I 

; 

To multiply 34 by 21: 

Press Display 

34 34. 

mmn 34.00 

21 21. 

13 IDiEl 714.00 

To divide 34 by 21: 

Press Display 

34 34. 

mmn 34.00 

21 21. 

II IDiEl 1.62 

Chain Arithmetic 
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34 
x21 

34 is keyed into X. 
34 is copied into Y. 
21 writes over the 34 
inX. 
The answer. 

34 
21 

34 is keyed into X. 
34 is copied into Y. 
21 writes over the 34 
in X. 
The answer. 

34.00 EHTl 
2J.00 x 

7J4.00 u* 

:34. DO EH'l· 
2LDD 
1.62 •• * 

You've already learned how lO key numbers into the calculator and perform calculations with 
them. In each case you first needed to position the numbers in the slack manually using the 
mmn key. However, the stack also performs many movements automatjcally. 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 beCi1U~t;: 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 + II + 17 ~ ? 

If you press _ I CLEAR I 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. 

Note: You can use the LIST" I STACK I function to monitor the changes in the stack 
contents. 
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Press Stack Contents -I CLEAR I T I 0.00 
16 Z 0.00 16 is keyed into :he 

V ,.2.00 - displayed X-regis.ter. 
X 16. 

T 0.00-
tmmD z 0.00 

16 is copied into Y. 
V 16.00 -., 
X 16.00 ! 

T O~ 
30 Z O.~ 30 writes over the 16 

V 16.00 in X. -
X 30,-------, 

GLEAf 
It.. DO fliT 1 

T o:oq 30.D0 • 
16 and 30 are added 11. 00 + a z 0.00 ----< together . The answer, 17. 00 • V 0.00 
46. is displayed. 74. DD n. 

X 46.00 

T O~ 11 is keyed into the 

II Z 0.00 displayed X-register. 
V 46.00 The 46 in the stack is 
X 11. automatically raised. 

T 0.00 

a z 0.00 
46 and II are added 

f-- together . The answer, V 0l.,00 ~ 
X 57.00 

57, is displayed. 

T 0.00 17 is keyed into the 
17 Z 0.00 X-register. 57 is auto-

V 57.00 I marica lly entered 
X 

I 
into Y . 17. 
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T O.ClO 

a z O.ClO 57 and 17 are added 

IiiilI:iJ3 y O.ClO together for the 

X ~.OO 
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 1099). 

In addition to the automatic stack lift afler 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 fea ture more clearly. First press em to clear the 
X-register. Now, again solve 16 + 30 + II + 17 = ? 

Press Stack Contents 

T 0.00 --
16 Z 0.00 

y 0.00 

X 16. 

T Too 
z 0.00 
y 16.00 -
X 16.00 

T 0.00 

30 Z 0.00 

Y 16.00 

X ..JO. 

T 0.00 
Z 16.00 
~ 

Y 30.00 

X · 30.00 

T 0.00 
z r-:-: 

~.OO 
y 30.00 

X 11. 

II 

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. 
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Press Stack Contents 

T 16.00 

ImmI Z 30.00 II is copied into Y . 16 

Y ~OO and 30 are lifted up to 

X I 11.00 T and Z respectively. 

T - 16.00 

17 Z 30.00 17 is wrinen over 
y 11.00 the II in X. 
X 17. 

17 and II are added 16.00 ENTt 

together and the rest of 30.00 flirt 
T 16.00 11. DO £HIt a z 16.00 the stack drops . 16 

1;.0(1 + 
y 30.00 drops to Z and is also + 
X 28.00 duplicated in T. 30 and • 28 are ready to be 74.DD ... 

added . 

T 1 6.00 l 30 and 28 are added 

a z 16.00 
, together and the stack 

y 16.00 drops again. Now 16 
- and 58 are ready to be X 58.00 

added. 

T 16.00 16 and 58 are added 
a z 16.00 together for the final 

IlIiIm3 y f.-16.00 answer and the stack 
X , 74.00 continues to drop. 

The same dropping action also occurs with II . EI and II . 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 [Q 

give [he 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 resuhs in long calculat ions without the necessity of 
reentering the numbers. 



The Automatic Memory Stack 49 

Order of Execution 
When you see a problem like this one: 

5 x [(3 -i- 4) - (5 -i- 2) + (4 x 3)] -i- (3 x .21 3) 

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

Expenenced 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 
lefHo-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 1 3. 

mmJl 1 3.00 
4 1 4. .. I 0.75 

5 1 5. 

mmJl 1 5.00 
2 1 2. .. 1 2.50 .. b!.75 

4 1 4. 

mmJl 1 4.00 
3 1 3. 

a I 12.00 

0 10.25 

3 1 3. 

mmJl 1 3.00 
.213 1.213 

a 1 0.64 .. 1 16.04 

5 1 5. 

a 180.20 

IlIllIliI3 180.20 

Intermediate answer 
for (3 -i- 4). 

Intennediate answer 
for (5 .;- 2). 

Intermediate answer 
for (3 -i- 4) - (5 -i- 2). 

Inlennediale answer 
for (4 x 3). 

Intermediate answer 
for (3 -i- 4) -(5 -i-2) 
+ (4 x 3). 

Intermediate answer 
for (3 x .213). 

The first number is 
keyed in. 

5. DO f liTt 
4. D(' 
5. 00 HHt 
2. 00 

4. DO f liTl 
3.0[1 x 

J . DO f Hit 
.213 x 

5. 00 x 
80. 20 ... 
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Constant Arithmetic 

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

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 13. Try working this problem with the Print Mode switch set to ALL so that you'll 
have a record of all the answers wilhout pressing miImI3 each time. 

ALL 
Slide the Print Mode switch MANIlBllNORM to ALL. 

Press Display 

I. 15 1.15 Growth factor. 

ImmD 1.15 
1.15 EHTI 

ImmD 1.15 EHTI 
ImmD 1.15 Growth factor now EHTl 

in T. 
IDOO.OD x 

1000 1000. Starting population. 
~ 150. 0(1 ... 

13 1150.00 Population after 1st X 
day. 1322.5& ... 

13 1322.50 Population after 2nd 
X 

day. 1520.88 ... 
13 11520.88 Population after )fd 

X 
day. 1745.01 ... 

13 1 1749.01 Populat ion after 4th 
X 

day. 2011. 36 ... 
13 1 2011.36 Population after 5th 

x 
day. 

231:3.06 ... 
13 1 2313.06 Population after 6th 

day. 

When you press 13 the first time , you calculate 1.15 x 1000. The result (1150.00) is 
di splayed 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. 
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Notice that performing a two-number operation such as £I causes the number in the T­
register to be duplicated there each time the stack is. dropped. However, the liD key, since 
it rotates the contents of the stack registers, does nor rewrite any number, but merely shifts 
the numbers that are already in the stack. 
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Section 4 

Function Keys 

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.rnNORM set to NORM. 

LASTX 
Tn 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 _ ILAST x I. 

Recovering from Mistakes 

~ 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 1 12. 
ImmD 112.00 
3.157 0 13.80 Oops! You made a 12.0[1 Elm 

mistake. 3.1~7 -~ I 3.16 Retrieves that last LSTX 
entry (3.157). x 

f3 1 12.00 You're back at the 
,.., or., 

£. • .J.,), 

beginning. 5.56 . .. 
2.157 0 15.56 The correct answer . 

milIlii3 15.56 

53 
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In this example, when I LAST xl is pressed, the contents of the stack and ILAST x l register are 

changed .. 

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

T 0.00 T 0.00 
~ z ~ z 0.00 

y 0.00 y _3.80 
~ ~ 

X 3.80 rx ~.16 
" 

LAST X LAST X 

I 3.16 I I 3.16 

This makes possible the correction illustrated in the example above. 

Recovering a Number 
The LAST X register is useful in calculations where a nurnher occurs more than once. By 
recovering a number using ILAST x l, you do not have 10 key that number into the calculator 
again. 
Example: Calculate 

Press 

7.32 

IilmlD 
3.650112331 

D 
_ I LASTX I 

Display 

I 7.32 

I 7.32 

I 3.650112331 

11 0.97 

13.65 

I 3.01 

I 3.01 

Reciprocals 

7.32 + 3.650112331 
3.650112331 

Intermediate answer. 
Recall; 3.650112331 
to X-register. 
The answer. 

7.32 fHTt 
2. 65Di12JJj T 

LSTX 

~.Dl ••• 

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

Press Display 

25 i2I 1 0.04 25.00 J/X 
ImiJ3 I 0.04 D.D4 ... 
You can also calculate the reciprocal of a value in a previous calculation without reentering 
the number. 
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Example: In an electrical circuit, four resistors are connected in para llel. Their values are 

220 ohms, 560 ohms, 1.2 kilohrns, and 5 kilohms. What is the total resistance of the circuit? 

RT = - - ----'-------

_1_ + _1_ +_1_ +_1_ I I I I 
-- +-- +--- T---

RJ R2 R::I R, 220 560 1200 5000 

Press 

220121 
560 121 

a 
1200 121 

a 
5000121 

a 
121 

IilIIliEI 

Factorials 

Display 

1 4.545454545-03 

1 1.785714286-03 

1 0.01 
1 8.333333333-03 

1 0.01 
1 2.000000000-04 

1 0.01 

LI "'13"'5"....,,79"-___ .J The reciprocal of the 

~13"5"'. 7;;;9----, 

sum of reciprocals 
yields the answer in 
ohms. 

220.00 1/); 

560.00 1/;': 

+ 
1200.00 1/); 

+ 
5000.00 I/X 

135.79 ••• 

The @ (factorial) key permi ts you to handle permutations and combinations with easc. 

To calculate the faclOrial of a positive integer in the displayed X-register, press _ IE]. 

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

Method: P; = 6! = 6 x 5 x4 x3 x2 x I. 

Press Display 

6 6. 

_IEJ 1 720.00 The answer. 
6.00 N! 

IilIIliEI 1 720.00 
720.00 ... 

The calculator overflows for factorials of numbers greater (han 69. 

Square Roots 
To calculate (he square rOOI of a number in [he displayed X-register, press rii. Forexample, to 

find the square root of 16: 

Press Display 

16 m 1 4.00 
1';.00 JX 

IilIIliEI 14.00 
4.00 ... 
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To find the square root of the result 

Press 

ri;i 
milI:iD 

Squaring 

Display 

I 2.00 

I 2.00 

Ix 
2.00 ••• 

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

Press Display 

I 2025.00 

I 2025.00 

To find the square of the result: 

Press 

Using Pi 

Display 

I 4100625.001 
I 4100625.0ij 

45.00 X" 
2025.00 ••• 

X" 
410Dr>25.00 .... 

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

Press Display 

3_0 13 9.42 3.0D t 
.Y. 

milI:iD 9.42 
9.42 .... 

Example: In the schematic diagram below, XL 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=~ 
2m 

L = ~ 
2m 

12,000 
2 X1TX60 
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Press 

12 m:I 3 

ImIm 
20 
_ El O 
60 0 
IiilIliD 

Display 

12. 

12000.00 
6000.00 

1909.86 
31.83 
31 .83 

Percentages 

03 

Henries. 

12. +03 EHTt 
2.00 

( 

6[1.00 
31.83 n. 

The PJ 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 1mIm . 
3. Key in the number representing percent rate. 
4. Press Ii! . 

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

Press 

1500 ImIm 
6.5 

Ii! 
IiilIliD 

Display 

11500.00 

16.5 

197.50 

1 97.50 

6.5% of $1500 is $97.50. 

Base number. 
Percent rate. 
The answer. 

1500. DO ENTi 
6.50 :~ 

97.50 n. 

In the above example, when the e 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 m, the stack contents were changed ... 

... from this ..• . .• to this. 

T 0.00 T 0.00 

Z 0.00 Z 0.00 
Y 1500.00 Y 1500.00 

X ~ 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 

o 
Display 

11597.50 

11597.50 

Total of price and sales 
tax combined. 

+ 
1597.50 *.* 
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Percent of Change 
The 1£.\%1 (percent of change) key is a two-number function that gives the percent increase 
or decrease from Y 1O X. To find the percent of change: 

I. Key in the base number (usually. the number that happens first in time), 
2. Press mmiD 
3. Key in the second number. 
4. Press . 11",·1 

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

Press 

70 mmiD 
240 . 1,0',·1 
ImiEI 

Display 

I 70.00 

I 242.86 

I 242.86 

Storage Registers 

Percent increase. 
70.00 EliT! 

240.00 .. ;; 
242.86 ... 

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 operat ions within the stack. These storage registers allow you to set aside 
numbers as constants or for use in later calculations. 

Automatic Memory 
Stack 

T 
z 
y 

~.-~ 

I X Display 

LAST X 

Storage Registers 

ROpl ===1 
R'pl ====i 
R'pl ====i 
R,lp ===1 
R'pol ==~ 
R,lp ====i 
R'pl =====: 
R'pl ===1 
Rapl ====i 
R'LI ___ ..J 

R,opl ===1 
R"pl ===1 
R"pol ===j 
R" pl ===1 
R.,lpo==~ 
R·,IL ___ -' 

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

Storing Numbers 
To store a displayed number in any of storage registers Ro through Rg: 

I. Press mID (store). 
2. Press the number key of the applicable register address (@) through @J). 
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For example, to store Avogadro's number (approximately 6.02 x 1023
) in register R2 : 

Press 

6.02 1m 23 
m!l2 

Display 

6.02 23 

6.020000000 23 
6.02+23 S 2 

Avogadro's number is now stored in register Rz. Notice that when a number is stored, it 
is merely copied into the storage register, so 6.02 X 1023 also remains in the displayed 
X-register. 

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

1. Press Elm. 
2. Press the decimal point key GJ. 
3. Press the number key of the applicable register address (0 through 5). 

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

Press 

16495000 

m!l84 

Display 

16495000. 1 E.49500G. 00 S.'; 
16495000.00 

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 Ro 
through Rll : 

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

For example, to recall Avogadro's number from register R2 : 

Press Display 

I 6.020000000 23 I 
To recall a number from any of registers R.o through R. 5 : 

I. Press 1llilI. 
2. Press the decimal point key G. 
3. Press the number key of the applicable register address (@J through (]]). 

For example, to recall the number of persons carried daily by the Japanese National 
Railway: 
Press Display 

I 16495000.00 

Recalling a number causes the stack to lift unless the preceding keystroke was l33DiIJ, BI3, 
or 81 (more about 81 later). 
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When you recall a number, it is copied from [he 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 IO-digit 
number with a two-digit exponent of 10 until you overwrite it by sroring another number there , 
or until you clear the storage registers. 

Example: Three tanks have capacities in U.S. units of2.0, 14.4, and 55.0 gallons, respec­
tively. If 1 U.S. gallon is equi'w'aient 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 mil 0 13.79 Constant placed in 
regi ster Roo 3,;-'85 $ jj 

2£1 17.57 Capacity in liters of 2. Oil v 

pI tank. ~ r~ ... . • .J ( 

~ 17.57 1., .40 f. [I 

14.4 IiIiI!I 0 £I 154.50 Capacity in liters of , 
2nd tank. 54.50 ... 

~ 154.50 55.00 k G 
55 IiIiI!I 0 £I 1208.18 Capacity in liters of x 

yd tank. 208.J8 U. 
1208.18 

Listing the Storage Registers 

You can see the contents of all of (he storage registers at any lime by pressing _ LIST: 
IREG I 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. 

LI ST 
o.?9 • " 0 

Press Display 

0. 00 ~ 

[. 020[>0000[1+.23 + e.' 
0.00 • 3 
0.00 • 4 
0.00 • 5 
0.00 • 6 

_ LIST· ~ 1208.18 0.00 • 
0.00 • 8 
0.00 • 9 
0.00 +.0 
0.00 +. 1 
0.00 +.2 
0.00 't'.J 

1649~OOO.OO •• 4 
0.00 +.5 
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If you want only a partial listing of storage registers. you can stop the priming 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 Ro. Rz, and 
R q , 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 Rz• press 0 lim 2. 

• To clear all storage registers back to zero at one time, press _ I CLEAR I. Besides 
replacing the contents of each storage register with zero, this also replaces the contents 
of the automatic memory stuck with zeros as well. 

• When the HP-91 is first turned O;..J, it "wakes up" with the quantity zero in each of 
the storage registers and in each of the automatic stack registers. Thus.. fUming the 
calculator OFF, then ON, also clears the storage registers and the stack. 

You can also clear storage registers ~ through R9 or registers R.o through R.~) while 
leaving the remaining registers and the stack intact. 

• Press _ I Cl REG I to clear on ly storage registers Ro through R9 while preserving the 
contents of the stack and storage registers R.o through Ro;;. 

• Press _ [@ to clear only storage registers Roo through R' 5 whi le preserving the 
contents of the stack and storage registers Ro through R9 • 

Storage Register Arithmetic 

Arithmetic can be performed upon the contents of storage registers Ro through R9 by pressing 
mm followed by the arithmetic function key followed in turn by the register address. 
For example: 

Press 

mil El3 

Result 

Number in displayed X-register added to contents of storage register 
RI> and sum placed into R1 ; (rl + x ....... Rl)' 

Number in displayed X-register subtracted from contents of storage 
register R2 , and difference placed into R2; (r2 - x ....... R2)' 

Number in displayed X-register multiplied by contents of storage 

register Ra. and the product placed into R3; [(ra)x ....... RaJ. 

Contents of storage register R, divided by number in displayed 
X-register, and quotient placed into register R,; (r4 --:- x ....... R,,). 

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. 
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Notice that you can perform slOrage register arithmetic upon the contents of only storage 
registers Ro through R9 _ You cannot perform slOrage register arithmetic upon storage 
registers R.o through R.s. 

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 555 per ton. On Wednesday the price rises to 557.50 
per ton, and Snopes sh ips loads of 26 tons and 28 tons. If [he 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. 

Press Display 

25 ImmD 125.00 

27D 152.00 

19D 23 D 194.00 Total of Monday's and 
Tuesday' s tonnage. 

55 EI 1 5170.00 Gross amount for 
Monday and Tuesday. 

E 5 1 5170.00 Gross placed in 25.00 £HTt 
s~orage register R;;. 

::7.00 + 
2m 103.40 Deductions for 

J9.CJO Monday and Tuesday. + 

Ell 5 103.40 Deductions subtracted 23.00 + 

from total in storage SS.Oli x 
register R:;. S 5 

2.00 '. 
26 ImmD '. 

5-5 
28D Wednesday 's tonnage. 26. DO £HT1 
57.50 EI Gross amount for 

Wednesday. 28.00 + 

ED 5 I 3105.00 \Vednesday 's gross 57.50 x 

amount added to total 5+5 

in storage register R:;. 3.00 7. 

3m 93.15 Deduction for 8-5 

Wednesday. R 5 

Ell 5 93.15 Wednesday deduction 8078.45 ... 
subtracted from tOlal 
in storage register R;;. 

liB! 5 1 8078.45 Snopes' total net 
income from his 
tomatoes. 

IlmIliD 1 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.) 
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Trigonometric Functions 
Your HP-9J pro\ides you with si~ trigonometric functions. which operate In decimal 
degrees. radians, or grads. You can convert angles between decimal degrees and d~gretS 
minuus. seconds, and you can add and subtract angles in any of these ronns withoulconverting 
them. 

Trigonometric Modes 

The Trigonometric Mode s .... itch OEG~RAD is used to select whether angles are assumed 
by the calculator to be specified in decimal degree:" radians. or grads. 

t ('" 360 degrees = 400 grads = 2 .. radians. 

Functions 
The six trigonometric functions provided by the calculator are: 

C (slOe) 

_CE:J (arc sine) 

tm (cosine) 
_lens· 1 (arc cosine) 

IZllI (tangent) _§J 
(arc tangent) 

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

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

Example I: Find the cosine of 35°. 

First, specify degrees mode by sliding the Trigonometric Mode s"itch DEG~RAO 
GAO 

to DEG. 

Press 

35 
9 
!miD 

Display 

1 35.00 
1 0.82 
1 0.82 

Example 2: Find the arc sine in radians, of .964. 

J5.DDCOS 
O.~ ... 

First, specify radians mode by sliding the Trigonometric Mode s~itch oeG~RAD 
to RAD. 

Press 
.964 

-G:J 
!miD 

Display 

1·964 
1 1.30 
1 1.30 

Radians. 
.964 Slit' 
1.30 ... 
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Example 3: Find the tangent of 43.66 grads. 

Slide the Trigonometric Mode switch OEG'RAD to GRD. 

Press Display 

43.66 

am 
~ 

143.66 

10.82 

10.82 

Hours, Minutes, Seconds/Decimal Hours Conversions 

43.66 Tilli 
0.82 n. 

Using the HP·9 1, you can change time specified in decimal hours to hOllrs, minutes, 
seconds format by using the ~ (to hours, minutes, seconds) key; you can also change 
from Irours, millUles, seconds to decimal hours by using the I H.MS" I (from hours, minutes, 
seconds) key. 

When a time is displayed or printed in hours, minutes. seconds [annat, the digits specifying 
hOllrs occur lO (he left of the decimal poinl, whi le the digits specifying minllfes, seconds, 
andfracrions of seconds occur to the right of the decimal point. 

Hours, Minutes, Seconds Display 

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 _ ~. For example, to change 21.S7 hours whours, minutes. 
seconds: 

Press Display 

21.57 I 21.57 Key in the decimal 
time. 21. S700 _4 I 21 .5700 Reset display format. #IllS -Eill I 21.3412 This is 21 hours, 34 21. 341, ... 
minutes, 12 seconds. 

