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NOTICE

The program material contained herein is supplied without
representation or warranty of any kind. Hewlett-Packard
Company therefore assumes no responsibility and shall
have no liability, consequential or otherwise, of any kind
arising from the use of this program material or any part
thereof.



1.

INTRODUCTION

This HP-41C Solutions book was written to help you get the most from your calculator. The programs were chosen to
provide useful calculations for many of the common problems encountered.

They will provide you with immediate capabilities in your everyday calculations and you will find them useful as guides to
programming techniques for writing your own customized software. The comments on each program listing describe the approach
used to reach the solution and help you follow the programmer’s logic as you become and expert on your HP calculator.

KEYING A PROGRAM INTO THE HP-41C

There are several things that you should keep in mind while you are keying in programs from the program listings provided
in this book. The output from the HP 82143A printer provides a convenient way of listing and an easily understood method of
keying in programs without showing every keystroke. This type of output is what appears in this handbook. Once you understand
the procedure for keying programs in from the printed listings, you will find this method simple and fast. Here is the procedure:

At the end of each program listing is a listing of status information required to properly execute that program. Included is
the SIZE allocation required. Before you begin keying in the program, press (XEQ] (ALPHA ] SIZE [(ALPHA ] and specify the allo-
cation (three digits; e.g., 10 should be specified as 010).

Also included in the status information is the display format and status of flags important to the program. To ensure proper
execution, check to see that the display status of the HP-41C is set as specified and check to see that all applicable flags
are set or clear as specified.

2. Set the HP-41C to PRGM mode (press the key) and press BGE9(I o prepare the caiculator for the new
program.

3. Begin keying in the program. Following is a list of hints that will help you when you key in your programs from the program
listings in this handbook.

a. When you see “ (quote marks) around a character or group of characters in the program listing, those characters are
ALPHA. To key themiin, simply press , key in the characters, then press again. So “SAMPLE " would
be keyed in as (ALPHA)"SAMPLE" (ALPHA].

b. The diamond in front of each LBL instruction is only a visual aid to help you locate labels in the program listings.
When you key in a program, ignore the diamond.

The printer indication of divide sign is /. When you see / in the program listing, press =].

d. The printer indication of the multiply sign is % . When you see # in the program listing, press (E3

e. Thel-characterin thegogram listing is an indication of the function. When you see I, press il in
ALPHA mode (press and the K key).

f. Al operations requiring register addresses accept those addresses in these forms:
nn (a two-digit number)

IND nn (INDIRECT: @B , followed fy a two-digit number)
X,Y,2Z, T, orL (a STACK address: (<] followed by X, Y, Z, T, or L)
IND X, Y, Z, T or L (INDIRECT stack: @8 (-] followed by X,Y,Z,T,orl)
Indirect addresses are specified by pressing @ and then the indirect address. Stack addresses are specified by
pressing (<] followed by X, Y, Z, T, or L. Indirect stack addresses are specified by pressing @] andX Y,Z T,orL.
Printer Listing Keystrokes Display
@1+LBL ~SAM @ (c81] (ACPHA] SAMPLE 01 LBL" SAMPLE
P tnIs 1Is THIS IS A 02'THIS IS A
a - (atpria]) [l (APPEND) SAMPLE 03" + SAMPLE
.93 TFSANPLE @ AVIEW 04 AVIEW
84 AVIEMW 6 056
85 & 06 ENTER /
06 ENTERT
a7 -2 2 07 -2
98 <o (= 08 /
76 S1o IND (xeq) (APHA | ABS (ALPHA ) 09 ABS
Lo (soJ@( L 10 STO IND L
12 ARl 03 R3= @l (arc] 03 11'R3=
13 AVIEMW [ ] 12 ARCL 03
14 RTHN 13 AVIEW

| |G 14 RTN
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This program, with the aid of commonly available dowel
pins and measuring tools (in the case of the sine plate,
a sine plate and height blocks), will aid in accurately
finding angles and heights for sine plates, position

and slope

of inclined holes and coordinates of points.
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This program, together with commonly available dowel pins
and height gages, will accurately determine the position

and angles of "V" grooves or notches.

long radii are accurately calculated.
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This program, used with commonly available dowel pins,
height bases, and balls, will accurately determine the
position and angle of both external and internal tapers.

POINTS OF TANGENCY WITH CIRCLES AND ARCS . . . .

This program will accurately locate points of tangency
between straight lines and arcs, between straight lines
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This program will calculate the point of intersection of
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9. TANGENT CIRCLE TO TWO STRAIGHT LINES WITH A GIVEN RADIUS . . 56

This program calculates the X and Y coordinates of the
center of a circle with a given radius tangent to two
given straight lines.

10 DISTANCE BETWEEN LINES IN SPACE v v v v v v o v 4 v v o 4+ b4

Given two lines, each defined by any two points, this
program calculates the shortest distance between the two
lines. (This program was written to determine the clearance
between electrical distribution circuits and guy wires or
supporting structures).



SINE PLATE SOLUTIONS, COORDINATE OF A POINT,
POSITION AND SLOPE OF AN INCLINED HOLE

This program, with the aid of commonly available dowel pins and measuring
tools, (and in the case of the sine plate, a sine plate and height blocks),
will aid in accurately finding angles and heights for sine plates, position
and slope of inclined holes and coordinates of points. All angular output
is in decimal degrees.

Solution for Finding Coordinates of a Point:

Given: a, b, d and e, determine x and y

c =4d? + e?

cos a =

x = bcos (a + 9)
y = bsin (a + 8)
L [ )
Solution for Finding the Location and Angle of £ L
an Inclined Hole: Y, ®y—
2% ©
Given: a, b, r1, and d2, determine 6 and x 6, ?
" > 0 ,/\ "
. 2r1 + d2 7 L] _br‘l
sin 6 = a; - by r]lcote 4 /'('l‘bl)-—-"
‘\\ / *
x = %(ay + by1) + r1 cot®H IV

Interchangeable Solutions for Work with a Sine Bar:

Given: e and k, determine a

sin a =

=~|m

SITTTT700257 700077000 27 7000007 70 0070700000 2000002007007

Reference: HP-67/97 "Geometry'" Users' Library Solutions Book.



Example:

Given: a=1.630"" Ty

.260""' d,

Find 6, x of an inclined hole.

Keystrokes:

[shift] [fix] 4

[XEQ] [ALPHA] SIZE [ALPHA] 003
[XEQ] [ALPHA] SINP [ALPHA]

[B]

.2 [R/S]

.4375 [R/S]

1.63 [R/S]

.26 [R/S]

[R/S]

.200""'
L4375""

Display:

(set display mode)

SINE PLATE
R1 ?

d2 ?

a?

b?
THETA=59.7007
X=1.0619



User Instructions

SIZE: 003
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
1 |Key in the program and set display mode
2 Initialize the program. [XEQ] SINP SINE PLATE
3 | To solve for the coordinates of a point: [A] a?
Input a a [R/S] b?
b b [R/S] a?
d d [R/S] e?
and e. e [R/S] X=(x)
[R/S] Y=(y)
4 | To solve for the location and angle of an
inclined hole. [B] R1 ?
Input r; T [R/S] d2 ?
da d, [R/S] a?
a a [R/S] b?
and b. b [R/S] THETA=(6)
[R/S] X=(x)
5 To solve for angles with a sine bar: [C] e?
Input e e [R/S] K?
and K. K [R/S] ALPHA=(0)
6 To solve for heights (of blocks) with a
sine bar: [D] K?
Input K K [R/S] ALPHA?
and «a. o [R/S] e=(e)




