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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 Il 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.



TABLE OF CONTENTS

OPTICAL DESIGN I [ ] [ ] 1 ] ] L] ] ] L] . ] L ] . 1 ] . 1 ] | ] 1 ] 1 ]
Radii of a two lens achromat

OPTICAL DESIGN II + .+ v o _—
Marginal and paraxial ray 1ntersect1on 1ength pr1mary spher1ca1

aberration, offence against the sin condition, effective focal length,
and system tolerances for a one to four e]ement objective lens.

LENS CALCULATIONS-SAG, ANGLE, MIN/MAX « + + v + ¢ « & o + 4 o

RAY TRACER--SPHERICAL, PARABOLOIDAL AND FLAT SURFACES . . . .
Program traces single 1ight rays through lens cross sections in

X-Y plane.

GENERAL LENS TRACER . . e
Program allows users to trace a 11ght ray through an arb1trary

lens surface defined by the user.

RAY TRACER . . . v e
Program traces mer1d1na1 and parax1a1 rays through any number of

spherical surfaces.

FIRST ORDER RAY TRACING BY MATRIX METHODS « + « + « « o & «
2 x 2 matrix operations for topical design.

FRAUNHOFER DIFFRACTION OF LIGHT BY SPHERICAL PARTICLES . . .
Computes intensity functions.

KUBELKA-MUNK DIFFUSE LAYER REFLECTANCE AND_ TRANSMITTANCE. . .
Calculates optical properties of a diffusing layer.

RAY TRACE PARABOLA . . . . Voo
Traces rays incident on parabo11c sufaces 1n three d1mens1ons

PARAXIAL RAY TRACING PART l: TRACING . . .
Traces paraxial ray through a centered lens system of up to 7

surfaces.

PARAXIAL RAY TRACING PART 2: STORING « « & & « &« & + o & + 4
Stores data for part 1.



Program Deseription 1

~

Contributor’s Name J OSEPH E /L/a BAET
Address 872 s /3./?/9 DY A,KZNUﬁ

ProgramTitle O F7/CA L DESIGN I

Program Description, Equations, Variables /- LOGRA M CoMPUTES THE Two SoLuTIoMS
METHOD TO ELIMINATE _SPHERICAL ABERRAT 1on/ AND _COMA AT

(N) Anvp Dispspsion (SN) (DeFvip AS Ne=Nc) OF THE

IS CLoStp TO THE OBJECT ; LEMS Two )5 CloSee TO THE

USED ARE HI6HLyY DETAILEp ;3 USsp /S REFERID _To A
T HorouGH DISCUSS|onN I  REFERPSACE ] (D/FF/CULT PSADING )

OF AN ACHROMATIC DovBLET UsS/ve  THE Atsigparc " 6-Suom”

ONE  UWAVELENETH. REQuiIRED InpPUTS _AES : REFRACTIVE JNDEX

TwoO GLASSES AND THS EFFECcTIvs FOCAL LENETH (EFL) . PROCEAM
USES Two cApps : F/RST CARD CompuTeES AMD STORES THE

VALuss OF THE " 6" VALUSS AnNp OvieALc LENS Powse
SECcovD CARPD COMPULTES Two Sg7s 0F RAPII . LeNs owve

IMAGE . POSITIVE RAP/) _ARS CoNVEx TowAep THE OBJSCT
NEGATIVE RADI) ARE CoNCAVE TowArpD THE OFJIECT. EQUATIONS

OFP A BRIEF DESCRPIPTION  Jof PRPsSFersrpcs 2 . THE SocvTion
HAVING Lonsse RAD])) ]S PREFSLABLE DQPE To LESS Strsous
HI/6HER crpir ABLRRAT/oMS AND SASISP FABRICAT/IN -

City Seeive Vaiss  state CA _ ZipCode 72077
G
s —

Operating Limits and Warnings PRO6EAM USES THIN LENS TSCHNIQUES .

\_

FORP FAST OPT/ICAL SYSTEMS OR SYSTEMS OSING SHARP LEMNS

S0LUTI0NS FoR Stow OPTICAL SYSTsrMs ARPS RELIABLS  SOLUTIoNS

CURVATURSS ( SHORPT RADI) MUST BE CHECKSD B4 TEI60NOMITRIC
RAY TRACE TECHNIQLES . SHORT. _EAD/) ARS THOSS LESS THAN ABouvT
ONE THIPD OF THE FOCAL LENGTH . FAST OPT/ICAL S¢YSTEmMS

ARE THOSE LESS THAM ABovT F/10.

_ “ __J

s

N
This program has been verified only with respect to the numerical example given in Program Description /. 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/




Program Deseription 11

Sketch(es) | Lens 4 Lens |2 b ' ’ ‘ f

S M

OBJECT

o
\— i | : I [

—

Sample Problem(s)

[INVND  THE RPADJ  OF A TELESCoPSE OBJIECTIVE LENS )
OSING  LIGHT CEowA) GLASS LTADING A DENSE  FL/NT

GLAST WITH THE FoLlowInG JProprse7/ss :

C POWA /BSC -2)  Nssss /5/?3‘ . SN = ﬂ/;?/t/c= L0080

FLINT ( DF-49) Ness = /6509 ; SN = .0/90Y

THE SFFscTive Focar LsweTH )5 70 Bt 1249 (Jwcnss)

(Wb 15 ususLey usep | BuT THIS 1 70 BE A
VISVAL 0BISCTIVE AND SSSS A 5 7HE Cinvrie

_OF THEZ RESPoNSE _pF THE 245 )

Solution(s) £JAD CAED A 5 KEISTRIKES :

A > L | D — o | A > 75.352(r)
15093 /)5 >2. | B =-%.7/0()
Lesod R[5 0. _LoAD CAPD B: | fBc —>-5/.007(r)
B /. g > —020 fD  =>=]76, 242(py
, 00§04 B[S 22, A > 21.58496 (B)|  THIS Secown Sorvrmns
L0904 B/ 0. B > 75225 (p2)| GIvES sxTREEMLY Low
c -/, C . => 22.52¢4 ()| SPHseIcAL ABSEATION
12y RN mo. | p 5 17.318 (e Clewss by £As vems)
rReferem:e(s) —— _ S B . w

(1) CorvrApy A.f.

/‘)PP_éJ,ZD OPTICS A/\/D OPT/ICAL DESIGN, Dovie

(2) 655 _A.c. —

PUBL/CAT/MJ /Vzw Yorr , 1957.

DES/C-,A/ OF T5i65CoPES BY THE G-SUM METHOD. AMﬂrzu,e

.

TZLESCOPZ Mﬂ,(//ue Book THREEZ , SCIENTIFIC AMERICAN e, KINGSPoRT, /%:?J




User Instruetions

LOAD §N g LOAD FFL

OPTICAL DESi6N 1A

RUN

INSTRUCTIONS

INPUT

OUTPUT

DATA/UNITS DATA/UNITS
) | LoAD sSiDES | AND 2 cArD A 1] o)
2 | LtoAD  psFeacTive /wpsx_ (N) A1 1 | =1
EnTse DATA FoR Lsas ) (eI ] [—= 2
¢NTER DATA Fok Lsws 2 [ 1 |=o0
3 |2oAp pispsesion (SN [ B[ = |
SNTER SN Foe Lsnvs ) R 1 | =2
ENTER SN Fol LsMS 2 [Ris]l ] |= 0
4 | LoAD  EFFecTivi Focar csnveTH (5FL) I
SNTER SFL (gl ] [ =0
5| punv (o]l | | =0
[ 00 ]
G| THe STopAes RseisTseS HAve Bssd|loppsp. | [ ]
Peocspe 70 PART R [ ]
)
[ ]

JoduodooOuooboe0ndoudad
IR




, CAED A Program Listingl ..o »
STEP  KEY ENTRY  KEY CODE COMMENTS STEP KEY ENTRY  KEY CODE COMMENTS
001 fLBLA [31 25 11| LoAD M1 AND N2 ] ol
! ol - S/
/s 54 67 RcC A 37 )i
STO & 33 /§ 060 X 7/
2 02 STO D 33 /4| PA
R/s ¥4 PCL & 34 /S
hSTT 35 33 £6SB1 |31 22 o)
cLX o4 h BC I 35 3¢
h BTN 35 22 f 6581 [31 22 o0/
010 f LBL B | 3) 25 /2] LOAD SN AND SN2 h _RTNV 38 22
/ a) +LBL) [3) 25 o]
R/s [ S70 9 33 09
S70 A 33 /1 ! o/
2 02 070 - Y
R/S g4 sTO0 ¥ 33 of
STo B 33 12 RrcL 9 3Y 09
CLX Y 9 x* 32 54
A BTN 35 22 VX 7/
£LBLC [3) 25 13| LoAD EFL 2 02
020 ] 0/ —_ 81/
B /S ¢4 STO @ 33 ool 61
STO § 33 o¥ LgcL 9 34 09
CLX e 2 02
A BTN 35 22 080 X 7/
fLB8LD |3) 25 RunN / ol
RCL £ 34 ) + 6l
l ol BcL § 39 o%
—_ Y X 7/
RCL A 34 7 2 02
030 - ¢/ - )
S70 C 33 )3 STO / 33 o/|GZ
h RC I 35 3¢ RCcL 9 34 &9
/ 0] 3 o3
- 5 090 X 7/
RCL B 39 )2 / al
- gl + 4/ ]
STo D 33 /¢ RCL & 3y oY
BCL C 34 13 X 7/
RCL D 34 14 2 02
040 — Sl = g/
RcL § 34 of ST7O 2 33 02| 63
X 7/ rRCL 49 34 09
RCL A 39 )} 2 02
X 7/ 100 + 6/
A/ x 35 6z RcL ¥ 34 of
SToO A 33 nj) caA X 7/
BCL D 349 2 02
BCL ¢ 34 /3 = )
- 5/ RCL 9 34 09
050 Rce & 3y og = &/
X 7/ S7T0 3 33 03| G¢
RPct B 39 /2 pcL 9 34 09
X 71 q X% 32 54
A_YX 35 42 110 vl o/
S70 B 33 /2] CB — s
RCL & 39 J5] 2 o2
REGISTERS
4 5 6 7 8 9
06/@ 1625(_ 263:&_ ’ GL/a 654, Géa_ 6744 Gya, /l// "/ /l/’
S0 S1 S2 S3 ) S4 S5 S6 S7 S8 S9
Gly [62, [ 63, | G4 655 [[G6y | GT7s | 68 |prw/a|t. /5B
B C D E I
SN, Jea | S, [fCB vi/ 2 Vo / Pa A/,/CZ“ Ny [ C2,




CAPD A Program Listing 11 cse- »
STEP  KEY ENTRY  KEY CODE COMMENTS STEP  KEY ENTRY  KEY CODE COMMENTS
X 7/
RclL 9 39 09 61 170
- ¥/
ST0 4 33 04| 6S
EBcL 9 3¢ 09
5 03
X 7/
120 2 02
-+ 6/
PCcCL § 34 0§
X 7/
Bce 9 34 09 180
- 5/
2 o2
= ¥/
ST 5§ 33 os|G6
rpcL 9 34 09
130 2 02
X 7/
/ a/
+ /
RCL Y 3¢ %7' 190
X 77
RPCL 9 34 09
- g/
2 02
- ¥
140 STO ¢ 33 06| 67
RrCL 9 34 09
Rce ¥ 34 of
X 7/
2 02 200
- ¥yl
ST0 7 33 07| 6%
f p=S 3/ 42
CLX 4y
h RTN 38 22
150
210
160
220
LABELS FLAGS SET STATUS
Aroap nv [Broap SN [Proap sec P RPN FLAGS TRIG DISP
a b c d ON OFF
R P77 — S
CALC G
a
5 6 7 8 3 g E‘] g RAD O ENG




User Instructions

OPTICAL PDESIGN IB

2P

R3, R4,
LY a
STEP INSTRUCTIONS DATAIUNITS KEYS DSTT;E:II'S
I-6| SS¢ PART A I
7| LoAD S)pss / Anp 2 CARD B L 1L ] | c.oo0
8| Ruwn Le J[ | C3b
9| CompuTs PAD /) I
Rla LAl ] Pla
R24 Bl ] R2a«
R3a [ c Il | P3a
RH4a [ DIl R4a
Rlb | + 11 A | Rl
R2, L £ 1 B P25
PR3 b | £ 1l c] R3,
RY b [ £ ][ D] Pyb
(-~
ANy RBADJUS MAY BE CALLED I
IN _ANY OpDEE . SOLUTIons A I
AND B ARS SIPARATE ; DO NOT LI
MIX_SoM$ A PARTS W TH Sore e
B PARTS IN Yourp DESIGA. L]
L]
USING R[S AFTSR _RUN /S L1
CoMPLETE  witt GiVsE Rla TO L]
RYb /N OrDsR LISTSD ABIVE. I ]
LI
L]
1]

U
JUUdd

|
10

I

i
i




Program Listing | ..., ;

CARDP S
STEP  KEY ENTRY  KEY CODE COMMENTS STEP  KEY ENTRY  KEY CODE COMMENTS
001 £ 4BLE |31 25 )5| RN — v/
RcL ¢ 37 06 I p<s 3741
Rce A 2 A X=4 35 52
X /i 67 060 BCL C 349 )3
BcL D 34 1y X o,
Rce 7 34 07 X <7
RcL A 39 /) — 5/
9 X* 32 59 Rce 4 34 04
010 X 2/ X 2/
— Y Rce A 3 /)
f p2S 3/ 42 X 7/
RCL ¢ 39 0% pcL | 34 0/
RCL B 34 /2 070 LCLA 34 /)
X 7/ 9 x* 3259
BcL D 39 1y X 7/
X 7/ f x=4 35 S2
7 6/ t P=>S 3) 4
pcL 7 34 07 pcL ¢ 34 0y
020 PCL B 34 )2 = ¥/
g X* 32 59 + 6l
X 71 STo09 33 09
ya 6l BcLO 34 o0
RcL 4 34 0Y 080 PCL B 349 12
= g/ g9 X% 32 5y
RcL B 34 12 X 7/
— el RCL2 34 02
v oY RCL B 34 /2
X 7/ X 2/
030 STo0 C 33 I3 pcL D 34 14
f PeS 3/ 42 X 7/
BCL 3 34 03 + A
Rce A 34 1/ RcL S 34 057
X 7/ 090 RcL D 349 /4
RCL 4 39 o¢ g X% 32 sY
RCL A 34 /I X 5/
X 7! + 6/
q X* 32 59 ECcL B 39 /2
f P=>S 3/) 42 X 2
040 BcL 3 34 03 RCL | 34 0
X 7/ EcL B 39 /2
PcL B 34 12 X 71
X 7/ PcL y 3409
RCL B 34 /2 100 _BccD 39 /
Rce 4 34 oy X 2/
X 7 + /]
9 X* 32 sy Bcec 3y /3
- = 7 Pcc 3 39 03
7+ 6l X 7/
050 S70 ¥ 33 o¥] — S/
rPcL 3 34 03 RceL C 34 /3
pPce 34 0l X 7/
Rce B 34 12 EPce B 3Y /2
9 X% 32 s¢ 110 X 7/
"X 7/ — S/
RCL B 39 /2] 4 P<S 3/ 42
REGISTERS _ - -
“Gla | 62a 63 6 |65 [[66a [[67a [[Ca |W1/c3. [N /23,
S2 S3 S4 S5 Sé6 S7 S8 S9
61, ez, (P63, [P6v, [(es, ["Cen |67, | GSb | A
A - B c D E 1
SN/Ca SN /Cs |1 /2 Vo /Ps 0 /C2e | Mo /C24




s CAeD B Program Listing 11 cse» 5
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
RBCL O 34 o0 ErT 1 4/
RCL A 349 /) 61 170 ENT T 4
3 03 BCL ¢ 3y /s
Pk 35 63 X 7/
X° 77/ CHS 42
-+ 6/ RCLC 39 /3
pcL 2 3y oL + b/
120 pce A 39 // ST0 ¥ 33 0
9 X* 32 59 ARV 35 53
X 71 A RC T 35 34
PCL D 39 1y X 7/
x 7/ 180 CHS L/l
— 5/ RcL C 34 )3
RCL 5 39 oS + G/
Pce A 39 / ST09 33 27
X 7/ R/S 124
Rce D 34 14 £ LBL A |31 28 /)
130 9 X* 32 s¢ RcL A 34 /)
X 7/ RCLE 39 /s
+ 61 + &6/
f P35S 3] 42 A Yx 3¢ 62
PcL § 3¢ of 190 R/S ¥4l R/
X 7/ f1LBLB |3 25 /2
L 0Y RCL & 3¢ /5
X 7/ h Yx 38 62
CHS 42 R/S ¥4l R2«
BCL 9 394 09 feBec |37 25 )3
140 9 X* 32 S5Y pcL ¥ 34 oy
+ 6l h_Yx 35 62
fyx” 3 s9 R/S g4 B3~
ENTA 4/ 4B D |3/ 25 /4
CHS 42 200 BcL Y 34 o8
BCL 9 34 09 PCL B 349 /12
— S/ — s/
2 02 A VX 35 62
= g/ R/S Y9| RY &
RCL & 34 _of g lBlLa |32 25 /]
150 — ) EcL A 39 //
STO & 33 IS A RC T 38 34
A XS 4 35 32 + 6/
RctL 9 39 09 A Yx 35 62
- 5/ 210 R/S g4l Rls
2 02 9 LBLb |32 25 /2
- g/ h PCT 35 3¢
RPcly 34 oy A Y% 35 62
- / L/S g9l RZb
A ST T 35 33 9 LBLc |32 28 3
160 RCL ¢ 39 oY "PCe 9 39 09
RcL B 34 /2 A Yx 35 62
X ) £/S v r3b
h YUX 35 62 alBLd [32 25 1y
{ pes 31 42 220 Bci 9 34 09
Pcc 4 39 o4 ECe B 39 /2
X 7/ — Y
RcL A 3y /) b X 35 62
X 7/ R/S v7| R4 b
LABELS FLAGS SET STATUS
"> pla P >pP2. P5R3. P pve [F R | FLAGS TRIG DISP
a
> Pl P> R2, (>R3 |"> R4, [0 1 D% | oee = | Fx =
0 1 2 3 4 2 10 ® GRAD O scl O
2 0 ® RAD O ENG, O
5 6 7 8 9 3 3 0 ® n GS




Program Deseription 1

- )
Program Title *QKTL;_C_AL DES IG_Ii_II., ; e ]
Contributor’'s Name _ JO_S“E_:_P;H__& HO BART, ] .
Address i 872 3 BRADY A.VENUE } .
City SPRING VALLEY g CA Zip Code . 92077
_ Y,
s

Program Description, Equations, Variables THLS PROGRAM USES TRIGONOMETRIC RAY TRACING |
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.

