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TECHNICAL ASSISTANCE

The program material, instructions and procedures contained in
this book assume that the user has a working knowledge of both
surveying and the general operation of the HP-42S calculator.

Technical assistance is limited to verification of the
results shown in the various examples used in this book.

If you have any questions or suggestions regarding this book, or
other D'Zign publications, please feel free to call us. The
number is (209) 297-8025, and someone is available to answer
technical questions between the hours of 8:00 A.M. and Noon,
(Pacific Time Zone), Monday through Thursday

Before calling for help, take a look through "The Most
Commonly Asked Questions”, on the inside of the back cover.

WARNING
This software and book are both protected by U.S. Copyright
Law (Title 17 United States Code). Unauthorized reproduction
and/or sales may result in imprisonment of up to one year and
fines of up to $10,000 (17 USC 506). Recent changes in the laws
make infringement upon software copyrights a felony. Copyright
infringers may also be subject to civil liability.

ID7Z88m
P.O. Box 430
Tollhouse, CA 93667-0430
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introduction

Hewlett-Packard has produced a really powerful calculator at a
very good price, the HP-42 Scientific Calculator, which lends
itself nicely to solving surveying problems. It can not be
programmed by insertion of a surveying module, like the HP-41
or HP-48, but typing in a program has been made very simple.

-+

he operations index

To find a function for the first time, HP has provided an
"Operations Index", on pages 310 through 335 of the
instruction manual, which tells you exactly what keystrokes to
use to type in the function you want.

Even better, this index gives you the page number that you may
refer to if you want to know more about the function you are
using. If, while typing in a program, you aren't sure how to input
a particular function, simply refer to the Operations Index.

(=

he softkey menus

All of the programs in this booklet take advantage of the softkey
menu system built into this calculator. When you want to start
a program you stroke the XEQ key and then the softkey
corresponding to the program you want, shown in the menu
displayed at the bottom half of the screen.

learning while programming

We have tried to write this series of booklets in such a way that
vou quickly become aquainted with the calculator and its
functions while you are programming it.

The use of the triangle program is simplicity itself. You need
three known parts of the triangle being solved, and there are
only three keys used for input. They are in the menu as SIDE,
ANGLE and AREA, and to select them you stroke the key under
the menu listing.

The only other keys used are one menu listing that returns you
quickly to the program for another solution, and the R/S key.
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The use of a printer is not required, but does make the job of
proof reading easier, Hewlett-Packard has the InfraRed Printer
available for the 42S, and one of the great features of this
calculator is that it already has an InfraRed transmitter built in.

subroutines

Because of the way the calculator works, we will start with the

input of some subroutines.

Once a subroutine has been 1input, its
name appears in the menu when you
stroke the XEQ key, and all you have to
do to add it as a program step in another
program is to stroke GTO or XEQ,
followed by keystroking the key
corresponding to the subroutine when the
menu appears. You may scroll through

the menus with the [f§ or &8 key.

getting started

Begin by stroking the shift key, then the
XEQ key. The display will show a menu
which will be blank (if you haven't yet
input any programs) except for .END. , on
the left. The keys just below each of the
menu portions will correspond to the
menu tnstruction above it.

Stroke the key just below the .END. in the display menu, and
then go into program mode by stroking the shifted key.

Scroll upward once with the f§ key.

aek{ B-Bute Pram
a1 .EHND.

-

Your display should be similar to
the one shown to the left.
typing in the program steps shown
in the illustration above, LBL "CL".

~

Ba { 47-Byte Pram
BIMEL "CL"

@82 ZREG 00
@3 CLZ

@84 IREG 11
85 CLZ

@t a

g7 STO 24

@8 RTN
aspLBL "FCL"
18 8.013
11pLBL "FN"
12 CF IND ST X
13 I5G ST ~
14 GTO "FN"
15 ENTER

16 SF 21

17 END

Begin
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Proof read the program. If you scroll to 00 it should now say
"47-Byte Prgm" . . . the byte count is one quick check on the
program, but you still need to check every step. Look, in
particular, for steps that are alpha (with " " marks) but
shouldn’'t be. Or should be but aren't.

