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INTRODUCTION 

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

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

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

A WORD ABOUT PROGRAM USAGE 

Each program contained herein is reproduced on the standard forms used by the Users' Library. Magnetic 
cards are not included. The Program Description I page gives a basic description of the program. The Program 
Description II 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 I and Program Listing II 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 I and 
Program Listing II 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 Deseripfion I 
Program Title OPT I( A L DzS 16 tV 

Contributor's Name J 05'lPH 

Address 

City 

8725 Bf?AlJ'1 AYiiJUf..­

S P!?//Vb J!4LLf'1 

I 

._ ... State CA ___ . __ .. _Zip Code 92077 

1 

Program Description, Equations, Variables PROG": II M COI-'JPLlTzs TIf~LwO SOU.lT/~)JS_ 
OF J9N /JCIIRO/'1/1TIC DOt/ltt.?:T USltJG __ uT!lr. /1l-u(2.'Uig//l~n II G - SUt1" 

!1zTrl0P TO £.LI!'1INATE .SFfl.Z;CICAL /}BJJ5l?/iTLO/V'nAJJD COMA AT 

ONE WAVE LfIJGTf/.. R~Q.UJR'i.O INpuTS .L1KL: __ R'i,FRACTlv2. /))Du..... 

(IV) AtvP DISPf. RSJo;J (~N) ( DzF/IJ'ip.llS NF-:jV~.)-'oE T.Ji-"'£'---_ 

TwO GLflSSES /1/IJ D T 1i.L_.~EF[CTIII'L.EQC!lJ",.I..,ZIJ6TfI-£JE.!:-1. Pre06 RA M 

US~S TWO Cflf?PS: FI/!?ST CARD COMPl.ITfS. ANI:Lllof2EL THE 

VA L UtS OF TH[ \I G "VA L U~S ./-l/l!P OV'i/C?8L_'-_.kf . ./'!..5_POWU:; 

SfCOIJD CAI2D COI'1PUTE.S TWO SETS OF . R.fLDII .£J.JV5 _OIJ'i--... 

/S CLCJSz..f? TO TIi?'_Qll)£c.T;_._4'1I!L_ TWO jS ___ ClJ.Js'[je. TO THE.. 

/.MAG'i. p05.J. T1V.L ._.&8 DLL~ ~ ___ u(9 tV VE ~ __ .I.OWII/.?D 7Hz 0 !3J£c..,- ~ 

.L1!E6AT/V[ .RflJ?iL AR& ___ C.Q.t!...CI}/I'3:._TPW..AK>..12-.-T..lif OBJ[CT. E~UATION5 

U Sf D A R'i::u .1116/-1 L'f'D_E..T-4/L 'i.l?_;""u J)S'tI2..1.i.Rf.F:.?te1: D IQ_A _____ _ 

THO ROuGH DISC vss..Lt2d. __ .LN RU~g'iN.£f, . ...J. (01 £FIC liLT Rf ADIIIIG) 

OR .A }3Rj[;F j)'£SCJel£I.UJA/Ld-.-..l?'fEfP'?cNC-'i 2 ...... _ THE JDL.UTIC'N 

fI A VI jt/ C; _ L 0 ;V S 1 g .J2I1D ll. __ L~· ___ P.i?f:FZ: ~_t9fJ_LE. ___ . P u [ TO L f S S S ~ e I () u1 

F / 6Hz,e O'p)).~ 12 .. . /Ul.~j2 ;e.J=J T/:.;&J.. __ ~/j AJ..L?'-'_[AS I 2:" ;e EA /S[.?IC8T /d/l/ • 

---•..... - .. -.- .. ---------------------------------

Operating Limits and WarningsEJ?Q6 jg.f1l1._ .. i . ../ J..?..2.._ooII·Ij;oJ L- f jt.J S Tf C HAl / Q U=f ... S .......... ____ _ 

_ 50L:.~.T/C2~L.£OR_~LOfA./ .QPT/S;A.'=.~s'T.iHS. ARE R£LlflBL'i:) SOLUTIONS 

.E0.!; Ff}ST OPrlr;.AL J'r'ST?!-1S._ o,e 5 ~S]-f..t1SV5.JAI.6. Sfjft.t:!.P '-_'iNS ____ _ 

(YRI(IITU R?'5 __ u.(.s.H~K'T __ g/U2Lt) _.1"1 us T _.3L~;C:fD 131 T!?IGONOM£ T RIC 

RAY'Tf?JUf.. TECtl/v/Ql/[.$.. ___ S Ho.Rr--.l?..flI21.L_.A RLIfiPJ'E LESS rH191J .A/30 (.IT 

ONE Tii / fi' D OF THE.EocAL "-J_~GT/-I._r/11L_J2P_[ Ie It.b __ }.J!5TfJV1S 

II R~ THOSE... LfSS TH/IN ABouT r /10 .____. _____ ._ 

This program has been verified only with respect to the numerical example given in Program Description 11. User accepts and uses 
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance 
upon any representation or description concerning the program material. 

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

Sample Problem(s) ______________ ..... _______ . __________ _ 

~D TII~ /?/I DJI _ Or /J _TfLf. fCtlE?: ___ QjJ)Ec] ~ VL ____ &.'f/IJJ __ 
UJ/./'I.!G _______ L/6/f T C RowA) G Lf/SS L f fI [)jLY.12_---B ___ Z2L~L'?_£L/A/T 
G LAS] Wj T/i _ Tf/'?rtJ!-Luw/-!Yf~ ___ Lg() PfJ?7 If 5 : _________________________ . __ 

C gOWN -r:~c -21-- /vssss :::: /,S'l'lL-;-£N = /liE -,Ale ~ .PP_f~!/ 
____ Lij_~L ____ (~ -~) ;/J"sss = _L __ C;zSC2.Cf i---SAln"=-__ -' 0190'1 __ _ 

---------------------

(N 1) /5 US UflLL 1 U5'iJ.) / Bur THIS If TO J3z_Ll ______ . 
VISUAL _ OBJf-CT)l/t __ A/I!JLS5~_S:_A /SjHf. __ C'lN.LLg __ 

_______ 0£ -rfJf. g_?,SPtJ.NS~u OF TH'i 2:"/£ ) ______ _ 

Solution(s) L()AJ2_£fU? D A j /<.z'1STf!dK'iS; 

A 
~i~~_ ~/L 
~~O('- __ !!Ls 

7 I. _______ JL __ 
~ 2. 

~o. LOf1D CIlf3D 15: 

8 ~/, ~ -'7-.020 
~------ ---- ------------- ---

r----- ------------

___ 1 /I -77~.}SL(RI) 
f B __ '?~';p.7 1C2{?) 
fj!c ___ 7_-=~/. OO]{R3) 

f 0 -"7-j?.{~,-2'{Jd€'j 

, OO?O,-/ /2/5-72 L __ n _____ .11___ _ _____ 7 _~.J.~ iiff.o (F!,) ____ T HJ.i_5 'lCO~~s.P_tj;.1/t1A!. 

, OJ9t7'i __ J2.J~ _____ ~~____ B_______ ~ 7K'. 2~~_(E_z.\---§1IlzS fJl.Tf2'[f'.I"!.!-:I.CLaw 

C -7 I. C ~ ___ ?_?:_:X~X (f?3) - ~!!Ji5~~~(j1~A,-~-!£:~/()d 
~-------EL~(). ____ _____ ]J 17 .5 l!j (f.?'i) __ r;JJ~~'iJ)_Ii'LgA'1T1"/J'L 

Reference(s)__ __ . ____________ _ 

(I) CON @A orr __ .fl~E </ A P !?l-:::J~IL OPTICS A AID oprlCI1L [}~S 16/lJ/_ Rt2t11:.t:. 
_~P'---.::..U..::::J3 Lj(fjTI 0 ~·!Lt--'/v 'i. WY2Je 1<" / '1 :;-7 _L __ . __ 

(2J_§i§?7 __ A _,.[,) I' JJE..S/~f':J __ ~E Ti:dSCOPf-I __ IS.YIHf. G -SUft1klzT!fPJ2 " __ AI'1AT?J./~ 
__ --LU'?l~oPt:...L!1.fJl:](Vbl$()(Jj<::_Ii!~Ez../ SClfcA!Tlfl<:'" /JJ1f;9IL'/t N /,IlJC~ j<'/N6SP0I2T, 19.5".:]· I 

i 

I 

I 

~ 
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~1 
OPTICAL Dz.S IGN I A 

~ LOAD N LOAD bN LOAD £FL RUN 

STEP INSTRUCTIONS 
INPUT KEYS 

OUTPUT 
DATA/UNITS DATA/UNITS 

I LOAD SID<t..S I AND 2 CARD A CJCJ 0 
2 L OIlD R~ F !2fK TI Vf /AJ1)'iX . (N) CDCJ -7> I 

E. NTH? DATA Foe L'i/J5 J [R/sJ [ -] ~2 

l/IJTfJe DATA FOJe L'iNS 2 [Eli] L~_~ ~o 
3 LOA V JJ IS Pi RS /(1N ( S IV) LJUL~ ~l_ 

~ /VT'[!C. ~N FOI? L'i /VS J LFJI] c=J ~Z 
z./VTfte ~N FO }e L~NS 2 LFKl[~ ~o 

4 LOAD EFF£CT/v'£.. FOCAL- Ll/'JGTH ('EFt.) u:JCJ -71 
~ /VT~ R. £FL [YliJ ~J "-70 

5 RUN []2J c=J -70 
CJCJ 

h THE STOf?A6'i.. Rf.6IST~!25 HAVf. B'i'£JJ LOAf)f.D· C~[=:J 
P 120c'£ Df.. TO PART R c=JL~ 

C_~C~ 
C lc=J 
c=Jc=J 
CJc=J 
C=:J c=J 
c=Jc=J 
c=J [=:J 
[ Jc=J 
c=Jc=J 
CJCJ 
CJc=J 
t=Jc=J 
c=:JCJ 
CJCJ 
CJCJ 
CJCJ 
CJc=J 
C:~CJ 
CJCJ 
c=Jc=J 
c=JCJ 
c=:J c=:J 
c=:JCJ 
c=Jc=J 
CJCJ 
CJCJ 



4 CA~V A CARD A 
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

001 f L!3L A 31 2.S" 1/ LOAD tJ i AND N2 J 0/ 
I 01 SI 

f!/5 8'1 Rei- A 3'1 1/ 
STu [ 33 IS" 060 ;< 7/ 

2 02 STO D 33 10/ PA 
R /S 't'-/ ReI.- E 3'1 I::, 

~ 5T I 3S 33 .;: GS B i 3i 22 01 
CL.X '1'/ A- Rc. :r 3.5"" .5'1 

'" RTtv 3S 2'2 f GSB I 31 22 01 
010 f Lf3L 8 ·S) 2.5"" 12 LOAD $ N I AIV f) $ N~ 

'" P-TjV 35 22-
I 0) + LSL I 31 2S 0/ 

~ /s fr<I 5 TO Cf 33 0'1 
STO II 33 1/ I 01 

"2- 0' 070 - 51 
R/S 'i'i STO 8' 33 08' 

5TO 73 33 12- ReL q 3'-1 0'1 
eLl< '-/<I ~ x 1- 32. st{ 

Jc !2T!J 3S 21- X 7/ 
-F L.Bl. c. 31 2S 13 LoAD 'iFL. Z 02-

020 I 01 kJ 
!? Js V'f STO ¢ 33 00 Gi 

STO 51' 33 or ReL q 3<; 01 
CL)<. 4'1 2 02 
J,. R,A) 35 H. 080 )( 7/ 
f L!3L D 31 2S- 1'1 RUN I 01 
j2C L E 3'1 K + J:d 

I 01 ReL 5? 3'1 o[{ 
- SI X 71 

Re,- A 3'1 II 2 oz 
030 YI 'il 

5TO G 33 J3 STO 1 55 01 G2.. 
h- )CC I 3.J 3'1 ~CL q 3'-10i 

/ 01 3 03 
- 51 090 )( 7/ 

j2.c L B 3'-1 tJ.. I Oi , y/ , + -':Ll 
5TO D 33 N RCL 8 3 if (;'1 
R. C L G 34 /3 X 71 
J<. c (. D 3'-1 I'f 2 02 

040 - 51 . 'il 
ReL ~ 3lf ot STO 2 "53 02 G3 

X 71 ReL q 3'1 Oq 
ReL A 3'-1 II 2 02-

X 7/ 100 r 6L 
A.- I/ x 35' 61.. !<CL ~ 3,-/ or 

STO A 33 /I CA X 7/ 
gCL J) 3'-1 N 2 02 
RCL C 31./ /3 , i'J 

- ~I RCL q 3'-1 09 
050 ~CL 8' 3'-1 o~ l'1 

X 7/ STO 3 33 03 G'-/ 
RCL B 3'1 /2- f;!C'-- q 3'1 o~ 

)Ii. 71 q )(1- 32 S'f-
).., 1,',,( ]::. 6z 110 U 1 0/ 
STOl] ]3 I'L CB - 51 
/2CL ~ 3'1 IS- 2 02-

REGISTERS 

°G/a., 162,,- 2G3 ... 3 4 5 G . 6 G7 v.- 7 G ~tlv 8 
9 /1/, G '-I v.. G5o.- &c.... ,/t/, -/ 

saG I b S1 G 2b S2 bi
h 

S3 G~b S4 
S5 G0b S6 G 7 b S7 G fh S8 

S9 / GSb EFL/.Nz.-tjll foL B 
A 

6/V1 jell IB ~ j1/2- ICB Ie Vt / Z 
0 Vz/ Pw IE /II; / (2a- II )liz / C 2 b 

I 

~ 



CA,PD A 67 Pro~r8m I~ls'ln~ I I CAJ2D A 5 

STEP KEY ENTRY KEY CODE COMMEN'rS STEP KEY ENTRY KEY CODE COMMENTS 

X 71 
Re L '"I 3'-1 Oq 170 

'j(/ 

5TO 'i 3'3 0'1 G5' 
l?CL q 3"1 09 

3 OJ 
x 7/ 

120 2 02-

+ "I RCL 8 3'1 Of 
X 71 

f!CL q :5 '-! 09 180 

'it 
2 02-

~t 
STo S 33 0:, G6 
RCL q 3 if 0'1 

130 2 02 
X 7/ 
I OJ 

+ 1::,/ 
get... I? 3'1 Of( 190 

X 7/ 
RCL q 3'-1 09 

~I 
2 02 . YI 

140 570 (, 33 O{;, G7 -!<C L '1 3'-1 0'1 
RCL .v 3"-1 01 

;< 71 
Z 02 200 . 

~I . 
STO 7 33 07 G&' 

f p;F S '3/ '12-
(LX Lf'-! 

tv RTN 35" 21-
150 

210 

160 

220 

LABELS FLAGS SET STATUS 
A 

B LOA V S)J cLOADfFL 
D Ru,N E 0 

L...OflD )J FLAGS TRIG OISP 
a b c d e 1 ON OFF 

0 0 ~ DEG ~ FIX ~ 
0 

1 CfiLC G 
2 3 4 2 1 0 ~ GRAD 0 SCI 0 

5 6 7 8 9 3 2 0 ~ RAD 0 ~N~O 
3 0 ~ 
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OPTICIIL- DESlb/J I B 

STEP INSTRUCTIONS 
INPUT KEYS 

OUTPUT 
DATA/UNITS DATA/UNITS 

/- b SE[ PART Il c::::=J c=J 
7 LOAD 51 Dz. S I/JAJD 2 CARD B CJc=J 0, ()OO 

B RUJJ [~[=] C3h 
q COM PVT'i. RADII c=J [=-~ 

Ric.. [:--] [-~ -fi- -- RIo. 

1<20.- l-j31 [ -~ R2", 

R30... [ c] [---=J KS,;;. 

Rtta- [ 1D [-=_J J2i..je... 

RIb [IJ~1 J? i b 

R2 b [~D CKJ R"7 ~-b 
123 b [~~C:U /2Sb 

R'f J:, CTl LV] R'/h 
c=J C--~ 

ANY RADIUS /VI A 'I 82.- CALL'i..D CJ C.-J 
/;\J AAJ \-' OJ2Vf./2 . SOLUT IONS A [=.1 c::=J 
.AND 13 A,e~ StPARAT'i... ' Do }J07 CJ [_~~ 
M / X rOM'i A PAI2T! WITH Sol'1'Z...- CJC=:J 
B PA!2TS 1/11 Y'OC/R DESIGN. L I c::=J 

C=:J c::=J 
U51AJb R/S AFlif:' RUN 15 

c::=J [---] 
COI'1 PL'f.Tf. Lv IL L GIVf R /0... TO L_J c::=J 
R '-/ b / /V' () 12 D'i;e. LISTfD A BO/lf.. CJ c::=J 

[ ___ =J c::::=J 
CJCJ 
CJ c::::=J 
CJCJ 
c::::=J c::::=J 
c::::=J C=:J 
c::::=J CJ 
CJCJ 
[ __ -=:J c::::=J 
C=:J [-~ 
[ __ J c=.l 
c=J c::=J 
c::::=J c::::=J 
[~ c::=J 
C~[ J 
[~_=:J [ ] 
[=:J c::=J i 

1 



C A.RD B CARD B 7 

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 
001 . i-~ L B L f 31 2S' IS- RUN , 

'II 
/2c L " 3'1 0" f p~s ~/ '"li 
RCL fl S'/ II A-)(;;::!"j4. sS" 52 

X 71 060 /zCL C 3'"1 /3 
RC.L D ·.N /LI X 71 

X 71 2 Ol.. 
f2c L '7 J<'/07 X 7/ 
peL A 3'/ II - SI 
51 )( z.. 32 5'/ /2CL q 3'1 (;'{ 

010 X 71 )( 71 
- 51 RCL A 3'( II 

f p~ S 31 'Iz.. X 71 

Rc L " 3'1 ob /2CL I 3'-{ UI 
j2.CL 8 3'1 /2. 070 R.CL .A "3 '1 /1 

X 71 ~ x'" ] 2 S'i 
!2CL D 3'-/ 1'1 j. 7/ 

)( 71 -I- )( ~# 3.::. S2 
-f 61 f P-? S 31 'il.. 

RCL 7 3'-1 07 RCL if 3'1 0'1 
020 i2CL 15 3'1 12- + n 

~ X'" 32 5'-/ -r hI 
X 71 Sroq 33 01 
T 61 12CL 0 3'100 

RCL'I 1'-/ 0'/ 080 12CL B 3'-1 12. 
'/(1 ~ )(' 32 S,/ 

RCL B 1'-1 12. X 71 
f(1 12CL 2 3'-1 02-

'-I 0'/ /2CL B 3'( n 
X 71 )( 71 

030 JTO C 35 13 RCL [) 3'-/ /If 

f p~s 31 4z.. )( 71 
RCL "3 34 03 + (PI 
/2C L .A 3'-/ II RCL .!> 3'( OJ-

)( 71 090 12CL D 3L! N 
j2CL '-I 3'i 0'/ Si- X z. 52 S'/ 
/<CL A sLf /1 X 7/ 

)( 71 + (,/ 
~ X .... 32- 5'1 RCL 8 3'1 11-
f P-7S 3 I liZ. )( 71 

040 /:?CL 3 3'-1 03 R.CL , ]q 0/ 
X 71 !2CL IS 3'-/ 12. 

R(L 8 3'/ Il.. X 7/ 
X 71 RCLt; 3'1 V'/ 

j2CL B 3'1 12 100 £CL D 3L! N 
RC L tf "3lf 0,/ X 71 

X 71 + -Zl 
~ X 2- 32- 5'-1 J2CLC "3'1 /3 

k"1 RCL "3 3Lj 01 

+- (PI X 7/ 
050 STO k' 33 o&' - 51 

RCL3 34 03 RCL C 3¥ 13 
/2C L I 3'( 01 X 71 
RCL B 3'( 12. EeL R SZ1 /2-
~ X' 32 S,! 110 x 7/ 
v X 7' - 51 
RCL 8 34 Il + p~s "3 I '-12. 

REGISTERS 

o Glc... 1 G 2 It 2 G 3a. 3 6 L/tA 4 G 5""u.- 5 GG c.. 6 G 70.- 7 G 8"tt- ~-I/C3,,- 9/1/1 /C'3 b 

50 G/ b 51 GZ
h 

52C3b 53 G'I h 54 G 55 G bb 56 G7 b 57 G~b 58 A 59 
S S-b 

A SIV,/ C A IBsN2/cB Ie VI / ~ 
0 

V2- / PA IE /II; / C2w II N z /C2b 



8 CARD 13 67 Pro~ram I~ls'ln~ I leAR)) B 
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

}« L 0 3'-/ 00 cf.JT 1- 'II 
RCL A 3'-1 II 170 ~NI l' 'lL 

'3 OS /:?CL t 31/ /.:,-

Jv 'i)( 3s- &3 X 71 
XV 71 tHS '1L 
+ bl P-CLC s'i /3 

RCL 2 3'-/ 02- + tJ/ 
120 eeL A 5'-/ /1 5TO X' 3J or 

~ ;<~ 32 5'( Iv!?>/;- ]5" 53 
X 7/ J.. RC. I 3S 3,/ 

RCL V 3'( /'i X 71 
X 71 180 Cf/S '12-
- 51 Rc I.. C 3'-1 /3 

RCL S- 3'( os T rG' 
ReI.. A ]'1 II STO q 3? 0'1 

f 71 R. J 5 fi 
Ref.. D 3~ N + LBL A 3/ 2S- )/ 

130 ~ X '- 32 S'/ RCL A 3'-1 II 

X 7/ 12C L f. 3'-1 IS 

+- ~I T ~I 
.f P-75 "31 '17 Iv '/,'{, 3S" (,L 

RCf.. ~ 3'1 OL 190 J2.js f'i R I;;;. 
f 7/ f L!3L B 11 2r /2-
Lj 0'1 RCL ~ 3'1 I) 
X 71 t..- Ix ]5 (02. 

