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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 5000 programs

were accepted and made available. This overwhelming response indicated the value of the program library and a

Users’ Library was then established for the HP-67,/97 users.

To extend the value of the Users’ Library, Hewlett-Packard is introducing a unique service—a service designed
to save you time and money. The Users’ Library has collected the best programs in the most popular categories from

the HP-67/97 and HP-65 Libraries. These programs have been packaged into a series of low-cost books, resulting

in substantial savings for our valued HP-67/97 users.

We feel this new software service will extend the capabilities of our programmable calculators and provide a

great benefit to our HP-67/97 users.

A WORD ABOUT PROGRAM USAGE

Each program contained herein is reproduced on the standard forms used by the Users’ Library. Magnetic
cards are not included. The Program Description | page gives a basic description of the program. The Program

Description |l page provides a sample problem and the keystrokes used to solve it. The User Instructions page
contains a description of the keystrokes used to solve problems in general and the options which are available to

the user. The Program Listing | and Program Listing Il pages list the program steps necessary to operate the calcu-

lator. The comments, listed next to the steps, describe the reason for a step or group of steps. Other pertinent

information about data register contents, uses of labels and flags and the initial calculator status mode is also found

on these pages. Following the directions in your HP-67 or HP-97 Owners’ Handbook and Programming Guide,

“Loading a Program” (page 134, HP-67; page 119, HP-97), key in the program from the Program Listing | and

Program Listing Il pages. A number at the top of the Program Listing indicates on which calculator the program
was written (HP-67 or HP-97). If the calculator indicated differs from the calculator you will be using, consult

Appendix E of your Owner’s Handbook for the corresponding keycodes and keystrokes converting HP-67 to HP-97
keycodes and vice versa. No program conversion is necessary. The HP-67 and HP-97 are totally compatible, but

some differences do occur in the keycodes used to represent some of the functions.

A program loaded into the HP-67 or HP-97 is not permanent—once the calculator is turned off, the program
will not be retained. You can, however, permanently save any program by recording it on a blank magnetic card,

several of which were provided in the Standard Pac that was shipped with your calculator. Consult your Owner’s

Handbook for full instructions. A few points to remember:

The Set Status section indicates the status of flags, angular mode, and display setting. After keying in your

program, review the status section and set the conditions as indicated before using or permanently re-
cording the program.

REMEMBER! To save the program permanently, clip the corners of the magnetic card once you have

recorded the program. This simple step will protect the magnetic card and keep the program from being

inadvertently erased.

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

rogramTitte OFP7/CA L DESIGAN Io

Contributor’'s Name J OSePH /Q /L/0 BALET

Address 872? BE’H DY 141{,5},/02 o

cty SPeinveVaresw _state CA
\_

 

 

 _ ZipCode 72077

~ )
Program Description, Equations, Variables PPROGRAM ComPUTES THE Two SotuTions

OFAN ACHROMATIC DouvBLET Us/ive THE Atesgreac'6-Suom”
METHODTO ELIMINATESPHERICAL ABEIRRAT/o AND CoMA AT

ONE WAVELEMNETH.  REQuiIriD INPUTS AE: : REFRACTIVE JNDEX

(N) Awxp_ Dispsesion) (SN) (DsFivip AS Ne=Nc) OF THE
TWO GLASSES_AND THEEFFECTIvEFOcAL LSNGTH (EFL). PRO6EAM|
USES Two cAppS: F/BRST CARD CompuTES _AmDSTorssTHE

VALvss OF THe " 6"VALUESAND OvirALe LEMNS Powse;
S¢covD CARD ComMPULTES Two Se75 OF RADPII . LENSownvt

IS CLoStpeTO THE OBJECT ; LENMSTwo ]S CloSte TO THE

IMAGE. POSITIVE RAP/) _ARS CoNVEX TowAED THE OBJSCT ;

NEGATIVE RADP/I ARE CONCAVE TowArPD THE OBIECT. &EQUATIONS

USED ARe HI6HLyDETAILEp3USepR /S REFERID To A

THorOUGH DISCUSSIon [n RS FsRsacs ) ( DIFFICuLT  PEADING)
OPA BRIEF DESCRIPTIONo RsFirtpce 2. THE SotuTion
HAVING Lonvsse RADI) /S PREFELABLE DUT TO LESS Stpjous

HIGHER crpsir ABLRRAT/oAMS AND _SASIsre  FABRICAT/IA -

 
Operating Limits and Warnings PEOG RAM USES T/‘//A/ LENS TSCHA//QUES .

S0LUT/0ns Fop Stow OPTICAL SYSTSMS ARS RELIABLE SoecuTrons

FOPFASTOPT/ICALSYSTsMmSOR SYS7TEmMS 0OSinNeg SHArP LENS

CURVATURES ( SHorT fifi_pu) MUST BE CHECKED B9 TE/I6ONOMITRIC

RAY TRACSTECHNIGLES . SHoRPT FRAD/) ARE THOSE LESS THAN ABouT

ONE THIPD OF THEFOCAL LENGTH .FAST OPT/ICAL SYSTEMS

|ARE THOSE LESS THAN ABouT F/0.
  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.  i, 
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Sample Problem(s)

[IND THE RADy OF ATELSSCoPE OBJIECTIVE LENS

OSING LIGHT CRowWA GLASS LSADING A DSNSE  FL/uT
GLASS W/ TH THE FollowInG  JPropse7/ss :

 

 

 

 

CPownr (BSC-2)  Nssss =/5/93. SN = Ne-MNe = .00804
FLint ( DF- 4/) WNssse = /. 6509 ; SN =_. 01904

 

THESFFscTIVEFocaL LineTH )i 70 BE )24 (//UC[-/SS)

  

 (WNo I5s usvacd UssD | BUTTHIS 5 70 BEA
VISUAL OBJZCT;va,_fiND SSSSA /5 THE CinTse
 

 

 

Solution(s) £JADCAED A ; KEISTRIKES :
 

 

 

  

 

      

  
  

 

A FIL |p o|A >75.352(R)
15193Rfs22.| f3  —=-%.7/0()
Leso9 R/s —~O0.|  LoADcAep B: |fBc—>-5/.007(r3)
B > /. z > —020|fD ==/,24/2(@/

, 00504  B/S 2 A > 21.§46 (B)|  THIS Secown ssrurmn

01904 R[5 >0 B> 78225(R)|Gives sxTREEMLYlow
C - /. C >22.52¢(B3)| SPHseIcAL ABSEATI0M

/24 R/s _—0. D >17.318()ChicksnBy FayA;mc,z)

(Reference(s) _ S L w

(1) CON/?ADY A. €./)PPA-J?.DQPTICS A/\/D OPT/ICAL DESIGN,Dovir
PUBL/C/)T/OA/.Y] /VzwSorper,1957.

(2) 625 A.E. DESIGNVOF Tsis5coPssBYTHE G-SUM METHOD.ANflTZUE
   N  TZLESCoPi /WAK//U(, BookTHREZ , SCIEMNTIFIC AMEEICAN e, KINGSPORT, [953-J

 

   



  

  

User Instruections

LOAD SN gLOAD FFL    RUON

 

OPTICAL DESI6GN 1A

»
 

INSTRUCTIONS
INPUT

DATA/UNITS
KEYS

OUTPUT
DATA/UNITS
 

 

 

 

 

 

 

 

 

 

 

 

] |LAD SIDES )] AND 2  CcArD A
2 LoAp  psrFeacTive swpsx  (N)

ENTEP DATA FoR Lsns |
enNTER DATA Fok (sws 2

3

|

LoAp  pispsesion (S N)
ENTER SN  Fo Lsnvs )
ENTEIR S N Fop [sMNS 2

4 LoAp  EFFecTive Focar csmerH (5FL)
ENTER EFL

5| Rumv

6| THE STopAGE RE6I1STSPS HAve Bssi) LoapiD;
 

PEocspe 70 Par7T R
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CAED A

STEP KEY ENTRY

001 BL

4

COMMENTS

LOAD NI AND N2

67

KEY CODE

31 25 1

o

R/S Y
33 /S

o

R/S ¥
35 33

CL Y

35
) LOAD SNl AMND SN2

a)

LOAD &FL

34 /

/ 2

70 33 )

cL 349 )

CB

Program Listing |1 CAPD R

STEP KEY ENTRY KEY CODE COMMENTS

LA o )]

7/
STo D 33 /

CL & 34

£ GSB 3) 22 0]
Bc I 35 3¢

6SB | |3 ol

h RT; S 22

LBL | |3) ol

S7o0 33
! ol

S7TO0 ¥ 33 0
: 3

32 5S¢

7,
02

ool 61

g2

7

o

32
o

2 o2
REGISTERS

4

G5a
S4

6355

Vi/ Z

> GYa

G4,
C

"62. [[G3«
‘62, 63,

SN, JCB

06/@

G/,

SN A
A

e
Ssééb

7 G5 8/]/, _) 9 )

"6 8, |epaln, /5

N, C2a N /C2,

667@

866’76

"Vo/ P [ 



CAPD A Program Listing 11 cre> »
STEP  KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

o o1 =
/

30

LABELS SET STATUS

LOAD M |"LoAD SN ["LoAD sFL|” RuN TRIG
a b c d

DEG R

2 3 GRAD O
RAD O

0
'care 6

7 



User Instruetions

      

  
R3,

 

R2,

INSTRUCTIONS

SEE PART A
LOCAD S)D:eS

EUAMN

CompPuUTE //

R e

R2
R3a

R4a

Rl b

R2

R3
R

! Avp 2 CARD K

N

-

/ So
A 0 DES/6 N .

US/ING

CoOMPLETS e GV

7¢ R UM

Rla TO

Bove .4 b D$ L/)STED

OPTICAL DESIGAN | B

B4,

E4a

INPUT
DATA/UNITS

        

e
l 1l

;
—
“
—
—
7

|

!
—
—
“
f
—
‘

NO
wW L L

—

[ ;}
tj

\?

—
_
—
—

\
|

L
]

] L
I

L

J9
HE
EE

IkN il
il

r
fi
r
}
\
:
—
“

i
l

U ] Lfi. L
_
_
J
l
’
:

—

i

Ud
O0

o0
Uo

00
E

-
U
0

J I
R

1

OUTPUT
DATA/UNITS

C.000

C3»b

Rla

P2

E3a

R

Pl
P2

23

Pyb

 



cAep 3R Program Listing |l ..., ;
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

LBLE I 25 ) RO -
cL <«

Ce 34 ) A X< 35 5

7/ 67 cL C 39 )
PcL D / X

X 7/

CcL 07 X

cL A /] —

CL

7/ X

5/ CL
q42

o6

/2

7/

>

6/
o
/12

03
5

S/
A

7/

cL 2

— S5

P<S I 4
REGISTERS

6. I'Cs5a PGoa 670 CSa |Wr/c3 [ /23,

oy, Fos, [Fce, P67, 65 A [0 B

‘v /z P W/p [m/c2s [ M/C2, 



8 CARD I3

STEP KEY
  

ENTRY KEY CODE

cL o

A

= R/a

> P/,
0

cL

3

B"’;?Za

°> R2,
1

34

17/

c

2

7

Program Listing Il cs-»

00

3
63

7/

o

/
54

/

/z
S/

os

/1
/

/
5

7

42
0
7/

4L

]

7

COMMENTS

 

  

67

LABELS

= B3

> B3,

= LY

d_;> fi?fiu’ e

3 4

STEP

170

RO N

KEY ENTRY

o7 1

cL

X
c

cLC

KEY CODE COMMENTS

41

/S

7/

/3

53
3
7/
42
/3
Gl
o9

R4b
SET STATUS

FLAGS TRIG
ON OFF

o O N DEG

1 0 ™ GRAD O
2 0 ™ RAD O

3 0 X® 



Program Desecription |
 

 

  

  

 

 
 

  

 
 

 

 

rProgram Title OPTICAL DESIGN II e )

Contributor’'s Name =JO_SWHOBARI.e

Address 872,,3. BRADY AVENUE -

City SPRINGVALLEY giaeCA Zip Code92077
\_ J

r ~

Program Description, Equations, Variables THISPROGRAMUSESTRIGONOMETRIC RAY TRACING

TECHNIQUES TO COMPUTE THE INTERSECTION LENGTH FOR THE PARAXIALRAYS

(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'ANDOSC', FOR A ONE TO FOUR
LENS OBJECTIVE. PARALLEL INCOM ING LIGHT IS ASSUMED. SIGN CONVENTIONS
ARE AS PER CONRADY (REFERENCE1): FORALENS SYSTEMWITH OBJECT TOTHE
LEFT (SEE SKETCH), LENSESAND SURFACE RADII ARE EACH NUMBERED CONSEC-
UTIVELY FROM LEFT TO RIGHT; RADIIARE POSITIVEIFTHEY 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 TOWARDTHE OBJECT. DATA IS ENTERED EN MASSE USING fA,
INDIVIDUALLY MODIFIED USING fB, REFRACTIVE INDICES ALL MODIFIED USING
£C, AND SEMI-APERTURE (Yo) MODIFIED USING £D. fA AND f£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 Y, 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' ISALINEAR FUNCTION DIRECTLY PROPORTIONAL TOOFF AXIS DISTANCE.

 

 

 

  

  

 
 

  

 
 

 

  

 

  

 

 

 

  

 

 

  

 
J/
 

   4 )

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
 

  
  

     

Srketch(es) lff
+ ___,___*Y_,_._.w—.‘—_— A

]
e |
ogiter Yo

_ LF
Yooeyee

 

   
< Rl

zmple Problem(s) (F_BOM,_REFEBENCEW}CH 88)FIND THE ABERRATIQNS OF, ATHREE 1

LENS,P?QTQV;?UAL OBJECTIVE WITH PARAMETERS: LENS1 Nc=1.51358, Nd=

1.5160, Nf=1.52167; LENS 2 Nc=1.53447, Nd=1.5376, Nf=1.54516; LENS 3

Ne=1.57968, Nd=1.5833, Nf=1.59219; Yo=.25;

_Rl=2.3844 Tl=.07
R2= -.8923 ~ T2= .0325 (AIR) S B

~R3=-.8524 T3=.02.

