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PET COMPUTER PROGRAMS FOR USE WITH THE 88-INCH CYCLOTRON

ABSTRACT

This report describes in detail several offline programs written for
the PET computer which provide an efficient data management system to
assist with the operation of the 88-Inch Cyclotron. This function
includes the capability to predict settings for all cyclotron and beam
line parameters for all beams within the present operating domain of the
facility. The establishment of a data base for operational records is

also described from which various aspects of the operating history can be
projected. '






1. Introduction

Prior to 1969, the 88-Inch Cyclotron was ‘used to accelerate
beams of light ions with mass number A< 4, In the early 1970's,
the demand for heavy ions grew, and by 1975 approximately 70 percent
of all cyclotron operation has been devoted to the production of
heavy ions. This trend is clearly seen in Fig. 1. The growing
demand for heavier ions has generated improvements in the 88-Inch
Cyclotron which have enhanced its versatility and productivity.
However, it has also posed a considerable challenge to provide a
rapid and accurate system of information storage and retrieval. The
need to solve this problem has been heightened by the increasing
number of non-resident scientists in the experimental program, This
has resulted in a larger number of cyclotron users who were less
familiar with the facility than the in-house groups. At present
approximately 50 percent of the users do not keep an office at the
‘cyclotron; 40 percent of these are from outside the Berkeley/LBL
scientific community.

A variable energy cyclotron for light ions (A<4) must provide

a continuously variable range of energies for four particles: p,d,
He and 4He. In contrast, the acceleration of heavy ions in the
mass range 4<A<40 can provide a continuously variable range of
energies for well over 300 different stable ions with charge state
Q<8. For any one of these ions, and for any given final energy,
approximately 50 cyclotron parameters must be specified to tune out
an external beam (ref. 1) and another 11 beam line parameters must
be specified in order to deliver the beam to the target. In _
calendar year 1979, 435 beam tune-outs were required to meet the
needs of the exper1menta1 program, In calendar year 1980, this -
number was 409. .

In response to these concerns, a series of computer programs
has been written for the PET computer system in the cyclotron '
control room to serve as an off-line resource of information for
both operations staff and for users. This combination of programs
makes possible many of the routine calculations required in the

day-to-day operation of the cyclotron and establishes a data base of

operational records. Detailed descriptions of the programs MASTER,
PRE, CYCREC and RECORDS, are given in order to provide documentation
needed for use, maintenance and updating. Another series of
programs STRAGGLE, SCATTER and STRIP, are used in calculations
associated with the passage of beams through thin foils. They can
be used to calculate the energy spread, multiple scattering, and the:
residual charge state distributions respectively. Their use is
self-explanatory and so 1istings only will be provided in the
appendix without further documentation. :

2. Computer Hardware

~ -Recent advances in m1croprocessor technology have made
available several inexpensive small computers which are well suited
to particle accelerator applications. The PET system at the 88-Inch
~ Cyclotron, shown in Fig 2, cost less than $2500 (U.S. 1979). (This
price includes interface to the existing Silent 700 ASR printer, but



not the printer itself.) It is programmed in BASIC. The PET model
2001 was purchased with 8K bytes of 8 bit RAM and 14K of ROM in
which resides the BASIC operating system. An additional 24K of
external memory is interfaced through an S100 bus (BETSI board) to
the external memory port of the PET. An IEEE/488-RS232 1ink permits
access to the TI Silent 700 ASR printer. The CBM 2040 dual floppy
disk drive was added to the system later and has now become
indispensible. The audio cassette -drive can still be used to load
programs from audio cassettes, but it is very slow. An auxiliary
keyboard was added and operates in parallel with the main keyboard.
One of the best additions to the PET system is the "Operators Tool
Kit" which substantially increases the power of the PET editor and
simplifies the writing and debugging of programs.

A limitation of this system is the present lack of
information-transfer from the printer back to the PET; consequently
when the printer is executing a carriage return the PET continues to
transmit information over the RS232 Tlink, so that the first few
characters of the next line are often not printed. There are
solutions to this difficulty when printing under program control,
but they use up valuable memory. To produce a program listing, a -
good print-out can be obtained only by first transferring the
program listing to the Silent 700 digital cassette and subsequently
generating a hard copy on the internal readout mode of the printer.
However, this is both inelegant and time-consuming. In two years of
24 hour, 7 day a week operation of the system (one year for the
disk) there have been five failures, two of which crippled the
entire system. -

The cost of computational speed, memory, and the reliability
and serviceability of computer hardware is improving ail the time.
The hardware described above is not optimal, but it shows the
potential for 1nexpen51ve m1croprocessor—based systems in _
accelerator work. In the near future it may be advisable to
transfer these programs to another computer such as the TM 990.

It should be noted that the programs discussed in this paper
could equally well have been written on a midrange computer such as-
the Mod Comp IV 25. Our experience shows that for this approach to
be attractive, the computer must be available and accessible at any
time of day or night from a terminal located in the cyclotron
control room. This capability does not presently exist at the
88-Inch Cyclotron.

3. Program MASTER

3.1 General Description

The object in writing the program MASTER was to provide simple
and immediate access to necessary information about cyclotron
settings, beams, and beam lines for both users and operators of the
88-Inch Cyclotron. This need has become more acute with the
development of so many heavy ion beams and an expanding body of new
users, many of whom are from outside LBL, and are Tess familiar with
the cyc]otron



A prevailing philosophy in writing the program has been to make
it possible for virtually anyone to use it with little or no
jnstruction. Consequently, an interactive question and answer menu
format has been adopted which guides the program user through the-
information required to perform the necessary calculations. There
are several general features which have been incorporated into.
MASTER to simplify its use. In general input information is
obtained by presenting a 1ist of choices on the screen that requires
the user merely to type in the number of his choice. Where possible
the program will suggest the most reasonable choice.(eg. the lowest
possible charge state or harmonic number). It is possib]e to
override these suggestions, but the program will reject improper
entries (e.g. Q > Z ). Once a beam has been specified, the
information is retained until the user requests that it be changed;
thus, several calculations can performed without re-entering beam
information., A final noteworthy feature is that the program
automatically checks for disk errors each time information is read
from the disk. So far, disk errors have been an infrequent
occurrence.

There are currently six basic options from which users of the
program may choose. They are displayed on the PET screen as follows:

"TYPE NUMBER OF DESIRED PROGRAM

1. BRHO | 2. FREQUENCY
3. PRE RUN 4. ENERGY

. 5. RESONANCE TABLE 6. CYCLOTRON SETTINGS

The calculations which are performed in each of these six parts of
the program are all based upon the mass table which is shown in
Table 1. This table includes the atomic masses of all stable
isotopes from atomic_number Z = 1 to 18. Certain long-lived
isotopes (e.g. 14C, 10Be, and 36Cl) are also included since
they have been used to produce beams of interest-in radioisotope
dating (ref. 2). The mass of 40Ca is also included in the table
as are the molecular ions Hp, H3, Dp, D3, DH, DHp, and
DoH. Finally, since krypton gas is sometimes used to support the
arc of the ion source, and since it could be inadvertently
accelerated under certain cyclotron conditions, the stable isotopes
of krypton (A = 78, 80, 82, 83, 84, and 86) are included so that
this information is available for calculation of cyclotron resonant -
frequencies. If the desired beam is not on the 1ist shown in Table
1, the user may select number 44 ("other") to specify any beam<and'
mass he wishes (see Tine 1810 of MASTER).

-~ When the operation of the cyclotron was extended to h1gher main
magnet fields (from K = 140 to K = 160) the earlier version of '

MASTER, called MSTR, required considerable expansion. MSTR is small‘,

enough to fit in the 32K PET memory and can be used without the
disk. To accomodate the expansion to high K it was decided to split
the program into two parts and to use the disk to overlay them. The
two parts are known as MASTER and PRE. PRE is not a program in its
own right, but rather a subprogram which is stored on the disk, and
can be accessed only through MASTER. The calculations for options



1-5 above are performed by PRE; the calculations for option 6 (CYC.
SETTINGS) are done by MASTER. When PRE is called into PET memory by
MASTER, or vice versa, string variables are not retained and must be
re-read. The values of the other variables are preserved. The
variable TC is set equal to one to indicate that MASTER has been
re-accessed from PRE (otherwise TC = 0). The programs operate in a
continuous loop.

Listings of MASTER and of PRE are given in appendix Al and A2
in this report along with an alphabetized exp]anat1on of the symbo]s
used in the program,

3.2 Calculation of BRHO, FREQUENCY, and Beam ENERGY

The magnetic rigidity (BRHO), the frequency of the cyclotron RF
system, and the beam energy are calculated when the user selects
options 1, 2, and 4 respectively. The magnetic rigidity is a
quantity associated with the mass (mc2), kinetic energy (E), and
charge state (Q) of a given beam which characterizes its rigidity
when passing through a magnetic field. It can be shown that these
quantities are related by the relativistic expression

2 1/2
Q

where mc2, the ionic rest mass, is given by

1.3132653(E™ + 2mc E)

(1) BRHO = kG-inch

mc? = 931.478 x A — 0.51106 X Q MeV

In th1s expression, A is the atomic rest mass in amu, and E is
given in MeV,
The frequency of the cyclotron RF system is given by

(2) F = 48.6160 x H [1 - (1 + E/mc2)-2]11/2 mHz
where the harmonic number H is the ratio

(3) H = frequency of the cyclotron RF system
frequency of orbiting particle

The value for the proportionality constant in Eq. (2) (known Tocally
as Cox's constant) was determined at the 88-Inch Cyclotron by
experimental measurement (ref. 3). If the calculated frequency is

> 16 MHz or < 5.6 MHz a warning message is issued that the
calculated frequency is close to the limits of the RF system.

The beam energy is calculated in PRE in one of three ways: from
BRHO, from the frequency of the cyclotron RF system, or from the
magnet1c energy analysis system provided in magnet M4l (ref. 4). To
calculate the energy from BRHO or from the cyclotron frequency F it
is necessary to rearrange Eqs. (1) and (2) above. Solving for E in
MeV, we obta1n ’ :



- [(mc)2 + (Q x BRHO/1.3132653)271/2 _mc2
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These calculations are performed in the program PRE on lines 4320
and 4200 respectively. It is often useful to calculate E from BRHO
via Eq. (4) and then F via Eq. (2) to find the energy and frequency
of a beam which has the same BRHO and a similar charge-to-mass ratio
Q/A as another beam. This can be helpful since the tuning of both
the cyclotron and the beam line for two such beams is virtually
identical. The third method for calculating the kinetic energy of
the beam requires the program user to input the resonant frequency.
in MHz of the M41 NMR probe. The magnetic rigidity of the beam is
directly proportional to this frequency. The constant of .
proportionality can be measured using the 2C(p,p)lZC resonance

at 14,23 MeV (ref. 5) Using the most recent measurement of this
constant (ref. 6), we have

(6) BRHO = 18.779756 x NMR frequency. _
Eq. (4) is then used to calculate the energy of the beam from BRHO.

‘The M4l magnetic analysis system is the most accurate and
precise method available for energy measurements of 88-Inch

- Cyclotron beams. It is notable however, that the agreement between

the nominal beam energies, as determined from the cyclotron
frequency via Eq. (2) and the measured energies via Egs. (6) and (4)
is quite good. This agreement is generally a few parts in 10
except when the cyclotron is operating at high main magnet fields
for K 2 140. For high field operation, the measured energy is
typ1ca1]y Tower than the nominal energy by about one percent.

3.3 Resonance Table

“ Another 1nterest1ng facet of heavy ion cyc]otron operation is

‘that there are several ion spec1es having nearly identical resonant

conditions (e.g. 12¢3*, 1604* 20Ned*), which can lead
to the possibility of acce]erat1ng the wrong beam. This same
situation is true for light ion operation, but only for deuterons,
alphas, and molecular hydrogen; and the separation in frequency for
these beams is typically more than 10 times the separation of the -
heavy ion resonances. It is sometimes advantageous to exploit this
phenomenon. For examp]e, it is Boss1b1e to simplify the tuning of a
weak beam such as 40Ar8* using as an analog beam _
which can be produced with higher intensities by a PIG source. This
is an established technique commonly used at many heavy ion
cyclotron laboratories.

The frequency difference of two closely separated resonances on
the same harmonic H can be calculated from:



(7) éﬁE F]_ - FO _ (Q/A)l - (Q/A)O = A(Q/A)
F P (7L ~(Q7A)

Equation (7) is obtained from differentiation of the cyclotron
equation '

 HQB

with harmonic (H) and main magnet field (B) both held constant.
Because of the large number of beams and energies run at the 88-Inch
Cyclotron, Eq. (7), which requires look-up of the precise atomic
masses, is quite laborious to use, and the possibility of neglecting
to consider all possible ions which can have a value of

(HQ/A)1 = (HQ/A)Q or .of making calculational errors is 1ncreased
when calculations are performed by hand.

Because a complete table of masses for all cyclotron beams is
stored in the PET computer, it was a simple matter to provide the
necessary code to search. for all resonances having the same BRHO
within a prescribed range of HQ/A. The computer will pr1nt a list
of all.such resonances in a resonance table. An example is g1ven in
Table 2 for a_requested beam of 140 MeV 1604+ The beams
considered by the search routine for inclusion in the resonance
table must have H <3, Q <10, and A F <50kH, for heavy or < 100
kHz for light ions. The va]ues for DELTA F are given in Iab]e 2
relative to the frequency of the requested beam (140 MeV
in“this example). These values should be compared with the
calculated resonance width printed at the top of the table to
determine if two resonances can be resolved. The actual resonance
width will depend on cyclotron tuning and, in particuTar, on the dee
voltage, but it is possible to estimate resonance widths and
determine how to scale them as follows. If the phase error :

A sin p between the internally circulating beam and the cyclotron RF
exceeds *1, then the beam will be out of phase and will not
acce]erate. So we may set

Asin g =qx HNT AF =1
F

~ to obtain the full width at half maximum (FWHM) of the internal beam
where the number of turns Nt = E/2QVp and Vp is the dee

voltage expressed in MV. The FWHM can therefore be expressed as

FQV

HE

FWHM o

This proportionality is found to hold approximately for external beams
also, and comparison with experimental widths shows that at typical
dee voltages of Vp ~ 70KV a reasonable estimate of resonance widths

is given by the relation



- 14.3XFQ kHz
Fug = 222 XFQ

with F in MHz ‘and E in MeV. This is calculated on line 3410 of

PRE. It should be noted that a dee voltage of 70 kV is assumed by the
program; proportionally narrower widths would be expected if lower
dee voltages are used.

From the resonance table both the operator and the user can
obtain valuable information which allows them to avoid unwanted beams
or receive suggestions for tune up beams. Often the experimenter w111
use a tune up beam for calibration purposes. There is also a '
provision in the program for keying the resonance table to the prec1se
cyclotron operating frequency so that a search for other resonances
can be based on the exact values listed ‘in the frequency column,

Obviously some discretion is required in us1ng the information in
the tab]f For example, referring to Table 2 in tun1ng up a
140 Mev 1604+ beam, Tittle time should be wasted worrying about
mistakenly tuning out a beam of 36Ar9*. On the other hand, an
operator tuning out 40Ar10% should be aware that there will be a
substantial contamination of 36Ar%* (ref. 7) even though natural
argon is used-as a gas in the PIG source.

3.4 Beam Line Sett1ngs

In. genera] -the required magnet currents for any given beam 11ne
are, first calculated by a beam transport code (ref. 8) and then fine
tuned by the experimenter until an acceptable beam spot is produced on
the. target The fine tuning is necessary to optimize beam quality and
to maximize the transmission from the first external beam stop to the
target. Once this procedure has been completed for any given beam, the
magnet currents required for any other beam can be easily scaled. In
order to establish a data base for performing this scaling in the PET,
it was first necessary to research a carefully tuned set of magnet
currents that produced the best beam characteristics for each of the
19 sets of cave optics, These settings were scaled to equivalent
‘values for a 104 MeV 1604 beam which are shown in Table 3. The
magnets numbered 1, 2, and 3 in the table are permanently assigned to
the staging 1ine quadrupole doublet elements QS1A and QS1B and to the
main- switching magnet MS respectively. The magnets numbered 10 and 11
are used exclusively by the program for the energy analyzing magnets
M41/42 and for the high resolution area switching magnet M43, The
remaining magnets numbered 4 through 9 are assigned according to the -
optics set listed in the column at the left of Table 3. A1l of the '
parametfrs in the table refer to magnet settings for
104 Mevl6o4*, These parameters all represent magnet currents in .
amperes except for the parameters in magnet number 3, the main
switching magnet, which are magnetic field values in kG (for reasons
explained later below). The settings in Table 3 are loaded into a
matrix IR (T,R) beginning at line 320 of PRE. With three exceptions
discussed below, the current CURT R, for optics set T and magnet R
is then scaled accord1ng to the rélation .



(9) CURT,R = BRHO (requested beam) - IRT,R
~ BRHO (104 MeV 160%+)

The program as listed in Appendix A2 needs to be updated for two
optics sets: cave 3B (biomed) and cave 4B (high reso]ut1on) This
updating is accomplished by replacing the 104 MeV 16g4+ parameters
now in the IR matrix with a new set in lines 400 and 430 of PRE.

Due to saturation effects, two beam 1line magnets sometimes
operate at sufficiently high fields to exhibit a non-linear field
response to the applied current. These are the main switching magnet
MS and the cave 0 bending magnet MB. For this reason the parameters
to be scaled according to Eq. (9) for MS are the magnetic field values
which are listed for each cave in Table 3. Converting magnetic fields
to applied currents is accomplished empirically by fitting a
polynomial function to the measured field vs current response curve.
Details of this polynomial fit are given in Appendix A3. Below 10 KG
(125 Amps) the response curve of the cave 0 bending magnet MB is
approximately linear and applied currents can be scaled directly using
Eq. (9). Beams delivered to cave 0 have a bending radius of 45 inches
(1.143 m). The required fields in excess of 10 kG are calculated
directly from BRHO (Bwg = BRHO/45) and subsequently converted to an
applied current by a fourth order polynomial fit. As described in
Appendix A3, this fit was made using experimental data from several
beams requiring >125 Amps for delivery to cave 0. Use of the
previously measured (ref. 9) field map instead of experimental data
led to predicted magnet currents which, at the highest field settings
are ~ 6 percent lawer than exper1menta11y observed values.

The third magnet for which the scaling law of Eq. (9) does not:
apply is the spin precession magnet in beamline 5A. In this case the
required current is inverse]y proportiona] to the transit time through
the magnet. The current is scaled in 1line 4390 of PRE according to
the relation CUR = 8 x IR(16,7) / 11754912 The value of B = v/c is
determined via the re]at1on B = [y where y is the ratio -
of the total relativistic energy d1v1ded by the rest mass energy. The
numerical constant in the denominator of the above expression is the
value of .g for 104 MeV 16qd+.

. The scaling of beam 11ne parameters descr1bed above is
performed when the PRE RUN option is selected. . This option prints
out a formatted pre-run preparation sheet which the cyclotron user
is required to submit to the operations group 24 hours prior to
their sceduled beam time. A variety of other information routinely
required in setting up that run is also printed on this sheet both
to serve as a check Tist and to provide a final communication
between experimenter and the operations group. A resonance table
also appears on the printout so that all concerned can reflect on
problems or opportun1t1es assoc1ated with nearby resonances (see
section 3.3).

3.5 Cyélotron Settings

The objective in writing this part of the program MASTER was -
to produce a printout sheet for the operator with a reliable set of
all the parameters required to tune out any beam that can be run at
the 88-Inch Cyclotron. The intention here is not to predict the
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fully optimized settings which result when a beam has been
extensively run and developed. Fine tuning of certain parameters by
the operators is expected. Rather, the settings provided by the
program are intended to permit the operator to quickly establish
approximate tuning of the cyclotron. It has been noted that final
tuned values of all parameters including valley coils and voltages
on the dee and deflectors are usually not very different from the
predicted ones. Experience indicates that the initial objective has
been satisfactorily achieved.

Several methods are employed to predict approximately 50
parameters that are required to tune the cyclotron. These methods
include direct and precise calculations, as in the case of the '
frequency; using scaling laws as in the case of deflector voltages;
and experience of many years of operation upon which we rely for the
valley coil settings. The derivation of scaling laws and the
systematic approach used in this section are discussed in detail in:

~ref. 1. Table 4 shows a sample printout of cyclotron parameters for

a 140 Mev 1604* beam. The rest of this section describes in
detail how the program MASTER determines the value for each
parameter in order of appearance on the printout sheet.

3.51 Frequency

The frequency of the cyclotron RF system requ1red for any
particle and energy is calculated as discussed in section 3.2 using
Eq. (2). As a further aid to the operator, the pos1t1on of the RF
panels required to establish a resonant condition is also given.
The associated D.V.M. reading is determined empirically by a
polynomial function of frequency, and the coefficients of this
function are given in Appendix A3.

3.52 Dee Voltage
: t1s a preva111ng ph1losophy at the 88-Inch Cyclotron to

operate for heavy ions near the 75 kV upper operating limit of dee
voltage in order to reduce the charge exchange losses during
acceleration. Thus, in the majority of cases, a dee voltage of

70 kV is normally recommended (allowing for 5 kV of tuning). ,
However there are certain beams, characterized by a low number of
turns N1, for which this dee voltage will create orbit centering
problems. If we assume that acceleration always occurs at peak dee
voltage we arrive at a simple expression for the turn number: '

(10) NT = E/ZQVDs

where Vp is the dee voltage expressed in MV, If a dee voltage

Vp = 0.07 (70 kV) leads to a value of Ny<50, the PET is

programmed to reduce Vp to keep a constant turn pattern with

NT = 50 Such beams have a value for E/Q <7 and since

E = KQ2/A it is clear that they must also have a low value of

KQ/A. 'Beams with a low value for Q/A can generally be produced in a
PIG source with very high intensities, and therefore, charge
exchange losses associated with the reduced dee voltage are not a
problem. The choice of limiting turn number Nt = 50 is somewhat
arbitrary but it is consistent with our experience with the limits



of the center region parameters and valley coils for orbit
centering. An absolute Tower limit of Vp = 20 kV is placed on dee
voltages recommended by the PET. This is also somewhat arbitrary,
and there has been Tittle experience with such beams since they
require E/Q < 2 (from Eq. 10). Figure 3 is a graphic representation
of the dee vo]tages recommended by the PET.

3.53 Ma1n Magnet

It is difficult to give an accurate prediction of the main
magnet setting since the azimuthally averaged field experienced by
the particle as a function of radius B(R) is determined by
contributions of the main magnet as well as the 17 trim coils. A
detailed calculation of these contributions is beyond the scope of
‘the program MASTER and the capabilities of the computer, but a less
sophisticated, empirical approach has proven satisfactory.

The program MASTER uses the correlation between the main magnet
current (Iym) and magnetic rigidity (BRHO) of the beam. Input data
from approximately 35 beams were used with IyM ranging from
322-2560 Amps to fit a seventh order polynomial. The magnetic
rigidities for these beams were calculated from the run values of
the cyclotron frequency using Eqs. (5) and (1). The data point
(Imms BRHO) = (0,0) was also included in the fit. The field
contribution per ampere of trim coil 17 current for beams of high
BRHO, where trim coil 17 is typically used, is known both from
ca1cu]at1on (ref. 10) and experiment (ref. 7) to be approximately
5 percent of the field contribution per ampere -of current in the
main magnet. " Thus the expression used to calculate Imy, the main
magnet current, is of the form

~

(11) Iy = Z ap(BRHO)" - 0.05 x I(T.C. 17)
‘ _ n=0

The coefficients a, in the polynomial expansion are given in
Appendix A3. Generally, the error in the predicted main magnet
current settings is several parts in 103, but there are a small
number of cases where the error is as high as 1.3 percent. The
scatter associated with this error current is shown in Fig. 4. The
program prints out the calculated main magnet current, and also
recommends a range of currents (#+ a Iyy) over which a search

should be conducted to find a given resonance. This range ‘is
calculated by the formula

Iy
(12) AIMM = m(—) +5 Amps

The recommended search zone is indicated on Fig. 4 as the area between
the oblique lines.

At present, calculated magnet settings beyond about 2600 Amps
should be regarded as suspect since they are calculated by
extrapolation. As more.data are available with high K operation of -
the cyclotron (140 < K<160) a new set of fitting coefficients aj
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should be calculated which incorporates the new experimental data or
new data from CYDE (ref. 10).

3.54 Trim Coil Settings

The most difficult part of choosing a set of cyc]otron parameters
is providing the operators with an appropriate set of 17 trim coil
currents for any requested beam. As stated earlier, predicting trim
coil currents from detailed field maps as is now done by the CYDE
program on the CDC 6600 is beyond the capabilities of the PET
computer. The approach adopted is to provide the PET with a data base
of a finite number of sets of trim coil currents which can be used for
the production of any beam which can be run at the 88-Inch Cyclotron,
and then to program search algorithms into the PET so that the '
correct set can be selected for any requested beam. The procedures -
. for estab11sh1ng this data base are described in ref. 1, but further
details are given in this section which are essential to understand1ng
the MASTER program. _

As explained in ref. 1 we can take advantage of the fact that a
trim coil solution optimized for a particular beam will be ’ ‘
satisfactory for another beam provided that the energy and the
charge-to-mass ratios gE/A and Q/A) of the two beams are similar. For
example, a beam of with E/A = 6.4 MeV/amu and Q/A = 9.3 can ,
be run from a trim c011 solution calculated for a beam of
with E/A ='6,07 MeV/amu and Q/A = 0.286. Nevertheless,’ approx1mate1y
400: trim coil solutions are required to ensure that the correct radial
field profile can be created for any beam within the operating domain
of “the cyclotron. The number of trim coil solutions can be kept to
around 400 only .by careful considerations which are most eas11y
explained in terms of the resonance chart in Fig. 5. This is a
log-log plot of particle frequency versus magnetic field. Beams. w1th
the: same Q/A fall on straight lines of unit slope. This can be seen .
by taking the logarithm of cyclotron Eq. (8) which gives log B = log
Fp - log Q/A.where the particle frequency Fp = Fpp/H, A scale =~ =
of E/A is provided at the top of the figure (E/A o FB) Note
that the position of each of the points on the chart can be uniquely-
determined by specifying both the energy per nucleon (E/A) and the
charge-to-mass ratio (Q/A). A trim coil solution, calculated by CYDE,
is required for each of these points. The spacing of the points, both
in energy and charge—to—mass ratio, reflects the range of E/A and Q/A
which can be run us1ng the trim co11 so]ut1on calcluated for each
point.

3.541 Spac1ng Between Lines of Constant Q/A ‘ -
We now focus on the Timits to wh1ch a given trim coil solution
can be "stretched." For beams with Q/A < 0.5, it is necessary to
consider the spacing of the lines in Fig. 5 which have constant Q/A.
The Timits to which a trim coil solution can be stretched at constant
main field is determined by relativistic requirements on the '
azimuthally averaged radial field profile B(R)/B(0).. It can be shown
(ref. 11) that for a trim coil solution calculated for ion (a)
with (Q/A)z = e5 to be used for another ion (b) with (Q/A)p = ep
at the same»cyc]otron constant K (i.e. main magnet setting?; the
following inequality must hold:

11
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(13) 4 9317, Ko (e =5 )

< 1

where the dee voltage Vp is now expressed in kV. This expression
is the result_of placing 1imits on the allowed phase slip of

+ 300, The K2- dependence of this expression implies that the
spacing between lines of consant Q/A must be closer at high main
magnet fields. This is illustrated in Fig. 6A where values of e¢p
are plotted as a function of K for two values of ez: e3(l) =
0.43750 and €3(2) = 0.41666. In this example, the line segment
labelled eb(1§ represents the maximum Q/A to which trim coil
solutions -with Q/A = e5(1) can be stretched. Similarly, the line
segment ep(2) represents the minimum Q/A to which trim coil
solutions with Q/A = €3(2) can be stretched. The shaded region
above K ~ 147 represents values of Q/A which cannot be accessed from
solutions on either ez(1) or e3(2). Thus, when the grid was
expanded to include beams with K as high as 160 another series of
points was added to Fig. 5 on the line with Q/A = 0.429.

The portion of the grid with 0.455 < Q/A < 0.5 has not been
developed, since beams with this range of charge-to-mass ratios are
not available with present PIG sources. With advanced ion sources
such as EBIS (ref. 12,13) or ECR (ref. 13) sources, it will be
necessary to expand the present grid further. Three lines of
Q/A = 0.462, 0.467, and 0.471 are indicated as possible ions for the
expansion. The size of the gap in the present grid is indicated by
the cross-hatched region in Fig 6B. Several additional ions will be
required to completely cover this gap.

3.542 Index Numbers
The numbers enclosed by boxes on Figs. 5 and 6 form part of an

indexing system for the grid points on Fig. 5. These numbers
identify each of the 27 lines of constant Q/A. For example,_the
recently added series of points on 1ine 85 correspond to /Li + .
beams with Q/A = 0.429. These line numbers start at 10 for protons
and end with line 200 for 1602*, The numbers increase
monotonically with decreasing Q/A; however, the Tines are not
numbered consecutively in order to allow for other ions (with
different Q/A) to be added to the grid at some future time. (For
example, several lines will be needed between lines 30 and 40). To
completely specify the index number of any point on Fig. 5, it is
necessary to associate with the 1ine number another number which
describes a specific point on that line. To illustrate how this is
done, consider, for example, the index number 10.09. This indicates
a beam on Tine 10 (protons) which is the 9th beam on the line
counting from the low energy end. Thus 10.09 is the index number
for 30 MeV protons. This can be seen by referring to Fig. 5 or to
Appendix Adc. The rationale for providing this compound indexing
scheme is to retain the same index number associated with a
particular trim coil solution even when new points are added to the
grid. Thus, the index number 160.11 associated with 140 MeV

64+ remained unchanged when the grid was expanded for beams
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with K > 140, despite the addition of about 130 high K trim coil
solutions. A comp]ete tabulation of all the points on the grid
system is given in Append1x Adc. Note that the solution number
Tisted. in Appendix A4c is a simple running index and is not . :
permanently associated with a particular tr1m coil solution if new - ...
beams are added to the grid.

3.543 Energy Spac1ng of Points with Fixed Q/A

Stretching a trim coil solution with fixed Q/A to change the :
energy of an ion involves a change in the main magnet field. Thus
in addition to_the changing relativistic requirements on the radial
field profile B(R)/B(0) we also introduce changes in this radial
prof11e inadvertantly due to the radial dependence of saturation in
the main field. For energies EfA 210 MeV/amu relativistic effects -
dominate. The limits of stretching imposed by purely relativistic
considerations are calculable (ref. 11). In order for a trim coil
solution calculated for a beam with energy Eq to be used for the
same ion with final energy Ej, the following inequality must hold

250 HE1

W) | srmv, [E- £y (Eg/Ep)' %)

where again Vp is the dee voltage expressed in kV. This formula
is obtained by placing limits on the allowed phase slip of * 300
and is valid only when saturation effects can be ignored. Figure 7
shows the fractional energy stretching (E] - Eg)/Eq predicted
by the expression 14 as a funct1on of E/A for protons, helium-3 and
alphas/deuterons. S
For most beams, however, energy stretching 11m1ts at constant
Q/A must take into account the effects of saturation on the radial
field profile B(R)/B(0). To estimate these effects, a series of
CYDE calculations were run (ref. 11) at several values of K and
E/A. The results of these calculations are summarized in Figs. 8A
and 8B for H=l and H=3 beams respectively. Considerable license is
taken in produc1ng the curves. For example, the interpolations
necessarily ignore possible irregularities peculiar to individual
trim coil solutions. Accordingly the spacing of grid points on each
part of the grid is conservatively chosen using the curves in Figs.
7 and 8 only as a guideline. As indicated in Appendix Adc, each
grid point has associated with it a number (DEA) = (Ep- EO)/EO
which gives the range of energies spanned by that trim coil
solution. In over four years of cyclotron opéeration, this system of
stretching trim coil solutions has. proven very successful and
reliable. It is useful to remember that small changes in magnetic
field can be effected using trim coil 17 without disturbing the
radial field profile established by the main magnet and other 16
trim coils. It is sometimes necessary to utilize trim coil 17 in~
this way in order to successfully employ a trim coil solution
recommended by the PET.

13



3.544 Phase Slip Compensat1on—"Preferred‘Stretches“

Because of magnet saturation in the 88-Inch main magnet a small
increase in the main field leads to a lowering of the B(R)/B(0)
curve with R as indicated schemat1ca11y by the dashed curve in Fig.
9, there is a resulting slip in phase between the frequency of the
part1c1e and the frequency of the cyc]otron RF system. The field
profile indicated by the dashed 1line in Fig. 9 is better matched to
the isochronous requirements of a particle with slightly Tower
energy/amu, i.e. a particle having a reduced relativistic mass
increase. Thus there are preferred directions for stretching a trim
coil solution where some degree of phase slip compensation takes
place. It is of interest to characterize these preferred directions
both qualitatively and quantitatively.

