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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.
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1. Introduction

Prior to 1969, the 88-Inch Cyclotron was used to accelerate
beams Qf 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 cyclot~on 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 improvem~nts 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 t~ese 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,
3He 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 anyone 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 del iver the beam to the target. In
calendar year 1979, 435 beam tune-outs were required to meet the
needs of the experimental 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 i~formation 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. Theycan
be used to calculate the energy spread, multiple scattering, and the
residual charge state distributions respectively. Their- use is
self-explanatory ard so listings only will be provided in the
appendix without further documentation.

2. Computer Hardware

Recent advances in microprocessor 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
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not the printer itself.) It is programmed in BASIC. The PET mod~l

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 link permits
access to the TI Silent 700 ASR printer. The CBM2040 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 "0perators 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 link, 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 h~vebeen fivefriilures, two of which crippled the
entire system.

The cost of computational speed, memory, and the reliability
and serviceability of computer hardware is improving all the time.
The hardware described above is not optimal, but it shows the
potential for inexpensive microprocessor-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 less familiar with
the cyclotron.
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A prevailing philosophy in writing the program 'has been to make
it possible for virtually anyone to use it with little or no .
instruction. 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~ave been incorporated into
MASTER to simplify its use. In general input information is
obtained by presenting a list 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 possible to
override these suggestions, but the p~ogram 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 performedw;thout 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
3. PRE RUN

. 5. RESONANCE TABLE

2. FREQUENCY
4. ENERGY
6. CYCLOTRON SETTINGS

The calculations which are performed in each 6f these six parts of
the program ate all based upon the mass table which is show~ 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, lOBe, and 36C1) are also inc1uded si nce
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 H2' H3' 02, 03, DH, DH2' and
D2H. 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 cyclntron resonant
frequencies. If the desired beam is not on the list shown in Table
1, the user may select number 44 ("other") to specify any beam and
mass he wishes (see line 1810 of MASTER).

When the operation of the cyclotron was extended to higher main
magnet fields (fromK = 140 to K = 160) the earlier version of
MASTER, called MSTR, requ ired cons iderab 1e expansi on. MSTR is sman
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 overl~y 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
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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 A1 and A2
in this report along with an alphabetized explanation of the symbols
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

(1) 1.3132653(E2 + 2mc2 E)1/2
BRHO = Q kG-inch

where mc2, the ionic rest mass, is given by

mc2 = 931.478 x A- 0.51106 x Q MeV

In this 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)-2Jl /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 locally
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
magnetic energy analysis system provided in magnet M41 (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 obtain
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(4) E = [(mc)2 + (Q x BRHO/1.3132653)2J1/2 -mc2

(5) E = mc2 [(1 - F/48.6160H)-1/2 -1J

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 rigi~ityof the beam is
directly proportional to this frequency. Ihe constant of
proportionality can be measured using the 2C(p,p)12C resonance
at 14.23 MeV (ref. 5) Using the most recent measOrement 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 M41 magnetic analysis system is the most accurate and

precise method available for energy measurements of B8-Inch
Cyclotron beams. It is notablehQwever, that the agreement between
the nominal beam energies, as determined from the cyclotron
frequency via Eq. (2) and the measured energies via Eqs. (6) arid (4)
is quite good. This agreement is generally a few part~ in 103
except when the cyclotron is operating at high main magnet fields
for K~ 140. For high field operation, the measured energy is
typically lower than the nominal energy by about one percent.

3.3 Resonance Table

Another interesting facet of heavy ion cyclotron operation is
that there are several ion species having nearly identical resonant
conditions (e.g. 12C3+, 1604+, 20Ne5+), which can lead
to the possibility of accelerating 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 example, it is gossible to simplify the tuning of a
weak beam such as 40Ar8+ using 20Ne4+ 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:
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(7) =
(Q/A)1 - (Q/A)O = 6(Q/A)

(Q/A)O - (Q/A)

Equation (7) is obtained from differentiation of t~ecyclotron

equation

with harmonic (H) and main magnet field (8) 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/Ah ~ (HQ/A)Oorof making calculational errors is increased
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 searc~. for all resonances havi ng the same BRHO
within a prescribed range of HQ/A. The computer will print a list
of all such resonances in a resonance table. An example is given in
Table 2 for a requested beam of 140 MeV 1604+. The beams
considered by the search routine for inclusion in the resonance
tab]~must have H ::s;.;; 3, Q ::s;.;; 10, and 6 F ::s;.;; 50kH z for heavy or ::s;.;; 100
kHifor light ions. The values for OELTA F are given in lable 2
relative to the frequency of the requested beam (140 MeV 604+
in this ex~mple)~ '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
wi dth wi 11 depend on cyc1otron tun i ng and, in part icu1ar, on the dee
voltage, but it is possible to estimate resonance widths and
determine how to scale them as follows. If the phase error
6 sin ~ between the internally circulating beam and the cyclotron RF
exceeds +1, then the beam will be out of phase and will not
accelerate,. So we may set

6sin ~ = w HNT 6F= 1
F

to obtain the full width at half maximum (FWHM) of the internal beam
where the number of turns NT = E/2QVO and Vo is the dee
voltage expressed in MV. The FWHM can therefore be expressed as

FQV OFWHM a Hr

This proportionality is found to hold approximately for external beams
also, and comparison with experimental widths shows that at typical
dee voltages of Vo - 70KV a reasonable estimate of resonance widths
is given by the relation
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FWHM = 14.3 x FQ kHz
HE

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 will
use a tune up beam for calibration purposes. There is also a '
provision in the program for keying the resonance table to the preci~e

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 using the information in
the tabl~. For example, referring to Table 2 in tuning up a
140 MeV 1604+ beam, little time should be wasted worrying about
~istakenly tuning out a beam of 36Ar9+. On the other hand, an
operatpr tuning out 40Ar10+ should be aware that there will be a
substantial contamination of 36Ar9+ (ref. 7) even though natural
argon is used as a gas in the PIG source.

3.4 Beam. Li ne Sett ings

In general, the required magnet currents for any given beam line
are first calculated by a beam transport code (ref. 8) and then fine
turled by the experimenter until an acceptab1e beam spot is produced on

\ the target. The fine tuning is necessary to optimize beam quality and
to maximize th€ 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 character'istics 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 line 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. All of the
paramet~rs in the table refer to magnet settings for \
104 MeV1604+. 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 according to the relation
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(9) CURT R = BRHO (requested beam)
, BRHO(104 MeV 1604+)

x IRT,R

The program as listed in Appendix A2 needs to be updated for two
optics sets: cave 3B (biomed) and cave 4B (high resolution). This
updating is accomplished by replacing the 104 MeV 1604+ parameters
now in the IR matrix with a new set in lines 400 and 430 of PRE.

Due to saturation effects, two beam line 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 (BMB = 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 O. 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 lowe~ than experimentally 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 inversely proportional to the transit time through
the magnet. The current is scaled in line 4390 of PRE according to
the relation CUR = a x IR(16,7) I 0.11754912. The value of a = vIc is
determined via the relation a= (y2_1)1/ 2 Iy where y is the ratio
oLthe total relativistic energy divided by the rest mass energy. The
numerical constant in the denominator of the above expression is the
value of a for 104 MeV 1604+.

The scaling of beam line parameters described 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
theirsceduled beam time. A variety of other information routinely
required insetting up that run is also printed on this sheet both
to serve as a check list 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 opportunities associated with nearby resonances (see
section 3.3).

3.5 Cyclotron 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 aa-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 vol~ages

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
deta il how the program MASTER determi nes the value for each
parameter in order of appearance on the printout sheet.

3.51 Frequency
The frequency of the cyclotron RF system required for any

particle and energy is calculated as discussed in section '3.2 using
Eq. (2). As a further aid to the operator, the position of the RF
panels required to establish a resonant condition is also given.
The associated O.V.M. reading is determined empirically b~ a
polynomial function of 'frequency, and the coefficients of this
function are given in Appendix A3.

3.52 Oee Voltage
It ;s a prevailing philosophy 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 NT,fofWhich 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/2QVo,

where Vo is the dee voltage expressed in MV. If a dee voltage
Vo = 0.07 (70 kV) leads to a value of NT<50, the PET is
programmed to reduce Vo 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
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of the center region parameters and valley coils for orbit
centering. An absolute lower limit of Vo = 20 kV is placed on dee
voltages recommended by the PET. This is also somewhat arbitrary,
and there has been little experience with such beams since they
require E/Q ~ 2 (from Eq. 10). Figure 3 is a graphic representation
of the dee voltages recommended by the PET.

3.53 Main 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 (IMM) and magnetic rigidity (BRHO) of the beam. Input data
from approximately 35 beams were used with IMM 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
(IMM, 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
calculation (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 IMM' the main
magnet current, is of the form

7
(11) IMM = L an(BRHO)n - 0.05 x I(T.C. 17)

n~O

The coefficients an 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 (~ ~ IMM) over which a search
should be conducted to find a given resonance. This range 'is
calculated by the formula

I MM(12) ~IMM = lOO + 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 an
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should be calculated which incorporates the new experimental data or
new data from CYDE (ref. 10).

3.54 Trim Coil Settin~s

The most difficu t part of choosing' a set of cyclotron 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 database
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 establishing this data base are described in ref. 1, but furthef
details are given in this section which are essential to understanding
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 rati~s ~E/A and Q/A) of the two beams are similar. For
example, a beam of 0B + with E/A = 6.4 MeV/amu and Q/A = 0.3 can ,
be run from a trim coil 'solution calculated for a beam of 14N4+
with E/A ='6.07 MeVlamu and Q/A = 0.286. Nevertheless, approximately
40~trimcoil so)utions are required to ensure that the corr~ctradial
fie'ldprofile can be created for any beam within the operating domain
of-the cyclotron. The number of trim coil solutions can be kept t6
around 400 only,by careful considerations which are most easily
explained in terms of the resonance chart in Fig. 5. This is a
log-log plot of particle frequency versus magnetic field. Beams "with
th~ same Q/A fallon straight lines of unit slope. This canbe'seen .
by taking the logarithm of cyclotron Eq. (8) which gives log B = log
Fp - log Q/A, where the particle frequency Fp = FRF/H.A scale '
of"E/A;s pr?v~ded at the top of th~ figure (E/A a F~). Note., ..
that the posltlon of each of the pOlnts on the chart can beunlquely'
determined by specifying both the energy per nucleon (E/A) and the .
charge-to-mass ratio (Q/A). A trim coil solution, calCulated byCYDE,
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 QIA
which can be run using the trim coil solution calcluated for each'
point •.

3.541 Spacing Between Lines of Constant Q/A
We now focus on the limits to which a given trim coil solution

can be IIstretched. 1I 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 limits 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{O)., It can be shown
(ref. 11) that for a trim coil solution calculated for ion (a)
with {Q/A)a = €a to be used for another ion {b) with {Q/A)b = €b
at the same cyclotron constant K (i.e. main magnet setting)~ the
following inequality must hold:
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, D

where the dee voltage VD is now expressed in kV. This expression
is the result of placing limits on the allowed phase slip of
~ 300 • The K2_ dependence of this expression implies that the
spacing between lines nf consant Q/A must be closer at high main
magnet fields. This is illustrated in Fig. 6A where values of £b
are plotted as a function of K for two values of £a: £a(l) =
0.43750 and €~(2) = 0.41666. In this example, the line segment
labelled €b(l) represents the maximum Q/A to which trim coil
solutions with Q/A = €a(l) can be stretched. Similarly, the line
segment €b(2) represents the minimum Q/A to which trim coil
solutions with Q/A = €a(2) can be stretched. The shaded region
above K- 147 represents values of Q/Awhich cannot be accessed from
solutions on either €a(l) or €a(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 nbt 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 =G.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 Fig6B. 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 line 85 correspond to 7Li3+
beams with Q/A = G.429. These line numbers start at 10 for protons
and end with line 200 for 1602+. The numbers increase
monotonically with decreasin9 Q/A; however, the lines are not
numbered consecutively in or er 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 line 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 line 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 A4c.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
1604+ remained unchanged when the grid was expanded for beams

12



with K > 140, despite the addition of about 130 high K trim coil
solutions. A complete tabulation of all the points on the grid
syst,em is given in Appendix Me. Note that the solution number
listed in App~ndix A4c is a simple running index and is not. .
permanently associated with a particular trim coil solution if new
beams are added to the grid.