~ I 21.3412 

Notice that the display is not auwmatically switched w show you more than the normal two 
digits after the decimal point «(£[] 2) , so w see the digits for seconds. you had to reset 
the display format to (£[] 4. 
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To convert from 110/1'-5, minutes, seconds to decimal hours . s.imply key in the value farhollrs, 

minutes. seconds in that format and press _ I H,MS+ 1. For example, to convert 132 hours , 
43 minutes, and 29.33 seconds to its decimal degree equi\"alem: 

Press Display 

132.432933 132.432933 This is 132 hours , 
43 minutes. 29.33 
seconds. 132. 43253J HilS, 

_ I HMS- I 132.7248 This is 132.7248 132. i248 ... 
hours. 

IDiEI 132.7248 

Using the I +1~Ms l and I HMS+ I operations, you can also convert angles specified in decimal 
degrees to degrees, minutes, seconds, and vice versa. The format for degrees, mil/utes, 
seconds is the same as for hours, minutes, seconds. 

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

Press 

42.57 

-~ 

Display 

142.57 
1 42.3412 

1 42.3412 

Ke y in the angle. 

This means 42 0 34 ' 
12". (Display 
assumes IT!KJ 4 
notation remains 
specified from 
previous example.) 

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

Press 

38.08567 
_ DB 

Disptay 

138.08567 
1 38.1491 

138.1491 

Key in the angle. 
Answer in decimal 
degrees. (~ 4 
display specified 
from previous 
example.) 

Adding and Subtracting Time and Angles 

42.5700 ;HilS 
42. :;412 ... 

JS.0856i' HilS. 
38.149J ... 

To add or subtract decimal hours, merely key in the numbers for the decimal hours and 
press D or a. To add or subtract hours, minutes, seconds. use the I '1MS+ I (add hours. 
minutes, seconds) and I HMS- I (subtract hours, minutes. seconds) keys. 

Likewise, ang les specified in degrees, minutes, seconds are added by pressing _ I HMS+ I 
and subtracted by pressing _ I HMS- I. 
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Example: Find the sum of 45 hours, 10 minutes, 50.76 seconds and 24 hours , 49 minutes, 
10.95 seconds. 

Press 

45.105076 

mmm 
24.491095 
_ I "Ms.1 _6 
rmiI3 

Display 

I 45.105076 I 
I 45.1051 1 

1 24.491095 1 
1 70.0002 1 
1 70.000171 1 
1 70.000171 1 

(£[) 4 notation from 
previous example. 

45.105076 EHTI 
24.491095 HIIS+ 
;'0.000171 ... 

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

Press Display 

31 2.3217 1312.3217 1 

mmm 1312.3217001 0K) 6 from previous 
example. 

"31.2.321700 flirt-
142.78 1142.78 1 Decimal degrees. 142.7eOOOO ~HIIS 
_ I-HMSI 1142.4648001 To degrees. minutes, HrfS-

seconds. 16S.452900 ... 
_IHMS-I 1,59.4529001 This is 169 '45 '29". 

rmiI3 (£!Rl 2 1 159.45 1 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 sa ilor Oscar Odysseus dwells on the island of Tristan da Cunha 
(3 7003 '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 
fo llowing form ula to calculate the great circle distance that Odysseus must sail in order to 
court her. 

Distance = cos- ' [si n(LAT,) sin (LAT,) + cos (LAT,) cos (LAT,) 
cos (LNG, - LNG,) 1 X 60. 

Where: LATs and LNGs = latitude and longitude of the source (Tristan da Cunha). 

LATd and LNGd = latitude and longitude of the destination. 
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Solution: Convert aU 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 ~ CO,- l ['in(37"03'),in(15 °55') + co, (37"03') co, (15°55') 
co, (5 °43 'W - 12 °IS " W)] x 60 

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

Press Display 

5.43 15.43 

~ 15.72 5.43 H"S. 
12.IS 1 12.18 12.18 H"S' -~a t 6.58 

1m 0.99 COS 
15 .55 15.55 15.55 HitS..; -~ 15.92 S 1 
milJ I 15.92 COS 
1m 0.96 x 

£J 0.96 37.03 H"S' 
37.03 _ S 0 

c=:::J milJ 0 137.05 COo 
1m 1 0.80 x 

£J 1 0.76 R 0 

IiI3! Om 1 0.60 
~IN 

IiI3! I llIlI 1 0.27 
~ 1 

£J I 0.17 
~IH 

x 
D 10.93 • _ [2§J 

121.92 cos-' 
60 £J IllilI:iEI 1 1315.41 Distance in nautical 60.00 X 

miles that Odysseus 
must sail to visit 

1315.41 ... 
Penelope. 

Polar/Rectangular Coordinate Conversions 
Two functions are provided for polar/rectangular coordinate conversions. Angle (J 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, () coordinates (magnitude and angle, 
respectively): 

1. Key in the y-coordinate. 
2. Press mmm to raise the y-coordinate value to the V-register of the stack. 
3. Key in the x-coordinate. 
4. Press the= (rectangular to polar) key. Magnitude r then appears in the X-register and 

angle e is placed in the V-register. ([0 display the value for e, you press f3!J.) 
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The following diagram shows how the stack contents change when you press 1m . 

T T 
Z z z Z 
y -coordinate • • I angle9 

1m y 
,x-coordinate, I I 

X • • magnitude r I X 

To convert from polar r. 0, coordinates 10 rectangular x, y, coordinates: 

I. Key in the value for the angle O. 
2. Press tm::mD to raise the value for () to the V-register of the stack. 
3. Key in the value for magnitude r. 
4. Press the call (polar 10 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 mJ.) 

The following diagram shows how the stack contents change when you press =. 
T T ------
Z z z Z 
y angle 8 - • y-coordinate y 

X ma9.nifude r 1m 
II ,x-coordinate, - X 

After you have pressed mi1 or =. you can use the aD key to bring the calculated angle 8 
or the calculated y-coordinate into the X-register for viewing or funher calculation. With 
the Print Mode switch set to MAN or NORM, you must also use the EiD key to prim 

AU. 
these values. With the Print Mode switch MAN~NORM set to ALL, however, both computed 
values are printed automatically when you press m:D or =. (No three-asterisk label is printed 
next to these results in ALL. Instead, they are convenient ly lab led with symbols for x and y or 
for rand O. These results are printed in the specified display format.) 

Example 1: Conven rectangular coordinates (4. 3) to polar form with the angIe expressed 
in radians. 
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Slide the Trigonometric Mode switch DEG~RAO to RAD. 
GRD 

Press Display 

3 ImmD I 3.00 y-coordinate entered 
into the V-register. 

4 1 4. x-coordinate keyed 3.00 HiT! 
into the X-register. 4.00 R,P 

I 5.00 
r " .... 1m Magnitude r. ... ' . Ul! 

IDii3 I 5.00 
x; y 

Em I 0.64 Angle (J in radians . D.64 ... 
IDii3 I 0.64 

ALL 
Now slide the Print Mode switch MAN~NORM to ALL and work the problem again. 

3.00 tNT! 
4.00 R~P 
D.64 e 
~.D[; ~ 

Example 2: Convert polar coordinates (8, 120°) 10 rectangular coordinates. 

" 

Slide the Trigonometric Mode switch OEG~RAO to DEG. 
GRD 

Ensure that the Print Mode switch MANDNoRM is set to ALL. 

Press Display 

120 ImmD 120.00 Angle () entered inlO 
the Y -register. 

120.00 tNT? 
8 8. Magnitude r placed in S.OO hI'. displayed X-register. 

6.53 .,. 
1:1 I -4.00 x-coordinate. 

-4.00 v 

Em I 
n 

6.93 y-coordinate brought X; )' 
into displayed . Q- .... X-register for use , if c" _.j 

desired. 



70 Function Keys 

Example 3: Engineer Tobias Siothrop has determined that in (he 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 Xc in the circuit? 

Method: Draw a vector diagram using 77.8 ohms total impedance for polar magnitude 
rand -36.5 ° for angle 8. When the values are converted to rectangular coordinates, the 
x-coordinate value yields resistance R in ohms, and the y-coordinate value yields reactance 
Xc in ohms. 

Solution: 

Ensure that the Trigonometric Mode switch DEG~RAD is set to DEG. 
GRD 

ALL 
Ensure that the Print Mode switch MAN.::JII NORM is set to ALL. 

Press Display 

36.SImJ -36.5 -36.50 ENH 
!mIll -36.50 77.80 P~R 
77.8 77.8 -46.28 " , 
1m 62.54 Resistance R in ohms. 6".54 X 
Em -46.28 Reactance x". 46.28 X:Y 

ohms, available in - 46.28 *** displayed X-register. 
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Logarithmic and Exponential Functions 

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

[!II is loge (natural log). It takes the log of the value in the X-register to base 
e (2.718 ... ). 

raJ is antilo& (natural antilog). It rai&es e (2.718 ... ) to the power of the value in the 
X-register. (To display the value of e, press I mi.) 

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

U is antilog 1o (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? 

The equation is: 

Solution: 

M, 
-Iog-­

M, 
= 8.25 - log --"---

( 
105) 

(H you want your printed copy to match the one shown here, slide the Print Mode switch 
ALL 

MAN.urrJNORM to NORM,) 

Press Display 

8.251mm 18.25 8.25 ENT1 
105 0 12.02 105.0[: LOG .. 16.23 Rating on Richter 

scale. 6.23 .. '. cmm3 16.23 

Example 2: Having )ost most of his equipment in a blinding snowstorm, ace exp)orer 
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: 

Altitude (feet) = 25,000 In 30 
Pressure 

30 
= 25,000 In 9:4 
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Where is Jason Quarmone ? 

Solution: 

Press 

30 mmiD 
9.40 
I!lI 
25000 

13 
IlliII:iEI 

Display 

I 30.00 

I 3.19 
I 1.16 

1 25000 
129012.19 

I 29012.19 
Altitude in feet. 

j[;.OO EHTf 
:'.40 

Lil 
250(1(1.00 Y 

2:'012.19 * ..... 

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

Raising Numbers to Powers 
The m key is used to raise numbers to powers. Using the Oil 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. Gil 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 29 (that is, 2 X 2 X 2 x 2 x 2 x 2 x 2 x 2 X 2): 

Press Display 

9. 

512.00 

512.00 

To calculate 8-1.2567: 

Press 

8 mmiD 
1.2567 ram 
Oil 
IlliII:iEI 

Display 
I 8.00 
I -1.2567 

I 0.07 
I 0.07 

To calculate ( -2.5)5: 

Press 

2.5 ram 
mmiD 
sOil 
IlliII:iEI 

Display 
1-2.5 

1-2.50 
I -97.66 

I -97.66 

2.00 flirt 
.t;. DD yx 

51.2. C'D ,j' •• 

O. DC ENrt 
-1.2567 'r'X 

D.O? *.* 

-2.50 ENrt 
5. DO V>: 

In conjunction with 121. Gil provides a simple way to extract roots. For example, find the 
cube root of 5. (This is equivalent to SI/3.) 

Press Display 

5.00 

0.33 

1.71 

Reciprocal of 3. 

Cube root of 5. 

5.00 ENT! 
?,.L(i lEX 

'r';~ 

1. 71 *** 
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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 

M ~ _--"spe=e=d"o"f"a::irc:c.::ra",ftc-_ 
speed of sound 

if the following formula is applicable? 

M~ [(1 [( [ 350 r)" ~1. ( ) ~ -'''~t \"'~ ,1 5 1+0.2 "'66i"5J - "- ~l - 6.875 x [O-B 25.500J ( ~ -J 

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

brackets. So begin by solving for the quantity [ ~] 2 and proceed outward from there. 
661.5 

Press Display 

350 ImmD 350.00 I 
661.5 III 0.53 I 
m I Square of bracketed 

'?~~, r,r, fNrt 0.28 ,.;"'L'. VI.' 

quantity. 661.. 50 
.2 Ell 0 1.06 I X~ 

3.5 Eiil III 0.21 I Contents of left-hand ~ 2D X 

set of brackets are in 1 ~ 00 • 
the stack. s.50 yA 

I ImmD 1.00 ~. Oll 

6.875 1m 6.875 00 I 1. DD ENT1 

GlllJ6 ImmD 6.875000000-06 I 6.875-06 fNT! 
2550D.JD ' .. 

25500 Elli 0.82 I 
5.2656 am -5.2656 I Contents of right-hand -5.2656 y¥. 

set of brackets are in 
the stack. 

x 
1. DC) • Eiil 2.76 
.286 yx 

Ell 0 1.58 
1. 0[1 

.286 Eiil 1.14 5.[1[1 .i{ 

III 0.14 IX 
5 Ellii 0.84 Mach number of 0.84 .. *,: 

Daedalus' Harrier. 

mii3 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. 
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Statistical Functions 

Accumulations 
Pressing them 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.o through R. 5 • The only rime that information is automatically accumulated in the storage 
registers is when the ED key is used. Before you begin any calculations using the ED key. 
you should first clear the storage registers used in accumulations by pressing _ §. 

When you key a number into the display and press the ED 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 Roj. (~x ~ R. d 

2. The square of the number that you keyed into the X-register is added to the contents of 
storage register R.2. (Ix2~ R. 2 ) 

3. The number in the Y-register of the stack is added to the contents of storage register 
R. 3 . (ly-> R. 3 ) 

4. The square of the number in the Y -register of the stack is. added to the contents 
of storage register R. 4 • (Iy2~ R. 4 ) 

5. The number that you keyed into the X-register is multiplied by the contents of the 
V-register, and the product added to storage register R.5. (Ixy~R'5) 

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

The number that you keyed into the X-register is preserved in the I LAST xl register, while the 
number in the stack V-register remains in the V-register. 

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

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

T ' t I I R.o 

T~ 
n IR.o 

z~ IR., Z z lx IR., 
y y I R., Y <---y !x2 IR' 2 

X x I R'3 X n l~ IR' 3 

I R., It IRq 
I R' 5 lx~ IR' 5 x 

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 mil 8 followed by the 
number key of the storage register address. (After you have pressed £D, 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 Ix, lx2, 1y. 1y2, and lxy for the paired values of x and y listed belov.. 

Press Display 

o 0.00 

71mim 7.00 

581 1.00 

51mim 5.00 

381 2.00 

91mim I 9.00 
881 I 3.00 

1iB!8 16.00 

liB! 8 2 98.00 

liB! 8 3 I 21.00 

liB! 8 4 I 155.00 

liB! 8 5 122.00 

liB! 8 0 3.00 

5 9 

3 8 

Ensures that storage 
registers R.o through 
R' 5 are cleared to 
zero initially. Display 
assumes no results 
remain from previous 
example. 

First pair is accumu­
lated; n = I. 

Second pair is 
accumulated; n = 2_ 

Third pair is 
accumulated; n = 3_ 
Sum of x values from 
register R. t -

Sum of squares of x 
values from register 
R· 2 _ 

Sum of y values from 
register R. 3 _ 

Sum of squares of y 
values from register 
R

q
_ 

Sum of products of x 
and y values from 
register R. ~_ 

Number of entries 
(n ~ 3) from 
register R.o-

CL ~ 
7.0[1 f NTi' 
5.0[1 1+ 
5. 00 ENTI 
].00 1+ 
9.00 ENT! 
8.0[, ;.,. 

R. l 

R " 
R.3 
R. 4 
R. 5 
R.O 
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Listing Accumulations 
You can see all of the values accumulated by the ED key at any time. Simply press _ 

LIST·®, and the printer will print out the contents of the storage registers used for summations 
along with a description for each summatio:1. 

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

Press Display 

_ LIST ~ LI -=:3.c::.00~_--, 

Percent of Sum 

LiS; 
3. 0[, N 

If.,J[r : ,'\ 
95. 0[: !x ~ 

21. OD Z) 
15:'.0D ZYf 
l~E. D[! r XY 

The m (percent of sum) key permits you to compute the percentage that several values 
are of a total, while leaving the total intact. The E!J key computes the percentage the 
number in the X-regis'ter is of the value in ~(Qrage register R'I_ The fonnula used is: 

_x_x tOO = %I 
Ix 

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

You will probably want to accumulate the total value in register R' l using the ED key before 
you press £!I. (You could also accumulate a value in register R' l manually, by simply 
storing the value there using the em key.) 

Example: A compound is made up of 5.4 grams of hydrogen (H), t72.8 grams of oxygen (0) 
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 
[L ;: _ (ill) 

0.00 Display assumes no ~. 4G 5 1 
results remain from ZT 
previous example. 

1 ic. 80 S <' 
5.4 IlmJ I BI I 1.00 1+ 
172.8 IlmJ 2 BI 1 2.00 B66. it' 5 3 
866.7 IlmJ 3 BI 13.00 1+ 
1m I F.D I Q.52 Percent H is of total F: : 

weight. ' , '1" 
~;, .... 

IiIiIIliJ3 0.52 0.52 ...... 
1m 2 F.D 16.54 Percent 0 is of total Ii 

, 
< 

weight. '. 'r .... ~ 

IiIiIIliJ3 I 16.54 It. 54 ... 
1m 3 F.D I 82.95 Percent S is of total R ~ 

weight, ', ,,,{, 
' OM 



82.95 
1044.90 

1044.90 

Mean 

Total weight of the 
compound. 
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82.95 •. u 
k.l 

1044.9D u. 

The 0 (mean) key is the key you use to calculate the mean (arithmetic average) of x and y 
accumulated in registers R. t and R.3 , respectively. 

When you press _ m: 
1. The mean (x) ofx is calculated using the data accumulated in register R' I ( ~x) and R.o (n) 

according to the formula: 

, 
x = -1-2:', 

n 1= 1 (
That is, ~ = x) 

R·o 

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

2. The mean 6) of y is calculated using the data accumulated in register R'3 ( ~y) and 
register R.o (n) according 10 the formula: 

, 
- 1 '" Y = -~Yi 

n i"'i (
That is, ~= y ) 

R·o 

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

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

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

MAN~NORM to ALL before pressing 00. 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 [he average high and low temperatures for the week selected? 
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High 

Low 

Press Display 

I 0.00 

6 lmim n 
BmF.iD 1.00 

11 Imim 17 
BmF.iD I 2.00 

14 1mim 15 
BmF.iD 3.00 

12 1mim 9 
BmF.iD 4.00 

5 1mim 24 
BmF.iD I 5.00 

2Bm Imim I -2.00 

29 Bm F.iD I 6.00 

9Bm Imim I -9.00 

35 Bm F.iD I 7.00 

- 0 I -21.57 

IiIilIliD I -21.57 

ElD I 5.29 

IiIilIliD I 5.29 

Sun Mon Tues Wed Thurs Fri Sat 

6 11 

-22 -17 

14 12 5 -2 

-15 -9 -24 -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. 

-9 

-35 

[L " f. 00 EHT 1" 
-22.00 1+ 

11.0D fiiH 
-1;'. DO 2+ 

14.00 fliT 1 
-15.00 z· 

12.00 filiI 
-~. 00 z. 
5.00 fNT! 

-24 .. 0[1 1+ 
-2. CO fNTl 

-23.0& 2+ 
-3.&[1 HIH 

-3~F . DO 1+ 
.' 

-21.57 no 
X; Y 

5029 *n 

As shown, you can use the IiIilIliD and ElD keys to print the values for x and y, but another 
method is: 

ALL 
Slide the Print Mode switch MANIDilIINORM to ALL. 

Press Display 

I -21 .57 

x 
5.25 Y 

-21.5? l. 

Notice that instead of a three-asterisk label, the HP-91 conveniently prints Y and X labels 
when you press _ fiJ in ALL mode. 
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The illustrations below represent what happens in the stack when you press _ O. 
Press 0 and the contents of the stack registers are changed .. 

. .. from this ••. 

T 
Z 
Y 
X 

z 
y 
x 

Standard Deviation 

...to this. 

--- ----; .. ~ T 
.. Z 

~lost Y 
X 

~ z 
y 
x 

LAST X 

I x I 

The 0 (standard deviation) key is the key you use to calculate the standard deviatjon 
(a measure of dispersion around the mean) of data accumulated in storage registers R.o 
through R.5 . 

When you press _ 0 : 
I. Sample x standard deviation (s,.) is calculated using the data accumulated in storage 

register R., (~x'), R" (~x), and R,o (n) according to the fonnu la: 

s = , 
~X2 _ (Ex)2 

n 
n - 1 

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

2 Sample y standard deviation (Sy) is calculated using the data accumulated in storage 
registers R" (~y'), R., (~Y), and R,o (n) according to the fonnu la: 

Sy 

LY' _ (~y)2 
n 

n 1 

i The resultant value for standard deviation of y (s)' ) is available in the V-register of 
the stack. 

! 

, 
~ 

'! 

Thus. with data accumulated in registers R.o through R . ~. when you press _ ~. the 
contents of the stack registers are changed . . . 

. .• from this . .. . .• to this. 

T ' T ~ 
Z I z Z 

----j 
z 

y>---y- • y 5, 
X X X Sx~ LAST X 

~ I x I 
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To see both of the values returned by the ca1cuialOr when you press _ 0, you can 

print out the values for Sx and Sy automatically by first sliding the Prim Mode switch 
All 

MAN.a.NORM to ALL. 

To use the value for standard deviation of y (Sy) simply use the f!D 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 mill ions of dollars) 
of six of the 50 wealthiest pe rsons 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 I 62 58 62 73 84 68 

Value I 1200 1500 1450 1950 1000 1750 

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

Mode switch MAN .rJ]NORM set to NORM. 