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-
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

ﬁw R - B B B -

Sketch(es) | %% L’ >,
T_

| S—— e— 4 i

OBJ¢CT YO

= )
Sample Problem(s) (FROM REFEBENCE]' CH 88), FIND THE ABERRATIQNS OF A THREE

LENS PHOTOVISUAL OBJECTIVE WITH PARAMETERS: LENS 1 Ne=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) S
. ~ R3= -.8524  T3= .02 - v S
 R4= .92 T,= O (CEMENTED)
- R5= .92 T5= .05
_ R6=4.7104
SOLUTION. KEYSTROKES: (SEE WARNING ON PAGE ONE) OUTPUT
~ 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
o A o 8.6608 (1')
A 8.6621 (L')

B -.0013 (1A"'")
c S S . -0004 (osc']
o — B 9.0708 (efl)
E 1184 (tol)

& o __ .0004 (tol)

e
Reference(s) A(l) COI\ERAD}’ A -E., APPLIED OPTICS AND O,PTICAL, DESIGN PARTS 1 WW

and 2, DOVER PUBLICATIONS, NEW YORK, 1957 and 1960. ,
(2) WYLD, J.H., " THE DESIGN OF REFRACTOR OBJECTIVES BY RAY TRACING",
AMATEUR TELESCOPE MAKING BOOK THREE, SCIENTIFIC AMERICAN, INC. 1953.
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Program Desecription 11

(Cswones | )

\-— i i : ; . i I i i L 1 . i . L - )

rSample Problem(s) B B

SOLUTION (CONT): S
fC (TO TRACE IN C LIGHT) ~_1.0000
1.51358 R/S 1.53447 R/s 1.57968 R/S 4.0000

8.6643 (1')

A

A S - 8.6656 (L')
B -.0013 (1A")

C

D

E

~.0004 (osc')
9.0729 (efl)
B .1185 (LA' tol)
P .0004 (0sC' tol)
£C (TO TRACE IN F LIGHT)
~ 1.52167 R/S 1.54516 R/S 1.59219 0
A .6643 (1')
Solution(s) A L B AL 6662 (L ' )
B 7 -.0019 (LA'")

~C o .0005 (0ScC')
b . 9.0778 (efl)

© |0 &~
o
o
o
o

E o o o . .1186 (LA' tol)
fE o , - .0004 (0SC!' tol)
(1T TAKES ABOUT 47 SECONDS TO SOLVE FOR 1' IN A THREE LENS SYSTEM)

\ — IR : S e ,,,,,‘,,,ﬂ_,,,,,,J

( N\
Reference(s) = THE EQUATIONS AND TECHNIQUES USED IN THIS PROGRAM ARE HIGHLY

DETAILED. USER IS REFERED TO A THOROUGH DISCUSSION IN REFERENCE (1)
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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User Instruetions

OPTICAL RAY TRACE

‘1ENT DATA MOD DATA

BE 1',L' LAI

MOD N
osc'

MOD Y,

OPTICAL DESIGN II

efl

0SC' tol
A' tol

2P

INSTRUCTIONS

INPUT
DATA/UNITS

KEYS

OUTPUT
DATA/UNITS

LOAD SIDES 1 and2

(SEE WARNING PAGE ONE)

LOAD DATA:

ENTER DATA FOR REGISTER NUMBER DISPL.

AYED IN

X REGISTER;

REGISTER DESIGNATION IS

AS

LISTED AT THE BOTTOM OF PAGE FIVE.

REPEAT AS NECESSARY.

COMPUTE 1'

(REQUIRES ~ 15 SECONDS PER L

NS )

COMPUTE L'

COMPUTE LA'

COMPUTE OSC'

COMPUTE efl

COMPUTE

SYSTEM RAYLEIGH TOLERANCE (LIMI

) FOR LA’

NeRlo ML NENe N6, I NN [OV]

COMPUTE

RAYLEIGH TOLERANCE FOR OSC'

10

OPTIONAL DATA MODIFICATION:

TO MODIFY ONE PARAMETER

ENTER NEW DATA

ENTER REGISTER NUMBER

REPEAT AS NECESSARY

TO MODIFY REFRACTIVE INDI

CES

ENTER INDEX FOR LENS 1

REPEAT FOR LENSES 2,3,4 AS NECESS

ARY™

TO MODIFY Yo

ENTER NEW DATA

11

RETURN TO STEP THREE

*% DO NOT ENTER IRRELEVANT DATA FOR LE

NSES NOT

USED.

THE PROGRAM SEARCHES FOR ZERO

TO EXIT

FROM A 1,2 OR 3 LENS SOLUTION.

STEPS FIVE THROUGH NINE MAY

BE CALLED

IN ANY ORDER. CALLING STEPS

5,6 OR 7

IMMEDIATELY AFTER STEP TEN,

HOWEVER,

WILL CAUSE THE PROGRAM TO SUBROUTINE

TO A AND RESOLVE FOR 1' AND

L'.

1]
L£]lA]
LI ]
I
[R/sll ]
[ I
[all |
L all
[ BI[ ]
[cil |
[ DJ[ ]
(eIl ]
LI
[ £ ]
Ent/ [ |
[R/sI[ |
LI ]
[ £]

[ ]

]

[ £ ]

i
i

IR

TN

| 0.0000

1.0000

LA' tol

0SC' tol

0.0000

DATA

0.0000

1.0000

2.0000

DATA
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
001 £ LBLA |31 25 1)/ ] eace #7 £ 65B¢6 |31 22 o¢
h CF | 35 &/ o/ X 7/
2 oz rcL () 34 24| R
AST T 35 33 060 X 71
CLX Yy rcL () 34 2¢
S170 C 33 13 + 6]
STO D 33 /4 f /S2 31 3¢
PCi O 349 00| Yo S70 A 33 i
ST0 B 33 /2 2 02
010 RcL 2 34 o2 B (&) 00
= ¥/ h BcT 35 3¢
670 3 22 o3 — 5/
£ Lre 2 |31 25 02 £ x=0 3) S/
RCL A 34 /1| L 070 A SF/ |35 51 ol
f6s80 |3/ 22 oo £ x#0 3/ 6/ | TesT Fore LAST cews
f LBL3 |31 25 03 Bcl () 39 24| ¢
> 7 CHS 4z
7 “1 RcL A 39 /1| L
A 47 + 6/
020 F ps2 3/ 33 S70 A 33 /i | L’
pPcL () 34241 M / ol
STO £ 33 )5 PclL & 39 IS NV
— ¥/ — s/
f 6SB¢ |37 22 O¢ 080 PcL R 34 12
= 2] X 7t
£ /52 3/ 39 EclL & 39 /S NV
preL(l) 34 24| R RcL D 34 14w’
‘ 7/ X 7/
Pce (£) 34 2¢4 f DS2 31 33
030 + 4/ PeL (L) 3y 24| R
£ )SZ2 3) 3¢ X 7/
BcL (&) 34 29|t + A
— S5 f 6587 |31 22 07
S7T0 A 33 /) 090 A F?] |35 71 0l
BcL & 39 ISIN 670 ¢4 22 o
RCL € 34 Is f /52 3/ 3¢
/ ol f /S? ] 3/ 34 .
— 5/ PcL (¢ 39 24
040 X 7/ 6T0 2 22 02
PCL D 34 14 f LBL Y [31 25 04
f DSz 3133 Pcc B 77 /2] 4’
RcL (<) 39 29| R pci D 3¢ 14| &’
X >, 100 —_ )74
+ 6l ACFO |35 6/ 00 )
o =g 3552 L RTN 35 27| W' ¥
- ¥/ £ (BLA |3) 25 /I
£ 6587 |31 22 07 PcL A 34 /!
PCL A 39 /1| 7 A RTMN 3s 22| L' F
050 f 52 3 39 f LB B |3/ 25 j2]cac ¢A!
£ 6560 |31 22 oo f65s89 [3) 22 09
7 Y/ fese 4 |31 22 04
7 7 BcL A 34 ;_/ L’
A / 110 _ /
PCL § Sy JsI N A RTN 35 22| LA K
X 7/ £ /5L C |3/ 25 J3|cALc osc’
REGISTERS
6 7 8 9
v Ny Frer 71 |'rR2 T2 N2 [|RS3 73 | R¥
4 S6 S7 S8 S9
507—4/ 51/‘/3 S2ES, 837_5_ S Eé 857_é /\/7 /€7 7—7 ,eg
A g v’ °w’ =N ' Conrroc
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
FGSB 9 |3/ 22 09 CHS H2
/ , 0/ 170 RcL B 34 1214’
RcL B 34 2]y’ + 4]
RcL C 34 /3| 0 STO6 B 33 j2
£ SIN 3/ 42 h PTN 35 22
- ¥/ £ LBlO 3/ 25 o0
RcL A 39 )L’ rce () 34 29
120 - £/ — s
— S/ , gce(€) 34 24
A BTN 35 22 osc’ ¥ —- 7/
£LBL D [3/ 25 /4|caic efl RcL C 34 13
f6SB9 |31 22 09 180 £ SId 3) 62
RcL © 34 oo Yo X 7/
PcL D 39 )y w’ A PTN 2 2
-+ &l : 4 LBLc |32 25 3| Mop N
) RTN 35 22]ef! ¥ ~SFC |35 5/ 00
g LBlLa |32 25 ))]teaD DATA i Y,
130 A SF O [35 571 oo vk o1l
0 00 £ 2Bk |31 25 0%
h STZT 35 33 A ST T 35 33
£ LBLS |31 25 oS h X< 4 35 52
E/S §9 190 R/S ¥4
S70 (&) 33 24 ST0 (¢) 33 24
£ Is2 3/ 39 A RV 35 53
b PCT 35 34 ] o/
670 S 22 0S —+ 4/
9 LBLDb |32 25 )2|Mop PATA A BC I 35 3¢
140 0 Jols) S oS
R/S gy + o/
A SFO |35 &SI Oo 6CT0 & 22 ©o¥
ASTT 35 33 fLBLY |31 25 09
A RV 35 53 200 hF?20 |35 7/ 00
S70 (<) 33 24 f GSBA (31 22 /i
670 fb |22 3/ /2 A RTN 35 22
fiBL L |3/ 25 o6 q/.BLd [32 25 }4|MID ¥
9 Sin-! 32 62 LSFO [35 5/ oo
CHS 42 STO © 33 oo
150 hX= Y 35 52 A _RTN 3s 22
g4 Siv=/ 32 62 £ LBLE |3) 25 JS|CALC LA’ TorsrANCE
v &l ] 9 097 mosT Bz 4 X A
Rci C 34 /3| UL’ eex 43|t /v owiTS USED
+ G/ 210 (¢Hs ) 42|\ For OTHER DATA,
S70C 33 /3 S~ os|)THIS VvALLE IS FoR
£ SINv 3/ 62 »CLC 37 /3| JwcH uwiTS.
-— 2/ 4 S)nJ 3) 62
BCL g 34 Is| NV a4 X= 32 $Y
AL _RTN 35 22 - gl
160 £ LBL 7 13/ 25 07 h BTN 35 24 LA' ToL K
Ree (&) 34 24| R g LBLe |32 25 /5] CALC OSC’ TocirAms
= gl fesepg |3/ 22 )5
STo D 33 /4 9 08
£ /152 3/ 3% 220 = 0/
A F71 |35 71 0] RCL C 34 3| v’
A RTM 35 22 £ SIN 3/ 62
Rci(<) 39 24| t X 77
X 7/ A RTM 3s 22] 05s¢c’ 7oL K
LABELS FLAGS SET STATUS
A R ’/Z- "Bz’ [° osc? P ef/ ELA " ¢o! |° vrserock| FLAGS TRIG DISP
:Amo DATA :’mD DATA | 0D N Z/vop % Posc'tor |' ExiT |o DE| bea ® | Fx =
v Ve 2 wos |4 /|2 1 08| GRADO | sCI O
55w 8 PouT _ 7C0~7‘//uui i ConTIVUE QCALC ¥ _ » g mAD O | ENG,D
ConvTINUE | SuBRoUTING |" SUBRoOUTING] CONTINUE JNVTE RLOC K. 3 0 K n
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Program Desecription |

(brogramTite LENS  CRLOOLATIONS — SAG , ANGLE, IvA/IRK

Program Title

Contributor’s Name ‘0 a* 7&0//5 C//G‘fc | i ~_
Address 5380 CAW/" M(— 0&4“ /ea .

cty COOCETA state M Zié Code o177
\
rli'rogram Description, Equations, Variables @NN My ﬂdo 0; WM w

(RAOIOS OF CuRURTIRE , DAMETER, SAG ) A0SR
Con?P7ES O7MEL ave A Awsa: oF TM/seNay,
QI TH MPUTS TOLERAN CED , FPROSEMMN] CrLevEnTES

NN IMOMS WD  PIRN/MIMS, .

Dt+4s*
R= 8s

!
D=2 (ZRs - s"-),t

s= R- £ (¢Rr2- D‘)%’

¢ = m"’( D -
2 (R-%) S

Operating Limits and Warnings

7HE Fotlow/ANGa mMUST BE 7THUE: o
< 2R N
D =2R

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 Desecription 11

(
Sketch(es)

<E€ ersE |.

\

~
Sample Problem(s)

GIeEN: R= §+.7
D= 72/o

- DETERCMNE ¢ Sw~om.
S max,
S mun.

P nom.

¢ MAXK.

b mm,

Solution(s)

Kevy DiseLay
A2) 0.000

§.060

s &l
il ©.700
/7 €L

ko)
9

0,853 = Smm
44. 2537 - ¢N‘M
68. 28/6 = Pmax
3. 4528 = dmwn

AR

7.000
@ @ /.0co00

/. $29 = Saom
L m 2.722 = smax

i

&= DO.mMmss

(Reterence(s) AlwpBook of Hanl TRELEs sno Formucas RS,
6«&/4/&7&;\/, 7 Grwe e ) /Vi.l, /962 ) ,g/o//»/z
pnea 37 rFig 2




User Instruetions "
CENS CRLC - SRG ) ANGLE, mn/mAaX
/08 ar /s P
S P
STEP INSTRUCTIONS DATAUNITS KEYS DATAIUNITS
/ | EnTeR prOSRAM —Tas0 Sr2€S I ]
2 |/vimmerz€ |2 ][] | acoe
2 | for mrx/mmy dmicucAPoNs - 1
GO 7o STER 7, OTHeXW/ISE la (11 | [
CONTIWHE LY ENTEWNS AloM/NAL Lo D (el 1 ]2
MMLVES — 7o of THREE —» S 21l | |s
¢ | ommpoTE  THE cnENonN g{ g H { f
(211 | ['s
S | comPuTE tlomimnme #NGLE F 2ES/8D € 11 ] [ p*
G |FoR NEW Ffol, oR TOLeMMMES GoTo T I
7 |EnTe Zwo of TMREE mommial | Kuom | & 11 | | R
ncu€Es E€ACH Foecowbd BY (75 |L Zoe. Jo | T 116 | | £ 7
7oLERANOE %L.m_ {: il[ { D
T 76L. 3 (2 ¢ 75
swem 101211 | [_s
2rc. | | Flled] | %
8 | ComPuTE THE HMIKAOLIN NOMN B Il | | Aownem
AD ITS MGX MO AN INc S l[ ; H lz } Lomax
/e DES/IOED Lomn
] ok| & |[ | ‘M___
(& e | | Dmw |
of 1D/l | [ Suem |
£
¥ et
qQ | ComPTE Mommint A€ (£ € 1|
DESIRED SND (TS  MAK Ao mw) (£ 1le | m
/F DES o) (£ 11 €] | & ma %
0 f2R M€ POR. Go 7o STEP Z } H ]l
I
¥ ocorpor = DO.MMSS } H {
L]
I
(I N
L]
L]
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
001 LBLA [Sizs 1] STe 8 2308 2
CLRRW | 2| 48 | feLT | ®B407 | mAKX
eLx :;. . INITL ) B€ _ reL & J*IB__
DsP3 o - s
h g5 22 S$7c9 2309 OmN
B 1 E&% 212512 Avom RCce | 3¢/3
hFPS (3571631 5 ™\ hGFY | 3S6loB
GTe © | 22 00 | , * Qreo RIN 3522
o@c‘-g I | 3401 | s‘:'f <Ste [ :.‘i— c.; cie 212918 | Dmm
010 qx 22 it F 2S N3
eeLd | 3404 go l 220l 4
Y zzﬁ 7 34067 ‘? /
X o4 Riomz & <°~n<:~0'> Reed | x¢os |CALC .
X 2 o7 x 2| s %
+ ! L2
RCLY: | 3404 | X 2!
8 o8 feLd | 3404 D}«n‘ S (M ’gum>
X k] x* 3254
= Y L
020 3 2 2807 | 5 254
| 36522 | 2 oL
Ilﬁm cate R +5T0 ® 1]
ReLS | 340D | STo ! | ZRo/
ax* 3254 080 he&ry| 2522
Rec [ Seee | . _c_Lﬂn&%n._m_ﬂL Gace Duax St
: )t 7?" QM* e s’(bhw ,§Mu> ‘:L 7!
-+ [N 2 ot
030 Rﬂ-é. [ 3_;_; () ﬁ&tf 321?—-—— bmag (&\W, gﬂ)
X 2! . X 3;’5’ 4
: 2 j
Sme | Z=oe s I | 5t
T h 2TN 3622 r X a't
_[%LLEL b 32251 | x -
Yees [ 3¢y ) otede] FerviE (e Dot Sr
040 9 X [y 22 5¢ ( > z‘ 2 _%!2_ Ae WN °
- ¢ °
¢ ?"4 Ron=% bmn,gnu X - < >
o2 .
&L Iblloi 00 ’t =) M-g <a\“, MmN
-4 of LCLé 2406
X 2 q’ } A g X 2
- 8! -
STe 9 3309 & 3(S¢
h TN 3522 2 ovt,.
050 @ 2123 00 ®
Rﬂ” 13317'_455 R nom Yo S zsg
S U AE T acs T AR S hear
S e | 3813 'et - 110 STe | ﬁ:&nl__l— Ste bN‘N
nc.:v ji'ov Chce + STo i o | _3S2L
REGISTERS - s
2 3 4 5 6 7
° — | Duew | Dmax | Dmiw | Swom | Smax | Swmw Brom mAx Kot
S0 - S1 S2 - S3 S4 - S5 _ S6 . S7 - S8 - S9 .
B C D E I -
e [ Bew) [rGEwY - -