.R4= .92 T,= O (CEMENTED)
~ R5= .92 4 T5= .05

_R6= 4.7104

 
 

 
 

 

 

SOLUTION. KEYSTROKES: (SEE WARNING ONPAGEONE) ~QouTPUT

fA  (TO TRACE IN D LIGHT) 0.0000

.25 R/S 1.5160 R/S 2.3844 R/S .07 R/S -.8923R/S

.0325R/S1.5376 R/S -.8524 R/S .02 R/sflggwR,sy

0 R/s 1.5833 R/S .92 R/S .05 R/S 4.7104 R/S. 15.0000

A 8.6608 (1')
A - 8.6621 (L")

 

Solution(s)

 

 

B o R -.0013 (LA')
C B o ..0004(osc')

...b I . 9.0708 (efl)
E e ..1184(tol) 

&~.0004 (tol))
 

 

 

Reference(s) _(1) i CQNBAD}S A -E.; APPLIED OPTICS AND OPTICAL DESIGN PARTS 1 W

and2,DOVER PUBLICATIONS, NEWYORK, 1957and 1960. S
(2) WYLD, J.H., " THE DESIGNOFREFRACTOR OBJECTIVES BY RAY TRACING",

AMATEURTELESCOPE MAKINGBOOK THREE, SCIENTIFIC AMERICAN, INC. 1953.

 

- ____ ’ __    
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Program Desecription 11
(sketchess - ‘ ‘ )
e e ‘ . . e e e e . —. + . eee

|
1

 

 

 

 

 

 

 

 

SampleProblem(s)

SOLUTION(CONT): V . S
~ fC (TO TRACE IN C LIGHT) , ~1.0000

1.51358 R/S 1.53447 R/s 1.57968 R/S 4.0000

 

 

A o 8.6656 (L')
B . ... =.0013(TA"')

~.c ....0004 (0sc'y
D 9.0729 (efl)

B .1185 (LA' tol)
fE .0004 (0sC'tol)
fC (TOTRACE IN F LIGHT) | 1.0000

.1.52167R/S1.54516 R/S 1.59219 4.0000
A 8.6643 (1')

Solution(s) A ~8.6662 (L')

B B -.0019 (LA')
- C . .0005 (0sc')
b . 9.0778(efl)

~.1186 (LA'tol)

 

 

 

  

o q ~ ~ .0004 (0scC' tol)

_(ITTAKES ABOUT 47SECONDS TOSOLVEFOR 1'IN A THREE LENSSYSTEM) 

&‘_H — S — - e SR S,,,._.,,,_.ww_)

 

 

 

(- )
Reference(s) = 1HE EQUATIONS AND TECHNIQUES USED IN THISPROGRAM AREHIGHLY

DETAILED. USER IS REFERED TO A THOROUGH DISCUSSION IN REFERENCE(1)
ORABRIEF DESCRIPTION IN REFERENCE (2). THIS PROGRAM DOES NO DESIGN
'FUNCTION;IT ONLY CALCULATES THE ABERRATIONS OF A GIVENDESIGN.      



12 User Instruetions
  

        
    

OPTICAL RAY TRACE OPTICAL DESIGN II

eyt paa oD DATA MOD N MoD Y, 0SC' tol
E% 1',L" LA' 0sc' efl ' tol

2p   

 

  

 

      

 

INPUT
INSTRUCTIONS DATA/UNITS

OUTPUT
DATA/UNITS
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1 |LOAD SIDES 1 and2? (SEE WARNING PAGE ONE) 1]
2 |LoAD DATA: Lf£lla|

ENTER DATA FOR REGISTER NUMBER DISPLAYED IN LI
X REGISTER; REGISTER DESIGNATION IS|AS 10
LISTED AT THE BOTTOM OF PAGE FIVE. [R/sI[|
REPEAT AS NECESSARY. L

3 |COMPUTE 1' (REQUIRES ~ 15 SECONDS PER LENS) Lall|
4 |COMPUTE L' Lall|
5 |COMPUTE 1A' [l|
6 |COMPUTE oscC' Lcll|
7 |COMPUTE efl D[]
8 |COMPUTE SYSTEM RAYLEIGH TOLERANCE (LIMIf) fForta’| [EIl]
9 |COMPUTE RAYLEIGH TOLERANCE FOR OSC' f|[E|

10 |OPTIONAL DATA MODIFICATION: 0]
TO MODIFY ONE PARAMETER ||

ENTER NEW DATA [EnTI [|
ENTER REGISTER NUMBER [R/S][|
REPEAT AS NECESSARY

TO MODIFY REFRACTIVE INDICES
ENTER INDEX FOR LENS 1 B
REPEAT FOR LENSES 2,3,4 AS NECESSARY® -

TO MODIFY Yo -
ENTER NEW DATA

11 |RETURN TO STEP THREE
 

 

 

 

*% DO NOT ENTER IRRELEVANT DATA FOR LENSES NOT
 

 

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'.
 

 

     
]
[£]
[R/S]
I
[]
[f|
]
[]
[]
[]
[]

USED. THE PROGRAM SEARCHES FOR ZERO|TO EXIT| [|

[

[]
[]
[]
[]
[]
[]
[
]
[]

 

|0.0000
 

 

1.0000 

 

 

 

 

 

 

LA' tol
 

0SC' tol 

 

0.0000 
DATA 
0.0000 

 

1.0000
 

2.0000
 

 

 

DATA 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
 

 



o o

67 Program Listing I
STEP KEY ENTRY  KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

001 LBL 3/ 25 / CALc R’ 3/ 22 06
S &/ o0/

2 oz ) 34 2¢| R
A ST 35 33 '

CL Y

0 C 33 I3

70 D 33 )

Ci-O 39 0o
0 33 /2

cL 39 o2

- ¥/
70 3 22 O3

LRL 2 |3 o

cCi A 39 /1

£G5B O |3/ 00 TeST Fore LAST LEANS

f LBL3 |31 ' /| €
N 491

7 “1

2 4/
52 /3

CL (<) 4 2

T0 & 33 /5

13

6SB

S2

22
/

22
3
3/

CE FoB ZIRO
N
ene3

22
25
3 Y’
3y w’

b

35 22| W' ¥
2s /)

/)
3s 22| L'
25 /2 cALc A’
22 0

SB 22 0

7 WA
— / /

TN 35 22| LA K
LC |3/ 25 13| cacc osc’

REGISTERS -

‘ez P72 IPwN2 TR P73 R¥
S9S‘iEé 557_.é SG/\/?/ S7/€,7 7-—7 Eg

() 7 O Y d £ NV (L) I Conrroc 



67 Program Listing 11
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

GSB 9 |3/ 22 S
) 170 ’ 2 9/

/

14

      

cL B 2
cL C 3 v’ 3 /2

SIN 31 62 35 22
— 25 00

CLA L’ - ; 34 2
e———

‘

— S/ ' 2
s 22]0sc’ ¥
25 /4|caic efl

22 0
3¢ oo| Yo

Y 4] w’

Toalef! ¥
25 LGAD DATA

/ 0

00
35 33
25~ 0

2
3/ 3¢

35 3¢
22 0

25 MOD DPATA

MID Yo

CfiLC_éA_'_MAUCi

MusT B 4 X A
3 3 IV owITS USZD

/ For OTHEE DATA.
33 THIS VALUL (S FOR

2 JNCH UNVITS,

34 /
35
25 07 PTN LA' Tor ¥
34 241 R LBLe |32 25 J5| CALC OSC’ ToLErRAKE

/ SB S /] 22
37 /4

3 —
5 77/ O cL C v’

35 | A 3/ 62
3 t 7

/ 7 22| 0sc ! 7oL
LABELS FLAGS SET STATUS

/p/ /7 B LA / OSC/ €7C/ L/)/fo/ O/A/TZ/E‘LOC/: FLAGS TRIG

31040 DATA P Mop DATA Mo N |Cop ¥ Cosc ' tol ' EXIT AR DEG X
! 2 ConTivu g 3 Coninvus 4CF)LC ,0/ GRAD O0SvBe INT

il RAD O
COMNTINUE SUBBOUTING 7 SugrouT/ ConTINUE JNTE RLOC k.
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Program Desecription |

rogram Tite LENS  CALCOLMTIONS ~ SAG | INGLE, IUN/IIBKProgram Title

Contributor’'s Name ‘0 b~ 750//5'fi//fof‘&f

Address QBO CAW/‘—01“‘ &A&S lea .

    
  
  

city CPOCEZA state CM yzipq Cod;?.iél7m
\_

( CEN ANY 7O oOF HOEE )Program Description, Equations, Variables

(RiOIS oF CORUGTIRE , DAMETSH | Sha ) Aeccrim
Cor?Po7ES O7MeEL ave AN awscc OF 7M/ceNAY,
CHTH WPUTS TOlERAN CED , FROSGIMMN ,cwam;&
PRINI/MEMS VD  IRXIMIMS,

Dt+ 4t
R= m

  

 
:

D=2 (ZRs - s‘)/t

s= R- ¥ (¢r?- D‘)"”

b= 7w~ (___z_>__ S
N 2 (rR-3%) | R

Operating Limits and Warnings

7HE FOoLLOoW/NG mMUST BE 7T2U4E: o

s 2R |

D =2R

 

 

 \_

 
 

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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Program Deseription 11
- , ~

Skelch(es)n

<E€ pPAsE |

\_ y

S
Sample Problem(s)

Glven: R= §=£.7
b= 7%/o

bemww& : Swom.

Smax.

S mun.

D vom.
P max.

P mm,

Solution(s)

Key DiseLay EHBR 0.853 = Smm
m O.000 [E» 4¢° 2337 . ¢Nom

s(Bl §.000 EIEl ¢8.28/6 = dmax
.m@ o.00 El &l 2. 49526 = dmmn
7 & 7.000
/ (&) @ /.000

B /429 = Swem mrE! L= DO.mmss

rReference(:r.) //fl”bfiOOK oL ”74”/ TRELES VY. gkmocds ) /? S, T 
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H
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|
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ENTER LL

INSTRUCTIONS
INPUT

DATA/UNITS

ouTPUT
DATA/UNITS

   

(ENS CRLC - SRG ) HNGLE, mw/mAaX

 

  2/ arfomis P
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. 67 Program Listing |
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

001

INITIC)€ e

¢ce

e

oae Rmax +3T0

. | ace Dmax + Ste

M.$<m~'§~~>

Drans (e,Sova

cace Pmn+ STe

(pe Dwn+Ste

Drewe=S (&.Fm.)
nmficé....sm)

S Rnem

Rt — Sto bN‘\M

Chce + S?

REGISTERS
3 4 5

S4 S5
-— - - —-—

o) | rR(t.
D 



67 Program Listing 11
STEP KEY ENTRY KEY CODE COMMENTS

Dt —
e CAce + STe
o

Do

Dy

Swem

/PN
enie ChL

St S':o

LW

z
QALL Smw + Sre

3 (efl' bnm)

LABELS

D
E
2

KEY CODE COMMENTS

ST Snem

Cate +STo

Smar

o

SET STATUS

FLAGS TRIG
ON OFF

DEG ®
GRAD O
RAD O

19
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Program Deseription |
 

 

(- ~N
program Title  RAY TRACER- SPHERICAL, PARABOLOIDAL AND FLAT SURFACES

AIAN  STEIN
Contributor’s Name

  
Address 298 VISTA GRANDE _ IR

City DALY CITY o State CA v Zip Code 94014

\_ J
 

 

 

 -
Program Description, Equations, Variables This program traces light rays in ,”cwo—dimen—]

sions through spherical, flat or paraboloidal cross sections of
lens surfaces. Theray may be in the form of a slope (or the

corresponding angle) and the y-intercept, the surface intercept,
or an arbitrary point of the ray, (x, y§ All formsare converted

~to slope-y-intercept (a, b) form(see sketch)
The flat surface 1s defined by x = fg*y + f Inputs are

(fa,fb). The sphere 1is defined by radius of cur ature(R) and
intercept of surface with x -axis. If R is positive, the left
intercept of ray and surface is found. If R is negative the right
1ntereept is found. The perabola is also defined by R and 4,
where d is still the x—1ntercept. R is the dlstance from & atwhich
y= 1 (1 e, the parabola is defined as x= Ry2+4d),

r; is the ratio of the exit over 1nc1dent refractlve 1ndlces
~——at the boundary. -

_ The program computes the lens-ray intercept (x. ' Vs ) and -
dlsplays this as ano tion. The slope and y—lnterc%ptof the

~refracted ray, (a', -are computedfrom Snell's law andstored

in Ra and Rb for future reference., All computations are analytic.

Note thatthe program always selects the parabola-rayintercept
closest to the x-axis intersection(d).

equations: ray-- y=ax+tb; sphere-- x= SQRT(Rz-yz)*(—sgn(R))+(R+d)"W
flat-- x = £y+fy s parabola -- x= Ry2+d, T

/rSnells law: sin(9')= 8in(®)/ry where r;j = rexit 1n01dentS

 

Operating Limits and Warnings NoTteE: f, and f, are the reciprocal of the slope
and the x—1nterc€pt——respectlvefy.

