




























































































































































































































































































































































































































































































































































































































































































































































































































































































(2) Core Clearing: Manual clearing of core to zeros or flag zeros is not 
o 

required. 

(3) Card Handling: The handling of intermediate decks is eliminated thus 

reducing operator time and the hazard of dropped or mixed up decks. 

(4) Speed of Operation: The reading of lengthy proces sor decks with the 

1622 is �e�l�i�m�i�n�a�t�e�d�~� saving computer hours and operator hours. The 

elimination of intermediate output decks speeds up the operation from 

both operator time and machine time standpoints. 

(5) Card Savings: If the company utilizing this technique does a large 

volume of numerical control program processing, the savings from 

decreased card consumption may be a significant percentage of the 1311 

rental cost. 

( 6) Disc READ/WRITE checks may be written into the program with as many 

re=reads or �r�e�~�w�r�i�t�e�s� as desired. 

At the present time we visualize that there may be two limitations or problems 

with this system. 

(1) Program Modifications: Program �m�o�d�i�f�i�c�~�t�i�o�n�s� which require additional 

core will not be possible in some phases due to the fact that the 

additional instructions required to implement this system cause core to 

be completely filled. In �a�d�d�i�t�i�o�n�~� program modifications which are 

�d�e�s�i�r�e�d�~� either as a result of program modifications published by the 

Users Group Library or by individual �p�r�e�f�e�r�e�n�c�e�~� must be incorporated 

into the deck and loaded on the disc, much in the same manner as 

MONITOR I patches. 

o 
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(2) Debugging Source Programs: Another problem exists if the individual 

users desire an intermediate deck for debugging ~= let is say to find the 

location of a failure relative to some known point in the source program. 

It is often desirable to have this output to determine the last successful 

command, thereby locating the bug. At the present time, we utilize 

a debugging program in the form of a series of instructions, which will 

dump, from the disc, images of a number of cards before and after the 

location of the failure o 

The seriousness of this limitation depends primarily on the method of 

processing utilized within the users organizationo It is doubtful if it 

would be a serious limitation in any case. 

III SAVINGS 

Having touched on the advantages of the system in general, let us return to the 

specific area of cost and time savings. 

One might reasonably expect savings in three areas: 

(1) Savings in elapsed time from receipt, by the operator, of a source deck 

to production. of final tape deck. This time saving is realized by the 

elimination of card handling between phases, core clea ring, and punch 

clearing operations. 

Our experience indicates that, normally, two hours actual processing 

time requires approximately three hours elapsed time. An actual test 

run with an average AUTOMAP program with three phases of post 

I ~ 11 



processing required 60 minutes utilizing the card system exclusively 

but was reduced to 37.5 minutes utilizing thi s system. 

A typical AUTOSPOT program with 6 phases of post processing ran 

70. 5 minutes utilizing the card system exclusively and 35. 2 minutes 

utilizing the 1311. 

The elapsed time comparison for various AUTOSPOT and AUTOMAP 

plus post processor configurations are shown graphically on the next 

slide. 

(Slide 112A) 

(2) The second area of saving is in computer meter time. This saving is 

realized, primarily, as a result of the elimination of the 1622 as an 

input/output device~ in all cases except the reading of source deck 

and punching of tape deck. (We do not utilize the on'~line tape punch). 

In a test utilizing what we consider an average AUTOMAP source deck 

plus 3 phases of post processing the meter time utilizing card I/O was 

46. 8 minutes and utilizing the 1311 the time was 35. 7 minutes. 

A similar test with an average AUTOSPOT program with six phases 

of post processing indicated the running time without 1311 as 56. 8 

minutes and with this system as 38. 8 minutes. 

I ~ 12 42,' 

o 

o 



.. be 

o 

10 

o 

AUTOMAP 

AUTOMAP + 
3 PHASES P.P. 

AUTOSPOT 

AUTOSPOT + 
3 PHASES P.P. 

AUTOSPOT+ 
6 PHASES P.P. 

o 10 20 30 40 50 60 

MINutES 

ELAPSED TI-ME 



A bar chart showing the comparison between the two systems for 

various configurations of processor plus post processor is shown on 

the next slide. 

(Slide #3A) 

(3) The third area of saving is in decreased card consumption. Obviously, 

this saving is realized as a result of the elimination of punched out 

intermediate decks. 

The average AUTOMAP test deck which was utilized to determine the 

time comparisons previously mentioned, utilized 1600 cards with only 

o 

card I/O and 450 with the help of the 1311. 0 

A similar test with AUTOSPOT utilized 1850 cards with card I/O and 

580 cards with the 1311 as int~rmediate I/O medium. 

The next slide illustrate s the card consumption for various configurations 

of processor plus post processor. 

(Slide #4A) 

VI. OTHER APPLICA TIONS 

The technique which we have been discussing in general and which will be 

covered in greater detail later on, is by no means limited to numerical control 

program processing. 

I = 13 
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o We have implemented it for this particular use because a considerable bulk of 

our proces sing is in the numerical control area. 

The same technique has been utilized successfully for processing machine 

language programs compiled under "FOR TRAN with FORMA Til and SPS and even 

for linking two or more such programs together. 

This application is somewhat troublesome from a programming stand.point but 

we feel that there exist areas wherein it would be useful. For example, 

companies which have already compiled programs under the ~ld F'OR TRAN or 

SPS systems might find it inconvenient or impractical to re ... write and re-compile 

these programs under MONITOR. Thus they might wish to utilize a method 

similar to this to process these programs, particularly if they are of the daily 

run type. 

The point is this: a method by which one might bypass MOiNITOR~ndstill 

take advantage of the disc does exist, if the time and trouble for utilizing it will 

yield sufficient savings in the particular case in question. 

We will be happy to answer questions regarding this technique at the end of our 

formal discussion and to discuss the details of it during the workshop which will 

be held this afternoon. 

At this time, I would like to present Mr. Ernie Moore, Systems Engineer from 

Huntsville's IBM Branch Office. Mr. Moore has done a considerable amount of 

o programming in this effort and will discus s the system in greater detail. 

I - 14 
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o 
For those of you who already have a 1311 Disk System, I hope 

to show you a procedure for placing a machine language program on 

the disk. For those who have not yet obtained a disk system, I hope 

to show you how the Monitor System can be supplemented in the case 

of established programs which have h.eavy usage and are completely 

contained in one core image. To date, we have modified about fifteen 

programs to operate from the disk. Some of these programs also 

write data on the disk and then call the next program or phase which 

then uses this data written on the disk to continue the processing, as 

in the case of post=processors. We have modified both FOR TRAN and 

SPS Programs. The procedure which lam going to explain is the 

result of our experience on these programs. 

Our approach was intentionally the simplest one possible. It 

was to load the established program into core and then to transfer 

the complete core image, with minor modifications, onto the disk. 

When we wish to operate the program, we simply call the complete 

core image back into core using a single call card containing only 

four instructions. By this step, we have eliminated the handling of 

the program decks and the time to read cards into core. We are 

essentially using the disk as a storage medium for our card decks. 

As we became more familiar with the disk, the next logical step 

was to have the first program in a series of programs automatically 

call in the second program when the first program was finished. 

This series of each calling the next could go on indefinitely == the 

o 
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only limit being the limit of 100 core images on one disk pac. Our 

largest string to date is ten programs. 

While we were still feeling pretty good about our first two 

achievements, we tackled the final step ~ ~ that of modifying the 

first program to place its interrnediate output on the disk instead 

of punching cards, then modifying the second program in the string 

to read this intermediate data from the disk as input. The same 

program in turn was to write its output on the disk for the third 

program and so forth, on to completion. Here we have almost 

completely eliminated cards and their associated problems, and we 

have also eliminated the operator, once he has called the program 

in and loaded the initial data. 

o Slide 1 illustrates the sequence which we have just gone through. 

The se are the steps you could take in modifying your program. You 

will note that before modifying the program, sample output is 

obtained for use later as a check to see that our modifications have 

not changed the logic of the original program. In the first decision 

block in Slide 1, we ask, "Will it be necessary for this program to 

call the next program in a string?" If the answer is "yes", then the 

program must be modified by adding a three or four instruction 

routine at the end. The second decision block indicates that the 

program must also be modified if it will use the disk instead of the 

cards for data storage. After the necessary changes have been made, 

the program is loaded into core using its own load program. The 

o complete core image is then transferred to the disk and is available 
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MODIFYING YOUR PROGRAM fOR DISK OPERATION 

RUN PROGRAM 
TO OBTAIN 
SAMPLE OUTPUT 

LOAD PROG. 
INTO CORE 
IN NORMAL 
MANNER 

TRANSFER 
PROG. FROM 
CORE TO 
DISK 

CALL PROG. 
BACK TO 
CORE WHEN 
NEEDED 

CHECK OUTPUT 
TO BE SURE PROG. 
WAS NOT ALTERED 
BY MODIFICATION 

ADD MODI FI CA TION 
>--t~ TO CALL 

NEXT PROGRAM 

MODIFY 1/0 
INSTRUCTION 
FOR DISK 
OPERATION 

o 

o 
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for call at any time it is needed. It is suggested that the output of the 

test run be compared with the original test data to point out any 

erroneous changes which have altered the logic of the program. 

We will now go back and examine the individual blocks of 

this flowchart (Slide 1) in more detail. If it were decided that our 

program, when finished, should call in a second phase or program we 

could simply replace the final halt with the two instructions needed 

to call the next program from the disk. In Slide 2 we have replaced 

the halt at 10588 with an Op Code 34 followed by an Op Code 36. 

These will transfer the next program from the disk to core. This will 

work fine if the fir st instruction of the new program is located at 

10612. This is because the instruction at 10612 will be the next 

instruction executed. From this, we can conclude that the Op Code 

34 and 36 instructions to call the second program must be located 

just in front of the address at which the first instruction in the second 

program will be loaded. This is illustrated in Slide 2 where the Op 

Code 26 at location 10612 would be the first instruction executed in 

the second program. 

To further illustrate this point, we will take the case of an SPS 

Program which has a halt at location 0 followed by a branch, in Loc 12, 

to the origin or beginning of the program. Here we have replaced the 

halt at 10588 in Slide 3 with a 49, or branch, to 19976. At location 

19976, we have placed our Op Code 34 and 36. The next instruction 

executed after the Op Code 36 will be the instructiop. brought out from 

location 0 which is normally the first instruction in an SPS Program. 
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MODIFICA TION TO CALL NEXT PROGRAM 

CORE OP I 

LOC. CODE I P&Q ADDRESS 
• 
I 

I 
I 

10588 48 I 00000 00000 FINAL INSTRUCTION C' I IN UNMODIFIED PROGRAM , 
I 

10588 34 I 19962 00701 FIRST MODI FI ED I 
10600 36 I 19962 00702 INSTRUCTION 

I 
10612 26 I 

I 
• I 

o 
# ~-·t ".~ .. 

IJ (j , 



o 

MODIFICATION TO CALL NEXT SPS PROGRAM 

CORE OP I 
LOC. CODE ~ 

P&Q ADDRESS 

10576 
I 

LAST I INSTRUCTION IN PROG. 

C 10588 49 I 19976 
" 

..... --- - j, 
~ -- -

19962 1000 
I 00200 00000 
I 

19976 34 I 19962 00701 

19988 36 I 19962 00702 

00000 41 
I 

0000000000 I 
00012 49 I 01700 

I 

o 



--------~~------------------_ .. _ ... _ .... '." " ... ",;,-

o 
Now that the new program is in core, this is also the first 

instruction of our second phase or second program. This takes 

advantage of the wrap around feature which allows us to execute the 

instruction at location 0 J after the instruction located at 19988 is 

executed. This also takes advantage of the fact that very seldom are 

instructions located in the upper end of core in the 19900 area. This 

allows us to use this area. 

Let us now examine the block labeled "Modify I/O Instructions 

for Disk". Slide 4 is an enlargement of this block. The first 

decision block asks,'!Al-ethe're 300 to 500 core locations available?" 

This figure, 300~500 is rather broad and varies depending on the 

number of read or write statements in the program which are to be 

modified. If we have this number of core positions available, then 

we go to the next decision block which asks, "Does the program read 

into or write from an area beginning with an odd address?" If this 

answer is "yes", then our modifications will require an additional 

200 locations. These additional 200 locations are used to program 

the transfer of data so that the disk works out of or into an area 

beginning with an even address. If this is not done, the first or last 

digit of the data will be lost in a disk transfer. The transfer of data 

to core is made prior to a write disk or following a read disk 

instruction usi ng a transmit record so that record marks and 

special characters would also be transferred; thus not altering the 

data in any respect. Once we find that sufficient core storage is 

available, we proceed to the writing of the modification program. o 
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SUFFICIENT CORE 
LOCATIONS ARE 
AVAILABLE TO 
PROCEED WITH 
MODI FICATIONS. 

o 
1/0 MODIFICATIONS 

SLIDE # 1 
YES SIDE OF WILL PROG. 
USE DISK FOR DATA. 

YES 

USE TWO ROUTINES, 
ONE OVERLAYING THE 
OTHER. THESE 100 LOC. 
WILL BE FOR CONTROL 
OF ROUTINE IN. CORE. 

o 

USE TWO OVERLAYED 
PROGRAMS WITH EACH, 
AT ITS COMPLETION, 
CALLING THE OTHER IN. 



1/0 MODIFICATIONS 

USE FALSE B.TM· 
16 ADR. OF RETURN TO PROG. 
49 TO DISK I/O 

FOR EACH EXIT. 

~ 
. ~~ -" 

o 

YES NO 

USE UNCONDITIONAL 
BRANCH (49) TO MODIFICATIONS 
FOR DISK OPERATION AND A (49) 
BACK TO ORIGINAL PROGRAM. 

NO 

NO 

PROGRAM MUST 
KEEP COUNT OR 
MODIFY LAST CARD 
TO STOP READING. 

CLEAR ALL FLAGS 
FROM DATA PRIOR 
TO WRITING DATA 
ON DISK . 

('j 

OK TO USE BTM 
TO GO TO DISK 
MODIFICATIONS FROM 
ORIGINAL PROGRAM. 

WRITE PROGRAM CONSIDERING 
THE ABOVE TO READ, WRITE 
DATA AND KEEP TRACK OF 
DATA LOC. ON DISK. 

ON SLIDE #1 . 

LOAD PROG. 

o 
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o 

o 

o 
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Ifs in the first block in Slide 4, we had found that sufficient 

core was not available, we would have gone out the no side to the 

next decision box which asks, "Are there at least 100 locations 

available?" These 100 locations will be necessary for a control 

program which will control a section of core storage calling either 

the I/O routine or the main program whenever either is needed. In 

other words, a portion of core will be shared by both the I/O program and 

the program which normally resides in this area. This way we can actually 

use a program which fills practically all of core and still have available 

the additional programming necessary to take care of reading and 

writing on the disk. There are very few cases where 100 locations 

cannot be found. In many cases, an output error message may be 

modified or abbreviated .. The locations acquired in this manner may be 

used for control purposes. The locations from 0 = 80 in the product 

area may sometimes be used. By dumping the program out on the 

typewriter, there may be other areas which will become evident. In 

this way, sufficient area may be found to contain the instructions 

necessary to call the alternate program and control whichever program 

is in core at the present time. If we reach a situation where fewer 

than 100 cores are available, and if the logic of the program will allow, 

the best solution would be to have each of the two overlayed programs, 

a t its completion, call its counterpart in on top of the existing program. 

In this way, you are alternating back and forth and each program, when 

executed, will automatically call the next. 

442 
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The next decision block asks, "Are branch and transmit 

instructions used to go from the original program to its "read a card" or 

"punch a card" routine?" If the answer to this is "ye s" we will not be 

able to use branch and transmit type instructions to branch our disk 

routines. And, in the case of this, we go out the left side of this block 

to the next block which asks, "Is there more than one place where the 

original program branches to its read or write routines?" The point 

here is: If branch and transmit instructions had been used by the original 

program to go into its routine which, after modification, we will be 

branching from~ we may not use a branch and transmit again prior to 

reaching the branch back. Thus, in cases where the branch and transmit 

o 

instruction is used by the original pr~gram to branch to its I/O routine, c! 
we must use a 49 'type branch to branch to disk routine. But, if the 

original program had not used a branch and transmit instruction, we 

maY9 in turn, use branch and transmit instructions to get to and from 

the disk routine. 

The next block says, "Does the program recognize the last card 

of data?" With card operation, when the last data card has been read, 

the card reader will stop, but the disk will continue to read sectors 

beyond the last data unless provisions are made to sense this last data. 

If the answer to this decision block is "no", then some provision must 

be made so that the program will not read the disk completely never 

knowing when it has finished the last card. This may be accomplished 

in two ways: 

I = 20 
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1. A count can be maintained of the number of cards stored 

on the disk when the data was originally written on the 

disk. This count can be checked as the data is read back 

for the last position. 

20 Or, the position following the last data segment on the 

disk could be loaded with a special indicator which the 

next, or following, program will recognize as the last 

data area. 

In the case of AUTOSPOT AND AUTOMAP, the program already made 

provisions for the last card by placing a fini card at the end of the data 

a s it is written. This fini card contained a 99 and was recognized by 

the following program as terminating the data. 

