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INTRODUCTION

In an effort to provide continued value to it's customers, Hewlett-Packard is introducing a unique service for
the HP fully programmable calculator user. This service is designed to save you time and programming effort.
As users are aware, Programmable Calculators are capable of delivering tremendous problem solving potential in
terms of power and flexibility, but the real genie in the bottle is program solutions. HP’s introduction of the first
handheld programmable calculator in 1974 immediately led to a request for program solutions — hence the begin-
ning of the HP-65 Users’ Library. In order to save HP calculator customers time, users wrote their own programs
and sent them to the Library for the benefit of other program users. In a short period of time over 5,000 programs
were accepted and made available. This overwhelming response indicated the value of the program library and a
Users’ Library was then established for the HP-67,/97 users.

To extend the value of the Users’ Library, Hewlett-Packard is introducing a unique service—a service designed
to save you time and money. The Users’ Library has collected the best programs in the most popular categories from
the HP-67/97 and HP-65 Libraries. These programs have been packaged into a series of low-cost books, resulting
in substantial savings for our valued HP-67/97 users.

We feel this new software service will extend the capabilities of our programmable calculators and provide a
great benefit to our HP-67/97 users.

A WORD ABOUT PROGRAM USAGE

Each program contained herein is reproduced on the standard forms used by the Users’ Library. Magnetic
cards are not included. The Program Description | page gives a basic description of the program. The Program
Description |l page provides a sample problem and the keystrokes used to solve it. The User Instructions page
contains a description of the keystrokes used to solve problems in general and the options which are available to
the user. The Program Listing | and Program Listing Il pages list the program steps necessary to operate the calcu-
lator. The comments, listed next to the steps, describe the reason for a step or group of steps. Other pertinent
information about data register contents, uses of labels and flags and the initial calculator status mode is also found
on these pages. Following the directions in your HP-67 or HP-97 Owners’ Handbook and Programming Guide,
“Loading a Program” (page 134, HP-67; page 119, HP-97), key in the program from the Program Listing | and
Program Listing Il pages. A number at the top of the Program Listing indicates on which calculator the program
was written (HP-67 or HP-97). If the calculator indicated differs from the calculator you will be using, consult
Appendix E of your Owner's Handbook for the corresponding keycodes and keystrokes converting HP-67 to HP-97
keycodes and vice versa. No program conversion is necessary. The HP-67 and HP-97 are totally compatible, but
some differences do occur in the keycodes used to represent some of the functions.

A program loaded into the HP-67 or HP-97 is not permanent—once the calculator is turned off, the program
will not be retained. You can, however, permanently save any program by recording it on a blank magnetic card,
several of which were provided in the Standard Pac that was shipped with your calculator. Consult your Owner's
Handbook for full instructions. A few points to remember:

The Set Status section indicates the status of flags, angular mode, and display setting. After keying in your
program, review the status section and set the conditions as indicated before using or permanently re-
cording the program.

REMEMBER! To save the program permanently, clip the corners of the magnetic card once you have
recorded the program. This simple step will protect the magnetic card and keep the program from being
inadvertently erased.

As a part of HP’s continuing effort to provide value to our customers, we hope you will enjoy our newest concept.
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Program Deseription |

~

Program Title

OPTICAL DESIGAN

I

Contributor’'s Name

Josspy R MHosaer

address 8723 Beavs Avswes

City

SFE//Vé }/AL(,S v

\.

s CA

_ ZipCode 72077

~
Program Description, Equations, Variables /~COGRAM COrMPUTES THE TwoO SoLuTrons

OF AN ACHROMATIC DouvBLET Usinve _ THE ALsssreAc " 6-Sum”.
METHOD To ELIMINATE  SPHERICAL ABERRAT 100/ AND CoMA AT

ONE WAVELENETH. REQuiRsD InPUTS AR: i REFRACTIVE JNDEX
(M) Anvp Dispsesion (§N) (DsFvip AS Ne=-Ne) OF THE
TWO GLASSES AMD THE EFFECTIVE FOCAL LSwerH (EFL). PROG ea M|
USES Two capps : F/RST CARD CompuTess AmD SToprss THS

VALuss OF THE " 6" VALUES AnuD Ovse AL LSS Powse
SECOMND CARD COMPUTES Two Se7s oOF _RAP/I . _LeNsS ownve
/S cLosipe TO THE OBJECT ; LENS Two _)S ClLoStre. _TO_THE
IMAGE .  POSITIVE RADP/I ARS _CoNVEX_ TowAep THE OBJScT

NEGATIVE RADII  AFE CONCAVE ToWARD

THE _OBJECT. SQUATIONS

_USED ARrRe. HIeHLly DETANLED ;  USse /S

REFERID T o0 A

THOROUGH DISCUSSion/ [N REFspsncE [ _( DIEFICULT _PEADING)
OF A BrRIEF DESCRIPTION Ju REFErRsics 2 . THE SociTion
HAVING  Lonsse RAD]) S PREFSLABLE DUL ToO LESS SEr,0uf

FIeHire crpsr AB:RRAT /en)s _AND

FASIERr  FABRICAT/IN/ .

Operating Limits and Warnings PRO6EAM SES THINMN LEAS TECHANVIQUES .
SOLUT/ons FOR Stow OPTICAL SY¥STSpMs ARL _RELIABLE Socorrons
FOR FAST OPTICAL SYSTEMS OR SYSTEMS USING SHAERP LSAS
CurvATURSS _( SHORT EADI) MUST_BE CHECKED BY TEIGONOMST R

RAY TRACS TECHNIQUES.. SHORT. RAD/)

ARE THOSE LESS THANMN ABouvT

CNE THIPD OF THE FOCAL LENMNGTH .

| ARE THOSE LESS THAN ABovT F/10.

FAST OPTICAL S¢YSTEMS

—J

—

This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-

TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.

i,




Program Deseription 11

Sketch(es) Lers 1 Lens 2 ' i E

[N\
[\

K2 } [\;24'4 !
. ‘ J : J,
f )

Sample Problem(s)

FIND THE RADs)  OF A TELESCoPE  OBICTIVE LENMS ,
OSING _LIGHT CRIWA GLASS LSADING A DSMSE  FL/NT
GLASS WITH THE FollowInG Propse7/sS :

Crown (BSC-2)  Nssss = [.5/93 ; SN = Np-Me= .00804
FLivt ( DF-4) Weer = /. ém SN =, 0/90¥

4

THE SFFscTIvE Focal LeneTH 15 70 BE 1249 (Jwepzs)

(WNo Is uvsuseq  ussp BT THIS 15 70 BEA
VISVAL 0BJScTIVE AND SSSS A /s THE CinTie
OF THE RESPoNSE oF THE 24 i)

Solution(s) £JAD _CAED A KEISTRIKES :

A = D - 0 A = 75.352(r)
15193 R[5 =2 | B fB3  =Z-2.7/0()
L6509 R[5 0. _LoAD cAep B:  fBc —>-5/.007(r)
B /. 3 > — 020 fD == )7, 242
, 00804  EfS 72, A > 20.596 ()| THIS Seconwn Sorvrions
£ 01904 E/i o B = T7& 225 (R2)| GIvis sxTREEMLY Low
“ =21 C > 22.52% (P)| sPHirIcAL ABSEATION
(L24 RS 0. | D > 17.31¥ (e ,,‘Agl,r_fz&zcg?mEHHVf;ﬁﬁcz: Y
. )
Reference(s) . S I I .
() Comrany, A.t. , APPLIED _OPTICS ANMD OPTICAL DESIGN, DoVig
PUBL/CAT/OA/_Y Niw Yorr , 1957. | o ®
(2) 625 /) . DZS/GN OF T35iéSCOPES _BY THE G-SUM METHOD.. AMHTZU!&

TZLESCOPZ /Wﬂ/f//vé Beok THREE , SCIEMTIFIC AMERICAN [NC ., KINGSPORT, [953-
S W,




User Instruetions

OPTICAL DESI6N 1A

¢ P
€l LOAD N L 10AD SN g LoaD Fria RUN
STEP INSTRUCTIONS DATAIUNITS KEYS A
] | LoAD sipes ] AnD 2 caeD A L 101 0
2 | LoADP pRsFeAcTivs wpsx - (N) (A1 | =1
ENTER DATA For Lsnms | (/11 [—= 2
ENTER DATA Foe (sws 2 - 0
3| 20ap pispsesion ( SN) LB ] -~ |
SNTiR SN Foe Lsws ) [R/s] = 2
ENTIR SN Fok LSMNS 2 [R/s] )
4 | LoAD  EFFECTIVE FocAr tineTH (£FL) - |/
ENTER EFL = 0
5| Ruv -2 0
6| THE STopAGs Rs6I1STSRS HAYE Bssr/ LoADED

PPocsps 7o

Par7T B

00000 00000000C000000C00RE

oD OCoOOEoOOooOoooooCtoon




+ CAED A 67 Program Listing l c.-> »
STEP  KEY ENTRY  KEY CODE COMMENTS STEP KEY ENTRY  KEY CODE COMMENTS
001 £ LBL A 31 25 /) LOAD MNi AND N2 / ol
] ol - S/
E/s &4 Pci A 34 )
STo & 33 /§ 060 X 7/
2 02 STO D 33 /4| PA
R/s ¥4 RCe £ 34 s
hSTT 35 33 £6SB |31 22 ©f
cL X oy h EC I 35 3¢
h BTN 35 22 f 6581 |31 22 o]
010 f LBL B | 2] 25 /2] LoAap S~t AND SN2 A RNV 35 2z
/ ] +¢BL) |3) 25 ol
R/s g S70 9 33 09
S70 A 33 4/ ! ol
2 02| 070 - 5/
E/S v sTOo § 33 of
STOo B 33 /o RclL 9 34 09
CLX <y q x* 32 59
LA BTN 35 22 U X 7/
fLBLC |31 25 13} L0AD EFL 2 02
020 ] o - /
/S g4 STO @ 33 ool 6/
STC ¥ 33 ¢og RrcL 9 34 09
CLX Ly 2 g2
h BTN 35 12 080 X 7/
fL80 D |31 25 ¢ run~ / O/
RCL & 39 )5 + YA
] ol EBctL & 39 of
- Y X 7/
RCL A 34 7 2 02
030 - / - ¥/
STO C 33 )3 STO |/ 33 /|G
h PC I 35 34 rcL 9 34 09
/ 0 3 03
— 5 090 X 7/
RCL B 34 12 / a/
—= ] + 6/
STO D 33 / LgcL & 34 0¥
BCL C 34 )3 X 7/
PC. D 34 /¢ 2 g2
040 —_ 5/ - ¥
RCL § 3Y oy S7O0 2 23 02| 63
X 7/ rRCL 9 34 0
Rce A 34 2 02,
X >/ 100 + G/
A /X 35 61 RcL ¥ 39 of
STO A 33 /1] CA X 7/
BCL D 39 14 2 02
BCcL ¢ 34 43 - g/
— 5/ RcL 9 34 0O
050 CC Y 0 = &/
Ex g 75 $70 3 33 03| G4
Bct B 34 /2 pcL 9 34 ©
X 71 a X% 32 54
A {//X 25 62 110 v ] o/
ST0 R 33 2| CB — S/
ReL § 39 s 2. 02
REGISTERS - -
4 . 6 7 ,
°Gia | 622 [G3« [ G4 |'G5n Gle 67 [ 65 [N -1 | N
S3 S4 S5 S6 S7 S8 S9
61, ez, [F63, [(64 [65 ["66s | 67, | 68 |frm/s|h/5B
B C D E 1
SN fea | S, /B vi/ 2 Vo ) Pu A///(Zw Ny /C2,

e,




capD A 67 Program Listing 11  cse- » 5

STEP KEY ENTRY KEY CODE COMMEN‘I’S STEP KEY ENTRY KEY CODE COMMENTS
X 7/
EclL 9 39 09 170
a - ¥/l
ST0 4 33 04| 65
EBcL 9 34 09
3 03
X 7/
120 2 o2
+ &/
PCce & 34 0¥
X 7/
Pce 9 34 09 180
- 144
2 02
1 = y/
| STO & 33 05| G6
| rcL 9 39 09
130 2 02
| X 7/
/ a/
., + /
Rce & 34 % 190
X 77
RCL 9 3y 09
— g/
2 02
-+ gl
140 STO ¢ 33 06| 67
rRCL 9 34 09
‘ Rce ¥ 34 of
X 7/
Z 02 200
-+ ¥
ST0 7 33 07| 6¥
f p=35 37 42
CL X Hy
h RTN 385 22
150
210
; 160
!
! 220
LABELS FLAGS SET STATUS
‘ Rroap w [Broap SnI[Croap see P ron |F 0 FLAGS TRIG DISP
a b c d e 1 ON OFF
5 1 > 3 : 2 "B 2| Ghoo | S0 B
CALC G
2 O8] rRaD O | ENG O
5 6 7 8 9 3 3 0 R n g




User Instruetions

OPTICAL DESIGN | B

4

R3, B4,
£ a
STEP INSTRUCTIONS DA'T':SS,I.TS KEYS DSTT/E:ITTS
I-6| S§8 PART A C_ ] ]
7| LoAD Sipss / Anp 2 CAED B L [ ] [e.000
8| Ruw e J[ ] C3b
9| CompuTs PRAD/I 10
R2., [ Bl | R2a
P3a <R P3a
R4a L DIl | R4a
Rlb [ +1[ A ] P
P2, [ £ ] P25
R3 b £ ][ c] PR3,
R4 b f 1L D] RPyb
-
Any EBADIVS MAY BE  CALLED LI
IN _AMY OpDER . SOLUTIonNS A T ]
AND B APS SiPARATE ; DO_pNOT] L3 ]
MIX_Soms A PARTS W iTH SoME I
B_PARTS IN Youp DESIGM. L
00
USING R[S AFTike RUN /S [ 10 ]
COMPLETS  twyiee Givs Rila TO I ]
BP4b /N OrRDsp  LISTsD ABOVE. I
L1 ]
1]
I
[ 1 ]
I ]
I
L L]
[ 1]
[
[ 1]
(I ]
10
[ 10 ]
10 ]
0
[ I ]




RERE i doal S IREL

67 Program Listingl ..., ;

CARD R 7
STEP  KEY ENTRY  KEY CODE COMMENTS STEP  KEY ENTRY  KEY CODE COMMENTS
oot § LBLE |31 25 /S| RoM —= Y/
RcL o 37 06 I pes 3] 41
rce A 3 ) A XSy 35 52
X 7/ 060 BCL C 39 /3
Ece D 34 1y X 7/
X 27/ 2 o
Bce 7 3 07 X 7/
RcL A 39 /) — s/
9 X% 32 59 RCL 4 34 oY
010 T X 7/ X 2/
—_ 5/ RCL A 3¥ /)
+ p—>S 3) 42 X 7/
EcL ¢ 39 06 PCL | 3y o/
RCL B 39 /2 070 BCL A 34 /)
X 7/ 9 x* 3259
RcL P 34 /4 X 7
X 7/ + x=4 35 52
+ 6/ f P=3S 3) Y]
rRCL 7 34 07 PCL & 39 0y
020 PCL B 34 12 = ¥/
4 X© 32 59 -+ bl
X 71 Sto9 33 09
7 6l pCcL O 34 oo
RCL 4 34 64 080 PCcL B 39 /2
= / 9 X% 32 S
BCL B 34 /2 X 7/
— g RCL 2 34 02
o/ 0 RCL B 34 /2
X 7! X 7/
030 ST0 C 33 /3 pCcL D 39 14
f PeS 3/ 42 X 7/
EcL 3 34 03 + &)
Rce A 39 ) RcL § 34 o057
X 7/ 090 BCL D 349 /
RCL 4 39 0 g5 X% 32 59
RCL A 34 /1 X 7/
X 7/ + 6/
g4 X* 32 59 £CL 8 39 /2
f P>S 3) 42 X 7
040 BclL 3 34 03 RcL i 34 0/
X 7/ EPCL B 39 /2]
gcL B 34 12 X 71
X 7/ 2L 4 34 049
RCL B 34 /2 100 BcL D 39 7
RCeL ¢ 34 oy X 7/
X 7/ + 6/
9 X* 32 sy BcLc 3Y /3
S = ¥/ RCcL3 34 03
-+ 6l X 7/
050 STO § 32 oY - S/
RcL 3 34 03 Rce C 34 /3
BcL 34 0} X 7/
Bce B 34 12 Rce B 3Y /2
9 X% 32 59 110 X 7/
"X 71 — kY,
RcL B 39 /2] { P<S 3/ 42
REGISTERS - -
6 7
6la | 62a [ 63 [64a [65a [ 66 [[G7a [[G&a [W1/c3. [V, [C3s
S2 S3 S4 S5 S6 S7 S8 59
soé/b 8162/3 G3, Ge/b GS'b Gty 675 Gg/b A 5
A B C D E 1
S/V//Cﬁ g/Uz/CB V//Z VL//O,q /l///CZw /‘./2/625




s caep 5 OF Program Listing I1 cscr 5
STEP KEY ENTRY KEY CODE 'COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
EFcL 0 34 00 EnT 1 4/
°CL A 39 77 170 Envy 1 4/ 7
3 03 BcL ¢ 34 /s ‘d
Ay X 35 63 X 7/
x° 7/ CHS 42,
+ 6/ RCLL 34 /3
pcL 2 3y o2 + b/
120 pce A 39 // S$TO ¥ 33 of]
9 X* 32 5¢ A RV 35 53
X 7/ A RC T 35 3¢
RCL D 39 14 X 7/
X 7/ 180 CHS 2
— S/ Rct C 3¢ )3
BCL 5 39 os + Gl '
PcL A 39 /! ST29 32 09
X 7/ R/S |24
RBce D 349 1y + LBL A |31 25 /) ’
130 9 X* 32 sY RcL A 34 /1
X 7 pCLE 39 /5
+ 611 t 6/
{f P=>S 3/ 42 A Y 3% 62
PCL § 34 0 190 R/S 74| R/a
X 7/ +LBLEB |3 25 /2
o 04 RCL & 39 1S
X 7/ h Yx 35 62
CHS 41 g/S y/| ;24
Bce 9 394 09 feBLC 3/ 25 )3
140 g X* 32 59 EcL ¥ 34 of
+ 6/ h__Yx 35 62
f Y x” 3 s R/S v B34 w
EnTH 4/ 4B D |31 25 14
CHS 92 200 RcL ¥ 34 0%
BCL g 39 09 PCL B 34 /2
— s/ — 5/
2 02. A VX 35 G2
= ¥/ R/ YIl| RY &
| Rcc & 34 _0f glBlLa [32 25 4
150 - g/ BcL A 349 //
S7o0 & 33 15 A RC T 38 3¢
A XSy 35 32 + 6/
RcL 9 39 09 A X 35 42
- 3/ 210 R/s g4l Ris
2 02 9 LBL b {32 25 v
-+ g/ h PCT 35 3¢
Rct ¥ 3y oy h Y 35 62
- / £/s g9l RZb
h ST T 35 33 9 LBLc |32 25 /13
160 RCL ¢ 39 o4 BCi 9 34 09
Rce B 34 /2 h /X 35 62
X 7/ K/ £l R3b
h /X 35 62 alBLd [32 25 14
{ Pes 31 42 220 "RCi 9 39 09
Bce ¥ 39 04 ECe B 34 /12
o — > :
L I 35 62
X 7/ @//? ¥7] R4 b
- LABELS FLAGS SET STATUS
"> PRla P >P2: "5R3. PRy |F RoM [ FLAGS TRIG DISP w
"> Pl P> R2, ' >R3, "> R4, [° 1 % | oee ® | Fx =
0 1 2 3 4 2 1 0 ™ GRAD O smg
2 0O RAD O EN
5 6 7 8 9 3 3 0 R n %

Y



Program Desecription |

(program Tite OPTICAL DESIGN IT

Contributor’'s Name JOSEP,H_R . HOBART.