STEP KEY ENTRY

67 Program Listing 11

KEY CODE

COMMENTS

STEP

KEY ENTRY

K

EY CODE

COMMENTS

19

STe A 33/ 2t — cHs 42
[T 2401 170 A8 | 3¢08 |
+ el cAce + STo - &/
<To 2 3362 | s 6 2806
ek e ] D BN W AR
- S| Y R 2I04 | S Snem
120 STo s 3303 b 3L
ReLh | 341l miN 22251 | Care 4570
e | sext e 4 [ atoe ]
2
2254 Swnem 180 - (| S,
e i i e A _focs | 3404 -
i 5
RkeL1 2407 ) feLB 24 (T
e 82 4 e C‘!El— - s
130 X 2N el | 34102 MmN
RrCL\ 340!4. hQFS3 356!
axrt 326% T
' — (] € liﬁ!’_— 312515 | guxe 4,
S| 315¢ |Seent S (DumBuem ™| eoil | 34e on
S T ar ! )]
- | et
CUS 42 ReL 7 2407
Rer1 | 3407 RCLEG | 340€ (,emn
+- Gl - </ %:5 Daom
120 mﬂt m:. -r:n-' 3524' San
ol q alisd (3225 14 Cace 'DSP4 | 2804
"ReLy 3teq Smax+ Sre _ Hms | 32 ’rt
qx 3952
' ot Il%y_ug_ 3
® T eet | 340t | CHC Quax
eer | Seor ¢ § (B Douax 2 s
%&1, 3254 ) + 8/ Dmax
— [ s fce® | 3409 ¢m”§ R
150 S | iS¢ RoLS | Mo Smax
2 ot - I
] T
CH3 -
RoCq _zz:oa {ﬁz '”'2;
- R_IN
<TaS | 2365 N | gl 22e575| Care Gmm
WnlIN | 3522 2403
Ad_‘_ﬁ_mj__li‘?—zf QALL Smw + Sre ‘f_’ oL
— n:‘c.a M;L : gﬁ Dwin
9 £ of (&“ > ) rete | 3406 ql).wz'g ogma:
— m?
ReLS | 340% Saai § ) ¥ 2/
G,X" éf'l 220 -F !!ﬁt
T | 2S¢ | i
z or
* EI LABELS FLAGS SET STATUS
"smaer |° R °D °s i ¢ - FLAGS TRIG DISP
C = PH/EN P /WA /W Cewetn | = 10D % oEc @ | Fx B
0 1 2 3 - 4 - 10O O GRA
- useb- GVSEO. 7M}__? — —— o § g g RAD O ENE 0
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Program Desecription 1

~ D
programTitte RAY TRACER- SPHERICAL, PARABOLOIDAL AND FLAT SURFACES

ATAN STEIN

Contributor’'s Name

Address 298 VISTA GRANDE I !
City DALY CITY State CA Zip Code 9401“’ )
\_ J

rProgram 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, yg A1l forms are converted
to slope-y-intercept (a,b) form(see sketch)

The flat surface is defined by x = fg*y + f Inputs are
(fa,fb). The sphere is 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 is found. The perabola is also defined by R and 4,
where d is still the x—lntercept. R is the dlstance from d@ at which
y= ¥1 (i.e. the parabola is defined as x= Ry2+d).

riy is the ratio of the exit over incident refractive 1ndlces
at the boundary.

The program COmputes the lens-ray intercept (x. V3 ) and ]
displays this as an o tion. The slope and y—lntercept of the
refracted ray, (a', -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(RZ-yZ)*(—sgn(R))+(R+d)
flat-— x = T y+E,t parabola -- x= Ry2+d. : N -

/r

Snells law: sin(9') = sin(®)/ry where r; = Toxit/Tincident

Operating Limits and Warnings NOTE : fa and f, are the reciprocal of the slope
and the x-intercept, respectively.

C LIMITS:0c# 90°

riH0 _
R# 0 ERROR MESSAGE WILL BE DISPLAYED: -
1) if ray and lens are chosen so that no intersection exists
or
2) CONDITIONS ARE SUCH THAT TOTAL INTERNAL REFLECTION OCCURS AT
\ INTERSECTION. )

7

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

L ' J




r
d=65; R=1fov o
Hhis m"‘erceff

RAY: a».333;0C=/8y3°; b=.333 ; s hedlat=1; G (x, %+ 25D

Sample Problem(s) ] R : : . i [

1) A flat with slope™ of -1/2 and -intercept'of'44ri=2, is —
intersected by a ray with slope = 1 and y-intercept = -2,

Find the point of intersection and the refracted ray.
2) For a spherical surface of radius=2 and right x-intercept
of 6, find the point of intersection with a ray coming in at
45° and passing through the point (1,-2). If the refractive —
index is 2, find the refracted ray. S
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 ri=2.

Solution(s)

1) .5, CHS, ent, 4, B, 2, C,fB, 1 , ent, 2, CHS, Q,(xi,yi) =

(3.33333,1.33333); fC, a'=.71758, b'=-1,05860.
2) 2,CHS, ent, 6, A, fB, 45, ent, 1, ent, 2, CHS, fD, (xi,yi)=
(482288, 1.82288)3 5 "o £o, a'=1,45625, b'=-5.20042,

3) 1, ent, 3, fA, £B, 2, C, .3333333, ent, .43649, CHS, E,
x;,¥;)= (3.19052, -.b3649); IC, a'=.57740, b'= -2.27869

¥ - - — S - J

7

Reference(s)  gythor's HP-65 programs for ray tracing through spherical

and paraboloidal surfaces.




Y A N L A
22 User Instruections
STEP INSTRUCTIONS DATAONITS KEYS DS#JS:LS
1 LTOAD SIDES ONE AND TWO OF CARD | ===-=- - f-T| —————
2 Load positive radius and x-intercept | |
for left-side of sphere R |ENT|[ |
on d AL
= I
2 Load negative radius and x-intercept [ 11 I
forright=side—of sphere R [7NJ[ - l
oR d Al
& .
2| Load R and x-intercept(d) for parabola R [ENT|| |
OR d r*f’J [é]
— LI
2 | Load inverse slope (f_) and x-intercept f [ENT|[ |
(f,) for flat ) fp 8 Il |
- Sl -
UPTIONAL: DISFLAXY kXi, y.l) ————— Lf ] [,,,,ﬁ,j
| .
3 Load refractive ratio (ri) 3 [C 1 |
4 | Load slope(a) and y-intercept of ray, a [ENT|[ |
find a', b' (optional: find (xj,yi)) b [ D [ | |y:a'sx:Y
(optional results) T T CE E ettt B (VAR R P .<P )
R I
4 | 1load angle(«x) and point (x,y) of ray oK [EE@U[W;fJ
X [ENT|[ ]
find a',b' (optional, find (Xi’yi)) v VEF][vD'] as above
oR -
0]
L1 Load slope and y-coordinate of lens [0 ]
intersection(y;). a [ ENT[ )
find a',b' (optional, find (x:,y;)) Vi [ E ][ ] |ps above
OR [ I ]
4| Load angle(es) and y.. Outputs as in < [ENT|| |
other choices. Vi [t |[ E | as abovd
OPTIONAL: FIND a', b' after display 10 ]
of (xj,y;) -———- | [ £][C] pra’xD’
I
FOR NEW CASE, GO TO STEP 2. Rl
I
1L ]




ray trace: s,p & f 67|’l‘(lg'l‘am lJiSIing l

23
STEP KEY ENTRY KEY CUDE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
T % > 2 SET FLAGS FUR * D T 7321
sEPh-2—13% 2? Gb|PARABOLIC CASE oL D 1oL 2 THLOAD a,h
CF 1 35 61 01 x £ 02 |31 61 i =0
GTO 3 2z 03 i GTO 5 22 05 :cl:isz is é:rrrllgnas
*LBL B [31 25 12|'SET FLAGS FOR xey 35 52 a,y:, SO g0 to
CF 0 35 61 00| FLAT CASE GTO E |22 15 S
35013 gg g% 01 *LBL 5 |31 25 08) ~-=—-=—=="""
STO 1 33 01 store a
*1,BL, A 31 25 11 SET FLAGS FOR Xy 35 €2
o0 [CF 1 35 61 01| SPHERE CASE STO 2 33 02 store b
CF 0 35 61 00| o e oo F?0 35 71 00| if flag 0, then
*1BL 3 31 25 03 GTO O 22 00 paraboloid lens
STO 6 33 06 store d’fb F?1 35 71 01 if flag 1, then
R v 35 53 070 GTO 1 22 01 flat lans.
STO 5 33 05 ore R, f X 71 ab
R/S 8L, st r e RCL 5 |3k 05 | R
*ILBL b |32 25 12|SET FLAG TO RCL 6 34 06 d
SF 2 35 51 Q2| DISPLAY (xX:,y:) + 61 R+d
S 8L 1791 STO 9 33 09 store temporar.
020 *T BT, C 31 25 13 Xey 35 52
TQ Q 33 00 STORE ry - 51 R+d-ab
R/S 8L RGL. 1 34 01 a
IBL e [32 25 15|CONVERT 6, y; X% 32 gl | a?
ey 35 52 o0 11 01
tan 31 64 tan (€)=a + 61 1432
X4y 35 52 |======mmmme-- STO 8 33 08 temporary stoge
#IBL E  [31 25 15|LOAD a, yj / 81 = (R+d-ab)/ (1+a?)
hetoy 35 52 RCL 9 |34 09 | R+d
STO 1 33 01 store a RCL 5 34 05 R
9% “y 35 52 + 61 2R+d
F? 0 35 71 00|if either flag i RCL 6 3L 06
GTO 2 22 02 on,lens is not X 71 d(2R+d)
21 35 71 01]a sphere. RCL 2 34 02 b
CTQ 2 22 Q2 o0 |x2 32 54 b2
STO 4 33 Ok store y. + 61 b2+32+2Rd
X2 32 54 |y2 RCL 8 34 08 1#a
RCL 5 [34 05 R / 81 n=b2+d2+2Rd/1+a}
X2 32 54 |R? X0y Zf 52 m
Xy 35 52 ENT
040 GSB 9 [31 22 09 x=2V(R*-y°) ENT 41
CHS L2 X 71 m?
RCL 5 |34 05 R R*T 35 54 n
+ 61 eSB o |31 22 0d x=H (m?-n)
RCL 6 34 06 d 100 - 51 X.=M-X
+ 61 correct x by R+d IBL & |31 25 oM 2o
GTO 4 [22 ok display(?) inter ggg 5 g% 53 store and displ4y
*TBL d |32 25 1 X: , Vs
- gL 32221 CONVERT o (X, ) =TT o1 ; i19;)
Xey 35 52 _ X 71 ax.
050 tan 31 o |2, atan () RCL 2 34 02 1
X 71 arx + 61 ax; ¥b=y;
IST x |35 82 X STO 4 %2 gg
Xea\ 35 £2 Yeal .
R1 35 8L |V o |Fe 35 71 c_llis%agrsrzztélts
a2/ 5 52 R/S 8& FIND & °' o' .
=" 5 ~ b= y-ax #IBL ¢ 132 25 1 !
REGISTERS
° N " a b ’ X ) ¥s ° R,f_ ° d,f, Ts P oused |Paused
SO S1 S2 S3 S4 S5 S6 S7 S8 S9
A B C D E I
a' b'
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ray Frace :Sllolf

67Program Listing 11

STEP KEYENTRY  KEY COWE CDMMENTS STEP  KEY ENTRY  KEY CODE COMMENTS
RCL 1 34 01" a X 71 £ SQRT(m)
atan S 70 RCL 8 [3% 08__|1/a
F?20 35 71 0d if flag 1 is sed + 61 1/a+SQRT(m)=n
GTO 7 22 07 then para.lens RCL 5 |34 05 R
F?1 35 71 01] if flag 2 is sed / 81
GTO 7 22 07 then flat lens 2 02
RCL 4 3h oh  ly; / 81 v:=n/2R
20 |RCL 5 34 05 |R GTO 2 |22 02 *
/ 81 yi/R *LBL 1 |31 25 01| FIND FLAT INTER.
asin 32 62 @ =angle of per- RCL 2 134 02 b
GTO 6 22 06 pendicular RCL 1 3L 01 a
#*IBL 7 | 31 25 07 parabola case? ['® RCL 6 [34 06 fp
RCL 5 34 05 R X 71 afp+b
F?20 35 71 0 GTO 8 for + 61
GSB 8 31 22 049 parabola case 1 01
atan 32 64 f=perpendicular. RCL 1 [34 01 a
R 6 [31 25 0f ——mommcmeeee RCL 5 | 3% 05 |fa
130 >TO 8 33 08 FIND a',b" X 71
+ 61 x+@ gives angle - 51 1-afy
sin 31 62 of incidence / 81 yi=afy+b/1-af,
};CL 0 gyf 00 ry - ENT L1
1 ")=gi . BL 2 2| ==
oo (e )mein(o)y SHo T35 6k store and displg
RCL 8 gtiv 8 | g RCL & |30 ob | (X5,y5)
- o<’ F?0 1 00
— T on o 7 %g ZLP yi for parabola
ENT 41 RCL 5 |34 05 |Ror fa
140 STO A 33 11 store for future X 71
RCL 3 34 03 |xj3 RCL 6 [34 06 ]d or fp
X 71 axj + 61 X5
RCL 4 34 oh N ST 13 23 03
Xery 35 52 1 200 F/?Z 22 71 02]display if flag
- 51 b'=v:-a'x: R/S . ] Oon.
STO B 33 12 s-tog]e' + GTO ¢ 22 31 173 %1}18 a',b'.
5{%1‘ 5 %;l: 550 *LBLL;,8 32; 22 08 R
FIND PARABOLIC RCL 34 0 Y.
RCL T 3% 01 | INTERSECTION X 71
150 1/x 35 62 1/a > 02
X2 32 54 |1/a RIN 35 22 =
RCL 2 34 02 b LBL 9 [ 31 25 09
RCL 1 34 01 a 210 - 51 y-X
81 b/a SQRT 31 5% | SQRT(y-x)
RCL 6 34 06 |d RCL 5 [ 3¢ 05 |R
+ 61 d+b/a ABS 35 6L
RCL 5 34 05 R IST x | 35 82
X 71 R(d+b/a ) 7/ 81 SgnR
160 n ol L X 71 ISQRT(y-x)
X 71 RTN 22
- 51 m=1/a2-L4R(d+y/a ) 7 33
SQRT 31 54 Yo 7
RCL 1 34 01 a 220 #
ABS 35 64 #
1ST x 35 g2 | sen(a) : #
/ 21 select appropriafte i
nya Lo intersection "
. LABELS " FLAGS SET STATUS
PaR,aT BF.F,  [CaTy °»>a,b [f%a,y; [0flat FLAGS TRIG DISP
b s oc 3 1.0 e . 1 ON OFF
%arabola 1 see int” 2flnda b :aoc,(x,y) 4+o<,yl 2parabola . 8O GDESD g ;'é‘l g
para.int flat int.[°display |'storeRd ['display |"display |! :
find in{® a',b' ['flat 8parabolg®used R . g RAD O | ENG,O

y
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Program Deseription |

( . General lens tracer
Program Title R I

Contributor’'s Name Alan Stein _ e

Address 2 9 8 V 1S ta Grand e i e

City Daly City State C@  Zipcode ¥OI¥
\_

4 N\
Program Description, Equations, Variables (see sketch 1) This program traces a light

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, &E avallable for storage of y or arbltrary constants.
The only limits on f(y) are that £ must be single valued and exist
for y=0 to y=a*f(0)+b.
The following variabies are either supplied by the user or
computed: —
Rg-- ry (user)= nexit/nincident Rl--a(user)=slope of incident
ray.The user may provide
Ry-- b(user)=y-intercept of the - %, the corresponding asngle —
incident ray. Alternately,the instead,
user may provide the value of y desired at the 1ntersection yi;
or an arblitrary peint (x,¥,) the ray passes through. - —— ~ —

(R B ) --(x,,y,)athe intersection of ray and curve f( )_47v“___
3 1'7 y

5-- Yg=previous approximatlon to yi(computed) -

Rg-- go= f(y)- (y5-b)/a (computed). This i1s a measure of the
error gn the estimated value of yy;i.e. if g=0, then“yjjy“i"“““—“
R7-- frodf/dy.(computed). (ﬁ Rb)-- (at,b') the parameters
of the exiting ray.
(fig #3) The intersection is found computing the approximate slope
of g(y) and generating a new yy from this. When g<10 ,» the routine
exits. The slope at this point is found by computing df/dy for gETr
intervals of y untll 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 than————
the analytic ray tracers and should be used only with
surfaces which cannot be analyzed by these other programs.

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 Desecription 11

(T sketchies)

Sample Problem(s) .