From here, we go to the next decision block which checks for 

input in alphanumeric form. Again, in this block we run into a uniqueness 

of the disk which in some cases would be an advantage~but which we must 

watch for. When we read the disk or write disk in alpha, flags are 

transferred with the data. This is contrary to reading or writing on 

cards. Thus, we must make provisions to remove the flags left in the 

data. The programs with which we are working assumed that there 

would be no flags in the input data and went on to set flags in the input 

area which were later used for data transfer. The extra flags left by the 

disk can cause serious errors if allowed to remain. To correct this, 

we used a clear flag instruction to clear al1 flags from the 80 positions 

of data prior to writing on the disk. In this way, no flags were read 

back from the disk into the input area. 
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Coming down through the flowchart (Slide 1)1I we have now reached 

the point which says load program into core in normal manner. The 

modifications which we have described up until now may be inserted into 

the original program deck in two ways: 

1. We can modify the original deck prior to loading the 

program into core by repunching the necessary cards. 

2. We can load the program in with no modifications and 

then write a "trailer program" which will load the 

modifications on top of the normal program. 

Either method is satisfactory. 

Now it becomes necessary to transfer the complete modified 

program onto the disk for recall at a later time. Again, there are a ((l\.\, 
~I 

number of ways in which this can be done. 

1. This can be done by placing the two neces sary disk 

instructions into the input area. After we had loaded the 

program with the modifications, we would branch to these 

instructions which in turn would load the program on the 

disk. When the program is read back from the disk 

these two instructions (34 and 38) would still be in the 

input area but the assumption is that the first data read 

into this area would be read over these instructions and 

they would have no affect on the program. 

2. If we had used the trailer program to load in our 

modifications after the initial program had been already 

loaded into core, we would have included these two o 
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instructions. Again, either way is satisfactory. The main 

point is to get the program on the disk with the modifications. 

Now all that remains is to have the program called in from the 

disk. Here, we may use the same philosophy which we had used when 

we had one program calling the following program. The main thing to 

remember here is that the Op Code 36 instruction must be located just 

in front of the first instruction to be executed in our next program. In 

SPS programs, we used the call routine illustrated on Slide 5. We have here 

an Op Code 41 followed by an Op Code 34, 16 and 49. The program is read 

into location O. The Op Code 41 will do nothing. We go to the 34 which 

will seek the disk address which we specified in the control word 

located at 44.. The 16 transmits immediately the 36 to location 0 and 1. 

We then branch back to 0 and exe cute this instruction which will now be 

a 36 or "read a disk". The new program will be read in and the next 

instruction executed, after the instruction located at location 0, will be 

the instruction located at 12 which, in the case of SPS program, will 

be a b ranch to the or igin of the pro gram. 

In the case of non=SPS programs where the branch is not located 

in position 12, we may use the program similar to the one in the second 

part of Slide 50 Again, this program is read into location 0: the first 

instruction is a 34, Ii seek the disk". The second instruction, an Op 

Code 26, will transfer the Op Code 36, instruction 9 located at 0046, 

to a location just in front of where the next program will start after it 

is read in. The third instruction Op Code 49 will branch to and execute 
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TWO CALL PROGRAMS TO CALL AND 
START PROGRAM ON DISK 

CORE OP I CONTENTS OF 
LOC. CODE 

, 
P&Q ADDRESS • 

00000 41 00044 00702 
00012 34 00044 00701 
00024 16 00001 00036 
00036 49 00000 rr"t 
00044 1 0 5000 200 00000 IV; 

(DISK CONTROL WORD) 

00000 34 00032 00701 
00012 26 START ·1 00057 
00024 49 START·12 
00032 105000 200 00000 

(DISK CONTROL WORD) 
00046 36 00032 00702 
00058 

o 
, .~ .... 
L1'1 , 

-- .. -----------------.---.--~~ .... ~-~---~~ 
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the Op Code 36 instruction. The Op Code 36 instruction will be executed 

reading in the new program and the following instruction which will be 

the first instruction in the new program will be the next one executed. 

The final block on Slide 1 points out the advisability of checking 

the finished program by comparing its output with the output from the 

program prior to any modifications. In this way, we can be relatively 

sure we Ive not altered the main philosophy of the program in any way. 

I have included in the appendix a typical set of modifications for 

your reference. I might add one precaution ~- DO NOT let any of your 

modified programs get on the Monitor Disk. Probably Monitor would 

have to be reloaded and your program most likely would not run any way. 

o In concluding, let me say that I hope I have brought to your 

attention an area of disk operation which has receiveq. very little 

publicity in the past. You must realize that there are very definite 

limitations to the use of the disk with programs modified in this manner. 

The program must be in a complete core image and if programs are 

linked together with each calling the next, the sequence is restricted 

and there can be little deviation without rewriting the modifications. 

But, for programs which will run in the same sequence, or for a 

single program that is run very often, a considerable savings can 

result. The resulting program is fast, economical and easy to 

operate. 

I realize we have covered some rather technical material here 

in a rather short time. Therefore, I invite your questions either now or 

o this afternoon during our workshop when we hope to s it down with you 
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and help you modify your post-processors or any other programs which 

you have to modify. Please bring a copy of your program listing and 

find out the last location that your program uses in core. Anytime in 

the near future that I maybe of as si stance, please feel free to contact 

me through the Huntsville Branch Office. I hope to see many 6f·y~u in 

our workshop this afternoon. 

Now, are there any questions? 
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Appendix 1 

OF Code Reference Table 

and 

Disc Word Explanation 
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o 
CODE MNEMONIC TYPE OPERATION 

11 AM Add Immediate 

12 SM Subtract Immediate 

13 MM Multiply Immediate 

14 CM Compare Immediate 

15 TDM Transmit Digit Immediate 

16 TFM Transmit Field Immediate 

17 BTM Branch and Transmit Immediate 

21 A Add 

22 S Subtract 

23 M Multiply 

24 C Compare o 
25 TD Transmit Digit 

26 TF Transmit Field 

27 BT Branch and Transmit 

31 TR Transmit Record 

32 SF Set Flag 

33 CF Clear Flag 

34 SK Seek (0 :: x~7xl) 

34 K Control 

35 DN Dump Numerically 

* 36 RN Read Numerically 

37 RA Read Alphamerically 

* 38 WN Write Numerically 

39 WA Write Alphamerically o 
451 
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CODE MNEMONIC TYPE OPERATION 

41 NOP No Operation 

42 BB Branch Back 

43 BD B ranch Digit 

44 BNF Branch No Flag 

45 BNR Branch No Record Mark 

46 BI Branch Indicator 

47 BNI B ranch No Indicator 

48 H Halt 

49 B Branch 

55 BNG Branch No Group Mark 

C) 
*Read-Write disk modifiers on next page. 

o 
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DISK CONTROL FIELD o 
In order to read from or write on the disk there are four things 

that must be known. The se are; 

(1) The disk drive number if more than one drive is attached to 

the system. 

(2) The five position disk sector address. 

(3) The number of sectors to be written or read. 

(4) The starting core location. 

The disk control field incorporates all four of the above items into 

a 14 position field. Thus: 

F l' F 2 ' F 3' F 4 ' F 5 S 6' S7' S 8 M 9 , M 1 ¢' M 11 ' M 12' M 1 3 

The disk drive number is located in F~. This drive code number 

varies with the number of drives attached to the system. For drive ¢ a I is 

used. For drive 1 a 3 is used. 

A sector on the disk is equal to 1¢¢ positions of core storage. There 

are 2¢, ¢¢¢ sectors on each disk. These sectors are numbered sequentially 

from ¢~¢¢¢ ~. 19999. The disk control field F 1 ~ F5 contains the sector address. 

This sector address determines where~ on the disk, the write or read will start. 

Next is the number of sectors to be read or written. This is located in 

S6 ~ S8. The maximum number of sectors that can be read ·or written is 2~¢ 

and the minimum number is ¢¢l. The method for reading or writing fewer 

than 1¢¢ core locations is explained on the next page in "R ead~ Write Disk 

Modifiers". o 
(' ,.... (1\ 
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M9 ~ M 13 contains the core location of the leftmost position of the 

data transferred to or from the disk. This core location must be an even 

number. 

In a seek, read? or write disk instruction the "P" address is the core 

location of the leftmost position of the disk control field. This leftmost 

position must be in an even location. 

The "Q" address of the disk instructions contains ~7 in Q8 and Q9 

and a modifier in Qll. The modifier in all seek instructions is a 1. The 

modifier in read~write instructions is explained in "Read-Write Disk 

Modifiers" . 
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READ- WRITE DISK MODIFIERS 

All read-write disk instructions must have a "Q" address of "x~7xM" 

where M is the modifier. The modifier determines whether or not a group 

mark (*) will have any effect on the data being transferred. 

The write disk instruction (38) with a modifier of ~ will be 

determined after the first group mark encountered in core has been 

transferred to the disk. If no group mark is encountered the instruction 

will be terminated when the sector count has been decremented to ~~~. 

The read disk instruction (36) with a modifier of ~ will be terminated 

after the first group mark encountered on the disk has been transferred into 

core or, if no group mark is encountered, when the sector has been 

decremented to ~~j1. 

The read or write disk instruction with a modifier of 2 will treat the 

group mark as data and transfer data until the sector count has been decremented 

to _~j1. 
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III 

Appendix 2 

Machine Language Modifications 
to AUTOSPOT, AUTOMAP and 
Milwaukee Matic Post- Processor 

Note: 

The post-processor included here is Users 
Group Library number 10.4. 004 - the 
"Computer Routines for the Milwaukee 
Matic Solid State Contro:ITed Machining Centers". 
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AUTOMAP PHASE I 

Statement number 1 is a five position field for the indirect address which shows 

from where to start the transmis sion of the record (statement #2). This is done 

because there are two write statements in the main program and each writes 

from a different location. As each of the two locations are odd numbered, they 

must be moved to an even location and, since the only locations left are 

11~~~~ - ~~~8~, these will be used. Statements #2 and #3 move the data from the 

odd numbered program output area into even numbered locations. Statement #4 

writes the output data on the disk. 

Statements 5, 6, and 7 check indicators; address check,wrong-Iength record/ 

read back check and write check respectively and, if either the address check or 

write check indicator is on. a branch to a "seek" instruction (statement flIp) and C 
then a branch (statement #l~) to the write instruction is made. If the WLR/RBC 

indicator is on a branch to the next instruction is made simply to turn off the 

WLR/RBC console light. This is done due to the fact that this indicator is 

turned on each time a record wi th length unequal to 100 character multiples is 

read or written. 

Statement 8 adds one (1) to the sector address. Return to the main program is 

accomplished by a branch back (statement #9). 

Statement H 12 is the write output data disk word. 

Statements 14 - 19 type the message "FIN!" to indicate the end of phase 1 and 

to set up the calling of the next program. 

457 
111-1 

o 



mm trt±tt***" ** j" "Ms rim r 

o 
Statements 2~ _ 25 are changes to the main program. 2~ and 22 clear the 

disk output area. 21 and 23 branch to the write disk routine and transmit the 

starting address into the area reserved by statement #1. Statement 25 insures 

a group mark after the 8~th position to terminate the write disk instruction. 

Statements 26 _ 31 dump the program on the disk in a core image. 

Statements 32 _ 39 load the modifications, read the first program loader card 

and branch to continue loading the main program. 

o 

o 
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AUTOMAPPHl 0 
WRITE DISK 

STATEMENT NUMBER CORE LOCATION OPCODE P·ADDRESS QADDRESS 

1 19802 00 0000 

-
2 19808 31 00000 19807 

~ 19820 26 00079 15390 

4 19832 38 19914 00700 

5 19844 46 19894 03600 

6 19856 46 19868 03700 

7 19868 46 19894 00700 

8 19880 11 19919 00001 

9 19892 42 C: 
10 19894 34 19914 00701 

11 19906 49 19832 0 

12 19914 10 00000 01000 

13 19926 00 

14 19928 10 42002 00000 

15 19940 00 46495 . 6490r 

16 19952 39 19943 00100 

17 19964 34 19928 00701 

18 19976 48 00000 00000 

19 19988 36 19928 00702 

0 
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0 1 
AUTOMAP PHI 

LOADER AND CHANGES TO MAIN PROGRAM 

STATEMENT NUMBER CORE LOCATION OPCODE PADDRESS Q ADDRESS 

20 02504 31 00000 15982 

-
21 02516 17 19808 16063 

22 11086 31 00000 15982 

23 11098 17 19808 16065 

24 11182 49 19952 00000 

25 16062 :I: 

26 15402 34 15440 00701 

-
27 15414 16 00004 41000 

0 28 15426 38 15440 00702 

29 15438 48 

30 15440 10 40002 00000 

31 15452 00 

32 00000 36 00080 00500 

33 00012 36 15402 00500 

34· 00024 36 19802 00500 

35 00036 36 19882 00500 

36 00048 36 19962 00500 

37 00060 49 00080 

o 38 00080 36 00000 00500 

39 00092 49 00000 
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PHASE I SPECIFICATION SECTION OF 

AUTOSPOT - MODIFICATIONS FOR DISK OPERATION 0 
LOAD PROGRAM 
00000 36 19522 00500 
00012 36 19680 00500 
00024 36 19840 00500 Load the modifications into co re 
00036 36 19600 00500 
00048 36 19760 00500 
00060 36 19920 00500 
00072 49 19626 9 

19522 31 19648 05819 Save data for next phase 
19534 49 19976 05914 Branch to ftc all next program" 
19546 10500020000000 Disk control for this phase 

FALSE BRANCH & TRANSMIT 
19560 10520014904948 Disk control next phase 
19574 15 19969 00009 Change 42 to a 49 
19586 16 19821 [0701 Transfer "write from" address 
19598 49 19822 0 Go to entry of program 
19606 15 19969 00002 Change 49 to 42 
19618 49 10660 0 Return to program Ci 
MODIFICATIONS TO PROGRAM 
19526 36 00000 00500 Reset location 0 to 80 
19538 26 10654 19785 Modify unit instruction to branch to unit on disk routine 
19550 26 07755 19759 
19562 26 09039 19771 
19574 26 06368 19778 Modify end of program 
19586 15 05911 0000:t Used to save jata for machining section 
19698 32 07751 00000 
19710 32 09035 00000 
19722 34 19546 00701 Write program on disk 
19734 38 19546 00702 
19746 48 
19748 27 19822 02753 
19760 17 19822 10877 Modified instructions to be inserted in program 
19772 49 19976 
19779 49 19574 

19786 11 19821 00001 
19798 11 19816 00001 Increase address and transmit qigit 
19810 25 19626 00000 
19822 14 19816 19785 

C' 19834 47 19878 01200 Has all data been moved? 
,.J 
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0 PHASE I SPECIFICATION SECTION OF 

AUTOSPOT - MODIFICATIONS FOR DISK OPERATION 

19846 16 19840 19878 Prepares this section for return pass 
-

19858 16 19816 19626 

19870 49 19912 0 

19878 16 19840 19786 1st pass set-up 

19890 49 19810 0 
19898 10000000119626 
19912 38 19898 00702 Write data on disk 

19924 47 19956 03600 

19936 34 19898 00701 Rewrite if we had an address check 

19948 49 19912 0 -
19956 11 19903 00001 Increase sector address by one 

19968 42 19606 0 Return to Program 

19976 34 19560 00701 

19988 36 19560 00702 C all next program 

00000 

o 

o 
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· PHASE I MACHINE SECTION 

Same as Phase I specification with these exceptions 

19522 41 00000 00000 
19534 49 19976 04948 Branch to end of program 
19546 10520014919746 Disk address for this phase 
19560 10540020000000 Disk address for next phase 

19626 41 00000 00500 
19638 26 15929 19711 Modify write instruction 
19650 26 07595 19719 Modify end of program 
19662 32 15913 00000 
19674 34 19546 00701 
19686 38 19546 00702 Load this program on disk 
19698 48 
19700 49 19574 00000 
19712 49 19534 
19720 

19746 31 05819 19648 To transmit record left by specification section of Phase 1 
(~: 19758 49 04984 0 
~ 

o 
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o MODIFICATION TO PHASE 2 OF AUTOSPOT TO 

RUN FROM DISK 

PATCH PROGRAM 
19466 26 13225 12033 
19478 11 13225 00010 
19490 26 13225 12055 
19502 11 13225 00004 Program patch that was in the way moved to here 

19514 49 11226 0 
·19522 34 19560 00701 End of this phase.;.. seek for next phase 

19534 49 19976 06850 
19546 10540020000000 Disk control word this section 
19560 10535001001900 Disk control word next section 

19574 bbbbbbbbbb 

MODIFICATION TO ORIGINAL PROGRAM 
19584 36 00000 00500 Read in last cards of modification 
19596 36 19680 00500 
19608 26 01762 19712 Modify "read a card" instruction 

0 
19620 26 03219 19705 Modify error routine 
19632 41 00000 00000 NoOp 
19644 26 11780 19720 Modify "write a card" instructioq 
19656 26 12024 19727 Modify end to call next program 

19668 34 19546 00701 
19680 38 19546 00702 Write these modifications all on the disk 

19692 48 
19694 46 19466 01200 
19706 49 197420 
19714 49 19912 4919522 

READ DISK DATA 
19728 10000000119600 
19742 36 19728 00702 Read a card from disk & seek if necessary then go back 

and read again 
19754 47 19786 03600 
19766 34 19728 00701 
19778 49 19742 0 
19786 11 19733 OOOQl Increase sector address by one 

TRANSFER FIELD JUST READ TO EVEN LOCATION 
19798 25 13056 19600 Transfer data to area beginning with an even address 

19810 14 19809 19679 

0 19822 46 19866 01200 Check for last transfer 
19834 11 19809 00001 Increase disc location by one 

-
19846 11 19804 00001 
19858 49 19798 0 Repeat 46 i~ 
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MODIFICATIONS TO PHASE 2 of AUTOSPOT 

TO RUN FROM DISK 

TRANSFER FIELD JUST READ TO EVEN LOCATION 
- -

19866 16 19809 19600 Housekeep because all data is transferred now 
19878 16 19804 13056 
19890 49 01768 0 Return to program 

WRITE DATA ON DISK 
19898 10200000113136 
19912 38 19898 00702 
19924 47 19956 -03600 
19936 34 19898 00701 
19948 49 19912 0 
19956 11 19903 00001 
19968 49 11786 0 

19976 36 19560 00702 
19988 49 02318 00000 

Write data on disk 
If addree; check - seek first then write data 

Increase sectoraddress by one 
Return to program 

End of this phase - read in control program for next phase 

Load program to load in modifications into core -

o 

00000 36 19466 00500 Load modifications into core and branch to the first modificatid{;! 
00012 36 19546 00500 
00024 36 19626 00500 
00036 36 19760 00500 
00048 36 19840 00500 
00060 36 19920 00500 
00072 49 19584 0 

o 
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MODIFICATIONS TO AUTOSPOT PHASE 3 FOR DISK OPERATION 

0 
READ DATA FROM THE DISK 
18312 36 01984 00702 Read data from disk 

18324 47 18356 03600 

18336 34 01984 00701 If not correct cylinder seek and go back to read 

18348 49 18312 0 

18356 11 01989 00001 Add one to sector address 

18368 25 13411 18626 Transfer data to data read in area which start with an odd 
address. Use transmit digit 80 times. 