S LIMITS:0<# 90°

 

risO -

R# 0 ERROR MESSAGE WILL BE DISPLAYED?t -

1) if ray and lensare chosen so that no intersection exists
or

2) CONDITIONS ARE SUCH THATTOTAL INTERNAL REFLECTION OCCURS AT
| INTERSECTION.  \_
 

 

 

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

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

RAY: a=333;0=/8y3°; b=.333 ; v heflat=1:(aye(x, %+%)

— )
=<

Sample Problem(s)= R S B R

1) A flat with slope™ of -1/2 and -intercept of &,r.=2, is o
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
of06, find the point of intersection with a ray coming in at
L5 and passing through the point (1,-2). If therefractive —
index is 2, find the refracted ray. S

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

 

Solution(s)

1) -59kgfl§s gfli’ 4» E’ 29 Q»i@. 1 ’ gfli’ 2, QE§9 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’yiyfi

(4.82288, 1,82288); 2, C, £C, a'=1.45625, b'=-5.20042.

WM§5:1.W§g£, 3§wiA, £§, 2, Q; 3333333, EQE-‘ ;£56491¥g§§£“2;;w__

x,y5)= (3.19052, -.k3649); £C, a'=.57740, b'= -2,27869

 

 

 s

Reference(s)  ,ythors HP-65 programs for ray tracing through spherical
and paraboloidal surfaces.   
  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

T \ : \22 User Instruetions

STEP INSTRUCTIONS DATA/UNITS KEYS DATA/UNITS
1 LOAD SIDES ONE AND TWO OF CARD ====- - ||-— —————

2 Load positive radius and x-intercept ]
for Ieft-side of sphere R (ENT|[|

oR e LAL]
= ]

2 Load negative radius and x-intercept ]
forright=sideof sphere R [ENJ [ |

OR d [,A:] [,ii J

= ]
2| Load R and x-intercept(d) for parabola R |[ENT||[|

OR d rg‘;] L*A —]

— [L,, ;,1 [;

¢ Load inverse slope (f_) and x-intercep§ f, [ENT|[|
(f,) for flat 1 (BIl|

TT AN \ [‘: ,J ':*:fj
UPTIUNAL: DISFLAYX kxi, yi} ----- L,{j [}éj

]
3 Load refractive ratio (r.l) r, [(C[]

4 Load slope(a) and y-intercept of ray, a |ENT| [|

find a', b' (optional: find (xj,yi)) b Efi? [;1 | y:a'sx:h
(optional results) =------t-{——=d4---] |y} ;x:xi)

OR I
4 1load angle(x) and point (x,y) of ray o, [ENT|[]

X [ENT|[]
find a',b' (optional, find (Xi’yi)) y [T][D] as above

0R L]
— I

L Load slope and y-coordinate of lens 0

intersection(y;). a [ENT[ ]
find a',b' (optional, find (x.,y:)) Vi |E J[] las above

OR [I]
4| Load angle(es) and y:. Outputs as in 0<. |[ENT|[|

Other choices. Vi (£|[ E| as abov

OPTIONAL: FIND a', b' after display L]

of (x4,y;) ==

|

elc] prtm
1]

FOR NEW CASE, GO TO STEP 2, 1]
BRI
I ]       



ray trace: s,p & T 67"!‘0g'l'am LiSIing l
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STEP KEY ENTRY KEY CUDE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

o *1BL a > 2 SET FLAGS FUR * >
LG 3547 bPARABOLIC CASE LBLD 2 cg THI0AD 5,b
CF 1 35 61 01 x Z 0?2 |31 61 if a = 0.then

’

GTO 3 22z 03 e GTO 5 22 05 case is same as
*LBL B [31 25 12|SET FLAGS FOR Xeoy 35 52 a,y:, S0 g0 to
CF 0 35 61 OO|FLAT CASE GTO E |22 15 U1t

e eSTO 1 01 store a
¥L,BL A 31 25 11 SET FLAGS FOR xay %2 >

oo [CF 1 35 61 of| SPHERE CASE STO 2 33 02 store b
CF O 35 61 00|e- F?0 35 71 00] if flag 0, then

*LBL 3 31 25 03 GTO O 22 00 paraboloid lens
STO 6 33 06 store d,fy F?1 35 71 01] if flag 1, then
R v 35 53 070 [GTO 1 22 01 flat lans.
STO 5 33 05 store R, fg X 71 ab

R/S 8L RCL 5 34 05 R
#TBL b |32 25 12|SETFTAGTO RCL 6| 3L 06 d
SF 2 35 51 02]DISPTAY (X:,y:) + 61 R+d
/S 8l 1771 STO 9 33 09 store temporar.

20 PTRT, ¢ |31 25 13— Xy 35 52
TQ 0 33 00 STORE ry - 51 R+d-ab

R/S 84 RGL 1 34 01 a
*IBL e [32 25 15| CONVERT &,y £ 32 g a?
XY 35 52 080 1 01
tan 31 64 tan (&€)=a + 61 1432

XHy 35 52 |-==m=mmmmm-s STO 8 33 08 temporary store
*LBL E [31 25 15|LOAD a, yji / 81 = (R+d-ab)/(1+a%)

XY 35 52 RCL 9 34 09 R+d
STO 1 33 01 store a RCL 5 34 05 R

030 ®y 35 52 + 61 2R+d
F? 0 35 71 00]if either flag ig RCL 6 34 06
GTO 2 22 02 on,lens is not X 71 d(2R+d)
21 35 71 01]la sphere. RCL 2 34 02 b

GTOQ 2 22 02 090  [x2 32 54 b2
STO & |33 Ok ]store y; + 61 b2+92+2Rd
X2 32 54 ly2 RCL 8 34 08 123
RCL 5 |34 05 R 81 n=b2+d2+2Rd/1+a?
x4 32 54 R2 XBY 2? 52 m
Xy 35 52 ENT

040 GSB 9 [31 22 09 x=#V(R*-y°) ENT 41
CHS L2 X 71 mé
RCL 5 [34 05 R RT 35 54 n
+ 61 GSB o [31 22 x=H(m?-n)
RCL 6 34 06 d 100 - 51 X:=m-X
+ 61 correct x by R+d ¥IBL &

[

31 25 o -2_________
GTO 4 |22 Ok display(?) inter ggg 5 gé 53 store %nd displ%y
*IBL d |32 25 Xs Ve
R ¥ 35 53 CONVERT &¢,(x,y) RT3 ot S
Xepy 35 52 _ X 71 ax.

050 tan 31 B |3, atan («c) RCL 2 3L 02 1
X 71 arx + 61 ax;tb=y;
IST x |35 82 X STO 4 %% gg
Xea\s 35 £2 ~vents E .

R1 35 5L y o Fob 35 71 g%s%agsrzzilts
X\ 35 £2 R/S 8& FIND al bl *

=" o1 ~ b= y-ax *IBL ¢ [32 25 1 ’
REGISTERS

° I v > x. ’ v, ° R,f ° d,f Teen P oused [P aused
1 ] 1 a

S0 S1 S2 S3 S4 S5 S6 S7 S8 S9

A B C D I

a' b'       
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STEP KEY ENTRY  KEY COWE COMMENTS STEP  KEY ENTRY  KEY CODE COMMENTS

RCL 1 34 01" a X 71 + SQRT(m)

atan 32 60 |e& 770 RCL 8 [34 08 1/a
F?0 35 71 0 if flag 1 is se + 61 1/2+SQRT(m)=n

GTO 7 22 07 then para.lens RCL 5 [34 05 R
F?1 35 71 0l if flag 2 is set / 81
GTO 7 22 07 then flat lens 2 02

RCL & 3b o y; 7 81 y.=n/2R
20 |RCL & 34 05 |R GTO 2 |22 02 *

/ 81 y;/R *ILBL 1 |31 25 01| FIND FLIAT INTER.
asin 32 62 g =angle of per- RCL 2 134 02 5

GTO 6 22 06 pendicular RCL 1 2L 01 a

*1LBL 7 31 25 074 parabola case? |8 RCL 6 34 06 fy
RCL 5 34 05 R X 71 afp+b
F?0 35 71 0 GTO 8 for + 61

GSB 8 31 22 04 parabola case 1 01
atan 32 6L Z=perpendicular. RCL 1 34 01 a
g%_.OBL & 31 25 04 cmmmcmemeee 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 y-l=afb+b/1—afa
};CL 0 34 00 rs _ ENT L1

B1 : ')=g] - IBL 2 |31 25 02| ~7~=="=-5"777C
asin 32 A2 qér'l(g ) 81n(9)'_‘r1 STO 4 313 o[? store and displa

RCL 8 gLiy 08 ¢ RCL &b |34 obh (%5,¥5)
- o¢'! F?0 1 00

tan 31 64 a' ) %g 24 y; for parabola

ENT 41 RCL 5 34 05 R or fg4

140 STO A 33 11 store for future X 71
RCL 3 34 03  |x3 RCL 6 |34 06 |4 or fp
X 71 axy + 61 X3
RCL 4 34 o4 ¥s ST0 3 ]33 03
Xery 35 52 200 F/‘?2 22 71 02]display if flag
- 51 b'=v:-a'xs R/S . ] on.

STO B 33 12 Stosr% * GTO c 22 31 13 %lfifi a',b'.

oo 2ol SSA FIND PARABOLIC RCL 34 0 Yo
RCL T 5% 01 INTERSECTION X 71

150 1/x% - 35 bg /4 5 02

STO 330 X 71 2R,
X2 32 54 1/a® BTN 35 22 R
RCL 2 3L 02 b ¥TBL 9 31 25 0
RCL 1 34 01 a 210 - 51 y-X

/ 81 b/a SQRT 31 855 SQRT(y-x)
RCL 6 3L 06 d RCL 5 3% 035 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 sgnRk

60 [ oL L X 7 +SQRT(y-x)
X 71 RTN 22

= 51 m=1/a2-4R{(d+y/a) 4 22
SQRT 31 5% Nw 7
RCL 1 34 01 a 220 4
ABS 35 64 #
LST x 35 82 sgn(a) . 4
/ 1 select appropriafte T
e 1o intersection "
— LABELS " FLAGS SET STATUS

faR,a” Bfy  [Cery °»a,b [F®a,y; [flat FLAGS TRIG DISP
b s c 2 1!parabola see intAdcfinda'b'|ba(x,y) [¢+«,y; |'pParabolsg . OS O oec ® Fx =

para.in{ flat int.?display [’storeRd |*display [Fdisplay |! O ®

|

GRAD O

|

SC U
Tor — > 0O ®| RAD O ENG O
find in{¥ a',b' ['flat 8parabold®used B 3 O n—>        

y
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Program Deseription |
 
 

(" ] General lens tracer
Program Title , N o

 

 
 

 
 

Contributor’'s Name Alan Stein _ e

City , Daly City State (,:,gw.. ZipCode QMPELL“
\_ J

s >: : (see sketch 1) This program traces a light
 Program Description, Equations, Variables

ray in two dimensions, through an arbitrary lens surface whose cross-

section is f(y)=x. f(y) may be up to 30 steps long andis stored —
under LBL fe by the user. y is in the x-register and theuserhas
registers C,D, &E available for storage of y or arbitrary constants.
The only 11m1tson f(y) are thatjt must be single valuedandexist
for y=0 to y=a¥*f(0)+b.

The following variabies are elther supplied bytheuser or
computed: .

Rg-- r4(user)= nexit/nincident Rl--a(user) slope of incident
ray.The user may provide

Ry-- b(user)=y-intercept of the - %, the correspondingangle—
incident ray. Alternately, the ~instead,

user may provide the value of y desired at the 1ntersection yi,
or an arbitrary point (xoyo)the ray passesthrough. e

 

 

 

R5--y-previous approximation to yi(computed) o
Rg-- go= £(y)- (y-b)/a (computed). This is a measureofthe
error?nthe estimated value of y;;i.e.If g=0,then‘yjjyfiT”*““_‘

R7-- f'zdf/dy.(computed). (R,Rb)-- (at,b') theparameters
of the exitingray. ————

(fig #3) The intersection is found computing the apprgxlmgggflslgpfi*____
of g(y) and generating a new y3 from this., When g<10 the routine
exits. Theslope at this point is found by computingdf/dyfor%ETV
intervals of y until the change from one cycle to the next is < 10-

or until the error starts to increase.
Operating Limits and Warnings - e

ERROR OCCURS IF NO INTERSECTION CAN BE COMPUTED
OR IF REFRACTION AT THAT POINT IS IMPOSSIBLE.
This program is much slower and much less accurate than———

the analytlic ray tracers and should be used onlywith
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.

. v,    
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Program Deseription 11
 

  
fi«-eg .

Sketch(es)

 

 

   

 

 

 

 

SampleProblem(s)

~Givena legs surface of revolution whose cross-section is
—x= f(y)= y*+3, and a ray of slope= 1/3 and y-intercept= -1.5,

.findtheintersection of ray and surface. If the refractive ratio -

is2,find a' and b' for the refracted ray.

 

Solution(sy GTO, f, E, (switch to W/Prgm), ENT, x, 3, *,(switch to Run),

-_,-,An 3! l&) "105; _Q ’ (Xisyi)z (3-1905251'-}4’36“’92); 2: _B: Ea

a'=.577399 b'= -2,278697.