C f/5 '-/2- 1</5 5''1 R2tN 
{2C L q 31 0'/ t LBt.. C 1/ 25"" )3 

140 .~ x?- 3L 5'1 f2CL Y ]'-1 or' 
+ 6/ J.. 'Ix 3~ &2 

f V>< 31 s'l f2IS y'l R'3c... 
£NTl' 'fl f LBL D 3/ 2S- /'1 
ells f-/2.- 200 RCL l' '3,/ og 
RCLQ 31.( o~ RCL B 3f-/ /2-

SI - 5 I 
2 02- }... '/x 3S (;,2-

<i/ RIS 'i'f RL/o.-
ReL8 '3'( 01 Si L!3LOv 52 2S- /1 

150 . 
~J gCL /J 3'-1 II , 

STO £ s3 Ic>- A- Rc I 3S3'-/ 
"- X~ ~ ]5" 52- T (,/ 
Rc I.. Cf ]4 Ot J... Ij)( 3S 62-

- 5/ 210 RIS fit! !C /b 
2 02 ~ LBL h 32 25'" 12.. . 'II J.. /2c I 3S 3'/ 

Rc L 8" 3'-1 Or' A- 1x 3S b2-
, l'! !2 / r ¥'-/ /2Lb 

Iv 57 I 3S 1:1 q LBLc- 32. 2S 13 
160 ReL ~ 1'-1 0,/ -RC L Cf 3'1 ocr 

RCL 73 3'1 /2- A- 'Ix '35 (,2-

X 7/ R/S 1',-/ R3h 
h- /)( 3S- 62 ~ LBL d 32 2S 1'-/ 
f PE-5 3/ 42- 220 "f?CL '1 3'1 oct 
£CL 'I '3'-1 0'-/ 'KCL B 3'1 12 

X 7/ - 51 
ReL A 1/.f / / h. 'l'x 3~ '2-

X 71 .e/s '1'''1 1< tf b 
LABELS FLAGS SET STATUS 

A ---7> R J 0.. B ~ J2Za. C--'7123o... D -7 R'-Ic.- E RUN 0 
FLAGS TRIG DISP 

a~ 121 h b~ /22b c~R3h d~ R'Ih e 1 ON OFF 
0 D Oll DEG ~ FIX ~ 

0 1 2 3 4 2 1 D I2'l GRAD D SCI D 

5 6 7 8 9 3 2 D ~ RAD D EN~D 
3 D ~ 

n __ 



Program Deseription I 
Program Title OPTICAL DESIGN II 

Contributor's Name JOSEPH R. HOBART 

8723 BRADY A VENUE 

SPRING VALLEY 
Address 

City State CA 

Program Description, Equations,.Variables 1'BIS_ PROGRAM _lJS~f:)_TRlGONO~TRK_ RAY tMCItiG_ 
TECHNIQUES TO COMPUTE THE INTERSECTION LENGTH FOR THE PARAXIAL RAYS 

{J'l_AJi~Ll1ARGIN1\J:~ __ MXS (L '2_~ __ :E>IU~RY LQ:NGl1'IDHJfAL SPB_EJ~JCAk_AB_~RRATION_ 

(J.A~J~_QfFENC~_~_GAJJ\LST SINE ___ c;QNIHTION (OSC;_~lL_~FFECTlVE FOCAL LENG1'!:L __ 

{~J1), ANR __ ~_YSTEM TOLERANCES _RQR THE LA 'AJ~!L OSC I, FOR A ONE TO FOUR 

,!_~NS __ Q_BJ_~~l'IVE. ____ ~~~1LELJNC_0~ ING 1IGH1'_IS AS§l}MED ~_~JGN ~ONVENTIONS 

ARE AS J?~R CONRARX(REFERENCE 1): FOR A LENS SYSTEM WITH OBJECT TO THE 

'!__r:FT (SEE SKETCH), LENS:ES_ AND SURFACER,ADII ARE~~CliNJJMBER:E:I)_CONS[C-__ 

UTIVELY FRO~LEFT TO RIGHT; RADII ARE POSITIVE IF THEY EXTEND TOWARD 

THE IMAGE AND NEGATIVE_!¥_ THEY EXTEND TOWARD THE __ QBJECT (POSITIVE 

RAD 11_ABJ~~ ___ CJ1~YElL'I'QR.MID 'l:'BE_ 0 BJE_CJ'}~ __ AND __ l~tERf:)ECTION_1ENGTHS ARE 

POSITIVE IF THEY EXTEND CROSS THE OPTICAL AXIS TOWARD THE IMAGE AND -------,-

N~GA'I'IVE IF __ 1'QWARD Tl{E __ QB~~CT. JM'rA_ IS EN1'EREP EN kfASSE USING fA, __ _ 

Iti111\TJDUp,J.,LX MQPJF'lEJLJLSIN<:i _1~L_R~F'MC1'IYE __ nmJC:ES _ALL MODIFIED USING 
fC, AND SEMI-APERTURE (Yo) MODIFIED USING fD. fA AND fC DISPLAY REG-
---,~- _._"--- --.-~---.-'-

ISTER __ :NJlli_~:ER AND __ ~~]:S __ NUM~]:JLlmSPECT!VE_'!_'Y PRJ9_~_TQDATA ENTRY . __ USER __ 

MUS 1' __ 1l~_?I GNA1'~ ~'l'ORAG~J~[GJ_? T:ER __ bf_fl:E_~'L!lSJJ'~G __ K~~:EE EXAMPLE). fD STORES 

NUMBER IN DISPLAY I~_RE_GISTER. _CE~NrEILSllRFACES ARE ENTERED AS TWO 

SEPARATE, IDENTICAL RADII WITH ZERO SPACING. 

Operating Limits and Warnings E:N~URE_S1'RIC'I'_~9J::WLJANC[WIT!LSIG~ CONjTENTIONS. 
CLEAR PRIMARY AND SECONDARY REGISTERS PRIOR TO ENTERING DATA FOR A NEW 
- .----------.~ _. ----~------ -----------------------

~YSTE~t; PROGRA~L USES A_~ERQ IN DA'J:'A_l'O HAJ..'I'_~~_ECUTIOl:L OF A_SY~T=E=M~_ 

YJL~NQ_ LESS THAN FOUR !~~N~~S. TOLERANCES ARE BASr:~~~_~tigHJ1NIT~?TEPS 

208-211 ARE FOUR TIMES WAVELENGTH OF LIGHT IN INCHES AND MUST BE MODI-

FlED FOR OTHER UNITS. OSC I IS COMPUTED FOR ONE UNI:'LQIf ___ AX_I~~_ HO~:Ey~R, 

OSC ' IS A LINEAR FUNCTION DIRECTLY PROPORTIONAL TO OFF AXIS DISTANCE. 

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

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

9 



Sample Problem(s) (FR()~~EFEREtigJ: __ ! __ S:li ~ 88 L_ FIND THE ABERRATIONS OF ~_1'!:I~~E: __ 
LENS PHOTOVISUAL OBJECTIVE WITH PARAMETERS: LENS 1 Nc=1.5J358, Nd= 
--.----.---.-.. ~ .. --. 

1.51~Q! Nf=1.52167; LENS 2 Nc=1.53447, Nd=1.5J79LNf==L.54519; LENS 3 
Nc=1.57968, Nd=1.5833, Nf=1.59219; 

R1= 2.3844 T1= .07 
--.-~--.--.- _._-

R2= -.8923 T2= .0325 (AIR) 

____ ~_~ __ ~3::::~_-=_~ 82~~ ______ Y3=_~i>~~ __ 

R4= .92 T4= _0_ (~r::~N'l'r::J2) 

R5= .92 T5= .05 --_ ... _- --~--

R6= 4.7104 

SOLUTION. KEYSTROKES: (SEE WARNmG~mJ>AGEQNE) 

_______ fA_ (TO TR1\CE IN D LIGli'!'l __ _ 
.25 R/S 1.5160 R/S 2.3844 R/S .07 R/S -.8923 R/S 

Solution(s) . 03~~1~~ 1. 5376 R/S -.85_24 R/S .02 R/S _~~~_RIS 

____ () R/S 1. 5833 ~/S_.92 R/S .05 R/S 4.7104 R/S. 
A 

A 

B 

C 
--~-----

D 

E 
------- ----

fE 

OUTPI1T ____ ~_ 
0.0000-

15.0000 
8.6608 (1') 

8.6621 (L' ) 

-.0013 (I,.A_~ 

. OQQ~_tQ~~~' 

9. 0708 (~:OJ 

~~1184~{~~QJ) 

.0004 (to1) 

ReferenCe(s),.J~) __ QQ~~!,_ A. E., APPLIED OPTICS AND O:pl'IC;AL DESIGN PARTS 1 
and 2, DOVER PUBLIC~TIONS, NEW YORK, 1957 and 1960. 

(2) WYLD, __ J._lI-"-~_~_' __ THE DESIGN OF REFRACTOR OBJECTIVES BY RAY TRACTNG".L 

AMATEpR}'ELESCOPE MAKI_~G j300K THREE, SC;IENTIFIC AMERICAN, INC. 1953. 
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Sketch(es) : 
• --- .-.~-- .-. -.-~ -.-+---.• - .---.---~~--'---+!--i--~--~~-·+--i~ 

.. -.-------- - --.---- ------ .- - .. -----~--~- ---+---l----r--. .:--~-__+____r------< 

I 
t---~'~~."~-.~ -~ --t-

r-~-------' 

- L. ----- -t-- -"1--

, ' 
-t --~---t~----t-- i 

I 
- -+- - ----+- -- + ---~-____ -+ .. - .-..+----.-____.. ---;---- - -+------_+_ - I 

I , ,i i , 
• ~ --- -<- ---~---~~~, ----------+------+-----t~~--·f ----H 

• __ ~ ___ , ___ ~ _____ L___. L _.' ~__ ~_ ..• """ ____ J ___ ~j 

~ - . 
, 

Sample Problem(s) _________________ ~ _______________ ~_ 

SOLUJ'ION ..J.~~~:r) ~ _ ---------------------

__ fC_ (TO TRACE IN C LIGHT) 1.0000 
1.51358 R/S 1.53447 R/s 1.57968 R/S 4.0000 

-------_ .. __ . ---- - --- -- -------------------------------------

A 8 . 6643 ~(.1=_'_.L) __ _ 

A 8.6656 (L') 
---------------------- --- -----

B ____________________________ u ____________ -.0013 (LA') 

C 

D 

E 

fE 
____ f_C __ (~T_()'.['RACE IN FLIGHT) . ____________ _ 

1.52167 R/~L!.54516 R/S_J_.5~2!9 

A 

Solution(s) A 
B 

~---------

C 

D 

E -------"=-----------------------

_______ .. _fE ___________________________ _ 

________ ~JtQ4_iQSC_~1 ___ _ 
9.0729 (efJL ___ _ 

_ n.l~5 (LA' toU __ 

.0004 (OS(;'_ toil-

1.0000 

_ _4..&00Q____ _____ ____ _ 
8.6643 (1') 

______ ~t~_QQ2 __ (I. ') 
-.0019 (~') __ _ 

.0005 (OS_C_') 

9 .QZL~fll _____ _ 
_ .11a~LA' to1) 

__ .0004 COSC' to1) 

Reference(s) _1'R~ ___ EQ1J.'\TIQ_~S AND T~CHNIQJ)ES USED IN THIS..J>RQGRAM _ARE...HlGH..LY _ 
_ DETA!:r..E:p. us~g_:r$_REFEREDJ·O_A_ THOROUGH_ DJ,:SCUSSION IN REF~RE~g~_~ 

OR A BRIEF DESCRIPTION IN REFERENCE (2). THIS PROGRAM DOES NO DESIGN 

_X~f'I'ION; IT ONLY CALCULATES THE ABERRATIONS OF A GIVEN DESIGN .. __ _ 
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STEP 

1 
2 

3 
4 
5 
6 
7 
8 
9 

10 

11 

OPTICAL RAY TRACE 

~1ENT DATA MOD DATA 
~ l',L' LA' 

MOD N 
OSC' 

OPTICAL DESIGN II 

MOD Yo OSC' to1 l~ 
ef1 

INSTRUCTIONS 
INPUT KEYS 

DATA/UNITS 

LOAD SIDES 1 and2 (SEE WARNING PAGE ONE) c=:J c=:J 
LOAD DATA: OJu=J 

ENTER DATA FOR REGISTER NUMBER DISPL \YED IN LJ[=-J 
X REGISTER; REGISTER DESIGNATION IS AS c=JC~ 
LISTED AT THE BOTTOM OF PAGE FIVE. [RTSl [~ 
REPEAT AS NECESSARY. CJC=] 

COMPUTE l' (REQUIRES", 15 SECONDS PER L ti'NS) LLJ[_~ 
COMPUTE L' LA:] C 1 
COMPUTE LA' [_JiJ c=J 
COMPUTE osc' QJ [:=J 
COMPUTE ef1 LliJ [---~ 
COMPUTE SYSTEM RAYLEIGH TOLERANCE (LIMI r) FOR. LA' [ULlI J 
COMPUTE RAYLEIGH TOLERANCE FOR OSC' C-f J IT=-:l 
OPTIONAL DATA MODIFICATION: l-=--=:l C:J 

TO MODIFY ONE PARAMETER [TI[~ 

ENTER NEW DATA [£NT] c::J 
ENTER REGISTER NUMBER IRIS] c=J 
REPEAT AS NECESSARY ~[:=J 

TO MODIFY REFRACTIVE INDICES [IJ [~:o 
ENTER INDEX FOR LENS 1 [R:ZSJ c=J 
REPEAT FOR LENSES 2,3,4 AS NECESS \RY*" [ ] L---::J 

TO MODIFY Yo [ ~ C==-:J 
ENTER NEW DATA OJcnJ 

RETURN TO STEP THREE c=J l--=::::J 
CJ [==:J 
c=J c:=J 
c=:J c=J 

** DO NOT ENTER IRRELEVANT DATA FOR LE 'lSES NOT c=Jc=J ---_._-
USED. THE PROGRAM SEARCHES FOR ZERO TO EXIT c=Jc=J 
FROM A 1,2 OR 3 LENS SOLUTION. c=J c:=J 

[~L~ 
STEPS FIVE THROUGH NINE MAY BE CALLED [_n] r-- - J 
IN ANY ORDER. CALLING STEPS 5,6 OR 7 C=-:J c=J 
IMMEDIATELY AFTER STEP TEN, HOWEVER, [~=~ C~ 
WILL CAUSE THE PROGRAM TO SUBROUTINE C~[~ 
TO A AND RESOLVE FOR l' AND L'. C=-::J c=:J 

L~c=J 
r JC] 
r=-=:=J C-] 

OUTPUT 
DATA/UNITS 

0.0000 -

1.0000 

1 ' 
L' 

LA' 
osc' 
ef1 

LA' to1 
osc' to1 

0.0000 
DATA 

0.0000 

1.0000 
2.0000 

DATA 
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STEP KEY ENTRY KEY CODE- COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 
001 -f Lf5L A 51 2~ II C.ALC .,£1 f GS8~ 31 2~ oc, 

Iv CF / 35" t,/ 01 X 71 
2 02- RC L (i) 1'1 2'1 R 

iv 5T r 35" 33 060 X 7/ 

t 

I. 
CLX, '-Ii ReL (t.') 3'1 21f 

STO C 33 13 1- 6/ 

t 

i 
5TO D 33 /'f f IS 2- 31 '3'1 
j?CLD 3'1 00 Yo STO IJ 33 J/ 
5TO 15 13 i~ 2- 02-

010 RCL 2 3'1 O~ 121 0 00 
'if I tv ~c I 3S- 3'1 

G TO 3 22 03 - SI 
f LlJL 2 51 25" 02 f x:= 0 3) 51 
Ret- A 3'-1 II L 070 Iv SF I 3s SI 01 

f GSB 0 5/ 22 00 fxlo 3) 61 T~ST FO It!- t.AS r '- £NJ 

f L!3L3 51 25"" 03 /2CL (L') 3'1 2'1 i: 
1"- '-II CH5 Lf~ 

1- 'II ReL /1 3'1 1/ '-
1- '-II +- hI 

020 f 1'5'2. 51 33 570 A 33 II L 1 

J2C L (,:.:,) '5'-1 2"/ j'J I 01 
STO If. 33 IS- f?C L £ 3« I~ IV 

'il - SI 
f G58~ 3/ 22. Or., 080 ReL B 3~ 12 

if X 71 
+ /s~ '31 3'1 EeL £ 3'1 /s IV 
!2c-L(ij 3'-1 2'-1 R /2CL D 34 Ilf /N' 

;< 71 X 7/ 
RC L (i) 3"1 2'-1 f [)5? 3/ 33 

030 -t- fol ReL (i.) 3'1 2,/ R 
f /s~ 31 3'1 ;< 7/ 
/2CL {O 3'-1 2'1 t- + 6/ 

- SI f GSB7 31 22 07 
5TO A 33 1/ 090 L r? I 3S 71 0/ 
J2CL E 3'1 JS- )J GTO'l 22 0,/ 
ReL z: 3<1 b f /5 C 51 3'1 

1 01 f /S:c "3/ 3'1 
- 5"1 12C L UJ 3'1 2,/ ;V 

Fe),e =t ueo 
/2eL B 'g'-/ 12- ~I +x~o 31 6/ e rife;:: 

040 X 7/ (;70 2 21. 02 

RCL D 5'-1 N fA, f LBL 'I 51 ZS- 0,/ 

t D5~ 3/ 33 peL B 3'1 12 13' 
RCL (0 3'1 2<1 R peL D 3'1 /'I ~I 

X 71 100 . yl 
+ 6/ )...,CFO 3~ 61 00 

/.v .x ~ t1 3s 52- J,., J2TN sS- 22- ..J'1f 
v 'tl f L!3L II 31 2S II 

f GSB 7 31 22- 07 }2CL A 3if II 
RC L .4 3'1 II L/ A. Rr.tJ '3~ 22 L' jffc-

050 -f 1St 31 5'-/ f Lf3L B "31 2S- 12 CALC- tA' 

f GSBO 3/ 22- 00 t G5 B Cf 5J 2 209 
l' '1/ f GS 8 if 3/ 22 0'/ 
l' '-II RCL .it 3~ II L ' 
1- 'II 110 - SI 

{?c L ~ 5"/ IS" N h., /2TN 35" 22- LA 1 * 
X 7/ f LI3L C 3/ 2~ /3 CALC OK' 

REGISTERS 
0 (/ 1/1// 

2 
RI 

3 
TI 4 !< 2 5 T2 6 N2 7 RJ 8 T3 91<7' 

10 

50 51 ).13 52 gS- 53 54 RC; 55 T0 56 N1 57 R7 58
77 

59
RB T'I TS-

A L / IB ';j / Ie u/ 0 u/ IE N (~) II COIVTIi?OL 



14 67 l)r"~r8m 1~ls'ln~ II 
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

f GS B Cf 51 22. 01 e H'S '--/2 
} 01 170 pC£. 15 3Li 12 ~ I 

?CL 8 J<{ 12- ~' f- t.1 
RCL C 5'-/ 13 U ' STD IS 33 (2. 

f SiAl 31 62 Iv /2TJV 5~ 22 
'(I -f LBW s, '2.~ 00 

gCL II 3'1 II L I /2CL(,,) 3<1 2'1 
120 . 'il - 5'; 

- SI P-CL(i.) 3'-/ 2'1 
A-- !2T /ll ]j 22- OSC / -j; . n 
-f L8L. D '31 2S- 1'/ cl\i.e efl J2C L C 31 13 
-f bS 8 q 5J '2.2. 0'1 180 -f S/lJ 51 62 
RCL 0 ]'-{ 00 '(0 :/. 7/ 
ReL D 31 1'-/ ""I J.. eTN {S' 22 

YI 
e·fl -jf-

~ ~BLc:. 32 2S- 13 J-1 () P IV 

Iv RTJV. 3!>- 2. 2_ Iv SF 0 I~s 5/ 00 
S4 t.BLa" 32- 2S II LOAD DATA I 01 

130 Jv SF 0 3.)' SI 00 f '-/1 
0 00 -f UJL f 31 25' 08 

J,.. ST I 3.5" 33 Iv ST I 35' 33 
f L 8L S' 3/ 2.s- os- h X~~ 55' S2 
~Ls 'iN 190 p- 1-, frL/ 

5 TO (i) 33 2'1 STO (iJ 53 2</ 
f IS 'l 31 3'1 ~ e oJ- sS S3 

J.. RC T 3S- 3'1 I 0/ 
(; TO S 22 OS -F t;1 
fl LBLb 32 2S- 12 110D PAill J..- Rc. I 3S- "3'1 

140 0 00 S OS 
/2/5 y</ 1- tal 

Jv .5 FD 3~ SI 00 GrD 3 22 oX' 
),. S T T 3:;, 33 fLT3LCf 31 25' Oq 
f- Ro/, "3:> 53 200 h... F? b 3S- 71 00 
S TO (i) 3'3 2'1 f' GSB A 31 22 II 

Gro f b 22 31 12. Jv f2TN '55' 22. 
f L8L c:, '3/ 2S- 0(, g L8i... d 32 2S /'1 MOD 1(0 

lf SIN - 1 32 ,2- '1.-SFO 3S' S/ 00 
CHS LiZ STO 0 33 00 

150 h.X~~ 35 52 Iv RT)J 3:;, 22 
~SJ.N-I 32. 62 + L8L E 5/ '25" IS- CAl.C. LA I TOLEI2AJJC,'i. 

t- tol q 09 ~ l1uJr B' 'I X ,\ 
RCL C 31 13 U' eex 113 IN f/NlrS uSCiO 

+ (PI 210 c.~ 'iZ FuR OTH£ff!. DATA. 

STOC 33 13 S OS" T H 11 V A L U r 15 FD ~ 

f SIN 31 62 F2CL.C 3'1 13 INCH UNITS. 

.- f/ -+ SJN 51 (,2 
f!CL~ '3"-1 IS- IV ~ )(."2- 32 SI-/ 
Jv j?T!V 35" 22 . 

21 . 
160 f LBL 7 '3i 25' 07 '" I2T)J 3521- LA' -rot. -'*' 

/<CL (i) 3'1 2'"/ R '?i LIne 3'2 25" 15' (fll.e. OSC i TO{.'i/?.4IJC! . 
YI f GS8 E 31 22 IS-~ 

STO D 31 /'{ 8 Og 
f- }Sl 31 3i 220 711 
J... F? I 3:, 71 VI /<CL C 3'-/ /3 u' 
J... f2rJJ 3S 22 + SIN 3'1 62-
RCL«) 3<{ 21/ t X 71 

X 71 Iv RTN 35' 22 orc I 
TO£ "* 

LABELS FLAGS SET STATUS 

AyljL I B LA I c OSC / 0 ell E LA I to I ° /NTU2LOCK FLAGS TRIG OISP 

aLtJAD DATA b HOD DATA C /'10 J) N d /'10D Vo e OSC I col 1 
/:;(11 

ON OFF 

° 0 I25l DEG ~ FIX ~ 

0SUB1?ouTI/II'L 1 2 COAlTIIVU f 3 CO;VTINU'i.. 4(f)LC.2' 2 1 0 12?1 GRAD 0 SCI 0 

5CO/VT/N/)'i 651/8 ~OUTJiV'i. 7 SUB !20UTIIVL 
8 

9/AlnreLOCK 
3 2 0 ~ RAD 0 ENG'fD 

C() IV TJ NI/L 3 0 Jg 
n __ 

1 



Program Deseripfion I 

Contributor's Name ~. l:>. ~CKSCHE~tF~ 
Address '5IfJBO CA-nI~I)M~ ~ 
City c:$o~r,ca. State Zip Code 9Jc:>t 7 

Program Description, Equations, Variables t:;,,~N ~." ~ e:;p ~~ 
~M""S 1)1= Cf.J1t1A4 ?illS) ZVAh"IE~, SAts.) ~0t»1e4~_ 
~OA?;tJU77ES ~~Dt t:JN. ~N.d ",NtaiG t:JP ~'Alay. 
4JITN I'AI~vr.s 7Ouw&4Nf!tEtJ) ~~Q611P1tII1I1 O;l'l~~{JII!:A 
A//NI'MeJM,s AII'V" /lilli-XI'''''' PillS, 

s 
4> 

J,.. ( I. 'L) 'ha s-= R- &. 4R.-D 

Operating Limits and Warnings 

7Jk ,e"Q(,t-QIAJIAiGt 

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

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

15 
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Sketch(e5) 

Sample Problem(5) 

G,/VtN: ~= 'r~.? 
b= 7 ± /.0 

~7I!!lthlINE : SHOM, 

S WlA)t, 

SfNN, 

cP NoM· 

4> MA-K.. 