"DMS"

This program puts the output of angles into the form °'", and
gives all answers to the nearest tenth of a second.

NOTE: Before beginning the input, review pages 130 and 131 of your manual, which
tells you about the 'append' symbol ( x ) used in program steps 10, 19, 29 and 38.
Kevstrokes for the degree symbol are shown in the MATH section (menu maps, page
295), the " and ' on page 296 (the ' looks different in the keystroke than it does when
displayed or printed . . the one you want is the one just above the ; symbol).

Repeat the procedure of going to the permanent .END., scroll up
to 00, and input the program below.

aikLBL "DMS" 11 - 21 FP 31 FIX B4
@2 F52C 19 12 188 22 1@a 32 SF 29
A3 CLA 13 x 23 x 33 RCL 19
84 ENTER 14 ABS 24 FIX B2 34pLBL B1
a5 STO 19 15 STO 18 23 RHD 35 18

as IP 16 IF 26 FIX @l 36 KEPY
@7 CF 29 17 XEG A1 27 XEQ 41 37 RCY?
B FIX 68 18 ARCL ST X 28 ARCL ST ¥ 33 k"B"
89 HRCL ST x 19 }_IIIII 29 }_n i 39 END

18 F"on 28 RCL 18 38 CLX

The byte count should be 78 bytes. Read through the steps to
check for typos, and as a final check, input a number (try
25.25252), set flag 19, and execute the DMS function. Stroke the
shifted ENTER key, to enter alpha, and your display should show
25°25'25.2" above the menu bar. If it doesn't, check it again.

the main program

The next two pages contain the main program. Take your time
typing it in, to avoid errors.