To develop a qualitative insight into these preferred
directions for stretching trim coil solutions, we can imagine that
around each point in Fig. 5 we draw a zone of beams which can be run
from the trim coil solution associated with that point. Since there
are preferred d1rect1ons, each zone can be approximated by an
ellipse with the major axis mak1ng an angle § with the horizontal,

It can be shown that this angle is given by

s (252 + t2 Zst

log [1 - (E; - Eo)IZEo]_
log [1 - (e, - e)/e, ]

sin )~ -1/2

(15) where s

“and t

. A s1mp11f1ed resonance chart is shown in Fig. 10 which
indicates the directions of preferred stretching as determined from:
Eq. (15). At high fields, these preferred directions approach
stretching at constant field because saturat1on effects complete]y
dominate relativistic effects. _

3.545 Figures of Merit

While the above considerations helped to provide physical
insight, it became necessary to develop a more quantitative picture
so MASTER could meet the needs of day to day operat1ons. To do
this, figures of merit Fg and Fp were established in the
following way. First we note from Fig. 11 that a stretch from a
grid point (.) to the requested beam (x) is equivalent to stretching
along the line F1 at constant B, followed by a stretch Fo at
constant Q/A. We then calculate Fj, which is the fraction of
maximum stretch €. F1 is taken as positive in the direction of
increasing Q/A.  Then we calculate Fo which is the fraction of
maximum stretch E; along a line of constant Q/A. Fp is taken as
positive in the direction of increasing E/A. E) is determined
from considerations described in section 3.542. That is, from the
value of DEA = (Ej - Eg)/Ep stored for each grid point (see
Appendix Adc) we obtain

Ey = Eg ( DEA + 1).
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To obta1n the limiting va]ue of €p (when stretching at constant o
magnetic f1e1d) the left side of the inequality expressed in: o
relation (13) is set equal to 1. We then obtain the cub1c equat1on:

931V
€, — € ,e,b—-—£2=0.
250HK

This equatlon is solved for ep using Cardan's formulae (ref 14)
with care taken to correctly eliminate extraneous roots having no
physical significance. From the limiting va]ues E1 and €bs the
fractions F] and F» are calculated '

(Q/a), ~(a/A),

F, =
1 a” b
(B, (@A) (AIQ)2 - (E/A)
F, = X 'a X 0 a
2 = TR AT, T (E AT,

~ The quantities Fg and FR are now calculated from Eq. (16)

F1 + F2

e (16).: Fs ‘
o 1/2
(F)2 + F22)‘ N

If a given stretch is exactly in a preferred direction, then

F1 = -F2 and Fg = 0. If the requested beam is identical to

the beam for which a’ gr1d point trim coil solution has been
calculated, then Fj = = 0 and Fg = FR = 0 also. If

|Fsl > 1, the trim co11 so]ut1on for the grid point under
cons1derat1on will not provide a field profile suitable for the
requested beam. In general, the grid point with the smallest value
of Fg gives the preferred trim coil solution for any given '
requested beam. It should be emphasized that the approximations
inherent in Egs. (13) and (14) are valid only for short stretches.
The system of calculating Fg provides. a quantitative figure of
merit for the operator or the computer to evaluate the choice of
trim coil solution.

3.546 Search Algorithm for Beams on the Grid (CS = 1)

For any requested beam, the program MASTER first determines
which of three search algorithms to employ. The parameter CS is
accordingly set equal to 1,2, or 3. The domain CS =1 is for
beams which Tie on the grid depicted in Fig 5. The domain CS = 2
is defined as beams with Q/A < 0.125 for K > 55 and Q/A < 0.167 for
for K < 55. These beams are found on the left (low energy) side of
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Fig. 5 and will be discussed in the following section. The domain
CS = 3 is characterized by beams of very Tow K and fall below the
grid at the bottom of Fig. 5. Discussion of these beams follows in
section 3.548.

Almost all beams of interest to the nuclear science program lie
on the grid system and utilize the search algorithm associated with
CS = 1. Because evaluation of the figures of merit Fg and Fp,
for every point on the grid is very time consuming on the PET, the
program begins by finding those "nearest-neighbor" points on the
grid which bracket the requested beam. It establishes the grid line
(Q/A = constant) which brackets the Q/A of the requested beam first
on the left then on the right. Then it brackets the K of the
requested beam by considering grid points which 1ie along the left
and right bracketing Q/A = constant lines. In general, a requested
beam is bracketed by four nearest-neighbor grid points for which
figures of merit Fg and Fp are then calculated. The recommended
solution is the one associated with the grid point having the
smallest value of |Fg| unless another point has a value of
FR < 0.2 (1ine 3310 of MASTER), in which case the recommended trim
coil solution is the one associated with the smallest value of
FR. In this case the location on Fig. 5 of the requested beam is
very close to a grid point and this proximity is thought to be the
more reliable criterion. Once the index number of the recommended
solution has been established using the data in Appendix Ad4c, the
appropriate trim coil ‘currents are read in from the disk (see

“Appendix A4d).

There are many special cases where it is not poss1b1e to find
four grid points that bracket the requested beam using the above
procedure. If Q/A for the requested beam equals Q/A for a grid line
within # 0.001, then a two-point bracketing procedure is adopted.
If, in addition, it has a K value lower than the K of the lowest
point on the line then adjacent Q/A grid lines are also considered
and five bracketing points will be evaluated. Requested beams with
K > 160 cannot be bracketed from above, and a special programming
routine was developed to handle this case. ,

Figure 12 shows the results of several stretches using MASTER,

which illustrate the cases cited above. Figure 12d represents an
~ interesting case which has been the subject of further study. It
has been experimentally verified that the tyim coil solution
calculated and optimized for a 427 MeV 16077 beam will provide =
a sat1sfactory field shape for both 360 MeV 14N6%  and 245 MeV
9ged* beams. = The phase s1ip compensation discussed in section
3.544 is illustrated in Fig. 13 where phase histories of several
9Be4 beams have been ca1fu1ated by CYDE all using the trim. co11
settings for the 427 MeV beam. From these CYDE
calculations, the 9Be#* beam energy with the best phase-slip
compensation is seen to be ~ 245 MeV. The PET results indicate
this energy to be ~ 244 MeV in close agreement with the CYDE
calculation,

3.547 Beams with Very Low Q/A (CS = 2)
- It can be seen from Fig. 10 that for third harmon1c beams
(H = 3) with very Tow Q/A the preferred direction for stretching

16



trim coil solutions is in the direction of constant main field (i.e: .
constant BRHO). In fact, all H = 3 beams which 1ie to the left of

the grid system in Fig. 5 can be run using a grid point beam with

Q/A = 0.125 or 0.167. To examine these stretches in more detail, we
evaluate the Teft hand side of the the inequality (relation 13) for

the following three cases: o

0.125, K = 160, Vp

1. ea 70kV,

2. €4 =0.125, K = 140, Vp = 70kV, and

3. ey =0.167, K = 55, Vp = 70kV.

]

The results are shown in Fig. 14. It can be seen that for no value:
of ¢y does the expression exceed un1ty, which implies that points
on line 190 (Q/A = 0. 167) for K < 55 and that points on line 200
(Q/A = 0.125) for K < 160 can be stretched to cover all H = 3 beams
which 1lie to the left of these lines.

The trim coil solution recommended by MASTER for these low Q/A
beams is the grid point on line 190 or line 200 having the closest
value of BRHO to that of the requested beam. Line 190 is used for
beams with K <55 (BRHO < 421 kG - in). MASTER will also use the
same criterion. in recommending beams with H > 3. While this has
proven successful in isolated cases, a thorough evaluation of this
recommendation has not been made. This procedure should be checked
with the code CYDE. Another procedure for handling beams with H > 3
You]d be to ca]cu]ate with CYDE a series of.trim coil solutions for

beams (Q/A = 0.071). These could then be used to
recommend the appropriate trim coil solution for H > 3 beams again -
using the "nearest-BRHO" criterion. Since demand for these beams is
very low, these program improvements have had low priority and have
not yet been pursued.

3.548 Beams with Very Low K (CS = 3) _

- Occasionally, beams are requested which lie below the grid
system of Fig. 5. Associated with the lowest grid point on each Q/A .
line is a parameter LK which is the lowest value of K to which that
trim coil solution can be stretched at fixed Q/A. The values of LK
are determined from the equation

LK = E/A (1- DEA)
(Q/A)

where DEA = (E1 - Eg)/Eg gives the maximum allowed energy

stretch at constant Q/A. (DEA values are tabulated in Appendix
Adc.) The values of LK, shown in Table 5, represent the lowest
values of K which can be accessed from the grid using the search
algorithms described in section 3.546. If the first two search
algorithms fail to produce a recommended trim coil solution,. then
the third search. algorithm is initiated. Seven pre-selected grid

- points will be considered by the program. They have index numbers
10.01, 20.01, 30.01, 130.01, 160.01, 180.01, and 190.01 and are the
lowest energy,lowest K points of the seven selected grid lines. The
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program will choose one of these seven points having the closest E/A
to that of the requested beam thus providing the closest matching of
the relativistic requirements. The trim coil currents of the :
selected. grid point are then multiplied by the ratio

BRHO (requested beam)
BRHO (grid point beam)

The field profile requirements can be met by this simple scaling
procedure because there is little or no radial dependence of the
main field setting when operating at these low currents. Although
this procedure has not been extensively evaluated, it has been
demonstrated to work successfully for several beams.

3.55 Harmonic (Valley) Coil Settings

Two standard sets of valley coil settings are provided by the
PET as shown in Table 6. Set 1 is recommended for ions with
Q/A > 0.5 and set 2 is recommended for all heavy ion beams,
deuterons and alphas.

These settings generally produce high extraction efficiency and good
beam quality. Cyclotron operation with valley coil settings which
significantly differ from these values can sometimes permit good
extraction efficiency but often lead to poor transmission through
the analyzing sl1it at AS4l due presumably to poor beam quality. It
is generally always true that such valley coil settings can be tuned
back to the values approximating those 11sted in Table 6 with no
loss of external beam.

3.56 Center Region Parameters

There are 5 center region parameters. Two of these specify
the radial (RAD) and azimuthal (AZI) location of the source relative
to the magnetic center of the cyclotron. The third parameter (ROT)
specifies the angle to which the source is rotated about its own
axis. Parameters 4 and 5 represent two approximately orthogonal
motions of the puller electrode (P N/S and P E/W). Since the
east-west position of the puller is sometimes limited by voltage
breakdown and since there is little interaction or coupling of this
parameter to most other parameters, no attempt to predict P E/W is
made by the program. Table 7 shows four sets of the remaining four
center region parameters and the conditions under which each set
should be used. These values are loaded into a matrix labelled CR
at line 440 - 450 in MASTER.

3.57 Deflector Settings

There are 15 deflector parameters which must be specified: 12
positions and 3 voltages. In specifying the 12 deflector positions
for any given beam, there are five sets from which to choose as
shown in Table 8. The range of E/Q covered by each data set is also
indicated. The voltages shown at the bottom of the table for each
of the 5 data sets are those required to establish the voltage
gradients necessary to extract a 65 MeV 4el* peam. The
voltages required for any other beam are obtained by multiplying the
voltages in the table by
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E/Q .,
3Z.5

The numbers in Table 8 are loaded into a matrix DDD in lines 460-520
of MASTER .

It shou]d be noted that beams with E/Q > 70 (e g. 140-160 MeV
alphas) have not been extracted with the present deflector system.
MASTER will nevertheless produce a scaled set of deflector voltages
for position set number 5. In practice, extraction of these beams.
will probably not be possible until the new deflector system is
installed and made operational.

4, Program RECQRDS

In January 1979 a program for computer controlled storage and
retrieval of the 88" Cyclotron Operations Records data on magnetic
tape cassettes was implemented using a PET Computer. Data so stored
pertained to beams run at the Cyclotron during two-month periods.,
Each record included the following 9 parameters: the date the run
started, the energy, mass, ion, and charge state of the particle
accelerated; the experimental area to which the beam was sent; the
duration of the run (expressed in number of 8-hour operations
shifts); the average beam intensity delivered on target; and the
name of the experimenter. This program called RECORDS, was '
dimensioned to accomodate as many as 120 individual records for each
report1ng period.

4.1, 09t1on

At the beg1nn1ng of each period the PET is initialized with 120
blank records using dummy variables for each of the nine parameters
included in every record. These initialization data are then '
recorded on cassette, and are reloaded into the PET prior to data
entry. .

After the 1n1t1a11zed data tape has been re]oaded, information
is taken from the Cyclotron Operations Log and is entered into the
PET, replacing the nine dummy parameters in memory. One program
option permits examination of the most recent entry, while another
permits correction of any record previously entered. In both cases,
the records data are displayed on the PET screen, whereas a third
option generates a hard-copy printout of all records entered during
the current reporting period, converting the number of operating
shifts to hours, and totaling them.

After the records data have been so entered, they are once again
. stored on tape, together with the remainder of the blank records
. which have not yet been updated. When more data are to be entered,

. the tape is once again loaded under program control, such that
subsequent records entries will fall into proper chronological
sequence. This provision was implemented so that the records could
be maintained at random intervals during the reporting period.

Thus, the operations staff can work with the program as the
‘'operating schedule permits.

At the end of the reporting period, the program can be used to
generate a hard-copy printout of all beams run during the period,
and the total number of operating hours. A sample printout is shown
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in Table 9 for one month of operation (half of the total reporting
period). In addition, a program option permits sorting the records
data according to beam [energy (E), mass (A), element (Z), and
charge state (Q)], particle (A, Z, and Q); isotope (A and Z); Z;
cave; or experimenter. In this case the hard-copy printout includes
only those records which satisfy the desired criteria. The number
of operating hours involved in these runs is expressed both as a
subtotal and as a percentage of the two-months total.

4.2, Search Routines‘

By the end of 1979, a sizeable data base had thus been created
on magnetic tape, but the time and number of manual steps required
to load data from cassettes prevented efficient use of these data.
Upon the addition of a dual floppy disk drive to the PET system and
subsequent transfer of data from cassette to diskette, it became
practicable to make effective use of this data base.

The first program written using disk data access is called
ANNUAL. It generated a hard-copy printout of all beams run at the
88" Cyclotron during the calendar year 1979. This proved to be more
spectacular than useful, but the program was then expanded to
provide an annual data sort by beam, particle, isotope, ion, cave,
or experimenter such as described above. As the data base grew
larger, a program was implemented which searched the data .in reverse
chronological order for a specific beam. An option in the program
allows the result to be displayed on the PET screen, on a hard-copy
printout or both, at the user's discretion.

Another use of the data base has been made by modifying the data
sort program to search for and print out the subset of entries
pertaining to beams which have been run using the increased field
strength capability of the main magnet. Since the data base does
not contain the main magnet current data, the search was done by
solving for the cyclotron constant K = AE/Q2 and then searching
for those records where the value of K exceeded 140. .

A further use of these data was to generate a 1ist of runs by
outside experimenters not associated with resident user groups. In
order to accomplish this, the names of outside users have been
flagged by an asterisk in the data base. When the data are printed,
the asterisk is suppressed.

4.3. Calculation of Power Consumption

A considerably more ambitious program, still under development,
will estimate the total power consumed during each run, It will use
the information contained in the data base to calculate the power
used by the main magnetic field (including trim coils and valley
coils), the ion source, the RF system, and the beam line transport
magnets for any given run.

The program first calculates the magnetic r1g1d1ty (BRHO) for
each beam from equation (1) using approximate values for the mass.
BRHO is then used to estimate the main magnet current (Ipmv) using
the expression :
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7
Iy = = ap (BRHO)M,

n=0
This expression is similar to equation (11) but Tacks the correction
term for trim coil seventeen. Since the data base contains no
information regarding trim coil currents, and since their
calculation lies well beyond the scope of the program RECORDS (and
indeed, beyond the capability of the PET computer), this correct1on
is approx1mated in a simpler manner.

Engineering measurements were recently made on the main magnet
power supply and on the main magnet booster power supply to
determine the input power consumpt1on of each supply at various
current settings of the cyclotron main magnet. Two separate curves
were then'p]otted of main magnet current vs. input power, one for
beams requiring main magnet currents equal to or less than 2500
amps, the other for those beams requiring currents exceed1ng that
value.

In order to estimate the trim coil input power consumption
values, where their actual current settings were unavailable for
use, the assumption was made thft the trim coil values required for
acceleration of various energy beams could be considered
typical. Power consumption values for the trim coils themselves
were obtained from an engineering study made shortly after their
construction and installation, and were scaled to the current
settings used for these beams. These power values were then
totalled for each of the above beams, with the sums added to the
appropriate main magnet power curves. In the case of trim coil
seventeen, its current contribution was de-rated by five percent
when added to the greater of the two power curves, since this trim
coil is generally used only for acceleration of those beams for
which the cyclotron constant (K) is equal to or greater than 140
(i.e., booster on).

Two more curves were then plotted using the power value points
thus obtained, and second order polynomial equations describing
these curves were derived empirically using polynomial fits (see
Appendix A3). The coefficients obtained are not included herein,
since further studies are currently in progress in order to refine
the equations, but this preliminary version is already in use to
provide power cost estimates for various beams.

The ion source power supply consumption is usually one of two
values, one for Tight ion operation (mass number A equal to or less
than 4), the other for heavy ion acceleration. The same is also
generally true for the harmonic (valley) coils, where the two values
are determined by whether or not the charge-to-mass ratio exceeds
0.5 (e.g., protons). Since the data base contains sufficient
information to calculate these values, these power consumpt1on
~ figures may be derived in a stra1ghtforward manner.

The portion of the program which will estimate power consumption
figures for the RF system is currently being developed. This
involves calculation of the RF frequency, using eq. (2), and
calculation of dee voltage (see section 3.52). Curves for input
power vs. frequency have been plotted for several dee voltage
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values, and the final version of the program will probably involve
scaling between these curves.

The third portion of the program dealing with the beam transport
system will require power consumption data for the switching magnet,
the bending magnet, and the M43 power supplies, as well as the power
supplies used for the quadrupole magnets, and the beam analyzing
magnet system. Each of the experimental areas to which beams can be
delivered has its own unique set of beam transport elements, whose
current requirements are generally proportional to the BRHO value of
the beam. Two noteworthy exceptions are the switching magnet and .
the bending magnet, which operate in the saturation regions of the
current/magnetic field curve. In these two cases, the field
intensity requirements will be proport1ona1 to BRHO with the
currents subsequently obtained via polynominal fits to the measured
I vs. B curves as discussed in section 3.4.

5. Program CYCREC

5.1. General Description

Another PET program for storing and analyzing operating records
of the 88" Cyclotron was introduced in January 1980. This program,
called CYCREC (for CYClotron RECords) calculates the amount of time
that the operation of the Cyclotron is devoted to each of eight
categories. These are Beam Development, Tuning, Optics, Beam on
Target, Scheduled Maintenance, Unscheduled Maintenance,
Experimenter's Problems, and Ion Source Preparation. A ninth
category, Holiday/Shutdown, was added so that the total hours thus
ana]yzed would ultimately equal the number of hours in the calendar
year. :To each of these categor1es is assigned a code number.

The concept of the program is essentially a straightforward
one: each day a member of the Cyclotron operating crew loads the
program into the PET, and enters data obtained from the Operations
Log for the previous 24 hours, starting at midnight (0000 hours).
The PET prompts the operator to enter the time, then the code number

" for the activity which began at that time. The program is

demensioned such that as many as fifteen individual entries may be
made per day, with the time of the last entry "2400" and code number
"g", indicating "no further entries”.

The data thus entered are then stored on cassette tape. At the
end of the reporting period (also two months) the data tape is
reloaded in the PET, which calculates the total number of hours
devoted to each category, converts them into percentages of the
total available operating time (hence excluding the
"Holiday/Shutdown" category), and generates a hard-copy pr1ntout of
the result.

A problem encountered in implementing this program arose from
the PET's array limitation of 255 elements. In order to store two
months data, an array exceeding 900 elements would be required. The
technique ultimately used to circumvent this problem breaks the
reporting period into blocks of six days, thus requiring a
90-element .array. In practice, the total number of entries for each
day is also stored on tape, requiring a 96-element array. Ideally,
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all data blocks are sequentially written onto a single data tape
covering the full two months.

Another problem which surfaced during the development of this
program (as well as the previously described program, RECORDS) was
an apparent inability of the PET to read input file data reliably
from cassette tape. A short test program which read the tape data
into the PET, one character at a time, showed that the data had been
recorded correctly, yet tape read errors plagued both programs. The
solution to this problem was found only upon receipt of a soft-ware
bulletin from the manufacturer which described a subtle ommission
from the PET operating system.

The cassette I/0 buffer in the PET stores 192 characters, and
transfers them as a single continuous serial data record, either to
or from tape. When reading from tape, the cassette drive motor is
energized while the record is being read, then stopped while the
data are shifted into memory. However, the inertia of the cassette
reel often causes the tape to advance the next file header beyond
the read heads. The usual result of such a read error .is
termination of the program, frequently via a program crash. The
omission in this case is the failure to provide an inter-record gap
(IRG); the solution is to detect when 191 characters have been
written into the buffer, then to turn on the cassette drive motor
briefly so as to create an IRG.. Use of this technique permits -
virtually error free data transfer to and from tape.

5.2, QOptions

Since the reporting period is broken into six-day blocks, the
operation of the program differs considerably from that of RECORDS.
Before the data tape is loaded, the operator enters the data block
ID, and then selects the function to be performed from an options
Tist. These dictate how the tape is to be used, and the PET prompts
the operator accordingly.

~ In the case of the "Update Data" option, the program 1nqu1res 1f
the data block has been initialized. 1if it has not, the user is
instructed to insert an auxiliary data tape into the cassette deck
so that a full block of dummy parameters may be recorded. This
auxiliary tape is also used to record data which have been updated
where less than six days have been entered in each block. In either
case the program directs the operator to load this tape prior to any
further data update. Actual data entry then proceeds as previously
described. A feature of the program allows the calculation of the
date for the next entry, which is displayed as a prompt.-

The program option, "Examine Data", was provided so that the.
user could check the accuracy of the entries prior to committing
them to tape. A1l data for the selected block are displayed on the
PET screen in six vertical columns, together with the date to which
the data pertain (here the dummy initialization data are
suppressed). The fact that the screen is thus comfortab]y filled is
one of the reasons that the six-by-sixteen array size was adopted.
Should all six columns contain valid (as opposed to initialization)
data, a program prompt advises the operator that the information
should be stored on tape.
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In the event that an erroneous entry is detected, either through
use of the previously described option or from the operator's own
knowledge, an option is included in the program which allows such
entries to be corrected. The user is asked the date of the error,
whereupon the program calculates the data block containing that
entry. Should that be other than the block residing in PET memory
(which would not be the case if the error were detected during data
update, or data examination following an update), the operator is
instructed to load the affected block into the PET. The data for
the day in question are then displayed on the screen, whereupon data
re-entry is required. If the current data block is the one thus
affected, the usual methods concerning storage of data on tape are
employed. Otherwise, the data block must be stored on a separate
tape (e.g. the auxiliary data tape) for later retrieval.

A somewhat trivial option in the program, that of "Check Data",
was included so that in the event of an interruption of the usual
data entry sequence, the operator could ascertain the date of the
most recent valid data update. In practice, the user terminates the
current sequence by entering the time “2400" and the code "0". He
then selects the "Check Data" option to determine the date of the
interrupted entries. Following that, he selects the "Correct Data"
option, using the date thus obtained. This option is usually
exercised when the exigencies of Cyclotron Operation pre-emptorially
redirect the user's efforts after the current date has scrolled off
the PET screen.

At the end of the reporting period, when all data have been
entered into the PET and stored on tape (usually involving more than
one cassette), all data blocks can be consolidated onto one
continuous tape). This program feature is the "Transfer Data"
option. " When this is selected, the PET instructs the operator to
insert and load the tape containing the first valid data block. He
is then directed to remove that tape and insert the object cassette
into the tape deck, whereupon the data block is recorded. The
program subsequentiy prompts the operator to remove the object tape
- without rewinding it, then to load the cassette containing the next
data block. Once again, he is told to remove that cassette and to
insert the object tape. Before this data block is recorded,
however, the tape drive motor is energized for a half-second so as
to create an "inter-block gap". That sequence is then repeated
until the data for the full two months have been transferred to the
object tape, which is then ready for storage.

The bimonthly report is generated immediately after the data
transfer is performed. The data tape used for this program option
is the object tape described above. In this manner the accuracy of
the data transfer itself can be determined, and if necessary, errors
may be corrected on the original data tape(s). Should this be
necessary, the entire data transfer process must then be repeated so
that the final object tape is free of errors.

The program option used to generate the b1—month1y report,
"Analyze Data", begins by prompting the operator to insert the data
tape into the cassette deck, to rewind it, and then to load the
first data block. After generating an array of nine zero elements,
the PET calculates the time (in minutes) devoted to the first
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category entered. It does this by subtracting the first time entry
from the second, and adding this quantity to the array element
corresponding to the code number of the first activity entry. This
process is then continued through the day's final time entry, which
indicates the stop point (2400 Hours) of the next to last activity
entry (the. last activity entry is the code number for "no further
entries"), The program then progresses to the next day covered by
the first data block, summing the times thus calculated with those
in the array obtained from the data for the first day. The
remainder of the first data block is analyzed in this manner, and
then program execution is halted to permit the operator to change
cassettes, should this be necessary (this feature was retained, even
though the object tape should by this time be correct. Indeed,
entry errors occasionally remain undetected up to this point).
Normally the operator is required to respond simply with a carriage
return whereupon the cassette drive which had been halted under
program control following the first data block load, resumes.

The data in the second block are then analyzed and added to the
array elements obtained from the first data block; the remaining
data blocks are subsequently treated in the same manner. After the
tape read sequence has been completed, the array thus created
consists of nine elements, each representing the two months total
time devoted to the activity corresponding to its code number. At
that: time these totals are expressed in minutes; the program then
converts them to hours, sums them, deducts the time for the ninth

category ("Holiday/shutdown"), and calculates the percentage of this -

subtotal represented by the totals for each of the remaining
categories. The program then generates a hard-copy printout of the
results of these calculations. A sample printout is shown in
Table 10. ‘ '

5.3. Annual

Shortly after this program was implemented, a dual floppy disk
drive was incorporated into the PET System. Since 'CYCREC, As
finally adopted, was performing adequately, no plans were envisioned
to utilize the disk as the primary data storage medium. Instead, an
option was written into the program "Annual" so that a hard-copy
printout could be generated yielding a twelve-month (six reporting
periods) time summation of the nine categories, along with the
percentages of the total available operating time. The data are
read from the disk, thus sparing the user the time-consuming task of
loading six complete object tapes. In keeping with the same
philosophy, the data transferred to disk is not identical to that -
contained on the data tapes: at the end of each reporting period,
when the object tape has been loaded into the PET and the hard-copy
report generated, the information . written onto the disk is simply
the hourly totals for each of the nine categories. Thus, a maximum
of 54 data entries are required per calendar year, as contrasted
with the more than 5400 possible entries required by the tape
formatting technique (that figure assumes 15 entries per day, 30
days per month, for a full year).
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5.4 Development of CYCREC-2

While it is true, as stated earlier, that the current
operational version of CYCREC performs "adequately", this must not
be construed as being synonymous with "optimally". That the program
~ was not changed to use disk data storage exclusively was primarily
due to the authors' relative inexperience with the PET disk
operating system (DOS). In particular, it was thought that the
concept used to store and retrieve data in this program should
remain unchanged, despite the data storage medium. Moreover, since
the program RECORDS was not converted to rely on disk data storage
exclusively -~ indeed, such a conversion is unnecessary —— no
consideration was given to the concept of re-writing the CYCREC
program with such a goal in mind. After use of the current version
of CYCREC for one full calendar year, all personnel involved agree
that a serious effort should be made toward a change in the
operation of the program. This would of course entail a revision of
its basic philosophy. That such a change be suggested is not
surprising: the essential nature of CYCREC is currently patterned
after RECORDS, yet the only true similarity between them is the use
of data storage techniques. '

Therefore, a totally different program, designed to accomplish
the same end, is under development. It will use the PET's disk data
storage capability as a primary medium, with tape data storage as an
alternate. The number of activity codes will be increased, so as to -
reduce the ambiquity which presently exists between some of them.
The concept of a data array will be discarded, since only one day's
data will be entered into the PET whereupon it will be analyzed,
with simply the results of the analysis written onto the disk,
together with the date. When data update is once again to be
performed, the data residing on the disk will be read back into PET
memory, to be summed with the results of the succeeding day's data.
The .date entry will be incremented, and rewritten onto the disk
together with the new analysis data. In the event that the operator
is interrrupted during the update procedure, the entries already
made may be written directly onto the disk as a special data file,
also including the date. When data entry is resumed, the disk will
first be searched for such special files, -and the data will be read
back into the PET and displayed on the screen. The file will then
be scratched from the disk immediately, while the operator is
prompted to continue the update procedure.

One of the advantages inherent in this concept is that the data
format on the disk will be totally compatible with that currently
used in the applicable portion of the program "ANNUAL".

The major disadvantage of such a revision in the concept of the
program will be that the data as entered via the PET keyboard, after
having been analyzed and written onto the disk, will no longer be
available for direct correction. In order to circumvent this
problem, the "Examine Data" option will provide a hard-copy printout
of each day's data, exactly as entered (in lieu of the six days'
screen display). These printouts will be retained on file during
the reporting period. Should a data entry error be detected
subsequent to its having been incorporated into the data already
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written onto the disk, the operator will thus still be able to apply
a correction to the f1na1 summary table through application of the
time-honored "Finagler's Constant" technique. (The actual
methodology of such an application will be 1eft as an exercise for
the reader).

. However, among the pr1nc1pa1 advantages to such a revision of

" the original program will be the reduction of the number of manual
tape loads required, together with the attendant reduction in time
consumed in merely preparing.to manipulate the data. In addition,
~the process of updating data itself will be materially s1mp11f1ed by
the removal of the fifteen entries-per-day restriction.

At this time, since the advantages of the planned program
modification seem to overwhelmingly outweigh its disadvantages, its
initial developmental steps have been undertaken, and it will
hopefully be implemented early in 1981.

6. CONCLUSIONS

Before these programs could be written, a very high degree of
organization was required, not only of the data but also of the
decision making processes that are operative when the tasks are
performed without the aid of a computer. This organization was, in
1tse1f a very worthwhile exercise.

The primary objective in writing these programs was to prov1de
an efficient data management system to facilitate access to
information needed by those associated with the operatijon and use of
the 88-Inch Cyclotron. The programs have received an enthusiastic
level of operator acceptance and permit them to discharge their
responsibilities with increased confidence and independence. Space
requirements for storage of tabulated data (such as the many vo]umes
of F-BRHO tables) have been substantially reduced.

The programs have been fully operational for over a year and
seem to be performing satisfactorily. Further effort will be
directed toward simplifying the use of the record keeping programs.
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Table 1:
Mass Table Used by the Program MASTER
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Table 2: Resonance Table for 140 MeV Oxygen-16 4 +
(Mass = 15.994915 AMU)
Approx Achievable Res Width = 2.7 KHZ FWHM

F ' DELTA F HARM - - ENERGY ION CHG ST
6.612314 MHZ -6.289 KHZ H=1 35 MEV Alphas 1 +
6.616539 MHZ -2.065 KHZ H=1 105 MEV Carbon-12 3 +
6.618603 MHZ 0 ’ KHZ H=1 140 MEV Oxygen-16 4 +
6.618994 MHZ : .391 KHZ H=1 175 - MEV - Neon-20 5 +
6.620588 MHZ 1.985 KHZ H=1 210.1 MEV Magnesium-24 6 +
6.621894 MHZ 3.291 KHZ H=1 245.1 MEV Silicon-28 7 +
6.622211 MHZ 3.608 KHZ H=1" 280.2 MEV Sulphur-32 8 +
6.622483 MHZ 3.88 KHZ H=1 - 315.2 MEV Sulphur-36 9 +
6.622261 MHZ 3.658 KHZ H=1 315.2 MEV Chlorine-36 9 +
6.622398 MHZ 3.795 KHZ H=1 315.2 MEV Argon-36 9 +
6.622652 . MHZ 4,048 - KHZ H=1 350.2 MEV Argon-40 10 +
6.622618 MHZ 4,014 KHZ H=1 350.2 MEV Calcium-40 10 +
6.571054 MHZ -47.549 KHZ H=1 34.7 MEV D2 1 +
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Table 3:

Matrix of 19 Beam Line Settings for 104 MeV ]604+
Optics QS1A QsS1iB MS

Set (AMPS)  (AMPS) (kG) (AMPS) MAl/42 M43

1 2 3 4 5 6 7 8 9 10 11
01 (HLC) 137.5 124.8 14.35 103.4 137.5 158.9 0. 0. 0. 0. 0.
02 (GHIORSQ) 125.8 121.8 14.35 76.3 84.2 158.9 0. - 0 0. 0. 0.
1A D/S 167. 122.7 14.35 100. 108. ~7.4 0. 0. 0. 0. 0.
1B (MORETTO) 172. 129. 14.35 98. 114. 53. 0. 0. 0. 0. 0.
1B (RUBY) 162.9. 120.9 14.35 131.7 181.2 53. 0. 0. 0. 0. 0.
2 (RAMA) 161. 137. 9.73 140. 102. 49 48. -150. -179. 0. 0.
2 (Sc.Cham) 167. 148. 9.73 143, 109. 13.4 16.4 93. 95. 0. 0.
3B (Bio Med) 141. 125. 4,708 101. 89. 188. 0. 0. 0. 0. 0.
4A (Hi Res) 116.. 97. 4,708 71. 81. 80. 72. =77, -91. 916. -116.
4A (Hi Trans) 140.7 99.3 4,708 88.9 82 -63 -66 -106.7 -109.4 921. -121.
4B (Hi Res) 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.