18380 14 18379 18705 

18392 46 18436 01200 

18404 n 18374 00001 

18416 11 18379 00001 

18428 49 18368 0 

18436 16 18374 13411 Housekeep transfer data routine and return to program 

18448 16 18379 18626 

18460 49 13334 00000 

CALL OVERLAYED ROUTINE "FLOAT" & CONTROL WORDS 
18472 16 19964 f0292 If program branches to FSIN or FCOS set at to call FlDAT and 

go to 18786 

0 18484 49 18786 00000 

18496 16 19964 10376 

18508 49 18786 00000 

18520 00000000000000 

18fi34 41 00000 01700 Orgin of program 01700 

18546 10560020000000 Disk address this program 

18560 1053500100190000 Disk address of next program 

ROUTINE TO MODIFY ORIGINAL PHASE 3 PROGRAM BEFORE IT IS PLACED ON DISK 

ALSO 18626 to 18705 ARE USED-FOR A TRANSFER OF DATA AREA 

18576 36 00000 00500 Read in a- card and branch to it 

18588 49 00000 0 

18596 26 13801 00063 Modify write data instruction 

18608 26 13329 00071 Modify read data instruction 

18620 36 13298 00500 Read in another card 

18632 36 13620 00500 Read Modification into 13620 

18644 16 10322 19966 -
18656 16 10406 02590 Modification to original program to call float 

18668 16 12882 02570 

18680 36 13272 00500 Read modifications into 13272 

18692 36 00000 00500 Read ori.ginal information into 06000 

18704 34 18546 00701 Write complete program disk 

0 
, .', :-

111-10 
Lj- \) h 



MODIFICATIONS TO AUl'OSPOT. PHASE 3 FOR DISK OPERATION o 
ROUTINE TO MODIFY ORIGINAL PHASE 3 PROGRAM BEFORE IT IS PLACED ON DISK 
ALSO 18626 TO 18705 ARE USED FOR A TRANSFER OF DATA AREA 
18716 38 18546 00702 
18728 34 13280 00701 Write "read/write data on disk" routine on disk 
18740 38 13280 00702 
18752 48 20 - O's 

IF PROGRAM NEEDS FATN CALL IN FIDAT ROUTINE 
18774· 16 19964 12852 
18786 34 00000.00701 Seek float and go to 19946 which will read It in 
18798 49 19946 0 

WHITE OUTPUT DATA ON DISK FOR NEXT PROGRAM 
18806 16 18841 13847 Housekeep transmit digit 
18818 16 1.8836 18626 
18830 25 18626 13847 Transmit digit 80 times 
18842 14 18836 18705 Have we transmitted digit 80 times? 
18854 46 18912 01200 
18862 11 18836 00001 Increase count· or transmit digit and write data 
18878 11 18841 00001 
18890 49 18830 0 
18902 00000000000000 
18912 38 19986 00702 Write data on disk 
18924 47 18956 0360() 
18936 34 19986 00701 If at wrong cylinder seek and rewrite 
18948 49 18912 0 
18956 11 19991 00001 Increase sector count by one and return to program 
1~968 49 13806 0 
18980 

INSTRUCTION FOR IDCATION 0 TO 80 
00000 49 01700 000· Branch to origin of program 
00010 44 18312 18966 

0) 

00022 36 13280 00702 If the read/write disk routine is in core go to R/W if not call it in 
00034 49 18312 0 
00042 44 18806 18966 
00054 36 13280 00702 
00066 49 18806 otn042M3 
00080 

INSTRUCTION FOR LOCATION 02528 TO 02610 
02528 39 02559 00100 
02540 26 17043 16793 Error message - no tool card: "NO Te" 
02552 49 02634 0 
02560 55 56634 30F 

III-II 
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MODIFICATIONS TO AUTOS POT PHASE 3 FOR DISK OPERATION 

02570 44 18774 18966 
02582 49 18668 0 Check to see is "float" routine is in core - if not call it in 

02590 44 18496 18966 
02602 49 17676 0 
02610 

INSTRUCTIONS FOR LOCATION 19946 to 00000 
19946 36 13628 00602 Call in float and branch to proper location 

19958 49 00000 0 
19966 44: 18472 18966 Check to see that float is in core if not prepare to call it in 

19978 49 17708 0 
19986 10200000118626 Control word for read data from disk 

00000 

o 

o 
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MODIFICATIONS TO AUTOSPOT PHASE 3 FOR DISK 
0 

OPERATION 

Load cards for phase 3 modifications 

00000 34 00056 00701 Load "flmt" on to disk 
00012 38 00056 00702 
00024 36 18552 00500 Load in two modification cards 
00036 36 18632 00500 
00048 49 18576'"0 Call in next card 
00056. 10536700718312 Control word for float 

00000 36 18312 00500 Load in s Ix modification cards 
00012 36 18392 00500 
00024 36 18472 00500 
00036 36 18712 00500 
00048 36 18792 00500 
00060 36 18872 00500 
00072 49 18576 0 Call in next card 
00080 

00000 36 18930 00500 

0 00012 36 19892 00500 Load in 4 modification cards 
00024 36 02530 00500 
00036 36 01936 00500 
00048 49 18596 0 Return to Modification program 
00056 49 00042 0 Modification for write a card 
00064 49 00010 0 Modification for read a card 
00072 

o 
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TRAILER CONTROL PROGRAM FOR AUTOSPOT 

DISK CONTROL WORDS 
01900 xX XXXX2 0000000 Control word to call post process~r 
01914 10560020000000 Disk control word to call phase 3 
01928 10200000110000 Disk control word to punch out put 
01942 10000000000000 Disk control word for last data written by last phase 
01956 10200010010000 Disk control word for write - X . per data 
01970 10000010010000 Disk control word for read trace per data 

TRANSFER DATA FROM SECTOR 100000 TO 102000 SO POST PROCESSOR WILL FIND DATA 

01984 26 01947 19991 

01996 34 01970 00701 
02008 36 01970 00702 Transfer data, 10,000 location at a time 

02020 34 01956 00701 

02032 38 01956 00702 

02044 11 01975 00100 Increase sector address for transfer by 100 

02056 11 01961 00100 

02068 24 01975 01947 If more data still - so back & transfer again 

02080 47 01996 01100 

CHECK FOR CARD OUTPUT 
02092 34 00000 00102 
02104 39 02375 00100 Type out instructions 
02116 34 00000 00102 
02128 48 00000 00000 
02140 47 02224·00100 Check switch 

PUNCH OUTPUT ON CARDS FROM DISK 
02152 34 01928 00701 Read from the disk one card at a time & punch it 
02164 36 01928 00702 
02176 38 10000 00400 
02188 11 01933 00001 
02200 24 01933 01947 If not finished, get next card 
02212 47 02152 01100 

CALL IN NEXT PROGRAM 
02224 26 01927 01913 Enter here from phase 3 

02236 34 00000 00102 Enter here from phase 2 

02248 39 02441 00100 Set up switches for next program 

02260 48 00000 00000 
02272 34 01914 00701 
02284 26 19999 02317 C all in next program from disk and branch to its start 

02296 49 19988 0 

02304 36 01914 00702 

02316 00 
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TRAILER CONTROL PROGRAM FOR AUTOS POT c 
CHECK SWITCH 3 
02318 34 00000 00102 Check switch 3 for either phase 3 call or card output· 
02330 39 02645 00100 
02342 48 00000 00000 
02354 46 02236 00300 
02366 4!l 02092 0 

PRINT AREA 
02374 62 66007 10056 TYPE OUT AREA: SW 10 

. 02386 55 00465 65900 NbFORb 
02398 43 41594 40056 CARDbo 
02410 64 63215 94562 UT!RES 
02422 45 63006 26341 ETbSTA 
02434 59 630ts 24563 RT/SET 
02446 64 57006 26600 UPbSWb 
02458 46 56590 05545 FORbNE 
02470 67 63005 75956 XTbPRO 
02482 47 20594 56245 G-RESE 
02494 63 00626 34159 TbSTAR G 02506 63 ot TI 
02540 10 00 

LOAD CORE & DISK 
02544 41 02220 00500 
02556 36 02300 00500 Call the remainder of the program into core and load the 

whole program disk with a correct halt at 02628 
02568 36 02380 00500 
02580 36 02460 00500 
02592 36 02620 00500 
02604 34 02630 00701 
02616 36 02630 00702 
02628 48 
02630 10535001001900 
02644 62 66007 30056 SWb3bO 
02656 55 00465 65900 NbFORb 
02668 57 48007 32159 PHb31R 
02680 45 62456 30062 ESETbS 
02692 63 41596 301 TART 

LOAD ROUTINE -TO LOAD PROGRAM INTO CORE 
00000 36 01900 00500 

0 1 00012 36 01980 00500 
00024 36 02000 00500 
00036 36 02140 00500 
00048 36 02220 00500 Ii 7 1 
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TRAILER CONTROL PROGRAM FOR AUTOSPOT 

WAD ROUTINE. - TO WAD PROGRAM INTO CORE 
00060 36 02540 00500 
00072 49 02544 0 
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A UTOMAP PHASE II 0 

This phase is loaded on the disk in t,-vo sections. This is done because all 

core locations are taken and the "read in" area is defined as "DC" rather 

than "OS". Statements 1 - 14 load the first section and 15 - 23 load the 

second section. 

Statements 24 - 31 are changes to the main program. Statement 24 branches 

to the read disk routine and statement 25 adds one (1) to the read sector 

address upon returning to the main program. Statement 26 transmits the field 

of numerical blanks to location ¢~¢¢~ rather than to the output area. Number 27 

branches to the write disk routine. Number 28 changes the halt after the 

"END" typeout to a "no op". Statements 29 - 31 change record marks to group 

marks to insure termination of the write disk instruction after the transfer 

of 8¢ characters. 

Statements 32 - 42 are the read disk routine. The program branches to the 

read instruction (#33) and if an address check or write check occurs a branch 

to the seek instruction (#32) is made. Upon completion of the read operation, 

statement 37 checks for a "FINI" code. Upon finding a "FINI", statement 39 

sets up a branch to end of program routine. Statement 4¢ branches to the 

main program. 

Statements 43 - 56 are the write disk instructions. The program branches to 

statement 44, which gives the option of either; (1) putting the output on the 

disk or (2) punching it in cards. Statements 45 and 46 move the output from the 

odd numbered core location to an even location. Statement 47 writes on the 
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disk. Statements 48, 49, and 5~ check indicators and seeks (statement 4~) 

if necessary. Statement 51 adds one (1) to the sector address and statement 

52 returns to the main program. Statement 53 in the punch statement and 

statement 54 returns to the main program. 

The "End of Job" message is contained in statements 57, 58, and 59. 

Statements 62, 63, 64 and 65 type "End of Job" and call the next program. 
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AUTOMAP PH2 0 
CORE TO DISK 

STATEMENT NUMBER CORE LOCATION OP CODE PADDRESS QADDRESS 

1 00000 36 19640 00500 

2 00012 36 19720 00500 

3 00024 36 00080 00500 

4 00036 36 19900 00500 

5 00048 49 00080 

6 00080 36 00000 00500 

7 00092 49 00000 

R-W DISK 

CARDS C' _ I l~,.: 

-8 19900 16 00004 41000 

-9 19912 16 00009 00000 

10 199~4 34 19950 00701 

11 19936 38 19950 00702 

12 19948 48 

13 19950 10 42001 98000 

14 19962 00 

15 00000 36 15000 00500 

16 00012 36 19800 00500 

17 00024 36 19840 00500 o 
111-19 



llu""tmM'pNtI.i $." t _*_ .. 'rid ... 'UU tit, - • "j 

AUTOMAP PH2 

CORE TO DISK 

STATEMENT NUMBER CORE LOCATION OP CODE P ADDRESS Q ADDRESS 

18 00036 36 19920 00500 

19 49 15000 

20 15000 34 15026 00701 

21 15012 38 15026 00702 

22 15024 48 

23 15026 10 43980 02198 

00 

FROM R-W 

C\ i DISK CARDS 

24 01714 49 19652 00000 

-
25 01726 11 19749 00001 

26 01854 31 00000 11372 

27 01866 49 19770 00000 

28 07872 41 

29 11290 ~ 

30 11371 1= 

31 04603 .. ~. 

32 19640 34 19744 00701 

0 
33 19652 36 19744 00700 

34 1~664 46 19640 03600 

35 19676 46 19688 03700 
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AUTOMAP PH2 
CORE TO DISK 

STATEMENT NUMBER CORE LOCATION OP CODE P ADDRESS Q ADDRESS 

57 19908 00 57487 20062 

58 19920 63 41596 30043 

59 19932 56 550;!:: 

60 19938 10 44000 72000 

61 19950 00 

62 19952 39 19909 00100 

63 19964 48 00000 00000 

64 19976 34 19938 00701 

65 19988 36 19938 00702 

0 'I,. 

10 
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POST PROCESSOR PHASE I c 
Statements 1 - 7 are changes to the main program. Statement 1 branches on 

indicator (equal) when the "FINI" card is read to initialize the starting sector 

address. Statement 2 branches to the read disk routine. Statement 3 branches 

to the write disk routine. Statement 4 branches to set up the calling of Phase 2 

rather than Phase 3. Statement 5 branches to call the next program. 

Statement 6 changes the message from "Reload G. P. Output" to "Starting Pass 

Two." Statement 7 changes another message. The old message was, "Use 

Phase 2, Contouring", the new message is "Calling Ph 2, Contouring". 

Statements 8 - 12 load the program on the disk. 

Statements 13 - 21 load the changes into core. 
If-""," 
~I 

Statements 22 - 31 are the read disk routines. Number 22 is a two position 

field to receive the transmission from the BTM entry_ The group mark on the 

disk is the 81st character and this program only has 8; positions defined for 

the read in area so that the first character beyond the read in area must be saved. 

Statement 24 accomplishes this. Statement 25 then reads disk. Statement 26 

turns off WLB/RBC console light, and statement 27 returns the digit moved by 

statement 24. Statement 29 returns to the main program. 

Statements 34 - 44 are the write disk routine. Again in order to get all 8_ 

positions on the disk the 81st character must be moved ('36) anp a group mark 

placed in the 81st position ('37). Statement 38 writes on the disk, statement 39 

111-23 
479 

-----_._-----_ .. --_ .. _-----

o 



'7 tt • --

o turns off the WLR/RBC light and statement 4P replaces the digit moved. 

o 

o 

Statement 41 adds one (1) to the sector address and statement 41 returns to 

the main program. 

Statements 43 - 48 set up the program to call Phase 2 rather than Phase 3 if 

desired. 

Statements 49 - 54 call the next program. 