Press 

_ Iilll 

62 I3liiDl 
1200 ED 

58 I3liiDl 
1500 ED 
62 I3liiDl 
1450 ED 
73 I3liiDl 
1950 ED 
84 I3liiDl 
1000 ED 
68 I3liiDl 
1750 ED 

_ m 
Em 

- ® 

Disptay 

I 0.00 

I 62.00 

I 1.00 

I 58.00 

I 2.00 

I 62.00 

I 3.00 
I 73.00 
I 4.00 
1 84.00 

I 5.00 

I 68.00 

I 6.00 

1475.00 

67.83 

I 347.49 

I 9.52 

Clears storage 
registers used for ED· 
(Disp1ay assumes no 
results remain from 
previous examples.) 

Number of data pairs 
(n) is I. 

Number of data pairs 
(n) is 6. 
A verage value of net 
worth. 

Average age of the 
sample . 
Standard deviation 
(sx) of net worth of 
sample. 

Standard deviation 
(s,) of age of sample. 

Ci.. I 
62.0(, E.NT 'r 

1200.00 I+ 
SB.OD rNH 

1 50(1. DO I,. 
62.00 ftiTf 

J4~(I. 00 !<t 
73.00 ENIl 

1950.00 :of 
84.00 HiTT 

lOOO.OO I+ 
6t .• 00 fHT1 

1 ('50. 00 !<t 
X 

X~ '-' .. 
c· 
-' ... ~ ... , 

.~ ... l 



I 

i 

8 
, 

To see how the HP-91 prints both Sx and Sy: 
ALL 

Slide the Print Mode switch MANII!illNORM to ALL. 

Press Display 

I 347.49 
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5 
9.52 Y 

34~.49 ,\ 

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 [!). 

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 srandard deviation (5) and the population standard deviation (0-) is illustrated 
by the following equation. 

n - I 
n 

Since II is automatically accumulated in regi ster R.o 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 st ill intact from the previous example in registers R.o 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.rnIlNORM back to NORM. 

Press Display 

_ 0 347.49 Calculate Sx and Sy. 

ImGO 6.00 Recall n. 5 
III 5.00 Calculate n - 1. R.O 
ImGog 0.83 Divide n - I by n. 1.0[1 

fiiE! 317.21 Population standard R.O 
deviation frx . 

fx Iilim3 I 317.21 

Em I 9.52 Brings Sy to the .' 
X-register. ?1;'~21 ..... -~ 0.91 Recall conversion 

X;)· 

factor. LSTi. 

E! 8.69 Population standard " 
deviation fry. 8.6:- .'* .. 

Iilim3 8.69 
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Deleting and Correcting Data 
[f you key in an incorrect value and have not pressed ED, press CiI3 and key in the correct 
value. 

If one of the values is changed, or if you discover after you have pressed the III key that 
one of the values is in error, you can correct the summations by using the B (summation 
minus) key as follows: 

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

2. Press _ G 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 liD. 
The correct values for mean and standard deviation are now obtainable by pressing _ 
Oand _ 0. 

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 mmJl 162.00 Data to be replaced. 

1200 11200. 
_ 0 15.00 Number of entries (n) 6E-.DO £;.Tl 

is now five. lZ0D.DD 1-
21 mmJl I 21.00 The new data. 2i.[I(. ENT! 
1300 11300. j 300. 00 1+ 
liD 16.00 Number of entries (n) 

is six again. 

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.:DllNORM to ALL. 

Press Display 

- 0 11491.67 The new average x 
(mean) worth. 61.00 ·1 

Em I 61.00 The new average 1491.67 X 

(mean) age available x:~· 

in X·register for use. 61.00 .. * 
_ 0 I 333.79 The new standard S 

deviation for worth. 21. 60 Y 

Em I 21.60 The new standard 33::. i9 X 
deviation for age X;Y 
available in X·register 21. 6[1 ... 
for use . 



I 

i 

i 
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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 jn registers R.o through R.~, you can calculate the coefficients of the 
linear equation y = A + Bx using the least squares method by pressing _ II[]. 
(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 liD key. Then press _ CJ. 
When you press _ ITKl, two values are calculated: 

1. The y-intercept (A) of the least squares line of the data is calculated using the equation: 

A 
ly lx' - lx lxy 

n lx' - (lx)' 

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 = n lxy - lx ly 
n lx' - (lx)' 

The slope (B) is available in the Y·register of the stack. 

Thus, when you press _ (I[) , the contents of the stack registers change ... 

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

T e--!.- T 
Z z Z z 
Y y • Y B 

X x • X A 

ALL 
With the Print Mode switch MAN.u.NORM set to ALL, the Hp·91 automatically prints values 
for both A and B whenever you press _ []J. 

Touse the value for B arlO bring it into the displayed X·register, simply shift the stack contents 
with the m.:I 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 0 f Barrels) 

Year 

969 

1945 

994 1330 1512 

1950 1955 1960 

1750 2162 2243 2382 2484 

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. 

2000 

""" 
H"" 

500 

19015 1950 1955 1960 1965 1910 191 

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

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

switch MAN~NORM set to NORM.) 

Press 

_ [ CLEAR [ 

696mmm 
1945 rD 
994 mmm 
1950 rD 
1330 mmm 
1955 rD 
1512 mmm 
1960 rD 
1750mmm 
1965 rD 
2162mmm 
1970 rD 
2243mmm 
1971 rD 
2382 mmm 
1972 rD 
2484mmm 
1973 rD _[IT) 
Em 

Display 

1 0.00 

1 696.00 

1 1.00 

I 994.00 
2.00 

1330.00 

3.00 

1512.00 

4.00 

1750.00 

[ 5.00 

2162.00 

6.00 

2243.00 

7.00 

2382.00 

8.00 

I 2484.00 

1 9.00 

1-118290.63 1 

1 61.16 

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. 

CLEH/? 
oSi£.. O(i ENTt 

1945. OD :~ 
954. DD fllTt 

1950.0(; Z+ 
H3u. DO ElITt 
1955.0D l+ 
1512.00 EfJit 
1960.,OD 1+ 
1750. DC< EHH 
1965.00 J+ 
2162. DO EHT1 
19;'0.00 Z+ 
2243.00 EHTt 
19(1. DO 1+ 
2382. DO ENTt 
1972.00 ~ ... 
2484.0u EHTt 
19;'0. DO :i+ 

LR 
x:y 
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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~NORM to ALL. 

Press Display 

1-118290.63 1 

LR 
£1. 16 S 

- JJ 8290. 63 Ii 
In ALL mode. the HP-91 identifies these results with labels for A and B instead of with 
a three-asterisk label. 

Linear Estimate 
With the data totaled in registers R.o through R. 5 • a predicted y (that is, a 9) can be calculated 
by keying in a new x-value and pressing 6. 
For example, with data intact from the previous example in registers R.o through Ros• 
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 6 . 
(If you want your printed copy to match the one shown here, ensure that the Print Mode 

ALL 
switch MANIDJ]JINORM is set to ALL.) 

Press Display 

1980 1:1 I 2808.63 Predicted demand in 19&0.0(; ~ 
millions of barrels for 

2805'.63 *H the year 1980. 
ZO[l~j. 0[1 \~ 

2000 1:1 I 4031.86 Predicted demand in 4[;31.6'6 .... 
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 (r2). The coefficient of determination is a value between 
o and 1. At r = 0 you have no fit, while at r2 = I you have a perfect fit. The traditional 
equation for r2 is: 

[~(x - X)2] [~(y - y)'] 

On your HP-91, however , the most efficient way to calculate r2 is to use this equivalent 
equation: 

r' [ n ~xy - ~x ~y ], 
n (n - 1) sx Sy 
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Example: Calculate r for the previously calculated linear regression. 

ALL 
Slide the Print Mode switch MAN.r:mNOR., to NORM if you want your printed copy to 
match the one shown here. 

Press Display 

_ OJ -118290.63 
LR 
£;;/1 mmm -118290.63 S 

_ 0 10.37 

II 61.59 

II 0.99 X~ 

m IiiiIIm 0.99 0.9S *** 

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 rm and ODD keys) with the summation functions (them 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 Q . 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.) 

0" 25· 

40_ 
T .... 

~=-- ...... 
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Slide the Trigonometric Mode switch DEG~RAD to DEG. 
GRD 

Press Display 

10.00 

45 !miDl 145.00 

150 1 150. 

IlDil LiQ:6.07 

8J 1 1.00 

25 !miDl 125.00 

40 140. 

IlDil 136.25 

_ rB 10.00 

169.81 

ALL 

Clears summation 
registers R. o through 
R. ". (Display assumes 
no results remain from 
previous examples .) 

() for pI vector is 
entered to Y -register. 

r for I st vector is keyed 
in. 
Converted to rectan­
gular coordinates. 
1 st vector coordinates 
accumulated in stor­
age registers RoJ and 
R'3 . 

() for 2nd vector 
is entered to 
Y-register. 
r for 2nd vector 
is keyed in. 

2nd vector is con­
verted to rectangular 
coordinates. 

2nd vec tor rectangular 
coordinates subtracted 
from those of 1 st 

vector . 
Recalls both Ro} and 
R' 3 . 

CL j;, 

40;. DO ENTl 
15[1.0D HR 

1+ 
25.UO ENTt 
40.00 F~. 

Slide the Print Mode switch MAN_NORM to ALL now, so that the HP-91 will automat-
ically print both desired values. 

Press Display 

1 113.24 

Course in degrees of 
the Swordfish. 

Actual ground speed 
in knots of the 
Swordfish. 

1______... 

1 
51.94 

--- ..... ~ 113.2~ 



~ 
" ~ < 

,P' 
.... 

....... .... • 
,. 

" 
~ 

/" 



Section 5 

HP-91 Applications Routines 

[n order to fun her 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 lint: # 1 of the keystroke list. 

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

3. Press in left-to-right order the keys called for under OPERATIONS for line #1. 

4. If specified under RESULTS , read the answer from the display or the paper tape. 

5. Note any REMARKS. 

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

ALL 
You can place the Print Mode switch MAN-.rw:JNORM in any of its three positions when 
using the routines shown here. Of cours.e, in MAN (manual), the printer will be idle and 
will only print if you press mimiEI or one of the USI functions. In NORM 
(normal), the printer will record your inputs and the function keys you press-to record 
your results, press mmm. 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 
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Mathematical Applications 

Quadratic Equation 
Simultaneous Linear Equations 

in Two Unknowns ... 
Determinant of a 3 x 3 Matrix 
Hyperbolic Functions ... 
Complex Number Operations 

Vector Operations 
Triangle Solutions . 
Curve Solutions . 
Coordinate Translation and 

Rotation . . . .. . .... . 
Base Conversions ... . 
Highest Common Factor 
Least Common Multiple 

............. 92 

.. ..... 94 
. ... ... . ....... 95 
............. 96 

......... ........... 98 
.. 102 
. 105 

. .. 114 

. . 118 

. . 119 
... 122 

.. 123 j 

I 
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Quadratic Equation 

Formula: A general quadratic equation is of the form 

Ax' + Bx + C = o. 

The equation has two roots, XI and Xz _ 

Let 

If D ;3!: 0, then XI 

and X1 

D 
B' - 4AC 

4A' 

I--B + 
2A 

B 
2A 

C 
AX, 

-B 
if --"'0 

2A 

if __ B_ <0 
2A 

If D<O,thenX 1,X2 = - 2~ ± i 
~ I 4AC - B' 
" 4A2 

u ±iv 

The coefficient A cannot be zero. 

Examples: Find the solutions to the following equations: 

I. ,2 - 3, - 4 = 0 
2. 2x' + 3x + 4 = 0 

Answers: 

I. D = 6.25 
2.D=-1.44 

XI = 4, Xz = -I 
Xl> Xz = -0.75 ± 1.20i 
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LINE DATA OPERATIONS RESULTS REMARKS 

c !mm 
2 B !mm 

; 3 A !m (TI IlliillD IilI II 

4 o II tml IlliillD Ell 

5 IilIIilI Em II !m 

I , 
(TIll I 6 D If 0 < 0, go to 11. 

• 7 i rEi Em -BI2A If - BI2A < 0, go to 9. 
! 

8 D x, Go to 10. 

i 
9 l Emil x, 

10 m 1m (TI13 x, Stop. 

~ --1 [ 
11 tmJrEiEm u 

12 Em v 
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Simultaneous Linear Equations in Two Unknowns 
Formula: Solve for x and y given the following: 

ax+by=e 

ex + dy = f 

Cramer's Rule is used to find the solution. 

Example: 

Answer: 

x = 0.14 

Y = -0.24 

LINE I DATA 

1 • 
2 d 

3 b 

4 f 

5 a 

6 c I 
7 

8 

9 

10 

I~ ~ 1 
x = - "'-----,--

I: ~ 1 

I~ ~ 1 
y = 

I~ ~ 1 

ed - bf 

ad - be 

af - ec 

ad - be 

where ad - be " O. 

{ 

7.32x - 9.08y = 3.14 
Solve 

12.39x + 7y = 0.05 

OPERATIONS RESULTS 

m!lCD 

m!l0 EI 

m!I@l 

m!l0E11:1 

m!l01m0E1 

m!l01m@J EI 

1:1 m!l01:1 x 

1m01m~EI 

ImCDlm0E1 

1:I1m0a y 

REMARKS 

-- -

-

--

-

-

-

-'-

-

----
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Determinant of a 3 x 3 Matrix 

Let D = be a 3 x 3 matrix. 

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

Example: 

-I 3 2 

0= 2 -I = -35 

4 2 3 

LINE i DATA OPERATIONS I RESULTS REMARKS 

1 a n mlI ill I 
-- -

2 a" mlI013 -
3 aD mlI013 -- -

• a" mlI0 
-

5 an mlI 013 

6 a" mlI013D 

7 a" I mll0 ---
8 a" mlI ® 13 -
9 aD mlI ®13 D -

1O 1m (!Jim m 13 -

" 1m 013111 -
12 1m ® 1m 013 -
13 1m ill 13 1:1 -_. -,. 1m 01m® 13 

- -
15 I 1m0131:1 D 
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Hyperbolic Functions 

These procedures evaluate three hyperbolic functions and their inverses. 

Hyperbolic 51ne 

Formula: 

Example: 

LINE DATA 

eX - e-X 
sinh x = -=-----,0-'---

2 

sinh 3.2 = 12.25 

OPERATIONS RESULTS 

f-----'-- - x GI IlmII mI iii 0 

2 iii 

Hyperbolic Cosine 

Formula: 

Example: 

sinh x 

cosh x 

cosh 3.2 = 12.29 

LINE DATA OPERATIONS RESULTS 
1 x GI IlmII mI a 0 
2 II cosh x 

Hyperbolic Tangent 

Formula: 

Example: 

LINE DATA 

1 x 
I-- I-

2 

sinh x 
tanh x = -'"=-"-­

cosh x 

tanh 3.2 = 1.00 

OPERATIONS RESULTS 

GI IlmII mI 1iI_ 
~ 

,,," , IlmII mI a iii tanh x 

REMARKS 

REMARKS 

REMARKS 
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Inverse Hyperbolic Sine 

Formula: 

sinh- 1 x = In (x + Vx2 + 1) 

Example: 

sinh-' 51.777 ~ 4.64 

I LINE DATA OPERATIONS RESULTS 

1 x I!lml!I m 0 D ra 
I 

-- I-- --
2 DI!:! sinh- 1 x 

Inverse Hyperbolic Cosine 

Formula: 

cosh-' x ~ In (x + Vx'=I) (x ;. I) 

Example : 

cosh- ' 51. 777 ~ 4.64 

LINE DATA OPERATIONS RESULTS 

1 x I!lml!I m 0 CI ra 
l 2 DI!:! cosh 1 x 

Inverse Hyperbolic Tangent 

Formula: 

tanh- I x = ~ln~ 
2 I - x 

(- I <x< l) 

Example: 

tanh- ' 0 .777 ~ 1.04 

LINE DATA OPERATIONS RESULTS 

1 o I!lml!I 

2 x D0 _~CI 

3 ClI!:!0C1 lanh- 1 x 

REMARKS 

-

REMARKS 

-

REMARKS 

-- -

-- -

I 



I 

98 Applications: Mathematical 

Complex Number Operations 

These procedures evaluate the basic complex number operations. 

Complex Addition 

Formula: 

(a, + ib,) + (a, + ib,) = (a, + a,) + i(b, + b,) = u + iv 

Example: 

(3 + 4i) + (7.4 - 5.6i) = 10.40 - 1.60i 

LINE DATA 

r- ' - I-- a, _ IllIDiIl 

2 a, ~ l- - I-- -
I-- 3 _ t--b, IllIDiIl 

4 b, D 

Complex Subtraction 

Formula: 

OPERATIONS RESULTS 

- I-
u 

f--

v 

REMARKS 

-

-

(a, + ib,) - (a, + ib,) = (a, - a,) + i(b, - b,) = u + iv 

Example: 

(3 + 4i) - (7.4 - 5.6i) = -4.40 + 9.60i 

LINE DATA OPERATIONS RESULTS REMARKS 

, a, IllIDiIl 
l- t--- -- -

2 a, iii u 
- I-- -

3 b, IllIDiIl r-- -- .-

4 b, iii v 
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Multiplication of n Complex Numbers 

Formula: 

Examples: 

" IT (a. + ih.) = 
k=1 (

" ) ; i /I, IT f k e k .. 1 = U 

k = 1 

(3.1 + 4.6i) x (5 - 12i) = 70.70 - 14.20i 

+ iv 

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

LINE DATA OPERATIONS RESULTS 

I 1 _ 0 

2 b, rmIliII 

3 .. aa::lla k 

4 Imlllllllc:lll u 

I 5 I Em v 

Complex Division 

Formula: 

Example: 

(a, + ib,) 
(a, + ib,) 

= ~ ei(81 -8:) = u + iv 
T, 

(3 + 4i) 
7 2i 

0.25 + O.64i 

REMARKS 

Perform 2--3 for 

k = 1, 2 •...• n. 

r 
I 

-

-
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LINE DATA OPERATIONS 

1 b, !!!11m 
I--

2 a, 1m 
f--

3 b, !!!11m 

4 a, 1m 1m CD 1m iii 
5 CD iii CD 1:1 

r-- -
6 1m 

Complex Reciprocal 

Formula: 

RESULTS 

-

-

---

-
u 
--

v 

I .• 
--- ~ - e - ' ,z;OO 
a + ib r 

= u + iv 

Example: 

2 + 3i 
0.15 -0.23i 

LINE DATA OPERATIONS RESULTS 

1 b G:!I !!!11m 
- - I-
2 a 1m III 1:1 u 

I-- -
3 1m v 

Complex Square 

Formula: 

Example: 

(7 - 2i)2 ~ 45.00 - 28.00i 

LINE DATA OPERATIONS RESULTS 

1 b !!!11m 

2 a 1m 1m0 Ellm 
-- -

3 !!111m u 
~ f-- ~ 

4 1m v 

REMARKS 

- ----
-- -
--- -

- -
-- -

REMARKS 

REMARKS 

-

-

I- --
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Complex Square Root 

Formula: 

Example: 

V'7+6i = ± (2.85 + 1.05i) 

LINE DATA OPERATIONS RESULTS REMARKS 

1 b Ilm!I -
2 a 1:1 Ii Em rnD - C- o-f-

r : Emlllil u 
I- -

Em v 
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Vector Operations 

Vector Addition 
Suppose vector Vk (in two-dimensional space) has magnitude mk and direction ~(k = I, 
2, ... , n). Find the sum 

Example: 

Answer: 

v ~ .. 
L Vk = xi + xj 

k 0::] 

-T-----+--~o 
6"2 I _~5 ° 
7.6 125 0 

10.7 232 0 

v ~ -4.83i - 5.59) 

LINE DATA OPERATIONS RESULTS 

f-- 1 l- _1-- 01 
2 0, 

3 _ I- m, 

1--4 _ 
5 

Vector Angles 

Suppose 

Ilm!I 

1m liD 

e liD 
Em 

-

_.- -
-

y ~ (y" Y2, y,) 

{hen the angle between these two vectors is 

k 

x 

y 

REMARKS 

-I- ~--~- -
Perform 2-3 

fork = 1,2, ...• n. 

1 
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Example: Find the angle belween 

x = (5, -6.2, -7) 

Y = (3.15, 2.22, -0.3) 

Answer: 

8 = 84.28 degrees = 1.47 radians 

I LINE DATA OPERATIONS RESULTS REMARKS 

1 _ CD 
-

2 x, lllIIliII II lim! 0 OJ Perform 2·5 

[ liD --
3 fori=1,2,3 

t-
4 y, lllIIliII II lim! 0 ill 

r liD ao 
. -

s 
-

6 1m OJ IllI Im ill 
-

I 
- r-

7 lI1 aD _ I'" I 9 

Vector Cross Product 

Formula: 

If x = (x" Xz, x3 ) and y = (y 11 Yz. Ys) are two vectors, then the cross product i. is also a vector. 