Correct values to six places are (xi,yi)=(3.190525,-.436492);

——a'=577399  b'=-2.278697. Thenumerical programsdiffer from  
 

 

 

-——the analyticanswer inthe ninth place of a' and b'v—

7

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

-~general lens trace and parabolic lens trace     
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GeENERAL LENS TRACER

 

 

 

  

  

  

  

  

  

  

  

  

  

  

  

   

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

   

=8, (Xoy) 06 (X5¥5) -4, D >0,y

> r ->a,b - a,

STEP INSTRUCTIONS DA'T’:SS,I,TS KEYS Dz%sngs

1 load both sides of card [ ] |
2 Enter lere cross-section ----- @ EJ

(enter keystrokes of lens equatio E_| W/prementer Str S n n-- e
¥ zts in theyxregls*aer and ‘th(el user [:]] { ]]

may use R,,R and —the secondary regipters r;th[fj:J
forCp] 21- ons,constant storage) { ] [7, _ J

3 return to run mode ——e | J [1 |

L]
OPTIONAL: to see 1intersection-- (A |]

Ly store refractive ratio 1

(OPTIONAL-- this step may be executed T]

after intersection is computed, if | ]
"see int"” option has been taken) rs (B[

1L]
5 |ENTER INCIDENT RAY IN ANY OF FOLLOWING [”"J"' ]

FORMS : slope, y-intercept a ENT| [|

] b [cll|
or slope ,1ens—1n'l:ercept(yi) a EENT] lg

vy (DJ[ ]
or point-slope form a ENT| [ |

%o BT[]
. . \ Yo £ J[A]

or polnt-incident angle(atan a) bnele (oc) (ENT []

X, [ENQ[|
Jo [f|[B]

or angle-y-intercept oC [ENT|

b L|[c|
or angle- lens(y;) intercept oC ENT[]

v (£|[D|
OUTPUT OF STEP FIVE WILL BE (x.,y.) or [T) e,y

a',b' depending on otpion thoZen-- 10] or

a' and x. will be in y register; b' ang |1] Xb',y=d
Yy will Ye iIn x-register. NOTE THAT a'[, b" L]

ARE ALSO STORED IN R, AND R,. FOR FUTURE USE. 0]
L]

OPTIONAL: find a',b' 1if "see 1nt" optiohn |10]

has been taken: ===-=- lE[| x=b", y=a"

I]      
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

001 * LRI _A|31 25 11]|set F2 to see x<0? 31 71 if error<10-©
SE_2 35 51 (2] intersectlion GTO Q0 [22 00 then exit.
B/S 8L ___ IR v 35 53 ¥4
*¥ LBL B[3] 25 12 GSB 2 31 22 02 &3
STo 0 |33 0o |Store ™ in By ENTER 31
R/S 8L ENTER 1
* IBL D |32 25 12 SettFldfog aggle BRCL 6 |34 06 g,
SF 1 35 51 01 instea o slilope X<->\6I 35 52 gi .

* IBL a |32 — STO 0 réplace
570 R ¥ L 35 ig 11 convert point- ;T 2% d(g) o

x<->y |35 52 slope form to RCL 5 |34 05 Yo

F71 35 71 01 Slope-intercept RCLL D3 ob Ty,
an STO 0 re ace

gF 1 %% 6?].& 01 find tan(alpha) [o% _T 2 23 2 d(§) Yo
X 71 ax / 81 dg/dy
LST x |35 82 a / 81 g1¥*dy/dg
X<->Yy 5 52 aXq RCL 4 34 04 Yy
K1 '3‘35 o4 Yo X<=2y 35 52 /
X<=->y 35 52 - 51 y =y4-g1¥dy/dI 31 bay-axg STo T35 on yhgland 5 eY/es
GTO C |22 13 GTO 1 |22 Ol iterate new yj
* LBL ¢ |32 2513|set F1 for angle * LBL d |32 25 14 |set F1 for alpha
SF 1 35 51 Q1 SF 1 35 51 01 .
# IBL C |31 25 13|(slope-inter.forn%¥° * IBL D|31 25 14 |find intersectio
STO 2 |33 02 Ry 1s b STO & |33 04 given a(alpha)
STO 4 [33 ok Ry 1s b x<->y |35 52 and yj3
X<~->y 35 52 a,alpha F? 1 35 71 01
F?1 35 71 01 tan 31 64 find tan(alpha)

tan 31 64 a is tan(alpha) CF 1 35 61 01
030 CF 1 35 61 01 STO 1 [33 01 Ry is a

STC 1 3 01 Ry 1s a # IBL 031 25 00 |--==--=-=--==--
x=07? 31 51 if 0, then go to X<->y |35 52 yi
GTC O 22 00 case for yjgiven. GSB e 32 22 15 |find x4from y;
0 00 0 090 STO 3 33 03 Ry 1is x3
GSB e |32 22 15|xq= £(0) RCL & |34 o4 yi
RCL 1 [3% 01 a X<->y |35 52
X 71 axg F? 2 35 71 02 |display results
HCL 2 34 02 b R/S 84 i1f F2 is on
-+ 61 Vi= axo+b * ILBL F |31 25 15|find f'=2df/dy

040 STO 4 3 04 Ru is Vi RCL 4 34 04 yi

STO 5 3 05 Initialize y,(o14h EEX 43
GSB 2 1 22 02] find g4 2 02 100
STO 6 306 lrg 1s g, (o14) ST0O 7 133 07 f'init.
ECL 5 [34 05 Yo o(ol 100 ST0 9 |33 09

S 2 707533 61 0700741CHS 2 = X LUl=dy t
2 5 10 ST0 B 153 08 g 15 o
+ 61 ¥i= Yot .01 ¥ LBL 331 25 03 |ececeeeeee

STC 4 |33 0L gTO/’B g% T3 reduce dy
050 # TRT. 1 {31 25 01]find (x,y) er

x<=>y 135 52 g 771 (int RCL 4 |34 04 yi
ABS 35 Bl Bs (g5) RCL 8 [34 08
EEX 473 + 51 yi+dy
CHS 2 10-6 110 GSB e 32_22_li-f%+)
6 06 -6 STO A 33 11 temporary store
- 1 error:abs(goy-lo BCL 4 3L QL V3

REGISTERS

1 2 4 5 6 7 8 9

°ry a b | x|y Yo &g 1 dy dr
S0 St S2 S3 S4 S5 S6 S7 S8 S9

A B C D E I

at b!       
 



STEP KEY ENTRY

e interlfs 14

2a,(x,yY° »(x,¥)0o|°

KEY CODE

67 Program Listing 11
KEY ENTRY

y X

y-d 170 -

-y
f(+)
24f

dy

24y

df/dy=f"

old f!

COMMENTS STEP

replace with new|iso
daf?

10~
is czange in 1!
<10=°?, Then exi
from routine

old 4r'?
190

replace with new
is df' increasirg
if so, exit.

a' FROM

a AND !

fl

+af?
-f1'/lsaf'-tan @

tan?

+tan2

1
1*{11+tan2)
in @#/rj=sin @

1n2

-sin2

ng'ssin4qll-sin

1

tan+f!

an
!

LABELS

a,b a,yq

¢ ¥ ¢ f(y)

3find f'|5nellsla

hlpha a

displa

KEY CODE
29

COMMENTS

fttan
l-ft'tan
al

Rg 1is a!

yi

X3
a'

a'xy

b' 1s yy-a'xy
Rg is Db!
set up display

end of utine

nda gl\y
f(y)
yi
b

yi-b
a
(yq-b)/a
g(y)=f(y)rbll

STORE f(y) HERE
 

30 program ste
reserved for

user entry

of f(y)

SET STATUS

TRIG 
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Program Deseription |

ProgramTitle RAY TRALE. - ow

  

Contributor's Name HERMAN R« DIiTTMER

 
Address G307 RAMPTON RD.S, , o e

City o SENTTLE. _stateWASH ZipCode 9B8il8
\_
 
 

 
 

S

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

CALCULATE THE ABERRATIONS oF OPTICAL SYSTEMS BY TRIGNOMETRIC

RAY TRACING . [HE EQUATIONS USED ARE DERWED FROM ORTAKEN

FRAM MOOERN OpTical. ENGINEERING BY WARREN J. WS&!L]_THML.C§Q#5863Q

MCGRAW HILL . THIS PROGRAM TRACES MERIDINA- AND PARAXIAL RAYS

THRJS ANY NUMBER OF SPHER|CAL SURFACES. OUTPUT INCLODESFiINAL

RAY SLOPE AND VERTEX DISTANCE. NoRMAL To THE RAY AT THEFINAL.

SURFACE.; RAY HEIGHT AT ANY DISTANCE)AND THE INTERCEPTDisTANCH

WiTH THE. OFTICAL AXNIS, THE SPRERICAL ABERRATION AND OFFENSE

AGAINST THE. SINE CONDITION ARE. CACULATED. A SUR-ROUTINE

Wikh SELECTIVELY “BeEND”ANY ELEMENT(S)AND INSERTTHE_
NEWDATA FOR RECALCULATION ANDEVALUATIONOFTHECHANGE.,

THRE. MERIDINAL &PARAXIAL TRACES ARE. THE. BASIS FOR.THE-

CALCULATION OF OTHER. ARERRATIONS

WA=-2 | SPHERICAL ABERRATION
_SiNU o u’ L—Lpg - e e NE DCSC =~*sini" m— | COFFENSE. AGAINSTSINE CONRITION

 

 

Operating Limits and Warnings _XTENDED TRACES THRU MORETHAN 4SURFACES

REQUIRE. ENTRYOF EXTENDED DATA.FOLLOWINGDISPLAYOF '19—PRESS
"3 MERGE "— ENTER. THEDATA CARD — PRESS @ TORESTARTTHE_

PROGRAM .,  CARD To 2ENTERED 1S DETERMINEDBYMONITORING

PROGRESS AS SHOWN RYSURFACE. . NUMBER.DISPLAYEDASEACH

SURFACE. IS CoOMPLETED.

  

 
  

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 MAKESANY 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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ee+eeee . o . ) = : \
: R ‘ ; = RADIUE oFF SURRACE.rSketch(es) | — MARGINAL AXWAL RAY N2 iR O S e
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=| ti‘fflmfl- l .' - “_f ‘ :' I‘ 1;

gp"=3 : . &':5. ESTNNSR l b

Rias Ni-g=-1- | | ! o |
= T\ { i | :

( ‘ A, ‘paraxinr. | | |
N=LBBET 'mbomes | — — i

BSC-2 CiLass

T sgEMI Flewp 4'=.75% -
L Azgg.gtwmmaa-“-'&sl [S SN ISRS SNS SN Lo J

      
 

 

 
 -

fifir.n_pge Problem(s) MAKsuUTayCASSEGRAINTIRIESCoPE.AB C

TR=-8.000Yhiues02— KEYEDINPUTS Q SNQJ;SEM&fiSW W
N=L5I185 ;Ifiyfi‘% , Note: AL Raosi ARe NE4. A_.R“s;%%%’p%{%‘%m ForRMAT

R2=-8.314 ¢ R As CENTERS ARET0LEFT. . 0 i 5 ekl Li-

Nzl1=93.511,1sNEGLGHTPaTHWAS| A 1 g‘lnM
_R3=—35.820MrRRRReyvERSEDATRa(MIRROR) =2. 9

N=—1 t=-12.71 Nz~415ALsoNEg.MRRORRe3gé_ 13tzs

_R47-15.200 Mirror cuangES L(0) anD N,4 To 4 .
=1=0 PasITIVEE AGAIN (£=0 AT LASTSIRFACE)5 %
_Reg'0”keEPsTRACKofF sirrace BS & DisPlLays  © P

AT END OFEACH SURFACE{DATA MAY BE: REaD Duking Paust) 7 No 17

CALCULATELAY MARGINAL SPHERICAL ABERRATIONO R, st8__N45__hh:9

Anp 0SC' OFFENSE AGAINST SINECoNDiTioN 2 Nz Ns« 9 ta-s tas

  

 

 

 

Solution(s) lsT_CALCULATE A,’,& THEINTERCEPT OF THE PRINCIPALRAYWiTHTHE. QPTICAL.

_AXISFROMTHE. LAST SURFACE . THIS REQUIRES A PARAXIAL TRACEE):INPUTDaTa
CARD (SAME.CARDISUSED FOR ALL TRACES) KEY y=0 StoD, KEY W=775N

_papians(—.01308997)STo B, PRESSEoz~6.£7449495, INPUT DATA CARD , SToLpg INC
—KeyQ&Y =3.3(mm-APerTure)STO A§SToD. SwSINU 4 UL =0 INB AnND INE.. -
_Press(©)ReanLAW=.00102257  Press €8 Reap 0SC'=.00003020 Nere :
L nReg®3anoA InREGF2 . LAW151NREa5,05C15MR,Q@ 15 inA,SINLY
WB . YyinD & W WNE,
 

  L____,,e -S - ————— - J
 

 

  

( )

Reference (s)WARRENSMITH — MODERNOPTICAL leflfl_fié‘é_-

MegrawHib, Ine, CuaPTErR.10
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MERID. BEND. ILA70SC PARAXIALL

T LAY, 05C MER;DINAL/@AWV\L p
i

Si Soal

  

  
(@

)]
M

INPUT OuUTPUT
INSTRUCTIONS DATA/UNITS DATA/UNITS

-

|
—

M
m
O

|
{

|
{1

|
—
_
—
e
e

o0 d
|

I
[

f
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W
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.
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1
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|
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|
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|
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SLOPE (N RADWANS
\-A’

osc’

(U

WU N / T QPERATING LUMITS 2. CoR USE OF \ DATA CA
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67 Program Listing I
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

001 3125 | MERIDINAL TRACE. GTo 3 22
2.