3.543 Energy Spacing of Points with Fixed Q/A
Stretching a trim coil solution with f;xedQ/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(O) we also introduce changes in this radial
profile inadvertantly due to the radial dependence of saturation in
the main fie.ld. For energies E/A .<,10 MeV/amu relativistic effects
dominate. The limits of stretching imposed by purely relativistic
consideratibns are calculable (ref. 11). In order for a trim coil
solution calculated for a beam with energy EO to be used for the
same ion with final energy El' the following inequality must hold

where again VD 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 (El - Eo)/Eo predicted
by the expression 14 as a function of E/A for protons, helium-3 and
alphas/ deuterons. ' ,

For most beams, however, energy stretching limits at constant
Q/A must take into account the effects of saturation on the radial
field profile B(R)/B(O)~ 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 producing the curves. For example, the interpolations
necessarily ignore possible irregularities peculiar to ihdividual
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 Mc, each
grid point has associated with it a number (DEA) = lEl-EO)/EO
which gives the range of energies spanned by that trim coil
solution. In over four years of cyclotron operation, 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 Compensation-"Preferred Stretches"
Because of magnet saturation in the 88-Inch main magnet a small

increase in the main field lead~to a lowering of the J(R)/B(O)
curve with R as indicated schematically by the dashed curve in Fig.
9, there is a resulting slip in phase between the frequency of the
particle and the frequency of the cyclotron RF system. Thefield
profile indicated by the dashed line in Fig. 9 is better matched to
the isochronous requirements of a particl~ with slightly lower
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 directions, each Zone can be approximated by an
ellipse with the major axis making an angle p with the horizontal.
It can be shown that this angle is given by

sin p = s (2s2 + t 2 _ 2st)-1/2

(15) where s = log [1 - (E1 - Eo)/2EoJ-1

and t = log [1 - (€a - €b)/€aJ-1

.A simplified 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 saturation effects completely
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 operations. To do
this, figures of merit FS and FR 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 F2 at
constant Q/A. We then calculate F1, which is the fraction of
maximum stretch £b. F1 is taken as positive in the direction of
increas.ing Q1A. Then we calculate F2 which is the fraction of
maximum stretch E1 along a line of constant Q/A. F2 is taken as
positive in the direction of increasing E/A. E1 is determined
from considerations described in section 3.542. That is, from the
value of DEA = (E1 - EO)/EO stored for each grid point (see
Appendix A4c) we obtain

E1 = EO ( DEA + 1).
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To obtain the limiting value of Eb (when stretching at constant
magnetic field) the left side of the inequality expressedin.
relation (13) is set equal to I. We then obtai~ thec~bic equati~r~

This equation is solved for E:b using Cardan's formulae (ref. 14)
with care taken to correctly el iminate extraneous roots having no
physical significance. From the limiting values El and E:b, the
fractions Fland F2 are calculated

(E/A)x (Q/A)~ (A/Q)~ - (Eo/A)a
F2 = (E1!A}a ~ (Eo!A}a

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

(16) FS = Fl + F2

"" FR = (F
1
2 + F

2
2)1/2

If a given stretch is exactly in"a preferred direction, then
Fl = -F2 and FS = O. If the requested beam is identical to
the beam for which a grid point"trim coil solution has been
calculated, then F1 = F2 = 0 and FS = FR = 0 also. If
IFSI > 1, the trim coil solution for the grid po.int under
consideration will not provide a field profile suitable for the
requested beam. In genera1, the gri d point with the smallest val ue
of FS gives the preferred trim coil solution for any given
requested beam. It should be emphasized that the approximations
inherent in Eqs. (13) and (14) are valid only for short stretches.
The system of calculating FS 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 lie 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 low 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 FS and FR'
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 lie 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 FS and FR are then calculated. The recommended
solution is the one associated with the grid point having the
smallest value of IFsi unless another point has a value of
FR < 0.2 (line 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 A4c, the
appropriate trim coil ~urrents are read in from the disk (see
Appendix A4d).

There are many special cases where it is not possible 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 t+im coil solution
calculated and optimized for a 427 MeV 1607 beam will provide.
a satisfactory field shape for both 360 MeV 14N6+ and 245 MeV
9Be4+beams. The phase slip compensation discussed in section
3.544 is illustrated in Fig. 13 where phase histories of several
9Be4+ beams have been calculated by CYDE all using the trim coil
settings for the 427 MeV 1607+ beam. From these CYDE
calculations, the 9Be4+ 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 harmonic beams

(H = 3) with very low Q/A the preferred direction for stretching
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trim coil solutions is in the direction of constant main field (i~e.

constant BRHO). In fact, all H = 3 beams which lieto the left of·
the grid system in Fig. 5 can be run using a grid point beam wit~

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

I

l. €a = 0.125, K = 160, VD = 70kV,

2. €a = 0.125, K = 140, VD = 70kV, and

3. €a = 0.167, K = 55, VD = 70kV.

The results are shown in Fig. 14. It can be seen that for no value
of €b does the expression exceed unity, which implies that points
on line 190 (Q/A = 0.167) for K< 55 and that point~ on line 200
(Q/A = 0.125) for K<160 can be stretched to cover all H = 3 beams
which lie 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
v~lue 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
rould be to calculate with CYDE a series of trim coil solutions for

4N1+ beams (Q/A = 0.071). These could then be used to
recommend the appropriate trim coil solution for H > 3 beams again
using the IInearest-BRHO II 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)2

where DEA = (E1 - EO)/EO gives the maximum allowed energy
stretch at constant Q/A. (DEA val~es are tabulated in Appendix
A4c.) 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 Settin s
Two standar sets of va ey COl 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 slit at AS41 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 listed 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. Para~eters 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 Settin,s
There are 15 clef ector 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 4He2+ beam. The
voltages required for any other beam are obtained by multiplying the
voltages in the table by
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E/Q
!2:"5

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

It should 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 prod~ce 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 RECORDS

In January 1979 a program for computer controlled storage and
retrieval of the 88 11 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
reporting period.

4.1. Options

At the beginning of each period the PET is initialized with 120
blank rec'ords 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 initialized data tape has been reloaded, 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 $0 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 ~ould

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
large~~ 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
pertai~ing 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 Kexceeded 140.

A further use of these data was to generate a list 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 magn~tic rigidity (BRHO) for
each beam from equation (1) using approximate values for the mass.
BRHO is then used to estimate the main magnet current (IMM) using
the expression
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7
IMM = ~ an (BRHO)n.

n=O

This expression is simi'lar to equation (11) but lacks 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 correction
is approximated 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 consumptio~ of each supply at various
current settings of the cyclotron main magnet. Two separate curves
were then plotted 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 exceeding 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 thpt the trim coil values required for
acceleration of various energy 1604+ 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 light 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 consumptioD
figures may be derived in a straightforward manner.

The portion of the program whic~ 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 proportional 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 Descri pt ion

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
analyzed would ultimately equal the number of hours in the calendar
year., To each of these categories 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
"0", 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 printout 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
montbs 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 requiri~g a
90-elementarray. 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
~overing 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/O 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 cpssette drive motor is
energized while the record is being read, then stopped while the
d~ta are shifted into memory. However, the inertia of the cassette
ree 1 often causes the tape to advance the next fil e header beyond
the read heads. The usual r~sult 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 pn 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 cr~ate an IRG. Use of this technique permits
virtually error free data transfer to and from tape.

5.2.. Opt'i ons

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
10, and then selects the function to be performed from an options
list. 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 inquires if
the data block has b~en initialized. if 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. All 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 comfortably f;'lled 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
prQgram subsequently 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 Ilinter-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 bi-monthly report,
"Analyze Data ll

, 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 "nofurther
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 tQhours, 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 ambiguity 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

26



..

..

written onto the disk, the operator will thus still be able to apply
a correction to the final summary table through application of the
time-honored "Finagler's Constant" technique. (The actual
methqdology of such an application will be left as an exercise. for
the reader). I"

However, among the principal 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 simplified 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
itself, a very worthwhile exercise. .

.. The primary objective in writing these programs was to provide
an efficient data management system to facilitate access to
information needed by those associated with the operation and use of
the 88-Inch Cyclotron. The programs have received an enthusiastic
level of operator acceptance and permit them to discharge their
re~pon~ibilities with increased confidence and independence. Space
requirements for storage of tabulated data (such as the many volumes
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

"- M A E:EAt~ ('J;) "-

I 1. 00782522 PF.'[lTONS:
2 2. 0141022 DEUTEF.'OtlS

2 :3 3. 01E,0297 HEL IUt~-:3

2 4 4. f10c'603:3 ALPHAS
3 6 6. 015123 l ITH II.IM'-o;;
:=: 7 7. 0160tl5 LITH IUI'I-7
4 9 ':;l. 01218301 E:EPYLL I UI'I-9
4 10 10. 01:35'352 F:EP'y'lLIUM-I0
S 10 10. 0129:385 E:OPON-I0
5 11 11. 0093053 F:OF.:Dt-l-ll
.:. 12 12 CAF.'BON-Ii?
6 1:3 1.3. 00:33551 CAPEON-U
6 14 14. 00:324 CAPFON-14
7 14 14. 0030744 t~ I TF.:OGEN-14
7 15 15. 000109 N I TPDI;;Eti-15
::: 1;:, 15.994915 O:>-:Yf;EN-l E,
::: 17 16. '3'3'~t:3:3 O:>-:YGEN-17
8 18 17.'?9916 m-::')"':;Etl-18
'3 19 1:3.9'38405 FLOt'P I t'lE -19

10 20 19.9'3C'4405 t'lEDtl-20
10 '21 20.9';:<:3:;::47 t'lEDN-c:l
10 22 21. '391 :385 tlEON-22
11 .~":o 22,. '~8977 :S'ODIUI'I-230:;,_,

12 24 23. ';':35044 t'1AI3t'lES II.IM-24
Ie' c's c'4. '~:=:58'3~ t'lI=U::; tlE:S I Ut'l- C' r;
12 c.'t:; 25. 9:~2594 t'IAI;;t'lES r Ut'l-c';:,
13 ~:7 26. ':;'81541 AlUt'IINUI'I-27
14 2:::· 27.97':,929 SILICON-2:::
14 2';:' 2:3. ~7E4';'7 SILICON-29
14 :::0 2":<. ':;'73772 S I L I CDt-l-:::: (I

15 ,:::1 ,30. ';'7::::76:3 PHOSPHOP[lUS-31
10:. ;:2 :::1. ';'72073 SUlPHUP-32
16 ":;:.:: :32. ';'71459 SULPHUP-::::3
16 34 :3'3. ·~E·787 SUlPHUP-34
16 ·3':· '35. ':;'';:'7079 'S'UlPHUF.'-:3",
17 :;:5 .::4. '::-68:::5:36 CHlOF.' I Ill: -:3'5
17 :3'::, .35. ',';8:;: 07:3 CHlDr<' I Nf-:36
17 "37 .36. '365903 CHlOPItiE-:37
18 36 '35.967547 AF.:I;;Ot~-30:.

18 .:::=: 37. ';'E·27:;::? API3Dtl-:;::8
18 40 ::::"9. '36c':3E:4 API3Dt-l-4 (I

20 40 :3'3. 9€·259~~ CALCIUI"-4f1
1 2 2. 0156504 H2
1 .:: :3. 02,34756 H:'._'

2. 4 4. 028':'044 Ii2
2 E- '='. 0423066 II:3
:?- ::c ,3. 0219274 IiH
4 4 4. 0297526 IiH2
~ 5 s.- (1:36 (Ic'96 {Ic'H'J

30:. 78' 77.92(14 ~::'F''''''PTml-78

30:, 80 79. '?16.38 1<F."j"PTml-80
36 82 81.91348 I<F'YPTOII-82
,36 8:~ 82. '?141,301 ~'P""PTON-83

36 84 8:3.911505 VPYPTC1ll-84
;:6 86 E:5. ":<106161 ~:PYPTDtl-86
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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 +

w 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 02 1 +



Table 3:

Matrix of 19 Beam Line Settings for 104 MeV 1604+

Optics QS1A QS1B MS
Set (AMPS) (AMPS) (kG) (AMPS) M41/42 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 O. O. O. O. O.
02 (GHIORSO) 125.8 121.8 14.35 76.3 84.2 158.9 O. O. O. O. O.
1A DIS 167. 122.7 14.35 100. 108. -7.4 O. O. O. o. O.
1B (MORETTO) 172. 129. 14.35 98. 114. 53. O. O. O. O. O.
1B (RUBY) 162.9 120.9 14.35 131.7 181.2 53. O. O. O. O. o.

w 2 (RAMA) 16I. 137. 9.73 140. 102. 49 48. -150. -179. O. O.N
2 (Sc.Cham) 167. 148. 9.73 143. 109. 13.4 16.4 93. 95. O. O.
3B (Bio Med) 141. 125. 4.708 10I. 89. 188. O. O. o. O. O.
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) O. O. o. o. O. o. O. o. O. o. O.
4B (Hi Trans) 139.8 111.5- 4.85 101.7 100. 71.5 66.6 -68.4 ...}6.9 916. 228.8
4C (Hi Res) 116. 97. 4.708 71. 81. 62. 59. -66. -75. 916. 650.
4C (Hi Trans) 140. 110. 4.835 10I. 102. -58. -45. 62.3 68.6 919. 671-
5A (Mu 11 er) 141- 122. 4.835 52. 68. O. O. O. O. O. O.
5A (Str.Cham) 138.8 117. 4.835 41.1 37. O. O. O. O. O. O.
5B (E. Det) 131- 109. O. 3.4 O. O. O. O. O. O. O.
5B (Yano) 121- 90.3 O. 57.1· 43.3 O. O. O. O. O. O.
5B (Par Tgt) 125.4 92.5 O. 21.3 23. 678.5 166.6 O. O. O. O.

~.
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Table 4:

Cyclotron Settinqs fOr 140 MeV 1604+

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

, 60." m-. 0- 0-
1 32
2 -345
3 0
4 0
5 0
6 0
7 0
8 -142
9 -147

10 -393
11 -578
12 -478
13 -907
14 -1754
15 -1599
16 -2261
17 2400

Valley Coi1s*

Coil 1 2 3 4 5

Angle (DEG) 90 310 120
Amps 200 100 50

Center Regi on .

RAD = 385·
AZI = 20
ROT = 15
P N/S = 30*
P E/W =*

Deflector Positions

1) 39.4
2) .21
3) 40.364
4) .254
5) 40.476
6) .261
7) 42.921
8) .496
9) 43.57
10) 1.25
11) 48.49
12) 1.93

*Optimize as required
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Deflector Vo1ts*

Entrance =52.7 kV .

Middle = 62.4 kV

Exit =0 kV



Table 5:

List of the lowest values of Kto which the lowest energy beam on
each Q/A = constant line can be stretched. NC is the solution number
of that lowest energy beam.