4B (Hi Trans) 139.8 111.5 4.85 101.7 100. 71.5 66.6 -68.4 -76.9 916. 228.8
4C (Hi Res) 116. 97. 4,708 71. 81. 62. 59. -66. -75. = 91e6. 650.
4C (Hi Trans) 140. 110. 4.835 101. 102. -58. -45, 62.3 68.6 919, 671.
5A (Muller) 141, 122, 4,835 52. 68. 0. 0. 0. 0. 0. 0.
5A (Str.Cham) 138.8 117. 4.835 41.1 37. 0. 0. 0. 0. 0. 0.
5B (E. Det) 131. 109. 0. 3.4 0. 0. 0. 0. 0. 0. 0.
5B (Yano) 121. 90.3 0. 57.1- 43.3 0. 0. 0. 0. 0. 0.
5B (Par Tgt) 125.4 92.5 0. 21.3 23. 678.5 166.6 0. 0. 0. 0.



Table 4:

16,4+

0

Cyclotron Settings for 140 MeV

Frequency = 6.6186 MHz {Res panels - D.V.M. = 24,04*)
Dee volts = 70 kV* .
Main magnet current = 2419 Amps* (2390 - 2448)

Recommended trim coil solution

Trim Coil Settings

Coil/Amps Index # Soln # FR FS
T60.11 286 : 0 [
1 32
2 =345
3 0
4 0
5 0
6 0
7 0
8 -142
9 -147
10 -393
1 -578
12 -478
13 -907
14 -1754
15 -1599
16 -2261
17 2400

Valley Coils*
Coil 1 2

Angle (DEG) 90 310 -- -- 120
Amps 200 100 - -- 50

Center Region

385

20

15
30*
*

jw
[
fon

RAD
AZl
ROT
P N/S
PE/M

Deflector Positions Deflector Volts*

39.4
.21 Entrance = 52.7 kV
40.364
.254
40.476 .
.261 : Middle = 62.4 kV
42.921
.496
43.57
) 1.2% Exit = 0 kv
) 48.49
) 1.93

— ! = OO WN —
B\) == ) e et " e r? s e e

*Optimize as required
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Tab]e 5:

List of the Towest values of K to which the lowest energy beam on
each Q/A = constant Tine can be stretched.

of that Towest energy beam.
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1
2
73
108
111
121
121
144
150
1ee
1ve
130

'
fma]
—
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NC is the solution

number

LK I

.88
2.E2e
4.4

S00

S0

500

112,129
135,805

31.004
12v.337
2. VeSS
H1. 083
120,477
EI.716
109, 258
152.31
e 113
115,933
41.321
=
105.48
9,93
111.4e3
E‘ - E'34
4,203
152. 551
39.579



Table 6: Valley Coil Settings

Valley - SET 1 SET 2
Coil - [Q/A > 0.5] [Q/A<0.5]
Number ANGLE  Amps ‘ ANGLE Amps
1 900 90 900 200
2 _— — 3100 100
3 —— —— — ———

4 — —— —— ——
5

3600 8 1200 50

Table 7: Center Region Parameters

SET 1 SET 2 SET 3 SET 4
H>1 H=1 ' H=1 ~ H=1
E/Q < 32.5 32.5<E/Q < 50 E/Q =50
RAD 520 445 - 385 320
AZl 19 22 20 24
ROT 15 15 15 15
P N/S 55 40 - 30 15
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Table 8: Deflector Settings
Set 1 Set 2 Set 3 Set 4 Set 5
E<10 10 < E<32.5 325<Eca7.5 4a75<Ec625 E>62.5
Q Q Q - Q .
1 39.4 39.4 39.4 39.4 39.4
2 A4 .34 .21 .21 .202
3 40.36 40.36 40.364 40.36 40.327
4 42 .34 .21 .21 .202
5 40.4 40.42 40.476 40.48 40.359
6 .496 .401 .261 224 .307
7 42.731 42.92 42.921 42.83 43,03 .
8 .7 577 .49 .53 .485
9 . 43,57 43.57 43.57 43.57 44,008
10 1.25 1.25 1.25 1.25 .798
11 48.49 48.49 48.49 48.49 48.975
12 1.93 1.749 .93 1.93 1.237
ENT (kV) 97.5 81. 49, 46.94 40.95
MID (kV) 97.5 76. 58. 50.55 42.761
EXIT (kV) 0 0 0 0. 12.536




'_Table 9:

EEAME TUMMARY FOR MARCH 1979

* DATE ENERGY MASS IDN CHE CAVYE HRE AYG AMT EXPERIMENTER

1 03-01-79 100 MEY 15 N + 4 02 15 ! NITZCHKE
2 03-01-79 25 MEVY 1 H + 1 SE e z5 YHRND
- 3 03501479 95 MEY 15 N + 4 oe 18 2.8 NITZCHKE
, 4 0z-79 . 111 MEV 18 -0 + 4 0z ae 2.1 HOFFMAN
5 N3S03-79 185 MEV 40 AR + & 1A 7 . 003 - DIAMOMD
& 03-04-79 170 MEY 40 AR + 7 1R 9 . 021 DIAMOND
¥ OQ3-04.73 185 MEY 410 AR + B iR 39 . 005 DIAMOMD
S Q-7 11 MEV 1 H + 1 3E =4 1 CLEMENZON
HONZA0EATR E% MEVY 4 HE + & YT = z BEAM DEV
Q3-07-79 116 MEY 1& o + 4 oz 27 2.8 HOFFMAN
03-08-79 i1 MEV 1 H + 1 ZE 3 1 CLEMENSON
030879 2% MEV 1 H + 1 SE e 29 YAND
O2-02-.79 216 MEY 1#& n} + 5 4 =453 . 075 HUIZENGH
2A09-F79 0 215 MEV 1& n} + €& 4H 4 L Q0% HUIZEMGH
Fo10079 T MEV 16 n] + 3 4H 2 . 025 HUIZENGA
175 MEV 1€ n} + 5 4K o .1 HUTZENGH
5 MEY 4 HE + ¢& 2 44 %] ZHOTTEFR
&5 MEV 4 CHE + & 2 28 . SHOTTER
17S MEY 20 NE + 5 i1FE 14 L0002 WOZNIAK
3 170 MEY 40 AF + 7 1E 4 LQU0NT WOSHIAK
3 11 MEY 1 H + 1 ic3 = 1 . CLEMENZOM
3 25 MEW 1 H + 1 SE e 25 YRMD
; 127 MEY 12 co+ 4 2E 14 LO0nE HOLLEY
&4 41,5 MEV i HE + & b={ i0 2.5 CERNMY
25 110 MEY 14 H + 4 ZF 14 2.3 CERN'Y
ZE 1410 MEY 1€ o + 4 ZF £ .5 CERNY
Ev 1ae MEV 18 D + 4 e = 1.9 HORAM
S e MEY 1= n] + 4 uz 4 1.5 HOGAM
o 111 MEY 12 0 + 4 ng 4 .6 HOGRM
CEN 111 MEY 12 n} + 4 oz = 2. HOFFMAN
115 MEY 12 u} + 4 ne 1¢& z.4 HOFFMAM
ten MEY 1& 0 + 4 oz = 1.8 HOFFMAN
oe MEY 1Z C + 2 0z &4 .3 HOFFMAN
25 MEY 4 HE <+ 1 vT = WD FRYCKEWRERT
140 ME" 3 HE + & 4C = <. 0001  GRUHN
175 MEY 20 NE + %5 er 3z 1.4 MOLTZ
1610 MEY 12 C + 4 ek 7 e MOLTZ
160 MEY 14 M + 4 ek 14 1.75 MOLTSE -
200 MEY 14 M + 5 2k ea 1.1 MOLTSE
104 MEY 12 e + I ok 1% 1.8 MOLTS
T MEY L& C + 2 2F & 1 MOLTS
2% ME' 1 H + 1 SE 2 25 YRMD
166, 2 MEY &4 Kk + 10 ZF 13 <. 0001 ROCKWELL
40 MEY 1% 0 + 3 o bt .15 ALEKLETTE
S MEYW 12 0 + & ne i .1 ALEKLETTE
- = a7 MEY 12 1] + 4 e 4 W E - HOEAN
T 12z MEN 12 0 + 4 e 4 1.2 HOERH
X e MEY 1% o + 4 0 4 2 HOEAN
43 2% MEY 1 H + 1 SE 4 &5 YAMG
" S 116 MEY 1& a} + 4 IF-S § 1.2 HOFFMAM
S 11& MEY 12 0 + 4 oz 16 1.& GHIORED
=T 140 MEY 2 HE + ¢ 40 24 <, 0001 DE VRIEZ
5.3 20 MEY = HE + @2 2 = .1 THOTTEF
TOTRL HOLRE 620

EEFAM TMTEMZITIEZ EXPRESSED IN MICROAMPERES
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Table 10:

TIME ACCOUNTING FOR MAY-JUNE 1930

TOTAL HOUERZ FERCENMT

|
EY

E:EHF‘ I'E"l"ELDPMEHT' a0 5 ® 5 9 9 s E O 8. E‘l . 4?

TI_'r‘{INGVIlv.lllll‘ll....l‘l!l....llI"I :-:..'E‘.'IF':.:

Fe o 0N

OFTIC . e eeacnnenanansnnaasannns T, 47 2
O TARGET . s eeesesacanssasnoncaanas 511.52 45,17
ZCHEDULED MAIMTEMNAMNCE . e s v vvasnenns 1&0 10,22
UHZCHEDULED MAIMTENAMCE. . .veiee.. 170,82 15,48
WAITIMG FOR EXPERIMENTER...cccesae 2E.3 2,41
OTHER “BEAM OFF)...cceenciansacanss T2, 0z S.23

SUBTOTAL - - 1108 HOURE

HOL IDAY SHUTDOWN. e e v v v v v v e ennannss 356

- s e —

TOTAL - o | 1464  HOURS

TDTF’L E:M:F'EEIMEHTHL TIME- ® o " v ¢ aweose TSB HULIF':S ".:.'EJ'- 1? “
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10.
11.
12,
13.

14,

" FIGURE CAPTIONS

- Particle distribution history of the 88-Inch Cyc]otron from 1968 to

1980, (XBL 809- 1999A).

Schematic of the PET computer system, (XBL812-2127).

Reéommended dee voltage as a function of E/Q, (XBL 812—2128);

Error distribution in pred1ct1on of main coil current, (XBL 812- 2129).

Resonance chart showing all beams for which paramenters are stored in
the PET, (XBL 811-62).

K-depencence in "stretching" trim coil solutions at constant magnetic
field for two regimes of Q/A, (XBL 812-2130).

Energy "stretching" 1imits for light ion trim coil solutions, (XBL
812-2131). ,

Enekgy "stretching" limits for héavy jon trim coil solutions.
a)  First harmonic, (XBL 812-2132).
b) Second harmonic, (XBL 812-2133).

Schematic .illustration of radial f1e1d profile matching,
(XBL 812 2134)

Resonance chart indicating "preferred" directions of trim coil
solution. “stretch1ng" which result from phase slip compensation, (XBL
812-2135). _ _

Vector representation of so]ution "stretching", (XBL 812—2136).
Summary ‘of recommended trim coil solutions for selected beams.

Phase history calculations using CYDE illustrating phase-s1ip
compensation, (XBL 789-1782).

I1lustration of trim coil solution "stretching" at constant magnetic
field for low values of Q/A, (XBL 812-2137).
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Figure 12

INDEX

BEAM SOLUTION FR FS
NO. NO.
A 182 Mev 22Ne®* 165.07 300 0.239 0.097
160.16 201 0.872 -0.798
B. - 111 Mev 13¢%* 165.07 300 0.358 0.32
160.16 201 0.75 -0.587
c. 168 Mev 40ar’* 190.14. 358 0.736 -0.171
180.10 338 1.406 0.726
245 Mev Bet* 75.01 144 0.524 -0.473
80.10 159 0.831 0.227
70.03 133 1.758 0.349
9, 4+
D. — 244 Mev “Be 75.01 144 0.657 -0.607
80.10 159 0.918 0.084
70.03 133 1.64 0.197
360 Mev 14NS* 85.02 167 0.095 0.043
E. 41 MeV protons 10.15 15 0.915 -0.916
10.14 14 0.862 0.862
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APPENDIX A.1.a.: “Listing of Program MASTER

1 E'EN 'JE:/E?/‘SU .’? - . - .
2 FPEM THIS IS THE PROGFAM ‘MASTER-

3 REM. — .
FRINT"":FRINT"RERLING DATA"

100
104
105

108
1140
114
115
118
120
124
o ies
128
130
124
125
136
140
150
160
170
120
190
“eon
2in
220

230

240
250
c2el
270

o
Y )
=JULRE I -k

D T D D

S L) 00X TG 0 Ny

DO I B S R LS = ()

DD

[AXRUAUR TV LI YR AY)

REM

FEM

FPEM TC=1 IMFLIES FROGFAM HAS EEEN fHLLED BY ‘FRE’

IF Te=1 THEN 150

FE™

FEM BT IEH lDH THHTE

FEM

FEM

Yi=9321,.473:ME= .-110[6 gL 1;3133653=Y25§8.616

FEM BISIGM 104 MEY DVYGEN—iF A% DEFAULT REANM

FEM
L=1%1
FEM

E= 1“4'“'4 H 1: M‘IH-L\ 16sHE=1: F—5 ?14?

FEM LOAD EEHM\ LI°T

REM

IF TC<>1 THEN DIM EEHM?‘SE"DPEN 1‘:8:19
FOF I=1TOSS:REERD EEAMECID sNEXT I

DARTH
IRTH
DRTA
DRTH

TRTA

DATH
DATR
TATA
IRTA

FFDTUN"-DEHTEFUH*-HELIUN—wcHLPHﬂf LITHIHN—5~LITHIUM T FFPVLLIHM—Q
BERYLLItUM-10s EDOFON=-1 0+ EOROMN-11+CREROM-12+ CARBON-12, CPREDN-14 .
HITROEEM-14sHITROFEM=-1S5: DXYGEN—158 OEYGEN-17 s DXYGEN- 1P-FLDUFINE 19
MEDM-20s HNEOM=-2 1 s MEOM=-22+ SODTLIM-22 s MAGNES TUM-24s MAGNES TUNM=25
MARHE S TUM=265s ALUMINUM-27, SILICON- ES~>ILIFDN—89-SILICDN—“U

‘PHOSFHORDOUZ=31+ SULFHUR=32 s SUL PHUR =33 SULPHLIF=34 « SLILPHUR-26

lHLUPIHE~--,lHLDFIHE-:h-PHLDPINE-??cHPFDH-févﬂFhDN-SPsHPFUN—dﬂ

CALETLIM=40s HSs H3s D23 D3s IH» DHdnDchkFYPTDN-(Q:kFYPTUH-90~FPYPTUN-Pd

KREYPTOM=-23+ KRYPTOM-S4 KRYFTON-86

IF TC=1 THEM 1470 - '
NIM Z(SED sALS SEY«EBR "4":-”“1!-IN"E”?LF'(cﬁ:‘)vHr (c’p)tf'f‘l 4Y«TRT ')vF‘B(’?)
DIM QRCEEY +ER C2TEY «DEA CRTFED sFF"f.‘*)5FS(4)7D?'§;'!:-')'LF"24’4) 7DDI|" ‘.v:'

T FOR I= ITD tREADT RECI) tHEXT I

DRTAR 1S ?q -15-.?*?-1rq Gz Elq £11. PSE. 562, EQc.?EEvE_-.4ﬂ4

FEM

FEM LOAD MASS TAELE

FEM

FOFI=1TOSS:RERD L‘I!QH vIxe HEVT 1 ) C .

DATA 1s 1. 00732588 1s2. M1 DESe 29y 2. 1A 0E r-8-4,0n26033,:~h.01=1 2307, MIEODS
DATH 4¢3, 01215304910, n1:44=:.q.1n o1z S 11, 0093052460 12, ﬁ-nslh.nn"==1
IATA Seld, G0333e7e 14 Gda T 1S 0001 G Do 15, 9049150, 2 15,923

DRATH 17.39318.3. 18,5 -ln,l .=3d44n=-1fsEﬂ.??3$4?y10-El.?=t

DRTR S8.92977s128+2 18+25.2C25%4e 1 2026, 951

DRTH 1427 . 378950, 2 2N.IFTITED 152

TRTAR 18y 322.97 1459, Teld, HRBRSAS 1725

DRATA 36, 9ASS03, 18, S

IRTR 1% 3. FRZ 20

DATH 1.3, 0234 'z S13E7

DIARTR 4.9, 0297 «% -

DARTR 26.77.92 Kl :

DATA Z4.22,91 ' 2 01

FEM

FEM _LORD CEMTEF PEFIDH FRFAMETERS

> FEM

FOF FH=1TO4:FOR PH=1TD4: FEﬁD fFfFNyPN) HE¥T FHINEXT PN

IATR:

2N 1901555435330 15 ;40- :f:~_nvdl'l~l '7-0' IE0+ 2415415
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X
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o0

FEM

FEM LORAL DEFLECTOR FPRFAMETERS

.. FEM ' ' '
FOF FH ITDE'FDF PA=1TO15:FERD DID¢PAsFAY :NEXT PRENEXT RA

DRTA
DATR
LATH
DARTH
IARTHR
IRTH
FEM

e e TR LT3 0,4y A9 d2. Ty TrdE 07 1. 25443,49: 1, 323497.5

ﬁT.qnﬂ:39.4~.34943.36s.36,4ﬂ.42~.401943.?39.5??943.5?,1.25948.49,1.?4q
Sl 750239, 30 214 0.353y L2549 30,475 . E01942.9219,.495,43,57+1.85
45,4591, 93 4% S5 0939, 4y . 2140, 3269, 21323030, 35y L2042 942,83y . SR 43,. 57

1.85:42,. 995 1. 93+ 46, 94250, 55, Dy I8, 4y (202240, 227y . BAT 240,359 . 307243, 03
L3E5 A, 00Ry . TR 48,975 1 23T+ 40,95+ 42,7515 12. 538 ‘

FEM _LORD IHFDPNPTIDN an 27 &R FFID LINES

FEM

FDFR I=D TD_H.PEHD HrvI) Ht-I) LKCI>»: NF T 1

TIRTR
DRTR
IRTH
DLRTHA
TRTH
IRTH
DRTH
IATAH
FEM -

Ze a0 . : ’
1:191 .58y BERT s 30 EE22.5:735 4, 40.4r1slﬂﬁ! 0"'-45?!111!4"&9-4”:’1:]
SO0y 355, 1319113, 129y, 4935 1440 135,205, . 435y 15051804y . 2P 168
lgr.u T e dIT o ITE S FES e o s 190031, 052 L 285 201 e 120,877 L ITSH 207

B 716 387 221 109, 3555 . 259 0210 153, 21 s . 3539 22346, 0139, 313253

X]
4

0
)

115,988 308 251241, 301s L 25+ BTE269 . 2222+ 294+ 105, 455 . 214,303+ 59,92
.23318:111.4655.1b-93=°~E.-44~.1u--*4*-4.aﬂq~.l4?ad5o9lqd. S81s.125
ZET329,579 DQSTT,qﬂﬂ C

FEM LOARD INFORMATION ON 377 SRID POIMTE
FEM MEGRTIWE ENTRIEE INDICHTE STRFT _OF GRID LINE EHDINF IN 57

FEM

FOF I=0TO37E:READ EHfI)sDEHkI) IF DERCID)= 0 THEN DEHiI) =, 00001
IF ER{ID =0 THEHEHfI3 1 : o

NEXT
DARTH
DRTA
IRTR
IIRTA
DARTHA
TARTA
TRTAH
TATA
DATA
DATH
IRTA
DATA
IRTA’
IRTH
IATH

DARTH

TIRTA
IATH
IRTH
DARTA
DATH
nRATH
IATA
DRTR
ATA
IRTH
IRTA
DATR

DFHTA

1
“'0 . . ] . . . . )
f!.rhslﬂ'.$h4~lqc.quslf.gs.13b-205.lnH722 5. 0269259, 071927, 5. 059
Z0s 059 32,5 043935y . 0279365, 02T 38+ . 0329 40y . 029y 42y . (125944 , 02T
45 02T 4Ty L U221 949 . 02250y, 01%+51,.5s . 0112 q°'.01?’54,.016v5u!.015
Shs 0159579, 014558, 01459 . 013660, 012
:.ch.bﬁ:ﬁu.u7-t.6?s; 'siﬂy.24913.35.14'15.7!.lﬂqﬁld.ds.ﬁq(’EGs.UTq
21, B DGy B, R LSS e DS 2. T Iy E2. B L USSs 300, 033031 . Fv . 021
?d.b!.ﬂdﬂtu-~.ﬂd 1 B T 023 BT T UEC» 3Py . 20409, 022415 . 01T+ 42,20 . 018
4, B 01T 3. e . 0160, P G150 de . P o 113047, To e 0134423, TH. . 012: 49,3, , 012
S0 Y2651 018502 . 01129 TE.72 . 011F3.3, (111554, 39.“1:*5.3’.ﬂ1’-00.ﬂ1
5:.(9?01:q7 ?’.ﬂﬂ°4158 Tr 0091559, 3, 009550y, 009
oS e TR S e 275 o 220100190 12.52. 13415 s.ﬂq‘sl?.un.n?u~15.(qn.ﬂh4
e NS5 21. 252 . 0 ~2d.5’.ﬂ45,2”{?t~.ﬂ4' 25, D3T 26,258 . 0234 27. Sv . O304
8. rv-.ﬂcH,hﬁs.ﬁhr9°1 251, 083 5. Sy  DEEE Y 22,75, 022225, . 018 ‘
. G 0132 3T 01159 37 . Se 01232y, DOSe32, 5, DOES
SRS DB 39. . 0052y 39 Cd!-GU44'uH-J!-003D!-9-?"-DUC -4"-.ﬂ0ﬁ
TeDs0e iy Os 0a s 0521y . 022 . _
Lo e Do Do Qe Do Qa0 0s0eOe0sDalellaDae30,Se. 022
To0e e Qo Qo Do Da Qe OaOas e DeDe Do (el Os29,3s. N
c4. hfv.ﬂ-ﬁsdt.ﬂs.ﬂglwd(.4'V.UEQOQ* “v.ncuv-ﬁ’.01d9~?ﬂ Q.,qu
’1 40,017 hsdl.d-.ﬂllq:qa.u~.01~ 2.7, ANEZ2.3272, 1-.0“69’?3 4-.0“39

S.Bs, DN4T
-dr.hv.ﬂﬂ'cH.ﬂ’.ﬂcq!89.(s.02d9?u.ts.[19,?1 1’.ﬁ10~\1 T 013 .
11,859 .180 12,1385, 0929159 . 0PTe 15 . B7 % , 08325 13.75s . 053230 20.31 . 0445
E1.2875 . 049832, 430 . 0334209 02026, 79 . 0283 7. By . 0220 R, 7 e, 0128
EH. e O1ESs B0, N135: 20,68, 011319, D042 .

J

»

[

=4y s D25 25 T 03926, . 028527, e, 02122, 69.01t!2°.‘v.014

B BT 0. 17 . 1822 11.855 107 12,220, 0283915.410, 0585417, OPv.ﬂ
12.7%, . 043,24, 4$.U41!cl.6(9.0um,58 Qe NZEYE4. 23+, 02
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970
i
Qa0
1000
1010
1020
1020
1040
1050
C1oEn
1670
fosn
doan
1100
11140
1120
1120
1140
1150
1150
1170
1180
1190
1200
1210
1220
L 1z3n

o440
‘1250
1250
1270
1zg0
1290
1300
1210
1320
1320

C 13240

1350

e
LU Ty
eaan

R T N

POCIL I s SO

et b b pad
03 Colt Do} D O
Pt e ne

K

ol

DATAH 25« N385, 83, 021525, 30.01?-ﬁb.h~.01qnd?.a-,.ﬂ1392r.r-.011, c2.185
DATH ,003g o ’
TIRTH 1-.--.erlrs.ﬂ=1t18.45.“44~d0~.035,dl.549. 1B 22, 4!.0 ,dg.ﬁs 0z1s
DRTAR 24,25 . 015825 . 0114525, 5+, 011525 . Q05 o

IATA =200, 033 20.5s. 03+21.5s . 025 28. 39 . 021 s EQ-I;.“I(OE;.(9.014

DRTH 10s,104+11.58+.023:132.2y. 085514, 69:, (1050 1C.2859.045+17,5s. 04

DATA 18,75« 0323+ 12. €9, . 0220, bs.OcEsEl Eq~.nlE-El.?s.ﬂ14nsc:.Es.ﬁlEH

DRATH 22.5s+.011s22.2y, 0094

DRTH 14,64+ . 04215, 7. 0419 16, ?q~. 3q$11.BHO.USs18.5!-0cq5s19.?,.U19

DATA 19,5y, ME2e20s . 014520, 45, 012920, vr.01 :

DATA —1%, D18 19,6, 014 o ' o :

DATA 1,867 653,353 .55 .19:5.8 1Eq-r ﬁ?-.Eq-F.ES-.104~1n~.07q~119.ﬂh4
IRTH lh.lly.ﬂv4slw.d£s.044q-14 3!.0-&91 2, 032415,58., .02 - :

TATA 156.25s. 033016, b’.Dgslf.aqw.ﬂlhslt.dy.ﬂi4’lr 8-.01:;18 li.On“q

DATA 12,.3s, 002

‘DRTH 11.S82,,0435.12 bl!.ﬂuf!ld b:~.0:9:14 4-.ﬂc4~1q9.014,1= ?-.ﬁISE

DRTA 15.A».014+15,.G9s,0114 : s
DATA 4.2%.211+5.7 1~.U°vh Ur’.lqa? 149. -"?.Qﬁ’.B(C!S.JKQ 05+ S, 26y, D‘l
IRATAR 10,.043s10, ?1!. 25. 11, 4ds.°ds11 Sv.ﬂdb’IE 1-.08&;12 5’.01q!1d.°s.ﬂlh
DRTA 13.1.,014

DATAR 1.25:.793.1255.349+4 .gf5’.1d5-u~.ﬂEr5.Ecqs.GSqQD.S!.Oéust.Br-s.ﬂqb
TRTA 7.5, 045:8, 125y . 03552, 59.035:8.75r. 03+ 9 Ub’.ﬂdﬁﬁa 49.UcEv..rs.01H
TATH 9.2y . 0168210y . 013+10.2+.012510.3y.01 g )
LRTA -5 53.qus4.cd7.04h~b.89’.03~( Ehs.ﬂu5sf.u!.025f ?2!.01?::.,;3.0135
IATAR 8. 0&8s. 0115

TARTA 2.2815.145:3.98s. 0214, 9!.0634 (14:.04qsq,.0q?15.dby.Ub:95.54-.069
IIATA '.?ls.ﬂhq-g.9T5.0c8~6.4?s.03,0 ?v.ﬁEﬁ!b.?ds.OElqv? 19,01?69?.?s.ﬂqu
DATA 7.42: . 0126s7.57y. 01

TRTA —-4,52%,, 03 ns4.8’.0#*-5:.Uoss.bq’.ﬂaf~4.6!.03595 Bs.ﬂdtéy.DPE;h En.ﬂln
DATA S.4s.014+6.5y. 01216.6s. 01 : ‘

DATA .932+,.%92.34».175s2, tl;.lﬂf:?.a-O.U(ﬁ~3.44s.ﬁqo:a.qu.04qv4 ﬂh~.0"'
TATA 4.21:.031:4.56s . 0284, 69~.02o94.9c,.0d454.1d59.0 osS.?ls.Ocd-S'sv.Ocl
DATA S.69«, 02¢5.21s .02

DATA 8.8 . 833s.7ale.Bsl. 3q~.4h91 5!.44’1 6
DRTH 2.933:, . 04S:s3s o 0459 3. 859 . 033+ 2, 463.0@493
DATA 4.1+, 02794.25s . (0254, 41!.03594.qﬂs.ﬁ°5
IATAR -2.81s . 088e2.268s,. 028 ' . )

DATR Q’"’;*4~1.~5~.13531.?Ps.08801 553.0591.’q9.04791 Bfus.ﬂ41

51 81520 055 < 169 2. 5y . 076
.66(9.03vd.o”~.ﬂdd )

TLARTH 1. °F3~.0“?,d.ﬂbs.0°5’2 1°!.0q3; 31!.031’c.44'.03$£ Sy 0892, 55-.0
TATA 100+100 ' .
FRINT""

FPRINT" *

FEM

FEM DFFER THE UZER S1¥ EBAZIC DPTIDN

FEM

FPRINT"TYPE HUHPEP GF BEhIFED PPDEFHN‘"'PFINT'
FRINT"1. EFHO .~ 8. FREGUEMCY" "
FRINT"2. FRE RUN . - - &, EHERGY"

PRINT"S. PES. TRELE &£. CYC. <ETTINF"\"
IMFUT FL B

DM =0 DM@y =0 o e
IF FL<=S5 AND FL>=1 AND INT(FL)=FL THEN 1450
IF FL=5 THEN 1470 -

't FFINT" IMFRDFEF EHTPW: TRY REAIN:“:GOTO 13S0

FEM

% FEM CRLL IN FROGFAM “FFE‘ FOR HLL ODPTIONT EXACEFT “CYC. EETTINGSZ

FEmM

i TP=1¢ PFINT'"'FPINT“I AM FROCES:ING YOURP REGUEST. FLERSE”

FRINT"EFE FRTIEMT, "'LDHD "FFE"?

0 PRPINT®
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PRINT*CONNECT PET TO FRINTERsTHEN TYPE ANY KEY"
SET RE:IF AE="" THEN 1450

P

PPINT"

FEM-

FEM DETEPMINE IF FREVIDUELY SELECTED PEAM IS DETIRED FOR NEXT
FEM ) ‘ '

0 PRIMT"EMERGY ¢MEY) ="sE-

FRIMT“ELEMEMT = "+ BERME L)

FRIMT"MRATE JRMID = s MIFRINT™ CHARGE QTHTE = " i)
FRIMT"HREMDONIC = - MsHEFRIMT® : .
INFUT"IS THIS THE RIGHT EBEARM (\/N)"iﬁi

6 FRIMT" =
IF LEFTEoaEs 12="Y" THEHN 2220
FEM ' »
PEM OFFER THE WSER FREAM MENU
FEM . :
PRINT""IPRINT" MHI!H BEHM...?"'PPINT' "
PRINT" 1 PROTON : 2 DEUTERDNZI™
FPRINT" 3 HELIUM-Z 4 RALFHAT™
PRIMT™ S LITHIUM-% ' & LITHIUM-7"
FRINT” 7 BERYLLIUM-% - 2 BERYLLIUM-102
FRINT" 9 EOROM-10 - 10 PORDN-11" S
FRIMT"11 CAFREOM-tE 12 CRREON-12™
PRIMT"1Z CAREOM-14 14 HITROGEN-14™

PRINT"1S NITROSEN-15 16 OXYSEN-1&"

FRIMNT17 DXYSEM-17 w18 OXYiEEN-12"
PRIMT"19 FLUDRIME-19 - 20 NEON-20”
PRINT"Z1 MEDN-21 . 22 NEOM-22"-
PRINT"2Z2 SODIUM-2 - 24 MRAGHESIUM-24"
PRINT"25 MAGHES IUH—aS £& MPGHESILIM-26"
FRINT"Z2Y ALUMIMUM-27 . 28 EZILICOM-28"
FRINT"2% TILICOM-29 20 FILICON-Z0" -
FRIMNT"21 PHOSFHOROUS-321 22 SULFUR-22"
FRINT"33 SULFUR-33 24 SULFUR-24"
PRINT"3S ZULFUR-2& 26 CHLORIME-335"
PRIMT"27? CHLORIME-35 28 CHLORIME-3Z7T"
FRINT"2% ARGON-3& - 40 ARGON-Zg" ’

PRINMNT“41 ARGON-4G 42 CRLCIUM=-40" .
PRINT 42 MOLECULRR. IONS 44 UTHEP" .

INFUT L3LE=L

IF L<=44 AND L>=1 HHD INTCL>=L THEMN 1H‘ﬂ
FRINT"IMFROFER ENTRYs TRY RAGSAIN...":50T0 1590
IF L<»>4% THEH 1200 ' '

PRINT"WHICH MOLECULAR IOM...":PRINT"" .