Program Listings

Ale«LBL "SIH 5@ ok
P e 4 51 =dz 7=
Az SF 21 Initialize 52 PROMPT
8% SF 27 53 +
A4 DEG 54 "a7-
85 "SIHNE 55 PROMPT
HATE" 56 RCL 4@
e AVIEW 57 —
a7v«LBL A Input a, b, d, 58 S5TO @l
ag =-a-°- and e 59 “h7?"
89 PROMFT &8 PROMFPT
1 X122 Calculate x,y 61 RCL @@
i1 =b?"- &2 +
12z PROMPT 2 ST+ @i
13 STO aa 64 -
i4 X122 &5 -
15 - 66 HASIH
is =d7= &7 “"THETAHA"
17 PEOMPT &2 GTOo 11
18 =e?" &9 THHN
19 FROMPT e i1-%
28 X4xY¥ 1 RCL @@
21 R—-F F=al
22 STa ai ¥3 RCL @1
23 X4*Y 4 2
24 STO @z =
25 RIH e +
26 XTtZ2 7 O "H"-
27 — 78 XE& 11
28 CH=Z= T9e«LBL C Input e, k
29 RCL aa ga "e7" Calculate o
2a - 21 PROMFT
21 RCL @91 g2 “KE7?-
322 22 PROMFT
323 2 24 -
34 - 85 ASIH
25 ACas 86 “ALFPHA"
26 RCL az 87 GTOo 11
37 + g8eLBL D Input o, k
328 RCL B84 g9 “K7?*- Calculate e
29 P—-RE 9@ PROMPT
48 =H" 91 “"ALPHA?"
41 XEG 11 92 PROMPT
42 RIH 93 SIH
43 =" 94 *
44 GTO 11 Input T d a5 "e-
1o 2>
32‘4_2[1— E a, b g?*LEL— 11 Display routine
47 FPROMF 98 ARCL =
48 STO @a Calculate 6, x 299 AVIEMW
49 = aE EHD




REGISTERS, STATUS, FLAGS, ASSIGNMENTS

DATA REGISTERS STATUS
00| bor r; 50 SIZE _003  TOT.REG._29 USER MODE
c or aj, a; + by ENG FIX scl ON _X__ OFF
0 DEG _X RAD —_ GRAD
i 5 T FLAGS
# S/C SET INDICATES CLEAR INDICATES
21 S Printer enable Printer disable
27 S User mode on User mode off
10 60
15 65
20 70
25 75
30 80
35 85
ASSIGNMENTS
FUNCTION KEY FUNCTION KEY
40 90 Solve for coord} A Sine bar angles C
Inclined hole B Sine bar height D
45 95




SINE PLATE SOLUTIONS HEWLETT PACKARD
SOLUTIONS BOOK:

PROGRAM REGISTERS NEEDED: 26 GEOMETRY

ROW 1 (1:4)
ROW?2 (5:7)
ROW 3 (7: 15)




V NOTCHES AND LONG RADII

This program, together with commonly available dowel pins and height gages,

will accurately determine the position and angles of "V'" grooves or notches.
With the same tools, long radii are accurately measured. All angular output
is in decimal degrees.

Given: a, b, ¢, d, r; and r,, determine x, y, o and B:

_b1 - a
tan ¢ __—dl . b
——— _di1 - c1
010, = cos ¢
sing = ~2—*1
0102
- r1
001 = 35in% g
x = a3 - 00; sin ¢ 9,
[+ 0 0
y =c1 - 00y cos ¢ <, g a
[o]
a=90°+ ¢ - 8 y x >
B =90°-¢ - 6 R l
Given: L, r and h, determine R:
/R |R0h—l
(R+r)2=(R+h—r)2+(—;—)L2 ,
h
R = L2 _ _f_l 2 g Lr/m T
8(2r - h) 2 2T 2

Given L, r and h , determine R:

(R—r)2=(R—h1+r)2+(%L)2

L? h;

R=%m; - 200 T 2

Reference: HP-67/97 "Geometry" Users' Library Solutions Book.



Example 1:

For Long Radius (concave arc)

Keystrokes:

[USER]

[XEQ] [ALPHA] SIZE [ALPHA] 006
[XEQ] [ALPHA] VNOTCH [ALPHA]
[B]

1 [R/S]

.15625 [R/S]

.27 [R/S]

Example 2:

For "V" Notch

1.500""'
2.125""
1.750""'

(]
1]

Keystrokes:

[A]

.875 [R/S]
.4375 [R/S]
1.5 [R/S]
2.125 [R/S]
1.75 [R/S]
2.8 [R/S]
[R/S]

[R/S]

[R/S]

1.000"'
.15625""'
.270""

r

r2

Display:

(set USER mode)

V NOTCHES, L.R.
L?

R?

H?

R=2.8062

2.800"'
.4375""
.875"!

Display:

R27?

R1?

a?

b?

c?

d?

X=0.8750
Y=0.7000
ALPHA=63.9420
BETA=29.9010



User Instructions

SIZE: 006
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
1 | Key in the program and set USER mode. [USER]
2 Initialize the program. [XEQ] VNOTCH V NOTCHES, L.R,
3 | To solve for "V" Notch: [A] R2?
Input 12 r, [R/S] R1?
I Iy [R/S] a?
a a [R/S] b?
b b [R/S] c?
c c [R/S] d?
and d and calculate X d [R/S] X=(x%x)
y iR/S] Y=(y)
a [R/S] ALPHA=(a)
and B. [R/S] BETA=(B)
4 | To solve for long radii:
4a | (concave radius) [C] L?
Input L L [R/S] R?
r r [R/S] H?
h and calculate R. h [R/S] R=(R)
4b | (convex radius) [B] L?
Input L L [R/S] R?
r r [R/S] H?
h and calculate R h [R/S] R=(R)




Program Listings

Gl+LEL “WYHO | s@ ST0 a9z
TCH- S1 R
Gz CF @G , , =z PROMEPT
az % HOTCH Initialize =3 RCL 86
ES: L.FE." 4 —
A4 AVIEH == —
8S STOP 000000 b e e e e - 56 iy
Ga+LEBL C e arcs =7 PROMPT
67 SF A | omeave e =g RCL @1
ag+LEL E =a -
I e £@ STO a3
1@ PROMFT &1 “d7-
11 HTZ2 Input L, r, h &2 PROMFT
12 "R7- £2Z RCL aa
i-i EEE!HPT Calculate R :ij‘ : Calculate x, y,
15 66 STO as @ B
1 F57 a6 a7
17 CHS &2 ATAHH
18 "HT" £2 STO a4
19 PROMFT A CLA
@ FS7C A4 T1 RCL a5
1 CHS T2 CHS
22 =TO &0 7% RCL 94
23 - T4 COS
=4 = ¥ o
25 = 7& RCL ag
ZE 77 RCL &1
27 RCL a@ T -
za = 7o -
—a - ga 13
=g - 21 ASIH
=2t L ____ _ gz STO a5
ToelLBL 11 ' ST RCL &4
E—’f Fl;i::‘ Display routine ‘i: E;ET%l
34 i = =
35 AVIEN gE -
=& STaFr =7 F-RE
z2F rRTH L _ ag =T- G=
Zo«LBL H =2 RFEIH
9 "Rz ag ST- @z
4G PROMPT 21 RCL o4
STO as az 92a
%é CR1T Input a, b, c, a3z RCL as
42 PROMPT d, r1, and 1 a4 -
44 STO 01 as +
5 - Qg T
a7
ag
=T

P
42 LRSS
_ az Display results

[oy
=

s I
0y
~

AN

m




Program

11

Listings

181 HEGr 11 51

1 BE .. '-l.‘ s

183 RCL g3

igd4 HEG 11

ias “ALFPHA"

i8e ECL 7T

187 HEG 11

iBs “BETH®

ig9 RCL T

11 ¥E@ 11 60

111 .EHI.
20 70
30 80
40 90
50 00




REGISTERS, STATUS, FLAGS, ASSIGNMENTS

DATA REGISTERS STATUS
00| r, orzh 50 SIZE _006 TOT.REG. 33 USER MODE
r) ENG FIX SCl ON_X OFF
a;, X DEG _X  RAD___ GRAD
Cl » ¥
o)
05| cy —dy, 8 55 INIT FLAGS
# S/C SET INDICATES CLEAR INDICATES
00 Concave arc Convex arc
10 60
15 65
20 70
25 75
30 80
35 85
ASSIGNMENTS
FUNCTION KEY FUNCTION KEY
40 90
45 95




V NOTCHES AND LONG RADII HEWLETT PACKARD
SOLUTION BOOK:

PROGRAM REGISTERS NEEDED: 28 GEOMETRY

ROW 1 (1 - 3)

AR | ll
ROW 2 (3 - 3
INRATAORTAR |
ROW 3 (3 - 9
|
ROW 4 (10 - 18
ROW 5 (18 - 29
INTHATIAT | |
ROW 6 (30 - 38 i
AR |
ROW 7 (38 - 44)
AR AR ORI
ROW 8 (45 - 53)
A i




INTERNAL AND EXTERNAL TAPERS

This program, used with commonly available dowel pins, height bases, and
balls, will accurately determine the position and angle of both external
and internal tapers. All angular output is in decimal degrees.