Address 8723, BRA]?¥ AVENUE -

City ~_SPRING VALLEY __state CA _ZipCode - 92077
\

TECHNIQUES TO COMPUTE THE INTERSECTION LENGTH FOR THE PARAXIAL RAYS

(1') AND MARGINAL RAYS (L'), PRIMARY LONGITUDINAL SPHERICAL ABERRATION
(LA'), OFFENCE AGAINST SINE CONDITION (0SC'), EFFECTIVE FOCAL LENGTH
(efl), AND SYSTEM TOLERANCES FOR THE LA' AND 0SC', FOR A ONE TO FOUR
LENS OBJECTIVE. PARALLEL INCOM ING LIGHT IS ASSUMED. SIGN CONVENTIONS
ARE AS PER CONRADY (REFERENCE 1): FOR A LENS SYSTEM WITH OBJECT TO THE
LEFT (SEE SKETCH), LENSES AND SURFACE RADII ARE EACH NUMBERED CONSEC-
UTIVELY FROM LEFT TO RIGHT; RADII ARE POSITIVE IF THEY EXTEND TOWARD

THE IMAGE AND NEGATIVE IF THEY EXTEND TOWARD THE OBJECT (POSITIVE

RADII ARE CONVEX TOWARD THE OBJECT); AND INTERSECTION LENGTHS ARE
POSITIVE IF THEY EXTEND ( CROSS THE OPTICAL AXIS) TOWARD THE IMAGE AND
NEGATIVE IF TOWARD THE OBJECT. DATA IS ENTERED EN MASSE USING fA,
INDIVIDUALLY MODIFIED USING fB, REFRACTIVE INDICES ALL MODIFIED USING
£C, AND SEMI-APERTURE (Yo) MODIFIED USING fD. fA AND £C DISPLAY REG-
ISTER NUMBER AND LENS NUMBER RESPECTIVELY PRIOR TO DATA ENTRY. USER
MUST DESIGNATE STORAGE REGISTER WHEN USING fB (SEE EXAMPLE). fD STORES

NUMBER IN DISPLAY IN Yo REGISTER. CEMENTED SURFACES ARE ENTERED AS TWO
SEPARATE, IDENTICAL RADII WITH ZERO SPACING.

Operating Limits and Warnings ENSURE _STRICT COMPLIANCE WITH SIGN CONVENTIONS.
CLEAR PRIMARY AND SECONDARY REGISTERS PRIOR TO ENTERING DATA FOR A NEW
SYSTEM; PROGRAM USES A ZERO IN DATA TO HALT EXECUTION OF A SYSTEM

USING LESS THAN FOUR LENSES. TOLERANCES ARE BASED ON INCH UNITS; STEPS
208-211 ARE FOUR TIMES WAVELENGTH OF LIGHT IN INCHES AND MUST BE MODI-
FIED FOR OTHER UNITS. OSC' IS COMPUTED FOR ONE UNIT OFF AXIS, HOWEVER,
0SC' IS A LINEAR FUNCTION DIRECTLY PROPORTIONAL TO OFF AXIS DISTANCE.

W,

7

This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAIT. DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.

\. J
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Program Description 11

, : -
(1 Sketch(es) - ! w
T S
ozwzg Yo s 1 ,JMﬁéi ;
e £, I,
t‘!/i fﬁﬁ??$§wf
<~ g ; . . 5 T

<
(" ampie Problem(s) (FROM REFERENCE 1 CH. 88) FIND THE ABERRATIONS OF A THREE

LENS PHOTOVISUAL OBJECTIVE WITH PARAMETERS: LENS 1 Nc=1.51358, Nd=

1.5160, Nf=1.52167; LENS 2 Ne=1.53447, Nd=1.5376, Nf=1.54516; LENS 3
Nc=1.57968, Nd=1.5833, Nf=1.59219; Yo=.25;
Rl= 2.3844 ~~ Tl= .07

R2= -.8923 T2= .0325 (AIR)
R3= -.8524 T3= .02 i e -
R4= .92 _T4= 0 (CEMENTED) . R
. R5= .92 T5= .05 e w
R6= 4.7104 i
SOLUTION. KEYSTROKES: (SEE. WARNING_ ON PAGE ONE) _.oureur__
~fA (TO TRACE IN D LIGHT) ~_ 0.0000
.25 R/S 1.5160 R/S 2.3844 R/S .07 R/S -.8923 R/S
Solution(s)  -0325 R/S 1.5376 R/S -.8524 R/S .02 R/S .92 RS
0 R/S 1.5833 R/S .92 R/S .05 R/S 4.7104 R/S. 15.0000
A 8.6608 (1')
A B . 8.6621 (L')
B ... -.0013 (LA")
C - .0004 (0sC')
D . o 9.0708 (efl)
E e . ..1184 (tol)
L fE e o ... 0004 (tol))
4

Reference(s) (1) CONRADY, A.E., APPLIED OPTICS AND OPTICAL DESIGN PARTS 1)
and 2, DOVER PUBLICATIONS, NEW YORK, 1957 and 1960. )
(2) WYLD, J.H., " THE DESIGN OF REFRACTOR OBJECTIVES BY RAY TRACING", Q
AMATEUR TELESCOPE MAKING BOOK THREE, SCIENTIFIC AMERICAN, INC. 1953.

e ¢
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Program Deseription 11

9.0729 (efl)
o 7 .1185 (LA' tol)
_fE .0004 (0SC' tol)
fC (TO TRACE IN F LIGHT) - .0000
1.52167 R/S 1.54516 R/S 1.59219 .0000 ‘
A .6643 (1')

Sc.':lution(s)A ] S . . .6662 (L') e
B R ... =.0019 (rA') __

Sketch(es) ; B
R VR S o L
= : ’
. g S R
i ; - o
' N N T | )
- N
Sample Probiem(s)
SOLUTION (CONT):
| £C  (TO TRACE IN C LIGHT) , 1.0000 B
| ~ 1.51358 R/S 1.53447 R/s 1.57968 R/S 4.0000
E A . 8.6643 (1Y)
: A 8.6656 (L')
E B |  -.0013 (LA")
C o o .0004 (0sc')
D
E

o oo &~

- C e .0005 (0sc')

D S 9.0778 (efl)
E o o .1186 (LA' tol)
fE o - .0004 (0SC' tol)
(IT TAKES ABOUT 47 SECONDS TO SOLVE FOR 1' IN A THREE LENS SYSTEM)
L - - —— 0 P e ——— - - J
7 ——

: DETAILED. USER IS REFERED TO A THOROUGH DISCUSSION IN REFERENCE (1)
é OR A BRIEF DESCRIPTION IN REFERENCE (2). THIS PROGRAM DOES NO DESIGN
FUNCTION; IT ONLY CALCULATES THE ABERRATIONS OF A GIVEN DESIGN.
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‘1ENT DATA MOD DATA

S

User Instruetions

OPTICAL RAY TRACE

MOD N

1',L' LA’ osc'

MOD Y,

OPTICAL DESIGN II

efl

0sc' tol ¢

INSTRUCTIONS

INPUT
DATA/UNITS

OUTPUT
DATA/UNITS

1 |LOAD SIDES 1 and2 (SEE WARNING PAGE ONE) [ I
2 |LOAD DATA: | £1Ca ] | 0.0000
ENTER DATA FOR REGISTER NUMBER DISPLAYED IN (0]
X REGISTER; REGISTER DESIGNATION IS|AS (I
LISTED AT THE BOTTOM OF PAGE FIVE. [R/sI 1 [ 1.0000
REPEAT AS NECESSARY. [ 1L __]
3 |COMPUTE 1' (REQUIRES ~ 15 SECONDS PER LENS) L all 1!
4 |COMPUTE L' L all ] L'
5 |COMPUTE LA L. s Il ] LA'
6 |coMPUTE o0sc' L cll | 0sC'
7 |COMPUTE efl [ D] ] efl
8 |COMPUTE SYSTEM RAYLEIGH TOLERANCE (LIMIT) Fore¢s’l [ E Il ] [LA' tol
9 |COMPUTE RAYLEIGH TOLERANCE FOR OSC' [ £][E ] |osCc' tol
10 |OPTIONAL DATA MODIFICATION: L]
TO MODIFY ONE PARAMETER [ £]1[ B | 0.0000
ENTER NEW DATA [EnT/ [ | DATA
ENTER REGISTER NUMBER [R/S][ | 0.0000
REPEAT AS NECESSARY [
TO MODIFY REFRACTIVE INDICES [¢] [ 1.0000
ENTER INDEX FOR LENS 1 _ R/SI[ | 2.0000
REPEAT FOR LENSES 2,3,4 AS NECESSARY® [ 0]
TO MODIFY Yo I
ENTER NEW DATA [ £l p ] | pATA
11 |RETURN TO STEP THREE ]
(10 ]
[ I 1]
[ 10 1
%% DO NOT ENTER IRRELEVANT DATA FOR LENSES NoT | [ I1[ . |
USED. THE PROGRAM SEARCHES FOR ZERO|TO EXIT| [ J[ |
FROM A 1,2 OR 3 LENS SOLUTION. 10
I
STEPS FIVE THROUGH NINE MAY BE CALLED 1L ]
IN ANY ORDER. CALLING STEPS 5,6 OR 7 L 10 ]
IMMEDIATELY AFTER STEP TEN, HOWEVER, (I
WILL CAUSE THE PROGRAM TO SUBROUTINE 10 ]
TO A AND RESOLVE FOR 1' AND L'. 1]
(1 ]
I
[ I ]
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67 Program Listing | 13
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
001 £ (BL A |31 25 1| eacc 2’ + G5B 1371 22 %6
35 & X
~ 'CZF/ : g/z RcCL () 34 24| R
ASTT 35 33 060 X o
CLX 44 Ec; (¢) 39 Z
S1o ¢ 33 13
S7TO D 33 /4 £ /s2 31 3¢
PCi O 39 ool Yo ST0 A 33 Ji
STo B 33 j2 2 02
010 rCL 2 34 o02) B o) _ 00
- ¥/ h ECT 35 3¢
670 3 22 o3 1&;— - - g//
7. 2 |31 25 02 =
752?;//, l e - b SE L 135 31 9 ST Fore LAST LEAS
f6s80 |31 22 oo £ X?’Q 36l Zsr
f LBL3 |3/ 25 03 /eccﬁLj () 3y f/vl
1 41
7 71 )?c+4 A 3y 2// L
A 4/ / ,
020 L ps2 3/ 33 STo A 33 /i |t
PciL (L) Sy 29\ M ) - oL
STO £ 33 /5 EPcl & v 51? N
- Y/ —_ . /
f 65B¢ |3/ 22 ?e 080 Ech B 34 /72/
- /
£ /52 3 39 PclL § 39 /5 N/
rcL(e) 34 29| R )ecxz. D 3 /;,; w
X 7/
BcL (2) 39 29 f D52 33; 23 o
030 + &/ Ect (¢) 7‘/r
f /52 3/ 3¢ X !
ke () 7 i’i - f é§87 3 22 07
ST0 A 33/} 080 A F?1 |35 le 00/4
PCLE 39 ISIM 6TO & 2 37
S A —-7) 133
/ ol
— 57 gce () 34 24 A/SC" sR0
E FOE 2
e 1 L el
040 x
, 2s 04
BcL D 34 14| W f L.BL Y 1371 25 ,
tez 2 B
RcL (<) 3y 29| R _ Pci 7
X 71/ -
A CFO I35 &/ 00 )
o ;,—:—‘g, Ssé{ L RTN 3s 22| W' *
- v ¥/ £ LBLA |3 25 /
LERTEI o
RCL'A T £ L\BL B |3/ 25 /2 | cAtc ¢A!
050 f 52 3] 3 fLpe B g 2
f 6560 |31 22 oo Lo T
; % EcL A 39 7/ 1¢’
v v/ 110 — S/ LA K
BcL & 3y s A h PTN 38 22 ,
X 7) £ /BLC |3/ 285 i3] CcALc osC
REGISTERS _ - -
6 « .
s (v PR/ [ 77 'R2 T2 N2 |'R3 77 | R¥
S3 S4 S5 S6 S7 S8 S9
Yry Pz Pes Prs [Mee 7 [Pwry [TR7 7:7 E8
A Yt 4 7 () 73 N (L) Comnrroc




67 Program Listing 11

14 |
|
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS \
FGSB 9 |3/ 22 09 CHS 42 ‘
7 o/ 170 Pci B 34 J2] 4’
PcL B 34 /2|y’ + 41 M
RCcL C 39 3| 0 STo6 B 33 j2
£ SIN 31 62 h PTN 3s 22
=+ ¥/ £ /Blo |2/ 25 o0
RCL A 34 /1L’ rcL (<) 34 24
120 — XL — 5‘
— S/ , e {e) 34 24
h BTN 35 2z]0sc’ * - 7
£LBL D |3/ 25 1¢|cac el PcL C 34 73
£6SB9 (31 22 09 180 £ sid 3, &2
RcL O 39 0ol Yo X 7/
pcL D 3¢ 9| w’ h PTN 25 :
—+ 17 i 4 LBL¢ 132 25 3| MoP N
e PT N 3 o2]ef! ¥ A SFCO |35 5/ o0
g LBLa |32 25 J/|toAD DATA / 0 :
130 h SF O I35 &1 po A /
/o) 00 +/8. % |3 25 0%
. STZL 35 33 L ST I 3s 33
£ LBLE [31 25 0§ o X=4 35 52
E/S &9 190 B/y ¥4
s7To (&) 33 24 sTo (&) 33 24
f Is?2 3/ 3¢ LA RV 35 53
L PCT 35 3Y ] 5]
CT0 S 22 05 —+ 4/
9 LBLb |32 25 )2|mMop PATA A PC I 35 3¢
140 0 00 3 oS
R/S %4 + &/
A SFO |3 S 0o CT0 8 22 o% w
ASTT 35 33 £eBLY |31 25 09
A BV 35 53 200 h F?6 |35 7/ 00O
STo (<) 33 24 £ GSBA |31 22 7
6o fb {22 3/ (2 L RTN 35 22
fI18. 6 |3/ 25 o6 q.8Ld |32 25 J4|MID Yo
9 Sinw=’ 32 62 LSFO |35 4/ oo
CHS 42 STC ¢ 33 oo
150 h A=y 35 52 h RTN 35 22
9 Sinv=! 32 62 £ IBLE |3] 25 JS|CALC LA TorsrAnce
+ &/ 9 09l) musT BE 4 X
Eci C 34 131U’ eex g3 g iv ewiTs vsz0
+ Gl 210 NS 22|\ For OTHEE DATA.
SToC 33 13 T ool THIS vALUE /S For
f Sin 3/ ¢2 pcec 34 3| InCH LNITS
- 21 4 s)n/ 3/ 62
PCLé 34 /5| NV 4 xX= 32 54
L TN 35 22 - g/
160 £ LBL 713/ 25 07 h RTM 35 22 LA TiL K
Rei (&) 34 24| R 9 LBLE |32 25 J5] (ALC OSC’ ToLirAME '
= g1 fesp g 131 22 )5
STo D 337 /4 9 o8
f 152 3/ 37 220 = 0/
W F7 1 |35 771 o1 PCL C CANES A
A RTM 35 22} £ Sind 3/ 62
Rci (<) 34 24| t X 7/
X 7/ r RTMN 3¢ 22] 05¢’ 7ei K
LABELS FLAGS SET STATUS
A/t B oral IFose’ P e/ LA det Piwrserock| FLacs TRIG DISP
:me paralP Mop DATA \Crop v IPmen v [Posc ol | ExiT 1o DR | bee m | Fx ®
3 sl 2 3 v 4 /|2 1 0O ® | GRAD O scl O
5% BEoVTIN _ 7C04/7’/A/u2 i ConTINUE gc/)Lc v i » g A ENGL/D
ConTINUVE |"SuB ROUTINEG SusrovTIvE] ComnTINUE INVTERLOC K. 3 0 X n

]
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Program Description |

:rogram Titte £ENS CAHLCULM TIONS — SAG ) AA/“G) /”/N/»fﬂk )

Contributor's Name <. b* 756'//5 CH ELEL
Address SBE8O CAW/" Oremc m fd .

city CDOCETA state M ziﬁ Code ?30/7 )
\_

ﬂ
rProgram Description, Equations, Variables @WN MV ﬂda oF WM

(Ri0100S oF CuRUGTURE , DAMETSR | Shéy ) AecseIn
ComirPOTES OTHER ONE AHND MNGLE OF 7M/SeNaY.
QUHTH NWPUTS TEERMAN CED , FROBMN  CrPLooEnTES
HAIIMOMS AND  IIRYMIMS.

Dt + 4t
R= 8s

:
D=2 (ZRS - s"-)/z

s= R- + (4R D‘)%'

¢= 7w~ D B
| 2 (R-3)
Operating Limits and Warnings
7HE€ Foccow/NG mUST BE THRUE
s =« R

D =2R

\. J

4 N
This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.

- J
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Program Deseription 11

FSkelchies) V

~ se€  erse |

\.

\.