Don't type an END on this one, the permanent end will work just
as well, and this removes it from your XEQ/GTO menu.
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<@ RTN 119k BL
ciplBL 11 120 RCL
&2 STO @4 121 XER
£33 R+ 122 570
24 3TD @2 123 RCL
S R4 124 RCL
cE 2TD @9 125 *REC
7 R 126 Xi>¥
£33 R+ 127 570
s + 128 RCL 83
Ta + 129 1
7tz 1389 *REC
7 T 131 R+
73 5T0 @7 132 +
74 Nt2 {133 570 @2
7% LASTX 134 R+
76 RCLX 92 135 X
77 - 136 +
7?3 ROL @9 137 570
79 ROLX @4 133 GTO
3@ = 139PLBL
a1 R 148 *HR
=1 0 141 570
3 142 R+
a3 143 *HR
144 STO
& 145 R4
3 146 5T0
[ 147 RCL
b 148 RCL
g W2 149 XEQ
21 LASTX 158 RCL
42 RCLX @9 151 RCL
a3 - 152 XE@Q
4 RCOLT @2 153 GTO
35 RCL+ 04 154PLBL
A5 SGRT 155 570
27 RCOS 156 R+
98 2 157 *HR
49 ¥ 158 370
ie@ 5T0 03 139 R+
191 RCL 065 15@ 5TO
182 XEQR Q@@ 161 RCL
183 570 @81 162 RCL
ig4 GTO B1 163 R
1@S RTN 1é4 RC
1OGhLBL 12 ) tion® 1€2 STO-
7 2nd solution”
18 FS? @ 167 RCL
189 AYIENW 163 RCL
118 FS7C 2@ 159 RCL
{11 aToP 170 GTO
112 *HR 171PLBL
113 570 @1 172 *HR
114 R+ 173 5T0
115 5T0 @< 174 R+
116 R4+ 175 570
117 +HR 176 R+
115 570 G5 177 570
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178 RCL @: 2 Erh >
175 3t °° 38 Rel 5 X
189 RCLX 82 39 RS 5 §§3Y
13 U ooa 23 _u :
132 RN @ z4@ F'Angle 3 = " 3 370 et
133 570 @5 32’1’ AEYes i
i34 RCL @2 43 ggIEN 2 &5
1 2 ;E:g oa Z44 RP.E @3 i':, o
133 RCL @9 G473 = iag 3
153 ROL @i £42 "AREA = " 207 %
138 XER @4 43 ARCL ST Ten x
131 YEQ @3 225 Autew 103 &
132 180 29 Ao 295 i
195 RCL- @S Z52 F57 iy el
1924 RCL+ gé Y i1z Stn ©°
194 oL+ @3 253 (EG @8 31z SIN
3¢ 180 S2EL g 313 -
137 + 22070580 on" 315 3
198 +HMS 557 F gnd solution”213 3RRT
195 RCL @z 225 huiew” 315 RLC o
2p@ RCL 83 23 2Ye6" 17 Shws®’
Z01 IHMS 220 150" 313 X35
zaz SF 2@ el At 323 Rl
203 GTO 12 5S¢t RE[ oo 357 hws
Sg4PLBL 00 Sef L5y i5: xEn
ze5 + ER A 155 Atw °
285 ¥ . ;65 HMS 323 RTN
zec cos o RCL @2 324)1.?[_ vz
5@8 ACOS SeSrrEL o9 352 Sto’
289 RTN gegrL @3 I A
Z1abLBL ©1 €3 Ry 2Lt
211 F5? 19 36 RT 359 2
212 CF @2 ST 350
13 Fs7 2 22579 8t 330 R
314 OF 82 e Bhiol
213 oF ez 273 R 332PLEL @5
215 Fs2 573 570 03 333 RCL @9
et e o0 2% 332 Shks™!
Z18 ARCL 89 28 3R as 932 ;gns
219 W0 - = 5:? L ez
520 RCL 0t L7SMLBL 16 332 o
521 *HMS LU 333ChL
222 F'Angle 1 = see TR @ 4 ks o
233 XER "DMS" 525 SEh o 311 Eoh
224 AVIEW 255 S0 o2 332 FsToe®
225 ADY £33 Sto as 345 vt
e e p = s RN 343 SRNeLtY
227 ARCL @2 Zoerbl 17 243 BV
227 PRC 28EMLEL 17 345 KEY 2 GTO
379 RCL 03 235 20’6 315 (BY
228 RCL %82 570 @2 347 KEY 3 GTO
230 IMhnole 2 = » £33 AGINCC 315 (EVE
282 XE@ Aoms 227 510" 355 mews®
s 3¢ 2 35
233 AVIEW 232 XEQ 05 351 RTN
235 o¥de 3 = v ZoepLBL 13 322’E$5 1
2' 5 i . 3 3 n n
5 RRCL ©4 295 *HR 354 .EN TRIS
=
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The triangle shown to the
right will be used for the
examples. [t should be noted
that the output will vary
slightly, depending on the
number of places input,
particularly in the input of
the angles.

The notations for angles and
sides is familiar to HP users,
but is not the standard, or
textbook notation which you
have learned in trigonometry
(side a opposite angle A, side
b opposite angle B, and side ¢
opposite angle C). The sides
and angles are numbered, in
order, going around the
triangle.

The example triangle (top) shows this style of labeling, compared
to the standard notation for sides and angles. Side I may be
assigned to any side that is convenient to use, depending upon
the available information about the triangle. It should be
located at a side where the known information then falls into
position for solution by one of the routines.

In the example, the assigned
designations go clockwise, If it
will better fit the information
available, the labeling may go
anticlockwise instead, as shown
to the left.

NOTE! There is no solution for a triangle where the three angles are
kthe only known parts, since this condition can produce an infinite
n

umber of similar triangles.
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side 1, side 2, side 3

THREE SIDES KNOWN is one of the most used solutions for
triangles, particularly in recent years in surveying.

