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ABSTRACT 

LBL's version of the i on optic code TRANSPORT for designing charged 

particle beam transport systems is available from the data cell and can 

be run interactively from a remote t e letype terminal or a remote teletype 

and vista console. 
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INTRODUCTION 

TRANSPORT is a computer code for the calculation of charged 

particle beam transport systems. The theory behind Transport and a 

detailed description of it s data input and operation are described 

elsewhere 1), 2) The purpose of this report being to acquaint the 

TRANSPORT user t o the method of remote terminal submi ss ion and use of 

teletype options to guide TRANSPORT in the solution of beam problems via 

the teletype and input and output medium. 

The various vers ions of TRANSPORT are available from the LBL-data 

cell via a LIBCOPY from the Library TRANSPORT. If the user is off the 

site he must use TRAN4 from a remote teletype terminal. If the user is 

on the hill he may use either TRAN4 or the vista version TRAN3. 

1) "LBL version of TRANSPORT", A.C. Paul, 1971, UCID-3525 

2) rrTRANSPORT 360", Kar;L L. Brown, Sam K. Howry, 1970, SLAC-91 
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Availability of Berkeley TRANSPORT 

Currently there is some computer time at the University of 

California Berkeley Laboratory which is being made available to federal 

agencies, institutions and firms which have federal contracts or grants . 

For information concerning the LBL computing facility contact either 

or 

Data Input 

John S. Colonias 
Lawrence Berkeley Laboratory 
Building 50B, Room 3209D 
Berkeley, California 94720 

Phone: 415-843-2740 Ext. 6019 

Eric Beals 
Lawrence Berkeley Laboratory 
Building 50B, Room 3238B 
Berkeley, California 94720 

Phone: 415-843-2740 Ext. 5351 

The control cards for the teletype and vista transports are shown 

in Table 1. The data input file is TAPE5, so any data to be entered 

from the input file must be copied to TAPE5. The teletype version of 

transport will read its data from either TAPE5 or directly from the 

teletype, this decision being made at execution time by the user from 

the teletype. The data is either the standard Berkel ey data, or standard 

data plus names. Either may be in fie l d free format. Table 2 shows an 

example of TRANSPORT data for use with the teletype version. 

The data input for transport consists of a seri es of data decks, 

each beginning with a title card followed by an option card, and ending 

with a 73. card. The data between the option car d and the 73. card is 

chosen from the various possible elements which describe the beam line 

/ 

I. 



-3- 1B1-951 

and are described in UCID-352 5 . Any number of data decks may be stacked 

together. A date and case number card mus t not be used with either of 

the interactive TRANSPORTS, TRAN3 or TRAN4. 

Data Array and Name s 

The data appearing between the option card and the 73 . card 

serially fills a singly dimensioned data array, with each number 

specified, located in the data array at position given by the data array 

counter, I. The data may subsequently be altered by reference to its 

I count value. Alternatively, each data input card may be given a name 

(if not exp licitly by the user, the code will generate a unique name for 

each data card) which then can be used to alter or refer to the various 

parameters of that line in the data array. The names are restricted to 

s ix or les s alphanumeric characters, the first of which must be alphabetic. 

For each name there corresponds an I, the I of the type code. The 

data is stored in the data array in the order the cards are encountered, 

consequently the names are in that order also. In this report, we will 

often refer to name pairs ( e.g ., namel, name2) where namel must refer to 

a small er or equal I count than name2, that i s, the data line for namel 

proceeds the data line for name2 or namel equals name2. Names and I 

count s may be mixed, i.e., Name 1 , Name2 could be replaced by Namel, 12 

where 12 is the index counter value of Name2. 
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Starting a Teletype or Vista Job 

A teletype job may be submitted through a card reader or through 

the BRF (Berkeley Remote Facility).l) In either case, the control and 

data cards are identical, only the submittal device differs. 

When submitting via a card reader , the user simply connect s his 

t ele type to the job and waits for it to start execution. 

When submitting via the BRF, the user first connects his t eletype 
i 

to the BRF, enters the editor, and types in his control and data cards 

a s shown in Table 3 . The se entries may be saved via a STORE for future · 

use by retrieval with a tLOAD from the BRF, see the BRF manual. In any 

case, after entry of his data h~ submits his job by tSUBMIT. He may 

then disconnect his teletype from the BRF and connect it t o his job and 

await its start of execution. 

When the program begins execution it prints "PROGRAM EXECUTING--

TYPE READY, STOP OR ABORT", the appropriate response by the user to start 

his program being READY. Table 4 shows the first set of exchanges 

between the computer and the user starting his teletype run. The arrows 

indicate user enteries in response to the ~uestions printed by the 

t eletype . 

After the first data deck has been read and is stored in the data 

array, the teletype will print "NEXT" indicating it is ready for the 

next option to be entered. The "NEXT" printing can be suppressed via 

an opt ion as de scribed later. 

1) The Berkeley Remote Facility, J. Burkhar~, E. Romascan, UCID-3339 (1969) 
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Teletype Input Options 

Table 5 gives a summary of the teletype input options to be used 

with Teletype TRANSPORT, TRAN4. Table 6 gives a summary of the Tele-

type input options to be used with the vista TRANSPORT, TRAN3. On the 

following page s each of these summarized options will be explained in 

detail and occur in alphabetic order. Those which may only be used with 

TRAN4 will be designated byTRAN4 parenthetically attached to the option, 

similarly, thos~ ; options which may only be used with TRAN3 will have 

TRAN3 parenthetically attached to the option in the write up which 

follows. If during execution of either TRAN3 or TRAN4 a non-existent 

or illegal option is requested, no harm is done as the code will simply 

say - no such option. All options which follow which do not have 

parenthetical attachments may be used with.both TRAN3 and 1~AN4. Some 

of the options have abreviated forms which may be used when desired 

although they are less descriptive. 

ABORT 

This entry will terminate the job executing the control cards 

following the "EXIT" card. 

ALINE or AL 

The ALINE (ADD LINE) option allows the teletype user to add new 

data lines and elements to his data array. The entries consist of the 

location or name of the line after which the new line is to be added, 

followed by the new line. Example, consider adding a 13.1 data line 

after the DRFT4, Table 7. This could be accomplished by one of the 

following entries: 
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ALINE, 29, 13. 1. 
ALINE, 29, 13. 1. NAMEl 
ALINE, DRFT4, 13. 1. 
ALINE, DRFT4, 13. 1. NAMEl 

LBL-951 

If the name NAMEl of the new data line is not entered, the code will 

generate a uniQue name for the new data line. 

ALTER or A 

The alter option allows the user to change or alter any element 

in his data array. There are two general schemes that can be employed, 

one uses the location of the element to be changed by designation of 

the "storage index" I, within the data array, the other uses the uniQue 

"name" of the data line and the location of the element to be changed 

within this line. Example, consider changing the field strength of 

the second Quadruple in a data set to -8.75 kg. This Quadruple occupies, 

say, locations 19 through 22 in the data array and has the name QV. The 

alteration can be accomplished by any of the eQuivalent entries: 

ALTER, 21 -8.75 
ALTER, QV, 3, -8.75 
ALTER, QV, 1, 3, -8.75 

The general scheme is 

or 
or 

ALTER, I, change 
ALTER, NAME, J. change 
ALTER, NAME, N, J. change 

where NAME is the name of the data line; N would only be used if more 

than one data line has the same name and only the Nth line is to be 

altered (see page 21). 

BEAM (TRAN3) or B 

During a Vista run, the user may wish to flip back and forth 

between his data displays and his beam line. This is accomplished by 
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MDATA and BEAM entries on the teletype. If the beamline display is to 

be started fresh, removing any rays, matrices, or scale changes, this 

is accomplished by a BEAM option followed by a CANCL option. 

BLINE (TRAN4) or BL 

Standard transport execution output may be printed on the tele-

type by entering the indices or names in ordered pairs. The output 

requested will be generated after each go or solve option entered. If 

the output is to be cancelled enter BLINE with no indices or names. 

Names and indices may be mixed, but indices, names or mixtures must 

always have the first value of each pair refer to a lower or equal 

(same) data element than the second value of each pair. 

BLINE 
BLINE, Ill, 112, 121, 122, .... etc. 
BLINE, NAME 1 , NAME2, NAME3, NAME 4 , etc. 
BLINE, Ill, NAME2, NAME 3 , 122, etc. 
BLINE, Ill, Ill, NAME 1 , NAME 1 , ... etc. 

CANCL (TRAN3) or C 

When a request is made which cannot be acted upon for some reason 

an error message may appear on the VISTA screen requesting you to hit 

"c" for cancellation of the request. No other entry will be accepted. 

Data input then resumes in normal fashion. 

DLINE or D 

The DLINE (Delete Line) option allows the teletype user to remove 

a data line from his data array. A group of lines may be removed to-

gether by specifying the name or index of the first iine and the name 

or index of the last line bracketing all lines to be removed. 



FIN 

- 8-

DLINE, I 
DLINE, NAME 
DLINE , Il, 12 
DLINE, NAME 1 , NAME2 
DLINE, 11, NAME2 
etc . 

I,BL-951 

This option terminates the run. The control cards aft er a "FIN." 

control card will be execut ed , otherwi se the job i s done. 

FIX 

Thi s option removes variables in the data array by zeroing the 

vary codes of each type code and negating all constraints. The fix 

option operating on the data shown in column 1 produces the result 

shown in column 2. It operates on all the data in the data array. 

l. l. 

5 .02 5 . 

. 3. 3. 

5 .01 5 . 

3. 3. 

10.1 -10.1 

10 . 2 -10.2 

3· 3. 

10 . -10. 

If it i s only desired to fix the data between two points in the data 

array the entry would be 

FIX, NAME1, NAME2 
FIX, Il, 12 
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FORCE 

Many checks are made on the data entered via the teletype to see 

that it is legitimate data. Occasionally one may wish to make an 

illegitimate entry for which no checks will be performed. This can be 

accomplished via the force entry giving the data array index and the 

new value of this element of the data array. 

FORCE, I, X. 

Use this option with extreme care. 

GO or G 

Entrance of GO causes execution of the data in the data array. 

No optimization will be performed. No teletype output will be generated 

when using this option with TRAN3 (VISTA). The output for TRAN4 will 

always start with the statement "Executing case number--" and end with 

the line ffLength = __ ". Any other output is at the specific request 

of the user via a previous BLINE entry or the data in the data array 

controlling teletype output such as: 

13. -l. Output Beam matrix and vectors 
13. -4. Output the RC accumulated transformation matrix 

from last update 
13. -8. Output the RC2 matrix 
13. -27. Output vectors only 
13. -45. Output the RPL matrix for polygons 

The 13. N. data entry request output on the normal off line printer 

irrespective of the sign of N if such output has not been prohibited via 

a suppress entry when first starting to job. A negative N means output 

on the teletype is requested. 
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MATRX (TRAN3) or MA 

The request for a Display of a transformation matrix will also give 

a display of the beam matrix, 12 additional numbers and a plot of two 

selected phase plane projections. The required Teletype input is 

MATRX, LOC, N, IJKL or 
MATRX, LOC, IJKL 

where LOC is the data index counter or Name of the element with length 

(may be zero) preceeding the matrix generating data request card (see 

below) and will normally be shown on the beam line as an asterisked (*) 

integer. Should no such tag be visible the number may be chosen from 

the data display index. N will normally be entered, only when the 

matrix generating request is contained within the limits of a repeat 

option (9. N. to 9. 0.), N matrices are generated, then it is mandatory 

to enter N so as to select which matrix is desired for display with the 

given LOC. IJKL is the designation of the two phase plane projections 

IJ and KL where 1 ~ M ~ 6, M=I,J,K, and L. The vectors will also be 

displayed on the phase plane projections if they are within the scale 

limits of the projections or can be forced to be displayed by causing 

the scale phase planes to always include the vectors by use of the 13. 31 

or 13. 32 data options. 