I G!A (I) ~K: (I) Lt< (1)

1 1 1 1. ':.:3
2 .6667 :30 2.622.... .5 73 4.4.;}

4 .471 106 500
5 .467 111 500
6 .462 121 500... .455 1:31 11:3. 12'3{

:3 .444 144 135. :::05
9 .4:3:3 150 51.604

10 .42'3 1':,6 1':'7 C".~...,.
&;;. I •.~._I (

11 .417 172 28.7':.:3
1·... .4 190 '31. 06:30::.

1'-' • :;::35 201 1:30.477.:..
14 • ::;:75 207 ':.:3.716
15 .:357 221 109,. ::;:56
16 • :35 231 152. :~: 1
17 • :3:3:3 2:33 E•• 01:3
18 • :31:3 253 115. ':;':::8
19 .2:36 261 41.3:31
20 .25 276 Eo
21 .2222 2'~4 105.46
22 .214 :302 59. 1;'3
2:3 '::- :318 111. 4':.:3....
24 ·188 :32'3 2. ':.54
25 ·167 :345 4.303
26 ·143 :36:3 152.5:31
27 ·125 365 3'~. 579
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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=l H=l H=l

E/Q < 32.5 32 .5~ E/Q < 50 E/Q ~50

RAD 520 445 385 320
AZI 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-
£<10 10 ~ £< 32.5 32 •5~ £ < 47. 5 47.5~ £< 62.5 £ ;> 62.5
Q Q Q Q Q

1 39.4 39.4 39.4 39.4 39.4
2 .4 .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

w 8 .7 .577 .496 .53 .485
0"1 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 O. 12.536

"



Table 9:

BEAMS SUMMARY FOR MARCH 1979

DATE ENERGy' MASS ION CHG CAVE HRS AVG AMT EXPERIMENTER

0::;VOI/79 100 MEV 15 N + 4 02 15 3 NITSCHkE
2 0:3/01/79 25 MEV 1 H + 1 5B 2 25 YA,...O
:3 0:3.-'01.-"79 95 MEV 15 N + 4 02 18 2.8 NITSCHKE
4 0:3/02/79 111 MEV 18 0 + 4 02 22 2.1 HOFFMAN
5 03.~·03.'"79 185 MEV 40 AR + 8 lA 7 .003 llIAMDtiII
6 03/04/79 170 MEV 40 AR + 7 lA 9 .021 DIAMONll
7 0:3/04.·'"7':'/ 185 MEV 40 AR + 8 lA 39 .005 DIAMDtiII
E: 0:3/06/79 11 MEV 1 H + 1 3B 2 1 CLEMENSON
.~ 03/06/79 6'5 MEV 4 HE + 2 'liT r, 2 BEAM liE'll'=,

10 03/07/79 116 MEV 18 0 + 4 02 27 2.2 HOFFMAN
11 03/08"'''79 11 MEV 1 H + 1 3B 3 1 CLEMENSON
12 03/08/79 25 MEV 1 H + 1 5B 2 25 YANO
13 o~: ....·0::: ...··79 21E, MEV 16 0 + 5 4A 28 .075 HUIZENGA
14 03/09/79 ~:15 MEV 16 0 + E. 4A 4 • (10'5 HUIZHiI:;A
15 0:3.····10/79 75' MEV 16 0 + :;: 4A 8 .025 HUIZENGA
IE. 03.····11/79 175 MEV IE, 0 + 5 4A 8 • 1 HUIZENI3A
17 0:3/11.,'7':'/ ':,5 MEV 4 HE + 2 2 44 .8 SHOTTEF.'
18 0:3/1:;:.··'7':'/ 65 MEV 4 HE + 2 2 28 .5 SHOTTEF:
1':'/ 03/15 ...·79 175 MEV 20 NE + 5 1B 14 .0002 IJJOZNIAK
20 0:3.····15 .... 7·:;- 170 MEV 40 AF: + 7 1B 4 .0007 IJJOZtlIAK
21 (1:;:.~·1 E"""79 11 MEV 1 H + 1 3B 3 1 CLE~lENSDt·1

c'c' 0:;:.' 1E./7':'/ .-,e:: MEV 1 H + 1 51: 2 '-.e' 'r'AtlDC·_' o:.~'

2:;: 0·;:.····1.;,/7';. 1::'7 MEV 12 C + 4 ~:B 14 .0002 HOLLE'f'
E'4 0:;:./17,/79 41.5 MEV :3 HE + 2 2R 10 2.5· CERtll··
c"5 O.:::.····17 ..... 7·~ 110 MEV 14 t'l + 4 2R 14 2. :3 CEF.'N·y'
26 1)'3.····1:::.···"79 140 MEV IE, 0 + 4 2F: 6 .5 CEI:.:N·y'
27 0::;:/1:::",'79 122 MEV 1,-, 0 + 4 02 ::: 1.9 HOGAt'l.:'
2::: 0:;:.···1:::.,"7·:'/ 75 MEV 1'=' 0 + 4 02 4 1.5 HOl3AN'-'
2'3 0::::/1 E: .... 7'~ 111 MEV 1'-' 0 + 4 02 4 2.6 HOl3AN'=,
::;:0 0:;:.,' 1·:'/.··'7':'/ 111 MEV 1:3 0 + 4 02 e: 2.2 HOFFMAN
:;: 1 0::;:"'1':'/.,"79 116 MEV 1::: 0 + 4 02 16 2.4 HOFFMAt·,
3c.' 03/20..... 79 120 MEV 18 0 + 4 OC' ::: 1.8 HOFFMAN
:;:;:: 0:;: .,' 2 0.··· 79 E:E: MEV 12 C + 3 (Ic' 24 2. :3 HOFFMAti
::;:4 0:3 ..... 21 ... 7':'/ :35 MEV 4 HE + 1 'liT 1=' .5 R·y·O:·E....IAEI:.:T-'
::;:5 0:;:·.. ·22/79 140 MEV 3 HE + 2 4C E: <.0001 GRUH,...
:::6 03/22/79 175 MEV 20 NE + 5 2R 32 1.4 MOLTZ
37 03/2:;~""'79 160 MEV 12 C + 4 2R 7 2 MOLTZ
-,,-, 0.:::·.... 23·.... 79 1E, 0 ME",,' 14 tl + 4 21:.' 14 1. 75 MOLTZ.:..,:'

.;:':a 0::;: .... 24./7·3 200 MEV 14 1'1 + 5 2F: 20 1. 1 MOLTZ
40 I)::::./c.'5.""7';' 104 MEV 12 C + "3 2R IE, 1.2 MOLTZ
41 0·::: ...··2.:....·'7·;. 7::: MEV 12 C + .~ 2F: :=: 1 MOLT:'-' '.
42 (1.3 .... 26.····79 2~ MEV 1 H + 1 5E: :::: 25 ·...AnD
43 (I,;:.····;:.'E-·/79 lE,E,.8 MEV E:4 KR + 10 3P 1:3 <.0001 F:DCnIELL
44 O·:: ..... c'7.····7·;. ·40 MEV 18 0 + :::: 02 5 .15 ALEKLETTE
45 o·;:·.... c· 7 ..."79 50 ME'·,,' lE: 0 + :;: 02 :~: • 1 ALn:LETTE
4': O:;:/27.···7·~

,...~ t'lEV 18 0 + 4 02 4 • E· HDI:;Atlt:;,(

4~ 0::::·.... 27.····(·:;. 122 MEV 18 0 + 4 02 4 1 .-, HOGAtl" • e·
4.:: ('·;:.···c'::: .... 7·;.. .:;t';.. MEV 1'-' 0 + 4 02 4 2 HOl3ANe,
4':' 0:::···2:::.····7·:,. .",e: MEV 1 H + 1 5B 4 25 ')-'AtiO'::; ...1

:' C' 0·;: .... 28 .... 79 116 MEV 1::: 0 + 4 02 1E, 1.2 HDFFMAtl
~1 (I::::·····c.";. ...··7·;. liE, t1EV 18 0 + 4 02 16 1.2 GHIORSD
SC' O.;: ..... :;:I).····7·~ 140 MEV :3 HE + 2 4( 24 <.0001 DE VF:IES
5.;: 03/:31/79 80 MEV :;: HE + 2 2 E: • 1 SHOTTEF'

TOTAL HOURS 630

BEAt~ INTE,...SIT IES E><PPESSEII IN MICRDRMPEPES
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Table 10:

TIME ACCOUNTING FOR MAY-JUNE 1980

TOTAL HOUPS PERCEtH

BEAM DEVELOPMENT •.•••••.•.•••..•..
TIJt~ I NG'•.•' •••••••••••••••••••••••• '••
DPTIC:S .
Dt~ TARG~_T ••••••••...•••••••••••••"••••
SCHEDULErl MA I NTENANCE ••..•.••..••.
UNSCHEDUL~D MAINTENANCE ••.•....• ~.

WAITINGiFOR EXPERIMENTER ••.•• L ••••

OTHER (BEAM OFF) .••••.•••.••••'•.••

SUBTOTAL'

61. 47

70.47
511.5:3
120
170. ::::::

2':.• E:
5:3'. 0:3

110::: HOUPS

5.'54
:::

46. 17
1 (I. :::J
15.42
2.41
5. 2:~:

HOLI_D~Y/SHUTDdwN.................. 356

TOTAL

TOTAL EXPERIMENTAL TIME •••••••••••

38
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FIGURE CAPTIONS

1. Particle distribution history of the 88-Inch Cyclotron from 1968 to
1980, (XBL 809-1999A).

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

3. Recommended dee voltage as a function of E/Q, (XBL 812~2128).

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

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

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

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

8. Energy "stretching" 1imits for heavy ion trim coi 1 solutions.
a) First harmonic, {XBL 812-2132).
b) Secon~ harmonic, (XBL 812-2133).

9. Schematic,illu$tration of radial field profile matching~
(XBL 812:...2134). ,

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

11. Vector representation of solution "stretching", (XBL 812-2136).

12. Summary"of recommended trim coil solutions for selected beams.

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

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

BEAM INDEX
NO.

SOLUTION
NO.

FR FS

A. 182 MeV 22Ne5+ 165.07 300 0.239 0.097

160.16 291 0.872 -0.798

B. III MeV 13C3+ 165.07 300 0.358 0.32

160.16 291 0.75 -0.587

C. 168 MeV 4°Ar7+ 190.14, 358 0.736 -0.171

180.10 338 1.406 0.726

245 MeV 9Be4+ 75.01 144 0.524 -0.473

80.10 159 0.831 0.227

70.03 133 1.758 0.349

D. 244 MeV 9Be4+ 75.01 144 0.657 -0.607

80.10 159 0.918 0.084

70.03 133 1.64 0.197

360 MeV 14N6+ 85.02 167 0.095 0.043

E. 41 MeV protons 10.15 IS 0.915 -0.916

10.14 14 0.862 0.862
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100
104
105
106
110
114
115
116
120
124
1c'5
12E,
130
134
135
136
140
150
1':,0
170
180
190
200
210
220
230
240
250
260
270
280
2'?O
294
2';"5
2·?~·

300
310
:;:C'O
:;::;: (I

:340.. .350
, 3';·0
.370
:;::30
3';'fI
40('
41(1
4~'fI

4.3(1
4.:-4
435
4::::':-
440
450

APPENDIX A~l.a~: . Listing of Progr~m MASTER

1 REM 08/27/80 ,
2 REM THIS IS THE PROGRAM ~MASTER~

3 PEM •PPINT"":PRINT"READING DATA"
PEM
PEM TC=l IMPLIES PROGPAM HAS BEEN CALLED BY ~PPE'

PEl'l
IF Te=l THEN 150
PEt,
PEM .ASSIGN CONSTANTS
PEt'!
VM=q81.478:ME=.511066:2Z=1~3132653:YZ=48.616
F:Et'! _....".. _
PEM ASSIGN 104 MEV OXYGEN-i6 AS DEFAULT BEAM
PEN
L=16:E=104:Q~4:H=1:M=16:Ls=16:HS=1:F=5.71476888
PEN ",
PEM LOAD BEAMS ,LIST
REN
IF TC<>l THEN DIMBEAM$(56):OPEN 15,S,15
FOP I=lT055:RERD PEAM$(I):NEXT I . " ,
IIATA "PPOTON:S:" ~ DE'-'JEPmi:S:~ HELIllI'1-3. RLPHAS. LITHIUM-6,l ITHIlIM-7~BERYLL IUM-9
IIATA BERYLLILIM-I0~BOPON-I0,P.OPON-11,CRRBON-12,CRPBON-18~CARBON-14 '
DATA NJTP06EN-14,NITPOGEN-l~,QXYGEN-16,OXYGEN-17~OXY6EN-18,FLOUPINE-19

IIATANEON-20~NEON-21,NEON-22.S0IlJ'-'M-23,MAGNESIUM-24,MA6NESIUM-25

DATA M~~NESJUM_26,ALUMINUM-27,SILICON-28,SILICON~29JSILICON-30
IIATAPHD:SPHOPqU:}-31' SULPHUR-32, S:UL PHUR-3:3, SULPHUP-34. SULF'HUR-36'
DATA CHLORJNE-35,CHLORINE-86, CHLORINE-37. APGON-36,ARGDN-38, APGON-40
TIATA'CALcI Ut'1-4 0, H2, H:;:, n2; II:;:, IIH, r1H2, D2H, f<PYPTON-78, 1<l<'YPTON-S (I, I<:'P'y'PTON-S2
DRTA KRYPTON-83.KRYPTON-84,KPYPTON-S6
IF TC,=l TH'EN 1470
TI I M Z ('56) , A(56) • 1:F: (4) ,N (4) , IN (2) , ui (2S) , Ne (28) , m~ lA) • TP (17) , pp. (l)
TlIro1 OA <i?E:) ,EA (}78) • I,EA(378), FfvA> , FS (4) , Di<;$ (6) , CR (4,4) , DDD <5, 15)
FDF.'J = i TOZ: PEATI F.::E:( J.) : r'iE:X:T I ' , ,." , "
DATA' 150.7~5f155.757,179.402,219.611.253.562,292.722,263.464
PEI'1 ---,__........-
REM LOAII MASS TAPLE
F'Et'! .
FDPI=lT055:REAnZ(J),A(I):NEXT I
DATA 1,1.00782522.1,2.0141022,i?,8.0160297,2,4.0026~83,3.6.(11'5128,3,7.016005