Internal Taper:

Given b, ¢, d, r; and r,, determine C, D, ¢ and R;

C? = 2c(r; + ry) - c?
D2=2d(r1+r2)"d2 N
D-C /
= ]
tan ¢ B !
\
26 =90° + ¢ 7
Ry = C+ r; cotb

777,

LLLLLL LLL

A Loose support for

r1col9 C—

A upper balls
R, —
External Taper Case #1:
Given: a, b, r; and r,, determine x and ¢
b ]
r, - r
tan 96 = bL___—l_ R
1 — ax 1
e —— — B
¢ = 90° - 26 "‘_—.‘
()
X = a3 - r; cotb $~ 80 ‘
TI77777377 77N 7777 (77 2777777777
rlcoro




External Taper Case

#2:

Given a, b, r and h, determine x and ¢

tan 26

External Taper Case

Given ¢, d, r1

sin ¢

h
b-a

90 - 286

a-r-rcotbd

#3:

and r;, determine x and ¢

X2 -1y
dl - Ci1
I
= - c1 tan
cos ¢ ! ¢

15

r

[
—le—ns |
|

| \ h
~ A8 !
¢ (] rl
1

TI77T AT T77TAT 7777777077777 7777
x rcotd ¢

_—q. »'1 1 c
€y=rysin 7 3 i
JI)/I/ Il}l LA AL

x
(c,— !‘ sin ¢) tan @

Reference: HP-67/97 "Geometry" Users' Library Solutions Book.

Example:

Internal Taper: Given b

Keystrokes:

[shift] [fix] 4

=1.150"" ry =
= 1.050" rp =
= ,800"'

[XEQ] [ALPHA] SIZE [ALPHA] 005
[XEQ] [ALPHA] TAPERS [ALPHA]

[A]

.21875 [R/S]
.34375 [R/S]
1.05 [R/S]
.8 [R/S]
1.15 [R/S]
[R/S]

[R/S]

[R/S]

.21875""
.34375""

Display:

(set display mode)

IN. ,EX. TAPERS

R1?

R2?

c?

d?

b?

C=0.2806

D=0.5099
PHI=11.2753 (degs)
R1=0.4601
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User Instructions

SIZE: Q5
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
1 | Key in the program and set display mode
2 Initialize the program. [XEQ] TAPERS IN. ,EX. TAPERS
3. | Determine the case from the drawings.
4 For internal taper: [A] R1?
ry [R/S] R27?
2 [R/S] c?
c [R/S] d?
d [R/S] b?
b [R/S] C=(c)
[R/S]* D=(d)
[R/S]* PHI=(¢)
[R/S]* R1=(R1)
5 For an external taper, case 1l: [B] R1?
Ty [R/S] R2?
r, [R/S] a?
a [R/S] b?
b [R/S] X=(x)
[R/S]* PHI=(¢)
6 For an external taper, case 2: [C] H?
h [R/S] b?
b [R/S] a?
a [R/S] R?
r [R/S] X=(x)
[R/S]* PHI=(¢)
7 For an external taper, case 3: [D] R1?
ry [R/S] R2?
Ty [R/S] c?




User Instructions

SIZE: 005
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
c [R/S] d?
d [R/S] X=(x)
[R/S]* PHI=(¢)

* [R/S] is omitted when printer is attachs

17
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Program Listings

BleLEL -TAF S8 RCL B2
EF_:S:- 5 llCll

B2 CF @1 o 52 XEQ 11
83 SF 21 Initialize 53 RCL @4
@4 SF 27 54 “D"

85 DEG 55 XEQ 11
86 "IMN..EX. s6 RCL B3
TAPERS " S7 “PHI"

87 AVIENW 58 XEQ 11
@8 ADY 59 RCL @2
@9 STOP 6@ RCL 0O
18+LBL H Internal tapers 61 +

11 "R17?- P &2 "R1-

12 PROMPT 62 GTO 11
13 STO Ba 64+LBL B

14 “R27- Input r;, ra, 65 “R17" External taper
15 PROMPT ¢, d and b 66 PROMPT case 1
16 + 67 STO BA@
17 ST+ ¥ 68 "R27?"

18 STO @1 69 PROMPT Input r;, T2,
19 =c7- 78 STO @1 a and b
2@ PROMPT 71 -

o1 * Calculate C, 7o wge

22 LASTX D, ¢, Rl 72 FS7? @i
23 X122 74 o Calculate x & ¢
24 — 75 PROMPT
25 SART 76 RCL ©@
26 STO B2 rard.

27 RCL @1 78 STO @2
28 “d7- 79 "b7?"

29 PROMPT g@ FS7? @1
Ie * g1 “d7-

21 LASTH g2 PROMPT
3I2 Xt 83 RCL @1
323 - 84 —

34 SART 85 —

35 STO 94 26 -

36 RCL @2 87 FS?C @1
3I7 - 88 RTH

38 "b7" 29 ATAH

39 PROMPT 9@ STO B3
40 - 91 LASTX

41 ATAH 9z 1.

42 STO 83 93 RCL 08
43 98 94 *

44 + 95 RCL @2
45 2 96 -

46 - 97 CHS

47 TAH ag 9@

48 1-¥ 99 RCL B3
49 ST+ QA 188 ST+ X




Program Listings

ial -

18z =®I>Y
13 GTO as
a4« EL C
185 =H7?"
iae PROMPT
187 “b7?"
188 PROMPT
189 =a37-
118 PROMPT
111 STO GG
112 -

113 -~

114 ATAHN
115 S7TO @1
116 CHS
117 94

118 +

119 RCL GG
iz RCL A1
121 2

122 -~

123 TAHAH
124 1-X
125 1

126 +

E? IIR'?II
128 PROMPT
129 *

128 -
131«+LEL 85
132 =¥~
133 XEQ 11
14 REDH
135 “PHI~™
135 GTO 11
137+«LEL D
1=Z2 SF a1
139 XEQ@ B
i4a ASIHN
141 STO B3
142 RCL Q@
1432 LAST=
144 RCL 92
145 *

146 -

147 RCL @I
148 COS
149 -

158 GTO a5

)

External taper
case 2

Input h, b, a
and r

Calculate x, ¢

Display x, ¢

External taper
case 3

Input r;, r2,
c and d

Calculate x, ¢

1S1+LBL 11

152
153
154
155

sz l_= s
ARCL =
AVIENW
EHND

Display routine

19
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REGISTERS, STATUS, FLAGS, ASSIGNMENTS

DATA REGISTERS STATUS
00 1 1|50 SizE 005  TOT.REG._4l USER MODE
(r, +r,) *2 | ENG FIX scl ON_X_OFF
C Intlernal taper DEG _X RAD GRAD
D
tan ¢ == NIT FLAGS
001 1, ) # SIC SET INDICATES CLEAR INDICATES
r, | ol ] cC Case 3 Case 1
a-r; Extlernal taper, case 1] 21 S Printer enable Printer disable
) 27 S User mode on User mode off
60
00] a 1 = 4 . 5
26 J LAUCTILIIdL Ldpel, CdastE 4
00| r; )
) ) 65
c -1 ( Exflernal taper, case 3
¢ rd
20 70
25 75
30 80
35 85
ASSIGNMENTS
FUNCTION KEY FUNCTION KEY
40 90
45 95




INTERNAL AND EXTERNAL TAPERS HEWLETT PACKARD
SOLUTIONS BOOK:
PROGRAM REGISTERS NEEDED: 37 GEOMETRY

ROW 1 (1:3)
ROW 2 (3:6)
ROW 3 (6: 11)

o]
Qo
S —  —
=
%
w
1)
S

ROW 14 (96: 104)
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INTERNAL AND EXTERNAL TAPERS HEWLETT PACKARD
SOLUTIONS BOOK:
GEOMETRY

139:149

ROW 19 ( )
ROW 20 (150: 155)




POINTS OF TANGENCY WITH CIRCLES AND ARCS

This program will accurately locate points of tangency between straight
lines and arcs, between straight lines and a circle, and between two
circles and a straight line. All angular outputs are in decimal degrees.

Solutions for Finding Point of Tangency With an Arc:

Given: a and r, determine x and y

b2 = (a + r)? - r?
. r l X
e: = = —
sin a+r b r
X = r’
a+t+r
_ _br
y at+r

Solution for Finding Points of Tangency with A Circle:

Given: b, ¢ and r, determine x; and yi

a=vVb>+c?-r

*
r
g o I
c P
: J
tan a = —
c r
\v/
Yy = 90° - 9 - o b :? b8 rte
e =r siny, then x; = b + e
d =r cosy, then y; =c¢c -d

23
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Solution for Finding Points of Tangency with Two Circles:

Given: a, b, r;1 and r,, determine x;, y1, X2 and y»

tan ©

sin ¢

X1

y1

X2

y2

a? + b?

b
a

r — 13

c
ry sin(6 + ¢)
ry cos(8 + ¢)
ro sin(6 + ¢)

b+ r, cos(6 + ¢)

0 + ¢
f;?’ 6+9 7 !
- + - __‘”’
T 1 ,/’:jgjl"E’ 2 T
="
! .