Example: 

z=xxy 
= (X'lY3 -X3YZ,Xa Yt -XtYS,X t Y2 -x'lyd 

= ( Zlo Z2, Z3) 

If x = (2.34, 5.17 , 7.43) 

Y = (.072, .231, .409) 

Find x x y 

Answer: 

x x y = (0.40, -0.42, 0.17) 

I 
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LINE DATA OPERATIONS RESULTS REMARKS 

1 x, 1!lllI[!) 
- -

2 y, 1!lllI@ EI 

3 x, I!lllIm 
- - f-

I 
4 y, I!lllI Hl EI II z, 

5 I!lllI lID 1m m EI 
---

y, 
----

1--
6 x, I!lllI @ 1m @ EI 

---
7 II z, -
8 Im@ ImHl EI 

-
9 1m (!] 1m lID EI 

I---
10 II z, 

Vector Dot Product 

Formulas: 

Given two vectors X. y in an n-dimensional vector space 

the dot product is 

Example: . 
If x = (2.34 , 5.17, 7.43 , 9.11, 11.41) 

Y = (.072, .231, .409, .703, .891) 

then x . y = 20.97 

LINE DATA OPERATIONS RESULTS REMARKS 

1 x, IlmlI -
_ 2 _>- y, ~ ~ 

3 x, IlmlI Perform 34 

4 I y, ElD for i = 2, 3, ... , n. 
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Triangle Solutions 

The basic formulas used to solve a triangle are: 

]. law of sines 

2. law of cosines 

a 
sin A 

b 
sin B 

= __ c_ 
sin C 

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

Given a, b, C; Find A, e, C 

Formulas: 

Exampte: 

Given 

c = V a' + b' - 2ab cos C 

A = tan- I 
( 

a sin C ) 
b a cos C 

B = cos-' [ - cos (A + C) 1 

C = 28040' (convert angle C lO decimal degrees) 

a = 132 

b = 224 

Find c, A, B 

I 
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Answer: 

c ~ 125.35 

A ~ 30.34' 

B ~ 120.99' 

LINE DATA 

1 C 

2 a 

3 b 

4 
-

5 

OPERATIONS 

IllIililI IllIililI 

1:1 

EmD tm 
liD 
~ 

a t!!l:1 em _ Icos-'I 

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

Formulas: 

RESULTS 

- t--
c 

- t--
A 

B 

B ~ 1an-' (c b sin A ) 
b cos A 

Example: 

Given a ~ 30.3 
b ~ 40.4 
c ~ 62.6 

find A, B, C 

Answer: 

where S ~ (a + b + c)/2 

c ~ cos- ' [- cos (A + B) 1 

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 

REMARKS 

r---
- 1---

- -- ---
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LINE DATA OPERATIONS RESULTS 

1 a IiIIilm - --- -- - ~ 

2 b 1iIIil@ 
-- -- -- -

3 c IiIIil ~ D D@ 
-- -- -- - --

4 II IlmII IlmII 1m m -- --- - - r--
5 lIalm@1I - -- -
6 1m~1I 1D_ - - - ---
7 leos. 'lm 13 mm CD ~ ---

~ r- - 1m@= Im~ -r 
9 I3Dll lm l3D - r--- -

~ - 1m m D I!!l3 ri:Iil -- - I---
11 _Icos-! 

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

Formulas: 

b = a sin (A + C) 
sin A 

-
B --

-
C 

c = Va'J. + b2 - 2ab cos C 

B = ,.n- 1 ( b sin C ) 
a b cos C 

Example: 

Given a = 17.5 
C = 1.09 radians 

A = 0.72 radians 

Find b, c, B 

Answer: 

b = 25.78 
c = 23.53 
B = 1.33 radians 

REMARKS 

-
--- ----

--- -- -

-~-.-

- - -- -
------

-----

f--- -
--
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LINE DATA OPERATIONS 

1 a mil (!] 
2 C mil 0 

3 A mil 0 a 1m 1m 

0 lmDIm (!] 4 
f-

5 13 
f-- t- - t-

6 1m 0 EID 1m 1m 
f- - -

7 (!] ElDIlIm 
8 EID 

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

Formulas: 

RESULTS 

- ~. 

t-
b 

---

c 

B 

a sin C 
C ~ -,-::':;;"-:"= 

sin (B + C) 

Example: 

Given 

Find 

Answer: 

C ~ 24.14 

a ~ 25.2 
B ~ 35.3 0 

C ~ 68S 

c, b, A 

b ~ 14.99 
A ~ 76.20 0 

b = Va2 + c2 - 2ac cos B 

A ~ C05- ' [-cos (B + C)] 

REMARKS 

- -



I 
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LINE DATA OPERATIONS RESULTS 

1 a !m(!] 
-- ~ -
2 B !mill 

-
3 C !m ill 11m 1m ill 

t-- ~ ~ - I-

4 _~ 13 ill D I!IlI III 
-~ 

5 13 (!] £11m ill 
t-- - --

6 9illlmillrm 
1--- - t--

7 lm(!]ElDllltm 
- --~-

- I-
8 EID 1m ill D 18m --t--
9 a .§] 

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

Formulas: 

where 

e, 

C sin (B + e,) 
a = -'---~,,----"­

sin C. 

c 

b 

A 

a sin B ) 
a sin B 

e = COS-I [- COs (A + B) 1 

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

Example: 

Given b = 31.5 
c = 51.8 
B = 33.67" 

Find a, A, C 

-

-

-

--

REMARKS 

r--- ~- -
t-- --

r--
-

~- -
-- -

- ~-
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Answer: 

c ~ 65.740 

a ~ 56.05 
A ~ 80.590 

Alternate answer: 

c ~ 114.26 0 

a ~ 30.17 
A ~ 32.0T 

LINE DATA OPERATIONS 

1 
~ 

b m!I(I] 

2 c m!l0 

3 B m!l0 mJ l3lm 

4 GJa _~mm 
f-- - ~ 

5 ~ 
~ 

6 mJ 1m01m~ 

7 D mJ IlEID 1m 

8 013 
9 1m0 1lEI !l1:Ill lm 

10 o IlEI D 1m IlEI 
11 1m 0 D ®Ill 1m! 

12 _ leos-' ! 

13 Im~ 1m! m!I~ 

Given a, b, c; Find Area 

Formula: 

-

RESULTS 

C, 

a 

A 

-
C 

- f--

area ~ 'Is (S - a) (S - b) (S - c) 

Example: 

a ~ 5.31 
b ~ 7.09 
c ~ 8.86 

where S ~ 1/2 (a + b+ c) 

REMARKS 

If b ~ c, stop. 

Go to 6 for alternate 

solution 



Answer: 

area ~ 18.82 
(S ~ 10.63) 

r LINE DATA OPERATIONS 

1 e- a milGJ 

2 b mil 0 11 

3 c .JiIl!I 0 II 0 0 

4 IllIlliII IllIlliII IllIlliII C!D GJ 

5 OElm:lC!D0 

6 OElm:lC!D0 

7 r oEl e 

Given a, b, C; Find Area 

Formula: 

area = 1/2 a b sin C 

Example: 

Answer: 

a ~ 5.3 174 
b ~ 70898 

C =~ =45 0 

4 

area ~ 13.33 

-
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RESULTS REMARKS 

~- -

.... 
s J -- -

I- --

~ -- ~ 

--
area 
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LINE DATA OPERATIONS RESULTS REMARKS 

1 a Ilmll ~aChineto -
2 b I3mD desired mode 

r- -
3 c ml l3 area (DEG, RAD, o· GRD). 

Given a, B, C; Find Area 

Formula: 

" sin B sin C 
area 

2 sin (B + C) 

Example: 

a ~ 14.625 
B ~ 700 32' 12 " 
C ~62° 57'28 " 

Answer: 

area ~ 123.80 

B C 

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

LINE DATA OPERATIONS RESULTS REMARKS 

1 a _ ElIm D Set machine to 
r- - - - - I-

r-l - B 1m0 m1 13 -
_ r desired mode -

3 C ImD0m113 (DEG, RAD, or GRD). 
r- r- - - -

4 CSHDmlD area 



Applications: Mathematical 113 

Given Vertices; Find Area 

Formula: Given [he three vertices (x]. "d, (xz, Yz), (X3. Y3) of a triangle, 

I 
area =-

2 

~+[X'(Y2 -y,) +X'(Y3 -y,) +x,(y, -y,)l 

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

Answer: 

6.00 

LINE DATA OPERATIONS RESULTS REMARKS 

1 y, 1!mI(D - -

2 y, 1!m10 II - - .. --- --I ,- x, 1390 I- -_. 
4 _ y, + 1iml0 II - - -- --

5 x, 130909 
- - I- ----

t 
6 (DII 

- - - - - - ---

7 X, 130011 Area 
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Notation: 

T = Tangent distance 
C ~ Chord length 
L ~ Arc length 
R = Radius 
.1 = Central angle 

Curve Solutions 

Given Ll. and R, Find Remaining Parameters 

Plus Sector and Segment Area 

Formulas: 

T ~ R tan (1 /2 1\.) 
C ~ 2 R sin (1 /2 1\.) 
L ~ I\. 7TR/180 
Sector area = LR/2 
Segment area = Sector area - 1/2 R2 sin(L~) 

Example: 

I\. ~ 45 ° 30 ' 23" 
R ~ 223.181 

Answers: 

1/2 I\. ~ 22° 45 ' 12 " 
T ~ 93.602 
C ~ 172.636 
L ~ 177.258 
Sector area ( 9 ) ~ 19,780 
Segment area(=) ~ 2,015 



I 

i 
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LINE DATA OPERATIONS RESULTS REMARKS 

1 -~ - f--.-t--- -- t-
2 ~ • I ""'-1 0 a IiIlil 
3 - 1----1-=-m_ 1.Ii"s} 1/2 , 

- - - I-
4 1m(1) 1CI 

- t---- - - l-
s R 1iIlil0 13 T 

- - - - f- - t--
6 1m (1) m 1m 0 

- t- -
ta013-

- f- .t-

7 
C 

- -
1m (1) 1m 0 13 

- t- - I-- -

8 
l- t- - - t-

9 .1!J 130@ 

1 
I- -

10 -~ 
L 

- -I--
11 1m0130 a Sector area _ 

t-- 1--- _.-

12 1m 0 £II 1m (1) - I- ._- -

13 013 m 130 
r-= t- - \---- - -

I 14 aa Segment area 

Given Rand C, Find Remaining Parameters 

Plus Sector and Segment Area 

Formulas: 

R ~ C/(2 sin (1 /2 ~)) 
~ ~ 2 sin- I (1 /2 CIR) 

T ~ R tan (1 /2 ~) 

L ~ ~ 7r R/180 
Sector area ~ LR/2 
Segment area = Sector area - 112 R2 sin 6. 

Example: 

C ~ 172.636 
R ~223.181 

Answers: 

~ ~ 45 0 30 ' 23 " 
1/2 ~ ~ 22 0 45 ' II " 

T ~ 93.602 
L ~ 177.258 
Sector area ( V ) ~ 19,780 

Segment area (a) ~ 2,015 
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LINE DATA OPERATIONS RESULTS 

1 • !L:J 

1-2 C 1lmII0a 
3 A m0a.~ 

4 mill . ~ 1/2 , 

5 CD ill a CD 0 
I- - i---

e- 6 EI T 

7 CD0 . BEI 
~ 

8 CD ill EI (!) @) 
--

9 a L 

10 CD0E10a Sector area 

11 CD 0 1311 CD ill 
12 I o ElmI El0 

13 aa Segment area 

Given 11 and C, Find Remaining Parameters 
Plus Sector and Segment Area 

Formulas: 

R = C/[2 sin (1/211)] 
T = R tan (1 /2 11) 
L = 11 7T R/180 
Sector area = LR/2 
Segment area = Sector area - 1/2 R 2 sin 6. 

Example: 

C = 172.636 
11 = 45° 30' 23 " 

Answers: 

1/211 = 22° 45 ' 12 " 
R = 223 . 181 
T = 93.602 
L = 177.258 
Sector area ( 17 ) = 19,780 
Segment area (0) = 2,015 

REMARKS 

----

----

--

- .-

---

--- -

- -

-

-- -

-
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LINE DATA OPERATIONS RESULTS REMARKS 

1 -GEJ --- --- --
2 C IllIiliD 0 a 

- ~ - -
3 ~ _ 1--O$-1 0 a IlIlil 

-
4 [!) IllIiliD _ Eg 1/2 j, 

- - - - --
5 liD m a IlIlil 0 A 

- ~ -- - ~ 

6 1m[!)m:l13 T 
- -- - - --

7 _ 1m0 _ El13 
- -- ~--

8 1m [!) a i!l @) 

[ 
- - -

9 a L --
10 1m 013 0a r-Sector are~ -
11 _ 1m 0 £/I 1m l'.l -- ---~-

12 013 m130 - --r-- --- - ~-

13 aa Segment area 

I 

I 

I 
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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 (Xc. Yo) be the center of a new coordinate system rotated through an angle 8. 
Find the new coordinates (x', y') of P with respect to (he new system having x'. y' axes. 

Formulas: 

x' = (x - Xo) cos 8 + (y - Yo) sin 8 

y' = - (x - Xo) sin 8 + (y - Yo) cos 8 

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

Answer: 

x' = 1.23 
y' = -1.87 

LINE DATA 

1 
I 

y 

2 y, 

3 x 

4 X, 

5 0 

6 

OPERATIONS 

tmm!l 

a 
tmm!l 

a 1m Em 
aEma 
Em 

RESULTS REMARKS 

I ----'-

t 
I 

---
x' 

y' In ALL, this 

is not needed. 



I 

I 
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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 

In the following key sequence, f + I is the number of digits in lb' di (i = I, .. "' f + 1) 

represents the jth digit in lb. counting from left to right; 

i.e. Jb = (d, d, --- d,+,)., 

For large numbers, Jb = (d\ d2 .- - dH1>t . bf
, See example 3. 

LINE DATA OPERATIONS RESULTS REMARKS 

1 b IllIIliII IllIIliII 
- ---- -

2 I m;J[D l!lI lm l!ll 
-- ~-- ---- ---

3 a 0 Let f be the largest 
- - --

integer ,,;;; D. 

- em - - ~. --
4 

- - -
5 I 1m IllIIliII IllIIliII Iil!I (D - --- -

6 CII CII 1m m a E, dl = integer part of 

1 
- - -'- - -

EI (i = 1, .. " f). -
] a 13 

- - -

7 d, E, 
-

8 d, al3 E H1 Perfonn 8 for i = 2, ... , f 

9 1 T §J@J T d'+l 1-

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

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

Answer: 

1206" = 4B6" (f = 2) 
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LINE DATA OPERATIONS RESULTS REMARKS 
, _ ~16 GmlD GmlD 

- -
2 1206 mil ITl Im Emlm 

-
f-

3 a ~56 f - 2 -_.-

I 
4 1---- r- - -_. 
5 2 Em GmlD GmlD 1m ITl 

-

6 IiIIIiIIEmma 4.71 d, = 4 -
7 4 aEl 11 .38 d2 = 11 

-

8 11 aEl 6.00 dJ = 6 

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

Answer: 

513" ~ 1001, 

LINE DATA OPERATIONS RESULTS REMARKS 
t 8 GmlD GmlD - I-- -
2 5t3 mil ITlIm Em 1m 

3 a 3.00 f ~ 3 

4 - -
5 3 Em GmlD GmlD 1m ITl 
6 IiIIIiIIEmma 1.00 d, = 1 - -

7 1 aEl 0.02 d, = 0 
-

8 0 aEl 0.13 d3 = 0 -
9 0 aEl 1.00 d. = 1 

Example 3: Convert 6.023 X 10" to octal. 

Answer: 

6.023 x 10'3 ~ 1.7743, X 8" 
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Note: If we consider 6.023 x 1()23 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. 
Theref()re, we stop before the loop is completed. 

LINE DATA OPERATIONS RESULTS REMARKS 

1 8 Ilmll Ilmll [!) El @) 
- - I- -

2 rn~1lD rn~ 
- t-- l- f-- --

3 mI OJ mum I!lI 
- -- - - - --

• a 26.33 f = 26 (Note: this gi~es 

+-- - - - --
the exponent in base- 8.) 

- t-- - - --
5 1m 

t-- -- -- - f-- -- -
6 26 mlI Ilmll Ilmll 1m OJ 

t- --
7 GIl GIl mlI Gil a 1.99 d1 = 1 

I- - - - I- - I- --
8 1 013 7.9' d2 = 7 

-- -
9 7 013 7.54 d l = 7 

- t-- - - l- I- --
10 7 013 4 .34 d. = 4 

- - - - f-- - -- -
11 • 013 2.69 d~ = 3 (rounded), stop. 

Integer in Base b to Decimal 

Examples: 

I. 730020461, = 123740465" 
2. 7DOF" = 32015" 

(A = 10, B = II , C = 12, D = 13, E = 14, F = 15 in the hexadecimal system.) 

LINE DATA OPERATIONS RESULTS REMARKS 

1 b Ilmll Ilmll Ilmll ,- f-- - -
2 d, 13 

'- - I- - ---
3 d, 013 Perform 3 for 

-

i = 2 ....• n - 1. 

r .Tz-ro ~ 
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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 h. We write it as HCF(a, b). 

Example: 

HCF (51, 119) = 17.00 

LINE DATA OPERATIONS RESULTS REMARKS 

1 a 1!mI(!] 
e-

2 b 
- I-- - -

3 IllIIliD IllIIliD \ilD (!] iii 0 Let f be the largest 
- - e- I-- -

--- - I-
integer ";; D. 

- --
4 

1-- ' 1m m \ilD (!] II 
- 1-= - -- ---

5 iii E If E = 0, go to 8. 
--

Otherwise, continue with 
- ---

tine 6. 
--- --- - - --- -_.-

6 \ilD (!] 1m I!mI (!] -
7 mill 

-
f-Go to 3. 

a \ilD(!] HCF(a, b) 
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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. 

Example: 

LINE DATA 

1 a 

2 b 

3 -

- ---
-

4 f 
-

5 - - --

- -

- -

- -
6 _ -
7 _ -

- --
8 ---

a . b 
LCM(a, b) = HCF(a, b) 

LCM(5I, 119) = 357.00 

OPERATIONS RESULTS 

m;JCDm;J0 
- ~ 

m;Jm 
- - - - - l-

IllIilJI IllIilJI IiIiD CD D 0 --

- ---
- - 1-- - -
1m IiI!3 IiIiD CD 13 -
~ -- -- E 1----- -

I- 1---

- - -

- -~----1----
IiIiD CD 1m m;J CD r 

REMARKS 

1---- -

I-- -
Let f be the larg~ . 

integer.,;,; D. 
1--'''-
1----- -

I- - -
-..!!....E = 0, go to 8. -
Otherwise, continue with 1--- --
line 6. 1------- --

I- -
---- --

Iil!3D - - _ 1-"-0 to 3_, __ ----
- - - t- t--- -- -

IiIiDCDliIiD01iIiD I--- - - - - --
m 13 ImD LCM (a,b) 





( 
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Statistical Applications 

Exponential Curve Fit , ..... . ............ . 
Power Curve Fit . ....... . 
Analysis of Variance (One-Way) ... 
Covariance and Correlation 

Coefficient .... 
Normal Distribution ......... . ......... . 

. .126 
. .. _ .. _ ...... _. 128 

130 

. .. 132 
. 134 

.... 136 Inverse Normal Integral 
Permutations . . . ... . ____ .. ______ _______ ..... 138 

Combinations ........ . . .. . .... 139 
Random Number Generator .... 140 
Mean, Standard Deviation, Standard 

Error for Grouped Data . ..... . . ... 141 
Chi-Square Statistics. . .... __ ____ __ _ ..... 143 

F Statistic ........ . . ..... _ .... . ........ 146 
Paired t Statistic . .... . 147 
t Statistic for Two Means .............. . . . ....... . 149 
Factorial and Gamma Function . ....... . ............ . 151 

I 
I 
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Exponential Curve Fit 
Formulas: For a given set of data points 

{(x" y,), i = 1,2, ... , n} 

this procedure fits an exponential curve of the form 

y = aebx 

(a > 0) 

The equation is linearized into 

In y = In a + bx 

The following statistics are computed: 

1. Coefficients a, b 

~x, In y, __ 1_ (~x,)(~ln Yi) 
b = ____ ---"n-,-____ _ 

2. Coefficient of determination 

[ ~x, In y, -+ :l:Xi ~ In Y] , 

(:l:x,)' 
n ] [:l:(ln Yi)' -

3. Estimated value y for a given x 

Note: n is a positive integer and n :J. 1. 

Example: 

x, .72 1.31 1.95 2.58 3.14 

y, 2.16 1.61 1.16 .85 .50 



Answer: 

a = 3.45 
b = -0.58 
Y = 3.45e- O,a8x 

r' = 0.98 
For x = 1.5, 9 = 1.44 

r LINE DATA OPERATIONS 

1 - @ 
~~ 2 y, 

3 X; I!D 
2 ' I y. lID 

3 ' '" 
_ 0 

4 1 _ !IEllIIl:I1!lm 

5 Em I:I1!l III 

6 l lllllllll -- - (!) a 
7 a m 
8 x C!D III a III C!D 

9 ma 

I r 
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RESULTS REMARKS 

~~-

Perform 2-3 for 

i i "" 1,2 •...• n. 

l ~"·-erroneous data X~k. 

a 

b 

t 
r' --

y For a new x, go to step 8 

For a new case, go to r ~ -
step 1. 
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Power Curve Fit 

Formula: For a given set of data points 

{(Xi> Yi), i ~ I, 2 , ... , n} 

where Xi > 0 and YI > 0 

this procedure fits a power curve of the form 

y = axb 

(a > 0) 

By writing this equation as 

In Y ~ b In X + In a 

the problem can be solved as a linear regression problem. 

Output statistics are: 

1. Regression coefficients 

~ln xi)(ln y,) _ (:i: In x,)(:i: In y,) 

b = n 
(:i: In x,)' 

n 

[ 
:i: In y. 

a = exp n I - b 

2. Coefficient of determination 

[ :i:(ln x,)(ln y,) 

] [:i:(ln yd' (:i: I~ y,)' 

3. Estimated value y for given x 

Note: m is a positive integer and n F I. 