~ ""AI, 

Solution(5) 

Ifl~ kEY l:)'£\DL.~V O,BS! : :SIMI"'; 

fZ\ 0,000 III 4-~. %$31 • t:PN_ ... 
~CIl S.OOO ~UE] ~e. ZS/~ • ~1IIt A-I4. .,,[DID 0."'100 \lltil 3/. 4~Z~ .. • Wtl"l 

1CY.. 7.000 

loom /.000 

~m:t /. "..", c S",o"" N.nr! ~~ /)/)·liIhtSS 
2. 1Z'l. ~ s,.,.lft.1( 

Reference (5) HANIJ8001t: DP /J?A711 /ltlIlUiS ~ ~1t;n(J'l4s) R. S . 
..8~It/AI.'1'bN ~ me' G~IHJ #~".) N'f'! , /~~Z" /",;t' /1 ... /z. 
I"At#1f o3? ,c; .. 2 
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~1 oS'.. t./M~~ '± I 
~ S"M.t-r Ie b s 

STEP INSTRUCTIONS 
INPUT KEYS 

OUTPUT 
DATA/UNITS DATA/UNITS 

I eNT« p~o6lfllm -'1&Q SI/J'S CJCJ 
z IAJITI*l./a£ Gf~c=J a~oo 

~ PiJll MIIJt /'-~.lJj1 {I"~(!,tJ"lfllQN~ - ~[ I 
~c 7'b 05.,....,. 7' Q --. ;_/r. .. 7#![ [IJ l ] ~ 
t:!~A.-MlC 4Jti ~I'AI& AM--INIfl" .~~ r~-l [ J ~ 
u..J./JIS - 'luo cP nI~~"" "~ [ l> J [-~_~-l s 

4- (Je;WI ""(,I~ ~ ~KNol4JlV 1_ .. [ eJ l_--j ~ 
roo: [-i.:.-=.J [ .. - I J) 
""' [:l)_ -] ,- l ~ 

5" CiJII?~unr AJI>"'II'IVIK. ~~'E /p liESI~ rE j [----] f/j4 

" I Phil NeaJ Mot!. ~ ~.#-.&..o .... 5 ~ 76 Eo [ __ ] [_~--l 

-, EAJ~ 7ZUoeJl; ~.c AI(JM.~~ I~ R..,.,.. u----l r- J .11-.--- It 
YMIiES cAell A-J t.t.DI4JE lJ AJY/rl t 74". 1_ lE-] [6] r ftL. 

~~~-""'ftE ])~.- " [-c,-] r-~J b 
:t-.,.~. 1- [ fJ~] * nc.. 
S'N •• ... ~ [bJ r. 1 s 
rn, r----<f- Il;C] ~n~ 

a ~".._IL~ -r~ ~JN' ~ j,..~~ 1A j "".A_/~ 
[- -- --.J [---] B ---- A'NMt 

.4Ul) /7'~ 1JIj}t ~ MW V~ [of-] [I.~ ~_ ... I# 

~e bEI ~'Zi [EJ fLJ AM ",1 
0" l ~C.:~] [-~-] 1M .... 

[-f_-] L~ .J bll1lM. 
[-"~-1 L~-J "' ...... ~ 6. [l>.=J [=~ s .... 
L_~~J~] 5".uut 
r~ ~-=-] SlllA'~ 

~ Colfl/lflvrtF AJtI"'M1J6~ A~/" t.IE /~ [E'_J C-J t!b .a ..... 
~/~~~ '-~,.A ~ -- ~., ~4 ""'Nfl LrJ GC._J J, Ma-
/P ~£'SI'~l) [r~J [ ~-J 4 *", .-

/D kit ~j~} ~A~. ~.o '7G _ .... 7WI!.,- ~ Ln

--] L. __ =.J r .-._] [-- ] 
-- - -------

[-=-=] [-~ 

• t:Jl}r~tJ'" t/)= bb. Mh'I S'"S l :-~-J r-= __ ] . [ __ :..1 [=.1 
r=--J [--] 
[.~:-] [--=] 
[_uJ r- --] 
L __ -J [~ 
r---] LJ 



18 67 I)rc'~ram I~is'in~ I 
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

001Jr I S .... L .. I, ZIS" S~8 .2~Qe 
~~ ~f!t.a.'" 2,4_ IIf!.f. . ., ~.o., 

e~ ~ IN'.,.," P4' "t!..t.. ~ 34'. 
MP.s '2S os 060 - ~I 

" R"nI 
~~ zz. 

A'~"", 
$'Toct ~SQ' ~'"'N AI 4c.&L.8 31 2S 12. .-ec..Cl. ~tf. IS 

III I="P .I :I~'1' oS /?'\ .OF~ ~~t.,o~ 
G~ 0 .. a. 00 I. R'nJ 2S~1. 

~C.L' 3401 
e~ C'roo 

CL~ i' c..c.~ !la IS-IS Z>NOItf $T*' 'STo 010 a~L ~z. S~ h-=P~ 25 '71 O. 

~ '''&L4 .404 CT. , zt.o, 
_ x'- 3Z.~'" R,.l\~ ~ (t>.-'" ~.,..) 112ec., 34-~'1 

eA-c.c. 'T.' ,,,. 
04f. .ctac..4 ~~o .. 

)(. '11 070 )( ." • '$70 
ST. + I., • ()&. 

t+-. ;((.../~ ..... j ""' L .:1"'04-- X ." 
II IJ. "." .. '1404-
It. .." oaK." Sz.S'+ • ., '- Sl -. 

020 $'TD., ~.o"1 .;n.- ., ~4-

'" 2"nI 
2C2.2. 2- 0"-

~ I I •• ~ J. ~2. 'Zrla.. CA4t. .e~+~O ,... .." 
, Ilt.t.~ ~4-0' ~o, ftol 

• X" "2.~~ 080 lib" ~5'Zz. 
We.c..,. ..... C- 0. I .. t.(A.CL '22.z.~~1'1 ~A«.e. b.Ax" s-r. A~" 32."f.. 

~.~(t\-~,~ItI) 
'1Qe.~" ~ 

.~ o4r IItL" ... 4-6 !r 
~ "11 X. 7' 

" + ,-, Z. 61. 
030 t2a.t.'- ~.Oc. It. ." bt.wt., (t. . ." ~.) a 0/1 Ae.c..S- 3+°"-. )( 7' .It'" :l2S"~ 

.;.- at '- S, 
sna8 330. 090 <F~ ~~ 

"'- tiT'" ~5'Z.1. 2. ot. 
It I .. LI ... .; J. 32. 2S'12. eAU. a£>"" .. of. S-r. 

)C.. ." 
'~&L 'L S4b1. 'SToL fto2. 
.1l~ sz.~ IItI2TItI ~!:J,.z. 

''''L~ 34-0~ 

R...N~~~'~) 
e..1 ~L8"" .. :iZtS-'S ~ AU. 'bIlVN + SIr. 040 A )( ~ .'l~ ifoc..' :1''''. • If. 04- ,*,t.. No'-

b.....~ (t-~ .. ",) x.. '11 It. 71 
.... ,., Z. 0'2. 
e!.L~ 14.oS' 100 )(.. .." 
R GIl b!(.t.. ~o" 
)( .." .. )t~ S~S .. 
+ at I _ 

~ 
~To' 3$0' ~tr .'S4-

k It-"TN 1'i~'l. 2 ~'I. 
050 0 .; &al.a l'l'SOO ~ .." 

S'1b,., ~ :~o., Sri. IeNU~ $)'>Q~ 3$0'5 
"~aI ~~2.~ J.R7A1 ~"J.' 1.1 _LAL~ ~ j t'& ~ so 11- ~'I:.- 1 I "iCA«. 1 3/Z!rDL 

'Sro 'bN6~ I~ eo. 3~ 1'1 110 ~, ~ol 
Itc!'~" ~4o" "'Me"" STo Itt2ft/ :!~z.'L 

+ ~, 4. I ":'",c,. .!z Z~IS 
REGISTERS I 

0 
1 bNUk 2 b-A'" 3t:>..-W 4 S4 .. 

5 6 
7 .. ~ 8R .. 9 R.,II - S"""X s ... ,~ 

80 81 82 83 84 85 86 87 88 89 - - - - - - .. - - .. 
Ab(i:To-") IB ~ To,-) Ie rt(± To'-) D E II - --

. 



671)r('~ram I~is'in~ II 19 

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

ST. A S'S II ~% -
OIlS 41. 

.C!..l , :140 , 170 A!iJ1.1!I !&4f..a 
+ eal CA(.~ of. ST.a .,.. ., 

1.-,0 1 :l30"Z. ~'- SSOc. 
.-.c.. , 340l "hMA-( 1ttf2:rr1l ~ .. "Z.'Z. 

~e.~" !l4 II ~I ~cJlc.1. 2'2.~t.. - lSI ~~ ~6-+ STo Sr. •• 
120 ~TQ" :aSO"S 

hW\l~ 
1·1tn/ .. -St. ... 

.eO'- ~ .3411 IA. • • t&I~ 2U~r+ C~ "''''To k. (! Il'! :I~'-' 01 r~ .. =Is II. 
'" Il-rrJ :tC''l.'L *L~ --.-oj; 

1:)1 .; tALI) ~l z.-s t4 'SN.~ 180 <f- t., 
"F.f~ .IS,. c.J 

~ .STo'" fto~ $~Il 
~~~ 'l.L 01.- ...• c..4- _.4 
tle.c.."1 •• 0"7 . ftLa ~ ... t1. I""t. ,,.L 
.x~ .'2. .... S'rD ... - ~I 
'4- M- !tr'o STo c. ~SO'-

130 )( .." f8!.c.t. ~4'z.. S""'., 
if<:.L' 3401 ~~ ~C;-Ca' 
-'k.~ :iz.C'4- \ .. ~ ~C'2."" - .. , 

~~(~J~.I C I J;I!IIL.~ 3't. ... ,~ O,N.~ ~NMC '§-_ii" '315'"4 190 A!l!.f , 3......, 
~ 0'2. "2.. oz. 
~ B . iiI -

e.~s +1. iOU..,- --.o? 
/(t!l-1 340"1 ~4 :1404- tL..~ (€::: ) +- '-, - 'Sf 

140 STo.- .:il~W_ -+ af 'S~~ 

"~N ~nz. .. .,..N·' St."~ ~ -', .. tlc.."-.t J~z.4Sr4 ~~- ... ~ 'D~"£ -Z~O" F-
'12e.c.. .. S"'oct _ ... """ 31. '411~ 
.K." S'Co4S"'4 200 • _Il t/l.,tJ S~&1.r 
'4- 0+ 

" 
tIlL 1 ... ~ .. ~L&''''S' ~o. q.""", 

~. "t ~LL ...... L 
wec..-t. .s+ot. ~t ~(&.t,~K, ."2.. _1. 

+-·~(E) 4IIlX" 3&.,.... .r .-, 
'- -s, ~~. .34.-0. 

150 ~~ ~15'"~ ~----.- ---.~ 
~ O'L - CI . ., ,.&. III -

c"s +t. ."""~., ~c.~ 
~ct 3+0' 210 ..L-~ :az..,-~ 

~ l.f ~ ~~J.1. 

(t ...... t. 4~ ~.~ .S4)~ ~ I ...au. .. _ft.I.SIS' 
lAfl:r"" S5"1:z. lkL_~ 240-~ 

dl .III!: It!lll"'~ '2~I.s"I4- (!.AC.t ~IMI of. ~ -z. oL 
IJle.c- A. "2L4. ~ Al 

~Y~(;:.~) 160 _X" '7z.. .. 4f.. .. ~ - ~408 

'40- 0'" rs...~ ~ (R.r, t>~w) .u.c..t. ~ •• ta 
l( ." - ~ S_ ... 

ft(.1 i"'o~ 't --./ . )( .... "!t~ ... 220 .. '7JIIIW-' ~u.f.-
'- ~ '. ~MIil7 .... ~ 

oIfnt' . ~,~ '"",~J .-cz.z. 
Z. bL 

-:"" III 
LABELS FLAGS SET STATUS 

A B R CJ) D S E ~ 0 
~TAe.T - FLAGS TRIG DISP 

a b-../ ... c ±/~~ d+:/ M.-.( e 114M /MIN 
1 ON OFF - - N",., - _'N - o 0 .rrl DEG II FIX B 

o "S~f) 1 "S .. O 2 .... 50 
3 - 4 2 - 1 o !lit GRAD 0 SCI 0 .. 

5 6 7 8 9 3",0 
2 o jill RAD 0 ~~ - - - - - 3 o IB 
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Program Deseription I 
Program Title RAY TRACER- SPHERICAL, PARABOLOIDAL AND FLAT SURFACES 

Contributor's Name ALAN STEIN 

Address 298 
DALY CITY 

VISTA GRANDE 

City State CA Zip Code 94014 

Program Description, Equations, Variables This program traces light rays in two-dimen-:- ~I 
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-interce:pt, the surface intercept, 
or an arbitrary point of the ray, (x,y). All forms are converted 
to slope-y...;.intercept {a,b} form(see sketch}. 

The flat surface is defined by x ~ fa*Y + f • Inputs are 
(fa,fb). The sphere is defined by radius of cur~ature(R) and 
intercept of surface with x -axis. If R is positive, the left 
intercept of ray and surface is found. If R is negative the right 
intereept is found. The pErabola is also defined by Rand d, 
where d is still the x--intercept. R is the distance from d-atwhich 
y= 2"1 (i,e. the parabola is defined as x= Ry2+d). 

ri is the ratio of the exit ~ incident refractive indices 
at the boundary. 

_ThJ~l>rogramc()rnputes the lens-ray iptercepi;jx. 1Yi)a,nd 
displays this as an o:ption. The slope and y-interc~pt of the 
refracted ray, - (ai, b l ) are computed fro-mSnellls law-and stored 
in Ra and Rb for future reference. All computations are analytic. 
Note tha,t the program always selects the parabola-ray interc~pt 
closest to the x-axis intersection(d). 
equations: ray-- y=ax+b; sphere-- x= SQRT(R2 _ y2)*'{_sgn{R»+{R+d) 
flat-- x = fay+fb : parabola -- x= Ry2+d. 
-Snells lawt sin(.Q'}= sin(.Q)/ri where r' -= T • /r. .. -... 

1 eXlt lncldent 

Operating Limits and Warnings NOTE I fa. and f hare 
and the x-intercept, respectiveIy. 

the reciprocal of the slope 

-LIMITS: exl 900 

ri'>O 
Hi 0 ERROR MESSAGE WILL BE DISPLAYEDt 

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

2) CONDITIONS ARE SUCH THATTOTAL INTERNAL REFLECTION OCCURS A-rr 
INTERSECTION. 

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

h 



Sketch(es) 
T 

Sample Problem(s) 

1} A flat with slope-' of -1/2 and -intercept of It,r.=2, is 
intersected by a ray with slope =1- and y-intercep"t].=_ -2. 
Find the point of intersection and the refracted ray. 

2) For a spherical surface of radius=2 and right x-intercep:1; _____ _ 
of 6, find the point of intersection with a ray coming in at 
45° and passing through the point (1, -2). I-f the- refraet-ive 
index is 2, find the refracted ray. ___________ ~ 

3) Given a parabola with R=l and d=J, find thei-ntersection with 
a ray of slope .3333333 and lens-y-intercept of -.43649. 
Find the refracted ray if r i -2. 

Solution(s) . _ . _ _ _ 
1) .5, CHS, ent, 4, ], 2, Q,fB, 1 , ent, 2, CHS, ~,(xi'Yi) = 

(3.33333,1.33333); fC, a'=.71758, b t =-1.05860. 
2) 2,CHS, ent, 6, A, fB, 45, ent, 1, ent, 2, CHS, fD, (Xi'Yi)= 
(4.822~ 1:82288)1-2, Q, fC, a'=1.45625, b'=-5.20042. 

3) 1, el'lt_, 3, fA, t:s' 2, Q, .3333333, ent, .43649-,-_ CH~_,_~, __ _ 
x. ,y.)= (3.19052, -.43649); fC, a'=.57740, b'= -2.27869 

]. 1 

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

21 
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STEP 
1 

2 

2 

2 

;:::: 

:3 
4 

4 

4 

4 

RAY TRACE-- SPHERES,PARABOLOIDS AND 

~1 parabola see in~? find a'b' +oc(x,y) 
Q I 

~ .... R, d .-+fa,fh -+r; ... a,b I 

INSTRUCTIONS INPUT 
DATA/UNITS 

LUAD :::>lD.t;:::> UN.t; Al'lD TWU OF CARD -----
Load positive radius and x-intercept 

Ior .LeIlJ-S1Ue OI spnere R 
d 

1"\..., 

-"'.:.': 

Load negatlve radlus and x-lntercept 
1> . 
.l. U.L .F, -;: .\..1.<:;; 'IJJ l<:;;.L v R 

nD d 
-:.!! 

Load R and M-intercept(d) for 12arabola R 

nD d 
.:::.!! 

Load inverse slope ( f,:,) and x-intercep f", 
(fb ) for flat fb 

UJ:"T.Lul'Ul.LI IJl.;:)J:"L.fl.I ~.xi' Yi) -----

Load refractlve ratlo (ri ) r. 
1 

Load slope(a) and y-intercept of ray, a 

find a' • b' (optional: find (xi,Yi)) b 
(optional results) ------

QR 

load angle (oc) and point (x,y) of ray 0<. 
x 

find a' , b' (optional, flnd ~xi' Yi) ) Y 

nR 

Load slope and y-coordinate of lens 

intersection(y; ). a 

find a' ,b' (optional, find (x; ,y; ) ) Yi 
OR -- I---

Load angle (0(,) and y; • Outputs as in 0<-
o-cner cnOlces. Yi 

OPTIONAL: FIND a' , b' after display 

of (x; ,y; ) ----

FOR NEW CASE, GO TO STEP 2. 

FLATS 

KEYS OUTPUT 
DATA/UNITS 

c=J [-- 1 -----

CJCJ 
[ ENT J l---~_J 

CAJ l J 
[ ____ ] l_ . _l 
I_~_] l -j 

[ENT] r -~ 
I_AJ r-=J 
I ll=J 
Wl'ITJ C~ 
[_L_l L-A] 
[--- 11--] 

-- - - ---_. 

[ENT J r~-l 
L;iiUJ [-- -] 
C]CJ 
L_f' ] I _:8_J 
[-~] CJ 
L_Q I CJ 
~CJ 
LQJ r _-_~ Yla';x=1: 

-

- -E:==3 -E::::::::J (y:Yi; x: xi) 

ClCJ 
~l[--~ 

rnRTJ CJ 
LIJ~ as aDOVE 

[ 1[==:J 
[=_~] [=:=J 
C~C_~ 
~L ] 
[E 1 C..J ~s above 
[=:J C=J 
LENT I L-_~ 
[ _.f~] CE:::::J as abOVE 
[~-_] C ] 
[=rj [--C-l ~ :a' ;x:b' 

[---~~] [~=] 
l -] [ --] 

---- -- ---

[--] [--~ 
----- ---------

r~~] L-] 

It 



ray trace: s,p & f 671)n)~ram lJs.ln~ I 23 
STEP KEY ENTRY KEY CVDE 80MMENTS STEP KEY ENTRY KEY CODE COMMENTS 

001 *IBL a 12 2 '>" 11 ~t;T ,t".LALT;:) l''U.1i. *LBL D 31 ~, 11+ LOAD alb I I;:)l" U )) )1 UU PARABOLIC CASE ){MY j5 5~ 
CF 1 35 61 01 x ~ O? 31 61 if a = O,then 
GTO 3 22 03 060 GT05 22 05 case is same as 
*LBL B 31 25 12 SET FLAGS FOR X"Y_ 3522 a'Yi' so go to 
CF 0 35 61 00 FLAT CASE GTO E 22 15 E. 
SF 1 35 51 01 *LBL2 _31 25 ot; ------------
GTO 3 22 03 STO 1 '3'3 01 store a 

SET FLAGS FOR *LBL A 31 25 11 Ix+tv 35 52 
010 CF ·.1 3'5 61 ott: SPHERE CASE ISTO 2 11 02 store b 

CF 0 35 61 00 -------------- F?O 35 71 00 if flag 0, then 
*LBL '3 31 25 01 GTO 0 22 00 paraboloid lens 
STO 6 '31 06 store d,fb F?l TI 71 OJ. if flag 1, then 
R t '3 '5 '5 '3 070 GTO 1 22 01 flat lanse 
STO ') 11 ot; store R, fa x 21 ab 
Rls 84 RCL 5 34 05 R 
f*LBL b 12 2'> 12 SET FLAG TO RCL 6 34 06 d 
ISF 2 1t; t:;1 02 DISPLAY (xi'Yi) + 61 R+d 
IRis 84 STO ~ n 09_ store temporar. 

020 i*T.BT r. 11 2 t:) 11 Ix#v 3552 
ISlJ1n n 11 nn STORE ri - '>1 R+d-ab 
Rls 184 1 Rr.T 1 14 n1 a

2 ~T.RT p 12 2 t:; 1 t; CONVERT 0<., Yi Iy;':: 32~ a 
Ix ... v 35 '52 080 1 01 
It an 31 64 tan (oc:.)=a + ~1 1+a2 
Ixttv '3 '5 '52 ------------ STO 8 33 08 temporary st02'e 
I*LBL E '31 2'5 it:) LOAD a, Yi II ~1 II ~(R+d-ab)/(l+a ) 
Xf+V 135 52 RCL~ 3li O~ R+d 
STO 1 111 01 store a RCL 5 34 05 R 

030 Ix .. v : 1'> ')2 + 91 2R+d 
F? 0 ·1t:) 71 00 if either flag i RCL 6 34 06 
GTO 2 22 02 on,lens is not x 21 d (2R+d) . 
1Ti'?1 1 t:; 71 n1 a sphere. RCI 2 14 02 b 
hrrn ? 122 02 090 Ix2 12 t:)4 b2 
STO 4 1'3 '3 04 store y. + 61 b2+~2+2Rd 
jx2 132 54 y2 1. RCL 8 14 08 l+a 

RCL 5 1 '34 0 '5 R I 81 n=b2+d2+2Rd/l+a 
x~ 112 ')4 R2 Xf+Y 35 52 m 
x .. v 11t:; t:;? Vi. 2 2 ENT 41 

040 r,.sR 0 111 22 00 x=± (R -Y ) ENT 41 
CHS 142 x 71 m2 
RCL ') 114 ot:) R R1' 1'> '>4 n f( 2 + 61 GSB g 11 22 0<; x=- (m -n) 
RCL 6 14 06 d 100 - ~1 x.=m-x 

61 correct x by R+d *LBL LJ. j1 25 Oq 1. + ------------
GTO 4 22 04 display(?) inter ENT LJ.l store and displ 
*LBL ci 12 2') 14 STO 3 33 03 (x. ,Yo ) CONVERT DC,(X,y) 
R ... 1t:; t:;1 RCL 1 ~ 01 1. 1. a 

y 

-w.v 11:; I:;? a= a tan (oe") x 71 aXi 050 tan ji 64 RCL 2 ~4 02 
x 171 a*x + 61 ax. +b=y. 