The matrix generating request cards can be used to store up to a 

maximum of ten locations for displays of the transfer matrix, beam 

matrix and vectors. The location of these cards can be changed to 

generate matrix information at different locations from the teletype. 

The information is stored during execution of transport. 

The matrix generating cards are: 
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13 . 4. display RC matrix 
13 . 4.x " R3 " 
13 . 8 . " R II 

13. 24 . " R2 If 

13 . 42 . " RC " suppressing second order printout 
13 . 48 . " R If 11 " " 11 

In second order transport the vectors displayed may be defi ned as second 

order matrix e l ements by the 13. Nijk data card. This card defines 

vector position N t o be the T(ijk ) second order matrix element where 

(N+l ) / 2 is the vector number wi th N odd (hori zontal N even (vertical ) . 

MDATA (TRAN3 ) or M 

Often the data array i s so l arge t hat t he VI STA screen wi l l not 

accomodate the entire array . The entry of MDATA fl i ps between the 

" pages" of the data in a circular fash i on, the firs t of the data 

following the l ast of the data . The data displ ayed gives t he index 

counter , name , and data l ines for t he data array. 

LABLE (TRAN4 ) or L 

This option al l ows the user t o enter t he parameters that should 

appear in the table print ed when t he table option is sel ected . The 

table may consist of any combination of up to 19 of the fol l owing 

parameters : 

LABLE DEFAULT 

TYPE IT 

LC " 
xBEAM IT 

yBEAM IT 

xCENT 
yCENT 
xAPE 
yAPE 
xl 
yl 

MEANING 

prints type code and number of each data line 
accumulated l ength 
horizontal beam projection 
vertical beam project i on 
horizontal beam centroi d shift 
vertical beam central shift 
hori zontal apertures 
vertical aperture 
horizontal ray 1 
vertical ray 1 



LABLE 

x2 
y2 

x6 
y6 

DEFAULT 
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MEANING 

horizontal ray 2 
vertical ray 2 

horizontal ray 6 
vertical ray 6 

LBL-951 

If the LABLE option is not used, or used with no parameter list the 

default lables will be used in the table. A typical entry to give the 

accumulated length, horizontal and vertical beam and horizontal beam 

centroid shift and the vertical extent of vector 5 would be: 

LABLE, LC, xBEAM, yBEAM, xCENT, Y5 

All subsequent table request will then produce tables given these 

parameters in that order. 

MOVE 

This option allows the user to move a group of data within the 

data array 

MOVE, NAME 1 , NAME2, NAME3 

Here the data lines Namel to Name2 are moved to follow Name3. If only 

one data line is to be moved the entry would be 

MOVE, NAME 1 , NAME3 

NAME or NA 

The Name option allows the user to rename his data array with the 

standard Name convention internally generated by the code. The Names 

will be generated by the type of data element given below and an incre-

mental counter appended, i. e ., Ql, Q2, Q3 etc. for quadrupoles, NAME Q. 



STANDARD 
NAME 

BEAMl 
FFl 
Ll 
BMl 
SLITl 
AXISl 
ALINI 
REPl 
CONl 
ACCl 
TILl 
101 
AUXl 
UNITl 
DAl 
SECl 
SEXl 
SOLl 
ROTl 
STRYl 
VECl 
SEPl 
PLOTl 
MATl 
SCl 
BUN 1 

ICONNT 

( 27) 
( 35 ) 
( 38) 
( 44) 
( 48) 
( 52 ) 
( 59 ) 
( 67 ) 
( 69) 
( 74) 
( 79) 
( 95 ) 
( 97 ) 
(109) 
( 113) 
( 116) 
( 120) 
(124 ) 
( 127) 
( 129) 
(134 ) 
(136 ) 
( 143) 
( 150) 
(154 ) 
( 159) 
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TYPE 

1.000 
2 .000 
3.000 
5.000 
6.000 
7.000 
8.000 
9·000 

10.000 
1l.000 
12.000 
13.000 
14.000 
15 
16.000 
17.000 
18.000 
19·000 
20.000 
21.000 
22 
23.000 
24.000 
25.000 
26.000 
27.000 

LBL-951 

MEANING 

BEAM 
FRINGE FIELD TO BENDING MAGNET 
DRIFT SPACE 
QUADRUPOLE 
SLIT 
AXIS CENTROID SHIFT 
MISS-ALIGNMENT 
REPEAT 
CONSTRAINT 
ACCELERATION 
PHASE SPACE TILTS 
INPUT-OUTPUT 
AUXILIARY MATRIX 
UNITS 
DATA INPUT 
SECOND ORDER 
SEXWPOLE 
SOLINOID 
ROTATION 
STRAY FIELD 
VECTORS 
SEPARATOR 
PLOT OPTIONS 
MATRIX INPUT 
SPACE CHARGE 
BUNCHER 

If only 1 name is to be changed it may be done by entering 

NCASE 

NAME, I, NEWNAME 
NAME, NAME, NEWNAME. 

An entry of NCASE requests the input of a new data case. This 

case can come from off-line by reading tapes, or from on-line teletype 

entry of an entire data set, in which case the teletype requests the 

entry of a title, option, and standard data. The user then enters 

the standard data, with or without names with no further requests from 

the teletype. When he is through entering his data he enters a 73. 

and normal teletype options then become effective. 
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If the data is read from TAPE5 and an end of file is encountered, 

an error diagnosti c will be printed and the data case can then be entered 

via the teletype. All input is in field free format. 

The run number will be sequentially advanced unless a second entry 

is made, e.g., NeASE, YES. Then a request of entrance of the date, and 

case number will be made. The acceptable entries are: 

PDATA or PD 

NeASE 
NeASE, YES 

The data stored in the Data array may be printed on the teletype 

via the PDATA option. If the print time will be longer than 2 minutes, 

a warning will be i,ssued and the user can then cancel the print command 

or accept it. The data printed will consist of the standard transport 

data Lines preceeded by the storage index, and data Line name. A 

portion of the data array may be printed by entering the index or names 

of the section to be printed. The permissible enteries are: 

OUTPT 

PDATA 
PDATA, N 
PDATA, NAMEN 
PDATA, Nl, N2 
PDATA, NAME 1 , NAME2 

PRINT ENTER DATA ARRAY 
PRINT LINE WITH INDEX N=1,2,--300 
PRINT LINE OF NAME NAMEN 
PRINT ALL DATA BETWEEN Nl AND N2 
PRINT ALL DATA BE'IWEEN NAMEl AND NAME2 

The off-line output generated by transport may be turned on or off 

by entering 

OUTPT, YES 
OUTPT, NO 
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PULL 

This option allows a user to "PULL" a group of elements out of any 

one of the four data array's (DATA, SAVE, SAVE2, SAVE3) into a buffer. 

Each subsequent ALINE or DLINE option specifies the location in the data 

array where the pul l ed data is to be pla ced . In this way a set of data 

el ement s may be conveniently placed at many locations of the data array. 

Any entry other than ALINE or DLINE following the PULL option concludes 

the PULL option and subsequent ALINE' s and DLINE' s have their usual 

meanings. Example: 

PULL, M, NAME 1 , NAME2 
ALINE, Nl, N2, N3, 
DLINE, Nl, N2, N3, ..... 
ALINE, Nl 

M is the array from which the data NAMEl to NAME2 is to be pulled 

M=O DATA array 
M=l SAVEl array 
M=2 SAVE2 array 
M=3 SAVE3 array 

Name2 does not have to be entered if only one element i s to be pulled 

from array M. 

The parameter list for ALINE and/or DLINE are the names or index 

counts where the Pulled data is to be inserted. 

PUNCH 

The punch option writes the DATA array onto TAPE7. This tape may 

be listed on the output file or punched to cards after the RUN is over 

by the following control cards: 
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FIN. 
REWIND ( TAPE 7) 
COPYSBF (TAPE7, OUTPUT) 
COPY (TAPE7/RB, PUNCH) 

LBL-951 

Tape7 could also be copied to some common file and used as input (Tape5) 

for some subsequent RUN. 

RAY (TRAN3) or R 

After execution of transport any vectors tracked may be added by 

the RAY option on to the beamline display. The first six vectors may 

all be added together or they may be added one or more at a time. The 

possible teletype entries are: 

RAY 
RAY, Nl 
RAY, Nl, N2, N3 

The RAY option would display all vectors on the beam line. If a series 

of one to six numbers follow, then these are the vectors which would be 

added to the beamline display. Only the first six vectors in Transport 

data array may be displayed on the VISTA screen. 

RECAL or RE 

The data and vectors saved via the save option may be recalled via 

the RECAL option. The recalled data can come from one of three arrays 

and mayor may not be swapped between the chosen array and the data 

array depending on the input parameters entered. 

RECAL 
RECAL, 1 
RECAL, 2 
RECAL, 3 
RECAL, N, SWAP 

Where N = 1, 2, or 3. RECAL and RECAL, 1 gives the same results, namely 

re call of the data saved in the SAVE array via a SAVE, 1 entry. The 
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swap entry exchanges the data between the data array and the SAVEN array. 

RESPN 

The response option allows the user to turn on or off the teletype 

response of "NEXT" signifying the waiting of next data or option input 

from the teletype. The allowed entries are: 

SAVE or SA 

RESPN, YES 
RESPN, NO 

Three auxiliary data arrays may be used to store the data in the 

data array and vectors for subsequent retrieval. They are the SAVE (the 

same as SAVEl) SAVE2 and the SAVE3 arrays. The following entries will 

store the data and vectors in current use into the designated save arrays. 

SAVE 
SAVE, 1 
SAVE, 2 
SAVE, 3 

When no numeric is entered, the default is 1, i.e. the SAVE and SAVE, 1 

option give identical results. The data saved will only be changed by 

another SAVE command, except for the SAVE3 array which is used during a 

segmentation (SEGMT). 

SCALE (TRAN3) or SC 

The beam line display obtained after a GO or SOLVE command may not 

show sufficient detail of a portion of the beam line. The scale option 

allows the user to insert the starting and ending point of the display 

and the horizontal and vertical scales. The data to be given via 

teletype is: 

SCALE, Jl,J2,X.,Y. 
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Here Jl, J2 are the data storage index or name of data line. This data 

will produce a plot 

X. 

:~I~ ----------------------~ J2 

Extending from Jl to J2 with maximum horizontal (x) scale of X and 

maximum vertical (Y) scale of Y. Any field may be void, i.e., if only 

the horizontal scale is to be changed the data can be given as 

SCALE" ,X. 

If only the longitudinal section is to be altered the data can be given 

as 

SCALE, Jl, J2 

Should the user wish to restore the original scale he may enter SCALE 

with no other parameters. If the scale option has been selected by 

error, the cancel option may be used. Normally Jl and J2 will be the 

data array index counter such as display on the bottom of the beam line 

or along the left edge of the data display. Should the entered Jl and 

J2 not be correct the code will take the next larger correct value. 

SEGMT or SE 

Many beam lines are a series of connected sections which can be 

considered to feed one another but otherwise independent. Often the 

problem of "many variables and constraints" can be simplified by 

calculating each section or segment of the beam line independently, 

using the output of the preceeding section or segment as input to the 

next section. This calculational procedure reduces the time and output 
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since already solved sections are not recalculated as one optimizes each 

segment of his beam system individually. 