FRINT"1 Hz + 2 HI +":PRINT"2 D2 + - 4 B2 +°
FRINT"S DH + & DHeg +"‘FFINT“7 D;H +“ o
INFUT Lil=L+42:50TD1540 _
IF L<>44 THEHM 13240 . P
L=%& IMFLUIT"ATOMIC HUMEER 2="52fL)-
IBFUT “MAZS - (AMLD ="3ACL)Y ’
IMFHT “"ELFMENT MAME =f'PEHM5fL)
M=INT ALY +.S) s PRINT
INFLIT"EHEFGY <MEW) "3E
G=1:IF LE<2 OP LI=42 THEM 2120
B=IMTOVRILISEA1410 7,50 +1 :
OT=THTCRL) EZ1610 7, Sy +1
IF 0>Z > THEM 2020

CFRINTULOMEST CHRFGE STATE (K=140) -".-

IHFLT 0K Y /M "iGEIIF LEFTE(GFs1>="7v" THEN &1 20‘
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P4 ]
2nsn
2ndn
cusn
e
envro
020
Snan
21no
c1n
egien
T E1E0
2140
2150
Z1en
S Yl
=120
130
2200

FEM

IF RT>Z Ly fHEN 20an

PD=@T :
PPIMT"LOWEST IHHPhF THTE E=1207 =13

IHPUT 0K Yo M2 "s5t: IF LEFTi'h$-13—'\ THEN 2120
IMFUIT"CHRRGE STRTE YIE

IF 2xZ20La THEH.184G

pOTO 2120

D=2 L) i :

FRINT"LOWEST CRHARGE STRTE ="+2 : i

IMFUT™ Dk YA USRESIF LEFTECRTE« 12 ="N" THEM 2050
H=1 .
FzHeYZ® 1~ 14Es (R L'*“H—ﬁOHE3)” R )

IF F>S.S5ANMDF <16, STHENZ2LTO _ O

H=H+Z3 IF H>1STHENZZDD

s0TOD 2130

FRIMT"LOWEST HAFMOMIC ="+H

IHFLTOKE Y MY "Si3E

IF LEFTE{GEs 10="Y" THEN 2220

IMFUT “HHPNDHIE HO. "3H '

=205 REM BEEGIN CALCULATING CYCLOTRON SETTINGS

= o

'rf

. FEM . . L R

F= H0r¢0a1—n1+E/(HLL)’VN—&OME))“—E)"§5=F$=F
Hi=H '

) IF F>16.STHEMPRINT ")) _ FREGUENCY TOO HIGH >_>_*:0T0 2260

IF F:5.6ANDF<14.1 THEMN 2260
FRIMT &2 CAUTIOM 282 FREQUENCY HEHP LIMIT DF

I F=HeYZ# (1= (14+E- (R (L) $UM-DeMEY > ~-2) ~ S1FS=F .~ . .
0 FRINT® “:PRIMT E3"MEY “FBEAMECLDF™ "SR5 "+"i"  HPRM ="3H

FRINT" ":PRINT"FREGDLENCY = "3
F=He¥Ze (1= C14+E- AL oVM=LIeMEX X~=2) ", q

0 FRTHT F3" MHZ™
1 EFHO=ZZ® (ESE+Z¢ AL ¢YM-DeME) ¢EX "~ 510

E=E-MiY=0-MSR=1 :

e - o :
FFIHT“"FPINT"’EHPIHIHF FOR CYC SETTIHGS"
FEM
FEM TETEFMIME IF FREQUEITED EERM FALLS TO THE LEFT OF THE. GPID
FEM ¢TZERRCH ALGORITHM HO. 23

FEM
IF %<, 185 AND K¥>=55 THEM 2750
IF Y<.1E88 AHD EX<SS THEM 2670
FEM
REM INITIATE SERFCH ALGORITHM HO.

FEM £370-2440 BFACKET PEQUEZTED EEPM FROM THE LEFT

FEM . -

I=28: Tin=21tBR 1 »=27 112=20: DOAR=, 001

IF FP 1 THEM Difp=-, 001 : _

IF -bH‘EH'Nl'I)lb—’ﬁHtEH'Nl'I+1);JTHEH Tlﬂ T10-1:50T0 2420
Tia=T1i0- . o
IF ﬂHfI‘—DﬂH =% THEM 2450

IF kxs>=LKE 1) THEM EFcir=1: Ilﬁ—Tlﬂ

=070 2390

FEM

5 FEM _24501-2S10 FFAOFET FEDUESTED EERM FFOM _THE FIGKT
2 FEM -

I=0:TZO=0:ER i@ =13 [20=1

I=1+1 ,

IF SGNYER/NC (1)) =SBHYERCNC ET-132) THEN TZ0=TZ20+1:E0TO 2490
TEn=TZ0+.5 . ' '
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226 REM

IF GARCIY+DRRC=Y THEN 2520

IF K¥»=Lk<I)> THEN BPfe) I:1g20= TcD
cOTD 24ru

FEM ‘ ' : —
FEM 2520-2650 EFACEET REGUESTED BERAM FFROM APDYE AMD EBELDOW
FEM CALCULATE FIGUPES DF MEFRIT FR 2 FS

REM :

I=1

J=NC CER{ID ) -1

J=_+1 ,

DHCI) = CJ-NCERCIDID ¢ (I-NC CER CI>+1))>

IF J=MCCERCID+1> THEM 2500 .

E=RESERCD ISR CER (I ) ~=-2 - ) .

HId=ds INCIY=Jd=-NC (ERZIDD>+1

IF KX>K THEN 23540

SOSUE 4350 :

IF DNCId=0 THEM 2% :

I=T+2:2 N I\—NmI—?V—l EF(I) EP(I-E‘1 EDSUE 432350

IF ERCID<CER(EY RAND <I=1 OF I=3) THEN I=2:5070 2530

FFR=0

IF ERC1>=RR{ZD HHD N(l)-Nl(IP(l)) THEN RR= 1

S07T0O 2830 . .

FENM
FEM DETERMINE IHDE¥ NO. FDF QEHPFH ALGORITHM NO. 2
FEM

FOF J=345T0249 S

E=RES(ERC D) ¢ QR {2TI I =2

IFK¥>K THENNEXT.

IF 349 . THEM J=249

M=EFA(Jd=1) ¢ (QR 2SI =2 .

IFfk=kK¥) < ARS {kX-W> THEN 2740 .

DMECII)=SSTRECIOO+, Ule (=340 0 :60TORN20
DEECI)=STRECIS0+, 01e 4=-34425:50T0 hﬂdn

FOR J=2&570377

E=ARS(ERACD I ¢ (QAETII~-E

IFKX>K. THEMNEATJ

IF JA»377 THEN =377

G W=ER (=1 ¢ (PRCETIIA=Z -

IF (K=K ¢ AES (KW~ THEN 2220 .

DXE 13 =STRE 20N+, 01+ (J=365>» 1 GOTOZ 020
D (13 =STRECZ00+. 01+ (I=364>>:60TD 3020
FEM . :
FEM FEINT DUT INDEX MUMEERS OM SCFEEN

IF FF=1 THEN 2&8&0--

40 FRIMT® ":FRINT"IMDEX 7% HRE.;."zpptnT""

FRINT"IMIEX #"3TREC1O) 5 S0LN #“3TRECS00§ "FFP" i TAEE® § "FS " tPRINT" "
IXE (1) =STRECLOeT 10+, 014 INC1D) tDAE (B =STRECI O+ 120+, 014INE2Y) : g
IF FPP=1 THEN DX (£)=D¥$(1>1IF ER(1}=1 OF BR:&)= 27 THEN FF=1:G0T0 2370

( DHICZ)=ETRECINeT 104, 01eIHYV1Y =100 tDHE V40 SSTRECIOICR+. 01 e i IH2D~17)

FDF ]‘ITDH-IF LEFT3tPIFHTZfU“§(I!~dJ-l)—'." THEH DXF (D =TIx$ I+ 0"
HEYT T ' '

1 FDFJ—ITD4.FP(J)=.ﬂﬂl*IHT(IQOUOFP(J)J3F$‘J’=.OOIOIHTfIOﬂOQFSfJ))SHEX*J

IF ABS(FS(1>>>1 THEH z9S50

”; FEINT TXE C1DSTAECIM INCD 3 TRECISY SFP 1D 3 TARCET) SFS <1

IF FF=1 THEN FPP=1:607T0 2270. ‘
IF DHO1D=0 OF RES(FS¢3>3>1 THEH 2970

N FRINT IXECHSTAREIOD SN STREVIZYSFRAID ITRAE(ZVISFE (3 -

IF FER«1>=ER(2> THEN 2020

IF RESCFS(2)>>1 THEN 2000

PFINT Dr?(d)vTHP'lﬂ)’Hfd)vTHF‘IPJsFF(c)nTﬂP YIFS (@
JF DIce =0 DP ARS(FS44>)>>1 THEN 2020

PFINT Dr?fd)sTﬁP(lﬂ‘ N 4'-THE’1P)-FF'4/~TREf:?)vF"d)
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019 FEM ' : :
2015 FEM EBEGIM HAFD. lDFr FRIMTOUT OF FulLDTFDN TETTIMNGE
2014 FFH
3020 OFEM de301:0CMD 4 .

2020 IF LEFTERIGHTEDSE (1) 920 010", " THEN Dfi a=TxEE I+ 0"
2040 PRIMT#4."CYCLOTRON SETTIMGE FOR"SES™ MEY “SEEAME LI SRS+
2050 PRIMT#4." " ' '

3054 FEM L : - -

2055 PEM CALCULATE DVWM SETTIMG FOF PESDHHTDP~PHHELT

2056 REM

SNa0 DY=3454, 45522

SORS. ISeF+725. 200521 ¢F "2~ 1:?.Tﬁt4q(0F“ a+12. us 40110FA4
X JATDSF NS+, DENNNETES1eF " R=2 . 523514 0N1E~deF "7

NS0 PRIMTS4. "FRED EN:Y-':INTf1E4*F*f1E4=' MHZ "3 '

020 FRINT#4y " ¢ RFES PANELS = DV .M. ="SINTCDVe1000-10G05"+ "

3 FEM g ‘

5 FEM CALCULATE DEE “OLTAISE

= FEM E

*luu Dv=, 07

2110 HT=E-s (2eeDv

3120 IF NT>=50 THEN 3150

2130 DV=E- 10065

2140 IF DVW<, 02 THEN Dv=.02

. 2150 D= 1nnn¢pw
210 S05UE 45

217N PPINT34- DEE VOLTS="IDC3"e KV I RB=RRHO

2174 FEM

2175 FEM CALCUWLATE MAIM MRGHET CURRENT

317 FEM

J1R0 MHN==3, 2878214 1E~12eR 7F+9, 1c81c1E—1?¢E*’—,.E:4 SE- 10¢EA5+5.1 4E~-7TeE"4

3130 MM=-1 . 51574E~4eB"3+, (225 GeB 2+1 ., 007 (teE+, OSE7+MN

FE00 IF Y>=.125 PAMHD KX>=55 DR Y>=.188 THEMN IZ&40

3210 DAECEO=D5E 12 2 C8S=2 :

. 2214 REM_ :
o221% REM FETCH TRIM COIL VYRLUES FROM DISK VIR ALGORITHM HD. 2
- 2214 REM ’ '

3220 GDIUE 460N

o3 e K0 1) l'_-_'v

'J

3220 50T0 2850

3234 FEM —

3235 PEM_DETEFMINME WHICH TEIM PUIL EOLUTION TO RECOMMEND
3235 REM . "

2240 FV=FR1)

2350 IF DMc1>=0 THEN Z&F

F250 IF FRO2) <Y THEN SW=FE (2>

3E70 IF ERA1»=FFR (2> THEM 2310

2220 IF FROZMCEVWY THEM av=FR @)

IF THe2»=0 THEM =210 .

IF FRi4) <3Y THEHM Z%=FR(4)

IF EV>=,8 THEH 32370

IF ¥=FRd1> THEM I=1:60T0 3490

IF IHe1d=0 THEH 2250

IF Z¥=FR«32) THEN I=2:00T7T0 2420

IF I¥=FRd2» THEM I=2:50T0 2490
T=4:50T0 =490

TESAEI CFEZ 10

IF DN-I)—H THEH =400

 IF RET CEE% THEM ZS=RPSIFS¢3 ))
IF EP&IJ‘E &% THEM 3440

IF ARZFZC213 <23 THEN ZZ=RESFI 2>

y=0 THEM 2440

2420
2430 TF HBS(FS (433 <35 THEW 32=RES (FS 430



3440 JF EEI=RETCFEO10) THEM I=1:607T0 24%0
450 IF DH 1'-ﬂ THEN 2470
et ] 2% T2y THEM 1

2 50TO 2490

2470 THEN r=é 5OTO 3490
3420 : : '
2430

3494 REM
3495 REM DETERMIME IF SEARCH ALGORITHM MO. 3 IS REQUIFED
5 REM _
1IF EFHO<400 AND ABSCFSCISHO>1 GOTO od4U
0 DHE Sy =Deg (I 0= : :
REM ‘ :
FEM FETCH TRIM CBIL “HL”E“ FROM DISK VIA SEARFCH HLHDFITHN Ho. 1
g REM ‘
0 ROTUE 4500
20 5070 28590
FEM :
FEM IMITIATE SERRCH ALGORITHM MO, 2
. FEM T o
0 CE=32 ‘ - ‘ S
IF E-M»=31,5 THEM DXE¢Sd=" 10.01":J=1:GOSUE 4h0ﬂ
IF E/M>=35-12 AND E/M<31-6 THEN DXE¢Sr=" 20.01"i=215
E-Mr=25-12 PNDI E-M<35-12 THEM DX(SdE=" 20, 01"-‘= s
M>=%5,24 AND E<M<2S/12 THEN DN (522" 130, 4:GOSUE 4RD0 o
32120 AMD E/M<3IS/24 THFN Dni’qﬁ-"'lhﬂ.ﬂl" J=S:E0SUE 4600
D IF E-Me=S06 HHD E/M<139-120 THEM DHE (S 180, 01%:)=5: SDiUP 400

D°UB JE00
GOSUR 400

.
H
o
.
.

0 IF E/M<S-& THEM Dxi{SHE=" 1Hu.01“'l—“'bUSUP 4600
0 FOR I=1TD17
0 TRI)=INT (TR Iﬁ*PEHD/PR(J3+ .
0 MEXT I . .
4 FENM . . : )
S FEM CORRECT MAIM MAGHET CALCULATION FOR TRIM COIL 17 CONTRIBUTIDN
& FEM CHLCULATE FECOMMEMDED FAMGE FOR MAIN MRGMNET CURRENT EEHPEH
¥ FEM i
S0 MM=MM—, 05 TRVITH tMD= LO1eMM+s e
N PRIMT#S “"MATH MAGHET FHFFENT—";IHTKNM):“Q HMPQ ."'INT(MM-ND)'“ -"3 '
0 FRIMT#d s THT CMM+MD & 2" :
0 303U 4520
N FPRIMTad." "
4 FEM
S PEM FRINMT DUT FEFDNMENDED TPIM CDIL “HLHE? BN IHDEV MUMEERS
& REM
0 PRINT:d." FECOMMENDED TRIM COIL SOLUTION",
@ IF DEEeco=" 10.01" OF DEFEY=" 200,01 THEM 2740 : .
0 IFFP=1THEHFRIMT#4, " . CINDEX #"$DHECEY S MAY EBE FFEFEFRPLE TD fDLUTIDN"=
0 IF FP=1 _THEHW PRINT#4+" GIVEM EBELDWS CHECK FET oCFEEN ¥ L B

FRIMT#4e" *.
PRINT#4s" TRIM fUIL EETTINGE”
LOZUE 4520

FRINT#ds COIL-AMPS®§

IF £C3=1 THEM FFINT#4s™ ' IMDEX 2 ZOLNH 3 - FR . Fa-
IF 3%»1 THEN PRINT2d4," * S : - B o

SOILE 4520 B : . =
FRINT#d s " e mm e e e : , —— ————— e e e .
EO3UE 4520 - L - . o S

IF CS=2 THEN PRIMT#45 TRBC20) 5 "USF IHDEM #"3DEECLD

2Oo0000DDDDODD DD

I=1% :
IFC‘"ITHEN PFIHT“4-THP‘¢=)-DfoI)'" "INCIDS “'FP(I)" ~ "SFS(D
0 GOIUE 4520 S
G IF L=1ANDE<FTHENFFINT#4«TRR 222§ “SEE LDF EDOK - 276 D"
0 IF CE=2 THEN FFIHT‘49THB'dq)< "USF SCALED TOLUTIONs IMDEX & "iIn'E ¢S

DO I R I U IO e Bhed B By Y T BN S BN 2 DR SO 29s 29y JOS 29 9 s 295 S O DO » 295 29 5 1O SO I

=

GOIUR 4740
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FEM
PEM FPINT OUT YARLLEY COIL PARFAMETERS

%5 PEM

3900 PRIMT#4," “tPRIMT:4," " S :
3910 PRINT#d4s TRE(1E6) 5 "WYALLEY CDILaO“'PP 1 ' _ -
3920 GOSUE 4520

[RED RO
D 0 A
DD o
STk

3920 PPINT#4y TAEC(1A) § ¥ mr————— e e : , i : »
3940 FRIMT:d4," COIL - 1 -] 3 4 ER T
T 3950 PRINT:d4," - — ; : “.

3950 IF /M >=.5 THEN 4000 S ' . . o

TG0 PRINT:4, " RMGLE <DEGD ' a0 . 310 ' - - 120"
3920 PRINT:4," AMPE - 200 - 100 R - sn~
3990 GO TO 4020 S o . . R o
4000 PRINT#4." AMSLE CDEG). ' - 90 - - - 3s0"
4010 PRINT#4," AMPS Qg - ) - - . a"
4020 PRINTS#4s" “IPRINT®#4s" : _ : .
4024 FEM

4025 REM SELECT AND PRINT D“T CENTER REGIDON PRFAMETERS
4025 FEM

4030 IF H>! THEN RN=1:G0TO 4070

4040 IF E-/(=<32.5 THEN RPN=2:G0OTO 4070

4050 IF E-@=<5S0 THEN REN=2:G0TO0 4070

40:0 FEN=4 e
4070 FRINT#4, THPtlb)i'“EHTEP PEGIDN' _ ’ .
4080 PRINT:4," =t ' :

- 4090 PRINT#Hd." PAD="3CR{RNs 1> 2 PRINT#4~"»‘ HZI‘"'CP(PN’E)
4100 FRINT#4s" ROT="SCR(RM2) :FRINT24,"" . P NKS—"'CﬁfPN’4)'“
4110 PRINT#4,s" P E-lU= *":PRINT#4," f'PRINT#4s"

4114 FEM
4115 REM SELECT AND PFIHT ouT DEFLEPTDP SETTINbS
4116 FEM

4120 IF E/2=<10 THEN RRA=1: bDTU 4170

4130 IF E-D=<32.5 THEN RRA=Z: CDTD41?0.
. 4140 IF E-0=<47.5 THEN RA=2:507TD4170 .
4150 IF E/R=<62.5 THEH RA=4:60T04170

" 4160 FR=5

e . e i,

4170 FOR I= lﬁTnlg-nnD(ﬁH-I)*DDD'RH-IioE/<U¢?2 33 S NEXT I
4180 LBOSUE 4520 . , '
4190 PRINT#4," DEFLECTDF FOSITIONS - DEFLECTOR VOLTSe™

4200 SOSUE 4520 } S . ]

4210 PRINT#4," . . o —

qzen PRINT#4," - 1> “SDODRCRAs1D )

4220 FRINT#d." ‘2 “SDDDCRHsZY 3 - 4 " . ENTRANCE="3
4240 PFIHT34~INT(DDD(99.1:!010)/103" K o L
4250 PRINT#4," 20 "SDDDCRAs 2 2PRINTH4, " 42 "SDDDCRAs 4>

4260 FRIMT#4" 5> “SDDDCRALSH . ‘ o
4270 FRINT#4, " € "SDDDCRAIEIS™ ' ) MInDLE="?
4280 PRINT#4, INT(DDD QA 142100 /105" K.~ e o
490 FRINT#4," 7)Y “SDDDCRAs 7 ¢ PPINT=49" @ "'DDDfPH~93 ’
4200 FRINT#4." 9> “SDDDIRAS ). : :
4310 FRINT#4," 105 “SDDD<RA»1005°% S . EXIT—" '
4220 FRINT#4«INT(DDDEHs 152100 /105" KV~ :
4330 PPINTa4." 11> "SDDDCFAs 11D tPRINTS . 12) “3 DD CFAy 12)

. 43340 FRINT:4," “sPRINT4," "-pPINT"4,"¢ DPTIMI¢E As PEﬂUlFED”=rLDCE 42 GDTDI:‘ﬂ
4234 FEM _
©9424% FEM SURFOUTINE TD CALCULATE FICUPEH DF_MEFIT FP & FQ

4336 FEM
S0 re=3<.sb1»¢zaﬁ<rpfrr)>ﬂ4/rsﬁcnr1>>>“e/H
430 IFD=CE -, 0Z70IT (MR CER (I D) *6
4370 D=RCER (D)) -Y .

40 IF SRD>0 THEN 4450

. 4290 rFH1—=.1q¢corg/rnH-PF'I))>‘3
4400 FHI=ATN? (1-CPHI*2>~.S/CPHD

4410 1IF ID0 THEN FHI=FPHI-4e
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3420
4420
4440
4450
4450
447N
4420
4430
4500
4510
4514

4513

L4518

~45en
4520
4334
44.‘".'
4540
4550
43550
435370
4530
4530
SO0
4510
4220
4530
4840
4850
4880
4570
4520
SAT)
4700
4710
4720
473N
4734
4735
4735
4737
4740
4750
4750
4770
- 4720
4790
‘4794
4735
Y- 1-Y
4300
4310
4820
42320
4234
4535
4R35
4240
4350
4280
427

4820
42850

EPR=1. lSSO'ﬁH(BP(I)))OCU<-PHI/d) T '
IF I>0 THEN EFE=-EFPR ' : .

5OTO 4470

IPD=IRPD .S -

EFPE=(C2+SRIN ~. q°3+4ca~~9n)ﬂ.3 '3

Fl=—~D/ (EPE~DR (ERCIDD)D :

IF ID0 THEN Fl=-F1
Fa-'kxofmﬂtBP(I)))“E—HP?fEHthI))))/DEH'N‘I))/HE¢\EH(N(I>))
P(I)—(Fl‘2+F8“2)“.5 FS(I)-F1+F2

FETURN '

FEM
FEM SUBRDUTINE TO DELHY Ppnhshm EXECUTIONM
FEM
FOR ¥=170 500: NEVT v
FETUFN

FEM : :
FEM SUERPOUTIME TO FETCH TRIM FDIL VALLUES FPOM DISK
FEM
IMPUT#1S:ENEsEMESETEESE

IF EME="00" THEM RETURN

CLOSE 4 :

PRIMNT“ERROR OM DYSK™

FRINT EMFESENEETEsESE.

CLOSE 2:END

FRIMT"“IFPRINT"FERDING. TFIM COILS FPDM DI\K"'PPIHT 159 911"

SDR=DX:TS=INs D=vAL (DX$ (5D 1LN= INTfD {» sLN§= TTR$<LN) SN—INT<1ooornw-LN)+.5>
DE="1: LIME"+LN$ : : _

OPEM 2:8:2+«DF+"sSo k"

GOSUE 4540

FORI=1TOSN:FOR I=1TO17

INPUT#2sTRCID :

RI=ST : L o

GOSUR 4S540 : o .f o g

IF S=64 THEN CLOSE 2:END ' ‘ U '

IF RS<>0 THEN FRINT"EAD nlfk STHTU* IS“'P\'CLDQE a- END E

MEXT I:MEXT J o

CLODSE &' .

FETLIEN

REM :

FEM \HIFDUTINE TO CHECK FOR T. C.. SDLUTIDNS MHICH anE NOT EEEN
REM CALCULATER vxn PYDE

REM

FOR I=1TO17

'IF TRCID<>0 THEM 4&00 _

MEXT 1 _ o

PRIMNT#d, " THIQ \DLHTIDN HHT NOT YET™

FRINTa4 " EEEM CHLCULHTED.‘CDN\ULT“

PRIMTad, " BEHM DEVELDPMENT GROUP. :RETURN

FEM
FEM &nppunrrne 7O _FRINT OUT TRIM cans 1 THRY 9
REM P
FOP 1= 1709

GOSUE 4520 C

PRIMT: 4,Tﬂnrﬁ>,1'f.";rn<r>

MEXT 1 : o

REM __ :

PEM SUERDUTINE TO PPINT DUT TRIM COILS 10 THRU 17
REM
FOR I=10TO17

03UR 4520 :

PRINT: 49TﬂB(u):I$“ C3TRCDD
NEXT 1

FETURN

EHD
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A (56)

Aj

Beam $ (56)

BR (4)

BRHO

CPHI

APPENDIX A.1.b.: Symbols Used in MASTER

Precise values for atomic masses (120 =
12.000000) ‘

The mass of all stable or quasi-stable
(e.qg. 14C) nuclides with 1 <7 < 18 are read in
from lines 300-390

Other masses stored are 40ca (1ine 390),
molecular ions H2, H3, D2, D3, DH, DH2, DZ2
(1ines 390-410), and all stable isotopes of
Krypton, often used as arc support gas.

Any other mass can be read in from the keyboard
(see 1ines 1810, 1920).

Dummy variable used to delay program execution
pending keyboard entry (see lines 1490, 1500).

Abbreviation for BRHO when used in long fromulae
(e.g. Tine 3180, 3190).

Identifies ionic species. Note that ALPHAS is an
identifier of Helium -4 and is used for charge

- states of both 2+ and (inappropriately) 1+ (see

lines 150-240).

The values of BR vary from 1 to 27 and represent
the number of the Q/A = constant line on which
each of the 4 braketing trim coil solutions ‘lie.
(In general BR(1) = B(3) and BR(2) = BR(4)).

BR = 27 implies Q/A = 0.125. BR = 1 implies
Q/A = 1.

BR values are defined on lines 2370, 2430, 2500
and 2620. ‘

Magnetic rigidity calculated on line 2310 in
KG-in,

COSp (ref. 14,p.92).

CPHI 1is a quantity used in solving a cubic
equation for e (see ref. 1, eqn. 15).

Its value is determined in line 4390.
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CR(4,4)

CS

c2

D3

DC
DOD (5, 15)

DEA (378)

DN(4)

DQA

Matrix of cenfer region paramenters in which four
parameters (RAD, AZI, ROT, PN/S) are stored for
each of four operating domains.

see lines 440, 450.

Assumes the values 1, 2 or 3 according to which
alogrithm. is adopted in determining the trim coil
solution to recommend,

A quantity used in solving a cubic equation for
cp (see CPHI).

€2 = C/2 in ref. 14.
D = Q/A (bracketing 1line) -Q/A (requested beam).
See line 4376.

A

Identiffes file name when reading trim coil
solutions from disk.

See 1ines'4620, 4630.
Dee voltage in kilovolts (1ine 3150).
Matrix of 15 dee voltage parameters (12 posh,
+3 voltages) for each of 5 different operating
domains.
See lines 4604520.'

Eq-E
+ AE/A 1 o

- ; see lines 620-1330.
ETA Eo

For each beam on the grid, DEA represents the max.
energy deviation at constant Q/A for which the trim
coil solution is estimated to apply with no loss of
beam intensity.

e.g. from Appendix Adc, we see that a trim coil
solution for 10 MeV protons will cover from 6.76 -
13.24 MeV with no predicted loss of intensity.

DN = 0 if lowest or highest point on a Q/A =

constant line is being considered, otherwise DN # O.

See line 2550
DQA = #0.001 (see lines 2370, 2380).
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DV
DX
DX 8

EA(378)

CEM B

EN S
EPB

ES $
ET 8

FL

FR (4)

Defines "width" of a Q/A line. e.g. the Tine no. 27
has Q/A = 0.125 # 0.001. Any Q/A within this window
is treated as being co-linear with the grid 1Ine.

Used in line 3060, 3070 to calculate the DVM setting
for RF resonance panels.

Used in line 3100—3140 to ca1cu1ate dee voltage in
millions of volts.

Index number e.g. 190.05 (see line 4610).
String representation of index number.
Total kinetic energy of ion in MeV.

Kinetic energy per nucleon for each beam on the grid
(MeV/amu)

See lines 620-1330; negative entries signify the
lowest energy entry on a line whose index number
ends in "5",

Disk-status variable for error messages. See CBM
disk manual, pp. 31-35.

See EM $.
EPB = ep is that value of Q/A which represents the
max. deviation from the Q/A of the grid point under

consideration to which its trim:coil solution can-be
stretched at constant BRHO without loss of beam.

See ref. 1 (eﬁn. 15).

See EM §

See EM §

RF frequency

Flag which determines which of the 6 user options
has been selected: BRHO, FREQUENCY, PRE RUN,
RESONANCE - TABLE or CYC. SETTINGS.

For each of the 4 brackéting grid points, FR and F$S
are two figures of merit which determine how far the
requested beam is "stretched" from a grid point.

See line 4500 of MASTER and section 3.545 of text.
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FS (4)

F1

F2

G3

HS

IN(2)

IS.

11Q

12Q

See FR (4). FS =1.0 implies max stretch.
FS < 1 must be satisfied if T.C. solution is
acceptable.

F1 is a quantity which represents the fraction of
max. stretch (at const BRHO) between the Q/A of the

- grid point and the Q/A of the requested beam.

See section 3.545 of text and line 4470 of MASTER

F2 is a quantity which represents the fraction of
max. stretch at const. Q/A.

See section 3,545 of text and 1ine 4490 of MASTER.
Used to input "yes/no" answers from keyboard.
Harmonic number.

Saves the harmonic number so H can be varied in
search loops and subsequently retrieved via H = HS.

General purpose indexing variable.

Gives the number of the grid point along each of the
2 bracketing Q/A lines.

IN (2) =1 corresponds to the lowest energy point on
the 1ine which brackets on the right. IN (1) =1
corresponds to the lowest energy point on the line
which brackets on the left.

Used from lines 3490 - 3840 to save the value of the
index number I.

It specifies which of the four bracketing grid
points is currently under consideration.

11Q is equal to 1/10th of the Q/A 1line no. which
brackets the requested beam on the left.

Same as I1Q, except with reference to Q/A line which
brackets on the right. '

General purpose indexing variable

In lines 2540 and following, it is used to index the
solution number.

Specifies the K-value of grid points

K o (BRHO)Z
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KX

LK(28)

LN

LN
LS

MD

NT
PA

PHI
PN

.

3

See line 2680: K = (E/A)/(Q/A)2 = EA/Q2
Specifies the K-value of the requested beam
Identifies the requested jon species (see line 1820).

The Towest value of K which can be run from the
lowest E/A point on each Q/A line

EA(1-DEA)

(QA)

Defined on 11ne 4610 to be the 1nteger part of the
index number = QIA line number.

LK =

String representation of LN

Saves the value of L (ion species) to permit a
search loop on L and subsequent retrieval via L = LS.

Mass (amu) rounded to neafest integer.

Estimated error on prediction of main magnet field
to give search range (MM £ MD).

Calc in Tine 3650,
Electron rest mass = 0.51106 MeV (1ine 120).

Calculated Main magnet current (line 3190)

-Used in 1ine 3180 and.3190 in the calculation of MM.

N(I) is the solution number of the four bracketing
grid points (I =1, 4). )

The. solution number of the lowest E/A point on each

,11ne.

Number of turns (see line 3110).

Indexes the 15 deflector parameters for each of 5
operating domains (1line 460).

PHI = $; see CPHI,
Used in Tine 440 to index the four center region

parameters for each of four operating domains
(parameter number)
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QA(28)

QT
RA

RB(7)

RN

RP

RR

RS

SA

Charge state.
Charge to mass ratio Q/A for the grid Tlines.
Used in lines 1980, 2020, 2030 to ensure that Q< Z.

Used in Tine 460 to index the five operating domains
for deflector settings.

BRHO of the lowest E/A points on seven selected Q/A
lines which extend to low field values.

It is used for BRHO scaling which is important for
requested beams with BRHO < 400 kG - in when other
search alogorithms fail to produce a trim coil
solution.

See line 280, 290..

Used in line 440 to index the four sets of center
region parameters (regime no.).

RP = 1 signifies requested beam has a) Q/A =1 or
b) Q/A < 0.125 or c) has a Q/A which lies directly
on a grid line AND an E/A < lowest E/A on that grid

- Otherwise RP = 0

See lines 2870, 2940

‘Its purpose is to tell the program that the

requested point cannot be bracketed in the normal
Way. |

RR = 1 signifies that the requested beam lies

a) directly on a grid line and b) on or below the
Towest E/A on that grid line.

See line 2650

It is case ¢) for RP = 1.

Used in line 4670, 4700 to designate a disk error.

Used in lines 4630, 4690 to determine when a
complete file has been read from disk.

See file error 64 on p. 35 of CBM disk operating
manual '

SA =1 line 2320; used nowhere else in MASTER.
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SDX .
SN

SRD

sS

sV

TC | .
TR(17)

TS .
T1Q .
T2Q .
v

VM .
w L]

Seems to serve no purpose (vestigia1‘variab1e?).

Used in Tine 4610 SDX = DX (used nowhere else in
MASTER) .

Calculated on line 4610.

Determines the decimal part of the index number and
converts it to an integer.

It is the number along a given Q/A line of the index
point (numbering from low E/A to high E/A.

Used to select correct T.C. soln from disk.