1. 1. 
T.~rr y 11t:) 82 x STU 4 11 04 
"V ....... ht:: t::? V_'lL 3552 display results 
~ 't" I~~ ~LL Y 110 Ti'?~ 1 c; 71 ()'J 

i~~ ~? HIs M if F2 is set. 
v..a.u FIND a', b i ~" ~5r ' b= y-ax *T.BI c 12 2t:) 1':: 

REGISTERS 
0 1 2 3 4 5 6 7 8 (lu.d 9 

M5e.,{ r; a b x; y; R,fa d,~ ---
SO S1 S2 S3 S4 S5 S6 S7 S8 S9 

A IB Ie D IE II a' b' 



24 I'"4.y -h-~c. : sJ" I f 67Pr()~r8m I~ls'ln~ I I 
STEP KEY ENTRY KEY COVE Cii)..MENTS STEP KEY ENTRY KEY CODE COMMENTS 

l.KliL 1 3L} 01" a x 71 ± SQRT(m) 
atan 32 bL} oC.. 170 RC:L e 11+ O--S 1/a 
F?O 11) 71 O( if flag 1 is se1 + 61 1/a+SQRT(m )=n 
GTO 7 22 07 then para. lens RCL S 34 as R 
F?1 35 71 OJ if flag 2 is se1 I 81 
GTO 7 22 07 then fla t lens 2 02 
RCL 4 14 04 y. I 81 y.=n/2R 

120 RCL I) 14 OS R1 GTO 2 22 02 1 

~I 81 y./R *LBL 1 11 21) 01 FIND FLAT INTER. 
iasin 12 62 ~l=angle of per- RC~ 2 14 02 b 
GTO 6 22 06 :Qendicular i 'Rr.T 1 ~4 01 a 
*LB~ 7 11 2'> 0' :Qarabola case? 180 RCL 6 34 06 fb 
RCL 5 34 03 R x 71 afb+b 
F?O 35 :71 O( GTO 8 for + 61 
GSB 8 31 22 O~ parabola case 1 01 
atan 12 64 ~=perpendicular. RCL 1 34 01 a 
*LBL 6 11 2S oe ------------ RCL 5 34 05 fa 

130 ~'l~~ 8 11 08 FIND a' I b' x 71 
+ 61 ()( +ftl gives angle - 51 1-afa 
sin 11 62 of incidence I E1 Yi =afb+b/1-afa RCT 0 14 00 r' ENT 41 
/ R1 s!n(Q' )=sin(Qyri 190 *TBL 2 11 ?t; 02 ---------------
'" ",,;,..., ~? f..? Q' STO 4 11 OLl- store and displc 
RC18 14 08 ·fJ RCT, 4 14 04 (x. ,y. ) 
- 51 oc' F?O 1'> 71 00 

21 1 

tan 31 64 a' x2 12 ~4 
Yi for parabola 

y 

ENT 41 RCL '1 14 0'1 R or fa 
140 STO A 11 11 store for future x 71 

RCL 3 34 03 X' 'RCT, f.. ~4 of.. d or fb 
x 71 

1 61 aXi + X· 1 
RCL 4 14 04 Yi srro 1 11 01 
X+tV 11) 1)2 200 F?2 31) 71 02 display if flag 
- '11 b'=Yi-a'Xi RIS 84 f'~a on. 
srro 'R 11 12 store GTO c 22 11 f1 1 a'l b '. 
'R/s R4 *LBL 8 11 2'1 08 R. 
*LBL 0 31 25 O( FIND PARABOLIC RCL 4 14 04 y,(' 

l.KliL 1 jLl- 01 INTERSECTION x 71 
150 11/x 35 b;G 1/a ? -(')? 

STO 8 33 08 
1/a2 x 71 .4R~ ... 

Ix2 32 54 'RrrN : t; ?? 
RCL 2 34 02 b *LBL 9 n 25·0) 
IRC~ 1 14 01 a 210 - 51 y-x 
II 81 b/a SQRT 31 )l+ SQRT(y-x) 
lBel 6 34 06 d RCL) 3L} 05 R 
+ 61 d+b/a ABS 35 64 
IRCI '1 14 0'1 R LST x 35 82 
Ix 71 R(d+b/a) I 81 sgnR 

160 ILL 04 4 x 71 ±SQRT(y-x) 
Ix 71 RTN 1'1 22 
- t:;1 m=1/a2-4R~d+q/a) 11 
SQRT '31 54 -rm II 

I RCT~ 1 34 01 a 220 jJ 

ABS 3'> bL} 
sgn(a) Ii 

ITSif' v 1'1 82 iJ. 
/ R1 select appropria rce JJ. 
."'1-f~ LL? intersection /I 

LABELS 7T FLAGS SET STATUS 
A-tR, d~ ·~a,fb C .. r. 1 D~a,b E~a,y. 1 Oflat FLAGS TRIG DISP 

~arabola b see int'i cfinda'b' ~Lt,(X, y) e • Dc: , Yi 1 parabola ON OFF 
o 0 ~ DEG ~ FIX ~ 

o • 
1 fiat into 2displav 3storeRd 4display 2display 1 0 ~ GRAD 0 SCI 0 para.1n 2 0 ~ RAD 0 ENG 0 

5find in f.6 a' ,b' 7flat 8parabolc 9 used 
3 _____ 

3 0 i{I n_5 _ 
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General lens tracer 
Program Title ~~------

Contributor's Name Alan Stein -------------

Address 298 Vista Grande 
-- -- -------

Daly City Ca Zi Code 94014 City State p-----~--

Program Description, Equations, Variables (see sketch 1) This program ~_!,~~~_s_~_ light 
ray in two dimensions. through an arbitrary lens surface whose cross­
sec~ion is f(y):x. f(y) may be up to 30 steps long and: 1s stored ---­
under LBL fe by the user. y is in the x-register and the_user_has 
registers C.D. &E available for storage of y or arbitrary constants. 
The only 11m1 ts on f(y) are that tt must be single valued--ann----exts't-
for yeO to y.a*f (0) +b. (;, J..) 

The following variab1es are either supplied by the user or 
computed: 

~-- ri(user):nexit/nincident Rl--a(user)=slope of l.m:tlgJ~Ilt_ 
ray.The user may provide 

R2-- b{user)=y-intercept of the OC, the correspond-1ng--ang-l~ 
incident ray. Al terna tely. the il1stead. 

user may provide the value of y desired at the intersect1on'Yi; 
or an a:pbltrary point (xoYo) the ray pasB~ through. ~~~ - - --

RS-- yo~previous approximation to Yl (computed)_ 
R6-- go= f(y)- (Yo-b)/a (computed). This is a measure of the 
error in the estimated value of 7"i; t. e.it' g-=o.tiren--Y1-=Y-o~----

R7-- fl:df/dy.(computed). (R ,~)-- (al,b l ) the parameters 
a of the ext ttng-ray. 

(fig 10) The intersection is found comp1.tting th_eap.prgXl~J!ELSlQ~~ __ 
of g{y) and generating a new Yi from this. When g<lO- • the routine 
exits • The slope at this point ls'foundby computtngdf'idy f'ur--sma-l-:teT 
intervals of y until the chan~e from one cycle to the next is < 10-6 

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

ERROR OCCURS IF NO INTERSECTION CAN BE COMPUTED 
OR IF REFRACTION AT THAT POINT IS IMPOSSIBLE. 

This program is much slower and much less accurate than-----
the analytic ray tracers and should be used on~y_ wi ttL ___ ___ _ 
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 II. User accepts and uses 
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance 
upon any representation or description concerning the program material. 

NE ITHER 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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Sketch(es) 

x---~--~------~ 

Y@ 

Sample Problem(s) 

Given a 1e2s surface of revolution whose cross-section is 
x; f(y)= y +3, and a ray of slope= 1/3 and y-intercept= -1.5, 
fimlthe intersection of ray and surface. If the refractive ratio 
is 2, find a' and b' for the refracted ray. 

Solution(s) ,Q.TQ,,!,~, (switch to W/Prgm) , ENT, !., 3, ±,(switch to Run), 

___ A, 3, 1/x, -1.5, C , (x. ,y.)= (3.190525,-.436492); 2, B, E, 
- 1 1 - -

a'=.577399 b'= -2.278697. 

Correct values to six places are (x. ,y. )=(3.190525,-.436492); 
1 1 

- a;t"'-.577399 b '"..-2.278697. The numerical programs differ from 
-_. - the analyti-e answer in the ninth place of a' and b'. 

Reference (s) programs by author for HP-65 and 67 to compute 
--- . .g-eneral lens trace and parabolic lens trace 
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G£NERAL LENS TRACER 
f(y) 

see int? .... a.b 

STEP INSTRUCTIONS 
INPUT KEYS 

OUTPUT 
DATA/UNITS DATA/UNITS 

1 load both sides of card CJ[ I 
2 Enter lemcross-sectlon ----- ~QJ 

~ fN/prtsm 
~en""Ger Keys""GroKes OI .Lens equa""Glon-- c:=J l J • • -t- ,~.,~" ,r! ~t- ~ ,,~,,~ 

oJ "'-..., "'- .. • ~b"'-"" v~. ~ •• ~ ,...,~. 

r Il '1 
~ ~ ~ ~ " " 

. 
lila., u~~ nc',~~~~J;;~~t C111U L!!~+~~~Ul~~~L.Y L)O.L i:j LCL i:::j [ J [ I 'nY' '(', Il 'nn!'t ('nns !'t 1'J"'aP'F! 

'~ ~ 

[ Jl J 
3 return to run mode ---- [ ,,_I L -'I 

l I [ , ,,-] 
Ul"l'lUl\H~L : 'to see In'tersec'tlon-- -- I AJ L, I 

4 refractive ratio [ 'l [' ~J store 
---- --- -- -

( OPTIONAL-- this step may be executed L _ I r'~"'J 
after intersection is computed if [~l, "] 
"see int" option has been taken) r i ILl ] L .'_.1 

[- ,'I ['-] 
5 ENTER INCID.l:!:NT HAY IN ANY U1" 1"ULLUWINU lJ [ -, ] 

FORMS: slope, y-intercept a lENT] [-=J 
b I .QJ [==J 

or slope,lens-lntercept(Yi) a L~[=J 
Y; ~,J [-=~l 

or pOlnt-slope !'orm a [EN'I'l [:' ] 
xo ~.J[ l 
Yo [,f~ IlE~~] 

or pOln""G-lnclaen""G ang.L.e~a""Gan a) 
~ngle(ocl I ];rr~ L_ 'l 

xo r~ L_~] 
.Yo [f~] L_~ ~'l 

or angle-Y-lntercept OC r :E:l'i'IJ [-=~,--] 
b [} -] L,c_J 

or angle- lens (Yi) intercept OC ~] l=' ____ J 
Y; I fJ LP :.1 

OUTPUT OF STEP FIVE WILL BE (x. ,y.. ) or r J [ J ~:~. t{::~. 

a' ,b' depending otpion ohosen-- [ "1 L "-] on 0.-
- ---~ -

a' and x~ will be in Y register; b' an d L~:":l C~ xs~, Y:c.' 
y. wlll De In x-reglster. NU'l'.!:!: 'l'M'l' a , D'-- I"J [=-] 1 

ARE ALSO STORED IN RA AND RB· FOR FUTUR E USE. [,' J ["-] r- , 1 ['~l 
- --- ----

OPTIONAL: find a ,b lf "see lnt optlO n I, -" 1 L--'] 
--- ---

has been taken: ----- IE '1 [_~,"] x=b', y=a' 
r-"] CJ 
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

001 * T:RT' A 11 ?'\ 11 set F2 to see x<O? 11 71 1f error<10-6 
C:::"H' ? ~c: C:l 02 1nters~t1on ~n 22 00 then exit. 
Rj~ I RlJ. R .. 11'; '11 Yi * LBL B 111 ? '\ 1? 060 rrSR ? I~l 22 02 gi 
S'1'n () 111 nn store ri 1n Ho 

Ii'N'1'f<~R 41 
Hj~ IRiJ. set Fl for angle FN'1'FR 141 
* LBL b 112 2') 12 "R~T f.. 1 ~LL nf.. go 
SF 1 131) Sl 01 instead of slope 

y ..... _~v h~ '\? gi 
* LBL a 132 25 11 S_TO 0 11 06 replace go convert point-010 R ..- 11') ')1 - 11)1 d(g) 

x<-::ty 1'5 '52 slope form to RCL ') 14 OS Yo 
F?l '31) 71 01 slope-intercept RCL 4 14 04 Yi 
tan 11 64 form STO C; 111 OC; replace Yo 
CF 1 il'5 61 01 find tan (alpha) 070 1)1 d(y) -
x 171 ax ; IRl dg/dy 
LST x 11') 82 a 0 .j IRl g1*dy/dg 
x<->y '3 S S2 axo "Rr.T LL I ~LL n4 Yi 
H l' 11') S4 Yo v ..... _,,, I~ ~ e;? 
x<->y 35 52 1"1::1 Yney=iY"i-gi *dy/dg 

020 - 1)1 b.syo-axo STO 4 11 04 rep ace Yi 
GTn C 22 11 GTO 1 22 01 iterate new Yi 
* LBL c 112 ?I) 11 set Fl for angle * LBL d 12 2') 14 set FI for alpha 
SF 1 111) 1)1 01 SF 1 111) ')1 01 

find intersectio~ * LBL C 1':)1 2 e; 11 (slope-inter. forr lopo * LBL D 111 2') 14 
STn 2 11 02 R2 is b STO 4 113 04 given a(alpha) 
STO 4 11 04 R4 is b x<->v 11') ')2 and Yi 
x<->v 1e; ~? a,alpha F? 1 !1,\ 71 01 
F?1 11<:; ?1 Ol tan ~l 64 find tan (alpha) 
t.Rn III f..LL a is tan (alpha) CFl 111) 61 01 

030 CF 1 IlS 61 01 STO 1 111 01 Rl is a 
STC 1 1'3'3 01 Rl is a * T.RT. n 1~1 ? '\ no --------------
x=O? 111 1)1 if 0, then go to v ..... _,,, I~c: C:? Yi 
GTe 0 1::>2 00 case for Yigiven. r.C:::P. "" I~? ?? 1 c: find xifrom Yi 
0 00 0 090 Q'l'(\ '::t I~'::t () '::t R3 is Xi 
GSB e 32 22 15 Xo;:: f (0) RCL ~ 11~ O~ Yi BCL 1 34 01 a X<->Y 35 52 
x f71 axo F? 2 35 71 02 display results 
hCL 2 134 02 b RIS 184 if F2 is on .... ~1 Yi::. axO+b * LBL E m21)11) find f 1= df/dy 

040 s'ro -4 133 04 R4 is Yi RCL 4 14 04 Yi 
STO 5 B3 05 Initialize Yo (olu 1\ EEX 41 
GSB 2 131 22 02 find [' ? n? 100 gi 
STO 6 3'3 06 R6 is go(old) ~'1'0 ? 11 o? f'init. 
BCL ') 114 0') Yo 

100 ~",(") 0 ~~ no 
l::EX ~1 C:::'l'(") + 0 :~ f..l ()Q 200'"'df l 

CBS ~2 10-2 l/x :5 62 .01~dYinit 
? h? "STO "E fJ 08 H8 is dy 
+ If.. 1 Yi::: Yo -+ .01 * LBL 3 1 25 03 ------------
,C: '1'0 LL I~~ nLL "1 01 reduce dy 

050 * LRT 1 111 ? c: nl find (x,y)i(1nte l I) STO / 8 31 81 08 
V/_'" he: e:? g RCL 4 114 04 Yi 
AP"C: I~ c; 'l.lL ~gs (go) He' R I~LL oR 
J:'J:'V ~'; ... Iii:. , YfdY 
"CHS 42 10-6 110 GSB e I~? ?? 1 '\ f +) 
0 06 1;- } -I s-1'o A 1~1 11 temporary store - ,)1 error:abs(gn -10 Hr.r. Ii r-ili- nLL IYi 

REGISTERS 
0 1 2 3 4 5 6 7 f' 8dy 9"f I r1 a b Xi Yi Yo go 1 

50 51 52 53 54 55 56 57 58 59 

A IB Ie 0 E I I a l b l 



67 Prf)~ram I~is.ln~ I I 29 

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

.t1(;L t:5 34 0t:5 dy x 71 fltan 
- .5.1 y-d1 170 - 51 I-f l tan 
G8.b e 32 22 .15 f(- / 81 a l 
RCL A 34 11 f(+) STO A 11 11 Ra is a l 

- 51 2df RCL,4 14 04 Yi 
RCL e 34 0t5 dy GSB e 12 22 15 Xi 
ENT2R 41 RCL A 14 11 a l 

120 + 61 2dy T 71 alXi 
/ el df/dy=f' RCL 4 14 04 
RCL 7 '34 07 old f' T<'->V 1£) £)2 
x<->y 35 52 - £)1 b l is Yi-alxi 
STO 7 33 07 replace with new 180 STO B 111 12 RB is b l 
- 51 df' RCL A 14 11 set up display 
aBS 35 64 x<->y ! 35 52 
EEX 43 10-6 RIS 184 end of routine 
CHS 42 * LBI 2 11 2') 02 Find g(y) 
6 06 is cgange in fl GSB e 112 2215 fey) 

130 x>y? 32 81 <10- ?, Then exi~ RCL 4 14 04 Yi 
GTO 4 22 04 from routine RCL 2 14 02 b 
R t 35 53 - ')1 Yi-b 
RCL q 14 09 old df' Rr.r. , 14 01 a 
x<->v 1£) ')2 190 / Rl (Yi-b)/a 
~rlY) 0 11 00 replace with new - 1)1 g (y)= f (y) -{rrb}6 
x< y? 32 71 is df' increaslrg RTN 35 22 
GTO 3 122 03 if so, exit. * LBL e 32 25 l2 STORE f(y) HERE 
• LBL 4 J.1 2.5 OLl- ---------------- RTN 35 22 : 
.t1(;L 1 JLI- 0.1 a FIND - : 

140 RCL, 34 07 fl a' FROM - : - 51 a-f' a AND fl - : 
1 01 1 - : 
LST x 35 82 fl - 30 program step 
ReL 1 34 01 ~ 200 - reserved for 
x 171 ~fl - user entry 
-+ 161 l+af' - of fey) 
/ 81 ~-f I /l+af I: tan ~ - : 
eNTER 41 - : 
x2 132 54 tan2 - : 

150 1 101 1 - : 
+ 61 1+tan2 - : 
SQRT 11] £)4 - : 
RCL 0 114 00 ri - : 
T 171 ri *(\ 1+tan2 ) 210 - : 
/ IR1 sin ~/ri=sin ~, - : 
ENTFR 14] 

~in2 - : 
x2 112 £)4 - : 
1 101 1 - : 
T';,'" h c: C:? 

l1-s in2 - : 160 - 1~1 -SQR'r 31 54 : 

I 11 tan~ l:a S inA'( I-s ini:: : 
: STO 9 33 09 
: RCL 7 34 07 f' 220 

+ 161 tan+f' : 
. , It\, 1 : 

ReI. 0 !iIi 00 tan - : 
RCL '7 1"14 07 II I : 

LABELS FLAGS SET STATUS 

I&e inter. B ri c a,b o a'Yi !:find a I b' 0 ----- FLAGS TRIG OISP 

aa,(x.yt b • (x,y)o c ,b d 
'Yi 

e fey) alpha a ON OFF 
0 o ~ DEG 8 FIX ~ 

Dfind Xi 1 find .Vi 2 find g 3 find fl ~nel1s1a12 disola 1 0 ~ GRAD 0 SCI 0 
2 0 ~ RAD 0 ENG 0 

5 ----- 6 -----
7 _____ 

8 ----- 9 ----- 3 _______ 
3 0 ~ n-'-
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Program Deseriptlon I 
Program Title EA-Y T'RACE.._ 

Contributor's Name H e:.Kt-Il~ J<"', D \ TTrvt t::..t<:". . 

Address G.3Q7 \-\,A..Mf='rDN 'Rt)L5_L_~_ 

City Zip Code 5LRU.R ___ _ 

Program Description, Equations, Variables J:H.iS .. IS ~e:.. __ OF"_ -,7E.ve:RAb.. __ ERQ§J~ WH1C.rt. 

_C AL.C.UI"A Te::. __ "DE. A8E:RRA 11 C.N.5 Or- oF'-nCAL SYS-:r::l::MS __ B Y -n<a~ N!:'M6:.TR I, 

B..A¥-_.:rE.AC1N~.L __ "lH£ ~ USElJ .~_ OJ::RlAJ ED F~Of'·LO&-.-~ 

f""~ M.OD~_O.PT:'lCAL.. EJ...l~We:.E:.R\ N§ S'1' __ ~~ ~~_,sM1::rjU,,~~C~U 
j1C.!iRAW HlJ,.J... .. THlS_P~ RAM_"TFY!.C.E:.S MEt&1OilJAl- ANO p~\..... R,qyS 

_ IHRLt-AN.'C __ NUM5E:.R __ .o~ .SJ?J!E.RjCAI.. .5LlRE"'AC..E:.5 • _D~-:L.EllT ... _ lNC.UIDG:S E'I~L 

RAY' Sl..oPE: MlD_Ve:RTE:X DISTANCE'.. No~ TO -ru..E.1".AY A\' T'l!EE~L.. __ 

.sllR.1=' A elL J RAy HEI~HT _ .. AT ANY o lSTAt-.lC.e:... ) AND .~_ .. lNTE:.Rl':.£PT DIS-m"-lC..F 

_WrTI-I THE.._0E'T1GAL. A)<JS# THE- .sPH ERl CA.L ABE.R.RATION ANO . oF"F" ~e:. 

~NST ::r1i~ SINJ!L~DITtoN A~CAL.C.ULArgD. A .s.iJB:.::BmJ~ 

--Wi'-L. _~-EC..n"E.LY v. " ---~ ___ .MlY' E.:I E" MeN T~.LANQ It-1SE&T __ ~ 

~lL£w'--DATA ._~E'~CA1-C.ULAT1Q~ ~T10j~L.oE_-::ru E. <:..H8NG e::. .. 
Jl:iE. MEBJD1NA\... . .!£:.EABAX.IA~_~E.S ~ __ "THE. BAStS FQ~:rH.E.._~_ 

-..C~l.",c:;,..UkAT_ION o F'._. _Ol:H.~ ~~E.&rc:.ATiO!'--iS . ~- -"~.-~---~-.. --

I I 1".' ... AEE&@..A .. i"JO N 
--~-~---

I-A . ;::._-.b'~ 
-~----~---- .. _ .. _--- .51"H£::&\CA'!'" 

---QSC-': 
Sir..! U u' l/-L~R 

.. - -~----'-SiNU i .. •. t..+-~-CPR. - _DFF~€.-_~~£r 5il\l~CD~i2i1lQt..~ 

--"-_.- ---------"- _.--- ------_ . 

. _-_. ---------_. __ ._ .. _-_ ... _-------

Operating Limits and Warnings .. Ex~E.O ~ ."THRU.Mo.~4 SURF~G 
\\ I( 

RE~UIBE... ENiRY O£~~.E.ILnP\LA, EOLLf)WIN§ D ISeLA"!: OF" 19 -PR\!:SS 
,\ {, 

~~E. __ ~TE.R.. "TIiE. OAT'A CABJ2...- P&I;:,..S~nn@ TO R~LA&LTHe:. 
PRO'AAML CARD_ T!L~.~N."IERED _. lS __ DE:I"E.RM1'NE:D B:Y MO~ITQRI N(\ 

PRO{i&E'SS_AS_S!:lOW N BY: S!,J RF" AC. e: ,NUMBE.B.. DISPI..A~~O -.8S E.AC.K 

S UP.F~..£.E...._1S COM PLE:.Ie:.D , - "-------.- --------- ----"~-.--- - -----~----.--

-_ ... _-------- .-~-----.-- -

This program has been verified only with respect to the numerical example given in Program Description 11. 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 d.escription concerning Ihe 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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Solution(s) _lSI CAL.CU!.ATE.4 Th~_~ of 'IH,;"' - _.. ru.v Mj,TW TMI!.. ~o.-t,.,... 

AX.\5 FSoM J1-\E:.\-AST $URf~~JlillL~IP..ES A. PARAlUAL TRACL®~!olPUT 0njL 

_CARD (SAME...C.ARP IS USG,FOR AJ.L.. iRAcES) kEy ~=O S1'oO) ~y lL=.i5i~ 
jW)~_C::-AOI30aqq7)STQi:.~ P:RQp®1~-6.EW~~'l!iJ '''PI!T DATA c"RD, STO.-l~R .'" C 

- l<E:.y Q ¢. ~=. ;3~3{s"",,-AAEgruft~ STO A *' STo O. ,§lbSIt04U * u. :: 0 IN 8 AND 'M e:.,-
PS.ESS © &,.AO LAM = .QO' 0 Z2.S7 ___ 'ERcss ~ fU:AD csc T-::: .000030,0 N«tt.:. 
L! ~N Rr4 -3 4ND~~--, LA~ &S IN ~A-O~C' lS l~ R.q-"J Q ,~IN A) SIt.\U 1 

~N B) .y IN D * U' tN E.. 