~
Sample Problem(s)

swen: ~ R= St.7

b= 7 t/o
De7EmmWE :  Swom.
S max,
S mmv.
b nom.
D max.
D mw,
Solution(s) .
Kevy DISELAY %@ 40.853 = smg,:
0.000 | £.2537 =+ Prem
s% §.000 EEl ¢8.28/6 = ¢max
ERER o . 700 El&l 234526 = dmw
7 &L 7.000
¢/ (& cl /.0c00
/$29 = Swom | ME! L= DO.MMSS
L m 2.722 = Smax

rReference(s) //ﬂ”bﬁ@é‘ Y ”AW TRELES Y] /GKM064S /? S.
Bormsron , /1 Gron Ac ) /VH, /776z ,  pol-/2
pnea 37 Fig 2




User Instruetions "
& LENS CMRLE - SAG, ANGLE, MN/MAX
MR/M/M Z’
b
STEP INSTRUCTIONS DATAIUNITS KEYS DA NS
/| ENTER PROSRAM —Tiso SI2ES L1 ]
2 | /NTimelE [ #1[ | |aecoce
2 | ForR meX /My CMLCUCATIONS - R
GO T STER 7, OTWeXiu/SE R (B | | e
CONTWHE LY ENTENNG Alom/inAt [: Ps) (€1l 1 [2
MV ES — To of THREE —» S o1l ] |s
¢ | QGommoTE THE cr/knonN @Il | | e
Llell | [2
(211 1 [s
5 | Com PoTE Abomimme NGLE (F 2ES/18D & |[ | | p*
G _|FoR NEW Ffol, 0R ToLeMMES GoTd 2 L )
7 |EATER 7o oF THHEEE pommal | Kuem | (& 111 | R
VI UES E€ACH Loecowkd BY (rs |T 7oe. Jo 5 116 ] [ £ 7e
7oL ERANOE Duem | (el 1 [ >
)y 7. [;EJ D,,;‘ t 76t
é Swem 1 - S
Yrze., | [ £ |[al] | £ 7
8l ? - P
D 175 X I N NS 5 1l ] | Pmwax |
7E DESIOED (&1l | | man
ok| [ Il | | Owem |
(& 1le | [ Doamar]
(& e | | Dmw
(DI ] [ Suem |
| & 1ol ] | Swmax
[(F 1A ] | Smm
COMPITE AMeMMiRl ANGCE (F € 1 |
DES/RED WND (7S MK Sno M) ([ 1[e | ﬁ:&
| /F DES o) (£ 1 €] |dmaw™
| o | foR NEBw ANAR, Go To STEP Z L L]
y [ 10 ]
' -
W oormey P= DO.MMSS % } {;]J
lo 5
| [ L |
L JL ]
[ JC ]




18 67 Program Listing I

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
oo 4 W EEuc. A (8125 1] STe 8 28308
CLRRYG | 21 48 e ®éo07 Amax
oL 44 (NITVe ) € reL ¢ 2413
DsP3 |23 oF o - s/
WR™N | 25 22 P S709 330% | omw
B l S5BLE (312812 Nom . {XX % 3¢ /3
L kA DA A on [ aese
Rec | | 3401 | oMe oo el s [ n2sis | Do
010 3 Z25¢€ | ™ sre WE?3 | 257108 M
ReL 4 | B4 04 ‘e:' 1 22 o_’ 1 ¢
5-8—_3_&7- L7 340 GCTe/
¢ o4 Ruomz & <%5~0-> Recd | xeos | CALC ;;:
X Z' 070 X Z'L ST
+ ! ]
recL4 34 o4 X 2]
8 o8 fecd | 3404 Q :§ (M ,gmm)
x 4 9 xt* ;3_54
- 8) - {
020 STo 9 2207 | 5§ & 2154
B PG RE T T T
ETXTY »
Recs | 3403 | Mt Rewan + 570 S7e 7/ | 207
qx‘ m‘ 080 zszz
2¢66 tfe | 2228 (3
R Yo PR e D
eL
. Ruax > § (Doam, S €3 | 3as
+ ; 2 ot
030 rRac & 2406 X 21 ( >
a “o8 ReLS 34°?—bm=§ znm,S\w
X 7! g X [ 3;94
c al -
S'r;_g zT o8 090 L I 2 5¢
; herN | 2622 2 o"l.
_L-_;‘_-IJ_L_L (322512 x 2
ReLt | 3401 eace Bmet ST STo 1 2302
Yes [ 3o¥ Y o ibda Sraai]
00 g:%s 25 ‘) locs | zesg | (me Dmn+Sre
L
+ ! 3 o b,...,:& <&u <nml>
eces | 240% 100 X 27 )
F-4 of LCLL | 2406
X -2 q’ xX* ;7'9'4
-+ -1 -
3T 9 3201 s | 35¢
b.;» LN 3521 2 o_’ 7;
00 BBLo | 312%00 | ®
%;r }'4 3_3_0._.2___5{, R nem St 8 33::
BT e RRE R
TR c | 3813 | - o STel | Sto Dnewm
RCL? 0% 2521
T caee v 5% e | alave [J2253
REGISTERS = 5
3 4 5 6 7
" — | Dusm i Dmax | Dmiw | Swom | Smax | Smmw Brom | Rmax RBon
SO - S1 S2 S3 S4 S5 _ S6 . S7 - S8 - S9 -
B C D E I -
vl [ 8w [[rERY - -




67 Program Listing 11 1o

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

57 A 3 71 2t — cHs 42
170
& n,c;s_.!__:!“s’_g__ cace + ST Abia__.zgi_
<To 2 2302 75 6 (3 -1
oLt | 340l | Dmax hRTN | 3522
ReLA | 34N | T C| 31250 |
- S| 4 204 | ST Snem
T eotR | aait | Dww BPW P e iiTa
| 3g2t | ' o
3125 (4 | Snem 180 e bl S
hFPS | 357163 SToS | T30S mAR
GToa | 22 o0 A _foLd | 2404
325¢ - - S
Ve ot | T e Sme [ S30e | o
130 3 T [N 412 MmN
= TaaEe
a
" - | € € [312%15
I Xt 3S4 wg(%e"“‘>1go 2ot | 2ot ) A4 dﬂm
2 o ) - ol
cal 21 et 2/
cus 42 ReL 1 2407
Rer1 | 3407 L4 | 3404 Bnem
0 4.-f [N] - s/ Q..=§ Drom
4 $Te - 8l Ssem
Y el d (3235 #] Oue Tsra | 2508
- 2251 DSP4 | 2304
é ‘gecy 3teq Smax+ Sre — HME | 32 74
ax :5 ﬁﬁﬁ' 315 2L
‘4 o_:- _ e 3225I(S emie ém
2 t ree.t 314 o
gece | B¢t g gg(gw Dmm’L 2 ol
T #ccq | 3409 |4,06( O
50 6 | iS4 RS | of | Sman
2 O(?. —; s,l
= &
CcHS 2 ]
[T ] .a'-oﬂ 210 :n.';%
+ RIN ?_S_g"—
<TaS | 2306% thel 228S57S| Cate O mm
RIN | 3522 <o o ¢
—d—'—ﬁmﬂ_u_s (2225 /¢ 0pLe Smw + o * oL
U T L Y . Do
< ot Rele | 3406 fﬂw" Rmax
X { S 5 £oax, D — S7 Smmn
feLs 408 ' ¥ &/
qx\- 220 =T ;_&F‘
5% %M_E %ﬁ&
- /
y . e LABELS FLAGS SET STATUS
@ [smer R ‘D °s i ¢ - FLAGS ____TRIG DISP
- " e [/ 'YW eaefun | = [ TE| oee m | Fx om
1 2 3 4 2 - O &® | GRAD O sCl O
SUS€D~ GUL!’Q- 725%3 — - vy é g g RAD O EN.C!D
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Program Desecription 1

~ D
Program Title  RAY TRACER- SPHERICAL, PARABOLOIDAL AND FLAT SURFACES

ATAN STEIN

Contributor’'s Name A . e e

Address 2 98; o VISTA GRANDE . P

City DALY CITY v stata CA  Zip Code INO1H
. J
e

Program Description, Equations, Variables This program traces light rays in two-dimen-
sions through spherical, flat or paraboloidal cross sections of
~lens surfaces. Theray may be in the form of a slope (or the
corresponding angle) and the y-intercept, the surface intercept,
or an arbitrary point of the ray, (x, y§ All forms are converted
to slope-y-intercept (a,b) form(see sketch) :
The flat surface is defined by x = fa*y + f. Inputs are
(fa,fb). The sphere 1is defined by radius of cur ature(R) and
" intercept of surface with x -axis., If R is positive, the left—
intercept of ray and surface is found. If R is negative the right
1ntereept ig found. The pesrabola is also defined by R and 4,
‘where d is still the x—1ntercept. R is the dlstance from & at’whlch VVVV
y= ¥1 (i.e. the parabola is defined as x= Ry2+d).
r; is the ratio of the exit over 1nc1dent refractlve 1ndlces
at the-boundary. - -
B The program computes the lens-ray 1ntercept (x. 1 V5 ) and -
dlsplays this as an option. The slope and y—lnterc%pt of the
—refracted ray, (a',b') are computed from Snell's law-and stored - -
_in R and Rb for future reference, All computations are analytic.

_Note that the program always selects the parabola-ray intercept =
closest to the x-axis intersection(d).

equations: ray-- y—ax+b- sphere-- x= SQRT(R -y )*( sgn(R))+(R+d)
flat-— x = F y+f parabola -- x= Ry2+d, - -
/ S

--Snells law: 31n(9')w= 8in(8)/ry- where r; = r Ficident

exit

Operating Limits and Warnings NQOTE ; f and f, are the reciprocal of the slope
and the x-lntercept——respectlve?y.

- LIMITS: cx;! 90°

RM%WO ERROR MESSAGE WILL BE DISPLAYED#- - -
1) if ray and lens are chosen so that no intersection exists

or

\_ INTERSECTION.

This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.

. /
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I’mgram l)(‘b(‘l’lpll()ll i1

- ~)

’AMC v SPHE g ps

¥ nbercept

Mv:A a».333; bc:lxn : b=.:§3:¥ ;Y Forflat = 1 (z y}(x,_’/z*/,) -

\ .
4 )

Sample Problem(s) ... ... . e e

1) A flat with slope™ of -1/2 and -intercept of &,r.=2, is
intersected by a ray with slope = 1 and y-intercept = -2,
Flnd the point of intersection and the refracted ray.

2) For a spherical surface of radius=2 and right x—lntercept
of 6, find the point of intersection with a ray coming in at
L45° and -passing through the point (1,-2). If -the refractive — —
index is 2, find the refracted ray. )

3) Given a parabola with R=1 and d=3, find the intersection with
a ray of slope .3333333 and lens-y-intercept of -.43649,
Find the refracted ray if ry =2.

Solution(s)

1) .5, CHS, ent, 4, B, 2, Cc,fB, 1 , ent, 2, CHS, Qv(xivyi) =
- (3.33333,1.33333); f£C, a'=.71758, b'=-1.05860. o

2) 2,CHS, ent, 6, A, fB, 45, ent, 1, ent, 2, CHS, fD, (xi,yi)=”
(.82288, 1.82288), ", C, £C, a'=1.45625, b'=-5.20042.

3) 1, ent, 3, £A, £B, 2, C, .3333333, ent, .43649, CHS, E,

k“xi,’yi)= (3_,19052, - 43649). fc, a'—.577’+Q! b'= —2.2786977

s )

Reference(s) - author's HP-65 programs for ray tracing through spherlcal
and paraboloidal surfaces, S
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User Instructions
STEP INSTRUCTIONS DATAIUNITS KEYS DATAOMTS
1 LOAD SIDES ONE AND TWO OF CARD | —===- E' =1 |-
2 Load positive radius and x-intercept
for left-gide of spheres R |ENT][ |
- d L]
Onh ol
— L]
2 Load negative radius and x-intercept R
for—right=side—of sphere R [Eli\lifl [’
o a | Lall |
= [
2| Load R and x-intercept(d) for parabola R [ENT|[ ]
OR d [iiifff] [@
— I;f:'] [ 7,:;1
¢ | Load inverse slope (f_) and x-intercep} f_ [ENT][ ]
(f,) for flat £ LB I ]
T , \ IR —
UPTIUNAL: DIOFPLAY (Xi, y.l) ----- LEJ I ;,B,J
[ |
3 Load refractive ratio (ri) r, [C [ |
4 | Load slope(a) and y-intercept of ray, a [ENT][ |
find a', b' (optional: find (x3,yi)) b [D J[ ] |yta'sx:d
(optional results) = | =-=-----f- d===944-==1 [:3} 3 x:x1)
[0 10 ]
Lk | 1load angle(«) and point (x,y) of ray oL [ENT] [ ]
x ENT|[ |
find a',b' (optional, find (x-l,y.l)) v [T ][ D ] as abovg
QR [: [:;"_.'*
— [ I ]
L'l Load slope and y-coordinate of lens 1]
intersection(y;). a [ ENT[
find a',b' (optional, find (x.,¥:)) N [E ][ ] las above
OR [ 1L ]
L] 104d angle(e) and y:. Outputs as in 0<. ENT| [
Othér choices., Vi [ £ 1[ E| as abovd
OPTIONAL: FIND a', b' after display (1]
o (xr.v;) | [r]c) e
[ 10 ]
FOR NEW CASE, GO TO STEP 2. 1T
-~
LI 1




ray trace:

s,p & £ O/Program Listing I

23
STEP  KEYENTRY  KEY CUDE EOMMENTS STEP  KEY ENTRY  KEY CODE COMMENTS
001 #+TBL a 32 25 11]~8T FLAGS FUR *1L.BL D 31 25 I LOAD a,b
SF O 35 51 00| PARABOLIC CASE Xeoy 3BT
CF 1 35 61 01 x # 07 [31 61 if a = 0,the
GTO 3 22 03 %0 __JGTO 5 22 05 case is éagenas
*LBL B |31 25 12|'SET FLAGS FOR Xy 35 52 a,ys, SO €0 to
CF 0 35 61 OO|FLAT CASE GTO E 22 15 71
gg013 gg g% 01 *LBL 5 |31 25 05 tore &
STO 1 33 01 store a
*1LBL A 31 25 1 SET FLAGS FOR Py 3% €
010 CF 1 35 61 o] SPHERE CASE SO 2 33 02 store b
CF 0 35 61 00| o F?0 35 71 00| if flag 0, then
*1LBL 3 31 25 03 GTO O 22 00 paraboloid lens
STO 6 33 06 |store d,fp F7l 38 71 01| if flag 1, then
R ¥ 35 53 o0 |GTO 1 22 01 flat lans.
STO 5 33 05 atore R, T X 71 ab
R/S 8L K r A RCL 5| 3% 05 |R
*IBL b |32 25 12|SET FLAG TO RCL 6 34 06 d
F 2 35 51 02IDISPLAY (x:,ys) + 61 R+d
S 8L 1791 STO 9 33 09 store temporar.
020 *T.BT, C 31 25 13 Xy 35 52
TQ 0 33 Q0 STORE ry - 51 R+d-ab
R/S 8L RGL 1 34 01 a
FLBL e |32 25 15|CONVERT &,y x 32 gl | a®
wy 35 52 080 1 01
tan 31 64 tan (&€)=a + 61 1452
vy 35 52 f--===-mmooe- STO 8 33 08 temporary stope
*LBL E _[31 25 15|10AD a, yi / 81 T (R+d-ab )/ (1+a2)
X6y 35 52 RCL 9 3% 09 R+d
STO 1 33 01 store a RCL 5 34 05 R
030 “V 35 &2 + 61 2R+d
F? 0 35 71 00]if either flag is RCL 6 3L 06
GTO 2 22 02 on,lens is not _ X 71 d(2R+4)
F21 35 71 01]a sphere. RCL 2 34 02 b
TQ 2 22 Q2 00 |xe 32 54 b2
STO & 133 0% |store y. + 61 b2+g2+2Rd
X2 32 sk ]y2 RCL 8 34 08 1#a
RCL 5 [34 05 R / 81 n=b2+d2+2Rd/1+a4
X2 32 54 R? X8y 35 5e m
Xy 35 52 ENT 1
040 GsB o |31 22 09| x=tV(R*-y°) ENT L1
CHS L2 X 71 m?e
RCL 5 [34 03 R RT 35 5k n
+ 61 GSB 9|31 22 09 x=F (m?-n)
RCL 6 |34 06 d 100 - 51 X. =m-x
+ 61 correct X by R+d ¥LBL 4 [ 31 25 oW 1 .
GTO 4 22 0Ok m display(‘?) inter gl;g 3 g% o3 store and disp]_&y
#*LBL 4 |32 25 1 Xs , Vs
= YACC CONVERT o¢,(x,y) RCL 1 34 01 (x3,93)
Xy 35 82 _ X 71 ax.
% | tan 3T g a7 atan(x) RCL 2| 34 02 i
X 71 arx + 61 ax; +b=y;
IST x 35 82 X STO 4 %2 gg
X 35 £2 Xealf 3
L - ol — T T et
Xy 35 52 R/S 8L HiD a7 o
=" 5T ~ b= y-ax *IBL ¢ 1132 25 1 ’
REGISTERS
7 8 9
° r, ' a v P X, ) ¥ ° R, f, ° d,f, e | used | aused
S0 S1 S2 S3 S4 S5 Sé S7 S8 S9
A . C D E 1
a b'
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STEP  KEY ENTRY  KEY COWE cDMMENTS STEP  KEY ENTRY  KEY CODE COMMENTS
RCT T 00T | & X 7T T SQRT(m)
atan 32 64 | 770 RCL 8 [3% 08 |1/a
F?0 35 71 0Q if flag 1 is set + 61 1/a+SQRT(m)=n
GTO 7 22 07 then para.lens RCL 5 [34 05 R
F?1 35 71 01l if flag 2 is set / 81
GTO 7 22 07 then flat lens 2 02
RCL 4 3h o4 |ys / 81 ¥y:=n/2R
2 |RCL 5 |34 05 |R . GTO 2 |22 02 .
/ 81 yi/R *LBL 1 |31 25 O1|FIND FLAT INTER.
asin 32 62 @ =angle of per- RCL 2 |34 02 b
GTQ 6 22 06 pendicular RCL 1 34 01 a
#*IBL 7 |31 25 09 parabola case? [8 RCL 6 |34 06 fp
RCL 5 34 05 R X 71 afp+b
F?0 3571 0QGTO 8 for + 61
GSB 8 31 22 08 parabola case 1 01
atan 32 6L f=perpendicular. RCL 1 |34 01 a
*LEL 6 |31 25 0f —emmmmmmmee RCL 5 [34 05 |fa
130 >TO 8 33 08 FIND a',b" X 71
+ 61 x+@ gives angle - 51 1-afa
sin 31 62 of incidence / 81 yi=afytb/1-afy
};CL 0 24 00 ry _ EN% 5 L1 -
1 sin(e')=si . LBL 2 [31 25 Qg|~=—=—====-=T--=
asin 32 42 (191;1(9 J=sin(0)rs ST0 L, |33 0L store and displdy
RCL 8 gL{ 08 B RCL & [3L ob (}2‘1'3’1)
= o' F?0 1 00
tan 31 64 at <2 %g zu y; for parabola
ENT L1 RCL 5 |34 05 |Ror fa
140 STO A 33 11 store for future X 71
RCL 3 34 03 |x3 BCL. 6 |34 06 |d or fp
X 71 axj + 61 X3
RCL &4 34 oh 1y, STO 3 |33 03
Xeoy 35 52 1 200 F/?Z g& 71 02|display if flag
- 51 bl=vy:-a'xs R/S . ] on.
STO B 3312 | ctors * GTO ¢ |22 31 13 £ihf a',b',
5{%1‘ 5 glik 5200 *LBLL;,B 32.1’ 23 08 R
FIND PARABOLIC RCL 34 0 A
RUL 1 o8 01 | INTERSECTION x 71
S TN T 1 e 2 %
X 71 2 -
x2 32 54 1/a° RIN 35 22 R
RCL 2 3ﬁ 02 b LBL 9 [ 31 25 yox
RCL 1 ™ 01 a 210 -~ 51 =
81 b/a SORT 31 5% SQRT(y-x)
CL6 [3h 06 ]d RCL 5 | 3% 05 |&
+ 61 d+b/a ABS 35 6L
RCL 5 34 05 R IST x | 35 82
x 71 R(d+b/a) / 81 - |genk
160 I ol L X 71 '-*'SQRT(y—x)
b'd 71 RTN 22
- 51 m=1/a2-4R{d+t/a) 4 23
SQRT 31 5% |Wm #
RCL .1 34 01 a 220 #
ABS 35 64 4
1ST x 35 82 segn(a) . 4
/ 21 select appropriafte /A
Ty Lo intersection "
_( LABELS " FLAGS SET STATUS
MaR,am BF . Cery °»>a,b |f%a,y; [flat FLAGS TRIG DISP
anrabola ®see int{°finda'b'|ba(x,y) e+x,y; |['parabols . OS OF ok ® | Fx =
para.int flat int.[’display [*storeRd |*display |[*display |’ O GRAD O | SCI O
>find in¥ a',b' ["flat 8parabolg®used e . E]] RAD D] ENGSD
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Program Deseription 1 |

. General lens tracer
Program Title .

Contributor’'s Name Alan Stein ——
City ‘Daly City state % ZipCoge I¥OIY
\.

(. (see sketch 1) This program traces a light

Program Description, Equations, Variables
ray in two dimensions, through an arbitrary lens surface whose cross-

section is f(y)=x. f(y) may be up to 30 steps long and is stored
under LBL fe by the user. y is in the x-register and the user has
registers C,D, & avallable for storage of y or arbitrary constants.
The only limits on f(y) are that & must be single valued and exist —
for y=0 to y=a*f(0)+b. (£,2) o S
The following variabies are elther supplied by the user or
computed: - : e e : e -
Rg-- ri(user)znexit/nineident Rj--a(user)=slope of incident
- ray.The user may provide
R,-- b{user)=y-intercept of the %, the corresponding angle —
incident ray. Alternately,the instead,
user may provide the value of y desired at the 1ntersection.yi;
or an arbitrary point (x,y,) the ray passes through, - —

“(RB;RQ) --(Xi;yi)athe'intersection of ray and curve f(y).

Rg-- go= f(y)- (yg-b)/a (computed). This is a messure of the
error ‘in the estimated value of Yyst.eoir g=0, them yi=yg.