A quantity used in solving the cubic egn. (see
CPHI). SRD = surd meaning square root.

Used in lines 3370 and following to determine which
of bracketing points has smallest FS.

Used in lines 3240 and following to determine which
of bracketing points has smallest FR.

TC = 1 implies MASTER has been re-accessed from PRE.
Otherwise.TC = 0.

Trim coil currents in amps (loaded from disk).

TS = SN; See SN and 1ine 4610 |

T1Q is a temporary index which equal 1/10th of the
integer part of the index number.

Used for line which brackets from left.
Similar to I1Q.

Same as T1Q except for line which brackets from the
right.

Simi1ar/to 12Q.

Used in Tline 4520 to cause a pause in the execution
of the program, usually to allow time for the silent
700 to complete a carriage return.

VM = 931.478 = MeV/amu (1ine 120).

Used in 2710, 2720 as an alternate variable to K.
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E/A of requested beam.

Q/A bf’requested beam.

"Cox's constant" = 48.616 (11ne 120).

Atomic number (Z) of thé‘beam (1ines 300-430).

Proportionality constant in calculating BRHO for
units of kG-inch.

ZZ = 1.3132653 (Tline 120).
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APPENDIX A.2.a.: Listing of:Subprdgram PRE

1 REM 0R-27,80
2 REM THIS IS THE PROGFAM ‘PRE‘
3 REM

100
110
120
130
140
150
150
170
120
199
e
210
e
230
c4n
=0
L))
evo
2a0
290
300
204
~303
208
307
10
320
320
240
osn
350
370
280
290
N4
410
420
430
440
4=n
4&0
470
430
390
sSoa
S0
S0
S30
S34
535
hOCTS
40
S50
SE0
SN

FRINT

FOR 1=

TRTH
DHTAR
DATAH
DAHTH
IIRTH
IRTAH
DRTR
NATA
IRTR
JF PP
FOFr
DRTAH
TIRTH
DRTA
DRTRA
DATA
DATA

1F. FP=

FP=1 .
REM

“»:PRINT"READING DATA"

1TOSS:READ BEAMECIYIMEXT 1 o o o

PROTONS s DEUTERONS s HELIUM~3s RLPHASs L ITHIUM=8s LITHIUM=7 « BERYLL IUN-S

EERYLL IUM=10s EORON~10s EORON=-11s CARBON—12s CAREDOM~13s CAREDN-14

NITROGEN-14s NI TROGEM=15s OXYGEN~16 s OXYSEN~17 s OXYGEN-18s FLOURINE-19

HEDN~Z (s NEON=21 s NEOM-22 s SOD TUM=23 s MAGHNESTUM~-24 s MAGNES IUM-25

MAGHES TUM=26 s ALUMINUM=-27» SILICON-28: SILICON-29+ SIL ICOM~20

PHOSPHORDOUS~31 s SULPHUR=32y SULFHUR=23s SULPHUR-34+ SUL FHLIR-26

CHLOF INE—35s CHL OP INE-36+ CHLORINE=37 s ARGON-38 s FRGON-22+ ARGON-4 0

CRALOIUM=403s HZs HSe D25 D2y THy nuesD:H,kpprun-(a,kpprun-au-wpwPTnn- g2

VPYPTDN-FﬁnkPYPTDN—947FPYPTUH—Rh

¢>1 THEN DIM CYE(19)

=1T019: READCYE () TNEXT € . .
“f] CHLE) "y "02 (GHIORSMD "s“1A (DS "s“1B (MORETTO) “s “1E CRUEYD "
"P CRAMAY ", "2 (SCAT CHAMBER) "s "IB <EI0 MED) “»“4A (HI RESOLUTIOND -
“4A ¢HI XMISSIONY "+ "4E <HI PE&HLUTIDN) »"4B <HI ¥MISSION) ™

"4C (HI RESOLUTIONY s 4C (HI XMISSIONN"

“SH C(MLLER) "y “SA (STREFRMER cnam 3"y "SE (E-DET)“ "aB CYAND "

"SB (PARITY TGT.D"

1 THEM S%0

FEM L
FEM U

ORD MATRIX OF MAGHET CURRENTS FOR 19 IETS OF BEAM LINE DPTTILCS
ZING 104 MEV DXYEEM-16 4+ AT STAMDAET EERM

FEM
DIm I

FOR T=

TRTH
IATAH
DATH
IATA
IIRTA
DAETA
DRTA
DATH
DIRTA
IRTR
TR
DATH
DATA
IRTA
bATH
THTH
DAHTA
IATA
IRTR

PRETHT™"

FRINT
FEM

Fo1S 110 o+ MAGECLLD « SLEVED » TVECED

1TO1S9:FOR F=1TO11:FERD IRCTF2:MEXET F: NEXT T
137.5s1284.8+14, 2541 0?.4! T 158, S Na s Da Do )
125.2e181.3514. 35 FE. 2+ 24. 25,152, 99 Qe 3 05 Us 0
Ilr-~rs»1-"h Tel4.3 --10“-1UH~~? 4e 0 OsUs 10 0
1720129014, 25+ 22, 1145300000 0400 0

,lbd.Hvldﬂ.Hsl4 359131.72121.253,. 0005 0 O s 0

151137 e, 7308 dNe 1023439329 =1SNs~172y D D
1trsl4*~?.fﬂsl4"lﬂ“‘l et 1.4y 92, 9500 -

14112534, 70310148 Sy 125 s e N e (1

llr-:l?-d ("”‘"(IOFIQHﬂ!{cQ-((Q-qll"‘lh""llh :
140, Fa 98, 2ed OSSR, . Y B9 —E9 =56 ~105, 79-139.4~°d1’—1d1
DeMte Qe s Qe Qe Qs Da Qe :
1723,.20111,.5+4,2%.1 01, (’iﬂﬂcfl.Jihr.Es EE 43—?5,? SYyE228.58
11r-4(,4 THZs7198198295R e =G5 =7S ;

140s 11 04,22 '!1“1!1“;":#'—4q’Hd-u'EE
141 1229483558268« 0Ny 03 02 0e 0
L1174, t£5941 1s37s 003002020

3 .1ann. e Qe Do DaDa Do ls

12190, 25 0057, 14 4J.a-ﬂ-ﬂ9ﬁ-0,0’0

1265 .4+ 0. T liacl .3y 23 vhrb.fslhb.h$"°0~0’n

15070 590

H
T
. l‘,h

FEM O

FFEF THE UZER 31X ERTIC OFTIDONT

FENM
FRINT
FRINT
FPINT
PRINT

“TYPE MUMERER DF DESIFED FROGEAM:“tFPINT" *
*1. EFHD 2. FREBUEMCY"

“3. PFE FUNM 4. ENERGY"

"S. FET. THELE €. CYC., SETTIMGRE"
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S50 INPUT FL

S90 ON FL GOTO &50:72001710:4050»3210

£00 IF FL<OA THEM 630 i '

£10 TC=1:PRINT"“:FRINT"I FAM PROCESSING YOURP REGUEST» PLEASE™
€14 REM
£15 FEM CALL FROGRAM ‘MASTER/ FOR CYC. SETTINGS
615 FEM

620 PRINT"EE PATIENT.":LOAD ":MASTER"s&

£20 PRINT"IMFROPER ENTRYs TRY AGAIM:™

640 GOTO S30

£SO GOSUE 720

654 REM
S REM CALCULATE AND PRINT OUT ERHO

& FEM ~

0 ERHO=ZZ# (E+E+2¢ CA (LY o¥M=DeMED ¢E3 ~. 5/R

0 IF-FL=2 B0TD 1760

i TFFL=STHEMEOTOAZS0 o

£30 PRINT" ":FRINT"ERMO="3ERHO} "KG~IN":PRINT"
700 IF FL=4 GDTO 4310 .

710 GOTD S20

714 REM

715 REM TUBROUTINE 10 SELECT DESIFED BERM

716 REM . ,

720 PRINT"

730 IF FL=4 THEN 730

724 REM :

735 REM AICERTRIN IF FREVIOUSLY SELECTED EEAM IS DESIRED FOR MEXT_CALCULRATION
735 FEM : » DR : » T -
740 PRINT"ENERGY ¢MEYY ="+E - :

750 PRINT"ELEMENT = "y EEAME (L3

TEQ PRINT"MAIE (AMUD = “"sMIFRINT"CHRRGE ZTARTE = "+Q
T70 FRINT"HRRMONIC = “sHIFRINT" .

TR0 INFUT"TR THIS THE RIGHT EERM (YsN» “3G5F
70 PRINT™™ . B
200 IF LEFTY (5% 13 “¥*OAMD FL=2 THEM 1510
210 IF LEFTEOSEs12="Y" THEM 1550

514 FEM
£15 REM DFFER_FERM MENU TO THE UEFR
216 REM

820 FRINT"":tFRINT"WHICH BEAM...7":PRINT"
830 FRINT" 1 FPROTOM & DEUTERONT®
840 PRINT" 2 HELIUM-Z 4 ALFHAZ"
850 PRINT" S LITHTUM-& & LITHIUM-7"
250 FRINT" 7 EERYLI ILM-9 & BERYVLLILM-10"
270 PRINT" 9 EOROM-10 10 EORDM-11"
SE0 PRINT"11 CAREON-12 12 CAREDM-13"
230 PRINT"13 CAREDH-14 - 14 HITROGEN-14"
200 FRINT"1S HITROGEN-15 . 16 DNYSEN-1£"
Q10 FRINT"17 DOXYGFEMN=17 18 OXYEEM-15"
220 PRINT"19 FLUDRIME-19 20 HEOH-Z0"
S0 FRINT"21 NEON-21 Z2 MEDH-g2"
240 FRINT"22 IONTUM-23 24 MAGHEZILM-24"
IS0 PRINT"2S MAGNESIUM-2S 26 MAGHESIUM~ZA"
SE0 FRINT"27 ALUMINUN-27 28 SILICDH-22"
STH PRINT“29 SILICON-29 @0 TILICOM-20"
S50 PRINT"21 FHDSFHOPDLS-31 32 SULFUR-32"
S0 FRINT"22 SILFUR-33 24 TULFUR-34"
1000 FRINT"ZS SULFUR-3E 36 CHLDORIME-35"
1010 FRINT"3? CHLDFINE-36 2% CHLOFINE-27"
1020 PRINT"2S ARGON-36 40 BFEOH-25"
1630 PRPINT"41 AFROM-40 42 CALCTUM=-40"

1040 FRINT 42 MOLECULRFE IDONZ 44 OTHER"
1050 JTHRPUT L:al<S=L -
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]
]

1050
1070
1020
1090
1100
1110
1120
1130
1140
1150
1160
1170

‘1180

1190
1200
1210
1220
12320
1240
1230
1260

1270
1280

12940
1300
1310

1320

- 1320

1240
1250
1380
1270

1320

1330
1400
1410
1420

1430
1440
1450
1450
1470
1420
1490
1500
1510
1520

1520

1540
1550
1560
1570
1530
1590
1500
15810
1520

IF L<=44 THFN 1080 o S

PRINT"IMPRDPER ENTRYs TRY AGARIN...":G0TOS20

IF L<>42 THEN 1130 . :
PRINT"WHICH MOLECULAR IDON...":PRINT""™ T ‘
PRINT"1 H2 +. 2 H2 +":PRINT"3 D2 +. ' 4 D3 +~
PRINT"S IH + 6 IH2 +"'PPINT"? DEH -+~ :
INPUT Leil=L+42:L3=L:60TD1170 -

IF L<>44 THEN 1170

L=SAsLS=L: TNPUT"ATOMIC NUNBER 2="327¢L)>

IMPUT"MASS ¢AMUd ="3AC)

INPUT"ELEMENT ="3BERAME (L)

BRSFROAY+.S

M=INT (AR :PRINT™

IF FL=4 THEN 30TD 1310 ,

INPUT"ENEFRGY <(MEV) “3 . . .

P=1:1F L<3 DR L>=432 AND L<=42 THEN 1270

H=INTCALL) eE- 1410~ . SD +1 Co

BT=INT (ALY *EA1512 7, S0 +1

IF @>Z<«L> THEN 1270

PRIMT"LOWEST CHRFGE STRTE kK= 140\ ="+

INPUT"DK <Y/MNY"30%:IF LEFTE 5% 1)-"?" - THEN 1380

IF QT>Z2d> THEM 1u40

G=0T

PPINT"LDME\T CHRAPGE STRATE (k= 1»03 =44 ‘ '
INPUT"OK <Y/MN)"iR%:IF. LEFTTtstI)-"%" THEN. 1320
INPUT"CHRRGE STRATE k15! .

IF 9>24L» THEN 1070

3070 1370 ‘

P=ZF (L)

FRINT"LOWEET FHHFhE STATE =0

INPUT DK (YA/M) "iGE: IFLEFT%thi 13-"N THEN 1210
IFFL=4THEN1470

H=1 ' ‘

F=HeYZ# (1~ (1+E/ (ALY ¢YM=DeMED ) “~2D~. 5

IF FrS.SANTIF<1&, STHENL14Z0

H=H+2: TF H>1STHEN1470

GOTO1330

IF FL=1 THEM149n

PRIHNT“LOWEST HRARMOMIC ="H

INPLUT DK (¥ /MM"3IRE

IF LEFT$(G$:1)="Y" THEM 1490

INPUT "HARRMOMIC MO. "3H : ' :

F= How'O(l-(1+E/fﬂ L)own u¢hE>)“—E)“. tFE=F

Hi=H :
IFFL=4THEN1SED

IF FO1a8.STHENPRIMT"> L0 . FFEGHENCY TOD HIFH > ) *:50TD1S60
IF F>S.eANDF <16, 1 THEN1SAOD '
FRINT 222 CAUTIDOM &2 FREGUEMCY MERFP LIMIT OF

GDTOD 1S&n :

FETLIFN

IFFL<>STHEM1530 '

FRINT"DO YD WIsH TO \FEFIFr THE"

INFUT" FF FREQLIEMCY (Y/MH» 3153

IF LEFT3iGT«10="n" THEN 16320

FRINT“FF FREGUENLCY (MHZ» ="3

IHPLT F:FS=F | K o
E=CRAL) eYM=(oMEd @ ( (1 / (i~ (F/ rHe Y2 2D . 5-12:GOTD1840
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1624
1625
1624
1630
1640
1650
1660
1/70
1680
16590
1700
1710
1720
1730

© 1740

1744
1745
1745
1750 G
1750
1770
1780
1790
1800
1810

‘1820

18320
1340
1850
1850

1870

1220
1390
isan
1910
1920
1930
1934
1325
1928
1940
1950
1280
1970
12an

19%n

2000
2004

-2005

200
2007
2010
2020
2030
2040
enso
200

zovao

2020
2050

REM
FEM CRLCULATE AMD FRINT OUT FREQUENCY

PEM

F=HeYZe (1~ (1+E/fH‘L30VN—ﬂ¢ME)3A-2)* 5 F°=F

DN FL GOTO 1650 16R0.1E ﬂs4lbﬂ~1b30 i

PRINT" ":PRINT E3" MEY "SEERMBCLDISQF"+ "'hUTD»GSO :
FRINT" "tPRINT Ei"MEV "SEEAME (LS @="3 “+"3"  HARM ="3H
PRINT" “:FRINT“FREOUENCY = "j _ '
F=HeYZe (1~ f1+ErthL)OVN-QOME))“-B)“ S

FRINT Fs"MHZ®

PRINT™ “:30T0O S20
Jd=sneFOR I=1TDE: L?’I)—'"'TVS(I)—"'NE&T I
FR.MT"":PRINT"COMMECT PET TO PRINTERsTHEN TYPE HNY KEY“
BETSE:IF b&' * THEM 17320
SE= " _
REM )
FEM EBESIN PRE-PUN ~ SELECT CRYE RND DPTILCS
FEN ’
gsuUR 720 . .
PFINT"'PPINT"TYPE CRYE QELECTIDH..."'F’F’INT" . :
FOR C=1TOS:PRINT TREY 1‘,P’THB(5)'““RVE"iTHBfIO)sCVS(C) NEXT C
FREIMT" 2 CAVYE 4R"
PRINT" 10 CRYE 4EB"
PRINT" 11 CRAVE 4C"
FOR O‘IETDIH-PPINTPETHB 5)5“FHVE"'THBflﬂi,Ph$(C+3) NE%T C
INPUT T
IF T>11 THEN T°T+? hDTU -19320
IF T<9 THEM 1930
PRIMT" “:FRIMT“PLERTIE INDICARTE (TYPE “1* 0OR "2")'"°PPINT“
FRINT"1) HIGH RESOLLTION R 23 MHIGH. TPHN‘NI*SIUN"
INPUT HI
IF T=3 HANHD HI—E OF T=10 AMD HI=1 THEN T= T+1.hDTD 19140
IF T=10 BAND HI=2 0OF T=11 RHD HI=1 THEN T‘T+d'hUTD 1970
IF T=11 AND HI=2 THEM T=14
IF T=11 THEN PRINT"":PRIMT"OPTICE FDF rH“E 4k (HI PES.) HH?E NDT"
IF T=11 THEN FRIMT“YET EEEM DEYELOFED":60TO S20
FE="N"
FEM
FEM IMQUIRE IF CAVE 2 STRIFPER FOIL IS TO RE UIED
FEM
IF m=2¢L> ROTO dLlﬂ .
FRINT® o } ' .
IF T>2 AND T<1S THEN INFUT “I% CRAVE 3 STRIFFERFDIL TO FEF U$Eﬁ_(Y/N)"3F$
FRINT" * : ; :
IF LEFTR%(F&s10="%" THEN IHPHT "FINHL CHARGE STRTIE"IGOR
IF RR<=2<Ly 6GOTO 2010 .
FRINT™ ©“:PRINT"FINAL CHARSE QTFITE NHY MOT EXCEED 3.*=bUTD 1970 .
FEM
FEM RAEST1EMH MASHET DEZCFRIPTOREZ« SLITSs AND TV IHFUFﬂHTIDH
FEM CACCORDIMNG TD CAYE ARD OFTICES FEGUEISTEIN
FEM
IF T>10 THEN TT=T~-14:607T0 2020 :
MM T SOTO 204020402050 2080520802120 2120216042180 2120
OH TT GOTO 2250225 0s224N« 22402420+ 242102350247 010 24710 c
MAGE (43 ="V 0RA" s MAGE (T ="0VOE" IMAGE A =" ME":TVE (1D =" DIVILT I TYER(gr="Z 01
TYE (O ="0Z 02" :60TD 2450 ' :
MARE Y ="01ATR"IMAGESH="D1RIEB"IMAGE L =" MI1"ITVECSLID="0TV11"
TYR (eI ="R2V12" e THE (2 ="0Z1A1 "t SLE(Fh =" HS 1 eeeee MILEY:GOTO 2450
MASE ¢ ="BITRIFR"IPAGE (SO="CLELE" s MAGE (EH =’ MILYsTVWE(Iy="00Tw1l "
TVEE)="0Z2V12": TVE /31 ="0Z1R2 "t SLEC3D =" ATVIX ..aa. MILE"
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2100
2110
2120
2130
2140
2150
2160
2170
2180
2190
2200
agzio
2een
2230
2240
eas50
cean
- 2avoe
2cen
el
2300
2210
2320
2330
2240
T 2350
2380
2370
.a38en
2320
e300
410
24z
e42n
24410
2450

2450
2470
a480

- 2484

2485
e4s8
24310
25010
Sl 0
2320
2530
codn
easn
254N
257 h
2330
2590
cEnn
&nln

IF T=4 THEN 2490

TYE 2 ="RZ1R1 " 3070 2490

mﬁs?<4)—'ﬂVeH“'MH&%tS\—"ﬁvEP"MRE$(6>~“0219“ Nﬁh$f?)‘"QEIB"‘Mﬂr9(9>‘“ndEH"
MAGE (D ="NZ2R "t TVE (1 ="0RZV2" TV%(E)-'QZEI"'TV$<3)—"QZEE" . ;
SLEC2Y=" ASVEX cveiaes MILS"‘IF T=A THENZ2420

TVEC4I="S. C, "2 TYE(SD>="S.6."2G0TO 2490

MRS (42 ="RIIAR" -NHG?lq)-"ndlﬁ"'ﬂﬁh$(6)"" NQE" TVS(I)-“OZVS"'TV%fd)—"OZQPl"
G070 2420

NHh$(4)-"Q4IH"Nﬂﬁ$fq}—"ﬂqlP“'MHbQ(ﬁ)‘“ﬂ4ﬂlﬂ"=MHG3(?)‘“04HIB“

MRGE D ="Q4RZA" IMAGE (S ="D4RZP" s MASE (10> =" MI1"IMAGE{11d=" M432"

TVECD ="RZY3":TVE (@) ="PHVYI" 1 TVE (D ="RZ2A1 " TV ="0Z241 "1 TYE (SH="0Z42"
TYSCED»="S, C.":SLE22=" AS3A! ...... MILE" ) :

SLEC4d =" RASIAZ - OUT fMIN D.v.M, )"'QL$(9)=“ AS4] ..... MILE"

IF T=9 THEN 2490 . . : .

SLECD=" ASEA1 -~ DUT <MIN. D.V.M. “1SLE P =" uBHE ceewa MILE"

TYE (D ="RFZA2":60TO 2490 . o ' ' o :

MASE YA ="QZIR"IMARGE (TY="G21R":MAGE ‘&> ="C4R1A" :MAGE (F>="R4R1E"

MARE (2 ="RN4BEA" 1 MAGE (S ="C4EZE" tMASE 1 0D =" ML "2 MAGEL1D=": M4

TVE L= Q2% i TYR (22 ="RE3R1 "I TVE (D> ="RZ41" _T\$k4}-'0&48"'T”£lq5—"FIL PIS"
TYFCE)="SCALE":SLEC32=" AS2A1 ..... MILS" e ,

SLEC4I =" ASIA2 - OUT MIMN. D.V.MDUSSLECDO=" R34} ...,.,NILS“3

IF T=11 2O0TDS490 . . '
TVE2)="RZ2A2":SLE 32 =" ASZAL - DUT MIN. D.Y. .M

SLECAY =" AZSAZ cee.. MILE":50TO 2490

MASE(AY="RIIAR" I MRSE (S >-“Q”1E"MHC?fﬁ)—"ﬂ4lIH“'Mﬂrit?\-'n4P1F“~
MHhit*)—“w4PDP"'NHGTfﬂ)*"ﬁ4PEB”'MHh£flﬁﬁ" M3 MAGE L 1= MAT"

TYE I ="RZ2VYR" s TYE 2y =" PHV“"'TV?(?3-"DECH1"'TV$f4\- ﬂ_41“'TV$f5?'"Q¢4E" -
TWFR(8d =" ? DL eSLECR="A%3A1 ..se. MILE" _

SLEcq4H=" _Hd - OuT tNIN. D. h M) SLECTY=" H?41 eveas NILS“

IF T=12 hDTD:43ﬂ :

TVE 2 =" ﬁZ?H“"'aLit#)-" ASZAL - OUT <MIN. D.h.ﬂ.)"

SLECIY=" AS2AS ..... MILEZ": BOTO 2430 S : : :

MRSE (2 ="DSRIAY I MAGE (S = 'nqﬂir“-rvst1>- REVSAT I TVRE ) ="R2TAL1 "
ZLECRO="ASVIA ....a MILEST

IF T=14 THEH TJ$f°5"IP CAM. "

c0 TO Z430

NHhif47- MCIR":R0OTO 8440

MARE (4 ="DSE1R" :MARE (S =" Eif“'TV$(1\~"ﬁ_qu“'IF T=1& THEH °4H0
Mﬂﬁ?tﬁv—"mEJBI"-MHh!(r)-"‘DL."

FEM

FEM TNITIRTE FRE~PLIM SHEET FPRINTOUT

FEM

PRINT" “:DOPEN 4sd4s120MD 4

PRINT#4s"FUN DATE .veseces TIME Liiiee 2EMPT R Jeoeevnroasd

FRINT#3« "FER INT cceecncen "sPRINTH4s " o

FRIMT#4s" "SE3" MEY. "SEERMECLOS” TIE8T + .”§”CHVE "'CV$¢T3~

PRIMNT:4, ™ SIWFSESTED CYC REFcaceecaeas”

F’F‘INT:=4' .----.-----...-.-on-o.-.--u-.--t---o---.--.--..---o-uo---..ol.-".;
pF‘Ir'{T::“! " s e s csessnancsescEwRIeNN e PRINT=.4 .o

BOILUE 4250

FRINT#d«"MRAIR" T

PRIMTa4." HNP“'3Tﬂ£(861"<LITQ"'PPINT sdy "

MABE (1Y ="RI1AIMRGE (@) ="OI1E" IMAGE (R>="ME ~
TLE =" A COLL-® POS..ce.e WIDeoaos”

LR =" ¥ COLL TOF«e... POT....."
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2514

‘2E1S

ee1i
2620
2630
ced
2550
cee0
a7 o
2680
2690
27 o0
£710
2rva0
2720
a2van
2750
eren
erva
278N
27N
22800
c&10
cRen
SRTN

240
2850
2250
287N
2820

C£8]0

2200

esin

c2szn
2924
2925
EREE
S9N

LT L i
SO o

Y SN Y < JY v ICY I« IR

a0
Lo}

oin
30210
3020
040
30350
20D
207N
2020
2090
3100
3110
3120
2130
2140
3150

L3 L3 F) Fu 0 R Ry oD

2160

2170

FEM '
FEM SCALE AND FFINT OUT MASMNET CURRENTS AND HMR FREGUENCY

PEM

FOR J= lTnll'TS-fENf(—1>“J) - ‘

IF LEFT%(F%:I)-"Y' AND J=6 THEM GOSUE 4410

CLIR= (ERHO/ST78., 9229882 ¢IR(T, 0~

IF T2 OR J<& DP CUR<125 THEN 2680

EME=RRHO-45 _

CLR=3120,9-1007.2 opnp+1e1 s i #EME~2~6. 4*1QoBMBA°+ 18?“811¢BMB*4

IF T=& AND 37 THEN CUR=ZeReCUR-ZL)

IF J<>3 OR T>1u THEN 2720

CUR=-25, 69431 .91 ¢ClR~4, 55 07+CUR 2+, € (71 oCURN3—, 03971ocupﬂ4+ 0009 SeCURAS
IF ¢T=1S OR T=153 AND J=3 THEN CUR=-CUR :

IF T=19 AND J=7 THEN GO3UB 4370

CUR=. 1+ (INT (1 0+CUR+, 50D

IF CUR=0 AND J<3 THEN 2840

IF 38>0 THEN 2210

IF LEFTE(FEs1>="Y" HNB J=3 THEN 2780

PRINT#4s " “'MHbS(J) : _"'CUP;THB(IH)-SL$’(J+1)/23 CDTD 2840
PRINT#4s ™ “iMAGE (DS "'CUR ”'@'“ ;L SSLEC3 -
SOSUR 4350 . C ’ '
FRINT=4,* 25070 2870

IF LEFTEFSe 12="Y" AND J=5 THEN 2838

PRINT#4sMARK (D" . "sCUR:GOTO 2841

PRINT#4sMRGE D" CUSCURST . "IQRI V"

IF T<»& DR J<7 THEN 2870 ' .

IF ABS(CURM <286 THEN 2870 C

PRINT#4s“RUART CURRENT TOO HI FOR P/S!!!!!"

NEXT J

IF T<% OF T>14 THEN 2910

HME=ERHO- 18, 779735

PRIMT«4¢" M4l MMR ="SHMRIS" NH . : _ .
PRINT%A;"“:PPINT#4;"f:PPINT 2y M TY CHNEFHQ'5THP~Eﬂ)="?PEPIPL INSTRUCT IONE™

PRINT#4s " “1¥=0
REM
REM FRINT OUT SFECIAL MESSAGES
FEM

FOR »=1TO&
GOIUR 4350 : o
IF T".":I; Cy="" THEN -383 O

IF T=18 AND ¥=3 THEN 3220

IF %2 AMD £T<9 OF T>14> THEM 2210

IF. ¥=1 AND (T<S OF T>14> THEM 3210

IF ¥=g AHD «T=2 DF T>1c> THEN 2810

IF X=2 AMT T>1iD AMD TS THEN 3210

TF i%=2 0OF ¥=4% FAMND LEFTECFE«13="N" THEN 32210

IF X=5 AND T<>% AMD T<*10 AMD T<>132 ANMD T<>14 THEN *:10
FRINT#4s TYE D ¢ et aaee S

IF #=1 FAND T>8 THEN FRINT#42TREC10Y3° DEEPUSS mze" ' :
IF ¥=1 PHD T=2 THEH FRINT#4.TAEC1 M § "DIISCOMMECT M32 DEGRUIZING Fr/8"
IF ¥=2 THEM PRINT#4.TARCL0X 8 "COMMECT MC P.Z. EBEHIND RACK AL1O"
IF ¥=3% THEM PRIMT#4sTREC10§"UTE STRIFPFER FOTL"S ’ ’
IF T=2 OF T=11 OF T=132 THEH 2100 '

IF ¥=2 THEH PRINT#d4s" CLOSEST TO GZzR&E":60TO 2EE0

IF ¥=3 THENMN PRIMT#4." CLOSEST TO QZ2A1"

IF ¥=4 THEN FFINT#4,TRRAIOI"STRIPPER FOIL NERFEET™S

IF =% OF T=11 OF T=12 THEN 2140 : . '

IF ¥=4 THFN PFINT#:4," BIZTA1 MUST PE OUT":50T0O 2820

IF ¥=4 THEN FRINTs4s" DZ3A2 MUIT EE DUT":50TO 3&&0 - .

IF A=5 THEN PRINT:#4«TAF 10> "NOTE FDLAFITY OF FALL 4R QURDS™
IF »=& THEN PRINT#4.TRE(1033 "NOTF LOCRTION OF T¥ RT™S

IF T=9

OF T=11 OF T=12 THEN 2190
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2180
2190
3200
3210
3220

220
2240
3250
2280
3270
3e80
3290

3300

3310
3320
3330
2340
3344
33245
oI T
3350
32R0
3370
23230
3330
2400
‘3404
3405
3405
- 3407
3410
T R420
3430
34410
24510
34&0
3470
3420
3430
500
2510
3520
=530
.-'=4H

1)
n
el
=5 o

ANANAEIARO RN AN NIUR TN DRI TR Y RS Y
EY RN VI 290 190 N1 23 290 29 I35 29> I
R~ Y s RS W O B A 4 R~

QOD2ODODIDLD

IF %= THEN PRINT#ds" G2ZRE,
IF #=f THEN FRINT#4s" GZIAle

sOT0 Z2&2n

PRIMT: W« TYE LX) 9 ™

NEXWT ¥

IF T=15 OF T=16 OR T=18 THEN PRINT#4,TAR(30)$ “CONNECT MC P.S.

NDT ﬂc?ﬁl"‘GDTU ’220
NOT 9Z=2

Az"

"PEHIND*

IF T=1% DOF T=14 UP T=18 THEN FPIHT$4’TRB(?435"PRCK A10 AND IN CRVE 5"
IF E/Q=<5S THEN '

PRINT: 44THP¢QO)-

G070 2300

PRINT#4« TRBLZ0

0

U‘E T.

C. 14 UNBALANCE" : ' . . )
IFL=SORL=R0RL=7FORL= qDF‘L"IGUF’L IPDPL cEDPL'E4DPL—d DRL=EGURL=18 THEN 3290

§ “USE NITROGEN FUP AUX,

ARC SUPPORT GRS“" -~ . |

FOR J=1TOS:PRINT#4s " " :NEXT J:CLOSE 4:50T0 3350

PRIM
BETSR:IF
S$=l' "

303UEF20
REM '

~

""IFRINT"CONMECT FET TO PRINTERs THEN TYFE ANY kEV“ x
SE=""THEN 3320 :

REM EEGIN CALCULRTION OF RPESOMANCE TRPLE

REM

FRINT""IFRINT"TYPE
OPEN 4,401

RS=0ES=E

IF LEFTE(FEs1a="%"
R=HeB /ALY sFRINT:4s"
FRINT#4,E3" MEY “FEEAMECLIFQF"+

REM

T

To TERMINHTE THE RES.

TARLE AT ANMY TIME."

THEN EBFHO=TERHO ' ‘
RESOMANCE THBLE FOR™ 3.

\NHS?*“'H\L)i" AMLD ~

REM CALCULATE RND PRINT DUT PETDHHNFE MIDTH -

FEM

(341 0=-3420)

REM
FhiHM=
PPINT#4:"

PRIMNT#4s """ tPRIMT#4

FRETMT#S,
L=0
L=L+1:H=1
G=0
P=0+1

IF AdL>=0 THEH 4050

U=1l=cHeD ALY /R

SET T8

IF T¥="T" THEN CLOZE 4:T§="

IOINT(I00000F0ﬂf(700HOE))

HFPPDF ACHIEYHELE PE? UIITH-"FMHNi" KHZ FMHM“

I0n

TF REZ .02 THEN 2990

B0TO4310

F

CHG

‘DELTR F
ST"sPRINT#4," "

HARM ENERIBY"S

F= Hoy¢¢r1-f1+E/fH#L)owm—ﬁ¢ME3\*—83“ =
NZ=F~FStDIF=RRT DT> 1 IZ=
F=, ﬂﬁﬂﬂﬁlOQIHTfjUOHUHUQFf.S)) IF DFs.DOUOlTHENE*-D

b=, 05

IF L*42ANDL<S

IFDF>DDTHEMZSS0
IF F<10 THEN PRPINT#4."
FoINTA100NO00eFY > 71000000

FM=F

PRINT#4.F3
IF F=INT(F»

F=1NeF:IF
F=10eF: IF
F=10eF: IF
F=10eF: IF
F=10eF:IF
F=10eF:1F
PRIMTs4. "

F=IMT (F)
F=INT ¢F)
F=INT ¢F)
F=INT (F>
F=INT (F)
MHZ "3

THFN
THEN
THENM
THEN
THEN
THEN

NI INTCLO0GND0SDIY IE=

$IF (MRS <2.1 THEN TiD=, 1
DANDES 1 THEMZ2390

THEN PRINT#4."
F=INT ¢F).