] 
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Example: 

Xi 10 12 15 17 20 22 25 27 30 32 35 

Yi 0.95 1.05 1.25 1.41 1.73 2.00 2.53 2.98 3.85 4.59 6.02 

Answer: 

a ~ 0.03 
b ~ 1.46 
Y = O.03 X 1.

46 

r ~ 0.94 
For X ~ 18 , 9 ~ I. 76 

x ~ 23 , Y ~ 2.52 

LINE DATA OPERATIONS 

1 
_ 1fbJ 

2 ~ 1m 

3 Y; 1m Em liD 
~ 

2 · x. 1m 
r 3 . 

Y. ImEm _ 18 

4 _ [llJ r!lJ m;W) 

5 Em m!l 0 

6 ImIliD ImIliD _ [!) a 
7 aEl 
8 x 1m 0 1J11m [!) 

9 +1:1 

RESULTS REMARKS 

Peiform 2-3 for 
-~ 

i i = 1,2, ... , n. 

Periorm 2 ' -3 ' to delete 

-
erroneous data Xk . Yk ' 

I-
a 

b 

r' 
-

y For a new x, go to step 8. 
---'---

For a new case, 

go to step 1. 

I 
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Analysis of Variance (One Way) 

The one· way analysis of variance tests the differences between the population means of k 
treatment groups. Group i. (i = 1, 2, ...• k) has "I 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 
(M5), degrees of freedom (df), and the F ratio. 

Formulas: 

k nj 

Total 5S 2: L XiJ2 
i=\ j=! k 

Lnl 
i=1 

, (~:XIJ)' 
'" J~l Treat 55 = L." 
i = 1 OJ 

F = Treat MS 
Error MS 

Error 55 = Total 5S - Treat 5S 

Treat df = k - I 

Error df = 

Treat MS 

Error M5 

, 
In! -k 
i=\ 

Treat 5S 
Treat df 

Error SS 
Error df 

, 
( with k - I and ;:?,nl - k degrees of freedom ) 



Example: 

Treatment 2 

2 

10 8 

6 9 

3 

5 

8 
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4 5 6 

12 14 II 

13 

3 14 13 10 17 16 
Answer: 

Total 55 = 172.93 

Treat 55 = 66.93 
Error 55 = 106.00 
Treat df = 2.00 
Treat M5 = 33.47 
Error df = 12.00 
Error MS = 8.83 
1- = 3.79 (with 2 and 12 degrees of f reedom) 

LINE DATA OPERATIONS RESULTS REMARKS 

I 1 
C- - c:::::::J -

2 (j) mil II l<l Perform 2-8 for 

I 
1 i = 1,2, ... , k. 

3 X;j ' liD i Perform 3 for 

j = 1, 2, .. " nj. 

• mil II @I 1m (j) 

5 (j) mil II (j) £II - -

6 Em II mil II 0 

7 1m (j) 0 mil II 

8 0 0 ~ 

r--
9 f 1m 0 1m (j) £II r-- -

10 Im@lllll Total 55 

11 _ c:::::::J 1m 0 Em 
f- -

12 I ~ ~DOO Treat 55 
r-- -

13 Error 55 -

" - - -

15 Treat ctf 

t ~ .. o .. o 

f- -

16 Treat MS 
f- -

17 

[ 
I-- I--

18 Error df 
I--

19 +: Error MS 
r- -

20 F 



I 

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: 

covariance SX~ _1_ (h,y, __ 1_ :l:x, :l:Y, ) 
n - J n 

or s".' = + (:l:X,y, - + :l:x, :l:y, ) 

correlation coefficient r = ~ 
Sx Sy 

where Sx and Sy are standard deviations 

Note: -1 ~ r ~ I 

Example: 

Answer: 

r = -0.96 
s., = -354.14 
S,y' = -303.55 

s, 

Sy 

:l:x,' - (h l)'!n 
n - I 

:l:y;' - (:l:YI)'!n 
n - I 

y, 92 85 78 81 54 51 40 

x, 26 30 44 50 62 68 74 
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LINE DATA OPERATIONS RESULTS REMARKS 

1 -~ - --- ~ 

2 y, - r"£lii Perform 2·3 jor 
---

i = 1, 2, .. " n. 
- -

3 x, !!II i , ~ 

2 ' t------!' I!:IIm Perform 2 ' · 3 ' D delete 
j- -

3 ' x, _18 erroneous data XI< , Yk-
-

4 
_ 1m I!:IIm _ I!J 

5 aD r 
-

6 I!:IIm I!:IIm _ I!J 13 
- f- t-- ~ 

7 13 s" 
t-- l-

s 1m CD @) I!:IIm Il:Illlll -
9 (DDDa 5" 
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Normal Distribution 

Formulas: The density function for a standard normal variable is 

" f(x) = __ 1_ e 2 
y'2; 

The upper tail area is 

ex: !~ 
I f ---

Q(x) = --- e 2 dt 
y'2; , 

I(x) 

For x ~ 0, polynomial approximation is used to compute Q(x): 

Q(x) = f(x) (b, t + b, t' + b3 t3 + b, t' + b, t') + fix) 

b, = .31938153 
b3 = 1.781477937 
b, = 1.330274429 

where I fix) I < 7.5 X 10-8 

1 
t = ,r=0.2316419 

+ rx 

b, = -.356563782 
b, = -1.821255978 

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

Examples: 

I. x=1.18 
f(x) = 0.20 
Q(x) =0.12 

2. x = 2.28 
f(x) = 0.03 
Q(x) =0.01 
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I LI NE DATA OPERATIONS RESULTS REMARKS 

I 1 r miJ@) 
b, -

-~ - - ~ - --
2 miJ(!] 

- - - ~ -
3 b, miJ[!) 

- - - -• b, miJ@) 

1 
- - - - - ~ --

5 b. miJ0 
- - -

6 b, miJl1I 

I miJl1Im[!)a 
- -

7 x 
- -

8 G:!II\II _ El [!) 

I 13 Iii a miJ0 
- - -

9 fix) 
- - --

10 1m@) 1m 111 13 

~ a m "'1"-1' Il:IililJ -
-

11 
~-- - -

12 Il:IililJ 1m 111 13 1m 
1 0 al3lm@)------f-- - - ~-

13 
-

" 
a 131m[!) a 

~ f-- - f----- -
15 131m (!] a 13 

I r 1m013 
- r- r- - -

16 Qlx) Go to 7 for new x. 



I 

136 Applications: Statistical 

Inverse Normal integral 

Formulas: This procedure determines the value of x such that 

" e -J
" --, 

Q ~ --dt 
). -vz;; 

where Q is given and 0 < Q ~ 0.5. 

The following rational approximation is used: 

e" ~ 2.515517 
e, ~ 0.802853 
e, ~ 0.010328 

Examples: 

x = t 

where IE(Q) I < 4.5 x 10-< 

t ~ .J In - I-
Q' 

d, ~ 1.432788 
d, ~ 0.189269 
d" ~ 0.001308 

Q ~0.12 
x ~ 1.18 

Q ~0.05 
x ~ 1.65 
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LINE DATA OPERATtONS RESULTS REMARKS 

Co 1m@] 

2 c, ImCTI t 
3 C, 1m0 

+ 4 d, 1m0 
+ 

5 d, 1m0 

6 d, Im(l] r 
7 Q Ell &'I1!lI1iJ 1m 

8 (l] I!!I!lllI I!!I!lllI I!!I!lllI tm 

9 

f 
(l] £11m 0 a 

10 £I 1m 0 a EI 
-t- --

11 CTI IJ 1m 0 em 
12 tm 0 £I 1m CTI I J --

a £I 1m @] a 
1m0 a a x Go to 7 for new Q. 
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Permutaticms 

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

Formula: 

Example: 

Notes: 

aPo = 1 
aPI = a 
<lPa = a! 

where 

aPb ~ Pta, b) 
a! 

(a - b)! 

a, b are integers and a ~ b ~ a. 

,P, ~ 2520.00 

Procedure requires a ::'f":: 69. 

LINE DATA OPERATIONS RESULTS 
1 a _ lEI _ [illIJ 

2 b D _ @D ,P, 

REMARKS 
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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 coefficiem). 

Formula: 

(~) ~ ,Cb ~C~ ~ C(a, b) 
a! 

b!(a - b)! 

Example: 

,C, ~ 21.00 

Notes: 

l 

aCO = aCa = 1 
aCl = aClI - 1 = a 
Procedure requires a ~ 69. 

LINE DATA OPERATIONS 

1 a 
_ 1EJ _ ~ 

- f--- -
2 b CI _ c::::J _ £9 

3 I Em _ ODCI 

RESULTS REMARKS 

- f--- -

- - f-- -
,C, 
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Random Number Generator 

Formulas: This procedure calculates un iformly distributed pseudo random numbers Ui in 
the range 

using the following formula: 

Uj = fractional part of [997 Uj _ l] 

where Uo ~ 0.5284163. 

Example: Using (he above uo, 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 IlmII IlmII IlmII 

i-= f-
2 .5284163 

-- I--- -- -- -3 EI D, Perform 3-4 for 

i "" 1, 2.3, . 

4 t, l a U, Let fj = integer part of Dj • 
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Mean, Standard Deviation, Standard 

Error for Grouped Data 

Formulas: Given a set of data points 

with respective frequencies 

the following statistics are computed: 

Example: 

standard deviation 5 = 
1f",' - (If,)x' 

1f, - I 

s 
standard error S-x = .~ 

v1f, 

3.41 x, 2 3.4 7 II 23 
-I-I -----------

f, 5 3 4 2 3 

I Answer: 

I 

I 

x = 7.92 
s = 7.52 
Sx = 1.77 
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LINE DATA OPERATIONS RESULTS REMARKS 

1 
_ [=:::J 

f- >- -2 '" ImmD Perform 2-5 for 

i = 1, 2 , ...• n. 

3 f, mlID@llmD 

4 _ [=:::J 1m D _ 

5 [=:::J ilD i 

I 
j ..... 0. 

-
6 

-I-- -
7 1m8@JmlI8 

-
8 0 _ 0 i 
- -
9 _ 0 s 

1 1m @J flUI 
-

10 s. 
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Chi-Square Statistics 

Chi-Square Evaluation 

This routine calculates the value of the i! statistic for the goodness of fit test by the equation 

Example: 

Answer : 

X' = 4.84 

LINE DATA 

1 
= -~ 

2 E, 

3 0 , 

where Oi = observed frequency 
Ei = expected frequency 

50 

46.75 

47 

51.85 

56 

54.4 

5 

8.25 

14 

9.15 

OPERATIONS RESULTS REMARKS 
_ CEJ 

>--= r -'- ~ 

mm:amm:a Perform 2-3 for 

OEltmoa i = 1,2, .. " n. 



I 

,pi '0&: 

2 x k Contingency Table 

Formulas: Contingency tables can be used to test the null hypothesis that two variables are 
independent. 

2 3 k Totals 

B b, b, b3 

Totals N, N, N3 

Test statistic x: has k - 1 degrees of freedom. 

Pearson's coefficient of contingency C measures the degree of association between the two 
variables. 

c I i 
N+i 

Example: 

2 3 

A 2 5 4 

B 3 8 7 

Answer: 

i = 0.02 
C = 0.03 



Apr'ications: Statistical 145 

LINE DATA OPERATIONS RESULTS REMARKS 

1 
_ :::::2l 

-- --f-
2 a, Il!lI!lD Perform 2-7 for 

Lb - --- -- - -
3 1m0 ImDm j = 1,2, ... , k. 

- - - - - - - ---

4 ElDlmrnlmD 

:-~ 
- t- -- - - - - -

@)DIiUI3J0 r-- - -
ElDalil3!rn _ - - r-

7 _ r:=::J a BI ; 

8 -
IiI3! :::J rn IiI3! @) 

I-- -- -
9 a IiI3! 8 0 IiI3! 

I- - r-
10 maDma 

f----- - -~ 

11 IiI3! @) IiI3! m D 
- -- t-- --

12 
f- ~ t--~ -----

13 Il!lI!lD Il!lI!lD IiI3! ~ IiI3! 
- 1--- ---- r-

14 maDa m c 
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F Statistic 

This procedure is used for testing two population variances . 

Formulas: Given independent random samples {Xi> i = 1,2, ... , oxl and hi> i = 1,2, ... , fly} 
taken from two normal populations whose variances are a/ and a/, the F statistic, with Ox - 1 
and fl y - 1 degrees of freedom (dt), can be used to test the null hypothesis 

F is computed from the following: 

where <!. = sample variance of x 
Sy'!. = sample variance of y 

Example: 

x: 91,103,90,113,108,87,100,80,99,54 

y: 79, 84, 108, 114, 120, 103, 122, 120 

Answer: 

F ~ 1.02 (df ~ 9 and 7) 

LINE 

1 

2 

DATA OPERATIONS 

(n, ~ 10) 

(n, ~ 8) 

RESULTS REMARKS 

Perform 2 for 

3 

4 

"1ii. ®!iml(1) 
~lliJ 

I ~1,2, .. , n. .~ 

~J ~~ 
5 

6 

7 

y, IlD i Perform 5 for 

---

F 
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Paired t Statistic 

Formulas: Given a set of J)aired observations from two nonnal poPJlations with means 
!J.t. IJ.-! (unknown) 

let 

SD = 

The test statistic 

" 
D =_I LD, 

n i=1 

:l:D,' - _1- (:l:D,)' 
n 

n-I 

D 1 = - -
So 

which has n - I degrees of freedom (df), can be used to lest the null hypothesis 

Example: 

Answer: 

1=-7.16 
df = 4 .00 

x, 14 17.5 17 17 .5 15.4 

y, 17 20.7 2\.6 20.9 17 .2 
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LINE DATA OPERATIONS RESULTS REMARKS 
1 _ @ill 

-
2 x, IlmIl Perform 2-3 for 

l- I-

1 -= 1, 2 , ... , n. 

3 y, CHD i 

4 .(!J 1m8@l 
- c-

5 fiUJI,li!l @I • 

6 @ Im@ID I 
r- - - - ---

7 1m8@l[i]CI dl 
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t Statistic for Two Means 

Formulas: Suppose {Xl' X2 •.. _. XnJ and {Yl. Yz, .. " Ynz} are independent random samples 

from two norma] populations having means J.L1> J.iz (unknown) and the same unknown 
variance a'l, 

We want to test the null hypothesis 

where D is a gi ven number. 

Define 

n~ 

_ I '" 
Y = -- L... YI 

"2 i=1 

,,-Y-D 

We can use this t statistic, which has the t distribution with"1 + 02 - 2 degrees of freedom, to 
test the null hypothesis Ho_ 

Example: 

x: 79, 84, 108, 

Y: 91 , 103. 90, 

If D = 0 (i.e., Ho: ILl = J-t,) 

then 

x = 106.25 
Y = 92.5 
t = 1.73 

114, 120, 103, 122, 120 

113, 108, 87, 100, 80, 99, 54 
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LINE DATA OPERATIONS RESULTS REMARKS 

1 -~ I-
!ill Perform2~~ 2 x, 

t-
i 

i = 1, 2, ...• n,. 
t- --,~ 

3 ImG@JIm@J 
t-- 1m G (I) 1m (I) 

~'-

4 
I-

ImG01m0 
- t- --

5 
I-- ----

6 _ rn1m0 x 
I-

0 
-

7 

I 
8 !ill 

1 
i t ~:rl:~:, 8f,0:, 

y; 

r 
I 

9 _ 01m0 y 

10 0 1m0Dlm0 
-

11 EmD 1m@J&'J 

12 ImG@J&'JD 

1 I IIJDlm01m 
~ 

13 
~ 

14 0El1Im@J£I 

15 DlmG0D 
~ 

16 1m0El1lmG 
-

17 @J£lDIm@J 

18 ImG@JD0 

19 DDIIJD t 
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Factorial and Gamma Function 

This procedure uses Stirling's approximation to compute factorial. From factor ial, Gamma 
function can easily be calculated. 

Notes: This approximation can be used for positive x ~ 69 (otherwise (he answer is > 10100). 

This approximation is good for large x. 

For x < 1, use polynomial approximation. 

To compute Gamma function, r(x) = (x - I)! 

Formula: 

x! ~ Y2m< x' e-' (I + _1- + 
12, 288x' 

Example: 

139 
51840," 

~ .25! ~ 35.21 

LINE DATA OPERATIONS RESULTS 

1 _ 0 
2 , ImIliIl ImIliIl ImIliIl Ell 0 
3 - ICJ 13 liD 13 
4 Iii 13 liD r3llHlI 

+ 
5 1 13 1l!i!I@lliDClI 
6 ImIliIl ImIliIl ImIliIl 
7 12 ClISI 
8 288 ClII3S1 
9 139 ImIliIl 

10 51840 I a 13 13 m:!il SI 
11 571 ImIliIl 
12 2488320 a 13 13 13 r!l!l 
13 SlmD81!l8 

571 ) 
2488320x' 

REMARKS 

I 

L 14 I I DmD@Jl3 ,! 
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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 
2 3 4 n-1 n J--'--+---'=------t--=--t---'-+-. • • • ----j-'-'----''----r--''------l 

PV 

~otation: 

n = number of time periods 
i = periodic inte rest rate expressed as a dec ima l 
PV = present value or pnncipaJ 
FV = fmufe value or amount 
I = interest amount 

Future Value 

Formula: 

FV ~ PV (1 + i)' 

Example: Find the future amount of SlO00 inves.ted at 6% compounded annually for 5 years. 

Answer: 

>1338. 23 (Nole: i ~ 0.06, 

LINE DATA OPERATIONS RESULTS REMARKS 

1 i fImll [DO 
- - f-- ---

2 n ~ 

3 PV 13 FV 
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Present Value 

Formula: 

PV ~ ~F_V~ 
(l + i)n 

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 

1 r---- FV IllIIID 

2 j IllIIID CD D 

3 n DID 

Number of Time Periods 

Fonnula: 

-

-

PV 

~ (*) 
In (1 + i) 

REMARKS 

- . ---------

- ----- .-

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 IlmII 
~-

_ 2 _ _ PV a miG.: IlmII 
- -

3 j DEJa n 
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Rate of Return 

Formula: 

. _ (FV ) '" 1 - -- -] 
PV 

Example: Find the annual rate (If retLm if $2000 double., in 10 years when compounded 
monthly. 

Ans\ver: 

6.95~ (0.0695) annually 

(Note: n = 120 months; FV = 40()O; ans,wer must be rnuJtiplied by 12 to find an annual rate 
of retun .) 

LINE DATA OPERATIONS RESULTS REMARKS 

1 ;::V Il!IIliII -- --

2 PV .JJ t-- - -- -

3 n Il!GHJD i 

Interest Amount 

Formula: 

[ = PV [(I + i'I" - I ] 

Example: Find the compounded interest 00 $2000 for 5 years if interes t at 5 .5% is compound­
ed monthly. 

Answer: 

5631.41 

(NOle: n = 60 months; i = 0.055il 2) 

LINE DATA OPERATIONS RESULTS REMARKS 

1 i Il!IIliII (TI D -- --
2 n DI (TID --r- t--
3 PY EI I 



, 
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Nominal Rate Converted to 
Effective Annual Interest Rate 

This procedure calcu lates the effective or compounded annual interes.l nne when the numl:er 
of peri.:xIs per year and the nomiLal annual intere st rate are known. 

Finite Compound ing 

Formula: 

Effwive ~ ( I + i)" - I 

Example: What is the effe::ti\'c annual rale 0: interest if the nomi:ta_ (annual) fate of 6% is 

cot:1pounded monthly? 

Answer: 

6. 17% (0.0617) 
(Note: n = 12. i .06/12) 

U NE DATA OPERATIONS 

1 1l!Kl~ 
--

2 i G:Ii!i!I JJ D 
--

3 n OW) D 

Continuous Compounding 

Formula: 

--

RESULTS 

-

c-::. . 
EffectIVe 

Effective = e i -} 

REMARKS 

- -

Examp le: A bank offers a savings plan \\'ith a5.75% annual nominal in terest rate. What is the 
an:1ual effective rate if compounding is continuous? 

Answer: 

5.920/0 (0.0592) 
INole: i ~ .0575) 

LINE DATA OPERATIONS 

1 I GJ~ D - .~ 

2 (f!K]!I 

RESULTS REMARKS 

~ -
Effective 

I 
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Note: Some banks offer 365 days of continuous compounding on a 360-day basi5. To frndthe 
effecti\'e Lmerest rate. use the followioZ procedure 

I LINE DATA I OPERATIONS RESULTS REMARKS 

1 I 1 1lliIli!I@]l!Jml3 
I-- -

2 L!l1!J@)1I 

r [ I III CD II (![J (!: I 
--

3 Effective 
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Add-On Rate 10 Annual Percentage Rate (APR) 

This p :-ocedure conlierts add-on interest rate (when a percenlage oftbe Joan amOU::1t i!'> added on 
[IS a :"in2.J1ce charge) {C Ine true rate of interest (annual percentage £ale) . 

FornlUla: 

APR ;;;: 600 ni 
3(n + I) + [(n -I ) ni/m] 

wbere n = number of payments 
m = nwnber of payments in one year 
i = add-on interest rate 

Nole: This formula wilt gi\le an appro.liimate, not an exect. answer. 

Example: What is the rrue rate of interest (APR) on an IS-month. 5 c:t add-on loan ? 

