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Introduction 
Con,-ratulation8! Your selection of an HP·llC ca lculator with 
Continuous Memory demonstrates your intereat in quality. 
capability. and esse of use. This handbook describes the 
cal culator's many features and can help you to quickly learn how 
to use the features you ale not already familiar with. 

Fundamentals, Programming, Applications Programs. Your 
HP·l1C handbook ilJ divided into three main pam. Parts I and II 
cover the use of keyboard and programming features you may be 
familial with if you have used other HP progra mmable calculators. 
Part III provides you with 8. variety of applications programs, plus 
some additional information on fundamental programming 
practices. However, before you begin reading in any of t he th ree 
main pam, we Buggest that you gain some experience using your 
HP·llC by working through the introductory material entitled 
Your Hp·t lC, A Problem Solver, on page 9. 

Programming Sections in Brief'. At or near the beginning of 
each section in part II (sections five through nine) is a brief 
discussion of the operating characteristics covered in that section. 
This information may be a ll you need to read in the section if you 
already know how to create, run, and edit programs on another HP 
calculator. If yo u are new to HP calculators, you'll want to also 
read the remaining material in each section for a more tutorial 
discussion and/ or examples that highlight selected topics. 

Additional Application •. Also available from many authorized 
Hewlett-Packard dealers is the HP·1tC Solutions Handbook. This 
accessory handbook contains a comprehensive collection of 
HP·IIC programs covering applications in mathematics, statis­
tics, electrical engineering, chemistry, business, and games. 
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The HP-11C Keyboard and 
Continuous Memory 

AUTOMATIC 
MEMORY STACK 

T+~ z+ 
y+ 
x + OJ,plaved 

LAST X 

o 

PROGRAM MEMORY STORAGE REGISTERS 
Permanent Shared Perm.nent Shared 

~
- ~64- A,I IAo~1 A.O~ 

001- 065- Rl~ R" 

A, 
R31 R.3 

R41 R.4 

A,I • . '§ RI I R.I 

R71 R.7 

Rsl R,s 

R91 R.I 

061- 201-
082- 202-
063- 203-

The basic program memory-storege register allocation is 63 lines of 
programming and 20 data storage registers, plua the Index register 
(R.). The calculator automatically convert8 one data storage 
register into aeven lines of program memory, one register at a time, 
as you need them. Conversion begins with R.9 and ends with Ro. 

B 

, 
) 

) 

) 

) 

) 

) ) 

) ) 

) ) 

) ) 

) ) 

) 

) 

) 

) 

) ) 

) ) 

) ) 

) ) 

) ) 

) 

) ) 

) ) 

) ) 
) ) 

) 

) ) 
) ) 

) ) 

Your HP-llC: 
A Problem Solver 

Your UP-IIC Programmable Scientific Calculator is a powerful 
problem 80lver you can carry with you alm08t anywhere to handle 
problema ranging from the simple to the complex, and to remember 
important data. The UP· IIC is so easy to program and use that it 
requires no prior programming experience or knowledge of 
programming languages. 

The HP·I IC helps you to conserve power by automatically shutting 
itself off if it is left on and insctive (or more thsn 8 to 17 minutell. 
But don' t worry about losing data-any information you have 
keyed into your uP·nC is saved by Continuous Memory. 

We're different! Your Hewlett-Packard calculator Ulles a unique 
operating logic, represented by the [ENTER Ikey, that differs from the 
logic in mOllt other calculators. The power in UP calculator logic 
becomes obvioull through use. Later we will cover the details of 
! ENTER I and your HP-IIC's logic, but right now let's get acquainted 
with ! ENTER I by seeing how eaey it is to perform calculationll with 
your HP·llC. 

Anllwerll appear immediately after you press a numerical function 
key. For example, let's look at the arithmetic functionll . The (!] key 
addll the last entry to whatever ie already in the machine, and the 
G key lIubtracts the last entry; the [!!] key multiplies what's in the 
machine by the last entry, and the G key divides by the last entry. 
Firat we have to get the numbers into the machine. To do thie, key 
in the firet number, prells ! ENTER I to separate the first number from 
the second, then key in the second number and press G), G, GJ. or 
G 

9 



10 Your HP ·1 I e : A Problem Solver 

To get the feill of your new calculator 
turn it on by pre8ling th.e @ID key~ If 
any nonzero digiti appear, press ~ 
to clear the display to 0 .0000. Iffour 
zeroetl are not displayed to th.e right 
of the decimal point, prell [)i£igJ 4. 80 

your display will match thOAe in the 
following problema. (All diaplaya 
illustrated in this handbook ate m to 
the IF!)!' I 4 di,play l etlln, unleu 
otherwise apecified.) 

0.0000 

Nota : An aSlerisk fOj llasning in In& lower-Ieh corner of lhe 
displav when 11'18 calcul alor is lurned on signities lnal lhe 
available battery power Is near lv exhausled. To install new 
batter ies, reter 10 eppendilll D. 

Manual Solutions 
It ie not necnaary to dear the calculator between problema. But if 
you make a digit entry mistake, preas ~ and key in the con-ect 
digit . 

To Solve Keystrokes Display 

9 + 6 = 15 9 GJ 16.0000 
9 - 6 = 3 9 G 3.0000 
9 X 6 = 54 9 GJ 64.0000 
9 + 6 = 1.5 9 G 1.6000 

Notice that in the Cour examples: 

• Both number. aTe in the ca lculator before you preea [!), G, 0, 
or (!J. 

• IENTER lis uaed on ly to aeparate two numbers that are keyed in 
one after the other. 

• Preaaing a numerical function key, in this eMe [!), G, 0. or 
G, cauaee the function to execute immediaUly and the result 
to be diaplayed. 

• NOJI. tMI 1M []!!) hy i. k>-«tr ,1I.n th. 0<11., ke)'ll<> h.lp pre\'en, its ooinR pf'l'osed 

in.d,-..mntly. 
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Your HP-l1C: A Problem SOlvor 11 

To llee the close relation8hip between manual and programmed 
problem solving, let's first calculate the solution to a problem 
manually, that is, from the keyboard. Then we'll uee a program to 
calculate the solution to the 8ame problem and others like it. 

Moat conventional home water heaters are cylindrical in Ihape. 
You can ea8i1y calculate the heat 1088 from such a tank using the 
formu la q = h X A X T, where: 

q is the heat 1088 from the water heater (Btu per hour). 

h is the heat-tran8fer coefficient. 

A i8 the total surface area oCthe cylinder. 

T is the temperature difference between the cylinder and the 
8urrounding air. 

Exa mple: A88ume you have a 52-
gallon cylindrical water heater and 
you wish to determine how much 
encrl{y i8 being 108t becau8e of poor 
insulation. In initial mea8urements, 
you fou nd an average temperature 
difference between the heater surface 
and sun-ounding air of 15 degree8 
Fahrenheit. The 8urface area of the 
tank i8 30 square feet and the heat 
transfer coefficient is approximately 
0.47. To calculate the heat 1088 of the 
water heater, simply pre8S the follow­
ing keys in order. 

Keystrokes 

15 1ENTER I 
30 

o 
.4 7 

Display 

16.0000 
30 

450.0000 

0.47 

211 .5000 

0.0000 

Input temperature 
difference ( T ) and area of 
water heater ( A ). 

Calculates A X T. 
Heat·tran8fer coefficient 
( h ). 

Heat 1088 in Btu per hour 
( h X (AT) . 



12 Your HP-11 C: A Problem Solver 

Programmed Solutions 
The heat loss for the water heater in the preceding example was 
calculated for a 15-degree temperature difference. But suppose you 
want to calculate the heat loss for several temperature differences? 
You could perform each heat loss calculation manually. However, 
an easier and faster method is to write a program that will 
calculate the heat loss for any temperature difference. 

Writing the Program. The program is the same series of 
keystrokes you executed to solve the problem manually. Two 
additional instructions, a label and a return, are used to define the 
beginning a nd end of the program. 

Loading the Program. To load the instructions of the program 
into the Hp· lIC press the following keys in order. The calculator 
records (remembers) the instructions as you key them in. (The 
display gives you information you will find useful later, but which 
you can ignore for now.) 

Keystr okes 

I1JIP/ RI 

[DCLEAR lpRGMI 
[DILBL lflg 

3 
o 
o 
o 
• 
7 

o 
@JIRTNI 

Display 

000- Places HP·UC in 
Program mode. (Program 
annunciator appears.) 

000- Clears program memory. 

001 -42.21 .11 Label "A" defines the 
beginning of the program. 

002- 3 
003- 0 
004- 20 The same keys you 
005- 48 pressed to solve the 
008- 4 problem manually. 
007- 7 
008- 20 
009- 43 32 "Return" defines the end 

ofthe program. 
0 .0000 Places HP·llC in Run 

mode. (Program 
annunciator is cleared.) 
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Your HP- ll C: A Problem Solver 13/14 

Running tbe Program. Press the following keys to run the 
program. 

Keystrokes 

15 

18 [D[A) 

Display ,. 
211.6000 

263.8000 

With the program you have loaded, 
you can now quickly calculate the 
Btu heat I08S for many temperature 
differences. Simply key in the desired 
difference and press [D [AI. For 
example, complete the table at the 
right. 

The answers you should see are 
141.0000, 169.2000, 197.4000, 
225.6000,253.8000, and 282.0000. 

The first temperature 
difference. 
The Btu heat I08S you 
calculated earlier by 
hand. 
The Btu heat loss for a 
new temperature 
difference. 

Temp. B," 
Diff. HsatLolS 

10 , 
12 , ,. , ,. , ,. , 
20 , 

Programming is that easy! The calculator remembers a series of 
keystrokes and then executes them whenever you wish. Now that 
you have had some experience in using your Hp·UC, let 's take a 
look at some oithe calculator's important operating details. 
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Section 1 

Getting Started 

Power On and Off 
The {Qffi key turns the HP·IIC on lind off. And. to conserve po ..... er. 
the "P·IIC automatically turns itsel f off (time-out) after 8 to 17 
minutea of inact ivity. 

Display 

Radix Mark and Digit Separator 

A radix mark it the divider between 
the intfger and fractional portions of 
a number. A ditrit IKlparator die· 
tinguishes the ilOUPS or digits in a 
lnrge number. In eome countriee the 
radix is a decimal point and the digit 
separator is a comma. while in other 
cou ntries, the reverse is true. To 
change the radix / digit separator 

........ 12.345.678.91 
O/@ID 

....... 12 .345.678.91 

Radix Marit/ Digit 
Saparator Exchanga 

convention on your HP· ltC, turn ofrthe calculator, then hold down 
the 0 key , tU I'n the calculator back on, and release the 0 key 
( O/IQRl). 

Annunciator. 

Your HP·l l C', display contains six annunciatora that tell you the 
statue of the calculator during certain operations. The ann unci· 
atorfl Ilre described, with the operations they refer to, in the 
appropriate sections oflhie handbook. 

• USER f 9 GRAD PRGM 

Display Annunciator Set 
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N egative Number. 

To make a displayed number negative-either one that hlle juet 
been keyed in or one that hae resulted from a calculation- eimply 
prese I Ctis l (change sign). When the display shows 8 negative 
number-that ie. the number is preceded by a minUI sign­
preesing ICtis l removes the minus sign from the display, making 
the number positive. 

Dilplay Clearing : I CL~l and ~ 

The HP· IlC has two types of display clearing opera tions, ICL>J 
(clt!ar X) and ~(badr arrow). When pressed in Run mode, [!J~ 
c1eare any displayed numberfl to zero. When pressed in Program 
mode, [!JICL< I ie s tored in the calculator as a program instruction. 
~ is a nonprogrammable runction tha t enables you to clear the 
display in either Program or Run mode, IlS rollows: 

I. In Run mode: 

A. Pressing ~ after executing almost any fun ction c1earll 
a ll digits in the display to zero.· (Executing almost any 
HP·IIC function terminates digit entry-that is, tells 
the calculator the number in the di8play i8 complete­
lind cau8e8~to acton the complete number.) 

Keystrokee 

12345 

~ 
[B 

Display 

12,346 
111 .1081 
0 .0000 Pressing ~after 

executing a function 
c1earfl all digits in the 
display to zero. 

• Un_n "ailinl diJito of lhe numM. in thedilplay may M heldin~no!ly ond wlU , I.., 
Mclund. 
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B. After keying in a new number, if you press ~ before 
executing a function (that is, before terminating digit 
entry) the 18at digit you keyed in is deleted. After you 
delete one or more digita, you can, if you want. key in 
new digit. to replace them. 

Keystroke" 

12345 
(B 
(B 
9 

Dilpl llY 

, 2 .346 
1,234 
123 
1.239 

When digit entry has not 
been terminated, ~act8 
on each digit separately. 

2. In Program mode, pre8l1ing ~ deletea the entire program 
instruction currently in the display. 

Running 

While a program is running, or 
during execution of I pf',.tl (permut(J ' 
tion) or ~ (combination), running 
fl asheR in the dilple.y. 

Overflow and Underflow 

Overn ow. When the result of a 
calculation in the displayed X· 
register is a number with a magni· 
tude greater than 9.999999999 X 1099, 

all 9's Ill"e displayed with the appro­
priate sign. When overllow occurs in 
a ronning program, execution halta 
and the overllow display appears. 

runnIng 

9 .999999 99 

Overflow Displav 

Unde rflow. I( the result of a calcu lation is a number with a 
magnitude lells than 1.000000000 X 10-99, zero will be substituted 
for that number. Underflow will not halt the execution of a ronning 
program. 
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Error Menages 
If you attempt a calculation using an improper parameter, 8uch 88 
attempting to lind the square root of a negative number, fll\ error 
me88age will appear in the display. 

KeYItroke8 Display 

4 IcHS ] _4 
~ ErrOTO 
~ - 4 .0000 

For a complete list ing of error messages and their causes, refer to 
appendix A, Error Condition.s. A summary of error messages is 
printed on the calculalor's back label. 

To cleaf any error message. press ~(or any other key), then 
resume normal calculator operation. 

Low Battery Indicator 

Whenever a flashing asterisk, which 
indicates low power, appears in the 
lower left-hand side of the display, 
refer to Installing New Batteries, 
page231. 

Memory 

C o nti nuo us Memory 

0.0000 

The Continuous Memory feature in your Hp· IIC maintains the 
following even when the calculator is turned off: 

• All numeric data soored in the calculator. 

• All programs atored in the calculator. 

• Display mode a nd !Jetting. 

• Flag settinge. 

• Position orthecalculatorin program memory. 

• Any pending subroutine returns. 

• Trig mode (Degree, Radian, or Grad). 
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When the HP-II C i . turned on, it always "wakes up" in Run mode 
(PRGM annunciator cleared), even if it was in Program mode 
(PROM annunciator dis played) when la8t turned off. 

Continuous Memory i8 prellerved for a ahort time when the 
ba tteriel!l 8rc removed, allowing you to replace a !Jet of low batteriee 
without 10000inIC any data or programa you want preserved in the 
calculator. 

R •• etting Memory 

If a t an)' time you want to retlet (e nt irely clear) the HP·lI C', 
Continuou8 Memory, do the following: 

1. T urn the HP·l lC off. 

2. Preas and hold the @ID key. 

3. Prell! a nd hold thec:J key. 

4. Release t he [Q]) key Rn d 
then release the(:J key, 

When you perform the memory reset 
operation the error mesllage shown to 
the right i8 dis played. Pre88 {B (or 
any other key) to clear the message. 

/ 
FI . .. tting 

Continuous M emory 

No18: Cont inuous Memory cen be inadvertently reset if the 
ce lculator is dropped or otherwise trs umstized. or if power is 
interrupted. 

Keyboard Operation 

Primary and Alte rna ta Function. 

Mosl keys on your Hp·II C perform one primary and two alternate 
fun ctions. The primarY fun ction of any key is ind icated by the 
character on the hori:r.on tal fact of the key. The two alternate 
functions a re indica ted by the charactefIJ a bove and on the slanted 
faceofth e key. 
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• To select the a lte rn ate fu nct ion 
printed in gold above the key, 
firs t press the gold prefix key (!J, 
then press the fu nction key; (or 
exa mple: 0 G)' 

• To eel8(: t the primary function 
on the fa ce o f the key, press only 
that key; for example: [CMS I. 

~ • To select the alternate funct ion 
printed in blue on the s la nted 
face of the key, fi rs t press the 
blue prefix key 00, then IlresJJ 
the function key; fo r example: 
1]]1 A.8S I. 

Notice that when you prese the I] or 
III prefi x keys, the f or 9 annunciator 
appears and remains in the display 
until a function key is pressed to 
complete the sequence. 

0.0000 

Cia. ring Prefixel 

If you make a mis ta ke while keying in a prefix fora function, press 
m CLEAR I PRE FIX Ito cancel the error. (CLEAR I PREF IX I also cancels 
the (gQJ, IRcll , IGTo l, [Gsa [, [HYP[, and [Hyp'l keys.) Since the 
I PREFIX I key is a lso used to display the mantissa of a dis pla,yed 
number, all ten digita of the number in the dieplay will a ppear for a 
moment after I PREFIX liB pressed (in Run mode only). 

One-Number Function. 

A one-number function ie a ny numerical function that perform. 8n 
operation using only one number. To use a ny one-number fu nct ion: 

I . Key in the number (if it is not already in the dis play). 

2. Press the fun ction key(s). 

Keystrokes 

4' 
(jJl lOG I 

Display 

4. 
; .6632 
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Two· Number Function. 
A two·number function must have two numbers present in the 
calculator before executing the function . Q, G, Q , and G are 
examples oftwo·number functions. 

The I EN TER IKey. If one of the numbers you need for a two-number 
function is already in the calculAtor as the result of a previous 
funcllon, you do not need to use the I ENTER lkey. However, when YOll 

must key in two numbers before performing a function, use the 
I ENTER Ikey to separate the two numbers. 

To place two n umbers into the calculator and perform a two· 
number function such as 2 -:- 3: 

1. Key in the first number. 

2. Press I ENTER Ito separate the first number from t he second. 

3. Key in the second number. 

4. Press the function key(s). 

KeY8trokes 

2 
I ENTER I 
3 

8 

D i8play 

2 
2 .0000 
3 
0 .6667 

Order o f En t ry. As you know from basic arithmetic, reversing 
the order of the numbers in addition and multiplication examples 
will not affect the answer. But for subtraction or division, the 
number you are subtracting or dividing by is always the second 
number keyed in. 

To perfo rm Keystrokes D i.splay 

10 - 3 10 l ENTER I3 G 7 .0000 
3-10 3 1ENTERI10 G -7.0000 
10 + 3 10 1 ENTER 13 0 3 .3333 
3 + 10 31 ENTER 110 [!) 0 .3000 

~ 
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When working with you r HP·l1C's other two·number functions 
(.such as 0), remember that the numberdeaignated by .ron the key 
is always the laat number to be keyed in . For example, to calculate 
the value of 2 raiaed to the power of three (~, key i.n 2, press 
I ENTER I, key in the exponent, 3, then press 0. 

Keystrokes 

2 1ENTERI 
3 

o 

Display 

2 .0000 
3 

8 .0000 

3 is thex·value. 
2 (y) raised to the third (x) 
power. 

Now try these problems. Notice that you have to press I ENTER I to 
separate numbers only when they are being keyed in one I 
immediately after the other. A previously calculated result 
(intermediate reault) wil1 be automatically separated from a new 
number you key in. 

To solve (2 + 4) -:- 8: 

Keystrokes Df.play 

2 1ENTERI 2 .0000 
4 4 

B 6.0000 (2 +4) 
8 8 

G 0 .7600 (2+4) + 8 

To solve (9 + 17 - 4 + 23) -:- 4: 

Keystrok es Display 

9 1ENTERI 9 .0000 
17 B 26.0000 (9 + 11) 
4G 22.0000 (9 + 17 - 4) 
23 [±J 45.0000 (9+ 17 - 4 + 23) 
4G 11 .2600 (9 + 17 - 4 + 23) + 4 

Even more complicated problems are solved in the same simple 
.. manner- using automatic storage ofintermediate reau lt8. 
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E:nmpie: Solve (6 + 7) X(9 - 3). 

First solve for the intermediate re8ult of (6 + 7): 

Keystroke .. Diaplay 

6 • leNTER I 11 .0000 
7 7 
Q 13.0000 (6 + 7) 

Now perform (9 - 3), Since another pair of numbers must be keyed 
in, one immediately after the other, use the IENTER I key again to 
.eparate the fIrst number (9) from the IfCOnd (3). (There i. no need 
to presa I ENTER I to separate the 9 from the previoul intermediate 
result or 13 that i. already in the calculator-the tesuit8 of previoUII 
calculation. are etored automatically,) To 80lve (9 - 3): 

Key.trokes Diaplay 

9 • 
IENTERI 9.0000 
3 3 
B 0.0000 (9 - S) 

Then multiply the intermediate results (13 and 6) together (or the 
final anawer: 

Keyatroke Display 

0 78.0000 (6 + 7) X(9 - 3)=78 

Notice that the HP·llC automatically etored the intermediate 
reflulte (or you and used them on a Jut-in, finlt-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 on&- and twa.number 
operations. 

Remember: 

• The lENTER lkey is used (or separating the second numoo(rom 
tbe fi r.t in any operation requiring the eequential entry o(two 
numbenl. 

• Any new digits keyed in following a ca1culation are 
automatically treated a8 a new number. 
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• IntennediBta re8ultl a re stored on Blast-in, first-out billi,. 

Now t ry these problema. Work through them a8 you would with 
pencil and paper. Don't be concerned about intermedia te 
Bnlwerl- they are ha ndled Butomutical1y by your HP· I IC. 

(l6 X 38)- (13 x l l) = 465.0000 

(27 + 63) ... (33 X 9) = 0.3030 

(J (16.38 X 0.55» .... 05 = 60.0300 

4 x (l 7 - 12) + (I0 - 5) = ' .0000 
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The Automatic Memory Stack, 
LAST X, and Data Storage 

The Automatic M emory Stack 
and Stack Manipulation 
Automatic retention And return of intermediate result.s is the 
reason your H.P·\IC takes you through complex calculations IKl 

easily. The features supporting thi~ eaae of use a re the automatic 
memory stack and the lE NTERlkey. 

The Automatic 
Memory Stack Register. 

T+ 0 .0000 

z. 0 .0000 

y+ 0 .0000 

X + 0 .0000 Always displayed. 

When your HP·I IC is in Run mode (when the PRGM annunciator 
is not displayed), the number that appears in the display la always 
the number in the X·register. 

Any number keyed in and the resu lt of executing a numeric 
function is placed in the displayed. X·register. Executing a function 
or keying in a number will cause numbers already in the stack to 
lift, remain in the same register, or drop, depending upon the type 
of operation being performed. Numbers in the stack are available 
on a lasl·i n, firlt-out baail. If the stack was loaded as shown on the 
left of the foll owing illustrationl (al the result of previoua 
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calcula tiona), pre96ing the indicated keys would result in the s tack 
arrsngement shown on the right of each illustration.· 

Stack l ift No Stack Change 

Z+ 2 ::: ~ 3 T+m-~w'~' 
Y+ 3 .......- - 4 
X+ 4 ~ 789 

~:m' -:m' y+ 3 .. 3 

X. 4 ~ 2 

Key, . 789 Key, + 
Stack Drop 

Z+ 2 ---.... , T+~ """m y+ 3 l- 2 
X+ 4 J---.. 7 

Keys + GJ 
Stack Manipulation Function. 

two numbers keyed in one after the other. When 
. pressed the calculator lifts the stack by copying the 

~~;;, in the displayed X·register into the V-register. !-'or 
E • to fill the stack with the numbeIlJ 1, 2, 3, 4 (assume that 
the stack registers have already been loaded with the numbers 
shown as the result of previous calculations): 

T+m~m'O:' /1m''';' --m/m'~" Z+ 8 '/ 7 ./ 6 -.- 6 ./ 1 
y+ 7 /' • ./ , __ , ./ 2 

X+ • ~ , .4 , ~ 2 4. 2 

Key, + 1 rENTER I 2 I ENTER ! 

(IIlW!tration continued on next page.) 
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T+ 
z+ 
y+ 
X+ 

([t](ro/l down), ~(roll up). and [!j] (X exchanse Y),l![1and 
llifjrotate the contents of the stacK registers down Of up one 
register. No valaH are lost. hlD er.:change8 the numbettl in the 
X- and Y·registers. If the stack were loaded with the sequence 1, 2, 
3, 4, the following .. hifts would result from pressing [llj. [j] []!], 
and~. 

T+ 
Z+ 
y+ 
x+ 

Kev_+ 

IlST rlrLAST X). When a numeric fun ction is executed, a ropy arthe 
value occupying the displayed X-register before the function was 
exe<:uted is stored in the LAST X register. Press ing illll ST,] places 
a copy of the CUlTent contents of the LAST X regieter into the 
displayed X-regiater. (Refer to appendix B, Stack Lift and LAST X 
for a listing of the functions that eave x in the LAST X regis ter.) 
For example. if the stack w8sloaded as shown on the left, below: 
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Calculator Functions and the Stack 

When you WAnt to key in two numbers, ont! after the other, you 
preSI I ENTER) between entries of the numbers. However, when you 
want .to ke~ In a number when the number aheady in the di.eplayed 
X:reguter " the resul t of a previoulI calculation or other fu nction 
(hke Ix.~ rI, !]!], etc.), you do not need to use IE NTERI. Why? 
EXe(;utmg almollt any Hp·II C function hae two resulte: 

I . The specified functio n is executed. 

2. Ths automatic memory stack is efla b/~d; that ie, the atack 
will lift automatically when the nut n~mber i.e keyed in. 

For example, with 4 already keyed into the X.regis ter: 

T+~~~'~'~~ Z+ 0 0 0 """""" 0 

y+ 0 0 2 0 

X+. 2 ~ . 7 

Kevs+ ~ 5 GJ 
~ere are fo ur functions- I ENTER I, leLf l, I !. I, and a::J-which 
dliJa ble the stack." They do nol provide for the lifting of the stack 
when the IUXt number is keyed in. Following the eXe(;ution of one 
of theee fun ctions, keying in a new number will simply write over 
the currently displayed number inetead of caueing the ' tack to lift. 
(Although the stack lifts when I ENTER I is pressed, it will not lift 
when the next number ill keyed in. The operation of IENTER I 
illustrated on pages 27 and 28 ehow, how I ENTER Ithus disables the 
stack.) In mos t c:aSe8. the above effectll will come 110 natura lly that 
you won't even think about them. 

Two-Number Function. 

An important. IUpect of two-number functions ill the posi tioning of 
the numbenl ID the stad:. To exe<:ute an arithmetic function , the 
numbers should be pellitioned in the same way that you would 

• Wh", prH.8inl. (Brle.~IIh. Inli,. dilpl.y ;1 01" .... '" Ih ... /II ... @.nddiaabko th • 
• tar.k. 0IMtwi ... (B .. ...... " .1: th., i .. il doN nol. .rrect ...., ... k. f'o, • f~rI~ 
diooc .... "'n mlllo"""1<, ,...rer 1O."pendi:. B. SUd Lift and LASTX. 



30 Section 2' Memorv Smck, LAST X, and Dala Storage 

write them on paper. For example, to subtract. 15 from 98 you first 
write 98 on paper, then write 15 underneath it, like this: 

Then you would perform the subtraction, like this: 

98 
- 1'5 -83 

The numbt:r. tile positioned in the calculator in the same way, with 
the first number, the minuend, in the V-register and the second 
number, the subtrahend, in the displayed X-register. When the 
subtraction function i. executed, the 15 in the X-register is 
subtracted from the 98 in the V-register. and the stack droJ)ll . 
leaving the result in the X-register. Here is how the entire operation 
is e.s:ecuted (a88urne that the atack registers have already been 
loaded with the numbel1l shown 8S the result of previous 
calculationll): 

For any arithmetic function , the numbers are always positioned in 
their natural order firat, then the function is executed and the 8tack 
drops. In the above example, we subtracted 15 from 98, The 8ame 
number positioning would be uaed to add 15 to 98, multiply 98 by 
15, and to divide 98 by 15, that is: 
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qg T+ 
Z+ 

X 1'5 y+ ~ X+ " 
q'? 
15 

Chain Calculation. 

Whether you use your HP·l1C most1y for direct keyboard solutions 
or programmed 80lution8, you are likely to uae chain calculationl 
frequent ly_ It il in this area that the simplicity and pOWllr of your 
HP· II C's logic system becomes very apparent. Even during 
extremely long calculations, you still perform only one operation at 
II time, The automatic memory stack store8 up to four intermediate 
reflults until you need them, then insert.8 them into the calculation. 
ThuI, working through a problem is as natural a8 if you were 
working it out with pencil and paper. 

You have already leamed how to key in a pair of number I using the 
I}. NTER Ikey and then perform a calculation. You have seen how the 
s tack drops as a result of executing some functions and how the 
s tack li~s automatically when you key in a number after executing 
a function . To see how these fea tuTH operate in a chain 
calcula tion, let 's solve 3+ 6 - 4 + 2 =? (Auume the stack cleared to 
%J!r08 by preasing ~I ENTER II ENTER !! ENTER I,) 

Z+ 0 __ 0 ;; 0 __ 0 ," 0 T~--m/rm':1 --m"'m V+ 0 ...... 0 3 ....... 3 1"" 0 

x+ 0 ~ 3 4 3 ~ . f'" 9 

Kay. + 3 6 
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T+m -'-mi.;' ~m/im';' ~m Z+ 0 :::"- ' 0 '" 0 / 0 0 

y+ 0 / • 1:"'- 0 / • ~ 0 

x+ • 1 · J-" • r: 2 r- 7 

Key.. 4 c::J 2 GJ 

As you can aee, we worked through the problem one operat ion at a 
time. The stack automatically dropped after each two-number 
calculation. And, after each calculation, the s tack automatically 
lifted when a new number was keyed in. Even more complicated 
problems are solved in the aame simple manner. 

Example: Instead of the arrow diagrams we've used earlier in this 
section, we'll use a table to follow stack operation as we solve the 
expre88ion 

T+ 
Z+ 
y+ 
X+ 

0 

0 

0 

3 

(3 + 4) X (6 - 4) 

2 

0 0 0 

0 0 0 

3 3 0 

3 • 7 

0 0 

0 7 

7 • • • 
Key.. 3 I ENTER I 4 GJ 6 I ENTER I 

LAST X 

T+ 
Z+ 
y+ 
X+ 

0 
7 

• • 

0 
0 

7 

2 

0 
0 

0 ,. 
0 0 
0 0 ,. 0 

2 7 

Key.. 4 G 0 2 G 

The HP-llC's LAST X register, a separate data storage regis ter, 
preserves the value that wsslast in the display before execution of 
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a numeric function .· 

Z+ , ~ d T+m~w Y+ b l ..... C 

X+ /I ~ /l Xb 

KeYl + ""-G) 

LASTX+ ""'0 

33 

This feature saves you from having to re-enter numbers you want 
to U8e again and can assist you in error recovery. 

Example: To multiply two separate valuea, such 8.8 45.575 meters 
and 25.331 meters by 0.175: 

T+ 
Z+ 
y+ 
X+ 

0 .0000 

0.0000 

0 .0000 

46.675 

0 .0000 

0.0000 

45.5750 

45.5750 

0.0000 0.0000 

0.0000 0 .0000 

45 .5750 0 .0000 

0 .175 7.9766 

K'!yI + 45 0 575 I ENTER I 

LAS'TX+ 

0 175 G) 

10.17501 

T+ 
Z+ 
y+ 
X+ 

0.0000 

0 .0000 

7 .9756 

26.331 

0.0000 0.0000 

7 .9756 0.0000 

26.3310 7.9766 

0 .1760 4.4329 

Keyl+ 25.331 [IJIT§lil G) 

LASTX+ 10.1750 1 10.17501 10.17501 

• Th~ . K",ption • • " tho otati.ti"" function. CD.@, and[1]J . 
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I LSTx l makes it easy to recover from keystroke mistakes, such 8S 
executing the wrong function or keying in the wrong number. For 
example, divide 287 by 13.9 after you have mistakenly divided by 
12.9: 

Keystrokes 

287 1ENTERI 
12.9 0 
[]]ILSTxl 

13.9 0 

Display 

287.0000 
22.2481 
12.9000 

287.0000 

20.8475 

Constant Arithmetic 

Oope! The wrong divisor. 
Retrieves from LAST X 
the last entry to the X­
register (the incorrect 
divisor) before [D w8s 
executed. 
Perfonn the reveree oithe 
function that produced the 
wrong answer. 

The correct answer. 

Because the number in the T'regiater remains there when the stack 
drope, this number can be used aa a constant in arithmetic 
operations. 

T+ 
Z+ 
y+ 
X+ 

Key •• 

, 
, 
, 
, 

, 
, 
, 
" 

To inaert a constant into a calculation, load the stack with the 
constant by keying the constant into the X-register and pressing 
I ENTER I three times. Use the conetant by keying in your initial 
argument and executing your planned series of arithmetic 
operations. Each time the stack drops, a copy of the constant will 
be made available for your next calculation and a new copy of the 
constant is reproduced in the T·register. 
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Ellample: A bacteriologist teel.8 a 
certain strain of microorganisms 
whose population typically increases 
by 15% each day (a growth factor of 
1.15). If he 8taria 8 sample culture of 
1000, what will be the bacteria 
population at the end of each day for 
five consecutive daY8? 

3. 

Method: U8e I ENTER Ito put the constant growth factor (1.15) in the 
Yo, Z-, and T·registers. Then put the original population (1000) in 
the displayed X-register. Thereafter, you calculate the new daily 
population whenever you press 0 . To set your calculator to the 
same display format as is shown in the following example, press rn 
{@2. 

T+ 
Z+ 
y+ 
X+ 

0.00 0 .00 
0 .00 0.00 

0 .00 1 .16 

1.16 1 .16 

0 .00 1. 16 1 .16 

1 .16 1.16 1.16 

1 .16 1.16 '.16 

1 .16 1.15 1.000 

Key,+ 1.15 I ENTER I I ENTER I IENTER I 1000 

T+ 
Z+ 
y+ 
X+ 

Key,+ 

1 .15 

1. 15 

1.16 

1.160.00 

1.15 

1.15 

1.16 

1.322.60 

1 .16 1 .15 1.15 

1 .16 1 .16 1.15 

1 .16 1.15 1.16 

1.520.88 1.749.01 2011 .36 

When you press 0 the first time, you calculate 1.15 X 1000. The 
result (1,150.00) is displayed in the X-regiater, the stack drops, and 
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a new copy of the constant ia generated in the T-regiater, that ia, 
each time you preaa 0: 

1. A new calculation involving 
the X- and Y -regiaters takes 
place. 

2. The resuit of the calculation ia 
placed in the displayed X· 
regiater and the contents of the 
reet of the atack drop. 

3. A new copy of the number last 
in T (in thil!l case, our constant) 
iagenerated. in T. 

T+~ Z+ , 
y+ , )- " .. , X+ • 

T+~ Z+ , 
y+ 
X+ ex cx 

T+tt"'W' z+ , 
y+ , 
X+ ex 

Since a new copy of the growth factor is duplicated in the T-register 
each time the stack drops, you never have to re-enter it. 

Preas [D1£!!l4 to return the HP·UC to the 1£!!l4 display fonnat. 

Alternate Method: Constant arithmetic can alao be perfonned 
uaing the LAST X register. To use this method to calculate the 
result of the preceding eltample: 

1. Key in the original population (1,000) and press I ENTER I. 

2. Key in the constant growth factor (1.15). 

3. Preaa 0 to calculate the population at the end of one day. 

4. Press WlLSTxl 0to calculate the population at the end of 
each succeeding day. 
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Storage Register Operations 
Storing Bnd recalling numbers a re operationa involving the 
dillplayed X-register and the HP-IIC'II 21 data storage regilltera. 
Data storage regiaten are entirely separate from the IItack and 
LAST X regillten. 

Storing Number. 
Isro l (store). When followed by a storage regiater address (0 
through 9 , [] 0 through 09, or [J), copies a number from the 
displayed X·register into the data storage regiater specified by the 
lltorage register address. 

If ... 

Stack 

T+m Z+ 2 
y+ 3 

x+ 4 

Data Storage Registers 

A, c::::::::::;J1 

Rl~ 

R3 I 
A, 
A, 
A, 
A, 
R, 
R, 

Data 
Storage 

Rol 0 
Rl i 0 

R2 1 0 

R3~ 

A'§ A, 

A., 

R., 

A, 

A'§ A., 

A., 

A., 

R, 

A, CI ::::::::J 

... and you preaa 
ISTo IO, then ... 

Stack 

T+m Z+ 2 
y+ 3 

X+ 4 

Data 
Storage 

Rol 4 

Rl i 0 

R2 1 0 

R 3~ 
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A copy of the stored number remains in the s torage register unti l a 
new number is stored there or until the storage registers are cleared 
or Continuous Memory is reset , 

Recalling Number. 

1 RCL 1 (recal/). When followed by 8 storage register addreIB (0 
through 9, 0 0 through 0 9, or [I) places a copy of the number in 
the specified data storage register into the displayed X·register. If 
the stack is not disabled, executing a I RCLI operation caules the 
stack to lift, 

If ... 

Dati 
Stack Storsge 

T+m 
Ro I 0 

Z+ 2 Rd 0 
y+ , R: I • 
X+ 4 R3 e::::===-

Storage and Recall Exerci ••• 

Execute the foll owing operations: 

Keystroke8 Display 

123 12' 
[sT014 123.0000 

.78 .78 

15ToI0 7 678.0000 

IRCL I4 123.0000 
[RCL I0 7 678.0000 

Clearing Data Storage Regist.r. 

. .. and you preas 
1]£g2, then ... 

O.t., 
Stack Storage 

1 ....... loSI 

T+m 
Ro l 0 I 

Z+ , Rd 0 I 
y+ 4 Rzi • I 
X+ • R3 C:::= 

Stores 123in R4 • 

Store8 678 in R.7• 

Recall!! 123 from R4. 

RocaJls 678 from R.7' 

C LEAR ~ (clea r regi8ters). Clears the contents of all data 
storage registers to zero. CLEAR I REG I does not affect the atack or 
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Secllon 2' Memory Stack. LAST X. and Oats Slorsge 3. 

) 
LAST X regiatere. (To clear II aingle data storage register. nore zero 

) in that register.) 

) 
Storage Regist.r Arit hmetic 

) (£Q) <[!). G. 0 , (Ij) n (storage register arithmetic). Uel'll the 

) 
number in the displayed X·regiater to perform arithmetic upon the 
oontent.e of a epecified storage register n. The key sequence is I 5TO I 

) followed by an arithmetic fu nction key. followed in turn by the 
register addrl'lls (0 through 9).· The result of any storage register 

) arithmetic operation i. placed in the llpecified data storage register. 

) 
Storaga 

) Stack Regist8r1 

) If ... 

T+m 
and ... Ro l 

) Z+ b R1 I k 

y+ , R2 I 
) X+ d A3 e::::===-
) 

) represent the current statue of the memories, executing I STO I GJ I 
reeult.8 in: 

) 

) 

T+m 
,nd Ro I 

) Z+ b A1 I kd 

) y+ , R2 I 
X+ d R3~ 

) 
The 81l.me numbers Contents of HI changed 

) in the atack from k to (k X d ). 
registers. 

) 

) 

) . SlO.a," ",rio~r arithmelic e ... n be performed in R,O throu, h R.t ... ing indirect 
addt_lnll, which ill co ... red in 8ectiOIl 9. The Index Regilt ... SlO . ... g. regioter 

) arilhrnW((.nnot be per!onned in RI. 

" 
) 
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S torage Register Arithmetic Exerci .. s 

Keystr okes Display 

18 1sTO Io 18.0000 Stores 18 in Ro-
3 1sTO IGo 3.0000 Divides number in Ro(18) 

by J. 
IRel lo 6.0000 Recalls copy of new 

number in Ro. 
4 I STO 1G)0 4.0000 Multiplies new number in 

Ro (6.0000) by 4. 
IRellO 24.0000 Recalls copy ofnew 

number in Ro. 
ISTO IGo 24.0000 Adds 24 to number in Ro-
IRel lO 48 .0000 Recalls copy of new 

numberinRo-
4OIsTO IGo 40.0000 Subuacts 40 from number 

in"" IRel lo 8.0000 Recalls copy of new 
number in Ro. 

Problems 

1. Calculate the value of x in the following equation. 

8.33(4 5.2): «8.33 7.46) X 0.32) 

4.3(J.15 2.75) (1.71 X 2.01) 

Answer: 4.5728 

A poasible keystroke eoiut ion is: 

4 1 ENTER 15.2 G 
8.33G)[!]1 LSYx 17.46 
8 ·3208 
3.15 IENTER I2.75 G 
4.301.71 1 ENTER I 
2·01Q88G'TI 

2. Use constant arithmetic to calculate the remaining balance 
of a $1000 loan after six payments of $100 each and an 
interest rate of 1% per payment period. 

) ) 
Section 2: Memory Stack, LAST X, and Data Storage 4' 

) ) 

) Procedure: Load the stack with (l + i) and key in the initial 
) loan balance. Use the following formula to find the new 

) balance after each payment: 

) New Balance = «Old Balance) X (1 + i» - Payment 

) 
Answar: 446.3186 

) 3. Store l00in R5. Then: 

1. Divide the contenl.ll of~ by 25. 
) 

2. Subuact 2 from the contenl.ll ofRs. 

) 3. Multiply the contents ofRs by 0.75. 

1 ) •• Add 1.75 to the contents ofRs . 

) ) 
5. Recall the contents ofRs. 

Answer: 3.2500. 
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Numeric Functions 

Your HP-I IC's numeric function llet enables you to perform a wide 
range of operations involving numbel' slteration, math, and 
statistica. Each function is used in the same way for both keyboard 
and program execution. 

Pi 
Pressing [!J0 piacea a IO-digit spproximation of the value of pi 
(3. 1-4159265-4) in the displayed X·register. If the stack ill not 
di88bled, pre88ing (I]@ c8usesthestack tolift. 

Number Alteration Functions 
In addition to leMs l (refer to page 17, Negative Numben) your 
HP·llC has four fUnctionll for altering numbers: IABSt, IINT I, 
I ~RAc l , and IRNO I. 

AlNIolute Value. Preflsing []J IABS I changes the number in the 
displayed X-register to the abllolute value of tha t number. 

Inte,er Portion . Pressing [!) I1NTI replacetl the numbel' in the 
displayed X·register with its integer portion , that is, it replaces a ll 
digits to the right of the decimal with zeroes. 