The lower cost and higher accuracy of electronic distance
measurement equipment has resulted in more trilateration

being used, instead of time-consuming repetitions of the angles.

keystroke example:

n output:
xeall TRl | Side 1 = 8.3640
8] -13]6]124 Angle 1 = 36°12'32.8"
E3 Side 2 = 9,6900
Angle 2 = 59°19'11,8"
of el Side 3 = 5,7450
E3 Anale 3 = B4°28'16.2"

(5] - J7]4]5] AREA = 23.9138
EH

(0\0((/

This routine uses the equations 9630

A3 =z 2 cos'l P

193

= 2 coslq/ Eiggiggll

and

N

Ay = cos~I(-cos(A3 + A,))

where P = 3(S; + S, + S3)

To solve another triangle, stroke EHA after the output.

)
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side 1, angle 1, side 2

the use of the equation

keystrokes:

TWO SIDES AND THE INCLUDED ANGLE KNOWN is
resolved by finding the third side, and then solving the triangle
as shown on the previous page. The third side is found through

S3 = \/512 + 522 - 2 515; cos Ay

(5] - 17 04]5

(8] -13]6]4

output:

5ide 1 = 5.7450
Angle 1 = 84"Z&6'18.0"

Side 2 = 5.3640
Angle 2 = 3¢°12'31.4"

S5ide 3 = 9,6800
Angle 3 = 59"13%'1@8.¢"

AREA = 23.9138

NOTE! Areas are calculated by this program

using the equation shown below.

Area = %( S; S3 sin A3 )

L =




side 1, angle 1, angle 2

36°12'30"
ANGLE§2

keystrokes:
B - nma output:

Side 1 = 5.74%@
(84 -F201801]8] Anale 1 = 24°28'z2.7"

- 3i1de 2 = 5.3640
saooa s

: 5ide 3 = 3.¢302
Rngle 3 = 5a"13'@7.3"

AREA = 23.913%
ONE SIDE AND THE TWO FOLLOWING ANGLES KNOWN.
This solution first solves for the third angle with the equation
Az = cos™! {-cos ( A, + Aj) )

Once angle 3 has been found, the remainder of the triangle is
solved as Angle, Side, Angle (see page 8 for the equations) to
determine the other missing sides.

NS /
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side 1, side 2, angle 2

TWO SIDES AND THE FOLLOWING ANGLE KNOWN has
two possible solutions. When this configuration is used, both
solutions may be output. The second solution will not
necessarily show the parts in the same order as the input.

The other two angles are calculated with the equations shown

below, and the remaining side is calculated as an Angle, Side
Angle configuration.

A3 = sin7! [—éi— sin A,_] Ay = cos™! [-cos (A; + A3))

°12'30"
E2

output:

Side 1 = 5,7450 '
Angle 1 = 84°28'22,7"

Side 2_= 8,3648
Angle 2 =-36°12'38.8"

Side 3 _= 9.6802

(5 F-J7]4a])5] Angle 3 = 39%19'67.3"
[ ZI0E | AREA = 23.9139

B - ﬂ n display prompt: 2nd Solution

keystrokes:

E3 keystroke: Sre
Bﬂnn 2nd Solution

Anale 1 = 30015130, 0"
A new prompt, 2nd Solution Side 2 = 3.8172
will appear in the display after Angle 2 = 128°48'52.7"
o atpat of the socand solution Side 3257450

strok
SLroRe If not, stroke EXIT to
Wﬁ the program, or MORE. i /

10
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angle 3, side 1, angle 1
TWO ANGLES AND THE INCLUDED SIDE ARE KNOWN.

c = sin A This configuration is
2 = S1—5yy K, solved by using the
equations shown to the
left.
S3 = 5y cos Az + 53 cos Az The Angle, Side, Angle

routine has also been
used as a secondary
solution to some of the

Ay, = cos'l[-cos(Aa +A)) other routines, after
the problem has first
keystrokes: been reduced to these
B (9] n 5 (2 | three known parts.
(51 - 1714]5 I

Side 1 = 5.7450
[ ZI0E | Angle 1 = 84°28'18.8"

BOBBEBEBE i -3
Angle 2 = 36°12'38.8"

Side 3 = 9.68081
Angle 3 = 59"19'12.8"

AREA = 23.9142

11
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area, side 1, angle 1
THE AREA, ONE SIDE AND ONE ANGLE KNOWN is the

first of the three routines in this program which allow the area
to be used as one of the known parts. Whenever the area is one
of the parts, it is input first.