~ Given a 1e5s 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(s) _G_,_T_O_x i! Es (SWitCh to W/Pré’;m); m’ Xy 3, _'t,(SWi'tCh to Run):
. _A: 3: l&’ _1'5! 9 ’ (Xi,yi)= (3-1905259_-4361‘1’92); 21 El En
a'=.577399 b'= -2,278697.
Correct values to six places are (xi,yi)=(3.190525,—.436492);

——a'=577399 b'=-2,278697. The numerical programs differ from
-———the analytic answer in the ninth place of a' and b'v—

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




'j P l \ of 3 - 27
ser instruetons
GeNERAL LENS TRACER
=8, (Xo¥o) 06 (Xo¥,) =a,D >0,y
>r >a,
INPUT OUTPUT
INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
load both sides of card L]
Enter lere cross-section =0 —-==-- LG'.‘I_‘Q | f
[E_ | W/prgm
(enter KeystrOKes of Tens equatlon-— 1]
xr 3o racricotoar and +he 1y} o LD—M oL
- L1T LUBLU A*AE S TLTTIC - S
L . g I
use ﬁ ,ﬁ ,ﬁ dIiid UIIE seulriddry ITEIp LIS - I
for nnmnn a-!- ons,constant storage) {( Jl[[ }
return to run mode -—-- [ 7] (j;]
10 ]
OPTIONAL: to see 1ntersection-- (A | ]
store refractive ratio [ 1 ]
(OPTIONAL-- this step may be executed [ )1
after intersection is compute B
£ t t ted, [ I ]
"see int"” option has been 'taken) r. [B ][ ]
1L ]
ENTER INCIDENT RAY IN ANY OF FOLLOWING [ ]
FORMS : slope, y-intercept a ENT | [ ]
| b [cll ]
or slope,lens—lntercept(yi) a [ENT] | ]
Y3 (D J[ |
or point-slope form a ENT |[ |
X5 ENT [ ]
) \ Yo [f J[A ]
or ©point-incident anglelatan a) bngle (o) [ENT [ ]
X0 [ENT [ ]
Jo [f |[B ]
or angle-y-intercept oC [ ENT) | |
b (£ J[c |
or angle- lens(y;) intercept o< ENT [ ]
v, | (£ ][D ]
OUTPUT OF STEP FIVE WILL BE (x.,y.) or [ 1) |rese, g
a',b' depending on otpion thoSen-- [ 10 ] or
a' and x; will be in y register; | 0] |xeé’ y=do
y; will be in x-register. NOTE THAT a'|, b" [ 10 ]
ARE ALSO STORED IN RA AND RB FOR FUTU USE. [ J[,_,:]
[ 1
OPTIONAL: find a',b' if "see int" optio [ 10 ]
has been taken: | -=---- [E |[ ] x=b', y=a"
L]




7 Program Listing I

28
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
001 %* IRI A [31 25 11]|set F2 to see x<0? 31 71 if error<10-©
SE 2 35 51 02] intersection GTO 0 22 00 then exit.
B/S 8L & v 35 53 vi
* IBL B[3] 25 12 GSB 2 |31 22 02]|&i
STo 0 |33 0o |Store ri in H, ENTER 21
R/S 8L ENTER 1
* LBL b 32 25 12| 5t F1 for angle RCL 6 |34 06 |8,
SF 1 [35 51 o1]-*nstead of siope <>y 135 52 gy
* IBL a |32 25 11 STO 0 réplace
570 R ¥ %5 5% convert point- - g% d(g) o
X<L=>Yy 5 ¥ Slope form to RCLj 34 05 yo
F?1 35 71 01 S obe-lntercept RCL B3 OF Ty,
an STO 0 replace
& 1 3% 6? 01|find tan(alpha) [5o |- = 23 . d(g) Yo
X 71 ax / 81 dg/dy
LST x [35 82 a / 81 gi*dy/dg
X<=->y 5 52 aXq RCL 4 34 04 ¥4
kT 35 54 Yo X<=->y |35 §2
x<->y |35 52 - g] Ynew Fi-g1¥dy/dg
520 - 21 bay -axg STO & [33 0% rggy;ﬁé yi
GT0 C |22 13 GTo 1 [22 01 iterate new yi
* LBL ¢ |32 25 13|set F1 for angle * LBL d [32 25 14 |5et F1 for alpha
SF_1 35 51 01 SF 1 35 51 01 _
* IBL C|31 25 13|(slope-inter.forng¥° * IBL D |31 25 14 |find intersectio
STO 2 |33 02 IRy 1s b STO & |33 ob |ziven a(alpha)
STO 4 [33 04 Ry is b x<->y |35 52 and yj
X<=>y 35 52 a,alpha F? 1 35 71 01
F?21 35 71 Q1 tan 31 64 find tan(alpha)
tan 31 64 a is tan(alpha) CEF 1 35 61 01
030 CF 1 35 61 01 STO 1 (33 01 Ry 1s a
STC 1 |33 01 R} is a # IBL 031 25 0Q|-====-=====u--
x=07? 31 51 if 0, then go to x<->y |35 §2 yi
GTC O 22 00 case for yjgiven. GSB e 32 22 151find xyfrom y;
0 00 0 090 STQ 3 33 03 R3 is x4
GSB e [32 22 15]|xo= £(0) RCL & [34 04 yi
RCL 1 3% 01 a X<->y |35 52
X 1 axq F? 2 35 71 02 |display results
RCL 2 34 02 b R/S 8L if F2 is on
-+ 61 Yi= aXO+b ¥ ILBL E |31 25 15 |find f':df/dy
040 STO & 3 04 Ri is RCL 4 |34 o4 yi
4 yi ,
STO 5 3 05 Initialize y, (014D EEX 43
GSB 2 122 02| find g3 ’ 2 02 100
STO 6 3 06 Ry is g ) ST0 7 133 07 f'ynit.
ECL 5 [3b 05 |yo o(old % |3To 9 [33 09
EEX 3 STO+9 |33 61 Qg {200=4f"
CHS [, 2 10-2 1/x 35 62 .01l=dyjnit
2 D2 STo 8 [33 08 Rg is dy
+ 61 Yi= ¥o+ .01 * LBL 331 25 03 [occmeamaaao
STC 4 33 Qb gTO/’B g% ST 58 reduce dy
050 * LRI, 131 25 01]find (x,y) en)
xe—>y |35 52 g Yia(int ECL L 36 0k |yy
ABS 35 AL Bs (go) RCL 8 [34 08
‘5ﬁy 43 + 61 y%+dy
g > 10_6 110 GSB e 32 22 15]|f +)
6 06 -4 STO A 33 11 temporary store
- p1 errorsabs (g9)-10 RCL 4 3L ob Y3
REGISTERS
1 2 3 4 5 6 7 ’ 8 9
° I‘l a b X4 Y3 Yo gO f‘1 dy df'
SO S1 S2 S3 S4 S5 Sé6 S7 S8 S9
A B C D E 1
at b!
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29
STEP KEY ENTRY  KEY CODE COMMENTS STEP  KEY ENTRY  KEY CODE COMMENTS
RCL 8 3408 dy X 71 f'tan
= T y-d 170 - 51 l1-f'tan
GSB e |32 22 f(-¥ / 81 al
RCL & |30 11 | f(+) STO A |33 11 Rg 1s a!
- 51 2df RCL 4 |34 o4 ¥
RCL 8 [3% 08 |dy GSB e |32 22 15| x3
ENTZR |41 RCL A |34 11 al
ERE 61 2dy x 3 a'xy
/ 81 af/dy=f" RCL 4 |34 o4
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|reo STO B 33 12 Rg is b?
- 51 ar! 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 2|31 25 02| Find g(y)
6 06 1s change in f GSB e |32 22 15| f(y)
130 x>y? 32 81 |<107°7, Then exif RCL 4 |34 ob y1i
GTO &[22 o4 _|from routine RCL 2 |34 02 b
R ¥ 35 53 - 51 yi-b
RCL 9 |34 09 old 4f!' RCL 1 |34 01 a
X<=>y 35 52 1 Ltn 190 / g' (y4-b)/a
STO 9 133 09 replace w new - 1 -
X< y°? 32 71 is df' increasing? RTN 35 22 g(y)=fy)-brple
GTO 3 22 03 if so, exit. *¥ IBL e[32 25 STORE fly) HERE
*LBL 5[ 3L 25 Of|-cmmmomm oo emmmm RTN 35 p5—— STORE Tly) HERE
RCL I [3% 01  |a - .
140 RCL 7 34 07 ft a?III\]?If){OM -
- o1 a-f! AND £ -
I 01 1 & = )
LST x |35 82 |f! - 0 program ste
RCL 1 34 01 8 200 - ) f-esgrved fof‘s
X 71 af! - user entry
/ 81 a-f1/1lsaf'-tan @ _ ;
sNTER |41 -
X2 32 54 tanZ? -
150 1 01 1 -
+ 61 l+tan? -
SQRT 31 54 =
BCL O 34 00 ri > -
X 71 ry¥/(1l+tan<) 210 -
/ 81 sin @/ry=sin @ -
ENTER 5l 2 -
x2 32 &l sin -
1 1 1
X< =Y 35 82 2 -
160 - 51 l-sin -
SGRT [ 54 _
/ c1 tan@'ssinA(1-s1ing
STO 9 33 09
RCL 7 L 07 1 220
+ 61 tan+f!
1 03 1
RCL 9 [34 09 tan -
RCL 7 [34 07 f ! - :
LABELS FLAGS SET STATUS
e interld ry C a,b Da,yi ¥ind a'b{® —---- FLAGS TRIG DISP
2a,(x,yHy° ,(x,¥)0l¢ Db Y ° f(y) |bhlpha a | DR | e ® | rx =
%ind x4 |'rfind yy [°find g |°find f'|5nellslad’ displa ; B g gzéog gggg
5 @ mmme 6 e 7 e 8 e 9 e 3 e 3 0 X n
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Program Description |

; w
Program Title RAY TRALE- , ) o

Contributor's Name HERMAN R« DIiTTMER]

Address G307 HAMPTON RD.S., R o )
City o SENTTLE. state WASH  ZipCode 93113 — ]
\_

( N\

Program Description, Equations, Variables THIS 1S ONE oOF SEVERAL PRCGRAMS WHICH
CALCULATE THE ABERRATIONS oF OPTICAL SYSTEMS BY TRIGNOMETRI]
RAY TRACING . HE EQUATIONS USED ARE DERNED FROM OR TAKEN
FROM MOOERN OPTICAL ENGINEERING BY WARREN J. SmiTH Lcectsg690
MCGRAW HiLL. THIS PROGRAM TRACES MERIDINA- AND PARAXIAL RAYS
THRY ANY NUMBER OF SPHERICAL SURFACES. OUTPUT INCLODES FINAL
RAY SLOPE AND VERTEX DISTANCE. NoRMAL To THE RAY AT THE FINAL
SURFACE., RAY HEIGHT AT ANY DISTANCE. )AND THE INTERCEPT DISTANCH
WiTH THE. OFTICAL ANIS, THE SPHERICAL ABERRATION AND OFFENSE
AGAINST THE. SiNE CONDITION ARE CALCULATED. A SUR-ROUTINE.
WikL  SELECTIVELY “BEND’ ANY ELEMENT (S) AND INSERT THE _
NEW DATA FOR RECALCULATION AND EVALUATION OF THE CHANGE.
THE. MERIDINAL & PARAXIAL TRACES ARE. THE. BASIS FOR. THE-
CALCULATION OF OTHER. ABRERRATIONS o

WA= L2 , ] SPHERICAL ABERRATION
SiN U L ! LI’L(/)R
C5C = —g—*sny” U —Zom l OFFENSE. AGAINST SINE CONRITION

Operating Limits and Warnings [ XTENDED TRACES THRU MORE THAN 4 SURFACES
REQUIRE. ENTRY OF EXTENDED DATA. FOLLOWING DISPLAY OF 19"~ PRESS
"9 MERGE '— ENTER. THE DATA CARD — PRESS §O To RESTART THE
PROGRAM. CARD TO BE. ENTERED 1S DETERMINED BY MONITORING
PROGRESS AS SHOWN BY SURFACE. .NUMBER. DISPLAYED AS EACH
SURFACE. |S COMPLETED. -

. - - 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.

\L _/
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Program Deseription 11

Skelch(es) i MARG&NAL Ax&AL RAY 3 ' ‘ ‘
ot i A,A*N_:Jubesmnan
. Atﬂﬂmmmg_ﬁ
T |
- L S
- ' 1
\_ e — —J
s ~
mple Problem(s) 1E A B _C
R‘_‘.__-&ow N}/ - - KE’YED INPUTS Q_,,,Sﬁ'&z:m“' ' 5 - ’:A_
RO |
—'l 5' -
Nz).5185 1= 54 Note: ALL Raoy ARE NE4. o SraNoarD DATA CARD FoRMAT
Ra: -8-3|4 AR oS CENTERS ARE T0 LEFT. 0 { Setello t,-
Nzl t=13.81 13, 1sNEG ASUGHT PaTHWAS | f , 1 g'll Re Ra
R3=-35.820 MIRRR ReyvERSED AT Ra(MRROR) 2. ' l __Nez
13 tz-z  tez

N=—1  t=-12.71  Ngz-4 15 ALsO NEG. MiRRORRe 3 g .
_R4=—15.200 Mirror cuangES L, (0) ano N, To 4 V¢ .~ KB Ra Ry

=} =0 PoSITIVIE. AGAIN (£=0 AT LasT s0RFACE) 5 ;-h- b § 15 Noea Nr-a
_ Reg'0” keEps TRACK oF sureace B & DisPLAYS 6@ Pt 6t trs

AT END OF EACH SURFACE {DATA MAY BE ReaD DungPaus)) 7 No Nes 17 Re  Ra
CALCULATE @ LAY MARGINAL SPHERIGA. ABERRATION S R, Rs !B Nes  Nag
,,,,,,,,, _mwo 0SC’ OFFENSE AGAINST SINE CopiTioN D Niz Nsw §9  ta-s  tas

Solution(s) IsT caLculATE A ,',& THE INTERCEPT OF THE PRINCIPAL RAY WITH THE. OPTICAL
_AXIS FROM THE. LAST SURFACE . THIS REQUIRES A PARAXKIAL TRACE®E): INPUT DaATA
CcARD (SAMECARD 1S USED FOR ALL TRACES) KEY Yy=0 SteD, KeY u=775%N
_papians (—.01308997)STo E.  PREsS® foz-687449495, INPUT DATA CARD , STo £pp INC
—Key Q & U = 3.3(Smm-Aperrure) STO A $ SToD.  SwSINU 4 L =0 IN B AnD INE., -
Press (©) Rean LAL=.00102257  Press &B) Reap 0SC'=.00003020 Nere :
L nReg®3 ano A INREGF2. LAK is IN RES5,05C 1s 1IN Re66, Q 15 n A, SINLY
WB YinD & u NE,

- o y
4 ] N
Reference(s) WARREN J, OMITH — MODERN OFPTICAL. ENGINEERING IstEp 1966
Megraw Hit, lve, CapTER IO o o




& User Instruections
BEND. ILA’0SC PARAX JALL
¢ LA, osc MER!DIN/-\L/PARAXV\I_ p
54 s/or £
STEP INSTRUCTIONS DAlT%S;ws KEYS DAOTT;S:ITS
) | 1LoAD PrRogERAM (BOTH SIDES) 10 ]
2. |1 oD DATA CARD (BaTH SIDES) L
3 |DecipE CALCULATICN TO BE MADE I R
MERIDINAL  TRACE LAl ]
LENS ELEMZNT BENDING | B Il
careusTE. LA anp asC’ lc ]l |
PARAXIAL TRACE. lE |
4 |MAKE INPUTS FOR CALCULATION T BE. MADE I
@)~ MERIDINAL  TRACE ]
| INPUT DATA CARD Borw SipeS l ' [, ;,,,I
2. key Q (Ray VERTEX DiSTANCE. AT Q STl [A ]
lST SurFAcE) T P
3 Key SnURAY siape eNtERING IsT | SINU STl [ B | ,sr"m"‘A
SUKFA(.F;{SMPES AKE‘. OPRISITE ubw\l- [ - I [ 77] SToREDS NB
4 _\F_H’(ray HEIGHTIRZAD, Kiy ANAL_ [Svol [ € |
DISTANCE. S ERoM LAST SUREACE ¥ sty o [
5 press B *ame NoTE Fom omer| I N "4
6 PRress SDJ/:\Q::EDCALL'ULATED AND | "‘ I%] i DiSPLAY »3
(B> Lens BENDING L
1 _INPUT DATA CARD BeruSwoes| [ [ |
2 Key AC Benping ReQD(C= Rapis) AC STol[ 1 |
3 @/ng_&awmum?nmm&m I
4 B 3ES @ STORES IN & Il | R INREGN]
REs* R DismAvs Rea¥or Next suREace|faer o | [ 11 ]
5 Hfzvis@_&ugzs ONRMH ete - - (B [ ][R mRed®
— CULAT . 0SC’ (AWAL RaY) I N+
Liearc Lpr SEE Weow [ L]
2. INPuT DATA CARD RomiSwes| [ [ |
3.Stolep N C [Stal | C |
4 steps 2 € 3 MERDNAL TRaceBA)|  sRy B2 /[ & |
S key Y Ray Hﬂmﬂm_xuus:&m_ STe|| D |
G Key u REy SLoPE N RADIANS o )P (St E |
7 READ LA/ K< R
8 Press B4 Reap 0SC' (Rl |
E)>_ParaxAL TRACE. Y Sw! (D |
SAME. AS For (A EXCEPT STo Y M D W Svol [ |
AND W WWE  Prgss Reap £’ START [EC ) ] [ Dgha
R Rerp I (IF s C) Rell | [Kome™
NeE | SEE. OPERATING LIMITS PG 2. CoR USE oF EXTENDED PATA cArop | || | [BnE