Reference: HP-67/97 "Geometry" Users' Library Solutions Book.

Example:

Find the point of tangency with an arc given: a = 1.125'' and r = .750'"'.

Keystrokes:

[xEQ] [ALPHA] DEG [ALPHA]
[XEQ] [ALPHA] SIZE [ALPHA] 007

[XEQ] [ALPHA] POINTS [ALPHA]

[A]

1.125 [R/S]
.75 [R/S]
[R/S]

[R/S]

[R/S]

Display:

(set angular mode)

POINTS OF T.

a?

R?

X=0.3000

Y=0.6874

b=1.7185
THETA=23.5782 (degs)



User Instructions

SIZE: 007
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
1 | Key in the program and set angular mode
2 | Initialize the program. [XEQ] POINTS POINTS OF T.
3 | Determine the case from the drawings.
4 | For the point of tangency with an arc: [A] a?
a [R/S] R?
r [R/S] X=(x)
[R/S] * Y=(y)
(optional) [R/S] * b=(b)
[R/S] * THETA=(p)
5 For the point of tangency with a circle: [B] b?
b [R/S] c?
c [R/S] R?
r [R/S] X1=(x1)
[R/S] * Yi=(y1)
(optional) [R/S] * a=(a)
[R/S] * THETA=(6)
[R/S] * ALPHA=(a)
6 | For' the points of tangency with two
circles: [C] a?
a [R/S] b?
b [R/S] R2?
s [R/S] R1?
r [R/S] X1=(x1)
[R/S] Y1=(y1)
[R/S] «x X2=(x2)
[R/S] % ¥Y2=(y2)
(optional) [R/S] = c=(c)

25
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User Instructions

SIZE: 007

STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
[R/S] * THETA=(9)
[R/S] * PHI=($)

*[R/S] not required when printer attached




Program Listings

BleLEL “POI S8 STO a4
HTS - 51 —

g:'r;_ 2; ‘f‘_l‘ Initialize gg EEETEE

a4 ~POIMTS S4 LASTH (mhm“%exh
OoF T.- 55 RCL @2 y1, a, 6, a
65 AVIEW 56 +

Bs STOP 57 -

a7+LEBL A Tangency with 58 ASIHN

ag 7" oo 59 STO @3

B9 PROMPT 6@ 9@

1@ “R7?- 61 —

11 PROMPT Inout , 62 CHS

12 STO @i nput a, 63 RCL @8

12 + 64 RCL 81

14 STO G 65 -

15 Xtz Calculate x, y, 66 ATAN

16 RCL @1 b, 6 67 STO @5

17 ¥t2 &8 -

18 - 69 RCL B84

19 SORT 70 P-R

2@ STO @2 71 RCL @1

71 RCL &1 72 -

22 RCL @@ 73 CHS

232 - T4 MY

74 * 75 RCL @@

25 LASTH 76 +

76 RCL 81 rar O IS

27 * 78 XEG 11

28 ¥ 79 RDH

29 XE@ 11 8@ "Y1~

3268 RDH 21 XE& 11

31 -v- 82 RCL @z

32 KEG 11 8% -a-

33 RCL @&z 84 XEG 11

34 "b-" 85 RCL 83

35 KEG 11 26 “THETA-"

36 - 87 XE@ 11

27 ASIH 88 RCL 8B5S

32 “THETA" 89 “ALPHA"

29 GTO 11 9@ GTO 11

4@+ BL E Tangency with 91i«LBL C .
41 k7" a circle g wg7- Tanger'xcy with
42 PROMPT 92 PROMPT two circles
4Z STO @@ 94 STO Bo

44 “cP- 95 “p?"

45 PROMPT Input b, c, t 96 PROMPT

46 STO @1 a7 STO 281

47 R-F ag R-P

48 "R7- 99 STO @z

49 PROMFEFT 18R =272

27
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Program

Listings

181
18z
183
1684
185
186
ia7
188
189
1108
111
112
113
114
115
116
117
118
119
1208
121
122
123
124
125
126
127
128
129
138
131
132
133
134
135
136
137
138
139
1408
141
142
143
144

146
147
148
149

PROMPT
STO B4
.'Rl?..

PROMPT
ST a5

vy

1%
ASIN
STO 83
RCL @1
RCL @0
Vs

ATAN
STO @9
-+

STO @86
RCL A5
P-E
RLFY
l-xl s
XER 11
"L FY
ll'.rll =
*E@ 11
RCL 86
RCL @4
P—RE
RCL @1
-+

LY

a8 KZ s
®ER 11
RLY

s YE s
=EQ 11
RCL B2
-
<~EQ 11
RCL B8

“~THETA™

*Ee 11
RCL 83
--PHI s

145+ BL 11

s !_= s
ARCL X
AVIENW
END

Input a, b, ri,
rs

Calculate xi1,
Yis X2 Y25 Cy

0, ¢

Display routine

51

60

70

80

90

00




REGISTERS, STATUS, FLAGS, ASSIGNMENTS

DATA REGISTERS

STATUS

W] a+r 50 | size _007 TOT.REG. _45 USER MODE
r with an arc ENG FIX scl ON_X OFF ____
b DEG RAD ___ GRAD
ool B S 55 INIT FLAGS
fe # S/C SET INDICATES CLEAR INDICATES
a . . 21 S Printer enable Printer disable
6 with a circle 27 S User mode on User mode off
r
05| a 60
00 a or O W
b |
c [ 65
o) with two circles
ra
05 ri
B+ ¢
70
25 75
30 80
35 85
ASSIGNMENTS
FUNCTION KEY FUNCTION KEY
40 90 An arc A Two circles C
A circle B
45 95

29
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POINTS OF TANGENCY WITH HEWLETT PACKARD
CIRCLES AND ARCS SOLUTIONS BOOK:

PROGRAM REGISTERS NEEDED: 39 GEOMETRY

ROW 1 (1:3)

i
ROW 2 (3:4)
A Il
ROW 3 (4:11)
| I I
ROW 4 (12:24)
| O
ROW 5 (25 : 32)
A
ROW 6 (32:38)
L i
ROW 7 (38 : 44)
Il IO FE AR
ROW 8 (44 : 54)
I AR
ROW 9 (55 : 66)
T NARTROOR i
ROW 10 (67 : 77)
I
ROW 11 (78: 83)
O O
ROW 12 (84 : 87)
O
ROW 13 (88 : 92)
il I JHCRTA
ROW 14 (92 : 100)
L
ROW 15 (100 : 109)
Il I I I
ROW 16 (110: 121)
IR AR AOAA
ROW 17 (121:127)
| I I R
ROW 18 (128 : 135)
LT L
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POINTS OF TANGENCY WITH HEWLETT PACKARD
CIRCLES AND ARCS SOLUTIONS BOOK:

GEOMETRY

ROW 19 (135:141)

ROW 20 (141 :145)
ROW 21 (146:149)
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LINE-LINE INTERSECTION

This program will calculate the point of intersection of two lines. For
each line the user specifies two points, or one point and the angle from
horizontal, or one point and the slope. Slope will be converted to angle
by the relation 6 = tan~l(slope). Given two points (x1,y1) and (%2,V2)
on the line, the angle is:

e = tan_l u

X2 = X1

(x,y) = Coordinates of point of intersection
(x1,y1) = Coordinates of point on line one
(x2,y2) = Coordinates of point on line two

81 = Angle from horizontal to line one
02 = Angle from horizontal to line two

o

62

(xz,y,)\
( ) (x,y)
x||y| e,\

Equations:

_X1tan6; - xotan By +y, - y;
tanf; - tan6

y =y1 + (x - x1) tan 6;

Reference: HP-67/97 "Geometry" Users' Library Solutions Book.
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Example:

Find the point of intersection of two lines, one passing through (10,20)
(40,30), and the other through (-10,30) (50,10).

Keystrokes: Display:
[shift] [fix] & (set display mode)
[XEQ] [ALPHA] SIZE [ALPHA] 007

[XEQ] [ALPHA] LINE [ALPHA] LINE INTRSEC
[A] X1 ?