The complete data set describing the entire beamline set is read . 

The user may segment the data by ente r ing the sect ion of the data which 

is to be calculated as the fir s t segment. The f irs t segment may start 

at any place on the beam, not ne cessar ily at the beginning. The starting 

point and ending point be ing designated by the SEGMT option . Selection 

of the segmentation option via the teletype does three things , 1) saves 

the entire data array i n the SAVE 3 array, 2 ) processes all data cards 

and performs all beam calcul ations from the beginning of the original 

data up to the starting point of the segment, and 3) replaces the data 

s tored in the data array by the data delimited between the s tarting 

and ending points se l ected . 

The allowed inputs being of the form: 

SEGMT, NAME1, NAME2 
SEGMT, 11, 12 
SEGMT, 11, NAME2 

All subsequent operations are upon this data now displayed and the 

calculations use as s tarting values of the ~, RC, RC2, R3 matrices and 

vectors the values calculated and saved for the beginning of this 

segment. 

Example: Consider a beam line consisting of a quadrupole to produce a 

point to parellel beam and another quadrupole to produce a focus at a 

target. 
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The original data set is shown in column 1. 

Title Title Title Title 
Option Option Option Option 3 · 

15· l. l. 15. 15. 5·01 
15. 15. 5.0 1 5. 15. 15. 3· 
l. 15. 
5.01 10. -10. l. 

10. CB l. 5. 10. 
5.01 5. -10. 

3. 10. -10. 
5·01 3. 

3. 3. 
3. 5.01 5.01 [JJ 3. 

10 . 3. 3. 10. 
73. 10. 10. 

73. 73. 73. 

Column two shows a box around the data to be segmented by the teletype. 

The segmentation command is given and column 3 is produced after the 

constant, 15. data elements, are processed. Now a SOLVE command causes 

optimization of the quadrupole processing only the 1., 5.01, and 10. 

data element. After optimization the quadrupole can be fixed and the 

constraint negated by using the FIX option. This will fix all variables 

by zeroing out the vary codes and negate all 10. data cards as shown in 

column 4. This data can be stored in the saved data by using the save 

option. Whatever data is on the data array will replace the data in 

the appropriate section of the SAVE3 array regardless of the number on 

lines inserted or deleted. The entire data array can now be recalled 

(RECAL) as shown in column 5. A box shows the data to be segmented as 

the next sect i on as shown in column 6 . Selection of the segment option 

causes calculation of the data from the 15. element up to the first drift 

space with the result of this calculation being saved and used as 

initial conditions for the segment delimited by the box. The data 

-. 
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transferred t o the data array as shown in column 7. The user is now 

ready to optimize thi s segment and proceeds in an analogous fashion for 

all subsequent segment of hi s beam line. 

SNAPB (TRAN3) or SB 

The beam line displayed on the VISTA scr een will be copied to disc 

file SNAP via the SNAPB (SNAP beam line) option. After the program is 

terminated, SNAP may be copied to film in order to generate a microfilm 

copy of the beam displays. 

SNAPD (TRAN3) or SD 

The data displayed on the screen of the VISTA will be copied to 

disc file SNAP via the SNAPD (SNAP Data) option. The data can then be 

transferred to microfilm as described under SNAPB and shown in section 

SOLVE or I 

Entrance of the Solve options causes an optimization of any 

variables in the data array subject to the constraints in the data array. 

After completion of the optimization and automatic execution of the data 

(GO option) is issued. One of two optimization routines may be us ed , 

s tandard optimization or variable matrix optimization as specified by 

the data in the data array. Unless specifically requested, standard 

optimization is used. The output generated during optimization being : 

EXECUTING CASENO 1-1 
ACTUAL VALUE OF VARIABLES 
(X2) variablel. Variable2 .... 
SOLVED (X2) 
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If the data deck contains a 16. 29. -1. data line specifying variable 

matrix optimization the output generated would be: 

EXECUTING CASENO 1-2 
VARMIT 
o - 1 (X2) Vl. V2. 
6 - 10(X2) Vl. V2. 

The output giving the iteration cycle, the number of times transport 

was executed to evaluate the chi-square, the current value of chi-

square, and the value the variables currently have. This output line 

is printed every 5th cycle. If more or less output i s desired the 

request can be made as a second parameter, e.g. 

SOLVE,N 

will generate a output line every Nth cycle . 

TABLE (TRAN4) or TA 

A table may be printed after execution of transport giving the 

type codes, accumulated length, beam ellipsoidX,Y projections, centroid 

X,Y shifts and apertures encountered along the beam line by entering 

the TABLE request. If vectors are also being tracked, the X,Y positions 

of the first four vectors may also be printed. Since a complete TABLE 

may take considerable time to print, facility is provided for entry of 

pairs of indexes or names bracketing the sections of beam line which 

should appear in the TABLE. The possible entries might be: 

TABLE 
TABLE, Il, 12 
TABLE, NAME 1 , NAME2 
TABLE, 11, 12, 13, 14, 
TABIJE, Il, NAME 2 , NAME 3, NAME 4 , 
et c . 

11:::; 12 

11 :::; 12, 13 < 14,000 
NAME 5 , 16, 



-23- LBL-951 

Where 11, etc . are the data location index and the names are t he names 

of various data l ines , as given by the data option. The first name of 

each pair must precede or equal the second name in the data s tructure , 

as the corr esponding I of each pair i s smaller than or equal t o the 

second I. 

TITLE or TI 

Thi s option allows the user to change the title of his data. The 

title appears at various places on the off-line output and so can be 

used for making appropriate comments fo r the various runs. The data 

entry i s 

TITLE, NEW TITLE ETC. 

TLOC (TRAN4) 

Often a user wishes to produce a table (TABLE option) at certain 

locations along his beam line many times during hi s teletype run. In 

order t o releive him of the necessity of entering the locations for 

which the table will be generated a default list may be defined via 

the TLOC option such that any entry of TABLE with no parameter list 

will use the default list as locations. 

TLOC, NAME 1 , NAME2 , ..... 

VECT or V ) 

The vectors s t ored in the vector array may be added, altered, 

deleted or printed via the VECT option. If no vectors are in the data 

array they may be entered via the aline option, not the VECT, aline 

option. Thereafter, all r eference or changes of vectors i s via the 

VECT option. Typical input lines might be: 
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VECT, ALINE, N, X. XP. Y. YP. S. DP. COMPo 
VEeT, ALTER, N. CHANGES 
VECT, ALTER, N, K, CHANGES 
VE CT, DLINE, Nl 
VECT, DLINE, Nl, N2 
VECT, PRINT, Nl, N2 

LBL-951 

In adding a vector, one need only enter the numbers up to the last non-

zero entry, the other parameters being automatically set to zero. The 

VECT, ALINE option will automatically increment the vector counter in 

the data array (number after the 22. element in the data array). To 

delete a vector one enters the vector number to be deleted. If more 

than one sequential vector is to be deleted, one enters the first and 

last vector number to be deleted. 

To alter a vector already in data storage, one selects the vect, 

alter option. The vector space X, X', Y, Y', S, dp, ~ can be assigned 

a numeric equivalence 1,2,3,4,5,6 and 7. Then to change the value of 

S, dp, which are the 5th and 6th positions one enters 

VECT, ALTER, 5, S. DP. 

Up to 40 vectors can be transformed by transport. However only. the 

first four may appear in the table of TRAN4. All vectors will be 

printed at each location requesting the ~-matrix (13. -1.) on the 

teletype version and any location requesting the vectors (13. -27.). 

ERROR Messages and checks 

The input routines make numerous checks for legitimate data input. 

Should a check not be satisfied an error message will be generated as 

listed below with the most common errors generating the message. 

Generally, the user only needs to retry the input after correcting the 

error. 
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ERROR IN RAY OPTION, TRY AGAIN 

ERROR IN TTY ENTRY, TRY AGAIN 

NO SUCH OPTION, TRY AGAIN 

DATA ERROR, NO EXECUTION. 

Check of data array has found a data error such as zero 

quadrupole aperture, zero partical momentum etc. the I count 

of the data line in question is printed and return made to 

the user. 

FIRST INDEX MUST BE LESS THAN 2nd INDEX TRY AGAIN. 

Pdata, II, 12 was submitted with II >12. 

MAXIMUM NUMBER OF ELEMENTS IS 300, DATA NOT ACCEPTED. 

YOU HAVE REQ,UESTED MORE THAN 2.5 MINUTE OUTPUT, SHOULD I PROCEED. 

VARIABLE LIMITS ENCOUNTERED IN ALTER --OR--

Tried to move more than 6 times 

NO RAYS IN DATA ARRAY, USE ALINE. 

MISCELLANEOUS 

When using the "add to beam" option the zero data element must 
I 

be entered as a separate data line when input is from TAPE5 

1. .01 O. .02 .174 .02 -.34 -.0674 ADDBM 

O. 

and must be entered as a single line when entered via a ALINE. 

ALINE, NAME, 1. .01 O. .02 .174 .02 -.34 _-.0674 O. ADDBM 

When adding a correlation input the data may be on one or two lines 

on TAPE 5 , 

12. .2 O. O. O. O. .937 O. O. o. .99 O. O. .45 O. O. 
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12. .2 0 0 0 0 . 937 o. 

o 0 .99 0 0 .45 0 o. 

LBL-951 

are acceptable input. If the second group of eight entries are zero, 

the following may be used; 

12. .019 o. o. o. o. .937 o. 

o. 

where the last entry will have zero fill on all unspecified fields. 

When using the ALINE input the entry may only be made on one line 

ALINE, NAME, 12 .. 2 O. O. O. o .. 937 o. o. o .. 99 o. o .. 45 o. O. CORl 

SEVERAL DATA LINES WITH THE SAME NAME 

If two or more data lines have identical names, they will be 

altered or deleted together, e.g., if QUADH of Table 7 is to have a 

5.50 cm aperture the single entry of "AL'IER,QUADH,4,5.5" will change 

both apertures of the divided quadrupole. The ALINE option used with 

a duplicate name data will insert the new line after the first appear­

ance of the name, for example, adding a 13. 1,' line after the first 

QUADH data line would be given by 

ALINE, QUADH, 13. 1. 

To add this line after the nth occurance of the multipally named data, 

n must be specified after the name, e.g., to add the 13. 1. line after 

the second QUADH data line, one would use: 

ALINE, QUADH, 2, 13. 1. 

If only the nth multiply named line is to be deleted, n follows the 

name, e.g., to delete the second quadrupole QUADH one would enter 

. DLINE, QUADH, 2 
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It i s not possible t o use a mult i p l y named data el ement as one para-

met er of a mult ip l e de l et e , i . e ., the following card i s illegal. 

DLINE, QUADH, 103 

While all dat a with name QUADH can be del et ed by entering 

DLINE, QUADH 

To alt er the J th pos ition of the Nth multipl e named line requires the 

i nput of N af t er the Name, i. e ., 

AL TER, NAME, N, J, X. 

When several data lines have the same name and are t o be used via a 

paramet er li st for the options li st ed bel ow, the data line whi ch fi rs t 

occurs with the given name will be used. If a di f ferent (other than the 

f irst occurance of the name ) data line i s desired the name mus t be 

entered a s a double entry; name , N, wher e N i s the numb er of the 

occurance . In thi s way, the pairs of names us ed in the BLINE or TABLE 

options may in fact be three of four ent r i es per pair, or the names used 

with the other options , such a s PDATA et c . can be two entires per name. 