III~24 
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POST PROCESSOR'PHl 
C 

READ-WRITE DISK 

STATEMENT NUMBER CORE LOCATION OP CODE PADDRESS Q ADDRESS 

1 11132 46 19784 01200 

-
2 11556 17 19696 00000 

3 19512 17 19806 00000 

4 19596 17 19908 00000 

-
5 19620 17 ' 19952 00000 

6 02033 STARTING PASS TWO 
(Alphamerically Coded) 

7 01985 CALLING PH 2 
(Alphamerical1y Coded) 

CORE TO DISK 
(;\1 

8 01770 34 01808 00701 

9 01782 16 00004 41000 

10 01794 38 01808 00702 

11 01806 48 

12 01808 10 58002 00000 

00 

WADER 

13 00000 36 19694 00500 

14 00012 36 19774 00500 

15 00024 36 19854 00500 o 
1II-25 , 8 ( L! 1 
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0 POST PROCESSOR PH! 

READ-WRITE DISK 

STATEMENT NUMBER CORE LOCATION OP CODE PADDRESS Q ADDRESS 

16 00036 36 19934 00500 

17 00048 36 01770 -00500 

18 00060 36 00080 00500 

19 00072 49 00080 

20 00080 36 00000 00500 

21 00092 49 00000 

22 19694 00 

0 23 19696 34 19770 00701 

24 19708 25 19703 01850 

25 19720 36 19770 00700 

26 19732 46 19744 03700 

27 19744 25 01850 19703 

28 19756 11 19775- 00001 

29 19768 42 

30 19770 10 20000 -01017 

31 19782 70 

32 19784 16 19775 02000 

33 19796 49 11496 0 

0 -
34 19804 00 
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POST PROCESSOR PHI 0 
READ-WRITE DISK 

STATEMENT NUMBER CORE LOCATION OPCODE PADDRESS QADDRESS 

35 19806 34 19892 00701 

36 19818 25 19837 10086 

37 19830 15 10086 OOOOF" 

38 19842 38 19892 00700 

39 19854 46 19866 03700 

40 19866 25 10086 19837 

41 19878 11 19897 00001 

42 19890 42 

-43 19892 10 00000 01100 ~~ 

'" 44 19904 06 

-45 19906 00 

-46 19908 16 19939 06000 

47 19920 39 01985 00100 

48 19932 42 

49 19934 10 62002 00000 

-50 19946 00 0000 

51 19952 39 01931 00100 

52 19964 48 00000 00000 

53 19976 34 19934 00701 

0 I 

54 19988 36 19934 00702 

IIT-27 li83 
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POST PROCESSOR PHASE II 

Statements 1 - 16 are the read disk routine. The main program branches to 

the read statement (1#4), then checks indicators (statements 5, 6, and 7). If 

the disk address check or read check indicator is on a branch to a seek (#13) is 

made. Following a correct transfer from disk to core the input data is 

transferred to the odd input address. Statements 8 - 12 are needed for this. 

Upon completion of transfer of the 8_th character, statements 13 and 14 

initialize the transmit digit instruction (##8). Statement 15 adds one (I) to the 

sector address and ##16 returns to the main program. 

Statements 17 - 29 are the write disk routine. Since there are only 8~ 

positions defined as an output area, the 8lst position must be saved (#121) in 

order to set a group mark (#l22) to terminate the read instruction of the next 

program. Following this is the write disk instruction (1123), indicator checking 

instructions (statements 24, 25, and 26) and a branch to a seek (1119), if 

necessary. After the seek the digit is transmitted to the 81st position (112_> 

before returning to statement 21. Upon completion of the transfer from core 

to disk, the 81st digit is replaced (1I27), one (I) is added to the sector address 

(1#28) and statement 29 returns to the main program • 

. Because Phase 2 is not always used and only two areas are defined on the 

disk for input-output, it is necessary to move the data output by Phase 2 so 

that input for programs to come will be properly oriented. Statements 34 - 60 

do this. 

111-28 
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Statements 3~ - 33 move the output exchange statements to the high end of 0 
core, out of the way of incoming data. On completion of the exchange, 

statements 61 - 7~ set up the call of the next program. 

Statements 71 - 73 are changes to the main program. #71 branches to the 

read routine. #72 branches to the write routine and 73 branches to end of 

job routine. 

Statements 74 - 79 load the program on the disk. 

Statements 8~ - 94 load the changes into core. 
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0 POST PROCESSOR PH2 

READ-WRITE DISK 

STATEMENT NUMBER CORE LOCATION OP CODE PADDRESS Q ADDRESS 

1 10720 10 00000 01150 

2 10732 00 

3 10734 34 10720 00701 

4 10746 36 10720 00700 

5 10758 46 10734 03600 

6 10770 46 10782 03700 

7 10782 46 10734 00600 

-
8 10794 25 02365 15000 

CI 9 10806 11 10800 00001 
" I 

10 10818 11 10805 00001 

11 10830 14 10805 15080 

12 10842 47 10794 01200 

13 10854 16 10800 02365 

14 10866 16 10805 15000 

-
15 10878 11 10725 00001 

16 10890 49 01844 0 

17 10898 10 20000 01024 

18 10910 ' 70 

19 .10912 34 10898 00701 

0 
III-3D 
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POST PROCESSOR PH2 0 
READ WRITE DISK 

STATEMENT NUMBER CORE LOCATION . OP CODE PADDRESS Q ADDRESS 

20 10924 15 02550 00000 

21 10936 25 10935 02550 

22 10948 15 02550 OOO~ 

23 10960 38 10898 00700 

24 10972 46 10912 03600 

25 10984 46 10996 03700 

26 10996 46 10912 00700 

27 11008 25 02550 10935 

28 11020 11 10903 00001 C; 
29 11032 49 03264 0 

30 11040 31 19618 11084 

31 11052 31 19938 11404 

32 11064 39 03475 00100 

33 11076 49 19626 0 

34 11084 (19618) 00 0 

35 11087 (19621) 00 000 

36 11092 (19626) 26 19625 10903 

37 11104 (19638) 12 19625 02100 

38 11116 (19650) 11 19620 00001 

- C) 
! 39 11128 (19662) 14 19625 00000 

1II-31 48 'l 
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0 POST PROCESSOR PH2 

READ WRITE DISK 

STATEMENT NUMBER CORE LOCATION OP CODE PADDRESS Q ADDRESS 

40 11140 (19674) 47 19734 01300 

41 11152 (19686) 12 19625 00100 

42 11164 (19698) 11 19620 00001 

43 11176 (19710) 14 19625 00000 

44 11188 (19722) 46 19686 01100 

45 11200 ( 19734) 34 19888 00701 

46 11212 (19746) 36 19888 00702 

47 11224 (19758) 46 19734 00600 

48 11236 (19770) 34 19874 00701 

0 
49 11248 (19782) 38 19874 00702 

50 11260 (19794) 46 19770 00700 

51 11272 (19806) 11 19879 00100 

52 11284 (19818) 11 19893 00100 

53 11296 (19830) 12 19620 00001 

-
54 11308 (19842) 14 19620 00000 

55 11320 (19854) 47 19734 .01200 

56 11332 (19866) 49 19952 0 

57 11340 (19874) 10 00001 00005 

58 11352 (19886) 00 

59 113q4 (19888) 10 20001 00005 

0 60 11366 (19900) 00 
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POST PROCESSOR PH2 
0 

READ WRITE DISK 

STATEMENT NUMBER CORE LOCATION OP CODE PADDRESS Q ADDRESS 

61 11368 (19902) 00 59456 24563 

62 11380 (19914) 00 62634 15963 

63 11392 (19926) 23 00574 8730;7!-

64 11404 (19938) 10 62002 00000 

65 11416 (19950) 00 

66 11418 (19952) 39 19901 00100 

67 11430 (19964) 48 00000 00000 

68 11442 (19976) 34 19938 00701 

69 11454 (19988) 36 19938 00702 C 
70 11466 .. 1" 

CHANGE TO MAIN PROGRAM 

71 01832 49 10758 00000 

72 03252 49 10936 00400 

73 03372 49 11040 00000 

CORE TO DISK 

74 15000 34 15038 00701 

-
75 15012 16 00004 41000 

76 15024 38 15038 00702 0 
77 15036 48 

111-33 4 8 ~J 
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0 POST PROCESSOR PH2 

READ WRITE DISK 

STATEMENT NUMBER CORE LOCATION OP CODE P ADDRESS Q ADDRESS 

78 15038 10 60001 20000 

79 15050 00 

80 00000 36 00080 00500 

81 00012 36 00160 00500 

82 00024 36 15000 00500 

83 00036 36 10720 00500 

84 00048 36 10800 00500 

85 00060 36 10880 00500 

C 86 00072 36 10960 00500 

87 00084 36 11040 00500 

88 00096 36 11120 00500 

89 00108 36 11200 00500 

90 00120 36 11280 00500 

91 00132 36 11360 00500 

92 00144 36 11440 00500 

93 00156 36 00000 00500 

94 00168 49 00000 

o 
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POST PROCESSOR PHASE III 

Statements 1 - 18 are the read routine. The main program branches to the 

read instruction (#5) and transmits the starting core location into the disk word 

(II 3 and 4). Statements 6, 7, and 8 check indicators and branch to "seek" (#1) 

if necessary. Statements 9 - 14 transfer the input data to the odd input address. 

Statem ents 15 and 16 initialize statement 9. Statement 18 returns to the main 

program. 

Statements 19 - 32 are the output routine. The main program branches to #23, 

checks indicator (program switch 2) and if it is on punches a card (#31) then 

returns to the main program (#32). If program switch 2 is off the program will write 

the output on the disk and return to the main program (#3~). 

Statements 33 - 35 are !'fill in zeros". 

Statements 38 - 4¢ are the end of job message. 

Statements 41 - 45 type end of job and call the next program. 

Statements 46 - 51 are changes to the main program. Statement 46 "branches 

and transmits" to the read routine and 47, 48; 49, and 51 branch and transmit to 

the write routine. Statement 5¢ branches to the end of job routine. 

Statements 52 - 57 transfer a core image to the disk. 

Statements 58 - 67 load the changes into core. 
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OJ POST PROCESSOR PH3 

READ WRITE DISK 

SATEMENT NUMBER CORE LOCATION OP CORE PADDRESS Q ADDRESS 

1 19524 34 19544 00701 

2 19536 49 19558 0 

3 19544 10 00000 01000 

4 19556 00 

5 19558 36 19544 00700 

6 19570 46 19582 03700 

7 19582 46 19524 03600 

8 19594 46 19524 00600 

0 9 19606 25 03653 00000 

10 19618 14 19612 03732 

11 19630 46 19674 01200 

12 19642 11 19612 00001 

-
13 19654 11 19617 00001 

14 19666 49 19606 0 

15 19674 16 19612 03653 

16 19686 16 19617 00000 

17 19698 11 19549 00001 

18 19710 42 

19 19712 34 19732 00701 

o 20 19724 49 19746 o 
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POST PROCESSOR PH3 

READ WRITE DISK 0 
STATEMENT NUMBER CORE LOCATION OP CORE PADDRESS Q ADDRESS 

. 21 19732 10 20000 02039 

22 19744 78 

23 19746 46 19832 00200 

24 19758 15 04139 OOOQ.L 

25 19770 38 19732 00700 

26 19782 46 19794 03700 

27 19794 46 19712 03600 

28 19806 46 19712 00700 

-29 19818 11 19737 00002 

30 19830 42 0 

31 19832 39 03979 00400 

32 19844 42 00000 00000 

33 19856 00 00000 00000 

34 19868 00 00000 00000 

35 19880 00 00000 000 

36 19890 10 64001 70000 

37 19902 00 

38 19904 59 45624 56300 

39 19916 62 63415 96323 

40 19928 00 43565 56501=" 

0 41 19940 39 03085 00100 

42 19952 39 19901 00100 
4~3 III-37 
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POST PROCESSOR PH3 

READ WRITE DISK 

STATEMENT NUMBER CORE LOCATION OP CORE P ADDRESS Q ADDRESS 

43 19964 48 00000 00000 

44 19976 34 19890 00701 

45 19988 36 19890 00702 

CHANGE TO MAIN PROGRAM 

-
46 01940 17 19558 00000 

47 02536 17 19746 03978 

48 11754 17 19746 03978 

49 12546 17 19746 03978 

50 12570 49 19940 00000 

51 13894 17 19746 03978 

CORE TO DISK 

52 03654 34 03692 00701 

53 0:J666 16 00004 41000 

54 03678 38 03692 00702 

55 03690 48 

!;() 036H2 10 {)2002 00000 

57 0:.n04 00 

III - 3H 



POST PROCESSOR PH3 C' 
LOADER 

STATEMENT NUMBER CORE LOCATION OP CORE PADDRESS QADDRESS 

58 00000 36 00080 00500 

59 00012 36 03654 00500 

60 00024 36 19524 00500 

61 00036 36 19604 00500 

62 00048 36 19684 00500 

63 00060 36 19764 00500 

64 00072 36 19844 00500 

65 00084 36 19924 00500 

66 00096 36 00000 00500 C) 
67 00108 49 00000 

o 
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Appendix 3 

Sample Problem 

o 

o 
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o MODIFICATION TO PHASE 2 OF AUTOSPOT TO 

RUN FROM DISK 

PATCH PROGRAM 
19466 26 13225 12033 
19478 11 13225 00010 
19490 26 13225 12055 
19502 11 13225 00004 Program patch that was in the way moved to here 

19514 49 11226 0 
19522 34 19560 00701 End of this phase - seek for next phase 

19534 49 19976 06850 
19546 10540020000000 Disk control word this section 

19560 10535001001900 Disk control word next section 

19574 bbbbbbbbbb 

: MODIFICATION TO ORIGINAL PROGRAM 
19584 36 00000 00500 Read in last cards of modification 

19596 36 19680 00500 
19608 26 01762 19712 Modify "read a card", instruction 

19620 26 03219 19705 Modify error routine 

0 19632 41 00000 00000 No Op 
19644 26 11780 19720 Modify "write a card" instruction 

19656 26 12024 19727 Modify end to call next program 

19668 34 19546 00701 
19680 38 19546 00702 Write these modifications all on the disk 

19692 48 
19694 46 19466 01200 
19706 49 197420 
19714 49 19912 4919522 

READ DISK DATA 
19728 10000000119600 
19742 36 19728 00702 Read a card from disk & seek if necessary then go back 

and read again 
19754 47 19786 _ 03600 
19766 34 19728 00701 
19778 49 19742 0 
19786 11 19733 000Q1 Increase sector address by one 

TRANSFER FIELD JUST READ TO EVEN LOCATION 
19798 25 13056 19600 Transfer data to area beginning with an even address 

19810 14 19809 19679 

0 19822 46 19866 01200 Check for last transfer 

19834 11 19809 00001 Increase disc location by one 
-

19846 11 19804 00001 
19858 49 19798 0 Repeat 5 j H 



MODIFICATIONS TO PHASE 2 of AUTOSPOT 

TO RUN FROM DISK 

TRANSFER FIELD JUST READ TO EVEN LOCATION 
19866 16 19809 19600 
19878 16 19804 13056 
19890 49 01768 0 

WRITE DATA ON DISK -
19898 10200000113136 
19912 38 19898 00702 
19924 47 19956 03600 
19936 34 19898 00701 
19948 49 19912 0 
19956 11 19903 00001 
19968 49 11786 0 

19976 36 19560 00702 
19988 49 02318 00000 

Housekeep because all data is transferred now 

Return to program 

Write data on disk 
If addrE!B check - seek first then write data 

Increase sector address by one 
Return to program 

End of this phase - read in control program for next phase 

Load program to load in modifications into core 

o 

00000 36 19466 00500 Load modifications Into core and branch to the first modiflcatiO 
00012 36 19546 00500 
00024 36 19626 00500 
00036 36 19760 00500 
00048 36 . 19840 00500 
00060 36 19920 00500 
00072 49 19584 0 
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o GENERAL RAY TRACE PROGRAM 

This program is based upon a paper by Gordon H. Spencer titled itA General Ray 

Tracing Procedure", IBM Research Paper RC-549o Spencer's paper applies, with 

a few extensions I to the problem of tracing a light ray thru surfaces which may 

- 1 -

be rotationally symmetric, cylindrical, or conic and may have arbitrary orientations 

with respect to a reference systemo Certain adjustments and additions have been 

included in the program. This paper does not attempt to delve deeplY into the 

mathematics behind the program. It is felt that a brief description of some of 

its advantageous points along with a sample ray trace problem would be of more 

interest. The sample will attemp-t to illustrate the value of t he program as an 

optics system evaluationotool. 