Answer: 

9.27% 
{Note: i = 0.(5) 

LINE OPERATIONS RESULTS REMARKS 

·mmI Iii!I m 

2 n 1m:J 1)13 IilD 0 l 3 mal3 

• m a IilD ~ [TI D 
[ 

5 @JI3Dr.J@ 
t-

6 o IilD 0 13 IilD 

7 ml3 EllUl APR 

I 
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Periodic Savings 

This procedure calculal!S payment. fu:ure val lie, or numt;.e: of time periods for a scbedu le of 
periodic payments inlO a savings account. given I h~ interest rate and Iv-O of t:,e other three 
variables. 

FV 
1 

PMT 
_ .::2=--+1 __ 3=----11__ • • • • 

PMT PMT PMT 

n-2 j n- 1 

PMT PMT PMT 

n I 
Notation: 

n = number of paymenls 
i = perioctic interest rate expres3ed as a decimal 
PMT = payment (at the beginning of the period) 
FV = future value 

Note: Payments are ass:.uned to occur at the beginning of the time period (annuity due or 
"payments in aC'vance"). 

Number of Periods 

formula: 

In [FV ' l + C + i) ] 
PMT 

n = -----'~~;-;-,...,.,-~"--
In (I + i) 

-I 

E"ample: If you deposit SIOO a month in a savings account which earns 5~'2% interest 
(compounded monthly), how long wi ll it take to accumulate $20007 

Answer: 

19 .10 months 
('Jote: i = 0.055:12) 

LINE DATA OPERATIONS RESULTS REMARKS 

, i em CD 
----

2 FV r-D t- -
3 PMT a 1m (1) (1) D 

--
4 1m III a I!ll 1m 

I-
III I!ll a (1) a 5 n 
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Payment Amount 

Formula: 
F\, . i 

PMT = --":"":'---''--­
( I - i)n- - (I + i. 

Example: In 3 years you ..... ill Reed $5000. How much sh.oulc you deposit each mor:.lb. lfyou 

will receive 6% annuat imeres.t. compounded monchly: 

Answer: 

$12648 
(Note: n = 36. i .06i I2) 

LINE DATA 

i 
-

2 FV 

3 

4 n 
r- - -

5 

Future Value 

Formula: 

OPERATIONS RESULTS 

aQJ 
t-~ 

EI (!) IilD ~ III 
-

- -- -

mil 0 -
amm (!) a IliI C3J 

r-- - -- •. -.- ~ -

0111D PMT 

FV = PMT [(I + i)n-< - (I + l)] 
l 

REMARKS 

-
- ~--

-----
-

Examp le: You are depositing $ 1000 per year in a savings account earning 7.5% mlerest 

compounded annually. How much will you have in 10 years? 

Answer : 

$15, 208.12 
(Note: i = 0.075) 

LI NE DATA OPERATIONS RESULTS REMARKS 

1 I mil (!) (!) a amm 
-1-- - - - - c---- ---

2 IllIIllII -- - - -
3 n IllIIllII (!) a IliI 1m -- t- - - - - - -
4 ~ --

- - - -
5 PMT ElIilD (!) a FV 

I 
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Direct Reduction Loan 

Given any three 0: the variables Ii sled below. ttese procedures calculate tile founh for a direct 
reduction loan (the type of loan co:nmon l~ us:ed for mongages). 

PV 
1 1 2 3 n-2 I n-1 1 n • • • • -'-'--=e...;.. -=-=--'-1.--"--

PMT PMT PMT PMT PMT 

Notatioll: 

n = num 'Xf of paymems 
i = perio;:hc interest rale expressed as a docimal 
Pltl·1T = pa~iment 
PV = pIT:sent value or princ i:;>al 

Payment Amount 

Formula: 

PMT 
PV . I 

- (1 - i) l' 

Example: Whal monthly paymem is required to payoff a $S()(X) loan at 9.5% interest in 36 
months? 

Answer: 

$160.16 
(Note: i ~ 0.095/ 12) 

LINE DATA OPERATIONS RESULTS REMARKS 

1 
, 

i IimlOJ 
I-

2 PV 13 1m IT OJ D 
.~ 

3 n IimImOJEmIll 

I T 
- I-

4 III PMT 

Present Value 

Formula: 

PV ~ PMT [1 - (\ + i)-" ] 
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Exam ple: You are wi111ng to pay $ 125 per monlh ror 36 nonths. I f the current interest rat:- is 
9.5 %, how mue h c an you borrow? 

Answer: 

S39)2.23 
(No<e: i = Q,095J12) 

L LINE DATA I OPERATIONS I RESULTS 

1 i EmIlI m a 
2 n I lmD/ mEma 

l 3 Imma 
4 PMT a 

Number of Time Periods 

Formula: 

n = 

I 

t-

r PV 

In(1 - i PV/PMT) 

In(l + i) 

REMARKS 

Example: How many payments are required to payoff a loan of $4000 at 9.5% annual 
interest , with payment& of $175 pe.r month? 

Answer: 

25,31 months 
(Note: i = 0 ,095/12) 

LINE DATA OPERATIONS RESULTS REMARKS 

1 i Emlm 
2 PV a 
3 PMT a m Em a !!:] 

t 
4 1 1m m m a !!:] 
5 I aim n 
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Interest Rate 
It is not ?Ossible t() write a dosed equation fori in a direct reduction Loan. Hence, ic is. neeessari 
to use an iterau'e process bke the ODe below. 

Formula: 

Pe:-iodic interest rate i 

A::mual interest rate = i x A 

where A = numbe:- of payments per year 

Example: YO.! r.ave a S30,000 mortgage on which you will make 360 monthly payments of 
SI79.86. What interest rate are you paying? 

Answer: 

6.00% (8 iter2.tions) 

LINE DATA OPERATIONS RESULTS 
1 [DJ@) 

~ - r--
2 n IllIml IllIml 
3 PM,. ImmD [!!K] [[ 

f-
4 PI' DIm[i)LmD 
~ -5 &Dll'Itm~ r ~-

6 [i)tmDIi!D[i) 
7 r!t ~-
B 1m II EI 

_. 

9 A 13IT!E1Il 

Amortization Schedule 
Ik = interest paid in kth payment 
PMT = payment 
PPk = payment to principal of klh payment 
PV k = remaining balance after k:h payment 
PVo = amount of loan 
i = periodic interest rate expressed as a percent 

;, 

REMARKS 

-

Perform 5-7 for k = 1,2. ...• 
until i~ converges (to 

desired decimal place). 

-
Answer is in 'Yo. 
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An amortiz.at ~on schecule consists of the interest pad, tBe payment 10 principal , a:Jc the 
rel1ain ing balance for ea.:h va)menl k = l~ 2, ... 

Formulas: 

I. = 'PV._,/l((l 
PP, = PMT - '" 
PV" = PVk _ t - PPk 

Example: Generate aD amortizati<m schedule for lhe tlrst two months of a $4O.()(x) Joan al 
9% (i = 9/ 12) with mon:hly payments of $321.85. 

Answer: 

I, = 53((1.00 
PP, = $21.85 
PV , = 539978.15 

I, = 5299.84 
PP, = 522.01 
PV, = 539956.14 

LINE DATA OPERATIONS 

t PMT Iilm}] 

2 ; miIllII miIllII 
I-

f---
3 PV. 

~ 

4 £lEI la 
5 1m 0 £lEI iii 

I 6 iii T 

RESULTS REMARKS 

-
i is expressed as a pefcenl 

-

I, 
. ~ 

Repeat ror subseqlJenl 

pP. payments. 

PV. T 
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Discounted Cash Flow Analysis 

The primary purpos.e of this procedure is to cornpule the ne: present value (NPV) of a series-of 
cash flows. The J\-PV is found by discounting the cast_ flows at the desired rate of relurn, and 
[hen s'Jbtracling the initial in"estment. 

In general, an initial investment is made In some enterprise lbat is expected to bricg in periodic 
:ash flows. After discounting, a negati\'e value for ~PV indicates thai tbe enterprise wollld 
not be profitable, v .. bile a posilive vaJue for NPV means ltat the enterprise wi.1I soow a profit 
to the extent that a rate ofrer.JJ1l i on tile initial im;estmen: has been exceeded. 

Notation: 

PVo = originaJ inves.£ment 
PVk = net cash flow of the kth period 
i = discount rate per period (as a decimaJ) 
NPV" = net present va.ue at period k 

Formula: , 
'" PV, NPV. = - PV. + L 
. =1 ( 1 + i)J 

Example: A small shopping complex, which costs $])7,000, is est imated to have annual cash 
flows as follows: 

Year 

1 
2 
3 
4 

Cash Flow (S) 

10,000 
13,000 
19,000 

152,000 (p roperty sold in 4" year) 

The desired minimum yield is 10%. ViilI this rate be achieved by the above cash flows? 

Answer: 

~PV, 

~PV, 

~PV3 
NPV4 

-127909.09 
-117165.29 
-102890.31 

= 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 Em 0 U Em! II 
- ~ 

2 PV, EmU 
i- -- -

3 PV, a NPV, 
-

4 PV, ImJJ Perlor-n 01·5 for 

j ~ 2, 3 , '." k. 

Im aa 
-- I-s j I 'PV 
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Depreciation 

Thes.~ procedJres can be used to calculate depreciation 0: assets: using s-traighlline. declining 
balaoce. or sum of the years ' digi ts meL."lOd. 

Straight Line Depreciation 

For mulas: 

PV 
D---

n 

RD\\ = P\( - kD 

where P V = onginal valoe of asset (less salvage value) 
n = depreciable lfe of asset 
D = deI'reciation per year 
RDVk = remaining depreciable value at lime period k 

E xample: A dupLex costing ~O,{X)()(exclusive ofland) is depreciated over 25 years , using [he 
straight line method. ""·bat is the depreciation amount and rerna_ning depreciable \'alueafter 5 
years? 

Answer: 

D = S1600 
RD\(, = $32,000 

LINE DATA OPERATIONS 

PV IlIIliIl IlZIDlII 

2 n 0 
3 k 130 

Declining Balance Depreciation 

Formulas: 

Dk = PV 
R 
n 

RD\\ = P\( 

RESULTS REMARKS 

I 

0 
---

ADV~ 

( 
R )<-> 1--
n 

(1-+)' 
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where P V = 0 rigin~1 value of asset 
n = deprec iable life. of asset 
R = depreciation rate (gl'ven by user) 
~ = deprec:iati<OD at time period k 
RDVk = remaining depreciable ."alue al time perioo k 

Example: A fleet ear has a value of S2500 and a life expectancy of 6 years . Use tt.e double 
declining balan:::e method (R = 2) 10 find the amount of depreciation and remaining depre­
ciable value after 4- years. 

AnS'Wer: 

RD\', = $493.83 
D, = $246.91 

LINE DATA OPERATIONS RESULTS 

, k IlIIIDI [D IlIIIDI , R IlIIIDI 
t- -

3 r iii tUIlll [D EI!lI 

4 !!' f- --
5 PV EI RDV~ 

6 1m [D iii [D 1m 

[DIIIEI ~, 

Sum of the Years' Dig its Depreciation (SOY D) 

Formula: 

2(0 - k + I) PV 
n(n + I) 

ROV, = S + (0 - k) D./2 

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

REMARKS 

f-

T 

RDVk = remaming depreciable value at time period k 

1 
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Example: Apartments vabed at S88,000 a...re <fepreciated over 25 yeaIS using SOYD 
depreciation. \\"hat is the deprecialion arnoun1 and Temaining depreciable vaJue after 10 years'! 
As~ ume a salvage ",·.arue of zero. 

Answer: 

DI(' = $4:)32 .31 
RDV". ~ S32492.3 1 

LINE DATA OPERATIONS 

1 n IimIUl 
- --~ -

2 k IimI ® IHlEj[lJ 
-

3 Ul a 1m [!l ImIliD 
-

4 mmiIIl3 aa 0 --,. ---':I... - -~ -
6 PV 13 

- -- -., IS@) 130 a 
- r- -

a s a 

RESULTS REMARKS 

~ ~ . - -- -

-

- --

-

-
D, 

- - -

- ~ -
ROV~ 
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Calendar Routine 

Weekday 
This proce-dure find s the day ()f the we;:k fc·r any date since September ]4, 1752. 

d = day of rr.ontb 
r:1 = month, with January and FebTuar~ ~lng the 131h and 14tt montbs oflhe previous 

year 
y = year (4 digits) 

Weekday [d + e, + e, - e, + e,] (mod ') 

where eJ = INT ( + (m + I ) ) 

Output is read as follows: 

0- SalUrday 
I - Sunday 
2 - Monday 
3 - Tuesday 
4 - Wednesday 
5 - Thur.;day 

6 - Friday 

e,=INT (+ Y ) 

e3 = INT ( -IOO
Y 

) 

e, = INT 
( 4

)00' ) 

JNT is " integer part of'. 

Example: On what day was February 29, 1972? 

Answer: 

Tuesday (d = 29, m 14, Y = 1971) 
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LINE DATA OPERATIONS RESULTS REMARKS 
1 d mom 

- f- --
2 -n mom 

- ~ -
3 y m!l (iJ liD 12: II 

4 ElGJEl011 E, 
. -

le1 8, "" Integel par: (·f El . 
- . .-

5 13!3 
- r-- --

6 e, a IiliD El mUD 
r- --

7 (D 1m mom tmmI mom 
0E1011 E, L ' -8 e1 e:.,= Inleger part at E2_ 

9 ~ -

---
10 e, 1ilD::II a For 231

' century dale 
C- I -

go to 18. 
C-

Ii!I!I JJ liD 1m IT: '1 
f- - f-

12 II E, Lei e, = i,leger part at E3_ 

C--- I-
13 13!3 

I 
l-

ta:!! Iill!I a 0 liD 14 e, 
-

15 0@]@)1I E, Le: 8 4 "" ir :eger part or E4 

16 13!3 

17 e. 1m El a Go 10 1'9 . 
r---

18 IDa 
I--

19 I!mIl tmmI 0 II E, Lei es= integer part of E.s. 
- r-

20 13!3 
21 e, mom}) EI II 

r 
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( 
Navigation Applications 

Rhumb line Navigation ............ . .... . 174 
, Great Circ le Navigation .. _ .. . ... .. . .. .......... .. .. . 176 

180 II ~~~~ RedJction Table . 
tLPrOb.ble Position .. . ... . .. . 182 
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Rhumb Line Navigation 

This p rocedure calculates the churd . Line distance and cours=. for the rhumb line between two 
points on the earth (a spherical ea...""tb is assumed). Succe~si\"e legs can De linked without 
reentry of initial latitude and longitude. 

C.ncle Course 

(L"A,) 

Notation: 

L \ = latitude of lJlilial point 
Al = longitude of initial poht 
L, = latitude of final point 
A.2 = longitude of final point 
C = rhumb line course 
DIST = rhumb line distance 

Formulas: 

(L,.A,) 

e tan , _, ( rrsin- ' {sin [(A, - ).,)/2]) ) 
90 In tan (45 + L,I,2) 

tan (45 + L,12) 

If sin- ' [sin (A, - 1..,) ] < 0, then e = 360 - e 

DIST 

1
60()" -,\,)co«L) ,ifcos(C) =0 

60 L, - L, , if cos (e) f 0 
cos (C) 

Notes: 1\-0 course should pass through the North or SOllth Pole. 

This procedure gives incorrect resu lts when computing distances due east or due west across 
the dateline .. To obtain correct results, compute up to the dateline and then proceed o n 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 positi ve values.; southern 
latitudes and eastern longitudes are input and output as negative values. 
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Example: Find the distances and headings for a fligh1 from Anchc4'age. Alaska. 10 JJr_~au. 

Alaska. to Seanle, Washington. 

Anch.or.age 
Juneau 
Seaule 

L61 013 N 
L58"l8N 
L47"l6N 

Answer: 

LINE 
t 

2 

3 

4 

5 

6 

7 

a , 
10 

11 

12 

t3 

t4 

15 

t6 

t7 

'8 

'9 

20 

21 

22 

Anchorage - Juneau 
J uoeau - Seattle 

C = 110.52" 
C = 145.94' 

DATA OPERATIONS 
L, _ C31l1lil [D 

>, _ 1 ,"" Illilil 0 
-

Nex1 L _ Ga IlIlil 00 
- -

Next ~ _ EBIlIlil0 

13013011 

a })OOCI 1m 
_ EDI!l@)II 

-
_E aCBIOO 

OOII@: rna 

m::J Iil3!I C!: 00 II 

o [D a mi ll 

j 
I!lIC::CEliIll Em 
1m (!] 1m _ r,:;:] 

Em 

1 
Em0[D@)a 

I!!:il 

131 00 1m [D II 

Emil [D@)13 

13(!]I3OO I!!:il 

- ~0@)a 
I3OOIlIlil[DI3 

T 0aoo 

Id49'54'W 
AI34'25'W 
AI22'20'W 

DIST = 499 .22 nautical miles 
DIST = 774.90 cautical miles 

RESULTS REMARKS 
I 

~ 

I 
t 

+ 

- f--

- f- -
If negative , go to line 15. 

-
C C in decimal degrees .Go to 

r--
line 16. 

c C in decimal degrees. 

cos (C)_ ~ zero, go to line 19. 

-
015T OIST in nautical miles. Go 

-
10 line 21. -

-
015T DIST in nauticaf mites. 

-

-
Go to line 3 f()( next leg. 
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Great Circle Navigation 

This procedure calculares the great ci:"cle distance and injlia!. cours.e for the great circle 
track between two points on the earth (a spherical earth is as.sumed I . The coordinates of 
the vertex and the diHance from the in:itial point to the verte~ can be ca1culared. The latitude 
of a point of Intersection of a great circle track with an intermediate longitude can also be 
ca\culatec. 

GreId Circle Track 

Notation: 

L. = latitude of milia! point 
AI = longitude of initial point 
4 = latitude of final point 
Iv, = longi tude of final point 
DIST = great circle distance 
Cl = initial course 
L\. = latitude of vertex 
A .. = longitude of vertex 
A~. = longitude of alternate vertex 
D1ST v = distance from initial point to vertex 
L. = latitude of intermediate point 
AI = longitude of intermediate point 

Formulas: 

DlST = 60 cos- ' [,in(L,) sin(L,) + cos(L,) cos(L,) cos (I" - Iv,)] 

C 
_ -, ( sin(L,) - cos(DlST/60) sin(L,) ) 

I - cos 
sin(DlST/60) cos(L,) 
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ApI ice'ions Na"'gation 1n 

If sin(-'I - ",J < I). then C1 = 360 - C1 

( lan(L,) scn(.', - ,\,) - tan:L,) sin(;'" - A,) ) 

sin (A, - ,\,) 

tan(LJ 00'(.",) - tan(L,) cos(4) ) 

tan(L,) sm(;,,) - tan<L:) sin(A,) 

DIST, 60 - , l' cos(C,) cos(L,) ) = 510 
,in(L . ..) 

Notes: No point: on a leg should be at eilher the l'orth or South Pole. 

No leg should pass more than halfway around the earth. 

Paims located at diametrically opposice sides of the earth should not be used since lhere 

are an mfinite number of grear eireL: courses through such points. 

C i cannot a1ways be ca1culated along lines of longitude (hi == ~). 

Equator crossings are at A = A\ j: 90°, 

Northern latitudes and western longitudes are inpLIl 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 L 12~45 ' 12 liN, Al24 "20 '06' 'E (input as negative), off the entrance 

to San Bernardino Strait, to L33 °48 '48"N. AI20007 '06"W, five miles south of Santa 

Rosa Island. 

Find the initial great circle course and great circle distance; the lati tude and longitude of the 

venex and the distance from the initial point to the vertex; the latitude at ),180°. 

Answer: 

D1ST = 6185.88 nautical miles 

C, = 50,32° 
A, = 19OZ6'()()"E (output as negative) 

A;' = 160:l34'OO"Vl 

L, =41°21'08"1\ 

D1ST, = 4228.83 nautical miles 

L, = 39°41 '33"N (longitude at '" 180~ 
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LINE DATA OPERATIONS RESULTS REMARKS 

1 L, _ , •.•.• , ml0 [!: 

2 CIIiI 
~ 

3 L, _ = ml0 [!: 
-

4 1:1 1m rn Em ml 
I- --

5 0111 aCD ml 
- 6 - -

0E11ll1 
I-

-
7 ,\, _ QEJ Imrn 

8 ,\, _ QEJ 1m011 

9 - lmi @) em 13 a r-- -

-
10 _ ,co; 11iml0 rn 

f- -
11 @J13 DIST DIST in nautical miles. 

12 m01ilD@JIilD 

[l: em 131:1 m r-- r -
13 

14 I mialilDm 
-

15 a _ leos'l m0 

16 m 1iml0 If negative, go to line 1S. 

1m Iiml@) 
- f--

17 C, C j in decimal degrees. 
-

Go to line 20. 

18 EID rn @J @) Em 

I 
~ 

_. 

1I1il!10 
- r--

19 C, C j in decimal de;Jrees. 

20 1.lllD IlllI m!I 0 -
21 1m 0 IlllI Iiml 0 If the coordinates orlhe 

,'ertex: are not desired, - f-- ~ 

go to line 32. 

22 m01ilDLD= 
- f- - I-

23 EID mrn 1ilD0 

24 Ii'ID liD II CD II 
r- --

25 liD iii _ I'" 'I IllIIliII 
- I- - f- -- -

_ 26 _ I *H"IS I )" If negative. go to line 29. 
-

27 Em 0Il @) II - -

28 
_ E'!'J 

· ... v' Go to line 31. 
t---- -- -

29 EID 00 @) a 
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LINE OAT ... OPERATIONS RESULTS REMARKS , 
30 

_ E::::::J 
;'" 

31 1 To c:a:::ul2.te L. , let 

'OJ = ;\ or )..': and procesc 

to Iile 32_ 

32 ~ _ ~ [!:lim Imillll 1m 

33 I @) a e::I em CD 

3" EI 1m tim @J a 
35 ml lmCD Ela 
36 I 1m @) a _ [!£:J 

37 
_ E::::::J 

~ Go1:) line 32 for next ).1; 01 , 
r-

!I L. '/'I'as just calculated, 
- ~-

continue with line 36 to 

calcu late DISTw' 

38 _ I ,." I mI tim (!) 