Fraction a l Port ion. Pleasing (I] I FAAC I replaces the number in 
the displayed X·register with its decimal portion, that is, it replaces 
a ny digit8 to the left of the decimal with zeroes. 

Roundin,. Pre88ing [!) IRNO I rounds the internally held 100digit 
mantissa of any displayed value to the number of digits specified 
by the current W!], I SCI I, or I ENG ]display setting. 

To Calculate 
Eumple 

Oi,play Key.troke. 

Absolul8 value 1234S lcHS I - 12,346 
[iJIABS I 12,345.0000 

Integer port ion 123.4567 123.4667 
mlliill 123.0000 
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TO C"cul'te 
Eu mpl. Oi.play K.yltrO«., 

Fractional portion 123.4567 123.4587 
[IJ IFAACI 0.4667 

Round (Assumes (fjil4 1.23456789 1 .23456789 
dIsplay satt ing.) OOI RNO I 1 .2348 

Inspee1 rounding. ITll!®e 1 .23480000 

Ro58110 1BR] 4. m[@4 1.2346 

One-Number Functions 

The HP·nC·s one·numbel' math functions have the following 
characteriatic8: 

• Uae the number in the displayed X-register as the argument 
{or the function. 

• Replace the number in the di8played X·register with the result 
of executing the function. 

• Do not affect number! in the Yo, z., and T-registers. 

Ge nera l Fu nct ions 

Reciprocal. Pres8ing C!Z!JcaJculates the reciprocal of the number 
in the displayed X-regi8I.er, tha t ill. it divides 1 by the number in the 
displayed X·regis ter. 

Factorial and Gamma. Pressing [)[ill calculates the factorial or 
Gamma value 88 follows: 

1. Factorial. 

When executed with a nonnegative integer n (0 " n. <It; 69) in 
the displayed X'register, [illcalculate8 the factorial of n, that 
i8, it calculates the product of the integers fro m 1 ro n. 
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2. Gamma Function. 

The [ill key can a lso be used to calculate the Gamma 
function , denoted by r(x), which occurs in certain problems 
in advanced. mathematics and statistics." Pressing WJ gives 
you !Ix + O. To calculate the Gamma function of a number. 
subtract 1 from the number. Then, with the result in the 
displayed X-register, press [IQ]. 

Squa r e Root. Pressing ~ calculates the square root of the 
number in the displayed X-register. 

Squar in g. Pressing (jJ [Z) calculates the square of the number in 
the displayed X-register_ 

To Cslculate Keystroke Oi.play 
Eltample 

Reciprocal 25 2. 
11 /-~1 0_0400 

FactOlial , , 
[i]GJ 40 ,320_0000 

Gamma 2.7 2.7 
IE NTER I1 G 1 .7000 
CDGJ 1.5447 

Square Rool 3.' 3. ' 
ffil 1.9748 

Square 12.3 , 2.3 
@l1Zi 151 .2900 

• [ill can be uud for both the Factorial and Ga","''' function. beeaoae when x i. a 
nonnogativeint.eget II, ['(x +1) _ ['(II +1) =II!. The Gamma function can bereg..,.ded ... a 
lIenerali1Blion of the raClOrial function. linee Ihe number in the X.~.tet i. notlimiwl 
10 nonnqative integen. C<oov ..... ely, the factorial function can be regarded 118 a opecial 
ca.oo oftheGamm" function. 
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Trigonometric Operation. 

The six basic trigonometTic functions operate in the trigonometric 
mode you select. 

'floigonometric Modes. Selecting a specific trig mode does not 
convert any number already in the calculator to that mode. 
Selecting a specific trig mode is simply telling the calculator what 
unit of measure (degree, radian, or grad) to use when executing a 
trig function. 

Pressing (jJ I DEG I selecta the Degree trig mode. No annunciator 
appears in the display. 

Pressing Wi RAD lselects the Radian trig mode. While I RAD Imode is 
set, the RAD annunciator appears in the display. 

Pressing (jJ I GRD I selects the Grad trig mode. While I GRD I mode is 
set, the GRAD annunciator appear8 in thedi8play. 

The calculator is always set to one of the three trig mode8. 
Continuou8 Memory maintains the last trig mode selected, even 
when the calculator is turned off, then on again. If a power loss 
occurs, or if you reset Continuous Memory (refer to page 20), the 
calculator will automatically reset to I DEG Imode. 

Trigonometric Functio ns . 

Pra .. ing Cslculates 

ISIN I Sine 
w[§)E] arc sine 
leos l cosine 
(jJleos'] arccosine 
ITAN I tangent 
(jJiTAN' 1 arctangent 
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To use IIny of the trig functions, ensure that the CIllcullitor is set to 
the desired trig mode ([oEG I, IRAO I. or [GRo l), then execute the 
desired trig function . 

To Calculate Keystroke 
OJ'plsy Eumple 

(Exllmples IIssume [ OEG I 
tr ig mode.) 

All Tr ig functions, for 
e"lImple: 

Sine 33.5 33.6 
ISINI 0 .6619 

Arc Sine .7982 0 .7982 
w[§TITI 62.9688 

Time and Angle Conversions 

Numbers representing time or angles a re interpreted by the 
liP· I Ie in a decimal or minutes-seconda fonnllt, depending upon 
the converaion being executed: 

Houts.Decimsl Hour. 
IH.h) 

Hours.Minutes Seconds Oecimlll Seconds 
tH.MMSSs) 

Degrees.Decimal Degrees 
(D.d) 

" 
Degrees .Mln utes Seconds 

Decimal Seconds 
(D.MMSSs) 

Hours (or De gree.ll), Minutes, Sec­
o nds Conversio n . Pressing !II 
[.H.MSI converts the number in the 
dillplayed X-register from a decimal 
hours (or decimal dellree8) formst to 
an hours (or degree,), minutes, sec­
ond" decimalaeconds form lit. 

H.h - H.MMSSs 

" D.d - D.MMSSs 
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Decima] Hour& (or Degreee) Con ver­
sion. Pressing W [. Hlconverts the 
number in the displayed X·register 
from an hours (or degrees), minutea, 
&econds, decimal seconds format to a 
decimal hour (or degTees) formai. 

Degree$/ Radians Conv8J8ions 

H.MMSSs - H.h 

" D.MMSSs - D.d 

The [. oEG I and [. RAO I functions are u,ed to convert angles 
between decimal degreetland radians (D.d - R.r and R.r - D.d). 

Degrees to Ra dians Conver sions. Prelling !Il1 . RAO I converts 
the number in the dillplayed X-register from a decimal degree value 
to its radian equiva lent. 

Radians to Degr ees Conversion. Prellling W I. OEG I converts 
the number in the displayed X·register from a radian value to its 
decimal degTee equivalent. 

To Convert Example Oi,pl.y 
Key,trokes 

Decimal hours (H. hI 
or degrees (D.d) to 
H.MMSSs o( D.MMSSs 
f(ll"mat . 17.553 17.553 

[DI. HMS! 17.3311 
To view decimal seconds 
while in 1£I!l 4 setling, 
press: [!)I PREFIX I 1733108000 

17.3311 
H.MMSSs or D.MMSSs 
todecim(ll hours (H. h) 
(II" degrees ID.d) f(ll"mat. 12.3045 12.3045 

WI . HI 12.5125 

Degrees 10 Radians 40.5 40.5 
[!)I .. RAO I 0 .7069 

Radiansto Degrees 1.1746 1 .1746 
(IJI . OEG ! 67.2998 
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Loga rithmic Funct ion . 

Natural Lolarlth m. Preliling m I!Jil calculates the natural 
logarithm Qf the number in the diaplayed X· register, that is, the 
logarithm to the bue e (2.718281828) of the number in the 
displayed X-regilter. 

Natural Antllo,arithm. Prutin, ~ calculatee the natural 
antilogarithm of the number in the displayed X·regiater, that i" it 
railH e (2.718281828) to the power of the value in the X·register. 

Common Lo'lirithm. Preasing (jJ l lOG lcrucuJ8te8 the common 
logarithm of the number in the displayed X-register, that is, the 
logarithm to the base 10. 

Common Antilo ,arithm .. Preuing UQ:lcalculates the common 
antilogarithm of the number in the displayed X-register, that ill, it 
raiae8 10 to the power oCthat number. 

To Calculate 
Eu mpla 

Oi. play Keystrok .. 

Naturel Log 4" 4" 
[[I@D 3 .8067 

Natural Ant ilog 3.4012 3 .4012 

Ia 30 .0001 

Cgmmon Log 12.4578 12.4578 
ILIILOG I 1.0 954 

Common Antilog 3.1354 3 .1354 

fill 1,366.8405 

Hvperbolic Function . 

P,",ing e atcutat" 

(iJI Hyp IiSIN I Hyperbolic sins (sinh) 

IIJIli!EJI SIN I Inllsrse hyperbolic sine (sinh-I) 
(iJ1 Hyp ll COS I Hyperbolic cosine (cosh) 
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Pr ... ing Calculates 

IIlIHYP' II COS I Invsrse hyperbolic cosine (cosh" ) 
(iJI Hyp IITANI Hyperbolic tangent (flmhj 
mI HYP' I( TANI Inverse hyperbolic tangent (tenh" ) 

- Eumpl. . 
To Calcullt. 

Key'ttok" 
Display 

All hyperbolic funelions; 
IOf eKlmple: 

Hyperbolic sine 2.53 2.53 
(!]I HYp Il SIN I 6.2389 

Inverse hyperbolic sine 1.95 1 .95 
(j]IHYP' ]l SIN I 1 .4 210 

Two-Number Functions 
Your HP-lIC'e two-number math functiona ule the valuee in the 
diaplayed X-register and in the V-register to calculate a result. To 
use any of these fun ctions, key in the V-register value firilt , pre.s 
I ENTER I to lift the value into the V-register, key in the dilplayed 
X.register value. then execute the function . 

Exponential 

Pressing 0 rais88 the number in the V-register to the power oithe 
number in the X-register. 

To Celculat. 
Exampl. 

Keyltrok" 
DJ.pley 

Exponential 21 ENTER I 2.0000 
J J 

0 8.0000 

Pe rce ntage. 

Pe rcent. To find a specified percentage oi a number: 

1. Key in the baae number. 

2. Preas I ENTER I. 

3. Key in the percent rate. 

4. Press 0000. 

- -
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T+ 
Z+ 
y+ 
X+ 

Key. + 

LAST X+ 

150 

150 

'"0 
150 

150 150 
25 37.5 

25 

The percentage will appear in the diaplayed X·register, the baae 
number will remain in the Y-regiater, and the percentage r(.lte will 
be pieced in LAST X. The stack doea not lift,'o any valuee held in 
the Z- and T-registers before preeeing wOO will remain. The above 
illul tre tion Ihowl the use of the OOkey to calculate 25% of ISO. 

Per cent Differ en ce. The la"l function ca1culatee the pen:ent 
djfff!rf!nc~the relative increase or decrease-between two num· 
benl. To fi nd the percent difference: 

1. Key in the base number (typically. the number that OCCUNI 

Ii",' in t ime). 

2. Pree81 ENTER I. 

3. Key in the second number. 

4. Pre.s Wi a" I. 

T+ 
Z+ 
y+ 
X+ 

Key, + 
LASTX+ 

150 

150 

150 
150 

150 150 
225 50 

225 

Uaing the above order of entry, a positive result signifiee an 
increue of the second number over the tInt; a negative re8ult 
signifies a decrease of the second number be10w the firat.. The 
preceding illustration shows the ule orla" Ito calculate the percent 

) ) 
) ) 

) ) 

I , 
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increase reali:zed between ISO (the buse number) and 225 (the 
second number in time). 

To Celculete 
Eumple 
Key.1rok .. 

Percent 
Base Number 200 I ENTER I 
Percent Rete 75 
Percentage 0000 

Pl,lrcent Difference 
Base Number 40 l ENTER I 
Second Number 150 
Percenllncrease W la.,.1 

Polar-Rectangular Coord inate Conversions 

Two functions (I . pl, I. RI) are pro­
vided in your Hp·llC for polar/ 
rectangular coordinate conversions. 

Angle /:l is ass umed to be in decimal 
degrees, radians, or grade, depending 
upon whi ch tri gono metric mode 
( [OEG 1.1 RAO f, or [GRo l) the calcula tor 
is set to. Angle fJ is measured S8 
shown in the ilIu8tration to the right. 
The answer returned (or fJ is between 
180g and - 180 0 • 

Oi,pley 

200 .0000 
75 
150.0 000 

4 0 .0000 
150 
300.0000 

Polar Conver s ion_ Pressing W 
I. p I (po/a,) convertll values in the X· 
and Y-regillters repreeenting rectan· 
gular coordinates (x, y) to polar 
coordinates (magnitude r, angle fJ). 

T+~_~ Z+ 1 ~ 1 

Y+ Y fJ 

X+ It , 
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Rectangular Conve r.ion. Prese­
ing ITl I+R I (rectangular) convertB 
values in the X- and V-registers 
representing polar coordinate& (mag­
nitude r , angle 6), to rectangular 
coordinate& (x, y ). 

T+m- ; Z+ 1 _ 1 

y+ 6 -, r- y 

X+ r ..JL... x 

Key. + 

ToCanve" 
EXlmpl1 

Oi.plav KeV.troke, 

Rectangular coordinates 
to polar: 

y 51ENTER I 6.0000 , 10 10 , [i)~ 11.1803 , l.di;I·1 26.6661 

Polar coordinates 10 
rectangular: , 30 lENTER I 30.0000 , 12 12 , ITl I+ RI 10.3923 

y Ix ~'" 6.0000 

Probability 

Permutation. P.-essing ITl I P" ,X I calculates the numbsr of polIsible 
arrangements of y different items taken in quantities of x items at 
a time, where different orders of the same x items are counted 
separately. (No item occura more than once in an arrangement.) 
I P,',X Icalculates permutations by the following formula: 

y! 

(y x)! 
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Combination. Pressing [i) ~ calculate& the number of 
poaaible seta of y different items taken in quantities of x items at a 
time regardleaa of order (where no item occurs more than once in a 
set). ~calculatel! combinations by the following formula : 

y! 
x!(y x )! 

To execute a permutation or combination: 

1. Key in the numberofitema (y ). 

2. Press I ENTER I. 

3. Key in the quantity of items required (x) per arrangement or 
set. 

4. Pres8 0I Pr.xlor fjJlc,·._~ I . T+ 
Z+ 
y+ 
X+ 

Key,+ 

The result, p or c, will appear in the displayed X-register, the stack 
will drop, and the quantity per arrangement or set (x) is placed in 
the LAST X regiater. 

All permutalion and combination inputs must be non­
negative integers. 

Note: The execution times for IPr,x i and ~ calculations 
can be several seconds or longer, depanding on the 
magnitude of vour y and x inputs. The maximum value vou 
can input for a ~ or ~ calculation is 10'0 - 1 The 
running message will flash in the displav during execution of 
I Pr.x land I Cr,x Icalculations. 
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To Calculate 
Eu mpla 
Keywoit .. Oiaplay 

Permutation 
Example: 10 items in 
arrangements of 3 at 
atima. lo lENTERI 10.0000 

3 [!][fi0J 7 20 .0000 

Combination 
EJ(8mple: 10 items in 
sats of3 al a lime. lo l ENTERI 10.0000 

3 [!]I CI',X I 120.0000 

Statist ics Functions 

Random N umber Generator 

The HP-llC's random number generator uaes either an auto­
matically stored seed (zero), or a seed you key in, to initiate a 
uniformly distributed pseudo-random number sequence in the 
range O~ r < t.. BecauaeofContinuOU8 Memory, the aequencewill 
rontinue until a new initial seed is atored. 

Random N umber Seed. To initiate a new random numher 
sequence at any time, place a new seed in the random number 
generator by keying in any number 0.;;; n < It and preasing I STO 10 
I RANI/ I. To generate a random number, aimply press 01 RANItI. The 
new random number will appear in the displayed X-register. (0 
I RANIt laffects the stack in the same way 88 recalling a number from 
a storage register.) The newly generated random number also 
becomell the seed for the next random number in the current 
sequence. Whenever Continuous Memory is reset, or when a power 
failure occurs, the random number seed is set to zero. (Repeated use 
of the same value for a random number seed will produce 
repetitions of the eame random number sequence.) 

• P •• """ the.peena] "'"'t(Knuth. Vol. 2)_ 

t lf a number whOM magnitude il;' I il uoed .... .,.d. the decimal point in the .wre<! 
ver:sion ofth. numb .. will be .hilled to the left of the firot . illDific.nt digit_ For uample, 

123.0,12.3, .ndO.l23 would all beotored uO,l23 by [§!QJml RAN' 1_ 
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Random N umber Example Displsy 
aeneretion Keyetrakes 

Toslore 0,5764 as a 
random number seed: 

(Arbitary Seed) 0 5764 0 .5764 
I STO 10 

Seed stored I RANII I 0 .5764 

To generate a random 
number series based on 
the above seed: 01 RANII 1 0 .3 422 

01 RANII I 0 .2809 

For a further discussion of the random number generator, refer to 
page217, Random Numbers, in part III of this handbook, 

Accumulating S tatistics 

~ is a two-number function that calculates statistics of the 
values in the X- and V-registers, The results are automatically 
accumulated in storage registers Ito through ~. ., n 

T+~ R, ~, 

Z+ R, ~X2 

~: ; ) JHJ R, " ., ~y2 

R, ~xy 

Any values remaining in Ro through R5 from previous 
calculations or storage operationS will be included in 
subsequent statistics accumulat ions, To ensure that all 
accumulations registers are set to zero before beginning a 
new series of accumulations. press 0 CLEAR W (clears Ro 
through R5 and the stack) before beginning the operation, 
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When you presl! the a:!J key, the following statistic8 ate placed in 
the indicated data 8torage registers: 

Regi,ter Conten" 

R, n : Number of dala points (pairs ) accumUlated. 

R, ,. -, 
In also appears in the displayed X-register.1 

: Summation of.ll values. 
R, r.f 2 

: Summationol squaras 01.11 values. 
R, Ir ; Summation of y values. 
R. Iy2 ;Summationof squares of y values. 
R, ~y ; Summation of products of .ll and y values. 

When you execute! ~. ) , the number previoualy in the X·regiater is 
placed in the LAST X register and the updated n·value is placed in 
X. The number previoua/y in Ihe Y'register u not changed. 

T+ 

~-; Z+ ' ...... , 
y+ r -- r 
X+ ' n 

Key, .. 

I ~ LAST X 0 
When you key in a new number, the n·value in the displayed x­
register will be written over; the stack doeH not lift. 

If your s tatietiCi problem involves only one variable ( x ) inlltead of 
two (x and y), enaure that the Y·register holds zero for each 
eJl:8(:ution of the t r . ) function . (preseing [D CLEAR II! once, juat 
before beginning a new accumulat ions aeries, enaures a clear y. 
regiater for a one-number aeries by clearing the stack as well all the 
1: repten (Ro through ~). 

Some seta of data pointe conllist of a aeries of x-values (or y-vs)uea) 
that differ from each other by a comparat ively Bmall amount. You 
can maximize the precision of any statistical calculation involving 
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auch data by keying in only the differencea betwoon each value and 
a number approa:imating the average of the valuee. This number 
mu,t be added to the relult of calculating i, 50, or the y-intercept of 
L.ft. For ea:ample, if your x value.. conaist of 665999, 666000, and 
666001, you ahould enter the data Btl - 1, 0, and 1. If afterward, you 
calculate i, add 666000 to the anlwer. In .ame caae.. the calculator 
cannot compute" r , L.R., or y with data valuea that aft too c10ee to 
each other; and if you attempt to do '0, the calculator will dilplay 
Error 2. This will not happen , however, if you normalize the data 
as described above. 

Nota: Unlike storage registar a rithmetic, the [G and (B 
operat ions allow o,!e_rflow to occur in storage registers Ro 
through Rs without indicBting Error 1 in the display. 

You can recall any of the atatistics accumulations to the diaplayed 
X'n:"illtllf by preelling !RCLI and the number of the data atorage 
rewi, ter holding the duired statisticw accumulation. If you want to 
recall both the I:r and !y statistics, preae I RCL I l1£l. Thia 
lIimultaneou,ly copiee Ix from Rl into the d.eplayed X·rewiater and 
copies Iy from Rg into the Y-register. (Preeaing ~I t .. lcauael the 
stack to lift in the aame way that it would if you keyed in two 
numbers in sequence.) 

ElI.mple. Electrical en ergy re­
aearcher Helen 1. Voltz SU8pecU a 
po&aible relationship between the rise 
in worldwide cow production in the 
years 1972 through 1976 and a 
similar rue in worldwide electricity 
output for the same period. To alsilt 
in a ,tudy of the data, Voltz will uae 
her HP-nC to accumulate the oow 
production and electrical output ate­
tiltiCS. Find Ix, !x2, Iy, Iy, and 
I xy for the paired x and y valuee of 
Voltz', data. 
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Yeer 19 72 1973 1974 197 5 1976 

Coel PrClCluction (y) 1.761 1.775 1.792 1.884 1.943 
(Billions of Metr ic Tons) 

Electricity Output (xl 6.552 5.963 6.135 6.313 6 .713 
(Bill ions of Megawatt Hours 

Keystr o kes Dieplay 

ITlCLEAR IT] 0 .0000 Clear statistical data 
storage registers (Ho 
through ~ and stack), 

1.761 IENTER I 1 .7610 
5 .652~ 1 .0000 1972 data 
1. 775 [ ENTER I 1 .7760 
5 .963 Ll±J 2.0000 1973 data 

1.792 I ENTER I 1.7920 
6. 13s [bJ 3 .0000 1974 daw. 

1.8841 ENTER I 1.8840 
6.313 iB 4 .0000 1975 data 

1.943 [ENTER I 1 .9430 
6.' 13 IT!J 6 .0000 1976 data 

I Rel it 30.6760 Sum of x values (Ix ) from 
register RI . 

IRCLI2 188.9386 Sum of sqU8ree of x values 
(t x2) from register R2• 

[Rel l3 9.1660 Sum of y values (~y) from 
register Ra. 

IRCLI4 16.7877 Sum of squares of y values 
(.>:y2) fro m register R •. 

I Rel lS 66.2924 Sum o{produc1.8 of x and y 
values (Ixy) from register 
1<,;. 

Correcting Statistics Accumulations 

If you discover that you have entered data incorrectly, the 
accumulated statistica can be easily corrected. 

) I ) 

) ) 

) ) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

Section 3: Numeric Functions 

I. Key the incorrect data pair into the X- and V-registers. 

2. P ress 0to delete the incorrect data. 

59 

a. Key in the correct values for x andy. Ifone value of an (x, y) 
data pair is incorrect, you must delete and re-enter both 
values. 

4. Presslr .. l. 

Note: Although@]CI::]csnbe used to delete an erroneous 
(x. y) pair . it will not delete any rounding errors that may have 
occurred when the statistics 01 that pair were added into 
accumulat ing registers A1 through A5. Consequently. 
subsequent results may be different than they would have 
been if the erroneous pair had not been entered via I :i.: .. land 
then deleted via a::J. However. the diffarence will not be 
serious unless the erroneous pair has a magnitude t hat is 
enormous compared w ith the correct pair; and in such a case 
it may be w ise to start over again and ra-enter the data again 
(:md more carefu llvll. 

Exam ple, After keying in the preceding data, Voltz found new 
information indicating th at the coal output for the laat data pair 
should have been 1.946 instead of 1.943. Use 0 to remove the 
statistical data that was accumulated as a result of using the older, 
incorrect data pair. Then input the correct data pair. 

Keystrokes 

1.9431 ENTER I 
6 .713 @]CI::] 

1.946 IENTERI 
6.713 1 ~+I 

Display 

1.9430 
4 .0000 

1 .9460 
6 .0000 

Key in the data pair we 
want to replace and delete 
the pair's unwanted 
statistics. Number of pair 
entries then drops to 4. 

Key in and accumulate 
the replacement data pair. 
Number of pairs 
accumulated is again five. 

Retain the preceding statistica in your calculator for use in the 
following examples. 
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Me. n 
The (!] function computes the artithmetic meCin (average) of the.r 
and y statistics accumulated in regieteu R, and H3• respectively. 
When you pre1J8 rn II]: 

L The contents of the stack registers lift in the urne way 8S 

when you preas I RCLI~, as described on page 57. 

2. The mean ofthex values (x) i8 calculated ueing the statistics 
accumulated in R,(!x) and Ro<n ). The mean of the y values 
(y) i8 calculated using the data accumulated in registers 
Ra<!y) and Ro(n). The formulas used &reshown below. 

h Iy 
r=-- F --

_ 
n 

3. The values for x andy are placed in the X- and V-registers of 
the stack. 

T+ 

~ Z+ 
@JC!]= y+ 

X+ 

ElI:amp le. From the five year statistical data you accumulated 
(and corrected) in the previous example, calculate the average coal 
production and electrical output (or the entire period. 

Keystrokes Display 

OO[] 6.1362 Average electrical output 
(average of X-register 
inputs) for the five-year 
period. 

Ci:M 1.8 3 16 Average coal production 
(average V-register 
inputs) for the five-year 
period. 
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The illus tration below shows what happens in the stack when you 
execute [II(ahumes stack disabled, a8 it would be following a IT!] 
operation): 

T+ 
Z+ 
y+ 
X+ 

Retain the preceding sta tistics in your HP-llC for use in the next 
example. 

Standard Deviation 

Pressing m [!] computes the staMorel deviation (a measure of 
dispersion around the mean) of the accumulated statistics data. 
The formulas used by the HP-llC to compute I"" the standard 
deviation of the accumulated % values, and I y, the standard 
deviation of the accumulated y values are: 

1", = 
" n1:x 2 (1:X)2 

n(n - I) 
, ~ , " nI

y
2 _in 

These formulas give the belt eltimatel of the populatian standard 
deviat ions from the lample data. Consequently, the standard 
deviation given by these formulas is termed by convention the 
lample standard deviation. When you press w[!]: 

1. The contents of the stack registers are lifted in the same way 
as they are when you press i RCL illi], as described on page 
57. 

2. The standard deviation of the r values (I",) is calculated 
using the data accumulated in registers ~ (Ix2), Rl (Ix), a nd 
Ro (n) according to the form ula shown above. The resultant 
value for B", is placed in the X ·register. 
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a The standard deviation of the y valUe8 (8,.) is calcu1ated 
using the statistical data accumulated in regis ters R4(IyZ), 
R3(Iy), and Ro< n) according to the formula shown above. 
The resultant value for II)' is available in the V-register. 

Ezsmple. Calculate the standard deviation for the corrected coal 
production and electrical output accumulations used in the 
previous e.amples. 

Keystrokes 

~@ 

Display 

0.4287 

0 .0800 

Standard deviation of 
electrical output (X­
register inputs) for the 
five-year period. 
Standard deviation of coal 
production (Y -reIVster 
inputs) for the five-year 
period. 

Retain the preceding statistics in your HP-UC for use in the next 
example. 

When your data constitutes not just a sample of a population but 
rather aU of the population, the standard deviation of the data is 
the true population standard deviation (denoted 0). The formula for 
the true population standard deviation differs by a factor of 
«n - 1)/ n]\', from the formula used for the @ function . The 
difference between the values is small, and for most applications 
can be ignored. Nevertheless, if you want to calculate the exact 
value of the population standard deviation for an entire 
population, you can easily do 80 with just a few keystrokes on your 
Hp·IIC. Simply add, using the IT!J key, the mean (R) oftbedata to 
the data and then press []] [!]. The result will be the true 
population standard deviation of the original data. 
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Linear Regression 

Linear regression is a sta tistical 
method for finding a straight line 
that best fits a set of two or more data 
pairs, thus providing a relationship 
between two variables. Afte r the 
statistics of a group of data pairs has 
been accumulated in register R.J 
through R;" you can calculate the 
coefficients in the linear equation y = 
Ax + B using the least squares 
method by pressing !Il[b[). 

To use the linear regression fu nction on your HP-IIC, use the I ~ + I 
key to accumulate the s tatistics of s series of two or more data 
pairs. Then execute [1;]]. When you press !Ill L.R.I : 

1. The contents of the stack registers are lifted just as they are 
when you prell!! I RCL lIT:!], 811 d8llcribed on page 57. 

2. The slope (A ) and the y·intercept (B ) of the least squares line 
of the data are calculated using the equations: 

A "" nIxy-IxIy 
n Ix 2 - (I x)2 

The s lope A is placed 
in the V-register; the 
y -intercep t, B , is !IlILR.1 
placed in the dis-
played X-register. 

T+ 
Z+ 
Y + slope (A) 
X + y-intercept (B ) 

Example : Calculate the y-intercept and slope of Voltz's corrected 
data. 

Solution: Voltz CQuid draw a plot of coal production against 
electrical output, like the one in the foll owing illustration. 
However. with her HP·llC, Voltz has only to accumulate the 
statis tics (as we h ave already done) using the [X!J key. then press 
[!)[b[). 
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. 

Coal Production 
(Billions of 

M etricTons) 

2.0 

1.8 

1.7 

• 

• • 

~rC~----+I----+I--__ +I ____ +I __ __ 

Key.troke8 

ITJI LR.I 

5.5 6.0 6.5 7.0 

Electrical Output 
(Billions of Megawatt Hours) 

Display 

0.7773 

0.1718 
Y ·intercept of the line. 
Slope of the Jine. 

Retain the preceding statiBticai accumulations in your calculator 
for USB in the next example. 

Un •• r Estimation and Correlation Coefficient 

When you execute the IL!]function, the linear estimate (Y) i8 placed 
in the displayed X·regiat.er, and the correlation coefficient r is 
placed in the V-register. 

Linear EBtimation. With etatistiC8 accumulated in registers Ro 
through R5, an estimated value for y (denoted y) can be calculated 
by keying in a known value for x and pressinglIl[I!J. 
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(3.0, 2.0) 

3 4 

(4.5, 3.01 
(4.0,yl 

5 

(S.B. y) 

(6.0, 1') 

• 7 

o. 

An estimated value for I (denoted x) can be calculated as follows: 

1. Press lIl(!K] . 

2. Key in the known y-value. 

3. Press C!:WGC!:llJ0. 

Correlation Coefficient. Both linear regression and linear 
estimation presume that the relationship between the x and y data 
values can be approximated, to some degree, by a linear function 
(that is, a straight line). The correlation coefficient (r) is a 
determination of how closely your data "fits" a straight line. The 
correlation coefficient can range from r = +1 to r = - 1. At r = +1 
the data falls exactly onto a straight line with positive slope. At r = 
- I , the data falls exactly on a straight line with negative slope. At 
, := 0, the data cannot be approximated at all by a straight line. 
With statistics accumulated in registers ~ through R5, the 
c01Telation coefficient r is calculated by pressing [!] CE!J. The 
number that appears in the displayed X·register will be a y value 
(meaningless, unless you keyed in a specific x-value, as described 
above). To view the correlation coefficient value (r ), exchange the 
contents of the X- and Y·registers by pressing I x ~ rI. 
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Recall from the discuuion of LAST X in section 2 tha t 00, [!], and 
I L.R.I do not place s copy of the x·value in the LAST X register. 
However, because j is calcula ted from the va lue in the displayed 
X-register, when you press [iJ[I!], a copy ofthe x-value is placed in 
the LAST X register and the stack- in a ll cases-lifta only once. 

~ Iost 

~:~' ~~' :;' 
Y+ Y E ' >< ; X+ x y , 

Key.. [[!) IXOl': d 

LAST X + 0 
Example_ Using the statistics saved from the previous example, if 
Voltz wishes to predict coal production (:9) for 1977, she keys in an 
estimate of electrical production (a "known" x-value) for 1977 and 
presses [iJ [I!]. Because the correlation coefficient for Voltz's data is 
automatically included in the calculation, she can view how closely 
her data fits a straight line by simply pressing I xOl': ,. I after the j 
prediction appears in the display. 

Keystrokes 

7 .1417 

Display 

7 .1417 

2.0046 

0 .9211 

Voltz's estimate of 1977 
electrical output. 
Predicted coal production 
for 1977. 
The data closely 
approximates a straight 
line. 
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Display Control 
When you tum on your Hp·nC, because of Continuous Memory, 
the display setting will be the same as it was before you last turned 
off the calculator. But regardless of the display options in effect, 
the HP·n C always internally represents each number as a lO-digit 
mantissa and a two-digit exponent of 10. Thus, when the calculator 
is set to display only four digita past the decimal point, the fixed 
constant pi, for e:r:ample, appears in the display as 3.1416. 
However, pi is always represented internally IlIJ 3.141592654 X 1000. 

3 .141692664 X 1000 ----../ + 
You see only these digits 
(rounded to the 4 th decimal). 

But these digits are also 
present. 

Display Mode Control 
Your HP·llC hlllJ three display modes, IBRI, ISCI I, and IENG I, that 
use a variable (0 through 9) to apecify display setting. The 
following illustration shows how the number 123,456 would be 
displayed by a 4-digit setting in each ofehe three modes. 

[iJ1IiEJ 4 : 123,466.0000 
[iJl sell 4 : 1 .2346 05 
[iJffiill]4 : 123.46 03 

Fixed Decimal Display 

mKI(fixed decimal) displays numbers 
using a fixed decimal mode without ~' ,234 .567890 
exponents. In any [ffif] display set- t~ 
ting, the calculator will automati- . ............ 
cally switch to I SCI I mode to allow Sign of 
viewing of a displayed number that number 
is too large or too small to be viewed 

10-digit 
number 

in the current I FIX I mode. The calculator will automatically switch 
back to the specified I FIX I mode when a number is displayed that 
can be viewed in that particular mKI mode display setting . 

• 7 
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Filled decimal diaplay i • .!Jelected or modified by press ing m ffiKJ 
followed by the appropriate number key to lpecify the number of 
decimal places (0 to g) to which you want the display rounded. 

Keystrokes 

123.45678 1 ENTER I 
Dis play 

123.4568 

123.456780 

123. 
123.4568 

Scientific Not.tion Oiaplay 

Diapluy i8 rounded to four 
decimal places. However, 
internally the number il 
maintained in its original 
value to 10 digits. 
The display is rounded 
upward if the first 
undisplayed digit ia 5 or 
greater. 

Uaual 1]!J4diaplay. 

I SCI I (Ilcif!ntific) maplsy. "I.unbe~ in lICientiflc notation mode. To 
select or modify a I SCI I mode, preee [D lscll fol lowed by the number 
key (0 through 6) that specifiea the number of decimal places you 
want the display rounded to. For display rounding, 7, 8, and 9 can 
al.o be uaed, but no more than fJiI digiti can be diaplayed to the 
right of the decimal while in I sel lmode.· 

/

- 1.234587-" 

'/ °t" 
Sign of 7·digit Sign of Exponent 
number mantissa 

Keyatrokes Dlaplay 

123.4567895 1 ENTER I , 23 .4568 

1 .23 

Exponent 

02 

Dieplay iI rounded to 4 
decimal places. 
1.23 X 10Z; display 
rounded down. 
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Keystrokes 
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Display 

1.2346 02 

, .234668 02 

1.2346 X t ()2; di.!Jplay 
rounded up. 
1.234568 X 102: display 
rounded up. 

As indicated in the ahove examples, display rounding occurs on the 
IllIt decimal place you apecify when you place the calculator in I SCII 
mode. Specifying more than six digi18 to the right of the decimal 
will not inCTeaae the number of digits dilplayed to the right of the 
dedmal beyond six. However, .!Jpecifying aeven or more to the right 
of the decimal will move rounding into the digits (held internally) 
that follow those a llowed by the largest ~ display. Using the 
di.!Jpiay remaining from the previous example, the following 
operation doe. not inCTease the number of digits in the display, but 
does move rounding beyond the displayed digits.· 

K eystroke8 

[ll sel 17 

ml sel lS 

!Il l SCI1 9 

Display 

' .234587 02 

1 .234567 02 

1 .234567 02 

Rounding occurs at 
seventh decimal place: 
display cannot show 
seventh decimal place in 
ISCllmode, 80 no rounding 
Dttura in the display. 
Rounds to Slh decimal 
place. No change in 
displayed digits. 
Rounds to glh decimal 
place. No change in 
dilpiayed digi18. 

'If one or mon Ir.ulin, 9'. e,,111 inteTnaUy follo .. in, th, lUI di.,it an"",ed in Ihe dilpl.y 
" Itin" ",undin ll mlY be prop.llited in the dilplaytd diJita for ~.7 and , . dilplay 
Muin,l . For <sa mple. 1.00000094 in []QJ 7 will nol cau .. "",ndlD, In tho dl.played 
vero;"n of the number. but 1.(1(1(100(196 ( ... 95 to ._.99) in [l£I 7 win cau.., "","din, in Ih • 

.u.playH diJit&. 



70 Section 4: Display Control 

EnginMring Notation Displ.y 

I ENG t (eflgineeriflg) diaplays numbers in an engineering notation 
format that operatee the lame as I SCI tnotation format eJ:cept: 

• Engineering notation showl all eJ:ponenta in multiplee of 
three. 

• The number of dilrita spedfied for the diaplay setting refefs to 
the number of significant digiu you want to appear after the 
leading digit. 

/

- 12.34667-09 

' / 't " 
Sign of 7·Digit Sign of Exponent 
Number Msntissa Exponent 

In engineering notation, the first significant digit i.!J always 
preeent in the di.!Jp lay. The number key you prees after IIl IENGI 
Sl)e(:mes the number ftC I'Idditional signmcant digita to which you 
want the display to be rounded. For example: 

KeYltrokes 

.012345 
(DIENGll 

Display 

0.012345 
12. -03 

12.35 -03 

12.34500-03 
10. -03 

Engineering notation. 
Dillplsy is rounded to one 
lignifiesnt digit after the 
leading digit. Power of 10 
il proper multiple of three. 
Display is rounded to 
third significant digit 
after the leading digit . 

Dieplay is rounded to fint 
significant digit. 

Notice that in wmJdisplay mode the decimal automatically shifta 
to maintain the exponent of 10 as a mu ltiple of three. as in the case 
of the following eJ:ample: 
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Keystrokes 

(DIENG t2 

10 [!J 

Display 

12.3 

123. 
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-03 Display from previoul 
example changed to (fHgJ 
2 format. 

- 03 Decimal shifts to 
maintain multiple of 3 in 
exponent. 

Keying In Exponents 
IEEX 1 (enter e%p(mentj is used whenever an exponent is part of a 
number you are keyin/iC in. To use IEEX I. first key in the mantissa, 
then press IEEX I and key in the exponent. For example. divide 
95.600 by Avogadro's number (6.0222 X 1026 kmol - I ): 

Keystrokes 

illilliJ4 

95600 IENTER I 
6.0222 
IEEX I 

26 

G 

Display 

95.600.0000 
6.0222 
6.0 222 00 

6.0222 26 

Relet tt1 !EK14 display 
mode. 

TheOO prompUl you to key 
in the exponent. 
(6.0222 X 1026) 

, .5875 - 22 kmol 

To key in a number having a negativs exponent of 10. first key in 
the number and press 1 EEX I. then press [CHS I(change lign) to make 
the exponent negative, and key in the exponent. For example, key 
in Planck's oonltant (6.6262 X 10- 34 JOUIHeconds) and multiply it 
by 50: 

Keystrokes 

6.6262 1 EEX! 
ICHs l 
3 
4 
IENTER I 
50 0 

Display 

6.6262 00 
6.6262 -00 
6 .6262 -03 
6.6:2.62 -34 
6 .6262 -34 
3.3131 -32 Joule-seconds. 

Note: Decim81 digits keysd into Ihs Sllponent f ield w ill 
dis8ppe8r from the display when you prsss I EEX I, but will be 
retained internally. 
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[ EEX I will not operate with a Dumber having more than lIeven 
integer digit.e or a decimal number having more than five zeroe 
preceding the first ,ignificant digit . To key in auch a number, ule a 
form having a higher or lower exponent value, aa appropriate. For 
example, 123456789.8 X 1023 can be keyed in aal234567.898 X 10~; 
0.00000025 X 10-16 can be k.eyed in 8a 2.5 X 10-22. 

ManUna. All numberll held in the calculator's stack and data 
ltorage regietera are repreaented internally a.e Uktigi t mantillal 
with 8. twCHiigit exponent.. When you want to view the fuU ten·digit 
mantissa of a number held in the displayed X·register, preu ill 
CLEAR [PREFIX ] and hold the [PREfiX] key. The mantilla of the 
cUlTf:ntly displayed number will appear and remain in the display 
until you release the I PflEflX Ikey. 

KeYltl'okes 

m~ 
illCLEAR [PREFIX ] 
(holdl 

Diaplay 

3 .141 8 

3 141 6 9 2864 

Rounding at the Tenth Digit 
AJJ you read earlier, your HP· llC holdl every value to 10 digiu 
internally, regardlesl of the number of digil.8 lpecified in the 
current [ FIX 1.1 SCI I, or ~display eetting. The final relult of every 
calculation or series of calculations Ie rounded to the tenth digit . 
For example, pi and 2/ 3 have nonterminating dedmal repreeenta.· 
tionl (3.1"15926535 ... and 0.6666666666 ... ) Becauae the HP· lIC can 
provide only a finite approximation of such numbere (10 digita l, a 
8mall error due to rounding can occur in the tenth digit. Thi8 etTor 
can be increaaed through lengthy calculations, but in the majority 
of CUeII, it doee not enter the practical range of s ignificant digit.e 
for a particular application. Accurately &88efI8ing the effect.a of 
roundoff error for a given calculation requi ree the use of numerical 
analysis methods that are beyond the scope of this handbook. 

) , 
) ) 

) ) 
,; ) 

... ' \ 

\ \ 

, I 
) , I 

I 
) 

) ) 

, I ) 

) 
i 

) ) I 

) 
, ) , 
) I ) 

) ) 

) ) 

i ) 

) 

) 

) 

) 

Part II 

HP-llC 
Programming 



Section 5 

Programming Basics 

The Basics In Brief 

What Is a Program7 
A program is a sequence of keystrokes that is remembered by the 
calculator. You can execute a given program as often as you like­
with just one or two keystrokes. The stack responds to instructions 
in a running program in exactly the same way it responds to an 
identical sst of instructions executed from the keyboard. The 
answer dieplayed at the end of program execution is likewise the 
same as the one you would obtain by executing the instructions 
from the keyboard. No prior programming experience is necessary 
to learn HP·n C programming. 