In general, surfaces are described in a local coordinate system. This local system 

is then positioned in the optical system thru translation and rotation of the local 

system in relation to the basic co.ordinate systemo It is therelSy possible to 

position surfaces off the optical axis and "tilted" to the desired degreeo 

One feature the program possesses which is not common to some other ray trace 

programs is the capability to trace rays thru cylinders and prisms. These types 

of lenses are fairly common in modern optics systems making this an important featureo 

The basic surface equation suggested by Spencer which is used in the program is: 

F(X, I, Z) = AX2 + 8I2 + CZ2 + Z • 00 

This represents the surface obtained by revolving a conic section with vertex at 

the origin about the Z axis o In general, a ray intersects such surfaces at two 

points. By using vertex equations set up so that the firat iteration point lies 

o on the plane Z = 0 thru the vertex, the iteration starts closer to the desired 

;; j 6 
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intersection point than to the extraneous pointo 

For c.ylinders with conic cross~~ection in the XZ plane, the surface equation becomes: 

F = AX2 + CZ2 + Z =- 0 

The rulings of this cylinder are parallel to the Y axiso A similar equation will 

describe a cylinder with rulings parallel to the X axia o 

The equation: 

+ Z2 
(by)2 

= 1 

describes a cone with apex at ~ the origin with the Y axis as the principal axis o 

Cross-sections parallel to the XZ plane are ellipseso This equation may be rewritten 

in the form: 

F ::: Z + D -JEX2 + y2 = 0 

To iterate with this equation, the following rule holds: 

Z :> 0 for D <: Q 

Z -=: 0 for D :> a 

C: 

Therefore it is possible to represent three types of surfaces with the single equation: 

.. Z .. D = 0 

The constants A, B, C, D, and E are program input data o 

o 
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GENERAL RAY TRACE 

INPUT 

A header card and 3 cards for each surface are required inputo Ray information 

may be entered in 2 ways, either one ray per card or as a fan of rays. To enter 

single rays, switch Noo 1 must be ono 

CODE HEADER CARD: 

REFR (1) 

NOSUR 

TOL 

Cols. 1 - 11 Initial index of refraction (may appear aqywhere in Cols o 1 - 11). 

• Ex •• If the initial medium is air, the number 1.0 can be 

punched in Cols. 1 - 3. 

Col. 12 Blank 

Colso 13 - 14 Number of surfaces. If the number of surfaces is 9 or less, 

puneh it in Col. 14 and leave Colo 13 blank. 

Cols. 15 - 29 Iteration tolerance in form + O.lOOOOOOOE.YI. This number i. 

used to establish a criterion for convergence of the iteration 

processo Convergence is assumed when the increment magnitude 

il leIS than the tolerance. It is recommended that +OolOOOOOOOE-06 

(01 X 10-6 • 10.7) be used, as onlY 8 places are carried in 

computationo It may so_times be necessary to relax the 

tolerance to + O. lOOOOOOOE-05 , either to obtain convergence 

or to .peed up the program. 

Cols. )0 - 80 Blank 
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IO(I) 

YO(I) 

ZO(I) 

Alpba(I) 

Beta(I) 

.1(1) 

B(I) 

C(I) 

D(I) 

B(l) 

SURFACE CARDS: 

Card A: 

Col. 1 - 11 x ... coordinate of origin of local system" punched 

in 8a .. ~ as the initial index of refraction 

on the "adar card. 

Cols. 12 - 22 Y - coordinate ot origin at local system, punched in 

aame tashion as X - coord1na'te 

Cole. 2.3-" z - coordinate of origiJl of local system" punched in 

a .. a tashion as X .. coerdina'te. 

-4-

Cola. 34 .. lab Y &xia euler a~l. (C)() in decimal degrees, pUl'lchad in 

aaM tashion as X - coordinate. 

Cola. 4S -SS X axia euler angle (/3> in decillal degr.es" punched iJt 

alUll8 ruhiGll as I - coordiRa'te. 

Cela. 56 .. 66 zan. euler angle (7' in decimal d~gree., punched ill 

aame ta.hion as X • coordina'e. 

Cola. 61 - 1T Blank. 

Cola. 78 ... 80 It i. 8Uggea'ed, but Rot required, that the surface carda 

be punched Oll .. OlB .. OlC, W, 02B, etc., in Cola. 18 - 80 

\0 eneure that t hey are kept in the correct order. 

Card B: 

'l'he tirat tift tielda gi ... the ooettie1enta in the aUrface equatiOil 

r .-AXI + BIt • CZ! + Z • D u.2 + yt • 0, a. tollows: 

Cola. 1 .. ~ A (punched in _tubioa a. X .. coordinate on Card A) 

Cola. 12 .. -2f,B (punched in __ ta.hion as A). 

Cola. 23 .. 3lP (punched in a ... tasbion as A). 

Cola. lb .... w..p (punched in a_ tashion as .A). 

Cob. 16 - 5~ (pancbecl ill a_tashion as A). 

-----------
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HNUrnM' y- •• : sr. tst 

o 
Refr(I) 

APl(I) 

AP2(I) 

o 
AP3(I} 

AP4(I) 

APS(I) 

o 

ft" " T· 

- S • 

Cols o S6 - 66 Index of refraction of medium following the surface, except 

in the case of reflection, when the negati~ of the index 

of refraction for the previous surface is us.do (Field is 

punched in same fashion as A)o 

Cols o 67 - 77 Blank 

Cols o 78 - 80 May be punched 8S suggested for Card Ao 

Card C: 

Colso 1 - 11 X - coordinate of center of circular-~nnular aperture or 

coordinate of center of hyperbolic aperture or X lower 

bound of base of rectangular-trapezoidal aperture o 

Cols e 12 - 22 Y - coordinate of center of circular-annular aperture or 

coordinate of center of qyperbolic aperture or X upper bound 

of base of rectangular-trapezoidal apertureo 

Cols. 23 - 33 Inner radius of circular-annular aperture or length of 

semi-major axis of hyperbolic aperture or Y lower bound 

for rectangular-trapezoidal apertureo 

Cols o 34 - 44 Outer radius of circular-annular aperture or length of 

semi-minor axis of hyperbolic aperture or Y upper bound 

for :rectangular-trapezoidal apertureo 

Cols o 4S - SS Y lower bound for hyperbolic aperture or reciprocal 

slope of left hand side of recta~lar-trapezoidal 

aperture 0 Enter 0. for c ircular-anJilular apertureo 
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NAP (I) 

NOUT(I) 

XA 

YA 

ZA 

RPAR 1 

RPAR 2 

RPAR .3 

- 6 -

Co18 0 56 - 66 Y upper bound for hyperbolic aperture or reciprocal 

slope 0f right hand side of reetanular-trapezoidal 

ape,rture o Enter Oofor circular ... annular apertureo 

Cols o 61 Blank 

Colo 68 Ape rture code 

Blank: circular - annular 

1: rectangular-trapezoidal 

2: hyperbolic 

Colo 69 Blank 

Colo 70 Output code 

Blank: no output a t surface 

1: output at surface 

Cols 0 71 - 77 Blank 

RAY INPUT (Single ray per card, switch Ion) 

One record, either typed or punched, is used for each ray. NOTE: Coordinate. 

with a bar over them are system coordinateso Those without a bar are local 

coordinates 0 

Colso 1 - 11 x- coordinate of 1st point on rayo 

Colso 12 - 22 I. coordinate of lat point on rayo 

Cols o 23 - .3.3 Z "" coordinate of 1st point on ray. 

Colso 34 - 44 X - coordinate of 2nd point 0n ray. 

or! direction cosine of ray at 1st point. 

Cols o 45 - 55 Y - coordinate of 2nd point on ray 

or Y direction cosine of ray at 1st pointo 

Cola 0 56 - 66 Z - coordinate of 2nd point on ray 

or ! direction cosine of ray at 1st pointo 

Colo 67 Blank 521 
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o NIN 

NAXIN 

IRAY 

o 

'±z btt"j 

- 7 -

Colo 68 Input code 

Blank: 2 points 

1: 1 point and direction cosine 

Colo 69 Blank 

Colo 10 Optical axis intersection computation code 

Blank: b,ypas8 computation of intersection of image ray 

with optical axiso 

1: Perform aboTe computation 

Cols o 71 - 13 Ray identification number (right justified) 

Cols o 14 - 80 Blank. 

RAY INPUT (Fans of rays on 2 cards) 

Card 1 

Cols o 1 - 11 FXUl, the maximum X coordinate at t he 1st pointo 

Cols o 12 - 22 FZ1, the Z coordinate at the 1st pointo 

Colso 23 0[010 3) XGAP1,the X spacing between fans at 1st pointo 

Colso 

Cols o 

34 - 44 

45 ... 55 

FXP2, the maximum X coordinate of each fan at the 2nd pointo 

FZ2, the! coordinate at t he 2nd point. 

Cols. S6 - 66 XGAP2, the X spacing between rays at the 2nd pOint. 

Card 2 

FYU2, the maximum Y coordinate at the 2nd pointo 

Cola. 12 - 22 YGAP2, theY spacing between rays at .he 2nd point. 

Co1s. 1,·'11 

Horn All fans are assumed 'to originate ~t 1 :II: 0 at the 1st pointo 
The following sample ray trace problem will better illustrate the useage of the 

pro gram 0 The surface s.Yste~ to be traced is as follows: 

522 
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OBJECT 0.0000 - - - - -

R = 1.15 
SURFACE III 3.0000 

SURFACE 112 3.5000 
'-R = .85 

SURFACE 113 3.8525 - --
4.3525 

SURFACE 114 ------ 4.8525 - -- ---- ----- - -- 4.9525 - --
.500 l+- e 

l 

6.0000 
/ELLIPTICAL 

LENS 

6.5000 
6.7500 

1.000 -..f 

IMAGE 8.0000 -

NOT 1'0 SCALE x y 

z z I 

01 
FIGURE • SAMPLE RAY TRACE SYSTEM 
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DATA INPUT TO GENERAL RAY TRACE 

PROGRAM FOR SAMPLE PROBLEM 

SURFACE DATA 

SURFACES 1 & 2 

These are both spherical surfaceso The surface equation becomes: 

F = AX2 + By2 ... CZ2 + Z a: 0 

=L.. X2 
1 .. L.. Z2 + -y2 + Z == 0 

2 R 2 R 2 R 

= - 0435 x2 - 0435y2 - 0435 z2 .. Z == 0 (Surface #1) 

= 0588 x2 ... 0588 y2 + 0588 z2 ... Z = 0 (Surface #2) 

These are not coneso Therefore D = E = 0 

The vertex planes for these surfaces are perpendicular to the Z (optical) 

axis 0 Therefore Ct. , J3, and r are zeroo 

The vertex coordinates are: 

Surface #1 

5\lrface #2 

(0, 0, 30 00) 

(0, 0, 3050) 

- 9 -

The index of refraction following Surface #1 is 10523, that following Surface 

#2 is 1 0 000 

The apertature on both surfaces is a circle of 005 inches diametero 
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Surfaces .3 & 4 o 
Both surfaces are planes arranged to constitute a prismo The first, Noo .3, 

is arranged so that rays are deflected in the negative X directiono The 

second surface, No o 41 is perpendicular to the optic axis o 

The surface equation for both surfaces is: 

F = Z = 0 

A=B=C= D=E=O 

Surface No o .3 is rotated 45 degrees when positioned in the system o To 

accomplish this rotation, it is necessary to specify the angle alpha equal 

to 45_degreeso The rotation angles, alpha, beta, and gamma are defined: 

Zt yw 
xt 

o 

~~ ____ ~yl 
Jlro----~ X" 

yt = y 
xt = Xl' 

o 
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o The specified apertature is a square 1" xl" 0 Therefore the minimum and maximum 

allowable x and y values are (00 5, 0 0 5) and (-005 9 00 5) respective1yo These 

0 

values apply to the surfaces before rotationo After rotation of surface Noo 3, 

the actual minimum and maximum x apertature values will be corrected by the 

program to (~005/ -{2, 00 5/ -{2). AP5 and AP6 are the inverse slopes of the 

left and right edgee of the apertature as viewed from the object point (positive 

Y up)o In the sample, these slopes are reciprocal infinity or zeroo NAP is set 

equal to 1 to specify a rectangular apertature o NOUT is set equal to 1 to obtain 

output data at the surfaceso The index of refraction of the prism is 1 0 60 

Surface 5 & 6 

Surface 5 is an elliptical cylindero Surface 6 is a simple plane with input 

similar to surface No o 40 The equa tion of the ellipse in the YZ plane is: 

y2 Z2 
1 1 0 0 5 + 

b2 == a == b == 
2 a 

The surface equation, adjusted so that the origin is at the point nearest the 

object point, is: 

2 F == -00 25 y 

Therefore A = D = E = 0, B = -0 0 25, C = -1 0 00 0 Note that surface 

No o 5 is a cylinder with rulings in the X directiono If it had been desired 

to translate this surface off the optic axis in the Y direction, then YO would 

be specified according1yo 

This pro~ram was originally written by William Webb of Goodyear Aerospace 

Corporation, Akron, Ohio and to that gentlemen goes the credit for t his signifi­

cant contribution to the lens desiGner's kit of toolso The program ha s been 

o altered slightly to suit current needs and is being maintained b:y the writero 

----------------------------------------------------------------.~ 
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SAMPLE PROBLEM DATA INPUT - 12 -

SAMPlF PROBLEM. PROGR.M NO. 14~'A-6~ • 1~/(1f'-/63 C' 
1 •. "-' 7+0.1000~000f-~6 

0.0 0.P 3.0 0.'" 0.0 0.0 lA 

-.435 -.435 -.435 9.0 0.0 1.5~' 18 

0.0 0.0 0.0 18.5 0.0 0.0 o 1 lC 

0. 121. 3.5 0.0 0.0 0.0 2A 

0.588 0.~e8 0.588 0.pj 91.0 1.0 28 

0.0 0.9 0.0 0.5 0.0 0.0 o 1 2C 

0.0 "'.0 4.352'5 -45.~ 0.0 0.0 3A 

0.e 0.0 0.0 0.0 0.0 1.6 3B 

-0.5 121.5 -0.5 9.5 0.0 e.0 1 1 3C 

0.0 0.0 4.9525 0.0 0.0 e.e 4A 

0.0 0.0 0.0 13.0 0.0 1.Jlf 4B 

-0.5 e.5 -0.5 0.5 0.0 tIJ.0 1 1 4C 

0. 0.0 6.0 0.0 "'.-tIJ 0.0 5A C' 
0.0 -0.25 -1.(21 tIJ.0 121.0 1.5 58 

-2.0 2." -1.0 1.Ci'J 0.8 0.0 1 1 5C 
. , 

0.'" 0.13 6.75 0.0 0.0 0.0 6A 

0.0 0.0 fJ.fJ 0.0 0.0 1.0 68 

-2.13 2.0 -l.et 1.0 ttJ.ttJ 0.0 1 1 6C 

13.0 tIJ.0 8.0 0.0 0.13 0.fJ 7A 

0.0 0.0 0.0 0.0 0.13 1.0 78 

0.0 0.0 13.0 121." 0.fJ 0.8 e 1 7C 

0.1 0.0 0.1 0.3 3.0 0.! 

0.1 0.~ 

o 
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0 SAMPLE PROBLEM DATA OUTPtrl' - 13 .;. 