Rg-- yg=previous approximation to ¥4 (computed )

Ro-- f'2df/dy.(computed). (R ,Rb)-~ (at,b') the parameters
e o a ‘of “the exiting ray. —— —
(fig #3) The intersection is found computing the approximate slope
of g(y) and generating a new ¥y from this. When g<10-5. the routine
exits, The slope-at this point s found by computingwdffdy'for“smaiEEI"
intervals of y until the change from one cycle to the next is < 10-
or until the error starts to increase,.
Operating Limits and Warnings . . . e
~_ERROR OCCURS IF NO INTERSECTION CAN BE COMPUTED
OR IF REFRACTION AT THAT POINT IS IMPOSSIBLE.
This program is much slower and much less accurate thamr ————
the analytic ray tracers and should be used only with
surfaces which cannot be analyzed by these other programs.

\.

rThis program has been verified only with respect to the numerical example given in Program Description II. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL. J

e
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Sketchles)
_;; [ %
el B
3s£kx S
P o
\ &
—

Sample Problem(s)
" Given a 1egs surface of revolution whose cross-section is
~x= f(y)= y*+3, and a ray of slope= 1/3 and y-intercept= -1.5,

- -find the intersection of ray and surface. If the refractive ratio
~is 2, find a' and b' for the refracted ray.

Solution(sy GTO, £, E, (switch to W/Prgm), ENT, x, 3, +,(switch to Run),
. A, 3, 1/x, -1.5, C, (xi’yi)= (3.190525,-.436492); 2, B, E,
a'=,577399 b'= -2.278697.
Correct values to six places are (xi,yi)=(3.190525,-.436492);
g l= 577399 b'==2,278697. The numericatl programs differ from
-—-the analytic answer in the ninth place of a' and b's

Reference(s) ... programs by author for HP-65 and 67 to compute
. general lens trace and parabolic lens trace




User Instruetions “

GENERAL LENS TRACER

=8, (Xo¥5) 06 (Xo¥,) 0D

ARGl ALt SR

>r
INPUT OUTPUT
INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
load both sides of card 10 _]
Enter lerg cross-section == 0| —==== g?g ;
. [E | Ww/prgm
enter Keystrokes of lens equation--— ] '
¥ :Es in theyx regigter and thg uger " I{ %
use R, Ry Ry ki and the secordary regipters [ 'VJ[iﬂrl
for Cnngpu ations,constant qfnrngp) [ 7}{ - J
return to run mode -——-- 77]L 77 |
N
OPTIONAL: to see intersection-- &5 ) )
store refractive ratio 00 ]
(OPTIONAL-- this step may be executed [ 1T ]
after intersection is computed, if [ I
"see int" option has been taken) rs (B ]| ]
[ I ]
ENTER INCIDENT RAY TN ANY OF FOLLOWING [m’[[ 7]
FORMS : slope, y-intercept a ENT || ]
, b | eI ]
or slope,lens—lntercept(yi) a [ENT] [;W-WJ
Y3 [D_J[ |
or point-slope form a ENT | [ ]
% ENT [ ]
A vo | 1 (K]
or point-incident angle(atan a) bngle(oc) | | ENTY L:,_
X0 [ENQ [ ]
Yo [f J[B_]
or angle-y-intercept oC [ENT| [ )
b (£ ]lc |
or angle- lens(y;) intercept oC ENT [ ]
v; [ £ ][D |
OUTPUT OF STEP FIVE WILL BE (x.,y.) or [Tl ] |, yeny
a',b' depending on otpion Ttholen-- [ 1L ] or
a' and x. will be in y register; b' anfd L) |xed’ yed
s will bPe 1n x-register, NOTE THAT a'[, b" [ 10 ]
ARE ALSO STORED IN RA AND RB' FOR FUTU USE. [ ][ﬁmi]
[':— 'f_l [t]
OPTIONAL: find a',b" if "see int"™ optioh 0]
has been taken: ] ==-== [E 11 ] x=b', y=a'
[ I ]
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
001 * TBI'A {31 25 11|lset F2 to see x<0? 31 71 if error<l0-0
SE 2 35 51 02] intersection GT0 Q [22 00 then exit.
K/S 8L __In v 35 53 vi
* IBL B3] 25 12 GSB 2 |31 22 02] &}
STo 0 |33 00 store ry in R, ENTER ﬁl
R/S 8L ENTER 1
SF 1 35 51 01 instea (o] Slope - 35 ) 31
* LBL a [32 25 11 STO 6 |33 06 réplace g,
010 R v 3z £3 convert point- _ 5 a(g)
x<=>y P35 52___|Slope form to RCL 5 3% 05 _ |¥,
F71 35 71 01]310Pe-intercept RCL L I3 ob 1y,
a STO 0 réplace
anl %% gle} 01 find tan(alpha) [&m _T 2 22 2 d(i) Yo
x 71 ax / 81 dg/dy
LST x |35 82 a / 81 gi*dy/dg
X<->y 5 52 aXq RCL 4 34 0l yi
HT 35 54 Yo x<=>y |35 52 y
X<->y |35 52 - 2] y F1-g1¥dy/dg
w |- 57 bay-axg ST0 & 3300 | riftacd yi
GTN C |22 13 GTO 1 |22 01 iterate new yji
* IBL ¢ |32 25 13|set F1 for angle * LBL d |32 25 14 |5t F1 for alpha
SF 1 35 51 01 SF 1 35 51 01 _
* IBL C[31 25 13|(slope-inter.forg%®° * LBL D31 25 14 |find intersectio
ST 2 133 02 Ry is b STO & {33 04 given a(alpha)
STO 4 33 ob Ry is b x<->y 135 ;2 and yj
X<->y 135 52 a F? 1 35 71 01
M LI LAy e tan 31 64 |find tan(alpha)
tan 31 64 a is tan(alpha) CF 1 35 61 01
030 CF 1 35 61 01 STo 1 133 01 Ry 1s a
STC 1 33 01 Ry is a # TBL 031 25 Q0 |-===---=--mnu-
x=07? 31 51 if 0, then go to X<=->y 135 52 yi
GTC O 22 00 case for yjgiven. GSB e 32 22 15|find x4from y,
0 00 0 090 STO 3 33 03 Ry 1s x3
GSB e 32 22 15|xo= £(0) RCL & [34 04 yi
RCL 1 |34 01 a X<->y |35 52
X 71 ax F? 2 35 71 02 |display results
RCL 2|36 02 b R/S 8L if F2 is on
+ 61 yi= 8Xy+b #* IBL E 31 25 15|find f'=df/dy
040 STO &4 3 0k Ry 1s y3 RCL 4 [34 o4 yi
STO 5 3 05 Initialize y,(o1d) EEX 43
GSB 2 1 22 02] rind g4 2 02 100
STO 6 3 06 Rg is g ) STO 7 133 Q7 f'ynit.
RCL 5 _pb 05 fyo o(old 0 [8T0 9|33 09
T — $79+ 933031200700
CHS 12 - X -0l=dyinit
2 5 1o STO B 3308 ig 1s dy
+ 61 Yi= ¥+ .01 * LBL 331 25 03 facmmmaaao
STO 4 |33 Ob 3 03 reduce dy
050 * 8L 1{31 25 01§find (x,¥)4 (intex) STO/8 |33 81 08
Y SV 35 52 & RCL 4 34 04 VAT
ABS ~ 3% Al Bs (go) BCL 8 [34 08
EEX 473 + A1 yj(*dy
CHS 2 10-6 110 GSB e 32 22 15]f(+)
6 06 -4 STO A (33 11 temporary store
- 51 errorsabs (gg)-10 RCL 4 34 ou NE
REGISTERS = 5
2 3 4 5 6 7 /7
0 ry T b X, vy Yo g £ dy drt
S0 S1 S2 S3 S4 S5 S6 S7 S8 S9
A B (e} D E 1
at b!
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STEP KEY ENTRY - KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
RCL 8 [ 3% OB dy X 71 fttan
= 5T y-d 170 - 51 l1-f'tan
GSB e 32 22 1 f(-%’ Vi 81 alt
RCL A [30 IT  |f(+) STO A 133 11 Rg 1s a!
- 51 2df RCL 4 (34 04 yi
RCL 8 [34 08 dy GSB e |32 22 15| x3
ENTZR |41 RCL A |34 11 a'
120 + 61 28y x '}1 ar'xy
7 81 df/dy=f" RCL &4 |34 04
RCL 7 [34 07 old f! X<->y |35 52 .
X<~>y 35 52 - 51 b' is yy-a'xy
STO 7 33 07 replace with new|so STO B 33 12 Rg is b?
- 51 dar? RCL A [34 11 set up display
ABS 35 64 X<=->y 35 52
EEX 43 -6 R/S 84 end of routine
CHS L2 10 ' # IBL 2131 25 02| Find gly
6 06 is change in f GSB e |32 22 15| f(y)
130 x>y ? 32 81 |<107°7, Then exiy RCL 4 |34 0Ob ¥1
GTO &k |22 o4 |from routine RCL 2 |34 02 b
R ¥ 35 53 - 51 yi-b
RCL 9 |34 09 old 4ar! BRCL 1 |34 01 a
X<->y 35 52 1 Lth 190 / FSK‘ (y4-b)/a
STO 9 [33 09 replace w new - 1 -
X< y7 |32 71 |is af' increasirg} RTN 352z 8= T (¥)brble
GTO 3 22 03 if so, exit. * LBL e[32 251 . =T
LBL 3L 25 Ol |mcmmm oo e RTN 3575 STO?E f{y) HERE
RCL I [3% 01 la =
140 RCL 7 34 07 f' al:‘Ig\g()M -
- o1 a-f' a AND f! -
T 01 1 - ;
LST x 35 82 ! - 0 program ste
RCL 1 34 01 e 200 - 2 iesgrved fog
X 71 af! - user entry
+ 61 l4af? - of f(y)
/ 81 a-f1'/lsaf 'z tan g - )
cNTER (41 -
X2 32 54 tan? Z
150 il 01 1 -
+ 61 l+tan? -
SQRT 31 54 -
BCL 0 |34 00 ri -
x 71 Ty ¥ l+tan?) 210 -
/ 81 sin @/ry=sin @ -
ENTER |41 5 -
x2 32 54 sin -
1 01 1 -
X< >y 15 5? 2 -
160 - 1 1l-sin -
SGRT 31 54 =
/ Sl tan@'.sin4{1l-sinAd
STO 9 [33 09
RCL 7 4 07 1 220
+ 651 tan+f!
1 03 1
RcL. 9 I3k 09 tan =
RcL 7 [34 07 ! - :
LABELS FLAGS SET STATUS
e inter)t ry C a,b Da,y1 ¥ind atby® a—-ao FLAGS TRIG DISP
aa.(X..Vbb .(X.Y)o ¢ tb d nyj_ e f(.Y) hlpha a OOSOEF DEG K FIX X
Tind x; |'fand y4 “find g find £ ;Snellslaz display, 5 %[ SR0 O [ 5S¢ O
-------------------------------- 30X n
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N
[(Program Titte  RAY . TRALE. I e e
Contributor's Name HERMAN R« DITTMER
Address G307 HAMPTON RD.S,
cty . SENTTLE. _state WASH ZipCode 98118
\_ J
< )

Program Description, Equations, Variables THIS 1S ONE  OF SEVERAL. PROGRAMS WHICH

RAY TRACING . HE EQUATIONS USED ARE DERNED FROM _OR TAKEN
FRoM. . MoOERN OpTicAl. ENGINEERING BY WARREN 3. SmuTH Leec®sg690
MEGRAW HILL. THiS PROGRAM TRACES MERIDINAL. AND PARAXIAL RAYS
STHRU ANY NUMBER  OF SPHER|CALL SURFACES. OUTPUT INCLODES FINAL

RAY SLOPE.  AND VERTEX DISTANCE. NoRMAL To THE RAY AT THE FINAL.
SURFAcE., RAY HEIGHT AT ANY DISTANCE.)AND THE INTERCEPLT DISTANCEH
_WITH THE. oFTicAL AXIS, THE SPHERICAL ABERRATION AND OFFENSE
LAGAINS T TTHE. SINE CONDITION ARE. CACULATED. A SUBR-ROUTINE
_WikL  SELECTIVELY “BeEND’ ANY ELEMENT(S) AND INSERT THE
_NEW DATA FoR RECALCULATION AND EVALUATION OF THE CHANGE.,
__THRE MERIOINAL & PARAXIAL _TRACES ARFE. THE. RASIS FOR. THE.
CALCULATION OF OTHER. ABERRATIONS

o LJJ;,L:% ' g SEHERICAL. ABERRATION
s f= At Ecari T — \  _QFF - AGAINST (SINE CONDRITION
. 08C =T 5NT == 1 OFEENS

Operating Limits and Warnings [~ XTENDED TRACES ~THRLU MQK&MTQLME_S
Al "
REQUIRE. ENTRY (OF EXTENDED DATA. FOLLOWING DISPLAY OF 19 — PRESS

PRAGRAM. CARD To B ENTERED 1S DETERMINED BY MONITORING
PROGRESS AS SHOWN BY SURFACE. .NUMRER DISPLAYED AS EACH

SURFACE 1S coMPLETED.

\.

r

This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and usesw
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.

S — w,
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(" sketchies) S MARG INAL hxm. RAY | | ‘:\1 x‘”" -y
BAN el b 7 R | k3 THEKNERS pr SPACING
PREIRY e S LA, LY . |
" 15 Y
N i:",‘_v,ﬁ / BULY
RiA/a Ns-g=-1- 444— E 1 |
- A P T 1
___*'gw L oamasns. —— i | |
Bec-2 Siaos iy |
SEMI Flenp & =.757 T !

R s ;Aézmar—ﬁ | f —)
(. =\
Rﬁrp_ple Problem(s) M T A B IC - | =
> | _8.000 “%uises —= KEVED INPUTS Q. SmU4FRRRA g w
o~ n B
N=.LsI8S 1=.54 Nove: ALL me..m._ﬂml,,_@msﬁ&%épﬁm.
e V. cuass isvCavp ST CARD M

Rz2=-8.314 R AS CFNTERS ARE TQ LEFT, o) { Sekeilo  t

Nz, T=13.51 134 1sNEG ASLIGHT PATHWAS | ?gj_l._&__&._
R3=—35.820 MIRRR ReyrERSED AT Ra (MiRroR) 9!
==l t=-12.71  Ma-4 1sALsoNEG. MiRRORRe 3

R4=—15.200 Mirror cuanges b (0) aND N, o To 4 V¢ ¥
M=l  5=0  pastTwic AdAN (L0 AT astsrenc 5 & 13 ﬂg 15 Nes Bo-e
|

__Reg'0" keees TrRack oF surracz #i ¢ pisays - 6 1,]6 fas  trs

CALCULATE 2 LAY _MARGINAL SPMERICAL ABERRATION & R, Rs 18  Nes Nag
anp_ OSC’ OFFENSE AGAINST SINE CONDITION ? Mz Nsc §9  tas  tas

3- 8 NotZ { MAKEE=2O
AT LAST SURFACE,

smution(:;),lsrt___£;.41\L£.1,Lt=é:1£,lilf.',~ THE _INTERCEPT OF THE PRINCIPAL. RAY WITH THE QPTICAL
_AXIS FROM THE. LAST SURFACE . THIS REQUIRES A PARAXIAL TRACE®). INPUT DATA
cARD (SAMECARD IS USED FOR ALL TRACES) KEY Y4=0 SToD, KEY U=7]5%N

_papians (—.01308997)STo E.  Press®) fos—68449495, INPut DATA CARD , SToLpg INC

M=33§mmﬂ SToA & SToD. SwSINU $§ LU =0 IN B AND INE..—
_pPress (©) Reap LAL=.00102257  Press €B) ReaD 0SC'=.00003020 Nere:
VY wReg*3 ano L inRg¥e, M@}OSC' 15 18 ReCE, Q 13 1 A, Sl
wB Yy inD # wONE,
< —
— = -

lst Ep 1966

Reference(s) WARREN . SMITH — MADERN OPTI CAL _ENGINEERING
MeGraw Wit inve, CaPTRER 10




2 User Instruetions
MERID. BEND. LLA70SC PARAX AL
LA", 05C MERlDIN/-\L/PARAXV\L p
5 s'er £
1 {10AD PrRogRAM (ROTH SIDES) L L]
2 |1 06D DATA CARD (BetH SIDES) I
3 |DECIDE CALCULATICHN To B MADE LI
MERIDINAL _FRACE LATL ]
LENS ELEMENT BENDING | BIL]
caLeusTE LA" anp asC ’ Il ]
PARAXIAL TRACE. [E1l |
4 MADE. I
@A)~ MERIDINAL _ TRACE. LI
| INPUT DATA CARD Berw Sipes l:j LJ
2 key Q (Ray VERTEX DiSTANCE AT Q STl [A |
\ST SurFacE) I N i P Y3 o
3 Key SinURay sisee entEring IsT | SINU lswl B | STenEn A
S T A T | [
4 \F K’ (Ray HEIGHTIREQD, Kizy ANAL lsvol[ € |
D T S kb 'Fo I
5 Press % * cxe NoTE Fom o_-mpmgg“" MRERE A |L e Ea
6 Press gfqrgxnauzumrm AND [ 1[RG] |osmars
1 INPUT DATA CARD c BeruSwes| [ ][
y 1 AC Svoll 1
2_ Kkey AC BzNDNq REQD(C= m)_m - LO% [UTJ
4 m@ms STOREZS IN (& ][] |R{mreaN
KEA'*&F'DISB.A_‘L.S Rea¥or NEXT SURFACE| R4l @ E% -
5 Press onga ete - - | |Regga™Res
10 ] !
L ZALCA&&M'EAM._&A S
2. InpuT DATA CARD RewSwes| [ [ |
3.Svolpp N C [STal [ C ]
4 stees 2 € 3 MeroNALTRace®)| sty | BRI[S ]
5 Key Y RAY HEgHT ExrEring IssSmees. | [STel [ D]
G Key u Ray SLoPE N RADWNS =0 ,':T"&m [Svo | LE-;
7 READ LA’ (<11 ]
8 Priss &9 Reap 0SC’ (Rl |
E)>_ParaxaL Trace 9 Swl D]
CEPT STol W D w Stol (e |
AD U INE Press (@) Reap £ THEN START L—E;-—] [Aj 1AF % - Pl
R Rrero I (B s’ C) Rell | |KSRT
NeE | SeE OPERATING LIMITS PG 2 For USE oF EXTENDENDATA carop [ [ | [3WE
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
01 ¥LBL A 3125 || |MERIDINAL TRACE GTO 3 22, 63
Rot A 34 i1 %8l 2 i 25 02
Q) 34 24 Ei ? 35 21 Q)
- 81 060 dToe |22 31 I5
ReL B 24 12 ReL ¢ 24 13
- 51 Rel. 3 324 Q3 P
STto 6 33 66 SN R/s 84 |Diseiay U
Rev 7 34 07 =Y 35 52
1SZ 31 34 ReLB 34 12,
010 Q) 24 24 X, 71
St 7 33 07 Rel.5 34 os
= 8l 2. 3= 35 52
X 71 , - 51
Sto5 33 05| sinY 070 ReLB 34 |2
Sin-t 32 62 | Sin~ 3¢ g2
CHS 42 cos 3] &3]
Re & 34 06 = 1 ,
Sin~! 32 62 Ste & 33 o4 H ,
—+ él | RS 84| DisPray H
020 Rew B 34 12 ¥LBL 3 3] 25 O3
Sy ! 32 62 1 ol
4+ él 9 o9
SN 3 &2 RC 1 35 34
Rei B 34 12 080 12 3 34
=Y 3552 K=Y 36 61|
STo B 32 (2] SiNU’ GTO A 22 il
Sin -t 32 &2/ Ey? a5 71 0}
Cos 3l &3 G0 4 22 04
RecL 5 34 05 S 31 22 0¢
030 Sin—) 32 62 GTo A 22 (|
cas 3 63 LBL & 3, 25 06
+ Gl { ol
RcL A 34 11 ] A
X 21 090 g/-r I 3s ?éi g MERaE
K=Y 35 52 S = LOAD MNEXT
Sin! 36 ¢z 8 DATA carD
coS 3i &3] sSr I 35 33
ReL & 34 04 RTN a5 22
Sin~! 232 42 *LBL 4 [3] 25 04
040 Cos 31 63 4 o4
+ &l STo -0 |33 5{ 00
- a) | , = o8
2105 33 o5 Q stI 35 33
Ret B 34 12 100 Rep | 34 o
r aj STo7 A2 o7
Sto3x 33 03 L GTOE 22. 1S
Ret 5 34 0s *LBLC [3] 25 13
Reu B8 a4 12 SF | 35 510t
|SZ 3 34 RevL @ 34 00
oso (&) 34 24 Sto 2 33 02
X 71 ReL7 34 o7
—_— 51 Stol 33 o}
SToA 23 il Q. GTOA 22 (|
GSB o 3] 22 60 o W[LBLO_|3] 25 00
xX=0 3l 51| t=07? ReL O 34 o0
GTO 2_ 22 0O PAUSE. 35 72.] SURFACE. NUMRER.
REGISTERS
4 6 7 8 9
Coomer |'useEp [usep [ usep |'Usmo | useo |‘usep No R N,.o
SO S S22 S3 S4 S5 S6, S7 S8 S
Tz [Re  ["Nawa [ta.3 [ Ra ["Nag [a.q [Ra [ Nas [E4-s
B , [ _ ¢ , D E ¢e I
Q> Qi |SiINU —=Sumlk] 3 or k Y — Y, | L—=ul | useo
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STEP