Why Write Programs7 
Programs save you time on repetit ive calculations. Once you have 
written the keystroke procedure for solving a particular problem 
and recorded it in the calculator, you need no longer devote 
attention to the individual keystrokes that make up the procedure. 
You can 1st the calculator solve each problem for you. And because 
you can eaeily check the procedure in your program, you have more 
confidence in your final answer since you don't have to worry each 
time about whether or not you have pressed an incorrect key. 

The following information covers the operation of your HP·UC's 
programming features. For guidelines that can help you in 
planning and developing your programs, refer to page 206, 
Structure, in part III of this handbook. 

Program Control 

Automatic Memory Reallocation 

The HP-llC's reallocation of memory space between program 
memory and data storage is controlled automatically by the 
calculator. Because of this internal control, memory reallocation 
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Section 5: Progrsmming Basics 7' 
does not affect the display or your keyboard operations. For this 
reason, you need be concerned only with: 

I . What causes reallocations, and 

2. What happens in memory when a reallocation takes place. 

When program memory is cleared, or when Continuous 
Mamory is reset. the calculalor's memory configurat ion is 20 
data storage registers (plus the I-register) and 63 lines of 
available program memory. 

HP-' 1C MEMOAY CONFIGUAATION 

Permanent Memory 

~ 
~ 
~ 

Shared (Convertible) Memory- Initisl Configuration 

20 Data Aagi ter. 

Aol R., 
A,) R., 

A2 1 R., 

Ra l R., 

R.l R .• 

R, I R .• 
Rei R .• 

A7 J R , 

Ae l R .• 
Rg i R, 

Zero Additionsl 
Program Unes 

r-----' I-06".: ___ ..J 
1066- I r------j 
I-o.!":. - -:.. :::I L-__ / 

~-, 
..-__ -..... I 

----- --- ---1 
1201 -
t202_-----1 
~------1 
L20~ ___ " 
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A. inltnlctionll are keyed into program memory. they are atored 
sequentially in the available space. If all 63 line. of the initial 
program .pa~ are already occupied and you key in II 64th program 
inltnlction, data .torage register R.t i. automatically reallocated to 
Rven more linea of program memory to make room for the new 
instruction (plus up to six more). The HP-llC'a memory 
configuration would then be 70 lines of progT8m memory and 20 
data IIwrage registers. Keying in a 7lot program inatruction 
automatically reallocates storage regilter R.8 to seven additional 
linel of program memory. Thie pattern can be repeated until all 20 
convertible data storage register (R.t through R,o. f4 through Ro) 
have been reallocated to program memory. 

If all convertible data storage registers are reallocated to program 
memory. the memory configuration will be 203 program linea and 
one data Itorage register (the Indn-Rt-regiater). The following 
table ,hOWl the allocation of the linea of program memory to tbeir 
reepectiye ltorage registers. 

A .• ~70 A. 13' '40 
A .• 071-077 A. 141-147 

A., 078--084 A, 148- 154 

A .• 085-091 A, 155- 161 

A .• 092-098 A, 162- 168 

A .• 099-105 A. 169- 175 

A., 106-112 A, 176-182 

A, 113-119 A, 183-189 
A., 120-126 A, 190--196 
A., 127-133 A, 197-203 

Storllge Register I Progrl m Mlmory Allocetion 

Deleting lines of program memory one by one from any location in 
program memory causes the calculator to automatically reallocate 
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program memory to data Itorage n:giaters in tne reverse of the 
order described above. 

Oltl Storlg.lO Progr.m Mlmory Con .... rsion Ord.r 

• 
R,ReR 1. ' R.1 R,a R,Re · .. R, Ro 
• 

For additional text and illustrations describing Automatic Memory 
Reallocation, refer to a ppendix C, How Automatic Memory 
Reallocation Operatee. 

IMEM I 

To di8piay the current allocation of memory At any time in or out of 
program mode, press CIt then preas and hold 1 MEM I. While you 
hoM I MFM I. thf> ell k"lator will dillpilly (I ). the number of available 
program linea to fill before conversion of the nut storage register 
and (2), the name of the next storage regiater to be converted. (For a 
more graphic coverage of 1 MEM 1 operation, refer to appendix C, 
How Automatic Memory Reallocation Operatea. 

Available J 
Program Line 1 

p·&3 

Keycod •• end line Number. 

I Next Register r \ 10 Convert 

r- .9 

When you place the calculator in Program mode and key in a 
program inatruction, the Iteycode for the keys you preased and the 
line number of the complete instruction will appear in the display. 
The keycode for any program instruction will have one, two, or 
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three elements, depending upon whether the instruction required 
one, two, or three keystrokes. Each element in a keycode i.e 
composed of two digits that describe the row/ column matriJr: 
position of the key repreeented by the element (except numeric 
keys, which are represented by a lingle digit element). 

Uno } 
Number ---,. 

017 42 21 11 

Koy 
Row 4 2 1 

Koy 
Col. 2 1 1 

Abbreviated Key Sequence. 

In Run or Program modes, the I!l prefix keyltroke you would expect 
to include in the keystroke aequence8 for eome inetruetione is not 
needed. (An Unnece8SBrY (D prefix keystroke pressed as part of a 
program instruction will not appear in the keycode for that 
instruction.) For example, pressing I STO II RANIi I will produce the 
same results as pres ling I STO I (D I RAN# I. References to other keys 
that can be used in abbreviated key sequences are included in the 
appropriate sections. 

Program Control Functions 
Program/Run. Pressing []]IP/R I switches the calculator 
between Program and Run modes. When the calculator is in 
Program mode, the PRQM annunciator appears in the display and 
program instructions can be inserted or deleted. In Run mode 
either programs stored in program memory or individual keyboard 
functions can be executed. 

Clear Program Memory. Pressing [DCLEAR I PRGM lin Program 
mode clears all programs from Continuous Memory and auto. 
matically reallocates Continuous Memory to 21 data storage 
registers and 63 lines of available program memory. Pressing [D 
CLEAR I PRGM lin Run mode resets the calculator to line 000 but does 
not clear program memory. 
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Go to Line 000. Pressing IGTO I EJ 000 in Program or Run mode 
sets the calculator to line 000 (top of program memory). 

Labels. The HP-I IC's labels are addresses for programs, program 
branches, and program subroutines. The alpha labels (~through 
[fJ) and the numeric labels (0 through 9) are keyed into program 
memory by preseing ffi I LBL I (label) and the desired alpha or 
numeric key. With the calculator in Run mode, a program 
addresaed by an alpha label is executed by pressing the [Dshift key 
and the label key. Labels 0 through 9 can also be used to address 
programs, but are usually reserved for program eubdivisions 
(branches and subroutines). Numeric labels can be executed by 
pressing I GSB land the desired number key. 

Return. The IRTN I (return) instruction, when used to end a 
program, causes program execution to transfer to line 000 and halt. 

Run/Stop. When encountered in a running program. I RI S I 
(Run / Stop) causes program execution to halt. When a program is 
halted, pressing I RI S I causes program execution to begin with the 
line of program memory the calculator is currently positioned to. 

Pause. When [!]I PSE I(pause) is encountered in a running program. 
execution halts temporarily (approximately one second) to allow 
viewing of the number currently in ths displayed X-register. 
Program execution then resumes. 

User Mode 
User mode is a convenience feature you can use to save keystrokes 
during program operations. Pressing I!l I USER I exchanges the 
primary math and the alternate (D prefix alpha key assignments 
on the calculator's top row keys. While I USER Imodeis set, the USER 
annunciator appears in the display. 

ffiluSER I 0.0000 
"''' 

[DprefiX=>-C. A B C 0 E 

Primary 0J Ii:J ~ li'l 111x1 
[]]prefi x • .' LN LOG % ,% 

In Run mode, this exchange enables you to execute any programs 
labeled IAl through ® by pressing only the appropriate alpha 
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function key instead of having to first pre88 the l]J ,hift key. 

NOle: To avoid inadvertently executing or programming a 
wrong function. User mode should be activated only when 
specifical ly desired. 

To deactivate User mode, press [II USER lagain. 

Program Memory 
As you may remember from the heat 10s8 program you keyed in at 
the beginning of this handbook, the keystrokes used to calculate a 
solution manually are alao used when you Wl'ite a program to 
calculate the solution automatically. Thess keystrokes are stored in 
the calculator's program memory. Press ] GTO 10000 now to return 
the ciliculator to the top of program memory. If you have not 
already done 80, set the calculator to Program mode by pressing II] 
I P/ R I. (Remember, whenever the calculator ia in Program mode, the 
PROM annunciator will be visible in the display.) The display 
should now show 000-, which is the top of (program) memory 
marker. 

• M rogram om..., 
000- .. Top·of-Memory Marker 

00' -
002-

? l"D,WOW"'" '0 .",<om M,m,,,, 

062-

063- ... Minimum Program Line Allocation 

rn 202-

203- ... Maximum Program Line Allocation 

Program memory is separate from the stack, LAST X, RI , and any 
data storage registers that have not been converted to lines of 
program memory. 
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When the calculetor is in program mode, the number that you see 
on the left side of the display indicates the line number in program 
memory to which the calculator is set. Press III CLEAR I PRGM I, 
then 01 LBLJ [!]-the first keystroke of the heat loss program (page 
12)- and the display will change to: 

001-42.21," --Line Number --I. L Keycode 

The calculator is now set to line 001 of program memory, as 
indicated by the 001 that you see on the left side of the diaplay. The 
other numbers in the display are keycodes fo r the keystrokes that 
have been loaded into that line of program memory. Press 3. Your 
display shows: 

002- 3 
~ ~ 

line Numbsr ----.J l Keycode 

The 002 on the left side of the display indicates that you are now at 
line two of the program. 

Each line of program memory "remembers" a single program 
instruction, whether that instruction ronsists of one, two, or three 
keystrokes. Thus, one line of program memory might ronmin a 
single-keystroke instruction liks I CHS I, while another line of 
program memory could contain the three-keystroke instruction 
I STO I GJ 6 (adds the number in the displayed X·register to the 
number in ~). The keystrokes in program instructions are 
represented in the calculator by keycodes. 

Interpreting Keycodes 
Most keyrodes for HP·l1C key positions arB determined by a 
simple row/ rolumn matrix. The key rows are numbered 1 through 
4. The key columns are numbered 1 through 10. (The tenth column 
is represented in HP-IIC keycodes 88 a 0, for example, "20" 
represents row 2, rolumn la, and corresponds to the ILl key. The 
only key positions which do not ronfonn to the matrix code are 
functioDs al!lsigned to the 0 through 9 digit keys. The codes for 
functions OD these keys are simply the single digit on the face of the 
key. 
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t 
Single·oigit 
Keycod •• 

A program line can consist of one to three keYCQde elements. For 
example: 

063- 23 

/ 
ISIN I 
Row2 
Col. 3 

064- 4333 

/~ 
[i] ffiIJ 
Row4 Row3 

Col. 3 Col. 3 

066-44,40, 5 

I 
ISTO I 
Row4 

Col. 4 

4 
[;] 
Row4 
Col. 10 

'" 5 
"5" digit key 

Let's take another look at the program instructions we just keyed 
in (page 81). Press W IBST I. Your display will now show the first 
line or the heat 1088 program: 

001-42.21.11 __ '" J 

LineNumber~ ~ Keycoda 

The number code 001- designates the line number of program 
memory. The next digit pair, 42, represents !Il(row 4, column 2); 21 
represents I LBL I (row 2, column I); 11 represents@(rowl,column 
1). [n this manner all programmable keystrokes except functions 
assigned to digit keys are represented by a two-digit keycode. Let's 
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see an example. Press I SST I once. Your Hp·IIC·s display will now 
show the keycode for the second instruction of the heat loss 
program: 

002--
Line Numl>er ---.J. 

~ 
L Kevcode 

We know tha t 002- is the program ,---------, 
line number. The "3" denotes, in this Keya Keycode 
case, the number 3. The box at the ml.RAOI ... 42 3 

3 
433 

right shows how the keycode would 3 '" 
change when the "3" key is used with j]]1 .OEG I ... 
or without the III and [!] prefix keys. L ________ ---l 

The remaining keystrokes for the heat loss program are shown 
below with their corresponding displays. Press each key in turn 
and verify the keycodes shown in the display. 

Keystrokes Display 

0 003- 0 Tbe"O" digit key. 

Q 004- 20 The 2nd row, 10th key. 

0 006- .8 The 4th row, 8th key. 

4 006- 4 The "4" digit key. 

7 007- 7 The "7" digit key. 

Q 008- 20 The 2nd row. 10th key. 
(jJ IRTN I 009- 4332 Denotes end of program. 
(jJI P/ RI Sets calculator to Run 

mode. 

Programming Operations 
The preceding topic, keycodes, covered individual program 
instructions. Now let's take some time to examine the details of a 
complete programming process. The fo llowing paragraph 
describes a new program we can create to help illustrate the steps 
involved in programming. 

I f you want to manually calculate the area of a circle using the 
formula A = ITr you could first key in the radius r. then square it by 
pressing W[ZJ. Next you would place IT in the display by pressing 
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m GJ. Finally you would multiply the squared radius and IT 

together by pressing 0. The resulting keystroke sequence is shown 
below. 

Beginning and Ending a Program 

To define the beginning of a program use an ITll lBL! (label) 
instruction followed by one of the alpha or numeric keys to specify 
which label. The use of labels permits you to h ave several different 
programs or parts of programs loaded into the calculator at any 
time, and to run them in the order you choose. 

To define the end of a program. you can use a IIJ I ATN I (return) 
instruction. In a running program, a I ATN I instruction used in this 
manner causes the calculator to immediately transfer execution to 
line 000 and hal t. 

Program Memory 

ITl LBl A 

Instruction 

Instruction 

Instruction 

!lBl lbegins program. 

! RTN lends program. 

Note: When a running program encounters the end of 
occupied program memory, the effect is the same as if a [j] 
! RTN I had Daen encountered. This means that if your last 
instruction in occupied program memory will be a [!]I ATN I. it 
can be eliminated. saving you one line of memory space. 
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The Complete Program 

The complete program to calculate the a rea of any circle given its 
radius is: 

Assigns name to and defines beginning of program. 

Squares the radius you input (stack does not lift or 
drop). 

Summons ,.. into the display (stack lifts). 

Multiplies the squared radius by IT (stack drops) and 
displays a nswer. 

Defines end of program; calculator returns to line 000 
and halts. 

loading a Program 

A program can be loaded in memory ahead of or after other 
programs already in memory. If a new program is loaded ahead of 
an existing program (by going to line 000 and keying in the new 
instructions), the exillting program will be bumped downward in 
memory, one line at a time, aa you key in the new program'lI 
instructions. 

To prepare for loading the preceding Area of a Circle program: 

L Press [j] IP/ RI to toggle into Program mode. The PRGM 
annunciator will appear in the display. 

2. Press ITl CLEAR [PRGM [ to clear program memory of previous, 
unwanted programs. (If you want to save a program already 
in the calculator, press ]GYO[ 0 000 instead of m CLEAR 
I PRGM I. [GTO I 0 000 sets the calculator to line 000 without 
affecting the contents of program memory.) 

You can tell that the calculator ia at the top of program memory 
because the digits 000 appear at the left ofthe display. 

The keys you press to load the program to calculate the area of a 
circle are: 

[DllBll~ 
[iJ[ZJ 
ITlGJ o 
@]IRTN] 

Preas the first key, [D, of the program. 
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Key.tt'oke 

III 
Df.play 

000-

You can lee that the dilplay of program memory bal not changed . 
It will not change unti l you prell all of the keys required for the 
complete inlltruction, Now pre8IJ the ree t of the keys for the first 
instruction. 

Ofaplay 

000-
001- 4 2 ,2 1, 1 ' ml l8t l~loaded into 

program memory. 

When a new program memory line number and keycode appear in 
the display, they indicate that a complete operation has been 
loaded into that line. Remember, nothing is loaded into program 
memory until a complete inatruction (whether one, two, or three 
keyatrokea) hal been keyed in. 

Now load the remainder of the program by pressing the following 
keya. 

Keystrok ea 

000 
1110 o 
[!)IRTN I 

Dilplay 

0 0 2 - 4311 
003- 4 2 11 
0 04- 20 
001- 4332 

The program for aolving the area of a circle given ita radius i, now 
loaded into your HP·II C', program memory. 

Running I Program 

Progra ma are executed in Run mooe only. To prepare to run the 
Area of a Circle program you loaded in the preceding e:umple, let 
the HP-IICto Run mooe now by preNling[!)lp/ RI. 

To run a program, you need only key in any required data and 
preIS I1J and the alpha key «(aJ through III) that labels your 
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program. To run the circle area program, key in the radius data 
andprell m~. 

Example Execution. Calculate the areas of ci rcles having radii 
of 7.5 centimetera, 9 inchee, and 15.3 meters: 

Keyatrokea 

7 ,5 1]~ 

9 (D~ 
15.3 00 

Display 

176.7146 

254.4690 

735 .4 154 

Square Centimeters 
Square Inches 
Square Meters 

How t he Calculator Searebes For a Label. When you set the 
HP· U e to Run mode, the calculator was positioned at line 005 of 
prOHTam memory (the laat line you filled with an instruction when 
you were loading the program.) When you pressed m (!I, the 
calculator began to search sequentially downward through 
program memory, beginning with line 005, for a ItBl l (!I 
instruction. When the calculator searches. it doee not execuU! 
protrram inatructions. 

Because: 

L Line 005 did not contain the 
ItBl I~ instruction, and 

2. No further lines of program 
memory were occupied, 

your HP-I IC returned to line 000 and 
resumed searching d ownward 
through program memory. When the 
calculator found the (D lU l l @) 
inltruction at line 001 it then began 
executing your program. 

~-~ , , , , , , 
, , , 1 
L~J 
® 

0 00-

001 - 4 2.2 1.11 

002- 43 l ' 

003- 4 2 16 

004- 20 

005- 43 32 

End of Occupied 
Program MemlWf 

Executin, Program Inltructions. The calcula tor uecutee the 
instruction. in the order you keyed them in, perfonning the I]J(Z) 
operation in line 002 first , then III 0 in line 003, etc., until it 
executes a I]J I RTN I instruction. a I RI S I (run / stop) inltruction, or 
encounters the end of occupied program memory. Since there is a 
m I ATN I instruction in line 005, uecution returns to line 000 and 
h alla . The re8ult of the calculation. the value in the X-register, ill 
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then di.played. In program. havin, lenlthier execution time. 
running will flash in the display while execution is in progreas. ' 

Non-prorrammahle Function •. When the calculator 1. in 
progum mode (PROM annunciator di.played) almoet every 
function on the keybo ... d can be recorded as an in.truction in 
program memory. However, the following keybo ... d in.truction. 
are deeigned for use 81 non-programmable functions. 

[lCLEAR IPRGM I 
[I CLEAR I PREFIX I 
@!QJOnnn 
!Ill USER I 

UM' Mode Ope,etion 

Let'. let the calculator to U.er mode now and run the Area of a 
Circle program you ju.t ran in the preceding esample, then execute 
the keyboard functions affected by User mode. 

K ey. trokes 

0 1 USER I 

7.5 0 
9@ 
15.3 1K1 

41IlG:Zl 
1 fila 
' m~ 
21ENTERI 
8 [10 
051]Il /.~1 

m~ 

Di.play 

Un. 

178.7148 
264.41190 
736.4164 

2.0000 
2 .7183 
10.0000 
2.0000 
268.0000 
2 .0000 

2 .0000 

Program Stops and Pauses 

Activates User mode; 
USER annunciator 
appears. 

In User mode (K]through 
OObecomethe primary 
function. of their 
reepective key •. 

In Uler mode, the top row 
math functions become 
the a lternste [Dprefix 
function. of their 
respective keys. 

Deactivates Ueer mode. 

When programming, there may be occaaionl when you want a 
program to halt during eJ:ecut ion 80 that you can key in data. Or 
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you may want the program to paule 10 that you can quickly view 
resulta before the program automatically relumes running. Two 
key., IRl s l ( run l ,top) and IPSE I (palUle). are used fo r program 
interruption • . 

P lanned Stopa During Prog ram Execution 

The IRI S I(run l ,top) function can be Uled either as an ill.lltructlon in 
a program or 8JJ an operation pressed from the keyboard. 

When pres.e<! fro m the keyboard: 

1. If II program is running, I RI S I haltt pro,ram execution. 

2. If a program is stopped or not running, and the calculator is 
in Run mode, pressing I RI S I .tartl! the program running. 
Execution then begins with the fint line of program memory 
following the I RI S I instruction . (When I RI S Ii. pressed and 
held in Run mode, it displays the line number and keycodeof 
that current line-when relea8ed, execut ion begins with that 
line.) 

You can U8e these features of the I HI S Iinstruction to lltop a running 
program lit points where you want to key in data. After the data 
has been keyed in, restart the program using the IRIS Ikey from the 
keyboard. 

E!tample: Univel'8ai Tins, a can­
ning company, needs to calculate the 
vo lum .. of various cylindrically 
shaped can • . Univel'flal would also 
like to be able to record the &:rea of the 
base of each can before the volume is 
calculated. 

The following program calculates the area of the base of each can 
and then stops. After you have written down the result, the 
program can be reetarteti to calculate the fina l volume. The 
fonnul a u.ed i.: 

Volume "" baae a rea X height '" .. r 2 X h 
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The radius (r) and the height ( h ) of the can are keyed into the 
X-and V-registers, rHpectively before the program is run. 

To record thill progTam, set the Hp· llC to Program mode, then key 
in the following program instructions. 

Keystroke. 

(D CLEAA IPRGM I 

0 1LBLI0 
[IJIZ) 

m~ 
o 

DisplAY 

000- Clears program memory 
And diaplaya line 000. 

001-42 ,21 ,11 
002- 4311 Square the radius. 

003- 42 111 Place 11" in X. 
004- 20 Calculate the area of the 

005-
006-

b_. 
31 Stop to record the area. 
20 Calculate the final 

volume. 
007- 4332 

Set the HP-llC to Run mode. Then use the program to complete the 
table below: 

Height 

25 , 

Keystrokes 

25 I ENTER I 

ArM ot a ... Volume 

10.0 
4.5 

Diaplay 

2&.0000 

314.11593 

7 ,853 .9818 

8 .0000 

, , , , 

Enter the height into the 
Y·register. 
Key the radiUli into the X­
register and calculate 
area. ProgTam stope to 
diaplay the area. 

Volume offirstcan is 
calculated. 
Enter the height into the 
Y·register. 
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Keystrokes 

4.Sm0 
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Display 

83.8173 

508 .9380 

Key the radiu", into the X­
register and calculate 
area. Program atopa to 
display the area. 
Second volume i8 
calculated. 

With the height in the Y·register and the radiu!! in the X·register, 
prHsing 00 in Run mode calculates the a rea of the c::an 's base; 
the program stops at the flJ"8t [RI SI instruction enC'Ountered. 
Pre88ing J RIS Icalculates the volume of the can. Program execulion 
then returns to line 000 and halta. 

For a discussion of techniques for data inputs in prOgTaml, refer to 
page 212, Data Input, and page 217, the User·Definable Keys, in 
part III orthis handbook. 

Pausing During Pro9ram Execution 

An [!) I PSE I instruction executed in a program interruptI program 
execution to display results momentarily before execut ion is 
resumed. The length of the pause is about 1 second, but you can UHe 
more than one consecutive [!) I PSE I instruction to lengthen the 
pauee duration. 

To see how m I PSE I can be used in a program, we'll modify the 
cylinder volume program in the previous example. In the new 
program the area of the base will be briefly displayed before the 
volume is calc::ulated. This example will also show how different 
programming approachee can be taken to solve the same problem. 

To key in the program, set the HP·IIC to Program mode. Press [!] 
CLEAR I PflGM Ito clear program memory and die play line 000. Then 
key in the following program inetructions. 

K eyatrokes 

(DCLEAA IPflGM J 
(D1LBL I(KJ 
[IJIZ) 

Diaplay 

000-
001-42,21,11 
002- 4311 Squaree the radius in X. 
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Key8trokes Display 

003- 4216 
004- 20 

Places /T in X. 
Calculatee the area of the 
b~. 

005- 4231 Pauses to show the base 
area for one second. 

006- 20 Calculates final volume of 
oan. 

007- 4332 

This program also aasumes the height haa been entered into the 
V-register and the radius haa been keyed into the X-register. U you 
have stored the instructions, set the HP-lIC to Run mode. Now 
complete the table below using the new program. 

Height 

20 
10 

Keystrokes 

20 I ENTER I 

lS moo 

10 lENTERI 

smoo 

Radius 

15 
5 

Display 

Ar •• ofS •• e 

1 
1 

Volume 

1 
1 

20.0000 Enter the height into the 
V-register. 

706.8683 Key the radius into the X­
register and calculate. 
Area of base is displayed 
for 1 second. 

14.137.1669 Program stops, 
dieplaying the volume. 

10.0000 Enter the second height 

78.6398 

786.3982 

into Y. 
Key the radiue into the X­
register and calculate. 
Area ofbaae is displayed 
for 1 second. 
Program etops, displaying 
the volume. 
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Unexpected Program Stops 

At times a mistake of some kind in your program will stop progra m 
execution. To help you determine wby the calculator stopped in the 
middle of a program, possible reasons are listed below. 

Executing (jJIRTN I. Unless in a subroutine, whenever (jJI RTN I is 
executed in a program, the calculator immediately returns to line 
000 and halts. 

Encountering the End of Program Memory. When the final 
instruction in program memory is not I GTol, I GSBI, IRTN I or I RIS I, 
and is not in a subroutine, a running program will encounter the 
end of occupied program memory, transfer immediately to line 000, 
and halt. 

Pressing Any Key. Pressing any key halts program execution. 
The calculator has been designed so that program execution will 
not halt in the middle of a digit entry sequence. If you press any 
key while a number is being placed in the X-register by a running 
program. the entire number will be "written" and the following line 
will be executed by the program before the calculator halta. 

When a program is halted, you can resume execution by pressing 
IRl s l from the keyboard in Run mode. When you preas IRI SI, the 
program resumes execution where it left off 88 though it had never 
stopped at all. 

Error Stop8. If the calculator attempts to execute any error­
causing operation (refer to appendix A, Error Conditions) during a 
running program, execution immediately halta and the calculator 
displays the word Error and a number. To see the line number and 
keycode of the error-causing instruction, you can set the HP-llC to 
Program mode by first pressing any key to clear the error message, 
then pressing Wlp/RI. 

[f an attempted storage register arithmetic operation would result 
in overflow in a storage register, the calculator halts and displays 
Error 1. The number in the affected storage register remains 
unchanged from ita previous value. When you clear the error 
message, the last number in the display returns. 

If the result of a calculation is a number with a magnitude less 
than 1.000000000 X 10-99, zero will be substituted for that number 
and a running program will continue to execute normally. This is 
known as an underflow. 
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Labels 
As you read earlier , the labels in your programs act as addresses­
they tell the calculator where to begin or resume execution. Notice 
that when a label ill encountered 118 part of a program, execution 
merely "falls through" the label and continues onward. For 
example, in the program segment shown below, if you prese m~, 
execution would begin at [IJl l8Li ~ and continue downward 
through program memory, on through the ill ILBl l 3 instruction, 
unti l the I RT'" I was encountered a nd execut ion returned 1(1 line 000 
and halted. 

IIll l8L I~ 

m rLBL 3 

ml RYN I 

~ 

Problems 

1 

When you press mlAl .. execution begins 
here. 

No 001 RTN lor IRI S Ihere ... so execution 
lalls through the 01 LeL 13 instruct ion .. 

'" and continues to the I RT'" I. then transfers 
to line 000 and hails . 

I. Write and load a program that converts temperature in 
degrees Celsiu8 to Fahrenheit, according to the formula F 0::; 

I .SoC + 32. Define the program with III l lBl f(!j and [j] IRTN I 
and run it to convert Celsius temperatures of -40", 0", and 
72" . 

Answefll: -40.0000"F, 32.0000"F, 161.6000"F. 
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Create II. program to calculate the length of a chord £ 
lubtended by angle /I on a circle of r radius using the 
equation , . , 

= 2rsm- . 
2 

Design your program for an r, 80rder of data entry. 

Oefine thi' new program with II) 1 LBL I 00 and use it to 
complete the following table: 

' Im.t .... ) , , 
25 30 , 
50 4' , 

100 90 1 

(Answers: 12.9410 meters. 38.2683 meters, 141.4214 meten.) 

8. What /:tre the program keycodea for the following inl truc. 
tions? IIlOO, ill I + RAO I, ISTO IG] I , ISINI . ill il8li @ , ~ 
IRAN_ I. 

Answers: 4314; 42 3; 44,40,1; 23; 42, 21,14; 4436* . 

4. How many lines of program memory are required to load the 
following sections of programs? 

a. 2IENTER I30. 
b. 1 0IsTOI6 I RCl I 5~]. 
c. l 00 15Toll50 lsTO IQ I IRCL I2 ill0 1I1· 

Answers: a , 4; b, 5; c, 10. 

• Ref ... to Pafr~ 78, Abbrevi.tod Key Sequen_. 
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Program Editing 

Editing In Brief 

Even the moet experienced programmers find errors in their 
programs. Theae errors range from mistakes in the original 
formulas to mistakea in recording the program. Whenever errors 
occur they need to be found andcorrect.ed. Your HP-I1C iedeaigned 
to make this elTor-checking process as easy as possible. 

A program that uses storage registers or status settings (such as 
flags or trigonometric modes) may give rise to errors if such 
information is incorrect when you run the program. However. you 
can eliminate the possibility of this type error using an 
initialuing-clearing or resetting-procedure. One method of 
initializing a program is to execute the necessary clearing and 
~~t.ing instructions from the keyboard before beginning program 
execution. Another method is to make the program self-initializing 
by including the necessary instructions at the beginning of the 
program. 

Finding Program Errors 
One of the easieet ways to help verify that a program is working 
properly is to run a test case in which you either know the answer 
or the anewer can be easily determined. Another option is to test a 
program for proper responses at its intended limits of applications 
and accuracy. For some types of calculations, you may even want 
to teet the program for proper responsee to illegal data. To help 
locate any potential problems in a self-initializing program, try 
running the program several timee with all data registers loaded 
with meaningless data, in different trig modes, and with the flags 
set. and then cleared. 

The editing features of your HP-IIC have been designed to provide 
you with quick and easy access to any part of a program, whether 
for editing, debugging, or documentation. If a program stope 
running because of an error or because of an overflow, you can 
simply clear the error menage, then switch the calculator to 
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Program mode to see the line number and keycode of the operation 
that caused the elTor or overflow. If you suspect that a portion of 
your program is faulty you can check execution step by step, then 
use the other editing features to make any necessary cha nges. 

Editing Functions 
Your UP-lIC's function set includes the following four nonpro­
grammable editing and manipulation functionB to aid you in 
modifying and cOlTecting your programs: 

I SST I(Si1lllle.Step). 

In Program Mode: 
When you press and release I SST I 000-
the calculator moves to and 
displays the next line in occu- I SST I 
pied program memory. If you 
preu and hold ISSTlin program 001-42,21 ,11 
mode, the calculator will con-
tinuously scroll through the instructions in program memory 
until you release the ISSTI key. When using ISSTI in program 
mode, no program instructions are executed. 

In Run Mode: 
When you press I SST Ithe calculator moves to and displays tbe 
nut line of program memory. When you release ISSTI, the 
calculator executes tbe instruction loaded in tbat line. 

I SST I (Back Step). Pressing m I eST I 
causes the calculator to step or scroll 002- 43 13 
backwards through program memory 
in the same way that I SSTlcauses the Wi eST I 
calculator to step or scroll forward. 
(No program instructiona are 001-42,21,11 
executed.) 

I GTO IOrmn (Go To Line nnn), Pr8fJsing I GTO IDnnn in Program 
or Run mode causes the calculator to go to the program line number 
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specified by nnn. (In Run mode only. pressing I GlO I and an alpha 
or numeric label name caueea the calculator to go to the specified 
label in the same way that I GTD 10 nnn causee the calculator to go 
to a specified line number.) 

~ (Bocltarrow). Preuing ~ in Program mode delete& the 
diaplayed program instruction from program memory. Any 
program inatructiona following the deleted instruction will then 
automatically move upward one line and be renumbered . Prellling 
~ in Run mode dOH not affect program memory, but doee affect 
the CQntent. of the diaplayed X-regi.eier (refer to Display Clearing: 
I Cl< I and lB p.~. 17). 

(Display) 

Ex.mp~ Program Memory 

Before Ahar 
Pressing~ : Pressing~: 

001-42.21.11 .. 001-42.21 .11 

002- 43 '3 _______ 002- 23 

003- 23 ___ 003- 46 0 

004- 46 0 __ 004- 45' 

0015- 46 1 

Editing Example 

To provide an example for editing, 
load the following Pythagorean theo­
rem program for calculating the 
length of the hypoteneuae (.ide c) of a 
right triangle, given the lengths of 
sides a and b. The formula used is c = 
Ja2 + b2, A88ume that the calcula­
tion begins with side a in the Y­
register and side b in the displayed 
X-register. 

To begin, set the HP-llC to Program mode. 

(Display) 

) ) 
) ) 

) 

) 

) 

.J i ) 

) 

) 

) ) 

II ) 

) I ) 

) ) 

) I ) 

; I 
) 

) 

I 

) 

) ! ) 

;1 ) 

) . ) 

J i 
) ) 

Key.trokes 

[j]CLEAR I ""GM I 
0 1LBLIIIJ 
[TI1Zl 
1.1'i:: d 

Display 

000-
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Clears program memory. 
001-42.21 ,16 

002- 4311 

Labels the program. 
Squares 8ide 2 (b2). 

003-

004-

005-

008-

34 Move8 b 2 from displayed 
X-regi8ter to V-register 
and a from Y -regi8ter to 
displayed X-register. 

43 11 Squares side 1 (oZ). 

40 (. ' + b'). 
" ) (.' +b'). 

007- 4332 Tenninatea the program. 

Set the HP-llC to Run mode. 

To test the program, calculate the hypoteneuae of a right triangle 
with aide a of22 meters and side b of9 meters. 

Keystrokes 

22 1ENTER I 

9 

[j]1IJ 

Dilplay 

22.0000 

9 
23.7&97 

Single-Step Execution of 8 Program 

Keyina. 
Keyinb. 
Length in meters of the 
hypoteneuse. 

In longer programs a wrong te8t-<:aae an8wer will seldom pinpoint 
a mistake. For these ca8es , you can s low down program execution 
by using I SST lin Run mode. 

Single-8tep execution begin8 with the line the calculator is 
currently positioned to. Since the I RTN I instruction at the end of the 
program positioned the calcul ator to line 000 after you ran the 
program, we need only key in our initial values to begin single-step 
execution. Each time you press I SST I, hold the key down 
momentarily to view the line number and keycode of the next 
instruction to be executed; then release the I SST I key to execute the 
instruction. 
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Keyetrokes 

22 I ENTER I 

Dieplay 

22.0000 load« into the Y-regiater. 
Load b into the X-register. 
While I SST I is beld, 
keycodein line 001 (for lIJ 

9 
ISSTI 

9 
001-42,21 .16 

9.0000 
I LBL IlID) is displayed. 

Wben I SST I is released, the 
label in line 001 is 
executed. 

002- 4311 Keycode for [ZJ. 

81.0000 ISST lrel.aoed. [ZJ 
executed. 

003- 34 Keycodefor l x~l'i . 

22.0000 ~executed. 

004- 4311 
484.0000 []J[ZJexeeuted. 
006- 40 
686.0000 [±] exeeuted. 
006- 11 
23.7697 Q!lexecuted. 
007- 4332 
23.7897 WIRTN lexecu~. 

Program completed; 
calculator returns to line 
000 and balts. 

Note: ISST I will not advance into unoccupied lines of 
program memory. If you single-step from the last occupied 
line of program memory, and the last instruction is not I GTO I 
(go to) or IGSB !(go to sub!outine). the calculator will "wrap 
around" to line 000. If the last instruction is a l GTO lor I GSB I 
the calculator will execute the IGTOlor IGSBI instruction by 
moving to t he designated position in program memory. 

Uling ISSTland IBSTlin Program Mode 

Line by Line Steppin. Through Program Memory. In 
PTogram mode. when you preas and release I ssT!, the calculator 

) 1 , 

) 

) 

, I 
, 

I ) 
, 

) 

) 
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moves to and displays the next line of occupied program memory. 
No instructions are executed. ([j] 1 BST I operates in the same way, 
except that the previous line of program memory is displayed .) 

Key.troke. 

WIP/ RI 

Display 

000-

001-42. 21 .16 
002- 4311 
003- 34 
004- 4311 
006- 40 
006- 11 
007- 4332 

Set the HP·llCto 
Program mode. 

Set the Hp·IlC to Run 
mode. 

Scrolling Throul'h Program Memory_In Program mode, 
pressing and holding ISST I or I BST I scrolls the calculator forward or 
backward through program memory. (The calculator displays the 
current program line for approximately two seconds, tben displays 
each succeeding line for approximately one-half seeond.) 

Modifying a Program 

To illustrate how to use the HP-llC's editing features,let's modify 
the Pythagorean Theorem program shown on page 99 80 that the 
X-register contents will automatically be displayed. at certain 
points in the program. We will do this by inserting an 1]1 PSE I 
(pause) instruction in the indicated locations in program memory. 

001-42.21.16 

002- 43 1 1 ~ We wilJ insert an IIJI PSE I 
003- 34 instruction after these 
004- 43 11 three instructions. 
006- 40 
008- 11 
007- 4332 

Inserting Instructions_ A new program instruction can be 
inserted anywhere from line 000 through the end of occupied 
program memory. To insert a new instruction: 
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l. Set the calculator to Program mode. 

2. Move to the program line numher immediately precerung the 
position where you want to insert the new instruction. 

3. Key in the Dew instruction. It will be loaded into the next line 
of program. memory. All subsequent instructions will be 
"bumped" down (renumbered) one line in program memory. 

Because each new instruction you insert causes a11 subsequent 
instructions to be renumbered, inserting changes in a program is 
simplified by beginning with the change farthest from line 000, 
then working back toward the beginning of the program. 

Example. To insert a i PSE I instruction after the@instruction: 

Keystrokes Display 

I GTO 10000 Set the calculator to 
program line 000. 

[]JI P/ RI 000- Line 000. 
ISST I 001-42.21.16 Go to line 005. 
ISST I 002- 4311 
ISSTI 003- 34 
ISSTI 004- 4311 
ISSTI 006- 40 Line 005. 
IIII PSE I 006- 4231 IpSE liJUltruction inserted 

at line 006. 

With the calculator set at line 005, when you pressed III ! PSE I, 
program memory was altered ... 

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

001-01 LBL Iffil - 001-01 L6Llffil 
002- []J[ZJ - 002- []J[ZJ 
003- lxiE d - 003- lx'fiJ 
004- []J[ZJ - 004- []J[ZJ 
005- 0 - 005- 0 
006- G2'!T 006- 0 1 PSE I 
007- []J IRTN I OO7- [flj 

008- []JI RTN I 

1
01 PSE linstruction 
inserted here; sub­
sequent instructions 
"bumped" down 
one line in program 
memory. 
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Going To a Line Number. It is easy to see that if you wanted to 
single·step or acroll to some remote line in program memory it 
could take an inconvenient amount of time. However, using the 
1 GTO IE] nnn procedure you used previously to jump to line 000, you 
can avoid unnecessary waiting. When you press I GTO I 0 and the 
desired threfHligit line number in occupied program memory. the 
calculator immediately jumps to the line number specified by the 
three digits. (You can use I GTO I 0 nnn in Program or Run mode­
no program instructiona are executed.) For example, to go to line 
004 to insert a l PSE I instruction after the second []][l) instruction: 

Keystrokes 

I GTO 10004 
01 PSE I 

Display 

004- 4311 Go to line 004. 
006- 4231 Insert lpselafterline004. 

When you inserted the m I pse I instruction after line 004, program 
memory was altered ... 

... from this ... 

001-01 LBL Iffil -002- []J[ZJ -003-l x~ rI -004- []J[ZJ -006- 0 

I~ 006- Wi PSE I 

007- r;;'i'1 

008- []JI ATN I l.-
1. 

... to this. 

001-01 LBL Iffil 

002- []J[ZJ 
003- lx~ rI 
004- []J[ZJ 

006- 01 PSE I 

006-0 

007- 01 PSE I 

008- [flj 

009- []JI RTN I 

4-[IJ1 PSE linatruction 
inserted here. 

All subsequent 
instructions 
"bumped" down one 
line in program 
memory. 



'04 Section 6' Program Editing 

Now we will usel eST Ito insert the last Wi PSE lin OUl' example. 

Keystrokes Display 

005- 4231 Current position in 
program memory. 

m lBsT I 004- 43 1 1 
ml BSrI 003- 34 
m lBSTI 002- 43' 1 Insert the last I PSE I 

instruction after this line. 
mlps,1 003- 42 31 Inserlll i PSE ]at line 004 

and "bumps" all 
subsequent instruction8 
downward one line in 
program memory. 

The modified example program now look8 like the program 
illu8trated below. If you wish, you can use I SST lin program mode to 
verify that the program now in your calculator matcheIJ the 
modified ver8ion. 

Dilp lay 

001 - 42. 21 ,16 
00 2- 431 1 
003- 42 31 
004- 34 
006- 431 1 
008- 4231 
007- 40 
008- 4231 
009- 11 
010- 43 3 2 

Now run the program again. Use our previous example of22 and 9 
for sides a and b. 
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) 

) 

) 
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Keystrokes 

mlp/RI 

22 1 ENTER ] 

9 

mm 
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Display 

22.0000 

9 

81 .0000 

484 .0000 

686 .0000 

2 3.7697 

Set the HP·IIC to Run 
mode. 
Side a keyed into the 
Y·register. 
Side b keyed into the 
X·register. 
Pause to show result of[ZJ 
(b2) instruction at line 003. 

Pause to show result of[ZJ 
(02) in8truction at line 006. 

Pause to show result of G.] 
(02 + b2) instruction at line 
007. 

The final result, side c (c == 
J.' +b'i. 

Inserting Instruction s in Longer Programs. If all 203 
program line8 are occupied, the calculator will not accept any 
additional program instructions. [f you attempt to insert a new 
instruction at any point in program memory with all 203 lines 
already occupied, Error 4 will appear in the display and program 
memory will remain unchanged. (Refer to appendix C, How 
Automatic Memory Reallocation Operat.e8.) 