STEP

KEY ENTRY

KEY CODE

67 Program Listing I

STEP

COMMENTS

KEY ENTRY

KEY CODE

33

COMMENTS

001 ¥|LBL A 3125 il |MERIDINAL TRACE. GTo 3 22 63
RcL A 34 L ¥[LBL 2 [ 25 02
) 34 24 Fl 2 35 71 0\
- 81 060 GToe [22 31 5
ReL B 34 12 Rer C 34 13
— S ReL 3 34 03
STo 6 33 66| sInI R/3 84 |Diseay U
ReL 7 34 07 ¢ somug¥| 35 52
ISz, 313 ReL B 34 12
010 G) 24 24 X 71
ST0 7 33 07 ReL 5 34 05
i 8l = 35 52
X 7\ , — 5|
S5 33 o5 | sinT 070 Rl B 34 12
2iNt 3262 sin7! IR 36762
CHS 42 cos 3] 63
ReL 6 34 06 = =1
Sin-! 32 62 ST & 33 04 ‘
<+ ¢l R/s 84| DisPray H’
020 Rer B 34 |2 ¥ LBL 3 3] 25 03
Sy~ 32 62 | \ ol
+ é 1 o9
SIN 3 é2. RC I 35 34
Rei B 34 12 080 122 3] 34
K=Y 35 52 %=y S A\
SToB 32 (2] SiNnU’ GTo A 22 |
sin-t 33 i F\ 2 25 7] 0]
Cos 31 &3 GT0 4 22 04
ReL 5 34 05 GSBR & 31 22 06
050 Sin—! 32 62 GTO A 22 1|
cos 31 63 LBL& 3L 25 @6
+ Al t al
Reci A 34 |1t 3 A
X 090 é/-r T 35 33 9 MERC £ - LoAb keter
®r=4Y 35 52 S 24 -
Sin-t 3N 3 (2 s 08 DATA carD
cos 3i &3 sr 1 35 33
Rel 4 34 06 RTN a5 22
SiN“~! 32 62 * 8L 4 [3] 25
040 Cos 3t 63 4
+ A STo -0 [33 51 00
s al | , =3 o8
St05 33 os Q stIl 3as 33
RetB 34 |2 100 Rel | 34 ol
o =Y STo7 33 o7
S1T03 33 I GTOE 22 1S
Ret 5 34 X LBLC |3} 25 13
Rew B 34 12 SF_| 35 510!
|SZ 313 ReL @ 34 00
oso  [(L) 34 24 Sto 2 33 02
X 71 ReL7 34 o7
— 51 Svol 33 of
SToA 33 1 Qo GTOA 22 |
GSB o 3l 22 60 1o W[LBLO [3] 25 oo
X=0 3l 51| t=07? RelL O 34 o0
GT0 2 22, 02 PAVUSE. 35 72| SURFACE. NUMREIR.
— REGISTERS -
4 6 7 8
chuumR'F—' 1l.issE.D ZUSED ’ tlsep | UszD UseD | UseD NQ Rq N‘-z_
SO0 S1 S2 S3 S4 S5 S6, S7 S8 S
Tz | Ra N2-z 2-23 Ra | Na4 | C3.4 | Ra N4-s %4-5
A B , ¢ _ ¢ , D E ¢ IUSKD
Q> Qy |SINU =Sl | S or A Y — Y | L— U,
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STEP
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KEY CODE

COMMENTS

STEP

KEY ENTRY

KEY CODE

COMMENTS

)| ai Sto 5 33 65

STo+0 B3 61 00| 170 R4S 84 | DisPiAy LAY

V) 34 24 RecL B 34 15

RTN 35 22 ReL B 34 2

LBLE 3] 25 15| PARAXIAL TRACE. = <1l

ReuD 34 | Rel 2 34 o2

i) 34 24 Rei C 34 (3
120 - 8l — 51

IsZ 3} 34 X wal

(L) 3¢ 24 Rei3 34 63

Revw7 34 47 Rel. C 34 3

— =\ 180 — 51

X -~ 8i

(D) 34 24 L ol

= 8] — 51

ReL? 34 07 St 6 33 o6 ,

ReuE 34 |5 R/S &4 |DisPiay Osc
130 A wd ¥[LBL S5 [3]25 05

) 34 24 ] o)

Sto 7 3 07 9 09

= al RC I 35 34

+ &l | , 115z 3| 34

SToE 33 15 u x#FY 32 &)

\SZ, 31 34 GTOE 22 15

@) 3q 24 Ei? 3571 ol

x 71 GIoa 22, 31 1

Ret. D 34 14 GSB¢E 31 22, 06
140 y =¥ | 35 52, GIOE 22 |S

- 51 LBLE |32 25 5

T D 23 14 Y Revr t 34 o

Rey. E 24 15 SYo 7 33 &7

- 8\ 200 ReL 2 34 02

Svo 2. 33 02 2 STo O 33 0o

GSB®O |3122 00 ) 8 o8

x =0 2] 5[] t=0"7 ST 1T 35 33

GTO | 22. O GTo & 22. 15

GTO0 S 22 45 LBLa [3225 i|
150 LBL | 3| 25 O\ GsB <o |3l 22 06|

Fiz 35 71 RcL O 24 00

GToc 223 |3 ST02. 33 02

Revw C 34 13 RcL? 34 g

RelL 2 34 o . 210 STa | 22 ol

RS 84| Diseray 4 QTOA 22 ||

=Y 35 52 HMLBLBE [3] 25 (2 |LENS BENDING

RciL & 34 |5 Stl 35 33

X 71 (L) 34 24

Rci D 34 (4 YV 35 &2
160 X = N 35 52 Rei i 34 of

— 5i + Al

Svo 4 33 o4 Y 35 &2

R/S 84|DiseLay b’ Sto (L) 33 24 ,

LBL o [22 25 |3 220 PAuse 35 72| Diseiay Ry

CF | 35 él1 0| R¢. 1 35 34

ReL 3 34 03 3 03

Rcl 2 24 02 -+ él

- 51 Rfs 84

LABELS FLAGS SET STATUS
Meriowar [bens senves]” LA 0sc” |° E’AEANAL FLAGS TRIG DISP
a - <
° asing [ ePAFAxx :E\i\-_m 'Wosc? [, D O% DEG FIX o

0 1~ Yl E 2[4 XCFER. To |2 10 GRAD O | sci O
‘Counter. |CLosing jcmstm BDW\, gfnmmn i 1D Grab D | SCl D
DATA S 3 0 ™ n
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Program Deseription |

(orogamme FIPS T Order Qaytracmj by Malrix )

Mct
Contributor’'s Name LK(l;)rt KPQC ke l e —
Address 37 LOO kOUt ‘/‘ew EOQd S

\City Fq | rPD rt State Nn Y. - ,,“Zi:;Code lﬂ&@

B

( - ] ny
Program Description, Equations, Variables oY N” N £ N'"K

LS

) I e (] ‘ -
Refraction(Power) MHatrix : K:Léi’ ]
Tmnstr(Thickness) Hatrix : D"-af; i O0=(1, 9).|e)-

! I }
tay Malrix : ina ( Qa Y &= N, vy )
(LV\Ytommg ans) Prm‘;npa( an y R -+ o H‘(y)?&)

\(Ha‘mx H'= (_._,)= HA “A-BGFRO,.. P

-
y
o =
o
-y
=]
-
K

Hu(‘u‘ahcadmm E-AB: (3;23 2' 23) !“vb*asi‘h
, " 22 Dy

\C, €y . “_({_:g_,i
LA Mg T

Operating Limits and Warnings S
\ Make surg to press Els af fer (uicv,,,qj Leus Puamdqs LFQ'

(€] aud [D]. o :

2. Atler watrix woltiplication Xfer € Halrix to edtun Aor B Hailﬁ

focatiow for further processiu

3. Euter Mg via (][9] to ebiatn oufaou«:} uy Aata v«q[fl[G] _

L )

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.

\. ./

“‘Amvc?tvz Hzt)nx A (‘3‘ "3'3) | (2‘2_%3%_/_{(;3 )
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l’rogram l)(‘b(‘l‘lpll()ll i1

Sketch(es) 7 | T ] é 42. 1 th'l .

4 T  Nete Samfle Prob-
NS ew taken'from
R EEEEEEREEEREEN Ye(‘b@rouwzr) p-3§
- ‘ )
Sample Problem(s) _ M = We.2 | \I =.353 ﬁ,‘ | N't .S . MK’«" .
Ros2 Ryt i Ko BSLLZE TPl KeEs
o \/" [ ‘ u'=? : Y'= ¢ ' a - Mk'=g

Sefutiou)istitz Lc] 2050 K H)VVEJE]M %0 om ]E |.a’

R +Lo00[A] 700071000 TR’ Py |2)[f] [e] ,,_,:mm&1e4
_j.stis [o]  +.333 0.067 y S
RS 21000, [8] 1000 woo‘;e.) Oy . =0.083 N,u )
-~ HEL el e e 0467 NI
(A1 Lovo’ju000 “[Af @y | 13) R[S 0.390 B
itisticns [C] »qosoo K, 0.06] y -
_ Rls»1000, 8] 27100071000 ‘)0 | -0.083 u
9 00’6888 el eu | 0.167 @'
¢)(8] > 4000:4888 e o, | 1) R]S 0.933 W,
9,,,.,,,,,,\3][5] (&) » “1o00j0.9n7 ]e|
I 0333, ¢ Leug
R __=0.108, e; Hdn4
. 0833 e
8)3s3t, zmm«]m”ooo B
. et2Rjs  Wfowo
9@}  s'oonie2e0
M._____“&)[f][Al 20010353, ’%,Ju
____ 0.000,0. zoog,o y

Reference( . Delane : Covrse 1v Geomeltrical Optics , St.John Fisher (ell, Eochederm_
W, Rrovwer: Hatrix Methods jw Optical D\wamuﬂ )enjq
1964 WA, Bendamm fuc. P.S




|

User Instruetions o
First Order Qa.ytracimg
Gecall A Hatriv Recall B Helry Tnverl Stk Het yfutwf NeHyfall Recall € Had, Z’
afufaqtay T Dy N NtR2 K Rfs d'tN's D' 1 saMull. A B
STEP INSTRUCTIONS DA':,‘:,’S,I,TS KEYS Dﬂ‘ﬂﬁﬂ.’rs
| |Load side | aud side 2 I
2 [Twpyt Refractive Index to right of Surface N' [ENTER$ | (W'
3 |tapul Befractive Index to l€Ft of Surface N (ENTER ¢ | (W
4 [Inpot Surface Radius R LC 1l 1 |K
S |Form Refraction Hatrix iu Stack (O'pi.: Eufer K) (K) [R[é] [, ] 1.000
G _|Assiou(Refraction Halvix) to Hatrix A for Hufﬁ,l AL 1 [1.00071000
1_|Recall “A” Hatrix [ f LA | [ ea,0a
g Im'wt Distauce d' [ENTER ¢ | [d*
9 {Tuput tefractive Tudex of Transfer Space V' (D ][ |
10 _|Forwm Trausfer Hatriy sEutee D') | (D) [ RS ]
1 _|Assiqu to Halri 0 iphcatioy (8 1[ |
12 leecall “B" Malrix (f 1[B]
I3 |Compute Malrix €:AB (E J[ ]
14 leecal| “€” Hatrix [[f]J PE‘J
|S [for more Lefractiou Hadrices assiey to Hatrix A LAl
aud repeat Steps 2,3,4,5,11, 3 I ]
16 |For wore Traus fer Matvices ,assg?g to Halrix A LA L ]
uiurgﬂ Steps 8,9,10 11 | ]
11 _|For obtaiuiu assiqy to Hatrjx B [ BI[ ]
19 [Comepot Tuput Marq. Pay He(shit y [ENTER 1 |
19 | Iupot _Bay Augle ° w |[ENTER T |
2.0 | Tuput Objett Space Bfractive Index No (ENTIER 1']
2| |Tupot T ctive Index Foru M| Nk £ 1D ]
22 |0pt.: 2u v(.Pn'uc f&v) Hecq kt y ENT
23 |w -L‘u'w'l 4 riuc. ele u RisIT 1]
24 |Pepeat” Step 11 < (81 ]
28 Qc'fen.t Step 13 el |
26 |Recal W trix (£ JLE ]
RS
[RLS] [
27 [Tuvert Hatrix o Stack [f 1[C ]
l(Obtaia Cuvevse corvect crvor Qﬁguic Aggg'a._., P‘u‘:) .
[ 10 ]
L 10 ]
I
1]
[




38
STEP
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67 Program Listing I

KEY CODE

COMMENTS

STEP

KEY ENTRY KEY CODE

COMMENTS

1 3 < ~ -
T paLB 3L 151 Cuter B Matriy REE 134938
GSR A [B) 22 (] P=S 31 42
l;?us gls tZLZ 060 RCL3 3y 33
. x [
006 PLBLA [31 2S5 1] Eqyter A Matlny Xty 35 S2
srfj gg csw RCL'1 Y] g'n'
X
STO 3 33 03 + 6
010 v 35 S STO C 32 (3
S0 21 22 o U T}
STO 1 33 0l RCL 2| 34 02
SB 0 3122 00l 570 P> S 31 32;
CL | 34 0| RCL Y| 34
RCL 2 3402 £ (™ a; * 11
RCL 3 340 o, a X 7Y 3552
RCL ¢ 34 04 (w8 v Q¢ RCL'2Z| 34 9'.:.
3522 oY X
020 LRL b |32 25 12] l?ecd] [B] ¢ R + 6l
P<=S 31 Y Hatriy STO B8 33 12]
553“ 3252.01 9275‘ 31 g
025 -'*RTB'~ a 32 'gg? Reca(l |Al e A ~ %Ctsz §| 3%
ec 2 4
GSB 0 [31 22 00 “*' : \ RCC 31T 3403
RCL | 3401 MHatrx x 71
RCL 2 340 XY 3S S2
RCL 3 34 03 RCL'Il 34 0O
030 RCL Y 343_~q P, 7
i K 32. 84 + b5
TN 35%]. STO A 33
033 ¥ CBLL'gg' 55'9:9{ Cewpuie Al | %?:E IASI§2. (‘3)11
RCL 1| 34 01 ash RCL B[ 3 AL ¢
izt wl S5l )\ o
RCL 3 3 c% N 35 zg
i x 1 095 P | BL e 32 25 [S]| Pecall [E] ¢ €
04 - S GSRB IBI 22 0 Matrix
STO E 3 RCL Al 34 1]
o I ] REL § SUNE
R 3 |
044 BS € 1§ S Kulﬁply E-AR [ ‘SLT(:_KL gg Y
R'Z(_a :llcﬂ R[S 8% Outqoina Ca
RCL & 04 REL B 39 12] Hlt‘j 4
P=S 31 42 QCL C 34 I3 atrix
RCL Y 349] CLO 34 00 (Y( «- u
050 X s w0 NE
X 3S S22 RCL, 3 . n)
R(,‘,(L'Z. 34 gv REL% 3 2(11 ”? % 4%,,
STo U 33 1y < REEA 3 th stored i £y
P—=3S 31 STK 32 i%:'l
0 ! 1 2 3 4 REG'ssTERi 6~ o A 8 _ 9
NKH Qa, a: QA3 atf C.-%%_ Cz-0Q C3~~a Cy=A
\ ] — s8  —=\IA]| fs9
SO S1 b‘ S2 bz S3 b3 S4 b“ S5 S6 y ‘S7 u L} Mo
B C D E
AQ.’chl+a3b)_ Qfﬂzbf"avbz e3:a|b3*a3bql eq:ﬂzbﬁa«t& ,Al(‘BI
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COMMENTS

STEP
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KEY CODE

39
COMMENTS

RIS 70 S| 33 0S
ROC DT 34 (g] P .”f*'-‘ ‘}r“.ﬁ"“'vo gt-;s 31 42
RCLO| 34 og ™Mej«ittcatioy % 35 sy
s Il M- Y 35 54 y o=uW
P—=S 3t Y a - 8L > K-
RCLR| 34 0L [v) 00
RCLO] 34 09 XY | 35 S2 o 0 |
120 P=S | 31 H"Z_. DS’ Qo0 .
x£0 | 3 P | 3] Hl et y a
i gl STO 81 33 08| 10 expaud H
75 FL e TR G S0 El 5o
¢
RCL DL 5 g Cowpvie (€] RCLIL 340
RCLAl 34 Ii RCLO9 | 34 09
X 1 X 14 |
RCL Bl 39 12] RCL & 340 o> u
= [RCCCI 3413 RCLO[ 24 09 H:(Y o
x X -— :_
— Yl RCL S| 34 05 y «=ah,
%IQE 33 15 S 342
SE 35S 12 190 25 S3
RTN 3S 22 RTHN 3S 22
136 * L* L Cl3] EZ.SS' ;% Euter 'V 2 192 "g-]_BOLSg 32 ;333 10_3_5 €uter Matlrix X
C 'L
N e A K’)
W [ X#+0 [ 31 6l 51;07 3301 2 K
R{SS ﬁ_ - K or Eyter CHS Y2
%Nrek ?‘ K Were _ STOG |33 06
| o1 Refraction W :388— (:‘“-(ru‘: Jeter.
x6’¥ 35 (S;% (Power) Hatrix: XSS qgls tuaet [X)
X<y | 35S (' ““) RCL71 39 01
4 0l o | RCL e 3406
150 3S 22 X 5T
157 XLBL D325 14] €uter d'N' | = S1
X$+0 | g_[_ COMPUtQ D‘:i 3 'TOE 3 L
RTS Sl ) o Euter’ [T PS ms_ﬁg;s 1% fixl-02
X = K
xSv [ 35 & 1_“_9' here GTO 21 52 02
0 7 00 ‘C‘(KC&S thm‘ STO= S [33
gre R0 b RERHRE
[] - -
% | RIN | 35 2. o N CETACER (N (cl c.,)
STOO| 3300 Y 4 No Wy RCLG[ 3406 Xy - X
. 35 S3| Storc Mey, u R RCL} 34071 = Ixn
P=S 220 RCL 34 OF] X3 Xi
.S;G") 3 k2] RTN .%Sﬁ x| x|
STO7 | 3
¥ 35 53 %‘
LABELS FLAGS SET STATUS
“atatatad bloSb by CNMMQD' R[s ‘>AB [ - FLAGS TRIG DISP
51| a,a,0.:002 |B]b,b2 b bl a et 7~cd§f..m,1_w,,‘ A c O ® | oec m | Fix =
0 1 . 4 2 GRAD O SCI
_IAL(i8n) | I€] :dem i . — é § % a0 O | EngO

* YTUTNo PN > §T G RIS
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Program Deseription 1

-
Program Title Fraunhofer Diffraction of Light by Spherical Particles

ContributorsName  Bill P. Curry . e

Address L akeview Drive, Route 1 R _

City Decherd , State Tennessee ZipCode 37324
_ Y,

s
Program Description, Equations, Variables

standard series (for X<15) to generate intensity functions for Fraunhofer
diffraction patterns of 1ight scattered by spheres. For large size parameters
(X215), Hankel's asymptotic forms are used. Nested addition and multiplication
“Toops are used in calculating the Hankel forms. Angular intensity distributions
of scattered 1ight based on the Fraunhofer intensity functions are the asymptotic
1imits of the exact Mie scattering series solution for T1ight scattering by spheres

of arbitrary size. The angular scattering relations are stated below:

This program uses Bessel functions computed by the

11’2(r,g5x,n)= Ioilﬁ(x,e,n)(cos 2¢, sin 2¢) where I;,, is the Tight intensity
o (kr)? H o
(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 are ilazixpﬁsn),X?'”D is the size parameter (based on particle

diameter D and light wavelength X ), 6 is the polar scattering angle and ¢ is the

aximuthal scattering angle, k?mgfL is the incident 1ight wave number, r is the
distance from the scatterer to the obsever, and n is the particle refractive index.
‘Inﬂthﬁ‘EraynhPfﬁrulimitzwigﬂxse)?li;,z(x}e;ﬂ)emthe effect of refractive index

X>

Xsind
where J;(xsin6) is the Bessel function of first order and argument xsine. S

Bessel functién accuracy is 7-8 places for x'>15, 4-5 places for x'<15 (more_accuracy
for small X) --x'=xsin6. Least accuracy occurs for x' near 15, on account of un-
avaoidable _roundoff error. Intensity functions cannot be computed at exactly 0°
scattering. Instead, use very small numbers, such as 6;107?QPMtQAthainm09 scattering
result. Program contains a limit restricting it to angles 0<6<180°. Same precaution$

(must be observed to approximate 6=180° as to approximate 6=0° (use © =180—1077°). )

s

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.