Reference(s) WAAREN j, SMITH -==KODc:.&t...\ OencAL ~'NEl!R1N4 'St' En 1966 
MC'AAW Hl,"",\""-J-''''c, LHAPT'ER10 , __ u ______ _ 

------ ,---- -----,-----, 
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STEP 

ME~O. 

~1 LA') 
~ 
~ 

BEND. LA'OSC PARbX~ 

OSC I ~ERIDrNAL/pARPV<\AL c:~ 
~It~ U I S' OR 1. I '. LL U I 

INSTRUCTIONS 
INPUT 

DATA/UNITS 
KEYS 

CJCJ 
c=J c=J 
l~l~·._1 
[lU [--I 
la.ll __ . J 
r- t...J [ __ ~~ 
[-0 [~~_-] 
l I l__.. j 
[ __ .1 [ ] 
L~L--.J 

CSrOl rAJ 
[-] [=.-:=1 
[si-o] Ls 1 
l. __ J L_J 
lsi-OJ L~ 
L -.~-- J I _ .. 1 

l __ .~ [1\J 
C:~ [37SJ 
C=-j [--=-l 
~...=J[~ 
[~~o] l-l __ l 
L_J L=--_] 
laJ L _---=:J 
l-_- __ ~J L -- J 
LELJ [-=::J 
[-_.] c=J 
CJ[~ 
c:::.:J c=J 
[5TOJ IT:] 
~lI~ 
sTol [oJ 
l.sroJ l. Et-=:J 
r c.. Il---_~] 

lo/..sJ [ - -_I 
csm-llb--:-J 

1---+------""~~~!.!!S......l'OL~~'.1.......,;::uQ......::L:~~I__....:"'u.~_l [Sro 1 Lg..~ 
1---+-_~"----=--=-=~~~~~~~...&.......-----'-IHiID._____l~.s~'l"AA;~'-.!.:T____l [e:: Ul [- unul 

f'YS]C] 
DAT"A CARD l~~=] L·-~l 

OUTPUT 
DATA/UNITS 

t 

• 
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67 l)rC)~r8m I~is.in~ I 33 

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 
001 .- LBLA 3l2..5 II MER.t OlHAL. '"l"RACJZ. GT03 2:2.. 03 

Rc.t.. A. 34 Ii if( 1-SL- 2- ~ I .2.5 02-
(i..) .342A F 1 t35 7t at . 

81 060 GTOe. 2.2.. 31 ~5 , 

RcL. B 34 12- R.clc... 34 l~ - ..5\ ReL 3 .lI4 a~ 
STO b 33 06 51'" I JVs 84 DI5PI..A.Y l! 
RC.L 7 34 t'J7 '11::.~ ~ 35 5~ 
~sz. ~l ~ Rc.LB 34 12-

010 (1) ~4 24- X. 71 
-STO 7 3307 Rc.L5 34 05 

..!- 91 '?G ==- 4 3.5 52-. 
X 7\ - 51 

Sro5 33 O~ SIN II 070 RcL e. 34 12-
s·~-· _~2 '- 2.. S.~-I 3' ~2.. 
CHS 42. <:.os 31 b3 
RCI-" 34 06 -!. S\ . 
SIN-I 32. 62- S"To4 33 04 H' 
+ 'I ~. 84- DiSPlAY H' 

020 Rc.LB 34 12- • LS,L3 31 ~. 03 
StN-1 ~2- 62- , 01 
+ hi CJ oq 
5u,.l .31 " IRe. :I ~34 
iRcl. B 34 12. 080 tsz. 31 34 
I·~- !,1 .3S .5..2- ~=~ 36 ~I 
STllB 32 Il.. SIt04IJ' GTOA 2..2. II 

• SIN -I 32.. ~4. F \ '? 35."1.1 at 
Cos 31 6.3. GT-'L4 U 04 
RC.L5 34 0.5 G.SBb 3\ 2.2. O~ 

030 .s,~-I 32. ,,2- GTl:) A 2.2. II 
cas 31 '-3 U3~6 3& 2..5 06 
+ ~l I 01 

RcI..A 34 1 t .9 otl 
X II 090 ST I 35 3.3 

t)C:;:!: ':1 3552. R/S 84- 9 J1 D4 E: - L..oAD t.IIDC.T 
S~N'-I 3' ,'- 8 08 

~TA.~ 

cos 3i b3 ST I 35 33 
Ret". 340'" R.'T~ 35 2.2-
Sl"-l-I .32 '1- ill- LSL..4 3 ~ 04-

040 Cos 3t ~ 4 04 
+ ~J STO -0 33 51 00 . 

&1 e 08 -
ST"O .5 33 05 QI 1ST" I 3533 
Rc..L.B 34 12- 100 Rc.L 1 34 01 
- at ST(J( ~ 07 
51"0.3 33 03. L! GTOE. .:1..2.. 15 
Rc..L 5 34 .OS.. "* L8LC 3J 2.S t~ 

Rete 34 ,'- SF 1 35 51 01 
15.z. 3134_ RCLO 3400 

050 (I.) 34- 2A STO 2- 33 01.. 
)( 2L ReL 7 34cn 
- .5l. S"t'"l'll 33 01 
.5Tl'lA .33 II Q"l.. GToA 2.2.. II 
G5Bo 3\ 2.2. 00 110 ~ LBLO 3 2.5 00 
.,:.- 0 3\ 51 t=o? Rc.~O 34 00 
GTO Z. 2..2. 02. PAUSE... 3S 72- SUI'.F~L Nu .... 1i!.ILR-

REGISTERS 
o SUR,,~. 1 2 3 4 5 6 

7No 8 R. 9 
CoU~ UsED USED tJse:.o Us;:o UsE!:.[) Uss:o N'_"2-
SO S1 R"l. S2 S3 

S4 R3 S5 S6t S7 S8 
St

4
_.5 tt-2. N2-a t2.-3 N3 - 4 3-'" R4 N4-5 

A 19 Ie I I 
0 E II 

Q\"-'QK SI~\J ~SlNUK .s O~~ ~ ~~K u~ u~ USED 



34 67 Pro~ram I~ls'ln~ I I 
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

1 01 STO 5 33 05 
l_qT'~ + 0 t33 &\ 00 170 RLe; ~4 O.SPtA..Y LAI 

Ci.) ~~4 2.4 Rc::L.. fi.. 34 15 
RT~ 35 2.2.. ~L B ~4 ~?. 

~ \...SL e. :31 2.5 t5 P~IA.L~ 
. 

Fl.1 . 
iRr\..O 34 '4 ~C'l 2- 34 02-

(1.1 34 2.4 R.c.L c. ~4 I~ 
120 . 

81 51 . --
tSz. 3 .14 K 71 
(i.) 34 2.4 RC".L3 34 1"1.7" 

P.c.\..7 34 07 R~l C. 34 13 

- 5\ 180 -- 51 
X 71 .,!- 81 
t') 34 2.4- l- oT 
. 81 - 51 

RCL.7 34 07 S"l"t1 6 33 Ob , 
Rc.L..E 34 ~5 R/s €fA. l)l5Pt-4.y ose 

130 X 71 .- ~BL5 1312505 
I (l.) 342.4- 1 01 
STo7 33 07 CI eJQ 

- s:l.1 Rc. I 3534 . 
+ iJ 190 lSZ. 31 34 
£Tn\:: 33 \5 u.' ~~~ 32. "I 
\& 31 34 G""l'l~ 2:2- 15 

IG.J 34 2.4 F f ? 1,3; 7/ 01 

" '11 ~TO c:t 2..2.3111 
Rc..L D 34 14 G;S~~ 131 2.l.. ~ 

140 ~LI 3552.. GTe> E:. 2..2.. l5 - ~I L.BL e. 132.. 2.S 15 
51.'"0 D 33 ,4- !:J RC.L \ 34 01 
Rc.L ~ ~4 15 S'tO 7 33 ~7 . 

81 200 Rcl2.. 3402-. 
S-ro 2- 3~ -l)2.. ,i' STO 0 33 00 
GSe,Cl ~ L 2i aD B 06 
~-c .at bf t :CJ'~ ST t 3.5 33 
GT~ I 2.2.. 01 G..Tb E: :u.. 15 
GTO.s 2.2. 0.5 LSL c:t. 3.2.. 2.S i \ 

150 .. L.8LI 31 2.5 01 G55~ 31 2..2.. O~ 
F'1 ? 35"1l ("H Rc.L. 0 3400 
t:ro~ :2.2.3 I~ STc2 33 02-
Rc.l C 34 B Rc.L.. '"1 3467 
Rr_l a. 34 02. 210 STt"Il ~ CI 

RIs 94 J)a.sPLAY.,.e' ~"TOA 2...2.. 11 
I~~~ 35 52- " L-SLB .3 2..S .2.. /...£N.S BlOIClN~ 
I RcL IS: 34 15 .sT I 35 3~ 
X "11 In) 34 2A 

lRc..l 0 34 14 V-x. ~5 {.2-
160 ~~~ 35 52. IReL. 1 34 01 - .5i -\- TI 

IST04 33 04- V~ 35 '2-
R/s 84 DlSPL..'Y hI STO(l.) 33 2..4 ... \-BL~ 32. 2.5 l~ 220 P~str.. 3~ 71.. l)ls~~yR~ 
CF I 35 'I 01 Ri' I ".; ~4-
Ret 3 34 03 3 03 
ReL 2- M Oz.. + " - 51 iRIs 84-

LABELS FLAGS SET STATUS 

'.o\o.'DU~l B 
l.IUtS SDlll(fc C LA' (')SC" 0 ~APA~"'L ° FLAGS TRIG DISP 

a b CCLOSt~<.\ d ~~TO 1 LAc' as:! ? ONO~ 
DEG ~ ~ .}l"A~ o D FIX 

°ceutrrlLR 1CI..OS iN" ~~ 3~? 4~ .. .F~.'nl 2 1 D ~ GRAD D SCI D 

stATA 1 6 7 8 9 3 2 D RAD D ~~ 3 D ~ 

1 



Program Deseripfion I 

Operating Limits and Warnings ________ - -_________ ~ _____ - -----

,. H!lKf lLlU_lq ___ ~(f11--t~ ~~L_~&ii~, ,'",,] LeKS , ... ,~~(1(ts r. 12' v ret 

-£'1.---.~ ~ [9 }~----- ------ - -- ----------- -----
_~.Af1u_j~_.dm __ ~11l'Jti.~til .. L-X£U-f H~1,;" 10 eiil.11 A " B Ue1,,'Ar 
__ J()(. ~:t_i~ Jru .. -£ujkf..t--IH-'~_::i---------------------
3. €'-li~i_~~ Lll4l [fJ(9! to .~14'·~-'-u13-t~:~-,.)' Ac.t~ v~'f\[fJ[fl 

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

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

35 
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Sketch(es) 

- ,... - 'Uai ~: S(l~fte Pf~h­
. \e~~. td keVt f( 0 tNt 
e~f b B(t)vW(( pJ8 

Sample prOblem(S)-.~y".~U.2.;: .. ,.2.~--T.Y/":" :.~ ~K3\ y..~8-, ~z·S''': L, B~:;~'~ f JJ¥~ ": 'K"':l~f:)=' 
=... 1'-. =: ~2. :... -:-. 3 .. -: .... ., 1 . I • .. .... ,.- f.·~ . ... ... l-, 
'" • 1 - • l -. 1 • 2 'f : ~, It:: . ; y::: . t U:-. ~A ': • 

····~~1I.tt12 
SeW'hlf}~8l.S tit z. ltl ~O.lSO K. 
··---·-·-4~b'.DOJAl 1·l.QDO~LOOD ·1P.,: p.\f 
.. . .ijstu· CD) .~, U.l. ... .D'.-
-.. __ ._~~tOQQ1£S] ., ... ,OQ)·:,poO 16~:a . ., 
.....3.)~]. . ., .... 000:'.000 1f t': t" 
. __ .. _ ..... CAI . . -t "LDOO': LOOO "I~': Q." 

\)Jt'.)tICK~ [tl -t .. 'f>.SDO f(z 

--..... !l~..llODO~l ., "L9OO: 1.000 "J~r.Pl" 
~.)[El~ ... ·'j.OOO~o·~3.·.'lEf\(!t 

8 ., " "o.~"" £ ~ Q 

--.. J~](El ~m). ~. "'.000';0,'11, 'leI" e 
o.3!3. .. e~ ('If 

-0.101>, e~ Hc1, • 
........ _.... 0,f13 

___ .~.lSJt!l.tjrl. fOUl' ~~"Q .. 

. ~'t..l.~... ..... . ~ __ .- OJ.OO . 

. - ... --~[Al. '. ., IfO.Oll: '.2.00 J 

.... -... 1O.}fl(Al-.. -....... + "O.oll:.Q.~~3 ~ .. \:1,; . 
..... .... o.o()Oto .. ~-p.2«>} 

It) [E] 
12.)ffJ [e}. 

~1~,01"'tD.",7 ",eril' 
. .. ~~O..nll: Q-3~3.l~'·~¥' . 

fl. 0' 1..V.' . 
-J).Og~ N~' 
~."7 N~Q.' 
o. ~')o 'I'. 
e.OG.l y' 

-O.Of3 \.I.' 

0,.1'] .. Jl' .. 
0.'3 

ReferenCe(s~-, DfJII~O.: .. CIHU1~ i~ G€D""d~J.(41 0fti(.~ t S. t.Joit1ll F;)hll ~oll, f()df~i1£r, IJ Y 
........ ijw.I!>Y01)!dU; H.lli"" ~dI.tD~S ''1 O,1ICal [lIutf&J"",~..,1 ,DUI.1Lt . 

""'flWA.Q€vtjl~'''1 r"'(A p.l, .. W 

I 
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STEP INSTRUCTIONS 

I~ 

INPUT 
DATA/UNITS 

N' 

KEYS 

37 

OUTPUT 
DATA/UNITS 
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STEP KEY ENTRY KEY CODE 

001 Ilil 8'- 8 '31 2.5 .2. 
;>-,. S 31 ., Z. 

, : ~ R A 31 22. I 
p,- S 31 ifl. 
RT~ .:~S 2.2. 

010 ~" 3! S. 
~TO 2.. 33 02. 

• 3~ S3 
4\Ti. 3 0 I 
~I~B 0 312.4 ( 

tC f 3'1 
~rJ. 2. 3~ ( ") 

020 ~RL b 32. J. S" 4 
'i;.S , ~ ) 

jiSB Cl 32. 1..2. 

102. S ~ E Cl 132. I.) I 
j~ 0 ~ I l)( 

~tL 3 
030 I~C L. '" ~, 1 

~ T k' ~~ 'I 

1033 ~ FH 0 131 l ~ , 
I fCl if 3~ 0 
I~C L I _~&j n 1 

x 71 

RC~L 3 All (1 
K 7 

040 _ \" 

~ TO E 3- C, 
poe E" 3.~ ) 
~tJ 35"2.2. 

OCIC/- I't R L eo 3. loS 1 C; 
Pt-,S -·~I &~} 
Ret 3 ~. 

P,?, 31 t.J. 

Re.L 4- 3'+ 0 
050 J{ "1 I 

x'-?v 35' S. 
R( l'l :~L4 0) 

)( .., 
+ h 

STO D 33 IL 

671)rc'~ram I~is.in~ I 
COMMENTS 

fe ( It U 'A \ l A 
Ha.i (\ It 

STEP KEY ENTRY KEY CODE 

P'-7 S 31 '12. 
060 RC.l.3 3'1 D3 

'i ,. 

+ b 
~TO C 3~ I': 

Rc. L 2. .,~" 0, 
070 

RCL 1 31, ru 
080 RCL 2. 3'l 02 

P'-7S 3 ~l 
R.CL 3 3'1 03 

J( 11 
)( '-7 V 3S S2 
RCt I I 3'1 01 

)( 1 
+- 61 

STrJ A .. 3 IJ 
e.~R • 312) 01 

090 ". L. , tt, I 
),.. L B , 
~CL C ~.., ~ 

In~~ 1'1 R e 132. S' I 
• " R 31 l. 0 

IlCL D 3'4 I' 

110 (leLA 
. oj, 35' i3 

REGISTERS 

COMMENTS 

~eu" lEI t E 
Mat". 

o ~~+, 1 a, 2 Qz 3 ~3 4 a.., 5C.=1!!l6Cl::-~t3:-~ 8C.,:cy 9 ~ I 

SO S1 b, S2 b}. S3 b
3 

S4 b., S5 y~S6 y~~7 U~ S8 a~S9 Alo 

A e.: q.b,+ClJb Bez.:Clzb.+Cl.,blICe3=a,b3iL\3b.. De";~2b3ia'f~ EI AliBI II 



67 Pro~ram 1~ls'ln~ II 
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE 

120 

12.5' 

130 

113' 

140 

150 

15'1 

~~l!l D 
. .... 

~Lt R 
~LL q 
'~S . -

-' ( 

+- fj 
R'~ ~s 2.? 

IC'L 8 L J 131 ~ ') 0 
R ,l D ~~I.j I. 
Ret A rio I . 
R.et R 
RC{ ( 

7 
~I 

PS E' £ c 
R. '1) ,:',c 

~ L BL CI31 ~s IE 

- ~. 
~ 35 ~, 

- ~ 
R S c. 'C; 
E TER 

sro 7 .;;~ ~ 

R. 1) ~S2fJ 

LABELS FLAGS 

COMMENTS 

SET STATUS 

TRIG 

DEG [J' 
GRAD 0 
RAD 0 

DISP 

FIX a 
SCI 0 
ENG 0 
n~ 

39 
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Program Deseription I 
Program Title Fraunhofer Diffraction of Light by SphericaJ Particles ___ _ 

Contributor's Name Bill P. Curry 

Address La k e v i ewD r i ve,.. R 0 ute 1 

City Oeche rd State Zip Code 37324_ 

Program Description, Equations, Variables Thi s program uses Bessel functi onsC:.9rnPllted by the 
standard seriesjfor X<lS) to generate intensity functions for Fraunhofer 

diffraction patterns of light scattered by spheres. For large size_p~rameters 

(X~1S), Hankellsasymptotic forms are used. Nested addition and_lTlllJ:tiJl.ljcation 

loops are u_sed in calculating the Hankel forms. Angular intensitydistributions 

.of scattered light ba~_ed on the Fraunhofer intensity functions are the a~YI1lJl.:tQ.!i~. __ 

1 imits of the exact Mi e scatteri ng seri es sol uti on for 1 i ght scatteri ng by _se~~Y'~s 

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

I 1,2 (r,(:1..!x,n)= IOib2(~,e,n)(cos2<p,sin2<p) where 11 '2 isth€! light intensity 
(kr)2 

Jener_gy flux per unit area per unjt.time) scat1;f,!Y'E!dineit~~IL the PQl~rtz.atjorL ____ ~ 

state with e 1 ectri cvectorperJl.E!ndi cul arto the plane Jormf,!d bytn~jg~rLt3n<L~ _____ _ 

sea ttered vectors or 2) the para 11 e 1 pol ari za ti on state. The in.:tE!y!sity fuY!c::_tJQ..rl~ __ _ 

of the Mie theory are il ~2..-(x,8,n),x= .~~ is the siz.e parameter_lli~!:ieA_91L.p'ar:ti~_ 
diameter D and light wavelength A ),8 is the polar scattering_~ll9Je and~j~tbf,! 

aximuthal scattering angle, k= 'ixTr is the incident ligb1wave nl!~~eY'Lris~.the __ 

distance from the scatterer_ to the obsever, and n js tbe~ paY'1Lcle_r~JrC!_c:ttve_ind~]<....!...._ 

In the Fraunhofer limit,iF(x,8)=l.il_,~Jx,8~nh the effect of refr~ctive inci~~ ________ ~ 
x-+ 00 2J ( . ) 2 

~js~ppears. The Fraunhofer intensity functions are computed from i F(x,8)=C x~;~~ln8"J, 
jthereJ-l{xsins) is the Bessel functiooof first order and argument xsin8. I 

_Bess..e L_functiOn accuracy is I~pJaces for Xl ?15, 4-Splaces for 1C_~15 __ ( more...ac.curac 

-.for_smal1 Xl) --xl::xsin8. Least accuracy. occurs for 1C_....near lS,on_accountoLun.", __ _ 

..avaoidabl e _roundoff error. _Intens i tyfunct ions cannotbec.ompu.ted aLex.a.ctlJt._ QO~ __ _ 

scattering.._Instead,.. use very .smal1 numbers ... such as B_=J.o:?_O_O_to-'lbtailLO° .s.c.a.tt.erin 

result. Program contains_ a limit restricting it to angles .0<8.518.0°. Same_..p.r.e.c.auti.on 

must be observed to approximate 8=180° as to approximate 8=0° (use 8 =18Q~lD:70). 

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

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS 
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS 
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHAll BE LIABLE FOR INCIDENTAL OR CONSEQUEN­
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM 
MATERIAL. 
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Sketch(es) A 
Z ~~~!~~~i-r19 F.;rti~l~ _h~Sril<!i.~~S_¥ ___ ~~_ 

~ncJ de!lt .1 i 9~Jbas_ \'@~e1 ~~~~ __ ~ .. ~ __ ... _ ~bservef' 
1 .. _. _____ .!I1~j~!I.~.li gb'!:~_~_ e 1 ec!ri c vector a 1~r1.L_ 

A x-aXls, magnetic vectdr along y-axis· : Scattering ~ph~re 
~ciC or; g1 ri· .)4~.....o--+- y Scattering plane is r~~ plane'-+-~+---'-----' 

/\ 
X t t t 

Incident Light 

with 250 microos diameter at the angles stated: 
J\B9.1e Fraunhofer Functi on 

0. if.cx 13. ) 
11 (l Q~3J~ 7. 5348722xl06 

4) 2° 1.0157965xl06 

4° 1. 3170225xl 05 

6° 1.8250979xl04 

8° 3. 3208465xl 02 

10° 1.7535760xl03 

Solution(s) 

NOTE: 

Enter.in the order stated the following keystrokes: 

Program d i sp lajl~, in order, 
the_ following quantities: 
1) Size parameter-x-TI~ 

(lsecond display) 
2) Scattering angle ::: e 

(5second display) . 
3) Bessel function-J 1 (xsinG) 

(lsecond display-r 
4) Fraunnofer intensity 

function - ic-(x,0) 
t~secono olsplay} 

Problem #1: EEX, 3, chs, enter, 0, enter, 250, enter, 10.6, pressllAII after result 
has been computed, stop program by pressing IIR/SII. 

P.roblemil2..:. 2~ enter~2~ enter, 250, enter, 10.6, pressllAII, .allow program to. step. 
through the angels shown. After result has been computed, stop program 
by 'JJress-ing- ttRIStt -. - --~--~-

Reference (5) Any standard text on optics of level equivalent to M. Born and E. Wolf~ 

Optics. Pergramon Press, Oxford (1959). 

Handbook of Mathematical Functions ed. by M. Abramowitz and I. Stegun, Natll BureCiu 

of Standards. AMS 55, Washington (1964) pp. 355-435. 
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STEP 

1 

2. 

3 

4. 