Deleting Instructions, Often in modifying or correcting a 
program you may wish to delete an instruction from program 
memory. To de1ete an instruction, use [§!Q],ISST I, or l BST lto set the 
calculator to the instruction, then press the non programmable 
operation ~ with the calculator set to Program mode. (When you 
delete an instruction from program memory using ~. all 
subsequent instruction8 in program memory are moved up 
(renumbered) one line. The calculator then displays the line 
preceding the line that held the instruction you deleted.) 

Example. To modify the Pythagorean Theorem program from the 
previous example 80 thai only one pause remains (to display the 
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sum of the squares) you would have to delete the !]I PSE I instruc­
tions thal are presently loaded in lines 003 and 006 of program 
memory. 
Keystrokes 

CiJIP/RI 

IGTO IOOO6 

(B 

I GTOI [JOO3 

Display 

000-

006- 4231 

005- 4311 

Sets the HP·IIC lo 
Program mode. 

Moves calcu lator to line 
006. 
Deletes m! PSE I 
instruction; cwculator 
displays preceding line 
(005). Subsequent 
instructions are re­
numbered (move up one 
line). 

003- 4231 MovescalculatortoJine 
D03. 

002- 43 11 Deletes !]1 PSE I 
instruction; calculator 
displays preceding line 
(002). Subsequent 
instructions are re­
numbered (move up one 
line). 

When you deleted the I p$e I inatructions at lines 006 and 003, 
memory was a ltered ... 

fr th · to this to this ... am 18 ... ... , ... ... 
001- (!]l lBl l[[) -- 001 - (!]l lBll[[) - 001- lIil l Bll[[) 

002- CiJ!Zl -- 002-r.ll7l - 002- CiIRJ 
oo3- (!]l psE I f..- 003- 1I1! PSE I 

004- I.d:" 1"1 - 004-~ 
;: 003- 1-l":i!:d 

004- CiJ!Zl 

005- CiJ!Zl I- 005-CiJ!Zl 005- 0 
ooe- (!]l ps, 1 

~ 
ooe- 0 

007- 0 007- 1Ii1 pS, I 

009- m,psEi 

~ 
008-~ 

009- (£] OOB- CiJIRTN I 

010- CiJIRTN I 

006- Inl pS, I 

007- QTI 

009- WI RTN I 
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If you modified the Pyth agorean Theorem program 88 described 
above. the program now pauses only once, to di8play the sum of the 
squares. The length of the hypoteneusc is then calcul ated and 
execution halts. 

Run the program for a right triangle having sides a and b of 17 and 
34 meters respectively. 

Keystrokes 

CiJIP/RI 

Display 

34 
1.4415.0000 

38.0132 

Set the HP·IIC to Run 
mode. 

Pause to display 8um of 
theaquares ofsides a and 
b. 
Length of hypoteneuse. 

When deleting instructions from a program of more than 63 linea, 
the proccss of automati cally allocating storage registers to 
program lines works in reverse. For example, delcting any 
instruction from a 71·line program automatically converts 
program lines 71 ·77 back to storage regi8ter R.B. (Refer to appendix 
C, How Automatic Memory Reallocation Operates.) 

Problems 
1. The fonowing program is used. 

by the manager of a savings 
and loan company to compute 
the future values of saving8 
accounts according to the for· 
mula FV = PV (1 + i)", where 
FV is future value or a mount, 
PV is present value, i is the 

T+~ Z+ 
y+ PV 

X+ n 

periodic interest rate expressed a8 a decimal, and n is the 
number of periods . Assuming PV and n keyed in 8S shown 
before beginning execution, and an annual interest rate of 
7.5%, the program is: 

Keystrokes 

InllBl l0 
IIJITiKJ2 

Display 

001-42.21.11 
002-42. 7 . 2 
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Keyatrokes Display 

003-
004-
006-
008-
007-
008-
009-
0'0-
011-

, 
o 48 
o 
7 
5 

o Interest 
7 
5 

~ 
IZl 

34 
14 (l + i)" 

o 
EiJIRTN I 

20 PV(l+i)" 
4332 

a. Load the program into the calculator. 

h. Run the program to find the future amount of $1 ,000 
invested for 5 years; 

(Answer: $1,435.63) 

of $2,300 invested (or 4 years. 

(Answer: $3,071.58) 

c. Alter the program to account for a change o( the annual 
interest rate from 7.5% to 8%. 

d. Run the program for the new interest rate to find the 
future value of $500 invested for 4 years; of $2,000 
invested (or 10 years. 

(Answers, $680.24; $4,317.85) 

2. The following program calculates the time it takes {or an 
object to fall to the earth when dropped from a given height. 
(Friction from the air is not taken into account.) When the 
height h in meters is keyed into the displayed X·register and 
[!) is pressed. the time t in seconds the object takes to faU to 
earth is computed according to the formula: 

a. Clear all previously recorded programs from the 
calculator, reaet the display mode to mKJ 4, Bnd load the 
fonowing program. 
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Keyetrokes Display 

001-42.21.12 [II ceLIOO 
2 002- 2 
o 003- 20 
9 004- 9 
o 006- 48 
8 008- 8 
8 007- '0 
[iZ!J 
[[IIRTN I 

008- 11 
009- 4332 

b. Run the program to compute the time taken by a atone 
to fall from the top o( the Eiffel Tower, 300.51 meters 
high; and from a blimp stationed 1000 meters in the air. 

(Answers: 7.8313 seconds; 14.2857 seconds.) 

c. Alter the program to compute the time of descent when 
the height in feet is known, according to the formula: 

~h t -
32.1740 

d. Run the altered program to compute the time taken by a 
stone to ran from the top of the Grand Coulee Dam, 550 
feet high; and from the 135O-foot height of the World 
Trade Center buildings in New York City. 

(Answers: 5.8471 seconds; 9.1607 seconds.) 
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Program Decisions and Con tr ol 

Decisions and Control In Brief 

Program Conditional Tests 
The HP-llC's eight conditional tests are true/ false tests used in 
programs to enable your HP-llC to make decisions. In a running 
program, when the result of a conditional teet is true, program 
execution continues with the rust instruction following the 
conditional test. When the result of a conditional test is false 
execution bYP48seS the first instruction following the teat and 
resumes with the second instruction following the test. 

Is the test true? 

Instruction 

c: Conditional Test --, 
Instruction I 

V •• 
I 

Instruction _oJ N. 
Instruction 

"Do if True" Rule 

Your HP-llC's conditionals operate by comparing the value in the 
X-register to either the number in the V-register or to zero in the 
following manner: 

m~ tests to see if the value in the X-register is less than or 
equal to the value in the V-register. 

[ICIW tests to see if the value in the X-register is greater than 
the value in the Y-register_ 

(TIm tests to see if the value in the X-register is not equal to 
the value in the Y-register_ 
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illl x = "I tests to see if the value in the X-register is equal to the 
value in the Y-register_ 

I1JI x< 01 tests to see if the value in the X-register islesa than zero_ 

I1J lx> OI tests to see if the value in the X-register is greater than 
zero_ 

Wi x 'I- 0 I tests to see if the vaLue in the X-register is not equal to 
zero_ 

1]]1: .. '" 01 tests to see if the value in the X-register is equal to zero_ 

Flags 

Another type of decision-making test for use in programs is a flag 
test. A flag is actually a status indicator that is in either a set (true) 
or clear (falae) status. A running program can test a flag and make 
a decision based upon whether the flag is set or clear. Flag tests 
affect program execution in the same way as conditional tests. 

The two flags in your HP-llC are numbered 0 and 1. To set a flag, 
pressl]][§£J(set flag) followed by the proper digit key (0 or 1) of the 
desired flag. To clear a flag, press []] [Q) (clear flag) followed by 
the proper digit key. To test a flag use []][ITI(is (lag set?) followed 
by the digit key specifying the flag to be tested_ 

A flag that has been set by a 11J[§£J n command remains set until it 
is cleared by a m [ffJ n command or until Continuous Memory is 
reset. 

Is flag 1 set (True)? 

-j Instruction L, N. 
mrm, 
Instruction 

I 
I 

Instruction t Instruction 
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Program Control 
GoTo 
The I G10 I instruction you have used earlier to position the calcula­
tor to a specific program line for viewing or editing is al80 used to 
transfer execution to a label elsewhere in program memory. When 
used 8S an instruction in a program ' Glo lis followed by an alpha or 
numeric label address . 

When a running program encounters a I G10 I label instruction, 
execution is suspended while the calculator searches downward in 
memory for t he specified label. Program execution resu mes at the 
first line found to contain the Jabel. 

Branching and Looping 

Unconditional Branchin,. An unconditional branch is simply 
a I GTo linstruction that is always executed in a running program to 
transfer program execution elsewhere in the program, regardless of 
data status. The preceding illustration of I GTO I operation is an 
unconditional branch . 

Conditional Bran,ching. When I GTO I label is used in conjunction 
with a conditional test, as in the following illustration, the I GTO I 
label instruction becomes 8 conditional branch. That is , the result 
of the conditional test preceding the I GTO I detennines whether or 
not the I GTO I instruction will be executed. 
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Conditional Brench 

(Ie E;; y) = False I): " V) = True 

Instruction 

~ 
IGTOI7 

Instruction 

Instruction 

[DILBL I7 

Instruction 

When the calculator is in Run mode. pressing IGTO Ilabel causes the 
calculator to go to the specified label and halt. This feature is 
convenient when you want to review or edit. lines of memory 
following a certain label instead of executing t.hem as part of a 
program. 

Loopin" Looping is a special case of branching in which a IGTOI 
instruction is used to repeat the execution of a flenes of instructions 
oneor more times. Loopslml frequently used for counters and for sequen­
tially calculating a series of results using the same set of program 
instructions. The continuation of a loop for a new iteration or the 
transfer of execution out of a loop is controlled by a conditional 
branch. 

In the following illustration, as long as the result of the conditional 
test preceding the l&!Q] ia true the calculator continues successive 
iterations of the loop. When the result of the loop conditional test 
becomes false. execution skips the I GTO ) instruction and continues 
with the lest of the program. Use of an unconditional branch to 
con trol a loop resu\1.8 in an infinite loop, that is, a loop that is 
reexecuted indefinitely. 
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Conditional Bra nch 
Control of Program Loop 

,­
I 

J I 
I 
I 
I 
I 
L 

IlBl l5 
Instruction 

Instruction 

G2Ll 
IGTOl5 

If 18St true, 
looping continues. 

Instruction 

Instruction 

If test f8lse, 
looping terminates. 

Example or Conditonal Loop Cont rol. The following program 
calculate. and displays the square roota of consecutive whole 
numbers from 1 to 10. After the square root of an integer is 
calculated and displayed, an I x > I ' I conditional teat determines 
whether or not that integer was leas than 10. If the integer wae leas 
than 10, a IGTO I 0 conditional branch ill executed and the loop is 
repeated using the next highest integer. )f the test finds that the 
integer was not le88 than 10, program execution bYP8.8se8 the I GTO I 
o conditional branch and the loop is terminated. (The loop portion 
of the following program it included in lines 004 through 015.) 

Keystrokes 

IIJCLEAR I PRGM I 
IIJI LBL I [£J 
o 
ISTO ll 

Oieplay 

000-

000-
001 - 42.21.13 

Sets HP·l1C to Program 
mode. 

002- 0 } Clears Rl of any 
003 - 44 1 unwanted data from 

previous calculations. 

004- 42.21 . 0 Begins loop. 

006-
008-44.40. Integer counter/ 

increment. 
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Keys trokes Display 

IRcl ll 007- 4 6 1 

[ll ps'l 008- 42 31 Displays next integer. 

0 009- 11 Square root of integer. 

[11m I 0 1 0- 42 31 Displays square root. 

ill llslx l 0 11 - 4 336 Recalls copy of integer 
from LAST X register . 

1 01 2- 1 Compares last integer to 
0 0 13- 0 highest integer allowed by 
(DI.T >d 01 4 - 4 2 20 the program. 

IGTo lO 016- 22 0 Conditional branch. If 
last integer isie8s than 10, 
go to I LBL I 0 and resume ... 

illlcL,1 01 6- 4336 .. . otherwise, avoid another 
illl RTN I 017- 4332 loop, clear displ ayed X· 

register and halt program. 

illlp/RI Sets HP-llC to Run mode. 

To run the program press [I]©. The calculator will display a table 
of integers from 1 to 10 with their corresponding square roots. 
When 0.0000 is displayed, program execution is completed. 

How It Works: When you press III@], the calculator searches 
through program memory until it encounters the ill ILBL I (£J 
instruction. It executes that label and each subsequent instruction 
in sequential ord er through line 014, the ~ conditional test. If 
the result of the I.~ > rl conditional test is true-that is, the last 
integer used was less than lO-the following I GTD I 0 instruction is 
executed, the calculator returns to the I LBL IO instruction at line 004, 
and execution resumes as a new iteration of the loop. However, if 
the result of the I.f > ,.1 conditional test is false, meaning the l63t 
integer used was 10, the I GTD 10 instruction is bypassed and the 
loop is terminated . 

For an additional discu88sion of looping and loop control 
techniques, refer to page 214, u,oping, in part II[ of this handbook. 

Proble m. Write a program to calculate and display salcH 
commissions . For sales of less than $100 the commission should be 
10% of the sale. For sales of $100 or more the commission should be 
J5%. Use a conditional branch in your solution. 
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Uaing Flega 

Liketbe x :y and %:0 conditional teets, flap give you the capability 
to either skip or execute individual lines in program memory. 
However, while the x :y and %:0 conditionals function by 
comparing vaJues, flag8 function by telling the calculator statu • . 
That i8, if 8 aet flag (mOOn) instruction il placed in a program 
branch, testing that flag elsewhere (III (ffi n) can tell the 
calculator whether or not that brancb hu been executed. 

Ezample . The following program closely approximatee the 
coDverllion of an input in miles to kilometer. (ill (Al), or the 
convenion of an input in kilometers to miles@[[I). The calculator 
uaee the statu. of flag 0 to decide whether to convert a uaerinput to 
kilometer8 (multiply input by conversion factor) or to miles (divide 
input by conversion factor), 

Key in ( Key in 
miles. kilometers. 
Start Start 

+ 
I Clear flag . I Set flag. I 

Place 
1.6093 

in X·register. 

No 4 v., 
set? 

I Multiply. I Divide. I 

Stop 

, ) i , 
\ 
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Keystrok es 

m lp/RI 

III CLEAA I PRGM I 

(DI LBL I~ 

mlmo 

(DIL6L I, 

, 
[) 
6 
a 
9 
3 
mlITlo 
IGTOI2 

o 
m lRTN I 
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D isplay 

000- Seta HP·l1C to Program 
mode. 

000- Clears program memory . 
001-42.21 .11 Program begins with 

input in miles. 
002-43. 6 . 0 Flag 0 cleared 

'''remembers' ' miles input 
for later proHTam control). 

0 03- 22 1 Unconditional branch to 
IL6L II. 

004- 42.21 .12 Program begins with 
input in kilometers. 

006- 43. 4. 0 Flag 0 set ("remembers" 
kilometers input for later 
in program). 

006- 42.21. 1 I LBLll begins 
calculation portion of 
prolJl'am. 

::= 4: Place conversion factor 
007- ') 

010- 0 in X-register. 
011- 9 
0'2- 3 
01 3-43. e. 0 Flag tesl Iftrue (kilo-
014 - 22 2 metersinput),goto ILBL I2. 
016- 20 If flag te&tfalse(miles in-
016- 43 32. put), calculate conversion 

to kilometers and halt 
program. 

017-42,21 . 2. Calculate conversion to 
018- 10 milea and halt program. 

0'9- 4332 
Sets HP-llC to Run mode. 

Run t he program to convert 26 miles into kilometers; to convert 1.5 
kilometers into miles. 
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Keystrokes 

26 

I!l~ 

1.5 

1!l[ID 

Display 

26 
4 1 .8418 

1.5 

0 .9321 

Input miles. 

Execute Miles to 
Kilometers option . Result 
of conversion displayed. 

Input 1ci10meters. 

Ex.ecute Kilometers to 
Miles option. Reault of 
conversion displayed. 

How It Works. When you input a value and identify the type of 

conversion you want by pressing (!][!)(miJes to kilometers) or moo 
(kilometers to miles), the calculator sets or clears flag 0, then 

executes the main program (beginning at labell). After placing the 

conversion factor in tbe X·register the program tests flag O. If the 

flag is set (true), execution transfers to label 2, the conversion to 

miles is calculated, and execution halts . If the flag is clear (false), 

the conditional branch to ILBL. l 2 is bypassed, a conversion to 

kilometers is calculated , and execution halts. The function of the 

flag is to tell the calculator which of the two labels has been 

executed and, therefore, which conversion is desired. 

For a further discussion of flag U8e, refer to page 215, F1ags, in part 

III ofthi8 handbook. 

:} ~) 

:.~ ~) 

~~ ~) 

~ ~) 

Section 8 

Subr outines 

Subroutines In Brief 

Often a program contains a certain series of instructions that a re 

executed several times during a single execution of the program. 

When the same Bet of instructions occurs more than once in a 

program, memory space can be conserved by executing the 

instructions 88 a subroutine. 

Go To Subroutine 

A subroutine is executed using I GSB I with the desired alpha or 

numeric label address.· A I GSB I instruction transfers execution to 

the specified label address in the same way 88 I GTO I. However, 

when. a [GSB I instruction i8 executed in a running program, a 

pendlrlll return condition is set in the calculator. When a pending 

return condition exists, the first subsequent iRTNI (retu.rnj 

instruction encountered by a running program will cause program 

execution to transfer back to the program instruction immediately 

following the last IGSB I. Execution then continues sequentially 

downward through program memory. (When the I RTN I is executed, 

the "pending" condition is cleared.) Compare the following 

illu8tration8 of a branch and a subroutine. 

Branch 

1 
mOO0 [!](iliJ(!J 

I 
I 

@fQJ[!] I 

Execution trans· 
[!)1!!ID (!]~ fers to l ine 000 

and halts. 

• A @Wfollowed by a nalpha labeladdnlll.i. a n abbf'l!viatl)d b y ~"tnct . Ref..r 10 

page 78, Abbf'l!viated Key Sequencell. 

119 
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Subroutine 

! 
Ex""ul ;on I'ans- ~ 
fers to line 000 
and hailS. 

[D[ill)OO 

@§I][!] 

OO®:ID 

I 

! 
I 

I 

\ 

1!I[ll]!il 

ctJrmJ Execut ion trans· 
fers back to main 
program; pending 
return status 
cleared. 

A11 you can see, the only difference between uaing IGs a l (go to 
subroutine) and I GTO I (go to branch) is the transfer of execution 
ofter the I RTN I. 

After a @!Q], the next I RTN I causes execution to transfer to 
l ine 000 and ha lt; after a I Gsa I. the next I RTN I causes 
execution to transfer back to the main progra m and resume. 

Subroutine limits 
A subroutine can cull up another subroutine, and that subroutine 
can can up yet another subroutine. This "subroutine nesting" - the 
execution of a subroutine within a subroutine-is limited only by 
the number of returns (I RTN !) that can be held pending at anyone 
time in the HP· llC. Here is how the Hp·lI C operates with nested 
subroutines. 

Ma in Program 

Cb!b]OO 

, 
@WI 

I , 
®HJ 
End 

~ 
I 

I 

\ 
\ 
\ 

[b!iJ 1 

I , 
@ll] 2 

I 

t 
~ 

I 
I 

I 
I 

I 

\ 
\ 

l@2 

, 
@i!)3 

I 
t 

(!jEJ 

! 
/ 

I 

~ 
\ 
\ 

[];jjJ 3 

@§Il4 

I 
t -

~ 
I 

I 
I 
I , , , 

(i]g 4 

moo 

) , 
) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 
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The calculator can return back to the main program from 
8ubroutines that are nested four deep, a8 shown. If you attempt to 
calla 8ubroutine that is nested five levels deep, the calculator will 
halt and display Enor 6 when it encounters the instruction calling 
the fifth subroutine level. 

Note. While any ons set of nested subroutines can be up to 
four leve ls deep, there is no limit to the number of nested 
subroutine sets or non-nested subroutines you cen include 
in 8 program. 

Subroutine Usege 

Example. Write a program for cal­
culating the average slope between 
XI and X 2 on the graph shown, where 
y = x'l - sin x . ill: - -

Solution: The average slope is given by the formul a 

. 

Notice that the solution require8 two computations of the 
expressionx 2 - sin x (once for X = XI and again for X = X2) . 

Since the solution includes an expression that must be repeated for 
both values of x, we can create a subroutine to execute the 
repetition and save space in program memory. 
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Subroutine 

oo, - ml lBl l[£] A o '3- mllBllo 
002- 15TO lo /" o'4- 1II[ZJ 
003- ! x~d /// / 016- [j]I LST.rl 
004- 15T0 180 /' / o'8- lslN I 
000- IG5B I0 _--"'" / 0'7- 8 
008_ leHsl_----- ;>'"' O'8- III IRTN I 
007- 1'''''1 /...-"'-
008- 1 "5B 10.-/ ...-"'-
009- GJ ... - -"" 
o,o- IReuO 
011 - 0 
o'2- 1II1 RTN I 

(program assumes! DEG !trig mode.) 

When you press m [f] with XI in the V-register a nd %2 in the 
displayed X-register, execution begins with the IlBll [£} instruction 
in line 001. When the IGs810 instruction in line 005 is encountered, 
execution transfers to the IlBl l 0 instruction in line 013 and 
calculates YI . lffor example, we used a value of2 for Xl and a value 
of3 for %2, herels how the 801ution would be calculated. 

00' 002 003 004 

gl I I I I 2 2 3 3 

3 3 2 2 

Key. + ml LOLl[£] 15TOIo I ,rii:: vi ISTo l8 o 
(x, in (x2 in RO> (Exchange) (X2 -X, in 

Y -reg . X2 Aol 
in X·reg.) 

, ) , ) 

) 

) 

) 

\ 

"\ I ) 

) 

) 

) 

) I ) 

} I ) 

) ) 

) 

) ) 

) 

) 

) ) 

) ) 

) 

) 

) 

) 

) 

i~ 1 
Keys + 

T+ 
Z+ 
y+ 

x+ 
Keys + 

000 

3 
2 

IG5B IO 
(Goto 

label 0) 

0'8 

3 

• 
0,0349 

15'NI 
(sin x,) 

0'3 

I I 3 
2 

ml lBl lo 
(Begin 

subroutine) 

0'7 

3 
3,9&6' 

8 
(x,2 - sinx, 

= y,) 
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0" 

3 

• 
III[ZJ 
(x, 2) 

0'8 

3 
3 .96&1 

III IRTN I 
(Return to 

main 
program) 

I 

0'6 

3 

• 
2 

III I LST" 
(x, ) 

000 

3 
-3 ,986 ' 

leH51 
( _(X ,l 

- sin x ,)) 

I 

'23 

From line 018 execution transfers back to the main program and 
continues with the first line after the last I GSB I instruction. When 
the ! GSB I 0 instruction in line 008 is encountered, execution again 
transfers to the ILBLI 0 instruction in line 013. 

T+ 
Z+ 
y+ 
x+ 

007 

-3 .9ali1 

3 

008 

-3 ,9661 

3 

0'3 0" 

-3,9801 -3.966' 
3 9 

Key • • ~ IG58 10 [j)ilBl lo III[ZJ 
(Exchange) (Go to 

label 0) 
(Begin 

Subroutine) 

(xl> 
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015 0 16 

T+ 
z+ 
y+ 
X+ 

- 3 .986 1 

9 

3 

Key. + IIII LST.d 

{x21 

- 3 .966 1 

9 
0 .0623 

0 17 018 

- 3 .9861 -3 .9661 

B.94n 8 .9477 

EI [[II RTN I 
(Jli--s in X2 (Return to 

main 
= 1'21 program.) 

After the calculator pa.8Se8 through the subroutine under IlBL I 0 8 
second time to compute Y2, the [m RTN linstruction at line 018 causes 
execution to return to line 009. the first instruction after the most 
recent I Gsa lO instruction. At this point, Y2 is in the X-register; -y\ is 
in the Y-register . The remaining in!ltructions complete the s lope 
calculation. 

T+ 
Z+ 
y+ 
x+ 

009 

4 .9826 

010 

4 .9826 

1 

011 

4 .9826 

012 

4 .9826 

ffil ATN I 
(End of 

program. 

When calculation halts, the slope of the line between XI Bnd %2 
appears in the display. 

To execute t he prOgl'am yourself, key in the instructions listed on 
page 122 and calcul ate the average slope for following values of Xl 

and %2:0.5, 1.25; 2.52,3.72; 5,7. 

Answen: 1.7325,6.2226, 11.9826. 

, 

I 
l I 

I 
) 

: I 
, : 

) I 

) 

) 

) 

) 

) 

) 

) 
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For additional guide1inee concerning the ua8 of 8ubroutinea, refer 
to page 210. Subroutines. in part III ofthia h andbook. 

Notice that [Q!Q} and iGSBl instructiOnit always cause the 
calculator to search downwarn in program memory for the 
specified label. Thla feature often allows you to write a program in 
lIuch a way that it U8e8 a given label more than once. 

Example: The (ollowing proram to calculate the value of the 
expression J:c2 + y2 + Z2 + t US88 ILBLI ~ to identify both the 
beginnin g of the program and a 8ubroutine within the program. 
The program is executed by placing the variables %, y, Z, and t in 
the stack and pressing~ .' 

Keystroke. 

ffil p/RI 
[j]CLEAR I PRGM I 
(DI LBLI@ 
ffi[ZJ 
IGss r@ 
IGssr@ 

IGssr@ 

GZ!J 
ffilRTN I 
[j] ILBU@ 
[iliJ 
ffi[ZJ 
GJ 
ffil RTNr 
ffil p/ Ar 

Dis play 

000-
000-
001-42.21 .11 
002- 4311 
003- 32 11 
004- 3211 

005- 3211 

008- 11 

007- 4332 
008-42,21 .11 

009- 34 
010- 4311 
011- 40 
012- 4332 

%2 

Calculate. y 2 and :c2 + )'2 

Calculate. z2 and %2 + y2 
+. 2 
Calculates t 2 and %2 +),2 + 
22+ t 2 

Calculate. J%'1 + y2 + z2 + t 2 

• While it Ui l enerally belt to uoid the UtI of identicallabeI. to l'eduC4Ilht pouibility o( 
confuPon 01' Pl"OfI'ammin, ert'OJ'I , the followm, proll'aDI illuttra. one way idea.tical 
labelt miabt be uNd. i1neoeNary. 
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, 

Key in the following set of variables: ) 

x= 4.3, y = 7.9, z = 1.3. t ~ 8.0 
) 

Keystrokes Display 

a lENTERI 8.0000 
1.3IENTER I 1.3000 
7.9 IENTER 14.3 1Il0 12.1074 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

Section 9 

The Index Register 

The Index Register In Brief 

The Index register (HI) is one of the most powerful programming 
tools available on your HP·nC. In addition to simple storage and 
recall of data, the Index register can also be used for: 

• Program loop counter and control functions. 

• Indirectly addressing data storage registera, branches, and 
subroutines. 

Index register control of loops and indirect addressing is performed 
using a control number you place in the Index register itself. The 
integer portion of the control number determines the result of each 
loop iteration or indirect addressing operation. The decimal portion 
of the control number contains the parameters for altering and 
limiting the integer portion. 

[D and [ill) Abbreviated Key Sequences. The calculator is 
designed so that you can omit the [!] prefix key in ill or [ill] key 
sequences. Even when the [D prefix key is pressed in an ITJor WIlkey 
sequence, the calculator will automatically exclude the code for [I. 

Direct Index Register Functions 
Direct Index register functions act on the contents of the Index 
register itself. 

Index Regi8ter Store and Recall. I STO 1[I)(store in R,) and 1 RCL I 

III (recall from R/) operate in the same way 8S 1510 I and 1 RCL! 
operate with data storage registers ~ through R9 and R.o through 
R.9• 

Exchanging X and I. Pressing 001 .\ ~ Ilexchanges the content8 of 
the displayed X-register and the Index register in the same way 
that pressing 1.\ ~ I" I exchanges the contents of the displayed X­
register and the Y·register. 

127 
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Incrementing and Decrementinl" the Index Registe r. The 
flSG I (increment, then skip if greater) and lOSE I (decrement, then. 
6kip if less than or equal) functions use the loop control number you 
place in the I ndelt. register. 

Both IISG I and lOSE I interpret and compare the components of the 
loop control number according to the following format: 

nnnnn.xxxvy. where 
±nnnnn is the current counLer value, 

"lOt is the counter test value. and 
yv is the increment or decrement 

value. 

onnnn is the integer portion arthe control number and is used for 
counting successive iterations of a program loop, for determining 
when to exit from a loop, and for indirectly addressing branches, 
subroutines, and storage registers. nnnnn can be from 1 to 5 digits 
and, if unspecified, defaults to zero. nnoon is incremented or 
decremented by executions ofliSG lor lOSE I. 

Example of Loop Control Number 
nnnnn xxx yy 

0 . 05002 

r-I __ ~T TTL----,I 
Begin Count Count 
at zero up to 50 by two 's 

xxx is in the decimal portion of the control number. When you use 
IISG I or lOSE I to increment or decrement nnnnn, xxx is then 
compared internally to onnnn by the calculator to determine when 
the desired number of increments or decrements have been 
executed. xxx must be specified as a three-digit number. For 
example, an xxx value of 10 would be specified as 010. (xxx is a 
reference val~e and is not changed by executions of liSG lor lOSE I.) 

yy is also in the decimal portion of the control number. yy tells the 
calculator what increments to count in, that is, nnnon will be 
incremented or decremented by the value of yy . A specified yy 

) 

) 

) 

) 

") 

) 

) 
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must be two digits (for example, 02, 03, 55). An unspecified yy 
defaults to 0 1. (yy is a reference value and is not changed by 
executionsofllSG lor I Dse l.) 

!lsGI and IOSEI Operation. The increment and decrement 
functions use nnnnn/xxx comparisons to control a running 
program in a manner similar to the conditional tests described in 
section 7. Each execution of[] IISG I increments nnnnn by yy. In a 
running program a test is then made to see if nnnnn is greater 
than xxx , (f it is, the Hp·llC skips the next line in the program 
before resuming program execution. 

nnnnn S;;: xxx 
l ,nstrue"on * nnnnn > xxx 

mllSG I -, 
Instruction I 

I 
Instruction ," 

Each execution or ml Dse I decrements nnnnn by yy. In a running 
program it then tests to see if nnnnn is equal to (or less than) xxx. 
If it is, the HP·l1C skips the next line in the program before 
resuming program execution. 

nnnnn > xxx ! Instruction l nnnnn ~xxx 
ml OSE I ., 
Instruction 

, 
I 

Instruction f-' 

Iflnitial Changes in nnnnn .xxxyy during 
RI Con- successive iterations of PSGI m 
tent is: IOSH 

ItM.tionl + 0 1 2 3 4 

~ + 0 .00602 2.00602 4.00602 6 .00602 8.00602 
(Skipl 

[Qru + 6.00002 4.00002 2.00002 0.CXXXJ2 -2.00002 
jSkip) (Skip) 
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Tndirect Index Register Functions 
Indirect Index register functions do not affect the contenta of RI . 

In8tead. they use the nonnn (integer) portion of the number stored 
in RI as an address for determining where in memory to execute the 
function . Indirect (unctions are frequently used in conjunction 
with IISG I or lOSE lin programs when it is desirable to use the same 
program instruction repeatedly to sequentially address storage 
registers. branches. or subroutines. 

Indirect Storage and Recall. !sm I [ill] and I RCl l lNJ · 8tore or 
recall numbers using the data. 8torage register addressed by the 
absolute value of nnnnn. For addrea8ing ~ through ltg, nnnnn = 
o through 9; for R.o through R.g. nnnnn = 10 through 19; for RI• 
Dnnnn = 20. (Refer to the Indirect Addressing table on the 
foUowinr pare.) 

Exchange X, Indirect. IT] ~ exchanres the contents of the 
X·regieter with the contents ofthe storage register addre8sed by the 
absolute valueof nnnnn. 

Indirect Storage Register Arithmetic. I STO I(GJ. G. G) . or G) 
(ill] performs storage register arithmetic on the contents of the 
s torage regiater addre8sed by the absolute value oC nnnnn. 

Example, 

If 5.01202 is stored in the Index register. 

nnnnn = 5 xxx = 012 yy =02 

15TO lIillJ ~ 15TO l5 

mlx~!ilI= Exchange X-register and Rs Contents 

15TOIGJIillJ ~ ISTo IGJ 5 

Indirect Branching to Label or Line Number. In a running 
program: 

1. If nnnnn is ~ 0, j GTO II] branches execution downward in 
program memory to the next label specified by Dnnnn. 

, ) 

) ) 

) ) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) ) 

) ) 

) ) 

) ) 

) , ) , 
) I ) 

) 

J ) 

) 

) 

) 
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2. If nnnnn is < O.!]IQ)ITJ branches execution directly to the 
occupied line 'lumber specified by the absolute value of 
nnnnn. 
For example: 

A,I5.0 101 j 000-

L I 

".1 -5.0101 

nnnnn = 5 001 - Instruction nnnnn = -5 

002- Instruction 

r- 003- 1 GTO IOJ 

I 004- Instruction I 
I I 006- Instruction 

r~ I 
I 006- Instruction 
L-

1 007-llBl 15 

008- Instruction 

Indirect Subroutine Label or Line Number. In B running 
program, I Gsa I OJ indirectly tranl:lfers execution to a subroutine in 
the same way that I GTC I OJ indirectly transfers execution to a 
branch. 

Indirect Addressing Table 

IGTO lodGSB 'OJ I STO l(jill Of I RCl l[illJ 
If nnnnn is : transfers addresses 

execution to: storage register: 

0 OJI lBLiO Ao 

9 OJI lBll9 A. 
10 ~ A.o 
11 00 A.l 
12 (£) A , 
13 lQ] A.3 
1. ([J "-, 
15 A .• 
16 A .• 
17 "-7 
18 A.s 
19 " .. 
20 ", 



132 Sect ion 9 : The Indox Register 

Loop Control Using IISG I f 

Example: Here is 8 program that illustrates how IlsGl works. 1t 
containe 8 loop that paU8('tI to di8play the cunent va lue in R. and 
uses ll sG I to control the number of passes through the loop and the 
value of a squared number. The progra m generates a table of 
sq ua res of even num ber8 from 2 through 50. 

K eystrokes Display 

m lp/ RI 000- Program mode. 

0 CLEAR I PRGM I 000-
0 1L8LI0 00 1-42,2 1 , '1 Program label. 

2 0 0 2- 2} Current. counter val ue 
(nnnnn). 

0 003- 48 
0 004- ~ } Counter test valu, (xxx). 5 0 0 5-

0 006-

0 007- ~} Increment value (yy). 
2 008-

I STO ICD 0 0 9 - 4425 Store loop control value in 
RI· 

[II L8L 11 010- 42.21 . 1 Begin the loop. 

IRCL ICD 011 - 452S Recall the num ber in Rio , 
[~lI fNT I 0 12- 4 344 Take the integer portion. 

!III PSE I 01 3- 42 3 1 Pause to display the 
integer. 

m0 0 14- 4 3 11 Square the number. 

!III PSE I 01 5- 4 231 Display the square of the 
number. 

!IlIISG I 016- 42 6 Increment R, by 2 and 
check to see that the 
counter is not greater than 
the final number (50). If 
the counter is greater than 

I the final number, skip the 
next line in the program. 

IGTOI' 017- 22 1 Loop back to Isbel l. 

illIRT" I 01 8- 4332 Halts the program. 

illl . / R I Run mode. 

) ) 

) ) 

) 

) 

'> 

) ) 

) 

) 

'> 

1 
) , ) 

) ) 

) ) 

) 

) 

) ) 

) ) 

) I ) 

) : ) 

) ) 

) 

) ) 

l 
) 
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Now run the program by pressing [I[!J. 

Keystrokes Display 

2 .0000 
4 .0000 

00 

4 .0 000 
16.0000 

50.0000 
2 .500.0000 

When the calcul a tor 
begins executing, it first 
pauses to display the 
number to be squared , 

then pauses to display the 
square of the number. 
When the loop counter 
increment8 beyond 50, the 
program halts. 

Here is what happens when you run the above program. 

1. Under label [AI. the number 2.05002 is stored in the I·regialer 
as the loop control value: 

nnnnn xu yy 

1000012 050 02 
CUHent Counter Test Increment 

Va lue Value Valu e 

2. Under labell , the following sequence occura: 

After 2 a nd 4 (the square o ( 2) a re displayed, the current 
counter value in RI • 00002 (nnnnn), i s incremented by the 
increment value 02 (yy). The new number in RI is 4.05002. 
which is interpreted by your calculator as: 

nnnnn ox yy 

10000)4 050 02 
Current Counter Test Increment 

Value Value Value 

The new counter value is th en compared to the test value 050 
(xxx). As the counter value h as not exceeded the test valu e, 
the calculator proceeds to the next line, I GTO I I , and the 
process is repeated with the new number. 
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3. After 25 even numbers (2-50) and their squares are displayed, 
the current counter value finally increments beyond SO. Th ill 
causes the cAlculator to skip one line after the m llSG I at line 
16. As a result , the I GTa 11 command at line 17 is bypassed 
and the I RTN I command at line 18 is executed, causing the 
calculator to return to line 000 and halt. 

Afterrunning the prog-r8 m, pressm[f1Kl5, then lRCl lIIl. The recalled 
I-register value in your display should now look like this: 

52.05002 ---.--_--0+ t +L __ _ 
Curren! 
Counter 
Va lue 

Test 
Value 

Increment 
Value 

(nnnnn) ()lxx) (vvl 

Press ITI!£!RJ 4 to return the calculator to [f!Kj 4 display mode. 

ISG and DSE Limits, Note that I ISG I and l OSE ! can be used to 
increment and decrement any number that the calcul a tor can 
display. However. the decimal portion of the loop control value will 
be affected by current counter values exceeding the five-<iigit nnnnn 
value. 

For example, the number 99,950.50055, when incremented. using 
IIsGI would become 100,005.5006. The initial number was 
incremented by 55. But since the new number 100,005.50055, 
cannot be fully displayed., the decimal portion of the n umber was 
rounded.. As the calculator assumes a two-digit number for the 
increment value (yy), the next increment would be by 60, not 55. 
And when the number becomes 999,945.5006, the next number 
would be 1,000.005.501, thus rounding the decimal portion of the 
number again. Since no increment value yy is present, the nex t 
increment would default to 01 instead ofremain ing at 60. 

Direct R I Operations 

To Execute 
Example 

Di,play 
Keystrokes 

Store in R, 12345 12 .345 
I STO II1J 12,345.0000 

, 
f l 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) ) 

) i ) 
) 

) 

) 

) 

'. ) ) 

) 

) I 
) , ) , , 
) , ) 
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To Execute 
Eumpl. 

Di,play Key,troke, 

(Clear display) [B 0 .0000 

Recall from Rt (the value 
stOfed earl ier using 
I STo l(j) . I AcLlI1J 12.345.0000 

(Clear displayl [B 0.0000 

Exchange X and I 0.0000 
(using the value remain -
ing in [l from above 
examples) [j)m 12.345.0000 

Indirect R I Operations 

To Execute 
Examp le 

D isplay 
Keystrok •• 

(Store 3 in RI as an 
address. Ihat is, nnnnn 
~ J. I 3 1sTO I(j) 3 .0000 

Indirect storage and 
recall of J7 using RJ 
(indirectly addressed by 
first sloring 3 in A,. 
abovel. 7G!j 2 .6458 

I STO I mil 2.6458 
[B 0.0000 
IACL lmil 2 .6458 
[B 0.0000 

Exchange. indirect. lhe 
0 .0000 in the X-register 
and the 2.6458 remain -
ing in RJ . (The nnnnn 
address 3 remains in Rd [j)CilllJ 2.6458 

ill! ra: ml 0 .0000 
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To Execute exemple 
Keyltrokn 

Dlapl.y 

Indirect storage registBf mea 3 .1416 
arithmet ic; divide the Isro lElINJ 3 .1416 
contents of R3 by pi. 

I RCl l1lill 0 .B422 

For an additional diacullion of indirect storage r.uter addressing 
techniques. refer to page 211 , IISG I With I RCL IINJ. in p&.rt HI of this 
handbook . 

I ndirect Program Control 

Indirect lebel Brenche. end Subroutine. 
You can indirectly branch to line numbers and labels in the same 
way that you indirectly address data storage registers . The table 
on page 131 shows the numerical address that correeponde to each 
possible label. Each poa8ible address is the DonDD portion of a 
positiue loop control value stored in RI . 

To indirectly branch to a label uee I GTO I [D. When a running 
program encounters I GTO ICD. execution is transferred downward in 
program memory to the label that is indirectly addre8sed by the 
current oonnn value. For example, if 3.005 is t he current counter 
value in the Index register ... 

RJI 3.00600 I ... then ... 

~ll 
nnnnn xxx yy 

(dt!(ault 
to 01) 

006- lnstrUC1ion 

006- Instruction 

007- [GTQJ[[) 
008- Instruction 

009- Instruction 

010- Instruction 

01 1 - mrlBUS 
012- Instruction 

013- Instruction 

L, 
I Execution 
Itransfers to 
pabel 3 and rJ'esume, 

The same method is used to indirectly execute a subroutine, except 
that IGse l[D i8 used instead oCIGTO 1m· 

, 
, ) 

) 

) 

) 

) 

) 

, ) 

) 

) 

) 

I ) 

I 
) ! 

) I 

) 

, 
) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 
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Indirect Line Number Branche. and Subroutine, 

Program line numbers can be indirectly addressed by a branch or 
subroutine instruction in almost the same way that labels are 
indirectly addressed.. As covered earlier, when an indirect branch 
or subroutine instruction is executed with a positive nunnD value 
in RI • execution trandef"8 to the 14bel addrell8ed by nnnnn and 
resumes. However, when a n indirect branch or subroutine 
instruction is executed with a negative Doono value in Rio 
execution transfers to the line number addressed by the abBolute 
oolueof -nnnno, 

If, I , ,,. then 

~T~ 
" . 

nnnnn xxx yy 
(default 
to 01) 

001- Instruction 

002- Instruction 

003- GTO I 

004- Instruction 

006- Instruction 

006- Instruction 

007- ml l Bl l3 
008- Instruction 

009-lnstruction 

Ll 
I 
I 
I 
I 
I 

r~ 

Execution 
transfers to 
line 007 and 
resumes. 
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Section 10 

Applications Programs 

Matrix Algebra 
ThiB program calculates the determinant a nd inverse of a 3 X 3 
matrix (if it exists, i.e. det. #- 0) and , with a minor program 
manipulation, the solution to the system of linear equations 
represented by the matrix. 