N D,

Ao
_disappears. The Fraunhofer intensity functions are computed from 1F(x,e)=[x Qiifélﬂgli,
[
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l’rogram Deseription 11

G n D )
Sketch(es) pi Scatter1ng partjcle has radius 5 5
Geometry SObserver Incident 1ight has wavelength A ]

| ~__Incident 1ight has electric vector a1on
Scatter1ng sphere 9 x-axis, magnetic vector along ¥7a%1§4_ﬁ‘ |
at or1g1n Scatter1ng p1ane is r—? plane
- A -r + :
L X r A4 N R S S SR S —
L, ~Incident L1ght VL,,J
- )

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 o .
o ic(xp) Size parameter is x=74,094166
1) (1073 7.5348722x10° R
2) 2° 1. 0157965x106, . NOTE: Program displays, in order,
40 1.3170225x105 ~ the following quantities:
6° 1.8250979x10% 1) Size parameter—x—Eg -
g° 3.3208465x10° ) (1second dispTay) =
o 3 2) Scattering ang]e ]
3) Bessel function-J (xs1n@)
(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 shown. After result has been computed, stop program
by pressing "R/S". ) ' I

\_ Y,

4 )

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 I. Stegun, Nat'l Bureau

of Standards, AMS 55, Washington (1964) pp. 355-435. B
L J




[ ]
@ User Instruections
Fraunhofer Diffraction
(monodisperse)
STEP INSTRUCTIONS DA'T'LTS,I,TS KEYS DATA/UNITS
1. load program (both sides) E [
(If desired, replace f-x-in line #210 by LI ]
R/S-optional) I
L0 ]
2.| Enter data in order shown: 6,,8,D,)\ 6, (degrped) | [ENTER+ B, (degreps)
(6o is initial_angle for sequence of L]
calculations) [0 ]
N0 (degrped) | Eﬂfé§+ D8 (degreps)
D (micr nJ) J ENTE%+ D (microhs)
A {micrpns)y — —— A {microh
i s T )
3.] Start calculation sequence - press "A" I[ . : {jj
Display pauses 1 second to output x =33 [ Il ] |x(dimensiohless)
Display pauses 5 seconds to output © [; ] E,,; O(degrees)
after long program run (1 minute sometimes), N
Display pauses 1 second to show Bessel functio [ I ] [Jy(xsin6)
I (dimensionfless)
Display pauses 5 seconds to output Fraunhofer [ 10 1 [ig(x,0)
intensity function . (dimensionfless)
.
After answer display, program automatically Lfij] L;:j
steps to next angle (6.=6. ;+/9) and L]
continues calculation ;PG'I'JPI‘ICE (R
LI ]
4. Stop calculation sequence at any time numbers L;;;J [;;:]
are displayed by pressing "R/S" — J @j
L1 ]
Program automatically stops at 6 = 180° .
L]
[ 1]
]
L]
LT ]
.
.
[ 1]
]
L ]
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

881  xLELA 21 11 Main program 857 RCLé 36 86

g8z  F37 1 23 83 858  STO07 35 67

8@3  GSBa Z3 86 859 ISZ1 16 26 46

884  GSBS Z3 89 868 6701 2z 81 Branch end point for

pas  RCLB 36 66 D 861 xLBLZ2 21 82 |series 1 loop

@86  PSE 16 51 Display x=5— 862 RCL? 36 67

P87 RCLZ 36 8z 863 ST+6 35-55 @6

@88  PRTS -14 Output © 864 2 8z

@89  SIN 4i 865 ST=6 35-24 86

818 -35 866 RCL4 36 84

@11 sT03 35 83 867 STx6 35-35 86

812 G5B 23 16 1f ) i 868 RCL6 36 66

813 FPSE 16 51 |Display Ji(xsine) 869  RIN 24

814 GSEd 23 16 14 878 xLBLc 21 16 13  |Hankel

815  EGTOA 22 11 871 RCL3 36 85 |asymptotic forms for

@16 xLBLB 21 ge av2 25 16-51 Bessel functions

817 z -24 873  STO3 35 83

818 Fi 16-24 874 3 83

819 X -35 875 ENT? -21

gz8  ST06 35 @6 2?;2 ;:,‘fgﬁgieﬁ"d 876 4 84

821 R -31 calculation @77 z -24

822  ST0L 35 a1 878 IH 16-24

823 Ré -31 879 X -35

24 5TD2 35 @z ase - -45  q=xsin6-3/4n

25  RTN 24 881  R3D 16 46

@2¢ xLBLe 21 16 12 Bessel function 882 cos 42

827 RCL3 36 83 calculation 883 ST04 35 84 B=8x

8zg i 81 If x'215, branch to 884 LSTX 16-63

29 5 85 asymptotic routines 885 SIN 41

g3 x<y? 16-35 -LBLc. 886 STOS 3585 Branch to series

831 6T0c 22 16 13 (x'=xsino) 887  6SB3 2383 2 loop

azz Ré -31 888 STx4 35-35 64 .

833 z 8z 889  GSB4 23 84 Branch to series

834 3 -24 @98 STx5 35-35 @5 3 100p

835  ST04 35 84 891 RCL3 36 63

836 X2 53 892 Pi 16-24

7 CHS -2z 893 X -35

838  STOS 35 85 Series 1 1 894 2 82

B39 xLBL! Z1 81 eries oop 895 z -24

@4e  RCLS 36 85 0% 17X 52 . =,/ ——9—2

@41 FRCLI 36 46 aor I 3¢ J1(xsind)¥/nxsn

a42 X 31 898 RCL4 36 84

843  RCLI 36 46 899 RCLS 36 85 x[P(B)cosa-Q (B)sinoa

844 NI 16 52 166 - -45

845 RCLI 36 46 181 x -35

846 1 a1 182 25 16-51

847 + -55 183 ST06 35 86

A48 N! 16 52 184  RTN 24

849 X -35 185 xLBL3 21 83  Series 2 loop branch

ase z -24 186 RCLS 36 88  to multiplication

851 ST+ 35-55 @6 187 65Be 23 16 15 loop

852 RCLE 36 86 188 RCL8 36 @8

853 RCL? 36 a7 189  6SB8 23 88

@54  GSES 2385 {Converdence check 118 RCLE 36 88

855 X>¥? 16-34 9 111 CHS -2z

es6 cr0z 226z Abranchout of loop L > yx 31

1 > 3 N 4 . 5 . 2[ePart sum[¥rior Parp 9

° JTQ A6 0 Xs1nb xs])ne (xs%ne) series 1|sum ser 1 BT ST
sPartial |[siPart sum|SPa S Sh ¢ S s o [S6 s7 ndex ndex
product |series 2 ser?:ssuén Xs1nd ‘P(B)cosoz ﬁ(B)Sma Seri?sdz Series 1]
APrior qutia] ®rior qutial ¢ P £ lI:d:i-:ﬁﬂ:?S
Suym series 2 SUM-$eries
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44
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
r - _35% . I | |
ﬁ: srix 35-55 ;;; Ser1esm2 ]Ofgm 163 N: 16 32 Ppartial summands
115 RCL1 3661 [Ppy= B ';9 =24 for Hankel Asymptot]
116 RCLA 36 11 m=-co (Zm)T I RT3 83 forms
117 6sBS 2365 |p2M (_q)kpok-1p-4] 177 x 35
118 X3¥? 16-34 k=1 RO z
119 6T0é 22 86 |
o onvergence check 175 *LBLS 2185
128 RCL1 36 81 branch out of 1oop 176 - 45 Convergence test
121 5T0A 35 11 177 aBS 16 31 ‘routine
122 & 178 EEX -23
123 ST+8 35-55 @& 170 . o
124 6703 22 63 e cHe s
125 »LBL4 21 84 Series 3 Toop 181 RTN ;‘;
g wls ey || e g
128 RCLS 35 89 (B) m=0 (2m")! 183  RCL1 36 81 Branch endpoints
1'_;:.9 GSBJB 23 gg. : 184 RTH 24 for series loops in
138 RCL9 36 89 m 185 #LBL7 21 87 |subroutine c
131 CHS e M (-1 (2k-1)-4] 186 RCLZ 36 82
- . 187 RTN 24
P 3| memye 188 ¥LBL® 21 89
s 189 a 86
134 ST+2 35-55 62 198 sTO6 S
135 RCL2 36 8z 191 107 .
136 RCLE 36 1z 192 oT07 :*_3 :,_
137 GBS 23 65 o o 2 lnitializing
138 Xy 16-3¢ | Convergence check 183 FIS 16-51
139 ¢cro7 2z 67  |branch out of Toop 194 sT02 38 subroutine
148 RCLZ 36 62 o ‘ <
141 STOE 3512 [oe om8 &
142 2 8z / 1
143 ST+9 35-55 89 ;gg g;g; gg g‘g
144 = €104 22 b4 s 268 ST01 35 81
145 xlBLe 21 16 15 |Multiplication 281 Pag 15-51
14¢  STOI 35 46 Toop 282 R;H 6= ”
147 1 a1 Bz ) <
148 SToe 35 88 263 #LBLd 21 16 14 |caicylation of
149 ¥LBLa 21 16 11 284 RCL3 36 83 | .
158 RCLI 36 46 285 <z -24 1 (X,e) and final
6 46 286 RCL@ 36 06 F
151 2 6z 287 g2 53 output
152 X -35 <di X 33
2 288 X -35
153 1 81 . Y
154 - -45 289 be3 a3
155 e i 218 PRTX -14
156 4 84 211 RCL1 36 81 Angle stepping loop
157 _ 45 212 S§T+2 35-55 8z
158 1 61 213 RCLZ 36 82
159 CHS -7 214 Pi 16-24
166 RCLI 36 46 215 R0 16 46
b . 216 X7 16-3¢  |IF 8>180°,stop
161 ¥ 31 & > ,
162 X -35 217 RTN 24
163 STx@ 35-35 @6 .
164 DSZI 16 25 46 220
165 6T0a 22 16 11
166 RCL@ 36 86
167 RIN 24
168 xLBLE 21 @8 LABELS FLAGS SET STATUS
A
Start ¢ 0 € 0 FLAGS TRIG DISP
a b 1 ON OFF
(l;’lu]t.]oop Bessel Fundp > Hankel mtoutRout ene o O ™ DEG K FIX [
2
Data sto |'Ser 1 loan qpm end ot Ser 2 loop|* ; g % g;‘g"g gfj'e
SConv.test(Ser 2 end pt7Ser3end;IJ;# 9 sVala entry; o g n 1

m
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~
Program Title KuBecLka - Mune Dirpusine LAYER.

REFLECT ANCE AND T RANSMITTANCE
Contributor’'s Name LEE. M Cuase
Address 12l MassoL Ave., ArtT 408

city hos GAaTos stata CA Zip Code 9S030
_

( )
Program Description, Equations, Variables Pr.oann CALCULATE S THE OPTICAL PROPERTIES OF

A DIFFUSING LAYER ,ACCORDING TO THE THEORY oF KuseLxka ane Munk. R
VaRiABLES ARE: S = SCATTERING COEFFICIENT , k = ABSORPTION COEFFICIENT,
d = THICKNESS oF LATER, R = REFLECTANCE , T = TRANSMITTANCE , B =
REFLECTANCE OF AN INFINITELY THICK LAYER.
EquaTtioNs usep . Function A

T= 4/5/((1-'-,6) e"°‘—(| - )

R.= (1-8*)(e - "N /(1+p)'e £ - (1-sye")
wheee : Kd =7kd (kR +2sd) , B=kd/kd
Sreciaccase, kd—0 . T =1/(1+s4) , R=1-T
EQuAaTioNs UsSeED: FuncTion B

kd = 8 KL

sd=1/2(Kd/a - rd) o B
wHERE : Ko = SINH ™ (RRA/'T‘("‘&") , P = /B-1)/(A+1) y o
A=R(I+(1-T»/RY) /2

Specia- case, R=>0 sd o, bd = -In T

seecia case, R+T=1. s&=0/T)-] , kd=0
E-QUAT:ONS vsep.FuncTioN C,D

= (-8 1+ . *Ya = ((ws* )=1)/2 wuere B = (1-Ra)/(142,0)

Operating Limits and Warnings T =0 CANNOT BE INPUT TO FUNCTION B&. (N THIS
CASEE R=R4 AND FuNcTiON D CAN BE USEP TO FIND ,sco/h_a(’.

This program has been verified only with respect to the numerical example given in Program Description /. 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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— ~N
Sketch(es)
N
Sample Problem(s) | WO SAMPLES OF SHEET PLASTIC HAVE THE PROFERTIES
IN.THE TABLE BELOW ., WHICH ON Wikt TRANSHIT MORE LIGHT 7
sd k £
_sanPLE | 3 o)
T HE REFLECTANCE AND TRANSMITTANCE OF A SAMPLE
HAVE BEEN MERASURED AND FOUND TOBE ,5852 AND .31
RESPECTIVELY . WHAT ARE THE SCATTERING ANP> ABSORPTION
COEFFICIENT S 7
Solution(s) KEYSTROKES
SanpPLE | 3" o[A] — .7500““ (R)
— 1500 (T)
SARPLE 2 '[N .6LAl = 32549 *(R)
2540 (T)
5852 L4 um [B] > 29996 7 (s4)
4999 (ed)

\_ J
Reference(s) j
L WenpramoT , W, W. ,\\ RefLecTance SpPectroscory ", PP 55-62,

InTerscience PususHeers, |366,
2. KueewkA, P, New ContruauTions ToTHe OPTICS oF INTENSAY LieHT-ScaTTERING
- Mareriacs Farr | /) J.0er. Soc . An., 38, pp 448-457, May (945, J




User Instruetions a7

KuvaerLra - Muni

sdthd4R,T gRYT>sd,kd

INSTRUCTIONS DAIT’:SSPIITS KEYS D:T%S:ITTS
Loap sipe ) anp sipe 2 I
FIND APPLICABLE CASE IN LIST BELOW LI
AND INPUT APPLICABLE VALVES . I___H I
o) sd Ano kd kNowN, sd [enTER ¢ | sd
conpuTe RAND T kd | A ] | |R,T
OerioNAL! compute Re | C I | |Re
) B anp T enown, ™ R | enTER 2 | R
coneuvTe sd ano bd T | & |] | [sd , R
OpTiONAL. compuTe Ra | < ] | Ra
¢) Ro kNowN conrure 54/uy Ro DIl | [%4/ed
d) $4/ud KNOWN, comPuTE Ry 54/ d [LE H } Ry
[
[ 1 |
R N
* Note: lF T=0 THen R =Rs AND l I |
oPTiOoN C) MUST BE CHOSEN [
Tuen ovey THe RATIO S4/ad can l I |
BE DETERMINED, { ) H | }
R N
I
.
I
.
L]
I
I
[ ]
N
I N
(N
B
I
[0
I N
| I
]
| L]




67 Program Listing |

48
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
001 YIBL A |8l 26 I\ |sdfkd IR, T 057] 5TO A 25 11
002 | sTo® 33 12 7 0481 1 ol
bos | X=07 3] S1|'s kd=0 7 059 + Al
004 | 6TO | 22 o) | YES 060 /X 3 62
005 X=X 35 52| WO 061 | sTOE 33 IS
006 | STO A 33 11 061 | 1 ol
067 2 0L 063 | — 5)
008 | X 0¢4] cHs 42
009 | + 6l 065| sTO O 33 |4
010 RCL B 34 1 06t | —X- 3] 84
on | X 71 0¢7]| o 00
012 ]| X 3] 54 08| sTOI 33 0l
013| sTo © 33 0 061 R ¢ 35S 53
o4l 1/x 35 62| 070 RCL E 34 15
OIS| RCLB 34 12 071 |*LBL 2 |31 25 02
ot | X 71 072 | RTN 35 22 d
017 ] STO | 33 0| 073 FLBLB |31 25 12 | R¢T »sd,k
o8] | ol 07| sSTO E 33 |5
0\1| + 6l | 07| Xx* 22 54
020 Xz 32 54 o | ol
ol | rRcLO 34 o0 077 | - sl
o021 e* 32 52 078 CHS 42
o] X 71 079 X2 Y 39 82
0729 | | ol 080 STO D 33 14
02§ | RCL | 34 0l 08l | x=07 31 51 i1s R=07
o | — 51 082 | 6TO> A2 03| YE>
07| x* 32 54 | 083 | RCL E 34 15| wNo
0 RCL O 34 0 084 | + ¢l |
029 [ CHS 42 085 | 1 ol
030 er 32 S2 080 | — 51
o3l | X 71 087| X=07 3 51| i1s ReT =1 7
032 | — 5l 088 | GTO 4 22 04| YEs
033 | sTO 2 33 02 081 | RY¥ 35 53] No
024 | ReL © 34 00 090 ReL D 4 14
D3¢ | e* 32 52 04 | x* 32 s
o | % 41 092 | —+ 8l
037 | W/X 38 62 093 [ ol
038 — Sl 09| + AR
029 ] ol 09| 2 02
040 ecL | 34 ol 09¢ | + 8l
o4l | X* 32 54 097 | RcL D 34 4
o4 | — 5l 098 X 21
043 | X 11 0949 | sTO 2 33 02
044 | X=Y s 52 100 ] ol
045 | ~ 81 [0] - 51
046 | STO D 33 14 (p2 | RcL 2 34 02
047 | - x-— 3 84 (03] 1 0l
048 | RCL 1 34 0l 04| + 6l
049 4 04 05| = Bl
050 X 71 0¢ | vx 31 54
05] | el 2 34 02 (07 ] sTO | 33 Ol
052 | + 8l 08| 2 02
0S3 | STO E 33 |5 109 X 7
0S4 | cTO 2 2202 110 RCL | 34 ©
08% FLBL | [s1 25 o1 ] kd=0 | xz 32 54
056 | X=Y 3 §1 112] CHS 42
REGISTERS
0 K& 1 6 ZUSED 4 5 6 7 8 9
SO S1 S2 S3 S4 S5 S6 S7 S8 S9
A soq B h& C R.o D K E ,_r. I
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