IIATR 4,9.012183,4,10.0135352,5,10.0129285.5,11.0093053,6,12.0,6,13.0033~~1
JIATA 6,14.00324,7,14.00:;'0744.7,15. 0(10109,8, 15.9949150,8, 16.9991~:3,:=:
DATA 17.99916.9,18.998405,10,19.9924405,10,20.993847,10.21.991385,11
flFiTA ~'2. ':,i:?-977, 12,2:3.9:=:'5('44,12,24. 9:?-58::::9, IE', c'5. ·?:::2594. 18. c',;.• ·;..~:1541

flRTA 14,27.976929, 14.28.9764Q7, 14,29.973772, 15,30.973763, 16 .81.972073
PFiTR t6,82.971459,16,33.96727,16,35.967079,17,34.9688~86,17.35.9688073.17
llFiTA :;:';:~.9":.5·:.n3, 18, :::5.QE,7547. lS. :37.96273:3
TIATA 1:::. :39. 96c':;::?4. 2'0, .::'? ';:'625';:'2. 1,2. (t 15';.5 /)4
nATA 1,3~0234756,2,4.0282044,2,6.0423~66.3,3.0219274

PATA 4,4.0297~26.5.5~0360296 "
DATR 36.77.9204,3~,79.91688,36,81.91348 .
DATA 36.82.91413,36.e3.911505,36.85.910616PEr,! _

I=:Er1 LOAn CEtHER PEl;; Jor! PAFAt'lETEPS
REM ,
FOR P~=lT04:FOR PN=lT04:PEAD (R(PN,PN)rNE~T PN:NEXT PH
nATR 520,19.15.55.445.22,15,40.385,20.15,30,320.24.15.15

55



454 PEf'! ------
455 PEM L.OAD DEFLECTOP PAPAMETERS
4~,E. PH1
460 FQP PA=lT05:FOR PA=lT015:READ DDDCPA,PA):NEXT PA:NEXT RA
470 DATA 3 Q .4,.4,40.36,.42,40.4,.496,42.731,.7,43.57,1.25,48.49".93,97.5
480 DRTA 97.5.0,39.4 •• 34,40.36,.36,40.42•• 401,42.92,.577,43.57,1.25,48.49,1.74Q
490 DATA 81,76,0,39.4,.21,40.364,.254,40.476•• 261,42.921,.496,43.57,1.25 .
500 DATA 48.49,1.93,49.5~,0,39.4,.21,40.36,.213,40.48,.224,42.83,.53,43.57
510 DATA 1.25,4::'.49,1.9:3,46.94,50.55,0,39. 4-t .202,40. :327, .2:37,40. :359, .307,43"0:3
520 DATA .485,44.008,.798,48.975,1.237,40.95,42.761,12.536

. 524 PHl --------------------
525 PEM LOAD INFORMAl ION ON 27 Q/A GRID LINES
52E. PEN
530 FOR 1=0 TD28:READ Qf<I)JNC(I),LKCI):NEXT I
540 DATA 2.0.~OO

550 DATA 1,1,1.68,.6667,30,2.622,~5,73,4.4,.471,106,500 •• 467,111,500,.462,12J
560 DATA 5DO,.455,131,113.129,.444JI44,135.805,.438,150,51.604,.429,166
570 DATA 127.537,.417,17~,28.768,.4,190,91.063,.385,201,130.477,.375,2(17

580 DATA 63.716,.357,221,109.356,.35,231,152.31,.333,233.6.013,.313,253
590 DATA 115.988,.286,261,41.381,.25,276,6,.2222,294,105.46,.214,302,59.93
600 DATA .2,318,111.463,.188,329,2.654,.167,345.4.303,.143,363,152.581,.125
610 DATA 365,39.579,0,378,500
614 REM .__- __---:-:-__- __--:-=-::=__=""::":"'~__---------...:..-­

615 REM LOAD INFORMATION ON 377 GRID POINTS
616 REM NEGATIVE ENTRIES INDICATE START OF GRID LINE ENDING IN '5'
617 PHl
620 FOP I=OT0378:READ EACI),DEACI):IF DEA(I)~O THEN DEA(I)=.OOOq,
630 IF EACI)=O THENEACI)=1
640 f~E:>n r
650 DATA 0,0
660 DATA 7,.76,10,.324,15,.175,17.~,.136,20,.106,22.5,.086,25,.071,27.5,.059
670 DATA 30,.05,32.5,.043,35,.037,36,.035,38,.032,40,.029,42,.026,44,.025 .
~80 DATA 45,.02?,47,.021,49,.02,50,.OI9,51.5,.018,53,.017,54,.016,55;.016
690 DATA 56,.015,57,.• 014,58,.014,59,.0136,60,.013
700 DATA 3.33,.~5,5,.33,6.67,~45,10,.24~13.3,.15,16.7,.103,18.i,.087,20,.075
710 DATA 21.6,.064,23.3,.055,25,.05,26.7,.042,28.3,.038,30,.034,31.7 •• 031
720 DATA 33.3,.028,35,.025,36.7,.023,37.7,.02e,39,.02,40,.02,41,.019,42.3•• 018
730 DATA 43.3,.017,44.3,.016,45.7,.015,46.7,.014,47.7,.014,48.7,.013,49.3,.013
740 DATA 50,.U126,51,.012,52,.OI2,52.7,.011.53.3,.011,54.3,.01,~5.3,.OI,~6 •• 01
750 DATA 56.7,~01,57.7,.0094,58.7,.0091,59.3~.009J60,.009·
760 DATA 2.5,.56i5,.3,7.5,.33,10,.19,12.5,.13,15,.096,17.5,~073;18.75,~064
770 DATA 2D •• 056,21.25,.05,22.5,.045,23.75,.04,25,~037,26.25,.032~27.5,.030~
780 DA1A 28.75,.028,30,.026,31.2~,.024,3t.5,.0222,33.75,.022,35,.018
790 DATA 35.75 •• 0156,36.5,.0132,37,.0116,37.5,.01,38,.008,38.5,.0068
800DRTA 38.75,.006,39,.0052~39.25,.0044,39.5,.0036,39.75,.0032,40,.003"

810 DATR 1,0,0,0,0,0.0,0,31,.022
82n DATA 1,0,0,0,0,0,0,0,0,0,0,0,0,0.0,0.0,0,30.5,.022
830 DATA 1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,29.8,.022
840 DATA ~4.27.~035,25.9,.031,27.45,.028,28.9,.025,30,.0188,30.9 •• 015
850 DATA 31.4,.018~,31.8,.0118,32~3 •• 01,32.7 •• 0083.33.1,.on69,33.4 •• 0~58
8~O nATA 33.6•• 0048
870 DRTA -27.6 •• 03,28.9,.025,29.7,.022,30.6,.018,31.1,.015,31.7,.013
880 DATA J1.25,.12,13.125 •• 092,15,.075,16.875,.063,18.75,.053,20.31,.046
890 nATA 21.875 •• 04,23.43,.034,25,.03.26.79,.0283,27.8,.022,28.75 •• 0188
90n nRTA 29.4,.0162,30,.0136,30.6,.011,31,.00943
·910 D~TA -24.3,.036,25.7,.03,26.8,.025.27.9 •• 021,28.6,.018,29.3,.014
920 DATA 6.67,.25,9.17,.182,11.25,.107.13.33 •• 083,15.41 •• 066,17.08,.05~
930 DATA 18.75,.048,20.4,.041,21.67,.036,22.~,.032,24.33,.03
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· . .
940 DATA 25 •• n24,25.63,.021,26.3,.018,26.B,.015,27.25,~013,27.7,.011,28.125
';l50 nATA .00';l4
';l60 flATA 15.5,. OE" 17, • 051, 18.5, • 044,2 O•• 0:3::::,21 .25, • (1:33; 22 ~ 4, • 03,23.5, • (t21 ~
970 nATA 24.25,.018,25,.014,25.5,.0115,26,.009
9S0 DATA -20 •• 03~,20.8,.03,21.5,.025,22.3,.021,23.1,.017.23.7,.014
990 nATA 10,.104,11.56,.083,13.3,.066,14~69,.055,16.25,.046,17.5,.04

1000 nATA IS.75 •• n33,19.69,.03.20.6,.022,21.25,.018,21.9,.;OI46,22.2,.0128
1010 DATA 22.5,.011,22.8,.0094
10':'0 DFITA 14.64,.048,15.7,.041,16~79,.035,1.7.86,.03,18.6,.0235,19.3,.019

1030 DATA 19.6,.016&,20,.0146,20.4,.OI2,20.7~.01

1040 DATA ,-19,.018,19.6,.014 .
105(' [lFlTA 1. 6E,7, .6, :3.3::::, .5,5, .19,5.83, .125, E,. E,7, .25,8. 33, ~i04.10 •• 075, 11, • (164

.1060 DATA 12.11,.054,13.33,.0445,14.23,.038,15,.033,15.58,.03 ,
1070 nATA 16.25,.023,16.6,.02,17.25,.016,17.5,.014,17.8,.012,18~1,.0095

10sn nATR 1?3•• 008 ,
1090 nATR 11.88,.0435,12.81,.037,13.63,.~28,14.4,.024,15,~OI9,15.3,.0166

1100 DATA 15.6,.014,15.9,.0114 . .
1110 nATA 4.29,.211,5.71,.09,6.07,.13,7.14,.085,7.86,.072,8.57,.06.9.28,.051
1120 DATA 10, .043,10.71, .035,11. 42, .03, 11. 8, • 026, 12. b. 023, 12~ 5, . 019, 12.9,.011'=0
1130 DATA 13.1,.014 ",' " . '
1140 nATA 1.25,.7,3.125,.34,4.375,.125, 5,'~ 08,.5.625, • 055,6.5, .062,6.875, • 056
1150 DATR 7.5,.045,8.125,.036,8:5,.033,8.75,. O~:, 9.06,.026,9.,4,.022,9.7,.018
1160 DATA 9.8,.016,10,.OI4,la.2,~012~10.3,.01 " "',
1170 DATA -5.5,.055,6.22,.042,6.89,.03,7.22,~025,7.5,.02,7.72,.017,7.92,.013S
1180 DATA 8.06,.0115' ' ,
1190 DATA 3.21,.145,3.92,.081,4.28,.06,4~714,.045,5,.037,5.36,~03e,5.54 •• 028
leOO DATA 5.71,.025,5.93,.022,6.43,.03,6.7,.025.6.93,.0213,7~1'.0176,7.3,.0151

1210 DATA 7.43,.0126,7.57,.01' .
1220 flATA -4.625,.0:36,4.8;. 033,5,.• 03,5.~:5,. 027,5.6,. 02!;hS.8!,. 02,6, .,02Z,6.2,. 018
1230 DATA 6.4,.014,6.5,.012,6.6,.01 . ".,
1240 IIATA .9:3::: •• 9, 2. :34, • 175,2. 81 , • 107, 3.25, • 076, 3. 44, • 056,3. 75;' • 045,4. 06, • O:::~. '
1250 DATA 4.31,.031,4.56,.028,4.69,.026,4.92,.024,5.125,.023,5.31,.022,5.5,.021

"1260 DATA 5.69,.02,5.81,.02 " " '. ,'.
1270 DATA .6,.8,.833,.7~1~.6,1.35,.48,1.5,.44,~.66,.31~2.05,.16,2.5,.076

1280 DATA 2.933,.045,3;.045,3.25,.038,3.46,.034,3.667,.03,3.89,.028 '
1290 IIATA 4.1,.027,4.25,.026,4.41, .025,4.58, .025
1300 DATA -3.21,.028,3.36,.028.
1310 IIATA .9:;:7,'::'34,1.25, .126, 1.38, .088, 1..56,.06,1. 75,.047; 1.'875, ~ 041 '
1320 DATA 1.968~.038,2.06,.035,2.19,.033,2.31,~Ojl,2.44?03;2.5,.029,2.56,.028
1330 DATR 100,100
1:340 PIHNT''''
1350 PPINT" "

,1354 REf'l -....- ---
1355 REM OFFER THE USER SIX BASIC OPTIONS
135';, PEM
1360 PRINT"TYPE NUMBER OF DESIRED PPOGPAM:":PRINT"
1370 PRINT"I. BRHO 2. ~REQUENCY"

~' 1:::::;::'1) PP I NT" 3. PRE PUt. 4. ENEF.'G'y"·
1391) PRINT"5. PES. TABLE 6. Cye. SETTINGS"
14(1/) HIPUT FL
1410 fit'l (1) =(1: m'~ (2) =(1
1420 IF FL<=5 AND FL>=l AND INT(FL)=FL THEN 1450
1430 IF FL=6 THFN 1470 ,
1440 PPINT"IMPROPEP ENTPY, TRY AGAIN:":GOTO 1350
J444 F:Ef'l---------------------;.....--------
1445 F'EM (FILL W PP[1(;F'AM "'PPE' FOP ALL OPTIONS' E:X:CEPT "'eYe. SF.TTIr~GS'"

1446 PEt1
14~.O TP=l:PF.'If'lT"":F'PItH"I At1 PPOCES'SItlG YOUR REG'lIES'T, PLEAS·E"
1460 PRINT"PE PATIENT.":LOAD ":PPE",8
1470 PPHlT"
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4 D3 +"

PPINT"CONNECT PET TO PPINTER,THENTYPE ANY KEY"
GET A$:IF AS= .... THEN 1490
A:l,=" ..