10 [R/S] Yl ?

20 [R/S] X2 ?

40 [R/S] Y2 ?

30 [R/S] NEXT LINE ?
[A] X1 ?

10 [CHS] [R/S] Y1l ?

30 [R/S] X2 ?

50 [R/S] Y2 ?

10 [R/S] X=15.0000

[R/S] Y=21.6667
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User Instructions

Size: 007
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
1 | Key in the program and set display mode
2 | Initialize the program. [XEQ] LINE LINE INTRSEC
LINE-LINE INTERSECTION:
3a | Input two points on line: [A] X1l ?
X1 [R/S] Y1 ?
y1 [R/S] X2 ?
X0 [R/S] Y2 ?
y2 [R/S] NEXT LINE ?
3b | Or, input one point and the slope, m: [B] X ?
X [R/S] Y ?
y [R/S] M ?
m [R/S] NEXT LINE ?
3c | Or, input one point and the angle 6: [C] X ?
x [R/S] Y ?
y [R/S] THETA ?
) [R/S] NEXT LINE ?
3d | Or, for the case where the second line is
vertical, input the x coordinate: X [D] Y=(y)
4 | Repeat step 3 for the second line.
5 After the parameters for the second line
are input, the intersection coordinates X=(x)
are automatically displayed. [R/S] Y=(y)
6 | For a new case, go to step 2.




Program Listings

35

BleLBL "LIHN
Ell
Bz CF @@
83 SF 21
@4 SF 27
85 DEG

86 1.886
@7 STO @8
@8 "LINE IM
TRSEC ™
a9«LBL @1
18 AVIEW
11 STOP
12¢LBL A
13 =®1 2~
14 PROMPT
15 STO IND
e

16 ISG @@
17 =v1 2~
12 PROMPT
19 STO IND
e

28 N< Y

21 =®W2 7
22 PROMPT
23 -
24 MLV
25 =vyz 2-
26 PROMPT
27 -

28 -

29 1%

38 GTO @z
Z1¢LBL C
32 SF @@
33+LBL B
34 ll::\:: "?ll
35 PROMPT
36 STO IND
e

37 ISG @8
38 lll’.' "?l.l
39 PROMPT
4@ STO IND
e

41 IIH -';ill
4z FS? @@
4% “THETA 7

44 PROMFPT

Initialize flags

Store loop con-
trol value

Two points on
line input rou-
tine

Input X1, y1

and x2, Y2

Calculate 6

Input routine
for x, y and
slope or O

45 FS?C @A

46 TAN

47«LBL 82
48 ISG @@

49 STO IND

aa

58 "HNEXT LI

HE 7
51 I5SG
52 GTO
53 RCL
54 ECL
55 *
56 RCL
57 RCL
58 *
59 -
&eBd RCL
&1 +
62 RECL
&3 —
= RCL
RCL

(1} :}'}' sz
»EQ
«LBL
RCL

RCL
*
RCL
+

i B B B B B R Bt R w L v N R w e
i s ) I Y D Y R R R ) P

nu e s BN RN |
3000
[ )

i ]

m -

nr:

ARCL

a8
a1
a1
5

ad4

a6

a5

%

M

a3
a6

11

@1

5

Bz

i1

b

= AVIENW

8 END

Get input for
second line

Calculate x
and y
(intersect point)

Calculate x

Calculate y

Display routine
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REGISTERS, STATUS, FLAGS, ASSIGNMENTS

DATA REGISTERS STATUS
00 | loop control 50 Size _007  TOT.REG._32 USER MODE
X3 — line 1 ENG FIX scCl ON _X__ OFF
yi1 - line 1 DEG _ X RAD GRAD
tan 01 or my
Xy - line 2
05] y3 - line 2 55 INIT FLAGS
tan O, or msp # S/C SET INDICATES CLEAR INDICATES
00 C Input slope Input theta
21 S Printer enable Printer disable
27 S IIser mode on IIser mode off
10 60
15 65
20 70
25 75
30 80
35 85
ASSIGNMENTS
FUNCTION KEY FUNCTION KEY
40 90 Input 2 points A Input 1 pt & 0 c
Input 1 pt & m B
45 95




LINE-LINE INTERSECTION

PROGRAM REGISTERS NEEDED: 26

ROW 1 (1:4)

2 (

4:8)

3 (8:
4 (13:

5(17:

)

82

HEWLETT PACKARD
SOLUTIONS BOOK:
GEOMETRY

37
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POINTS ON A STRAIGHT LINE

This program calculates the coordinates of equidistant points on a straight
line.

Equations:

Point Pj is calculated by

X4 x1 + (i - 1)Hcos 8

¥i yi+ @ - 1)Hsin6, i =0, 1, 2, ...

where
Py = (x1,y1) (the starting point);
O is the angle of the straight line with the x axis;

H is the distance between consecutive points in the
direction of the straight line.

Reference: HP-67/97 "Geometry'" Users' Library Solutions Book.



Example:

For the straight line designated by X;
P; for H =20 and i =1, 2, and 3.

Keystrokes:

[USER]
[XEQ] [ALPHA] SIZE [ALPHA] 005
[XEQ] [ALPHA] PLINE [ALPHA]

10 [R/S]

10 [R/S]

30 [CHS] [R/S]
20 [R/S]

1 [R/S]

[R/S]

[R/S] [R/S]
[R/S]

[R/S] [R/S]
[R/S]

39

10, Y1 = 10, 6 = -30°, calculate

Display:

(set USER mode)

PTS. ON ST. L.
X1 ?

Y1l ?

THETA ?

H ?

I?
X=10.0000
Y=10.0000
X=27.3205
Y=0.0000
X=44.6410
Y=-10.0000
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User Instructions

SIZE: 005
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
1 | Key in the program and set USER mode. [USER]
2 Initialize the program. [XEQ] PLINE PTS. ON ST. L.
X1 ?
3 | Input P1, the angle of the line, and the X1 [R/S] Y1l ?
distance between points. y1 [R/S] THETA ?
8 [R/S] H?
H [R/S] 12
4 | Calculate Py. i [R/S] X=(x)
[R/S] Y=(y)
5a| To calculate a new Pji, [R/S] I7?
and go to step 4, or
5b | To calculate P i41) [R/S] I°?
[R/S] X=(x)
[R/S] Y=(y)




Program Listings

gl1«LBL "FLI 51
HE "

@2 "PTS. 0OH Initialize

ZT. L.~

a3 AVIEHW

84 FPSE Input X1, Vi1,

a5 -x1 7= 8, and H

a6 FROMPT

a7 STO @2

. LS b L
a8 7l = 60

89 PROMPT Input I

18 STO 83

11 “THETR ~7

12 PROMFT Calculate x, y

13 “H 7~

14 PROMPT

15 FP-R

16 STO BGa

17 REDH

12 STO @1 70

19«LBL 91

2@ -1 7
21 PROMPT

22 1

23 -

zZz4 STO @4

25 RCL 9@

ZEe *
27 RCL 8=z

80

28 +
29 s L5 e

Za XE@ 11

321 RCL 84

22 RCL 81
33 *

34 RCL 63

35 +
Z6

e
37 RER 11

38 RCL 94 90
39 2

4 +

41 GTO @81l

4Z2«LEL 11

4‘3 ll,_:l)

44 ARCL = Display routine

45 AVIEHW

46 STOF

47 RTH

482 .EHND. 00




REGISTERS, STATUS, FLAGS, ASSIGNMENTS

DATA REGISTERS STATUS
00 50 TOT.REG. 19 USER MODE
SClI oN _X_OFF
GRAD
o = FLAGS
SET INDICATES CLEAR INDICATES
10 60
15 65
20 70
25 75
30 80
35 85
ASSIGNMENTS
KEY FUNCTION KEY
40 90
45 95




POINTS ON A STRAIGHT LINE

PROGRAM REGISTERS NEEDED: 15

ROW 1 (1 - 2)

ROW 2 (2 - 4

ROW 3 (5 - 9

HEWLETT PACKARD
SOLUTION BOOK:
GEOMETRY

43



44

GRID OF POINTS: CALCULATE ALL POINTS

This program calculates the X and Y coordinates of all the points on a grid
defined as follows:

a. First direction of a grid:

the angle, 61, with the positive X axis
the algebraic distance between each point, Hi, in this direction

the total number, Ni, of points (including the first one)

b. Second direction of the grid:

the angle, 62, with the positive X axis
the algebraic distance between two points, Hz, in that direction

the total number, N, of points (including the first one)
c. Starting point (noted 1) with coordinates X and Y.