Equations: 

a 13 ] 
a 23 

a 33 

B= 

la 22 

a", 
a"'l a" -la12 

a ", 

C = _'_ 
det A 

a231 
a" 

_I a u 

a" 

where C is the inverse of A. 

det A = 011(022023 - 0230 32) - (1 11..°21 a 3,'J - °23(31) 

+ a 13( 0 21 0 32 - °22° 31) 

and I: ; 1= Od -bc. 

'40 

a131 
a" 

) 

) 

) 

) 

) 

) 

, ) 
) 

) 

) 

) 

) 

\ 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 
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AX = B is solved by X = Cn. viz., 

Ian a"l la1
' a131 la12 a131 b, -b, + b3 

[:} 
° 32 033 032 0 33 0 22 a23 

la" a"'1 la" a"l_b,la" a"l detA 
- h, +b, 

a3' 0 33 0 J l 0 J,.1 0 21 a., 

la" a"' l la" a"l la" a121 bl - b2 + bJ 
a JI 1132 0 J I 0 a2 0 21 0 22 

Note: 

• Matrix operation8 can be especially prone to roundoff error. In 
certain cases this error may significantly affect the program 
reeu1ta. 

• If you have several seta of simultaneous equations to solve, 
key in the determinant routine to find the determinanta for 
each 3 X 3 matrix . Replace the determinant routine with the 
simultaneous equations routine and store the respective 
determinant in Ro for each calculation . 

• A 2 X 2 matrix should be .tored as [ ~:: ~: n 
• Error 0 will be displayed ifthe matrix entered is singular. 
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Main Program 
) ) 

KEYSTROKES DISPLAY KEYSTROKES DISPLAY 

KEYSTROKES DISPLAY KEYSTROKES DISPLAY 

[IClEAR l pRGM ! 000- IRel ID ' 027 - 46 .1 

[])I "'L19 001-42,21, • l,nlOo 028- 46 .0 

[D~ OOZ - •• 8 IRel la 029- 46 8 

[li ps. I 003- 423 1 l ,cL 10 3 030- •• .3 

IReL I@) 004- 4624 IGsa lS 031 - 32 8 

0 006- 20 IReUS 032- 46 6 

0 008- .0 l·cL103 033- 46 .3 

0 007- '0 I· CLIO ' 034- •• .1 

~ I 
) 

) 

) I 
) 

: I 
, 
} 

, 
, i ) 

) 

IRCl !9 064- •• 9 [M] 067- 31 

IRCL I8 066- 4. • []JI RTN I 068- 43 3 

IReU6 066- 4. • CDI LBU 2 089-42,21, 2 

IIlIL8l1 8 057 - 42.21 , • l ReL I4 070- 4_ ~ 

0 058- .0 []J(ffio 071-43. 6. C 

IW 069- 33 IRl s l 072- 31 

0 060- 20 [DILBLI3 073-42,21 . 3 

[]J(MJ 061 - 4333 1 074- , 
0 062- 30 []lQ)[]] 076- 44 26 

IRellO 083- •• o 0 078- 0 
15TOIo 008- 44 o I ReLf7 035- 4. 7 

[]JI RTN I 009- 4332 IG5a lS 036- 32 8 

[DIilllCID 010-42,21 ,12 I ReU S 037- '6 8 

IRCll9 011- 46 9 IRCLI7 038- •• 7 

) 

~ I 

) 

) 

I!l 064- 10 15Tol 4 077- 44 • 
[]JlmO 066-43, 6 , o []JI "N I 078- 4332 

IGTo l1 068- 22 1 

l. cLl03 012- .- .3 IRCU 6 039- 4_ -IRell [J2 013- 4_ .2 ' ,cuO O 040- .- .0 

"CLII J O 014- .- .0 IGsa!S 041- 32 8 
; I 

) 

) 
REGISTERS Rl: Index 

IG5a l8 015- 32 8 IG5a l2 042- 32 • Ro: Det A R, : b , R2: b2 R3: b3 

I· CLI0 2 016- •• .2 IRcl la 043- •• 8 \ R .. : x ,. x2' %3 Rs: 8" Re: "12 R, : " ,3 

I RCU7 017- .- 7 IRCL ID 2 044- 4. •• 
IRCLI6 018- •• 6 I RCUO l 046- 45 ., 

) 
R8: "2. Rg: " 22 R.O: 823 R., : 831 

R,2: "32 R 3: .33 

I. CL I03 019- •• .3 IRCU 9 046- .- 9 ) 

IGsa lS 020- 32 8 IG5BIS 047- 32 8 

IRcLie OZ1- .- 6 I.CL IOl 048- •• .1 

IRCLIO O 022- 4_ .0 i RCLI6 049- .- 6 

i RCl l9 023- •• 9 1 RCLl s 050- .- -IRCU 7 024- .- 7 IRCLI02 051 - •• •• 

) ) 

) ) 

) 

) ) 

Determinant Subroutine 

KEYSTROKES DISPLAY KEYSTROKES DISPLAY 

[D1illl0 079-42,21 ,11 0 ~.3- 0 

OO[QJO 080- 43, 5 . 0 I.CLIO O PH4- 45 .0 
!Gsals 026- 32 • IGsa lS 062- 32 • 
IG58 12 028- 32 2 IReUS 053- 4_ -

) ; ) 

) i ) 

4 081 - 4 IRCLI(J 2 p.5- .5 .2 

ISTol lD OS2- 44215 IG5819 p.o- 32 • 
i 
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Simuitaneoul Equations Subroutine 

KEYSTROKES DISPLAY KEYSTROKES DISPLAY 

ill!illl ' 079-42 ,21 , 1 15TOl3 088- •• 3 

I RCl lmD 080- 4524 [[tJ 089- 33 

0 081 - 20 ISTOl2 090- O. 2 

15To l[;]_ 082-44.40, 0 [[tJ 091 - 33 

illO§]J 083- 02 6 ISTOI1 092- •• 1 

[!)l pSE J 084- 4231 IG58 13 093- 32 3 

W IRTN I 086- 4332 105. 100 094- 3212 

[j) ILBl I@ 088-42 ,21 ,13 []][Q]O 096-43, 6, 0 

w(IDO 087- 43. 4 , 0 IRCt! 4 096- O. 0 

IIPUT KEYSTROKES 
DUr,Ul 

STEP 'NSTIIUCTIONS DATWUfllTS ATA/ UIIITS 

, KIY in me main pro, ' 1TI 

(Nnll 000-078) 

2 O,I" ... 1It 

K.y in subloutine ~A 

(lines 019·102) IGTO IDD78 

[]](f2[J ... @J[lliJ 

) ) 

) ) 

) 

) ) 

) > 

) I ) 
I 

\. ) 

II ) 
, . . , 

) 

) 

) 

) , 
I 

) I 
1 I 
) I , 

) 

) 

) 

) 

) 

/ 

) 

) 

j 

STEP 

3 

, 

, 
, 

, 

8 
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'N'UT w:ns,",OKES 
OUTPUT 

INSTRUCTIONS DATA/UMITS OATA/ UIITS 

Set Um mocI • . 

Store III. ,'-'nenls cl the maiM. 

'" IS1015 

'n ISTD t6 

' " 15To l1 

'" ISIOIB 

' n iSTO l9 

'" ~OO 

'" (gQ]D' 

." ISTOI[)2 

." ISTOI03 

Find ttl. dttlrmin.nl. 0 DetA 

IImrM (Opl ioMI) 

Find th.lnwn •. 00 <" 

~ <n 

~ <" 

!iiiSl <" 
I]7Sl <n 
@Sl <" 
(ii7S) <" 
iRIS! <n 

~ <n 

SiIHhI_ ~1NIn.. I Opl ionl l) 

Delete lines 079 10 102 m~m[lli] 

[!)(f[K] 102- 32 , 
[B ... ~ 018- 4332 

K.V in suIIralitin. under [!!bJ 1 (!](ili] 1 079--42,21, 1 

lIines 079 to 096). ···[!]lmJ 
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$TE' I.SlltUCTlO.S "I'IIT mSTlIOlES OATWU.ITS 

, 10jI1JI tbe column mattil lnd lind •. 0, IENTER l 

" IENTER l 

OJ [f] 

IRlsl 

IRISI 

10 FOI new column m.tri~ go 10 

"IP 9. 

" For ntW dellM'm inlnl or ill.,.,... 
_ lett: liMa 079 10 096. [[jiRTNIW(!@ 

1Il~ 

(EIB 
Go til stlP 2. 

Example 1: Find the inverse of [:! ~~ ] then solve e: ~m~: ] = [ 2n 
KeY8trokes Display 

Set User mode. 
1IJ[lliJ4 
Key in the determinant routine. 
14 1sTo l5 
8 1cHs ii sTo l6 
0 lSTOI7 
8 1cHsii sTO I8 
12 1sTOI9 
OlsTO IO O 
ISTOIO l i sTO I02 
I 1sTo I03 
~ 104.0000 
I!l 0.1164 

Det. A 

) 

) 

OIlTl'UT ) 
DATAlUlrrS 

" 
'z 

" 

" 8- 45 

078- 4332 ) 
, 
, I 

~ I 
) 

) 
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) Keystrokes Display 

IRIs I 0 .0769 c" 
IRis l 0.0000 c" 
IRl s l 0 .0769 c" 
IRl sl 0 .1346 ('22 

IRl s l 0.0000 C~:l 

IRl s l 0 .0000 C31 

!RIs l 0.0000 ("32 

) IRl s l 1 .0000 C33 

001 RTN IIIII BSTI 
lIn PI R I 102- 32 9 
lBlB ... lB 078- 4332 

Key in the sim ul taneous equations subroutine. 

KeY8trokes Display 

) 
IIII PI R I 
20 I ENTER 15 1 ENTER I 
O© 2.8923 x, 
IRIS I 2 .2115 x, 
IRl s l 0.0000 x3 

Es:ample 2: Sol ve for the loop currents in the following circuit. 

SO 10 

Loop :0 Ion 
Loop ?J 2 3 

40 ISf! 
Loop 7) 1 

·:,IF--
40V 
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The three loop equations are: 

Loop 1 

Loop 2 

Loop 3 

41, - 412+ 151, - 1513- 40 = 0 

412 - 41J + 812 + 1012 - 1013 = 0 

lOIs - 1012 + 113 + 1513 - 151, = 0 

or in matrix form 

1911 - 412 - 1513 = 40 

- 411 + 2212 - 1013 = 0 

- 15/, - 10/, + 2613 = ° 

[19 -4 -15J [II] [40] -4 22 -10 I , = ° . 
-15 -10 26 13 0 

Keystroke8 Display 

19 1sTOIs 
41 cHsiisTo l6 
IslcHS II sTo l7 
4 1cHs ii sTol8 
221sTO I9 
10icHs ii sTOIDo 
IS lcHs li sTOID ' 
10 IcHs ii sTO lO2 
26 IsTO I(]3 

Delete the simultaneous equations routine if it is still in program 
memory, and insert the determinant routine. 

2.402.0000 

Delete the determinant routine and insert the simultaneous 
equations routine. 

7.860' 
4.2298 
6 .' 6' 6 

) 

\ 

) 

! 

) 

) 

) 

) 
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Systems of linear Equations 
With Three Unknowns 

'49 

This program uses Cramer's rule to solve systems of linear 
equations with three unknowns. It has been included here because 
of the relative ease with which it can be used to 80lve systems of 
linear equations compared to the Matrix Algebra program. 

Equations: A system of linear equations can be expressed 8S 

AX = B. 

A = [ ::: 
a3\ 

a"J a ", 

a" 
For three unknowns, 

B = 

detA = a ll{ o,22a aa - 0. 23" 32) - 0.1 2< 4 210.33 - a 23a 31) 

+ " li0 210 32 - " 22a 31) ' 

x/ s are soLved by 

Xi 
det(i) 

DetA 

for DeL A#-O where det ( i ) is the determinant of the A matrix with 
the jth column replaced by B. 

Remarks: If Det A = 0, then the SY8tem is linearly dependent and 
this program is not applicable. The program will terminate with 
Error O. If Det A is very close to zero, the calculator representation 
of the number will contain significant round-off error and the ratio 
(det ( i)/ Det A ) will be in error. 
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IIfYSTROKU DISPLAY KEYSTROKES 
Section 10: Applications Programs 151 

DISPLAY 
mCLEAR I PRGM I 000- IRcll6 029- •• • KEYSTROKES DISPLAY KEYSTROKES DISPLAY 

01 LBL10 001 - 42.21 , 11 IRCLl7 030- •• 7 
4 068- 4 l.cl lOO 076- 4' .0 

, 002- , IGSB I9 031- 32 9 IGsal7 069- 32 7 ml .m l 076- 4332 

0 003- '8 ICHS ! 032- ,a !RI S I 060- 3' IT il lOl l8 077-42.21 . 8 

0 00'- o IRel l3 033- '6 3 
7 061- 7 l. clIO ' 07S- 46 .1 

0 005- o IRc lla 034- •• 8 
[§MJ7 oe2- 32 7 ill~ 079- 4223 

9 ooa- 9 IGsal9 036- .2 9 
IRl sl 063- 3' ISTOI O ' OSO- 44 .1 

ISTO I(!] 007- 4426 IACl ll 038- •• , 
0 1 lBLl2 008-42.21 , 2 IRcLl 9 037- 46 9 

I1l lOl l7 064-42.21 , 7 (jJ@§J OS1- .2 6 

1r[@0 4 065- 44 .4 ITil PSE I 082- 4231 

l. cLlI]] 009- 4626 !Gsal9 038- 32 9 
ISTo l[j] 066- 4426 l. cll0 2 OS3- 46 .2 

OOORTI 010- '344 IRCl !2 039- •• 2 
IGSBI8 067- 32 8 m~ 084- 4223 

01 PSE I 011- 4231 tRcLl7 040- •• 7 
IGsalO 068- 32 0 ISTo I02 086- 44 .2 

I ReLlWD 012- 4624 {jJllOl l" Ml-42,21. 9 
IRel la 069- 46 0 [j]@§J 088- 42 6 

IRI S! 013- 3' {jJl oSE I 042- 42 6 G 070- '0 IT II PSE I 087- 4231 

I STO I(j][J 014- 4424 {jJlpSEI 043- 4231 ISTolOO 071- 44 .0 l. cLlO ' 088- 46 .3 

{jJ@§J 015- 42 6 IRcLiWD 044- 4624 l,cl l04 072- 45 .4 ml.r~ml 089- 4223 

IGTol2 018- 22 2 0 046- 20 
ISTOI[j] 073- 4426 ISTO I0 3 090- 44 .3 

IGSB lo 017- 32 0 0 O4a- 20 
laSBI8 074- 32 8 [IJ IRTN I 091- 4332 

ISTo lO 018- 44 O G] 047- 40 

IRl sl 019- 3' m l.TN I 048- 4332 REGISTERS A.: lndeJl. 
illfIiITlO 020-42.21 . 0 {jJILBLI@ M9-42.21.12 

Ao: Det AT : a'l R2: a21 A3: a31 
0 021- o ISTo IIJ3 060- 44 .3 

ISTolm 022- 44 2. IHJ 061- 33 
R4 : 812 Rs : 822 A6: 832 Ri 813 

Fig: 823 Fl9: 833 FI.o: det Ii) Fl .• : b. 
IRcL I6 023- 4. S ISTOI02 062- 44 .2 

!RCll a 024- 4. 8 IHJ 053- 33 
R,2: b"2. R.f b3 R.4 : IndeJl. 

IGSBI9 0215- 32 9 ISTOIO ' 064- 44 .1 

I ReLl4 028- 45 . , 066- , 
IRCLl 9 027- 4. 9 !GSa I7 058- 32 7 

STEP lNSTRUCTlOJIS "'PUT KEYSTROKES 
OUTPUT 

DATA/UJlITS DATA/UIITS 

IGSa !9 02S- .2 9 IRl sl 067- 3' 
I Key in thl progrlm. 

2 5 •• User modi . 
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sn, tIISTIWCTIOIiS 
I.PUT 

lEYSTIIOIUS DIoTAlu.rTS 

3 K.y in the 3 x 3 INlri. ~ 

ill COhllllfl order on IRls l 

tHot.: 10 I'M th,lfItpllyedi y,lut 0" IRl s l 

in til, rtOist, r preu I R/ S n. 0" IRISI 

0" ~ 

0" IRls l 

0" IRls l 

0" IRls l 

0" IRls l 

0" llvs l 

Til r. view til, maw prl" 00. 

• Input thl clllumn mlln.. b, rENTER I 

b, I ENTER I 

b, 00 
IRIs l 

~ 

5 For !WIw coll/llVl mlui. 00 10 step 4, 

• For nlw J X J mllri~ go to lie!) 3 . 

Examp1e 1: Find the solution matrix for the following: 

Keystrokes 

m CLEAR I REG I 
Set User mode. 
m0KJ4 
o 

[
,9 -4 -15] [x,] [0] 
-4 22 -1 0 %2 = 0 

-15 -1 0 26 X3 0 

Dieplay 

1 .0000 0 .0000 

, 
\ ) 

0UT>tIT 
DAT.lIU.rrs , .) 

'. R, 

2. R, 

3. R, 

'. .. ) 

5. .. ) 

•• R, 

7. R, 

•• R, 
) 

s. R, 

DOl. ) 

) 
b, 

b, 
) 

" ) 

" ) 

" 

) 

) 

) 

) 

) 

) 
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) 
Keystrokes Display 

) 19 1RI SI 2 .0000 0 .0000 

) 4 1 cH5 1iR1s I 3 .0000 0 .0000 
15 1CHS II RI SI 4 .0000 0 .0000 

) 4 lCHS il RI s i 6 .0000 0 .0000 
221 RI s i 8 .0000 0 .0000 

) 10 I CH5 liRl5 I 7 .0000 0 .0000 
151 CH5 1lRt51 B.OOOO 0 .0000 

) 10 lCHSliRI51 9 .0000 0.0000 

) 
26 1RI s i 2,402.0000 Del 
40 l ENTER I 

) OIENTERIOO 7 .B801 x, 
iRIs I 4 .2298 x, 

) iRIs I 6 .1616 x3 

) 

) Example 2: Find the solution matrix for: 

) [ 1: -4 

-I~] [::] - [-:] ) - 12 

-15 8 
) 

) 
Keystrokes Display 

0 1.0000 19.0000 

) IRl s l 2.0000 -4.0000 
51Ats l 3.0000 -16.0000 

) IRl sl 4 .0000 -4.0000 
IRI 51 5 .0000 22.0000 

) 12 1cHSII Rl51 8.0000 -10.0000 
a iRIs I 7 .0000 -16.0000 

) 4 1RI SI 8 .0000 -10.0000 

) 
IAts l 9 .0000 28.0000 
3 1Atsl -284.0000 Det. 

l S! ENTER I 
3 1 CHS II ENTER I 

) 400 -1 .6667 x, 
IRl s l -4.4091 x, 

) IRl s l 4.7576 X ii 

) 
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Newton's Method Solution to fix) = 0 
One of the m08t common and frustrating problems in algebra is the 
solution ofan equation like; 

In x + 3x = 10.8074, 

in which the x's refuse to conveniently migyate to one side of the 
equation and isolate themaelve8_ That is, there i8 no simple 
algebraic solution. The following progTam uses Ne .... 1.on 'a met-hod 
to find a solution for /(x) =0, where/ex) la specified by the user. 

The user muat define the function I (x) by entering into program 
memory the keyatroxes required to find / (x), 88suming x is in the 
X-register. The main program is 68 steps long and requires 
registers 0-4. The remaining memory and available registers may 
be used for defining I(x) by the user. [n addition, the user must 
provide the program with an initial guess, xo, for the solution. The 
closer the initial guess is to the actual solution, the faster the 
program will converge to an answer. 

y 

_--1 ____ --'-_-'--'-/-+_+_--;-__ X 
Xo 

, , 
) 

, ) 

) 

) 

) 

) 

) 

) 

) 

) 

.1 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 
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The program will halt wben the following conditions are satisfied: 

1. Loop count > Loop Limit 

2. V(x~~ tolerance (t) 

3. IX,new - Xol~ ~ .1r lim it 

The user may choose values for f and ~x or the program will use 
default values. 

Equations: 

! (Xi) 
x · = x - --, +-1 , {'(xJ 

This program makes a numerical approximation for the derivative 
I'(x) to give the following equation: 

where 60 ::: 10-5 Xo and 6, = Xi - xi _ \ 

Note: 

• After the program has finished, X for f (x ) = 0 will be displayed 
and will also be in register 2. 

• Error 0 will be displayed if, in the attempt to find a root, there 
is a division by zero. If this occurs, tty a new guess that is close 
to your last guess. 

• This program also keeps track of the number of iterations 
that take place when trying to find a root. RI is initialized 
to 50 (lines 020, 021 and 022) and an error (Error 4) will 
occur if that many iterations have laken place. The user 
may change the maximum number of iterations by deleting 
lines 020 and 021 and keying in the desired number. 

• The user may like to see each Xi+1 as it is found by Newton's 
method. To do this key in [DI PSE I after I STO I 2 (at Hne 047 if no 
other modifications have been made to the program). 

• If the tolerance is too small, round-off error within the 
calculator will become significant and the roots become 
erroneous. 
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KlYS11IOKES DISPLAY KEYSTROKES DISPLAY ) ) KEYSTROKES DISPLAY KEYSTROKES DISPLAY 

rnCLEAA I P!l<l MI 000- IGSol[£] 029- 3213 ) ) jRcua 058- •• 3 @:IIABS I 084- 03,. 

rnlilll0 001 -42,21 ,11 ISTOl2 030- .... 2 

l eexl 002- 28 IRCllO 031- 4. 0 
) 

Ix~ ,,1 069- 30 [II1..·.::;,,1 085- 4. 1( 

!Illx> , I 080- 4220 @]I RTNI 086- 43 32 

tCHs i 003- ,. IRCLll 032- 46 , ) IOTO l l 061- •• , IGTOl l 067- 2. , 
6 004- • 0 033- 00 ) l RCL I4 062- •• • [j][l;!b]© 068-42.21 .13 

ISTolO 00.- 44 0 lasol[£] 034- 3213 ) ) 
IneL la 063- •• 0 

IEEXI 000- 20 IRCU 2 035- 46 2 

ICHs l 007- 'a 8 038- 30 
) 

8 008- 8 Ci:kol 037- 4340 ) REGISTERS R,: loop counter 

ISTOl3 009- 04 3 ISTol89 038- .... . 9 ) Ro: 0; R,: Temporary Ri Temporary Rf ~ 

ISTOl4 010- 00 4 IRCLI2 039- O. 2 

IRl s l 011- 3' IX ~I,i 040- 3. 
) R4 : ax limit Rs- R 8: Unused 

ISTO l3 012- 44 3 0 041- '0 
) 

tRI SI 013- 3' IReL lo 042- 46 0 

ISTO I4 014- 44 4 0 043- 20 

) ) 

) ) 
STEP IIiSTRUCTIOIS INPUT II.EYSTROkES 

OIITI'UT 
DATA/Ulrrs OATAlUlnS 

m lCLrl 016- 4336 iCHsl 044- '8 

@:IIRTNI 018- 4332 I RcLi l 04'- 46 , ) ) 
1 Key in lhe pro,-.m. 

1 Go 10 1Jjg@]. i GTO !~ 

rn[l;!b][!] 017-42,21 ,12 0 048- 40 ) ) J 511 Program modt. [IJ~ 068"'2.21 .1 

ISTOl2 01S- O. 2 ISTO l2 047- 44 2 ) , Kty in th_ hmc1ioo to bl solvlld, f(x) 

ISTol00 019-44,20, 0 []] ILSTxl 048- 4338 

5 020- • 8 049- 30 
) 

, Rltum to Run mDdl. [IJ~ 

6 Sit Uur modi 

0 021- 0 ISTOlo 060- 4. 0 ) 7 Inili.lile kllerancu. 0 10-' 

ISTOIITI 022- 4426 [H DSE I 061- 02 • ) ) 8 (Opdonal) I~ PIJl •. , ~ , 
IGse l l 023- 32 , IGTO l2 0.2- 22 • 
I RCLI2 024- o. 2 loss i9 063- 32 • 

) ) 
If you do nOI wish to .htr the 

detlllllnlue of f (10-8) but wi1/! to 

@:II ",N I 026- 4332 IIIIlBL I2 064-42,21 , • ) 
periorm step 9 ~ 10-' 

ITlfillJ 1 028-42,21, , IRCL I2 066- •• 2 ) 9 (Opdonal) Input ax limil .:U'limit ~ .:lx film! 

I RcLi 2 021- o. 2 I asom 056- 3213 ) , ) 10 InplJllll l initial guess and Comjlllli 

J STO)1 028- o. , @:HAosl 057- 4318 i 
) , ) 

) I ) 

tha root '. lID " 
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STEP IMmruCTIOIS '"PUT OATA/UIIlI 

" fOl. nlwinilial OUISS go to 

step 10. 

" i 01 ntw 10f.rtl(lCeS go 10 step 8. 

Il For.new III) 110 to thI .nd oilt. 

.... -
Set program mode and delate lines 

baek to [hIDJ@ 

Go tostap 4. 

Example: Find a root of 

withxo = 2. 

Display Keystrokes 

IGTOII];] 
W IP/ RI 
15TOIS 

068-42.21 .13 

6 [2] 
IRCL ls [J 1 [J 
WI ' /R I 
(D[lliJ9 
Set User mode. 

~ 
2!ID 
(£] 

075- 30 

0 .000000010 
1 .134724138 

-0.000000004 

KfY1TIIDIES 
OUTPUT 

DATA/Ulm 

OO®mwCllil 

m~ 

~ ... ~ 068-42.21 .13 

Default t and ~x. 

, , 
I ) 

) 

) 

) 

) 

, ) 

) 

) 

) 

, ) I 

J 
) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 
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Numerical Integration by Discrete Points 
This program will perform numerical integration when a function 
is known at a finite number of equally spaced. points (discrete case). 
The integrals are approximated by either the trapezoidal rule or 
Simpson's rule. 

Equations; 

Letxo, %1 ••••• Xn be n + 1 equally spaced point8 (Xj = x o + ih. j = 0, 1. 
2, ... , n) at which corresponding values ( xo). (Xl) •.•• f(x n) of the 
functionf(x ) are known. 

The integral: f'" f(x )dx may be approximated using: 
'0 

1. The trapezoidal rule: 

2. Simpson's rule: 

f '" h 
f(x)dx -- (f(xo) + 4f(x,) + 2((xi! + ... 4f(x",,) 

'0 3 

In order to apply Simpson's rule. n must be even. !fit is not, Error 0 
will be displayed. 

KEYSTROKES DISPLAY KEYSTROKES DISPLAY 

[JCLEAR IPRGMI 000- ISTO IO 006- •• 0 

([!l LBL I~ 001-42.21.11 ISTO tS 008- .. 5 

(STo l' 002- •• • 0 007- 0 

IR/ 5 1 003- 31 ISTOl3 008- •• 3 

[lJl l BLI@ 004-42.21 .12 [lJILBL l l 009-42.21, 1 
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, , 

KEYSTROKES DISPLAY KEYSTROKES DISPLAY ) 

IRl sl 010- 3' IGSOl3 035- 32 3 ) 

[]]I LBl ll]] 011 - 42.21.12 3 036- 3 ) 
ISTO II 012- U , !ReU5 037- •• • 
IGSol2 013- 32 2 []]I LB LiO 038-42.21 , 0 

I ENTER I 014- 3. IRclil 039- •• 1 

EI 016- .0 G 040- 30 

ISTo lG]_ 016-44.40. 6 IRCLi4 041 - •• • , 017- 1 G] 042- 20 
) 

ISTO IG]3 018- 44.40, 3 ~ 043- 3' 1 
I Rella 019- •• 3 G 044- 10 ) 
IRl sl 020- 31 IA l s l 046- 31 

[]][lIDJ1]] 021 - 42.21.12 []]I LSLI2 046- 42.21 . 2 
) 

ISTO I ' 022- •• 1 IENTER I 047- 3. ) 

IGse l2 023- 32 2 GJ 048- 40 

ISTOIG]5 024-44.40, • ISTo lG]O 049-44.40. 0 ) ; , 026- 1 w l RTNI 060- 4332 

15TolG]3 026- 44.40. 3 []][lIDJ3 061-42.21, 3 ) I 
l Rell3 027- •• 3 2 062- 2 

IGTO l1 028- 22 1 G 063- 10 

) 

) I 
[]] I LBL Ilfl 029-42,21 . 13 [II FRAC I 064- '244 

2 030- 2 m h "o l 066- 4340 
) I 
! 

IRel la 031- •• 0 [II RTN I 066- 4332 

IGIOIO 032- 22 0 067- 0 

[]][lIDJ@l 033-42,21 ,14 EJ 0.8- 10 

Imru3 034- •• 3 • RTN 069- 4332 

) , 

) I 
) i 
1 I 

REGISTERS RI: Unused 
) 

Ro: Used jA ,: ((Xj ) R2: Unused R~ : i ) 

R. : h ~" Used Rs- R.9: Unused 

II 
) , 

I 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 
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STEP ,.STRUelIO.S ,""ur IfYSTROIES OUTPUT 
DATAlU."S OATA/UIITS 

1 KIV in tile progrlm, , S,. User moll • . 

J Input m. in!trvll b'fWttIA ~-valUIS. • 129 h 

, Input thl valu, 01 the function all-

lor j ==O, 1, ___ , 11_ ' (.r.) 00 i , !dletllill the inte •• 1 vi. the 

ITlp.lOill.1 rut • . II] TriP ! 

O~ 

by SimpM/ft' rule (/1 mUl l I" ... 

been lwen) [QJ Simp ] 

• For new tlU, go to Sflp3 . 

Example: Given the values below for (Xi)' j = 0, 1, ... , 8, calculate 
the approximations to the integral 

10
2 

f(x)dx 

by using the trapezoidal rule and by using Simpson's rule. The 
value for his 0.25. 

j 0 

'j 0 

f (x} 2 

Keystrokes 

[j]@]2 
Set User mode . 
. 25 0 
200 
2.8 00 
3.8 00 
5.2 00 

, 
0.25 

2.8 

2 3 

0 .5 075 

3.8 5.2 

Display 

0 .25 
0.00 
1 .00 
2 .00 
3 .00 

4 5 6 7 8 , 1.25 1.5 1.75 2 

7 9.2 12.1 15.6 20 
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Keyatrokes 

7[[] 
9.2[[] 
12.1 [[] 
15.6[[] 
20[[] 
(g 
[Q] 

Curve Fitting 

Diaplay 

4 .00 
6.00 
6.00 
7 .00 
8 .00 
16.68 
16.&8 

Trapezoidal. 
Simpson 's. 

Your Hp·llC calculator is equipped with a powerful built-in 
function, linear regression, ILR.I , which quickly and conveniently 
fits data to a straight line. (See page 63.l 

This capabiJity is used. here in a program to fit data to other types 
of curves: 

1. Exponential curves; y = aebx (a > 0) 

2. Logarithmic curves; y = a + b lnx 

3. PowercuTves; y = axb(a > 0) 

which may be transformed to the general linear form Y = A + bK. 

The regression coefficients A and b are found by solving the 
following system of linear equations 

where n is the number of data pairs. 

The relations of the variables are defined as the following: 

Regre •• ion A X, Y, Code 

Exponent ial Ina x, Iny; 1 
Logarithmic a Inx; y, 2 
Power Ina Inx; In Yi 3 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

, 
) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) .> 

) ) 

Section 1 Q: Applications Programs 163 

The coefficient of determination ia: 

r2 

ArYi + b~Xi Yi- _1- (Iyj )2 
n 

I ( y
j
2) __ 1_ (I y

j
)2 

n 

The type of curve fit t o be run is determined before data input 
begins by inputting the code number. 

The coefficien t of determination indicates the quality of fit 
achieved by the regression. Values of , 2 close to 1.00 indicate a 
better fit than values close to zero. The regression coefficients a 
and b define the curve generated, according to the equations at the 
beginning ofthis discussion. 

Exponential Curve Fit 
Code = 1 

y 

x 

Logarithmic Curve Fit 
Code = 2 

y 

y = a + b Inx 
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y 

Remarks: 

Power Curve Fit 
Code = 3 

x 

• The program applies the least squares method, either to the 
original equations (logarithmic curve) or to the transformed 
equations (exponential curve and power curve). 

• Negative and zero values of X j will cause a machi ne errOT for 
logarithmic curve fits . Negative and zero values of Yi will 
cause a machine error for exponential curve fits. For power 
curve fits , both X j and Yi must be positive. non·zero values. 

• As the differences between x andl or y values become small, 
the accuracy of the regression coefficients will decrease. 

• During operation of the program all storage registers are 
cleared. Any data stored in extra register s will t herefore be 
destroyed. 

KEYSTROKES DISPLAY KEYSTROKES DISPLAY 

[D CLEAA l pRGM I 000- • 006- • 
1D[ill]@] 001-42.21 ,11 GJ 007- '0 

m CLEAR I REG I 002- 4 2 34 I STO I[i] 008- 4425 

[I][lliJ2 003- 42. 7 . 2 mIl 009- 33 

I ENTER I 004- 3. wEillo 010- 43, •• 0 

tENTER t 0 0 5- 3. wEill 1 011-43, ' . 1 

} ' } 

) ) 

) ) 

) 

) 

) ) 

) 

) 

) 

) ) 

) ) 

) ) 

) ) 

) ) 

) 

) 

) 

) ) 

) 

) 

) 

) 
, 
j 

) ) 

) 
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KEYSTROKES DISPLAY KEYSTROKES DISPLAY 

IGTo l[j] OU- 22 26 wCEJ 036- 4349 

[lI LBLI7 0 13-42,2 1, 7 IGTOI S 0 37 - 22 9 

Wrill1 0 14- 43, 5 . 1 [D! L.BLIOO 0 38- 4 2 ,2 1.12 

iGro lS 01 5 - 22 9 IDIIKl 039- 4 2 49 

ITJl!J!Ja 01 6-42 .2 1 . • w(IT]o 040- 43 . • . 0 

wrillo 017- 43 . S. 0 [!:l 041- 12 

!]ILBLI9 0 18 - 42 .2 1, 9 IRl sl 04 2- 31 

IR/ s l 0 19- 3 1 ~ 043- 3' 

w(IT]O 0 20-43, • . 0 IRl sl 044- 31 

W~ 021 - 4 3 U mIT!] 046- 4 2 48 

L. ~ 1, 1 022- 3' h~d 046- 3' 

[!)ffiJ 1 023-43, • • 1 w[ZJ 047- 43 11 

w~ 024- 4 3 12 []] IRTN r 048- 4332 

tRCL JS 0 2S- •• 6 IDI LBLl IQ] 049- 42.21 .14 

[!]h " ol 026- 4330 1 060- 1 

IGTO IS 027- 22 • ISTOI6 OS1 - 4. 6 

mIl 028- 33 !GTo t9 062- 22 9 

[E] 029- 49 m l LBu[£] 053- 42.21 .1 3 

IGTOls 030- 22 9 11J[HJ , 054-43. 6 , 1 

miLBLi6 031-42.21. · w~ 066- 4312 

mIl 032- 33 mrra 056- 4248 

0 033- D []]ffiJ O 0 57- 43. • . 0 

ISTO l6 0 34- •• 6 [!:l 068- 12 

imIl 0 35- 33 

REGISTERS AI: Code 

Ao: i RI: ~J( i R2: Ix? R3: IYi 

R4: I y/ Rs: I x;)'; Rs: lorO R7-R.S: UnusEK 
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STEP .STlWcnOIS 

1 !C.., in tilt plogram 

2 S.I UHf 1IIOd • . , Slltd the typ. al cUN,tit; 

hpontmi. , --P .... 

• ,,.111 ' i Vilu. IIWI 1j VallHl . 

(RtpUllllp 4 fill' ,II dill points., 

, Calculil. "lJIlIuion coflfitilnls 

iIld (;a,Hid'"t ot dtttfmillll ian. , Mike proi'cliO/! of nlW, 10( I 

knownx ulu •. 

(R' PIII,I,p 6 lor ,II x v,luu af 

int'nllI., 

7 EmIr correction: 

ff'(IMCIUI inpu,. It S'I' P 4 NY 1M 

lOI'rlClid by prening I]).nd 

IIlnlMrtl ifl~ the erroneolll dati. 

Then ,"um I"S"P 4 and IfIIiI ttl. 

toI'aCI dill. 

Example 1: 

(Exponential, Code = 1) 

Xi 

'i 

,.PUT 
DAIl/U'IIITS 

1 

2 , 
' i 

r, 

, 

/fi 'f! 

r,w 

K£lSTROKES 

[iiJ 

[iiJ 

[iiJ 

tENTER I 

[M] 

lID 
1]2]] 

rEZID 

g] 

lID 
IENTER I 

IR/ sl 

OUTPUT 
DATA/UIITS 

1.00 

2.00 

' .00 

, 

• 
• 
" , 

i- I 

3.14 

0.5 

, 
) 

) 

) 

) 

~ 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 
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Solution: 

a = 3.45, b = -0.58 
y = 3.45 e-O·'i8x 

r 2 = 0.98 

KeY8trokes 
Set User mode. 

Display 

1(~ 
.72 1 ENTER 12.' GIRls I 
L31 I ENTER I1.61 IRl sl 
, .95 1 ENTER I , .16 1 RI S I 
2.58 1 ENTER 1.85 1 RI S I 
3.14 I ENTER l. s I Rl sl 

1.00 

3 .46 
-0.68 

0 .98 

rID 
IRIs I 
IRlsl 
1.5 [£J 1 .44 

Example 2: 

(Logarithmic, Code =2) 

X, 3 4 

Y, 1.5 9.3 

Solution: 

a ~ -47.02, b ~ 41.39 

y= 47.02 + 41.39Inx 

,2 =0.98 

For x =8, Y=39.06 

For x = 14.5, Y =63.67 

Keystroke8 

20 
3IENTER I1.5 Wsl 
4 1 ENTERI 9.3 1 A/ 5 I 
6 1 ENTER 123.4 1 R/5 I 

Display 

2.00 

a 
b 
, 2 

:9 

6 10 12 

23.4 45.8 60 . , 

167 
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KEYSTROKES DISPLAY KEYSTROKES 

mCt.£AR 1 PROM I 000- IRcLI2 

(DI LBL 10 001-42.21 .11 IRcLI6 

ISTo l6 002- 44 • 8 

[]ill 003- 33 [§@ 

@QJ 3 004- 44 3 G 
[]ill 005- 33 I RCL) 1 

ISTol 1 008- 44 , 0 

IRcLI3 007- 46 3 ISTOl3 

m~ 008- 4326 IGIOIO 

mlZl 009- 4311 ITIl m lm 

IAnlS 010- 46 6 15101 4 

mlZl 011- 4311 []ill 

8 012- 30 ISTOI2 

IRCLl l 013- 4. , []ill 

IRCLI3 014- 46 3 ISTo l l 

0 016- 20 IRCL14 

2 018- 2 I RcLi2 

0 017- 20 8 

8 018- '0 [§@ 

mi cos' l 019- 4324 IRCLI4 

ISIOl2 020- 44 2 [§@ 

IGTolO 021- 22 0 G 
IIII LBLiOO 022-42.21.12 I RCL l l 

ISTOl 2 023- 44 2 0 

[]ill 024- 33 ISTO ll 

ISTOl1 026- 44 , IOTo lO 

[]ill 026- 33 (DI LBl llIl 

ISTO l6 027- 44 S ISTO l4 

rntil 028- 23 []ill 

DISPLAY 

029- •• 2 

030- •• • 
031- 4C 

032- 23 

033- '0 

034- 46 , 
036- 20 

036- 44 3 

037- 22 0 

038-42.21 .13 

039- 4' 4 

040- 33 

04'- 44 2 

042- 33 

043- 44 , 
044- 46 4 

046- 4. 2 

048- 40 

047- 23 

048- 46 4 

049- 23 

060- '0 

061- 46 , 
062- 20 

063- 44 3 

064- 22 0 

066-42.21,16 

068- 44 4 

057- 33 

) 

) 

) 

) 

) , , 
) I 
) 

) 

) 

) 

) 

) 

') 

) 

) 

) 

) 

) 

) 

) ) 

) 

) 

) ) 
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KEYSTROKES DISPLAY KEYSTROKES DISPLAY 

ISTO l3 0.8- 44 (Dl lBLIilD 087-42.21 ,14 

[]ill 059- 3 ISTO ll 088- 44 3 

ISTOll oeo- 44 , []ill OB9- 33 

IRelll 061 - •• ISTOl2 090- 44 2 

IACll4 062 - 45 , []ill 091- 33 

[§lffi 063- 2 I STol1 092- 44 , 
IACL\ l 064- 46 1 [DI Lelia 093- 42,21 , 0 

G 066- H IACl l2 094- 46 2 

0 066- 2C !ACL) l 096- 46 , 
OO~ 067- 4323 ITl~ 096- 4226 

I Rcli 4 068- 46 4 1RcU 3 097- 4. 3 

8 069- 40 1.6':'; ..! 098- 34 

IGsel9 070- 32 9 8 099- 30 

ISTOl2 071 - 44 2 []]~ 100- 4326 

IOS810 072- 32 o 15101 5 101- 44 6 

IRCLl l 073- 45 1 Ix~d 102- 34 

l RCLi 3 074- 46 3 ISTo l4 103- 44 4 

ITJG£iJ 076- 4210 I ACLI2 104- 45 2 

IGTol8 076- 22 8 8 105- 40 

2 077- 2 IGS8 19 106- 32 9 
[RIS) 078- 3' ISTOl6 107- 44 6 

I RcU6 079- 46 S [§}ill 108- 23 

lossl9 080- n 9 0 109- 20 

ISTO l6 081- 44 e l RCLi l 110- 46 , 
IRCLI4 082- 45 4 0 111- 20 

8 083- 402 112- 2 

IGS819 084- 32 9 8 113- '0 

ISTOl 2 085- 44 2 ISTOlo 114 44 0 

(§iQJO 086- 22 0 0 115- 48 
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KEYSTROKES DISPLAY KEYSTROKES DISPLAY 

0 '18- 0 IGTO l2 124- 22 2 

0 , 17- 0 fil lBLI8 126-42.2 1, 8 

6 1 lB- • []]ICL,·j 126- 4336 

ISTO HTI 119- 44 26 [!)IRTN I 127- 4332 

UlIlB Lt2 120-42, 21 . 2 C!]I LBLi9 128- 42 .21 . 9 

IRCl l1Nl 121- 45 24 Icos l 129- 2' 
IRl sl 122- 3 1 ICHS I 130 - ,. 
(!Jl!@ 123- 42 6 illlcos' J 131 - 43 24 

REGISTERS RI: Index 

Ao: Area R, : $, Az: A l Al : 52 

R , A, R~ : Sa R6: Aa A7- RS: Unused 

STEP IMSTRUCTIOU II'UT KEYSTROKES OUTPUT 
DATA/Ulm DATA/Ulrrs 

, Kt~ in th, progrlm. 