KEY ENTRY

67 Program Listing 11

KEY CODE

COMMENTS

STEP

KEY ENTRY

KEY CODE

COMMENTS

)| [«]] Sto 5 33 65
STo+0 B3 61 00 170 R4S R4 | DiSPlAY LA’
) 34 24 Ret & 34 \5
RTN 35 22 ReuL & 34 i
MWIBLE [3] 25 15| PARAUIAL TRACE = al
RelLD 34 4 Rei 2. 34 o2
i) 34 24 Rel C 34 |
120 - 8l — 5
tIsZ 3| 34 X yd
i) 34 24 Rt 3 34
Rel?7 34 46 Rel. C 34 3
iond 51 180 — 5]
X 71 et 8| |
L 34 24 L ol
= 8] — 5l
ReL7 34 o7 St 6 33 o6 .
ReLE 34 |5 R/S DisPAy 0SC
130 b.§ wi] #*iLpL 5 13}25 05
(B 34 24 1 o)
Sto 7 33 07 9 09
= al RC. I 35 34
+ &l , 0 11sZ 3] 34
SToE 33 |5 u x#FY 32 &l
1SZ 31 24 GToE 22. {5
Q) 34 24 Fi? 3571 0Ol
x 71 GI0a 22, 31 11
Rel. D 34 \4 GSBE | 22 0é
140 = 35 52, GYOE 22 |5
-~ 51 Lt e [32 25 15
S D 23 14 b Rew | 34 o]
Rey B 24 15 SYo 7 33 &7
- 200 Rer 2 34 02
Svo 2. 33 02| ¢ STo O 33 00
Gs®0 3122 00 ) 8 o8
x =0 2] 5[] t=07 ST 1 35 33
GTO | 22. ol GTo & 22, 15
GT0S 22 as LBLa [3225 i
150 WL BL | ] 25 o) GSB e [l 22 06
Fiz i} RcL O 234 00
GTo L 122 3| |3 ST 2. 33 o
Rew C 34 RcL.7 3%
RclL 2 34 02 , 210 STo | 23 ol
RS 84| Diseray £ GTOA 22 )
2=Y 35 52, HILBLE [31 25 12 |LENS BENDING
Rt E 34 {5 Sti 35 33
Pl 71 (1) 34 24
Rel.D 34 | Vx 35 &2
160 Y = 35 52 Rci | 3¢ ol
- 5i <+ 61
To 4 33 04 YV 35 &2
R/S 84|DiseiLay h’ Sto (L) 33 24 ,
LBL e |32 25 |3 220 PAause. 35 722 ]Diselay Ry
CF | 35 é1 0| R¢. I 35 34
RCL 3 234 0 3 )
RcL 2 34 02z + A
- 51 NS 84
LABELS FLAGS SET STATUS
Merionar [Brns souee” LA osc” [ ParaxiaL | FLAGS TRIG DISP
a b CCLOSGNG d e X FE!Z:C’ 1LA’0&",‘ ? ] OS O% oec ® Fix lﬂ/
) 1 2CLosiNG  |PDAA T |ACF &R T 2 10 GRAD O | sc O
scwm'l.& GCLOStNG 7 e 5 - g‘f‘ 3 2 O & RAD O ENgG O
DaTA™ 3 0@ n
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Program Desecription 1

@ [rowmme First Order Tay tmcm q b y_Hain X

thods
Contributor’s Nar:e{e KU r t H Kre C ke l,, I
Address ___ _ 37”‘..60 k@dt V ‘ew EOQ d

ay Fairport B state N Y. zipcode Y4 SO
\_

7
Program Description, Equations, Variables __

_ Ref racl_«gm(f’ouu) Matrix: K-¥N
Tramfer (Thu;k ness) Halrix : )'

Halrix : al lay:y, o=u-N,
. (_L com%ng Qays)fﬂt&:;al q{( ;,R i&o M- (Y_QL}
d A Ew Hafrn( -(Y, %&)[ =:MA A:-£60,.. .5

(Outgor Y ) X s
fffi.m‘t“ \‘)nx K= (%3 gL (s -AA:(I?‘)

| \Q, Qq
“Holiplico AR (Y b b o j+a;b, abgalb,
Hulliplication: (el )(5 5% ) esary aidy

- { [}
4 it _‘Qh\q Q! I_.) m‘ :& :g_oﬁ
Operating Limits and Warnings — K
. Hake surg to press R[S aficy cuien'uj Lews ers Vi

I*-’vl::

2 Aﬂeo m_«dnx s«oﬁc’hggfu«‘ Xfer GHdux to eifles Aor B Matrin
focatiowu for furthey Mocesnue

3. Eutey Ny via ff][?l to ohlatu 19‘301_3 rcy_dl_m

\.

This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and uses

this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

w NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
i PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.

S S
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Program Desecription 11

( ,,,,,,,,,,,,, ‘ ,,,» H .A’ - a.z’z [ Rz’-‘ JETE ‘ . e i

Nete: Sa mrle Pmb
ew taken from

~
Sa

LT Ref b (Brouwer) p3§
1S

NSLS e A
B3 K> 224.5]

mple Problem(s) UA=WU=.

Sﬁtulmﬂ)lﬂl?; Lc]

, . \I e N Ppuse W

Keystrokesy: , e
20250 K. | W)[E] 000" 0,161 [

Rjs 21000.{A] 1000000 P P |2.)[f] (el »“o0n0.393 L?I
g.stis o3 a3 p | 6061 _§
__Rps»i000.[8] 1000, 1900 1) 0y| . ~—0083 Nu'
~3)[El ? \ooolooo‘jq ey 0.167 Nuu
Il lesolLoon A ay | 13) RS 0390 y'

1)mshcns[c.} 9500 K, 0067 y' o
_ Rl 21000, (8] ""LOOO','WOO g [ 0003 o

o9E s "100010:33 JE[* 4 | 0.167 T’
¢)(8) = “100070.833 “i€|", ey

U 0. 3330 1Y lewg
"¢1r34

M) R]S 0.933 WMy
1Xff][ﬁl (IET) > 10000917 ]q e)

=008, es
033 e/

'é)izésfiﬁﬁﬁ@bo.og,o,,,,,,, N o

COt2Rjs 00 R e
9)(A) . 2oowje200 B

_ i0)fJ(A) 000383, \“Jm S

0.000,0.00 200

J/

\ NN

. Delane : Course 1w Geomelrical Optics , St.John Fisher (oll, Rochesteq
W, Rrovwer: Matrix Hethods in Optical [Mfwmcvn“ )eSaju
196Y WA, Bevuamm [uc. P 3

Reference(s

4

Y




User Instruections

First Order Raytracins
Recall A Hatrix Recall B Melriy Tnverl Stk Het ylutvtnan jlags Recell € Had, }
a5t &y b bAT DNtiRo K &fs dtHsD' AlSoHolL A B
STEP INSTRUCTIONS o A'T'ﬂ/’b’;”s KEYS o gglp.i::rs
| |Load side | and side 2 [ 1 ]
2 |Inpot Refractive Index to right of Surface N' LENTER ¢ | |0
3 lnwi Refractive Index to €Tt of Surface N [ENTER ¢ | |W
4 Inwt Surface Radiys R LC 1L 1 |K
S |Form Rfraciion Hatrix iu Stack (0pt-€uter K) | (K) R[SI1__ 1 |1.000
6 Assiy n(kdmdwu Halviv) to Hatrix A for Holfipl, AT T FL.oso 100
1 _|€eca trix Lf 1A ) |Wea,na)
Fa Distauce d' lenTeR £ ][4
: Lnput tef;acumz '?’ansfer Space ) {U') [D | Fj] D'
10 |Forw Trausfer Hatri Opl Euter D' . 1.000; 1.000
il ASSHH to Hdﬂx_ﬁ_{_r_ﬂu_ﬂ_«'igfmq T E%Ej
12 leecall "B* Ualrix Lt 118 1 (186 h,hH,
|3 Comput trix €:AR [ﬁj% I€Ef’ eq
1Y [eecalf € ix f €l
s el (1] | b
| r more Refraction Maly nu to Halrix ) “a
aud repeat Steps 2,3.4,5,11, 93 [0 ]
16 |For wore Ty ¢ Matrices ,assier, to Halrix A (AL ] "M[' ay
A 1 Steps 8,910 11 1 %[l%l
T |Foroe amma gujpu[ cgy, lsscég te Hatrix B , "8’“,‘3‘(
18 l'upui Marg. Py Helelet ' [ENTER £+ |
19 Imbi y*uqe v u [eNTERT | |y
? %Muit Obned Space Befractive Tndex Ao %é[%]
" v ex Form M| Nk
22 f.i 2u (Priuc ay) He(o kit y (ENTER £ |
23 |n nz.‘ (Prive.ba U (RIS1L_ ]
24 |Repeat” (81 1
2S | Repeat S‘lep 13 (e[ ]
26 |Becal W trix Lf JLE )
(RIs1(__ 1]
% [ ]
L]
1 | Tuver! Uatrix iy Stack [f 1[C ]
(Obtain Cuverse corvect crver R
[ 1]
L 1]
I
[ 1]
[ I ]




38 67 Program Listing I

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
o ALBLB [312512] € g RCL 3 34 03
Bes S & 121 Cuter B Hatri RCL g 34 83‘
GSRA 31 22 1 P=S 3 42
P—S 3 Y 060 RCL3 34 03
RTN 35 22 . x 1
006 P LBLA 31 2S5 1| Eyter A Matnx Xt>Y 35 S
STO 4 33 0 RCL'1 34 0]
v 35 S3| X 11
STO 3 33 03 + 6l
010 K 39 53 STOo C 3% 13
STO 2 33 02 P, § 31 42)
¥ 38 S3 RCL | 34 0Ol
STO | 3301 RCL 2 34 02
GSB 0 13122 Q0 070 P—= S 3 ‘-IZF
CL 1 34 0| RCL Y 34 04
RCL 2 3402 A- i 1 03 ¥
RCL 3 340 \a, a XY 35§
RCL Y 34 0% 8 1 Ay RCL'2T 34 _1%
3522 ov X
o0 P RLbI[32 2912 ] L’ecd] [B] ¢ B 4+
P<3S 314 Hatr iy STO 8 33 12
SB a 32 22 i1 P S 31 4
“~S 31 4 CL | 3
29 "RTBhl'. Z;.gz‘lz R ( IA A ~ ';CLSZ. gl Slo?.
0 Q13 ecall ¢ “
] GsSB 0 131 Hatre \ RCL 3 34 O
RCL 340 atvix % 7
RCL 2 340 X = 35 32
RCL 3 kY RCL1 34 O
030 CL X 1
AT 3% Ta Al 33
033 K ﬁ,{i;%‘é cempuig 1Y QSR | |13122
cL 4 3 090 RCL Al 34 | 0, €
RCL | 34 01 asi RCL Bl 3 €:
x 11 RCL C[ 3¢ €2 €y
RCL 2 o_é CL D 141
RCL. 3 34O N 3
x 1 98 Le32 25 [S]| Pecall €l ¢ €
040 bt | GSB | LAO Hat'ia
STO E 3}1 RCL A 34
PSE 357 RCL 8 34 12
RIN 3?‘_2,; R 34 i
44 BL E3125 1S Kumply E-AR [ RCL 34 1Y
et il S —
RCL4U[ 340 LB 3912 o"tlt"‘.“‘ﬁ Ray
P=S 3] 42 RCLC| 34 Matrix
RCL 4| 340 RCLO[ 340 y' b u
050 X s “¢ -t Ni
X 3S S2 R — 3 X ‘(n)
RCUZ T 34 Q2 RQL% T ‘g/g,
51;0 D 33 Y “E“ 35 Ve stoed kg
P=S 31 STK 32 84
REGISTERS = =
4 5 6 7
“New | @ [ a2 [ 43 Ay c.=%*_ C23~Q,C3=~-A sC = _
1 S2 S3 S4 S5 S e S7 8
SO S b. b2. b3 b“ yLJ y J u u MO
A B C, D E 1
Ql=qlbl+a3b1 ez’azbl"’aﬁbz 23:a|b3*a3b¢1 e‘l:azbﬁa‘lh lAl(lBI
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KEY CODE -

COMMENTS

STEP

KEY ENTRY

KEY CODE

39

COMMENTS

4 T0 S| 33 0S
RIS W ig] (O 0“‘(( ‘;hjd‘dl — 3'-75 ST 43
cLO[ 39 og] Meyuitcatioy x 35 sY
- 21 My Y / 35 sS4 Yy o=uN
P S 3L Y42 Q = 81> M-
RCLE[ 34 QR [v) 00 0
RCL O] 3409 X<y | 35 S2 0 ‘
120 P~ S 31 3 R.S Q0 i
= [ 3) ﬁ €utev v Y
X0 3 61 p
E—{ N 3S g‘ 180 31;65"8_ gé gg A e"P.‘“d 1
125 LBL 113125 O C STO 6 33 06
RgL. 34 |4 O“*Pvfe (€] RCL7] 34 07
RCCAT 34 RCLIT 34 0
X
RCL Bl 34 2 RCL 8] 34 0 .
S RCCCT 3413 RCLOT34 09 H:(Y E("‘”°)
x X — :_.
— Yl 8CL. S :”3” gg y =W,
%s_s 35 72 L S NN
13¢ *LBLC[312S 13| Euter N'W R 192 *LBLc|322S5 13] €uter Matrix X
L Compute (. V-V STO O gg- 03 X, X3
% 3524 R TS 7 (x X )
W | x+0 [ 31 6l STOT ] 3307 t
RIS 5'!1-_ - K or Eyter CHS 2
C ] Khere $STO6 |33 06
E{\ITER g eecfract 0 i@ Compute Defey.
XY T 35320 (power) Hatrin: 3H05| winaut [X)
0 00 v X 11
oviasdl ) (L) R
150 _ !rN__SS:_g-L‘ X 11
(51 25 (4] €uter ' N' |, - Sl
,;IS ] ' b 210 3 'D < 0 g 'X' =0 ¢
/ D' er Euter S ijﬁ :
xov T35 o5 here AR P )
o0 ! 00 ﬂ‘id( uess Haf!ix STO-S
ENTER I (l 0) H %ﬁ% G G
‘rw— ' +713321 07 T
T 1&%%5 € V! der s it ok (C‘ Gy
Kter vy w N,
CTO O ] Y o "i 3406 Xy X3
‘, Store ”M iu R CL 34 017 = | ixy Ix
m T RCL# 3408 Xy X
S ] RTN __35ﬁ x| x|
S’ Q7 g_
[") 3§ S
LABELS FLAGS SET STATUS
Aﬂﬂ!zldﬂaJBbﬁbz'fbﬁbq NeNrRs K d'PND RS> AR 0 - FLAGS TRIG DISP
Al 0,000 |B1b, b, bt a e *Cdg‘fuﬂl,% s 1l e e 00, - cD®| b ® | x =
CIMCIBOTIE] [Pty [ ; ——— ;D & | Ao B ENeO
7 - 30 ¥ n
¥ VRGN N VIO kTS
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Program Description 1

~
Program Titte _ Fraunhofer Diffraction of Light by SphericajWParticles"_ww!w

Contributor's Name  Bil11l P. Curry R R

Address . Lakeview Drive, Route 1

City Decherd. ... ... v __ State Tennessee _ZipCode 37324 . __
\. J

Program Description, Equations, Variables .. This program uses Bessel functions computed by the W
standard series (for X<15) to generate intensity functions for Fraunhofer
‘diffraction patterns of light scattered by spheres. For large size parameters
(X215), Hankel's asymptotic forms are used. Nested addition and multiplication
oops are used in calculating the Hankel forms. Angular intensity distributions
“of scattered 1ight based on the Fraunhofer intensity functions are the asymptotic
limits of the exact Mie scattering series solution for 1ight scattering by spheres
of arbitrary size. The angular scattering relations are stated below:
Il’z(r,ggx,n)= Ioilﬁ(x,e,n)(cosz¢,sin 24) where I,,, is the Tight intensity
(kr)? . S

(energy flux per unit area per unit time) scattered in either1) the polarization
state with electric vector perpendicular to the plane formed by incident and
scattered vectors or 2) the parallel polarization state. The intensity functions

of the Mie theory areVj111(¥!e?n)2¥?uﬁfnwis the size parameter (based on particle
diameter D and 1ight wavelength A ), 6 is the polar scattering angle and ¢ is the
aximuthal scattering angle, k= 5 is the incident Tight wave number, r is the
distance from the scatterer to the obsever, and n is the particle refractive index.

In the Fraunhofer Timit, 1-(x,0)=|i1,2(x,6,n), the effect of refractive index

_disappears. The Fraunhofer intensity functions are computed from iF(x,e)=£x ~SiNG
‘where J;(xsing) is the Bessel function of first order and argument xsin6. . .
Bessel functién accuracy is 7-8 places for x'>15, 4-5 places for x'<15 (more_accuracy
for small X) --x'=xsinb. LeastAaccuracyﬁoccurs for x' _near 15, on_account_of un-
.avaoidable roundoff error. Intensity. functionswcannot;be_cnmputedfatwexacily,ﬂﬁmmmw
scattering. . Instead, use very small numbers, such as 6=10"2% to obtain 0°;sgatnnjn#
result. Program contains a limit restricting it to angles 0<6<180°. Same precautiong

Lmust be observed to approximate 6=180° as to approximate 6=0° (use 9 =18D:10:7°).

J

( )
This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.