The calculation is incremental from point 1 to point (N;,N;). For each
point we find:

A

The index i, the X; and Y; coordinates

Y

-3
| i X

Reference: HP-67/97 "Geometry" Users' Library Solutions Book.



Example:
Find the grid points for:
81 = Oos Hi

82 = 90°, H»

Keystrokes:

[USER]
[XEQ] [ALPHA] SIZE [ALPHA] 010
[XEQ] [ALPHA] GRIDALL [ALPHA]

3 [R/S]
2 [R/S]
10 [R/S]
10 [R/S]
10 [R/S]
20 [R/S]
0 [R/S]
90 [R/S]
[R/S]

[R/S]

[R/S]

[R/S]
[R/S]
[R/S]

10, N» =3, X; =10

20, N =2, Y, =10

Display:

GRID ALL PTS

N1 ?
N2 ?
X1 ?
Yl ?
H1 ?
H2 ?
THETA
THETA
X1=10.
Y1=10.
X2=20.
Y2=10.

X6=30.
Y6=30.
END

17?
2 ?
0000
0000
0000
0000

0000
0000

(set USER mode)

45
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User Instructions

SIZE: Q10
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
1 [ Key in the program and set USER mode. [USER]
2 Initialize the program. [XEQ] GRIDALL |GRID ALL PTS
N1 ?
3 | Input the number of points: N1 [R/S] N2 ?

N2 [R/S] X1 ?
the origin: X1 [R/S] Y1l ?

Y1 [R/S] H1 ?
grid increments: H1 [R/S] H2 ?

H2 [R/S] THETA 1 ?
and directions. 01 [R/S] THETA 2 ?
Calculate the coordinates of the grid 62 [R/S] X1=(x3)
points. [R/S] Yi=(y,)

[R/S] X(1)=(x;)
[R/S] Y(E)=(yi)
[R/S] END

4 For another case, go to step 2.




Program Listings

[ o I

R I N I W oo Y O T I T R NI N o N a T B I SR Y SN I VN e N Tt R w A ) R K

VO ENEA NS ROV VN VR O R B AV AV IC R Sl v R B R

TRy @p0 s M

VIR - R VN [P Y Y

Al+LEBL "GREI 48 STO AS
- 49 oTo 4 o _____ ]
1 ] Initialize Sa+LEL 81
STO &3 =1 1
CF 29 52 ST+ A9
"GRID AL S3 ISG B
= S4 GTO o Loop control
RVIEW =S RCL @2 routine
FSE oo s6 STO Q&
M1 7 57 ISG @7
PROMPT s2 GTO d
1 Input N1, N2, =2 IEHD
W = X1, X2, Hl, H2 66 AYIELN
i EZ ol 82 &1 STOF o ___
- ’ cz«LBL d
STO A& 63 RCL 86
STO @8 £4 IMT
“NZ 7 &5 RCL @Az
PROMFT 56 *
i &7 RECL a4 Calculate X, Y
- &8 RCL @7
1 EZ 69 INT
STO 87 71 o+
o5 72 RCL a0
PROMPT T3 o+
STO @i T4 vwn
LS 7S HEQ 12
PROMFT TE RCL 83
=TO 21 77 ECL 8¢
“Hi - 7 INT
PROMPT o
+ 2@ RCL a5
mHZ T &1 RCL @7
FROMFT a2 INT
STO A4 a3 #
“THETS 1 a4 +
Calculate AX's o FCL 81
FROMFT and AY's SE +
L FI S T = =] 7 e
F-R oo REGQ 12
STO Bz g9 GTO @1
RDH a@eLEL 12  ~TTTTTTTTTTA
STO 83 a1 FIX @ |
"THETA = 22 RARCL @% | Display routine
9% “F=
FROMFT a4 FI: 4
RCL @4 Qs ARCL ¥
P-F 96 AVIEM
STC @4 a7 =STOP
RIDH 98 RTHN
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REGISTERS, STATUS, FLAGS, ASSIGNMENTS

DATA REGISTERS STATUS
00 | X1 50 size _010 TOT.REG. __37 USER MODE
Y1 ENG FIX —— SCI ON _X__OFF
AXy DEG _X  RAD__ GRAD
AY,
AXo
05 [ AY, 55 INIT FLAGS
1.00N; -1 # S/C SET INDICATES CLEAR INDICATES
1.00N,-1 29 | C |For proper display
.00N;-1 format
Counter
10 60
15 65
20 70
25 75
30 80
35 85
ASSIGNMENTS
FUNCTION KEY FUNCTION KEY
40 90
45 95




GRID OF POINTS: HEWLETT PACKARD

CALCULATE ALL POINTS SOLUTION BOOK:
PROGRAM REGISTERS NEEDED: 28 GEOMETRY
ROW 1 (1 - 3)

ROW 5 (20 - 26

ROW 6 (26 — 31

ROW 7 (32 — 35
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GRID OF POINTS: CALCULATE DISCRETE POINTS

This program calculates the cartesian coordinates of specified points of a
grid defined as follows:

a. First direction:

the angle 61 (related to positive X axis)

the distance between each point, H;, in this direction

b. Second direction:

the angle 6>

the distance H;

c. Starting point (origin of the grid), Xi1 and Yi1: .

Formulas:

Xij

X, + (j—l) AXy + (i-1) AX»

Yij = Y1 + (3-1) AY: + (i-1) AY,

Hi cos 01 4

where AXy

AY: = Hj sin 61 Y B
AX, = Hz cos 62
AYo, = Hy sin 62

L

=

Reference: HP-67/97 "Geometry' Users' Library Solutions Book.
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Example:

For a grid with its origin at (1,1), H; =2, H, = 3, 6; = 30, and 6, = 90°,
find the cartesian coordinates for the following grid coordinates: (1,1),
(2.5,4).

Keystrokes: Display:

[USER] (set USER mode)

[XEQ] [ALPHA] SIZE [ALPHA] 008

[XEQ] [ALPHA] GRIDISC [ALPHA] GRID DIS. PTS.
X1 ?

1 [R/S] Y1l ?

1 [R/S] H1 ?

2 [R/S] H2 ?

3 [R/S] THETA 1 ?

30 [R/S] THETA 2 ?

90 [R/S] 1?

1 [R/S] J?

1 [R/S] X=1.0000

[R/S] Y=1.0000

[A] I?

2.5 [R/S] J?

4 [R/S] X=6.1962

[R/S] Y=8.5000
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User Instructions

SIZE: 008
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
1 | Key in the program and set USER mode. [USER]
2 Initialize the program. [XEQ] GRIDISC |GRID DIS. PTS.
3 Input grid parameters: X1 ?
X [R/S] Y1 ?
Y1 [R/S] H1 ?
H [R/S] H2 ?
H, [R/S] THETA 1 ?
61 [R/S] THETA 2 ?
62 [R/S] I?
4 Input i, j, and calculate grid x,y
coordinates. i [R/S] J?
j [R/S] X=(x)
[R/S] Y=(y)
5 For additional points on the grid: [A] I?
then go to step 4.
6 | For a new case, go to step 2.




Program Listings

dl«lLBL "GRI 48 RCL
nIsc- 49 +
a6z "GRID DI 1%
S. PTS. " Initialize 51 HEG
62 AVIEW s2 RCL
B84 FSE 53 RCL
g5 ==x1 7?°¢ sS4 %
@5 PROMPT 55 RCL
a7 STC a0 Input X1, y2, 56 RCL
ag -vyi1 7~ H1, H2, s S7 ok
89 PROMFT and calculate 52+
i STO @i 0x's and 6y's =9 RCL a1
11 ~H1 7=~ ca +

12 PROMPT R

13 + G2+LEBL 11
14 =Hz =7~ &3 “F=-
15 PROMPT &4 ARCL =
16 STO a4 65 AYIEW
17 “THETH &6 STOF
kg &7 RTH
182 PROMFT 58 .EHD.
19 LRSTH —
z8 FP-E

21 =TO a2
22 FEDH

22 STG G2Z2
“THETH

=
=

T
rab

1

1T s
=) )

[l
)]

Display routine

e

f'l_.|

2R

PROMFT

RCL @4
7y P-R

28 5To a4

29 RIDHN

38 STO @5

MMM
(A

80

- 1 Input i, j and
5 - calculate x, y

IR 90

39 1

47 + 00
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REGISTERS, STATUS, FLAGS, ASSIGNMENTS