2 Set User modi . 

3 Stl dull,d angul.r modi 

[DEG, RAD, GRAD). 

, 
) 

) 

) 

, I 
) 

, I 
. I , 
• I , I 

, 

) 

) , 

) I 
, 

' i 
) 

: I 
, I 
) I , 
) 

) 

) 
I 

) : 

) i 

In. 

• 

') 

) 
5 

) 

I 

, 

) 

) 

) 

B 

) 

) 

) 

S.,clion 10 : App~ications f'rograms 173 

'ISTJlUcnOMS IJI'UT ItEYSTROItES 
o"",or 

DATAlUIITS OATAlUIITS 

SSS ll ... ) 

Em ... : 

Sid. 1 S, I ENTER] 

Sifl2 S, !ENTER ! 

Sid. 3 S3 0 / ... 
Go 10 SliP 9 

ASA (2 ..... +~ .. J 

Enler 

Angl13 A, IE NTER I 

Sid, 1 S, I ENTER ! 

Angle I A, 00 A .. 

Go to step 9 

S.u. [l ...... + . 1IiK.1It Ii',] 

Enter. 

Side 1 S, IENTER i 

Angll 1 A, l ENTER i 

~le2 A, ~ Area 

Go lom~9. 

SAS [2'" + ..... -.Ie] 

Enter. 

Side I S, IENTER l 

AlIQltl A, IENTER i 

Sid. 2 S, [QJ A •• 

Go 10 SliP 9. 

SSA fl_, + Hilum ..... J 

Enler. 

Side 1 S, iENTERI 

Side 2 S, I ENTER i 
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SUI' IISTltUCTIOIS ""'1 IEYSTlIOKES 
OUTPUT 

OATA/ Ulrrs OATAlUIITS 

"1IgI. 2 A, ~ .... 
9 DimlMions: 

To linll Iht rlm.illin9lilil, .Ad 

IIIgln: (fu]) S, 

!Ml A, 

IF2§J S, 

[0J A, 

[]2ID $, 

!Ml A, .. If no II1'mltin lri.ftgl, i, pouibl,: U@) 0 .. If satood trilnvle is pouitt.; [@ 2 

!Ml Ar .. 

®]J S, 

(!ZID A, 

IRl sl $, 

lMJ A, 

IRl sl $, 

l0J A, 

E%ample 1: A surveyor is to lind the area and dimensions of 8 

triangular land parcel. From point A, the distances to Band Care 
measured with an electronic distance meter. The angle between AB 
and AC is also measured. Find the area and other dimensions of 
the triangle. 

171 .63 
meters 

A 

98' 12 ' 

297.35 
meters 

B '-______ _ __=:,.. C 

, 
) 

) 

, , 

) , 

) I 
) 

) 

) 

I 

,: I 
) ' , 
) : 

) I 
) 

) 

) i 

) I 
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) 
This is a side-angle·side problem where: 

) 
SI = 171.63. A, = 98"12' and 8, ~297.35. , 

Keystrokes Display 

ml DEGI 
lDillKJ 2 
Set User mode. 
171 .63 1 ENTER I 171.63 
98.12 ml + HI 98.20 
297.35@] 26,268.21 Area. 
IRl sl 171 .63 8, 

) 
IRl sl 98.20 A, 

) IRl sl 297.35 8, 
iRIs I 27.83 A, 
iRIs I 363.91 8, 
iRIs I 63.97 A, 

) Example 2: Given 2 sides and a nonincluded angie, solve for the 

) 
triangle: 

Side, = 25.6 
) Side:! = 32.8 

) 
Angle2 = 42.3° 

) 

) 
A, 

) 

) S, S, 

) 

) A, A, 

) S, 

) 

) 

) 
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t Statistics 

Paired t Statistics 

Display 

26.80 
32.80 
410.85 
25.80 
78.12 
32.80 
42.30 
37.22 
59.&8 
2.00 
124.88 
25.80 
17.28 
32.80 
42.30 
11.30 
120.42 

Area. 
S, 
A, 
82 
A2 
S, 
A, 
Second Solution. 
Araa. 
S, 
A, 
82 
A2 
8, 
A, 

Given a set of paired observations from two normal populations 
with means ~h ~ (unknown) 

Xi X, 

Yi y, Y2 ... Yn 

let 

- 1 ~ 
D = - L.JDj 

n i=l 

lDl- _1_ (lD;), 
BD = .I ____ -"n'---__ 

n - 1 

J 

) 

1 

) 

) 

) 

) 

) 

) 

) 

1 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

( i, ) 

The test statistic 
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Ii 
' = - 0' 

sD 

which has n ~ 1 degrees offreedom (df) can be used to test the null 
hypothesis. Ho: /oJ l = 1-12' 

t Statistic for Two Means 

Suppose {Xl> X2 • . ... x"l ' and IYI> Y2. "' , Yn2} are independent random 
samples from two normal populations having means ,ul and ,u2 

(unknown) and the same unknown variance rl-. 
We want to test the null hypothesis Ho: 1-11 - 1-12 = d. 

Equations: 

We can use this t statistic (which has the tdistribution with nl + n 2 

- 2 degrees of freedom (df) to test the null hypothesis HQ• 

References: 

1. Statistics in Research, B. Ostle. lowa State University Press, 
1963. 

2. Statistical Theory and Methodology in Science and Engi· 
Mering, K.A. Brownlee, John Wiley and Sons, 1965. 
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( , ) 

) ) 
KEYSTROKES DISPlAY KEYSTROKES DISPlAY 

m CLEAR I PRGM I 000- ISTO I02 029- 44 .2 
) ) 

ffil LBL 10 001 -42.21 .11 !ReliO 030- 4" 0 ) 

G 002- 30 ISTol(] O 031- 44 .0 ) 
cr!) 003- 49 0 032- 0 

IRl s l 004- 31 iIlCLEAR m 033- 4232 

ffilLBL I[9 00!S-42,21 .13 IR/ s l 034- 31 ) ) 

OOITl 008- 43 o iIlllBl@ 036- 42.21 . 14 ) 

ISTO l6 007- 44 8 ISTOl6 036- .4 6 

iRIs I 009- 31 IRCl l8 1 037- 4S .1 
) 

OOIil 009- 4348 IRcll82 038- 4. .2 ) 

IRl s l 010- 31 15101 4 039- •• • ) 

! RcLi6 011- 4S S h~rl 040- 3' ) ) 
IReLiO 012- 4S o ISTO l3 041 - 44 3 

lliI 013- " OOITl 042- '3 0 
) ) 

0 014- 20 ISTOl8 043- 44 8 , ) ) 

!.t >i! r I 0 15- 3. h~rI 044- 34 ) 

G 016- 10 IRel lO 045- 4. 0 

IAl s l 017- 31 0 048 20 
) 

IRellO 018- 4S o IRel lD o 047- 45 .0 ) 

1 019- 1 G 048- 10 ) 

G 020- 30 ISTOI7 049- 4. 7 
) ) 

IA/ s l 021- 31 Ix:~ rI 060- 34 

I GTO 1[9 022- 2213 G 061 - 30 
) ) 

iIllilll rID 023-42.21 .12 IACU6 052- • S • ) ) 

[EJ 024- •• G 063- 30 ) 
IA/ sl 026- 31 IAcll4 064- 4S 4 

IRCll t 026- 4S 1 IACl l3 066- •• 3 
) ) 

ISTO IOl 027- 44 .1 I AcLl 7 0615- 4S 7 ) ) 

IRcll2 028- 4S 2 0 067- 20 , ) 

) I 
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KEYSTROKES DISPlAY KEYSTROKES DISPlAY 

G 058- 30 [Ul 072- " I ReLi 2 059- 4S 2 IRel lO 073- 4S 0 

Q 060- 40 !IE) 074- ,. 
IRel l1 061- 4S 1 IRCLIOO 076- 45 .0 

I RcU B 062- .S 8 {lli] 076- 15 

0 063- 20 Q 077- 40 

G 064- 30 [Ul 078- " 
I:@JO 086- 4S 0 0 079- 20 

IRcLiDo 066- 4. .0 G 080- 10 

Q 067- 40 IRIS) 081- 31 

2 068- 2 IRel l9 082- 4S • 
G 069- 30 IA/ sl 083- 31 

ISTo l9 010- 44 9 I ReU S 084- 4S 6 

G 071- 10 IGTOIIID 085- 22'4 

REGISTERS' At: Unused 

Ao: n l . n 2: n RI: h . ~r: !.O A2: 1 x 2• I y2; 'i.02 RJ : 'i.x: 

R4: 'i.x2; R5: Unused Ae: d: D Ai i ; 

As: y; R9: df.. R (j. n,: R , : ~Jr; 

R 2: ~x2; A J-R .• : Unused 

• £n tries befQ", the Rmirohm indicaw nfiner u8age r(lr the t Stntinice for T"'Q Mesns 
pmgTllm. Entri"" s fte r the Rmicolun IU" r(lr the P.ired t Stali~ tiC1l proeram. A hlan k 
,mtry ~P~l'J1t8 unuRd; " llinJoCle entry without II semkolon i8 ",alid fur both programs. 

IIISTRUCTIOIS I,PUT 
KEYSTROKES OUTPUT STf. 

DATA/Ulrrs DATA/ UNrrS 

Paired t Slitistics 

1 Kry in linn 001·022 

1 Initialize Ihe pro;'lm. mCLEARIREGI 

3 S.t UUllIIOd8 . 

Repeallleps 4·5 !Of i ~ 1. 2 . .. , n. 
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'.""T IEYMO«U 
OUlfUT m, IISTlUcnOIS DATA/UlrrS DATAIUlfTl 

• .. " 
" IENTER I 

) ) Example 1: 

) ) 
15.4 x, 

1 Y; 17.2 , 
Y; 0 , 1 ~ 

I 
) Find h , 80. t and drfor the above data. 

5 tOplionalJ To correct I IIlIIlIOUJ 

¥, 0( Y,: " IENTER I 

Y. ElmCEJ ' · 1 

• TI ulwlll' lUI ultiltiar 

ii IfJ ii 

) I ) Keystrokes Display ) I ) (j)(@4 
Set User Mode. ) ! ) 

I 1 .0000 ) ) 
2.0000 Error. 

" 
@Sl " 

1 (@ , 
df [ill) df 

) 
1 .0000 Correction. 

) ) 2.0000 
3 .0000 

1 Repeat 1I1P6 10 rnilw III, ruulil . ) ) 4 .0000 

II .... I..-T_M •• 
5 .0000 

) -3.2000 jj 
1 Kef in Wnu 023·as~. 

2 Iniri l lizl III, prDgrlm. (]] ClEAA IREG I 

J Si t llstf mode. 

) 1 .0000 sD 
-7.1664 t 

) 4 .0000 d( 

A",nlltlp.s 4-5 hI!" ;= 1. 2. ·~ "t · ) Example 2: 

• Input'l " 00 , 
) x 

5 TD tDITltt "ron.oos i~ut.rJ : " mCEJ ' · 1 
Y 

• Inilil!ir.lor tile ucond Ifrtr 01 

dll • . IR/ S I ) ) If d = 0 (Le., Ho: ,0.1 = ,u:z) find t and drfor the above data. 

Aepeal "IPS 7·8 to.. i=l. 2, .. ~ nl. ) ) Keys trokes Display , Inp ut 1, Y, 00 i 

• To COfTlCleffOl"l 'OIIS WlpilIY, : r. mCEJ '·1 , Input dlo Clltull11 lUI sll tiflic: 

) ) (j) CLEAR I REG ' 
79 00 .4 00 99 

) ) OO 99 IIJCEJ 2.0000 
108 00 "4 00 

d [QJ , 
[ii7SJ df 

) ) 120 00 103 00 
1220012000 8 .0000 

) ) IRis' 0.0000 
10 R.ptllltlP 9 to levi ..... me flloIts.. 

) 
91 00 103 00 



182 Section 10: Applications Programs 

Keystrokes 

90 00 " 300 
1080087 00 
, 00 0080 00 
990054 00 
o [ill 
IRl sl 

Display 

10.0000 
1 .7316 
16.0000 

Chi-Square Evaluation 

t 
d( 

This program calculates the value of the x2 statistic for the 
goodness of fit test by the equation: 

. , 
,~ "(O,~E,) 

Xl - i...J 
i=l E, 

(df = n-l) 

where OJ = observed frequency 

Ej = expected frequency . 

If the expected values are equal, 

then 

W 
E=Ei = --' for all i, 

n 

Note: In order to apply the goodness of fit test to a set of 
given data, combining some classes may be necessary to 
ensure that each expected frequency is not too small (say, 
not less than 5). 

Reference: 

Mathematical Statistics, J.E. Freund, Prentice Hall, 1962. 

) 

I ) 

) 

) 

) 

, 
) 

) 

") 

) 

) 

) ) 

) ) 

) ) 

) ) 

) I ) 
) ) 

) ) 

) ) 

) ) 

) ) 

) ) 

) ) 

l , 

) 

) 

) 

) 

) 

) 

) 

) 

KEYSTROKES 

I] CLEAR I PRGM 1 

!Ill LBLI~ 

memO 
w[lli]a 
I ENTER] 

[)ill 

G 
mG"l 
mffiIl 
[] 

m[TI]o 
ICHS I 

ISTOIG]l , 
OO§]o 
ICHS I 

ISTO IGJO 

IRclla 

IRlsl 

ITJILBLI!£l 

IReLi l 

IRl sl 

Ro: Index 

Roll: Used 
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DISPLAY KEYSTROKES DISPLAY 

000- IOl01[£! 022- 2213 

001-42,21 , 11 IIillBLIOO 023- 42,21 ,12 

002- 43. 5 . a [EJ -' 024- 49 

003- 42.21 , 0 IRl sl 026- 31 

004- 36 ITJILBL I@J 026- 42,21 , 14 

005- 33 IReLiO 027- 46 0 

006- 30 IACLl 2 028- 4. 2 

007- 4311 Q 029- 20 

008- 4333 IACtl 1 030- 46 1 

009- '0 [] 031- '0 

010-43. 5. 0 I RCli l 032- 46 , 
011 - ,. [] 033- 30 

012-44.40, 1 UE§J 034- 31 

013- 1 IRel l1 035- 4. 1 

014-43. 5. 0 IRCl lc 036- 4. 0 

016- '5 [] 037- '0 

016-44,40, a IRl s l 038- 3' 

017- 45 a i GTOI[QJ 039- 2214 

01B- 3' [JILBLI[]J 040-42.21 .15 

019-42.21.13 mrmo 041-43, 4, 0 

020- 4. , Imolo 042- 22 0 

021- 3' 

REGISTERS RI: Unused 

Rj : l(2~, lOj R2: "£0/ R] : Used 

Rs: Used Ra- Hg: Unused 
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rnP IlmwcnO.S IOPUT "" ....... GUlP .. 
DATA/V1111'S DATA/VlrrS 

...... E.....,~' 
I Ke) ill the pr&grem. 

2 IRltillin die pnIGrIfII, (DCUAR I REG i 

3 Set User modi, 

ftI~tl SlIPS 4-5 jor ;==1. 2. ... 8 , 

• ..... 
0, 0, IENTER ! 

f , f , 0 ; 

5 To comet IfIlIMOUl 0tfJf E .. 0, IENTER ! 

l, ID ' -1 

• CelcuI,tI xI ~ ,,' 

1 Rep'tlst" 6 to revitwth' r,sull 

E" EIpIcaII frill"" 

I InitilliZl thI p~'MII. (!] Cl£AII IREG ! 

2 Sit UHr Il104 •. 

R.,.lIltejl$ 3-4 jfJf i=1 . 2 .. ,'. 
3 Inpl/l OJ 0, 00 ; 

• To corrld ,rron_DIII O. O. [!]IIJ h-I 

5 CalCtl11t1 

,i @l ,i 
E IR/s! E 

, Repell step 5 tD "vilW the "lIIIrs. 

Example 1: Find the value of the x2 statistic for the goodness of 
fit for the following data set: 

0, 8 50 47 56 5 14 

Ej 9.6 46.75 51.85 54.4 8 .25 9.15 

) 
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Keystrokes Display 
) ) 

[j]CLEAR I REG I 
) [j]1illl 4 

1 Set Usar M ode. I 
) ~ ) 1 .0000 

I 2 ,0000 
) ! 3 ,0000 I 

) I " .0000 
6 ,0000 Errol'. 

) 1 ) 
4 .0000 Correction. 

I 6 .0000 

) I ) 6.0000 

) I 4 .8444 ,,' 

) ! ) Example 2 : The following table shows the observed frequencies 

) I ) in tossing a die 120 times. x2can be used to teat iCthe die is fair . (df 
"'" 5.) Note: Assume that the expected frequencies are equal. 

) ) 
Number 6 

) ) Frequency OJ 16 

) , ) Keystrokes Display 

) ) [j]ClEAR I REG I 
25 [[] 17 [[] 19 [[] 3 ,0000 Errol'. 

) , ) 19 WCEJ 2,0000 Correction. 

) I ) 
15 [[]23[[]24[[] 
16 [[] 6 ,0000 
[QJ 6,0000 ,,' 

; I 
) IRis I 20,0000 E 
) 

The value of x'l for df ;:=; 5 and 5% significance (found on p. 438 of )1 ) Freund's Ma thematical Statistics, 2nd edition) is 11.070. Since 5.00 

) 
is less than 11.070, no statistically significant differences exist 

) between the observed and expected frequencies. 

) 

) ) 
Finance: Annuities and Compound Amounts 
This program can be used to solve a variety ofproblemH involving 

) ) money a nd time. The following variables (except the interest rate, 

) 
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which must be given) can be either inputs or outputs: 

n : The number of compounding periods. (For 8. 30 year loan 
with monthly payments, n = 12 X 30 = 360.) 

i : The period ic interest rate e.xpressed 88 a percentage. (For 
other than annual compounding, divide the annual percent­
age rate by the number of compounding periods in a year, i.e .. 
10% annual interest compounded monthly equals 10/ 12 or 
0.83%-) 

PV: The present value of the cash flow or compound amounts. 

PMT: The periodic payment. 

FV : The future value; the final cash flow (balloon payment or 
remaining bahmce) or the compounded value of a series of 
cash flows. 

Accumulated in terest and remaining balance may a lso be 
computed with thi s program. 

The program accommodates payments which are made at the 
beginning or end of compounding periods. Payments made a t the 
end of com pounding periods (ordinary annu ity) are common in 
direct reduction loans and mortgages while . payments at the 
beginning of compounding periods (annuity due) are common in 
leasing. For ord inary annuity press ~ and then IRI S ! un til 1 is 
displayed. For ann uity due press (Al then IRI S I until 0 is displayed. 

This program uses the convention that cash outlays are input as 
negative, and cash incomes are input as positive. 

Pressing ill CLEAR I REG I provides a safe. convenient. easy to 
remember method of preparing the calculator for a new problem. 
However, it is not necessary to use [i] CLEAR I REG I between 
problema containing the same combination of variables. For 
instance, any number of n , i. PV, PMT, FV problems involving 
different numbers and l or different combinations ofknowns can be 
done in succession without clearing the registers. Only the value/:! 
which change from problem to problem would have to be keyed in. 
To change the combination of variables without using [i] CLEAR 
I REG I, simply input zero for a ny variable which is no longer 
applicable. To go from a problem where n, i, PMT, PV are known a 
to a problem where n. i. PV: FV are knowns, a zero would be stored 
in place of PMT. The following table summarizes these procedures. 

) .J 
) ) 

) ) 

) 

) 

) ) 

) "> 
) ) 

) 

) 

) ) 

< ) ) 

) ) 

) ) 

) ) 

) ) 

) I ) 

) I ) 
) < ) , 
) I ) 

) ) 

) ) 

) ) 

) ) 

) ) 

Allowa ble 
Combination 

o. 
V.riabla. 

n, PV, PMT. 
(input any two 
and calculate 
the thi rd). 

n, PV, PMT, FV 
(input any three 
and calculate 
the fourt h). 

n, PMT, FV 
linput any two 
and calcu late 
the third). 

n, PV, FV 
jinput any two 
and calculate 
the t hird). 

Equations: 
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Possible Solution. U.ing 
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Annuitie. and Compound Amounts 
(Inter •• t i. given) 

Applications 
In itial 

Ordinary Annuity Procedura 
Annuity Due 

Direc( reduc· Leases Us. 
tion loan [D CLEAR IREG I 
Discounted or set FV to zero 
notes 
Mortgages 

Direct reduc · lease with None 
tion loan with residua l values 
balloon 
Discou nted 
notes with 
balloon 

Sinking fund Per iodic Use 
savings, [D ClEAR IREGI 

Insurance or set FV to zero 

Compound amount Us. 
Savings [D ClEAR I REG I 
(Annu ity mode is not appl icable or set PMT to zero 
and has no effect, 

-PV~ PMT A [1-(1+irnl+(FV)(1 + 0~ , 
where 

A -

Note: 

(' (l + i ) 

ordinary annuity 

annuity due 

• Problems with an interest ra te of 0 will result in Error O. 

• Problems with extremely high (106) or low values (10-6) for n or 
i may give invalid results. 
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KEYSTROKES DISPLAY KEYSTROKES DISPLAY ) ) KEYSTROKES DISPLAY KEYSTROKES DISPLAY 

ffi ctEAR IPRGMI 000- ISTO l l 029- •• , ) ) [RCL/ 7 0 58 - •• 7 @) 076- 14 

(1I1 LS"0 001 - 42,2 1 .11 (!l1. T. ' 030- 4332 

mm!1 2 002- 42. 7 . 2 (jJILSL1@ 031-42.2 1.13 

[§!Q) 2 003- •• 2 15101 3 032- •• 3 

) ) 

) 

G 059 - 10 ISTO I7 077- u 7 
ICHs l 0 60- ,. , 078- 1 
ISTOl5 

-
Del - •• • L··:fr) 0 79- 3' 

(jJI LS' " 004- 42 .21 . 4 []2ID 0 3 3- 3' ) [IJJ fH N I 062- 43 32 G 080- 30 

IRl sl OOti- 3' @J ' 034- 32 , ) (jJ[ill] ' 063-42.21 , I /E!.J 4 081 - •• • 
0 000- o IGs e l2 036- 32 2 

(!limO 007-43 . 8. o ICHs l 036- ' 8 
) 

, 064- 1 !]9J8 OB2 - .s 8 
!RcLi 2 0115- •• 2 G 0 83- 10 , 008- 1 CS@ 3 037- •• 3 ) (!lOO 066- 4314 JAeLlO 084- •• 0 

(!l[illo 009- 43. •• o I]]I RTNI 038- 4332 ) ISTO l8 067- •• 8 8 0 86- 20 

(!ll.,.o l 010- 4340 (jJlml@] 039- 42 .21 .14 

(!l(IDo 011 - 43. 4, 0 ISTO l4 040- •• • 
@!Q] 4 012- 22 4 IRIS! 041- 3' 

) 

) 

, 0 68 - 1 0 08S 20 
ISTO IO 089- •• 0 OOL@i) 087 4332 

8 070- '0 illfUill 2 088- 42 .21 . 2 

(jJ[ill] lID 013- 42 .21 .121 042- , ) ISTOl 6 071 - •• 8 JRCl l5 089- •• • 
ISTOII 014- .. I ISTO I4 043- .. • 
IR/ s l 015- 3' IGse ll 044- 32 , 
@m l 018- 32 1 r 1/,, 1 046- ,. 

( ) , ) 

) 

(!limo 072- 43, 6, 0 [RCl I7 090 4. 7 
ISTo rO 073- •• 0 8 091 - 20 
)RCL! 1 074- .S 1 Q 092- .0 

[RCL I5 017- •• 5 I RcLl 3 048- .S 3 ) ) lCHS J 075 - 16 

mI LST ~1 018- 4336 IGs s l2 047- 32 2 ) ) 

G 019- 30 e;] 048- 20 

IRcl la 020- •• 3 lcHs ) 049- 's 
( I ) 

(!ll CST .• I 021- 4338 ISTOl 4 060- .. • ( ) ) 

8 022- '0 (!l' . '" .. ,- 4332 ) 

G 023- 1( (jJILBL IW 052-42.21 . 16 , ) ) 
iCHS I 024- ,. ISTOls 0153- •• • 
(!l[i]] 026- 4312 IRl s I 064- 3' 

) ) REGISTERS RI: Unused 

IReua 026- •• 6 IGs s ll 056 - 32 , i ) ) ACt: 1 or 1 + i/l00 AI: n R2: i (%) AJ: PV 

(!l[i]] 027- 4312 [RCl I3 056- •• 3 ) ) R4 : PM T Rs: FV Rs: 1 + if l 00 R7: (1+ i/l00) - rr 

G 028- '0 e;] 057- '0 
) 

Rs: i/ 1oo Ra-R .• : Unused 

) ) 
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sn, '.STJlUCTIOIIIS IfIII I'UT KEYSllIOKU OUTPUT 
DATAJUIITS OAT~U.1l 

1 K" in ItII progrllll. , SI! U"r mod • . 

3 lrIit~il • . m ClEAR ®::ID 

• Input ptriodic inl ... 1 f.I,. il' ) 0 it" , 511 ordinal)' Innuity mod. l!Q1J 1.00 

or Ifmuiry dUI mad. ~ 000 

tr-pellirl{l this Jttjl tl:lggtu 

b.twtln tht two modulo , Inpul m. known v. llles: 

• NUIIlb.r of plriodl , lID , 
• PrUlnl v.IUI I'V [£J I'V 

• Peri!MIic paymlnl FM' @J PM' 

• futurl v.lu, FV [l] FV 

7 C"clll.I. I'" unknown v.lu. : 

• Humbll oj plriods OOlmJ , 
• Present v.lul (£J[ill] I'V 

• Periodic jnym,n' (QJfii7S) PM' 

• fl,ll urt 'o'IJue I]]I]2§] FV 

B To modify!h' problem. go 10 slip 

and thlnge IIIe 8J11)fOpri ... V.tUIS. 

Input ItrO for In'( nlu. ~ "",Ii· 

teIIl, in tn. ntw probllm. 

9 for n"" CII • . go 10 II.p 3 . 

Example 1: If you place $155 in a il8vings accou nt paying 511% 
compounded monthly, what sum of money can you withdraw at the 
end of9 years? 
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) ) 
fVI 

) ) I 
") 

,os1 2 3 106 ,07 

) I 
I 

) 

) PV = - ,55 

) 

) 

) ) 
Keystr o ke8 Di8play 

[j] CLEAR I R'G I 
) ) Set User mode 

5.75 1'NTERI 12 ~0 0.48 % monthly interest rate. 
) iRIs I 0 .00 Annuity due. 

) 
9 !ENTER !12 0 1!l 108.00 " of months. 

) 155 1cHS I© - 155.00 Initial deposit. 

) ) [iiI RI S I 269.74 FV 

) ) 

) ) Example 2: You receive $30,000 from 8 bank 88 a 30 year, 13% 
mortgage. What monthly payment must you make to the bank to 

) fu lly amortize the mortgage? 

.> 
) 

PV=30,OOO 
) 

l.p;"-) 

) 
35S 1 359

1 

360

1 ) 

) ) 
(-CASH OUTLAYS) 

) ) 
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Keystrokes 

[j)CLEAR IAEG I 
13 1ENT'RI1 2 0 0 
IA/ 51 
30 IENTER[ 12 000 
30000 [£1 
@!RIs l 

Display 

1 .08 
1 .00 
360.00 
30.000.00 

-331 .86 

% monthly interest rate. 
Ordinary annuity. 
n 
PV 
PMT 

Example 3: Two individuale are constructing a loan with a 
balloon payment. The loon amount is 53,600, and it ie agreed that 
the annual interellt rate will be 10% with 36 monthly payments of 
$100. What balloon payment amount, to be paid coincident with 
the 36th payment, i8 required to {ulftll the loaD agreement'! 

(Note the cash flow diagram below is with respect to the lender. For 
the borrower. the appropriate diagram will be exactly the opposite.) 

PMT 
100 

PV =-3600 

Keystrokes 

[j)CLEAR IR'G I 

PMT 
100 

10 I 'NTER 112 00 
IRI 51 
36 [ID 
36001 CH5 1[£1 
l00@[)IRl sl 

3 

Display 

0 .83 
1.00 
36.00 

-3.800.00 
676.27 

ddd 
PMT PMT PMT 
100 100 100 

FVl 

% monthly interest rate. 
Ordinary annuity. 
n 
PV 
FV 

(Note that the final payment is $675.27 + $100.00 := $775.27 since 
the final payment fa lls a1 the end ufthe last period. ) 

) 

) 

) 

) 

) 

) 

, ) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 
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Example 4: This program may also be used to calculate 
accum ulated interest/remaining balance for loans. The accumu­
lated interes t between two points in time, n, snd "2, is just the total 
payment8 made in that period less the principal reduction in that 
period. The principal reduction is the di fference o( the remai ning 
balances for the two points in time. -

For a 360 month , $50,000 loan at a 14% annual interest rate, find 
the remaining balance after the 24 th payment and the accrued 
interest for pay ments 13·24 (between the 12th s nd 24th payments). 

First we muat calculate the payment on the loan: 

KeY8trokes 

[j)CLEAR I REG I 
360 [ID 
14 1ENT'R I1200 
IR/sl 
50000 I CHS 1[£1 
@:II R/ 5 1 

Display 

360.00 
1 .17 
1.00 

-60.000.00 
692.44 

The remaining balance at month 24 is: 

49.749.56 

n , 
Ordinary annuity. 
PV 
PMT 

FV at month 24. 

Store this remaining balance a nd calcu late the remaining balance 
at month 12: 

15TO I9 
12 [ID[)ws l 49 ,883.48 FVatmonth 12. 

The principal reduction between payments 12 and 24 is: 

IRCLI9 [CJ 133.92 

The accrued interest is 12 payments less the principal reduction: 

JRCl J412 Q 7 .109.23 Total paid out. 
J \'~ dB 6,976.31 Accrued interest. 

Example 5 : A third party leasing firm is considering the 
purchase of a minicomputer priced a t $63,000 and intends to 
achieve a 13% annual yield by leasing the computer to a customer 
(or a 5-year period. Ownership is retained by the leasing firm, and 
at the end of the lease they expeet to be able to sell the equipment 
for at least $10,000. (Since lease payment8 occur a t the start of each 
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period. thie i.. an annuity due problem.) What monthly payment 
should the firm charge in order to achieve the 13% yield? 

3 

PMT1 PMT? 

Key.trokea 

ITlCLEAR I REG I 
13 1 ENTER I12 GOO 
IRIs I 
SIENTERI 12 [!]IID 
63000 lcHSII£] 
10000 m(£llRls I 

Display 

1.08 
0.00 
60.00 

-63.000.00 
1.300.16 

sd 
PMTI PMTI FV ; 10.000 

i 
Annuity due. 
n 
FV 
PMT 

Hthe price is increased to $70,000 what should the payments be? 

700001cHSI© -70.000.00 
(£IlRIs I 1.457.73 PMT 

Submarine Hunt 
Using your destroyer , try to locate the position of the enemy 
submarine in a 10 X 10 grid, then destroy it with a depth charge. 

I nput a seed (between 0 and 1) and the calculator will position the 
s ubmarine in the center of the 100 squares (R,C), where R := row, 
a nd C == column, and where R and C can each be 0, 1,2 . ... , 9. 

) 

) 

) 

) 

) 

I 
) i 

I 

) 

) 

) 

) 

) 

) 

) 

, 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 
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Make guesses 8S to where you think the submarine is hiding by 
taking sonar readings . Input the location of your destroyer (K C) 
and press [[I. If the 8ubmarine ia in one of the 8 adjacent squares 
(or directly under your destroyer). the calculator will display "1." 
Otherwise. a "0" will be shown. 

When you think you've located the su bmarine, move your destroyer 
directly over it (move to the same square) and drop a depth charge. 
Blinking " l 's" indicete a hit, while a "0" shows a misa. lfyou miss, 
the submarine will move randomly to one of the 4 adjacent squares 
in the same row or column. 

To make a more challenging ga me, pre8S [f] immediately after 
inputting the seed. This allows the submarine to move after each 
sonar echo as well as after each depth charge miss. The submarine 
a lways movea randomly to an adjacent square in the same row or 
column. 

A depth charge has a range of 0.9 squares. When you poaition your 
destroyer for a depth charge drop, you may move anywhere on the 
board, not just to the center of a square. For instance, a depth 
charge dropped from a (2.5, 6.6) location would destroy any 
submarine in the center of squares (2. 6) (2, 7) (3, 6) and (3, 7). 

Try to destroy the submarine using no more than 10 80nar readings 
and 1 depth charge. You can check your status any time t he display 
is steady by pressing [QJ. 

Statu8 format is XX.YY 

where: XX = Number of depth chargea fired. 

YY = Number of sonar readings. 

KEYSTROKES DISPLAY KEYSTIIOKES DISPLAY 

IIICLEAR I PROM I 000- !]]IRTN t 005- 4332 

Illlilil~ 001 - 42 .21 . 13 III I LBL lill 008-42.21 .15 

1 002- 1 [DCLEARI REG I 001- 4234 

[HQJO 003- •• o [DImO 008-43 . 5 . 0 

I m(g)O 004- 43. 4 . o ISTO Ii RANIlI 009- 4436 
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KEYSTROKES DISPlAY KEYSTROKES DISPlAY 

@]IDe 010- 32 e [DI ps, ! 039- 4231 

[§!Q]1 011- •• 1 [[1I RTN ! 040- "332 

IGsa l9 012- 32 • [DILBL ICID 041-42.21 ,12 

ISTOl2 013- .. 2 1 042- 1 

mlliKJO 014-42. 7 . 0 ISTO l0 8 043-44,40 , 8 

m lcu! 0115- 4336 ern 044- 33 

001 RTN I 015- 4332 (D@]O 045-42. 7 . 0 

[Dlml0 017-42,21 ,1' m@1 048-43, 6 , 1 

1 018- 1 IGs. !. 047- 32 6 

ISTol0 7 019- 44 .40, 7 IRCl lO 048- •• 0 

ern 020- 33 ISTO ls 049- •• • 
mlgi1 021-43, 4 , 1 mlmO 060-43, 6, 0 

IGs.'. 022- 32 6 IG5BI5 061- 32 • 
{]]Ix,ool 023- 4330 IRell3 062- •• 3 

IGTOIO 024- 22 0 ml .TN I 053- 4332 

1 026- 1 (D1"'L I5 064-42.21, • 
ISTO ls 026- •• 6 IGsa l9 066- 32 e 

lGse ls 027- 32 
• 4 

056- • 
[]]I RTNI 028- 4332 ~ 067- 3' 

IIII"'L!O 029-42.21, 0 m ix> rI 068- 4220 

9 030- • IGTO IO 069- 22 0 

11/ .. ..1 031- ,. IRCl l5 080- •• • 
(D@]3 032-42. 7 . 3 10><5 1 081- 16 

(Dlps" 033- 4231 IGTO ll 082- 22 1 

Iil@]S 034-42. 7 , 6 (DI "'L IO 063-42.21 , 0 

ITllps, ' 036- 4231 IRCll 5 084- 4. • 
1il@]7 038- 42. 7. 7 UJUJ!!Jl 015-42.21 . 1 

[IIlps,' 037- 4231 ISTOl6 086- 4' S 

[]](lli]9 038-42, 7 , 9 I GSB t9 067- 32 • 

) 

) 

) 

) 

) ) 

) " 
) 

KEYSTROKES 

• 
1lJGE] 
lGlO lo 

1Rell t 

IG58 11 

ISTO I 1 

IGTO iZ 

ITlI LBLla 

IRell2 

IGssn 

I STO I2 

IGTO l2 

[J!LBLll 

IRCLls 

0 

[]Jlx<ol 

IGroia 

• 
~ 
mL~~d 

[!JI RTN I 

(!]ILBL la 

I ReUS 

2 

0 
10] 

([]f RTN I 

fl]l lBL12 

I Rella 
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DISPlAY KEYSTROKES DISPlAY 

068- • (D@]O 097- 42. 7 , 0 

069- 4220 ml ·TN I 098- 4332 

070- 22 0 ITilLSL I6 099-42,21 , 6 

071- •• 1 IRCL12 100- •• 2 

072- 32 1 8 101- 30 

073- •• 1 GI;) 102- 3. 

074- 22 2 IReLl 1 103- 'S 1 

076- 42 .21 . 0 8 104- 30 

078- 4S 2 mffil 105- 4326 

on- 32 1 i STO l4 106- 44 4 

078- •• 2 mim I 107- 43 . 6 , 1 

079- 22 2 IGlOlO 108- 22 0 

080-42.21 . 1 1 109- 1 

081- •• • 8 110- 30 

082- 40 mW!hlO 111 - 42.21, 0 

083- 4310 0 112- 48 

084- 22 0 9 113- • 
086- 9 8 114- 30 

088- 34 [[1l.r< OI , 16- 4310 

OB7- 4210 IGroia 116- 22 0 

088- 4332 0 117- 0 

089-42.21 . 0 I GTO 11 118- 22 1 

090- 4S 6 (D!illlo " 9 - 42.21 . 0 

091- 2 I 120- 1 

092- 20 Iill m l1 121-42,21, 1 

093- 30 ISTOl3 122- •• 3 

094- 4332 [D RTN I 123- 4332 

095-42,21 , 2 Iill LBL I[Q) 124-42.21,14 

096- 4S 3 m(ffiJ 2 126-42. 7 . 2 
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KEYS11IOlES DISPlAY KEYSTlIOlES DISPlAY 

~7 128- •• 7 [j]1 LB U9 133-42.21. 9 

IRel lS 127- •• S [jI RAN .. 1 134- 4238 

IEExl 128- 2. , 13S- , 
2 129- 2 0 136- 0 

III 130- '0 0 137- 20 

El 131- 40 m@!} 138- 4344 

m lRTH I 132- 4332 m lRTH I 139- 4332 

REGISTERS RI: Unused 

Ro: 0 , 1 R1 : P, R2: P2 R3: Response 

R.: d R6: Used Re: Used R7: Used 

Rs: Used 

m. ,lmUCTlOIS IIIIPUT KEYSTROkES OU"'" 
DATA/UIITS DATA/UIIITS 

1 Key in III, PI.,III. 

, 541 UMllTlocll. 

3 In!Nt .Nd (bltMen 0 tI'Id 1). • [t) D 

• Fill' fJVUIw QIIIM. go.o Ittll B . 

5 s,rld diftll1t'i1l_llIIIImlrin, 

lIMy. mcMnw). (g 1 

, .- ... iENTER ! 

"0" mlan. no edlo. Col 00 o Of 1 

'T' m"M ,dlo flCli¥tcl. 

OR _ ...... 
Row I ENTER I 

''0'' mlln. min. Col 0 D. 

stinking" 1 '''' mMtll Hrn blink 

) 

) 

I I ) 

I 
) , 

I 
) 

" .. 
7 

• 

• 
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'ISTRUCTlOIIS 'NPUT kEYSTROIIES OUTPUT 
DATAI UIITS DATA/UILITS 

RePfilt step 6 ~rrt i l.ubmlfin. il .. , 
To,.-.w statu, I ' Illy lilllt; @] XUy 

" numbtr 01 dlpttl dI.gu fi red 

Y'/ OIImb1 r OIIIlM I !' .. !lI/IP 

Forntw ;iWTlt , 0 I, J'.P 3 . 
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>;9~-+-.+-1-1- .l +r-~ e -1- -1-...(--+ I I 9 
o ' 12! II, 3 1

4IS I,.6 17 8 1, 9 f:iJT~21~4 1 5J ~ I / I M 9 

.Il. U ' , 0 1 '1 ' . .1' i . ; I· t r+il, 7 ~:+t'l ,-r-t -1,-t-i--1'?I7 rn -MoO H· -'-1]6 I' r + I i 'I> 
i,;15:+-H,- +-+--t, +ti& i 'I 5 
icI4rl-H-t-- ! I '" i I 
~f.-+++-Hrl· -+-r-~--"'+--H--+-++++-'rl-+3"" 3 , , I ' , J j: I I j I 

'if-t- r- -- .. I, .J...E ' ~ I I " 121 
1 i--, 1 11 t-- -1 I ' , ro ++-+-+++ -ti- 0 t--" '+--r + 0 

, 23 4 1stsr 'B i s l.':! ' !ZI' !41S 6" 7 ,89 
19 1 g+-tl i ! 
}.;;.f-++--i-++-H-++·t.-H -+++T +--H-+-t.-
[ 8 ! 1M ! I f1i 
1-;17'+--i--' +-+-' +-t-+-i t-' +--+-.,.1 ~ I I .l 
"'I ~+--i'-++--f-+-r I I " I .1 
14 14 

I" 

10 
, 2 13 14 7 8 9 0' 2 3 4 5 ""' 8 9 

o 1 
10 i ' 2 3 4 5 6 7 8 9 0' 2 3 4 5 6 7 [8 9 

5 
4 

2 

o 

9 ' 
8 
7 

5 
4 
3 
2 

o 

Playing boaTds fOT Submarine Hunt. You might wish to uee copie& 
ofthie page fOT your games. 

) 

) I 

, , 
I 
I , 
! 

I 

, I , 
) 

) ! 
! 

) 
, 

) , 

! ) 

i 
i 

) 

I' 
I 
, 

~ I 
I I , 
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Example 1: 

Keystrokes Disp)ay 

Set User mode. 
0 .58 [] O. 

Firetmove: 
3 1 'NT'R 18 lID 1. Echo. 
You now know your enemy is in oneofthe)( squares below. 

, . -; , I , 
o I i' I 0 

o 11 12 13 4 5 6 17 8 9 ... 