The equation

2 AREA

52 = 5151n K]

1s used first to reduce the
problem for solution as
Side 1, Angle 1, Side 2.

AREA = 239155

1979*

keystrokes:
(23] -} (5 ]
HREH |
g - ﬂ B output:
50 JNS PPt TUP
an-na gr‘mgfea=s4 *28'18.0"
H

Side 3 = 8.3640
Angle 3 = 36%12'30.03"

AREA = 23.9135

- J
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area, angle 3, angle 1

AREA = 23.9135

AREA AND TWO ANGLES KNOWN is first solved for the
included side, and then solved as Angle, Side, Angle. The first
angle input is treated as Angle 3, the second as Angle 1. The
equation used for finding Side 1 is

Sy = 5?;" l: s’:ﬁEA?’ where A, = cos'l(-COS(Al + A3))

keystrokes:
(2] 3] -JOf1]3]5]

mm output:

1 Side 1 = 3. ?449
Eﬂﬂnﬂa Bide 1= 551882 (0. 0v

Side 2_= 8,3640
(8141 - 012]38] 1] 8 BRI ARGk IR

Side 3 _= 9.6808
Angle 3 = 58"19'12.8"

ARER = 23.9135

\_ /

13




-

area, side 1, side 2

has two possible solutions.

AREA AND TWO SIDES KNOWN is another problem which

We first find Angle 1 with the equation

and then solve as Side, Angle, Side. The second solution is
possible where Angle 1 may also be equal to 180° - Angle 1. This
value is substituted and the second solution is output.

~

i -1| 2AREA
Al sin [-sl—sz

keystroke:

(2§13 -JoJ1]3]5
[ REH ]

(o] -]16]8

[ FI0E

(5. J704]5
E

A new prompt, 2nd Solution
appears in the display after
output of the first solution., If
you want output of the second
solution, stroke

If not, stroke EXIT to leave the
program, or MORE to solve
another triangle.

\_

output:

Side 1 = 9.6808
Anale 1 = 59°19'@7.1"
Side 2 = 5.74350
Angle 2 = B4°28'2@.8"
Side 3 = 8.3639
Angle 3 = 36712'32.3"
ARER = 23.9135

display prompt:  2nd Solution
keystroke: R/S

2nd Solution
Side 1 = 9.6860
Angle 1 = 128°4@8'52,93"

Side 2_= 5,7438
fingle 2 = 37755'29. 4"

Side 3 = 13.5448
Angle 3 = 21°23'37.7"

AREA = 23.9133

14
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The Most Commonly Asked Questions

The following questions and answers were compiled from the
calls and letters we've received in the past 4+ years that we've
been publishing solution books for the HP428 calculator, and are
included here in the event that your question is one of them.

Q: How do you type in the END?

A: There are a number of ways . . . one easy way is to stroke
& @G and type it in, using the alpha keys. Because you
stroked first, the calculator will recognize that this in not
an alpha input, and substitute the actual function when you
stroke again. You may input any function by this
method.

You may also take advantage of the built-in function catalog,
stroke (j (catalog), and then the IEill menu key. You may
scroll up or down with the ¥ or & keys, and all of the
calculator's functions are in there. When you reach the one you
want, just stroke the key under the menu item.

Q: How do you type in the indirect calls, such as step 12 in the
first program on page 2?

A: The indirect calls are made by stroking 8. In the case of
the call above, first stroke Dn (flags), then I to bring up
the prompt ©F__ ,then stroke [ . Some of the indirect calls
give a secondary prompt, requiring another B .

Q: How do I type in a ARCL command?
A: Enter alpha mode before stroking or )

- J
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