. _/

X7 co 2J1§xsine)]
' k]
|
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l’mgram Deseription 11

rigkétchies)vw - 3
ﬁgometry‘

[ SN —

Scatter1ng sphere
‘at or1g1n

mScatter1ng partic]e has radws-g

2
Incident 1ight has_ wave]ength A
Incident Tight has electric vector along

x-axis, magnetic vector along y-axis
Scattering plane is Py plare =~

A
X A4 - I R
Incident L1ght |
- i )
e ~

Sample Problem(s) __Consider scattering of 1light at 10.6 microns wavelength by sphere

with 250 microns diameter at the angles stated:

Angle , Fraunhofer Function e
O i(xp) Size parameter is x=74.094166
1) (107%)°  7.5348722x10° o
2) 2° - V,1.0157965x]0§W B NOTE: Program displays, in order,
4 1.3170225x105 _ the following quantities:
- 6° 1.8250979x10" 1) Size parameter-x=T2
& 3.3208465x10° ) (1second display) ©
o 3 2) Scattering angle -9
10 1.7535760x10 (ssecond display)
3) Bessel function-J, (xs1n3)
(1second d1sp1ay7
- 4) Fraunhofer intensity
function - i_(x,0)
(5second display)
Solution(s) .

Enter_in the order stated the following keystrokes: —
Problem #1: EEX, 3, chs, enter, 0, enter, 250, enter, 10.6, press"A" after resu]t
has been computed, stop program by pressing "R/S"

Problem #2:. 2, enter, 2, enter, 250, enter, 10.6, press"A", allow program to. step

through the angels shpwn

" by pressing "R/S".

After result hasrbeen C°mPPF?ﬁgm§t9Pﬁ9f99f§T_

J

Reference(s)  Any standard text on optics of level equivalent to M. Born and E. Wolf,

Optics, Pergramon Press, Oxford (1959).

Handbook of Mathematical Functions ed. by M. Abramowitz and 1I. Stegun, Nat'l Bureau

\

of Standards, AMS 55, Washington (1964) pp. 355-435. ,W;J




“ User Instructions
Fraunhofer Diffraction
(monodisperse)
STEP INSTRUCTIONS oAlrmlerIns KEYS DSTT/.S:ITTS
1.1 load program (both sides) 1]
(If desired, replace f-x-in line #210 by CiC ]
R/S-optional) I
I
2.| Enter data in order shown: 6,4,9,D,)\ eo(degraes[)i,ij [ENTER+ 9, (degreps)
(6, is initial_angle for sequence of r TJ [ ]
calculations) O 10 ]
JAY: (degraei;] [E@+ A6 (degreps)
D (mi ns[PﬁJ @IElif D (microhs)
A {micrpn "jr:g r—{microhs)
-~
3.] Start calculation sequence - press "A" [:1 ,:A—]
S .
Display pauses 1 second to output x =—-ﬂ1[1 [ 10 ] [x(dimensiopless)
Display pauses 5 seconds to output © E;j L: 8(degrees)
after long program run (1 minute sometimes), LI ]
Display pauses 1 second to show Bessel functio ] 1 [9.1(xsine)
I di less)
Display pauses 5 seconds to output Fraunhofer [ 10 1 ieglxs8)
intensity function [ T 1 [(dimensionfless)
]
After answer display, program automatically Eﬁj* [-j
steps to next ang]ed(e,.=e: 1+09) and ” 1]
continues calculation ;eqllmnce I
L1 ]
4.] Stop calculation sequence at any time numbers [ 1 ]
are displayed by pressing "R/S" :l
[ 1]
Program automatically stops at 6 = 180° 0 1]
10 ]
10 )
I
I
.
[
L]
[ 1L ]
1]
[ 1L ]

v
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
[ 881 xLBLA 21 11 Main program 857 RCLé 36 86
g8z  F3? 16 23 83 @58  STO07 35 67
883  GSEB Z3 g 859 1SZ1 16 26 46
884 6589 23 83 868 6701 22 81 Branch end point fon
Bas RCLE 36 66 D 861 xLBLZ 2l 82 iseries 1 loop
@86  PSE 16 51 Display x=lr 862 RCL? 36 o7
887  RCL2 36 8z 853 ST+6 35-55 @6
888  PRTS -14  Qutput 6 864 2 8z
@89  SIN 41 865 ST=6 35-24 86
818 X -35 866 RCL4 36 04
811 ST03 35 83 867 STx6 35-35 86
812 6SPb 23 16 1 _ _ 868 RCL6 36 86
813 PSE 16 51 |Display Ji(xsine) 869  RIN 24
814 GSEd 23 15 14 878 xlBLc 21 15 13 |Hankel
@15 6T0A 22 11 871 RCL3 36 83  |asymptotic forms faor
816 *LBLO 21 oe 872 25 16-51  |Bessel functions
e17 : -24 872 ST03 35 83
818 Pi 16-24 874 I a3
819 x -35 @75 ENT? -21
6ze  STOE 35 @6 2?22 ;;‘ggﬁlgieﬁ"d 676 4 84
821 Ri -31 calculation ar7 z -24
822 STO! 35 a1 878 Pi 16-24
823 R{ -31 879 X -35
824  STOZ 35 az age - -45  o=xsine-3/4m
825  RIN 24 881  R+D 16 46
82¢ wLBLb 21 16 1Z |Bessel function 882  COS 4z
827 RCL3 36 83 |calculation @83  ST04 35 84 =8x
828 1 81 If x'>15, branch to 884 LSTX 16-63
829 5 85 |asymptotic routines @85  SIN 41
a3e 482 15-35 -LBLc. age §T05 35 85 Branch to series
831 ET0c 22 16 13 (x':xsine) 887  EBSB3 23 83 2 ]oop
a3z Ri -31 888 STx4 35-35 84 _
a3z z 8z 889  GSB4 23 a4 Branch to series
834 : -24 @98 STx5 35-35 @5 |3 loop
835  STo4 35 84 891 RCL3 36 83
836 % 53 892 Pi 16-24
7 CHS -2z 893 -35
@38 ST0S 35 @5 Series 1 Toop 894 2 2
839 xLBLI Z1 i eries 1 loo 495 z -24
848  RCLS 36 @5 8% 1% 2 o)/, ~—-9—2
841 RCLI 35 46 a7 I8 54 Ja(xsing)=/nxsT
a42 X 31 898 RCL4 36 64
@43  RCLI 36 46 899  RCLS i85 | x[P (B)cosoc—Q(B)S'inoc]
844 NI 16 52 106 - -45
845  RCLI 36 46 181 x -35
846 1 a1 182 25 16-51
847 + -55 183 STO06 35 85
a4s NI 16 52 184 RTH 24
249 X -35 185 xLBL3 21 83 Series 2 Toop branch
ase z -24 | 186 RCLS 36 88 to multiplication
851 ST+6 35-55 @5 167 €5Be 23 16 15  Tloop
852 RCLE 36 86 | 188 RCL® 36 8s
853 RCL7 36 87 189 GSE8 23 g
@54 CSES = heck 116 RCLE 35 a8
as5s  Xv? 16-34  {ponvergence chec 111 CHS -2z
656 crop 22 g2  Lbranch out of “,ggelsﬁns 112 yx 31
] > 3 . 4 N 5 . olePart sum|Prior Parls 9
*x=L,D A® ) Xs1nb xs;ne '(Xséne) series 1|sum ser 1
svarital [siPart sumlsPart sym[S3 . SP, ¢ S N ES 7 S8 Index (S Index
product | series 2 seriesSS Xs1né ‘P(B)cosoc SQ(B)S”KX Series 2lSeries 3
APrior Partial Prior Partial |[C P : I%:ggi-;ﬁﬂes ]
SUm seriec 2 sun-serigs 3 :




” 97 Program Listing 11

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
2 Z - T T |
i;: STil 35-55 gf Ser1esm2 ]O?gm 163 N? 16 32 partial summands X
115 ReL1 361 [Pyt B 178 s g6 oy for Hankel Asymptotic ®
116 RCLA 36 11 =-w (Zm)] i 4 36 gé forms
117 €563 23 85 | 2" (_1)K[(2k-1)-4] 173 x -35
118 X»7? 16-34 k=1 174 RTN o
119 GT0é 2286 |
< onvergence check 175 #LBLS 21 @5 |
128 RCLI 36 a1 branch out of loop 17¢ - 45 Convgrgence test |
121 5T0A 35 1 177 8BS 16 31 ‘routine i
22 y 178 EEX -23 f
123 ST+8 35-55 8% prd . o
124 ©T03 22 83 ivn cHe 3
125 =»LBL4 21 84 Series 3 loop 181 BTN ;;
w s bebe ety |Qu o B 162 #LBLE 21 66 .
| 128 RCLS 36 89 (B) =0 (2n" 7! 183 RCLI 36 81 Branch endpoints
| 1‘;:.9 e 23 e-é : 184 RTH 2 for series loops in
3 136 RCLY 36 89 2m| 185 «¥LBLY 21 87 Subroutine C
_ o (-1)K[(2k-1)2-4] 186 RCLZ 36 @z
131 CHS 22 k=1 1oe  ETH %
2 '
21 3 m'=m+1/2 188 xLBLS 21 89
138 X 3 189 8 86
134 ST+2 35-55 82 198 sToe 2 o
135 RCL2 36 8z 191 srog q; s
136 RCLB 36 12 preS b ;5 &
137 6585 23 85 p - Initializing
138 XY 16-34 Convergence check 183 PES 16-51
139 €707 27 g7  |branch out of Toop 184  ST02 33 82 |subroutine
148 RCL2 % 62 133 2 6z
141 sT0B 35 12 igg ST”f 35 g?
142 2 8z 198 ST09 35 85 “

143  ST+9 35-35 89
144 ET04 22 84
145 xlBle 21 16 15 Multiplication
146 STOI 35 46 loop

147 1 a1
148 &T08 35 a8

198  S5Toe 35 8e
288 STO! 35 81
281 pas 16-51
282 RTH 24
283 »xLBLd 21 16 14

284  RCL3 % 83 Calculation of

i;g “ég‘l:; & .1??; -11.15 285 : -24 1'F(x,6) and final
- 286 RCLe 36 86
151 2 82 87 2 il output
152 x -35 29, 33
153 1 61 288 X 33
5 - 45 289 Xt 53
156 4 84 211 RCL! 3¢ 81 Angle stepping Toop
5 - 45 212 §T+#2 35-55 62
158 | o1 213 RCLZ 36 82
160 RCLI 35 46 215 R0 16 46 .
151 ¥ 31 216 93 3 16-34 IF 92]80 ,stop
162 5 -35 217 RTN 24
163 STx@ 35-35 Bé =
164 DSZI 16 25 46
165 6T0a 22 16 11
166 RCL@E J6 86
167 RTN 24
168 sLBLE 21 88 LABELS FLAGS SET STATUS :
A start | c P € o FLAGS TRIG DISP W
a b c d e 1 ON OFF
Mult,loop | Bessel Fung H\,amnnkf}om QutputRoutine o O ®| DEG ® | FIx U
L 4 T 2 r
°Data sto |'Ser 1 loop *Ser 1 endpd Ser 2 1oop|* ; g gESD g ESIG7
5Conv. test[Ser 2 endpt|’Ser 3 endpy® 9 sData enmtry s o m n

O
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Program Deseription 1

M GrogramTitle Kusecka ~Mune Dirpusine LAavee
REFLECT ANCE AND T RAVSMITTANCE

ContributorsName LEE M. CuHase

Address 12l MAssOL- AV(‘..’ ArrT 408

city hos GaTos state CA _ ZipCode AS0O030
_

: Program Description, Equations, Variables A ROGRAM CALCULATE S THE OPTICAL PROPERTILS OF
A DIFFUSING LAYER Yy ACLCORDING TO THE THEORY OF KVC‘.&-}(A anD ,MUNK. ..... S
VARIABLES ARE: S =acATTERING COEFFICIENT , k = ABSORPTION COEFFICIENT,
d = THICKNESS oF LATER, R =REFLECTANCE , T = TRANSMITTANCE , Rg =
REFLECTANCE OF AN INFINITELY THICK LAYER.
EquatioNns usep . Funertion A
T= 48/ ((1+8) - - (1-gy &")
R = (l-ﬂt)(ﬁx‘l—'éK&)/((H"by‘C“— (‘ -b\‘é“)
| where : Kd =7Vkd (kd+23d) , B = hd /Kd
Sveciac case, kd—o0 . T =1/(1+sd) , R=1-T
| EQuUATIONS USED: FuncTion B
J kd = 8 K
sd=1/2(Kka/a - rd)
wHERE: Ko = sinn™ (2Ra/T(1-@%) , B ={B-0)/(A+) ,
A=R(1+(1-TH/R*) /2
Srecian case, R=0: sd =0, bd=-fu T .
SeeciaLcase, R+T=1: sd=0/T)-] , kd=0 _
E@uaTions vsep FuncTioN C,D o - -
Rao = (l‘/$3/(l+.6), s%& =((1/e)-1/2 wuere 8 = (1-Ra)/(1+R4)
Operating Limits and Warnings | =0 CANNOT BE INPUT TO FUNCTION B. [N This
CASE. R=R4 AND FuncTiOoON D CcAN BE USEP TO FIND SJ/hJ

| \_ J

This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and uses
this program materiai AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

e w NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-

TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.

_ )
i 7
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Program Deseription 11

Sketch(es)

\_

~
Sample Problem(s) ,TW,O,&A!"IPLES OF SHEET PLASTIC HAVE THE PROFERTIES

IN THE TABLE BELOW. WHICH ON Wikt TRANVSMIT MORE LieHT ?

sd kRl
sAMPLE. | 3 o)
sanPLE 2 | N

T HE REFLECTANCE AND TRANSHMITTANCE OF A SAMPLE
HAVE BEEN MEASURED AND FOUND TOBE ,S551 AND .13

RESPECTIVELY . WHAT ARE THE SCATTERING ANP ABSORPTION
COEFFICIENT S 7

Solution(s) KEYSTROKES
sanpPLE | 2[4} o[A]l — 1500 (R)

— 2500 (T)
sanPLE 2 ' .¢LAl —» 3254 *(R)

2540 (T
SS52 L1 int [B]1 > 2.9996 7 (sd)
4999 (ed)
- y,
7
Reference(s)
L WenoranoT, W, W. ,\\ RerLecTance SPecTroscoPY 3 pp 55-62,
InTerscience Pususkees , 1966,
2. Kueerka, P, New ContriauTions ToTHe OPTICS oF INTENSEY Lignt-ScatrERING
X Mareriacs Farr | “) J.0eT. Soc . An., 38, pp 448-457, Mary 194S ,
_




User Instructions “

Kvagrrs - Mun

sdthd+IR,T gRT+sd,kd

STEP INSTRUCTIONS DATANTS KEYS o ;?Tlf/zngs
| |Loap sibE |\ anp sipe 2 I
2 | FinD APPLICABLE CASE IN LIST BELOW I

AND INPUT APPLICABRLE VA LUVES . ;”

o) sd Ano kd  kNown, sd [enTER ¢ sd
CompuTe RANp T kd A R, T
OptTionAL: COMPUTE Ko C H e

) B aAanp T known, ™ R ENTER 4 -3
conpurTe sd ano b T B | sd ,kd
OPTIONAL. compuTe R4 | Ra

) Ry knowN, conrure 5wy Res D | sd/pd

d) 54/ d KNOWN, comPuTE R s4/fad E % R«

]
M * Note:lg T=0 TrHen R=Ra AND

oPTION C) MUST BE CHOSEN

THEN OuLY THE RATIO sd/luﬂ caN

BDE DETERMINED,




kL d [ ]
. 67 Program Listing |
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
001 TIBL A |SI 25 1\ [sd?kd SR, T 057] 570 A 35 11
002 STO® 33 2 7 058 ) []]
bos | X=07 3] S)|'s hd=0 7T 059 + Al
004 | GTO | 22 01| Ye3 060 /X 38 62 |
005 | X=Y 3y £2] ~NoO 06l ]| STOE 33 |S
00606 | STO A 33 11 062] 1 0}
0607 | 2 0 063 | — 5
008 | X 7\ 04| cHs 42
009} + 61| 0L5]| sTO O 33 |
010 RCL B 34 | | 06| —X- 3] 84
o] X 71 0¢(7]l o 00
017 ] X 23] 54 O8] sSTOI 3% ol
013] 8TO © 3% 00 061 Ry 35S 53
ol 1/X 35 ¢ 070 RCL E 34 15
0I5 | RCL B 34 12 071 [*LBL 2 |31 25 02
ol¢] X 7 072 ] RTN 35 22 4 5d
017! sTO | 33 0f 073 LBLE [31 26 12 | RAT 54,
018 ] 1 ol dM| sTO E 33 15
6\ + 61 07| x* 32 54
020 xX* 32 54 o)/ ! ol
o2l [ RcLO 34 00 077 | - 5
o021 er 32 52 078 ] CHS 4
ol x 71 079 X2 Y 38 52
A1 | 1 ol 080 STO D 33 |4 2
025 | RCL | 34 0l 08l | x=07 3] S1| s R=07
0| — 51 082 TO S 22 0% ]| YE>
017 | X* 32 54 083 | RCL E. 34 5| No
08| RCLO 34 00 084 | + AR
019 | CHS 42 085 | 1 ot
030 e" 32 82 08¢ | — Sl
031 | X 7 087 | X=07 3 51 ] s reT =1 ?
p32 | — 51 088 | 6GTO4 22 04| YES
D33 | sTO 2 33 02 081 | RY 38 83| WNo
034 | ReL © 24 00 090 RelL D 34 1
D3¢ | er 32 §2 041 | X* 32 &
o3 | % 41 092 =+ 8
037 | /X 38 62 093 1 )
036 — Sl 094 | + AN
029 | 0l 09¢ | 2 02
040 ecL | 34 o} 0§¢ | =+ 8l
o041 | X* 32 54 097 | RcL DO 34 14
o4 | — s 098] x 21
043 | X 11 09| sTO0 2 33 02
D44 | XY 3s 52 100 { )
045 | 8l lof | = 5\
046 | STO D 33 14 p2] RcL 2 4 02
04T —X~- 3184 03] 1 ol
048 | RCL | 34 0Ol 104 + 6! |
041 ] 4 04 0§ = Bl
050 X 21 [0¢ | ¥x 31 54
05l | el 2 34 02 [07] STO | 3} Oi
02| + 8 [08] 2 o2
083 | STO E 33 | 109] X
Fos4 [ &6TO 2 22 02 110 RCL 1 4 ©
0§% Ji|_lz~|.\ st 25 ol ] kd=0 ] x* 32 54
D56 | X=Y 3 §1 2] ¢cHS 42
REGISTERS = 5
0 K& 1 b 2U$ED 4 5 6 7
SO S1 52 S3 S4 S5 S6 S7 S8 S9
1
A ed ® od R, ° R € T
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67 Program Listing 11
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
13 |1 o] e [ReL | 34 O\
& AR £L Bk &
ug RCL E 34 :le |77§ é'r?qc. sg 3
N7 = I T 3
118 | RCL D 34 |14 9 %L aLD |31 26 4
| x U 172 sTO C 33 |3
120 4 Ll 17¢ \ (ol|
- M ——
l
123 | + 6l 179 reL € W 13| Re > *ad
124 | X 3] $4 180 i Y
1‘ Iﬁ +N glz s'z T gl
1 L 3| [ +
‘ {171 STO © 33 00 83| STO | 33 0]
128 RCL | 34 ol 184 x* 32 54
! [29] X 71 sl 1/x 38 62 ]
130 5TO B 33 12 TIAN ol
31| ReL O 34 00 1871 — 5
2] _eL | 34 ¢ |l l 2 o2
g‘i = 2 ™| gTN Y] o
131 ] ¢As 47 9] [FLBLE [3] 25 15 | %/Ad > Re
B3¢ 2 02 1921 2 02
37| — Y| 8] X 71
132 STOA .gs ;& :z;l ] ol
139 - X - I l +
140 2 l'éC.L B 2‘7{. 12 1"47 X gé ?’
JAL TO & 0 | /X y
w [2]18L 3 [3] 25 03] R=0 193] oTO | 33 0i
3| RCL E 34 IS M1 Y]
1441 LN 3] 82 200 - Sl
45| CHs 412 00 ] CHS 42
14t ] sTo B 33 12 202 1 ol
411 © 00 103 RCL | JA 0]
;:;‘g STO A 33 éll_' lo‘} + ¢l
-X- 31l 20 - 8l
150 X=Y 35 S2 10 sTOC 37 13
IS]] 6TOS 22 o0s 107| RTN 3§ 22
2™ LBt 4 |31 25 04| R+T = |
153 RCLE 34 1S5
1641 v/ x 39 62 | 210
1sC 1 0}
| — gl
IS7]| sToA 33 |\
158 —x- 3] g4
5] o 00
160 STO & 33 |12
y 161 | STO | 33 ol
el *ie. 5 131 258 08
631 RTN 35 22
| _u%“?BLC 325 13 |—>Ra 220
i 1L (o]
| (¢ | RCL | 1« oL
i g
] 0
| LABELS FLAGS SET STATUS
& [Fatador T o actnd [[» R Re>%d [*4/ha+Rs [° FLAGS ___ TRIG DISP
| ° i 5 © ° ° 1 0 O[S OILZ:]F DEG 0O FIX
0 "hd =0 2yseD 3p=07 [|‘geT =7 | 10 ® | GRADDO | scI O
- : RAD O ENG O
Suseo 6 7 8 9 3 § E]] [%] A n_4

.
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Program Description 1|

s 2
Program Title  RAY TRACE PARA B OCA ) ;

Contributor’s Name D ARREL D. Tf 4 GER s 0/\/ . R
Address /6 g . 5PR e 65 r D e B
cty BEO Fenr D v Cstate MNASS Zipcode 0! 73 O
\ J
(o » )
Program Description, Equations, Variables PR o 6 rRA M D ETERZ m / /‘/ES . S

DIREcTIon coSivES ©OF (~PYT RAY AND LoCcatl
AMoIR MaL  TO PARA B OLIC SURFACE , THE Q/REgcTlor
COSINES OF THE REFLECTED p4re THEAN DETELMNVED
OBY THE FeieowiNG Fremvld,

'&a 7‘,/@; -2a K

Operating Limits and Warnings A9 7 €& THAT WHEN t@ B EcT !S5 STv7rRED

BY Keys de A FLae 15 SET WHicH CAUSES
THE INPVT RAY DIREcTIVN coSives To BiE
CAVLATED FRoam A FINITE SovrRcE, TH!S FCAC
1S CLEARED WHEN THE InciOeEnwT ANGLES Bx
AND By FRom A SoOoURCE AT INFINITY ARE
| EVTERED 3Y KEY @.