SAMPLE PROBLEM, PROGRAM NO. 143A-63. 12/02/63 

RAY SURF OBJ PT 2D PT/DC tNT PT DIR COS 

1 1 X OR K .100~0 .300"0 .3"'568 -.~55S9 
Y OR L .0000121 .30fl'CfI'~ .30e~2 -."'35e9 
ZOR M .0~PJ0'" 3.0t'WJ&2'0 ~.08521 .99781 

1 2 XOR K .10000 .30"'0" .28848 -.32813 
Y OR L .""000 .3e0~0 .29772 -.3QJ4~3 
lOR M • "0QJ00 3.0~000 3.39209 .894~9 

1 3 X OR I( .10000 .,0fJ0fJ -."4675 -.494!5 
Y OR L .0001'30 .30900 -.01308 -.19014 
Z OR M .0000O 3.00~t"" 4.30574 .84810 

1 4 X OR K .100091 .~00~0 -.42369 - • ..,9091 
y~ L • "''''C'J00 .309J~ -.15807 -.3042' 
Z OR M .OO~00 3.00"'P0 4.9525~ .53fJ8S 

1 5 NO INCIDENCE 
2 1 ~ X OR K .10"0 .80000 -.00136 -."'211~ 

Y OR L .00000 • 30D)00 .30409 - •. 0.2."1 
Z OR M .00000 3.00fJ00 3.04095 .99933 

2 2 )( OR K .10000 .rlJ~00 -.01~C'J6 -.92552 
y OR L .00000 .3Bf1fJ0 .29198 -.24762 
l OR M .0M00 3.00C'J00 !.44-823 .96851 

2 3 X OR K. .10"'00 .00000 -.03302 -.'1870 
y OR L .00000 .3009."0 .06923 -.15416 

0 
Z OR M .00000 3.~012J 4.31947 .928~7 

2 4 X OR K .10000 .0000fJ -.26404 -.'4192 
Y OR l .QJ000QJ • ~l'J0f'0 -''''~633 -.24"62 
Z OR ,.. • 000t2J0 3.1JfJN0 4.95250 .8e'311 

2 5 X OR K • 10.fJ9.JfJ ~0"'fl'00 -.99486 -.36128 
Y OR l .00000 .3~" -.;7026 -.08675 
Z OR M .0fJ0011 ,.0QJ00QJ 6.03553 .92140 

2 6 XOR K .10000 .0PJfI01J -1.272!9 -.54192 
YOR l .fJ0tHJf8 .30000 -.43702 -.1301~ 
lOR fit .QJ0000 S.9fJOO0 6.75000 .83028 

2 7 X OR IC. .1000fJ .0rm.!J00 -2.08!77 -.54192 
Y OR L • 00P100 .30"''''0 -.63295 -.13181' 
Z OR M .00fl'0~ 3.~00 8.0Pft09J .83tt28 

2 NO IMT W/OPT AX 

'3 1 X OR K .10000 -.30000 -.31159 .01673 
y OR l .80f/J0flJ .311000 .30869 -.03736 
Z OR M .89000 3 .80f/J0flJ 3.08697 .99916 

3 2 X OR K .10000 -.300fJ0 -.30660 .28045 
Y OR L • 00000 .3000'0 .l'?55 -.3",., • 
Z O~ M .00000 ~.00000 3.38486 .91~'34 

3 '3 X ~ K .10C"091 -.'M00 -."'1229 -.21391} 
y OR l .00000 .''''000 -.02183 -.19fJ21 
Z OR M .00080 !.m00021 4. 34192 {'I .95815 

'3 ,. X OR K .1emJ0 -.3""'" -.14898 -.~4225 
y OR L .00000 • 30fJCJJ0 -.14338 --.3fJ434 
Z OR "4 .00900 3.00000 4.95250 .!8895 

'3 5 X OR K .1f2'000 -.30000 -.58127 -.22816 
y OR l .0fM'0fJ .3fJ~ -.5278" -.fJ8569 

0 l 09' M .0t'K'J0('J 3.0(?J000 6.07531 .96984 
3 6 X OR K ,10000 -.391fJ00 -.74N0 -.3.125 
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y OA l ."...., 3:. ....!sa?,.1 ·~.la8M ~. 
:Z .DR M .eeeN 6.15etee .'~.71 '\J 

:3 7 X C!JR·K .1_ -J'''''' -1.1996. -'t'~t~~ 
Y OR( .PJC1JfiIJ8e .,.,.. ... 76011.5 -.1"54 
Z M~ .• ~" ~.HfJIIIJ 8.00"*8 •• ~e77· 

3 NO tNT W/Op·T ~X 

• 1 X ~ ~ .m.,. ..,~ .'''86. .,. •• 161~ 
y OR L. ."."" .!12JIJe8 .3886. - •• "!~ 
Z OR M .~..., , • .,.e '~fJ86"8 .,~ft'·' 

It 2 X OR ~ .80088 .J.,.. , .29166· - .... 1"2 
Y OR ~ ,011J9!JfI" .s.,.. , .• Z'166 ~.1"'12· 
l em .~ ,0000fJ J.00fJefJ· '.51'49 _,"2"1" 

4 , X OR K •. C800fJ" .3~fJ ..... "21126 ·~ ••• ·1" 
"fOR L .00~C1J .J~ -.82,,26 ·-.t." z OR ~ .0CJJ000 ,.~ •• "!2.3 ."~,.·1 ,. 4 X OR ~ .. e0000 .~""'"' -.'6'll .... ",vtt,a2 
Y OR l .00fJ0fJ .3.." -.15."" -.38412 
Z OR M. ~00000 '.80fJfJ~ ·· .. 952se ·.568.5 

4 5 APERTVRE STOP 
5 1 X OR K .0eff00 .~ .00080 .".,.,. 

YM L .000fJ0 .,~ • 304fJ9 -.,",2964 
Z OR M .00080 3.~fJ !.QJ4.'~ ~9'9S6 

5 2 )( OR K ~0QJ0fJ0 .~ • f)~ • Nfl • 
YOR l .1¥'0f&fJ .3fJ1J08 .292'.,1 -.,24751· 
Z OR M ·.efIeH 3."" '.44t2' .. 9'.8. 

5 , X OPt K _000e" • 0f1ee0 ." .. -. SZ,.,.. 
"f OR L • ~"e . ,.s ... .e61fJl -.1,. •• 
z OR M .000021 3.000~fJ 4.,5!58 ' .912'" C; 5 4 X OR f( .fJfJNfJ .QJ0fJfJfJ -.ZI,.,,, -.52287 
YOR L .~ .,0MfJ ..... "3853 -.2.,.,1 
Z~ M .~ 3_~fJ 4.952'0 -.8156' 

~ 5 ·X OR K _0.00 -".,. -.98414 w.3~"8 
y OR L _~8 .seeee, -.36698 -.888l1 
Z OR M .MJ08" 3.0e0ClJfJ &.m'.·S8 .91111 

5 , X M f( .000ee .. ~ -1.11t28 -.S2Z87 
y OR L .00000 .3~ -.4'459 .... 13231 
Z OR M • 00t.?JfJ" 3.fJ00ee 6.75000 .e42.1 

5 7 X OR K .0fff19QJ .00000 -1 ••• 145 -.~l287 
"fOR L .000fJfJ .3~N0 -.6J101 -.132'~ 
Z OR M .~00 3.00000 a.0e000 .,,.Ze7 

5 NO INT W/OPT AX 

6 1 X OR K ~·fJ00fJ0 -.!~0fJ -.3986m .fJ3614 
y OR L .00"'00 .!fJ0fJfJ .30860 -.,,3614 
Z OR M .~" 3.00fJf1Jt!J ~.086fJ8 .99869 

6 2 X OR K .0~ -.300(1!1e -.29166 .3fJ412 
y ~ L .000t!f0 .300MJ .29166 -.316.12 
Z OR ~ .0~ 3.00flJ00 3.38849 .911218 

6 3 X OR K .fJ000fJ -.!0000 .2t4"85 -.28566 
y OR L • 0e9JH .~IJI00" . -.iJ4085 "'~l'el81 
z OR M _00MJ0 ,.0MJ00 ~.""5 .95998 

6 4 X O~ K .. ~ -.100'-'0 .... C2J18CJ3 -.!2ge6 
y O~ L .00~~ .'0~" -.151S6 .... 3.412 
Z M fill •. 0(:11000 '.0MC'Jt'J 4.9'25" .89~99 

6 5 X OR K ,~00 -.!0G'J0r1 -,49297 ... 21911 
y OR l .0"000 .!000t'J -_51421 -eIl13.! 

529 
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z OR M .~. ~.0~e00 6.17732 .912182 

0 6 6 X OR K • flJ0f1JflH6 -.!~ -" •• ,9 -. J29fJ6 
V OR l .~fI .30000 .... ~f2!" -.12599 
Z OR M .0fH!M8fJ ~.00000 6.1~f!NHj .9~e7 

6 .., X ~ I( .P0fJ~e -.!0M0 -1.08431 -.32986 
y OR L .0QJ~ .!000~ -.76"46 -.12590 
Z OR M .00000 3.0000" a.~ .93581 

I> NO tNT W/OPT AX 

7 1 X Oft K -.100"0 .3fJeflfJ .,1159 -.e16T~ 

Y OR l .~0tJ" .,~ .'''869 -.037'6 
Z OR M .fJ0N)fJ '.0ftflfI'" ~."'8697 .99916 

7 ? X ~ K -.lM00 .'0f1~0 .'''66'' -.2M4~ 

YOR L • 0fMJ"~ ,!MtfM .!91'5 -.!flJlt, • 
lOR M .000e0 ,.0",," 3;,:t14t6 .91133-' ., 3 )( OR K -.le~tt .!~0 ."650 -.46886 
YM l .. .,." • !0fJfJIIJ -.~2S11 -.19121 
Z~ M . ....,e !.~0 4.S!'00 ,16254 

'7 4 )( OP K -.llfC'YfJ~ .!~ .... 31611 -.75ell 
YOR L .~fJ .!fINI10 .... 15''''''' -.'1',.34 
Z OR M .IJf.JfJIJQJ0 3."",," 4.95250 .5tT"2. 

7 5 xOR K -,1~f9fJ ,!mrN -1.918"5 -.5.12 
yOtlt L • fJ09.J0e .,."e -.SfJ89fJ .. 118fJZ 
lOR M .eeelJfJ 3,0fJHe 6.'06"2 .85."., 

7 6 APERTURE STOP 
e 1 X OR K -.11MJl'J(1J .~'-'0 •• 1'6 .ell" 

y OA L .~0~ .3~" _"4.9 -."'971 
Z OR ~ .~ 3.lJ&WJfJfJ 3.114"'95 .... '3 

e ·2 )( 0" K -.lMmJ .NNP _"'1""6 .fJ25~2 

0 
V~ l .~0 .,-- .t919.8 -.14?2 
Z~ ... •. ~N0fJ 3.~" '! ••• e23 • ""tl 

8 3 XQR Ie -.18eee .1JfJ0fJIJ •• 3481 -.'1"' • 
Y OR L • fNJ8ee .1"''' .e!lt. -,15.1 • 
Z OR M .~fJ 3.0~ 4.18..,'1 .'H~6 

8 4 XOR K -.1MfJ", .~9J -.15".., .. ,5fJ4t~ 
YOR t. .e~ .1~e -."41~1 -.24162 
ZOft M .lJtMJfJfJ ~.~PJ 4.95~50 .8~"'~ 

8 5 X~ K -.1tJ0fJfJ • ~IJ -.a1469 -.!~, •• 
VOR l .0fWHJ0 .sfJfJC.IJe -.365!8 -.e89'J2 
lOt M .fJIIJfIJtlJ0 ,.efJlN '.83457 .93'1'1 

S 6 )( OR K -.1""''' .~ -1.e1115 -.58.1' 
V OR L .0fJee9 .1fJfM0 -•• ,,54 -.1'3" 
Z OR • .tM'Jt'J0" 3.~ 6.15,"," .8"t-' 

8 7 X Oft t( -.10(MJ0 .~ff -1,8"976 -.5fJ41! 
y ~ l .~ .3fJ9Jf1fJ ... 62984 -.1!~ 

Z Ott M .~ 3.~ '.'~fH! .",t? 
8 NO tNT W/OPT AX 

9 1 )( OR K -.leeN -..... -.'''S68 •• 55" 
Y OR t. .8fJQJfJfJ .s..- .1"852 -.8'5e, 
Z ORM ."" 3.~~ 1,08~21 ,9,..,81 

9 2 X Oft Ie -.1"-""''' -.,~ -.2884' .12811 
y O~ L .009Jf1f.J .3~e .2.,?7l ... ! •• !t 
Z OR M .0~" 3,""'" !.'92'" .I~H 

9 , X Oft Ie -.1~ -.3,""-",, .1.94 -_191'61 
¥ OR L .fJfJllJee .StM!JfMJ -te6!'J! -.19814 
Z OR M .~ !."0~ 4.45'44- ,961'~ 

0 530 
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9 4 )( OR Ie -.1~ -:= -.HI62 -.~1621 C'I y M l .~.,'" -.16~~ -.'''4~' 
l OR M .~fJ t.~"''' 4.95250 .• e98~8 

9 5 X OR f( -.10fJ00 -.!M00 -.t'8S.. -.211}81 
y M L .fJfJfJfJ" .50000 -.~~3ee - • .,8126 
Z ~ ,.. .~ 5.". 6.fJle42 .91414 

9 6 )( OR K -.l~fJ -.1ftWJ~ -'~4'.4 -.:)16tl 
y OR l . ..",,, .!~ -.5.914 -.1!1ge 
Z O~ M .~0 ~.~fJ 6.7S0fJfJ .941882 

9 ., X ~ K -.i.MG1J0 -.!_~0 ..... 96!~.., -.~1621 
y OR L • .,M00 .5_~0 -.1611,. .. ,1219fJ 
Z M M .fJIJ00e "QJfJ(JJpJfJ 8.~ .9.",2 

9 NO I"T W/OPT AX 

10 1 X OR K .1'" .3fJIJfJfJ .JI21" ..... '.12 
y OR l . .,.., .~e . .,.,.,'" .fJIIIJ" 
l ~ M • ...,ee 3.~ ~.".fJ51 ,99,'1. 

10 2 )( OR K ,1,..,.,. • 'fJIIIJIIJfI • 2_206 -.2129 • 
YCR L .~2J .8fJIfJ0~ .~"'~ ."~ 
lOR flit • fJefJfJff '.~0 3.4'185 • 96l" • 

10 3 X~ K ,leeR • SfJ11JPJ0 ."2fJ1. -.4,e16 
YOR L • fJIJIlIJ0fJ .eeeee .~ .fJ8lfHIe 
Z~ M • ""em 3._0 4.37t2" ." •• 6 

10 4 X OR I( .1~ .JM0e -.2"1'89 -.1""~ 
YOR L .".,., '.fJ000S .~e .fJMmt 
z O~ M .-- !.0fJC8~ 4.9525fJ .68el' 

1" ~ )( OR It .1",.., .t~ -1.4N84 ".4'eT., 
Y OR l .00000fJ .fJee0fJ .~ .MJNJe 
Z OR M .'"""'''' 1.-- 6.lJIJNe ,872.4 

C Ie 6· x OR K .1.,.,., .!1JIJe8 -1.11695 - • ..,!!.~ 
Y OR l .• .", .-- ,1JfJfJ0e ..... 
Z OR fit .8181&8 3 • .".,.,1' 6.75.., _' •• 16 

10 .." X OR It. .1~ .~flJ0C!J0 -!.1741~ -. ..,~,.! 
, OR l • GJIJIBfJft .0f""~0 • ~0QJ .~,. . 
l Oft M .efJ0J0~ !.~0 8."""~ •• 'eI6 

1m OPT AX INTERSECTION Z • 5."5485 

11 1 )COR K .1_ .. ,., • "M.,e -.1121" 
YCR L • lIN. .tJf1C!J00 .fJ."~ .efJfJN 
ZOtit M .eeeee ,.I.f.JIJ ! • .,.,~ .99916 

11 2 XOR K .1fJ00e .fJfJfMfe .. ..,1093 -.82658 
y~ l • .JCMIJH .CHm0e .~0 i ... NJ 
Z~ M .~fJ !.1I91JG!'0 '.4"92 .99.64 

11 ! XOR « .1M1N1 .-,,- -."3274 -.!'4!8 
YOR L .--. .fJlJfJ0fJ • ""eN') .QJIIJIJefJ 
ZOR M . ..,. 3.8IJfJee 4.'1915 .91t2~ 

11 4 X OR t( .1 .. " ... 00 -.2'118 ".51488 
Y OR l .8.",0 .fJe000 .~0 .fJfJfJl3e 
lOR N .~ !.~e 4·.9525" .e449! 

11 5 X OR K .1~ .~""" -.'2fJ31 -.3~6'9 
y ~ l .fM008 .1lf1lefI12J . """"" ."..ftIJ 
I OR M ... " !.~fJ 6.""''''' .,3426 

11 6 X ~ It .1_ •• "fJ -1.2e657 -.5' •• 8 
y OPt L .-- .-- . _0 ...... 
lOftM .1JfJ8fJe '.~00 6'.'"'' .1-"'2 

11 7 X ~ I .1..", • .,.,.,0 -1.,9189 -.!S4" 
Y OR l ."IftMIJe .0800. .~~ • .,.,N 

rJ 3 1 0 
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Z ~ ;., :=: ! ...... 4.352'" .9468. 0 14 • X OR ~ • 88e"" -.2.'.5 ·.51 •• ' 
YM L ..... . ~. .".- .""". % ORM •••• ,.IJ00IJIJ 4,9125" .."~ 14 5 X OR, It ._e .1JeIJf10 -.1"" -."!2~ .., Ott L • _111., • 1M.,.,. .t38' • .. -.e • 
z OIItM . .,,, .. ,, ""..",., 6.MMIJ .,,.2. 

14 6 X CM K • ...ee .. .... -1.1 .. 71 • -.~148' 
, Oft .L . -.. .-- ..... -" .. I OR M .-- '.8" • ., 6.1S" ."'2~ 1'4 T X (JIlt It , .. " •••• ell 

-1 •• '"'' 
-.~t41.e 

Y OR L ...... .• IJ_ .1_., 411.".. 
Z OItM . -.. I •••• .. ".,,~ .~"2' !4 OPT AX tNT£RS!eTIGRz • 4 ••• '1' 

l' 1 _Oft.: ..... -.1_ .... ! ... 9 .et964 
,o.t L i •••• • •• ,fJ . .,,..,,,, .~ %." ••••• , .1II8II!Je '.'.1.5 • 9ft;!' 

l! 2 • fM Ie ...... -.3_ -_29tel .2_751 
y CIt L .... .1' •• .. .,. -..,"" ! QIIt,1It ..... ., I •••• , • ..-t. .968t8 

l' S X. I •• '1., -., ... -.• 'l.~ -.~!'11 
Y'ott L ..... • 8IJ8,1J •••• ...... z." •• 18e i •• a" • 4.2""'4 ,".'1 

1~ It •• K . ...., .. ,- -4\2'2." -.'54!1' 
'(M'L , ..•. .., ... •• eMf .".,.,'" 
Z ORM i •••• I •••• 4.M2!e .9J.Sl 

1-5 5 xOit K •••• -.,- -.61892 -.2H·S2 
YOR L .... , . -- ._ . .... 