158!5

1480
14':'10
1500
1510
1514
1515
1516
1520
1530
1540
1550
1560
1570
1580
1584

PPUH"REN _

REM DETEPMINE IF PREVIOUSLY SELECTED BEAM IS DESIRED FOR NEXT CALCULATIQ~

RHI
PF.'UH"ENERGY ('I'lEV) =",E
PR ItH"ELENEtfT =", BEAM$ (L)

PF: I tH" t'IASS ,:'At'1t!)· = .. , t'l: PI': I NT" CHAr.:GE STATE - ", Q
PPINT"H~RMONIC ~ ",H:PRINT"
INPUT"IS THIS THE RIGHT BEAM (Y/N)";G$
PRItH"
IF LEFT$('GS,I)="Y" THEN 2230
REt"
REM OFFER THE USER BEAM MENU

15::~tS PEN
1590 PPINT .... :PRINT .. WHICH· BEAM ••• ?":PRINT" ..
1600 PPINT" 1 PPOTON 2 DEUTERON2"
1610 PRINT" 3 HELIUM-3 4 ALPHAS"
1620 PRINT" 5 LITHIUM-6 6 LITHIUM-7"
1630 PRINT" 7 BEPYLLIUM-9. 8 BERYLLIUM-I0:
1640 PRINT" 9 BORON-I0 10 BORON-II"
1650 PRINT"11 CAPBON-12 12 CARBON-13~

1660 PRINT"13 CARBON-14 14 NITROGEN-14"
1670 PRINT"15 NITPOGEN-15 16 OXYGEN-16"
1680 PRINT"17 OXYGEN-17 18 OXYGEN-18"
1690 PRINT"19 FLUORINE-19 20 NEON-eO"
1700 PRINT"21 NEON-21 22 NEON-22"
1710 PRINT"23 SODIUM-23 24 MAGNESIUM-24"
1720 PRltlT"25 r'lAGNESIUI'1-25 26 MF:U:;;tiESII.II'1-2€."
1730 PPJNT"27 ALUMINUM-27. 28 SILICON-28"
1740 PRINT"29 SILICON-29 30 SILICON-30"
1750 PP I tH" 31 .PHOSPHOPOUS-31 32 SULFUF.:-32"
1760 PRINT"33 SULFUR-33 34 SULFUR-34"
1770 PRINT"35 SULFUR-36 36 CHLORINE-35"
1780 PRINT"3? CHLDRINE-36 38 CHLORINE-37"
1790 PRINT"39 ARGON-36 40 ARGON-38"
1800 PRINT"41 ARGON-40 42 CALCIUM-40~

1810 PRINT"43 MOLECULAR IONS 44 OTHER"
18io INPUT L:LS=L
1830 IF L<=44 AND L>=1 AND INT(L)=L THEN 1850
1840 PRINT"IMPROPER ENTRY. TRY AGAIN ••• ":GOTO 1590
1850 IF L<>43 THEN 1900
186'" -PF.'INT"'J.lHICH t'1DLECULAR lOti ..... :PRIriT·..· .
1870 PRINT"l H2 + 2 H3 +":PRINT"3 ~2 +
1880 PRINT"5 DH + 6 DH2 +":PRINT"7 D2H +"
1890 INPUT L:L=L+42:GOTOI940
19~0 IF L<>44 THEN 1940
1910 L=5tS:INPUT"ATOMICNUMBER z=";zeL)
1920 INPUT "MASS ('AMI.I) =";ACL)
J9,::'" I r'i!=-'IIT .. E'L Ft'1EtfT tiAfolE ="; BERM$ eL) ,
1940 M=INTCA('L)+.5):PPINT"
19'50 WPI.lT" ENEPG'y' (folEV) "; E
1960 ~=J:IF LS<3 DR LS=43 THEN 2120
19700=INT«(,AtL)+E/141)A.5)+1
19800T=TNT(R('L)+E/161)A.5)+1
1990 IF O>Z(L) THEN 2020
2000 PRINT"LOWEST CHAPGE STATE (K=140) =".Q
201 (I Itil=='Urm: (y/to"; G'I;: IF LEFT1; ':G$, 1) = '''i" THEN 2120
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2020 IF QT>Z(L) THEN 2090
20~;O O=OT
2040 PPINT"LOWEST CHAPGE STATE (K=160l =",0
20'50 HJPUT"D!<:' (....·/t{:·" H3'1.: IF LEFT~I. (13$,1> = ......... THEN 2120
2 ('':' n I PPIIT" CHAPl3E STATE " ; G!
2070 IF Q)Z(L) tHEN 1840
2080 GOTO 2120
20·::.n G'=2' (L)
2100 PPINT"LOI,.IEST CHAPI3E STATE =",0
2110 INPUT"O~ (Y/N)";GS:IF LEFT$(G$,I)="N~ THEN 2060
2120 H=1
21::: 0 F=H+YZ+ (1- q +E'> (R (l) +Vr'l-Gl+t'lE» ....·-2) A,. 5
2140 IF F)5.5ANDF<16.5THEN2170
2150 H=H+2:IF H>15THEN2200
210:=.n GElTO 21:30
217(1 PPINT"LOI.oIEST HAR~1[!~HC =", H
2180 INPUT"[lK (Y/N)";G$
2190 IF LEFT$(G$,I)="Y"THEN 2220
2200 INPUT "HAP~ONIC NO. ";H
2204 REM ------- _
2205 REM BEGIN CALCULATING CYCLOTRON SETTINGS
2206 REM •
2210 F=H+YZ+(I-(I+E/(A(L)+VM-Q+ME»A-~)A~5:FS=F

2220 HS=H
2E:30 IFF> 16. 5THEt'jPR ItlT" )_) _ FREG!UENC.....· TOO HI 13H ) _) _" : GOlD 226 (I

2240 IF F}5.6ANDF<16.1 THEN 2260
2250 PRINT"&&& CAUTION &&& FREQUENCY NEAR LIMIT OF
2260 F=H+Y?+(I-(I+E/(A(L)+VM-Q+ME»A-2)A.5:FS=F
2270 PRJtH" ":PPItH E;"~lEV ";BEAM$(U;" ";0;"+";" Hf'lRM""";H
2280 PRINT" ":PRINT"FREQUENCY = ";
2290 F=H+YZ+(I-(I+E/(A(L)+VM-0+ME»A-2)A.5
2300 PRINT F;" MHZ"
2310 BPHO=ZZ+CE+E+2+(ACL)+VM-Q+ME)+E)A.5/Q
2320 X=E/M:Y=QiM:SA=l'

RF SYSTEM';

.2:;:::=:0
2:;:40
2:344
2:345
;:::34'::.
2:;:47
2:350
2:360
23':.4

2:~:6r:.
. 2.:::':·7

2=:70
2,;::=: n
2:3';'0
E40 (I

2410
2420
243ft
c'44 0
2444
c'44~,

244';,
245(1
c·4':, (I

c'4('1)

24:::('

.:: >::=::-::.'y''''··-2
PP I tH" " : F'P I NT" S/EARCH I NG' FOR C.....·C. SElT I ~H:;S"
RE~l ------ ...,.- _

REM DETERMINE IF REQUESTED BEAM FALLS TO THE LEFT OF THE GRID
REM cSEAPCH ALGORITHM NO.2)
F.H·i
IF Y<.125 AND KX)=55 THEN 2750
IF Y<.166 AND KX<55 THEN 2670PHi ...,.- _

REM INI~IATE SEARCH ALGORITHM NO. 1
REM 2370-2440 BRACKET REQUESTED BEAM FROM THE LEFT
REM
1=28:TIQ=21:BR(1)=27:IIQ=20:DQA=.001
IF RR=l THEN DOA=-.001
1=1-1
IF SGN(EA(NCCI»~=SGN(EAlNC(I~1»)THEN TIQ=TIQ-r:GOTD 2420
TlQ=T1G'-.5
IF QA(I)-DQA)=Y THEN 2450
IF KX)=LKll) THEN BR(1)=I:I1Q=T1Q
GOTO 2390 .
F'I:'~ .,..- -...;...

~E~ 2450-2510 FR8C~ET PEQUESTED tEAM FROM THE RIGHT
I''Et'1
I=~:T2Q=0:PP(2)=I:I2Q=1

1=1+1
IF SGNfE8 t NC(I»)=SGNlEACNC(I-I») THEN T20=T20+1:GOTO 2490
T2(I=T2(1+. !;.
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24~0 IF QAcI)+DQA(=Y THEN 2520
2500 IF KX>=L~(I) THEN BP(2)=I:I20=T2Q
2510 GoTO 2460 . .
2514 RFM ---------
2515 REM 2520-2650 BPACkET REQUESTED BEAM FROM ABOVE AND BELOW

.2516 REM CALCULATE FIGURES OF MERIT FP & FS
2517 REt'1
2520 1=1
2530 J=NC(BR(I»-1
254 (I .1=.1+ 1
255 (I IIt"i (I) = (J-NC (J::R eI») + U-tiC eBP (I) +1»
2560 IF J=NCCBRCI)+I) THEN 2600
2570 k=A~ScEACJ»+QA(BR(I»~-2

2580 N(I) =J: IN cD =.J-tiC (BR eD) +1
2590 IF KX)K THE~ 2540
2600 l;;oSUB 4350
2610 IF DNCI)=O THEN 2630
262D I=I+2:N(I)=~CI-2)-I:BP(I)=BR(I-2):GDSUB4350
2630 IF BR(I)(>BR(2) ANDeI=1 OR 1=3) THEN 1=2:GOTO 2530
2640 F.:F.'= 0
2650 IF FR(I)=BR(2) AND N(I)=NC(BP(1» THEN RR=1
26E,0 ,:;oTO 2830
2664 REI'I -----------------:---------­
2665 REM DETERMINE INDEX NO. 'FOP SEARCH ALGORITHM NO.2
2 €.E.E. f=;'EM
2670 FOR J=345T0349
2680 K=A~SeEAcJ»+(QA(25»~-2

2690 IFKX>K THENNEXTJ
2700 IF j>349 THEN ~=349
2710 W=EACJ-l)+CQA(25»A-2
2720 IFCK-kX)( ABSCKX-W)THEN 2740 .
2730 DX$(I)=STR$(190+.01+(J-345»:GOT03020·
2740 DX$(I)=STR$CI90+.01+(J-344»:GOTO 3020
275QFOR J=365T0377

'.2760 k=ARS(EA(J»+iQA(27»~-2

2770 IFKX>K THENNEXTJ
2780 IF J>377 THEN J=377
2790 I.•!=FA (J-l)' + COA (27» A-2
2800 IF (K-KX)( ABS(KX-W)THEN 2820
2810 DX$(1)=STR$(200+.01+(J-365»:GOT03020
2820 DX$(1)=STR$(200+.01+(J-364»:GOTO 3020
2824 PF.M
2825 REM PRINT OUT INDEX NUMBERS TIN SCREEN
282':· PHI
2830 IF PP=1 THEN 2860
2840 PRINT" ";PPINT"INDEX ~'S APE ••• ~;PRINT""
2850 PRINT"INDEX ~";TAB(10);"SOLN ~";TAB(20);"FR";TAB(29):-FS":PPINT""

2860 DY$el)=STP$C10+IlQ+.01+IN(1»:DX$(2)=STR$CI0+12Q+.01+1N(2»
2870 IF RP=l THEN DX$(6)=DX$Cl):JF BR(1)=1 OR BR(2)= 27 THEN RP=l:GOTD 2370
28eO DY$(3)=STR$CI0+11Q+.Ol+(IN(I)~1»:DX$(4)=STR$(10+12Q+.01+(IN(2)-I»

28~0 FOR I=lTn~:JF LEFT$CRIGHT$CDX$(I),2).1)="." THEN DX$(!)=Dx,eJ)+"O"
2~no NE~T J . .
2910 FoRJ=IT04:FPcJ)=.OOt+INT(1000+FRCJ»):FseJ)=.OOl+INTc10OO+FS(J»:NE~TJ

2920 IF ABS(FSCt»)1 THEN 2~50 .
2930 PRINT DX$el);TAFC10);NC});TAB(18):FPCl);TABC27):FS(1)
2940 IF PP=l THEN PP=I:GOTO 2370
2950 IF DN(I)=O OR ABS(FS(3»)1 THEN 2970
c'S'6 fI PP lin IIr1, <.3> ; TAE: q 0) HH3) HAEJ 18) ; FP <:::) : TAE: (27) ; FS (3) .
2970 IF ~R(I)=BPC2) THEN 3020
29;:·0 IF ABS(FS'(2»)ITHE;i 30(10
2~~O PRINT DXS(2);TAP~10);N(2):TA~(18);FR(?):TAB(27):FSC2)

3000 IF DIl<"2)=O DR AF:scFS(4»>1 THEN 3(120 .
3010 PRINT D~S(4);TAB(l(1':N{4):TAB(18):FPI4):TAB(27);FS/4)
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:::014 PEt1
3015 PEN BEGIN HRPD COpy PPINToUT OF CYCLOTPoN ~ETTINGS

301E, PFt1
3020 OPEN 4.4.1:CMP 4 .
:3030 IF LEFT$(r.'II;;HT$(m-::1,(l),2).D.= ..... THEN D:>(:I·q)=D:~:$O)+"O"