Option 

ALINE, NAME, NEWLINE NAME,N,NEWLINE 
ALTER, NAME , CHANGE NAME, N, CHANGE 
BLINE, NAME 1 ,NAME2 .... NAME1,N,NAME2 or NAME1,N,NAME2 ,N or 

NAME1,NAME2,N 
DLINE, NAME 1 ,NAME2 11 

FIX, NAME 1, NAME2 11 

NAME, NAME 1, NEWNAME 11 

PDATA, NAME1,NAME2 11 

PULL, M,NAME1,NAME2 11 

SEGMT, NAME1,NAME2 11 

TABLE, NAME1,NAME2, ...• 11 

TLOC, NAME1,NAME2 , . ... 11 
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BEAMLINE DISPLAY (TRAN3) 

After execut ion of the GO or SOLVE options the beam line will be 

displayed on the VISTA screen. The display will be automatically 

scaled to show the entire beam envelope and all magnet apertures. The 

paraxial traj ectory runs down the center of the display from l eft to 

right with the horizontal display above and the vertical display below. 

By construct, a vector which crosses the axis is reflected at the point 

of crossing masking the sign change. No such ambiguity is encountered 

by the envelope s ince it is always positive by definition. Above the 

display is given the accumulated length while below the display is given 

the data index number for elements possessing sufficient length. Should 

matrix data be available at a given location an (*) will follow the data 

index number. Matrix data will be generated for the first ten data 

cards requesting matrix output, 13.4., 13.4x, 13.8., 13.24., 13.48. 

Should the length of certain elements be sufficiently small so that 

adjacent numbers are crowded it will be necessary to scale in order to 

produce it or the number may be found from the data display. 

Additional beam line display options are RAY and MATRX. These 

options allow the display of the vectors and matrices along with the 

beam envelope. Once a beam line display has been scaled, rayed and/or 

matrixed it will so remain until explicitly altered or cancelled by 

the user. This may be accomplished by the BLINE, C entry. 

Data Di splay (TRAN3 ) 

The data deck is displayed along with the addition of the data 

index I, NAME on the left and the accumulated length on the right of 
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the usual transport data. The data displayed may be altered, deleted 

or added thereto by selection of the appropriate option. The normal 

display has the following format: 

Data 
Index Description Normal Transport Data 

l. UNIT 15· l. l. l. 
5. UNIT 15. l. lN 2.54 

10. BEAM l. .25 2.5 .25 
18. DRIFT 3 . 2. 
20. QUAD 5. .35 10 4 
24. OUTPUT 13. 4. 

etc. 

2.5 o. o. 2.5 

Accumulated 
Length 

2.000E+00 
2.350E+OO 

The data so displayed may be operated upon by the appropriate selection 

of options. 

In addition several parameters will be printed along with certain 

data types which pertain to the data as it existed on the last exe-

cution. These parameters are listed below according to type code: 

Type Code Description Parameter List 

4. Bending Magnet Bending angle, radius of 
curvature 

5. Quadrupole horizontal, vertical focal 
l ength 

10. Constraint Fit 

OUTPUT (TRAN4) 

Output from the teletype transport will be generated on the 

teletype by any of the following TRAN4 options: 

PDATA ••.•.•.•.••.•••••••••••••..•.•.. see TABLE 7 
BLINE and GO or SOLVE ........•....... see TABLE 9 
TABLE .......................•........ see TABLE 8 

Additional output will be generated during execution if any of the 

following data cards are included in the transport data array: 



13. 
13. 
13. 
13. 
13. 
13 . 
13. 
13. 

5. 
-1. 
-4 
-4.x 
-8. 

-24. 
-27. 
-45 
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and 13 . 6 . or 13 . 7. . ... see TABLE 
see TABLE 
see TABLE 
similar to 
similar to 
s imilar to 
similar to 
similar to 

LBL-951 

10 
11 
II 

13. -4. 
13. -4. 
13. -4. 
13. -1. 
13. -4. 

TRANSPORT OPTIMIZER 

Two optimizers are available, the standard optimizerl ) and the 

VARMIT2 ) optimizer. The standard optimizer is fast but often will not 

find a solution for a complicated problem. If it fails to solve the 

problem the user can instruct transport to use the Varmit optimizer by 

inserting several cards in his data deck. Varmit is relatively slow 

requiring 30 to 60 seconds for complicated problems, but finds a 

solution if one exists in the neighborhood of the starting point. The 

Varmit optimizer is called into operation by including the data card 

16. 29. -1. 

in the data deck. Varmit moves down hill until it finds a minimum. 

The optimization is terminated when one of the following conditions 

exist. 

1) The rms deviation in the constraints (F) is less than the 

desired value (E), 

2) The improvement in F was less than FE31 in three tries, 

1) TRANSPORT, C. H. Moore, S. R. Howry, H. S. Butler, unpublished (1965 ) 

2) Variable Metric Method for Minimization, W. C. Davidon, ANL-5990 

(1959) 
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4) More than 6 consecutive moves were made, 

5) The program hit the limits of the variable 15 times while 

trying to find the minimum. 

The user can input the values of E, FE31 and MAX via the cards 

16. 27. E. 
16 . 26 . FE31. 
16. 31. MAX. 

the default values are E=l., FE31 = .001 and MAX 200 . 



- 32 - ' ------ - .-----.. - -.~---.:.- --" LBL-951 

TA~LE 1 
_ ._. __ ••• _ •..•...•.. __ ._--_._-_ .... _--- - -. . -•.. _-----_ . .. -.p ...... -. . _-_ ._.- --- ... - - .--- ----_. ---_._ -- - - -_ ... _- - _..:._._- - _ .•.•. _-- ---- -- -- .---. -,- - .-- ~.-.. - -. 

CONTROL CA~C")C; ANi) I);:C< SofR!J;:TURi: FOR TH::: "'ERKtL~Y TF:LF.TYPE A.NI) VI ~iA 
--. --.. -.. --VER.; I ONc"C)FTR4 ".j SP'.iRr . - .. .1 HE- -f R.A ~tS.20R_L_ i)A.r AS.E-rS.._M..A. Y .i3£.5.1ACKED _l'vIANY _;) E c: D 

~---------------------....:-.-=--~---..,..--..,..----------- .. --... ---... 
TRAIlj4,12,C; ·) ·').6=1')I') i) .AC("~O. J. O. 'JS~R 

__ Ll.B.CQ ?YLL~ AN SP CJ ::U. t.T~A~~ 4 , I~Al~ 4. L __ ___ . ___ __________ ._ - - _ .. _ - --_ .. __ .......... .. -- -_ .. _ .. .. . - _ .... . 

CO;) Y ( I N PI JT t 1 ~ ,1,) J ) L L ,Ii=' , T AJ) t S / ~ Ri< I 
__ ____ .. _REW r Nf) (TRAN4l--- . ____ _______ . ___ .. ____ _______ . ___ _ .. _._ ..... _. ___ ___ ._. ____ ·_· _ _ . ____ .... ___ .. _______ .c. _ ... -- - . . . .. .. . 

TTY. 
_-,-I RA.1Ij~_ 

EX IT. 
______ I)}~tf>_ . .... _. _____ _ __ ._ .. _. ____ ..... ___ . __ ~----.----. _ ___ .... ____ _ 

tOR 
___ IRANs.eO"RL . .D_AIA._DECK...._.t.tILE... __ L-______ .. ____ _ __ _ _ 

I') 

• e • • .. -----------------'---------------~--_____ .. _ ___ __ .. 

• ••• 
" _ _ . ...... __ .. __ J .. RAN.5..i?O!'-<.i __ .DUA..... ________ _ _ ____ .. 

• ••• 
----. -........ _----_._-------------_._-. '- -- ---

7~. 
__ .J;..F ..... Ou:R'--___________________ ________ -'-___ ~ __________ ...... ... 

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

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

VISTA,}7,C;")O.75 0 00.AC(NO. J. Q. US>:"R 
__ 4..' ...... I~BCQ2.Y.LL.~ S ~.:}.R.I.t.J.J.1.JL"i.3 . .!. T 2AN3~) ~ ____ ~ __ -'-_____ """" ____ ~ ___ _ 

COpy ( INPUT, 1 q ,\lULL, 1 F, T .A~F:') /R~R 1 
. _ ____ .. REQ I J E S.L _.LA.PE 9_9_LT .. V .• __ ... .. ..'1 15. L4 .. _4.1. ___ ' _ ... _ _ ~ ___ _ ._ 

RE\-II t\lf) ( TRAt..l'3) 
._ ... ___ LT.Y • . _ .. ___ . ___ __ _ .. _________ ... _. __ .. ____ .. _ ........ _ ___ ~_ 

TRAI\P, . 
____ ..E.Xl.I e _____ _ ._ - ---...,.-----_ ... _._ ..... -

:) v; p • 
...... .. _ .. FIN e . _ ..... ............. _ .... ....... --.. -- ..... - .. ---.-.... --.. -- .. -_ ...... __ . .. __ .... _ ______ _ . _ ___ .. _ __ _ _ _ _ .... __ . __ ____ .. _ .... __ .. __ ...... _ . .. ... _ ... _ ... _ ... _ ......... ... .. _ .... _ .. _. 

CnpY(SNA%~,F!L~/RgRI 

.. _.RE I ;J R "'l t I AD E.:l .9 1 __ ... __ ......... _...... ... _______ .. __ .. ____ ~ ______ . ____ . __ ____ . __ ...... _ .... ___ ...... ___ ......... .......: ___ .... _ .. ___ .... _._ ....... _ .... _ .. _.. ... . 
EClR 

. _____ .l.S'.AN.SPD2..L_IlLL....CA:!.::2 . ...l __ . ______ . ____ . __ 
. 'J 

.. -.. .. ~-- -.•••• - ..•.... _. " .. .. _ .• .... -..... .. .. --- . •....•.....•. --"" ..... .. - .. - - ..... -.•. -.• '. -.- -.- .•... -. -.. - . _____ "._. ___ . __ .• • -_ ___ .• __ _ . ___ , _,, ___ ._ .. ___ ... . __ ._ ..•... _ .... _0'··' ···· ., ..•. _," .•. _ · .. , . 
.... . • e .. .. ...... .. _ T.fl'\"lS? ') ~ T .. 'JAT.A .. . 

• • • • _._--_ .......... -.. -._._-_ .... _-... _------------_._----_._--_--:-
7 ",> • 

...... _ .. E.QP' . .. ............... _____ .. ____ _ .. .. ___ .................... ..... .. ..... . 

T· .. ·-

-- - -... ---P---~ .. - .-.~- _. __ ,_,"',_. _ _____ ,_ .... _. _ _____ ... ___ ~ . ___ ._. ___ . ____ . _____________ ... __ ..... __ . ~._ .. _ .. _ .. ___ .. ___ .. _~._ .. " .. ' 



-33- LBL-951 

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

- _ ______ ... ____ ______ ... __ - - -.-------- -1 AP, L F..- 2 ----.-.-.. ---- -------·---·-·---·----- ---.-- ---.----'-- - .- -..... -- ...... - .--.. . 

_______ ~E~x,.;.A~~12.1.. c- :) ;::- ~ I ELi) ;::- ~£.L.EJ2:lA.L_.L"L?U.L_C£.....L'liJi5..2.DR.L.D......UA._S.HQ.~~G ._US::: R..1l1.B..~:::v_ _ . 
D A T A S t:: T A III ~ I.J S ::: R ! I III N /\ 'J\ ::: n ') A T A S i: T • 

----_ ..• _---- ---_ .... _-------------_._._--_.----------. __ ._. __ .. _ ------_ .. .. _-------_._ - - - _._-_ .. _ - -
I N P ! JT 0 F N A. "'1 ~ f) f) A T A ~ R 0 ,~ I N P IJ T F T LF:: 
o 

1. 1. 17. 1. 17. O. O. .1106 8EA"'1 
- -- -.-- - - ------1. ·----·2 • ') J) RE.-L 1--- · ·-- ---·-------------------.. '--- -_ .. __ ._-_ .. __ ._- ----_ ..... . _-.. _ ---- .. - ... 