( N\

This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.

\. J/




51

Program Deseription 11

rSkelch(es) v y x
Sy

P

- zZ
PARA BOLIC
SVURFACE

-
Sample Problem(s)“-) For. A PARA BOLIC M IRROR W (TH A Foc AL

CLEANGTH oFr S0 cnn FlaD THE coerDINVATELS oF A
REFLECTED RAY IN AN I1MAGE PLANVE K0 can Frosm THE
MIRRO WITH THE smiRerer TILTED =1° 4D wiTH
THE INCIDE~NT AT AN ANGLE oF Oy < 03", Gy-’-Z_f’
HITTING THE s, AT X,=6 ) Yoo = & .

b) WITH THE SAmME TILT AmD ANGLE oF
INCIDENVNCE SCANV THE minrert From X, =5 To
sz—.;} A D YM=-Z T YM=l3 it A/ S ¢ .

IV crgE meENMTS.

NOTE TWAT P = 2 F. L.

Solution(s) &) /& O sTenx, S50 keY 44) l eSS REY %L) 0.5 ENTER
2 keYy B, S$E~vTER & Ke¥ D
ovT roT X, = -3, 53977
Y: = eo,4v226l
L)4P>5, 4 $Te 0, 5 sT70 7, 2cHs syog,
2.5 cHs sT0 9,5 8703, L P>S5S, HEY A

ovTevT X, = 5, 0cveeocreo o
X, = =3.5364¢ -
o Yi = 0.44 €99 ETC y

Ve

Reference(s)
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User Instruetions

RAY TKRACE

4
o PRINT cowsT Yy TIeT

PARABOL A

OUTPUT
DATA/UNITS

SCAVM mint, fo#
STEP INSTRUCTIONS DA'erAITlle;lTS
| |ceao BoTH SIDES o©oF CARD
2 | INMITIALLIZE
STORE PARABOLIC consTarT P
STIRE NumBer oF Y scawx
PoinTs M = INCREMENTS + 1 N
STORE MIRRO® END PolwNTS Xsraer
YSTA'!T
Xerop = Xewo = AyZ Xsror
STIRE INcrREMENT SIZE AX*AY
SECECT TILT OF MIRRI |
ABoVvT Y AaxS$ &y TT
Y| secEcr ImArAGE PLANVE Zimace
5| FINITE OBJECT DISTANCE &
SELECT OBJLECT DISTANCE Zosoger
| SELECT Pol~NT oN o RBJuEcT Xo
, Ye
6 | InFIn,TE o0BuEcT DISTa~vcE ?
SELECT INCIOENT ANGLES € x
&y
7| SELECT RN moDE
ONE RAY Xoinaor
\/mmnoﬂ_~
oNVE N, scan Xaigror
SCcAN ENTIRE MIiRRIIC
¢| PrRINT conwsTA~TS (RO,
R SEC 0 To 4, R A To L)

[ £ 11P>S]
[sTe|[ o |
[srel[ 7 |
[sTol[ & |
[sTel[ a ]
[sTol[ 3 |
| ¢ 1[P2S|

i

0000000000
G

|
i
|

Tt

|
a
L

by rier

Zimacs

ZopoEer

Xo

=C038,cos P

AGE

X4

Vi

ImaGE

PAifs TO|
E~D

XM'

Aa

ETC

XM?.

Ya

ETc

ConmsT,




97 Program Listing I 53

STEP KEY ENTRY KEY CODE COMMENTS STEP S;EY iNIR_Y KEYI CaOPE COMMENTS
B0 alble 2151t [ o peld seae % 11
B6c  RLLE 3¢ 86 85% ST05 35 @9
W 683 FRTa 4l comnsTANTS 868 RCL7 36 &7
664 Fi5 163l 861 3P 34
88;  FREG  i6-13 862 RCLS 36 65
886 PEsS 16-51 863 +F 34
P R 064 ST:9 35-24 65
bhe oFd iccias |IWMITiACI2ES 865  CHS -2z
247 o b e v N 866 ST=7 35-24 &7
616 Pis 16-31 | Sc A 867 T8 35-24 68
611 RCLE 36 &E 668 ROl 5t as
Pt 869 RCLS 36 69
, il Pt 871 X2y -41 RMAL TO
Bi3  ESB3 23 83 . e ~o
816  DSF9  -63 6% g7 RILE 36 15 | pygror To
817  PRIX iy ImiTiAL X, 073 + 55 TILTED
! _ o 874 Xy -41 CoOoORDINATES |
818 DSP5  -63 &9 prO by
815 511 35 4l 876 ST 35 &9
826  RCLS 36 85 877 xay Y
821 ST0Z 35 62 A A
e rat M lcarcuraTes 679 RCL4 36 B4
823 RCLI 36 B! 686 " 35
bz4  w% o o2 Zon 881 RCLS 36 85
625 ReLz - 3 g‘; 882 RCLE 36 a8
825 RCLA 36 i gg; RCL6 36-22’
5 = -ed 886 RCLS 36 63
' 83e 2 (75 - N =
W 831 = _E,_ 981 X ‘3J
83: RCLI 35 @i 88 4 ~33
- i - o 8839 b 8z
833 RCLZ 36 82 : -
834  F35  1§-51 638 X ~33
A o o 891 STx7 35-35 67
K3 STGE 35 8§ 892 STx8 35-35 @5
836  STOZ 35 &z o d0md
i 3 893 STx9 35-35 89
asé sT07 35 a‘-* 094 RCLT 36 67
i M 895 ST-4 35-45 &4
7 < iy TRANSEORMS 896 RCLS 36 8¢
b4p  oF 3 897 ST-5 35-45 65
B4l N2y -41 XA avD B 8% RCLS . 3% &9
z RCLE 36 15 /
b4z Te TicTed 899 ST-6 35-45 66
g:j goy 33 C oeRDINATES 166 RCL8 36 86
- i Xo AxD Z 181 RCL3 36 83
845 <R 44 <& L )
P 182 45
o wile Y 183 RCL6 36 86
34.' XY _41 .
A e H 184 = -24
645 ST0L 3561 giw TE 0B0ELT 2 185 STx4 35-35 64
b4 FI7 16 25 &l 166 STx5 35-35 65
856  6SEI 23 61 6 b
) a1 1867 RCL4 Je 84
51 RCLE 36 1z .
) i i 188 RCL1 3o 81
852 ST04 35 84 o o
853 RLLL 36 13 118  PRTX -1 |prIuTS Xiunes
854 ST05 35 &5 L
! 39 b 111 RCLS 36 @5
855 KRCLD 36 14 1z R we
856 ST05 35 86 REGIS 1 cno
0 1 2 3 4 5 6 7 v s o BU SED 90 ssp
ZIMAGE x;\ Cric YM Zm (rieT) VYSED | Y5ED SGU =22 s7 - S8 S9 ax
SO, St s2 S3 s S5 _ax
Fo01w18] X o0 Ton AX “8Y| XosoeeT| Vo gorer | Zossser |Xm stant | Ve sraar | X exp 2|
(A PARABoLI C |B C s o Lsep ETILT avokll .
covsT, PP VSsED LsED Gy rur Seo
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97 Program Listing 11

STEP KEY ENTRY KEY CODE COMMENTS STEP —KFY ENTRY KEY CODE COMMENTS
113 162 STOE 35 15 ! srﬂtESNM’E
114 PRINTS  Ymace ive RS L TILT A
1z owe PoiwT I71 slBLE 21 15 Oy rieT
ile ) oM mIRROR? 1,_.: Ef. :'g-'_; SToRES
g6 ks e e T4 osuseT
113 & T ez 173 cooRDINATES
126 DS 546 i7é
F ~? -
1 ¢ oo G4 EwD OF Y/ SCLANI ii,._ Xo An~vD >/o
122 23 0z
236 2z gz SCAw Y owmy? i7
124 RC 6 66 18{*-‘ TRACES oWNE
125 8T T 46 ; RAY AT
126 RC ;85 82
127 3 2= g2 183 S PECFIED
22 ORI c 87 184 MIRRO I
£e RLLS i e c 0 s DINATES
128 §87-1 T di fb‘. X awd Y
138 RCLS 3¢ &3 1g6 m m
131 RCL: 3% 61 187
132 gFr 16-11 188 SToP Yy scaw
133 DSPS =63 &5 185
134 FRTH -14 To wEw X 158 TRACES RAYS
135 psps -6z 85 PRIV ~ 181 Y Y O
136 vE 1€-74 152 AT ss<sc
137 604 2288 LAST X 2 193 ¢ m
138 P28 16-51 ;:* #L RECALLS X
138 Rt 5 85 Fi N
. e s - =g CAN
148 xiEL! i al 136 For ¥ s
141 Fg 16-51 157 |
142 RCL4 36 64 CALCVLATES }:i il € ALCULATES “
oo R 2% DIRECTION 267 DIRECTION
4 Lt st Bt il 11y
145 Fis ie-51 cosIVES 261 CostVES oF
§ CHE -2z 26z
14: u”: . ti OoF RA?I 283 , INClLOENT
147 RCLS Sb B :_ L Rﬂ’ Y-s Ar
148 + -55 FromM 264 2 &
145 §7a¢ I 8 OBIECT :v’; 4z ' ANVD Ty
151 CHE -ek o mIRRoR <t e
5L RCLE 3¢ az T 268 3 1 AXl§ For
153 + -55 FOR 0BUECT ‘; ':_ OB IECT AT
154 ' 35 65 2% le-63
155 -3t AT FINITE 211 4z I A FINIT Y
i5¢ -2 DISTANCE e
157 oL IE €1 577 13 brs _‘c-.f.:)
isa + 5% ~ o
155 5TO4 5 84 3l
166 FCLS € @5 ¥Lble 21 16 IS STIRES
1€1 +F 34 SF1 lg &1 8t OB JECT
162 RCLE € 65 23 16-51 COORDINATE
163 +F 34 5 5T0c 33 86
164 £T=4 35-34 @4 e Fag 16-51 Zossser
165 £T:5 35-24 @5 ggl ks d STORES
166 fTe6 FIiEE e v e | ImAGE cormp,
167 EToE 22 @ 223 ST08 75 o6 A
168 ¥iBLe 21 16 i2 LABELS 24 f?;" >I _ SETsvAiUs
A SC AM B C D E oowm
o | Ox Ty | "X PeaV) [XatYu sToP| Xo® Yo A FLAGS TRIG DISP
PRINT b d 1#IMT ON OFF
zonsTants| By TIT Bimace |"Fonser | osvEeT|o 0 ®| DEG X | FX X
0 o, cos. [2Y $TOP [3X, = Yscadroc enra [ ScaN |1 O GRAD O | SCI O
2 0K RAD O ENG_(
5 6 ENTER 7 8 9 3 n
IMITE €8, 3 0 X
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Program Deseription 1

~
Program Title Paraxial Ray Tracing Part 1l-Tracing

Contributor's Name Morton S. Lipkins

Address 3 Nemeth Street e .

City Malverne R . ____State New York ZipCode 11582

\_

( . . . ‘
Program Description, Equations, Variables . This program will trace a paraxial ray thru a
centered lens system of up to ?vsu;faces. All the data may be stored at one time
by the subordinate storing program, Part 2. Image and objgct distances and Back
Focal Length (BFL) are calculated. Effective Focal Length (EFL), image height, L

and lateral and longitudinal magnification are optional. Aperture approximations

and slope angles at eachmsurface are optional.

The following conventions apply with respect to each surface. See sketch, Page 4. ..

1. The ray goes from left to right

2. Distances to the left are positive, to the right are negatiye.

3. Slope angles are positive if the ray is above the axis before axial intersection,

negative if below.

4. With respect to distances purpendicular to the axis, those above are positive,

those below are negative.

5. Angles are equal to their sines and tangents.

6. Symbols,see sketch Page 4.

Y1 =height above or below the axis of the intersection of the ray with surface R,.
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slope of the ray after refraction thru surface R,.
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Continued on Page 2.

Onerating Limits and Warnings

V
- * ' _ : —
r )

This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-

TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.

. __
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Program Deseription |

-
Program Title

Paraxial Ray Tracing, Part 1-Tracing

Contributor’'s Name

Morton S. Lipkins

Address 3 Nemeth Street e

City o Malverne, ____State New York ZipCodel1565
\

N

6. Symbols (continued)

Program Description, Equations, Variables . _ . R

£, = distance from R; to the axial intercept from which the ray
comes. -
' 21 = distance from R{rppmfhgmgxial intercept tovwhich the ray goes
. after refraction. R
¢; = curvature = T/Rlﬁ
Ny =index of refraction preceeding the surface R;.
Ni=N, =index of refraction succeeding the surface Ry,
£, = axial distance between 2 surfaces Ry& R,
"hy = height of the object above or below the axis.
»hiw=‘height of the image above or below the axis. :
m = lateral magnification. == “
WM = longitudinal magnification.
7. Formulae(see sketch Page 4.
Cp = 1/Ry Yy = Yy-tyuy £y &, m=h'/h
Yy T Lyuy o R = ya/ug Ni= N, m=m?
uy = C1H1(N1K‘A"1) tNyu, k' Yp-Lpuyp uy= U, EFL=y,/uy

1

Operating Limits and Warnings 1. When storing R for a flat surface, the input is 0.00.

3. Y should be set to % the aperture of surface R, in ordef__r that the approximate

__apertures of the succeeding surfaces be calculated.

e — S———
This program has been verified only with respect to the numerical example given in Program Description ll. User accepts and uses

this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.

\. — |
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PROBLEMS

Given: A lens system of 3 surfaces (drawings, Page 4)

R, = 1.674 R, =-1.032 Rs =-2.350
N, = 1.0 N2 = 1.517 N3 = 1.649
1 = N, = 1.517 Ni = N3 = 1.649 Ny = Ny = 1.0

£, = 0.349 42 = 0.100

Uy = 0.0

21 = 0.0

Yy, = 0.55

Problem 1

Trace a Ray parallel to the axis, entering surface R, at y; (fig 1).

a. Determine the Back Focal Length (BFL).
b. Determine the Effective Focal Length (EFL).
c. Determine the aperture Y at each surface.
d. Determine the Ray Slope u at each surface.
Solution
a. Store the data with the Storing Program Part 2 and record the data.
b. Feed the Tracing Program, Part 1, side 1 and side 2.
c. Print option, keystroke f E -—————-——=——~—-——=—o—————— output 1.00
d. Keystrokes 3 A-—=———=———————————————————— oo oo W, 0,112 xrxx
Y, B.511 k=
Uy 8,863 #xx
Ya B.58 xxsx
Wy 8,744 xi-
BFL 2,069 ##4
e. Keystroke B-————m--e——omem——— e — e EFL 2,255 s
Problem 2

Trace a Ray from the axial point of an object 18" to the left of the above
lens, and 0.55" high, (fig 2).

a.
b.
c.

d.

Determine the axial point of the image £j.
Determine the image height h'.
Determine the lateral magnification m.