DATA REGISTERS STATUS
00 | X4 50 Siz _008 TOT.REG. _27 USER MODE
Yy ENG FIX SCl ON _X__OFF
AX, DEG _X RAD GRAD
AY,
AX,
05 | aAY, 55 INIT FLAGS
-1 # SIC SET INDICATES CLEAR INDICATES
J-1
10 60
15 65
20 70
25 75
30 80
35 85
ASSIGNMENTS
FUNCTION KEY FUNCTION KEY
40 90
45 95
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GRID OF POINTS: HEWLETT PACKARD
CALCULATE DISCRETE POINTS SOLUTION BOOK:

PROGRAM REGISTERS NEEDED: 20 GEOMETRY

ll |
ROW 3 (3 - 8)
|| | l
ROW 4 (8 — 14
I NI
ROW 5 (14 — 17)
MO | il
ROW 6 (17 - 24
O

ROW 7

ROW 9 (42 - 51
ROW 10 (52 - 6
ROW 11 (63 - 68)

i
8 (32
DA AR

[
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TANGENT CIRCLE TO TWO STRAIGHT LINES WITH A GIVEN RADIUS

This program calculates the X and Y coordinates of the centers of the four
circles with a given radius, R, which are tangent to two given lines.

Aj Arove D2

CX

D, Xy

)»

The straight lines are each defined by one point and an angle which follows
the convention below:

0 T0 180°
180?///——~\\\\L 0°
_1803\\\-~///} 0°
0 70 -180°

The straight lines are first shifted by R. The calculation is then one of
the intersection of two straight lines.

Formulas used:

(Y, - Y1) cos 63 cos 6, + X3 sin 6 cos 8, — Xp,sin 67 cos 61
= sin(81 - 62)

X

Y =Y + (X - X1) tan 61, |6] > 90°

Y = Y, + (X - Xp) tan 62, |8 < 90°

Reference: HP-67/97 "Geometry" Users' Library Solutions Book.



Example:

Find the tangent circle for:

D, = [10,20,30°]

Executing the program four times will yield:

Keystrokes:

Above (A)

Below (B)
Left (L)

Right (R)

[XEQ] [ALPHA] SIZE [ALPHA] 009
[XEQ] [ALPHA] TANGENT [ALPHA]

10

[R/S]

A [R/S]

10
20
30
20
30
60

[R/S]
[R/S]
[R/S]
[cHS] [R/S]
[R/S]
[cHs] [R/S]

[R/S]

D, = [-20,30,-60°]

X Y
-4.5096 | 23.1699
-11.8301 | -4.1506
-21.8301 13.1699
5.4904 5.8494

Display:

TANGENT CIRC.

R?

10

WHERE (L,R,A,B) ?

X?
Y?

THETA?

X?
Y?

THETA ?
X=-4.5096
Y=23.1699

57
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User Instructions

SIZE: 009
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
1 Key in the program.
2 | Initialize the program. [XEQ] TANGENT | TANGENT CIRC.
R?
WHERE
3 | Input R. R [R/S] (L,R,A,B)?
4 | Input position L = left; R = right;
A = above; B = below. pos [R/S] X?
5 | Input Xj, Yi, 64. X, [R/S] Y?
Y, [R/S] THETA ?
61 [R/S] X?
X2 [R/S] Y?
Y2 [R/S] THETA ?
62 [R/S] X=(X)
[R/S] Y=(Y)
6 | For another case, go to step 2.




Program Listings

59

@i+« BL “THHE
GEHT™

G2 CF gai
@ CF &z
a4 CF 83
aSs CF &4
@ae “TAHGEHT
CIRC."

a7 RVYIEW
82 FS3SE

@a "R
16 PROMPT
11 STO Aac
iz "WHERE<L
JEABFTT
12 AOH

14 PROMPT
15 AOFF
16 ASTO ¥
1? llﬂll

18 ASTO =
19 H=%7
Za SF az
=1 =B-

22 R3TO
23 B=W7T
4 SF a3
25 L=

Z6 HASTO
Z8 SF a4
Za«+| BL 87
@ cHKTT
Z1 PROMPT
2 T
22 FROMFT
=4 “"THETR
35 FROMFPT
36 FS7T a2z
=7 GTO E
8 FS7? G2
29 GTO C
48 F5S7 @4
41 GTO D
42 =Ia7
43 GCTO B
44 GTO C
4S5«+LBL D
4 =L87?

GTO

Initialize

Input position

Input X, Y, ©

Set up

calculations

43«LEL E
49 RCL @z
=8 GTOo 41
S1eLEBL
52 RCL @t
53 CH=S
S4«LBL 91
55 RI4ZY
56 FS7?C @
S57Y GTO @2
52 STO @3
59 RKRI42Y
&8 P-R

&1 HIFY
&2 FEDH

&3 +

&4 STO 8=
&5 FIDH

a6 HIDYW
&7 -

&2 STO @i
&9 EF @i
7a GTo av
TleLEBL @82

T2 STo 86

Bns

TE XL
T P—-R
TS OH4Y
76 FEDH
T+

2 =70
9 RIN
B HixY
1 J—

& STOC
=

o N IRV RN RN o Y I o RS VIRN w s e v B R w e v w0 N R Y B R

AV IRN N P Y AR RN i B R s A

RCL 8%
RCL @

RCL a3
cos
STO @7
#*

RCL @95
cox=
ST a:s
*:

RCL A1

RCL 8Aag&
Y

RPCL 9232
SIH

el e ypp—

Calculate X,
Y

Calculate X,
Y

Calculate X

S
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Program Listings

112

b ek ek b ok ek

124
125
126
127
128

+

RCL 94
rRCL a7
E
RCL @6
S5IH

*

RCL 93
RCL 4&

SIH
STa av
u:x:n
H“EQ 11
RCL 82
ABZ=

aa
wEy?
GTO 823
RCL &7
RCL A1

RCL 83
TAH

#

RCL @z
GTO B4

129«LBL 83

1324
131
132
133
134
135
136

RCL &7
RCL 94

RCL @&
TAHN
*

RCL @5

13Z7«LEBL G4

1358
139

+
[T} ‘.‘,‘ e

1468«LBL 11

141
142
143
144
145
146

" '_=u
ARCL =
AVIEN
STOP
RTH

- EHII.

51

60

Calculate Y

70

80

e o - - - - - - -

90

Display routine

50

00




REGISTERS, STATUS, FLAGS, ASSIGNMENTS

DATA REGISTERS STATUS
00 : 50 size _009  TOT.REG._44 __  USER MODE
X 1 ENG FIX scl ON OFF X
Yh DEG _ X  RAD___ GRAD
01
X% FLAGS
05[Y"% 55 INIT
6, # SIC SET INDICATES CLEAR INDICATES
cos 01, X 01 lst pass, input X |2nd pass, inputXo,,...
R, cos 63 02 circle above
03 circle below
10 60 04 circle left
15 65
20 70
25 75
30 80
35 85
ASSIGNMENTS
FUNCTION KEY FUNCTION KEY
40 90
45 95

61



TANGENT CIRCLE TO TWO STRAIGHT HEWLETT PACKARD
LINES WITH A GIVEN RADIUS SOLUTION BOOK:

PROGRAM REGISTERS NEEDED: 36 GEOMETRY

ROW 1 (1 - 2)

ROW 10 (43 - 48

I |||||||||||| AT
ROW 11 (49 -
L
ROW 12 (58 - 69)

q
ROW 13 (70 |

ll IIIIIIIIIIIIIIIIIIII A
ROW 14 (82

i |||||||II|I|| A

ROW 15 (95 -

107
N
ROW 16 (108 — 117)
N O
ROW 17 (118 — 128
00 OO
ROW 18 (128 - 139)
0 O




TANGENT CIRCLE TO TWO STRAIGHT HEWLETT PACKARD
LINES WITH A GIVEN RADIUS SOLUTION BOOK:
GEOMETRY

ROW 19 (140 — 146)

63
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DISTANCE BETWEEN LINES IN SPACE

Given two lines, each defined by two points, this program calculates the
shortest distance between the two lines. (This program was originally
written to determine the clearance between electrical distribution circuits
and guy wires or supporting structures).