0 Z ~M • ..,,,e ,."''''' ,.".NY •• "'''6 , 15, 6 X • k .fJ __ tIJ •• ,88fJtJ -.1,.." -.14'..,' Y" L ... - •• "IJI .. ".", . ..,., . 
Z ... . .... , ..•• 6.1HM ,''''31 

·15 7· .0It k ..... ..... ., -1.15,.,! -.J4~7' 
, Ott l •• 1" . ...,. • ''''fJIRJ -" .. Z GIlt flit ._e J .... ., I • .,,,.e .9'.'1 

1~ OPT AX tNT!RS£CTtON Z • 4.'.11. 
16 1 JOR It -.lfJfJfJtJ .'''' .tfJ5~1 -,tJe9." 

Y eM L ...•. , ...... .... fJ ....,. 
Z Oft ... ...... s._"e J.'41M . ... ,' 

16 2 X GIlt Ie. -.t- ., ... ·.J.168 -.222'" 
y OIItL .1MJIJfJ •••• iI .e.. .MJtJfJ z." ... - s .... _ 

I .... ' • ,91496 
1. J X a., K -.! ... ~ . .... ...,,.,,, .... 4"166 

Y. L .. ..,. ."_1, .e_ .-101M . ..,.,., t .... 4 •• J.~' _,e2fJ! 
16 ,. J( 0It ~ -.1_ .J_ -.1?!t19 -.69fJ66 

Y~L .-e .... , .~ ,f.Jef.ttM 
lol'- .-.fJ I ..... 4.9'2S8 £72'17 

16 5 X Oft I( -.1_ • JIlIN -1.11361 ... 46,," Y. L , ..... ' ._e. ..... .Nfl • 
Z 01 '" .... ". !._,ft 6._19 • .8',6' 

16 6 )( 0IIt1C -.1_ -.,... -1.~6263 -.6te66 
VORL • .,.fJllI .8fIIIJfJ" .8NJi11e .fJfIJfJM 
1. 0It M .... .,., J.fJ1Ne0 6.15"., .?2317 

l' 1 k OR K -.1"" .~ -2.""44 -.6"'66 

t':C)3 0 at) 
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0 y Ott L .NH" .NlJfJfJ .. ..,,, . ..,. 
Z Ott " .. .., , .•• ., '.I"~" .1'2111 

16 ot>T AX JNTE~S!CTtOM Z • !.11'Il 

11 1 I( • K -.1_ .~fJ .e~ .f'J2181 
y~ L . _~tIJ .IJi"" .".., .0efI • 
ZOR . M . _8. , ..... t .... .... 1 • 

11 .2 
X __ I -.1 .... ,1.,. "18" ..".,. 
y _ L- ." . .,,, .~0 ."".,~ •.• eM 
Z Ott M •• "8. , . .."" ,.49992 ."'64 

11 ! )( otIt· K -.1-" ..,"019 ,I"'." -., .. ,,, 
Y _ L .• .,.,. .8".1 . .".. . ,"-Z (MIt M .118',., s.e_. ""t., . ., .. ,. 

17 ,. • OR Ie. -,1-' .~"_I •• l.'!! •• 49'21 
Y OR L •• 'B. . ..,., .e.",. .".,.' 
1 CMt " •• 1." '.e .... 4.95De • 86e?1 

17 5 )( OR It -.1_ .-. -.T .. '. ... •• ,te13 
Y (Mt L ••••• e , .... " . .... ...... ' 
lOR" . .,."., s,..,fJfJ ' .. ~lJlle ."'''' 17 6 )( '"' It -.l~ .e""lf., -1._"" ... 4"~" 
Y OR L ..... . . .,..,." ." ... .MNtII 
Z OR fill .• .,.." 1.8".'8 6."' .. _, •• n 

IT "7 • eM K -,I"" ..... -1.721" - ••• ~2 • 
Y OR L . _e. .... 111 .1 ... -" .. 
lORN .... .., S._"" I ••• "" 

.... .,., 
11 OPT AX I"T£"S£CTIo.. Z • 4.''7'" 

0 18 1 )( Of' tc -.1..,. -.,..",., -.Ie!.,,, .MfJtl 
Y OR L ..... .-." . _." •••• I ~ fill ...... I ..... 1 • .,."57 _HI? 

18 2 ~ OR I( -.1 ..... ,. ...... -.2.2,. .zta.fJ 
Y "" L •••• •••• ..1!JIIJe , . .",,,,, 
Z~M ..... fJ 1 ... _ '.4,t'5 .962 •• 

11 , X Oft I -.1-' -.~ ..• "., -.2865. 
VORL ._M • ..,ee .... " ."8". 
z~, M .fM8ee , . ...",. 4.!1~." .97842 

18 4 )( OR K -.1_ -.'''.N ... 1'71.1 -.1!IJ~' 
VORL •••• · •• 11"., , .. ,.,. .,.,'" 
z.tIII .• ". , ... - 4 •• 52-5", .M~?9 

18 5 XOIIt -.1_ -., ... -."a41 -,22",5 
y ~ L . ., ... .... .H.e . ... 
z Ott " • e ••• I ..... 6 ..... .9ft~1 

11 6 X~· ~ -.. 1""" -,t"" -,7.'91 -.~!"~~ 
y ~ L , .... 8 ."",..., ._11 .-'" Z ~ N ... - ,.""fJ •• nMfJ ,M'79 

11 1 X OR I- -.1_ .... tfJIJfJIIJ -1,1456' -.!.,! 
V~· L . ...., ~ ... 8B . .".,., ... 8.,. 
lOR" . -- J.'.,IJ I •• " •• .94'7 • 

18 OPT AX INT!RS!CTIOIII Z • 4. TIl •• 

19 1 X OR K ,1fJfJefJ .,- _,"'8 -,M5" 
VCM L .• , .. -,J_ -., .. " .8"'9 
Z ~ M •••• I.""" ' .... 21 ."'11 

19 2 X aIt Ie .1...,. ,J_ .%8'8'.' -.'Hl' 
YORl ...... -.JIINe -.19"2 ... ,. 

0 
z._~ ._e ",I." '."2" .194" 

1. , X ott It .1_ .1_ -.... " -..•. ,~ 
.f': 04 at)· 
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C 
.191314 y OR L .00000 -.30000 _"'1308 

Z OR M .~00 3.0000QJ 4.30S74 .94820 
19 4 X OR K .l0~0 .3fK?'''''' -.42~69 -.79091 

Y OR L .e00fJ0 -.3f'000 .1580'17 .30423 
Z OR M .~H 3.~00 4,95250 .53~85 

19 5 NO INCIOENCE 
20 1 )( OR K .10081' .0H0fJ -.~fJl'6 -,"211~ 

Y OR l _,,""00 -,30000 -.313409 .02971 
Z OR M .~09'" 3.0fr0C'J0 3_"'4Q1t~ .99913 

20 2 X 0" J( .1000'" .00~PJfJ .... 131"06 -.025~2 
y OR L • 09t0"" -.1~" -.29198 .24162 
Z OR M .. 00000 ~.M~PJ0 3 ....... 23 .968~1 

20 3 X OR Ie .10fJ0" 
.0 __ 

-_13'02 -.3:187. 
y OR l .""'ee -,3011Me -.e6923 .1~476 
Z OR M .~ 3.fJ0efJ0 _.31947 .92807 

2~ 4- X ORK .1~ •••• -.2'4~4 -.54192 
y OfitL .800fJfJ -.:J1JIIJfJC! ,e36" .24162 
Z ORM .'-'~fJ 1.,,"0fJ 4.9'2~0 .SfJ'1.1 

20 5 X ORk .1~1J • .",,,0 -.99416 -.36J?8 
y OftL .~ -,30"fJ .11"'26 .086'5 
Z MM . .,.,,, !.MCPM8 6.'35~3 .92840 

20 6 X ~K .1"'" .8fHPJefJ -1.271S9 -.'4192 
Y ~L .tIiJfIJe8" -.3"""'" .4''1eZ .1,e1' 
Z ~ .fHIJ00" ,.~ 6,15N~ .8H18 

20 7 X : ~"~ ,108INJ .N0fJ8 -2_,,8811 -.154192 
V .".., ... ,~ .6'2'~ .13"13 
Z ~ M " 

._01) 
,.~ e.0HfJ0 .830'8 

20 NO tNT W/OPT AX C; 
21 1 X tMK .1_ -.308N -.31159 .016.,5 

y OttL .etJfJee -.3._ -.39869 .031" 
Z Ott" .8.,."" 3.Neee 3."8691 .99916 

11 2 )( ORK .10IMHJ -.,~ -.38660 .. 28"4-5 
y ORL .~ -.30",. -.297"~ • 384!4 
Z ORM .~e 3.~fJ 3.J84'6 .91fJ!4 

21 , X aRK .1eaee -.,.,., -_,1229 -.2lSfJe 
y ~ L .QJS8ft -., .. .'21t! • 1ge21 
Z OR JIll •• ee, ! .HefJG!J 4.14fJ28 .95815 

21 ,. )( OR K ,11J8t1fJ ..... ,..,., -.14198 -.'''225 
Y OR L .~ -.i_. .14"1 _38.'4 
Z OR M .~ 3.~f!JfJ 4.9~25'-' .88'9~ 

21 5 X 0Jt K .1""" -.3."" -."121 -.22616 
y O~ I.. ."".,." .... 3~ .5218£'9 .~8~'9 
l M N .N ... , • fJIJlJIIJe 6.07531 .969t. 

21 I> X OR It .1'" ~.JfJft(M -.7.0. -.!42l5 
y 0fIt L .~e -.:1""" .'.741 .11854 
Z OR M .fifJPjfJ" 3.80.,., 6.15~ .. 9'''11 

21 7 X OR It .1NN -.",.,. -1.1'K4 -.3422~ 
Y OR L _"fJfJ0e -.3~ .16N5 .lzaS4 
Z OR M .0fJt2JftfJ 1.NfJ,0e e.0(IjffJfJ .9'8'1 

21 NO INT W/OPT AX 

22 1 X OR K .0fJfJfJe .3"''' .3e86~ -.03614 
y OR L ."., .. -.3"'"'O -.30860 ,03614 
Z OR M .,,~ !.0fMIJfJe 3,08688 .9986. 

22 \2 )( OR K ,000. .30",,' .2"66 -.3.41~ 0 y OR L .00"H ..... 3.,"'" -.29'66 .3e412 

r:C)~ a t} .. t 



t n
, _or ,," !I! II 

0 
- 21 .... 

l ~ M .;00N'" 1.000910 ,.,88.9 .90278 
22 3 X OR k .00NtJ V'. 3 Qf.000 "."2'-'26 -.4814' 

YOR L .1JII!JefJ0 -.30000 .02026 .1'''07 
Z OR M .~ 3.~" 4.332t3 .85561 

22 It )( Oft K . ..",. .' .3~QIJ" -.36.28 -.77"~2 
, Oft l .e~ -,380m' .158"5 .384.12 
Z Oflt M .~ !.e .. 4~9525~ .!56f1J'" 

22 5 APERTURE STOP 
23 1 X O~ K .0';"0;' .~" .0"8 .~~ 

y OA L .~ -.3." -.,O4" .02964 
Z ORM •• 11. 3.~ 3.fJ4095 ,99956 

23 2 X OfItK .1SefJIPe .•• eN .~ .CM!JtM9fJ 
Y OR L ._e8 -.,~ -,2'211 .241~1 
Z ~ M .-'. 3. __ 3.4.,ae .96888 

2' 3 X Oft K • fJfJ!ItIIJ .~ .~ -.32619 
Y Oil L ,f'8.,e,. -.,,,,,,,fJ ..... QJ61.1 .15 ... 69 
Z ~M . ..,.,,, ,.~ 4.'5Z50 ,9'23_ 

23 • X ORK ... " .~ .... ll""" -.522.7 
V OR L . .... -.3~ _",,"3 .2.7~1 
Z Oft fit • el!Jll8ftJ , . ..,.". 4.",2'" .$l~ •• 

23 5 X Ott Ie .--. .eee_ -.,.,414 -."'",~& 
YOR L ."'" -., ... .36691 .e'.~l 
Z OR ... ."."" J • fJt'JCIIiIJe 6.8' .... ."'11 

23 6 X OR I( . .,., .".",,,. -1.17128 -"2~1" 
y 0tIt L .~ -.,.,.,., ,43459 .1'2'~l 
Z Oft M •••• ,.~ 6,75Nl' .e42fJ7 

0 
23 ., X OR I( . ...,., .. ... - -1 .... ,4~ -.S2287 

Y OR L .... ., - .10IPJGJfJ .631"1 .IJ232 
Z OR .. .~ , •• Me e.~ .842" 

23 NO INT ."/OP' AX 

24 1 X OIl K .f)fJf'fte -.,- -.HI6" ."3614 
Y 0tIt t. ."."". -., .... -.~" .. ~ .03614 
l OR M .e..,1 ,.--" !.ee."8 .99869 

24 2 X OR K .,- -4ItfJefJIJ -.2',66 .38412 
Y OR L .1.1'., -.J~ .... 29766 .38412 
Z OR ,.. ..... e ,.N1IHlJIJ 1_,,'.9 .Ha?1 

24 ! X O~ K .• eiPJl8fJe -.se .. .e4fJ8~ -.~66 
y ~ L .fJMN -.:t".. • .,4"15 .It.7 
Z OR M .NfJH ,.~ 4.1.'15 .95998 

24 4 X OR K -"..,. -.t_ -.""'! -.!t9'6 
y ~ l. ."..,.m -.s_ .151S6 .3"412 
Z OR M •• 111 ! • G!IJIIJNJ8 4.9S~'" .8t!99 

24 5 X OR K ..... -., ..... -.49291 -.219t' 
Y ()tit L .e .... ·.1_ .,,.21 .e,'.3 
l OR M .".,.., ,.8..,. 6,.,.,32 ."t8a 

24 #) )( OR K ..... -.UJfNIJe -.... .,. . -.",. 
Y OR l .~ -.~f9I!HI!tf!t .5.2'., .t2, • ., 
Z <* M .eeIINJ I.e".,. 6,1''''''' .9J~'1 

~4 
., X ~ K .lDfJIIJ8fJ -.s..", -1."8411 •• 329fJ6 

Y Oft L ...... -.1".., .76"'46 • 125ge 
Z OR ,.. .fM!IINJe 3.""" I.~ .93',S1 

24 NO INT W/OPT AX 

25 1 X aRK .1..,. .t.,.. .11159 - •• 16" 

0 T OR L .-- -.,fJIN18 -.,e8,9 .817" 
l • fit .~e 3."""" 3.1886 • ., .9"!6 
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0 
25 2 XOR K -.1-- .3fJefJfJ .3fJ6611 -.28e.~ 

YOR L . ..,. -. 'l9fJfJfJ -.29,.,' .,e.,. 
Z~ M .0'-' 3.Nee" ~.3'.8' .91"3" 

25 3 X OR K -.1_ .S~" • 0tJ65tlJ -."', . 
V OR L .~ -., .. .82811 • 19fJ21 
Z~ N .~ , .... 4.3~9"" .862'4 

25 4 X OR K -.14JIJfJ0 .,~ ·.31111 -.·15ft18 
Y OR L .~0 -.!fttfJQJ .15909 .'043. 
Z OR N .eeJfJe s • ..,_ ... ,9525ft -.5.'eZ 

25 5 X OR K -il""" ._8 -1,91'''5 -.-5_12 
'If OR L •• ,8. -.JefJIJIJ •• .,890 -.118m2 
Z OR M .lIfJNe !.~ 6.2fJ682 .8~7'1 

25 6 APERTURE STOP 
26 1 )( OR K -.1-- .0eMQJ .efJl'. _fJ21!3 

YOtit l .8"".," -.3_ -.!e41J9 ."29"1 
lOit M ."'" 1.8.,." 3,.4"95 ,999!1 

26 2 )( ~ K -.1_ . .,,.., ..,lM, .e25~2 
y ~ L ...... -.S~ -.%9198 .2."6~ 
Z OR M ••• e. .. 3 .... '.4.823 •• 6851 

26 3 )( OR K -.1_ .eg •• _e3,,81 ..31~.1 
Y OR L .N"88 -.3 .... -.fJ~l.' .i5.-76 
Z ~ M .lJI8NfJ l.fJflJfJtllJe 4.3 • .,'1 .9!6~ 

26 4 X OR k -,1-- .e .... .... 155'., -.5"'4t3 
Y OR l .~fJ -.,- .1J41~2 .24161 
Z OR M •• eeII I • ...., 4.9$l~fJ .'~716 

26 5 X Oft K -.1~ . .,.. -.11469 -.3360' 
Y OR L -" ... -.,-. .'65~. .e89~2 
lOR .. .-.e" 3."_ .. 6.fJ3~~'" .9,,.~e 0 26 6 )( ORK -.leMJe .~~ -1.tlf7l1' -.~e~l' 
y Oft L .~fJe -.3MfJe •• '3~4 .IJ!9! 
Z OR M .",,_1 3.0fJf'fJfJ .6.75t30e .85'17 

26 7 X OR K -.10fMJe •• fJtJtJ -1.8897t -.58_I! 
y ~ l .... e -.3tM11Je ,629'. .1~3" 
l OR fill .".- J.~ •• ~ftI)fJfJ .8531'· 

26 NO INT W/OPT AX 

27 1 X ~K -.leeee -., .. -.3fJ!J'1 ,fJ!5.9 
y ~ t. .MJfffJfIJ -.1"".. -., •• t1J2 ."35" 
l OR M • fJIlMIIMIJ 3""". 3.""21 .99181 

27 2 X OR K -.10fJfJfJ -,'.,., -.28848 _,2813 
'If OR L .", ... -., ... -.Z.lT2 .3842' 
Z OR M ...... 3 •• e. 3.J92e9 .89429 

21 , X OR K -.1"'0 -., ... .lee94 ~.1'76! 
Y OR L . ..,fI. -.'''' ... ", .19"1~ 
Z ~ M .fJNfJtJ 3,"fJfJ 4.4~J.4 ,96165 

27 It X ~ K -.lfJfJlJe -.,"'"'" -.".162 -.316~1 
Y OR l .00"" -.,~ .162N .38421 
Z OR M .0eNfJ J.MJfJ. 4.952'''' .89858 

Z7 ~ )( OR Ie -.1 ... -.,..,. -.~98~. - •. 21811 
Y Oft L .. """"" -.3eefJ8 . • 54S8. ,08116 
Z OR M .~ 3 .... 6.1.",.2 .91.14 

27 6 X~K -.1 ... -.'''8 -,'4344 -.'1621 
y ott L .M0fJe -.3ft'0fJ .59974 .12198 
t OR M • fMlJftfHlI 3.~0e 6.75""" .94082 

21 7 X OR K -.ltMtfJ0 -:-.,""""'" -.963i17 -.316~1 
.y Oft L .0fJIIJftJ -.'''''fIIJ .76170 .12198 0 Z OR M .8_8 ,.0000fJ 8.80""'" .94082 
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27 NO INT W/OPT AX 

o 
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c 

Po 21. 