33

 

¢

DisPray H'’

Qa2
| t=07? 00

22 ’ 2 SURFACE. NUMREZR.
REGISTERS _ -

3 4 5 6 7

CauneR | USED  [UsED tsep Uszo usep Usep N Ry N2
1 S4 S

tis Ry |"Na-z ta- Rz |"Nag [ts.a |Ra Nas |4
B C D E ¢ |

—> Qe |SINUG =Sl

|

S‘orL’ YU — Y

|

W—= U | USED



24 e7Program Listing 11
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

3
170 DisPAY LA/

 

  

51

DisPlAY Osc’

Qo

o

DtsmAv'ael
12| LENS BENDING

c2

DispiLay h’
Diselay Ry

él

LABELS SET STATUS

DINAL ! ! TRIG
a b dC. . ": CLOSING A DEG

ceunteRr. ||CLosing [Clesing  [PDara” GRAD O

DaTA® 7 RAD U
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Program Deseription 1
~ :
eoamie FIrSE Order Raytracing b Hair:x______

Hegheds' U3 50
Contributor’s Name Kur KreCke - e

Address 37 LQO‘(OU( Vlew EOQd e

City FQ . rPD rt State M)’.o .._:Zip Code M_‘S:O_
\

 

 

 

 

 

 

( : f 1 (y! )
Program Description, Equations, Variables =~ %14 N-v N , N'”K  

 

    

7

o R
Refraction(Power) Hatrix: Kr-"'-,;—*-’ ; Ps ;"]':)QIQEI

Tmnsf&r(Tmckness) Halrix : D'd, | @=(',? - [0]=1

Ray Malrix qinal lay:y o=u-h, o(yo)
(Lnywmmg Quys) PHV);IPQ‘ an yX =F H_(‘/ )__

by Matrix w—(_.3)HAA:RGRO.B
)\(Omélt) z _2 o
;,Tywc(t Hatrix:A=(fl“q,)A '

”’“Rum\ol(cflmmE=AB: (% 23

 

 

  

 

   
  

  

Operating Limits and Warnings o

\ KHake svurg to press (s after udcquLeus PuamdusKD' Vig
(€] aud (D], v S
2. Atlery watlrox M&)nlrltca‘flk Xfer EHdnxTo ed&u A or 8H._iy___

jocatioy for furthey 'vocessmj
3. Euter Ny via (f1[p] to eblai oofaow\:} “7Ad'fl v«q[fl[(:]_

\. J

 

 

   [ )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   
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Program Deseription 11
 ee

‘Sketch(es) o ResRl Le    
eb et

t

 

lem taken' from 
IR o :  MeteSawapleProb-

oPTeT Ref b (Brevwer)p38
 
 a8 -

Sample Problem(s) U=WU=,
Z 1

eR;=4 Z R2?
2. (-

I o y =%y P

Sfotioul)istite[c] »0250Kyw)[E]  soowelerEfla
T hjsswsofA] ru0twoofihy 2)FIE]>oou@RYNy
__y.stis[p].33 P B 6oe1§
_Rpmooo.[8]w0jefi0y |0—0083Nu'
)Y 7 oo0i1000 eley 0.067 M@
Oiooo’o00 (Aay 13) B[S 0390y'

Yitistieks [C] 2 goso0 K, 0.067

 

Yioo’easRele| 0167@'

y
_Ris»u000.[8]271000} 1000 IRR) -00€3o

a' -

 
¢)(8] - 10004888" o, 14) RS 0.933 W,

sontiontdt1[€] (u[{l[él)é “1000,0.917,€[" e,)
o 0333,@

=008 ¢

.0%o)
8)as3t.attif)(3)20.000

_otaRjs sWeMeawe|
99s%owre2e0 o
O]rroewiesss,NGV

  

I3

000002004020  C-,.A_,W_ e __J 
 
  
-
Reference (s -Delane:Covrse i Geomelrical Opticy , St.John Fisher (oll, Rochestes,
V.Rrovwer: Matrix Uethods in Optical Tustrvment Duijq
o19eM(WA, BenJami v nc. P 3  Y 
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First Order Qo.ytmciv\fl

Recall A Hateix Recall B Helry Inverl Stk Het yfuf'.fn‘fl'-mqs Recall € Had, z’

0008 @, bbAb byaNteRo K Bls itD' AfsHoll A B
INPUT OUTPUT

DATA/UNITS DATA/UNITS
INSTRUCTIONS

St
¥ 1o right o ac ' V'

i S e ENTER
Radi

aclion Hatrix iy Sta t:Eyter K

' ix) 1 r

:
|

;?
|

2 Y
™

1.000

%
E
—
”
‘

p
M
o

|
\s
z]

:
|

E
“
E

[
_
‘
fi

H
rj

r"
‘!
h

L
o N

a@ 35
2

rC
UL

Ee
| Br

ne
s

M
o

2
] |
\fl a

I
m
i
n
m
1

A
o
0
0
0 



o. 67 Program Listing |
STEP KEY ENTRY KEY CODE COMMENTS STEP  KEY ENTRY KEY CODE COMMENTS

001 E“ e ' 1’ “k

Euter A Matny

le(cal} [B] ¢ B
Hatrix

Reca(l |A| ¢ A
Katrix

Compute [A|
GBU €- P. €3\

e, e‘,)

Recall [E| ¢ €
Matrix

Hvfla’ply E-AR

Out qo I'U\ eg

fiaafl { xj /
y' o« !

(7' " "f"")
”(fi

"x‘fl St"fd g.‘,’ {

REGISTERS

"z [P a3 | A4 [Cy= C3°=Q3/ Cy=a
s2 b,, b3 S4 bq S5 y S7 u aQ A

AQ,‘-‘Q,b,i-as BQZ‘:sz,fli.,bl C23:a¢b3*a3 De“:azbfia‘( E'A ‘ I

9 



67 Program Listing 11
STEPSTEP KEY ENTRY KEY CODE COMMENTS

(owpote angularl
m“&“"r‘.c‘_lt‘oh

WI‘ * .g.

Euter W'V
Comput e K:”_;a-l_’

- K or Euter
Khere

Refraction
(Power) Hatrix:

) -K(o)
Cuter d'N'
Compote D' 4]

D' or Euter
here

Thick uesy Katriy
I 0(o 1)

Euter y u No ¥

Store Meyy iuRo

LABELS
» »D' -

Viaty I
2 C Ratrix !
7

YT Q o >

€

39
KEY CODE COMMENTS

y o=uh

o 0

€utev y U
to expaud H

M-

€uter Matrix X

X = (x' K’)

X2 Xy

Compute Detey.
winawt IX)

x| Ix|

SET STATUS

FLAGS TRIG

ON OFF
DEG X
GRAD O
RAD O 
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Program Deseription |
 

 s )
ProgramTitle  Fraunhofer Diffraction of Light by Spherical Particles

 
 

 
 

Contributors Name Bill P.Curry o o o

Address ~ lLakeviewDrive, Route1 B o

City Decherd R __State Tennessee B fipth,3132¢wmAWJ
\_

( . . )
Program Description, Equations, Variables  1h1S program uses. Bessel functionscomputed by the

‘standard series(forX<15) to generate intensityfunctions forFraunhofer

diffraction patternsof1ight scattered by spheres.For large sizeparameters

(X215),Hankel'sasymptotic formsareused. Nestedaddition andmultiplication

Toops are usedin calculating theHankel forms. Angular intensity distributions

_of scattered1ightbased on theFraunhofer intensity functionsarethe asymptotic

1imits ofthe exactMiescattering series solution for 1ightscattering by spheres
ofarbitrary size. The angularscattering relations are stated below:

Iy2(r,0,%n)= Iyie(x,6,n)(cos *¢, sin 2¢) where I,, is the Tight intensity
o (kr)? o o B

(energy fluxperunitarea per unittime) scatteredin either1)the polarization

 

 

statewith electricvectorperpendicularto theplane formedbyincidentand

~scattered vectors or 2) theparallel polarization state. The intensity functions
. . _mD

_ofthe Mietheory arei,,,(x,0,n),x=——
diameter D andTight wavelength A ), 6isthe polarscattering angle and ¢isthe

 

is the size parameter (based on particle
 

aximuthalscattering angle, k?“§£1;is the incident 1ightwave number,risthe

distancefrom thescatterertothe obsever, and n isthe particle refractive index.

x’e)?lile£¥39an)awfih?,?ffeCt,watfifrfigthQMiQQQfiww,
- X> 21 (vein

_disappears. The Fraunhofer intensity functions are computed from iF(x,e)=Ex Qiiéélflfilq,
I

  IntheFraunhoferTimit,i_(x,€

whereJ;(xsin8) isthe Bessel function of first order and argument xsine. XST??_-

Besselfunction accuracy is 7-8places for x'>15, 4-5places forx'<15(more_accuracy

forsmall X) --x'=xsinB. Leastaccuracy.occurs for x'_near 15,on_accountofun-

avaoidable roundofferror. Intensityfunctionscannotbe computedatexactly0°

scattering.Instead,useverysmallnumbers,such as eiloiggfwtowgbtaian?“scaiierjng

result. Program containsa limit restricting it to angles 0<6<180°. Sameprecautiong

must be observed to approximate 6=180° as to approximate 6=0° (use 6 =18D:1077°).
. J
 

 

 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

—     
 



41

l’rogram Deseription 11
 

 

  

 

 

 

     
 

 

 

 

 

F . . . e ‘ N

Sketchles) z Scatter1ng part1c1ehasrad1us-%

Geometry §Dbserver Incident Tight has,wave1ength A

L .Incident 1ight haselectric vector a]ong
Scatter1ng sphere A x-axis, magnetic vector along y-axis

at0‘”191n ¥ Scattering plane is r-¢ plane |

K R T
; £ 4 4 . . eeebe

Incident L1ght L o<i*sfl

( )
Sample Problem(s) __Consider scattering of 1light at 10.6micronswavelengthbysphere

with 250 microns diameter at the angles stated:

 

 

 

 

Angle Fraunhofer Function o

ei(xp) .Sizeparameteris x=74.094166

1)(107%)°  7.5388722x10° o

2) 22 1.015796510° _ NOTE: Program displays, in order,
4 1.3170225x10°  thefollowing quantities:

6° 1.8250979x10* 1) Size par'ameter-x-fl-Q
g° 3.3208465x102 (1second display) *— 3,300 : 2) Scattering angle -6
10 1.7535760x10 (5second display) - -

3) Bessel function-J, (x$1n®)
(1second d1sp1ay7‘

4) Fraunhoferintensity
function - i.(x,0)
(osecond 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
S has been computed, stop program by pressing "R/S" '

Problem#2: 2,enter,2, enter, 250, enter, 10.6, press"A", allow programtostep
through the angels shown. After resu1t has been computed,stop program
bypressing"R/S". A

\_ e . . S SR J

 

 

 7

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

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. . ,.wvi;J
q      
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Fraunhofer Diffraction

(monodisperse)

 

 

 

 
 

 
 

 
 

 
 

 
 

   

 
 

  

 
 

  

  

 
 

  

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

  

 
 

  

  

 
 

  

  

  

  

  

  

  

  

  

  

  

   

STEP INSTRUCTIONS DA'T'ZTS,IWS KEYS DSTT;SLP:TTS

1.] load program (both sides) I
(If desired, replace f-x-in line #210 by 1]

R/S-optional) I
I

2.| Enter data in order shown: 6,,9,D,\ 0, (degrped)| [ENTER4 0, (degreps)

(6, is initjal_angle for sequence of | I
calculations) ]

A6 (de raeé)giiJIENIEE+ N6 (degreps)

D mficrnJX: JFMT%+ D (microhs)

» (micrbnd)} —! '— A (micr(micrbn }q[if__q (micrehs)

3.] Start calculation sequence - press "A" | ] ’*J:\j,

]
Display pauses 1 second to output x =:P- [fji_][::ij x(dimensiophless)

Display pauses 5 seconds to output 6 [ -~ J[jg 0(degrees)

after long program run (1 minute sometimes), ]

Display pauses 1 second to show Bessel functioh | ]l 1 |39:(xsins)

I (dimensionfless)
Display pauses 5 seconds to output Fraunhofer L] ie(x,e)

intensity function [ 1l] |(dimensionfiess)

S
After answer display, program_automatically l;—:j] Lii]

steps to next angle (6.=6. ;+49) and .[

continues calculation sleqlljence ]

1]
4.] Stop calculation sequence at any time numbers [;;:: [;;;;]

are displayed by pressing "R/S" [ I[rRss]

LI]
Program automatically stops at 6 = 180° L]

b
[0
[L]
L]
L]
1]
N
I
I
I]      
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

gai  xLELA 21 11 Main program 857 RCL6 36 86
882  F3? 1& 23 83 858 ST07 35 67
863  GSE8 I3 Be 859 ISZI 16 26 46
884  E£SBI Z3 89 868 6701 22 81 Branch end point for
pa5 RCLB 36 66 D 861 xLBLZ 21 82 |series 1 loop
@86  PSE 16 51 Display x=—— 862 RCL7 36 67
P87 RCLZ 36 8z @53 ST+6 35-55 @6
888  PRTX -14  Qutput 6 864 2 8z
@83  SIN 41 865 ST=6 35-24 86
818 X -35 866 RCL4 36 84
a11  sT03 35 83 867 STx6 35-35 86
812 ESBb 27 16 1Z _ , 868 RCL6 36 86
813 FPSE 16 51 |Display J;(xsine) 869  RTN 24
814 GSEd 23 16 14 878 xLBLc 21 16 13  |Hankel
815 ETOA 22 11 871 RCL3 36 83 |asymptotic forms for
@16 xLBLO 21 ae 872 25 16-51 Bessel functions

817 z -24 873 STO3 35 83
a18 Fi 16-24 874 3 83
819 X -35 875 ENTt -21
gza  ST08 35 86 E?EZ ;:?;figfiefind 876 4 84
821 R+ -31 calculation 877 z -24
822 STl 35 81 78 H 16-24
823 Ri -31 79 X -35
24 STDZ 35 @z ase - -45  q=xsino-3/4r
825  RTIN 24 881 R+D 16 46
26 xLBLe 21 16 1Z Bessel function 6882 cos 42

827 RCL3 36 83 calculation 883 STD4 35 64 B=8x
82& 1 81 If x'215, branch to 684 LSTX 16-63
829 3 83 asymptotic routines 885 SIN 41
838  x£Y° 16-33 -LBLc. 886  STOS 33 85 Branch to series