Determine the longitudinal magnification T,

Solution
Assuming that the data from problem 1 is still in the calculator, feed
the Storing Program, Part 1, side 1 and side 2.
1. Keystroke 6 C =——=——mm-—r———s——— s ——— e — oo — e oo 6.
2. Input 0 R/S=—-=r=mmem——mmmm—— e — e s oo — o 6.
3. Input -18 R/S-==wm————rre— e — s e s — e — e — e 7.
Feed the Tracing Program,Part 1, side 1 and side 2.
Print option off I+F-er—mm——mmcmmmm e m oo e 0.00
INPUt 3 A =——mm e 2.390 2,
Input 0.55 E-————=--———-—momm e mm s e —me oo oo —ssss o s 0.000
Input halt 3 R/S ——-—=——————————-o——orme————oo—m————— o= 2.069 BFL
Input halt 2.390 R/S==—————=—=——=smmm—em— e ————— e -0.078 h'

-0.142 m

+0.020 M
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User Instructions s
PARAXIAL, RAY TRACING PART 1 - Tracing
n Start EFL
STEP INSTRUCTIONS DATAUNITS KEYS o 3‘23:;5
1. | Store lens data with Storing Program, Part 2. l:l I:]
2. | Load data card from Part 1 if data is not al- l:l [:J
3. | ready in the calculator. _ [:,J
3. | Load the Tracing Program, Part 1, side 1 and - [ ]
side 2 . 1]
4. | Input n (number of surfaces) then A to start. n [ a [ij BFL or ),
This step takes 35 seconds for 3 surfaces. [77,J [: 7
1]
If u; and £, are zero, BFL will be calculated. ]
If only 1 of the 3 items u; £; or y; is zero, ] (]
then £, (image distance) will be calculated. ':j [ ]
5. lOptional: FEFL (Effective Focal Length) but (e I[_] EFL
only if the output from step 3 is BFL (Back Q I::|
Focal Length.) [‘,:J [;j
6. | Optional: Select print output mode for Ray £ [ E | 0.00/1.00
Slopes u and Surface Apertures y at each ETJ [:]
surface Wp 6.il8 4s3 Ej r:j
y2 8.510 i [ ][ ]
P SO i |
Wy B.244 ans [ 0]
[ JC ]
BFL 2.069 xwx 10 1
7. | Optional: Image height h', Linear magnifi- L] ]
cation m, Longitudinal magnification M. [j l:
1. Step 3 to calculate £ n Lall ] £,
2. Input h h Cell ] 0.00
3. Input halt. Key 1 (number of surfaces) n @ l:] BFL
4. Input halt. Key £} from step 7-1 2 [resl ] ot mm
1]
[ 1]
[ ][ ]
[ 10 ]
[ ]
C 1L
[ 1]
[ 1]
[
[ 1]
[ JL 1]




60 97 Program Listing 1 :
STEP KEY ENTRY KEY CODE COMMENTS STFP ¥EV ENTOV vev AARE
g01 ¥LBLA 21 11 ? 16 23 &! COMMENTS
oez 2 0 Stipulate the num- 58 PRTX -id print u' if the
8a3 X -3 ber of surfaces. @53 STOE 35 15 option is set.
2684 6 85 868  RLLI Je @&l Calculate y and
aas + 3 a6l RCLD 36 14 store for the next
805 DSF3  -67 &3 Eéi RCLE 3 15 | surface.
o7 bzai ‘- 33 Y2 pddress the data g?'; ’-( -‘f':'
@88 SF2 le 21 & registers. Start e . T
aa9 4 a4 with number 4 86_51 RCLZ 3&: tﬁ.: Final y? If yes,
818 STOI 35 §f The 3 items of data, 866 RCLI 36 4 calculate BFL. If
811 ESBS 23 @< 4; £, Y, are manip- Btz? k_s:=?’? 19‘3-\.:»._-2 no, proceed to the
812 RCLE 36 i°© ulated here. See a68 G701 az bi ‘next surface.
813 x=@? 16-4; Page 6 step 4. Any 865 Ry ~3
814 670 22 16 13 3 items may be giv- gre Ry -3l
815 RCLE 36 g€ en and the 3rd will le FI:?; 16 23 &1
616  x=@7 16-42 be calculated. It af% PRIX —1-‘;
617 €106 2z &t iwill be printed if ors 5101 # %74
915 X =35 the option is set 824 6103 2z E'E
819 F1? 16 23 &i . 875 #LBLI el &l
828 PRTX "y 876 RCLI 35 @ Calculate BFL and
821 §T01 35 @1 77 RCLE 36 15 | St°F-
822 6TOb 22 1€ iZ 878 N -4
823 ¥LBLd 21 16 14 @79 SFC 16-11
824  RCLI 36 6! @8@  PRTX -id
825  RCLA 36 A6 881  FB? 16 23 g
a6  x=87? 16-43 88z &Tda 22 16 1!
827 GTOb 22 16 iZ @83 RIN &4
828 z -24 ag4  STOD 35 14
829  F17 16 23 &! 885  SFC Ie-1:
838  PRTX -i4 ggf Lglg " 24
@31 STOE 35 15 ;oK 2l iz
032 ©Tos 22 -15’ ;; @88  RCLT % 6 Calculate EFL.
833 xLBLS 21 @¢ 883  GSBC 23 13
@34  RCLI 36 &1 @@  RCLE 3¢ I
835 RCLE 36 15 as1 2 -24
836  X=87 16-43 83z PRTA 14
@37 6TO0b 22 16 12 833 RTN ed
038 = -i @94 ¥LBLS 21 65 poa11 data from
833 F1? le 23 &l 895  ESBe o Mo the data registers
@48 PRI -14 636 xrer  16-az 2 R 8 eded
841  STO8 35 G 837  GSB7 23 &7 £ ;
842  OTOb 22 16 1. 898 sT0A 35 I or storage 1nto
843 BLb 21 16 17 |Calculate u' and 693 €83 2307 [o° PROTRER TEITST
644  RCLR 36 1! store for the cal- leg  STOB 33 12 tezslA thru E, 0
845 RCLi 36 i culation of y for 1a1 E5B2 23 62 an )
846 X =33 the next surface. 1e2  STOC 35 13
@47  RCLC 36 i3 183 65B3 a3 &3
@48  FRCLB 36 12 184 STOD 35 1=
843 - 45 185 F2? 1& 23 E_i': 1lst Surface? Recall
850 X -33 186 G104 22 84 7 jtems of data.
851  RCLE 6 12 187  6TOb 22 16 12
852 RCLE 36 if 188  *LBLT 21 &7
@53 X -3z 189 1<% 52 C=1/R
0854 + -55 116 RTN 4
855 RCLC 36 13 111 xLBL4 21 84
856 % -24 - 112 6582 23 82
REGISTERS
1 2 3 4 5 6 7 8 9
used used used used
SO S1 S2 S3 S4 S5 S6 S7 S8 S9
A used B used ¢ used used E used used




97 Program Listing 11 61
TTTUITUSTE T3S 15 COMMENTS STEpjgngf;Zm 21K;; CIOE.DE COMMENTS
114 €583 23 63 Balance of data 179 H; e 23 a1 | Print toggle.
ﬁg Ezg@ ‘33 g’; for 1st Surface. 171 6TO8 22 a&
o < = e at o =L =T
117 sta1 35 6 e SRpead
iig Ig-;:‘ Ie Ze e Summon next data ;'?; RTN 28
&4 register. - my mm
) - I *xLEL& G &
TP ey I Y
:gi gggé ;; j} ?rom the data reg- 177 é 6o
12; RTN T4 ister. i78 RTN 24
p - 0 am : 179 ¥LBLE 21 15 -
124 *LBL3 2 Recall 2nd item 18@ EEX T Set yl - h"
125 RCLi J6 43 from the data reg- 181 3 ;3,:-
126 €SBD 23 14 jster. 152 . %
127 ISZI 16 26 4¢ 18:';' STO7 35 ‘é‘.‘,
12 BTN &4 " L
129 ¥lBLC 21 13 = ) 184 a g¢ Set u,; and £, =0
. estore decimal to 185  5T06 35 @& and store in the
;?IB ég?’ 1e o4 the lst item re- 186 SF@ 16 21 ag data register 6.
3 @ anegieten o7 ks 50 [Toput haic for n.
133 CHS -z2 9 * 188 E5BA 2'-1 ti Calculate tu’.
134 X -3c ;gg *Lgl—g 21 16 :1 Input halt for £j.
135 RN 24 : e -4
136 MBLD 21 19  pestore decimal 31 stoD 35 14
M fea mememn o mogn % e Ko
138 #BS 16 3 ; 135 RCLD 36 i4 | print.
: .-  the 2nd item re- 194  RCLE 36 15
135 EEX v called from the 195 X -35
;:I;’ xl ‘fi_ data register. 196 - -4E
142 ENTH 2t 1s7 PRTX = -1d
143 INT i§ 34 gg R'L*f? 18 2 % | calculate m ana
49 > i 2ee GseC 23 13 | POM°T
145 XY -4 281 - A
146 xy7 16-34 Y. : <
147 ET0c 22 16 13 Zoe PRI 1% -
148  STG3 35 62 oo ) Y Calculate m and
149 LSTY  16-63 284 PRTX “is | print.
158 FRC 16 44 R £
151 GTQg 2Z b3 b
1532 xLBLe 21 1€ 13
133 4 a4
154 - -45 3
155  ST03 35 gz
1536 R -3i
157 R =31
158 CHS &2
158 FRLC 16 44
168 xLBLY =1 83
161 i g
162 i ag
163 RCLZ 36 aZ>
164 2 e =
165 - -4
let R N
167 X =35
168 RTN i
LABELS FLAGS SET STATUS
start BEF L C decode D decode |[E ) R 4 FLAGS TRIG DISP
W mm [P uy ° decode U, ® print print 0 OS OEF DEG O FIX 0O
'BF L j recall 3recall ;recall :.lst surf. ; 8 S?SD El SSIG- g
recall £ reciprocal print 3 0O & n




Program Deseription 1

(+roaram it PARAXTAL RAY TRACTNG,

Part 2 - Storing

Address 3 Nemeth Street , F
city Malverne e ._.___ stateNew York Zip Code 11565
\_ J
( )

Program Description, Equations, Variables This program, Part 2, stores data for the Paraxial

Ray Tracing Program, Part l. Data for 7 surfaces can be stored. After storing,
the Tracing Program is loaded into the calculator. The Tracing Program has sub-

routines for recalling, decoding and using the data.

Registers A to E, and 0 to 3 are used by the Ray Tracing Program. Therefore,
upon initializing, this program presents, sequentially, registers 4 to 19 for

storing. Two items of data will be loaded into each register, coded for the

preﬁservation of decimals anqugqlarity. Each entry is assumed to contain a three

place decimal. The range of each entry is .00l to 999.999.

The data to be stored must be grouped by surface as follows:

(see_w§15gtches, Tx_‘acing Program page 4."’ )

Surface 1 Surface 2 etc. Only the lst surface requires 7 input

Ry R, - items. The rest require only 4 input
i Ny N, items each.
o N N

1, 1)

Uy

£,

Yy

Operating Limits and Warnings

When storing R for a flat or plano surface, the input is 0.00 .

____When storing an infinite £ the input is 0.00 .

_J

This program has been verified only with respect to the numerical example given in Program Description Il. User accepts and usesw
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN-
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.

\. -,

|
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Problem - Store the lens data of the problem on page 4 of the Tracing Program, Pt. 1

Display Print
3 ‘ Keystrokes Output Output
‘ A 4. 4.
1.674 R/S 4. 1.674
1.0 R/S 5. 1.000
5.
1.517 R/S 5. 1.517
.349 R/S 6. 0.349
6.
0 R/S 6. 0.000
0 R/S 7. 0.000
: 7.
.55 R/S 8. .550
[ 4 8.
r -1.032 R/S 8. -1.032
¢ 1.517 R/S 9. 1.517
3 9.
1.649 R/S 9. 1.649
.10 R/S 10. 0.100
10.
-2.35 R/S 10. -2.350
1.649 R/S 11. 1.649
11.
1.0 R/S - 11, 1.000




o User Instruetions
PARAXTIAL RAY TRACING Part 2 Store
Initializg
STEP INSTRUCTIONS DA'T':\F,’S;,TS KEYS voTlixT/zlrilTTs

l ] Ioad side 1 and side 2 !:I [: 0.
2 | Initialize E ‘:J 4.
3| Input item 1 Ry [Rl] [;J 4.
4] " " 2 N1 [R/s] ] | s.
5] = v 3 N, [rs|l ] | s
6| » v 4 2, [resl ] | e
7] v v s Uy [resll ] e
s| = " 6 £ [res] | | 7.
o = w9 4, [res ] | s

Only the first surface will require 7 input ‘ E::iJ L_ j

items. All of the subsequent surfaces will E—T L;,

require only 4 input items. Steps 10 to 13 L,:l l:l

are typical of the subsequent surfaces. [_J Lj
10 | Input item 8 R, [resl[ ] | 8.
TS B Ny (w5

2] " " 10 Ns [rs][ ]
13 " "1 2 [®ss] ] |20

I

14| If an input error is made in the nth register, [j :l
key n, then re-store both items., following n [c [ ] n

the input steps above. Zj I:]

15 | To store in a register out of turn, use the I:] |:|

error proceedure, step 14. E:I l:‘

[

10 ]

[ 1]

[ 1L ]

[ 1L ]

[ L]

.

e

L1

(I

[ ]

I

[

I

L 10




97 Program Listing I 65
STEP KEY ENTRY KEY CODE COMMENTS STEP KFY FNTRY KEY CgDE COMMENTS
’ 857 CHS =22 I
801 xLBLA 21 11 Clear Registers. storing 2nd entry.
882  C(LRG  16-33 B0y o I M
863 Fi5 is-31 s . °2  Code for entrys
864  CLRG 1g-52 el  CToe 27 16 |  less than 10.
885  SFZ 16 Zi 82  set discriminant 967 sLBL7 “c 21 g
88e  DSFe -63 &€ for order of entry. 863 L < 5:-" Criteria for entrys]
aar 4 g4 Start with register 86: '9 3; less than 100.
gag  STGI 35 4¢ 4. Print register 865 -E;
8829 FETX -ig number. 866 '9 C;
a18 *LBL,E "‘_1_ i“ Display current 867 g g2
611 D§F9 Ted “? register number. 868 3 =
812 RCLI Jo 4¢ : 869 oy Y
gij Dg;g 63 52 78 0Yr  16-34
by * %,  Print entry. 871  &T08 22 88
31? PR_‘_.“_' . A_-_l_: @72 EEx 27 Move decimal for
ble  F2¥ 16 Z3 &2 1st or 2nd entry? a73 3 67 storing 2nd entry.
617 &T0I 2z o1 _ ‘ I o
818 X<6° 1545 2nd entry negative? 874 CHS - I
819  £SBb 23 16 i - - 879 BSBd Z3 16 14
B"‘l-::f _'_-; Criteria for entrys| 876 . -52 Code for entrys
5 5 e less than 1. 8’7 4 a4 less than 100
vzl 7 oz 878 CToe 22 16 i5 '
325: ? a3 879 «LBLS 21 ag Code for negative
bes - 3 o 986  EEX -27  2nd entry.
824 ALY -4 881 4 Y
B25  XMY7 16-24 882 CHS an
e FI E % Move decimal for 883 CSBd 23 16 14
a8 '1 :Z} storing 2nd entry. 884 . -e2 Code for entrys
SHS —z2 885 3 85 more than 100
azs CHs 22 886 CT0e 27 16 1
836 G5Bd 23 16 14 aas WBLE 1 16 1s
831 . &2 Code for entrys ! CHS ‘t'_;; Code for negative
832 2 az 888 S 2nd entry
e .,z —less than ] 889 . -62 )
833 ETle ZZ le 15 398 4 4
833 alBLL - 2i Bl yove gecimal ana 891 6Bz 23 €2
Go§ X’:E’f . _1_°-'f",'_ store lst entry. 892 Ry -3
836 SF@ 1o 21 6@ 8:"3 RTN Y
o5 EE el 894 ¥lBLd 21 16 14
38 K] 62 895 x 3=
839 X -35 N T
b e a i
841 T . ‘-j'_ Skip 2nd entry in 898 €582 23 62
a2 Rl T register 7. 899 CF8 16 27 68
P A 188 ISZI 16 26 46 ,
844 &Tl_lc 22 1_? i 181 RCLI 36 46 Summon next regis-
943 CTOE 2z 1Z 162 DSP8  -63 g8  ter and print reg-
s MBS H T riteria for entryd 183 PRIX -14  ister number.
48 . e less than 10. 184  SF2 16 21 &2
449 a e 185 6TOB 22 12
Pt . e 186 RTN 24
P p e 187 *LBLc 21 16 13
- ; B 188 8 a2
52 2y _41 - -
gsé xiv; (624 189 sTOI 35 4¢
P EE;‘ “_2'3 Move decimal for 111 PRTY -14
856 2 @ REGIS. ..o 112 SsF2 16 21 &2
0 2 3 2 5 6 7 8 9
Used Used Used Used
S0 X S2 S3 S4 S5 S6 S7 S8 S8
A Used Used c Used Used € Used Used




66 97 Program Listing 11

e i b et

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
113 6708 22 12 .
114 RTHN 24 170 i
115 #LBLC 2113 , i
ilé STOI 35 48 Error correction.
117 DSF@  -63 GE
118  FPRTX -14
119 é éé
128 5T0i 35 4%
121 SFZ 16 21 82
122 GTOB 2z 12
123 xLBLZ 21 8z Set proper polar- i
124  F67 16 23 g8 ity for storing  |'%
125  CHS -22 2nd entry. ?
126  §T+i 35-55 45 |
127 RIN 24
128 RsS 51
130
190
N
140
200
150
210
160
]
220
LABELS FLAGS SET STATUS
Astart |° Sorting |C Error [P E 0 FLAGS TRIG DISP
a b c : d 3 e 1 ON OFF
Code Skip Decimal Summon o0 O DEG ® FIX £
0 1 Store 2 polarity |3 4 2entry ? |1 O O GRAD O sci O
- , 2 O RAD O | ENG O
5 6 Criteria |7 Criteria[® Decimal |[° 3 3 O 0O n




Hewlett-Packard Software

In terms of power and flexibility, the problem-solving potential of the Hewlett-Packard line of fully
programmable calculators is nearly limitless. And in order to see the practical side of this potential,
we have several 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 poten-
tial. Chances are, we already have the solutions you’re looking for.

Application Pacs

To increase the versatility of your fully programmable Hewlett-Packard calculator, HP has an ex-
tensive library of “Application Pacs”. These programs transform your HP-67 and HP-97 into specialized
calculators in seconds. Each program in a pac is fully documented with commented program listing,
allowing the adoption of programming techniques useful to each application area. The pacs contain 20
or more programs in the form of prerecorded cards, a detailed manual, and a program card holder.
Every Application Pac has been designed to extend the capabilities of our fully programmable models
to increase your problem-solving potential.

You can choose from:

Statistics Mechanical Engineering
Mathematics Surveying
Electrical Engineering Civil Engineering
Business Decisions Navigation
Clinical Lab and Nuclear Medicine Games

Users’ Library

The main objective of our Users’ Library is dedicated to making selected program solutions contri-
buted by our HP-67 and HP-97 users available to you. By subscribing to our Users’ Library, you'll have
at your fingertips, literally hundreds of different programs. No longer will you have to: research the
application; program the solution; debug the program; or complete the documentation. Simply key
your program to obtain your solution. In addition, programs from the library may be used as a source
of programming techniques in your application area.

A one-year subscription to the Library costs $9.00. You receive: a catalog of contributed programs;
catalog updates; and coupons for three programs of your choice (a $9.00 value).

Users’ Library Solutions Books

Hewlett-Packard recently added a unique problem-solving contribution to its existing software
line. The new series of software solutions are a collection of programs provided by our programmable
calculator users. Hewlett-Packard has currently accepted over 6,000 programs for our Users’ Libraries.
The best of these programs have been compiled into 40 Library Solutions Books covering 39 application
areas (including two game books).

Each of the Books, containing up to 15 programs without cards, is priced at $10.00, a savings of up
to $35.00 over single copy cost.

The Users’ Library Solutions Books will compliment our other applications of software and provide
you with a valuable new tool for program solutions.

Options/Technical Stock Analysis Medical Practitioner
Portfolio Management/Bonds & Notes Anesthesia
Real Estate Investment Cardiac
Taxes Pulmonary
Home Construction Estimating Chemistry
Marketing/Sales Optics
Home Management Physics
Small Business Earth Sciences
Antennas Energy Conservation
Butterworth and Chebyshev Filters Space Science
Thermal and Transport Sciences Biology
EE (Lab) Games
Industrial Engineering Games of Chance
Aeronautical Engineering Aircraft Operation
Control Systems Avigation
Beams and Columns Calendars
High-Level Math Photo Dark Room
Test Statistics COGO-Surveying
Geometry Astrology

Reliability/ QA Forestry




OPTICS

These programs should aid the user in optical design and analysis. There
are many ray tracing solutions and other analytical methods for analyzing
light in optical systems.

OPTICAL DESIGN |

OPTICAL DESIGN 1l

LENS CALCULATIONS—SAG, ANGLE, MIN/MAX

RAY TRACER—SPHERICAL, PARABOLOIDAL AND FLAT SURFACES

GENERAL LENS TRACER

RAY TRACER

FIRST ORDER RAY TRACING BY MATRIX METHODS

FRAUNHOFER DIFFRACTION OF LIGHT BY SPHERICAL PARTICLES

KUBELKA-MUNK DIFFUSE LAYER REFLECTANCE AND
TRANSMITTANCE

RAY TRACE PARABOLA
PARAXIAL RAY TRACING PART 1: TRACING
PARAXIAL RAY TRACING PART 2: STORING

HEWLETT ’! PACKARD

1000 N.E. Circle Blvd., Corvallis, OR 97330

Reorder No. 00097-14016 Printed in U.S.A. 00097-90191
Revision C 6-78




Scan Copyright ©
The Museum of HP Calculators
www.hpmuseum.org

Original content used with permission.

Thank you for supporting the Museum of HP
Calculators by purchasing this Scan!

Please to not make copies of this scan or
make it available on file sharing services.