39 G!l'l 1m III EI a 
40 &'J _ r::::J (!j @) 

~-

41 13 DIST. 
I--

0 1 ST. in nautcal miles 

42 Go Ie line 32 ~or 
- -

intermediate po ints. 

I 

i 
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Sight Reduction Table 

This procedure ::akuJate~ the ooml=uted altiwde and az~muth of a celestial body given the 
obseT\"er~s lalitude and the declination and local hour angle of the oody 

Notation: 

DEC = declination of celeslial body 
LHA = local hour angle of body 
L = observer's latilUde 
Zn = azimulh of body 
He = computed alLtude of body 

Formulas: 

He = , in-' [sin(DEC) sinfL) + cos(DEC) eos(L) cos(LHA)] 

Z -, ( sir(DEC) - sin(U sin(Hc) ) = cos 
eos(He) eos(L) 

{ 

Z, if sin(LHAJ < 0 
Zn = 

360 - Z, ifsin(LHA) >0 

Notes: Northern latitudes, northern declinations, and western hour angles are mput as IX'sitive 
values; southern latitudes. southern declinations and eastern hour angles are input as 
negative values. 

This procedure may also be used for s:ar identification by enteflng the. observed azimuth 
in place of local hour angle and observed alt itude in place of declination. The outputs 
are then decimation 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 333001'54"W 
and it s declination is 12°28 '06 " S (input as negative ). The assumed latitude is 
34 °11 '06"5 (Input as negative!. 

Answer: 

He = 57 ' 15 '58" 
Zn = 54 ,97' 
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; UNE DATA OPERATIONS RESUL TS REMARKS 

I I DEC _ ~[j)D 

l 2 L _ GEl [j) :m IE 

[ 3 [j) EDlI IiIill m m 
-----=-

4 allium 0 £I 

liD 
-- t-

5 
-

6 LH.~ _ ~[jJ !i:t1 EDl1 

1 

- - f--
7 IiIill 0 CII 13 a 

--=-=- - r--
8 _ ~IiIill }] 

9 _''''11,..<;1 H, 

10 ClD 0 1m m CID 
~ I--

I ' o [jJ !i:t1 C11 £I 

a CII 1m ::D 13 
r 

12 

13 a _ G2J mil I!l z 
~ 

I. mD 0 If negative, 90 to tine 17. 
-

15 00 @l lmI 
-

16 a Zo Z" in decimal degrees. 
- ~ r-- -

17 1m 0 Z. Z ... in decimal degrees. 
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Most Probable Position 

This procedure computes the mOSl probable position (MPP.) from a single observation of a 
celestial CbjeCl by dropping a perpendicular from the dead reckoning pHilion (DR) tOlhe1ine 
of positi"" (LOP) of the object. 

L 

N 

DR 

~otation: 

Ll = lalitude of observer's DR 
A1 = longitude of observer's DR 
Lmn> = Latitude of most probable position 
Ampp = longilUde of most probable position 
He = computed altitude of object 
Ho = corrected sextant height 
a = altitude intercept: (-:1 = toward, (+) = away 
Zn = azimuth of ohjecr 

Formulas: 

a = He - Ho 

"'" = A, + a sin(Zn) 
PP cos (Ll ) 

Ln. •• = 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_ 
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ExampJe : A naYigator determines hi; DR to be L4 0"12 'S (input & negative), A159°5; 'E 
(input as ::legative), He observes Procyon to be ] 1 ~ 1 J ' IS" above the horizon. The computej 
altituce I:' 10°57' at azimuth 73.4:;l. Whal is his ~'?' 

Ans.wer: 

l"1Il~1> = 40007'S5"S (ou:put as negative) 
A.nn = 160° 14 '56"E (output as negative) 

LINE DATA OPERATIONS 

1 z. IlmIl 
r- - -

2 He IlmIl 
-

3 Ho _~ 1iI 
- r- -

4 IZIl! 1m 
- r- -

5 _ 
f-

L, _ I ~'<· I m;J CD a 
----

6 
_ c:::::::J 

r- -
7 CllIilDCD E!lil 1il 

8 _ 
f-

_ E':CJ 
f-= 

9 A, -~ 

RESULTS REMARKS 

Z, in deci-nal deg-ees. 

a 

i I---

+ -
lm~" 

f---

I---
A~. 
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Surveying Applications 

Bearing Traverse . . .. 

Field Angle Traverse _. 

I nverse from Coordinates .. 

Horizontal Curve Layou1 . 

Elevations along Straig.,t Grades. 

Elevations along a Vertical Curve 

Volume by Average Enj Area. 

. 186 

.1 88 
. .... 190 
. .. . . 192 

194 
195 
197 

Note: Several procedures from the section on Mathemali:::al Ap;>li­

cations will a so be o~ interest to surveyors, such as: 

Triangle Solutions 

Curve Solutions 

Coordinate Translation and Rotation 

l 
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Bearing Traverse 

This pro::edure uses I:earings and distances to calculate coordinates of suc-cess ive pomts in 
a traverse. Area, closing distance. and c\osingazimurh :::an be calc·ulated for aclosedrtraverse. 

I\"otation: 

HD = horizontal distance 
SD = slope di~ance 
ZA = zenith angle 
AZ = azimuth 
BRG = bearing 
~1 = northing of poinl i 
Ei = east ing of point i 
AREA = area of traverse in square feet 
CL HD = closing hori zontal distance 
CL AZ = c1osb.g azimuth 

Formulas: 

HD = SD sin (ZA) 
NI+l = Ni + HD sin (AZ) 
E", = E, + HD cos (AZ) 
AREA = (E, - E,)[(N, - N,)/2] + (E, - E,)[(N, - N,) + (N, - N,)/2] 

+ ... + (Ek - Ek_d [(Nk_, - ~,) + (Nk - N._,)/2 ] 

+ ... + (E, - E,,)[(N, - N,) + (N, - Nn)/2] 

Example: Traverse the flgure 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. 

Answer: 

CL N = 799.998 
CL E = 1000.007 
AREA = 5104 sq. ft. 
CL HD = 0.007 ft. 
CL AZ = 109"05 '49" 

N BCO 1 

E, 1000 

700.972 

1059.846 

~ 
1083.499 

4 766.836 

1105.477 
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LINE DATA OPERATIONS ReSULTS REMARKS 

I 1 • I ~ ,,"" I 
-

2_ N, mlI[D 
-

3 E, mlI~lm !D 

4 BAG N~ • I'·~o-I 

BAG SE • , -M,., G:liI (D If: 
r- -

@) D -
SRG NV\' 

• ~ rli:!l -
BRG SI'! _ ~OJ(ID@] 

D 
-

5 HD or SO 

6 tJm1I 0', 6 -, , -mil Inas ·7 I distance 
-

7 ZA .,,-'lm El is horizontal. 

8 t::Iil!!t 
-

9 1i3J1I . ~D Jmit l ines 9-12 if 
t-- mEl I _ k"~,- 1"1 0 E ' -10 AR A 15 nol calculated. 

-
11 ClIIIElmlID 
12 0 
13 1m liD N 

14 1m E 
, -

~o I:) Ime 4 for next course. 

1m0 
-

Ignore 5 gn if nega~ 15 AREA 
-

16 ImlIllmm . 
17 (D 1m !!t1m 

-

t- Cl HO 
-

18 
~ 

Em _ I·HMS! CL AZ If negative, add 360" - -I-, -
4_IHMS+ I ). 
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Field Angle Traverse 

This procecure uses angles or deflections and distance s tQ cakulate coordinates Df successive 
points in a traverse. Area, cl osing d iSlance, and ch;ing azimurh can be caIc-ulated for a closed 
traverse. 

Notalion: 

HD = hOTi zonra 1 di stance 
SO = slope disLa:lce 
ZA = lcnilh arlgle 
AZ = azimulh 
REF AZ = reference azimuth 
ANG RT ~ angle n ght 
ANG L T ~ angle left 
DEF R T ~ deflection 'ighl 
DEF L T ~ deflection left 
Ni = northing ()f point i 
Ei = cast ing of point i 
AREA = area of lra\·erse in square feel 
CL HD = closing lwrizomal distance 
CL .4.Z = ·;::Iosing azimuth 

Formulas: 

HD ~ SD sio(ZA) 

Ei+1 = Ei + HD sin(AZ) 

AREA ~ (N, - N,) [(E, - E,)IZ] + (N3 - N,) [(E, - E, ) + (E, - £,)12] 

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, ca1cuiare area and 
closure. 

L------~--====~ 
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.'\nswer: 

CL N = 149.905 
CL E = 399.783 
AREA = 26559 sq. ft . 
CL HD = 0.237 Ft. 
CL AZ = 2460 19 ' 43 " 

LINE DATA OPERATIONS 

1 • ~ 
2 N, !lml0 
3 E, !lml 0 lmS! 

~ 

• REF AZ _ I~"",· (D[!] @) 

5 DmI ~ 

6 ANG RT • "..,· ,01!l @] 

D 
ANG LT • .. ,~., Em Gl (!) 

f-
@:D 

DEF RT .05 
DEF LT • I""" , G:iiI -

7 IB [!) D !lml [!) 

8 HD or SD 

9 
I-

Il:iIllD 

10 f- ZA . ,"". m D 
11 

I- tm!D 
12 

I- IS]). E3 

13 
l- mam _ ~!IJ 

14 DaDm!lD 
15 

f-- 0 
~ 

16 
I- 1ilD S! 

17 1m 
18 1ilD 0 .. 

19 1ilD01ilD Gl. 
20 EJ IilD !Dtm 
21 mJ_~ 

.~ppllcali::J"lS; SurvEying I as 

RESULTS REMARKS 

-
~ -

- I-

~ 

~ I- - -
-

-

- -

~ -

I-
Om: lines 9-10 f distance 

- -

I-
is horizontal. -

Omillines 12-15 f AREA 

I-
is not calculaled. -

- - -

-

N 
- -

E Go to l ine 6 for nex: course. 
- -

AREA Ignore s gn if negative. 

CL HD .. 

CLAZ If negative, add 

/360°. (.,""", ), 
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Inverse from Coordinates 

This procedure uSeS coordinates to calculate disrance and azimu:h bet'\.¥een points ofa traverse. 
Area can be calculated fOT a dosed t:averse. 

Notation: 

HD = horizontal distaoce 
AZ = aZLrnuth 
Ni = northinE of point j 
Ei = easting of poi:1! i 
AREA = area of traverse in square fee l 

Formulas: 

AREA = (:-/, - N,) [(E., - E,)iZ] + (N, - N,)[(E3 - E,) ,CEa -E,)/2] 

+ ... + (N. - Nk _,) [(Ek _ , - E,) - (E" - Ek _,)/2j 

+ ... + (N, - :-/0) [(Eo - E,) + (E, - Eo)/Zj 

Example: Traverse the figure shown beloVo- using coordinates to calculate the azimuth and 
distance for each side. At the completion of (he traverse, calculate area. 

Answer: 

230.000 4 
3JO,000 

AREA = 20175 sq. ft. 

N 150.000 

Ei 400.000 

350.000 

470.::)00 

3 

2 22S.JOO 
500.:00 
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LINE DA.TA. OI?E RATIONS RESULTS REMARKS 
_ c:=:J 

2 N, Il:IIilI 

3 E, III 

• IlIil Ill 

5 Next N IlliEI 

6 Next E liD 1m liD 1:1 liD 

7 1:1 1m m CD IlIllI 

8 :D B) 

9 mD m _ c::::J 1:1 Omit lirl€s 9-15 il h.REA 

10 IlIllI m _ c::=::J IT: is not :alculated. 

11 1:1 1:1 13 IlIllI a 
12 :<J13Gllmm 

13 lim HD 

,. Im _ ~ AZ 1= negati ... e,3dd 360" (-''"'''). 
15 Go to ine 18 

16 
__ ~Im lim HD 

17 Im _ ~ AZ If negc.ti' .. ~dd 360~ 

( - ... ~+I ). 

18 Go to line 4 for next N 

and next E. Continue 

I r until N, and E, na'w'e 

·:leen reentered. 

19 1lIil0 AREA 

I 

I 
Convert azimuth (in DMS) to bearing (in DMS) as follows: 

AZ BRG 

I 0° to 90° NE 
90° to 1 80~ SE, press I!I:!l CD [!) (QI _ ,-"',) 

180' 10 270' SW, press CD[!)(QI I:I 

I 270e to 360c 
NW , press em m [!) (QI _ , ""',) 
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Horizontal Curve Layout 

Given (he radius of lhe curve. this procecure calculates short and long chords and deflection 
angles for successive ar=s along [he cu~e. 

Notation: 

R = rddi u s 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 = 2R sin (ARC~ ) 
2r.R 

LNG CHD = 2R sen (DFL ANG) 

DFL ANG = ~(ARC, + ARC, + ... + ARC,) 
2r.R 

Example: R = 900 feet 

Station ARC SHTCHD Ll\G CHD 

PC 12 +57.00 
12+75.00 18 18.000 18.000 
13 + 00.00 25 24. 999 42.996 
13 +43.00 43 42.9% 85.967 
13 + 75.00 32 31.998 117.916 

IT 13 + 89.00 14 14 .000 131.882 

DFL ANG 

00°34 '23" 
1"22 '07" 
2°44'15" 
3°45 '22 " 
4"12'06" 
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If 

LINE DATA OPERATIONS RESULTS REMARKS 

1 -~ f--- - -, R mmlII rn EI IlmIl IiIl!I 
f-- -

3 ::D 121. 0 Q] 
f-- - - - -

4 @ @l CllCll tD - - - - -- -

5 Iml!ll 
- - I- ----

6 ARC 13 mll am m 
- I- - -

7 f---EI SHT CHD 
- f-- -

B Imrn m lmQ] 
- f-- -

I 
9 EI LNG CHD 

- - I- -
10 urn .",." DFL ANG Go 10 line 5 for next ARC. 

I 

I 



I 
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Elevations along Straight Grades 

This procedure calculate.s ele\'.at ions of speci[ed Slalions along scralg:lt grades. 

Notation: 

ELl = elevation at beginning of grade 
STA. = stalio:1 at beginning of grade 
GR = grade In feet per foot 
ELI = e]evuic-n at station i 
ST A" = station i 

Formula: 

ELI = (STA,) (GR) - EL, - (STA,) (GR) 

Example: 

LINE DATA OPERAnONS RESULTS 

1 _ 0 

2 EL, Il:Iim 

3 STA, IilmlI 
4 GR a - c:::=:J liD D 
5 IlD ED 
6 1m ED 

REMARKS 

-

7 STA aD EL Repeat lines 6·7 for next 

STA. For a new GA, go to 

line 1. 
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Elevations along a Vertical Curve 

This procedure cai:;;uiE..tes elevation at any ;pec:ified statioll along a verti::al curo'e. The 
elevatiun and slation a1 the h ighe~t or lowes.t point can als.o -oe calculated. 

Nomenclature: 

GR] = g!ade at begInning of cun'e in feet per foot 
GRn = grade at end of cUr.-e in feel -per fool 
ST Al = Solation at beginning of curve 
STAn = station at end of curve 
ELI = ele\-ation at beginning of curve 
STAt = stalicn j 

E~ = eleva.ion at station l 
ST ~I = stat ion on curve where grade is ze ro 

Formula: 

(GR, - GR,) " 
=~:"-----;:~'--;- (STA, -STA,)- + GR, (STA; - STA,) + EL, 
2(STA,_ STA,l 

Example: 

o 
~g 
N ~ 
+ 0 
~ . 

8 '"' ::? 0 

~ -
~ • , 

.; 
>-

"' 
~ 0 ~ .: 0 
;;; oj ~ 

<D • • - - M 
~ • • N , , 
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LINE DATA OPERATIONS RESULTS REMARKS 
1 _ ruJ 

GR, Il:!mI IllillD 
- t- .-

2 

Bill 
t-- -

3 GRo 
f-

4 STAo Il:!mI 
f------- r-------

5 STA, lm[!) III 1110 

6 IIIEmID 
t--------
---- --

7 EL , lmE 
--

8 IilDfi!I 
----

9 STA 1iID:!l III 13 Em 
-- ---

10 _ Ilol.STXI a II a 
--- ---

11 1ilD0 II EL Repeat lines B-1 1 10r 
-- -

next STA. 
---

12 IiID CD ImIllII IllillD IiID Lines 12-14 may be per-

13 IDEmlll 0D lormed a.,y time after 

14 III STA., line 6 

I 
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Volume by Average End Area 

This procedure calculates the end area [<Of a slation, vo~ume from tr.e previous Sotation, and 
accumulated volume lO the _present station. 

Nomenclature: 

INT, = :interval between stations i and i -
E~ = elevatton tom datum of point -1. in eros-s-sect ion 
HDI = horizonlal dis.tance from centerline or baseline :0 poim i in cross-soction 
AREAi = end area of cross-section at station i 
VOLt = volume between stations i and i + 1 
TOT VOL = total \'olume between all stati ons 

Formnlas: 

1/2 [(EL, + EL,) (HO, - HD,) + (EL, + EL,) (HO, - HD2 ) + ... 

+ (EL, + ELn! (HO, - HDn); 

VOL. = 1/2 INT, (AREA, + AREA,. ,), AREA, ;! 0 and AREA'H .;, 0 

VOL. = l i3 INT, (AREA, + AREA'+l), AREA, = 0 or AREA'+l = 0 

TOT VOL = VOL, + VOL, + .. + VOL" 
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Ex.ample: 

Answer: 

STA 

2 
3 

tr---75 ---lJ 

AREA 

o 
216 

321.5 

VOL 

o 
1800 

13437.5 

TOT VOL 

o 
1800 

15237.5 



r 

I 

f 

r 

I 

I 

I 
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LINE DATA OPERATIONS RESULTS 
, 

-~ ~ 

2 'E' IJ!Iim - -' -

i 3 HD, ml0£m 
-

• NEXT EL ua lD Dlm 0 
~ - - -

5 NEXT HO Bill 0 D Sl Im 
-

6 lD 
- -

I 

-
7 amlm 8m -
S _ -

:!l D EIUii Bill --
9 :II AREA - - -

' 0 a C!: •• 
- - - - -

11 D _ O 
- -- -

'2 INT EI Bill D }) VOL 00. ft. 
- -

13 :IJ0D VOL cu. yd. 
-

~ I-,. Im m TOT VOL cu. h. - -
15 m2lD TOTVOLcu,yd. 

• If firs: stalion has zero end area, start with second station . 

•• Crange@J to (!] if previous station area was zero. 

REMARKS 

--
If END ARE,\ of s1a:ion s 

---
Zl6r() , go to line 7 , 

-- -

- -- -

-- -
Go toljne 4 for next Eland 

-
HO. Continue until EL, and 
f- - ---" 
~Dl hCl'Je bee1 reenter~ 

I- -

f- -- --~ 

--

f- - - --
I- -- - --

f- - --
Go 10 line 2 for next END 
f- ---
AREA 

- --

- --
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Accessories, Service, and Maintenance 

Your Hewlett-Packard Calculator 
Y.our HP-91 is anc the:- example of the award-winning design, sJpe:ior quality, and ~tention 
to detail in engineering and construction thai have marked Hewlett-Packard electron ic 
instrumems for more than 30 years. Each Hewl~n-Packard calculator is precision crafted by 
people who are dedicated to givil1g you (he best possible product at any price_ 

Ke-ys double 
Injeetion-cnc;Jlded 
10- permanent. precise 
syombol •. 

"' I~ 
comp~nent 

groups maled 
ami pre1esled. 

One-plece rechargeable 
pack neec! S no tools fe r 
replacemenL 

High quality, pretested 
components mounted flush 
with printed circuit 
board 10 resist lIibratlon. 

201 

i silicon grea,eoe 
long Ille. 

~_P"""" keyboard Wei. 

Two magnifying lenses 
lor clear, sharp, display 
digits. 

Positive alignment of 
__ ----.Oisplay in winco...,. 
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After cons IruClion, every calcLiaror is thoroughly i Ilspec:oo for electrical or mechani;::al flaws, 
aIld each. function is cbecked for proper operation. 

When you pur:hase a Hewle:t-PEck3.fd calculat<>r, yoo de~1 with a company that 3:tands b~h:iDd 
its products. Besides an instruiTlent of unmatched f'l"ofessionai quality. you :lave at )'OUI 

disposal many extras, if.eluding a hos.t of accessories. t::> cuke your calculal0r mOle usable and 
service that is available worldwide. 

Standard Accessories 
Your HP-91 comes complete with the foOlIowing standa...-d accessories: 

Accessor~ 

Battery Pack (installed in caiculalor before packaging) 
HP-91 Owner's HandlJook 
AC AdapterlRecharger (one of :he following) 

U.S.(90- 127 Vac, 50-60 Hz) 
European (200-254 Vac, 50-60 Hz) 
Australian (200-254 Vac. 5C>-6O Hz) 
U.K. (Desktop, 200-254 Vac, SO-6O Hz) 

Two Rolls of Paper (available io six-roll packs) 
Carrying Case 

HP :"lumber 

1420-0227 
00091-9000 I 

82<J4.0A 
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 stee-I 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 furnirure, 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. 
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Paper RoDs 9270·0513 

Eact pack gi,,-~s you six roUs of special Hewlett-Packud 
thermal papel for your HP-9! pr::iIJter. 