PRINT:d4"
FRINTo4, "
PRINT:4s "

PRIMT#4," .

PRINT244"
PRIMT=4,"

1¢fINT(Iﬂ¢E+-5))

MHZ"§ 1 0TD 3730
MH7""hUTE 3730
MHZ"S:60TO 27320
MHZ"§:50TD 3730
MBZ" 33070 2720
MHBZ” 3 ::0TO 2720
_NH“"'hDTD 37320
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- 373n

3740

37350

: 3?6ﬂ

O3 L

23890

o
<

OF G G €0 G G €0 G i) LY Q) (o
Y IR R RN Y S VY S S IS VY R
W N T A bl M=

IO oo

0 0

T 3930
4000

4010

4020
4020
4040
40540
4060
070
4nsn
40324
4025
4058
4030
4100
3110
4120
4130
4140
4150
4160
4170
4120
4190
S20N0
qe1n
4c20
4220
4740
4250
d2en
4270

"REM

F=FM

PRINT#44" 3

IF ABS(DZ) <100 THEN PPINT#4s" “3
IF RESCDZ2) <10 THEN PRINT#4+" "3

- IF DZ=0 THEN 3790

IF ABS(DZY <1 THEMN PRINT#4." “3§

PRIMT#4«DZs

DZ=LINT CIQO0eDZ2> 71000

D2ZM=nz .

IF DI2=INT <D THEN PRINT#4." KHZ “3:00TD 2870

0 DZ=10e02: IF DZ=INT(DZ> THEN PRINT#4," kKHZ “§:3070 IPO

[Z=10eDZ: IF DZ=INT¢DZ> THEN PRINTs#4." KHZ  *;:G6070 2570
DZ=10+DZ: IF DEZ=INT<DZ» THEN PRINT®#4s" KHZ  “3:G0TO0 3870
PRINT#4s" KHZ 3 ' :
DZ=DZM

PRINT#4s "H="3H}" "3

IF E<100 THEN FRINT#4." "%

IF F<10 THEN PRINT®4," “3

FRINT#4,E}

IF E=INTYE> THEN PRINT#4," “}

PRINT#4s" MEV "5

FRINT#4s BERME (LD 3 -

FOR 1=1T012:IF LEN<EEAME L)Y <<15-5 THEN FRINT#4s " 3

HEXT I

IF <10 THEM PRINT#4s" "%

FRINT#4s" "§05"+ -

FEM v - :
REM PLACE LIMITS ON H ANT 2 FOR PESDNANCE TRELE

H=H+2: TFH>3 THEN4OZ0
IFR>1LOTHENSQS Q- - .
FO0T03S00 ‘
H=1:IF2Y 1 OTHENS D40

IF G<Z¢L> THEHW 2420

IF L= 4: THEM FRIMT#3.""
IF LS8 THEM 2460
CLOTES .
L=L3: =03 F=FI: E=ES: H=HT
BOTDSEO
FEM
FEM EESIH CALCULATION OF BEAM EMERGY
FEM
FRINT"“iFRINT' IEHM EMNERGY TO EBE 'HLFULHTED FFDM'"‘PPIHT“
FRINT" 1 CYCLOTROM FF FREGUEHNCY
FRINT" 2 M41 NMR FRERUEHCY™
FRINT® 32 ERHO“:PRIMNT" -
FRINT“TYFE 1+ 2+ OF 3..."
INFUT 8
GOSUE TEn o \
BH J 50TO 417043204250
FRIMT"ENTER FF FREGQLIEMCY IN MHZ":PRINT™

IHPUT F
FEIHT® “:FRIMT"EMERGY <MEY) ="}

ALY eYH=BeMEY # /(= F o CHOYZII "85 A, 515
FRINTE:3DTO =3n
FRINT"TYFF NNF FREQUENCY IM MHZ“:PRINT"

ITMNFIT MMRIPRINT® .

EFHD=12, 773756 eMMF
GOTO 90
FRINT"EFHD="3 TRF ¢ IEFHO+" KG~-IN":PRINT""

INFLUT DD vOU WIZH TQ IFECIFY A MEW ERPHD (Y/MN}"3GSE
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4220
4230
4300
4210
4320
4230
4240
4344
434%
4345
4250
4350
4354
4345
4366
4367
4370
4380
4330
4400
4410
4414
4415
4418

T 44240

4430
4440

IF LEFTE<GEs 12="N" THEN 4210

FRINT“TYPE ERHO IN KG6-IN":PRINT® -

INPUT BFHO

A=A
E—((ﬁ’VN—UONF)“E+fﬂ¢IPHU/ZZ)“2)“.5-(HOVM—GOME)
IF FL=SORFL= oTHENuJSB

PRINT"ENERGBY (MEV) = ,E'PPINT“ " 070 S30

FEM
FEM SUERDUTIME TO DELRY FROGRAM EXECLITION
RPEM

FOr I= ITDIUUU'NEXT 1

FETURN

REM

FEM SUEROUTINE TO CRLCULATE EETA RND FHNHH: RMHD
REM FRECESSION MAGMNET

TO SCALE CURRENT IN SPIN

REM
CHNMR-(E+R(L)¢VM)/(R(L)OVN)
EETA=SER ¢ (GRMMAAZ=1) /GAMMA2)
CUP=EETR*IR(1657)~.11754912
PETURN

TERHO=ERHO -

REM : .
FEM SUEROUTINE TD CALCULATE ERHO

PEM

EFHO=Z26 (E+E+2+ (A (L> $VH-OR+NE> +E> ~. S/GR
RETURN

END
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APPENDIX A.2.b.: Symbols:Used in PRE

A(56) . Precise values for atomic masses as read in by
Master.
AA . Used in line 1170 to convert precise mass A into

nearest integer mass M.

BEAM § . Identifies ionic species. Note that ALPHAS is an
jdentifier for helium-4 both in a 2+ charge state
and (inappropriately) a 1+ charge state.

BETA - B =v/c = velocity of ion/speed of 1light
~BMB . BMB = magnetic field in kilo Gauss in the bending

magnet MB. Assumes p = 45" for bending to cave 0.
(1ine 2660) in calculation of currents > 125 Amps.

BRHO . Magnetic rigidity in kG - in.
c . Used in Tines 1770 and 1810 to enumerate 19 sets of
cave optics.
CUR . Current in amps in magnet under considgratioh.
+  In the case of magnets whfch operate in a non;Iihear

region (e.g. MS, MB) CUR is temporarily equal to the
magnetic field and later converted (using polynomial
functions) to a current in amps (e.g. lines 2670,
2700). : \

cv sy . Identifies the cave or target area including the
choice of optics solutions where appropriate e.g. hi
transmission vs. hi resolution.

. 19 sets of beam line opticé are identified in Tlines
220-280.
DD . DD = .05 or 0.1 MHz for heavy and light ions
respecively.

DD is used to place a limit on the range of
frequencies included in the resonance table.

. See line 3580.
DF . DF = Absolute value of DZ (see DZ).
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DZ

DZM

ES

F 38

FL
FM
FS

FWHM

6§
GAMMA

HI

Defined in Tine 3560 to be the difference in MHz
between the frequency of the test ion minus the

frequency of the requested ion in generating the
resonance table. =

Used in lines 3810 and 3870 to save and subsequently
retrieve the value of DZ to permit formatting
manipulations (3830-3850) of DZ.

Kinetic enefgy of ion in MeV.

A Variable used to save and subsequently retrieve

_the value of E while E is used in various search
loops.

RF frequency.

~ Used in 1930, 1960 to input "yes/no" answers from

keyboard.

Flag which specifies which of the 6 user options has

~ been selected: BRHO, FREQUENCY, PRE-RUN, ENERGY,

RES. TABLE, CYC. SETTINGS.

Used in 3630 and 3730 to save and subsequently
retrieve the value of F to permit manipulation on F
for formatting purposes.

‘A variable used to save and subsequently retrieve

the value of F while F is used in various search
loops.

Calculated in line 3410 as the full width at half
max. of the beam resonance,

Used to input "yes/no" answers from keyboard.

total relativistic energy (1ine 4370)

Y =
‘ rest mass energy

Used only in the calculation of 8 = v/c

harmonic number.

Used to determine whether high-resolution (HI = 1)
or high transmission (HI = 2) beam optics is desired
in caves 4A, B, C. '

See lines 1850-1870.
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HS

IR(19, 11)

LS

M
MAG § (11)

ME
NMR

PP

Used to save and subsequently retrieve the value of
H while H is used in various search loops.

General pufpose indexing variable.

This matrix stores currents for up to 11 beam line
magnets and 19 different beam line optics

See 1ines 320-510 and Table 3.

For I (T, J) J # 3, currents stored are those
required for a 104 Mev 1604+ peam,

For I (T,3), the values stored do NOT represent
currents, but rather magnetic field values in KG in
the switching magnet.

Parameters stored in this matrix were scaled from
magnet settings associated with a previous run
having high transmission and/or good beam quality.
General purpdse indexing variable

In the loop from 2620-2870, J is used to index the
various magnets along the beam line.

Identifies the requested ion species (line 1050).

Saves and subsequently retrieves the value of L

- while L is being used in various search loops.

Mass (amu) rounded to nearest integer.

Used to assign magnet name or labels up to a max. of
11 magnets per beam line, e. g. "QSI1A",

Electron rest mass = 0.511006

Frequency in MHz from the NMR probe used to measure
the magnetic. field of the analyzing magnet (M4l).

Used in lines 210, 290 and 300 to avoid
redimensioning arrays, re-loading data, and
re-asking the user the same question on the screen.

Its use is necessary because of the overlay between
MASTER AND PRE.

Charge state.
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QR
QS

QT

S ¥
SL $ (6)

SS

T8
TBRHO
TC

TT

TV § (6)

VM

Used in Tine 1980 to input final charge stae of ion
after it emerges from a stripper foil in cave 3.

Used to save and subsequent]y retrieve the value of
Q while Q is used in various search loops.

Calculated in 11ne 1230 as the Towest charge state
possible for K = 160 = 1,

Defined in line 3390 as the ratio of H Q/A for the
requested ion,

Also used in IR matrix to index the magnet number.

Dummy variable used in Tine 1730 to delay program
execution pending keyboard entry.

Used to encode descriptors of slits (e.g. "ASV5A")
and information related to slit widths etc.

Defined in line 2620 as = 1 to assist in formatting
tasks

Used to index the 19 beam line optics cases selected

~at line 1820. (T is for target).

Used in lines 3350, 3510, 2520 to terminate
resonance table without crashing the program.

Used to save and retrieve BRH(Q

TC is set =1 at 1ine 610 to indicate when MASTER
has been re-accessed from PRE,

Used in lines 2010 and 2030 to Sp]it up a branch
statement which would otherwise be too long.

TT = T-10

Used to identify objects which require that TV
cameras be set up.

Defined in 1ine 3500 and used in line 3530 to
provide a quick elimination of candidates for the
resonance table without having to go through the

- more time-consuming part of the program from line

3540 to 3980.
VM = 931.478 MeV/amu from MASTER Tine 120.
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Indexing Variable.
“"Cox's constant" = 48.6160 from MASTER 1ine 120.

Atomic number (Z) of the beam (lines 300-430 of
MASTER).

Proportionality constant in ca1cu1ating BRHO 1in
KG-‘in-

77 = 1.3132653 from MASTER Tine 120.
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APPENDIX A.3: Polynomial Fits

Many times throughout these programs,'po1ynom1a1 fitting
routines have been used for empirical calculations or estimates of one
quantity in terms of another. The functional form is thus

N
y = > anxn
n=0

Examples where this has been used are summarized in Table 1 below:

Table 1
Application oy X
Resonance pane]s' v DVM setting “frequency
Main magnet current BRHO
Switching Magnet (MS) current magnetic field
Bending Magnet (MB) current magnetic field
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the program where they are used (MASTER or PRE).

Table 2

an

Table 2 summarizes the coefficients ap for each of these applications and the Tine number in

Resonance
panels
(1ines 3060-3070)

Main magnet
Current
(1ines 3180-3190)

MS
Current
(1ine 2700 PRE)

MB
Current
(Tine 2670 PRE)

~N O U W N

+3.45445588 x 103
-2.58812 x 103
+7.88200521 x 102
~1.27762457 x 102
+1.20524011 x 101
-6.65679489 x 10-1
+2.,00027251 x 10-2
-2.52851401 x 10-4

+2.67 x 10-2
+1.0070

+2.260 x 10-2
-1.51574 x 10-4

~ +5.18654 x 107

-9.624233 x 10-10
+9.188321 x 10-13

-3.36763141 x 10-16

-2.569 x 101
+3.191 x 10!
-4.5607
+6.071 x 10-1
-3.871 x 10-2
+9.859 x 10-4

3.1809 x 103
-1.0072 x 103
+1.2165 x 102
-6.4319
1.279811 x 10-1
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Table 3 summarizes experimental data used to fit the I vs. B curve of
the bending magnet MB.

bending radius RHO = 45 inches is assumed.

approximation is used.)

It is used for currents I > 125 amps where a
(Below this current a linear

Table 3

BRHO B I
DATE BEAM (kG-1inch) (kG) (Amps)
11/9/78 60 MeV 4He2* 440.912 9.798 120
11/10/78 40 MeV 1803+ 507.257 11.272 138
2/27/79 95 Mev . 15N4+ 535.807 11.907 149
3/27/79 87 MeV 1804+ 561.456 12.477 161
2/8/79 50 MeV 1803+ 567.215 12.605 162.5
3/28/79 99 MeV 1804+ 599.034 13.312 175
11/5/78 111 mev  18¢4+ 634.413 14.098 192
3/7179 116 Mev 1804+ 648.593 14.413 200.1
3/18/79 122 MeV 18p4+ 665.215 14.783 210
11/19/78 105 MeV 12¢3+ 672.211 14.938 212




Table 4 Tists the input data used to fit the main magnet current to
BRHO and the predicted currents calculated using the coefficients listed
in Table 2. The error current, I(RUN) - I(CALC), is plotted against main
magnet current in Fig. 4 of the main text. ~

Table 4: Main Magnet Fitting Data

BRHO ‘ I(RUN) I(CALC) I(RUN)-I(CALC)
(kG—1inch) (Amps) (Amps) : {Amps)
0 ' 0 0.03 . -0.03
189.03 444 443.1 0.9
221.39 520 519.5 0.5
228.47 535 536.0 -1.0
257.05 606 602.2 3.8
288.99 681 676.5 4.5
363.72 861 857.4 3.7
386.16 : 910 915.4 -5.4
407.59 977 973.2 3.8
572.18 1638 1630.4 7.6
600.88 1830 1828.8 1.2
331.74 778 778.2 -0.2
381.61 897 903.4 -6.4
402.33 : 1962 . 958.8 3.2
440.86 - 1063 1069.5 -6.5
459,22 1129 1127.3 1.7
541.19 : 1450 1456.6 -6.6
574.78 ‘ 1646 1646.7 -0.7
598.96 1829 1814.2 14.8
626.05 . 2014 2040.0 -26.0
139.12 322 319.9 2.1
170.93 | 396 399.3 -3.3
241.27 - - 561 565.7 -4.7
577.01 1659 1661.0 -2.0
620.34 199 1988.6 7.4
486.62 : - 1221 : 1222.1 -1.1
525.68 1399 1382.1 16.9
522.58 1367 1368.0 -1.0
577.15 1641 1661.9 -20.9
552.44 1524 1515.5 8.5
569.58 1605 1614.3 -9.3
634.48 - 2125 2119.8 5.2
665.60 2474 2459.5 14,5
671.50 - 2515.5 2532.7 -17.2
643.90 . 2224 2214.9 9.1
673.4 2560 2556.9 3.1
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APPENDIX A.4: Trim Coil Programs and Use

Below are listed four programs which can be used to manipulate the
trim coil solutions which are stored on disk. They are called WRITE,
LWRITE, READ and LREAD.

Program WRITE will perm1t the user to copy onto disk a trim coil
solution for any given beam. Each trim coil solution is thus stored with
its own file name., Because of a limit on the number of file names the PET
can put on one disk, it is necessary to have several disks to store all of
the trim coil solutions using this program. However, it is possible using
WRITE to change or correct the trim coil currents for one particular beam.

Program LWRITE will read trim coil solutions from the disk generated
with WRITE and concatenate all the trim coil solutions having constant Q/A
onto a new disk. A1l trim coil solutions lying on the same line (of
constant Q/A) are now stored under one file name, and all trim coil
so]ut1ons are stored on one disk.

Programs READ and LREAD perform the analogous functions to WRITE and
LWRITE. Program READ is used at line 4535 of MASTER to fetch individual
trim coil solutions from the disk files created by LWRITE. Program LREAD
is useful in generating Tists of trim coil solutions such as can be found
in Appendix A4dd. :
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A.4.a.: Listing of WRITE, LWRITE

b
1o
15
an
=0
40
S
&
T
V1
=0
30
100
107
1140
1=
1=0
140
145
150
150
1400
1111
10z
103
104
105
FERD

EM WMRITE 07-29-20
FRIMT"INITIRLIZING DIZK"”
DIM TROLTF

OFFH 1545415
FRIMT#1S."I1"

SOZUER 1000

CRE=CHRE 130

FRIMT"WRITE TEZT FILE"
IMPUT "MAME OF FILE"SF%

IMFUT “T1E THE FILE TO COMTRIM ALL U}S?inH?"

FLE="312 "+F%
OFFEM 2SS 2sFLE+" s To li”
BOUE 1000

FOrR I=1T017

dIF LEFTR 2«10 ="%" THEN TR:IN=0:50T0 130
FEIMNT"":FRIMT"AMFT FOR TRIM COIL #"s1
IMFUT TRECI)

FRIMT#ZsZTRECTR CIDYCRES

HEXTI

PRIMT#Zs "EMD™

CLOXE 2

GOTO 40 :

O THPUTH#IS«EMHEEMESETEEZS

0 IF EME="00" THEM FETURM

0 FRIMT"ERROR OH DISK"™

0 FRIMNT EMESETESEZS

0 CLOZE 2

0 EMD
Y.
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T REM LWRITE na-27-80
10 FRINT"INITIALIZING DIsk®

15

20

DIM TRYSN 172
OFEN 1S+2+15

30 PRINT#1S"I1L" .

41 PRINT" “:PRINT"THE FUMCTION DOF THIS PROGRAM IS TO COPY IMDIVIDUAL FILE="S
42 PRIMT" COMTRINING TRIM COIL IOLUTIONS ON A GIYEN LINE DNTO 0OME FILE"S
432 PRINT" WHICH HOLDE® ALL THE TOLUTIONT FOR THE ENTIRE LIME. IF YOI} WIZH"S

PRINT” TO CORRECT AN INDIVIDUAL SOLUTIOMsDO 30 WITH PROGRAM “WRITE- AND"S

45 PRINT" THEN USE THIS FPROGFAM. “LWRITE s TO INCORPORATE THE CHRMGE™?
45 PRINT" INTO THE MRITER FILE."
42 OSUR 1000

o 00 T e T D D

O 03 =) =g =]~ =) mf g =) T T

CRE=CHFPE (12D
FRIMT""
FPi=P

INFUT “"LINE NUMBER ¢10,20+,ETC.» TO BE REWRITTEN"3P
IF PS=P THEN 105

PRINT™ ™

IHPUT "HOW MANY SOLUTIONS ON THIS LINE"INS
PRINT® “:FRINT"I'M REWRITINGs PLERTE BE PRTIEMT."

FOR =1 TO N%
Hli=.01e)SN=F+H.}

EHE=3TRE (SN ’
IF LEFTERFIGHTE (SMEs2D 2 10="." THEM SME=SMHE+"0"

FE="N3"+IMNE
> DPEN 2e8s2eFE+"sSoR"

SOEUR 1000

> FOR I=1 7O 17

v L L
q Do ) R OO (R )

160
100
101
102
103
104
105
REAT

INFUT#2s TR ID
pE=aT
SO0ZUER 1000

IF 5=64 THEMN CLOIE Z:END

IF RE<>0 THEN PRINT"ERD DISK STATUS IZ"SRS:CLOZE 2:END
MEXT I

CLOZE &

MHEXT .

FRINT“PUT IMN DIZK TO BE USEDs THEN TYPE RANY KEY. "
GET WEIIF WE="" THEN 1058

Iig=""

PRINT#1Ss" 11"

R0EUB 1000

PE=STRBPY>:PLE="31: LINE"+FP$

OPEN Z2+892sPLE+" s So 4"

GOEUER 1000

FOR Jd=1TONS

FOR I=1TO17

FRINT#2+s ZTREC(TR CIs IDYCRES

0 HEXT 1

NEXT .}

PRINT#2s "END"

CLOSE & ‘
PRINT"":PRINT"LINE"$P$ "HAS NOW BEEN REWRITTEN.®
=070 48

0 INPUT#1SsENS+EMBIETSSESS

0 IF EM$="00" THEN RETUEN

O PRINT"ERROR ON DISK"

0 PRINT EMS,ETS,ESS

0 CLOIE 2

1 END

Y.
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A.4.b.: Listing of READ, LREAD

S FEM FERD N7-29-20
10 PRINT"IMITIALIZE DISkK™
15 DIM TRO12) yA% (12D
S0 OFEN 15+2+15
20 PRIMT#1S5."11"

1an PRINT"READ TEET FILE":50TO 110
105 FPRIMT" ":FRINT"RERD TE:T FILE"

110 IMPUT "WHICH FILE"SF%
120 FLE="12 "+F$%

130 OFEM S+B3eEsPLE+"sSaR"
140 SOZUER 1000

150 I=1

155 FRIMT" "

120 INPUT#2sTRCDD

176 RFE=3T

120 GOEUE 1000

125 IF INTCI-100=0 THEN PRINT™ "%
120 PRIMTIS"™ "STRCID

200 IF Z=64 THEN 200

210 IF RIZ<>0 THEN 400

Zen I=I+1

30 IF I<12 THEM 180

=40 CLDZE 2

=SS0 c07T0 105

ann CLOZE 2

210 EMD

400 PRINT"ERD DISkK STRTUS IZ"sRE
410 CLOZE 2

420 END

1000 IMPUT#1SEMEsEMEETEES
1010 IF EME="00" THEM FETLEM
1020 PRINTYERFOFP ON DIZK"

1020 PRIMY EMESENSETS-ESS

1040 CLOEE 2

1050 END
FERDY.
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S FE
10 F
15 It
20 0
20 P
100
105
107
1in
111
113
115
117
120
120
140
142
145
150
150
170

00 13

DR I B SO

O NI I O R e o S S
C =2 | R =R kI X s X )
P ]

O D DD DD

+ L
D
oo

420
1000
1010
1020
10320
1040
1050
FREARDY

M LEERD OS-27-80
FINT"INITIRLIZING DIZK"

IM TRESD 172

FEM 15+R8+15

RINT#1S."1I1"

FRINT"RERD TEST FILE”:G0TO 110
FRINT" ":PRINT"RERD TE:T FILE"
PE=F133=3N

IMPLIT "WHICH FILE"SP

L=IMT /P>

LE=3TF$ L) ’

EH=INT (1 00e cP-Lo+,5) '
IF INTPEY=INT(P>»RND EN<=3F THEMN 1375
PLE="1: LINE"+L¥%

PEN S+8+2sPLE+"sZeR"”

BOSUR 1000

PRINT" “:PRINT"RERDING FFROM DIZK"
FOR J=1TO=N

FOR I=1TO1V

IHFLIT#2« TR 4s 1D

RE=3T

ROZUE 1000

MERT I

MEXT J
CLOZE &

FRINT" "sPRIMT"TRIM COILSs INDEX #"iP:FRIMNT"

FOR I=17017

IF IMT<I-100=0 THEM PRINT" "3§
PRINTIS" "STRCSHe I

IF Z=64 THEN 200

IF RZ<>0 THEM 400 .
MEXT 1
070 105
CLOZE 2
EMD
PRINT"EAD DIZK ETATUZ IZ"sRS
CLOZE 2
EMD _
IHPUT#1SeEMESEMEETEEZE

IF EM¥="00" THEM RETLEN
FRINT"EFFDR OM DIZK"

PRINT EMESEMEETEESS
CLOZE 2

EMD
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APPENDIX A.4.c.: Index of Grid Trim Coil Solutions

The quantities listed in the following table are those required
to select a trim coil solution for any first or third harmonic beam.
A negative entry for E/A signifies the start of a constant Q/A line
with a 1i?e number ending in 5 (e.g., index number 105.01, Q/A = .385,
E/A = -20).

Protons
N DX QA EA DEA = (E1-E0)/E0
TOL N INDEXS a-a E-f ENERGY RANGE-ENERGY
1 10.01 1 7 s
2 10,02 1 10 . 324
3 10,03 1 15 © w175
4 10, 09 1 17.5 . 136
5 10,05 1 zo L1068
3 10,05 1 ze.9 . 05
7 10.07 1 25 .07
3 10,08 1 27.5 . 059
o 10, 0% 1 30 ., 05
10 10.1 1 22.5 . . 042
11 10,11 1 35 .07
12 10.12 1 3R . 025
13 ‘ 10,132 1 38 . 032
14 10.14 1 40 . 029
15 10,15 1 42 . 025
1€ 10,16 1 44 . 025
17 10.17 1 45 . 023
15 10.18 1 47 . 021
19 10,19 1 4% .02
20 10,8 1 5 L 019
21 10.21" t 51.5 _ . 018
2& 10,88 1 52 L 017
po] 10,23 1 54 T 016
24 10.24 1 55 .06
25 10,25 1. 55 L 015
26 10.26 1 s7 . 014
27 10,27 1 =12] .014
22 10,258 1 59 L0136
1 &0 L 013

2% 10,29
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2+

He
SOLM: . INDE X3 =2y 2} E’F ENERGY RANGE-ENERGY -

an 0. 01 © JBEBT 3.332 L85
21 20, oz «BBET S P
32 20. 03 6667 6.67 « 45
33 20,04 6567 10 .24
34 20. 0% . BEE7 13.2 .19
35 0. 05 HEET 16.7 L1032
) cn. 07 «BEST 12.2 Q27
ar e, g «BEST 20 Mg P
28 e, 09 « BEET 1.6 . . 05
39 c¢0.1 . BBET 3.3 1
40 en.1i . BBET ] .05
41 20.12 « GRET eh.7 . 042
42 20.12 . BEET 22.3 , 038
43 20.14 BEEY 30 . 034
44 2. 15 . BEET 2.7 .03

S en.l1¢g «EBAT 33.3 ’ . DEe
EI 20,17 «BEET 35 . 025
47 c0.1¢ «BBET 6.7 023
43 en.19 «EBET 27.7 2z
43 go.z T BBET 3% R 1 P
an g0.21 « BRET 40 . 02
=1 en, ze JEBBET 41 019
5 20,22 «BEET 42,3 L0138
bk 20.24 ) «BEET 43,32 017
54 20.8% . BEET 44,3 018
55 20.26 LBEET 45.7¢ L 015
SE 20.27 «BEET 4c.7 014
T 20.28 «6BET 47.7 .014
58 c0.29 “BRETY 42.7 L0132
a3 20.32 . BEET 49,3 013
&0 e0.321 «EBEET S0 LO01EE
&1 en, 22 . GEET o1 012
& e0.33 . 6567 bt 02
3¢ 2. 24 . BEET B2.7 011
hd en.2s JBERT 53,3 011
[3=] .36 « 55T 4.2 . 01
(1) ef, 27 W 6RET 55.32 .0
&7 e,z . BEAT 56 . 01
ae 20,29 « BERET RE.T .01
(5] ct.4 EEET aF. 7 . Q099
rall) 20,41 «BREY S8.7 « 0091
71 . 4g «BRET 59.3 . Que
e e0.42 LEBET &0 . 009
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SOLNs#

73
74
7S
76
77
e
79
80
81
g2
23
24

OO T Y (RS (R I T LY b (S R s (e ]
L B N O e B 1 IR Bt U

XN I 3

[
10
101
10
143
104
105

Z0LHs:

108
107
1oz
1069
110

alphas, deuterons,

INDEXs:

20,01
20, 02
20,03
30.04
20,05
20,06
20,07
30,08
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161 SN, 1e
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12C5

SOLNs INDEXs 2R E-R ENERGY RANGE/ENERGY
178 90. 01 ' 47 6.67 .25
173 an, 02 .417 9.17 C .82
174 90. 02 L417 11.25 107
175 Q0. 04 .417 13,32 . 083
176 90, 05 417 15.41 . 086
177 a0, 06 .417 17. 08 . 056
178 ag. 07 .417 18,75 .. 048
179 90. 08 .417 20,4 . 041
180 a0, 09 Y 21.67 . 036
181 90,1 417 22.9 . 032
182 an, 11 417 24,33 .03
183 90,12 .417 s . 024
184 an, 13 .417 25.63 . 021
185 90. 14 417 26.3 .018

186 90,15 .417 26.8 . 015
187 9016 .417 27.25 L0132
188 an, 17 .417 £7.7 011
129 90,18 417 28125 . 00194

+ +
1054 ’ 208 o

190 100,01 .4 15.5
191 100, 08 .4 17
192 100, 03 .4 12.5
193 100, 04 .4 20
194 100, DS .4 21.2%
195 100, 08 .4 - p2.4
196 100, 07 .4 23.5
197 100, 02 .4 24,25
198 100, 09 .4 2s
199 100.1 .4 25.5

200 100.11 .4 26

+
1305

3O0LNs IMDEw# RR E-R ENERGY RANGE-ENERGY
2m 105. 01 . 385 -20 . 033
zoz 105, 02 . 385 20.8 .03
203 105, 02 . 285 21.% . 025
204 105, 04 . 285 22.3 . 021
205 10S. 05’ . 335 22.1 L017
206 105, 0F . 385 23.7 . 014
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1606+'

9000
sOLNe INDEXs: QA E/A . ENERGY RANGEENERGY
207 110. 01 375 10 104
208 110,02 .375 11,56 . 083
209 110. 032 375 12,3 . 066
210 110,04 ©.275 14.69 . 055
211 110, 05 .375 16.25 . 046
212 110,06 375 . 17.5 . 04
213 110, 07 © 375 18.75 . 032
214 110,08 JBTS 19. 69 . 03
215 110. 09 375 20.5 . 022
216 110.1 .375 21.285% . 018
217 110.11 .375 21.9 . 0146
218 110,12 .375 2e.2 . 0128
219 110,13 .375 22.5 . o011
220 110,14 .37 e2.8 . 0094
ot
14,5 o
SOLMe INDEX: . eeA E/A ENERSY RANGE/ENEFGY
g1 120. 01 .37 14.64 . 045
ez 120, 02 . 357 15.7 . 041
CCE, 120, 02 . .357 15,79 . 035
224 120,04 ¢ 357 17. 86 : . 03
225 120. 05 357 - 1246 . 0235
22k 120, 06 . 357 19.2 . 013
227 120. 07 - 19,56 . 0153
2eg 120, 02 .357 20 . 0145
229 120, 09 . 357 20.4 . 012
230 120.1 .357 20.7 . 01
+
2007
SOLM INDEX# B E/H ENEPSY RRANGE-ENEREY
221 125, 01 .35 -19 018
232 125. 02 .35 19.6 . 014
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642+ 93+ 1204+
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SOLNs INDEX# 2R E-A ENERGY RANGE-ENERGY
233 130, 01 333 1.667 .6
234 130, 02 . 333 3.33 .-
235 130,03 . 333 S .19
238 130, 04 . 333 5.83° : 125
237 130,05 . 333 6.67 ) .25
23g 130, 06 332 8.33 .104
233 120. 07 cicic 10 . 075
240 120. 08 Rcici] 11 . 054
241 130, 0% « 333 12.11 . 054
242 130.1 . 333 13,33 . 0445
243 130.11 . 333 14.2% . 038
244 130,12 «333 15 . . 033
245 130,132 . 333 15.58 . 03
24¢& 130.14 . 333 16.25 . 023
247 130.15 . 333 16.6 C .02
248 130.16 .333 17.85 . 016
249 130,17 : . 333 17.5 : . 014
250 130.12 . 333 17.8 .012
as1 130,19 . 333 18,1 . 0095
252 130,82 . 333 18. 3 L 002

1605+,...