13. :? Tal 
. _ _______ .. _ 5 . -_1 .. 15 .. _ .1-.0 . _(' _A • ... . G!:L ___ ._. _. ________________ ___ .. __ ._...: __ . __ . __ . __ ..... - -.. - -- .. --.-.... - .--. __ .. _ ... _ .... _ .. __ ._ .. _ .. __ _ 

3. .2:; n~FT? 
________ 5..L-6.. __ ~ .. 2~~-... 6.5_7_~ ...... _..J.<QL\VL__. _________ _ 

,. 6.75 f)RI='T3 
_._ ... __ .. ______ -5..... 1.25 .. _ 1-') .6.5 __ 1. . .. _ .. _.4 .•. ____ ._m-f._ . ____ .. _~ . __ . ___________ .. _ __ __ . ___ .. _ _____ . ___ . __ ... _ .. ___ .... _ .. _ .... 

3. .?S f)RFT4 
..... _ .. ___ .... ___ _ ._ .. __ 5 • . - 1. 7 'i ____ ""_C) • R..7.5 _ ... _.4 • ..... .ov. _________ .... ________ . _ __________ . _._. _ .. _. _ __ .. ____ .. _. ______ .. ... ___ . ____ .... _ .... 

3. .975 f)RFT5 
_____ 1.3... __ 1 .•.. ___ 1.0L ___ . _ _ _ 

13. 4. !,,), 
._ ... . -.---------... -6. _ __ . ? .• . -- -1 .• . /5 ..... _. 2 .• S 4 ._ ... .5LITX ... _._. __ _ . ___ _ . _._. __ _____ .. _ .. __ . ___ . __ . ____ ._ .. ... ___ ._._ .. _. __ .. __ . . ... _ ... _ .... _; __ ........ . 

,. .Q5 f)RF T 6 
-_ .. , ___ , _ .... _. __ .. _._.7.3. .._._ .. ' ---.... _ ..... _ ........ _ .. . _ .. _ ... _ .. _ ._._. ___ .. ____ . __ ... ____ . ______ ._. __ ._ ... ____ .... _ ... __ .. _______ .. ___ ... __ .. __ ..... _ .. _. ___ ... _ .. _ .. _ ... . 

-_._- ._--- -
.. _....... .. ... _ .... ___ ..... __ . __ ..0. ___ . __ ....... 

1. 1. 17. 1. 17. 0. (). .1106 
... -... ...... ... ............... _ .. 3 .• _ _ 1. .. .. . .., .... _ ._. ____ ... _ .. _ .. ...... .. 

5. 1.2') 11.~C; 4. 
___ . ___ ... __ ._ .. ·3. .. ___ .•. 25. -.-.-----... -.-.. - ... --~-.... ---- ... -- .... --.. -.-- - - - .--.---.. ---. __ . _ _ ... _ .... -..... _.---._ ... - ._- .. .......... . _ .. _ .. -.. . 

5. 1.~~ -Q,67'S 4. 
__ .. _3. .. 6. 25 

13. 1. 
13. . 4. 
6 • 

.. __ .:~_,, _ _ ___ -l3 .. ___ ", _ .. __ " _ ___ . _ ____ ._ ...... ___ .. _ ._ .. _____________ . __ _ ... ______ ._ .. __ __ .. _ ______ .,, ___________ ._ . 



LBL-951 

TABLE 3 

Example showing the connecting to the BRF and storing TRANSPORT 

control cards and data deck. 

C (Ji-~:: :-~ r: i:::[; 
B?F:301 '!<07/07/72. 15.~5.01. *A. ENTE~1. ;-jM1E:.,J\CCOlj,n-

?.P.UL, Ll90 491 ! 
OK 
tEDIT! 
OK 
1 TRL\l~ L1" 17" SOC" 65000.L!90491,A.C.PAJL! 

3 L I Be OPY ( T 1';'-.4;'; S9u H'i , THAi'\4" lRA.N4) ! 
4 TTY.! 
5 r.OPYC Ii":PUT, l:,-;."i'-;uLL, IF, Tt-WE5/RBR.)! 
6 'l :~\~-J Ll.! 

7 p;p.! 
8 EOrl.! 
9 TEST INPUT OF NA~ED DATA! 
10 O! 
11 1. 1. 17. 1. 17. O. o •• 311 BEA~! 

1 2 3. e:;. 5 ? ;:iI<- '1 1 ! 
12 1.1. 8 . ! 
\ L: :) . 1. ~ 5 1 0 • 6 1..:.. 

15 ,' •• ~ 5 [' :~ ;'~ 12! 

16 5. 
17 3. 

1.25 -9.(,57 L:. 

6.750 [ ';'.FT2.! 
l
~,r -. , 
.- v • 

IS 5. 1.2510.657 Ll. CE! 
19 3 •• 25 DEFT/..;! 
20 5. 1.25 -9dns n. QV! 
213 •• 075 e:-'{F15! 
2212.1. ! 
2~ 12. L.J. ! 
?~ 6. ~. 1.~5 ?54 
2 5 3. • 9 5 Lip 1 6! 
2673.! 

tSjCH:::" j :-i ,,,,- :~L!! 

S10~ii-= Ii; y::.ur:::ss 
S10~~ SCCC~~SfUL 
>I>C .. 
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TABLE 4 

Loading of a TRANSPORT job from the BRF and the beginning intercourse 

between the program and the user. Arrows indicate usual user response 

to program generated questions. 

>BRF! 
CONNECTED 

BRF 3d *07/07/72. 15.40.55. *A. ENTER NAM'E,ACCOUNT 
PAUL, 490491 ! 
OK 
t LOAD, TRAN4 t 

LOAD IN PROCESS 
LOAD CQt-1PLETE" ENTERI NG t EDI T 
OK 
t SUBl"lI T! 
15.50.55. SUBHITTED TRAN400 RENOTE 

OK 
>DC. ! 
OK 
>CT.TRAN400! 
CONNECTED - IN 6600A INPUT Q. PRIORI1Y == 76 
**BKY51**A*07/07/72.7617 N 
+++ TT 06 4 CONNECTED 

OUTPUT CC 77 0145 0273 
FLOOr!. ( 3X) 
L IBCOPY( TRANSPOET" TrtANL)" TRAN4) 

TRAN4 DA 00 
TTY. 
COPYCINPUl,lR"NULL"lF,TAPE5/RBR) 

TAPES DB 02 
11-1/\.N4. 
PROGHAM EXECUTI NG -- TYPE READY" S TOP 

-....IJ! .. ~READY! 
OR ABOhl 

DO YOU WAN1 TTY HJSTRUCTIONS PRINTED 
-....t!~.NO! 

TELETYPE INPUT OPTIO NS ARE 
ALINE ALTER DLI~E FIN 
i".iOVE NA!1E NCASE OUTPT 
RECAL RESPN SAVE SEGMT 
BLINE LABLE TABLE TLOC 

DO YOU WAN T OFF-LINE PRINT 
---'>-YES! 

ENTEH DATE 
- .... ~. 7/7/72! 

ENTER CASENUNDEn. 
--.. •• I! 

FIX 
PDATA 
SOLVE 

IS DATA TO BE ENTEHED OFF-LINE 
- ... ~. YES! 

TEST INPUT OF NAl"lED DAT.A 

FORCE 
PUNCH 
11 TLE 

o NUi:'1B EH OF DATA ELF1'IE:NTS 11== 46 
i'JEi~T 

- ....... FDi\ TA. ! 

GO 
Pu"LL 
VECT 
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TABLE 5 

Teletype option summary table. The left most column gives abbreviations 

that may be used if desired. 

TRAN4 (7/'::J112) 
REFERENCE UCIO-3525 ANO UCIO-3564 . ..,. - . , .. . ,," . 

AL 
A 
BL 
o .. 
F 

G 
L 

MV 

NA 

.. .. 
PO .. 
.. 
RE 

SA 
SE 
I 
TA 
T 

V 

ABORI 
ALI~£.NAME1, NEW LINE. 
ALtE~'NAME.h,CHANGE ' . 
~LI~£.Nl.N2'Nj~N4 •••••• 
LJLrN~'Nl,I\I? ' .. . 
fIN 
F I X , N Ar-1 E 1 • N A fill E 2 
t O~C~, N, X. , . 
GO 
LABLt'LA81'LAB2 ••••• 
. ' L~BS=LA~LES Fb~ TABLE OPTION 

MQVE,NAME1;NAME2,NEWLOC 
'- ,NAME,NEWLbc ., 

NAME ALL DATA 
-. ;NAME.NEWNAME 
NCASt. -
UUTPI 
~OA1A,NAMEl,NAME2 
~ULL~M.NAMEl,NAME2 
- M=~ DATA, M=l SAVE. M=2 SAVE2, M=3 SAVE3 
~UNCH 

~E~A~ 
.N 
,N,SWAP 

HESPN,YES -
. - . ',NO 
5AVE,N 
SE~~1·NAM£1'NAME2 
SOLVt 
IABLE,Nl'N2.N3,N4 •••• 
iltL~'NEWTtTLE -- -
'LOC~Nl,N2,N3,N4 •••• 
~ECT,ALTER.N.M,C~i~GE 
, -' 'ALINE~N,NEWQECTOR~ 

,OLINE,hl,N2 
,PRINT,hl,N2 
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TABLE 6 

Vista version opt i on summary table . Left most column indicates 

abbreviation for options which may be used if desired. 

T~AN3 (1/ ':J172 ) 
REfERENC E UCID-3~25 ANO UCID-3564 

A 
AL 
B 
C 
o 

F 

G 
MA 

M 
MV 

NA 

-
PU 

-
R 

RE 

SA 
SH 
SC 

SO 
SE 
T 
I 
V 

ALT £ ~ . NAME,POSITr ON.CHANGt 
ALIN ~' NAME' ~ EWLI NE ••••• ' 
t;EM~ 

C I\f'-JC L 
UL INt9 NAM E1,NAME2 
~IN -
I'IX 
t' 0 R C ~ • N , X • 
lin 
MA1RA . LO C9 PLA NES 
M~ !B~'L OC.~'PL~ N~S 
MDATA 
MOy~.~AM E 1 'NA M E2, NEWLOC 

, ,\j A ~1 E , N E Vol L 0 C 
NAM E ALL UATA 
" ,NAME1,~E~NAME 
NCASt " -
UUIP 'j 
~uAtA.NAME1 , NAME 2 
~0(C~M'NAMEl , NAM£2 
~ M=o DA TA; M=l SA VE. M=2 SAVE2, M=3 SAVE3 
~UNCH 
~AY S - OISPLAY ALL 
AAVS ,}.4,5 DISPLAY 1,4 ANO 5 
HECA L OR RECAL.2 
AEeAL,l,SwAp OR RECAL,2,SwAP 
SAV~' OR S~ V E.2 ' 
Sf~APt1 
SC~L~.NAME19NAME2,X,y 
SCALt.C 
$NAPi) 
-. - -
SEGMT.NAME1,NAME2 
fITL t, NEW TITLE 
:SOLVt - -, 
VECT 'ALTER,N, M,C HANGE 
vEti , aLINE.N, N ~ W~~C .~ •• 
VEcT . DLtNE. Nl , N2 
VEcy ,PRI NT ,Nl. N2 
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TABLE 7 

Output of a PDATA opt i on f or data shown. Lef t most column give s dat a 

name. Number in par ent hes i s ar e t he index count er I f or the l'IYPE 

codes , f ollowed by t he data line . 