Second move: 
Diagram of ,'1 move 

4 IENTER I7[[] O. Noeeho. 
The submarine cannot be in the@equaresbelow. 

I 10 , , 2 3 '4 :5 6 7 8 !9 
'9 i , , 9 , 
!8 , I I 8 
17 , , 7 , 

~ 
, , 

I 6 ' -H- oOf- - . . -,- - t-· 51 , _L 
'X l -I 4 I.' ->8 ,e - ~ 3 it-t-t- X XJX 3 i 

2 !! ! i- IX X ~L~ I' IT T , , i 1 ' 

o 'I ' .1 
, 10 

L [Q L1J2.l~~2 ~J? 8 ~L 
Diagram of 2nd move 



202 Section 10: Applicattons Programs 

Third move: 

2 1 ENTER 19 [[] O. No echo. 

You've narrowed down the submarine's location to just 2 squares, 
those containinK an x with no circle. 

Fourth move: 

4 IENTER I9[[] 

I-'Oi 1'~'-3 ' 4'-51 6' 71 8 9 . 

9 I _ =.;=l--:ttTT11 
8 , ,', \' I 81 
7 4-1 t r-~ ,'!7i 

r,, - +-,+--f+-H H~ 
~ +- 1 1 --1 I 1 + 61 
5 ; i ' , ~ 
4 , eX ' 41 
3 I x -l 
2 .+ _i-_ X 2 

~ -~l:::- -+-+- - ~ 
01 2 134567 8 9 I 

DIagram of 3'd move 
1 . Echo. 

This eliminates (2, 7) ag 8 llUbmarine location, 80 you've found it. 

Fifth move: 

41ENTER I9 0 

9 
8 
7 
6 
5 
4 
3 
2 
1 

° 

° 1 2 34 5 6 ~+tg 
' ! 
1 
i , 

-
, 
, 

° 1 
2 3 4 51 6 71 8 ~ , 

DIagram of 4 move 

0.111 
0 .11111 

f-rj 
B 

6 
5 

1 
Q 

1 

, 
) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) ) 
1 

) ! ) 
) 1 ) , 
) 1 ) 

) 

) 

) I ) 

) 

~ I ) 

) 

) 

) 

Example 2: 

Keys trokes 

0.6 m 
© 
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0 .1111111 
0 .111111111 
0 .111111111 A hit! 

Display 

o 
1. 

Submarine will now move on sonar echoes as well 8S on depth 
charge misses. 

Fi:rstmove: 

1 . Echo. 

The submarine is in one of the x squares in the left diagram below. 
But the submarine moves, 80 now it could be in any of the x squares 
in the right diagram below. 

I 0l!L~L3 4 5 6 7 8 -g'" -0 1'2[-'3 1"4 5 6 7 8 [ gl J 
gr-. i i 9 1 Xi I' gl 
8 ; i I X XI X ! a X X X x -t+~ 
~ . i 1 x XI X ,1" I x X I X -;-t7j 
0i ' I . ~ XI ~ IJ_ 1 t 0 ,x 1 x 6 
2L I_', : . xxx 5 
' 41 14 4 
. 3, 3 3 
, 2 , i 2 j 
: 1 I ' 1 , 

Ir 00tl ""'htohch ! .k 1 0 I OJ 
i I 0 1 2, 3, 4L~[6 _~.s 9 0 1 2 3 ~6 7 81 9 i 

Second move: 

6 1 ENTER 14 [ID o. 

Diagrams of , 51 move 

No echo. 

You've eHminated some positions (left diagram:@ ), but new 
possible positions have been created by the enemy's random move 
(right diagram). 
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W-9£[213 4 1!'! _~Pi-8 1 9 1 1011 2f 3 14 1Si 6 1 7~.:::) 
' 9 X xl x ,! 9 . X X X X X 9 f*l--- .T-;r;;f-'t --+:r-r-!-?!-l- M~l --+-1: --H ,J! . __ I X x. X X l<": . _-L1-8L ~ ~ X, X i X X '5. ~~_ lJ!, ;7frf X X X, 1+ J , ____ I2< 2<W~ !<_ ~ X I ; : 7 1 
' 6 _X X ~ . t ~ X X X l l< ~ ~_~_ 
! S X ,: I 5'!. Xi-~' X' I +-W r, . --+-- too. i - j -t---,-" ,----,-----j--,-
4 -l-l ' " : 41 , 'f' , ' i 4 1 .- -i--'---" ,--,----,--t-"1- --- t-· : 

131 I I I ,: 3 I ' I , ' ~ 3 ! '- ~ -~+~-L-r-· j 't -+- +-- -, -l1rlj 
: 2 ' J : i~ ~ I 2: i'.J.+ ' ' : : 2 

L~ l !--__ ~-!;1- =,- I - ~':I-i-; I I-F--F' -~ , 
II oTi 1_~tt4! 51~ 7 t Btm.loTit2Hl~~~7f8f~J 

Third move: 

7IENTER I3[[] 

Diagram of i wl move 

Echo. 

This eliminates many possible positions (left diagram), but again, 
newone8 o.re created (right diagram). 

0 1 2 3 4 S 678 9 1 10 1 2I314p ' 6 ' 7 89 
9 i 9 ' XI X X 9 
8 XX X +-- 8 XXX XX 8 
7 XX X , 7 , X X ' X X X ; 7 , 
6 X X 6 X X XX , 6 -
S ~X , S X X S 
4 4 , 4 
3 

, 3 , 3 
2 2 2 
1 I 1 L 
0 I 0 ' 

O m~4 
0 ' - ,~ . 

61 7 9 j 0 1 2 3 4~ 89 S 6 7 8 

Diagram of 3'd move 

, ) 

) ) 

) 

) 

) 

) 

) 

) ) 

) ) 

) ) 

) ) 

) ) 

) ) 

) ) 

) 

) i ) 
) ) 

) ) 

) 
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Fourth move: You try 8 depth charge. 

8 IENTER !3 0 0 _111 
0 .11111 
0.1111111 
0 .111111111 
0 .111 111 111 Ahit! 

Ct pays to be lucky. 

The eubmarine ueed to be here: 

~41% 4 5 6 7 f8 ~9! 
l8-t- x 1 I- 8 
f] -- - -, ' I I -- f-1 
6 

--_.- ~-----;: 
, 6 _. ---

S .--- S 
4 I 4 
3 , 3 
2 2 
1 1 
0 0 

0 1 2 ' 3 45 67 89 J 
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Programming Techniques 

Structure 
What we mean by "structure" is the notion that even in a language 
as far from English 88 the HP-l1C programming language there 
can be organization. We want you to realize that the programs you 
run on the HP·IIC can be both useful and "friendly". But it is up to 
you, the programmer, to make them that way. What is involved is a 
little forethought and planning to make your programs efficient, 
readable and correctable. This section is a compilation of 
techniques and examples that we hope will aid you in writing such 
programs. 

The Problem Statement 

The first step involved in writing a program is stating the problem 
to be solved. This may 8eem an obvious step, but often it is 
completely omitted. The programmer then finds that the program 
does not produce the desired results because the original objective 
was not clear. This first step is always important because it gives 
both a clear idea of the problem and a definite direction to its 
solution. It is only then that one can start the logical development 
of the program. 

Example: Suppose we want to find therools of the equation ax2 + 
bx + c = 0, where a, band c are constants. Our problem statement 
might then be: "With inputs of a, band c, find both solutions to the 
equation aoX2 + boX + c = 0." 

Again, such a statement may seem obvious, but it supplies the two 
fundamental quantities: 1) the data we must supply and 2) the 
output we desire. With these two essentials and the concept of a 
solution we can go on to the second step, that of designing the 
algorithm. 

The Algorithm 

An algorithm is not a program, but an outline of the logical steps 
required to solve the problem. Such an algorithm should be non­
specific at first, solving the problem through logical steps but 
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leaving the details out. The necessary details will be filled in later 
as programming language. space, and personal preference dictate. 
For now, all we are trying to accom plish is to lay down the 
foundations of the solution. In the case at hand, we might choose to 
solve the problem using the quadratic equat ion , namely: 

- b ± Jb2 4ac 

2. 

With this equation to guide us, our initial algorithm might look like 
this: 

Find b2 - 4ac. 

- b ± Jb2 -4ac 
If the difference is positive, find -'=-=-":"--'=:" 

2. 

- b ± v''jb'- 4acl 
If the difference is negative, find -- and =-"-'-"---'-'''''-

2a 2a 

In the case where b 2 - 4ac is positive, the solution is in the form of 
two real roots. When the difference is negative, the solution is in 
the form of two complex numbers . Note that none of the above 
statements define actual program steps. What . is defined is the 
sequence of events required to arrive at the solution. 

Refinement of the basic algorithm will bring out repeating patterns 
and condensable sequences that suggest the actual program steps 
that \\;'11 ultimately be used. The revision process will also help to 
keep your programming objectives in mind. One such refinement 
might be: 

Using the hypothetical registers RA • RB , and Rc do the following: 

1. Take the negatiVe of b and divide it by twice a. 

2. Store this result in R A . 

3. Square b, subtract four a times c from it and atore the reault 
in RB . 

4. Take the square root of the absolute value ofRB and divide it 
by twicea. 
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5. Store this result in Re. 

6. If the value in RB is positive or zero add the numbers in R,4 
and Rc together and display the (real) result. 

7. If the value in RB i81e88 than zero display the contents of RA 
and Rc separately (the complex root). 

8. Change the sign of the value in Rc and repeat the previous 
two steps. 

In this refinement, we realize the importance of using registers to 
store intermediate results. Also, the operations are better defined 
and consideration is given to the actual output. 

The degree of refinement of the final a lgorithm is up to personal 
preference, but the more refined the algorithm the les8 likely the 
program itself will have to be later modified in order to work 
properly. OUT final algorithm takes us to a satisfactory level. 

Using the hypothetical registers RA., RBo Ro RD and RE do the 
following: 

l. Store a in RA.> negative b in Ra and c in Re. 

2. Divide R8 by twice RA and store the result in RD' 

3. Subtract fou r RA times Re from RB squared and store the 
result in RE. 

4. Find the square root of the absolute value ofRE and divide it 
by twice RA. Store this value in RB. 

5. IfRE is positive or zero add RB to RD and display the result . 

6. IfHElS negative display RB and RD separately. 

7. Change the sign aIRB and repeat the previous two steps. 

This algorithm takes into account the initial storage of data and 
reuses RB, thereby reducing the tota] number of storage registers 
needed. 

Flowcharts 

A useful way of visualizing your developing algorithm is to use a 
"flowchart". A flowchart is a diagram of the flow of the algorithm, 
giving form to the train of thought you are developing. An example 
that uses our developed algorithm is: 
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, .. _. ______ " _____ ._t ___ ~-----~, 
! Store RBI2RA In RD. i 

---------"----_.-_ .. _----' 

,NO 

• 

YES 

Display R;--j 
OisplayRD- ~/ 

". 
th roots 

been dis­
played? 
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At tint glance this may look complicated, but closer inspection 
reveals a simple logic. To read the chart, start at the upper left· 
hand corner and follow the arrowa. Each box is connected to the 
next by one-way arrow •. In other words, the flow is in one 
direction, generally from top to bottom. 

Note that at the box marked #1 there is a choice of exits or a 
"branch". The direction of flow at this point is determined by the 
answer to the question asked. within the box, in this caae, " Ia the 
value in Re greater than or equal to zero?" An answer of " Ye8" 
channels the flow to the right while an answer of "no" channele 
the flow downward. 

As you can see, a flowchart can be very useful in eliminating 
confusion, especially around branches and loops, where there is an 
option in the direction of program flow. 

Subroutines 
Perhaps the first thing you notice when previewing the Matrix 
Algebra program is its surprising length. It is 80 long that it cannot 
be contained, in its entirety, in the memory of the calculator. What 
is not immediately obvious is that it is also a highly condensed 
program. This is because the program takes advantage of the 
many repeated. patterns involved in solving the problem. In fact , 
even the operation of taking the matrix's inverse is repeated. 
Therefore, this and several lesser functions have been incorporated 
into the progTam as subroutines. 

Technically, in the language of the calculator, a subroutine can be 
any series ofkeystrokea that begins with a label (I LBLln) and ends 
with a return ( I RTN I) or the end of the program. These boundariea 
allow entry into and exit from the subroutine. (In fact, entry into a 
subroutine may be achieved at any line number. Refer to page 137, 
Indired Line Number Branches and Subroutines.) 

Access is gained to the subroutine via the I GSB I n (go to subroutine 
n) command. Notice that in the main body (steps 000 through 078) 
of the Matrix Algebra program I GSB 18 is encountered eight times. 
Each time, the flow jumps from I GSB 18 to I LBL 18, completes the 
series of steps between I LBL IS and I RTN I, and returns to the step 
immediately following I GSB lB. 

The usefulness of the subroutine becomes obvious first in its space 
savings. It is better to call subroutine 8 with eight I GSB I's than to 
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rewrite the subroutine's steps eight times. What you also notice is 
an increase in organizution from using a subroutine. The program 
has been broken down into its component parts. Each part, by 
itself, is easier to read and understand than the unsectioned 
progra m. Once the function of each part is understood, the 
program can be read as a whole with better understanding. This 
compartmentalization also simplifies error correction . Errors can 
be more easily isolated and the corrections are leSl! Iikel.y to have 
ad verse effects on other parts of the program. 

I ISG IWith I RCL I(ill] 
When looking for repeating patterns in your a lgorithms, it ill a lso 
good practice to look for sequential storage and recall , i.e., I STQ 11 ... 
I STO ) 2 ... I STO I 3, etc. Such 8equences may be incorporated into 
8ubroutines via the I STO IlliIJ and I RCLIIJIT] functions of the Hp·l 1C. 
This technique is effectively used in the Matrix Algebra program. 

Routine "A" (lines 079 through 101) calculates the determinant of 
the 3 X 3 matrix stored in Rs through R . .'I' Mathematically, the 
determinant is calculated 8S: 

R, R" R, 

R. R" R.o 

R.I R.2 R.J 

R5(R" X R.3 - Ho X R.,) 

- R,,(R. X R.3 - Ro X R., ) 

+ R,(R, X R.2 - R" X R.,). 

Rearrange this to bring out the pattern: 

- (RoX R., XI\ + R" x H3XI\ + H, XR" x R,l 

+ R7 X R.2X RI' + R:; X R.3X ~ + ~ x R.1 x R n 

What results is not jU8t the pattern R X R X R + but also the 
sequential recall Rn to R.o- These two features have been combined 
into subroutine 9 (lines 001 to 009). 

In this subroutine I ISG I (Increment and Skip of Greater) is used to 
increment the I·register (refer to page 12B. Incrementing and 
Decrementing the Index Register). Each call of the subroutine 
increases the value stored in R, by 1 and recalls the value stored in 
the register indicated by the vulue in RI (I RcLi wII>. Since the 
fractional portion of the number in the I·registeris always zero and 
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the integer portion is always greater than zero, the step 
immediately foUowing [!!ID is always skipped. For this re8.80D a 
dummy step. I PSE lin this case, occupies that spot. 

Stepping through the program will illustrate the subroutine's 
function . 

Instructions 

lDILBLI0 
4 
I STO I[!] 
o 

First Execution 

1= 5 
Skipped. 
Recalls Rs. 
R.2 X R& 
R.o X R.2 X Rs 
0 + R.o X R.2 X Rs 
Stores total in Ro. 

Second Execution 

1= 6 
Skipped. 
Recalls Rs. 
R.3 X Rs 
Ra X R.3 X RS 
Adds to previous total. 
Stores new total in Ro. 

The space savings is clear. Four steps would have been repeated six 
times, a total of twenty· four steps. The subroutine condensed this 
to ten (including 4 I STO I ill and excluding 1 STolO which would have 
been performed anyway). 

Data Input 
In writing a program. once you have decided on what data your 
program needs, you must then decide on how it will be stored. 
Indeed. there are several options depending on the space you have 
and the number of inputs to be stored. 
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In the Triangle Solutions program we have three inputs for each of 
the following five cases: SSS, ASA, SAA, SAS. and SSA.lt is clear 
that we need five similar but definitely different sequences to input 
the data. In t his case, since the HP-I IC has five user..definable keys 
each key may be given the function of inputting the three variables 
in a particular case. 

There a re several methods of loading the variables via the user 
keys. One would be to store the three knowns in their a ppropriate 
registers by hand (e.g., Sl I STO 11, Al 1 STO I 2. etc.), then seJect the 
appropriate routine via the user keys to solve the particular case. 
Although this is a satisfactory method when dealing with a few 
variables or when there is not enough space for an input routine, it 
is tedious and does not take advantage of the time and effort· 
saving features of the HP·UC. 

Another, more common method is the "stop·and·store". What is 
done is to select the user key corresponding to the case at hand. The 
program immediately halts waiting for you to key in the first 
variable. You do so and presslRl s l to resume program execution. 
The program stores the data in the appropriate register and halts 
awaiting the next input. This process repeats until all of the 
variables have been keyed in. More sophisticated versions of stop· 
and-store include input loops that prompt you for the input 
variables, and even allow you to review and modify them (see I LBL I 
A in The Systems of Linear Equations with Three Unknowns 
program). 

The method we have chosen in the Triangle Solutions program is 
to load the stack with our input values (we only have three) and 
select the appropriate user key. The first function of each user key 
is to store the three inputs in appropriate registers via the 
sequence ISlo l RA.I!IJ . ISlO I Re. [!tJ. ISTO I Re. This method, 
though Hmited to programs requiring few inputs. is quick and easy, 
and does not require many program steps. 
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Looping ) 

The Newton's Method program deals with the common problem of 
approximating a solution to an equation. Such approx.imations are 
necessary because finding an exact root to certain functions is 
often difficult and sometimes impoS8ible. 

In Newton's Method. we choose a point x at which the function f(x) 
exists and. we hope, is close to a root of the function. (Applying 8 

little basic algebra will help narrow the guessing range.) What goes 
on next is to adjust the guess, calculating 8 closer approximation of 
the root based on the initial guess, The calculated value is then 
used to calculate another closer approximation. This process is 
repeated with the new guess until, in the limit of an infinite number 
ofrepetitioDs, the exact solution may be reached. 

We see that 8 section of the program must be repeated over and 
over again in succession untH we get the answer we desire. Such a 

) section is caned a "loop", (The main loop in this program is 
between lines 026 and 052.) Of course, an infinite number of 

) repetitions implies an infinite period of time, so we must set a 
boundary on the number of iterations performed. 

One method of setting this boundary would beta insert a counter in 
the loop such that after each pass through the loop a certain 
register will have been incremented by one. The total number of 

) repetitions is compared with a desired maximum. The program will 
then exit from the loop when the two values are equal. ([n this ) program, the maximum is decremented each time and the loop 
terminates when the value has gone to zero. See line 051.) Notice 
that this method does not ensure any standard of accuracy, Also, 
depending on the function and the guess, finding a reasonable 
answer may take an unreasonable number of repetitions, In other , 
words, stopping the process at even one-hundred repetitions may ) i 

yield an answer so far from the actual root as to be useless. I 
A preferable method is to test the last two computed values to see ) I 
whether or not they are significantly different. This difference, ) 
called the .Ilx limit. is up to the user and is input when initializing 
the program. 

The fonnat for such a loop is as follows: 

1- Store the 6.x limit and the initial guess. 

2. Compute the first approximation from the guess and store it. 
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3, Compute the next approximation from the modified guess 
and store it. 

4. Recall the value of the previous approximation and subtract 
it from the value of the present approximation. 

5. Recall the 6.x limit and compare its value with the 
magnitude of the difference just computed. 

6. If the magnitude of the difference is greater than that of the 
J,x limit continue looping. 

7. If the magnitude of the difference is less than that of the .l.x 
limit. exit from the loop, 

Notice that this method does not guarantee an exit from the loop. 
The ftrst guess may have been very far from the actual root, or the 
root may not even exist. The best method then is a combination of 
the two, as is the method used by this program. 

Not at all obvious is the fact that the nature of certain functions is 
such that phantom roots may appear. These phantom roots occur 
when the slope of the function is so large that the difference 
between two consecutive approximations falls within the 6.x limit 
This program provides a safeguard against this by testing not only 
the loop count and the 6.x limit but also the value of the function at 
the point in question. The functional value is compared with the 
tolerance to see how close to zero the user wants the solution to be. 

Flags 
When writing a program that deals with different problems in 
similar but not identical fashions, flags can be used to control the 
differences in the treatment of the data, 

Flags serve as reminders, For instance, when the program 
performs an optional initial calculation, a flag may be set. Later in 
the program we may need to know whether or not the operation 
was performed, so we test the flag, i.e. , Is flag 0 set? (Was the 
operation perfonned?) In this way, flags are part of the decision· 
making power of the calcualtor. 

[n the Curve Fitting program, three very similar processes may be 
performed depending on the choice of curve to be fit. To illustrate 
the role of the flags, two more columns may be added to the chart 
on page 162. 
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Aeor ... lon A X, Y, Code Flag 0 Flog 1 

Exponen1ial In . " in Vi 1 Set Clear 
l ogarithmic a Inxi y , 2 Ctear Sot 
Power Ina tnx; In Vi 3 Set Se' 

The two flags are in itially set by the program a nd, depending on 
the choice of curve fit. one or the other may be cleared in 
accordance with the above table. The s tatus of the two fl ags 
determines the treatment of the input data ( x , and y,) as follo ..... s: 

Is 
flagO 

set 
I 

NO 

Is 
flagl 
set 
I 

NO --

YES 

YES 

The treatment of the output value (A) is similar. 

The use of nags here is very convenient. A problem t hat otherwise 
might have required three separate programs is solved very neatly 
in one. The use of flags can become a very powerful tool and will 
enhance your own personal programs. 
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Random Numbers 
The HP-llC has a convenient built-in function that generates 
pseudo-random numbers ( I RAN#!). By pseudo-random we mean 
that no calculator or CQmputer. no matter how powerful, can 
generate a totally ra ndom number. The nature of the machine is 
such that it performs a sequence of established steplS on an input 
and produce8 a predictable resu lt. So the random number generator 
on the HP·lI C lakes a random "seed" , stored by the user, and 
performs an operation on it to produce 8 generally unpredictable 
(by the user) re8ult. This result is always a number between 0 and I, 
exclusive ofl . 

There are several common uses for ra ndom numbers, but they are 
very frequently found in game progTams. This seems reasonable 
because no one likes to play against a completely predictable and 
redundant opponent. Submarine Hunt is a good exampJe of such a 
game. The game requitel!:! a random initial placement of the 
submarine and random eVlUIive movCH. 

Notice t hat the program requires two random integers, thex and y 
coordinates, that fall between 0 and 9 inclusive. But the random 
number generator only generates numbers between 0 and 1 
exclusive of 1. Thil!:! turns out to be no problem. Multiplying the 
output of the random number generator by 10 yields numbers from 
o to 10 exclusive of 10. Taking the integer portion of this result 
gives the set of whole numbers between 0 and 9 inclusive, which is 
what we want. The subroutine following IlBL 19 shows the actua l 
keystrokes. 

To il lustrate the ease in wh ich different ranges of random numbers 
may be generated let's take anot her example. Suppose you need a 
real number between the limits 34.5 and 98.36 including t he lower 
bound and excluding the upper bound. The routine need only 
generate values between 0 and 63.86 (98.36 - 34.50) to which the 
value 34.5 will be added. This range is easily generated by 
multiplying 63.86 by the output from the random number 
generator. 

User-Definable Keys 
Amo ng the most useful features on t he HP-IIC are t he five user­
definable keys:~, [[I, ©, [QJ. and W. These keys are particularly 
useful for three applications: 

1. Storing data in specific reguders (see page 213). 
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2. Selecting execution of different routines within a program. 

3. Selecting execution of different programs in program 
memory. 

The first two applications are used in the Finance program. 

Storing Data 

In the Finance program, there are five possible inputs : periodic 
interest (i ), number of periods (n) , pre8ent value (PV), periodic 
payment (PMT), and futu re value (FV). Because there are five 
user-definable keys, we can assign a routine that stores input 
data in specific registers to each of t hese keys. For example, the 
routine 88sociated with key !II begins with m 1 LBL ! [£]. 1 STO 111]. 
I A/ S !. Each time key ~ is pressed. the value in stack register X is 
stored in R3. Up to 5 values . one associated with each key. may be 
stored in this way. In addition, these values may be stored in any 
order. Just key in the value to be stored and press the appropriate 
user-defmable key_ 

Selecting Different Routines 

A program may be written to calculate more than one value. The 
selection of which value is t.o be calculated may be done using the 
user-definable keys. The key pressed would indicate which value is 
to be calculated. In the Finance program. for example. the value 
PMT is calcul ated by pressing the following sequence: [Q] (select 
PMT). I A/ 5! (calculate). When [Q] is pressed. the user is telling ~e 
calculator to execute the routine beginning with I LBL ! [Q). In thiS 
program, an inconsequential value is stored in R4 and the 
calculator is positioned to the proper place to calculate PMT. The 
value stored is inconsequential because when I A/ S lis pressed,PMT 
will be calculated and the v alue in R4 will be over-written. 

As you can see, the user-definable keys are very useful and can 
serve more than one purpose. 
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Appendix A 

Error Conditions 
If you attempt a calculation containing an improper operation­
say division by zero-the display will show Error and a number. To 
clear an error message, press any key. 

The following operations will display Error plus a number: 

Error 0 : Improper Mathematical Operation 

lUegal argumen t to math routine: 
B. where x = o. 
0. wherey =Oand x ~ O. or y < 0 find x is non·integer. 
GW. where x < 0. 
111x!, where.r == O. 
I LOG I, where.r ~ O. 
[TID. where x ~ O. 
~. wherelxl is > l. 
! COS" I. where Ixl is > 1. 
! STO IG. where x = O. 
I t.%I . where the value in the Y-register is O. 
1 Hr.' II cos I. where Ixl < I. 
I HYP' II TAN I. where Ixl > 1. 
(Cl·,.d, where: 

1. x or y non-integer. 
2. x or y less than zero. 
3. x >y. 
4. x ~ 1010. 

I P I',X lsame as I C I' x I 

Error 1: Storage Regilt er Overflow 

Storage register overflow (except [f!]. [E). Magnitud e of number 
in storage register would be larger than 9.999999999 X 1099. 

Error 2 : Improper Stat istica l Operation 

CD n=O 

~ . <;1 

CGJ n <; l 
fIT] n ".-;: l 

219 
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NOle: Error 2 is also displayed if division by zero or the 
square root of It negative number would be required during 
computation with any of the following formulas: 

' . = 1_",M_ 
V n(n - 1) 

N 

n (n - 1) 

p 

P 
A=­

M 
B = MIy-Plx 

n·M 

(A and B are the values 
returned by the operation 
[[[], where y = Ax + B.) 

j = 
MIy+P(n·x - Ix) 

n·M 

where: 

M = nIx2 -(Ix)2 
N = nIy 2 (.Iy)2 
P = nIxy - IxIy 

Error 3 : Improper Reg ilt., Number 

Named storage register currently converted to program memory, or 
nonexistent storage register. 

Error 4: Improper line Number or label Call 

Line Dumber called for is currently unoccupied, or nonexistent 
(> 203), attempt to load more than 203 linea of program memory, or 
label called does not exist. 

Error 6: Subroutine level Too Deep. 

Subroutine nested more than four deep. 

Error 8 : Improper Flag Number: 

Attempted flag name > 1. 

Error 9 : Service 
Refer to page 233, Verifying Proper Operation 
Pr Error 

Continuous memory reset because o(power failure. 
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Appendix B 

Stack Lift and LAST X 

Your HP·IIC calculator has been designed to operate in a natural 
manner. As you h ave seen as you worked through th is handbook, 
yo u are seldom required to think about the operation of the 
automatic memory 8tack-you merely work through calculations 
in the same way you would with a pencil and paper, performing 
one operation at a time. 

There may be occRsions, however, particularly 8S you program the 
HP·IIC, when you wish to know the effect of a particular operation 
upon the stack. The following explanation should help you . 

Digit Entry Termination 
Most operations on the calculator , whether executed 8S instruc' 
tions in a program or pressed from the keyboard , termi nate digit 
entry. This means that the ca.Jculo.tor knows that any digits you 
key in after any of these operationfl are part of a new number. (The 
ICHS I, D. IEEX I, and [Boperations do not terminate digit entry.) 

Stack Lift 
There are three types of operations on the calculator, depending 
upon how they affect the stack lift. These are stack-disabling 
operations , stack·enabling operations, and lIeutral operations. 

Dinbling Operationa 

There are four stack·disabling operations on the calculator.· These 
operations disable the stack lift. so that a numoor keyed in after 
one of these disabling operations writes over the current number in 
the displayed X-register and the stack does not lift. These special 
disabling operations are: 

• Reftr to footnote. paJfe 29. 

221 
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Enabling Operations 

Most of the operations on the keyboard, including one- a nd two­
number mathematical fun ctions like [lJ and GJ. are stack enabling 
operations. These operations ~nable the slack lift. so that a number 
keyed in after one of the enabling operations lifts the stack. Note 
that switching from Program mode to Run mode and turning the 
calculator orr, then on, are enabling operations. 

T+ 
z+ 
y+ 

x+ 
Keys " 

T+ 
Z+ 
y+ 
x+ 

4 

4 

53 .1301 

0 .0000 

Keys " III lcL\'1 
Stack 

disabled. 

Neutral Ope rations 

4 .0000 

4 .0000 

IENTER I 
Stack 

disabled. 

5 3.1301 

7 

7 
No stack 

l ift. 

4 .0000 

3 

3 
No stack 

lift. 

53.1301 

1.0000 

llil 
Stack 

disabled. 

63.1301 

5 .0000 

Stack 
enabled. 

53.130 1 

9 

9 
No stack 

lift . 

Some operations, like ICHS I and I£.iR), are neutral; that is, they do 
not alter the previous status of the stack lift. Thus, if you disable 
the stack lift by pressing I ENTER I, t hen press (D[BKJn and key in a 
new number, that num ber will write over the number in the X­
regi8ter and the stack will not lift. Similarly, if you have previously 
enabled the stack lift by executing, say 0 , then execute a IIiKI 
instruction followed by a digit entry sequence, the stack will lift. 

The fo llowing operations are neutral on the HP-UC: 

CLEAR I PR EF1X I 
CLEAR IREG I 

J ) 

) ) 

) ) 

) ) 

\ 

) 

., 
J 

) I ) 

) 

.) I . 
) 

) 

AppendrlC B: Stllck Lift and LAST X 223 

IENGI ISSTI (In Run mode I SST I CLEAR IIi 
10EGI may execute a n ICHS I' 
IRAOI instruction that dOe8 I PREFIX! 
IGRO I enable the stack.) IRIs I 

IMEM I IPSE I 
IUSER I 
IP/ R! 

LAST X 
The fonowing operations savex in LAST X: 

G I ~ + I 0 5W IRND I 

0 [EJ (1Q§J 0 IHypli slNt 
0 00 ~ 11/ .1.'1 I Hyp ll eosI 
G 1,,%1 ISINI [2] !Hyp Ii TANI 
I . H,MS I C0 [])E] I .. RI I HYP 'II SIN I 
I+HI WJ leosl ~ I HYP' lI eosl 
IABSI IFRACI @£) I PI' .. " I IHypi II TAN ! 
I .. RI [jffiJ ITAN I IC.·.xl 
1+01 [ill ITAN' I 

- (£B!] is neutral during digit entry of a number (rom key • . 88 in 1,2.3. [MJ to enter 
- 123: or 123 []§!]6 [Q§jtoenter 123 )( 10- 8. But otherwiAe, [Q!!] enable. the .tack. 



Appendix C 

How Automatic Memory 
Reallocation Operates 

Converting Storage Registers 
to Program Memory 

The automatic memory reallocation designed into your HP-lle 
gives you increased venatility by converting storage regiaters to 
linea of program memory only as needed_ You begin programming 
with 63 lines of program memory and 20 storage registers (plus the 
Index register described in aection 9)_ With up to 63 instructions in 
program memory, the allocation looks like this: 

STORAGE REGISTERS PROGRAM MEMORY 

Perm.tnen1 Shared Sharad Permanent 

RID RoD n RoD 000-

R1O l:X R,D 001 -

RzO !x2 R,D 002-

-------R30 1:I' R.,D . 
R.D Iy' R.D ~ RaO !xl' R.D 062-

R.O R.D 083-

Shared 

R70 R7D -none-

R.O R .• D 
RoD R.D 
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When you key in a 64th program instruction, storage register R,9 
converts to 7 lines of additional program memory_ Now the 
memory allocation looks like this: 

STORAGE REGISTERS 

Permanant Shared 

RIURr==Jn RoD 
R1D~x R.1 0 
R21,I __ k,2 R,O 

r- - ..... 
R.t I i-L __ ..J 

PROGRAM MEMORY 

Permanen1 

000-
001- Instruction 

002- Instruction 

-----:~ 
082- Instruction 

063- Instruction 
, 

Shared , 
064- Instruction 

065-

066-

0 67-

068-

069-

0 70-
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When you record a full 203 lines of program memory, the 
calculator's memory registers look like this: 

STORAGE REGISTERS 

Sh.red r---, 
Ro L ___ J 

,----, 
R, L ___ J 

r----' 
R ' I . 0 L ___ .J 

r----' 
R ' , .1 l ____ -1 

PROGRAM MEMORY 

Perm.nent 

000-

001 - Instruction 

002- Instruct ion 

062- Instruction 

063- Instruction 

Sh.red 

0&4- Instruction 

086- Instruction 

202- Instruction 

203- Instruction 

Notice that instead of the original 21 storage registers (Ro through 
~, R.o through R.9, and Rt) we now have just the non-convertible 
RI . What h appened to storage registers ~ through Kg and R.o 
through R.9?They were converted to program memory at the rate of 
seven lines per register. The table on page 76 shows the allocation 
of the lines of program memory to their respective storage 
registers. 

As you can see, each time currently available programming space 
is filled, keying in another command automatically converts the 
next remaining storage regist.er to seven more 1inea of program 
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memory. For e:ll8mple, filling the first 70 lines and then keying a 
command into line 71 converts register R.8 to 7 more lines of 
program memory aines 71 - 77), and so on. 

Note: Your HP-l1 C convens storage registers to program 
lines in reverse numerical order, from R.g to R.o and then 
from Rg to Ro. For this reason it is good practice to program 
your I 8TO ! and I AcLi operalions using data registers in the 
opposite order; t het is, beginning with r~ ister Ao- This 
procedure helps avoid accidentally programming I 8TO l and 
t RCl Ifor data registers which have been converted to lines of 
program memory. Remember also that the calcu lator does 
not reta in data previously stored in registers that are later 
converted to lines of program memory . 

Converting Program Memory to 
Storage Register. 

Pressing CD CLEAR I PRGM ! in Program mode converts all shared 
program memory (linea 064-2(3) to storage registers Ro through 
R.g. However, deleting individual lines of program memory allows 
you to convert portions of shared memory to storage registers 
without clearing aU of program memory. (Refer to page 105, 
Deleting InstructionB.> 

UsinglMEM I 

The I MEM! (memory) function on your calculator describes the 
current memory allocation in or out of program mode. For example, 
if you press ill ! MEM I with 44 lines of program memory occupied, 
you will see the following display: 

lines remaining to be occupied 
before the calculator 8utomati­
callv converts a storage register 
to 7 more program Jines. 

The next Storage register to be 
converted. 
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If you prea8 (!]f MEM I with 173line8 of program memory occupied, 
you willeee this display: 

Lines rema ining to be occupied 
before the calculator automati­
cally converts a storage reg ister 
to 7 more program lines. 

The next storage reg ister to be 
converted. 

If you press (!]i MEM Iw ith 198 lines of program memory occupied, 
you will see this display: 

r p
-
05 '- i 

Lines remaining 10 be occupied 
before a/llines of program mem­
ory are occupied. 

No more storage reg isters can be 
con'llerted to program memory. 

Because R, is B permanent storage register with special functions, 
it is not covered by the r MEM loperation. 

Note: Remember that the statistical functions invol'lle 
registers Ao through Rs. If one or more of these last six 
registers are con'llerted to lines of program memory, attempts 
to executa statistical functions will result in an Error 3 
display, 
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Appendix 0 

Battery, Warranty, and 
Service Information 

Batteries 
The HP·l1C is powered by three batteriee. In "typical" use, the 
HP-lIC haa been designed to operate 6 months or more on a set of 
alkaline batteriee. The batterie8 supplied with the calculator are 
alkaline, but silver-onde batteries (which should last twice as long) 
can alao be ueed. 

A set of three fresh alkaline batteries will provide at lesst 80 hours 
of continuoua program running (the moat power-consuming kind of 
calculator use·). A set of three fresh silver-oxide batteries will 
provide at leaat 180 hours of continuous program running. If the 
calculator is being used to perform operations other than running 
programs, it usea much leaa power. When only t he display is on­
that is, if you are not preasing keya or running progralD8-very 
little power is consumed. 

If the calculator remains turned off, a set of fresh batteries will 
preserve the contenta of Continuous Memory for as long 8S the 
batteries would laat outaide of the calculator-at least l 'h years for 
alkaline batteries or at least 2 years for silver-o:ride batteries. 

The actual lifetime of the batteries depends on how often you use 
the calculator, whether you use it more for running programs or 
mOTil for manual calculations, and which functions vou use.-

WARNING 

Do not attempt to recharge the batteries; do not store 
batteries near a source of high heat; do not dispose of 
batteries In tire. Doing 60 may cause the batteries to leak or 
explode. 

• Power OOnlllmption in the HP· IIC depend» on the mode of calculai.or lIae: off (wit.h 
Cllntinllolll Memory pre.etved); idle(with only the di&play OD); or "operat.ing" (Tllnning 
a progrlm, ptrlorminll" I cllealation, or haviDII" • key preII.eeI). While the calculator i. 
turned on. typical caleulator UI8 ia • mixtllre of idle time and "operalinll:" time. 
Therefore, tbllllel.lllli litetime oithe batwiee dependa OD how much time the c&leulat.or 
.pen~ in each of the three mode.. 
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The batteries supplied with the calculator, 8S well 8S the batteries 
lilted below for replacement, are not rechargeable. 

The following batteries are recommended for replacement in your 
HP·lm 

Alkaline 

Eveready A 76* 
Union Carbide (UCAR l A76 
Nat ional or Panasonic LR44 

Low·Power Indication 

Silver·Oxide 

E\'eready 357· 
Union Carbide WCAR) 357 

An asterisk (. ) flashing in the lower-left corner of the display when 
the calculator is on signifies that the available battery power is 
nearly exhausted. 

With alkaline batteries install ed: 

• The ca lculator can be UI:led for at least 2 hours of continuous 
program running after the asterisk first appears. t 

• If the calculator rema ins turned off, the contents of its 
Continuous Memory will be preserved for at least 1 month 
after the asterisk first appears. 

With silver-oxide batteries inatalled: 

• The calculator can be used fo r at least 15 mi nutes of 
continuous progra m running after the asterisk first appears. t 

• If the calculator remains turned off, the contents of its 
Continuous Memory will be preserved for at leas t 1 week after 
the asterisk first appears. 

Inltalling New Batteries 

The contenta of the calculator's Continuous Memory are preserved 
for a short time while the batteries are out of the calculator 
(provided that you turn off the calculator before removing the 
batteries). This allows you ample time to replace the batteries 

, ]".;"1' lh~, Ifu, ltm. t. Ih. minimu m ,~~1I" 10 1. r,," ""n""'"'~'Il''>tI''''''' "'~',,~~ ._ ,h at i • . wh il e c"" 
linuuu.l.v '"p","li n ~" (~~ OKt'rjfwod in !he loo!notr 011 the Ilr.~.~d",~ ~ n~.1. II ,,,,OJ ar. u.,n~ Lh,· 
,,1 .. ula1,,' rn. m'~\lal <. lcul'lI on~-~ m .. lurf ot 1M ,d ie ~"d -"I ... r" l' n~· mt.i •• In" ,·~In,bl"r 

,.~~ I,.. "",.I I", a m"ch ~l~KN "mt onu trw ~~' ~ fi . k tiM "PPU" 
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without IOBin&" data or programs. If the batteries are left out of the 
calculator for an extended period, the contents of Continuous 
Memory may be lost. 

To install new batteries, use the 
following procedure: 

1. Ensure that the calculator is 
off. 

2. Holding the calculator aa 
shown, press outward on the 
battery compartment door 
until it opens slightly. 

3. Grasp the outer edge of the 
battery compartment door, 
then tilt it up and out of the 
calculator. 

Note: In the nexl two steps, be ccreful 
not to press ally keys while batteries are 
out of the calculator. If you do so. the c0n­

tents of Continuous Memory may be lost 
and keytx>cwd oontrol may be lost (that is, 

the calcuLator may not respond to 
keystrokes), 

4. Turn the calculator over and 
gently shake, allowing the 
batteries to fall into the palm 
of your hand. 
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CAUTION 
In the ne )(1 step. replace al/ tMfB6 batteries with fresh ones. If 

you replace only one or twO of the batteries, an old battery 
may leak. Furthermore . be careful not to insert any battery 
backwards. II you 00 so. the contents of ContinuOUS Memory 
may be lost and the ballenes may be damaged. 

5. Inse rt th ree new batte ries 
under t he plastic nap or 
flaps shield ing the bauery 
compartment. T hey should 
b€ positioned with thei r nat 
sides (the sides ma rked +) 
facing toward the nearby 
rubber foot, as shown in t.he 
illustTation on the ca lculator 
case. 

6. Insert the tab of the battery 
compartment door into the 810t 
in the calculator case. 

7. Lower the battery compart.­
ment door until it is flush with 
the caSf, then push the door 
inward until it is tightly shut. 

8. Press @ill to turn the ca lcula­
tor on. If for any reason 
Continuous Memory has been 
rcset (that is. if its contents 
have been lost), the display 
will show Pr Error. Pressing 
any key will clear this mes8sge 
from the display. 
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Verifying Proper Operation (Sell-Tests) 

If it appears that the cal cu lator will not turn on or otherwise is not 
operating properly. use the following procedu res. 

For a calculator that does not respond to keystrokes: 

I . P ress the 0 a nd lQ!!J kt' y!> s imul taneously and relea se the m. 
This wilt alter the content s of the X' re!(is te r,!'u rlear the X · 
register afterwa rd . 

2. If the calcu lato r st ill does not respo nd to keyst ro kes, remove 
and reinse rt the batteries. Make sure that the batteries are 
properly posi t ioned in the batte ry compa rtment : the n a t 
s ides (t he sides marked +) sh ould all be fac ing tOINJrd the 
nearby ruhbe r foot. 