ZOLM# IMDEXs: . (n¥g ] . E~A ENERGY RAMNGE- ENEREY
253 140. M1 «313 11.88 . 0435
254 140, 02 L3123 T1e2.81 . 0327
255 140,02 c B 13,83 115
255 140, 04 #3213 14.4 . 024
257 140, 05 « 313 15 . W01
258 140. 04 .313 15.3 . 0186
259 140,07 313 15.6 014
260 140, 03 . 313 15.9 .0114

7, .2+ -
Li=", 14N4+,,,,

TOLNs TNIE ¥4 oA E-R ENEREY RANGE-ENERGY
261 150,01 . ERE 4,29 ' 211
2ee 1540, o2 «2BE S.71 ]
2673 150, 03 . 286 €. 07 .13
264 156. 04 T W28 7.14 . 025
265 150, 65 . 286 T BE .07
EE 150. 06 286 8.57 o O
EET 150, 07 2l 9.28 . 051
SEE 150, 02 . 286 10 .04z
269 150, 09 «EBE 10.71 . 035
7o 150.1 py=3-1 11.42 .02
271 150,11 C LE8E 11.2 . 026
27e 150,12 286 12.1 D23
b 150,12 =13 12.5 019
P74 150,14 286 12.9 018
gvs 150,15 286 12.1 . 014
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160. 01
160, 02
160, 03
160. 04
160, 05
160. 06
160. 07
160. 08
160. 09
160.1
160.11
160,12
160,13
160. 14
160.15
160,16
160.17
- 180,18

9Be2+, ]804+

INDE ¥

165.01
165. 02
165, 03
165, 04
165, 05
165, 0&
185, 07
165, 02
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INDEX®

170.01
170, 02
170,03
170. 04
170,05
170, 0&
170,07
170. 0
170, 69
170.1

170,11
170,12
170.12
17n.14
170.15
170. 16

4+ 20
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N

95+

®/RA

.25
.25
.25
085
-85
.29
.25
.23
.25
.25
.29
.25
.25
.29
« 25
.23
.25
¥
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2eed
. geee
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22ee
2eee
2eee
2eee
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.214
214
214
.214
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SOLN#

SOLN#
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318
319
2en
321
aee
322
ae4
325
228
3E7
328

AR EAR AR

0 G0 D0 e et Dol ek e Gt D o) e ) D G0

L bbb R
P AN (VICE- RN O RN I SR S R R

OL M3t

345
245
347

PO PRI B R W R R R Rk ) Qs <N
e 2D~ H WMol

G G Qg 0 D e D G G Eer D el O O )

1082+; ]5N3+, 20Ne4+

16

0

40,,.8+

L 96 00
INDEXs - R-A E-A
175, 01 . -4,.82%
175. 02 .2 4.3
175,02 .2 5
175. 04 2 5.325
175.05 2 .6
175. 05 .2 5.8
175.07 .2 6
175. 02 .2 6.2
175.09 2 6.4
175.1 o2 6.5
175.11 2 6.6
3+ 32.6+
s S
INDEXs [0S E-fA
180,01 . 188 ki
120, 02 . 188 .24
180, 03 . 128 2.21
120,04 . . §=1= 2.25
180,05 . 182 S.44
180, 05 . 1R2 3.75
120,07 . 182 4, 0
120, 08 . 188 4.31
180,09 . 188 4,58
120.1 182 4,89
120,11 . 182 4,92
120,18 182 5.185
ig0, 13 . 18& S.31
180,14 182 5.5
120,15 . 188 S.6%
180, 15 . 188 S.21
6, .1+ + 3+
Lil¥, 1202+ 1803+ 24y 4+
INDE»# RS E-R
190. 01 . 167 . B
190, 02 167 833
190,03 167 1
190,04 157 1.35
190, 05 . 167 1.5
190, 06 157 1.86
190,07 AET 2.0%
196, 08 . 167 2.5
190, (3 . 167 £.933
130.1 « 167 3
190,11 L1167 2.259
126,12 . 167 3,46
190,13 . 167 3.667
190,14 AET .89
196,1% . 167 4.1
190,16 . 167 4,25
150,17 . 167 4.41
190,18 . 167 4,53
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. 025
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. 015
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SOLNs INDEKs A E-fA ENERGY RANGE/ENERGY
363 195.01 143 -3.21 . 028

364 195, 02 143 3.36 . 028

160?+’.3254+, 40, 5%

SOLN: INDE 3 LR E~A ENERGY FPANGE~/EMNEREZY
2D 2on. 01 <125 » 937 .34
266 =00, oF L1285 1.2% N =)
RET enu,. 0z 125 1.3 . 03
e 200. 04 125 1. 56 . 0%
2eD 200, 05 125 1.75 « 047
3V0 20, 08 125 1.879 . G41
arl 200, o7 «1e5 1.%c2 <032
3Ve con, o8 125 2.0s . D35
373 c00, 03 125 2.19 . 033
a7e 00,1 . 1285 2.31 N UCH]
270 20n. 11 125 2.44 . 03
=76 200,12 - 125 2.9 . 029
3°7 200,12 - 125 2.5¢ . D2a
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APPENDIX A.4.d.: List of 377 Trim Coil Solutions on the Grid
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1] -135
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1] 1]
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0 1585
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]
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10,23

0
~426
-310
=71
0
=152
0
=136
0
-102
o
-15¢
-0
528
-1552
0
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10.24

-360

-4&0
-314
-80

-159
A
-148
1}
~100

245
=1479
270
=353

20,02
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g0.08 20.09 20.10 20.11 g0.12 20.13 Eﬂf14

b s s s

1 -477 0 -41ie 0 -322& 1] -212
g -256 ] -321 0 =373 1] -4&4
3 =351 0 -3695 0 -329 1] -308

4 0 0 Q [ 1] ¢ -z24

b 0 0 o 1] 0 0 ]

& 0 1] -26 1] ~B2 1] -71

T a 0 1] 1] 0 1] 0

2 o 0 0 0] 0 o -8

9 1] Q 1] a 1] (1} 1]

0 145 1] 117 a &7 1] .28

1 a G 1] 0 ] 1] 1]

Z avs 0 258 n 244 1] 152

2 0 a ] 0 1] a (]

4 645 1] &37 Q 44 (1] 4ce

S -133¢ 0 -1535 0 -1472 0 -1774

16 (] 1] 0 0 1] a 0
T 0 ] 1] ] 0 0 n

20.1% 20,18 20,17 ch. 1% 20.19 e0,. 20 0.1

1 0 =190 1] -z40 1] 0 -1

2 0 -4ve 0 -916 0 O ~531

2 0 -3c4 0 -4 2 a i -417

4 1 -25 N - =51 0 0 -1

s . 0 1] 0 . 0 o 0 0

3 ] -7 0 ~112 .o ] -1

7 ] 0 [\] [ 1] . ] ’ i

= f -54 ] -a7 i . a -124

o a 0 2] I} . ] 0 L0

10 0 =28 0 B! i [ ~-120
it [} 1) 0 0 i} 0 0
12 0 S7 .0 ~147 ] 0 -340
1% 1] : 0 0 o 0 0 0
14 0 217 i 414 [x} 0 17z
15 0 -0 [ = ] 1] -2non
14 1] 1] 0 -328¢8 Q o -950
17 1] o 0 0 0 a Q
ch.&e e2t.g3 20,24 20,25 ge.2é &0, 27 S, &8

1 0 1] 0 0 -157. 0

c 1} ] [} 1} -5 i}

] L0 0 [} ] -4&d i}

4 I} .0 X 0 0 -1 (1}

5 i a 0 ] 0 0 2}

3 0 0 -14% 0 0 -17d 0

T n 0 0 [ ] 0 ]

= 1] ] -1&2 1] G -213 ]

k] 0 0 0 Q : 1] 0 i

10 0 1} ~2ae 1] ] -4 39 0
11 0 0 a n 0 1] ]
1z ] 1] -S98 1] ( -25d Q
13 f 0 ¢ 0 Q i u
14 ] 1] -1%9% 0 1] -&7E 0
15 . 1] 1] -2000 ] 0 -200n ]
16 1] U] -193E 0 0 -z 000 O
17 0 0 0 ] 0 ] i
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20.29 20.30 20.31 20.32 20.33 20.34 20.3%

1 a 0 -193 0 0 0 ~-132
e o 0 -£76 a 0 a =750
i 1] 0 -292 0 0 1} -22e
a 0 0! -107 0 0 0 -171
) [ (] o 0 0 0 0
[ 0 (] -g6l 0 1] 0 -g32
7 0 0 1] 0 i 0 -ges
o ] (] -290 0 Q 0 ~17¢&
Q (] 0 0 o 0 0 ~-325
10 0 0 =580 g ] 1] ~3294
11 0 [ 1] o 1] a =490
1z 0 0 -1262 a 0 0 -1140
13 0 0 0 0 0 o -5
14 0 0 =121 ] ] - -20a00
15 0 0 -2000 o 0 1] -eonn -
1e 0 0 -2500 -0 0 0 - =500
17 1] 0 0 0 o 0 Q
20,38 20,37 20,38 20,39 20.40 20.41 0.4
1 1] ] Q -z 0 a 0
& 0 0 (] -5932 0 o 0
] 1} : 0 B 1 220 0 0 Y]
L) [} [y ¥ -224 ) 0 1
] { 0 0 0 0 G 0
1 i 0 1] =203 0 0 Q
v 0 u 0 -214 0 0 0
2 ] 1] ¢ 240 0 0 i
K] I ] f -4 57 1] i i
10 1] 1 i -471 it 0 1
11 0 o . 0 -775 U] 0 0
12 ] 0 1] ~-FEe 0 X 0
13 0 ) ] i -045 ] i 0
14 o 0 0 =200 0 0 0
15 ] (i} 1 -= 0o [ 0. I}
1€ 0 0 ] 0 0 i
17 1] 1] 1} ‘ 0 a [ o
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0
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APPENDIX B:  Listing of RECORDS

REM
REM_THIS IS THE PROGRAM ‘RECORDS’

REM 09-20-80

4 REM

100 FRINT"“:PRINT""

104 REM .

105 REM INITIALIZE AND DIMENSION PROGRAM PARAMETERS
106 FEM

110 KM=03C=0:D=0

120 INPUT"ENTER THE MOMTH(S> AND YERR"iM$

130 P$="31: "+M§

140 PP$="11 "+M$

150 DIM DEC120>sEC120) »BS (1200 »M(120)

160 DIM Q1200 sNF (120D s CHC1E0Y s NC1200

170 DIM ASCL20 sHCI20) »ACI20>

180 GOTO 2440

1584 REM
185 FEM LOAD DATA EBASE FROM TAPE

186 REM : '

1590 PRINT"REWIND PROGRAM TAPE AND REPLACE WITH":PRINT""
‘200 PRINT" CURRENT DATR TAFE.“:PRINT*“:PRINT"®

210 FRINT"ADVANCE TAFE UNTIL LERDER HAS BEEN":PRINT™"
PRINT" FULLY WOUND ONTOD TAKE~UF REEL.":PRINT""sPRINT""
PRINT"STOF THE TAPE.":PERINT"":PRINT""

FRINT"WHEN READY PRESS “RETURN‘.":PRINT""tPRINT""
BET G%:IF G$="" THEN &S0

ng=""

0 OFEN 1s1s0

I FRINT"LOADING"

FOF.K=1 TO 120

TMEUT#1 0K

IMFUT#1s I €K

INFUTS15E (KD

INFLIT#1 s M kD

0 INPUT#1s B (KD

I50 INPLIT#1, 00K

ZED INPUT#1sCE (KD

370 IMPUT21,N KD

TE0 IMPUT#1. RS 0K

350 INPUTH1s NS (KD

400 IF LEFT$C(DE KD »1>="D" THEN 420

410 KM=k

420 ME®T K

430 K=KM

440 CLOIE 1

450 FRINT"" :

4E0 PRINT"REWIND THE DATR TAPE.":PRINT"":PRINT""

470 FRINT"WHEN READY PRESS “RETURN-, "

420 GET GH:IF G$="" THEN 480

430 EE=""

SO0 GOTO 1080

S10 FRINT®

514 REM
S15 REM UFDRTE THE IATA EASE

516 REM

S20 PRINT"ENTER THE FOLLDWING INFORMATION: "
S0 PRINT™®

B4 K=K+l

ss0 I=r -

SEn GOILE S80

s70 E0TO 500

[N (NS

LruC e B )

-

"

ol g D T D D P D DY P N
I LR I 0 SR B STV 1 ]
e} oD D

P wu }
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574 REM

575 REM SUBRDUTINE TO ENTER DATA _FROM KEYRODARD
576 REM

S80 PRINT"ENTRY NUMBER"SFI

590 PRINT""

200 I8=1

210 INPUT "DRTE"SDSCID

E20 INFUT “ENERGY"SE(I>

£330 INPUT “MASS“SMCID>

€40 INPUT "ION"SBSCID

£50 INPUT "CHRRGE STATE"IQCID

se0 INFUT “"CRAVE"SCS DD

£70 INPUT "NUMBER OF SHIFTS“3NC¢DD

680 Hold=geN(ID

&30 INFUT "AVERAGE INTENSITY"iR$ DD

TO0 INFUT “EXPERIMENTER™SNS (ID

710 FRINT""ePRINT""

T2t I=I%

T30 IF MM=2 THEN 750

© V4R KM=k

7o RETURN

PRINT""

REM -
REM MAKE CORRECTIONS TD DATA BASE

REM

KZ=k

IMPUT " INPUT NUMEBER OF ERRONEOUS ENTRY"§.J

i=1

=)

o 0 =) e T
So oA Lo

=
=

O B B B Bt B B

210 PRINT Fﬁ'klpTHPfJJ-H'k7sTHIlﬁ)sﬂ!\kﬁsTHB(14)9N$tk)
: PRIMT"

0 I=k ’ ‘

240 FRINT"WHEN READY FRESS “RETURNS."sPRINT""

GET ¥:IF G$="" THEN 250 ’

FE="" ’

. GOEUE 520

k=K%

=070 1020

0 PRINT""

FEM
FEM STORE UFDATED DATA EASE ON TRFE
. REM
PRINT"INSERT DATA TAPE INTOD CASSETTE DECK."'PPINT"“

20 PRINT"REWIND THE DATA TAFEs THEN ERASE ARDUT":PRINT""

20 FRIMT™  TEN TURNS THEREQOF. ":PRINT"":PRINT""

0 FRINT"PEWIND TAPE.":PRINT""tPRINT""

FEINT"ADVANCE TAFE UNTIL LERDER HAS BEEN":PRINT""

20 PRINT”  FULLY WOUMND ONTO TRKE-UP REEL.":PRINT™":PRINT""

0 FFINT"AFTEF DNE MDRE TURM, STOP THE TRPE."SPRINT"":PRINT""

20 FRINT"WHEN READY PRESE “RETURN-."

30 GET G¥:IF GE="" THEN 930

1000 g=""

1010 3070 710

1020 FPRINT"™

1024 FEM

1025 REM OFFER SEVEN PROGRAM DFTIONS

1026 REM .

1020 PRINT" SELECT ONE OF THE FOLLOWING DPTIDNS: “tPRINT"":PRINT""
1040 PRINT"1, EXAMINE RECORDS“:PRINT""

1050 PRINT"2. UPDRTE RECORDES":PRINT"®

1060 PRINT“2. CORRECT RECORDS“:PRINT""

1070 PRINT"4, STORE RECORDE DN TAPE":PRINT™"

1020 PRINT"S. ANALYZE RECDRDE“:PRINT™"

1030 PRINT"6. CHECK RECORDE ENTRY“:PRINT™”

1100 PRINT"?. STORE RECORDE ON DISK"SPRINT""

1110 INPUT MM

1120 O MM GOTO 12805510+ 760s 300y 3260y 34805630
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. s s s

o Do el a3 el ek

1150
11&0
1170
1180
1190
1200

otz

1zen
1230
1240
1250
1260
1270
1220
1594

PRINT"" :PRINT" "t PRINT" "
REM —
REM INPUT RANALYSIS PARAMETERS

- REM

IF MM=3 AND NN>1 THEN 1170
INPUT"LOWER ENERGY LIMIT"SEL
INPUT"UPPER ENERGY LIMIT"SEZ
IF MM=S AND NMN>3 THEN 1190
INFUT"MAZS" $M1
INFUT"ION"SEL1S

IF MM=5 AND NN>e THEN 1zen
INPUT"CHARGE STRTE"3Q1

=070 12&0

PRINT""

INFUT "CAVE"SCI1E \
c0TD 1280

PRINT""

INFUT "EXPERIMENTER"3N1S

PRINT""
REM _
REM GENERATE HRRDI-COPY PRINTOUT OF DIATA EASE

- REM

0 KI=K

0 FRINT"CONMECT FET TO PRINTER--":PRINT""
0 FRINT"  THEN PRESE “RETURN-, "tPRINT""

SET G¥:IF G%="" THEN 1320

' DFEN dsds 1:0MD 4

IF MM=% THEN Z0&0

I PRINT#d4s "BERME TUMMARRY FOR "SME
0 PRIMT#4s " "t PRINT#4,""

D PRIMT#4s" IRTE ENERGY MAZE  I0OH.  CHS
0 PRIMT#ds" EXPERIMENTER":PRINT#4,""

&0 FOR k=1 TO K=

26 FEM

1430
1500
1510

1550
1520
1570
1520
1590
1200
1610
1210
18320
16410

IF MM=1 THEN 1750
FEM
FEM DRTA Z0ORT ROUTINE FORP ANALYSIT DPTION

IF MM=5 AND NN>1 THEN 1470

IF ECK> <E1 THEN 2270

IF EckKDd>E2 THEN 2270

IF MM=3 AND NMN>32 THEN 1490

IF Miks <>Mi THEN zevo

IF MM=S5 AND NM>4 THEN 1520

IF LEFTSfBQ'F);l)‘/LEFTS E1%s13 THEN 2270
IF LENCE1$)=1 THEN 1560

IF LENC<RE kD)5 <>LENC<R1$> THEN 2270

IF MILS CESCED 929 1> <>MIDECR182» 1> THEN 2270
IF LEME1§3=c THEN 15£0 )

IF MIDECES k> » 32y 1> <>MIDS (B1$53s 13 THEN 2270
IF MM=5 AND NN:2 THEN 1580

IF kD> <>t THEN 2270

IF MM=5 AND NN:>S THEN 1650

IF MM=5 AND NN<S THEN 1750

IF LEN(CS‘K))(/LEN(CIS) THEN ge70

IF LEFTS(CSCk 51 <SLEFTSCCISy1Y THEN 2270
IF LENC1$>=1 THEN 1750

IF RIGHTSCE kD912 <>RIGHTS<C1%5 17 THEN 2270
070 1750
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1650 IF NiS="e"THEN 1740

1660 IF LENCNS (KYY >LENCNLISY THEN 2270

1670 IF LEFTSNS GOy 1D <>LEFTS(N1S» 1) THEN 2270
1620 IF MIDS (NSCK> 2510 (GMIDS(NISIEy 1) THEN 2270
1£90 IF LEN(N1%®Y=2 THEN 17350

1700 IF MIDECNECKD s 35 12 OMITISCNLIS» 20 1) THEN 2270
1710 IF LENCNI$>=3 THEN 1750

1720 IF MIDS (NECKD 945 1D <OMIDE(N1Ss 491> THEN 2270
1720 5070 1750

1740 IF RIGHTS (NS (KY» 10 {>"e" THEN 2270

1v50 FOR S=1 TO 200:NEXT &

17&0 IF K<100 THEN PRINT#4," "3

1770 IF K<10 THEN FRINT#4," "%

" 1T80 PRINT#4.K3""3DECkDS" "3

1790 IF ECk> <100 THEN PRINT4," "3

S 1800 IF EYKD <10 THEN PRINT®4." "3

1210 FRINT#44ECKDS -

1220 IF ECKI=INTCE kD> THEN PRINT#4." "}
12330 PRINT:4, "MEV"S

1840 IF MCK> <100 THEN PRINT#4," "3

1250 IF MJEY <10 THEN PRINT#4," "§

1260 PRINT#4sMOEIS" SRS K3

1870 IF RIGHTS (B kI o 10=">" THEN C=C+1
1320 IF RIGHTS‘EEckre1r="" THEN D=D+1
1520 IF LENCEF (kDY =32 THEN PRINT:d4s " "3
1200 IF LENCEE KD D= THEN PRINT#4." "3
1310 IF LENCEFCKY =1 THEN PRINT#4," "3

1320 PRINT#4."+"3

1320 IF @0k <10 THEN PRINT#4," 3

13940 PRINT&#4s000k>3" "SCECK?S

1350 IF LENCCE kD <2 THEM PRINT#4." "3

1950 PRIMT#4." "

1970 Hdka=CeM kD

1320 IF HYED <100 THEM PRINT#4." "3

1230 IF HOkD <10 THEN FPRINT#4," "3

000 IF Heka <1 THEM FPRINT#4." "3

S010 PRINT#4eHkD> S "%

Si20 IF LEFTESCARCkD o 10 ="" THEN FRINT#4." "JAE D 3:60TO 220
020 Ak =VYAL (AT CK S

240 IF Aokr <1 THEM PRINT#4,"  “$RECH§:60TO0 2170
2050 IF AYKY <10 THEM PRINT#4," “SASCKS:60TO 2120
cleD PRIMNT#4yAS KDY

070 IF LEMCRECKI =7 THEN gl K
020 IF LENCAE (KO ) =6 THEN PRINT#4," "5:60T0 220
2090 IF LENCAECDY)I=S THEN PRINT#4." "3:330TD ge20
2100 IF LEM/ATE k1 1=4 THEN PRINT=4." "8250T0 egen
2110 PRIMT#4," *$:507T0O 2een .

2120 IF LENCAE k=5 THEM 2220

2120 IF LEM(AE kD> =5 THEM PRINT&4," "§:60TD Ze&h
2140 IF LENCRE KD »=4 THEM PRINT:4." "$:60TO geec
2150 IF LENCA$ kD> =3 THEN PRINT#44" "3 :50T0 ez
2160 PRINT:4." “$:6007T0 cze

2170 IF LEM/A% Ck) > =5 THEN &gco

2120 IF LEMRZE (ko =4 THEM PRINT#4," “"§:1GDTO 2220
2120 IF LEMIASCK>> =2 THEN PRINT#4," "3i:60T0 g0
2200 IF LENCAE (K2 =2 THEN PRINT#4." "§:B0TD 2220

el PRIMT#44" "$:50T0O 2220

2ee IF RIGHTS NS Ko s 10 ="¢"THEN Z240

S220 PRINT#4." "INE KD :50T0 2250

2240 ME=LEM NS (kD)) sM2=Nz-1

cash PRINT24s" “SLEFTS (NS KD s Ne»

Seen I E4+H (KD
v
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SE=INT LSS
IF MM=% THEN 33&(

FRINT#4," ——— v
0 PRINT#4," TOTAL HOURS "8
IF SS41000 THEN PRINT#4," "3 )
<100 THEN PRINT#4," "%
IF 22<10 THEN PRINT#d4," "3
! PRINT#4+33
) FPRIMNT#4e "
IF C>0 THEN PRINT#4,"":PFINT#4, " <I0OM> = PDLARIZED BEAM":PRINT#4,""
IF D>0 THEM FRINT&#4"":PRINT#4, "IDNe® = HAIRLLY INJECTED BEAM”":PRINT#4,""
FRINT#4.""tFPRINT#4 "REAM INTENSITIES EXPRESSED IN MICROAMPERES"
0 CLOZE 4
Z1=5%
K=KE
6070 1020
FEM .
FEM DETERMINE IF LATA TAFE HAT EEEN INITIALIZED
25 RFEM
D PRINTY  WILL THIZ EBE THE FIRET ENTRY FOR":PRIMT""
IMPUT "THE CURRENT RECDORDE PERIOD"IGE:FPRINT"“:FRINT""
IF LEFTE/5E«12="%" THEN. 2S00
IMPUT"IZ DATH OM TRFPE OF DISK"SQE:PRINT"":PRINT""
IF LEFTEOE, 10="D" THEN =250 :
430 3070 190
2474 REM
2495 REM IMITIALIZE DATHR THRFE
cd49E FEM
SS00 PREINT"“SFRINT" REWIND FROGRAM TAFE AMD STORE IT. :PFIMT""
2510 PRIMTY":PRINT" INZERT DRTR TARFE IMTO CRZSETTE“:PRINT™"
2320 PRIMT"DECK AMD FEMIMD IT.":PRINT"”
2530 PRINT"  RADVANCE TRFE UNTIL LEADER HAT BEEN"!FFINT""
2540 PRIMTUFULLY WOUHD DOMTD THE TRKE-LUF FREEL.":FRIMNT"®
2550 PRINT”  ALLOW THE TRPE TO ADVAMNCE FOR DOME“:PRINT""
SSEDN PRINMT"FULL TUFMHs THEN STOF THE TARFE. "tPRIMT""
2970 PRINT"  WHEM READY PRESS TRETURNS, " PRINT""
eoa0 GET GE: IF o%="" THEN 2S5Sz0
20 E=""
2594 REM
€995 REM INITIALIZE DATE EATE
2928 REM
ZE00 FOR -E=1 TOD 180
ZE4 1 D
&
2
-
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REM
REM WRITE DATA ON TAPE

v0& REM

FE=-13FD=0:FC=191
OFEN 151.1

D PRINT"WRITING"

FOR k=1 TO t20
FRINT#1,K
FRINT#1s I (kD
PRIMT#1sE (KD
FRINT#1sM kD

0 FRINT1sEBE kD

FRINT#1s G KD
PRINT#1sCE <KD
FRINTS1sNOKD

30 PRINT#1sA% KD

n‘U
_:Ll_|4
Inss
SOSE
SOED
070
2020
090
2100
21140
2120
2130
2140
2150
1E0
170
"1*0

PRIMNT:1 NS (KD

Z1$=ZTRE (K> : Z28$=STRE (E (K} > : 23F=STRE (M)

Z4F=STRE QK> > s ZS58=STRE (N (KD )
LI=LENCZ1SY+LEN (228D +LEN (Z3%) +LENY 24$J+LENqu$5

La=LEN CD¥ GO > +LEN CEF (KD D +LEN (T8 (kO O +LEN (NS (kD ) +LEN (RE (KD )

0 L=L1+L2+1
0 FE=INTC(FS+L> #FC)

IF FE=FD THEN &9&0
Fo=—1

30 POKE 59411,53
0 T=TI

IF (TI-T> <5 THEN 2950
FOKE 59411s€1

E0T0 2990

FE=F I+l

NEXT K

00 CLDIE 1
0 k=0

FRINT""

PRIMT"FINISHED--REWIND THE DARTH TAPE. "t PRINT" "t PRINT""
IF MM=4 THEN 10Z0

SOTO 4200

FEM
REM_GENERATE HERDING FOR HNHLY<I< FEINTDUT
REM

PRINT#4. "EEAME ZUMMARY FOR "§iM$S
PRINT#4."3 "3}

IF MN>4 THEN 2200

IF MM:1 THEM =140

FRINT#4+£13%

IF E1=EZ THEN 313z0

FRIMT#4, “="3EES

PRIMT=4s" MEY "%

IF MH:2 THEN 2160

PREINT#d4sM15" "3

FRINT#4,E18}

IF MH:2 THEN PRINT#4,"“:60T0 3250
FRINT#4," +"301

PRINTs4, "":60TO 1320

IF MM:S THEN Z&30

10 PRINT®#4s "CAVE "iC1$

1 PRINT#4,"":60TO 1290

IF M1§="+"THEN PRINT#4, "DUTSIDE USERI":60OTD 3250

Z40 FRINT®4sN1S

0 FRINT#4,"":00T0O 1290
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3280 PRINT""

3264 REM
2265 REM OFFER ANALYSIS DPTIONS
3Zed REM
270 PRINT"SELECT ONE OF THE FOLLOWING PARAMETERS: "sPRINT"":PRINT""
J220 PRINT"1. BEAM C¢Es Ms IONe @) ":PRINT""
2290 FRINT 2. PARTICLE <My IONs 80 ":PRINT""
2200 PRIMNT"3. ISOTOPE <Ms ION» ":PRINT™"
210 PRINT 4.  ION":tPRINT™"

1 FRINT"S., CAVE":PRINT""

PREIMT"é&. EXPERIMENTER":PRINT""

INFUT NN

ON NN GOTD 1130 1130+,1130511309 123051260
0 FRIMT&#ds ""tPRINTS#4,""

0 Zi=, 000000001

FOR K=1 TO K%

H (K> =86N (k>

0 S1=INTC(S1+H KD

I HEXT K

2420 PREINT#4. “SURTOTAL HOURS="3$S%

= T PRINT#4s “""IFRINT®#4e""

) Z2=INT (28610000, -100

0 PRINT#4s "FERCENT DF TOTAL="3S23"%"
CLOZE 4

1 30T0 1esn

0 PRINT""

4 FEM .

S REM DIZPLAY MOZTYT RECENT ENTRY ON SCREEN
= REM
S0 PRIMT""iFRINT"

0 kK=kKM

0 FPRINT KSDEKDSTRECIENSE KO STRAECIS SMCKD S TAR 21D SRS VKD sPRINT "
O FPRINT QORI STAECED SCE D STRECENSNED STRE (S SAS (K STAB V1S NS (kD
KM=k :

0 FRIMT™"

S0 S0TD 1020

FEM e

S REM DIZk DPTIDME

SE REM

£0 PRIMTY VERIFY THAT THE FROFER DATH DISK":PRINT""

FRIMT"IZ IMZERTED IN DRIVE #1 AND THAT THE":PRINT"™

S0 PRINT'"DRIVE DODR IS CLOSED.":PRINT"":PRINT™"

3 PRIMNTY  WHEN FEADY PRESS "RETURMZ.":PRINT"“:PRINT"™

0 BET & IF GE="" THEM 2&00

n g=""

[ FETURM
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3620 PRINT"“:PRINT"":GOSUR 3560
3634 REM
363% REM STORE DRTA BPASE ON DISK
283¢ REM

3540 OFEN 15,8,15

3650 PRINT#15."11"

2660 GOSUR 41c0

3670 CRE=CHRS (13)

3580 OPEN ErByE;P$+"sSsM"

2690 GOSUR 4120

2700 PRINT"URITING "M%

2710 GDSUE 4120

3720 PRINT#2ySTRS (KM CRES

3730 GOSUR 4120

3740 kKM=VAL (STRS (KM) >

2750 FOR k=1 TO KM

3ATEC PRINTS2s STRECK) "s "DE K3 "y "STRECECKY) "3 "STRS (MCKI ) s " B§ (K) CRSES

2F70 GOXUR 4120

3780 PRINT#2:STRE(QCKI> "9 "CE U "y "STREC(NKDID "y

3790 GOSUR 4120
2200 NEXT K
3210 CLOZE 2
2220 CLOSE 15
2230 DPEN 1+8515: CLD‘E 1
2840 5070 1020
S0 PRINT"":PRINT"":GOSUE 2560
S4 REM
REM _RERT DRTA BRTE FROM DIZK
FEM
0 OFEM 15,8415
T0 PRINT#1G, 11"
2 GDTUE 4120
230 OPEN 2s8e2s PPE+"HEW R
300 30EUR 4120
] PRINT"LOADING “3iM$
0 INPUT#Zs KM
=0 GOEUER 40%0
1 FOR k=1 TO KM
b INPUTS ﬂ~ksDitk)sEfk)’Mfk)!BS(kl
i G0EUE 4050
¥ INPUT#2e 3 KD o C8 (KD s N KD o AF JKD o NE (K
OEUE 4050

U‘-."

bck]
1]

N L

o) T2t 6,
il
N

NEXT K

CLOSE 15

CLOZE 2
4020 OPEN 1«2, 15:CLOZE 8
4030 K=kKM B
4040 5070 1020
4044 REM
4045 REM READ DISK STATUES
404% REM

4050 RI=IT .
4060 GOSUE 4120

4070 IF £4 THEN 4000

4050 IF R3<>0 THEN 4100

4030 FETURN

4100 PRINT"EAD DISK STATUS IS"IRS
4110 GOTO 4160

4114 FEM
4115 REM READ ERFDF CHANNEL

4116 REM

4120 INFUT#1S,ENSSEMSsETS»ESS
4120 IF EN$="00" THEN RETLRNM
4140 PRINT"ERROR ON DISK“:PRINT""
4150 PRINTEMSsENS+ETSESS
4150 . CLDZE 2

4170 CLDZE 15

4120 DPEN 1s8s15

4190 CLOZE 1

4200 END
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APPENDIX C: Listing of CYCREC \

F
F
=]
F

A I ) R Y

10
14
15
1&
20
=0
31
S0
(X1
T
=0
el
100
110
120
128
149
150
&0
17
120
133

=00

LU 3 Ao

Cl et el =0 LIk B s )

D00 b L Gur £ Mo P Do Fo Tob T T Do T

EM
EM THIS IS THE FROGRAM “CYCREC/
EM 04-17-R0
EM )
UD=0:MM=0:PR=0:FP=0
FEM
FEM INITIARLIZE AND DIMENSION PROGRAM FRARAMETERS
FEM :
DIM CRCBe 162 s TS (A 160 » IMB) 9 M CE) '
INPIUUT"ENTER THE MONTH"SMT
IF MT<3 THEN KT=10:60T0 &0
kT=11
ME <12 ="IAN-FER "
ME 2y ="MAR-APR
ME CZy="MAY-JLINE "
(4 =" LYY -AUGe ¢
"IZEPT-0OCT "
ME (ax ="NOY~DEC *
FRINT"": INPUT"ENTER THE YERR"iY$
YE="""+RIGHTS (YS$+ 2>
FOR P=1 TO &
ME P =M P +Y$
HEXT P
F=INT CiMT+1) ~2)
[z=0
IM=10
FOrR I=1 TO &

0 M I =0

nE=n

M=

IF MM=7 RND k>1 THEN 2420

IF MM=F THEN 4110

k=03 k$=3TR$ KD

KM=0

sO070 4430

FRINT"":FRINT"": INPUT" kKM="1KE: kK=VAL ck$>
=070 3330

REM : i
FEM IMITIRLIZE DIATR TAPE
FEM
FRINT™"

FRINT" IMZERT AUXILIARY TAPE INTOD CRSIETTE“:FRINT™"
PRINT"DECK AND REWIND IT."sFRINT""sPRINT""

PRINT" FRDVANCE TAPE UNTIL LEADER HAS REEN":PRINT""
PRINT"FULLY WOUND ONTO THE TRKE-UP REEL.":FRINT"":PRINT""

1 FRIMT" ALLOW THE TAPE TO RDWANCE FOR ONE":FRINT""

0 PRINT"MOPE TURNs THEN 3TOP THE TAPE.":PRINT"":PRINT""

0 PRINT" WHEN RERDY PRESS “RETURN‘.":FRINT""
0 GET GE:IF G§="" THEN 400 :

BF=""tPRINT"KM="3K$

20 SO0ZUR 440

30T0 Se20
FEM
FEM INITIALIZATION SUBROUTINE
REM
FOrR I=1 TO &
JMCIs =0

FOR J)=1 7O 1S

0 CECly ="CODE"

TECI» D="TIME"

F0 MEAT J

MEXT I

0 RETURN
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[s ARSI IO B
P8 xRt I
oD D DD

-
o

o220

T T
O (A $a 0
D DD

D0 Q) A e DTG s S O3

—
Sod>2ofApoosDdo oD

C0000 =g =) " = g ol g mf o g T

003 0
S
[=X-X--

FEM
FEM WRITE DRTRA BLOCK ON TAPE
FEM

FE==1:FD=0:FC=191

FOKE 242+122:FOKE 244s2

OFEN 1s1s15K$

0 FRINT"WRITING "3K$
} FOR I=1 TO &

FRINT1s MDD

FOR =1 TO 15

FRINT#15C$CIs.0)

FRINT&1s TS CI».0)

Z$=STRS (JMCI>)

L=LEN(Z$) +LEN (CS <15 1)) +LENCTS (T9 03> +1

0 FE=INT (<FS+L) ~FC)

IF FESFD THEN 710 : ‘
Fi=-1

FOKE 5941153

T=T1

IF iTI-T><S THEN 680
FOKE 59411461

5070 720

T=FI+L

MEXT .