The program takes lines defined by the two-point form,

X - X3 _ Y- yi _ 2~ 23
T =
X1 = X1 yf A Zf - 23

changes them to the point-direction form,

X = X1 - Yy — V1 = Z = Z1
a b c

and the shortest distance (D) is calculated by:

X2 - X1 Y2 - Y1 22 - 21

a by c1
az b2 C2
D = *
2 2
by c1|?, |e1 a1 a; by
b c2 Cc2 az as b2

Reference: Handbook of Tables for Mathematics, Third Edition, Samuel M.
Selby, Published by The Chemical Rubber Co., 1967, page 509.



Example:
Given two lines in three-dimensional space:

Line #1 defined by points (X1,Y1,Z1) = (30,14,10) and (X%,Y%.2%) = (0,46,10);

Line #2 defined by points (X ,Y ,Z )= (124,50,-30) and (X%Y%Z" = (0,36,16).

Calculate the shortest distance between the two lines.

Keystrokes: Display:

[XEQ] [ALPHA] SIZE [ALPHA] 014

[XEQ] [ALPHA] DIST [ALPHA] DIST. B. LINES
X1 ?

30 [R/S] Y1 ?

14 [R/S] z1 ?

10 [R/S] X1-PRIME ?

0 [R/S] Y1-PRIME ?

46 [R/S] Z1-PRIME ?

10 [R/S] X2 ?

124 [R/S] Y2 ?

50 [R/S] z2 ?

30 [CcHS] [R/S] X2-PRIME ?

0 [R/S] Y2-PRIME ?

36 [R/S] Z2-PRIME ?

16 [R/S] D=2.5940
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User Instructions

SIZE: Q14
STEP INSTRUCTIONS INPUT FUNCTION DISPLAY
1 | Key in the program.
2 Initialize the program. [XEQ] DIST DIST. B.LINES
3 Input line parameters: X1 ?
x; [R/S] Y1l ?
v1 [R/S] Z1 ?
2 [R/S] X1-PRIME ?
X! [R/S] Y1-PRIME ?
vh [R/S] Z1-PRIME ?
zY [R/S] X2 ?
Xo [R/S] Y2 ?
v, [R/S] 22 ?
z, [R/S] X2-PRIME ?
x}, [R/S] Y2-PRIME ?
v [R/S] Z2-PRIME ?
and calculate D. z% [R/S] D=(D) *
4 | For a new case, go to step 2.

*Negative sign, if present, has no meaning.




Program Listings

T

Gl+LEL

az "DIST.
LIMES™
a3z AYIEH
a4 2.2
as STO 4o
as 1.0882
a7y STo ail
a8 CF 2%

@9 FIX O
16+LEL @2
11 =®~
12 HE@ 12
1 3 (1] ‘T’ .z
14 HE@ 12
15 =2~
16 HE@ 12
17 ===~
18 HEQ 13
19 =¥~
z@ ®EQ 13
21 -2
z2 WER 13
23 ISG @i
24 GTO @z
25 RCL @=
6 ST- 11
27 RCL @9
zg ST- 12
29 RCL 1@
@ ST- 13
31 RCL @=
I2 ST- @S5
I3 ST- as
34 RCL B3
35 ST- @&
Z6 ST— @9
37 RCL @4
e 5T- @7
33 ST- 1@
4@ RCL 11
41 RCL @&
z RCL @S5
42 RCL 12
44 XEQ 14
45 RCL 12
46 RCL @7
7 RCL @&
48 RCL 13
49 HEQ 14

“nIls

Initialize

Input data

Calculate aj,
bi, ci, AX, AY,
AZ

Calculate
(A_B) ) (B_C)

(C_A) |

=)
]

A0 00 =0 B s T e

i T B B B e B Bl

e

RCL 132
RCL 495
RCL @av
ERCL 11
REG 14
RCL @5
ATE

RCL B3
®ta

+

RCL B4
K1z

+

SAaET
1%

RCL @8
RCL &4
+

ECL a9
RCL a5
#

+

RCL 18
RCL A=
E

+

*

FIN 4
“TNi="
ARECL
AVIEW
STOrF
«LBL 13
ARCL &1
“"F-PRIME
GTO 15
+LEL 2
ARCL &1
L S
+LEL 15
PROMFT
STOG IND
ISG @A
ETH
«LBL 14
4

ST IND
RDH

Calculate D

Input prompting
routine

Calculate 2x2
matrix

67
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Program Listings

98

99
a1
1046
191
162

¥
ST— IHND
ISG @1
RTH
-EHI.

51

10

60

20

70

30

80

40

90

50

00




REGISTERS, STATUS, FLAGS, ASSIGNMENTS

69

DATA REGISTERS STATUS
00 | pointer 50 size¢ 914  TOT.REG._4l ___  USER MODE
counter ENG FIX scl ON OfFf X
X1 DEG _X RAD GRAD
Yi, (A_B)
Z1, (B_C)
05| x1, a1, (C-A) 55 INIT FLAGS
y'1, bi # SIC SET INDICATES CLEAR INDICATES
zh, ¢ 29 | C |For proper display
X2, X2-X1 format
Y25 y2-Yy1
10 | z2, z2-23 60
xh, az
y'2’ b2
Z'Z’ C2
15 65
20 70
25 75
30 80
35 85
ASSIGNMENTS
FUNCTION KEY FUNCTION KEY
40 90
45 95
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DISTANCE BETWEEN HEWLETT PACKARD
LINES IN SPACE SOLUTION BOOK:

PROGRAM REGISTERS NEEDED: 29 GEOMETRY

ROW 1 (1 - 2

T AR
ROW 2 (2 - 4

TN AT
ROW 3 (4 — 10

AR T
ROW 4 (11 - 16)

O
ROW 5 (16 — 21)
i
ROW 6 (21 - 28)

O

O
O

ROW 9 (45 - 54)

ROW 10 (54 -

ROW 11 (67 - 78

ROW 12 (78 - 84
ROW 13 (84 - 88
88




NOTES
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NOTES
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NOTES



NOTES
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NOTES



Hewlett-Packard Software

In terms of power and flexibility, the problem-solving potential of the HP-41 programmable
calculator is nearly limitless. And in order to see the practical side of this potential, HP has different
types of software to help save you time and programming effort. Every one of our software solutions
has been carefully selected to effectively increase your problem-solving potential. Chances are, we
already have the solutions you're looking for.

Application Pacs

To increase the versatility of your HP-41, HP has an extensive library of “Application Pacs”.
These programs transform your HP-41 into a specialized calculator in seconds. Included in these
pacs are detailed manuals with examples, miniature plug-in Application Modules, and keyboard
overlays. Every Application Pac has been designed to extend the capabilities of the HP-41.

You can choose from:

Aviation (Pre-Flight Only) 00041-15018
Clinical Lab 00041-15024
Circuit Analysis 00041-15024
Financial Decisions 00041-15004
Mathematics 00041-15003
Structural Analysis 00041-15021
Surveying 00041-15005
Securities 00041-15026

Users’ Library

Statistics 00041-15002
Stress Analysis 00041-15027
Games 00041-15022
Home Management 00041-15023
Machine Design 00041-15020
Navigation 00041-15017
Real Estate 00041-15016

Thermal and Transport Science 00041-15019

Petroleum Fluids 00041-15039

The Users’ Library provides the best programs from contributors and makes them available to
you. By subscribing to the HP-41 Users’ Library you'll have at your fingertips literally hundreds of
different programs from many different application areas.

*Users’ Library Solutions Books

Hewlett-Packard offers a wide selection of Solutions Books complete with user instructions,
examples, and listings. These solution books will complement our other software offerings and

provide you with a valuable tool for program solutions.

You can choose from:

Business Stat/Marketing/Sales 00041-90094
Home Construction Estimating 00041-90096
Lending, Saving and Leasing 00041-90086
Real Estate 00041-90136
Small Business 00041-90137
Geometry 00041-90084
High-Level Math 00041-90083
Test Statistics 00041-90082
Antennas 00041-90093
Chemical Engineering 00041-90100
Control Systems 00041-90092
Electrical Engineering 00041-90088
Fluid Dynamics and Hydraulics 00041-90139
Games Il 00041-90443

Civil Engineering 00041-90089

Heating, Ventilating & Air Conditioning 00041-90140

Mechanical Engineering 00041-30090
Solar Engineering 00041-90138
Calendars 00041-90145
Cardiac/Pulmonary 00041-90097
Chemistry 00041-90102
Games 00041-90099
Optometry | (General) 00041-90143
Optometry Il (Contact Lens) 00041-90144
Physics 00041-90142
Surveying 00041-90141
Time Module Solutions 00041-90395

*Some books require additional memory modules to accomodate all programs.
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