831 E6T0c 22 16 13 (x'=xsino) 887 6SB3 23 83 2 loop
azz RY -31 888 STx4 35-35 84 _
833 z 8z 889 6SB4 23 84 Branch to series
834 : -24 @98 STx5 35-35 85 3 1oop
835 ST04 35 84 891 RCL3 36 83
836 X2 53 892 Pi 16-24
37 CHS -2z 893 X -35

838 STOS 35 85 Series 11 894 2 82
32 xLBLI Z1 81 eries oop 895 z -24

@48  RCLS 36 85 % 17X 52 Jl(xsine)q/%;ETfig—-
A41 RCLI 36 46 897 I 54
a4z X 31 898 RCL4 36 84
@43  RCLI 36 46 899 RCLS 36 85 x[P(B)cosa-Q(B)sflufl
844 NI 16 52 | 166 - -45
845 RCLI 36 46 | 181 X -35
846 1 a1 182 P35 16-51
a47 + -55 183 STO6 35 86
a48 N! 16 52 | 184  RTN 24
849 X -35 | 185 xLBL3 21 83 Series 2 loop branch
a5e 3 -24 | 186 RCLS8 36 86  to multiplication
851 ST+6 3I5-55 86 . 187 6SBe 23 16 15  Toop
852 RCLE 36 86 | 188 RCL8 36 88
853 RCL7 36 &7 | 189  6SB8 23 88
@54  GSES 23 85 {:onverdence check 118 RCLE 36 88
855  X>Y? 16-34 | 9 ¢ - 111 CHS -22
es¢ croz 2z ¢z Abranchout of loopL4o yx 31

: > 3 oo 2 : 5 (veinp)2l6rart sum[Prior Parjs 9
° J-X-Q A B 0 XS1NS @Q (x_s%fl) series 1|sum ser 1
sPartial |[siPart sumSPart sumlS3 . 5P, cosalSQ, \sinal® s7 S8 Index [S9 Index
product [series 2|series 3| XSin6 (B) (B) Sem?st Series 31
APrior qutia] ®Prior qutia] c ° : llgdgi-;sn?s
Sum Sseries 2 sum-series 2]        
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STEP KEY ENTRY !(EY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

113 x -33  |Series 2 100 I ' es |
114 ST+ 35-55 81 o -gm 169 N: Ie 52 partial summands
115 RCLI 36 81 P(B)=Z B 1:.;.9 : __"¢%  for Hankel Asymptot;
116 RCLA 36 11 ) m=-:'TEEDT' b ReLe 089 forms

> q - E} m I

o o e M(N I2k-17-4] 173 X -35
115 ET06 ce b6 Convergence check iz; :ngg 21 gi |
128 RCL1 36 61 branch out of loop 1:;., o < _4; Convergence test
121 ST0A 35 11 e " routine
122 2 8z /7 ABS 163l
123 ST+8 35-55 88 176 EEX s
124 €102 22 63 1= o
125 ®LBL4 21 84 |Series 3 Toop 166 CHS -2
126 RCL9 36 89 o o ig’ RTN 24
127 GSBe 23 16 15 |Q,o =z= B 2" §2 siBle 21 86 .
128 RCLO 35 89 (B) m=0 (2m" 7! 183 RCLI 36 @1 Branch endpoints
129 CSB8 23 88§ 184 RTH 2 for series Toops 1in

< 185 #LBL7 21 @7 broutine136 RCLY 36 89 ' subrou c
13 e 2 T(D(2k-17-4] 186 RCLZ 36 82
132 x 3 187 RTN 24
133 x _3e m'=m+1/2 188 ¥LBLS 21 89

13¢  ST+2 35-55 82 183 ¢ o
135 RCL2 36 82 158 5106 35 86
136 RCLB 36 1f 131 ST07 35 87
137 ceB5 23 85 192 STOI 346 |
138 X>y° 16-34 Convergence check 183 PEs £6’51_ nitializing

139 ¢r07 2z 7 |branch out of Toop 154 5702 3382 Isubroutine
148 RCLZ 36 62 139 < &
142 2 2 197 1 81
143 ST+9 35-55 @9 198 5T0% 39 @9
144 o104 27 o4 199 ST08 35 @@
145 #LBLe 21 16 15 |Multiplication 268 sT01 35 61
146 STOI 35 46 Tloop 281 25 16-51
147 i a1 282 RTN 24
148 STO0R 35 88 ggg *EgLf £l 16 14 fcajcylation of
149 ¥LBlLa 21 16 11 Ls Je 85 | )
158 RCLI 36 46 23.?_ < _’2? 'IF(X,G) and final

131 2 8z ;?,g?, RC&? 36 80 1output
152 X -35 <t A 93

154 ) 45 289 Xz 53

156 4 84 211  RCL1 36 81 Angle stepping Toop
157 - 4= 212 ST+2 35-55 82
158 i 51 213 RCLZ 35 82
159 CHS 2z 214 Pi 16-24
168 RCLI 36 46 els R 16 46
161 yx 3 216 XM 16-34 IF 6>180°,stop
162 x 35 217 RIN 24 -
163 STx8 35-35 @@
164 DSZI 16 25 46 220
165 6T0a 22 16 11
166 RCLe 36 @6
167 RTN 24

_ 168 xLBLS8 21 908 LABELS FLAGS SET STATUS
Start £ 0 FLAGS TRIG DISP

a b ¢H d | 1 ON OFF
g’lult.loop 1Besse] Func%syamnpktem] rm QutputRout ene o O ™ DEG K FIX [

Data sto Ser 1 loaplSer 1 gnd;fse'” 2 loop|* 2 : S % gESD E] SS'G
5 N 8 yConv.test|Ser 2 endpt|’Ser 3 endp ° Wataentry; o g N7          

~
n
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Program Deseription |
  
~
Program Title KuBecLka - MuNne DirrFpusine LAYER

RerLecT ANCE AND TRANSMITTANCE.

Contributor's Name Leg M. CHase

Address |2l MaAassoL. Ave. , ArtT 408 o

city hos GAaTos stata CA Zip Code 9S030
"  
 

 
 

_

( )
Program Description, Equations, Variables PROGRAM CALCULATE S THE OFTICAL PROPERTIES OF

A DIFFUSING LAYER ,ACCORDING TO THE THEORY oF KuseLxka ane Munk. —

VARIABLES ARE: S = SCATTERING COEFFICIENT , k = ABSORPTION COEFFICIENT,
d = THICKNESS oF LAYER, R = REFLECTANCE , T= TRANSMITTANCE ,Ro=

REFLECTANCE OF AN INFINITELY THICK LAYER.

EQuaTtioNs usep . FuncTtion A o o

T= 4,6/((1-1',6)"Kt _(1-@y=) -
R_= (1-8*)(e™-&"3/((I+Aet~(1-8ye**)
wrere : Kd =7kd (kd+2sd) , B =kd /KdI

Sreciac case, kd—0 . T =1/(1+sd) , R=I-T

EQuAaTiONs USED: FuncTion B

kd = B8 KL
sd=1/2(Kd/a - kd) o o
wWHERE : Kd = SINH™' (22@/""‘("@") , B = /B-1)/(A+))§

A=R(1+(1-T»/R*) /2
Speciac case, R>0 sd =0, hd = -4 T

seeciaL case, R+T=1. sd=0/T)-| , vd=0

E-QUATIONS vsep.FuncTioN C,D
= (-8(1+8), sd2 —((l/b‘)-1/2 weere 8 = (1-Ra)/(1+24)

Operating Limits and Warnings T =0 CANNOT BE INPUT To FUNCTION B.IN THis

CASE. R=R4 AND FUNcTION D CAN BE USEP TO FIND ,SCO/LJ.

 

 
 

 
 

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.     \ ./
 



46

Program Desecription 11
 

Sketch(es)

. _/

 
 

Sample Problem(s) |WO SAMPLES OF SHEET PLASTIC HAVE THE PROPERTIES

IN.THE TABLE BELOW. WHICH ON Wik TRANSMIT MORE LIGHT 2

| s k £

_ saMPLE. | 3 O

 sanPLE 2 | . G

   

THE REFLECTANCE AND TRANSHITTANCE OF A SAMPLE

HAVE BEEN MEASURED AND FOUND TOBE ,S552 AND .31

RESPECTIVELY . WHAT ARE THE ScATTERING AND ABSORPTION

COEFFICIENTS 7

N

 Solution(s) KEYSTROKES

SARPLE. | 2{*] o[Al — 15007(R)

— 21500 (T)
sARPLE 2 \I41.¢LA]l = 3254 *(R)

2540 (T

5852 L4 it [B] > 2.999¢ 7 (s4)
4999 (ed) -
 7 

Reference(s)
\ "

I, WenoramoT , W. W., Rerrectance Spectroscory , pp S5-62,

InTeRscience PususHees , 1966,

2. KueerkA,P. ;" New ContriBuTions ToTHe OPTICS oF INTENSEY Li6HT-ScaTTERING

Mareriacs Farr | ) J.0er. Soc .An., 38pp448-457, Mav 1945,  N   



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

T < ® . 47User Instructions

KusegeLra - Munk

sdthd+R,T gR?T>sd,kd

STEP INSTRUCTIONS 5>_4fl.\uuu_qw KEYS 5%&m\mu_wm

| Loap sipE ' Aanp sipe 2 L 1]

N FIND APPLICABLE CASE IN LIST BELOW _[ __ _

AND INPUT APPLICABLE VALUES ° ] ‘

o) sd Ano bl kNownN, sd [ExTER ¢ sd

COMpuTE RAND T kd A | R,T
OpTioNAL: COMPUTE Ko C _ Be

b) B anp T enoww, ™ R eENTER 4 R

compuTe sd ano bd T B | sd, kd

OPTIONAL. compPuTe R4 n..._ a4

) Ro knowN,compute 5wy Ro D | sd/pd

d) *4/ad KNOWN, comPuTE Ru S/d E| )
|
]

 

 

 

* Nore:le T=0 THe~n R =R4 AND
 

OPTION C) MUST BE CHOSEN  

Tuen ovey tHe RATIO 4/ed can
 

BE DETERMINVED,
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s 67 Program Listing I
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

LeL A 31 26 I\ 23R, T STO A 23, (|
T ? I 5

X=0% | 51| kd=0O ¢ ¥ ¢l

GTO | || ves 1/X
X =+ ;. NO STO E

STO A

CHS

s R+T =1 ?
YES
No

L

irf{ x
2] CHS

REGISTERS
5 6

S5 S6

D
L& 
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67 Program Listing 11
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

0 Ic | 4 o\
170 +

7] <

49

|
LABELS SET STATUS

sdtkd»R,T BRM‘—»sJ kd| >R - FLAGS TRIG DISP
b d

° ‘ FIX
0 "wd =0 2 Sp=n"7 SCI O=0 ! USED R=0 ¢

7
ENG O 
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Program Deseription 1

f  RAY TRACE (rARARocA )
  

Program Title

Contributor’s N;me DA’ ’eflfifr D- , T?RaG£ER S 4/\/L e

address /6 &SPRINVNES ~RD

cty BEOQOFerD  state MASS5  Zipcode ©17?3O
\_ )

 

  
 

 N-

Program Description, Equations, Variables PROérAM DETEZ M//‘/,ESA

DIREcTIOoNcoSInvES©F (A~PVT AY ANMD Locatl
NMNIRMpat ToPARARBOLIC SURFACE , THEQD/INREcTI?A

COSINES OFTHE REFLECTEDg4re THENDETELMINED

BY THEFeLLowING Fremvtsy, o o

-—ea = ,?a - ZG- L.s, I i o

i, S o, - ZaMg WwWHERE. B

A,Rie,ARE DIR.CO0SINES©FINCIOENT RAY
K, lg,My,AREDIRCoSINES OFSURFACE ponrmar

Kp,», AREDIR COSINES OF REFLECTED RAY

  

ARktRle,

 

Operating Limits and Warnings A2 7€ THATWHEN;Z-_Q BuecTS STsnrED

BYKeYsde A FLAGe IS SET WHicHCAUSES
THE WPVTRAY DIREcTIVAN coSIves 7eB8i

CA(SVLATEDFRomMA FINITE SoURCE,THI!ISFlACc
15 CLEARED WHEN THE Inci0EnTANGLESBx
AND By FRom A SO0URCE AT (N FINVITY ArRE
\E~VTERED 3Y KEY (. S

\

 

  
r

This program has been verified only with respect to the numerical example given in Program Description 1l. 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
 

 

 

S~___.~._,_____,..___~1e
‘ 'e'rn.

  

  

 
 

PARABoLlC
SURFACE   

 

k :

 

 

 ~

Sample Problem(s) 4)FOR.A PARABOLIC mIRROR W(TH AFocAC

LENGTH ©OF 506 cm  FIND THE coonDINaTES OoF A
REFLECTED RAY 1IN AN IMAGE PLANE KO can From THE

MIRROM  WITH THE smiRRerR  TILTED=1° 4pD WITH
THE(NCIPENT AT A~ ANGLE 0oF €y e 0%’ ,V;QYV-’-WZ__‘_'

HITTINGTHE mirRe AT X,=25 , Ya=6,
b) WITH THE S$AmE TILT A~D AVGLE oF.

INCI DENVC E scan T= Mmiprere From X, =5 To

Xm‘*‘-f} AvD Y, = =2 To YM=;3 t A/ S c n.

IV CRE MENVNTS.

NOTE 7THAT P = 2 F. L.