N3l 0l 1Y [RCL | 34 o\

4 1+ 6\ 170 + el

s | = 81l (71 | = 8l

11é | RCL E 34 15 1712 | sTO C 3% I3

nz = 81 173 | RTN 35 22

118 | RCL D 34 14 9% L aLD |31 2§ 4

1y | X yl| 17| sTO C 33 I3
120 4 ] 12¢ | 0

l').; X* 32 54 17;/ - 5)

2 [ (0] (7 CHS 42

23| + 4 7% RcL C W 13 Ra""&/b.«#

124 [ X 3] 54 180 1 0l

s + 6l 18l | + 6l |

12| LN 3| 52 L] + 81

17| STO © 33 00 13| STO | 33 0|

128 RCL | 34 ol 189] x* 32 s4

119 X 21 igs | 1/x 33 62
130 sTO B 33 12 TN ol

131 ReL O 24 00 187 — 3

132] R_RCL | 34 ol l 2 02

1;3 - asl 190'” - 52 81

L = RTN 22

137] CHS 42 A FLBLE |31 25 15 |%Ahd > Re

134! 2 02 192 2 02

137] — 8l B8] X 71

138] sTO A 33 |\l 19491 | ol

139 - X~- 31 84 95| +
140 RCLB 34 12 19¢ ] ¥X 3| S

4l &GTO 5 22 05 117 /% 385 62

4o1*LeL 3 | 25 03] R=0 198 | TO | 33 0l

3] RCL E 34 IS 199 0l

144] LN 3 52 200 —_ sl

14§ | CHS 42 201 | CHS 42

44| sto B 33 12 202 | ol

471 © 00 03| RCL 1| J4 ol

148 sto A 33 1\ 204 + ¢l

4a] =X~ 3| e 200 = 8l
150 Xe=Y 35 52 100 | TO C 33 13

IS|| 6TOS 22 0S 207 RTN 35S 22

1 LBL 4 [31 25 04 | R+T = |

153 RCLE 34 1S

1G4] v/ % 35 62 210

1SC| 1t 0l

16| — gl

IS7] sToOA 33 ||

198 ] —x- 3] 84

9] o 00
160 STO B 33 |12

el | STO | 33 0l

Ll e 5 |31 25 oS
| 43| RTN 35 22

14 *LBLC [3) 25 13 |—>R= 220

s ol

(L6 | RCL I 2q 0|

1¢7 ] — sl

168 1 X

LABELS FLAGS SET STATUS
sdted+RT [RAT>cd kd [> R Re—> %4 (4 ~Rs |° FLAGS TRIG DISP
a e 1 N OFF
° 3 ¢ ¢ > 0 OD O@ DEG 0O FIX
0 1 - 2 3p = 4 - 1 RAD O SCI O
kd=0 ! USED R=07 ReT =117 2 8 g SAD 0| enc O

Svseo 6 7 8 S 8 30 ® n
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Program Deseription 1

a )
Program Title __RAY TRACE PARA BoOLA o o

Contributor's Name ODOARREL D. T OoRGER S o NV o
Address ,/6 g _ ,5 rr //1/65 {e D ) _ S
City 850 Fdﬂ D . B _____State /1/\/9’5_5 ___Zip Code ol 7 3 O“J
G

~
(Program Description, Equations, Variables PRO é rA M DETEZ m //‘/,;5 L R
DIREcT(on coSIivES oF (~PVT RAY AND Locatl
IR mpal To  PARABOLIC SURFACE, THE D/IREcTIoN
COSINES OF THE REFLECTED pJre THEN DETEEMWED
BY THE FPrieow|NGe Fremuls. o o

’&a =/@A - Zla k,s o
-‘eA = ’?4‘; - 2a LS. - e
A 2 s —laMg WHERE: -
AR, Ri ;. ARE DIR. COSINES OF INCIOEMNT RAY
K, Ly, My ArRE DIR CosINES OF SVURFACE porRmaL
fop, Ry, s, ARE DIR, COSINES OF REFLECTED RAY

A= R K+ Rl g

Operating Limits and Warnings A/ 27 € THAT W HEN iﬁ GuecT !S5 STsnED
BY KeYS f e A FLAe 15 SET WHicH CAUSES
THE WPVT RAY DIREcCTIVAN) cCoSIVES 7o GBi= S
CAVLATED FRrRom A FINITE SOURCE, TH!S FlAC
15 CLEARED WHEN THE IncioeEnwT ANGLES Bx
AND -9), FRom A SoUnRCE AT N FINvITY ArRE
|(EvTERED 3Y HKEY (.

s

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 11

( sketcnies) Y X Yt ox B
-erlb ‘ . » /S ; V }Al T
T — %5 7 T
2_’ “’ '/ : » Z.
e ameTiE s > ,v,,kwL,,JA.'l(%DEMIW
. \\},// .
L | )

—~
Sample Problem(s)“-,) FoOR. A PARABOLIC mrRROR W (TH A Foc AL

LENGTH oF S50 cwmn  FIND THE cocerDINVaATLS oF A
REFLECTED RAY IN AN IMAGE PLANVE &0 con From THE
MIRRON WITH THE IR ReR TILTED_M—V/O AvD WITH
THE (NCIDENT AT AN ANGLE oF Ox = 05" ,0,=2°
HITTING THE mirRIR AT X,o=>5  Ya=4,

L) WITH TKE SAMmE TILT A~D ANVGLE o1~
INCI DENVC E scanv THE MmMmiprere From X, =5 To
Xa = =5, A~D Yn= -2 70 Y, =13 IV S comn
IV CrRE ME~VTS.

WNOTE THAT P = 2 F. L.

Solution(s) &) /00 STOoA , 50 KREY fd, lctts Rey¥ £ b, 0.5 ENTER
2 key B, SE~TEmR ¢ KE¥ D

ovTreT X, = - 3% §3977
Y. = c, 1226

L){P’S, ¢ sTo o) 5§ s707, 2cHs Syo ¥, B

2.5 cts sT0 Q9,5 5703, L P>S, HEY A

ovtevtT X, = 5, ocoevoosso L

X, = - =3.5384¢ -

L Yi = 0.44&19 ETC |

7
Reference(s)




2 User Instruetions
RAY TRACE PARADBOL A
PRINT cowsT Ty TiLT
STEP INSTRUCTIONS DA'T'Z‘,,S;.TS KEYS Dl?Tl?/-lPJ:L'S
| |teao BoTH SIPES oF cARrRD I
2 | InviTIACLLIZE L0 ]
STOIRE PARABOLIC cOnSTaAnT P srol| A |
STIRE NumBer oF Y scaw I
PoinTs N = INCREMENTS +1 N | £ 1lP>s|
[sTo][ © |
STORE MIRROM” END PolnNTS Xsraer | [s70[ 7 |
Ysranr sTo|| ¥ |
Xsrop = Xewo — 222 Xsror [sTe]| a |
STORE INcREMENT SIZE AX*Ay | [sTo][ 3 |
3 |SECECT TiLT ©0F  smirrRIR | ¢ 1[P>S
ABovT Y Aax1$ Oy rer| [ £ 116 ] [8y reer
Y | SELEcT ImAGE PLaAaNVE ZIMAGE [£1fd | 2@5525
5| FINITE OBJECT DISTANCE & N
SELECT OBYUECT DISTANCE Zaau‘cr [iJ e | Zoporer
B SELECT PoInT oN oBuEcT | Xo | EMtE 2|
Yo [ JLE ] [Xe
6 | INFINITE 0B9ECT DISTa~NcE ? I
SELECT INCIOENT ANGLES 6 x | E~iTER |
&y [ ][ 8 | [cosb,costy
7| SELECT RUN mODE 10 ]
ONE _RAY Xoanaon| | EMTER]
‘/mmnon. [7J LQJ XIMAOE
[ L | Yimase |
oNVE M. scan Xogroe] | 11C 1 Xuisaen
(I X4
LI Vi
[ J[ | [tmace
I - i
SCAN ENTIRE MiRRIM [ JLA] [Xa
I X2
(I Y
L0 ] ETC
[ I [Kwe
[ 10 X2
. Y 2
N ETc
g PRINT convsTaA~TS (RO, | £ 1 &] |conmsT
R SEC ©0 Toq, A To L) L]
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53
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
661 flBLe 21 15 i 857 xLBLé 21 86
o YbbLa clido il @5¢  RCLA 36 11
32 RCL8 36 86 PRIVTS 859 ST0S 35 &S
gos  FRIA T lcomngTANTS @68 RCL7 3 &7
Be4 P35 163 oen ki &
885 FPREE  i6-13 862 RCLE 36 65
886 P25 16-51 g6c KB e
967 RS o 864 ST=5 35-24 65
ggg WBLh L1l T4 268 665  CHS 22
j LFY  ib o b8 - rem mE i o
i o g 86t  S5T=F 35-&+¢ i
6le P 1651 ) SCAN 867 ST:& 35-24 6
811 RCLE 36 d& 868 RCL7 36 &
61z STOI 35 46 865 RCLS 36 &3
gi:f R{EL 16 Ty pe  |5cAN Y owty 2 ave +F 34 TRANS FogMS
P fer foadde 871 Ky -4l RAL TO
615 SB3 23 83 S o iE NORM T
816  DSF9 -63 §5 87z KCLE 36 I3 MIRARIR TO
> v Iv1TiaL X 873 + -55 TILTED
817  FPRTX -14 ~ o = e
, e oe : c oo DINATES
618 DSPS  -63 65 o i
615 ST0i 35 &1 LT S
626 RCLE 36 66 ore 1% =
621 SToz 35 be g7 STo7 35 67
822 alBL4 1B 1 aLcuLaTES 879 RCL4 36 04
623 KCLi 36 Bl 656 x 35
24 A2 9 Z.a @3l  RCLS 36 65
b2y RLZ 3o fc 682 RCLS 36 a5
oo A% 2% 483 x -35
627 + -85 _ 3
LT a84 -
628 RCLA o 11 885 RCLE 36 06
z9 = -24 886 RCLS 36 63
838 Z2 8z P » -3t
851 = e 888+ -55
63z RCLI 36 B! o . ¥
833 RCLZ 36 6 o =
3¢ Pe5 160l @91 STx7 35-35 &7
835 5108 35 66 892 STx8 35-35 65
836 572" 35 8z 893 STx3 35-35 65
837 ' -3l @94 RCLT 36 &7
e A 895 ST-4 35-45 &4
610 o W | TRANSFoRMS 8% RCLE 36 66
2k , X 2 897 ST-5 35-45 &5
841 o _TH m AVD T 896 RCLY 36 @9
842 RCLE 36 13 Te TIcTED 899 ST-6 35-45 86
845+ 0 C oeRDINATES 186 RCLE 36 &6
644 KFY -4 Xo A¥D Z& 181 RCL3 36 63
845 +R 44 182 - 45
646 STO3 35 &3 183 RCL6 36 86
847 Xev -4 184 = -24
848 STOl 3581 gy TE 0B0ECT 2 185 5Tx4 35-35 64
845 F1? 16 23 bi 186 STx5 35-35 85
856 6561 25 6l 167 RCL4 36 84
851 RCLE 36 12 188 RCLI 36 61
852 ST04 35 64 189 + -5g
53 RCLC 36 15 116 PRTX i e iwTS Ximnce
54 ST05 35 65 111 RCLS 36 &5
855 RCLD 36 14 112 RCLZ 36 8z
856 ST06 35 86 REGIS cno be _ i
0 1 2 3 4 5 ®vsep |'vseo [Pvseo |Lseo
Z mace| X Crier A SSZ,\(TILT) S4U 2E2 ssu WD S6 57 S8 59 ax
SO S S2 -——
001 TS XM VM AX *«4aY| Xogoeer |V, 8VECT ZQ_QJ“—T' X.. stant 7,(‘ 7407 [ X evp 2
PARABoL! C |B C D E 7I1LT A~NGLE|!
A‘0M$T} VSED LVSED VSED & iy VSED
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STEP KEY ENTRY KEY CODE COMMENTS WKEY ENTRY KEY CODE COMMENTS
11z + -55 i€s S STI/IRES
114 FRT 14 (PRINTS Yuage e ES 5t TILT ANGLE
15 FET i€ i3 @E  ONE PolwT 171 wLELE 2115 Oy ricT
e = oN MIRROR? 172 FE [€-51
o e il | o
17 RS 16-51 173 2 T &l STokES
118 RCLZ 75 63 reone -41 °oBJECT
113 ET+Z 35-5% @ 175 cooRDINATES
126 DSZI 16 25 46 i7E
(=1 rTra ar g ExD OF Y/ scAN? - ‘
ey e ‘ i X, AP Y,
F it &2 82 178 ;
122 ¢roz 2z ez SCAw Y owey? 178 |
124 RCLE 36 66 186 TRACES oNE
1 8 I 46 181 ‘
- ”
126 RC 3¢ 88 182 A7 AT
1 35 ez 182 SPECIFIED
122 RLLE 3 82 184 MIRRO
imm o7+ _4E 31 (gE cOInRDINxATES
iz ol 4o €l iG
138 RCLS 36 @3 166 Xon A¥D Yoy
i3 RCL: % @l 1&7
132 gFC i6-11t &8 SToP Y scav
132 DEFS -E3 @S 183
134 FRTH -14 . ise TRACES RAYS
135 psPe gz a5 PRINTS WEW X, 151 A Y DIR,
136 £:vT 16-74 182 AT 3PECIFIED
137 eT0d zgs LAST X 2 197 m
138 P& 16-51 188 RECALLS X
138 R 51 185 N m
146 xil! i af 196 For— Y seAn
141 FRs 16-51 157
142 RCL4 6 64 CALCULATE ise
147 RLLE I @S 1o ,us 193 CALCULATES
144 RCLE I 86 DIRECT 266 pirscTION
145 3 i6-5i CQSI/Vgs e 605//‘/55 eFr
146 -zE 26z -
14r ¢ 5o OF RAY pyes InCclOoENT
148 4 55 FrRoOM 264 ’;AY-S AT
145 7€ i z@s ANVD €
156 fe ;. OBJYECT 26¢ x v
Isi o che T0 sIRROR za7 FROmMm oPTICAL
18z RCOLE 38 dé cbc Al S For
is3 + -55 4 = 263
155 -3 AT FINITE z I N FINITY
56 z
(o2 e & DISTANCE < .
57 it €1 = = cc
i5: -55 z 5 5 4
166 € &5 z ¥ Ele 21 lg I5 STPRE S
1€} 34 z SF1 16 Zi 8l 0B JECT
162 35 @6 z Fs 16-51 COORDINATE
163 34 2 STOE 35 @6
164 24 @4 F2e i6-51 Zo&d&c—‘r
165 24 €5 5 crrAT s
168 I8 86 ¥LELd 1 i€ 14
-= n: o CTAR -c ‘-T I MmA & E Co IO‘D
167 ; 22 @f &ToE J5 @A 2+ .
168 i 1612 51 =
) LABELS . SET STATUS
A SC AKX C D E
MIRO Ox Tty | XalaVy [XatYosToP| Xo¢ Yo rAyY | FLAGS TRIG DISP
aPm/;{*r b0 - d_a e 1EPINVITE ON OFF
consTants| Oy T1L imaGE | Zogyger | 080T o O B | DEG X | FIX X
0 oir. cos. |2V sT0P IPX = YecadProc enta|°Y Scawv|1 O B | GRAD O | SCI O
5 6 &~¥TE 7 8 3 3 2 O XK RAD O ENG O
IMITE cd§. 3 0 M n
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Program Desecription |

~
Program Title Paraxial Ray Tracing Part 1l-Tracing

Contributor's Name Morton S. Lipkins

Address 3 Nemeth Street ) -

City Malverne , _State New York  ZipCode 11582
\_

( )

Program Description, Equations, Variables This program will trace a paraxial ray thru a

centered lens system of up to 7 surfaces. All the data may be stored at one time

by the subordinate storing program, Part 2. Image and object distances and Back

Focal Length (BFL) are calculated. Effective Focal Length (EFL), image height,

and lateral and longitudinal magnification are optional. Aperture approximations
and slope angles at each surface 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 negative.

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.

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 Rl.

u,; = slope of the ray before intersection with surface R,.

uy slope of the ray after refraction thru surface R,.

Continued on Page 2.

Onerating Limits and Warnings

. — ~ _ —

( 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.
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Program Deseription 1

r .
ngmmeeParax1a¥ﬁ3ay”Tra01ng, Pg;t l1-Tracing
Contributor's Name .~ Morton S. Lipkins .
Address ) 3 Nemethr Street
City ~_Malverne, State_New York ZipCodel1l1565
\_
—~ —]
Program Description, Equations, Variables _
6. Symbols (continued) -
£, = distance from R; to the axial intercept from which the ray
comes.
£] = distance from R; to the axial intercept to which the ray goes
after refraction.
C; = curvature = I/Rl'“m;gf i
N, =index of refraction preceeding the surface R;.
N1=N, =index of refraction succeeding the surface R;,
£, = axial distance between 2 surfaces R;& R,
h; = height of the object above or below the axis.
1 = height of the image above or below the axis.
m = lateral magnification. i
M = longitudinal magnification.
7. Formulae(see sketch Page 4. )
- - ’ " _
C, = 1/R, Y2 = Yy-Lyu, 2= 2, m=h'/h
y, = Luy L1 = yy/uj Ni= N, m=m?
' - ' ' - T - - ’
uy = e yy (N3-Ny) +Nyuy, h' = y,-£pu) 17 W EFL=y,/uy,
1
Operating Limits and Warnings _1. When storing R for a flat surface, the input is 0.00.
2. When storing an infinite £ the input is 0.00.
3. Y should be set to gmghe aperture of surface R, in orde{ that the approximate
apertures of the succeeding surfaces be calculated.