~1 
~ Start 

Fraunhofer Diffraction 
(monodisperse) 

INSTRUCTIONS INPUT 
DATA/UNITS 

Load Drocram (both sides) 
(If desired, replace f-x-in line #210 by 
R/S-optional) 

Enter data in order shown: 80bEl,D,A 80(degr 

(8" is i "iLial ancle for seauence of 
calculations) 

68 (degr 
D (micr 
11mirr-

Start calculation c:pnllPnrp - ~ss ''A" 

Display pauses 1 second to output x ~ 
nic;olilv oauc;pc; !1 c; .... to nutout 8 

aftE.r lnna ornar;!m run (1 minutp c:nmptimp", 
Display pauses 1 second to show Bessel functio1 

Display pauses 5 seconds to output Fraunhofer 
intensity function 

AftpY' ;,nc:wcY' nic:nl;,v nY'nnY';,m ;, ,tnm;,tir;,ll 
steps to next angle (8.=8. l+tB ) and 
continues c:alculation C;POlJPnc:p 

Stop calculation sequence at any time numbers 
arp rlic:;nl.~vprl hv nrpc:c:inn ''RLS'' 

Procram automaticallY StODS at 8 = 1800 

KEYS 

CJc=J 
C~ c:=J 
~ [~ __ -J 
c=J [=-.J 

:!e~Y-~ [ENIEHt 
l-~] C ~ 
[u-] [] 

~e£_J rnffit 
Jnsf--~ mint til···=:J ~m -- --

=:lCJ 
c-::-___ ] iA--] 
I- 1 C::~-~ 
l-=:J CUj 
L._J [~~ 
I--JL~ 

c=Jc=J 
[-=:J c=:J 
L~CJ 
[ ]CJ 
C~c=:J 
C-.=J C~ 
C=J C--::-J 
C=:Jl~ 
CJCJ 
c:=:::J [ ] 
CJIRKJ 
CJC] 
CJc:=J 
c:=:::J c=:J 
[ __ J C.=J 
c:=J c:J 
LJ c=:J 
[ lCJ 
CJCJ 
CJCJ 
L~c=:J 
CJCJ 
CJCJ 

OUTPUT 
DATA/UNITS 

80(de~re:! 

68 (degre~ 
n (mi c:ro 1 
1 (m;,.. ... " 

\. 

x(dimensio1 
8_{ dpcr.e.e...c: ) 

Jdxsin8) 
(dimension 
iJ:(x,8) 
(dimension 

s) 

s) 

s) 

s) 

less) 

ess) 

ess) 
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STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 
! ~~ --

881 *LBLR 21 11 Main program 857 RCL6 36 86 
, 882 F3? 16 23 83 858 ST07 35 87 

883 GSB8 2J 88 859 ISZI 16 26 46 
884 GSB9 23 89 868 GTOI 22 81 Branch end point fO! 885 RCL8 36 88 

Di spl ay x-\ D 
861 *LBL2 21 82 series 1 loop 

886 PSE 16 51 862 RCL7 36 87 
887 RCL2 36 82 863 S1+6 35-55 86 
888 PRTX -14 . Output e 864 2 82 
889 SIN 41 865 SH6 35-24 86 
818 x -35 866 RCL4 36 84 
811 STD3 35 83 867 STx6 35-35 86 
812 GSB" 23 16 12: 

Display J1(xsine) 
868 RCL6 36 86 

813 PSE 16 51 869 RTN 24 
814 GSBII 23 16 14 878 *LBLe 21 16 13 Hankel 
815 GTDR 22 11 871 RCLJ 36 83 asymptotic forms fer 
816 *LBL8 21 8e 872 P:S 16-51 Bessel functions 
817 - -24 873 ST03 35 83 
818 Pi 16-24 874 3 83 
819 x -35 875 ENTt 2' ! Data storage and - J 

828 ST08 35 8G 876 4 84 I 

821 R<i- -31 size parameter 
877 -24 

822 STOI 35 81 calculation 
878 Pi 16-24 i 

I 823 RJ· -31 879 x -35 ! 

824 ST02 35 82 -45 
I 

a=xsine-3/4rr 888 -
825 RTN 24 881 R~D 16 46 
826 *LBL" 21 16 12 Bessel function 882 COS 42 
827 RCLJ 36 83 calculation 883 ST04 35 84 8=8x 
828 1 81 If x'~15, branch to 884 LSTX 16-63 
829 5 85 asymptotic routines 885 SIN 41 
838 X;Y" 16-35 -LBlc. 886 ST05 35 85 iBranch to series 
831 GTOe 22 16 13 (x'=xsine) 887 GSB3 23 83 2 loop 
832 RJ· -31 888 STx4 35-35 84 
833 2 82 889 GSB4 23 84 Branch to series 
834 - -24 898 STx5 35-35 85 3 loop 
835 ST04 35 84 891 RCL3 36 83 
836 x'Z 53 892 Pi 16-24 
837 CMS -22 893 ){ -35 I 

I 

838 ST05 35 85 894 2 82 
839 *LBU 2.1 8i Series 1 loop 895 - -24 
84e RCL5 36 85 896 UX 5'-' 'J 1 (xsine)~x~lne .: 
841 RCLI 36 46 8Q"' IX 54 J ( 

842 yx 31 898 RCL4 36 84 
843 RCLI 36 46 899 RCL5 36 85 I x[P (B)cosa-Q(B)sina 
844 N! 16 52 188 - -45 
845 RCLI 36 46 181 x -35 I 

I 

846 1 81 182 P:S 16-51 
847 + -55 183 ST06 35 86 
848 N! 16 52: 184 RTN 24 
849 x -35 185 *LBLJ 21 83 Series 2 loop branct 
858 - -24 186 RCL8 36 88 to multiplication 
851 ST+6 35-55 86 187 GSBe 23 16 15 loop 
852 RCL6 36 86 188 RCL8 36 88 
853 RCL7 36 87 189 GSB8 23 88 
854 GSB5 23 85 Convergence check 118 RCL8 36 88 
855 X>~'? 16-34 111 eMS -22 
856 GT02 22 82 branch out of 1000 112 ~'x 31 REGISTERS 

0 
x¥ 

1 2 3 xsine 4 xsine ~(xsine)2 6parT sum IPrl or Par tIl 9 
t, e e ---;;-- series 1 sum ser 1 

8C'artla I 81Part sum 82Part sum 83 81>(B)cosa 8:0 (B )si na 86 87 88 Index 89 Index 
product series 2 series 3 xsine Seri F'<; ? Spr;pc: 1 

(prior P~rtial lEJ:>rior P~rtial Ie ID IE lilndex series 1 
Index-mult. Slim sPtJe$ 2 ''!Al Ulrl&S 3 



44 97 Pro~ram lJs'in~ I I 
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

113 x 35 Series 2 loop 
I I -, 

114 ST+1 35-55 81 
P =L:oo B- 2m 

169 H! 16 52 Partial summands 
115 RCLl 36 B1 (B) m=-oo T2iiiJT 

178 - -24 for Hankel Asymptot 
116 RCUI 36 11 171 RCL3 36 B3 forms 
117 GSB5 23 B5 2m ( k 172 8 B8 

118 X>'r'? 16-34 IIk=l -1) [(2k-l )2-4] 173 x -35 

119 GT06 22 B6 Convergence check 
174 RTH 24 

128 RCLl 36 81 175 *LBL5 21 B5 I 

121 STOA 35 11 
branch out of loop 176 - -45 

I Convergence test 

122 2 82 
177 ABS 16 31 

iroutine 
I I I 

123 ST+8 35-55 88 178 EEX -23 

124 GTa3 22 83 179 9 89 

125 *LBL4 21 94 Series 3 loop 188 CHS -22 

126 RCL9 36 99 181 RTH 24 

127 GSBe 23 16 15 Q =L:oo B- 2m' 182 *LBL6 21 96 

128 RCL9 36 B9 (B) m=Q T2n1'T! 183 RCLl 36 81 Branch endpoints 
129 GSB8 23 B8 184 RTH 24 for series loops in 
139 RCL9 36 89 2m ' '1 185 *LBL7 21 B7 subroutine c 
131 CHS -22 ilk = 1 (-1) ( 2 k -1 )2 - 4 ] 186 RCL2 36 82 

132 rx 31 187 RTN 24 

133 x -35 m'=m+l/2 188 *LBL9 21 89 

134 ST+2 35-55 82 189 9 9B 

135 RCL2 36 B2 198 5T06 35 86 

136 RCLB 36 12 191 STO? 35 B7 

137 GSB5 23 B5 192 STar 35 46 

138 x>r? 16-34 Convergence check 193 P:S 16-51 Initializing 

139 GT07 22 B7 branch out of loop 194 ST02 35 92 subroutine 
149 RCL2 36 B2 195 .... B2 £ 

141 STDB 35 12 196 ST08 35 B8 
142 2 B2 197 1 Bl 
143 ST+9 35-55 B9 198 STD9 35 89 

144 GT04 22 84 199 STOB 35 B8 
145 *LBLe 21 16 15 Multiplication 2BB STDI 35 81 

146 STDI 35 46 loop 2Bl P:S 16-51 

147 1 Bl 2B2 RTH 24 

148 STOB 35 8B 2B3 *LBLfi 21 16 14 Calculation of 
149 *LBLo. 21 16 11 2B4 RCL3 36 B3 

159 RCLI 36 46 285 - -24 iF(x,e) and final 
151 2 B2 286 RCL8 36 B8 

152 x -35 287 X2 53 
output 

153 1 Bl 2B8 x -35 

154 - -45 2B9 X2 53 

155 X2 53 21B PRTX -14 

156 4 84 211 RCLl 36 B1 Angle stepping loop 
157 - -45 212 ST+2 35-55 B2 

158 1 81 213 RCL2 36 B2 

159 CHS -22 214 Pi 16-24 

16B RCLI 36 46 215 R~D 16 46 

161 yx 31 216 x>r? 16-34 IF e~1800,stop 
162 x -35 217 RTN 24 

163 STx8 35-35 88 
164 DSZI 16 25 46 220 

165 GTDo. 22 16 11 
166 RCL8 36 B8 
167 RTH 24 
168 *LBL8 21 88 LABELS FLAGS SET STATUS 

A B C D 
Start 

E 0 
FLAGS TRIG DISP 

a b 
Mult 1000 I~ Hankel d ,e

ne 
1 ON OFF 

Bessel Func Ir:vmnt iOrm ~utRout 0 0 DlI DEG IX] FIX (1 
0 

l<;pr 1 1 nnn 3Ser 2 loop Data sto 12c::o .. 1 on'" nI 
4 2 1 0 ~ GRAD 0 SCI IX! 

5Conv.test ESer 2 end pt 7Ser 3 endp1 8 9 3ua~~n~gfr) 
2 0 IXl RAD 0 ENG7D 
3 0 IXl n 

... 
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Program Deserip'ion I 
Program Title K ()3£L.KA - M IJN~ D I r: FvS INC. l-AY E.Il.. 

R.~FL-e":T ANC.1e. AND TR.AUSt-1/TTANC~ 

Contributor's Name L E.£. M. C.HA 5£ 

Address I'll M A~"5 0 L- A vt!-. I A 'PI 4{)8 
City t... 0 ~ C; ATO.s. State Zip Code . 'tS'Q.ID~._ 

Program Description, Equations, Variables P&,O(.ltAM CJlU.C.U~"T"&:' TH~ OPTI c:.A'-'I.Q~TJ&S O~ 

/It. DI~F\J.'''''c;. "AVt!.1t. • "c:.C.O"-OINr. TO T'H~ rH4f.OIt'l OF Ku.&.~J(.PI AN~M(JNK.. 

VA1lIA&t.-£S A1l.£. ~ S = ~c::.AT'T£LIN~ CO£.P.:"{CH:.NT ~ It.: A&~OR.PTjON CQ£.FJ!IC.I~T, 
J. :'THIc.KNe.s~ OF L.AY£f2.., R. ~1Z.f-~LEC.TANC£ J T=TltA-NS'MI'T"'TANG~.)~e.4'­

Il£FL.£C-TANCe:. at: AN 11J1='1)Jlr~'-r rH/~ L.AYI£.Il.. 

EQUIltT ION S USE-I:>: F c.JNC.T ION A 
T::: 4~/ ( (l-t-~)t. eJ(ot - (I -~y' G~J ) 
R. :. (I _~J. )(erf.t/. _ eKci

) /((I+~)'·elC.cl_ (1-IJY'e KtA 
) 

WH£ftE: KJl =-J1uJ (tuJl+~~) ) /3 ::: kri.IKt-O 
SPe..c.1 A(... CAS~) tL.J ~ 0 : "r = l/('+Sc:O)) R.,.:'I-'T' 

E.QUATJON~ USE-I>: F cJNCrTI()N 5 
k& =-,d K~ 
5& =- I I" (KcJ/~ - ~&) 

WH£RE: Kc.t:: SINH-I (l~~/T(I-~a.) f!> :./(A-I)/(A-t,):} ~ 
~ = R. ( 1+ ( I - T a.) II< a.) /2-
SP£(;.II\'- C.ASE I R. ... 0: sJ. = 0) b. J. :. - iAf- T 
SPE.C-(AL.. C.As£.J I<.+T:: I scl.. = ('IT) - J 1 Jtc;Q =-0 
E.Q VptT.ONS IJS~t>: F" vNC-TJON c.) D 
RIO -::. (, -;!) /(1 +~)" 5%tR = (( I/~~)-I)/~ WH~R.E. ~ ~ (1- ~)/(IT2. .. ) 

OperatingLimitsandWarnings T =0 CA~Nor 6E. INPIJT TO FVN<:..TtON B.{tot.T".H1S 

CAsE. R.:: 2.. AND F UNCr-rlO~ t> c.,o,,,", &e. VS£P TO FINPsJ/tui . 

This program has been verified only with respect to the numerical example given in Program Description 11. 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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Sketch(es) 

SampleProblem(s) Two ~At1PL.£S OF 5H££.T PI,..I'.'STIC, JlAII/& THE. pll()reR.T/~5 

I"-ITH£. TABI,..J! 8e.J-OW. W'HICI-f ON W''-'- /R.A'-'SI'1/T HbR.E... L./~Hr? 
sci !Let 
.3 0 
I ., 

IH£ ~Ej:'LE.C.'Al-JCE. AN.P ""T"iA~St1I1TANGE- OF A SAt'1Yl-E 

~AVE 8E-£.N t1£AStnl~D ANl> FouNI> TO sc:: ,5652. AND ,1\31 

R.E.S,PEc..T'VE.(..Y'. WHAT po.tt!;;. THE .sc:::.A-rT1S.RIN c. AN» A.!.SOR:PTlaN 

COE.Fr:ICI£N -,--5 ? 

Solution(s) 

~~t'\P'-15:. I 

SAM?L.e:... 2. 

Reference (s) 

K!.Y$TU)",!.S 

.3ttJ OrA] -+ 
~ 

\Lt],bl A ] -71' 

17S00~~ (R. ) 
,1500 (T) 
. 3 1. S ~ ~,.,.. ( R. '> 
.2540 (T) 

.55"52 L.tJ .II~I [B] ~ ~.9~'\~ ...... (s-ca) 
I .q 9 'l 'l ( \q.& ) 

~ u 
\. W£NDL.A....,DT J 'N. W.) R.£Fl.~GTA,.,.~f:. SPE.C.-rfl.O::t(..O,.v ) rf 55 -(.,2. ) 

INTe..u.c:.lE.NC.E- PV5USl-lee.s) ''lG.G" 
~. KU6EL.KA, P. )" N~w (.o,..TRJ&VTlONS TO THE OPTlC.S OF INT£NSECf L'6IIr-S'ATTERIN(. 

MATEI.IA("S .~R..T I ") ..J. O"T. Soc.. A~.) ~) fOP 4'18 -4~7) M,,'f l'tti S . 
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STEP INSTRUCTIONS 
INPUT KEYS OUTPUT 

DATA/UNITS DATA/UNITS 

I LOAt> SIt>E. 1 ANP 51Dl! 1- el[ I 
2. 1= IN t> II\?>P&..I(:AB&..I! CA:tE IN L..'~T B£L..OW l~c=J 

~NC> INPVT APPL..Ic..ASL-e VALoVeS : ~[ I 
~) sci AND it..cIl !C.NOWN S~ [E"'T'~1t. l' I ~ 

COMPUT"E.. 2.. At.! D 'T' iteR [A II I R. J'r 
OprIONAI-: c.o"",,pvrl!. K .. I c II I E~ 

b) e.. A~D T "-NowN 
tc ~ [E.~/z. l' j 12-

CO"" 'P V r £.. sJl ANC> R.ci 'T' [ s. I [ I sJ. i ~cl 
OPT I OJoJ A L. : GO'"" ~(J T"~ ~4 [c...J[ I ~06 

C) 1<..0 IC.,NOwN C-OM"vTE. s,J/kJ 24 loll J a.A./1c.t1 

ci) sd/M.~ Kt.JouJN c.l)1'1 PcJTE. R~ Scl/ .. cR LE.I r I fl.., 
[ I I I 
[_~J I I 
I " J 

I I [ ] 
... NOT"e.: IF 'T' = 0 T"'£N e ::. 12. 06 AN l) I II I 

OPTION C. ') M ()ST a£. c. ... OS E.N I II ] 

'1'~EN OVL-'( TIo4' RATIO scl / .. J. C.AN I I [ -' 
!!IE. DE.TE ... t-1, Ul'I:..b I ] [ 1 

[ 
-

] [ I 
I I [ I 
[ If ] 
[ ] [ I 
I Jl I 
[ I [ 1 
[ I I -1 
[- -] [ ] 
[ II I 
[ I [ __ I 
I - I [ J 

I If I 
I IL J 
I - I 1- _ I 
I II I 
I )[ I 
I II I 
I II I 
I I [ I 

I I I_ I 



48 671)r('~ram I~is.in~ I 
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

001 141 Lf>L. A Sl 2.5 1\ sd. 'Lel -+ RJ 'r 067 5oTO A 3~ II 
002- STO~ :B 12. l' .. ct= 0 ! o fiB I 01 
oO~ )(":O'! ~I SI OS, + , I 
001 GTO I 21. I) I yes 060 I/~ 3S' ,~ 
OOS X~"'( 3S'" 51 NO 0'1 SaTO £ ~ I~ 
00' STOA :n II 0'1 1 0 
001 2- 62. Q" - £', 
OOs X 7\ o,~ c. .... S ~1. 
OOCf -t- " o,,~ S,TO 0 3l I~ 

010 etCI.- e, ~lI 11- 0" -x- ~I 8'4 
() II )( 71 OC7 0 00 
011 a' ;1 5li f>'S STOI 33 01 
Ol~ STO 0 3~ 00 0" ~ ... 3552 
61'4 1/)( ~.( ,~ 070 ~C'- E YI 15 
OIS R.CL e, .3~ I~ 071 lit 1.61.. t. I~I "5 02 
01" X 71 tJ71. ~TN ~ ~z. 

llt-rr -+sd, lui 017 STO I 33 01 (1) I" t..e,L- 8 31 2~ I~ 
OlS I 01 0"" STO E 33 15 
0" + 'I 07f x" II 5~ 

020 X& 31 54 07'- I 01 
011 ~c.L- 0 314 00 071 - 61 
o 2.i ~ 3~ S~ {)78 c."4!> Ai 
o 1l ~ 7/ 011 X~ Y 35 S~ 
o iii , ot 080 &TO t> ~ ,~ 

o 1~ R.C-I.- I 3(j 01 t>81 X=01 ~ 51 IS p.:o1' 
01' - 51 0&1 tOTO '3 11 O} y~, 

017 )!<z; 31 5'1 083 RC.L E. .3'4 ~ NO 

018 RC.L. 0 .3~ Of) D8'f + -'-
O~ CHS ~1. o ~ 1 01 

030 e aC ~~ 51 0 ~ - 51 
051 X 71 0 61 )(=0 7 .31 SI IS R.+T':' 1 ? . 
1.)31 - SI 088 GoT04 n~ "(E,S 

l).B 5TO 3- .3~ 01 o 8t{ ~-t 3~ ~~ NO 
/j "ij ~c.1.- 0 31.( 60 090 2Lt-D ~~ I~ 
lH( e" 3~ 61 ()~ 1 x" .31 6~ 

01' l' 41 OQ1 · ~ -
037 1/>< 3~ '2 oct) 1 01 
Ole - S'I 0'" + " IH'f I 01 0'<' ~ 01 

040 ec.L. 1 .Yi 0' O'f~ ~ 81 · Olfl x'Z. 3l &'l4 ott7 1tc.L. D J~ \£4 
O~~ - 5"1 098 X 71 
()lB ~ 11 Ott, 5TO z. 33 02. 
l>t4~ x~'( J$ 52- 100 , 01 
04S- - 81 (01 - 51 /) t". SIO D 3~ I~ 1t>1 RC.t- 2- .l"t ()1 
Ot47 -x- 31 8~ .OJ I 01 
l> ~& RC. I.. I 3~ 01 ID'I + 'I o JI, 4 04 IO~ · &1 

050 x 71 '0' -IX 3-' S£( 
() 51 ~C-L 2. .34 02. [07 STO I 3!i 0 
0~1. . 81 108 1- 01 
fj~ 5TO E j~ 15 101 x 21 
o!14 t;To 2. 22. D2. 110 R.Ct- I E 01 
06"S"" It L. &1.- \ ~, l5 01 b.d:O II' )(&. .}~ 5~ 

00" )(~"{ .3~ 62- 1/2. C.HS ~1 
REGISTERS 

o Kcl 1 
~ 

2 
tJ~E.t> 

3 4 5 6 7 8 9 

SO S1 S2 S3 S4 55 S6 S7 58 S9 

A !:ocR IB ~& Ie R..o 
0 

R. lE T II 



67 I)rf)~ram I~is'in~ II 49 
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS 

II} 1 0·1 ", R~L. I ~.q 01 

1/'1 + '\ 170 + ~I 
liS" 81 111 · 81 · 
"' ~C.L E 3£t 15 In ~TD c. 3~ I~ 

117 . 81 In R.,.N ~s 11 
118 RC.L. D 3Lf ,~ ,~ M LiM .. ]) ~\ ~~ .'4 

"' )( 11 17f smc. n~ 
120 1- ~I 17~ , 01 

III X" 31 5~ 177 - 51 
,11 I 01 ,7B c.Hs. "41 

~a. ... J/ .. ~ 11~ + " 17' ReI c. Yi '3 
'1.~ -Ix \1 5'4 180 I 01 
115 + 'I 'BI ..- " 1'-' 1.."" '\ 51 ,&1 · 81 
112 SoTO 0 33 00 UJ STO I 33 01 
118 RC.L I 3li DI ,Jq X 'I. Tf~q 
11'1 >' '71 n( , /)( .3~ t.1 

130 !>iO e 33 1% I , , 01 
Il ~C-L. () 34 00 1 7 - 51 
132- Itc..c... 1 314 0 I I, ~IJ 2 02-
,33 81 I, ~'f - AT 
IJlf - SI 190 IZ.TN _~.; 11 

13\ c.I-IS "f1 Iffl I" L e!>L.. E.. 3t1-~ IS sI./ItJ. ... R..-
Ill, 1 01 ,'2 1- 02 
111 01 I,J X 71 
1.18 STOA .33 II IfItI I Of 
I~' -:;<.- 31 8'l j. r + YI 

140 Rc:.L e 3'-1 12 ,. r, iX ~l Sif 
,'41 GTO .5 11 OS , 1 \/){ ~ 1,2. 
1'12. Ie I-fll.. .3 ~I 15 03 R:O '" $TO' J ., 01 
'~J RCI.. E. Yi 15 ItfCt I 01 
141 L-N ~J 51 200 - 61 
Jq~ c.~~ 41. 2{)I c.I4S 111 
'ill .5TO e> 33 12 W I 01 
IIiI 0 00 Ml 2.C.L 1 .YI 01 
1'i8 STO A 3.3 I' 1.JJ~ + ,,-
I'ler -)(,- '3 81i wf · 8' 

150 X~y 3S" 51 fn£ .EtTO e..- n- f1 
lSI GTo5 11 05 1.tJ7 R.TN .35 11-
I~ * Let.. ~ 31 ~5 0'4 R+T = , 
15'3 R.c.1.. E. 5"1 I~ 
1~£1 'Ix 3~ ,t 210 

lS'f I 61 ,(' - <, 
1~7 STOt:>.. ~, II 
ISS -x- 3 8'4 
IS", 0 00 

160 SToe ~\ 12. 

'" STO 1 3~ 01 
".1 1* LBl .5 I~I 1K ()~ 
II.} RoTN .3~ 11 
",., 1* 1..81.. C. 1.\1 2~ 13 .... 2.- 220 

IL~ I 0\ 
, t." RC.L I ~'" f)I ,,7 - 51 
Ln I 01 

LABELS FLAGS SET STATUS 
A 
i.dhd~It,T 

B 

R'''''''cl k& 
c 
~ R.eO DR., -+ sdA,cl E!4.AuJ. ~~" 0 FLAGS TRIG DISP 

a b c d e 1 ON OFF 
o 0 I!l DEG 0 FIX ~ 

0 1 IuQ =-0 ? 2USED 3i.=O? 4~+" :.1 ~ 2 1 o ~ GRAD 0 SCI 0 

5 U~ED 6 7 8 9 3 2 0 I!l RAD 0 ~NG4D 
3 0 [i] 

I .. 
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Program Deseripfion I 
Program Title 

Contributor's Name 1/ Aft ft r; (, O. rp~~&i? S tJ# 
IC.D Address / 6 ~ SP!e I IV ~S 

City B 50 rt1 It D State /VI "'" s 5> Zip Code C> I ? 3 0 

Program Description, Equations, Variables P 1< 0 G rt A-,.v'\ 0 ereR. ;'Vt I /f/$~ 
Df Il Ec. TI &) AI e;.f:} $1,.,,$ S 0 F I A/ pGJ r ~ trI-'T AIII' D [..,. DCAI-, 

,;t/ IIrt_ oM,+l- TO (J /r~ h 1'3 tJ lor t c.. $ ~ rt F.+c-e. ., If IE 0 L (Z~C- Tid ~ 

c.O$I,ves (),c rtrG- YZG-~t-G-C- re.£) 1'1'~G- rlt:e-~UT~~/N6C> 

lJY TIt'.e p,,,,, () W III ~ r-~~ h'I vt.A .. 