---- -------- -- ----
OTRANSPORT TES T CASE 

0 
101 ( 1 ) 13.000 5.000 
BEAMl ( 3) 1.000 1·000 5·000 • 150 3.500 o • o· ·315 

( 1 1 ) 22 1 
O. O. O. o. O. 1 .0000 O. 

L1 ( 13) 3·000 1·000 
QH ( 15) 5 . 020 . 315 " 612 2.500 
QV ( 19) 5.030 ·315 - . 633 2.500 
L2 ( 23) 3·000 .150 
BMl ( 25) 4.000 1 .100 10.000 O· 
DRFT4 ( 29) 3.000 1 . 000 
QV ( 31 ) 5·030 .315 - .633 2.500 
QH ( 35) 5 . 020 .315 .612 2·500 
L3 ( 39) 3.000 . 750 
102 ( 41 ) 13·000 6 . 000 
CONl ( 43) 10.000 2 . 000 1.000 o. .001 
CON2 ( 48) 10.000 4.000 3.000 o. .001 
103 ( 53> 13.000 -1.000 
104 ( 55> 13.000 - 4.000 
SLITl ( 57> 6 . 000 2 . 000 1·000 1.000 
L4 ( 61 ) 3.000 1.000 
------------------
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TABLE 8 

Output generated by the TABLE option. The column headings may be 

selected by the LABLE option for the desired locations. 

TABLEIBEAM1IL4! 
------------
NAME TYPE LC XBEAM YBEAM Xl Y1 
------------
BEAM1 1 .003 o. 1.000 .750 o. o· 
L1 3.013 1.000 1 el18 .828 o. o. 
QH 5.015 1 .375 1.060 1.010 o· o. 
QV 5.019 1 .750 1.025 1 .1 74 o. o. 
L2 3·023 2.500 1 .329 1 .196 o. o. 
BM1 4.025 3.600 1.338 1.268 .453 o. 
DRFT4 3·029 4.600 .971 1.368 1.224 o. 
QV 5·031 4.975 1.029 1.222 1 .705 o. 
QH 5.035 5.350 1 .110 1·052 2·140 o. 
L3 3.039 6·100 1 .052 1.034 2.449 o. 
L4 3.061 7·100 1 .154 1.065 2.862 o. 
------------
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TABLE 9 

BLINE opt i on output generated by subsequent GO option at locations 

specified and saved by the BLINE option . 

BLINE,Ll,L2,BM1,BM1! 
G! 

EXECUTING CASENO 2-23 
L1 ( 13) 

DRI FT 3.0 1 .000 £1 
QH ( 15) 

QUAD 5·02 .315 £1 • 6116 KG 2.50 CM ( 1 .43 £1 ) 

QV ( 19) 
QUAD 5·03 .375 £1 -.6326 KG 2.50 CM ( -1·26 M ) 

L2 ( 23) 
DR I FT 3.0 • 150 £1 

BMI (25) 
BEND 4.000 1.100 £1 10.000 KG .00 ( 50.385 D) ( 1 .251 M ) 
LENGTH 7.100£1 
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TABLE 10 

Example of the polygon calculation generated when 13.5. and 13.6. or 

13.7. data cards are included in the data set. 

EXECUTING CASENO 2-20 
POLYGON AT 13.5.0 DELTAP= O. PC P= • 3 75 GEV/C 

1 1 .561 7 9.3830 5.015 5.019 1 .3360 Lj.1015 5·019 
2 1 • 5Lj 72 9.Lj858 5.019 5·019 -2.0885 11 .7660 5.031 
3 .6883 13.6808 5.019 5.031 -2.3311 12·2327 5·035 
Lj .0237 13.09Lj6 5·031 5.035 -3.9687 1 Lj. 6870 5.015 
5 .0010 13.0501 5.035 5.035 -3·3963 8.9625 5·015 
6 -2.9Lj25 Lj. 42 52 5·015 5.035 -3·2810 8 -1051 5.019 
7 -1.5611 -9·3830 5·015 5.019 -1.3360 -4.1015 5·019 
8 -1 .5412 -9.4858 5·019 5.019 2.0885 -11·7660 5.031 
9 -.6883 -13.6808 5.019 5.031 2·3311 -12.2327 5.035 

10 -.0231 -13.09Lj6 5.031 5.035 3.9687 -14·6870 5·015 
1 1 -.0010 -13·0501 5.035 5.035 3·3963 -8.9625 5·015 
12 2.9Lj25 -4.Lj252 5.015 5.035 3·2810 -8·1051 5.019 
APERTURES 
HORIZONTAL POLYGON AREA= 96.8443 01 MR 

CENTER AT o. CM O. MR 
VERTICAL POLYGON AREA= 80.9516 CM MR 

CENTER AT -.000 CM .000 MR 
LENGTH 1.100M 

5·031 
5·035 
5·035 
5·035 
5·019 
5.019 
5.031 
5·035 
5·035 
5.035 
5.019 
5·019 
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TABLE 11 

Output generated by the 13.-1. data entry gi ving the beam and vectors 

and the 13.-4 . data entry gi ving the RC transf or mat i on matrix . 

" 

EXECUTING CASENO 2 - 22 
53 O. 1 .052 Civt LENGTH 6-100 M (I03 ) 

O. 4 . 754 MR -.000 
O. 1 . 034 CM O. O. 
O. 2 . 538 MR O. O. .000 
O. 1 . 243 Cl'1 -. 349 . 937 O. O· 
O. O. PC o . O. O· O· O. 

53L= 6 · 100 
1 (A) 2 . 449 4. 125 O. O· - · 136 1 .000 O. 

EXECUTING CASENO 2-13 

= 5 5 TRANS FORM 1 <104 ) 

-. 79491 . 13770 O. O. O. 2.44932 
- 3 . 11278 -· 71877 O. O. O. 4.12542 
O. O. . 1 770 5 · 29306 O. O· o. O. - 3 · 35601 . 0931 5 O. O. 
-. 43448 -.23286 O. O. 1.00000 - .13640 
O . O. O. O. O. 1 · 00000 

LENGTH 7 . 100M 

, 
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TABLE 12 

LBL-951 

JCLJ- ''J? "' fRANSP ,JR T Ij E~S ION 10 UC lD-: 525 
A. C. PAUL 

JM'JUAk Y 5 1972 
' )J~STI[~S CC~S~K~I N G THI S CDUE SrlOULD BE DIRECTED TO A.PAUL FX 6141 
V E~ S[~ N TYPL FIELJ LENGT H SOURCE OF PkUGRA~ 

TR~N 2 I I 6 0K / LIBCU PYITRANSPORT,X,TRAN2 ) . ST CI" OE R. 
HA ;\~;:'~I J ZSK I LIBCOPY(TRANSPURT,X,TKAN22) ? ;W IJK DcK 
T ~ ~~~ I I ' 65K I LIBCUP V(TRANSPORT,X,TRAN4 ) 1 S T J.·~JLI~ rry 
r~A~421 / 75 K I LIBCUPYITRA~SPURT, X,TkAN421 2 !~ lJ OKUCK TTY 
TRA~~ I I 7 5K / LIBCOPV(TRANSPDRT,X,TRAN3 ) 1ST IJRJER V l)TA 
TKAN~~/ / 13JK / LIBCOP Y( TRANS PORT,X,TRAN321 .~ i\1 G Ci~ 0 Li~, VISTA 

ll) 2 0 30 40 50 60 70 
4~~7~~J! 2 345 6 739Ui234 56789a1 2345678901234507890123456 789012345 6789012 

CJ)P;]f;',,'HL. SYSTt,~ OF TKM'4SPOR T 
+L J I R[CTIJN JF Pd RTI CLE MOTION 
+ Y V Ei Z TIC A L LJ I S P LAC E ;"" E N T UP vi A R D 
+X HOkILJNTAL DIS~LAC~MENT (USE LEFT OR RIGHT HAND RULEI 
Ni~ATIVE PARTIClES/ USE LEFT HAND RULE AND LEFT HAND CUORDINATES 

+X AXIS HJRILONTAL OISP LACEMENT TO RIGHT LUO KING ALONG +L 
PJSITIVE PAkTICLES/ USE RIGHT HAND RUL E AND RIGHT HAND COU RDINATES 

+X AXIS HO RIZONTAL DISPLACEMENT TO LEFT LJOKIN~ ALONG +Z 

TITLE AND CATE CARD FOR MA T( BAIO I 
CASE ~UMdEk CARJ FJ RMA T(F IJ.31 
CPTION CA~u FJRMAT(1XI1) 
dEA~ EL~M~NTS FORMAT (SFIO .3 ) 

EXCEPT A l~. ELEMENT(2FIO .3, A6 ,4 XFIO . 31 
FI ~S T DATA CA RD MUST ~E DATE CARD ~ITH A COMMENT ON IT 
S[CCND DATA CARD MUST BE A CARD WITH ANY FL OA TING POINT NUMBER C 

T HIS , ~ U 1'1 d E R vi ILL i3 ESE tJ U E N TI All YI N eRE A S E FOR E A C H D A T A CAS E 
THE Ad OVE T~O CARO S AP PEAR UNLY ON CE IN THE DATA DECK STRUCTURE 
THEN MAY FJLLOW ANY NUMBER OF DATA SETS BEG INING WITH A TITLE 
CAkD,OPTION CARD AND TRANSPORT DATA TERMINA TED WITH A 73. CARD 

d t I\~ EL :: l1ENT S 
TYPECJDF - ME~~ING TYPE ---PARAMETER LIST FOR TYPE ---

1. iJEAM 1. x. XP . Y. YP . OS. DP/P. P. 
AJJ TO BEAM . IF A BLANK CARD FOLLOWS A 1 . CARD THl PARA~ 
AiJJ QUADRATICAL LY TU TH E DI AGONAL ELE J'1N ETS df THE .3E AM 
,~ATRIX. TH E i'lJMENTU ,1 IS CHANGED BY P. I.E. PO =P OW 

0;< IF cREST.NE.O (SEE 16. 18. CAROl P IS ENERGY 
2 ~AGNET POLE fACE ROTATION 2. T. 82 . 