\_ _ — - ' J
f ﬁ
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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PROBLEMS

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

R, = 1.674 Ry =-1.032 R3 =-2.350

N, = 1.0 N> = 1.517 N3 = 1.649
1 = N, = 1.517 N5 = N3 = 1.649 Ny = Ny = 1.0

£, = 0.349 £2 = 0.100

U.l = 0.0

461 = 0.0

Yy, = 0.55

Problem 1

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

a.
b.
c.
d.

b.
c.
d.

Determine the Back Focal Length (BFL).
Determine the Effective Focal Length (EFL).
Determine the aperture ¢y at each surface.
Determine the Ray Slope U at each surface.

Solution

Store the data with the Storing Program Part 2 and record the data.

Feed the Tracing Program, Part 1, side 1 and side 2.

Print option, keystroke f E —————=———cmmmmmmmm e output 1.00

Keystrokes 3 A---—-—————mmmm e Uy @.112 xxx
Yo @.511 ks
U 8,862 #x%
(_43 A.585 s
Wy &.299 x5

BFL 2. 669 £¥E
Keystroke B-=—————————— e e EFL 2.255 xs:x

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.

b.
c.
d.
e.

g.

Determine the axial point of the image £).
Determine the image height h'.

Determine the lateral magnification m.
Determine the longitudinal magnification m.,

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 =—————— e e 6.

2. Input 0 R/S===——m e e e o 6.

3. Input -18 R/S—=—=———— e e 7.

Feed the Tracing Program,Part 1, side 1 and side 2.

Print option off 8 0.00

Input 3 A —==m—— e e - - 2.390 £y

Input 0.55 E-—==—mmmm e - 0.000

Input halt 3 R/S =====—————m e 2.069 BFL

Input halt 2.390 R/S-———————=—=——mm -0.078 h'
-0.142 m

+0.020 m
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User Instructions >
PARAXIAL RAY TRACING PART 1 - Tracing
n Start EFL
STEP INSTRUCTIONS o A'T’:SS:'TS KEYS o ﬂ‘gﬁ:}s
1. | Store lens data with Storing Program, Part 2. [:] :l
2. |Ioad data card from Part 1 if data is not al- l:‘ [:,
3. | ready in the calculator. u [7:]
3. | Load the Tracing Program, Part 1, side 1 and ‘:' [i]
side 2 . 10
4. | Input n (number of surfaces) then A to start. n FXJ [7* —j] BFL or I_y'l
This step takes 35 seconds for 3 surfaces. [17 Ll [7}]
[0 ]
If u; and £; are zero, BFL will be calculated. .
If only 1 of the 3 items u; £; or y; is zero, (10 ]
then £, (image distance) will be calculated. [ 10 ]
5. |Optional: EFL (Effective Focal Length) but E:: ] [—j EFL
only if the output from step 3 is BFL (Back |—_jj Ej
Focal Length.) [_ﬁj [;j
6. | Optional: Select print output mode for Ray [ £ ][ E | 0.00/1.00
Slopes u and Surface Apertures Yy at each E:] r_-j
surface Wy B.ili gr# 10 ]
Yo B.511 kxi 10 ]
D OHET  xx . —
y2 o565 ae Lo JL ]
Wy B.294 ans [0 ]
[ ]
BFL  2.069 xwx ]
7. | optional: Image height h', Linear magnifi- LT]
cation m, Iongitudinal magnification M. [ ]
1. Step 3 to calculate &) n [ a | [
2. Input h h [ E ] 0.00
3. Input halt. Key n (number of surfaces) n @ BFL
4. Input halt. Key &) from step 7-1 Ln [ r/s]| h''mm
[ ]
-

NI

I

U0
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60
STEP KEY ENTRY KEY CODE COMMENTS STFP EMTDV vev AAne
661 \LBLA 21 o vEV Fj? 16 23 G; : CO:ﬂM.ENTS
8az 2 @2 Stipulate the num- 858  PRTX -i4 Print u' if the
aa3 X -3 ber of surfaces. @52 STOE 35 15 option is set.
a64 6 62 868 RCLI 3o &1 Calculate Yy and
a8s5 + -&= @61 RCLD 35_ 1'* store for the next
886 DSF3  -62 63 662 RCLE 36 15 | surface.
it it 863 x -35
687 bTU: - ‘,’5 k_";, Address the data 864 - -45
888 SF2 le 21 & registers. Start o A -
889 4 b4 with 865 RCLZ Je &z Final y? If yes,
number 4 _ P
818 STGI 35 §¢ . 866 RCLI 36 #c calculate BFL. If
: The 3 items of data, Con _ oo
811  ESBS 23 5= . 867  X=Y7 16-33 no, proceed to the
- E <29, w4y ¢y are manip- 868  £T0I 22 81 | next surface.
a1z R'ELE 96 l- ulated here. See 469 e -3
813 x=0? 16-47  page 6 step 4. Any 878 Ry _31
814  6T0d 22 16 14 : o | 7 3
815 R 36 go o Ltems may be glv= | gpy  pro g 23 61
15 RCLe 36 66 on and the 3rd will ‘ ; e
816  X=87 16-47 4 872 PRTX 15
0T e calculated. It -2 5 gt
@17 6T06 22 85 i1l be printed if 873 ST01 33 @l
815 X “35 the optigi 1Jt.lseset a4 c109 £z o
o= = | . e
819  F1? 16 23 61 | 875 #LBLL 21 60 1. ) \late BFL and
828 PRTX -14 ar6  RCLI Jo i .
821  sT01 35 61 877 RCLE 36 15 | S¥°P-
822 GT0b 22 16 iZ 6rg = ¥
923 ¥lBLd 21 16 14 7d SPC lemll
624  RCLI 36 a1 6g8  PRTX = -l4
825 RCL® 36 ae @81 FB? 16 23 &0
826  X=87 16-43 88z 6T0a 22 16 il
827  GT0b 22 16 1 883 RTN &4
828 : -24 @84 STOD 35 134
829  F1? 16 23 &! 65  SPC -1l
836 PRTX -i4 @s6 RN &4
831 STOE 35 iS 887 ¥LBLB 21 12 ;).ylate EFL.
832 GTOb 22 16 1: 888  RCL7 36 @i
833 xLBLé 21 6 889  GSBC 23 13
@34  RCLI 36 &: 898  RCLE 36 1f
835 RCLE 36 15 851 : -ed
836  X=87 16-43 @92  PRTX -14
837 GTOb 22 16 17 ggi Lg’g &
838 < =24 *LEL 21 &<
839 F17 16 23 &l 895 GSBz 23 6r  ooxit data from
@48 FPRTX -14 896  x#@° 16-42 a gisters
- . ; - 4 to 24 as needed
841 ST08 35 é¢ 837 GsB7 23 87 o ctorage into
842  ETOb 22 16 iZ 698  STOA 35 11 0 d )
843 ¥LBLb 21 16 I |calculate u' and 699 €sB3 23 g1 72 PROTIAN Te9 ST
844  RCLA s6 1! store for the cal- lea me ‘_’E 1 and 1. '
845  RCL1I 36 6i culation of y for 161 6562 23 8z
646 X =3I  |the next surface. laz  STOC 39 13
847  RCLC 36 i3 183 65B3 23 &3
848  RCLB 3 12 184  STOD 35 14
843 - -43 185 F2? 16 23 6: 1st Surface? Recall
850 X -35 le6 €704 22 84 7 jtems of data.
@51  RCLB 36 12 187  6TOb 22 16 12
852  RCLE 36 i 188 ¥LBL7 21 &7
853 ¥ -35 189 1-X 5z C=1/R
854 + -55 11@  RTN 24
655 RCLC 36 13 111 xLBL4 21 84
856 % -24 112 6582 23 82
REGISTERS
0 1 2 3 4 5 6 7 8 9
used used used used
SO0 S1 S2 S3 S4 S5 S6 S7 S8 S9
A used B used used used E used used
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61
113 STOE 35 15 COMMENTS STEP169KE:;IRY 21KEY CI(Z-DE COMMENTS
114 C$83 2303  Balance of data oy Mble 161 | print togale.
113 ‘:‘m@ "§ by for 1lst Surface. 171 €708 27 g,;
116  6SBz2 23 a:z s cc de
17 sT01 35 6 172 SF1 16 21 &I
iig Igilﬂ 16 2o e Summon next data 1;3 RT:I qi
24 register. N i
R P~ e B LI
i%; gg‘éz_ ‘13 ‘;: from the data reg- 177 @ G
1;5 Rm < ..:? ister. 178 RTN 24
124 #LBL3 21 87  Recall 2nd item igg *Lgéi el 15 | set y, = h.
125 RCLi 36 45 from the data reg- 181 Y E:
126  6SBD 23 14 jster. 162 o %
127 ISZI 16 26 46 183 sT07 35 i
128 RIN 24 3 s
129 ¥LBLC 21 13 N _ 184 @ 8¢ Set u, and £, = 0
oL estore decimal to 185 STD6 35 85 and store in the
ge [ 1697 the lst item re- 186  SFé 16 21 gp | 97t2 redister 6.
A & - o,
132 3 83 g;i;eiejggﬁeﬁhe g7 Res 91 [Tnput nale for n.
133 CHS -z ° SBA 23 il Calculate Iin'.
134 X -3¢ ;gg tLng 21 16 :.: Input halt for £j.
135 RN 24 73 w
136 *LBLQ 2l 14 Restore decimal 19!\ STOD 3~5- {1 '
137 FRC i6 44 X 192 RCL1 3o 8. Calculate h' and
- no - and polarity to 193 RCLD 36 i i
138 AiBs 16 31 : print.
v ,y  the 2nd item re- 194  RCLE 36 15
133 EEX Tev called from the 195 X -35
;j? x1 8] gata register. 196 - -4c
n it 197  PRTX -14
142  ENT?T -2i N - am mn
143 INT 6 34 }gg Rg{g 18 gg gE Calculate m and
g 2 o 208 GsBC 23 i3 | PO
145 AeT -%i 291 = )
146 X:v? 16-34 : s
147 6T0c 22 16 13 282 PRIX -14
148 §T03 35 63 283 X2 9 | calculate m and
149 LSTX  16-63 ;2; PRTX “Is 1 print.
156 FRC 16 44 2 g}g‘ &
151 6109 22 @3 2 =
152 xLBlLe 21 16 13
153 4 a4
154 - -45 e
155  ST03 35 62
156 Ré -3:
157 Ré -3
158  CHS -zz2
159 FRC 16 44
168 xLBLS Z1 83
161 i @
162 a aa
163 RCL3 36 &°
164 2 a: =
165 - -45
166 ¥x 3!
167 X -35
168  RIN 24
LABELS FLAGS SET STATUS
A start BEF L C decode D decode |[E ) o2 FLAGS TRIG DISP
htmm [|° uy ° decode U, ® print ! print 0 Och]l OE]F DEG O FIX O
0 ;B FL : recall :recall :recall ?.st surf. ; g gieo B gﬁG g
recall L1 reciprocal print 3 O & n
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Program Deseription 1

(Program Title PARAXIAL RAY TRACING, Part 2 - Storing

Contributor’'s Name Morton S. Lipkins

Address 3 Nemeth Street
City  Malverne , ____StateNew York Zip Code 11565
\_

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

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 regq}}}pﬁgiﬂdrecodj:ngrEx}cﬂlmgs’_ing 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 wil]A.wl‘nye’ loaded into each re»g_ister, coded for the

preservation of decimals and polarity. Each entry is assumed to contain a three

place decimal. The range of each entry is .001 to 999.999.

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

(see sketches, Tracing Program page 4.

Surface 1 Surface 2 etc. Only the 1lst surface requires 7 input
- R, R, items. The rest require only 4 input
VVVVV Ny N, items each.

—— — N2 S N,3 . ~
4 4
!
2,
Y

Operating Limits and Warnings S S

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

When storing an infinite £ the input is 0.00 .

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

Keystrokes

.55

-1.032
1.517

1.649
.10

-2.35
1.649

R/S
R/S

R/S
R/S

R/S
R/S

R/S

R/S
R/S

R/S
R/S

R/S
R/S

Display
Output

4.
4.
5.

5.
6.

)]

10.

10.
11.

11.

Print

Output

4.
1.674
1.000
5.
1.517
0.349
6.
0.000
0.000
7.
.550
8.
-1.032
1.517
9.
1.649
0.100
10.
-2.350
1.649
11.
1.000



°
o User Instruetions
PARAXTAL RAY TRACING Part 2 Store
Initializg
STEP INSTRUCTIONS DA#\F/’I‘JJ;ITS KEYS DSTLLT/SLJ:TTS

1| Load side 1 and side 2 [:::] [:::] 0.
2 | Initialize [;;j:][::::J 4.
3 | Input item 1 R, [r/s]| ] 4.
af =~ v 2 Ny R/S| ] | 5.
G N, [ rs ] | s
6| " v 4 2 | resll ] ] e,
7] v v s Uy [resll ] | e
8| " v & £, [resll | |7
9| v v 4 Y, [resll ] ] s

Only the first surface will require 7 input I

items. All of the subsequent surfaces will L;,if][i;;]

require only 4 input items. Steps 10 to 13 erf Il_ ':1

are typical of the subsequent surfaces. L_ﬁ_}[" ]
10 | Input item 8 R, [ res][ ] | 8.
1l v v o N, [rs] ] | @
12| " " 10 Ns EYS :
3] " "1 % | r/s[ ] |10.

LI ]

14| If an input error is made in the nth register, [uugq [i:i]
key n, then re-store both items., following n [j?:r][ijigj n

the input steps above. [_m;;][” ]

15 | To store in a register out of turn, use the [ff::] [jiﬁﬂ

error proceedure, step 14.

L
00

.
]
]

]
L]
]
|

\

J

_ﬁ,__
Il
{
[
| S—

H

U

[
—

I

|
\
L
-




9-)’1'0gram Listing I

65
STEP KEY ENTRY KEY CODE '~ COMMENTS STEP eS;FV FNE';; KFY cggs COMMENTS
801 xLBLA Clear Registers. B storing 2nd entry.
802  CLFG qgg 6SBd 23 16_11
a3 F2s g','.b : Code for entrys
884  CLRE 921 less than 10.
88s SFz Set discriminant 662
e8e  DSFe for order of entry. a;‘_ Criteria for entrys
ear 4 Start with register 86: less than 100.
688  STGI 4. Print register 865
889 PR -1 _number. o
ela *LELE “_{ i_t Display current 867
611 DSF6  -63 60 ogister number. 863
a1z RCLI 3o 4¢ 869
813 K-S 51 agb
SF3 -53 &3 7
614 Ubf‘j oo b Print entry. 871
81? PRLT ,____,1._,: 872 Move decimal for
bl Foi 16 23 ke lst or 2nd entry? é73 storing 2nd entry.
a1z 6TG1 ce gl 5 ‘s @74
818 KCET 15-45 nd entry negative? ai"—‘.
@19  6SBb 23 16 iZ iteri it
Py e _f_T Criteria for entrys 876 Code for entrys
< . c< less than 1. ==
; g oo a7y less than 100.
821 5 Tk -
822 5 678 ;
< - 879 Code for negative
G?J :4, @sa 2nd entry.
824 4 881
825 X7 &
826 952
9z7 Move decimal for 883
Zr . -
828 storing 2nd entry. 9§4 Code for entrys
829 Bb§ more than 100
830 o
831 Code for entrys 638 Code for negative
83z less than 1 489 2nd entry.
833 @Q'é.
8‘34 o Lo Move decimal and 3231
835 X<@7 _le-d45 store lst entry. @9z
836 SF@ 1o 21 &8 E'I:?"
837  EEX -2 73
aw brd =7 694
38 3 82
839 X -35 835 X T
@40 ST+i 35-55 45 Prt
g‘:é R L‘; &7 Skip 2nd entry in a-qg ESEZ 23 L—,:
C 36 4¢ : iyl i - e e
943 Xovo o3y  register 7. 895  CF8 16 22 &8
Cem 4 im 188 ISZI 16 26 d¢ .
844 GT!E‘C £z 16 il 181 RCLI 36 46 Summon next regis-
g3 CTOE - col 182 Dspa  -63 g  ter and print reg-
B4 MBS 100 criteria for entryd 183 FRIX -14  ister number.
848 ) -53 less than 10. 164 SFz 16 21 &
849 P s 185  ETOE 2z 12
85a 5 a5 186 RTN 24
851 '_-" G_: 187 xLBLe <21 le iZ
452 gy 41 188 5 62
e Gove (G- 189 STOI 35 4¢
854 CT07 52 - 118 DSF8 -3 &b
pd Eﬂf‘ “-Z'..B' Move decimal for 111 PRTX -14
) y il
856 2 @ REGIS. ... 112 SF2 16 21 &&
0 2 3 4 5 6 7 8 9
Used Used Used Used
SO0 S1 S2 S3 S4 S5 S6 S7 S8 S9
E
A used Used Used Used Used Used
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
113 6708 22 12
114 KTH 24 170
115 *LBLC 21 13 .
116 STOI 35 48 Error correction.
117 DSFa -63 GE
118  FRTX -14
118 ] G
126 ST0: 353 4%
121 SFZ le £1 &2
122 ETGB ce iz
123 xLBLZ Zi &z Set proper polar-
124 F@7 16 23 @@ ity for storing 180
125 CHS =22 2nd entry.
126 ST+i 353-35 45
127 RTN 24
128 RS W
130
190
140
200
150
210
160
220
LABELS FLAGS SET STATUS
A Start B Sorting C Error D E 0 FLAGS TRIG DISP
a b c i d i e 1 ON OFF
Code Skip Decimal |® Summon o O O DEG ® FIX £
0 ! Store 2 polarity |3 4 2Entry ? [t O O | GRAD O | SsCI O
5 6 — 18 : 2 O RAD O ENG O
Criteria |7 Criteria [® Decimal [° 3 s 00 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

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.
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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 I

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
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