.It Jl -::. -..if ~ 
~L\ ':. ..R;.. 

- l. fA.. K.s 
- l..C'I... t.. .. 
- 2..~M.s 

_A te. e OU?'.. c. D S IAI ~s 

A~ e. P/~. C f:} !IIAl~ S 0 F 

Aile Dill, C.OSINes OF 

() F- till c, I DeN TI5A i-­
S V~ FA-c./;. N ~fl,N\A '-

teE FL£~r~p t!/!_y 

Operating Limits and Warnings A/()r~ ,111'1-1 WITE,1IEQtJ~£.~T J S $T,n.GD 

fJ'f--- /r6Y.5 , e AFt.,4- (;. I .5 S & I .. c..!.1f I C H:.(:'~" $~2.. 

!If-~ INPlJj (tAo,! D lit. 6(:... TNI,.,) ~"S IN£;,5 TO~ /; 

c.~£$oV("'A--re:O FI'lt1...v1 .. A FlA/JT£ ~ .... ~tJrz,c..~ .. IHI_~.E"A~ 

15 c.{..p~(j,D wH-EIV rilE INe..lfi6 ~r A-_~6."~ S_.~A._ 
AN!> -I} '/ F~();V1 A' S /) v n.. c..~ 4- T 1 tV FINLr't ~~_~_ 

£tvTe/l f3, C> 13 Y tt E Y B. 

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

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



Sketch(es) y. x 

P~~A 13 " ... , c.. 
.s v It. r-Ac.. f 

Sample Problem(s) 4.) F () tz.. .A 

(,E;v~rH e;>f: ~o 

PAfl.,A- tJQL.-1 '- /V1/te.It..O~ wITH A- Foe. At. 

C-;V\ FIA/D THE C-O()rt."IN;f.TrS of A 

ft.EFI..£c,iEO RAY 1# A-III 11'III~r;.& P/,;4/1/£ !:>-O G..N'\ FltoN'\. r#1-. 
/"1 t It fl ~"- c...I (TI-I TI-fE ~(~ 1l..,1L T' L. TED - I 0 A.N'D wITH 

51 

" lO Tlfe- INC,()~,vT AT AN A-A/6L.£ tP!= -e-)(. c ".~ J 6 y = __ 
HI rTJItlt; Tit e ..... ,tt(2,~ A-T XN\ ~ S-) y~ = .b I 

~) W'TI+ TII'(; SA-N'\E TIl-, A-~O ,,-,Mt:.'-£ 1:',:. 

Ill/C.I06'Nc..E. SCA-;'\/ Tl-fl~ ".."tllL'rz- Fn.o""," X,,::: S T{) 

)(N\. -::: - 5,) A ""D y"", :. - 2 T() y~ = 13 111/ S c.. N'\, 

I/l/c..~€ NlGHT.>_ 

p : Z- F.I-. 

SOlution(s)~) " () STO..+) SO t\ s: Y -I cl) '~H'.s ~'&-'1 !-- b) tI.S" E,/IITEIt.. 

2 k' c: Y 8.> S- E.,N T e (I... , t\ Ei 0 

Reference (s) 

~) 4 p ~.s , 
? S Co. IT.s 

r; VT ()uT )(. :! - !'. r3,77 .... 
Y.:. :: o. '1Z2.6.1 

'i STiI 0,J S" oS TO 7:> Z. c. H~ STO 8'"J 

S T() cr j ~ S TO 3.1 I P ~ .s ~ Ii E- Y A 
OVT"vT >'..N\:' S. O()~'O(J,'O 

-l.S3t't&'" 

~ • ..., "1 ~'1 £. ,e 
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R Ai T A-c...e. PA ~.A- ~ ., ~ A 

~1PR''''' c()ItISr -fJy TII..T 

~ SeA'" M/tt. -6-1< f~ 

STEP INSTRUCTIONS 
INPUT KEYS 

OUTPUT 
DATA/UNITS DATA/UNITS 

I {,~/+O 6~TH ~J ()E S OF- GoA-ltD CJCJ 
2- /111 I r, A (,(.. I e-.e c:J c:J 

51112 e. PAIUt-t3~L.IL C.~tv~T.It/V'r P [sf,,] l~~ 

S TIlt. FE. IIIlJtt'l6et2.. ()r Y sc.A-N' c:::=J L-~ 
P~/#T.s N ~ I#c,rf. E N\ e# T!> or' N [7_J [e~SJ 

ISToJ~ 
--- -

~r()R ~ ,IlA I I( It () It. £,Jp f'() lit! TS X ~ rAotr [jroJ [ 7- 1 
Y ~ TAIt,- [1 TD 1 C-9'" 1 

X Ci Tt'lP :. X~", 0 - A.Yz. x. STfI" ~~ r-_cf] 

S T~ltf. I /J (,rtE-/IA e A/-r S/~e;. 4X .. ,Ay [sTOI [.fJ 
.3 5 F l- E c..--,-- TI(" ,. t:JF ,N'l/ (tit (/ ~ [Ll[p~ 

AtJ~IJT Y A-)C. I .s IT,>, TIL."- ~~J ~y TII,.T 

4 SEi-cc" I MA Go £ PL.A~e ~/MA(,e --~l i:.'NlAtJ,~ 
5 F //111 Te OGJEc-I OI5TAAJ'c.e ? L~lC~ 

5 E("E (., o Gc)l!C-T D / S ,ltHe e it:J~,)&e.T [~JLU -ttJIJJre.r 

S£t.Ec. r p() I NT 0'" () (JJEe.-1 Xl:) U:~7f£~J -

Yt:J I~J [IJ Xo 
6 I tV FI A/ ITe o(3JEc. T [)I S T.A-N'C- /.!. Z L_~[~ . 

S£L-Ec,r 1/tIc. I De lilT ,+/1/6/,,65 b~ [§''''N~ 1 
-try C:=_ J [::aJ -lOS'AUS'v 

7 S£/.,e.c.,.T RIJ~ /Vl () OlE [ J[~ 
ONe. R.A-Y X ..... u,t1,1t. ~t'61't.1 

,y"", I It ltd It.. [~ [JLJ '1.,,,,,,,,4(,£ 
c:::=J c:J Y/,,,,,,,, " e 
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c=Jc=J Xl. 
c=JCJ Y.:. 
C~L~ 1,IIIl .. ~e 
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STEP KEY ENTRY 

8tH 
882 
£10J 
884 
885 
886 
887 
888 
889 
811, 
8li 
812 
813 
814 
815 
816 
817 
818 
819 
828 
821 
822 
823 
824 
825 
826 

tLBLo. 
RCU3 
PRTX 
P;S 

PREG 
P:S 
R.··'S 

*LBLk 
CFO 

RCLfj 
STOI 
ReL7 

~.-,,., rc. :' 
GSB3 
DSP9 
PRTX 
DSP5 
STOl 
RCL8 
ST02 

*LBL4 
RCLl 

RCL2 

KEY CODE 

21 16 11 

-14 
16-51 
16-13 
H)-51 

r-, 
oJJ. 

21 11 
16 22 136 

16-51 
36 tW 
35 46 
36 fji' 

16 2J 02 
23 03 

-63 89 
-14 

-63 05 
35 til 
36 88 
35 82 
21 84 
36 81 

36 82 
53 

827 + -55 
828 RCL~ 36 11 
829. -24 
838 2 02 
831 . -24 
832 RCLl 36 81 
833 RCL2 36 82 
834 P:S 16-51 
835 STOB 35 8e 
836 ST02 35 82 
837 R. -31 
838 ST07 35 87 
839 X; 'I' -41 
848 ~P 34 
841 X;i -41 
842 RCLE 36 15 
843 + -55 
844 X;Y -41 
845"7R 44 
846 ST03 35 83 
847 X;'r' -41 
848 5TOl 35 61 
849 Fl? 16 23 £11 
85£1 GSBI 23 81 
851 RCLE 36 12 
852 ST04 35 84 
853 RCLe 36 13 
854 ST05 35 65 
855 RCLD 36 14 
856 ST06 35 86 

SO~ S1X S2V 
P i1' ,11/ T5 N\ I",," 

COMMENTS 

I AI I T I A I- I c&.s 
SCAN 

T It A- /II j ,:; 0 It. "" oS 

X""" A N'O -e_ 
T tt> T I '- ..,.~.J> 
Go fJI.-1t 0' IV;It. T6,$ 
-X .. A'JlfO C..-

STEP KEY ENTRY 
857 
858 
859 
868 
861 
862 
863 
864 
865 
866 
867 
868 
869 
878 
871 
872 
873 
874 
875 
876 
877 
878 
879 
888 
881 
882 
883 
884 
885 
886 
887 
888 
889 
898 
891 
892 
893 
894 
895 
896 
897 
898 
899 
188 
181 
182 
183 
184 
185 
186 
187 
188 
189 
118 
111 
112 

.LBL6 
RCLA 
STD9 
RCLl 

~P 

RCL8 
'";F 

Sr-:·9 
CHS 

ST.::7 
SH8 
RCL7 
RCL9 

~P 

X:'r' 
RCLE 

+ 
X:Y 
~R 

STD9 
X:'r' 

STD7 
RCL4 

RCLS 
RCL8 

+ 
ReL6 
RCL9 

)( 

+ 
L 

x 
STx7 
STx8 
STx9 
RCLl 
ST-4 
RCL8 
ST-5 
RCL9 
ST-6 
RCL8 
RCL3 

ReL6 

STx4 
STx5 
RCL4 
RCLl 

+ 
PRTX 
RCL5 
RCL2 

KEY CODE 
21 86 
36 11 
35 89 
36 Bt 

34 
36 B8 

34 
35-24 89 

-22 
35-24 87 
35-24 88 

36 87 
36 €I9 

34 
-41 

36 15 
-55 
-41 
44 

35 89 
-41 

35 87 
36 84 

-35 
36 8S 
36 a8 

-35 
-55 

36 B6 
36 89 

-35 
-55 
82 

-35 
35-35 87 
35-35 88 
35-35 89 

36 87 
35-45 B4 

36 88 
35-45 85 

36 89 
35-45 86 

36 88 
36 83 

-45 
36 86 

-24 
35-35 84 
35-35 85 

36 84 
36 81 

-55 
-14 

36 85 
36 82 

COMMENTS 

TIt,,+.N S P~It;tfl\S 
/V() ttoA'\A L .0 

""" teltdiff. TO 
T/lrTeO 

53 

c:::. 0 () It Ol.NAT"J5 

REGI~Ir;;n;:, 9 



54 

STEP KEY ENTRY 

11,j + 

114 PR-;X 
11: 
116 
11 :" 
118 
119 
126 
121 
122 
123 
124 
125 
126 
127 
122 
129 
!30 
131 
132 
133 
134 
E5 
136 
"77 ..... ·f 

138 
139 
14t3 
141 
142 
142' 
144 
145 
146 
147 
148 
149 
156 
151 
1 :.~ 
153 
154 
.,rr 
l ... '· .. l 

Fe? 
R./S 
P~S 

RCU 
5T+2 
D·-·--~:~.i 

GT04 
F-''-; 

GT02 
RCL6 
STor 
RCL8 

RCLJ 

1:".; • 
J\\,r ....... 

DSF'9 
PRiX 
DSP5 
X) '{,7 
fiN 

R./£ 
• ." ~. of 

.J~t:i..i 

P:S 
RCL4 
r>r' r­
~-..... 
ReL6 
F:S 
'-"'i ..... H,:, 

RCL3 

l'" ...... 

CHS 

+ 

STD5 

156 CtiS 
157 RCL1 
i5S 
159 
168 
If 1 
162 
163 
164 
165 
166 

STD4 
RCL5 

RCLc 

CT.:.c:' 
.... : ....... 

97 Pr()~ram I~ls.ln~ I I 
KEY CODE 

-55 
-14 

1£ 23 Be 
51 

16-51 
,:'~, t,1.:1 

35-55 82 
16 25 46 

22 134 
16 23 02 

22 82 
36 (itl 
.75 46 
36 88 
35 e2 

35-4'5 61 
36 69 
35 tl1 
16-11 

-6] (i9 
-14 

-63 85 
1£-34 
22 64 
16-51 

51 
21 81 
16-51 
J6 64 
36 85 
36 66 
16-51 

-22 
36 83 

-55 
25 66 

_ '7~' 
". 
.~~, 

-C.L _.- .-.. -. 
~t' tl.:: 

-55 

-31 

36 til 

35 04 
36 65 

34 

35-24 04 
35-24 l?S 
j:-24 66 

COMMENTS 

P AI (II r ~ Y,I'\""'£ 
ONe pfJ{;#T' 

(),v """,,'I{I'lO/t ~ 

£ I" 0 II F Y $'--41'1 ~ 

SCAM Y "1'/(.."1 ~ 

pn I AIrs ,vE-1.J Xh\ 

LAST )<;41\. Z 

CAL.. C v L.ATJSt 
D I it. E C ,10 ,II) 

COS//V6-S 

of RA-'i 
F rz 0/\"'\ 

oBJcc,..-r 
TO .Nt' ttltDIZ. 

r (J It 0 (jJc{... T 

A ,- r- J.I\I I IE. 

DISrA#C-& 

STEP KEY ENTRY 

169 
170 
171 

172 
174 

STDE 

,-'T",:r 
':'. ~'-" 

175 57"04 
176 P:S-
177 r,.·s 
178 ·,-LBLD 
179 SFf 
186 F:~ 

181 STC2 
182 X~';' 

183 STD1 
184 fT04 
185 ,.L E:'" 2 
186 FtS 
187 p.····S 
188 *LELC 
189 P~S 
19B 
1· Qj J. 

1 
~-. -:.::. 

193 
194 
195 
196 
197 
19£ 
199 
2e~ 

281 
282 
263 
284 
285 
286 

zes 
269 
216 
·-.4 .( 
":'J.l 
·-,4·-:: 
':l":' 

Zi4 
·-:.fr 
':'J...J 

57"01 

SF2 

SF2 
RTf-! 

tLELE 
eFl 
SIN 
CHS 

STeE 

ces 

SIH 
STO:'" 

LSTX 

.;.:. 

,-.r !,-. 
Lo·n.: 

KEY CODE 

35 15 

.-; '" i r 
'::'J. l.' 
~f-51 

-41 
35 64 
16-51 

51 
.-; ~ of .. f 
'::'.i. .i. &f 

16 21 t?2 
16-51 
35 62 

-41 
35 81 
22 64 
21 B::· 
16-51 

""'of ... ~ 
';;'.i.. .i.:" 

16-:1 
35 e~ 
16-51 

lt~ 21 02 
22 11 
21 OJ 
36 81 

1£ 21 82 
24 

21 1.2 
1£ 22 61 

..,~ of .-, 

~'-: .:..:. 
-31 

<l.- .-_ 

.t,-t,;'· 

42 
-41 

41 
~r: 'f7 .. 1._, .... 

42 

-22 

Zi6 
217 
218 
215 
226 

*LBLe 21 16 15 
SF! 16 21 el 
P-+c .. ~, 

STDE 
P:S 

221 F. ... S 
222 

16-51 
35 86 
16-51 

21 16 14 
35 86 

COMMENTS 
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06 tJ E(;..T 4 r 
/A.lr-I#'lry 
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I ..N\,A (; e e, '1fD. 

~:. 
SET STATUS 

TRIG 

DEG Jg 
GRAD 0 
RAD 0 

OISP 

FIX K 
SCI 0 
ENG 0 
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Program Deseripfion I 
Program Title Para:>eial Ray Tracing Part l-Tracing 

Contributor's Name Morton S. Lipkins 

3 Nemeth Street Address ------- - ----------------

City Malverne 

Program Description, Equations, Variables This program wil!_1::t:"_~c:~_,!_par~xial ray thru a 

centered lens system of up to 7 surfaces. All tl:e_ciata may}:)~ stored ~~ __ oE~t:llII_' _e __ _ 

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

Focal Length (BFL) are calculated. Effective F~cal~~ngth J~~L), image height, 

and lateral and longitud_iI1Cil magnif:i.c9-ti(:m are o~ion~l. Aperture approximations 

and slope angles at each surface are optional. 
--------------------------

The following conventions apply with respect to each sur~,!<=~_. _See sketch, Page 4~- • 

1. The ray goes from left to r.,i,ght 
--- ----- ----- - -- ---------

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 negati,,~~ __ 

5 • Angles are€!cru.a1_t9 __ 1:hej,r s:j,.!l~~~I1~_t_~ngent.~ ___________________ _ 

6. Symbols, see_s;ketch Page __ ~~_ ----------------------------
Ijl =he~<Jht abov~_oE __ 1:>e_~owuthe_~~i_s_ ofu"t:11.~_ inters~ction of the ray with surface RI • 

Ul = slope of the ray before iJlters_e __ c_t_i_o_n_w_1_' t_h __ s_u_r_f_a_c_e_R~I_. _______ ----__ _ 

U~ = slope of the ray after refraction thru surface RI • 
~_~~~~L-____________ __ 

continued on Page 2. 

O~er .. tinQ Limits and Warnings ______ --, _______ ... __ . ______ - ___________ _ 

If 
-----------------

---- ----- -- ---- ----------------------------------------------

---------

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

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS 
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS 
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN­
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING. USE OR PERFORMANCE OF THIS PROGRAM 
MATERIAL. 
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Program Deseripfion I 
Program Title Paraxial Ray Tr_c:l_<? __ i~(J' Part l-Tracing 

Contributor's Name Morton!)._Lipkins 

3 Nemeth Street Address 

City __ State New York~ __ _ Zip Code 1_1_5....;:6....;:5 __ _ 

Program Description, Equations, Variables ______ .. 

6 . S..Yrnl:> 0 1 s (c=2!l_tinued) 

JL_~_.<listanC:~ __ ~E()!fI Rl :!:_o __ J:_ll.~_axial int~!_<::~J2~ from which the ray 

comes. 

II dis~ance from R( to the axial intercept to which the ray goes 

after refraction. 

Q 1 curvature = 1/R 1 • 

Nl =index of refraction preceediIl_g_ the surfaC::E!_B_l_"-__ 

Nr=N 2 =index of refraction succeeding the surfa~! RI • 

~l axial distance between 2 surfaces Rl& R2 

he :i,.9"_1'!. "1: __ 0 L t h ~ ___ !m a 9~ __ ~_e<:>. v_~_ 0 r ___ bel ():\'I. __ ~_h---"e_a:,-x_i_s=--=-. __ . __________ _ 

lateral magni~ i_c~tion. ------_._-_._------

1,0_ ngJ:. tU(l i p.al __ Ill~gIl:i f~c::.C!~i .2_n ._ 

7. Formulae(see sketch P~ge 4. 
-_ ...... ----------_. __ ._-----

_.II R 1 _!i2 = Y 1 - ~ 1 ~L_-?L==--~ __ _ m_=-'-h=-_'-L/-'h~ ____ _ 

II u l.l 1_-= ____ !11 hd. _______ N-'iL-= __ N ... 2 ___ -"-'m'-=-'m'-'--2 ______ _ , 
____ ~J . _ Q-'l ..... y ......... l ..:..( _N~~"T-MNr-'l'-'-) _+_N .... 1'-u_,1'-___ h_' ____ = ___ y.~~lL____ _~l = _u ~2 ____ E_F_L_=_=y'-"-1 _/ _U.LIn~ __ _ - - N ~ -

Operating Limits and Warnings 1. ~!'!n s"t._Q~ing_ R_{Q.~ __ Ci_ f:1Cl!:....surf~<;:_~1 the input is 0.00. 

2 __ • __ Wb-~Il __ s.tQ~.iIlg _ all _ inf ini te l ._ t:h~ __ !!lE.ut: is_Q!..Q~ ____________________________ _ 

3 .}f should be set to 1.! the Cl£e~ture of s~I:"~ac:e Rl i..~_oE~~r that the approximate 

apertures of the s\lcceed.i,Il.9' __ surfaces }~e calculated " ______________________ _ 

-_. ---_._-_.-_ .. - _. ---.------ ------------------------

-.. ---.------- _._---------

This program has been verified only with respect to the numerical example given in Program Description 11. User accepts and uses 
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance 
upon any representation or description concerning the program material. 

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

. 
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PROBLEMS 

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

R1 1.674 R2 =-1.032 R3 =-2.350 
N1 1.0 N2 1.517 N3 1.649 

N' 1 = N2 1.517 N~ = N3 1.649 N~ N" = 1.0 
t1 0.349 t2 0.100 
U1 0.0 
i1 0.0 

'11 0.55 

Problem 1 

Trace a Ray parallel to the axis, entering surface R1 at Y1 (fig 1). 
a. Determine the Back Focal Length (BFL). 
b. Determine the Effective Focal Length (EFL). 
c. Determine the aperture Y at each surface. 
d. Determine the Ray Slope U at each surface. 