3(140 PPItH::4. "CVCLOTPot"i SETTItfl:;$ FOR";E;" I'lEV ";BEAM1.(l) H~!; "+"
3050 PPItH::4." ..
3054 PEM ~ ~ ~ --'- _
3055 PEM rALCULATE DVM SETTING FOR PESONATO~ PANELS
:3056 PHl
3060 DV=:::454.455e8-2588.12+F+788.200521+FA2-127.762457+FA 3+12.0524011+FA4
:3070 DV=DV-.665679489+FA5+.020Q027251+FA6-2.52851401E~4+FA7
3080 PPINTc4."FPEOUENCY=";INT(1E4+F)/1E4;" MHZ .. ;
3090 PRINTc4."( RES PANELS - D.V.M.=";INTCDV+1(0)/100;"+ ) ..
20';14 REt1
3095 REM CALCULATE DEE VOLTAGE
3096 PEN
:3100 DV=. 07
3110 NT=E/(2+Q+DV)
3120 IF NT}=50 THE~ 3150
3130 DV=E/(10(l+Q)
3140 IF DV<.02 THEN DV=.02
3150 DC=1.(II)O+DV
3160 I::;OS:UF: 45;::-0
3170 PPINTc4."DEE VOLTS=";nC;"+ KY":B=F:RHO
3174 F.'EM -------------­
3175 REM CALCULATE MAIN MAGNET CURRENT
317E. REM
3180 NN=-3.36768141E-16+BA7+9.188321E-18+BA 6-9.624233E-10+BA5+5.18654E-7+BA4
:319(, t1t'1=-1.51574E-4+B·h '3+. 02260+B"'2+1. 0070+B+. 0267+MN
3200 IF Y>=.125 AND KX>=55 DR Y>=.166 THEN 3240
3210 nX$(5)=DX$(1):CS=2:3214 REt'l_· _

,.3itS REM FETCH TRIM COIL VALUES FROM DISK VIA ALGORITHM NO.2
:3216 REM
3220 t::;[l:~.UB 4600
32:3 (I GoTo :365 (I
32:34 PHl ~-------

3235 PEM DETERMINf WHICH TRIM COIL SOLUTION TO RECOMMEND
:3c':36 ~:EM

3240 SV=FR ( 1)
3250 IF DN(1)=0 THEN 3270
3260 IF FR(3)<SV THEN SV=FR(3)
3270 IF BR(1)=BR(2) THEN 3310
3280 IF FP(2)~SV THEN SV=FR(2)
3290 IF nN(2)=0 THEN 3310
3300 IF FR(4)<SV THEN SV=FR(4)
3310 IF $Y>=.2 THEN 3370
3220 IF SV=FP'(1) THEN 1=1:GOTO 3490
33~O IF DNcl)=O THEN 3350
3340 IF SV=FP(3) THEN I~3:GDTo 3490
3350 IF SV=FP'(2) THEN 1=2:GoTO 3490
33~0 I=4:GOTO 3490
::,37 (I '~S.=AE::~· (FS <: 1) )
::::::::~: 0 I F fit! c1) =(I THEt'i :::4(1)

. 33~(I IF ABSCFS(3»lSS THEN S$=APS(FSC3»
34~01F PR(1)=fR(2' THEN 3440
341Q IF 8RS(FSi2)<SS THEN SS=AfSCFS(2)
3420 IF DN(2)=~ THEN 3440
3430 IF RBSCF~(4)~S! THE~ SS=~PSCFS(4»)
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3440 IF 2S=AB~IFSCI» THFN I=I:60TO 3490
3450 IF DN(1)=O THEN 3470
34~O IF SS=ABscFS(3» THEN 1=3:60TO 3490
3470 IF 22=AB$CFS(2» THEN I=2:60TO 3490
3480 1=4
34':;'0 IS:=I:;:494 PEt'1 _

3495 REM DETERMINE IF SEARCH AL60RITHM NO. 3 IS REQUIRED
:::4'?6 RE~l .
3500 IF BPHO<400 AND ABSCFSCIS»)l GOTO 3546
3510 DX$(5)=D~$(I):CS=1

3514 PHl ~-_-__-----------_-----
. 3515 REM FETCH TRIM CBIL VALUES FROM DISK VIA SEARCH ALGORITHM NO.1
3~'IE, REM
3520 GmUF: 4'::.00
3530 60TO :::~6':,O

:::534 REM
3535 RE~ INITIATE SEARCH ALGORITHM NO.3
:;:536 REM
3540 (:S=:::
3550 IF E/~>=31/6 THEN DX$(5)=" 10.01":J=I:GOSUB 4600
3560 IF E/M>=35/12 AND E/M<31,6 THEN DX$(5)=" 20.01":J=2:60SUB 4600
3570 IF E/M>=25/12 AND E/M<35/12 THEN DX(5)$=" 30.01":J=3:GOSUB 4600
35:=:0 IF E....·M)=::.:5 ....·24 AND E.....~1<.25/12 THEN m';$ (5) =" 1:30.01": J=4: 60SUB4';OO
3590 IF E/M>=139/120 AND E/M<35/24 THFN DX$CS)=fl 160.01":j=5:60s8B 4600
3600 IF E/M>=5/6 AND E/MlI39/120 THEN DX$(S)" 180.01":j=6:60SUB 46no
3610 IF E/M<5/6 THEN DXCS)$=" 190.01~:j=7:GOSUB 4600 .
8620 FOR I=ITOI7
3630 TRCI>=INTCTRCI)+BRHO/RB<j)+.5)
:364 (I tlE:>:~T I
3':.44 RH1
3645 REM CORRECT MAIN MAGNET CALCULATION FOR TRIM COIL 17 CONT.RIBUTION
3646 REM CALCULATE RECOMMEtlDED RANGE FOR MAIN MAGNET CURRENT SEARCH
3647 F.:E~l

36;5 0 m~=~l~l-. 05+TR .;" 17) :·t'1IJ=. 01+M~I+5
31'.:,':;.(1 PF.'JtH~~4. "t'IAIN t'lAGt'~ET CURRENT="; INT(1'1M);"+ AI'1PS e"; INT.(MM-I'lTO;" ~";

3670 PRINT~4,INTCMM+MD);" )"
3680 GO:S'UB 4520
3690 PRINT~4," "
3694 REM -----_~ ,..._--_---.;._-'---_--_----_
3695 PEM PRINT OUT RECOMMENDED TRIM COIL VALUES AND INDEX' NUMBERS
3696 REM
3700 PRINT~4," RECOMMENDED TRIM COIL SOLUTION"
3710 IF DX$(6)=" 10.01" DR DX$(6)=" 200.01" THEN 3740
3720 IFRP=lTHFNPRINT~4," <INDEX ~";DX$(6);" MAY BE PREFERABLE TOSD(~TION";
37:30 IF RP=1 .THEt·l PF.:ItH~~4," GIVEt~ BELO"'; CHEC¥ PET SCF.'EEN.)"
3740 PRINTg4." "
3750 PRINT~4," TRIM COIL SETTINGS"
376(1 6m::/JF: 4520
3770 PRINT~4,u COIL/AMPS";
:;:7::::0 IF (:8=1 THEN PRItH~~4," INflE:X: ~~ SOlt~ .~~ FR FS"
3790 IF CS>1 THEN PPINT~4," "
3::: (I (I 60:~'IJB 4520
:3810 F'F' INT~:4, .. ----------------'------:-------.------------------------------------"
3:::;:' (I GO·S.U!: 4520
3830 IF CS=2 THEN PRINT~4,T~B(3~);"US~ INDEX #";DX$(l)

. 3840 1=15'
3:::50 IFC:~=l THEt'l PI"' Hn:~4, TAB (25) ; {IX:!, (I) ;" "; N(I) ;" "; FF' (I> ; " "; FS: (I)
3860 60SUB 4520 ..
3870 I~ l=IANDF<7THENPPINT~4.TAB(32);"SEEL06 BOOV 6/8/76 OWL"
3880 IF C$=8 THEN PPINT~4,TAB(25)~"USF SCALED SOLUTION. INPFX ~ ":DY$(5)
~:8'?O I:;O:S.UB 4740

62



"

. 3894 REM --- _
.3895 REM PRINT OUT VALLEY tOIL PARAMETERS
3896 PEM
3900 PRINT=4," ":PPINT=4," "
3910 PRINT=4,TAB(16);"VALLEY COILS.":RP=O
3920 GOSUB 4520
3930 PPINT=4,TAB(16);n_~- -------"
3940 PPINT=4," COIL = 1 2 3 4 5"

. 395 (I PR I t'iT::4 , ." ----------------------------------------------"------------- ...
3960 IF O/M >=.5 THEN 4000
3970 PR It~T;:4," ANGLE (DEG) 90 310 120"
3980 PRINT=4," AMPS 200 100 50"
3990 GO TO 4020
400~ PRIHT=4," ANGL~CDEG) 90 360"
4010 PRINT=4," AMPS 90 8"
4020 PRINT=4," ":PRINT=4," .~

4024 F.'EM ------------...,..--------- _
4025 REM SELECT AND PRINT OUT CENTER REGION PARAMETERS
4026 F:EM
4030 IF H>l THEN RN=l:GOTO 4070
4040 IF E/Q=<32.5 THEN RN=2:GOTO 4070
4050 IF E/Q=<50 THEN RH=3:GOTO 4070 .
40E.0 RH=4
4070 PRINT=4,TAB(16);"CENTER REGION"
4080 PRINT=4," . ----------~--
·4090 PRINTC4," RAD=";CRCRN,1):PPINT=4,"' AZI=";CRCRN,2)
4100 PRINT;:4," ROT=";CRCRN,3):PF~INT;:4," P "I/S= .. ;CRCRN,4>; .....
4110 PRINT=4," P E/W= .":PRINT=4," ":PRINT=4,"4114 REM _

4115 REM SELECT AND PRINT OUT DEFLECTOR SETTINGS
4116 PEt'l
4120 IF E/Q=<10 THEN RA=l:GOTO 4170
4130 IF E/Q=<32.5 THEN RA=2:GOT04170

·4140 IF E/Gt=<47.5 THEN RA=3:I::;OT04170
4150 JF E/Q=<62.5 THEN RA=4:GOT04170
4160 RA=5 .
4170 FOR 1=13T015:DDDCQA,I)=DDD(RA,I).E/(Q.32.5):NEXT I
4180 I:;OS'UI: 4~c' 0
4190 PRINT=4,"DEFLECTOR POSITIONS DEFLECTOR VOLTS."'
4200 GOSlIB 4520
421 (I PF:INT;:4, .. ------------------- ---------------..
4220 PRINT=4," ~) ";DDDCRA.l)
423 (I PP I tn;:4, .. .2) .. ; DDII CRA, 2) ; " EI'fTRAr"iCE=";
4240 PPINT=4. INTCDDDCGtA, 13).10)/10;" KY"
4250 PRINTC4," 3) ";DDDCRA,3):PRINT=4,"4) ";DDDCRA,4)
4260 PRJNTC4," 5) ";DDDCPA,S).
427~ PRINT=4,". 6) ";DDD(RA,6)~" MIDDLE=";
4280 PRINTc4,INTCDDDCQA,14).10)/10;" KV"
42':' 0 PR I NT;:4, .. 7) n; rlDD CPA, 7) : PR INT;:4, " 8)"; Dr,rl CRA, 8)
4300 PRIHTC4," 9) ";DDD(RA,9)
4310 PPINTo4," 10) ";DDD(RA,10);" EXIT=";
43Z0 PPJNTo4.JNTCDDD(QA~15).10)/10;"KV"
4330 PPIHTc4." 11) ";DDD(RA,II):PRINT=4," 12) ";DDD(RA,12)
4~:40 PPltlT;:4," ": PRltiT::4, .... : PRINT;;4, ".~ OPTlt'lIZE .8S REQUIRED": CLOSE 4: GOT01 :::~.o

4:N4 I=:Et1 ----------------------------
, 4345 PEM SUBROUTINE TO CALrOL~TE,FIGURES OF MEPIT FR & FS
43~6 PEM .
4350 C2=3~.S616.(QA(FP(J»)A4/(EA(I'f(J»)A2/H

43~O ~P~=CpA2-.037037.(QA(~R(I»)A6

4370 ~=~A(P.~(I»-Y

438~ IF SPD>O THEN 4450
43~O CPHJ=5.1~62.C2/CQACBP(J»)Aa

4400 PHI=ATN(I-(PHI~2)A.S/CPHI)

4410 IF D)O THEN PHI=PHI-4.
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T~IS SOLUTION HAS NOT YET"
BEEN CALCULATED. CONSULT~
BEAM DEVELOPMENT GROUP.-:RETURN

4420 EPB=1.lSS.(OA(BR(I»)+COS(PHI/3)
4430 IF D>O THEM EPB=-EPB
444 (I 130TO 4470
4450 SPD=SPDA.5 -
4460 EPB=cC2+SRD)A.333+cC2-$RD)A.333
447n F1=-D/CEPB-QAcBR(I»)
4480 IF D>O THEN Fl=-Fl
4490 F2=(KX.(QA<BR(I»)A2-ABSCEA(N(I»»/DEA<N<I»/ABS(EA(N(I»)
4500 FP(I)=(F1 A2+F2A 2)A.5:FS(I)=Fl+F2
4510 RETURN4514 REM _
4515 REM SUBROUTINE TO DELAY PROGRAM EXECUTION
4516 F'Er1
4520 FOR V=1TO 500:NEXT V
45:30 PETURtf
45:34 PEt'! --'- -'--_
4535 REM SUBROUTINE TO FETCH TRIM COIL VALUES FPOM DISK
45.36 PEM
4540 INPUTc15,ENS,EMS,ETS,ESS
4550 IF ENS="OO" THEN RETURN
4560 CLOSE 4
4570 PRINT"ERROR ON DISK"
4580 PRINT EMf,ENS,ETS,ES$
4590 CLOSE 2:END .
4600 PRINT"": PRINT"READINI3' TRU1 COILS FROl'1 DISK": PRItiT~:IS,';I I"
4610 SDX=DX:TS=SN:DX=VAL(DX$(5»:LN=INTCDX):LN$=STR$CLN):Sti=INT<100.(DX-LN)+.5)
4620 D$="l: LINE"+LN$
4630 OPEN 2,8,2,D$+",S,R"