3. If the calculator still does not respond t o keystrokes. leave 
the batteries in the compartment and short the battery 
terminals together, (The batteries must remain in place to 
prevent possible interna l damage to the calculator.) With a 
paper clip or a piece of wi re, briefly connect the terminals. 
Only momentary contact is required. The te rminals are 
matching metal strips, or a combinat ion of one spring and 
one hard edged tab located at e ither end of the battery 
compartment. After you do this, t he contents of Continuous 
Memory will be lost. and you may need to press the I ON I key 
more than once to turn the calculator back on. 

4. If the calcul ator does not turn on. install fresh batteries . If 
there is st ill no respo nse. the calculator requires service. 

For a calculator that does respond to keystrokes: 

1. With the calculator off, hold down the [QRl key and press G]. 

2. Release the ~ key . then release the GJ key. This initiates fI 

complete test of the calculator's electronic circuitry. If 
everything is working correctly, within about 25 seconds 
(during which the word running flashes) the dis play should 
show - 8,8,8,8 ,8 ,8 ,8 ,8 ,8 ,8 , and all of the s tatus indicators 
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(except the * low-power indicator) should turn on.- If the 
display shows Error 9 , goes blank, or otherwise does not 
show the proper resu lt, the calculator requires service.t 

Note: Tests of the calcu lator 's e lectronics are also per­
fo rmed if the GJ key or the 0 key is held down when ~ is 
released.tt These tests ara included in the calculator to be 
used in verifying that it is operat ing properly during 
manufacture and service. 

If you had suspected that the calculator was not working properly 
but the proper display was obtained in step 2. it is likely that you 
made an error in operating the calculator. We Buggest you reread 
the section in this handbook applicable to your calculation. If you 
still experience difficulty, write or telephone Hewlett-Packard at an 
address or phone number listed under Service (page 237). 

· The !tatu& indicator! turned on at the end of thi8 test include some that nonnally are not 
difiplayedon theHP·IIC. 

t lf the calculator display! EITOf 9 ae a result of the [Q0/G) leBI or the@ID/ GJ I831but 
you wish to continua using your calculator, you should reMt Continuoul Memory u 
deecribed on page 20. 

tThe @Ell GJ combination initiate!! a test thllt i . simila? to that deacrihed above, but 
continues indefinitely. The reet can be terminated by preNing any key, which will halt 
the teat within 25@lICoRde. The@ID/ [!]combination initiateaateetofthekeYboardand 
the display. When the [Q[) key ia re lell8ed, certain segmentlil in the di.play will be lit. To 
run the teet, the keye are preued in order from left to right a long each row, from the top 
ro .. to the bottom row. Aa each keyie pMllHd, different segment. in thediaplay arll lit. I! 
the calculator ie operating properly 4IId fJl/ the Jeey, O/'l1 pressed illlM proper o1'fi.er, the 
calculator will di"play 11 afte r the last key ;s prl'lil ,ed. (The I EN TER I key ahould be 
pre.Aed both with the third·row keye and with the fourth·row keye.) If the calculator i. 
not working properly, or ito Icay is p~B5~ oul of erder. the calculatoI will diaplay Ertor 
9. Nole that if this aro' dispwy results from an jncor/'fct hey beillg pre88f'd. this d0€8 
no' jndi4:ote thot your calculator requ"~s _ru~. Thi~ telt cen be terminated by 
prening any key out of order (which wil l, of coune, reeult in the ErtOf 9 diBplay). Both 
the EtI"Of 9 displElY and the 11 dieplElY cEln becJeared by prH8inr IIny key, 
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Limited One-Year Warranty 
Wh.t We Will Do 
The HP· llC (except for the batteries. or damage caused by the bat­
te ries) is warranted by Hewlelt·Packard agai nst defects in mate rials 
and workma",~hip for one year from the date of origina l purc hase. If 
you .sell your unit or give it as 8 gift, the wa rranty is automllLically 
transferred to the new owner and remai ns in effect for the original 
one-year period. During the WllrrAnty period, we will repair or, at our 
option, repillce at no charge a product that proves to be defective, 
p rovided you return the Ilroduct, shipping prepaid, to a 
Hewlett·Packard service center. 

Whit II Not Covered 
Batteries, and d4mace caused by the batteries, are not couered by the 
Hewletc-Packard u;arranty; Check with the battery manufacturer 
about battery and battery leakage warranties. 
This warranty does not apply if the product has been damaged by 
accident or misuse ot' as the result of service or modification by 
other than an authorized Hewlett·Packard eervice center. 

No other ex press warranty ie given. The repair or replacement of a 
prociuctis your exclusive remedy. ANY OTHER IMPLIED WAR· 
RANTY OF MERCHANTABILITY OR FITNESS IS 
LIMITED TO THE ONE-YEAR DURATION OF THIS 
WRITrEN WARRANTY. Some states, provinces. or countries do 
not allow limitations on how long an implied warranty lasts, so the 
above limitation may not apply to you. IN NO EVENT SHALL 
HEWLETT-PACKARD COMPANY BE LIABLE FOR CON­
SEQUENTIAL DAMAGES. Some states , provinces. or countries 
do not allow the exdu8ion or limitation of incidental or 
con8equentiai damages, 80 the above limitation or exclusion may 
not a pply to you. 

This warranty gives you epeci fic legal rights, and you may also 
ha ve other rights which vary from state to state, province to 
province, or country to country. 

W.rrlnty for Conlumer Tr.n.action. 
in the United Kingdom 
Thie warranty shall not apply to consumer transactions and shall 
not affect the statutory rights of a consumer. In relation to such 
transactions, the righu and obligatione of Seller and Buyer shall 
be determined by statute. 
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Obligation to Make Changes 

Products are sold on the basis of specifications applicable at the 
time of manufacture. Hewlett·Pack8l'd s ha ll have no obligation to 
modify or update products once sold . 

Warranty Information 

[fyou have any que~tion8 concerning this warranty, please contad 
an authori zed Hewlett·Packard dealer or a Hewlett-Packard sales 
and service office. Should you be unable to contact them, please 
contact: 

• In the United States: 

• In Europe: 

Hew~tt·Packard 

Calculator Service Center 
1030 N.E. Circle Blvd. 
Corvallis, OR 97330 

Telephone: (503) 757-2002 

Hewlett· Packard S.A. 
150 route du Nant-d· Avril 

P_O_ Box 

CH-1217 Meyrin 
Gene~a 

Switzerland 
Telephone: (022) 83 81 11 

Note: Do nor send calculators to this address for repai r. 

• In other countries: 

Hewlett-Packard Intercontinental 
3495 Deer Creek Rd. 

Pslo Alto, Cal iforn ia 94304 
U.S.A. 

Telephone: (415) 857· 1501 

Note: Do not send calculators to this address for repair. 
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Service 
Hewlett·Packard ma intains ser vice centers in moat major 
countries throughout the world. You may have your unit repaired 
at a Hewlett-Packard service center any time it needs service, 
whether the unit is under warranty or not. There is a charge for 
repairs after the one-year warranty period. 

Hewlett-Packard calculator products normally are repaired and 
reshipped within five (5) working days of receipt at any service 
center. This is an a verage time and could poss ibly vary depending 
upon the t ime of year and work load at the service center. The total 
time you are without your unit will depend largely on the shipping 
time. 
Obtaining Repair Service in t he United States 

The Hewlett·Packard United States Service Center for handheld 
and portable calculator products is located in Corval1is , Oregon: 

Hewlen·Packard Company 
P.O. Box 999 

Corvallis, Oregon 97339, U.S.A. 
Of 

1030 N.E. CirCle Blvd . 

Corvallis, Oregon 97330, U.S.A. 

Telephone: (503) 757·2000 

Obtaining Repair Service in Europe 

Service centers are maintained at the following locations. For 
countries not listed, contact the dealer where you purchased your 
ca1culator. 

AUSTRI A 
HEWLETI-F'ACKARD Ges,m.b,H. 

KJeinrecooer ·SeNice 

Wagromefslrasso·L""tJlgasse 1 

A-'220 Wief'l (Vienna) 
Tel&phone: /0222) 23 65 11 

8 ElGIUM 

HEWLETT·PACKARD 8ELGIUM SA/NV 

WoIuwedall00 

8 · j 200 B.ussels 

Telephone: (02) 762 32 00 
DENMAFIK 

HEWLETT·PACKARD AIS 

DK-3460 Birke.Q(j (Copenhagen) 

Telephone (02) 81 66010 

EASTEFI N ~UROP£ 

Reier 10 the address IiSlad uncle< Auslria 

FINLAND 

HEWLETT·PACKARD OY 
Revonwlentie 7 

SF·1l2tllll Espoo 10 (Helsinki) 

Te lephon&: (SIl) 455 02 11 

FRANCE 
HEWLETT-PACKARD FRANCE 

Division Into.mahQlJe Pe.sonnelle 

5.A_V. Ceiou laleurs de POGhe 

F_S 1S47 Les Ulis Ceoex 

Telephone: (6) 907 78 25 
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GERMAN' SPAIN 

HEWlETT,PACK" RD GmbH HEWLETT·P"CKARO ESPANOLA S.A 
KIeIIlrec:n".,, ·se.v\Ce Calle Jerez 3 

Ve<tnebSlent.ele E-Madrid 16 

Be""e. Stfl'S se 117 T"""'hone: (1) 458 2600 
pos!/$Cn SflO 140 

SWEDEN 
0 ·600(} Frenl<furt 56 

T&tepnone: (61 I ) 500-\1 
HEWLETT·PACKARD SVERIGE A8 

Skalh<>ll5gBlan 9. Krsla 

ITAU Bo. 19 
HEWLETT·PACKARO IT"LlANA S p_", S· 163 93 Spa<1ga (SlocIIholm) 
C.,.;ello poostllie 3645 {M,larlO) Telephone: (OS) 750 20 00 
\/,a G. OJ VoIlar,o. 9 

SWITlERLANO 
1·20063 Cernu!co Sui Navlgllo (M'lan) 

HEWLETT-PACKARD (SCHWEIZ) AG 
Telephor.e: (2) 90 36 9 1 

Kleon.eenl'lEll-Se.v,ce 

NETHERL ANDS Ailmend 2 
HEWLETT·PACKARD NEDERLAND e,v. CH·8967 Widen 

V!lI1 Heu~en GQedtlalllaan 121 TelllpnoMll: (0571 312111 

NL-1181 KK AmSleiveen (Amsle.-dam) 
UtiITEO KINGOOM 

P,O, Box 667 
HEWLETT·PACKAAO LId 

Telephone: (020) 472021 
KIIlQ Sireet lane 

NORWAY GB-Wrnnersn, WOklngnam 

HEWLETT.PACKARD NORGE A{S Berk$hlre RGll 5AR 

P.O. Box 3~ Te~hone: (0734) 784 714 

Oeslem(lalen IS 
N_1345 Oeste.aas (Oslo) 

Telephone: (2) 17 II eo 

International Service Information 

Not all Hewlett-Packard service cen ters offer service for all models 
of HP calculator products. However, if you bought your product 
from an authorized Hewlett-Packard dealer, you can be sure that 
service is available in the country where you bought it . 

If you happen to be outside of the country where you bought your 
unit , you can contact the local Hewlett·Packard service center to 
see if service is available for it . If service is unavailable, please ship 
the unit to t he address listed above under Obtaining Repair Service 
in the United States. A list of service centers for other countries can 
be obtained by writing to that address. 

All shipping, reimportation arrangements, and customs costs are 
your responsibility. 

Service Repair Charge 

There is a standard repair charge for out-of·warranty repairs. The 
repair charges inc1 ude all labor and materials. In the United 
States, the full charge is subject to the customer's local sales tax. In 
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European countries, the full charge is subject to Value Added Tax 
(VAT) and eimilar taxes wherever applicable. All such taxes will 
appear ae separate items on invoiced amounts. 

Calculator producte damaged by accident or misuse are not 
covered by the fixed repair charges: In these situations, repair 
chalge5 will be individually determined based on time and 
material. 

Service Warrlnty" 

Any out-of-warraniy repairs are warranted against defects in 
materials and workmatl8hip for a period of 90 days from date of 
service. 

Shipping Instructions 

Should your unit require service, return it with the following items: 

• A completed Service Card, including a description of the 
problem. 

• A sales receipt or other documentary proof of purchase date if 
the one-year warranty has not expired. 

The product, the Service Card, a brief description of the problem, 
and (if required) the proof of purchase date should be packaged in 
the originalahipping case or other adequate protective packaging 
to prevent in· transit damage. Such damage is not covered by the 
one-year limited warranty; Hewlett·Packard suggests that you 
insure the shipment to the service center. The packaged unit should 
be shipped to the nearest Hewlett·Packard. designated collection 
point or service center . Contact your dealer for assistance. (If you 
are not in the country where you originally purchased the unit, 
refer to International Service Information above.) 

Whether the unit is under warranty or not, it is your responsibility 
to pay shipping charges for delivery to the Hewlett·Packard service 
center. 

After warranty repairs are completed, the service center returns the 
unit with postage prepaid. On out-of·warranty repairs in the 
United States and 80me other countries, the unit is returned C.O.D. 
(covering shipping costs and the service charge). 
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Further Information 

Service contracts are available. For information about service con· 
tracts, please contact the Calculator Service Center in Corvallis, 
Oregon. 

Calculator product circuitry and design ate proprietary to Hewlett· 
Packard, and service manuals are not. available to customers. 

Should other problems or questions a rise regarding repaiM;, pJes!';e 
call your nearest Hewlett·Packard service center. 

When You Need Help 
Technical Assistance. For t.echnical assistance with this prod­
uct, call: 

or write to: 

(503) 757-2004 
B a.m. to 3 p.m. 

Pacific time 

Hewlett-Packard Co . 
Portable Computer Division 

CaJculat()( Technical Support 
1000 N.E. Circle Blvd. 
Corvallis, OR 97330 

Product Information. For information about Hewlett·Packard 
products and prices. conlBct your local Hewlett·P ackard dealer. 
For the name of t he dealer nearest you, or to order free literature 
about Hewlett·Packard products, call toll free: 

or write to: 

(800) FOR-HPPC 
(800) 367-4n2 

Hewlett-Packard Co. 
Personal Computer Group 

PCG Telemarkeling 
10520 Ridgeview Court 
Cupertino, CA 95014 



242 AppendIx 0 : Battery, Wamal'lly, and Ser\lice 

Temperat ure Specificat ions 
• Operating: 0° to 550 C (3ZO to 131 to F) 

• Storage: - 40C> to 65° C (- <100 to 1490 F) 

Potential for RadiofTelevision 
Interference (for U.S.A. Only) 

The HP-I IC generates and uses radio frequency energy and if not 
installed and used properly , that is, in strict accordance with the 
manufacturer's instructions, may cause interference to radio and 
television reception. It haa been type tested and found to comply 
with the limits for a Class B computing device in accordance with 
the specifications in Subpart J of Part 15 of FCC Rulea, which are 
designed to provide reasonable protection against such inter· 
ference in a residential installatio n. However, there is not ~'lJ arl:mtee 

that interference will not. occur in a particular installation. If your 
UP-llC does cause int.erference 10 radio or television reception, which 
can be determined by turning the ca lculator off and on, you fire encour­
aged to t ry to correct the interference by one or more of the fo llowing 
mea!lures: 

• Reorient the receiving nntennn. 

• Relocate the calculator with respect to the receiver. 

• Move the calculator away from the receiver. 

If necessary, you should consult your dealer or a.n experienced 
radio / televis ion technician for additional suggestions . You may 
find the fo llowing booklet prepared by the Federal Communi~ 

cations Commission helpful : How to Identify and Resolue Radio· 
TV Interference Problems. This booklet is available from the U.s. 
Government Printing Office. Washington , D.C. 204<Y2, Stock No. 
004 '()()()'00345-4. 
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P rogramming Techniques 
Index 

The following is a short index of several useful functions and 
practices used in Part III: Programmed ProbJem Solving. Each 
entry is followed by the page numbers (in bold type) a nd the 
reepective program li ne numbers (in regular type) that illustrate 
the use of the technique. 

Conditionals: 166: 037; 157: 060, 065; 160: 055; 165: 026; 171: 
075; 188, 010; 196·197, 023, 058, 069,083. 087 , 115. 

los, I, 160,042; 166, 051. 

Flag" 143, 065,071 ; 144, OB7, 095; 164· 166, 010, 011. 014. 017, 
020.023.040.054,057; 183,002.010,014,04 1; 188-189 ,007, 
009.011.072; 196-197; 004. OOB. 021 , 046, 050, 107. 

I GTO II], 165,012. 

Input Ro ut ine8: 150: 008-016; 158: 001~16; 169: 001.OQ3, 004· 
OOB; 166, 02Q.l)30; 170·171, 001.()()6, 022.027. 038.()43, 055.(]6(], 
087.Q92; 178, OOI.()()4, 023.025; 188, 001'()()3. 013.015, o:J\.Q33. 
039.041.052.054; 100, 017.020, 041.{)44. 

1150 I, 142,002; 144, OB3; 150-151,015. OBI , 086; 172, 123. 

Loops, 150, OOS.016; 166-167, 026.()67; 169-160, 009.o2S; 165, 
018.()30 ; 172, 120·124; 178-179 , 005.022, 03S.oB5; 183,019.022, 
026-039; 188: 00<1-012. 

Statistical Functions: 165: 029, 036, 039, 0<15. 056; 178: 003, 006, 
009,024.033,042; 188,024. 

Output Routinea: 150.151: 055-063; 165: 038-048; 172: 115-12<1; 
179,OBJ.Q85. 

I RANOI: 195,009; 198, 134. 

I RCllGTI], 142; 004; 144, 080; 150, 012. 044; 172, 121. 

I STO IGTI] , 150,014. 

1 STO 10 n: 160,016. 01S. 024. 026, 049; 183, 012, 016; 196, 019, 043. 

243 



244 Programmmg Techniqu es Indf'JX 

I STO 1[;]", 156: 019. 

S ubrout ines: 142-143: OO I.()()9, 010-068, 057-068, 069"()78; 144: 
079.()85; 160-151: 020.0.8. 041.0<8. 064-076. 077.091 , 156-157, 
054-066.068, 160,046.050.051.059, 171-172: 093-127. 128·131 , 
189,063-087.088.092, 196-198: 029.040. 054.098. 080-004. 099· 
123. 133-139. 

User KeYIII: 142: 0 10; 143: 079; 144 : 086; 150: 001 , 049; 166-157: 
001.017,068; 159-160: 001. Oll. 021 , 029. 033; 164-165: 001. 
038. 049.053; 170-171: 001. 022. 038. 055, 087, 178: 001. 005. 
023.035, 183: 001. 019, 023. 026. 040, 188: 001. 013. 031, 039, 052, 
195- 197: 001 , 006, 017, 04 1, 124. 

I \· ~ !i! I : 151: 079, 084, 089. 
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Function Key Index 

@IDTurnsthe J + RAO IConverts I SCI JSelects 
calcuJetor's display degrees to radians scientific notation 
on and off (page 18). (P_ 47). display mod8 (Page 

I + DEG !Convens 
68). 

C_ radians to degrees J ENG I Selects 

J + R IConverts polar (P ... 47). engineering notation 
display mode (Page 

magnrtude rand 
70). 

angle8 inX- andY- Digit En"" 
registers respectively I ENTER I Enters a copy 

Mantissa. Pressing 

to rectangu lar It and of a number in 
ITlCLEAR JPREFIX I 

y coordinates (Page displayed X-register 
displays all 10 

62). into V-regist er; used 
significant digits of 

to separate multiple 
the number in the X-

J+ P!Convens)t. y 
number entr ies 

fegiS1er as long as 
rectangular 

IP . .. 27). 
the j PREFIX l key is 

coordinates placed In pressed; clears any 
X- and Y -registers rCHs lChangessign part ial key 
r8$p8ctively t o poler of number or sequences-refer to 
magnitude-, and exponent of 1 0 in ClEAR I PREFIX I 
angle SfPaga 61). displayed X-register (P_ 72). 

IP_'7). 
Hyperbolica 

I + H.MS IConverts I EEX I Enter Exponent; 
IHvp ll s'NI. decimal hOurs-or next digits keyed In 

degrees-to hours, are exponents of 10 IHVpllcos l. 

minutes, seconds- (POg07' ). I HYP II TAN ICompute 

Of degrees, minutes. o through 9 Digit 
hyperbolic sine, 

seeonds-jP_ 48). hyperbolic cosine, or 
keys. hyperbolic tangent 

J + H IConvert. hours, O Oecimal point. respecttvely, of 

minutes. seconds-
number in displayed 

or degrees. minutes, OllPlay Control X-register (Page 481. 

seconds-to 'decimal (£!!)Selects fixed J HYP" I(§!ID. 
hours-or degrees- point display mode I HVP' II cos I. 
(P_ 47)_ (Pili' 87) . I HYP-' I! TAN ICompute 
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') ) 

'jnv.(~ hyperbolic addressed by the In displayed X· 

sine, inver,. value stored in A, register (P ... 48); 

hyperbolic cosine. or IPo ... 130). [@JCommon 
inverse hyperbolic lOSE [Decrement. Antilogarithm. 
tangent. Skip If Equal or Less Raises 10topower 
respectively. of Than. Subtracts of number in 

number in displayed specified decrement displayed X·register 
X-reg,ilter {Page 48~. value from counter IP_48). 

'ndu: Regilt., value. Skips one 0 Raises number in 
Control program line if new Y ·register to power 

, ) ) 
Number After.tion Prefix Keys at a time without 

) ) I RND /Rounds mPressed before a 
repetitions or order 

mantiS88 of 10-d;git function key, selects IP_&3). 
') ') number in X-regist&r gold function printed 

) to match display above that kev(Pege Shick Manipulation 
) 

setting IPege 42.). 21). Ixa: riExchanges 

) '> l ABS IGives absolute W Pressed before a contenlS of X- and Y-

value of number in function key. selects stack registerstPage 

) displayed X-register blue function printed 28) . 

illindex (AI)-register. 
counter value Is of number In 

Utedwlth ISTO land 
equal to or less than displayed X·register 

I RCL I as a simple data 
specified test value IP_49). 

sto;age register. IP_128). MlthematJCI 

Used also to hold I ISG l lncrement, Skip 8008 
control number for If Greater, Adds Arithmetic operators 
i~ementldecre· specified increment IP_22). 
ment operations and \lalua to counter 

for indirect COntrol of \lalue. Skips one (£)Computes 

display and program program Ifne if new square root of 

execution (Page 127). counter \latue is number in displayed 

greater than X-register (Page 44~. 
I xa: IIExchanges specified test \lalue [Z)Computes square 
number in displayed IPo ... 128). of number 'in 
X-register with 

L..,orithmlc and displayed X-register 
. number in RI (PaGe 

Exponential IPago44) . 
1~7). 

. (ill] Indirect 
[QDComputes GilCalculatas 
natural klgarithm of factorial xl-or 

'Operations number in displayed Gamma functiOn 
command. Used with X-register (Page48). r 11 + xllPago 43) . 
I STO land l RCLlfor 
indirect data storage. LaNatural 11/XIComputai 

recall. and storage Antilogarithm. reciprocal of number 

, regtster' arithmetic Raises e to power of in displayed X-

IP_13O). number in' displayed register (Pag. 43). 

I.~ ~ (i! IExchanges 
X-register (Page 48 •. 

@ PlaC6svaluaof pi 
contentll of displayed I LOG ICotnp!J1es (3 .141,592864) in 
X-register with those common logarithm displayed X-register 
of the register (base 10) of number IP_42). 

) 
IP_42). on the slanted face of (ftiJRolisdown 

omJl.eaYes only 
that key (Page 21'. contents of Stack 

') ) Integer portion of CLEAR I PREFIX I IPo ... 28). 

) 
number in displayed cancels ill and III []JJRolIs up 

) X-rlltgiS1ar by prefix. keys.troic.es and contents of stack 

) ) 
tru~atjng fractional partially entered IP_28). 
portion (Page 42). instructions such 8S 

I eLf IClears contents 
) ) I FRAC ILe8\18$ only mI ScHor[]J~ . of d isplayed X-

fractional JX?f1ion of Also displays 10- register to zero (Page 
) ) number in displayed digit mantiua of 17). 

X-register by number in displayed 

) ) truncating integer X-register (Page 211. 
Ste:tJaties 

) ) 
portion (Peg_ 42). 

Probability CLEAR mCleers the 

I PI',X IPermutation. 
statistics registell! 

) ) 
Computes the 

(Ro through Rs) and 

) ) 
Percentage 

number of posslble 
ttie stack registers to 

OOPercent. ordered choices of y 
~rofPag.56). 

) ) Computes X% of different items taken Ci!JAccumulates 
vaJue'in the y- in 'quantities Of;( statistics of number~ 

) ) regi.ste:r (Peg. 49). items 8t 8 time with- from X-andY· 

) ) I f:..% '''ercent 
out repetitions (Paoe registers into storage 

Oifference; 
52). registers Ro through 

) ) Computes percent of I CI' .. t ICombination. 
R,IP_55). 

). 
change ,between Computes the I]3Subtracts 

) number in Y -fegister number Of possible statistics of numbers 

) } 
and' number in sets of y different in X- and Y -registers 
displayed X-register items taken in from storage 

) ) 
IP_50). quantities of)(' items registers Ro through 

) ,) 
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) "\ , 
· R5 for correcting l£J 8ppIOKimates K and y displayed X-register 

accumulations (Page values accumulated (P_38). 
68). using ~. TnB CLEAR I REG ICleart 
m Computes mean valua of Ina y- contents of all 
(average) of}l and y intercept is placed in storage register, to 
values accumulated tna X-register; tna laro CPage 3 8). 
by !IiJ(P_IIO). \l8lue of tna slope is 

ILSh lRecails placed in theY-
(!JCo'!lpules umple register (Page 63) . number displayed 
standard deviations be10re the previous 
of )( ,nd Y \/lIlu88 I RAN. IPlaces a function bact.: into 
accumulated by (I.!J pseudo-randqm the displayed X. 
(P_ 6 1). number in the register (P,ge 28). 

[E!)Llnear Estimate 
displayed X·register; 
the psaudo random 

Trigonometry and Correlatk>n sequence is 
Coefficient. generated from a j DEG tSets decimal 
Computes estimated seed stored using degrees mode for 
value of y If) for a I STO II RAN#I(PlIlIe ttlgo'nometric 
given. value of x by 641. functions- indicaled 
least Squares 

by absence of GR;AD 
method and places 

Storage or RAD annunciator 
resUlt in displayed X- (P_45). 
regiiJer, Co'mputes I STO IStore. 

J RAD ISets radians the Correlation ' Followed by register 
mode (or eoeffieiefjt ttl of the address (0 through 9, 
trigonometric linear estimate data ,0 through .9. ru. Of 

by' meal,uring how Will, stores displayed 
functions-indicated 
by RAO annunclatOf closely the data pairs number in the 
(PIIlIo45). would, if plotted on 8 storage register 

) ) number in displayed ~.~.ITAN'I tangent, 
X· register (Plge 46), Compute arc sine, respectively, of 

\ \ arc cosine, or al c number in displayed 
X-register (P'ge 4151 , 

) ) 

) 

., ) 

) 

) Programming Key Index 
) 

Program/ Run mode, primary [W. [d, o through 9, or (0, 
Pressing 001 P/ R I ITQ:J. 0. and lIZ!] From the keyboard: 
sets the caiculator to key functions and the causes calculator to 

) ) Program f1l9de- shifted 0 through search downward in 

) 
PROM annunciator [[luser-defined key program memory for ) on-or Run mode- functions are designated label and 

) ) PRGM annunciator exchanged (Peg. halt. In a running 
cieared-{Pqe 78), 79). program: causes 

) calculator to transfer 
I MEM rOisplays 0123456789 downward in 

) ) current status of Label designations. program memory to 
program When preceded by designated label and 

) \ memory/ storage I LBL r. define resume program , 
register allocation beginning of I!I eKecution(Page112). 

) ) (P_ 77). rout ine (Pag. 79). 
IGS8 1Go to 

graph, repfelenta specified, Also used I GAD ISets grada 
~ir.iQht ~ine. and to perform storage mOde {or 
places reault"!n y. register arithmetic trigonometric 
register (Plge &4'. (Pogo 37). functions-indicated 

· (h[)Llnear I ACL IRecali. by GRAD 
ahnurwiator (Page · Regression. ' FoUowed by address 
461. 'Co·rr:,putes y. (0 through 9. ,0 
ISIN I.I~OS I. ITAN I. "' int8fcept.(R) and through .8.m. or [ill), 

slgpe.(A ) for linear, recalls number from Compute sine, ' 
function y = AX + 8 storage register cosine, or tangent, ." 
that best specified, i'nto the respectively. of 

) ) 0®(£)@JlI)use,. I LBl llabet When Subroutine. Used 
. defined program usedwitn 0 WIth 0 tnrough [[}, 

) keys for both through []J or 0 Othrough 9. or ill. 
, program _labels and through 9, denote From the keyboard; 

) \ 
causes calculator to / program a.ecution the beginning of a 

) (PIIlIO 79). program or search downward in 

subroutine (P.ga program memory for 

) ) I USER rPIB(:es 791. designated label and 
calculator in and out begin program 

) \ 'of User mode. In I GTO IGo To. Used execution. In a , 
User mode the with 0 through W, running program; 

) i 

) ) 
< 
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) 
causes calculator to CLEAR I PRGM Un @Clear Flag. 

) transfer downward Program mode. Followed by flog Subject Index in program memory clears all designator 10 or 1 I, 
to designated label instructions from clears f1eg (Pege 

Page numbers in bold type ind icate primary references; and continue prograM memory ",). page 

exect.rtion until a and resets calculator numbere in regular type indicate secondary references. 

, RTN I instruction to line 000. In Aun " 

tr.nsfers execution mode, only resets [E} ls Flag n True? 
A 

bact< to the first calculator to line QCX) Followed by flag .--~-- ... _ ---_.- -----_. 
inatruction after the fP_78). designator (0 or 1), Abbreviated key sequences, 78, 127 

I GSBI!PII{j. 119). IPSE JPause. Hahs tests designated flag . ) Accuracy (see Round-off error). 

program eK8Cution If flag is set (true) the Address 
. IGTolOnnnGoTo for about one second calculator eK8Cutes indirect (see Indirect addre8sing.) 

Line Number. to display contants of the instruction in the label , 79, 9. 
Positions calculator X-register, then next line of program storage register, 37-39 
to the occupied line memory. If flag is 

, Algorithm, 206-208 resumes execution l ' number specified by fPOi.79). cleared (fa lse), I Allocation, memory, 8, 76 
nnn (Page 97). 

IR/ 5IAun/ Stop. 
calculetor skips one )1 Allocation, current memory, 77 

leST IBeck Step. line in program 1 Alpha labels, 79 
Begins program 

memory before 1 
Alternate keyboard functions, 20-21 , 79 Moves calculator eX8Cutton from 

resum ing execution Annuities; see Finance beck one line in current line number Annunciator, 18. program memory in progrem memory. fP_'I1I . ) 

) I f,21 fP_87). Stops execution if g, 21 
.J SST ISingle Step. program is running G£iJlx > 1·IGIiJ )1 PRGM, 20,78, 80,85, 88 
Moves calculator fPogo79). IX =I·!l x< oll x> ol USER. 79, 88 
forward one line in I RTN f.Riltturn. Causes h#-oll .p' OI 

) Area of a Circle program example, 83ff. 
program memory calculator to return Conditionals. Each AS8istance, technical, 241 
fP_97). from any line in tests value in X- Automatic Memory Stack (see Stack). 

~Bacltarrow. ln program memory to register against 0 or 
Program mode, line 000. or from value In Y -register as 
deletes displayed subroutine to indicated. if true. Il , 
instruction from appropriate line calcu lator executes ) "--~-------.-- --- .. ---.. --

Backarrow, 17, 29, 98 
prognm memory. All elsewhere in instruction in next ) ' Backstep, 97, 101, 104 
subsequent program memory line of program Batteries, 230-233 
instructions are IP_79). memory. If false. installing, 231.233 
moved up one line. In ~SetFlag. cal!;Ulator skips one replacement, 231 
run mode, deletes Followed by flag line in program ) Beginning a program, 84 
digits or numbers designator (0 or 1 I, memory before Branching 
from displayed X- sets flag-true- resuming execution conditional, 112-113 
register (Page 171. fPOi·"') · fPo&< 110). unconditional, 112 

) 
261 
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262 Subject Index 

Can volume example program, 89·90 

Chain calculations, 31·32 
Change sign, 17, 42, 223 

exponents, 71 
Chi-square evaluation, 182-185 
Clearing 

Continuou8 Memory. ( See Resetting Continuous Memory.) 

data storage registers, 3S-39 
display, 17.18 
error mes8ages, 19 
program line. 78 
program memory, 98 
stack,55 
statistics registers, 55, 58 

Coefficient of determination, 163 

Compound amounta (see Finance). 
Conditional, 110·115,243 
Constant arithmetic, 34, 3,>.36 

Continuous Memory, 19, 75,78,96 
clearing (Bee Resetting Continuous Memory.) 

display, 67 
error, 20, 220, 233 
flags, 19.111 
10880f, 231,232 
tllndom number sced, 54 
replacing batteries, 20, 231-233 
resetting (see Reaetting Continuous Memory.) 

trig modeM, 45 
Control number , 127, 128ff. 
Convertible storage registers. 8, 75·77 

Counter, loop, 214 
Cramer's rule, 149 
Curve fitting, 162·168 

program, flags, 215-216 

D 

Data storage registers, 8, 37-38 
clearing, 38 

Decrementing, 128-129,214, 243 
Deleting program instructions , 105-107 

Determinant 

) 

) ) 

) ) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

matrix algebra, 140-148 
systems of linear equations , 149 

Digit entry 
new number, 17, 24 
termina tion , 17, 18, 221 

Digit separator, 16 

Disable stack, 29, 221 
Display 

annunciators, 16 
automatic l£IKJ- I SCll mode switching, 67 
blank, 234- 235 
clearing, 17,29 
mode, 19, 67 
rounding, 67, 68, 69, 70 
setting, J9, 67 
X-register. 26 

DSE limits, 134 
Downward, program memory. 80,87, 125 

E 
----~--------------

Ending a program, 84 
Enable stack, 29, 222 
Error 

clearing, 20 
Continuous Memory, 20, 220, 233 
flag, 220 
message, 19, 93, 96,219-220 
recovery, 33 
round-off, 72 , 155 
service, 220, 234, 237-240 
Simpson's rule. 159-162 
statistics registers, 219-220. 228 
subroutine, 121, 220 

Executing labels, 79 
Exponent, limitation, 72 

sign, 68, 70, 71 
Exponential curves, 162, 166-167 

F 

Finance. 185-194 
Flag, 19, 96,111, 116-118, 21 5~2 16 , 243 

Subject Index 253 
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Flowchart, 116, 208·210. 216 
Function key index, 245.249 

G 
~~w-----------------

indirect, 130-131 , 136·1 37, 243 
label, 112 
line, editing, 97·98. 103 
subroutine, 119-120, 210 
s ubroutine, matrix a lgebra, 210 

Goodness of fit , 182 

H'--______ . 

Halt. program, 79, 89-90. 93 
Heat loss program example, 12, SOff. 

Improper operation, calculator, 234-235 
Incrementing, 128-129, 132·134,214, 243 

limits, 134 
118e with indirect addressing, 211-212 

Index register, 8, 75, 80, 127ft. 
decrementing, 128-129 
direct (unctions. 127-129 
exchange, 127 
incrementing, 128-129 
loop control number, 128 
store and recall, 127 

Indirect addressing 127,130, 211·212 
branching, 130-131 , 136 
exchange, 130, 135, 244 
line number, l ao, 131, 137 
storage and recall, 130, 135, 243 
8torageregister arithmetic, 130, 136 
subroutines, 131, 136 
table, 131 

Initializing, 96 
Input routines, 243 
Inputting data, 212-213, 217, 218 
Intermediate result, 23-25, 26, 31 
InternaJ digit representa tion, 67,71 
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Keycodes. 77-78 , 810.83 

L 

Label, 79,84,94 
addresses (see Addrt!8s.) 
sea rching for , 87 

LAST X, 8, 28, 32. 34, 80. 223 
clearing , 38-39 
constant, 36 
percent difference. 50 
percentage, 50 
proba bil ities, 53 
lli), 56 
sta tistics, 32.3 3, 65 
GLJ, 65-66 

Least squares, 164 
Limit, ~x, 214 
Line 000 (see Top·of·memory). 
Line number, 77·78 
Linear regression , 162. 243 
Loading a program, 85-86 
Logarithmic curve8, 162, 167·168 
Loop, 113-114, 214·2 15, 243 

circuit currents, 147 
conditional control, 114-115 
conditions, Newton's method, 155 
control number, 128 
counter, 127, 128ff., 132·134, 214 
Ax limit, 214·215 
equations. matrix algebra, 148 
exit, 113-115,127, 128-130, 132·134,214·215 

Low power indication, 231 

M 

Subjecllndex 255 

- ----------------
Mantissa, 21 , 67. 68, 71, 72 
Matrix algebra 

incrementing, 211 
indirect addressing, 211 
subroutines, 210 

Memory 
a llocation, 77 
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conversion (see lWallocation of program memory.) 
Converting to storage registers, 227·228 
IMEM lfunction, 77, 227-228 
reallocation, automatic, 74·77, 224·227 

Mode 
display, 67·71 
trigonometric, 45 

N 
Negative numbers, 17 
Neutral , stack, 222·223 
Newton's method, 164·168 

looping, 214 
Non·programmable functions, 88 
Number alteration functions, 42 
Numeric labels, 79 
Numerical integration, 15S·162 

o 
Occupied program memory, 93, 100 

[Qill, 10, 16 , 234-235 
One-number function, 21, 24, 43·49 
Order of entry, 22 
Output routines, 243 
Overflow, 18,96,219 

[E), 57 

p 

Pending 8ubroutinereturns, 19, 119·120 
Permanent progra m memory, 76, 224-226 
Permanent Storage Register , 8, 76, 224 
Power 

consumption, 230 
curves, 162, 168 
failure, 45, 54, 220 
low, 231 

Prefix 
clearing, 21 
keys, 21, 78, 79, 127 

PRGM annunciator, 20, 78, 80, 85, 88 
Primary keyboard functions, 20, 79 
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Problem statement, 206 
Program, modifying example, 101·106 
Program 

control keys, 249~250 
deleting instructions ,IB, 98, 105-107 
errors, 96 
execution, 87, 115, lIB 
ha lts, 79. 89-90. 93 
inserting instructions , 102, 105 
key, 78 
labels , 94 
mode, 20 
modifying example, 101 - 106 
pauses, 91 ·92 
planning, 206·210 
self-initializing, 96 
stops,8S-91,93 
8tructure, 206· 208 

Program memory, 8, 78, 80·81 
clearing, 78 
deleting instructions, 105· 107 
downward, 80, 87,125 
end of, 84 
occupied, 84, 87, 100, 105 
top, 79 

Programming techniques index, 243·244 
Proper operation, calculator, 234-235 
Pseudo-random number (see Random number). 
Pythagorean Theorem example program, 98ft. 

Q 

Quadratic equation algorithm, 207-210 

R 
Radix mark, 16 
Random number, 54-55, 217, 243 
Reallocation of program memory, 74-77, 224-227 
Recalling numbers, 38 
~accumulations , 57 
stack Hft, 38 

Renumbering program instructions, 102 
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Reeetting Continuous Memory. 20, 38, 45, 54, 75, 220, '233, 234-235 
Return, pending, l19-120 
Roll-down, 28 
Roll-up. 28 
Round-off error, 72, 155, 169 

statistics, 59 
Run mode, 12, 20 

key, 7S 
running, 18.53,88 

Running 8 program, 86-88 

S 
Scrolling, 101 
Seed. random number , 64·55, 194,217 
Sel(·initializing,96 
Self.te8t. calculator, 234 
Service. 234, 235, 238-241 

ship.,ing instructions, 240 
warranty, 240 

Shared program memory (see Program memory). 
Shared storage registera (Bee Storage registers). 
Sign 

of exponent, 68, 71 
o(number, 17,68 

Simp90n's rule. 159 
Simultaneous equations, matrix algebra, 140·148 
Single-step, 97, 1()(}'101 

program execution, 99.100 
Slope example program, 12J ((. 
Specifications, temperature. 242 
Stack, 8, 80 

automatic memory, 26--27 
clearing, 38, 55, 56 
di8able, 21 , 29, 38 
d,op, 26-27, 30, 31, 32 
enable, 29,221·222 
ILR.I,63 
1;£1, 26-27,29,31,32, 38,221 
manipulation, 27-28 
memory, 221-223 
neutral, 221, 222-223 
no change, 26-27 
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percentage, 50 
IRCLII'· 1.57 
0, 62 
~,56 
1II, 60,61 
CE:!J, 65-86 

Statistics 
accumulations, correcting, 58-59 
clearing register8. 55, 58 
enor, 219, 228 
precision, 56-67 
registers, 224, 228 
storage regist-ers, 65·(56 

Status indicators. 235 
Stop-and-store, 213 
Storage Registers, 8, 75-77 

addresse8. 8, 37-39 
arithmetic, 39, 244 
clearing, 38-39 
convertable, 75-76 
statistics, 55·56 

Storing numbers, 37 
Submarine hunt. 194-205 

program. random numbers. 217 
Subroutine, 210-211 , 244 

limits, 120·121 
nesting,120-12J 
pending, 19, 120 
transfer of execution, 119-120, 122ff. 

Systems of linear equations, 149-153 

Subjoct Inde)( 269 

T~ ________________________________ _ 
T -register, constant, 34·36 
t-statistics , 176-181 
Terminating digit entry, 17. 18,221 
Test, calculator circuits, 234-235 
Testing programs. 96 
Time, execution, 53 
Time-out, 16 
Top-of-memory marktlr. 80 
Top row keys, 79 
Trapezoidal rule, 159-182 
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Triangle solutions, 169-176 ) ) data input. 213 
Trigonometric mode, 19, 4 5,169 ) ) 
Trouble-shooting, calcu Jatar opera tion, 234-235 

" True/ false tests, 11 0-111 ) 
Two-number function, 22 , 24, 29, 49-54 

accuDlulations, 55 ) 

U ) ) 
.- --.--.. ------

Unconditional branching, 112 ) ) 
Undernow, 18,93 
USER an nunciator, 79, 88 ) ) 
Uaer-defi nable keys, 213, 217-218, 244 

) ) User mode, 79, 88 

V ) ) 

Variables. inputting, 212-213 ) ) 

W ) ) 
Warranty information, 236-237 
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