Solution 

a. Store the data with the Storing Program Part 2 and record the data. 
b. Feed the Tracing Program, Part 1, side 1 and side 2. 
c. Print option, keystroke f E -------------------------output 1.00 
d. Keystrokes 3 A-------------------------------------- U2 ~.112 ~~* 

Y2 0.511 *.'.f 
u3 0.663 .,·.t:': 

Y3 0.505 Jti:;::,: 

u" B.244 .,.;: .. 
BFL &.069 ;+:.+:.+. 

e. Keystroke B--------------------------------------- EFL 2.255" *:; .. f 

Problem 2 

Trace a Ray from the axial point of an object 18" to the left of the above 
lens, and 0.55" high, (fig 2). 
a. Determine the axial point of the image i;. 
b. Determine the image height h'. 
c. Determine the lateral magnification m. 
d. Determine the longitudinal magnification m. 

Solution 

a. Assuming that the data from problem 1 is still in the calculator, feed 
the Storing Program, Part 1, side 1 and side 2. 
1. Keystroke 6 C ---------------------------------------- 6. 
2. Input 0 R/S------------------------------------------- 6. 
3. Input -18 R/S----------------------------------------- 7. 

b. Feed the Tracing Program, Part 1, side 1 and side 2. c. Print option off fJ:-____________________________________ 0.00 

d. Input 3 A ----------------------------------------------- 2.390 in 
e. Input 0.55 E--------------------------------------------- 0.000 
f. Input halt 3 R/S --------------------------------------- 2.069 BFL 
g. Input halt 2.390 R/S------------------------------------ -0.078 h' 

-0.142 m 
+0.020 m 
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, 
PARAXIAL RAY TRACING PART 1 - Tracing 

n Start EFL 

STEP INSTRUCTIONS 
INPUT KEYS 

OUTPUT 
DATA/UNITS DATA/UNITS 

1- Store lens data with Storing Program, Part 2. CJCJ 

l ,
-. ,-

2. Load data card from Part 1 if data is not al- c=JCJ 
3. ready in the calculator. ~ ,----j 

3. Load the TraC'ina Proaram Part 1 side 1 and c=J[=J 
, ' ,---1 [--J 

side 2 . ------- ---

4. Input n (number of surfaces) then A to start. n ~iJ [-=] BFL or itt 
'l'his step takes 35 seconds for 3 surfaces. r-~~ [~.=J 

C--.:J r- I 
If Ul and il are zero, BFL will be calculated. [_=~l C-] 
If only 1 of the 3 items U, il or til is zero r=J L_=:J 
then i~ (image distance) will be calculated. CJL~ 

5 ()nt-i on;:, 1 • RFT. (.RTTP,...t-;VP For;:,l Lenath} but C.B~CJ EFL 

only if the output from step 3 is BFL (Back C--=:J C:=J 
Focal Lenath.) [~~ [--::J 

6. Optional: Select print output mode for Ray L_ f J CiJ 0.00/1.00 

Slopes u and Surface Aoertures U at each C~_~] [- ] 

""lrface. U2 6.11';: ·f··f .+ r.~ c ] 
'12 8.511 ••. f. [:=J c=J 
U3 8.863 *;+ .. 1 c=J c::=J 1j3 @.5@5 Jt.~.¥. 

U4 ti.244 :f.·t .. , r=J [=:::J 

1.e69 
L_Jc=J 

.F~ nt c=JC~ 
7. Optional: Image height h', Linear m~nifi- CJ [=:::J 

cation m. Longitudinal magnification m. [ lc=J 
1. Step 3 to calculate it. n LiJ c::=J itt 
2. Input h h CiJ c=::J 0.00 

3. Input halt. Key n (number of surfaces) n [i&] c=::J BFL 

4. Input halt. Key it, from step 7-1 itt [if~ c::=J h' mm 

c=:J c=:J 
c=J c=::J 
[=:J c=::J 
CJCJ 
L. ] c=J 
C=:J CJ 
CJCJ 
CJCJ 
e..=J c=J 
r=JCJ 
c=JCJ 
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STEP KEY ENTRY KEY CODE 

2J. 11 
02 

091 *LBL~ 
802 2 
803 )C 

384 6 tiE 
805 t- rc:: 

-,-;". 

986 DSF'J 
B97 ST02 35 62 

16 21 il2 
64 

888 
889 
810 
011 
812 
813 
814 
915 
916 
917 
018 
019 
820 
921 
822 
823 
924 
825 
926 
827 
928 
929 
838 
831 
@32 
833 
834 
835 
836 
837 
838 
939 
848 
841 
842 
843 
844 
845 
046 
847 
848 
849 
9S8 
851 
852 
053 

SF2 
4 

STOr 
GSB5 
RCLE 
X=0? 
HOd 
RCL0 
X=0? 
H06 

x 
Fl? 

PRTX 
STOI 
bTOb 

*LBLd 
RCL1 
RCL0 
X=0? 
HOb 

F1? 

35 4[ 
23 0: 
36 1:: 
16-4::-

22 16 14 
36 6f 
16-';3 

-35 
16 23 61 

-14 
35 61 

22 16 12 
21 16 14 

36 61 
36 0e 
16-43 

22 16 12 
-24 

16 23 fJ1 
PRTX 
STOE 
bTOb 22 

35 15 
16 12 
21 06 
36 6: 
36 15 
16-43 
16 12 

*LBL6 
RCL1 
RCLE 
X=0? 
HOb 22 

Fl? 
PRTX 
SToe 
HOI, 

*LBLb 
RCLR 
RCL1 

)( 

RCLC 
RCLB 

x 
RCLB 
RCLE 

l( 

.-, .4 
-':'7 

16 23 fil 
-14 

35 oe 
22 16 lL 
21 16 12 

36 11 
36 0; 

-35 
36 13 
36 12 

-45 

36 12 

0S,. f -55 
855 RCLC 36 13 

911)rf'~ram 1~ls.ln~ I 
COMMENTS 

Stipulate the num­
ber of surfaces. 

Address the data 
registers. Start 
with number 4 
The 3 items of data, 
Ul II Yl are manip­
ulated here. See 
Page 6 step 4. Any 
2 items may be giv­
en and the 3rd will 
be calculated. It 
Iwill be printed if 
I the option is set. 

Calculate u' and 
store for the cal­
culation of Y for 
the next surface. 

!;TFP ~cv C~TDV 

057 Flt 
958 PRT;c 
859 STOE 
860 RCLl 
861 RCLD 
862 RCLE 
963 )( 
964 -
865 RCL2 
866 RCLI 
867 X=Y? 
868 bTOi 
969 RJ. 
870 RJ· 
871 Fl? 
072 PRTX 
873 STOI 
874 bTOS 
875 *LBLl 
876 RCL1 
877 RCLE 
078 . 

SPC 
PRTX 

F6 Q 

HOo. 
RTN 

STOD 
SPC 
RTN 

*LBLB 
RCL7 
GSBC 
RCLE 

PRTX 
RTN 

*LBL5 
GSB2 
X#8? 
GSB7 
STOR 
GSB3 
STOB 
GSB2 
STOC 
GSB3 
STOD 

F2? 
GT04 
bTOb 

*LBL7 
1/11' 
RTN 

;fcLBl4 

.l6 23 61 
-14 

35 15 
36 61 
36 14 
36 15 

-35 
-45 

36 62 
36 46 
16-3.? 
22 til 

-31 
-31 

16 2J 61 
-14 

35 61 
22 13.5 
21 61 
36 01 
36 15 

-24 
16-11 

-14 
16 23 06 
22 16 11 

35 14 
16-1~ 

24 
21 12 
36 0i 
23 13 
36 15 

-24 
-14 
24 

21 65 
23 K: 
16-42 
23 0? 
35 11 
23 OJ 
35 12 
23 B2 
35 13 
23 OJ 
35 14 

16 23 82 
22 64 

22 16 12 
21 6:-" 

52 

8 

COMMENTS 

Print u' if the 
option is set. ~ 

Calculate Y and _ 
store for the next 
surface. 

Final y? If yes, 
calculate BFL. If 
no, proceed to the 
next surface. 

~-----------------

r 

Calculate BFL and 
stop. 

Calculate EFL. __ 

Recall data from 
the data registers 
4 to 24 as needed 
for storage into 
the program regis­
ters A thru E, 0 
and 1. 

1st Surface~ Recal 
7 items of data. 

C=l/R 

079 
883 
881 
08l 
883 
884 
885 
886 
887 
888 
889 
990 
1391 
992 
893 
994 
995 
896 
997 
898 
099 
180 
101 
192 
183 
184 
135 
196 
197 
138 
199 
11@ 
11l. 
112 GSB2 

2.1 8.; 
2:1 82 

Lo __ ~B~56~-r.1~l~ ____ ~2;-~2:~~~~3======~~4====BR~E~G~IS~;~E~R~SL-__ 166------~77------~88------~9g-------l~ 
used used used used 55 56 57 58 59 

50 51 52 53 54 

A used used 
D 

used II .1 used 



97 Pro~ram I~is'in~ I I 61 

KEY ENTRY KEY CODE COMMENTS 
1'_ .... _ •• __ .... 

"35-i5- COMMENTS STEP ---- 113 STOE- 169 -*tBLe. 21 16 15 
Print toggle. 114 (;S83 23 03 Balance of data 179 F1'? 16 23 01 115 STOB 35 Be for 1st Surface. 171 Gr08 2i.' iJE 116 (;582 23 82 

172 SFl 16 21 Bl 117 5T01 35 (11 
173 1 81 118 ISZI 16 26 46 Summon next data 174 RTN -. , .::,. 119 RTN . -, ." register . 175 *L8L8 21 63 

'::"t 

120 *LBL2 21 62 Recall 1st item 176 eFl 16 22 ti~ 121 ReLi 36 45 from the data reg- 177 B fie 122 GSBC 23 13 ister . 178 RTN 24 123 RTN • -, <f 

179 *LBLE 21 15 h. 
.::,. 

Set '11 = 124 *LBU oj~ ,-.""'t 

Recall 2nd item EEX --<...l t,i,;. 
188 -~,,;~ 125 RCLi 36 45 from the data reg- 181 3 ft~ 126 (;SBD 23 14 ister. 182 );. ~co 

I 
-":"1.0' 127 ISZI 16 26 46 

183 ST07 35 iii' 128 RTN .-, ... 
i 184 8 ee Set U and i1 = 0 

':''"t 

store in the 129 *LBLC 21 13 Restore decimal to 185 ST06 35 66 and 
data register 6. 138 HIT 16 3'; the 1st item re- 186 SF8 16 21 6J 131 EEX -.::,;. called from the 187 R.····S 51 Input halt for n. 132 3 6~ data register. 188 (;SBA 23 i 1 Calculate i:'. ... 133 CHS .• ,.-. 

189 *LBLa 21 16 • f Input halt for ih· 
-£~ .... 134 x ",co 

198 R·····S co' 
-.,J ..... 

.....Il 135 RTN 24 
191 STOD 35 14 136 *LBLD 21 14 Restore decimal 192 RCLl 36 6: Calculate h' and 137 FRC 16 44 and polarity to 193 RCLD ., ~ 

14 print. ~b 138 ABS 16 ." 

item RCLE 36 15 
~l the 2nd re- 194 139 EEX '-r~ 

from the 195 x .,.,. -a:.:., called -,.,,,\,.,j 140 1 01 data register. 196 - -45 141 x .,.,. 
197 PRTX -14 

-.J,-i 

142 ENH -21 
198 CFO 16 .;.-, 6[: Calculate and .:..:. m 143 INT 16 34 
199 RCL? 36 tl:" print. 5 65 GSBC 23 ,~ 

144 
288 J.':' 145 X:"r' -41 
281 - -24 146 X)'t'? 16-34 
282 PRTX ' .' -l't 147 GTOe 22 16 iJ 
283 Xi .,."' - and ~';'l Calculate m 148 ST03 35 63 
284 PRTX -1':: print. 149 LSTX 16-63 
285 RTN 2': 158 H:C 16 .... <f 

286 R/S 51 
't't 

151 GT09 22 63 
152 *LBLe 21 16 ,., 

J.';' 

153 4 84 
154 - -45 210 
155 ST03 35 6~ 
156 Roi- -.,JJ, 

157 RJ· -31 
158 CHS ,-.. -, 

-.:..:. 

159 FRC 16 44 
168 *LBL9 21 65 
161 1 81 
162 8 66 
163 ReL] 36 ll,; 
164 .-; 82 220 .:. 
165 - -4'5 
166 j-'x 7' " . 
167 X .,C' 

-':'~i 

168 RTH .- , 
a:.~ 

LABELS FLAGS SET STATUS 
BE C decode o decode E ih 0 ih FLAGS TRIG OISP 

A start F L 

d e 1 ON OFF 
0 FIX 0 

a h' b 
u~ 

c 
decode u-.t print print 0 0 0 DEG m m 

GRAD 0 SCI 0 3 4 
\st surf. 1 0 (!g 0 1B 2 recall recall recall 

RAD 0 ENG 0 
F L 

2 0 131 6 7 8 9 3 
3 0 ~ 

n __ 5 i1 reciQroca print recall 
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Program Deseription I 
Program Title PARAXIAL RAY TRACING, Part 2 - Storing 

Contributor's Name Morton S.Lipkins 

Address 3 Nemeth Street 

City Malverne State New __ Y __ o_r ___ k ___________ _ 

Program Description, Equations, Variables 'l'hi~ _program, Part_~_l stores da:tfLfor_ the _~£lt:~.t_al __ 

Rcl.y'J,'~~ging Pr9gr~L PCirt 1. _ Qgj:;Ci for 7 surj:g,<:;:es_Qan be stoJ::~d,-Aftet: stQr~_ 

the Tracin<J Program is loaded into the calculator. The Tracin_<JJ"!:ogram_ has_~tlb­

routines for recalling, decoding and using the data. 
----------

___ Registet:~_l\, to E, Ginet_Oto 3 ar~ J,!§e_et by the RaY_'l'~Gicing PJ:"Qg~am. __ j:'l].ereforeL __ 
upon initializing, this program presents, sequentially, registers 4 to 19 for 

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

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

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

The data to be stored!ll,:!::;~p_E:!_grouE~(Lp-Y_J3_11rface aEl_~ollowEl_:_ 

(see sketches, Tracing Program page 4. 

Surface 1 Surface 2 etc. __ ~!Y the 1st surface requires 7 input 

________ items~_ Th~_!"~_st require onl,L~ input __ 

items each. 

Nz 

___ !L ___ _ _ _____ :h __ 
Ul 

------------

II 
~------------

Y1 

Operating Limits and Warnings ----------------------- - - ---

___ Wh_en storing R _~~!" __ ~_ flat or plano surface the is 0.00 • 

------ ------------ ---- --------- ------------------------- --- ------------

--------- - ------------------- - --------- ---------------------

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

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

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

Display Print 

t 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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PARAXIAL RAY TRACING Part 2 Store 

Initializ N DEL 

STEP INSTRUCTIONS 
INPUT KEYS OUTPUT 

DATA/UNITS DATA/UNITS 

1 Load side 1 and side 2 CJCJ o. 
2 Initialize [L]CJ 4. 
3 Input item 1 R1 [ RIS] L=--J 4. 

4 " " 2 N1 I R/Sj [=~ 5. 

5 " " 3 N2 U~;,s] [m~ __ ] 5. 

6 " " 4 ;t1 [ RJS] [ __ J 6. 

7 " " 5 u., [~~L~ 6. 

8 " " 6 £.1 LR/sl C~ 7. 

9 " " 7 iJ, [RLij r--] 8. 

[-- J lJ Only the first surface will require 7 input 
---- -----

items. All of the sUbsequent surfaces will L~[~ 
require only 4 input items. Steps 10 to 13 L_::J CJ 
are typical of the subsequent surfaces. [- JL~ 

10 Input item 8 R~ [-R/sJ ~---=-~ 8. 

11 " " 9 N? LR/§j [--- -] 9. 

12 " " 10 N3 [R/S] c=J 9. 

13 " " 11 ;t2 IF ] r---] _ R/~ ____ 10. 

CJCJ 
14 If an input error is made in the nth register, L ]CJ 

key n, then re-store both items, , following n ~][_ J n 

the input steps above. C:=J [---] 
15 To store in a register out of turn, use the CJCJ 

error proceedure, step 14. [:=:J CJ 
CJCJ 
[~CJ 
c=J c=:J 
CJCJ 
c=J C~J 
c=JCJ 
L---=:J ~ 
r~----J CJ 
C~ L_::J 
r-~~~ L __ J 
[~C=J CJ [--nul 

e-=:] [~ 
---- -

L~~ [----] 
[_.~ c=J 
[~C-J 

L 



STEP KEY ENTRY KEY CODE 

801 ¥LBt./i 
882 CLRG 
883 P:S 
884 CLRG 
885 SF2 
886 DSPfI 

21 11 
16-53 
i6-51 
16-53 

16 21 02 
-63 0[: 

4 04 
STuI 
PRIX 

.LBLB 
DSP8 
RCLI 

1<>S 
DSP3 
PRIX 

F2'? 

35 4£ 

21 
-63 
36 

-1'; 
12 
00 
4£ 
!:", 
~Il 

-63 DJ 
-14 

i6 i.J 62 

887 
888 
889 
818 
811 
812 
813 
814 
815 
816 
817 
818 
819 
828 
821 

GTOl 
X(8? 
GSBh 23 

22 01 
16-4: 
16 12 

9 
822 9 
823 9 
824 x:'!' 
825 X)r'? 
826 GT06 
827 
828 
829 
838 
831 

EEX 
1 

CHS 
GSBd 

832 2 
833 GTOe 
834 *LBU 
835 X(8? 
836 SF8 
837 EEX 
838 3 
839 )( 
848 ST+i 
841 7 
842 RCLI 
843 X=P 
844 GTOe 
845 GTOB 
846 *LBL6 
84? 9 
848 . 
849 9 
858 9 
851 9 
852 X:'r' 
853 X)'r"? 
854 &Tu? 
855 W 
856 2 

-52 
09 
09 
89 

-41 
16-34 
22 Vb 

-23 
61 

23 16 14 
.-.; 

-t,~ 

02 
22 16 15 

21 01 
16-45 

16 21 66 
-2:3 

-J5 
35-55 4C: 

67 
36 46 
16-33 

22 16 13 
22 12 
21 e6 

05 
-62 

OS 
35 
09 

-41 
16-34 
22 0:" 

-Z3 
82 

97 Pro~ram I~ls'lna I 
COMMENTS 

Clear Registers. 

STEP KFY FNTAY 

Set discriminant 
for order of entry. 
Start with register 
4. Print register 
number. 

Display current 
~egister number. 

Print entry. 

1st or 2nd entry? 

2nd entry negative? 

Criteria for entrys 
less than 1. 

Move decimal for 
storing 2nd entry. 

Code for entrys 
10:>"'''' t-h",n 1 

Move decimal and 
store 1st entry. 

Skip 2nd entry in 
register 7. 

Criteria for entrys 
less than 10. 

Move decimal for 

REGIS ..... _ 

857 CHS 
858 GSBcI 
859 • 
868 3 
861 GTOe 
862 *LBL7 
863 9 
864 9 
865 • 
866 9 
867 
868 
869 
878 
871 
872 
873 
874 
875 
876 
877 
878 
879 
888 
881 
882 
883 
884 
885 
886 
881 
888 
889 
898 
891 
892 
893 
894 
895 
896 
897 
898 
899 
188 
181 
182 
183 
184 
185 
186 
187 
188 
189 
118 
111 
112. 

9 
9 

X:~! 

X>~"? 

GT08 
EEX 

3 
CHS 

GSB~ 

4 
brOe 

*LBL8 
EEX 

4 
CHS 

GSB~ 

5 
GTOe 

.LBLko 
CHS 

4 
GSB2 

RJ. 
RTN 

*LBL~ 

GT02 
*LBLe 

GSB2 
CF8 

ISZI 
RCLI 
DSP8 
PRTX 

SF2 
GTOB 

RTN 
*LBLe 

8 
STOI 
osps 
PRTX 
SF2 

KEY CODE 

-22 
23 16 14 

-62 
JJ 

22 16 1: 
21 B? 

03 
09 

-62 
09 
0'" ... ~ 
00 -" 

-41 
16-34 
.-".-, 8S '-i:. 

.~~ 
-.::.~ 

03 
.-,~ -.:..: 

23 16 , , 
l't 

-52 
84 

oj.-, 
CoCo 16 '0:-J,,.,j 

""', ':.1. 08 
-23 

04 
.-,1"\ -.::..: 

23 16 14 
-62 
05 

22 16 '0:-l ~i 

21 1 ~ '" .0 J.'::' 

-22 
-62 
84 

23 82 
-31 

24 
21 16 14 

-35 
22 02 

21 16 '0:-. ~, 
23 62 

16 22 60 
16 26 4£ 

36 46 
-63 06 

-14 
16 21 62 

22 12 
24 

21 16 13 
88 

35 4£ 
-63 80 

-14 
J6 21. 82 

COMMENTS 

I storing 2nd entry. 

Code for entrys 
less than 10. 

65 

Criteria for entrys 
less than 100. 

Move decimal for 
storing 2nd entry. 

Code for entrys 
less than 100. 

Code for negative 
2nd entry. 

Code for entrys 
more than 100 

Code for negative 
2nd entry. 

Summon next regis­
ter and print reg­
ister number. 

3 4 5 6 ~ IlO~u~s~e~d~-JL1~u~s~e=d~~2;u~s~e~d~-4c.lU~s~e~d~~~ ______ ~r-____ -+~------~.------t5re8~-----r5~9------~ ~o 51 52 53 54 55 56 57 

7 8 9 

A Used Used 
D 

Used 1
1 

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

113 'T~ 22 12 
114 RTN 24 170 

115 .LBLC 21 E 
116 STOl 35 4£ Error correction. 

117 DSPB -63 6C 
118 PRTX -14 
119 B BO 
12B STO; 35 .of~ 

10+' -
121 SF2 16 21 B2 
122 HOB .-,.-: . .. ., 

.:.: J.': 

123 *LBL2 21 62 Set proper polar-
124 F8? 16 23 BO ity for storing 180 

125 CHS -22 2nd entry. 
126 ST+i 35-55 45 
127 RTH 24 
128 R/$ ,::< 

.. .!l 

130 

190 

'\ 

140 

200 

150 

210 

160 

220 

LABELS FLAGS 

A Start B Sorting C Error D E 0 
FLAGS 

a b Code c Skip d Decimal e Sununon 1 ON OFF 
.0 0 0 

0 1 Store 2 Polarity 3 4 2 Entry ? 1 0 0 

1
5 

1
6 Criteria 17 Criteria 18 

1
9 3 2 0 ~ 

Decimal I 3 0 0 

COMMENTS 

SET STATUS 

TRIG OISP 

DEG Kl FIX XJ 
GRAD 0 SCI 0 
RAD 0 ENG 0 

I I 
n __ I 

r 
I 

l 



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. Everyone 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 
Mathematics 

Electrical Engineering 
Business Decisions 

Clinical Lab and Nuclear Medicine 

Users' Library 

Mechanical Engineering 
Surveying 

Civil Engineering 
Navigation 

Games 

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 
Portfolio Management/Bonds & Notes 

Real Estate Investment 
Taxes 

Home Construction Estimating 
Marketing / Sales 

Home Management 
Small Business 

Antennas 
Butterworth and Chebyshev Filters 
Thermal and Transport Sciences 

EE (Lab) 
Industrial Engineering 

Aeronautical Engineering 
Control Systems 

Beams and Columns 
High-Level Math 
Test Statistics 

Geometry 
Reliability / QA 

Medical Practitioner 
Anesthesia 

Cardiac 
Pulmonary 
Chemistry 

Optics 
Physics 

Earth Sciences 
Energy Conservation 

Space Science 
Biology 
Games 

Games of Chance 
Aircraft Operation 

Avigation 
Calendars 

Photo Dark Room 
COGO-Surveying 

Astrology 
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 I 

OPTICAL DESIGN II 

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 S PACKARD 
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