~NGlE wITH SAME S IGN AS B IS VERTICALL Y FOCUSING 
IN THE SEQUENC E 4. 2. 4. 2.4.=4. ( 2. 4. 1( 2. 4.) 
B2 IS FI EL O INTd wHICH l'l AGNET FRI NGE fIE LiJ EXTfNDS 

3 DRIFT SPACE 3. L. 
lot ~[NUI~G MA~NET 4. L. B. IND EX. 

FUR VERTICAL BEND USE NEGATIVE L, + FIELD IS UP ~ ARO. 
SEE TYPE 16. 21 . FJR INPUT OF BEND ANGLE OPTION 

QU4lJfWPULE 5 . L. B. HALF - APERTURE 
+ b IS H U~ IZONTALLY FOCUSING FOR POSITIVE PARTICLES 

SLIT 6 . J . X. Y. 
TH t SLIT IS Ne vi r"JDIFIED SO AS NOT TO CHANGE THE BEAM 
J=) X=l. UPJAT E J EA M 
J=O X=2. INITIAT E RC2 MATR IX 
J=J X= 3. INlTIALII E R3 MATR IX 
J=! X=HORIZONTAL HALF WIDT H OF SLIT 
J=2 X AND Y ARE THE ~ECTANGULAR HALF APERATURES 

ASSOCIATED iH TH THE FOLLOAING ELl':,"ENT OF LENGTH L 
J= 3 X=V ER TICAL rlALF WIDT H UF SLIT 
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J;ol,. 
J -c - J 

X ANLl Y A ;{ E THE RECTANGJLAR IHLF APtRTuPJ S 
X A~J Y ARE THE ELLIPTICAL HALF AP ER TURlS 

J ;0 fJ X i~ N D Y i\ i~ E f HE E L II P TIC A L H '\ L F APE R Td R t: S 
ASSDCI~TE0 WITH THE FULLOWI~G ELEMENT UF LENGTH l 

C II iT KLI I u :) H I H 7 • 0 X. lH X • 0 Y. u T Y. [) S. DO P 
"1 A GNU '\ LI ::.; ;' m t I'H ~3. X • T X. Y. T Y. S. T S. N M P • 
~;oU J , ~LE~fAI~TY [N PJSITI8N, N=l DELI~ERATL OISPL CACMENT 
!'1=0 uK IGIN :\L AXIS FOR SUCCEEDING MAGS. '''1=1 f'lbl ~-1I S ALIGNEU 

p=o ,.J SE l{ ,-jl\TRIX, P=l USE KC i.1ATRIX, P=2 USc kC2 "l ATRIX. 
~EPETITION 9. J. 

J=I~IJ'~t)EK UF TP~t:S REPEATEO, J=O E'\l U OF kE PEAHO DATA 
~ E PEATS MAY BE NE STED FOUR DEEP 

C !>~STf'.!\INT Iv J. K. X. SD. 
J=O K=l BEAM INTENSITY CUNSTRAINT 
J;oO K=O SYSTEM LENGTH CONSTRAINT 

-(J+20),K AUXILARY MATRIX ~C2(J,K) CONST RAINT 
- ( J + 1) I ,K 13 E T ,AT RON PH A SEA N G LE CON S T R IiIJ AT, -1 1 , 2 
-J,K TRANSFJRMATION MATRIX RC(J,KI CONSTRAINT 
J,K.GT.u BEAM MATRIX CONSTRAINT SI(J,K I 
J+:O,K CORRELATION OF BEAM KJK=SI(J,KI/SQ~T( ) 
J.GT.K.LT.IO CUVARIANCE OF BEAM CUNSTRAINT SI{J,K) 
J=K.GT.J AND .LT.10 PHASE PKOJECTIJN SQRT(SI(J,J) I 
J=AdCD K=Y STURAGE RING CONSTRAINT 

Y* R(A,B)+R(C,U)=X +- SD 
LJ~E R LIMIT CONSTRAINT 10.1 J. K. VALUE. SO. 
UPPER LI MIT CONSTRAINT 10.2 J. K. VALUE. SO. 

A C C E L ERATUR(E~ERGY GAIN) 11. L. DE. PHASE. WAVELENGTH. 
Jl IS MUMENTUM CHANGE IF EREST=O (SEE 16. 18 CARD) 
PH~SE IN JEGREES, WAV ELENGTH IN UNITS OF UNIT(S) 
JEAM INPUT CURRELATION 12. 15 NUMBERS 

SI(J,K) ~OR J.NE.K AND J=2,6, K=1,J-1. 
~UTPUT CUNVENTIUNS 13. J. 

1 TEMPA RARY OVERRIDE OF ELLIPSE OUTPUT SUPPRESIUN 
- 2 SUPPRESS BE AM ELLIPSE OUrpUT ON FIRST RUN THRU 

2 SUPPRESS BEAM ELLIPSE OUTPUT 
3 PERMANENT OVERRIDE OF ELLIPSE OUTPUT SUPPRESION 
4 kC MATRIX PRINT OUT 
4.X VI~TA MATRIX OUTPUT UF R3 (ACCUM MATRIX FROM 1.) 
~ START PHASE SPACE APERTURE CALCuLATIUN 
o PIUI\IT OUT APERTURE PHASE SPACE 
7 ENE~GY SPECTRUM FOR APERTURE CALCULATION 
8 PRINT OUT R() MATRIX 

10 CUNDITIONAL QUADRUPOLE 
11 CALCUMP ENVELOPE TRACE 
12 CALCUM? LAY OUT 
20 ALIGNME~T OPTION 
21 ALIGNMENT JPTION 
22 ALI 'J i ~/.1ENT CPTION 
24 RC2 MAT~IX PRINT OUT 

APERTURE CONST RAINT 
( NOT AVAILAdLEl 
( NOT AVAILAbLE) 

2 5 SUPP~ESS VECTOR TRACKING OUTPUT 
26 PE R~ANENT OVERRIJE OF VECTO~ OUTPUT SUPP RE SSION 
27 TEM PORARY OVERRID~ JF VECTOR OUTPUT SUPPRESI ON 
28 TURN OFF PRINTING OF APERTURES TABLES. 
21 TU~~ OFF APERTU RE PL OTS AT SOURCE 13. 5. 
30 TURN UN APERATURE PLUTS AT TARGET 1 3 . 6. 
l 1 HOR IZ UN TAL VECTORS wITHIN LI~ITS OF PHASE SPACE 
32 VEK TICAL VECTORS WITHIN LIMITS UF PHASE PLOTS 
40 fl RINT RANI) RC r"tI\TRIX AFTEK EACH ELE,"1ENT WITH L 
4Z P~ I~T 1ST ORDER RC MATRIX, NU 2DN ORDER aUTPUT 
4 :: PRDT PGLYG dN ,"1ATRIX WITH ORIGIN AT 13. 5. LOC. 
40 TJk ~ OFF PROJECTIONS ON A TAULE(19.,2J. TYPE) 



f' 

-45- LBL-951 

I~ K PK I i,T 1ST JKi)[R K l'IAL{lX, f'~J 2i<JLl (JROER UUTPUT 
d Pi<UT OC!UV 11ATKIX JU "'. I\lG UPTI J,\j .J, O;\j TELETYPE 

, .j I J i'. V I ..> T;\ T ( I J K I SEC UNO LJ ~ i) t R T Ll V t C T (j k PUS I T I J "J h 
"f< ,j I T;\ .-'1 ;.~ y v !\ T " 1 X 1 4. X. X. X. X. X. X • J • 
. J I ~ I T C. I if" i ~ ~ L: 1 5 . J. [) 1:"1 X • 
A~~T J f' b. C':'RDS1JST i3l l'!{ cCLElJED bY A 1 :> . ;\1. ;'1. CARU 
.l rI'=,-\!:: ~ h I'lL I\JU . ·1D~R OF : :: . C~RDS FULLOf'llNG, i\I ;..lAY oE I). 

1 f-' 1'1. " L .) T H t= (Jin T S A r<. E R L S TD K h) T 0 S TAN DAR. [) V A L U F. d L F G R E 
P~JSLSSINC Trl ~ N f O LL J ~ING 15. CAPOS. 

J SIG ;HFICAr!SE STJ\NDAP,D VALUE 
• HuR It'iU VEo. T EXTEtH CM 

He R ~N D V~RT DIVERGENCE ~ILLIRA~'ANS 

J VE RTICAL EXTENT eM 
~ Ve~TICAL [)IV~RGENCE MILLIRAUIANS 
~ PJLS~ BEAM LENGTH 
•. .'1U,V,UHUM SPReAD 
7 NCT JStO 
:.I Lc NC TH 
':l j·1J\f:'; : JET I e F I cL 0 

1) ,'14 S S 

CM 
PERCENT 

METERS 
,<I LJGAU SS 
ELECTRUN ~ASSES 

i1 ~CME;\JTUM OR EN~RGY GEV /C 
lG PA ~AM!:: T E R INPUT 16. J. X. 

7 

:3 
'} 

!) 

1 UJB QUAORATIC TERM IN BENDING Fl~LD 

2. OLl ERRUR. I N BENDING FIELD 
~ SM MASS OF PARTICLES 
~ HCR IlUNTAL HALF APERTURE 
j vE~TICAL HALF APERTUR E (EFFECTS POLEFAC E MATRIX 

7 
9 
'-J 

10 
11 

1 :5 
1 ' . 'J 

17 
UJ 
19 

21 

2.2 
. ) , 
L.' 

2.1 
£:d 
29 
50 
31 
32 

ACCUMULATED LENGTH, LC. 
FRl ENTRA~CE FRINGE FIELD POLE ROT. FACTOR 
FR2 EXIT FkINGE FIELD PULE ROT.FACTOR 
RJL L=L+GAUSS( RDLI fOR DRIFT SPACES 
ROB B=B(l+GAUSS(ROB » FOR QUADRUPOLE FIELDS 
RD T TH=TH+GAUSS(R OTI FOR BEAM RUTATIUNS 
RABl PULE FACE ENTRA~CE RADIUS 
KA32 POLE FACE EXIT RA ilIUS 
CAUS ES CDMP OF VECT OR TO BE LENGTH ~HEN LOST BY 
INTfr{SECTION ~llTH APERATUkES, + HClR, - VEkTICAL 
hJCL TL 
(IPE ILL (F RAC QUAD APE USED IN RECT APE APPROXJ 
LENGTH, L. 
E~EST (R EST ENERGY) I N ENERGY UNITS (15. 11.) 
MATRIX TJ ~HICH BETATRON FUNCTION APPLIES 
1. RC, 2. RC2, 3. R, 4. R3 
UEAM. CAUSES BEAM ELLIPSE TOBE DEFLECTED 8Y 

PARTICLE SEPARATOR 
X=J BE~DING MAGNET I~PUT 4. L. B. N. 
X = 1. a E i '~ 0 I 1% MAG:\J ET I N PUT 4 • A. B. N. 
X=2. BENLJING i-iAGNET INPUT 4. L. A. N. 

WHERE A= ANGLE OF BEND IN DEGREES 
X=1. WEtJGE !'~AGNETS, X=2. RECTANGULAR ,"1AGNETS 
VEC =0 NJ SPACE CHAkGE ON VECTURS. =1 s.C. ON V 
SIZE STOP VARMIT ITERATION WHEN RMSDEV=SILE 
ISTEI-' SUE OF RANDUM STEll=.5*lJ*"'«ISTEP-IH'FUNCT 
IKlAO=-l VAR (~IT,;;:O STANDARD,=l fUTIWAR THE~ STAN 
I ~R ITE =0,1,2,3,4 OUTPUT CJNT KU L 
ICL UCK=~AX N0MdER OF ITE RA TI UNS 
ICNVRG= NUMdER Of IT ERATIONS ~ITH LT .lrc IMPRVT 

33 MAXIMUM NUMJER OF RANDOM STA RTS DURING OPTIMIlTN 
SFCUNu J!ULR 17. 1. O. 3. (T RAi\l22/TkAN321 
:.> c ,nU? ;.J LE lAo l. iJ. HALF-APeRTURE. 
sr~ Lt N ') ID 19. L. B. 
3 L ~M qJTATILJN 20. T. 
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(\ L I ,j ;' j·1 i... , ~r i~ P T I ,J J'.J 2 1. J. L ,,>\ [ ,\j • L .'1 A I.. • 
I ;: J.~T.O CHAf'i,;c Jt V/\l.dA tl L f. CJ,\jVci{Gc:N~c Ll :HTS, SLE 
I ·H :':'K ''''~L V=r\STi\AINTS .m IIAK IAr1LtS. 
I f-' J= .I, 11 ': ;1 ' 1 CI\R LJ L'JPJTS :3 E: TAmON FUNcr[[Jf',,) .,.;ITrl Hd k IlTAL 
l': v' ITT!, ,Ct!fl r=L~IN i\'>JO V';-k TICAL r.: · ~I1TM·ICc / fJI=L·\IAX. 