GENERAL RAY TRACE PROGRAM CARD '/0 

DIMENSION XOC~~).YO(35).ZO(~~)tAlPHA(~~)tAETA(35}tGAMMA(3~)tAC~5) 

DIMENSION RFFR(36).APIC35).AP2(3~)tAP!(~S).AP4(~5).AP~f35),AP6C'5' 

DIMENStON NAP(35),NOUTC35).CK8A~(35',ClBA~f35J,CM~ARf35JtX~eAR'3~' 

DIMENSION Y~BAR(35Jtl~BAR(35)tB(35),C~35).D(1~Jt~t3~) 

DI~ENSION R(35),KSURC35) 

KKK ~ 1 

GO TO (813. 803), KKK 

803 PRINT 115 

115 FORMAT (20HlOAD DATA,PUSH START) 

PAUSE 

813 KKK • 2 

I'~. :', •• 

READ TITLE CARD 

READ ? 

2FORMATC49H ,8H 

C 

1'-'12 

PUNCH 2 

PUNCH 100 

JB = 50 

PUNCH 1 

,PUNCH 1.00 

PUNCH 10'" 

PI :s: 3.14159265 

CONY • P1/180. 

READ HEADER CARD 

FORMAT CFl1.5,I3,E15~8) 

READ 1~2, REFR(l),NOSUR,TOl 

C REFR • INITIAL INDEX OF RfFR ,NOSUR. NO. OF SURFACES 

C TOl = MIN. LIMIT ON ITERAT~ON JNC~FMFNT 

NOSUR • NOSUR+l 539 

o 

o 

o 



o 

o 

c 

00 203 I ~ 2. NOSUR 

READ SURFACE DATA 

P. 25 

103 FORMAT CFl1.S. FIt.5. FIl.5, FII.5, FIl.5, Fll.5.J2.12,13) 

REAO 103, XOtIJ,YO(I),lO(I).ALPHACIl.RETA(t).GAMMACI) 

c 

c 

XO. YO, AND ZO ARE LOCAL SYSTEM SURFACE VERTEX COORDINATES. 

ALPHA, BETA, AND GAMMA ARE EULER ROTATIONAL ANGLES. 

READ 1?!3.Af I) .~( I) tC(!) ,DC I) .F"( I' .RFF'~( J) 

c 

c 

A. a, c. D. AND E ARE SURFACF FQUATTON COEFFICIENTS. 

REFR = INDEX OF REFRACTION FOLLOWING SURFACf. 

203 REAO 1~3'AP1(t,.AP2(I)'AP3(1).AP4(I),AP5(1).AP6(I)'NAP(IJ,NOUTCI) 

C API, AP2, AP3, AP4. AP5, AND AP6 SPECIFY APERTURE DIMENSIONS. SEE 

C INPUT WRITE UP. 

C NAP • 0 FOR CIRCULAR-ANNULAR APERTU~E. • 1 FOP RECT-TRAPElOIDAL 

c 

c 

APERTURE, = 2 FOR HYPERAOLYC APE~TURE. 

NOUT = 0 FOR NO OUTPUT AT SURFACE, = 1 OTHERWISE. 

C QFAD QAV nATA 

C SWITCH 1 ON TO USE SINGLE RAY CA~D INPUT 

IF(SENSE SWITCH 1) 2~5, 201 

2~5 READ 10~t XA.YAfZA,RPARl,RPAR2.RPAR!.NI~,NAXIN.IRAY 

C XA, VA. AND ZA ARE RAY COORDINATES AT FIRST POINT 

C RPARl, RPAR2. RPAR3 ARE RAY COORDINATES AT SECOND POINT 

C OR RAY DIRECTION COSINES AT FIRST POINT 

C MIN = 0 IF PAYS ARE sPtc. ~Y 2 POINTS 

C NIH-. 1 IF RAYS ARr SPEC. BY 1 POINT AND Dt~. COSJM~S. 

C NAXIN c 1 FOR COMPUTATION OF INTERSECTION OF RAY WITH OPTICAL 

C AXIS. • 0 OTHERWISE I~~Y = RAY NUMBER. 

GO TO 206 

~ 201 READ 116. FXU1. FZl. XGAP1; FXU2t FZ2. XGAP2 

READ 116, FYU2f YGAP2 



Po 26 

C RAY INPUT DATA, FXUl • MAX.XR. FZl • lR. FXU2 • MAX. X AT POINT 2 

C XGAPI • X SPACING AT POINT I, XGAP2 • X SPACING AT POINT 2 

C FZ2 - Z COOROINAT~ AT POINT 2 

C FYU2 II MAX Y COORDINATE AT 2ND POINT, YGAP2 • Y SPACING AT POINT 2 

116 FORMATtFll.'.Fl1.5,Fll.5.'11.5,Fll,5.Fll.5) 

IRAY • 0 

GAP3-flJ. 

RPARZ-'VU2 

e12 ~PAR2=~PA.2-GAP3 

IF(RPAR2+FYU2)~0,,814.et4 

814 GAP'3.YGAP2 

GAP! - fJ. 

XA • FXUl 

4 XA - XA"!""GAPl 

IFfXA+FXUl)~l2,8~4,804 

804 GAPl • XGAPI 

GAPZ •. fIJ. 

~PARI • FXU~ 

~ RPA_l • RPARI-GAP2 

IF(RPARl+FXU2)_.e0~,8~5 

8"5 GAP2 1; XGAP2 

YA • 0.0 

ZA II FIl 

R9AR~ • FZ2 

NUt • fJ 

NAXIN • 1 

IRAY • IRAY .... 1 

206 NIN • NIN+1 

GO TO (287.288). NIN 

o 

o 

o 



P. 27 

0 208 CKf'ARfll • RPARl 

CLeARC1) • ftPAR2 

C~AA~(t) • RP.'" 

GO TO 2St 

2m.., xo • ~ttARI-XA 

YD • Rf'Aft2-VA 

ZD • RPA~~·ZA 

RALE" • SOATeXD*XD+YD*YD+ZD*ZD) 

CKeA~(l) • XO/~Al~" 

CleAR{ll • YD/tltALfN 

CM~Aft (1) • lO/'AlEN 

209 .",eARll) • XA 

Y0eARfl) • YA 

ZfJ8AR(1) • lA-

O DO 15 I • 2. NOSUR 

IMl • 1-1 

SA • SIN(CONV*ALPHAftt, 

CA • costCONV*ALPHA{t,' 

se • SJNCCONV*8ETA(1)) 

CB • COS(CONV*BETAfJt, 

56 • S!"tCOMV*GAMMA(I) 

CG • COSCCONV*GA~MA(I)t 

Xl • X88AR{IMlt-xoCt) 

Yl • V.BARf IMl '-VO( r I 

Zl • l""ARCIMIl-ZOCI) 

Rl1 • CA*Cr,+SA*SA*S(; 

Jt'l~ • -Cl*SG 

Rl' • c .. Sft*SG-SA*CG 

0 ft21 • CA*SG-SA*s8*CG 5 ft 2 



P. 28 

R22 = C8*CG C 
R23 E -CSA*SG+CA*SB*CG) 

R31 == ~A*CB 

R32 II: 58 

R33 lit CA*CS 

X"" .:: Xl*Rl1+Yl*~12+Z1*RI3 
YCi7 ::I Xl*R21+Yl*R22+Z1*R23 

Z0 • Xl*R31+Yl*R~2+Z1*R33 

CK a CKBAR(IMl)*Rl1+CLBAR(IM1)*R12+CMBA~(IMl)*R13 

CL s CKBARfIMl)*R21+CLBARrl~1)*R22+CMAAR(IMl)*R23 

eM II: CKBARCIM1)*R31+CLBAR(IMl)*R32+CM~ARCIM1~*~~3 

J t 0 

IF(OtI)) 31~.311.~02 

31~ Z2 II: -ZC!1 

IF(CM) 6210. 10,60~ C: 
6"0 X0 11: X0-2.*CK*Z0/CM 

Y~ • Y0-2.*CL*Z0/CM 

GO TO 211 

311 IF(CMl 210,3~2.21~ 

210 X0 31: )(l'J-CK*Z0/CM 

y~ • yt?l-Cl"'l~/CM 

Z2 • 0. 

GO TO 211 

3t2!2 Z2 • Z0 

211 S II 0. 

5 J :r: J+l 

X • X0+Ck*S 

y • Y"'+CL*S 

Z • Z2+CM*S 
543 0 



o 

o 

o 

IFeDfI)) l12.21~,214 

212 IF fl) 7.6,6 

7 Z ft -Z 

IF (CM) 4e0 10, 400 

4~~ X = X0+CK*(Z-Z2)/CM 

V = Y0+CLc.l-Z2)./CM 

6 IFf V) 21~,216.216 

715 V = -V 

IF(CL) 4~1, 1~. 4~1 

401 X = X0+CK*tY-V0)/Cl 

Z = Z2+CM*CY-V0,/CL 

216 DO • Del)*otI) 

F • ffll*OO*X*X+OO*V*V-Z*Z 

FX • 2.*X*ECl)*OD 

~V = 2.*V4 DO 

Fl c -2.*Z 

GO TO 8 

214 IFtl) 6.6,7 

213 F • AfIl*X*X+BfI'*V*V+CCI)*Z*Z+Z 

FX .2.*A(It*X 

FV • 2.*Sf.'l*V 

FZ e 2.*C(r'*Z+1. 

e DET~T = CK*FX+CL*FY+CM*Fl 

IFfOETMT) 218,217,218 

217 IF(F) 10.9.10 

10 PUftCH 104, tRAY. IMl 

11 CONTINU~ 

IF (SENSE SWITCH 1)205,3 

218 OElS = -F/DETMT 

P.29 

, ~ 'il 



DELS2 • D~LS*DElS 

TOL2 • TOl*TOl 

IF(DEl52-TOl2) 9. 9, 219 

219 IF(J-JB) 220,10,10 

220 S • S+DfLS 

GO TO 5 

9 t~{D(I)1 320.321.301 

320 IF(S-2.*Z0/CMJ 221. 222. 222 

'21 IF(CM) !p,e.·~~lt'0f/.f 

'~1 IFtS) 221t222,~'2 

~00 IF(5-l~/CM' 221,222.222 

221 PUNCH 105. t~AYt IMI 

GO TO 11 

222 lAP • NAPtll+l 

GO TO (Z2't224.22~),KAP 

223 RHSO • (X.APlft,)*CX-APIC!)+fY-AP'CI»)*CV-AP'Cltt 

IFCRHSQ-AP'fl'*AP3(I») 12. 226, ~26 

12 'UNCH 106. t~AY. 1M! 

GO TO 11 

226 IF(RHSQ-AP4(1'*AP4(I» 13, 12. 12 

224 IFfY-AP3(ltt 12,12.227 

227 IFtY-AP4(I'J 2l8.12.12 

?2S tFfX-(AP~fr)*tY-AP3(lt)+AP1(t).) 12.1'.229 

2?9 tFtX-fAP6(1'*fY-AP3ft))+AP2(I,t. 1~.12tl~ 

225 IFfY-AP5Cl., 12t12t23~ 

230 IFfY-AP6CItl 231.12.12 

~~1 FFF • fX-APlfl))/AP3fI) 

FFFl • "F*FFF 

666 • fV-AP2CI)t/AP4(It 

p.30 

o 

c 

o 



o 

o 

o 

GGG2 = GGG*GGG 

IF(FFF'-GG~2-1.) 1~. 12, 1? 

13 RAT = ~FFR(TMl)/PFFPfl' 
ALe = (RAT*DETMT)/(FX*FX+FY*FY+F7*~Zt 
IF (REFR(I'+REFRCIM1») 232,233.232 

23~ GAMUC • 2.*ALC 

RAT = 1. 

GO TO 14 

232 BLC = fRAT*RAT-l.)/fFX*FX+FY*FY+FZ*FZ) 

DIS( • ALe-ALC-PLC 

IF(DISC) 234,235,2~5 

234 PUNCH 1?7, I~AYt IMl 

GO TO 11 

235 DISC = SORTfOISC) 

IFfALC) 236.10,231 

236 DISC • -DISC 

237 GAMUC = DISC-Ale 

14 CK • RAT*CK+GAMUC*FX 

CL • RAT*Cl+GAMUC*FY 

CfIIl • RAT*C~+GAMlJC"'FZ 

X0BAR(I) • R11*X+R21*Y+R31*Z+XOCI, 

Y~8AR(J) • R12*X+R22*V+R32*Z+YO(I) 

Z0BAR(I) • Rl,*X+R23*V+R33*Z+ZO(" 

CKBAR(J) = Rl1*CK+RZl*Cl+R31*CM 

CL8ARtIl • R12*CK+R~2*CL+R32*CM 

CM8AR(I' • Rl~*CK+R2~*CL+R33*CM 

KOUT • NOUTfI,+l 

GO TO (l~,lb).KOUT 

16 PUNCH 108tI~AY.IMl.XA,RP~Rl.X~RAR.l),(KBAR(I) 

Po 31 

----------------------------------------------.".;'" 



PUNCH 109.YA,RPAR2,Y0RA~(1),CLeAR(I) 

PUNCH 11~.lAtRPAR~.ZmAAR(Il,CMeA~(J) 

15 CONTINUE 

NAXIN • NAXIN+l 

GO TO (17.239"HAXIN 

239 IF(CKB~R(N05UR)' 240,241.24~ 

'41 rF(X~~AR(N05UR)) 18.242.1e 

Ie PUNCH 111, fRAY 

GO TO 1'1 

242 S c -y~eARfNOSU~) 

IFf CLeAR(NOSuP) , 243.244.243 

244 IF(Y?BA~(NOSU~)' 18,245,le 

24~ s c 5/CLBAP.(NOSU~) 

GO TO 245 

240 S = -X~8AR(NOSU~'/CKBAR("O~UR) 
IF(ClSAR(N05UR) 246,244,246 

246 IF(5+Y0BARtN05UR)/CLeARCN05UR1) 18,245,le 

245 AXIN = Z0BA~{NOSU~)+S*C~BAR(NOSUR) 

PUNCH 112,I~AV.AXIN 

11 PUNCH 1"'0 

IFfSFN5F 5wtTCH 1) l05, ~ 

P. 32 

1 FORM.Tt!HRAY SUPF,2~X6HOeJ PT,4XSH'D PT/OC.~X6HI"T PT,6X7HOIR COSt 

leJe FOR"AT flXt 

104 FORMAT f I ~ , I ~ t 13H NO INCIDENCE) 

Ifl15 FORMAT f13,J3.13H VIRTUAL PATH) 

106 FORMAT (13,t3,14H APERTURE STOP) 

1~7 FORMAT (I3t13,14H NO REFRACTION) 

1~8 FORMAT fI3,Il,16X,8HX OR f( ,Fl1.~,lX,Fl1.~91X.F114~.lX,Fl1.~) 

10.'19 !="OPMAT (22XfeH~ OP l ,Fl1.5,IX,Fl1.5,lX,Fll.5.1X.Fll.5) 

c 

o 



o 

c 

o 

Po 33 

110 FO~~AT (22X,!HZ O~ M .F11.5.1X,Fl1.~,lX,'11.5.1X.Fl1.5) 

111 FORMAT fI3,4X.15HNO tNT W/OPT AX) 

112 FORMAT (I3.4X.23HOPT AX INTERS~CTION Z =.F11.5) 

£ND 

-



o 