 

 
Solution(s) &) /00 STOA , 50 REY fd, lecs Re¥ £ b, 0.5 ENTER

2 key B, SE~TEm & KEXF D
ovTroT X, = -3, 583977

Y“\ = o, 4 2261

b oA P25, YsTe o &5 sT07, 2cHs syoE,
2.5 cu4s s7T0 ‘?){sro 3, ;[ P>S, HEYA

ovTevT X, = 5. 0o0esoocsso

Xi = =3.538486
Yi = °o.u1€99ETC—
 

    Reference(s) I ‘ i w 
  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2 User Instruetions

RAY TKACE PARADBOL A

PRINT cownsT 197 TILT

STEP INSTRUCTIONS DA'T'ES,I.TS KEYS DAOTl:\T/S:uTTs

| |[teao BoTH sivEs oF carp I
2 InviTIACLIZE 0]

STORE PARABOLIC cCconsSTAN~T P [sTo] [Al
STIRE Numger _oF Y scanx LI
PoinTs N = INCREMENTS + 1 N |£ 1[P>s]

[sTo|| © |
STORE MIRRO™ END PolwNTS Xsraer [sTO][ 7|

Ysraer| (STO||¥|
Xcrop = Xewo — 8% Xsror [sre]|a|

STIRE INcREmENT SIZE AX*AYy [sT9]|3|
3 |seceEcT TILT ©0F MiRRIA | L¢P

ABovT Y Aaxi$ Oy rer| £1161 |8y mier
Y| SELEcT IMmAGE PLANE Zimace| |£11d| [2imscs
5| FINITE OBJECT DISTANCE & ]

SELECT ORBRYECT DISTANCE Zagoccr £11e| Zopurer

B SELECT PolInT oN oBuEcT Xo |EMTTE2|
Yo |IE] [Xe

6 INFIn,TE 0BuEcT DIsTancE ? ]
SELECT INCIODENT ANGLES € x |E~MFTER|

&y [][B| |-cosb,cosly
7| SELECT RN mopDE L]

oNE _RAY Kougaon| |EATER
\/mmaun. [ ij EQQ XJmac.E

0L) Yimsse
ONE X,\ scAN Xizror { ,J ¢ ‘ngugg,gfl.

0] X4
L] Vi
[| [tmace
L] |2

SCAN ENTIRE mirrRIM [AT X,

1] X
1] Y
I ETC
I '
N N
I Y2
] ETc

g PRINT convsTA~TS (RO, |£l& |comsT
RSEC ©0 Toa, RA To L) ] L]    
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53
STEP  KEY ENTRY  KEY CODE COMMENTS STEP  KEY ENTRY  KEY CODE COMMENTS

861 ¥iBLa ZI 16 1! 857 xlBle <zl 86
86: RCLE 1cax PRIMTS 656 RLLA 36 ie AL one 855 5705 35 65
oo F;éfi m_é* consTANTS 866 KCL7 36 &7
885 FREG  i6-13 861 +F 34
886 P25 16-51 86 Kils 3o 6o
867 RS 51 bes - 34
985 CFg ic o ga M1 TiAL! ZES 865  CHS -Z2

816 P35 16-51 SCAN gee  SI%7 d9mid b7

a3 Ril? 3t o- 869 RCLS 36 65
g1  F27 16 23 62 |S€ANV Y owty ? ore  F M TrA~NS Frams
815 ©€SB3 23 63 o it Ll wormal 1o
816 DSF9  -63 G5 e = e 1y MIRRIR TO
817  FRTX g 1MITIAL X, 073+ 95 ieTED |
818 DSP5  -63 &5 074 XY -4 c 0o DINATES
@1s  SToi 35 6 oro kW
626 RCLS 36 65 076 5705 JS_:.:-?
821  STOZ 35 62 3',_;, S’T*ai_ Lo
822 *BL4 2184 . 4l cULATES e ek ao
823 KCLI 36 61 g;'.' RCL4 36 &4

ez 5- 4 x "35

gg; Lz 36 o Zon 881 RCLS 36 &5
e we o 882 RCLE 36 86

828 RCLA 36 11 g4+ eo
659 ': ey 9@5 RCLe 36 86

e3a z gz 836 RCLS 36 63

31 = -24 87 x -35
@3z RCLI 35 b1 oo 1 3
833 RCLZ 36 &2 o8 x 4
834 P25 16-51 e ae OE
835 5708 35 85 31 STx7 39-35 &

0 R 3 893 5Tx3 35-35 65
838 STG7 35 &7 oot ML, O
839 X3V _41 835 S1-4  39-4u b4
a4a +F 34 TRANS FORMS 8%  RCLE Jo 88

o 3 2 897 ST-5 35-45 85841 K 41 XA AvD T 998  RCLO 36 89
842  RCLE 36 5 re TICLTED . . Ueus = 899  ST-6 35-45 66
844 Xy iy C OeRDINATES 186 RCLE 36 86
o o Xe AxD Z4o 181 RCL3 36 63
846 ST03 35 63 s - %
847 K2y -4 igj RCle 36 b6
s a4 < -24

S ey |FImiTE 0BT 185 STx4 35-35 64
vey  coml a3 el 186 STx5 35-35 85
851 RCLB 36 12 167  Kti4 36 b4
852 ST04 35 64 ;gfi RELL 304l

655 RLLL 36l 116 PRTX 14 PRINTS Ximncs@54 ST05 35 65 e s o fma
@55 RCLD 36 i4 oD R
856 ST06 35 8¢ REGISicno © < s

0 ‘ *y ‘ Sosep Lvsep |'vsep 'vseo |Usep
ZlMAee XM (ru.fl N ZM (ru.'r) VSED eD . = = = =

SO S1 S2 S3 S4 S5 6 - ax

f”"”n XM ym. AX «4) XosoeerT Vo soeet Zosvser X sTanT 7,/.\ 574RT Xp cwp 2
A PARADBoL! C [B C D E 71T A~GLE|!LVSE VSED v
consT, V$ED o &y rur SED      
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STEP KEY ENTRY

97 Program Listing 11
KEY CODE COMMENTS STEP
 

11a
ii4

c
»

” 4 &

r i
= - T ‘

T1s F@s £ oo HE ONE
- o™ r

Ilt' F :’ sEE
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Program Deseription |
 
 a )
Program Title @Paraxial Ray Tracing Part 1l-Tracing

Contributor's Name Morton S. Lipkins

  
 
 

 
 

Address 3 Nemeth Street -

City Malverne ;_ _State New York=ZipCode11582J
\_

(

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

centered lens system of up to 7 surfaces. All thedata may bestored at onetime

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

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

and lateral and longitudinal magnification are optional. Apertureapproximations

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.
 

5. Angles areequal to their sines and tangents.

6. Symbols, see sketch Page4.
 

Y1 ?h?j:g_h,t a._b‘ovewowrwp’e}'owA};pgvi}giifisgr Qf« t;he intersection of the ray with surface R

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

U, = slope of the ray after refraction thru surface R,.

Continued on Page 2.
 

Onerating Limits and Warnings i —— —

  

 

 

 

 

 

 

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 |
Paraxial Ray Tracing, Part 1-Tracing

 

 (’

Program Title
  

Contributor's Name = MortonS.Lipkins

 

 

  

  

 
 

 

 

 

 
 

 

 
 

 
 

 

 
  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

  

 

 
 

     

Address i 3 NemetAhr Street

City ___Malverne, StateNew York ZipCodel1565
.

firogram Description, Equations, Variables

6. Symbols (continued) -

£, = distance from R; to the axial intercept from which the ray

comes.

L1 = distance from Ry to the axial intercept to which the ray goes

after refraction.

¢, = curvature = I/Rl‘fiv___ )

~ N; =index ofrefraction preceeding the surface R;.

Ni=N, =indexofrefractionsucceedingthe surfaceR;.

£, = axial distance between 2 surfaces R;& R,

h, = height of the object above or below the axis.

hi = height of the image above or below the axis,.

m = lateral magnification.

M = longitudinal magnification.

7. Formulae(see sketch Page 4.

- - ’ ' _

€y = 1/Ry Ya = Yy-%iuy L,= £, m=h'/h
-— ’ - —

y, = Lyu, L1 = Yy /uj Ni= N, m=m?
' - ! - ’ i T - - ’uy = ¢y Yy (N3-Ny) +Nyuy h' = y,-Ljuy up= U, 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 %the aperture of surface R, in orderthat the approximate

apertures of the succeeding surfaces be calculated.

J

r fi_—‘

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   
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Given:

Rl = 1.674

N, = 1.0
Ni = N, = 1.517

£, = 0.349

u = 0.0

'Kl = 0.0

Yy, = 0.55

PROBLEMS

R, =-1.032

N, = 1.517

Ni = N3 = 1.649

£, = 0.100

Problem 1

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

R3 =-2.350
N; = 1.649

Ny = Ny = 1.0

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

Determine the Back Focal Length (BFL).a.

b.

c.

d.

a.

b.

c.
d.

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 ===---ccmmmmmeoutput 1.00

Keystrokes 3 A-----—-----—————m— U @.112 xxx

Keystroke B-=-=----———cmcmmmme

Yo, @.511 ¥+
U #.862 si4
Y3 H.5685 »xx

Wy 8,294 x#-

BFL 2.069 #%:

EFL 2.255 %%+

 

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).

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

a.

b.

c.
d.

b.

c.

d.

e.

g.

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.

l. Keystroke 6 C —==—==————mmmmme6.

2. Input 0 R/S====——=—e-6.
3. Input -18 R/S—===——=———me7.

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

Print option off J+=-----c——————_——F—,— 0.00

INPUt 3 A ==mme2.390 £,
Input 0.55 E-==—=——mmme0.000

Input halt 3 R/S ==—==——-2.069 BFL

Input halt 2.390 R/S————=————— -0.078 h'
-0.142m
+0.020m
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PARAXIAL RAY TRACING PART 1 - Tracing

  

   EFL  n start

 

 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

    

STEP INSTRUCTIONS DA"l'r:\'/:llljl:.lTS KEYS ofl%flflfrs

l. Store lens data with Storing Program, Part 2. [:::j [:::]

2. |Ioad data card from Part 1 if data is not al- [::::][:::]

3. ready in the calculator. L;;;_][:Tiil

3. Load the Tracing Program, Part 1, side 1 and [::::]L;”:j

side 2 . [ivti][;:ij]

4. Input n (number of surfaces) then A to start. n rffi;J[f:fj] BFL or Kh

This step takes 35 seconds for 3 surfaces. [Al‘i [:*:fi

I
If u, and £; are zero, BFL will be calculated. [:ji:]fi::]

If only 1 of the 3 items u; £; or Y, is zero, [1]

then £, (image distance) will be calculated. []

5. |optional: EFL (EBffective Focal Length) but [iiiw EFL

only if the output from step 3 is BFL (Back [:::]

Focal Length.) [i:ij

6. Optional: Select print output mode for Ray [:Ei:] 0.00/1.00

Slopes u and Surface Apertures Yy at each [:::;]
 

 

- 13 F
o i L

 
 

  

 
 

  

surface. up, @ f134 L
Yo, B.3511 % [ ]

Yz 8.5685 axs [::::]

Uy B.2494  axy Ij

]   

BFL 2.069 xwx N _

 
 

7. Ooptional: Image height h', Linear magnifi-
 

 

cation m, lLongitudinal magnification .
 

 

 
 

 
 

 
 

1. Step 3 to calculate £) n n

2. Input h h 0.00

3. Input halt. Key n (number of surfaces) BFL

4. Input halt. Key £) from step 7-1 2y h' mm
 

 

 

 13
33
30
0

 
 | L

 
 

 
 

 
 

 
 

 
 

 
 

 
 L
U

 
     I  ]
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STEP KEY ENTRY KEY CODE COMMENTS STFP KEV ENTDV VeV AAREso1 LBl A EV FJ‘? 16 23 6: - CO:IM.ENTS

86 2 @2 Stipulate the num- 858 PRTX -i4 Print ' if the

883 X _z=  ber of surfaces. @59  STOE 35 15

|

option is set.
864 6 Ge 868 RCLI Jo &1 Calculate Y and

a8s + -52 q61 kCLD 36 14 store for the next

@86 DSF3  -62 &3 @62  RCLE J& 1 surface.
7 oTpR 35 82 863 x -35

687 ..;TD.; - '3.5 t.j‘;, Address the data 864 - -45
aes SF2 le 21 &z registers. Start . .t
Bag 4 b4 with 865 RCLZ 3o 62 Final y? If yes,

number 4 _ I
818 STGI 35 4& The 3 items of data, 866 RCLI 36 4c calculate BFL. If

811  ESBS 23 G5 . 867  x=Y? 16-3 no, proceed to the

- =Y. w4y 4y are manip- 868 6701 22 Bi next surface
81z RLLE 96 i.  ulated here. See | B69 £ _31 :

813 x=@? 1'{"?{ Page 6 step 4. Any l 87a Ry o
814 6T0d 22 16 14 : : / 31

c o 2 items may be giv- 871 F15 16 23 &!