To orde-r additional standard or optional accessories for your HP-91 see your nearest dealer or 
fill out an Accessmy Order Fonn and return it with check or money order to: 

Hewle-tt-Packard 
Advanced P-oduc:s )iv lsion 
19310 Pruneridge Avenue 
Cupe1ino, CA 95014 

If y::m are outside the U.S., pLease contact the Hewlett-Packard Sales Office neares-: you. 

AvailabLity of all accessorjes. s(3:1dard 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. \\'hen you receive your calculator, the battery pack inside may be discharged, but you 
can operate the calculator immedialely by using the ac adapter/recharger. Even though you are 
using the ac adapter/recharger, the batteries must remain in the calculator wheneverthe calcu­
lator is use-d. 

Note: Altempting 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 adapterlrecharger 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-9 1. 
3. Insert the power plug into a live ac power outlet. 

CAUTION 
The use of a charger other than the HP recharger supplied with the calculator may 
result in damage to your calcu lator. 
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Battery Charging 
The rechargea:>le batteries in the battery ~k 21e being charged when y;)U are operating the 
calculator {rom the ac adapter/recharger. \\"ilh t:1e batteries in the cakuial(]r and the recharger 
connected. the baneries will charge \o"itl1. the cElculator OFF or ON. ~orrr_a! charging 6rnes 
from full y dLscharged h:=trter:.' pack to full charge .:lie : 

Calculator OFF: 7-10 hours 
Calculator 0)1: 17 hours 

Shorter chargicg periods \\IilI reduce the operatL"1£ time you can expe:t from a single hattery 
charp!. Whether the calculator is OFF o:rON, theHP·91 battery pack lS ne\Oer in danger of be­
coming overch.arged. 

Note: h is normal for the ac adaptemechs __ ger to be warm 10 the touch wflen it is 
plugged into an ac outlet. 

Battery Operation 
To operate the HP-91 from battery fX>weI aJone, sLmply disconnect the female recharger 
plug from the rear of the calculator. (E\'er. wh~n r,ot connected 10 the calculator, the ac 
adapte'r/recharger may be left plugged into the 3.0: outlet.) 

C sing the HP-91 on battery power gives IX t:alculator full portabllity, 3110WLng you to carry it 
nearly anywhere. A fully charged battery ;Jad: pIovides approximate])" 3 to 6 hours of continu­
ous operation. By turning the power OFF "-\'hen the calculalOr is not in use, (he charge on the 
HP-9 1 bartery pack should easily last throughout a normal working day. 

The printer is the most power-consuming pan of ,'our HP·91, and yOL caD maximize batter: 

operating time by leaving tbe calculator i:1 MANUAL MANgNOfl'" printing mode when 
printing is nO( necessary. 

Battery Pack Replacement 
If it becomes necessary (0 replace the batter,. pack, use only another Hewlett-Packard battery 
pack like the one shipped with your calculator. 

CAUTION 
Use of any batteries other than the Hewlet1-Packard battery pack may result in 
damage to your calculator. 

To replace your battery pack, use the following 
procedure: 

1. Tum 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 lbe batter} door and b:Jltery pack fait 
cnto Lbe patm of your !Land. 

4. If the battery connector spr:ngs have been 
flatlened inward.. bend them 5lig1"dy out­
ward again. 

5 .. ]nse" the new battery pack so that jts con­
tacts face the calculator and li ne up with 
the oonnector springs. 

6. Ins~rt the end of the baUer)' door opposite 
the latches behind the retaining groove and 
close the door .. 

7. Secure the battery door by pressing it 
ge':llly wh ile sliding the two baHery door 
lat.:hes outward. 

Battery Care 

• 

\\'hen not being used, the baneries in your HP-9J have a self-discharge rate of approximately 
1 % of available cbarge per day. After 30 days. a banery pack could have only 50 to 75% of ils 
charge remaining. and the calculator might not even turn OD. [fa calculator fails to tum on, you 
should substitute a charged baUery pack, if available. fo r 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, rerum 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.) lf 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. 



206 Accessories. Service. and Ma ntenance 

WARNING 
Do not atterrv:: to incinera1e or mutilate your Hp·'91 battery pack-the pa.ck may 
bu r50t or relE~se ~ox c materials. 

Do not connac: together or otherwise 5,ort circuit the battery terminals-the pac·k 
may melt or cause serious burns. 

To maximize the life you get from your ba ttery pack , keep printing [ 0 a minimum and di splay 
only the fewes.t nwnber o f digit s necessary during portable operation. 

Your HP-91 Printer 
The printing device in your HP-91 is a tbermal prinler that wes a moving print head to prim 
upon a special hea!-se:lsitive paper. ""-hen the print head is energized, it heats the paper be­
neath iL The heal 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 express-Iy designed to giye 
you a permanent record of your computatioos in a portable scientific caJcu]ator. 

Paper for your HP-91 
Because the printer ii] you r Hp·91 is a thermal printer, il requires special heat-sens.itive papec-. 
You should use only the Hewlett-Packard thermal paper available in 80-fool rO]5 from 
your nearest HP dislributor or sales office, or by mail from: 

Hew1en-Packard 
Advanced Products Divi::ion 
19310 Pruneridge Avenue 
Cupe1ino, CA 95014 

Because of the spe::ial heat-sensitive requirements of tbe paper. standard adding machine 
paper will nOl work in the HP-91. Also, since different rypes of lhermal paper vary in their 
sensitivities, the use of lhennal paper other than that avai lable from Hewlett·Packard may re­
sult in poor prim quality or even in damage to your calculator. 

CAUTION 
Use only HelNlett·Packard paper in your Hp·91. 

The heat-sensitive pa.per 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 (l22°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 nOl 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 al 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.) 
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Replacing Paper 
To replace the paper roll in your HP-91, 
proceed as f allO'ws: 

1. Open Ihe paper ro .l cover and remove the 
emp(~ core fro:n the paper \\'ell. 

2. Before inserting the-new roll of paper into 
the ca1culator. discard the first 2/3 turn to 
ensure that no gJue. tape, or other foreign 
maner is on the paper. 

3. Fold tbe leading edge of the paper and 
crease the folj with your fmgernail. 

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. Tum the calculator ON-OFF SWHch to ON 
and press the paper advance pushbutton 
several times until the leading edge of 
paper becomes visible beneath the dear 
plastic tear bar. You can remove the tear 
bar for accessibility, if desired. 

6. Drop the roll of paper into the paper well 
and dose the paper roll cover. 

When there is no paper in the calculator. the 
paper advance pushbutton operates, but the 
printer does not. 
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Printer Maintenance 

The printer in your HP· 91, 1 ike the rest 0: the :::alculalC1, is crafted :or e:agineering excellence 
ane js designed to gi ... e troubl~-~: opera tion w:th a minimllm of maimenance . All mQVill2 
parts in tlle printer mochanism con:ain self-Lu:'ricating compound, and 00 iubricatlon, clean: 
ing, or servicing of the mechanism is ever :-equired. You :tl:ty want to occasionElly remO\'e lhe 
clear _plastic [ear bar and clean it ""' i:h mild soap and OiIoater solution. (Do not use acetone or 
alcohol to clean the tear bar.) 

You should ne ver attempt to insert a tool, S.lch as a screwdrive-r, 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 J=lIlIing it forward 0:::- backward through the printer mech­
anism. (You can remo\'e the plastic tear bar for acce~sibiJity.) 

If the. paper 1S feedLng p:"operly lh.:-ough the printer mechanism, but no printing :tppears on the 
lape , lhe paper roll is probably :inserted backwards. (Th;;: paper is chemically treated , and wil t 
print on only one si<le. ~ Tear off the leading edge of paper. open the paper roll ~over and gra~p 
the paper roll. and puL jt backwari co remove the paper tape that is in the print mechanism. 
Reverse the paper roll and feed it hack int ,::. the printing mechanism as described earlier under 
Replacing Paper. 

If, after reversing, there is still no pr intin,g on the tape when you presscmiEJ or ott.er print 
functions, remove the paper roll and inse:1 a roll of Hew1ett-Packard thermal paper. 

Note: Printer operation may :)€ aff~cted if the printer is in close proximity to a 
strong magnetic field. Norma operation can be restored by removing the calculator 
from the vicinity ,:>I the magnetic field. No permanent damage will result. 

Service 

Low Power 
\Vhen you are operating from banery power. a bright red lamp inside the display will glow to 
warn you that the battery is close :0 discharge. 

-23 I Low Power Display 

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 
calc ulator. 

Blank Display 

If the display blanks out, tum the HP-91 OFF, then ON . If LI "O.,..,o<>o'-_...JI does not appear in 
the display, check the following: 
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1. [f the ae adapter/recharger is attached to the HP-9L make sure it is plugged int .;) an ac 
outlet. 

2. c~amine the battery pack to see If [be conta;:ts are dirty 

3. Substitme a fully charged bauery pack. if available, for the one that 1,iJ3S In the calcula tor 

4. if the display is still blank, try operal i:tg the HP-9 1 using Ihe recharger (w1th the c.atterie~ 
In the caJculator). 

5. ]f, after step 4 . the display is still blank, service is required. (Refer to \Va..-ranty 
paragraphs.) 

Temperature Range 

Temperature ranges for the calcu lator are: 

Operf.'ing 
Charging 
Storage 

Warranty 

Full One-Year Warranty 

0"0 45"<: 
15"0 4O"C 

_40' to +55"C 

32"0 1I 3'F 
59"0 I(»' F 

-40"0 +I31'F 

The HP-91 is warranted against defects in materials and workmansmp for one (1) year from the 
date of delivery. During the ",arranty period. Hewlett-Packard will repair 0:-. at its opllon. re­
place at no charge components thai prove to be defective, provided Ihe calculator is returned. 
shipping prepaid, to Hewlelt-Packard·s Customer Service Facility. (Refer to Shipping 
Instructions.) 

This warranty does not apply if the calculator bas been damaged by ace icent or misuse , o r as a 
result of service or modification by other than an authorized Hewlett-Packard Customer 
Se"ice Facility. Hewlett-Packard shall not be liable for consequential damages. 

Obligation to Make Changes 

Products are sold on the basis of specific3[ions applicable at the time of sale. Hewlett-Packard 
shall have no obligat ion to modify or update products once sold . 

Repair Policy 

Repair Time 

Hewlett-Packard calculators are normally repaired and reshipped within five (5) work ing days 
of receipt at any Customer Service Facility. This is an average time and could possibly vary 
depending upon lime of year and work load at (he Customer Service Facility_ 
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Shipping Instructions 
The caiClLal·or should be returred. along witb oompleted Ser: ice Card, in its. shipping-case (or 
othe:- prorecti\.e package) to avoi.d in-transit damage. Such da.."11age is Lot co ..... ered b)" warranty, 
and HewJ~tt-Packard suggesis tbat the customer ins Lire shipmems to the Customer Service 
Facili:y. A calculator returned for repair s.hould include the ac adl.pter!rocharger and the 
batter,. pack. Send these :.tems toO the address shown on the Se:vice Card, 

Shipping Charges 
Whe:her (he calcula:or is in."o\. 8TIanty or out-of-warnmty . Ite customer should prepay ship­
ment 10 dIe Hewlett-Packard C.Jslomer Service Faciljry. During warranty. He",lett-Packard 
will prepf.y shipmem back to the customer. 

Further Information 
Serv.:ce contracts are not available. Calculator circuitry and des tgn are proprietary to Bewlett­
Packard. and Service Manuals are not ayailable 10 customers. 

Sh<:lul::l other problems or questions arise regarding repairs, p lease call your neares.t Hewlett­
Packard Sal~s Office or Cuslcmer ServIce Facili ty. 
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Improper Operations 

Jf you attempt a caLcu1ation containing an rnp.rope:r operation-say, diyjsb:J. by zero-the 
cakulator display will &now I Error I b addition, if the Print Mode s~·itch 

>Ll 
MAN.:!]]NORt.' is set to NORM or ALL, the word E~'RO~ will be printed. 

The fol1owing are improper operations· 

II 
m 
m 
Gi 
m 
CJ 
tEl 
CJ 
CJ 
1m II 
:::J 
:::J 
:::=J or iii 
:EJ or iii 
CJ 
m 
::::J 

where x = 0 
where y = 0 and x :!S (I 

where y < 0 and x is non-integer 
where:x < 0 
where .x = 0 
where x. ~ 0 
where x ~ 0 
where Ix I is > 1 
where Ix I is > 1 
where x = 0 
where n = 0 
where n ::s:;; 1 
where nL x2 - (!X)2 = 0 
where n = 0 
where y = 0 
where Ix = 0 
where x < 0 or x is non-integer 
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General Index 

ac Ime opern tion. 203 
Ac ::essories. 212 
Ac:umularions. 14 
Addir,g angles, 65 
Addition, oomJ:·1e:x numbers. 98 
AdiJirion, simp:e , 17 
Ad j ition, \ ectcrs, 8(i. 102 
Addressable storage registers, 58 
Aad-on in<eresl to APR, 159 
ALL mode , 13 
Arr.onization scbedu.e. 164 
Analys is of variance (o ne-way). 130 
Angle coD\'ersions. 6:1 . 67 
Angles, v<c.or, 102 
ArJ ilogs, 71 
Applications re-mines , 89 
Arc cosine. 63 
A~c sine . 63 
A:c tangent, 63 
Area of triangle, 110-1 J3 
Arithmetic average, see Mean. 77 
Arithmetlc . complex, 98 
Arithmetic, simple. 17 
A.-ithmelic, storage . 61 
Automatic display switching, 32 
Automatic memo!) stack, 37 

B 
Base convers ions. 119 
Battery care, 205 
Ballery cbargmg, 204 
Bauel}' operarion, 204 
Banery pack replacement, 204 
Bearing traverse. 186 
Blank display, 208 

C 
Calendar, 171 
Care of banery, 205 
Chain ari thmetic, 45 
Chain calculations, 18 
Changing paper rolls, 207 
Changing the bailer)" 204 
Charging ' imes, 204 
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214 Index 

Chords vf arc, 192 
Chi-square statislics, 143 
Clearing: display. 12; slack. 40; s:orage registers~ 61 
Oosing azimuth. 186, 188 , 190 
Oosin1; distance. ISCi, 18S, 190 
Coefficient of cN!.lingency. 144 
Coefficient of de;t;::rmination. 85 
Combinations., 139 
Common logarjthms, 71 
Complex arithmeLC, 98 
Compound intereSl, 154 
Constant arithmetic, 50 
COn5tants, storing~ 58 
Contingenc)' tab~e ~ 144 
Continuous effective rate, 157 
Con"ersions; 

docimal-octal. 119 
decimal-hex;ade~imal, 119 
degrees-degrees, oinutes. seconds, 65 
hOUTS-hours, minutes, seconds, '" 
interest rates, IS7 
polar-rectangular coordinates, 67 

Coordinate rotation, 118 
Coordinate translation, 118 
Correlation coefficient, 132 
Cosine, 63 
Covariance, 132 
Cramer's Rule, 94 
Cross product, '\lector, 103 
Cube roots, 72 
Curve fit. exponentia.l, 126 
Curve fit. power, 128 
Curve soluttons. 114 

I) 

Day of the week, 171 
Dead reckoning position, 182 
Decimal degrees. 65 
Decimal hours, 64 
Declining balance depreciation, 168 
Degrees, minutes, seconds, 65 
Deleling 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 analvsis, 166 
Display: blank, 208; clearing, 12; control. 25; error. 34; fonnatting. 25; low power. 208 
Distance , great circle, 176 
Distance. rhumb line, 174 



Dh'ision, comple:x. nu:nbers , 99 
Division, simp~e, 17 
Dot product, vector, 104 

elO, 71 
Effecti,'e annua.l cale, 157 
Elevation:s along:a vertical curve. 195 
EJevatiom along straight grades, 194-
End area, 197 
Engineering D01ation, 27 
lmm key, 16,41 
Eql1ator cros~ings., 171 
Error conditions, 211 
Error display. :l4, 211 
Exchanging x and y, 39 
E..-xponentiatlon, 72 
Exponential curve fit, 126 
Exponents of teo. 32 

F scatistic. 146 
Factorial function , Stirling's approximation, 151 
Factorial key, 55 
Field angle traverse, 188 
Finance charge, 159 
Financial applications, 153 
Fixed point display, 26 
Fonnat of display, 25 
Format of printed nuobers, 30 
Function index, 8 
Functions. 15 
Future value, 154 

c: 
Gamma function. 151 
Getting slarted, 11 
Gold prefix key, II 
Grads, selection of, 63 
Great circ1e navigation, 176 
Greatest common divisor, 122 
Grouped data, 141 

H 
Heat-sensitive paper, 206 
Highest common factor, 122 
Horizontal curve layout, 192 
Hours, decimal. 64 
Hours, minutes, seconds, 64 
Hyperbolic functions, 96 
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215 Index 

I 
Improper operatiol)s, 211 
Inckx, funCtion, 8 
Inserting paper, 207 
Inter~st amount. 156 
Interest, ;:ompound, 154-
]nter~st rate conversIons. 157 
International datebne~ 17.:1-
Inverse from coordinates. 190 
Inverse fJnctions, 63 
Inn-:fse hyperbolic functions, 97 
Im .. erse normal integral, 136 

K 
Keying in numners, 12 
Keyboard summary, 8 

~. 
LAST X register, 53 
Law of cosines, 105 
Law of ~ines, 105 
Le2.s[ co:nmon multiple, 123 
Linear equalions, simultaneous, 94 
Linear estimate. 85 
Linear regression, 83 
Lining up decimal points, 31 
Loan payment, 162 
Loans, 162 
LogaritiLms, common, 71 
Logarithms, natural, 71 
Lo~g chord, 192 
Listing accumulations, 76 
Listing the stack, 37 
Listing the storage registers, 60 
Low power display, 34, 208 

M 
Mach number formula, 73 
Maintenance of printer, 208 
MAN mode. 13 
Mathematical app1icatlons, 91 
Matrix, determinant of, 95 
Mean.77 
Mean for grouped dala, 141 
Memory. HP·91, 8 
Memory stack, 37 
Modes of operation, 13 
Mode s\ ... ·itch, 13 
Mortgages, 162 
Most probable position, 182 
Multiplication, complex numbers , 99 
Multiplication, simp1e, 17 



:-Jawral logarithms, 71 
)Javigation apphcations, 174 
)Ieg:.uive eXpoTIe:1IS, T2 
~eg3.tive numbers, 12 
)Jet 'Dresent vain'!, 166 
)J om inaJ to effecljve rate, 157 
:-JORM mode. 13 
)Jormal distri1:ution. 134 

One-number funClions. , 16 
One-way analysis of variance, 130 
One-year \\-arran:y, 209 
Order of execulLon, 49 
Overflow dispJa:. 34 

p 

Paired t statistic . 147 
Paper advance, J3 
Paper replacement, 207 
Paper rolls, 203, 2()(j 
Peara.on-s coefficient of contingency, 144 
Percent increase/decrease, 58 
Percent of cha.,ge , 58 
Percent of lOlal, 76 
Percentages . 57 
Periodic s8"ings, 169 
Permutations, 138 
Pi,56 
Polar/rectangular coordinate conversion, 67 
Population standard deviation, 81 
Power ClITVe fit , 128 
Power on, 11 
Powers, see Exponentiat ion, 72 
Print format, 30 
Print mode switch , 13 
Printer maintenance, 208 
Probable position, 182 

Quadratic equation. 92 

R 
Radians mode, 63 
Raising numbers to powers, 72 
Random number generator, 140 
Range of temperature, 209 
Rate of return, 156 
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Reciprocals of complex. numbers, 100 
Rectangular/polar ·::oordinate conversion, 67 
Regis(ers: LAST X, 53; stock, 37; statistical, 74; storage, .53 
Repair polIcy, 209 
Repair time, 209 
Repla.:ing pap~r. 207 
Replacing the -battery. 204 
Reserve power pack, 201 
Rhumb line navigation, 174 
Roll-down koy, 38 
Roll-up key, 39 
Roots: complex numbers, HH; cube, 72; quajratic, 92; square. 55 

s __ 
Savings problems. 169 
Scient ~fLC notation, 27 
Sector area, 114-117 
Secu ri ty 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, 7.:1 
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, 125 
Statist ical 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 sratislic fo: two means, 149 
t statistic. pai.r-ed, ]47 
Tange,. , 36 
Temperature range , 209 
TeS1ing population variances. 1416 
Tnennal printer. 206 
T:uee-by-three matrix~ 95 
Translating coordinates. ]18 
Trend line , see Linear Regre~si Oll, 83 
Triangle solutions. 105-113 
Trigonometric function~. 63 
Trigonometric modes, 63 
True rate of interest. 159 
Two-number functions, 16 

Upper tai l area, 134 

V 
Variance, ar.alysis of, 130 
Vector addition, 86, 102 
Vector angles, ]02 
Vector arithmetic, 86 
Vector cross product. 103 
Vector dOl product, 164 
Vertical curve~ 195 
Volume by average end area , 197 

W 
Warranty, 209 
Weekday routine, 171 

X 

x-exchange-y key , 39 
X-register, 37 

Index 219 



Pnnled In U.S.A 



 
 
 
 
 
 
 
 
 

Scan Copyright © 
The Museum of HP Calculators 

www.hpmuseum.org 
 

Original content used with permission. 
 

Thank you for supporting the Museum of HP 
Calculators by purchasing this Scan! 

 
Please to not make copies of this scan or 
make it available on file sharing services.