.4640 GOSUF 4540
4650 FORJ=1TOSN:FOR 1=1T017
4660 INPUTc2,TR(I)
4670 PS=ST
4680 GOSUB 4540
4690 IF S=64 THEN CLOSE 2:END
4700 IF RS<> 0 THEN PR INT"BAD DISK STATUS IS" ;J~S:CLOSE 2: END
471 0 tfEXT I: NE>l.T J
4720 CLOSE 2 I .~

473 I) RETUF.'N4734 PEI'1 _

4735 REM SUBROUTINE TO CHECK FOR T.C. SOLUTIONS WHICH HAYE NOT BEE~

4736 REM CALCULATED VIA CYDE
4737 REM
4740 FOR 1=ITOI7
4750 'IF TR(D <>0 THEN 41;:00
4760 tlEXT I
4770 PRItH~:4,"

. 4780 PRINT~:4,"

479 n PR ItiT~:4, "-47':14 PEM _
4795 REM SUPROUTIN~ TO PRINT OUT TRIM COILS 1 THRU 9
4796 REM
4800 FOP. I=1T09
4810 GOSUB 4520
4820 PRJNTc4,TAR(6);I;" ";TR(I)
4830 tlEXT I4834 REM -:-- _

4835 PEM SUBROUTINE TO PRINt OUT TRIM COILS 10 THRU 17
4836 REM
4840 FOR I=10T017
4850 GDSLIB 4520

. 4860 PRINT;:4, TAB <.5) ; f; .... ;TR (I)

4870 tlEXT I
48::: 0 F'ETUPN
489(1 END
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d

A (56)

A Z

B

Beam Z (56)

BR (4)

BRHO

CPHI

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

Precise values for atomic masses (12C =
12.000000)

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

Other masses stored are 40Ca (line 390),
molecular ions H2, H3, 02, 03, DH, DH2, DZ2
(lines 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 lines 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. line 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 15Q-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 brakeiingtrim coil solutions ·lie.
(In general BR(l) = 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.

COS6 (ref~ 14,p.92).

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

Its value is determined in line 4390.
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CS

C2

o

OZ

DC

000 (5, 15)

OEA (378)

ON(4)

OQA

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

see lines 440, 450.

Assumes the values 1, l or 3 according to which
a10grithm is adopted in determining the trim coil
solution to recommend.

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

C2 = C/2 in ref. 14.

o = Q/A (bracketing line) -Q/A (requested beam).

See line 4370.

Identifies file name when reading trim coil
solutions from disk.

See lines 4620, 4630.

Dee voltage in kilovolts (line 3150).

Matrix of 15 dee voltage parameters (12 posn,
+3 voltages) for each of 5 different operating
domains.

See lines 460~520.

6E/A ' E1-Eo= -rTA = E ; see lines 620-1330.
o

For each beam on the grid, OEA 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 A4c, we see that a trim coil
solution for 10 MeV protons will cover from 6.76 ­
13.24 MeV with nopredicted loss of intensity.

ON = 0 if lowest or highest point on a Q/A =
constant line is being considered, otherwise ON ~ O.

See line 2550

OQA = =0.001 (see lines 2370, 2380).
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DV

OX

ox Z

E

EA(378)

EM Z

EN Z

EPB

ES Z

ET Z

F

FL

FR (4)

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

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

Used in line 3100-3140 to calculate 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 t pp. 31-35.

See EM Z.

EPB = €b 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 (eqn. 15).

See EM Z

See EM Z

RF frequency

Flag which determines which of the 6 user options
has been selected: BRHO t FREQUENCY t PRE RUNt
RESONANCE· TABLE or CYC. SETTINGS.

For each of the 4 bracketing grid points t FR and FS
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)

Fl

F2

G$

H

HS

I

IN(2)

IS

IIQ

I2Q

J

K

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 line 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 line 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.

IIQ is equal to l/lOth of the Q/A line 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 a (BRHO)2
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KX

L '

LK(28)

LN

LN~

LS

M

MD

ME

MM

MN

N (4)

NC(28)

NT

PA

PHI

PN

..

See line 2680: K = (E/A)/(Q/A)2 = EA/Q2

Specifies the K-value of the requested beam

Identifies the requested ion species (see line 1820).

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

LK- EA(l-DEA)
- (QA)2.

Defined on line 4610 to be the integer part of the
index number =Q/A line ~umber.

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 nearest integer.

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

Calc in line 3650.

Electron rest mass = 0.51106 MeV (line 120).

Calculated Main magnet current (line 3190)

Used in line 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
f 1i ne.

Number of turns (see line 3110).

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

PHI =p; see CPHI.

Used in line 440 to index the four center region
parameters for each of four operating domains
(£arameter ~umber)
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Q

QA(28)

QT

RA

RB(7)

RN

RP

RR

RS

S

SA

Charge state.

Charge to mass ratio QtA for the grid lines.

Used in lines 1980, 2020, 2030 to ensure that Q~ Z.

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

BRHO of the lowest EtA points on seven selected QtA
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 (!egime ~o.).

RP = 1 signifies requested beam has a) QtA = 1 or
b) QtA ~ 0.125 or c) has a QtA which lies directly
on a grid line AND an EtA ~ lowest EtA on that grid
line. .

. 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
lowest EtA on that grid line.

See line 2650

It is case c) 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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S~

SN

SRD

S5

SV

TC

TR(17)

T5

T1Q

T2Q

v

VM

W

Seems to serve no purpose (vestigial variable?).

Used in fine 4610 SOX = OX "(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 eqn. (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 = o.
Trim coil currents in amps (loaded from disk).

TS = SN; See SN and line 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.

Similar to I2Q.

Used in line 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 (line 120).

Used in 2710, 2720 as an alternate variable to K.
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x
v
vz

Z (56)

ZZ

EtA of requested beam.

QtA of requested beam.

"COX's constant" = 48.616 (line 120).

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

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

ZZ = 1.3132653 (line 120).
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APPENDIX A.2.a.: Listing ofSubp\ogram PRE

1 RE='M 08.....27/80.
2 RFM THIS IS THE PROGRAM ~PRE~

3 REl'l
100 PRINT"":PRINT"READIN6 DATA"
110 FOR I=lT055:READ BEAM$(I):NEXT I .
120 DATA PROTONS,DEUTERONS,HElIUM-3,ALPHAS,LITHIUM-6,LITHIUM-i,BE='~YLLIUM-9
130 DATA BERYLlIUM-10,BORON-I0,BORON-l1,CARBON-12,CARBON-13,CARBON-14
140 DATA NITROGEN-14,NITR06EN-15,OXY6EN-16,OXY6EN-17,OXY6EN-18,FLOURINE-19
150 DATA NEDN-20,NEON-21,NEON-22,SODIUM-23,MA6NESIUM-24,MAGNESIUM-25
160 DATA MAGNESIUM-26,ALUMINUM-27,SIlICON-28,SILICON-2~.SIlICON-30
170 DATA PHDSPHOROUS-31,SUlPHUR-32,SULPHUR-33,SULPHUR-34,SULPHUR-36
180 DATA CHLORltlE='-35,CHl9RINE-36,CHLORINE-37,AR60N-36,AR60N-38,ARGDN-40
190 DATA CALCIUM-40,H2,H3,D2,D3,DH,DH2,D2H,KRYPTON-78,KRYPTON-80,KRYPTON-82
200 DATA KRYPTON-83,kRYPTON-84,KRYPTON~86

210 IF PP<>l THEN DIM CV$(19)
220 FOR C=lTOI9:READCV$(C):NEXT C
230 DATA "01 CHlC)","02 (GHIORSO)·~"lA CD/S)","tE (MORETTOl","lB (RUBY)"
240 DATA "P (RAMA)","2 (SCAT CHAMBER)","3B (BID MED)","4A (HI RESOLUTION)""
~'50 DATA "4A (HI :x: 1'1 ISSIDN) ", "4B (HI RESOlUTIDW", "4B (HI XMISSIDN)"
260 DATA "4C (HI RESOLUTION)","4C CHI XMISSION>"
270 DATA "5A (MULLER)","5ACSTPEAMER CHAM.)","5B CE-DET)","SB (YANO)"
280 ItATA "5B (PARITY T6T.)"
290 tF PP=1 THEN 590
30(' PP=J
804 RE='M
305 PEI'1 LOAD MATRIX OF MAGNET CURRENTS FOR 19 SETS OF BEAM LINE oPTTCS
806 REM USING 104 MEV DXYGE='N-J6 4+ AS STANDARD BEAM
307 REl'l
3JO DIM IR(19,11l.MAG$(11).SL$(6),TV$(6)
320 FOR T=lTOI9:FOR R=ITOll:READ IRCT,R):NEXT R: NEXT T
320 DATA 137.5,124.8,14.35,103.4,137.5,158.9,0,0,0,0,0
340 DATA 125.8,121.8,14.35,76.3,84.2,158.9,0,0,0,0,0
250 pATA 167,122.7,14.35,100,108,-7.4,0,0,0,0,0
360 DATA 172,129,14.35,98,114,53,0,0,0.0'(1
370 TIATA ,162.9,120.';",14. :35,131.7,181.2.53.0,0,0,0,0,0
380 DATA J61,137,9.73,J40,t02,4~,48,-150,-179,0,0

890 DATA 167,148,9.73,142,109,13.4,16.4,93,95,0.0
400 DATA 141.125.4.708,101,89,188,0~D,O.O,0
410 DATA 116,~7,4.708,71.81,80,72,-77,-91,916,-116

420 DATA 140.7,99.2,4.708,88.~,82,-63,-66,-106.7,-109.4,92t,-121

480 DATA 0,0.0.0,0,0.0,0.0,0,0
440 DATA 189.8.111.5.4.85.101.7,100,71.5,~6.6,-68.4,-76.9.~16,228.8

450 DATA 11~.97,4.708,71,81,62,59,-66,-75,916,650 .
460 DATA 140,110,4.835,101,102,-58,-45,62.3,68.6,919,671
470 DATA 141.122,4.835,52,68,0,0,0,0,0.0
480 DATA 188.8.117.4.835,41.1,37,0.0,0.0,0,0
490 DATA 131,10~.0,3.4,O,O,O,0,O,O,0

SOO DATA 121,90.3,0.57.1.43.3,0.0,0,0,0,0
5JO DAT~ 125.4,~2.5,O.21.3,28,678.5,166.6,0.0,O,0

5PO PRINT"":GOTo 590
~80 F'PINT" "
534 REM . •
535 REM OFFER THE USER SIX BASIC OPTIONS
5::.s F'HI
5oH. PI" HIT "n'pE=' tll.lt1F:E1" [IF DE'S I !='H' .PPO';:F.:AM:": PRJ NT"
550 PRJNT"I. ~RHO 2. FREQUENCY"
560 PPINT"3. PRE PUN 4. ENERGY"
570 PPJNT"5. RES. TABLE 6. eyc. SETTINGS"
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F:EAl'l ••• ?" : PF.: I t-H" ..
2 DEUTEPONS'"
4 ALF'HA:~"

6 LITHIUt'1-7"
8 E~EP'lLLI 1.11'1-1 (I"

1 (I BOpmi-11"
1~' CAIU:m~-13"

14 tHTROGEt~-14"

16 D:>':'r'GEt'1-16"
18 D:>{'y'(~Et-i-18"

20 t~EDt-i-20"

22 tiEDt-i-22"
24 NRGNESIUM-24"
26 MAGNESIUM-26"
28 s: I LI CDt-l-c'8"
30 S'ILICDt-i-30"
32 S·ULFUF.'-:32"
34 S-ULFUF.'-:34"

36 CHLOPHlE-35"
38 CHLOF·It~E-37"

4 (I RF'I;;ml-:::8"
42 CALC WI·1-4 (I"

IONS' 44 OTHER"

580 INPUT FL
590 ON FL GO TO 650.720,1710,4090,3310
600 IF FL<>6THEN 630 _
6 J 0 TC= 1: PR I NT" .. : PI" HH" I AN PROCESS Hil:; YOUR REGHJEST', PLEASE M

614 REM-- _
615 REM CALL PROGRAM ~MASTER~ FOR CYC. SETTINGS
616 f;'EM
620 PRINT"BE PATIENT.":LOAD ":MASTER",8
630 PRINT"IMPROPER ENTRY. TRY AGAIN:"
640 I::;OT,[) 530
650 GOSI.IB 720
654 REM -= ..,.......,--
655 REN CALCULATE ANP PRINT OUT BRHO
65.:, PEM
660 BRHO=ZZ+CE+E+2+cACL)+VM-g+NE)+E)A.5/Q
670 IFFL=3 GOTO 1760
6~0 IFFL=5THENGOT03350 .
690 PRINT .... :PRINT .. BRHO= .. ;BRHO; ..KG~IN .. :PRINT"
700 IF FL=4 GOTO 4310
71 (I GOTO 5~:O