615 RCLE 36 66 op and the 3rd will : coe eW
816  X=87 16-43 872 PRTN 15

- v e calculated. It o= £ gt

817 &T06 £z 6o will be printed if 875 STOI 3 ¢
818 X 35 en t,P n ar4 G105 22 @5

@19 F17 16 23 8: o OPtiom is set. 75 wLBLI 206l [T
828  PRTY ~1d @76 RCLI 36 @i atculate an

821 5T01 35 6! 877 RCLE 36 15 StoP:
822 ETOb 22 16 il 67 * -
823 ¥LBLd 21 16 14 a3 SPL 16-11
824  RCLI 36 @l gsg  PRTX -I4
825 RCLSB 36 aE 881 FB? 1o 23 ¢

826 X=@? 16-43 882 6T0a 22 16 il

827  6TOb 22 16 iZ @83  RTN 24
828 B Y @84  STOD 35 14

829  F1? 16 23 &! 885  SPC le-Li
838  PRTX 14 e RIN &
@31 STOE 35 iF @87 aLBLB 2l IZ )yjate EFL.
@32  GT0b 22 16 1: 888  RCLT 36 @
633 xLBLé 21 &g 883  GSBC 23 13
@34  RCLI 36 6! 898  RCLE 36 15
835 RCLE 36 15 851 * -4
836 X=87 16-43 892 PRTX -14

837 GTO0b 22 16 iZ 333 ng 24
838 : -4 4 xLEL 21 &<
839 F1? 16 23 &} 895 GSBz2 23 42 ooLdata from
a4@  PRTY -i4 896  X#87 16-42 e data reglsters

L - 5 83 o= 4 to 24 as needed
841  STO8 39 8¢ 637 &3B; 3 for storage int
842  GTOb 22 16 1: @98 STOA 3511 PC o egis
843 xLBLb 21 16 IZ |calculate u' and 893  6SB3 23 83 feve.trae 2592
844  RCLA J& 1! store for the cal- lea  STOB 33 1< and 1 ’
@45 RCLI 36 6i [culation of y for 11 Gsbz 25 82 '
846 X =32 the next surface. 182 STOC '-"g 14
8647 RCLC 36 i3 183  65B3 23 &3

048 RCLB 36 12 164  STOD 35 14
843 - -45 185 F2? 16 23 éc 1st Surface? Recall
858 X -35 186 6704 22 64 7 itemsof data.
@51  RCLB 36 if 187 6T0b 22 16 12
852 RCLE 36 it 188 *LBL7 21 &
853 X -3z 189 18 52 C=1/R

054 + -55 11@a RTN z3

855 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

S10] S1 S2 S3 S4 S5 S6 S7 S8 S9

A used B used used used E used used      
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113 STOE I5 15 COMMENTS STEPI“KEt;JIRY 21!(!; CI(?:DE COMMENTS

114 €583 ?‘3 03 Balance of data 179 FI.O;' 16 ég Q: Print toggle.

11‘? t_'\m@ ‘f§ t_h_ for 1lst Surface. 171 gmé 2z g,;
116  ESB2 23 @z o - P
117 sT01 35 &l ;;fi bFi 16 21 &1
118 ISZI 16 26 % Summon next data e ‘
119 RTH 24  register. 1;5 «LBL8 Py E;

128 aLBLe 2l 62 pecall 1st item 176  CF1 16 22 6:
1%; gL:L.n_ s 4‘_:', from the data reg- 177 @ &6

gL s E 1 ister. 178 RN 24
124 #LBL3 21 87  Recall 2nd item jgg ‘Lgéi el 15 set ¢y, = h.
123 RCLi JE€ 45 from the data reg- 181 3 'é:.
126  6SBD 23 14 jster. 182 . g
127 ISZI 16 26 4¢ 187 ST07 35 ;;
128 RIN 24 g
125 #LBLL el 13 Restore decimal to 1o Ej 5 Seg ué 208E e’. 185 S§T06 35 a6 and store in the
g0 HE 10 %% the lst item re- 186  SFa 16 21 g 93t@ register 6.

A <o - -2 TR go ks 8 e
133 CHS -:7 : SBA 23 i1 Calculate £j.

134 X -35 jg’g *Lch_A\ 21 16 i Input halt for £j.

135 RTN 24 73 7
136 #LBLD 21 14 - 1515100 39 14i - - Restore decimal 192 RCL1 36 & h'
137 FRC i6 44 . Calculate and
: i - and polarity to 193 RCLD 36 i i138 ABS 16 31 : print.

: L.  the 2nd item re- 194  RCLE 36 15
133 EEX B called from the 195 x -3
;:I;’ xI '_a,i_ data register. 196 - -4

o 197  PRTX -14142 ENTt -21 .  on on
143 INT  i6 34 B eua 182280 calculate m and
144 3 8o >80 GSB;J 23 o print.

145 X2y -41 o 2 e
146 £¥? 16-34 - e
147 €T0c 22 16 13 28z FRTX -14
148 ST03 35 &3 285 XE 99 calculate mand
149 LSTX  16-63 ;2; PRTA “Is brint.
158 FRC 16 44 e g}g £
151  6T09 22 @3 Vi -
152 xLBLe 21 16 13
153 4 a4
154 - -45 e
155  §T03 35 62
156 Ré -3:
157 Ré -31
158  CHS -z2
159  FRC 16 44
168  *LBLS 21 83
161 @
162 a aé
163 RCL3 36 @I
164 2 a: 555
165 - -45
166 ¥ 3
167 X -35
168  RTN 4

LABELS FLAGS SET STATUS

A start BEF L C decode D decode |[F s o FLAGS TRIG DISP
a h' — |b ' c e . 1 ] ON OFF

mm U, decode U, print print o O O DEG O FIx O

0 'BF L 2 recall Srecall 4recall let surf. ; g SESD B g’g{s 8
6 2, 7 . 8 9 3 — - n

recall reciprocal] print b  
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Program Deseription |
 

 

 Program Title PARAXIALRAY TRACING,Part 2 -Storing

 

Contributor’'s Name MortonS.Lipkins ) o 

 

  

 
 

 
 

 

Address3NemethStreet _,

City Malverne _____stateNew York Zip Code11565
\_ _J

- )

Program Description, Equations, VariablesThisprogram, Part2,stores data for the Paraxial

RayTracing Program, Part 1.Datafor 7 surfacescan be stored.Afterstoring,

theTracingProgramisloaded intothecalculator.The Tracing Program has sub-

 routines for recalling,decodingandusing the data.
___RegistersAto E, andOto3 areusedby the RayTracing Program.Therefore,
upon initializing, this program presents, sequentially, registers 4 to 19 for

 

storing.Two items of data will beloaded intoeach register,coded forthe
preservation of decimals and polarity. Eachentry is assumedtocontain a three

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

 ___The data tobestored must be grouped by surface asfollows:
 

(see sketches, Tracing Program page 4.
  

 

  

 

  

  

 

 

 

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

- R, o R, o items. The rest require only 4 input

- Ny N, items each.

N _ Ns
1, - £ .

U
£,

Y1

Operating Limits and Warnings B
  

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

When storing an infinite£theinputis0.00 .
   

 

 

 

 

 

 

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

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

Display Print

Keystrokes Output Output

A 4. 4.

1.674 R/S 4. 1.674

1.0 R/S 5. 1.000

5.

1.517 R/S 5. 1.517

.349 R/S 6. 0.349

6.

0 R/S 6. 0.000

0 R/S 7. 0.000

7.

.55 R/S 8. .550

8.

-1.032 R/S 8. -1.032

1.517 R/S 9. 1.517

9.

1.649 R/S 9. 1.649

.10 R/S 10. 0.100

10.

-2.35 R/S 10. -2.350

1.649 R/S 11. 1.649

11.

1.0 R/S 11. 1.000
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o User Instructions

PARAXIAL RAY TRACING Part 2 Store

Initialize

STEP INSTRUCTIONS DA'TNAF;S;.TS KEYS olej\T/SlrilTTs

1| Load side 1 and side 2 [:::j E_;:] 0.

2 Initialize [3;::][:::] 4.

3| Input item 1 Ry [_BZ§J {j:;;] 4.

al " v 2 N, R/S|[ ] 5-
5] » " 3 N, [®s][ ] 5
6| " " 4 1, [ resll ] s.
7] » » s Uy [resll ] e
s| " " & £ [resll ] |7,
o| = v 7 y, [resll ] 8.

Only the first surface will require 7 input | l B IL? AJ

items. All of the subsequent surfaces will [;7:?J[i4;:

require only 4 input items. Steps 10 to 13 [fii?1[ff4l

are typical of the subsequent surfaces. [;_;;][7 7]

10 Input item 8 R, [rsl] 8.
| v v 9 N, [rsi ] |9
12] " " 10 N, VEI. :
13] " " o1 £ | ®R/s][ ] [10.

L]
14| If an input error is made in the nth register, 1:jii1 Eiiij

key n, then re-store both items., following n lc||| n

the input steps above. {:fi,J Lgm;;

15 To store in a register out of turn, use the [ji;:][:iij

error proceedure, step 14. L;:::]L_;:J

I]
L]
1]
N
I
I
I
]
L]
-
]
]
L]
I
L]
I]       
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STEP KEY ENTRY KEY CODE COMMENTS STEP KFY FNTRY KFY CODE COMMENTS

, 857 CHS -22
a1 XQBLQ 2{ 11 Clear Registers. 958 CSBd 23 16 14 storing 2nd entry.
Bez  (CLFG 16-52 iy - o
aes  FI5 ig=3 g&é - o Code for entrys
v64  CLRG 16-32 861 GTflf s g ;; less than 10.
885  SFZ 16 Zi 82  Set discriminant e xlBLr Lo
88t  DSFu -63 &€ for order of entry. voe L; = ;; Criteria for entrys
bar 4 g4 Start with register sgj - o less than 100.

6as  STGI 39 4¢ 4. Print register d65 - _fi;
889  PRTH -14  _number. oo . o

i I - g - &7

gi? *gg;g _E{ ig Display current G967 g G2
- - 63 by register number. 863 5 6%

812 KCLI 3o 4¢ BEa o 4:

813 R-S F or ol oo
@14 DSP3  -63 &7 . org are lemed
@15 FRTH -14 Print entry. arl GTOS c& g8

, e a7z EEX -2 Move decimal for
?1° _Fff Ie co v 1st or 2nd entry? 473 3 a7 storing 2nd entry.
817  GT0I 28 8l . o e
818 X<@7 16-45 2nd entry negative? a4 CHS -Zo

819  GSBb 23 16 i : ; B79 65Bd 23 16 i+
z b co lb uc Criteria for entrys 876 s

Bza . -ol less than 1 re . os Code for entrys

821 g s | 877 4 &4  less than 100.
82z G =0 B78 GT0e 22 16 1% .

= ; = 879 aLBL§  Zzi gg  Code for negative
o o @ge  EEX -2z 2nd entry.
z o -4] " _ -

@25 x>v7 16-34 o e .
626 &T06 2 GE , £ ' Tee
827 EEX ‘ _?g Move decimal for B#83 GS5Bd Z3 1lg 1<

7 = . - -

828 i 51 storing 2nd entry. Eg4 . —ii Code for entrys

B2s CHS 22 Bb§ o ?i more than 100

830 GSBd 23 16 14 O WhE e e
83l . -g2 Code for entrys g&é * C;“ cl st ;j Code for negative

83z < az less than 1. 383 2 _Et 2nd entry.

B33 6GTOe &2 16 15 aaé ; éj
3 : s S 14

g8 wBL1 2l 0 wove decimal and @91 GSB2 23 &2
853  X<87  lo-da store lst entry. @9z R -3!
836 SFa 1o £1 st @;3 RfN 24

837  EEX ~23 7 S038 2 S 694 xLELd Z1 16 14
3 4 o 895 x -35839 X 35 A am an

oag a T o 897 lBLe 21 16 15
o 26 e 1p 2nd entry in 698  GS5BZ 23 6z

o4 S e i register 7. 695  CFG 16 22 03 =Y? b-ad i - -
844  CTOc =27 16 13 1868  ISZI 16 Ze de ,

e fe 181 RCLI 36 4  Sumwon next regis-
345 &EUB il 182 DSFa -63 @ ter and print reg-
46 *LBLE 21 é¢ 2 6 e

347 g : E Criteria for entry# 183  PRTX -14 ister number.

848 ] g3 less than 10. 184 SFz 16 Z1 &2
249 g &5 185 GTUE 2 ic

@58 3 83 186 RTH 24

. s P l1ag & &2b _ 44

oae syr lemd 189 STOI 35 4¢
8954 CTo7 22 6T 118 D§F8  -63 &0
a5 EEL ““_éé Move decimal for 111 PRTX ~14

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
  

113
114
113
116
117
118
118
124
121
12z

6T
kTN

XLBLL
5T0I
ODSFé
FRTH

a
ST0:
SFz

GTOE

 

22 12
24

2113
35 4
-63 66

_4d

BS
N
o
y

s
,

0
’
1

o
t

COMMENTS

Error correction.

STEP

170

97 Program Listing 11
KEY ENTRY KEY CODE COMMENTS
  

Set proper polar-

ity for storing

2nd entry.

123 ¥LBLZ

124 Fa?

125 CHS

126  ST+i
127 RTN

128 RsS

P
P
P
B

G
y

fa
)
=

P
y
o
R

b .
y

N
P
e
P
S
2
e

) L"
’I

n w
n

b
i

0
0

P
l
0
P
P
P
y

R
o

LABELS SET STATUS

Sorting Error TRIG

Code ¢ skip d pecimal
DEG K

2 polarity |3 . GRAD 0OStore
RAD O

DecimalCriteria |’ Criteria 



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.

Options/Technical Stock Analysis Medical Practitioner

Portfolio Management/Bonds & Notes Anesthesia

Real Estate Investment Cardiac

Taxes Pulmonary

Home Construction Estimating Chemistry
Marketing/Sales Optics

Home Management Physics

Small Business Earth Sciences

Antennas Energy Conservation

Butterworth and Chebyshev Filters Space Science

Thermal and Transport Sciences Biology

EE (Lab) Games

Industrial Engineering Games of Chance

Aeronautical Engineering Aircraft Operation

Control Systems Avigation

Beams and Columns Calendars

High-Level Math Photo Dark Room

Test Statistics COGO-Surveying

Geometry Astrology

Reliability/ QA Forestry



OPTICS

These programs should aid the user in optical design and analysis. There

are many ray tracing solutions and other analytical methods for analyzing

light in optical systems.

OPTICAL DESIGN |

OPTICAL DESIGN 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

HEWLETT |’=fi,| PACKARD
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