NEXT I

CLOSE 1

IF MM=7 THEN 3530
D=DS:I=IS

=070 4700

FEM
REM EXAMINE DATR OPTION

REM

FRINT"":FP=FP+1

LEi=D: IS=1

FOR I=1 TD & .

IF MT<9 AMD YAL (K$>>S THEN D=Re (VAL <K$X>+I-37:607T0 &40
IF MT>8 AND VYRAL (K$>>5 THEN D=6e (VAL <K$>>+I-36:60T0 340
D=6+ (VAL (KE>~1>+]

IF D=0 THEN D=3t

FEM i

REM PRINT DATA BLOCK ON SCREEN

FEM

PRINTTAB(6e(I-13>35D

PRINTTRB (e (I-1))3IMCID

IF JMcCI>=0 THEN 910

FOR J=1 TO JMCID

FRINTTRB{66 (I-1323CS(Is DTS (Is. D>

NEXT J

PRINT""

NEXT I

PRINT"":PRINT"" ) .
PRINT"":PRINT"CHECK FOR ENTRY ERRORS":PRINT"®

PRINT" WHEN READY PRESS “RETURN-’."

BET G$:IF G$="" THEN 960

Gg=""

D=D5: I=I8

=070 4480
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934 REM
35 REM UPDATE DATA OPTION
#8 REM
1000 FRINT""iPP=PP+1"
1010 IF UD:0 THEN 1190
1020 OFEN 4s451:CMD 4

1024 REM

1025 PEM LIST OF ACTIVITIES AND CODET

102¢ FEM

1030 FRINT#4, "CORE#1=BERM DEVELOPMENT”

1040 FRINT#4" CODE#2=TUNING"

1050 PRINT#4, ™ CODE#3=0PTICS"

1060 PRINT=4s"  CODE#4=0ON TARGET"

1070 PRINT#4," CODE#5=SCHEDULED  MRINTENANCE"
1020 PRINT:4," CODE#&6=UNSCHEDULED MRINTENANCE"
1090 PRINT#4," CODEs7=WRITING FOR EXPERIMENTER"
1100 PRINT#4," CODE«2=0THER <(BEAM OFF> "

1110 FRINT#4," CODE#S=HOL IDAY»ETHUTDOWN"

1120 PRINT#4," CODE«0=NO FLURTHER ENTRIEE"

1120 CLOSE 4 :

1140 FRINT” THIS ROUTIME IS TO BE USED TO ENTER“:iPRINT""
1150 PRINT"ONE DAY“S DRATA. UP TO 1S EMTRIES MAY":PRINT™"
1150 PRINT"BE MADE EARCH DAY.":PRINT"":PRIMNT"" :

1170 FRINT" 40U MUST UZE CODE #0 FOR THE DAY/S":FRINT""
1130 PRINT"LAST ENTRY WITH 2400 AS ITS TIME.":PRINT"":PRINT""
1130 UD=00+1

1200 I=IE

1210 I=I+1:IF I>é& THEN 1450

1220 IF MT<® AMD VAL (K$>>5 THEN D=ée (VAL (k$>>+1-37:60T0 1250
1850 IF MT>& AND VAL <K$)>S THEN D=6e VAL ck$>>+I1-26:60TO 1250
1240 D=fe VAL (KE> -1 +1

1250 W=0:IF D=0 THEM D=31

1260 IF MM=2 THEN 13200

1270 DE=D:IS=I

1280 SOZUR 13200

1250 SOTO 4420

1294 REM
1295 REM DATA ENTRY SUBROUTINE

1296 REM

1300 PRINT"DATA FOR DAY"$D:PRINT""

1310 FOR J=1 TO 15

1320 INPUT "ENTER THE TIME"3T$<(I,».D

1230 INPUT "ENTER THE CODE“3CS$(Is.J>

1340 PRINT""

1350 W=h+1

1260 IF CE<Is D="0" THEN 1400

1370 IF W=14 THEN PRINT "THIS WILL BE YOUR LRAST ENTRY":PRINT""
1320 IF W=13 THEN 1400

1330 NEXT J

1400 JMCIo=h)

1410 IF MM=3 THEN 1440

1420 D=DE:I=IS

1430 IM=D:IM=1I

1440 FETURN

1450 I=I-1 .

1460 PRINT"":PRINT" THE CURREMNT DATA BLOCK IS FILLED.":PRINT""
1470 PRINT"DATA SHOULD NDW BE STORED ON TAPE.":FRINT""

1420 DE=D:13=1:GOTO 4490
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1424 REM -
1435 REM CORFECT DRTA OPTION
1426 REM
1430 PRINT" "1 FF=PP+1

1500 DS=D:Is=I

1510 M=n

1520 IMPUT "FOR WHICH DAY"3

1520 IF D=21 AND VAL (K$)=6 THEN I=1:50TO0 1570

1540 IF MT<9 AND VAL <k$>>5 THEN I=D-<6e (VAL (K$))>)>+37:60TO 1570
1550 IF MT>8 AND VAL CK$)>S THEN I=D-<ée (VAL (K$) D) +36:160TO 1570
1SE0 I=D- (5o (VAL (K$)=13) ,

T1SV0 IF AMcIx =0 THEN PRINT"NO ENTRIES":PRINT"":GOTO 4490

1520 FOR J=1 TO JM:l>

1590 PRINTCS (I, D3TECIS D

1600 NEXT o

1610 PRINT"" ' .
1620 IMCI>=0:U=0 .

1630 FOR J=1 TO 15

1540 CH o p="CODE"

1E50 TH(ls HD="TIME"

1860 NEXT J .

1470 PRINT“WHEN READY PRESS “RETURN‘.”

1520 SET G$:IF G%$="" THEN 1680

1690 GF=""

1700 SO0SUB 1310 '
1710 IF PF=0 AND MM=3 THEN P@=PQ+1:G0T044580
Fe0 D=DE:I=I%

1720 5070 4480

1734 REM
1725 REM DETERMINE DATA DLOCK TO PE CORRECTED
1736 REM .

1740 PRINT™" i

1750 INPUT "FOR WHICH DAY"FD

1760 IF MT-2=INT(MT-2> THEN 1810

1770 IF D=31 THEN K=€:G0TO 1790

1730 K=INT((cD=1)-62+1)

1730 PRINT "K="3K:PRINT"": INPUT"KE="3K$

1300 5070 4110

1210 IF D=21 THEN K=11:60T0 1860

1820 IF MT>8 THEN 1850

1830 K=INT (((D+30>/6)>+1)

1840 PRINT"K="3K:PRINT"": INPUT"KS$="3K$:G0OTO 4110
1850 K=INT(((D+29) /8> +1)

12360 PRINT"K="SK:PRINT""“: INPUT"K$="3K$:G0TO 4110
1364 REM
1265 REM RECORD DATA BLOCK ON OBJECT TRPE
1866 REM
1370 PRINT™ INSERT DATA TAPE INTO CASSETTE":PRINT™"
1380 PRINT"DECK WITHOUT REWINDING IT.":PRINT"":PRINT""
1230 PRINT" WHEN READY PRESS “RETURN‘.":PRINT""

1900 GET GE:IF G$="" THEN 1900

1910 GF=""

1920 FE=-1:FD=0:FC=191

1930 POKE 243»122:POKE 244s2

1940 OPEM 1s1s15K$

1950 POKE 959411,53

1960 T=TI

1970 IF (<TI-T»<30 THEN 1970

1330 POKE S55411,61

1990 GOT0D S50
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oD
L

DAY Ny

0
Lo,
N &

-5:}

Foo T Py == e
o= R R N Y

Feb e

e

3N
e
S0SG
cOED
2070
SE0
2030
2100
S110
2120
2130
2140
2144
2145
21458
2150
210
21va

S1aa

FEM
FEM STOFE DRTR DFPTION
FEM .
FRINT"":IZ=1:Di=DiPP=PP+1:IF PR>0 THEN 2020

IF K31 RND I=6 THEN 1870

IF I=6 THEN 050

FRINT® INIERT RUXILIAPY TAFE INTO CRZZETTE":PRIMNT""
FRINT"DECK AND REWIND IT.":PRINT"":PRINT"":507T0 2070
FRINT” INIERT DATA TAPE IMTO CRIZETTE":PRINT""
FRINT"DECK RAND FEWIND IT,":FRINT"":PRINT""

FRINT® ADYANCE TAFE UMTIL LERDER HAE: EEEN":PRINT""
FRINT"FULLY WOUND ONTO THE TRKE-UP FEEL.":PRINT""3FRINT""
FRINT" FALLOW THE TRPE.TO ADVAMNCE FOR ONE":FRINT™"
FRINT"MORE TLIRNs THEN STOP THE TRPE.":PRINT""“:PRINT""
FRINT" WHEN FEADY PRESS "RETURN-, ":PRINT""

SET G$:IF G¥="" THEMN 2120

nE=""

5070 S0

FEM
REM ANRLYZE DRATA OPTION
REM -
FRINT"":IZ=1:FP=PP+1

FRINT" INSERPT THE CURRENT DATA TRPE IN THE":FRINT™"
PRIMT"PET CRSSETTE DECK AND REWIMD IT.":FPRINT"“:PRINT""
FRINT" FDVRNCE THPE UNTIL LEARDER HAS BEEN":FRINT™"

2190 FRINTYFULLY WOUND ONTO TAKE-UP REEL.":PRINT""iPRINT""
10 FRINT®  STOP THE TRFE, "sPRINT"":PRINT""
0 FRINT"WHEN FERDY PFESS “RETURN'.":FRINT"":PRINT""
20 GET G¥:IF G%="" THEN 222

iFh="

} FOR k=1 TO KT

S0 503UE 440

0 PRINT"K="iK:PRINT"": INFUT"K$="iK$
0 OFEM 1:1s0:K%
0 FRINTLORDING "iK$

S0 FOR I=t 7O %

IHPUT#1s JM OIS
FOrR J=1 TO 15
IMPUT#1sCBCTs Jb
IMPUT#1s TSI+ Js

0 MEXT
0 HEXT 1

0 CLOZE 1

PRINT"":IF K>1 THEN 410
FOrR C=1 TO 9
EiCHr=0

10 MEXT €

FOrR I=1 7O 5
IF JMcIs=0 THEM 2570
FOrR J=1 70 ImM<I>-1

0 E=VRL TSIy 1o

=350 Ci=VAL (CE Ty db 2

H=INT ¢E-1 007

0 M=E-100eH

2420 Tism+aleH

D=YRL (TS Is J+100
C2=YAL CCSCIs J+1DD
H=INT D100
M=D-100eH
Te=M+E0eH
BiC1>=RC<C1>+T2-T1
BiC1)=RBS(B(C1)>
MEXT J

MEXT I

0 MEXT K
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-~

o0

0 00
O I SRV (R e X REY A I Y (X ¥
[ -

=

2130

30 NE}T'

) FRINT#4sCODESCCI S “oana

il Ia

o=, 000000001

20 FOR C=1 TO 9

YCY=ROCY AH0
ZT=IR+R 0

E=ERE-R O

S0 FOR C=1 TO &

E1cCor=¢ReCr - Sre100

"0 MEXT C
0 FOR C=1 TO 8
1 oH=RCY $Y=R1 (DD

“=xeln0:VY=Yel 00
H=INT XD eY=INT (%D
X100y 00

0 E-{\: tBL1CCH=Y
MEXT C

X=F 3
R=xe100
H=INT XD
H=Es 100
B3 =X
FEM
FEM GENERATE BIMONTHLY REPORT
FEM

OFEM 4sds1:CMD 4

0 FRINT#4s "TIME ACCOUNTING FOR "iMEPr:PRINTud4,""

FRINT#4." TOTAL HOURE FERCENT®
FRIMT#4, ™"

FOR C=t TO &

FOR =1 TO 200:MEXT &

IF E¢Cy <100 THEN PRINT#4e" 3
IF B(C) <10 THEN PRINT24s" “3

) FRINT#49EVC) 3§
I SrCy=RBOCO s IF BOCy=INT R <0y ) THEN PPINT "

-.e

F1En]

oT0 2990
=07TO 23910
pTo &390
GOTRD 2990
oTg
DTU

Ty=10eG03 8 IF S0 =INT (G CC) ) THEN PPINT s4y "
=1 08GCy: IF GECY=INT (GCY Y THEN FRINT#4, " "3
=10e50) tIF GCOr=INT 05502 2 THEN PRINT#4," g
108500 P IF GLCY=INT <G iCY) THEN PRINT#4s " "
300y =10e500) 8 IF GACY=INT (5¢CH> THEN PRINT#4, " "3
[

(1R

11

I3

"munm-m

LY (R ¢

a
—
(=]

b'l)—lﬂObiL>-IF GeCH=INT (G oCd > THEN FRIMY#4," E
GCy=10e5¢C) EIF G(CH=INT (GICHIIYTHEN PRINT#4," "
GiZ)=10e5¢CY IF GICY=INT(GLCHI THEN PRINT#4s" "
IF B1<C»<10 THEN PRINT#d4," "3

T Fu T o

o
e o

UTD

00 FRIMT#4s B1 (OO

NEXT
PRINT#4," S mmmmmee— "
FRIMNT#4s " TUBTOTAL - ‘ . 3

IF <1000 THEN PRINT#4," “3

IF <100 THEN PRINT#4y" "3

PRINT#4,35" HOURS *

PRINT#4s " "tPRINT®4, "

PRINT#4sCODES (3" 0eure. 3

IF B32 <100 THEN PRINT#4s" "3

IF B(93 <10 THEN PRINT#4," "3}

PRIMT#4¢BC9

FRINT#4,* e -—
PRINT#d4, " TOTAL : “3

IF 231000 THEN PRINT#4y" "3}

IF S2<100 THEN PRINT#4," "}

PRINT#4,553" HOURS"

FRINT#4s " " 2PRINT#4, "
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=B +BI3N+RBI +ROTI BRI S TT=TE-INT VT
IF TT:.S THEN TI=INT(TZ)»+1::0T0 2210

P TE=INT(TED

FRINT#4."TOTAL EXPERIMENTAL TIME........... "3
IF TE<C1000 THEN FRINT#4." "3
I[F TE<100 THEN PRINT#4," "3
IF TZ<10 THEN PRINT#4." “3

0 FRINT#4,T35" HOURS ™%

e 0 B1E=B102)+B1 (3 +B1¢4>+B1 (7> +B1 (3>
POOPRINT#4.BISH " %"
) CLDZE 4

4 REM.
. FEM STORE ANALYSIS RESULTS OM DISK

36 FEM
00 FRINT"

'.Z FRINT"":FPRINT"DO YOU WANT TO STORPE THE "iMSCPYSPRINT™®
O IMPUT"DRTA ON DIZK"3iG$
IF LEFTS 58, 15="%" THEN 220

10 FRINT*":FRINT"FEMIND THE DATA TAPE AND STORE IT."tPRINT""
0 30TO 4770 , o

FEM
FEM CHECK DRATAR ENTREY OFTIOM

o FEM
D FRINT"":PRINT"":PRINT"":PP=FPP+1

FRINT"LAST ENTRY WAS FOR DAY}
IF DIM>=DS THEN PRINT DM

IF DM»=DS THEN 3410

IF DS>DM THEN PRINT DS
PRINT""tPRINT"":GOTO 4490
FRINT""

430 PRINT®  INZERT DATA TAPE INTO CASSETTE":PRINT™®

FRINT"DECK WITHOUT REWINDING IT.":PRINT"":PRINT""
=0TO 4170

REM
FEM TRAMSFER TATA OPTION
REM

20 PRIMT" ™ :PP=FP+1
I FRINT" THIS ROUTINE IS TO BE USED WHEN":PRINT™"

/

FEINT"RECORDING DATR FOR PERMANENT STORAGE":PRINT"":PRINT""

20 FOR k=1 TO KT
=

SOEUE 440
FRINT "K="5KsPRINT"": INPUT"K$="$K$
07O 180

“
20 PRINT®™
1 PRINT"FINISHED" tFRINT""
30 PRIMT"DO NOT REWIND DRTA TAPE":PRINT""
50 PRINT"REMOVE THE TAPE AND STORE IT.":PRINT“":PRINT“"

MEXT K
K=KZ i KE=STRS (KD IPRINT" "

20 PRINT”  ALL DARTAR BLOCKS HAYE BEEN SAVED FOR":PRINT""

FRINT"THE CURPENT REPORT FERIOD.":FRINT™"
07O 4430
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S Y ——

S0 PRINT""
0 OPEN 15+3915

5 FEM
0 FRINT""sFRINT""
0 FRINT" ERIFY THAT THE PROPER DATA DISK":FRINT""

FEM .
FEM WEITE TO DIZEK

FRINT"IS IMZERTED IN DRIVE #1 RND THRT":PRINT™"

) PRINT"THE DRIVE DOOR 1S CLOSED. ":PRINT"“tPRINT""

FRINT” FPRESS "RETURN’ WHEN RERDY":PRINT™"

D GET ES:IF E="" THEN Z£70

0 BF="

) F$f1‘= : 1-2 "+Y%
-4 "+¥$
=& "+Y$
-5 +Y$
Q=10 "+YE

F%iéﬁ—'1= 11-12 "+%'$

FRINT#1S, " 11"

3 B0ZUR 2910

OFEN Z2s8sSsPEFPI+"sZTold”
CRE=CHRE (13D

GOEUR 3310
FRIMT"WRITING "SM$P)
FOR C=1 TO @

PRINT#2, ZTRECBCCI O CRSS

I} MEAT

0 CLOZE &

3330
3390
2900
2904

3960
2370
2320
2390
4000
1010
4020
40320
40440
4050
1060

CLOZE 19

PRINT"":PRINT""
PRINT"FINISHED--REWIND THE DATR TAPE"
>0TO 4770

REM

> REM CHECK FOR DISK ERRORS

FEM
IHPUT#1S,ENS>EMS,ETSESS

IF EN$="00" THEMN RETURN

FRINT"ERROR ON DISK":PRINT™"
PRINTEMS»ENS>ETSESS

CLOSE 2

CLOSE 15

=07TO 4770

PRINT"" :
PRINT" REWIND THE PROGRAM TAPE AND REMDVE":PRINT™"

PRINT"IT FROM THE PET CASSETTE DECK.":PRINT"":PRINT""

PRINT" VERIFY THAT THE INTERFACE AND THE":PRINT""
PRINT"TI ASR 700 SWITCHES ARE ON PET”."
PRINT"“:PRINT""

PRINT" WHEN READY PRESS ‘RETURN‘."

GET G$:IF G$="" THEN 4050

GE=""
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070
3030
4030
4100
1110
4114
4115
4118
4120
41320
4140
4150
41510
4170
4130
4130
200
4210
4220
4320
3240
4250
420
427
4280
4290
43200
4210
4320
4330
4340
4350
$23E0
4270
4320
4330
4400
4410
4420
44730
4440
4450
4480
3470

FPRINT""

FRINT™ HAVE YOU INITIALIZED THE DRTR TAPE":PRINT""
IMFUT “"FOR THE CURRENT DATA ELOCK";GE:PRIMNT““:FRINT""
IF LEFT$ (5%, 1>="N" THEN 220

FRINT""

FEM
FEM LORD DRTR BLOCK FROM TAPE

FEM

FRINT" INZERT THE CURRENT DATR THPE IN THE":FRINT""
FRINT"PET CASSETTE DECK AND REWIND IT.":PRINT"":PRINT""
FRINT" RDVANCE TAPE UNTIL LERDER HAS BEEN":PRINT""
FRINT"FULLY WOUND ONTO TRKE-UP REEL.“:PRINT"“:PRINT""
FRINT" STOP THE TAPE.":PRINT""iPRINT""

FRINT"WHEN FEADY PRESS “RETURN/.":FRINT“":PRINT""

RET a3:IF G$="" THEN 4180

ok T A

DFEN 1215 0+K$

FRINT"LORDING “3K$

FOrR I=1 TO &

INPUT#1s JM (I

FOR J=1 TO 15

IMFUT#1s C8 0Ty 2

IMPUT#1 TSI >

0 HEXT 4

IF LEFTS<CECIs12513="C" THEN 4300
IZ=I:IM=1%

MEXT 1 '

CLOZE 1

IF PP=0 AND MM=3 THEN PRINT"":PRINT"DATA FOR DAY“ID:PRINT""::50TO
IF FPP>0 THEN 4360

IF IM=¢ AND MM=2 THEN PRINT"DRTA BLOCK FILLED":PRINT"*:5OTO 4770
ON MM GO0TO 720510001490+ 2000521505 336053460

I=IM: IS=13K=VAL (K$)

PRINT"":IF 1<5 AND MM<>7 THEN 4460

PRINT" FINISHED":PRINT""

IF MM=7 THEN 4410

K=k+1EKM=K:K$=STRS (K t [=0t IM=T: [S=1

FRINT"DO NOT REWIND DATA TAPE":PRINT""

PRINT"REMOVE THE TAPE AND STORE IT. "tPRINT"":PRINT" "

IF MM=7 AND k=1 THEN 2050

IF MM=7 THEN 1270

5070 330

PRINT" FINISHED-~FEWIND THE DATA TAPE.":PRINT"":PRINT""

50TO 4490

Y
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4474
4475
4475
44210
4420
4500
4510
4520
4520
4540
- 4550
$550
4570
4520
4530
4200
4510
4220
4530
4240
4250
S50
$E70
$5210
G300
4700
4710
4720
4720
4740
4750
4760
4770

FEM
FEM OFFER OPTIONS MEMNU

FEM "

FRIMNT™"

FRINT" SELECY OME OF THE FOLLOWING OPTIONZ: ":PRINT"“:PRINT""
FRINT"1. EXAMINE DRTAR“:PRINT"" :

FRINT"2. UFDATE DATA":PRINT""

FRINT"3. LCORPECT DATA"IPRINT""

PRINT"4. =TORE DATA ON TAPE"sPRINT""

PRINT"S.  AMALYZE DRTA“:iPRINT"" :

PRINT"6. CHECK DATA ENTRY":PRINT""

PRINT"?. TRANSFER DATA TO OBJECT TRAPE"SPRINT“"

INPUT MM : :
CODE$<1>="BPEAM DEVELOPMENT..........."

CODES (2 ="TUNING. .. covvenneeconsenons”

CODES (3 ="0PTICSeeceiercrnccanasanaas

CODES<4>="0N TRARGET....coveeetscssaes”

CODES (5S> ="SCHEDULED MAINTEMNANCE......"

CODES 6> ="LINSCHEDULED MRINTENANCE,..."
CODES 7> ="WAITING FOR EAXPERIMENTER..."

CODES <8>="OTHER <BERAM OFF)...c.00e00ss”

CODES ©3) ="HOLIDARY  SHUTDOWN. . v v ceavawe”

IF PP>0 THEN 4690

OH MM 07O 3009 200s1740,200092150030093460

OM MM G0TO 780s1000s1490,2000+21505 33609 324€0
PRINT"":PRINT""

IF I<5 THEN 4750

PRINT"FINISHED--":PRINT""

FRINT"DO NOT REWIND THE DATR TRPE!":IFRINT"" :
FRINT"REMOVE THE TARPE FROM THE DRIVE AND":PRINT”":GOTO 4760
FRINT" FINISHED--REWIND THE RUXILIRRY TAPE.“:PRINT"®
FRINT "MARK THE TAPE ‘kKM="3k$3"/."

END .
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APPENDIX D:

Listing of STRAGGLE

10 FEM ETRAGGLE ¥32-10-79

=0

FRINT®

25 Ag=""

2 RPRINT EMERGY LOZS ITRAGSLIMG" :PRINT""“:FRIMNT""

100 FRINT"THIEZ PROGRAM CRLCULATES DELTAR E« THE EMERGY ZTRAGEBLIMG FliHl, "
101 FRIMT™" :

110 PRINT"ENTER THE FOLLOWING IMFO REOUT THE FESORPEER" SFRIMT™"

120 PRINT"Z="3

130 INPUT 21

140 PRINT"RA="3

150 IMPUT At

150 FRINT"THICKNESS Jllo-CMee2r ="3j

170 IMFUT T ' '

J

DOCRSY B LR (I SRV EY

=
oD oS

JOUNS ORI R SO U O O R R AR K AR AR A )

Tad Ce e ) o) =
1

=] I N

440

0 FRIMT"":PRINT""
[ FRIMT"EMNTER THE
1 FRIMNT"Z2="1

1 PRINT" AR
I} FREINT"":FRINT"DO YOU WITH ANOTHER ENERGY
2 IMNPUTRE:IF RE="Y"THEM2:D .

FOLLOWING INFO REOUT THE

INFUT 22
PRINT"A="3$
THPUT R2
FREIMT"EMERGY
INPUT E
FRINT ™"
LT=.1202eR2eZ1 E*LOGE~. 0451~
LT=d0LT+1reZ1eT-ALY .5
DE=ZceleLT

PRINT“DELTR E CFWHM)="§
DE=.0N1eINT 1 000«DED
PC=.1+DE/E

FC=. 001 ¢INT ¢1000ePC)

FRIMT DES:PRINT" KEV"S
("IIPRINTPCS sPRINT ¢

CMEND ="3§

R2-Z1)

PRINT"> ™

IF RAg="" THEN4%5

0 3070 20

RERDY.
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APPENDIX E: Listing of SCATTER

10 FEM SCATTER 12/10-79
20 PRINT™
a5 Ag="" | -
20 FRINT™ MULTIPLE SCATTERING"sPRINT""iPRINT" |
100 PRINT"THIS FROGRAM CALCULATES THETA:1-2)s THE HALF ANGLE AT HALF MAX. "
101 PRINT""
110 PRINT"ENTER THE FOLLOWING INFO ABOUT THE ZCATTERER. .. "sPRINT""
20 PRINT"Z="3
130 INPUT Z1
140 PRINT"RA="3
150 THPUT Al
160 PRINT"THICKNESS CUS-CMeedd ="3
170 INFUT.T
200 PRINT"":PRINT"" = |
210 PRINT"ENTER THE FOLLOWING INFO AEOUT THE CBEAM..."tPRINT""
220 PRINT“Z="3

230 IMNPUT Z2

240 PRINT"R="3

250 IMPUT RAZ

CED FRINTEMERGY CMEYW) ="}

270 INFUT E

250 PRINT™"

400 LT=LO5:&11.9eTeZ1+10 /21"  BREETRZ2 . BREBETIZRLAZ1)
410 OT=023,922¢10"=3reTel1e Z1+1) 222 AL E"C

42 THET2=0((0TeLT>*.52-1.71

420 PRINT"THETR(1-2)="3

440 PRINTTHETZ: tPRINT"RPADIANS"

430 PRINT"":PRINT"DO vOU WISH ANDTHER ENMEFGY cY-Mr7"
492 INPUTRE: IF RE="Y" THEN2AD

433 IF RE="" THEMN495

200 50710 30

RERDY .
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APPENDIX F: Listing of STRIP

10
15
20

(RO N R Y]
ofr 00 Fe S T

REM STRIP 12-10-79
FRINT" o7
FRINT"THIS PRPOGRAM PROVIDES INFO DN THE CHARGE STRTE DISTRIRUTION OF &S-INCH

PRINT"CYCLOTRON BERMS AFTER PRASTING THRU R STRIPPER FOIL..."

PRINT"THE CALCULATIDNS ARE NOT VALID FODR BEVRTRON FMERGIES. "™
PRINT"FOF ENERGIES UFP TO 40 MEV-NUCLEDN THEZE CALCULATIONS ARE IN GENERAL "
PRINT" RAGREEMENT WITH UNPURLISHED RPEPORTS FROM GEI RND GANIL FOR FORM®
PRINT“VAR FOILS. IT IS MSSUMED THAT. FOIL IS THICK ENDUGH TO ESTABLISH"S
PRINT” AN ERUILIBRIUM DISTRIBUTION OF CHARGE STATES"sPRINT" "sPRINT™"
FRINT"ENTER <27 OF THE BEAM":3GOTD 110

0 FPRINT"":PRINT"ENTER <27 OF THE NEXT BEAM"

o IMPUT &

0 PRIMT"ENTER MA:S: OF THE BERAM IN ®&MUI"

0 INFUT A

0 FRINT"ENTER EEAM ENERGY IN MEV"

o0 IMFUT E

N Y=010Sr e13, Se EAAV ", 5
0 CF=.444+, 10#1*40¢—.00e9(4607AE+E d1q€4F—402’?—w.51P4F—ﬁO7”4+d 1EASHE-Ces 5
04 IF Z:5% THEMN E£F=1. 031

'S WR=MoZL188ER

0 F=(.Fl1eZ, 057

4 T=sF~WF

1 DRV=Ze r1-CFeT)
L RRN=, 01« INT (100 CORY+, 0052 : ’
PRIMT"THE RVEFRAGE EQUILIERIUM CHARGE ETRTE IZ"

=0 PRINT "§EPRINTORY

IF E<&0 THEM 20TD 100

ZIp=, EfofTﬁA,SzFMHM-c.RWO\IE
5 FMHM—.]OINTflﬂQfFMHN+ ()

0 PRINT""

320 FRINT"THE NATURAL CHARGE STATE DISTRTRUTION  WIDTH FuHM =3
30 PRINTELIHM

240 IF CORY+l,2eS15) <2 THEN 60OTO400

=50 R0TO100

400 AMF=1, 09, 1230e7+9, 1 1 SRE-2e772-32, B22924E~4e2 349, 142 3CRE-Re7 4
410 AMF=AMF-1, 230 5ERE~7eZ " D+B. 6L (Z0ETY7E-1 082" E~E ., 474E-12¢5"7
420 Z1=IMT AV : 2e=21+1 : S

430 PI=RMPeEXP ¢=( {21 =GIAYY 23 7/ (2O TE"ED )

40 pP2= HMPOE*P'—‘fZE—ﬂHV>“d)/fd¢ IG"23>

450 PRINT™

40 FRINTS CHRREGF PERCENT"

470 FPRIMT" ZTRTE POPULATED"

450 PRIMT""

433 PI=IHT (1008 (P L+, GOSH)

24 PE=INT Lo cPE+, Q050 )
40 FPRIMTY "sZts”
49z PRIMT" -
QAL PRIMT":PRINT""

220 p0TD 100
Qo9 ZTOFR
FREALY.
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