1. ~1.J( . 1\1,. ,IY. AY. ). l. P.I \..JdL;.zi~ GX= (l+ ,\;('-'*21/J)( ETC. 
II C C T J;"; ( r~,\ Y) 1 '1 PUT 2 2 . )(. "T. Y. Y T. J S • ' ) PIP. C u 1"1 P 

(iJ,·iP=!) \j.C, .-1AL '3:' 1\,.\ lJF VELOCITY 3U .I\O 
C ~ ~,' ; ?= l) ;)=t)nA :J f r'ARTICLE: S TLJ dE DF.FLfCTcu dY SE P4RATR 
CJ' tr'=L~"j;Trl WHi~ :' 1 L,JST I F A h. 14. DATA CARl) IS USED. 
CH,'.Ll:.l. FU~ST ijt:, ;)t;{ II EC TlP, fi'iPUT 
C.,).·i ,):: 2 Fr::;;;T C<,I)tf.'. !i'IPlJT, 2i\j;) dRiJER. V'e-CT UCZ=F IRST**2 
C (j ,'·11) • , ; -;- . ;: FIR S T J R IJ E R lIE C TO R. I rj PUT F 0 L L 'J 'Ii I:' D 0'( CCJ"4 P 

Z:)f; lWu t,< PAf:<S , I.E. Ji<.,II(JK), ..... ETC. 
" IAAI " loj '\~f 40 FI KST URDE.R Of{ 6 ScCO~W IJRUU VECT ORS 

23 VI~L~CITY S I: r'/\ i~ATO :~ 23. L. V. AI1.4.V. DLTA). BETA1. 
uLT~J IS VELOC ITY OF VEC TURS WITH CU~P=0 

.:, t>d 'jTIV E U :\jGTH 'J>'FLfCTS CtJ :"iP. :~E.O PI\i<TICU=S HURIlONTf.LY 
* NE~~ TIVE LENGTH UEFLECT~ COMP.NE.J PARTICLES VE RTICALLY 

V IS THE ELECTRIC PLJTENTIAL d i ~ TH E .)t:PAKtITJR PL~ES 

-,. 

;!< .. -,' 

.'-
~ 

.'-',' 

24 r'L.JTS 24. J. XS. YS. IS. Vl. V .~ . 

IF XS=YS=J. SE T PLJT AND GRAPH SCALF.S FRUM UATA 
J.LT.O PlIGE EJECT FuLLLJ ... Jl,~G PLOTTP,J\j IS SUPPRESSED 

J=O ,;R/\?H DUM LI ,\JE SHOWING d E i~'Vj, APE R Td ~FS , ANO VECTORS 
\11 TO V?.. IS IS LEN tj TH P'.:R ~)LuT Lli\) E , IF l H. tJ MI\KE 
';RM'H UF 2 PAGE LE,\jGTH 

J=i rA,~Ccr SILE FOR CALC. OF SOLID Ai'JGE ACCEPTANCE 
XS=HJ~.SIZE, YS=XP SIZE, lS=VERT.SIZ[, Vl=YP SILEo 

J=4 cNEKG Y SPECTRUM FOR P=XS TO P=YS IN STEPS OF ZS. 
J= 5 I-S,YS HDKIlUNTAL, LS,Vl VERTICAL SCALES AT 1 3 . ~. 
J=6 X3,YS HOKIlCNTAL, IS,Vl VERTICAL SCALES AT 1 5 . 6. 
J=X IF X.GT.lJ PL OT PHASE PLANES GIV EN BY X. E.G. X=AH 

PLUr PHi.\SE PLANE Ad, IF X=A3COEF PL liT PHASE PLANES 
AB,CD,EF. hHERE AB=12, CO=j4, EF=16. ETC. 
V2=PUlTSYi~=O SYHETRII.., =1. 0i LJNSY ''1ETRI;< SCALES 

SECJ~J J RJER ~ATRIX 25. MA. INPUTTYPE. PARM. ~ ) '-

- 'l " 

T HIS () ~ T LJ ,\) I S t\ V .lI I LAB L t: 0 N T RAN 22 AND T R A N3 2 T /~ PES 
AID ALLC,-/S l ; ~PUT Of FIRST ANJ SECDNl) ORDER MATklCES 
ULJ FOU~; DISTINCT AHRI\YS WHICH CAN BE LlSED AT J THER 
L t,,; 4 Ci~ T I J :J SIN T H [ M M-1 LI f'.. L .m E:I J [ N PUTT Y P E = 0 (U CI J J 4 4 U 
FG !~.AAT f-')R '~ATkIX ELE ,'1HJTS IS KtlJ. ~ ('ti ILL REAL) 8FIJ.) 

S;))\(; 0 CI 1M>;t: 26. STE!'. AMPS. PkNTFREW. !~ FFRE\J 

SP~C[ CHAR~~ CALCULATIJN BY IMPULSE APPROX EVERY STEP 
ST [ P=LtNGTH INCREMENT AT WHICH SPI\U CHAkGE FORCE ACrS 
AMpS=AVE RAGE CU~~ENT IN AMPl~ES 

P R, iT F K fl.l = U d T PUT EVE R Y P k iH F R E (J STE P') 0 F l ,1\ C H REG ION 
K F~ ~E~= R.F. BUNCH FREU IN Me, =J IF DC BEAM 

27 RF I:lUi~CHEK 27. L. V. RFPHASE. RFfREQ. 

73 
7 .1 

GP rIC N=O 
[DTIC\=l 

L , ~usr=0, V( MEGA VULTS), RFPHASE(O UR 180 DlG ) , RFF K EQ(MC) 
t~J D Ci\ J i: 73. 
E:'lU AL L C/IS tS 

STANCA~J DATA I~PUT. TYPE COOE PLUS PARAMETE ~ LIST 
INPJT HEhM, JEAM CORRELATIUNS ANJ PARTICLE VECTORS 
J;-j L Y T U ti E U S El) w IT rl PRE V IO U SLY i)'~ FIN: D t.l I:: A M LI N E • 
JPTION 1 T~RMI N ATED BY OPTION CARU O~ ~ LANK AND 73. 
Cdi\NGt SINGLe DAT,\ EL[i"IENT iW RE AUI i'r; V<\LUE or I:~[)E.X 
I JF DATA Te fjf CHANG E D FULLlJ " EJ ,IY Td ~: t·IEW Vl\Lu E. 
Kf: A,JPJG OF THIS SPECTlAl I. 1... CARD f;'ojPLlT CUNTINUE'S 
J,HILl .\ dLANK CARD I S ENCUUNTERtr). rHIS CAU SES A 
:\LSU~1 PTI CJN OF STt\ ;\) DAfW (CPTIUN=J) ~JATA INPUT. 

• 

.. 
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~ 73. TERMIN ATU~ MAY JNlY ~E USED AFTE R A BLA~K CARD 
TdI S ,) i.>TllJ,'i ALLdwS THE PARA .METER-S Of TH E: P~.E C[EDHJG 

!) /\TA ~lCK TO bE STEEPEU 
;, dTH t ,'{ ~ ~\ IDO i'~LY Ok tlITHIN i\ GIVHJ GRI D l io,J GLV t: N STEPS 
* (l.i CLl)- :, +7JI d AXli'ILl,'\ JF 4 PA RM~En:kS ,"lAY BE CYCLEO 
.;, 'liE I i~PUT CONSIST S .JF THE VJ\KIAiJL E ;\lU !' l tlcR , ,'H ,·1li'IlJ i'1 
~, V.<\lUL, i'I:'IX I MlJi'1 VALUES, STEP SIZE, RANUU ,-1 FLAG, AND NJ 
>:' \) 1" SJ f)SEQdENT RUNS vllTH UPTIMlLATILJN AT THE i,,\ U-1Uf1Lli'l U 
,;, LdL S :.JUl\KE VALLIES FOU :'~O IN THE OPT 1U"l 3 SEARCd 
-, II NCi'i-Vl\f-dAl3lE D,HA IS roBE STEPPEU, THei\) TH E DATA 
,~ 1 ;'J pur CJ , ~ SIS T S 0 F - I f V ,'1 IN, V (~A X , STEP \-J H F: REI 1S T Ii t 

INDEX VALJE OF THE DATA IN THE OATA ARK AY 
)~ -1.1 tiLL SUCH PAR.A ~lETERS ARE CYCL ED TUG E THER 
* -1.2 PA~A i'l ETER ASSIGNED THE VALUES SPECIFIED I N CARD 

C P'[.j i ~=4 THIS rJ PTIJN Tt<.A io.J$FORI/IS THE lJEMl AND VcCTURS USUNG 
Til ERe A C CUM U l ATE l) r~ A T R I X FRO i1 TH E EN i) L F PRE V I JUS 
CASE. PH .ASE PLOTS .1ILL dE MADE .AT THE LAST 2 4 . 1 23 4. 
LUCATI ON . TER~INAT E U dY BLANK CA RU AND 73. 

<; r .\ C K [ . j \J I.; r= IJ P T lLF, S 
CP TIU \J 1, 2 ,3,4 

J 
l: '\ T .. \ ( ~ I 

c.\ Tid 2 ) 
3 

[;H!'I (~) 

~~ L ;\I\K (,'IKI) 

73. 

. CPT I UN 1,4 
1 

OI\TA(1) 
4 

BLANK CARD 
73. 

l~TER \ AL (~ N STRAINTS UN VARIABLES 
EL E ~ENT JTYPE VARIAdLES lOWER 
~ EAM 1 1.111111 .Jl 
PJ L[ 2 2.1 -60. 
!W. IFT 3 3.1 .1 
til~J 4,.5 ,6 4.011 -18. 
~UAJ 7,8 5.11 .U1 
EXf RA 9,1.),11 

OPT ruN 1,2,) 
1 

!JATA(11 
2 

OAT A (21 
I] 

DATA(J) 
73. 

UPPER U JII'/ER 
lJJ0. tTC. 
60. 
1 J J ;). 

18. - 5 00. 
10. - 20. 

ALI~N 12,13 8.111111 -1. 1. -50. 
REPEAT THREE MORE TIMES 

AUX 14 14.111111 NJNE NUNE 
SGL lS 19.11 NONE NONE NJNE 
t<.rH 16 2 1).1 - 3 6J • :3 (, J. 

UPPER 

500. 
20. 

50. 

NONE 

T ; ~ i: S t LI i'1nS CAN BE CHANGE!J BY A CARD OF THE FULL Uw ING TYP 
21 .• -JTYPE. LOWER LIMIT. UPPER LIMIT. 

SVMdGL S CCkkE SPUN UI NG TO VECTORS USED IN PHASE SPAC E 
l(AI G(r) Li(ll 16(U) 21(VI 26(-) 31(=) 
2 ( 03 ) 7(C) 12(;"-1) 17(R) 22(1-0 21(/1 32(') 

.~ (e ) d ·( rI ) .i. :.> ( N ) ~ g ( S 1 2 .~ ( Y ) 2 8 ( ) 1 :3 ? ( 0 I 
'+i ( ;J ) 9 (J) 14(U) l'1(TI 24(Z) 29«) ::i t+(*1 
S ( 1:' ) lJ ( K ) i 5 ( PI 20 ( U 1 2 S ( .. ) 30 ( $) 3:: ( ::: 1 

PLDTrING 
36 ( [ 1 
37 ( ] 1 
38(1=) 

~9(·' 
40«) 
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