714 REM .,.,..,.- ~ ~ ~~~ - __:--
715 REM SUBROUTINE TO SELECT DESIRED BEAM
716 PEl'!
720 PRINT"
730 IF FL=4 THEN 750784 RH1 __'-'--, --' _

735 RE~ ASCERTAIN IF PPEVIOUSLY SELECTED BEAM IS DESIRED FOR NEXT CALCULATION
7:36 REM
740 PRINT"ENERGY (MEV) =".E
750 PRINT"ELEMENT = ",BEAMS(l)
760 PRINT"MRSS (RMU) = ",M:PRINT"CHAPGE STATE = ",Q
770 PRINT"HAPMONIC = ",H:PRINT"
780 H1PI.IT"r~THIS THE RIGHT BEAl'1 (·y· ....·N) ";6$
79(1 PPItH ....
800 IF LEFT$(G$,I)="Y" AND FL=2 THEN 1510
810 IF LEFT$(GS,I)="Y" THEN 1560
814 REM ---
815 F.'Et'1 OFFER BFAto1 t'1H11.I TO THE USER
81':, REM
820 PRINT .... :PRINT .. WHICH
830 PRINT" 1 PROTON
840 PPI~T" 2 HELIUM-3
850.PRINT" 5 lITHTUM-6
86 (I PR HlT" 7 BEF.")·'U IUt'1-9
870 PRINT" 9 BORON-I0
880 PPINT"11 CARBON-12
890 PF.'It-n"13 CAR:E:ml-14
900 PRINT"15·NITPOGEN-15
910 PRINT"17 OXYGEN~17

920 PPINT"19 FLUOPINE-19
9~0 PRINT"21 NF[lN-21
940 PPTNT"23 SOPTUM-23
950 ~PJNT"25 MRGNESIUM-25
960 PPINT"27 ALUMINUM-27
970 PRTNT"29 STLICON-29
98(1· PRItH"'31 PHOS:F'HflROI.tS-31
g'? 0 PP I NT" 33 SIILFUF'-83
1000 PRINT"35 SULFUP-36
1010 FRINT"37 CHLOPINE-26
1020 PRINT"39 RF'GON-36
1030 PRINT"41 APGON-40
1040 FPINT"43 MOLFrUL~p

1'15 (t ItI.f'L!! L: LS=l
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106n IF L.<=44 THFN 1080
1070 PRINT"IMPROPFR ~NTRY, TRY AGAIN••• ·:GOT0820
1080 IF L<>43 THEN 1130
1090 PRINT"WHICH MOLECULAR ION••• ·:PRINT··
1100 PRINT"1 H2 + 2 H3 +":PRINT-3 D2 +. 4 D3 +"
1110 PRINT"5 D~ + 6 DH2 +":PRINT"7 D2H+"
1120 INPUT L:L=L+42:LS=L:GOTOI170
1130 IF L<'>44 THEN 1170
1140 L=56:LS=L:INPUT"ATOMIC NUMBER 2=";Z(L)
1150 INPUT"MASS <AMU) =";A(L)
1160 INPUT"ELEMENT ="; BERMi (L)

1170 AA=FHl) +. 5
1180 M=INT(AA):PRINT"
1190 IF FL=4 TH~N GOTO 1310
1200 INPUT"ENERG'y' (MEV) "; E
1210 Q=l:IF L<3 DR L}=43 AND L<=49 THEN 1370
1220 Q=INT( (A (l) +E/14D "". 5) +1
1230 9T=INT«A(L)+E/161)"".5)+1
1240 IF 9}Z(L) THEN 1270
1250 PRItlT"LOIJIEST CHARI5E STATE (1(=140) =",Q
1260 INPUT"OK (Y/N)";G$:IF LEFT$(G$,I)="Y" THEN 1380
1270 IF QT>Z(L) THEN 1340 .
1280 Q=f;n
1290 PRINT"LOWEST CHARGE STATE (1<=160) =.,Q
1300 INPUT"OK (Y/N)";SI:IFLEFT$(G$,I)="Y" THEM 1380
1810 INPUT"CHARSE STATE "IQ
1320 IF Q)Z<L) THEN 1070

. 1330 150TO 1370
1340 ('I=Z <"L)·
1350 F'R ItH" LOI.II~:H CHAF.'15E STATE =~', Q
la60 INPUT"OK (Y/N)";S$:IFLEFT$(G$,l'="N" THEN 1310
1370 IFFL=4THEN1470
1380 H=1
1390 F=H+YZ+(1-(I+E/(A(L)+VM-Q+ME»A-2)"".5
1400 IF F)5.5ANDF<16.5THENI430
1410 H=H+2:IF H>15THEN1470
1420 SOTOl :390
1430 IF FL=l THEN1490
1440 F'RINT"LOWEST HARMONIC =".H
1450 INPUT"OK (Y/N)";S$
1460 IF LEFT$(G$,I)="Y~ THEN 1490
1470 INPUT "HARMONIC NO. ";H
1480 F=H+YZ+(I-(I+E/(ACL)+VM-Q+ME»A-2)"".5:FS=F
1490 HS=H •
1500 IFFL=4THEN1560
1510 IF F>16.5TH~NPRINT")_)_FREQUENCY TOO HIGH )_)_":60TOI560
1520 IF F>5.6ANDF<16.t THEN156~

1530 PRINT"&&& CAUTION &&& FREQUENCY NEAR LIMIT OF
1540 GOHl 15':"-1
155fl RETI.IF.'N
1560 IFFL(>5TH~NI630

1570 PRINT"DO YOU WISH TO SPECI¢Y THE·
1580 INPUT" RF FR~gUENCY (Y/N)";SI
1590 IF LEFT$<SI.l)="N" THEN 1630
1600 PRJNT"RF FREQUENCY (MHZ) =";
1610 INPUT F:FS=F
1620 E=(A (L).VM-Q+ME) +< (1/(I-(F/(H+YZ»""2»"".5-1):60T01640
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1624 REM _
1625 REM CAL CUL ATF" A~U1 PP I MT OUT FREQUENCY
162/S REM
1630 F=H.YZ.(1-(t+E/(A(L).VM-Q.ME»~-2)~.5:FS=F

1640 QM FLGOTO 1650~1660.1650,4160.1650
1650 PRINT" ":PRINT E;" MEV ";BEAM$(L);Q;"~":GOT0660
1660 PRINT" ":PRINT E;"MEV ";BEAM$(L);" Q=";Q;"+"l" HARM =·;H
1670 PRINT" ":PRINT~FREQUENCY = ";
1680 F=H.YZ.(I-(1+E/(A(L).VM-Q.ME»~-2)A.5

1690 PRINT F,"MHZ"
1700 PRINT" ":60TO 530
1710 J=n:FOR I=lT06:SL$(I)="":TV$(I)="":NEXT I
1720 PR.NT"":PRINT"CONNECT PET TO PRINTER, THEN TYPE ANY KEY"
1730 G~TS$:IF S$="" THEN 1730
1740 S$=""
1744 RF.N
1745 PEN BF"GIN PRE-RUM - SELECT CAVE AND OPTICS
1746 F.'~N

1750 GOSUFl 720
1760 PRINT"":PRINT"TYPE CAYE SELECTION••• ·:PRINT·
1770 FOR C= H08: PF.' ItH TAB 0;1) ; C;TAB (5) ; "CAVE" ;TAB q 0) ; CV$ (C) : NEXT C
1780 PRINT" 9 CAVE 4A"
1790 PRINT" 10 CAVE 4B"
1800 PRINT" 11 CAVE4C" .
1810 FOF.' C=12TD16:PRINTC;rAB(S);"CAVE";TAB(10);CV$(C+3)iNEXT t
·1820 INPUT T
1830 IF T>ll THEN T=T+3:GOTO-1930
1840 IF T<9 TH~N 1930
1850 PRINT" ":PRINT"PLEASE INDICATE (TYPE "I" DR "2"):"~PRINT·

1860 PRINT"I) HIGH RESOLUTION 2)' HIGH TRANSMISSION"
·1870 INPUT HI
1880 IF T=9 AND HI=2 DR T=10 AND HI=1 THEN T=T+l:GOTO 1910
1890 IF T=10 AND HI=2 DR T=11 HND HI=1 THEti T=T+2:GOTO 1930
1900 IF T=11 AND HI=2 THEN T=14
1910 IF T=11 THEN PRINT"":PRINT"OPTICS FOR CAVE 4B (HI RES.) HAVE NOT"
1920 IF T=11 THEN PRINT"YET BEEN DEVElDPED":GOTO 530
1930 F:f="N"1934 PFM _

1935 REN INQUIRE IF CAVE 3 STRIPPER FOIL IS TO BE USED
1936 REM .
194~ IF Q=Z(L) r,OTD 2010
1950 PF.'INT"
1960 I~ T>8 AND T<15 THEN INPUT "IS CAVE 3 STRIPPERFOIL TO BF" USEn (Y/N)";F$
1970 PRIrH" "
1980 IF LEFT$(F$,I)="Y" THEN INPUT "FINAL CHARGE STATE";QR
1990 IF QR<=zeL) GOTO 2010
2000 PRINT" ":PRINT"FINAL CHARGE STATE MAY NOT EXCEED 2.":60TO 1970.2004 REM _

-2005 REM ASSIGN MAG~ET DESCRIPTORS. SLITS, AND TV INFORMATION
200~ RF"M (ACCORDING TO CAVE AND OPTICS PF"QUESTED)
2007 REt-'
?010 IF T>10 THEN TT=T-I0:GnTD 2030
2020 O~ T GOTD 2040.2040,2060,2080,2080,2120,2120.2160,2180.2180
2030 Otf TT GOTD 2260,2260~2340·2340,2420~2420.2460,2470,2470

2040 MAG$(4)="gVOA":MAG$(~)="Q~/OB"'MAG$(6)=" MB":TV$(I)="QZV11":TV$(2)="Q201"
2050 TV$(3)="QZ02":GDTD'~4~O
2060 MAG$(4)="QIA1A":MAGl f 5)="QIAIB":MAG$(6)=" Ml1":TV$el)="QZV11"
2070 TV$(2)="QZV12":TV$(3)="QZIA1":SL$(3)=" ASVIX .•••• MILS":GOTO 24~O

2080 MAG$(4)="QIBIA":MAGt(5)="QIBIB":MA6$(6)=" Ml1":TV$(I)="QZV11"
20'90 TV$ (2) ="OZVI2": TV$ t::n ="OZI B2": SL:f. (3) =" ASV1>c: ••••• MILS"
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2100 IF T=4 THEN 2490
2110 TV$(3)="QZIF1"~60TO2490
2120 MAGS (4) ="I)V2A" ~ MAG$ (5) ="QV2B" ~MAG$ (6) ="Q21A": I'lAf5$ (7) ="Q21B"~MAG$ (8) ="(;l22A"
2130 MAG$ (9) ="r..'I22F" ~ TV$ (1) ="QZV2" ~ TV$ (2) ="I)Z21 "~TV$ (3) ="QZc2'~

2140 SL$ (3) =" ASV2X •••••• l'ULS" ~ IF T=6 THEN2490
2150 TV:I;("4)="S.C. "~TV$(5)="S.G. ":GQTO 2490
2160 MA6$(4)="Q31A":MAGS(5)="Q31B":MAG$(6)=" M32":TV$(I)="QZV3~:rV$(2)~~QZ3Bl"

217(1 GOTO 2490
218(1 MAI::;$ (4) ="Q31 A": 1'117113$ (5) ="Q31F.": MAGS (6) ="Q4AIA": f1A6$ (7) ="Q4Al £I"
2190 MAG$(B)="Q4A2A":MR6$(9)="Q4A2B":MA6$(10)=" M41":MAG$(II)=" M43"
2200 TV$(I)="QZV3":TV$(2)="PHV3":TV$(3)="QZ3Al":TV$(4)="QZ41":TY$(S)="QZ42"
2210 TV$(6)="S.C.":$L$(3)=" AS3Al ••••• MILS" .
2220 SL$(4)=" AS3A2 - OUT (MIN. D.V.M.)":SL$(S)=" AS41 ••••• MILS"
2230 IF T=9 THEN 2490
2240 SL$(3)=" AS3Al - OUT (MIN. D.V.M.)":SL$(4)=" AS3A2 ••••• MILS·
2250 TV$(3)="Q?3A2":GDTO 2490
2260 MAGS(4)="Q31A":MAG$<~)="Q31B":MA6$(6)="Q4FIA":MAG$(7)="g4BtP"

2270 MAG$(8)="Q4B2A":MA6$(9)="Q4B2B"~MAG$(10)="M41":MA6$(11)="M43"
2280 TV$(I)="QZV3":TV$(2)="QZ3Al":TV$(3)="QZ41"~TV$(4)="QZ42"~TV$(S)="~ILPIS"
2290 TV$(6)="SCALE":SL$(3)=" AS3Al a •••• MILS"
2300 SL$(4)=" AS3A2 - OUT (MIN. D.V.M.)":SL$(S)=" AS41 ••••• ~ILS":·
2310 IF T=11 GOT02490
2320 TV$(2)="G!Z:3A2":SL$(3)=" AS3Al -OLIT (mN. D.V.l'l.)"
2330 SL$(4)=" AS3A2 ••••• MILS":60TO 2490 .
2340 MAG$(4)=uQ31A":MAG$(5)="Q31B":MAG$(6)="Q4CIAu :MAG$C7)=~Q4CIB"

. 2350 MI,Gi;(:~)="1;14C2A":MAG$(9)="P4C2B"~MAG$(10)=uM41 U H1AI3$(11)=". M43" .
. 2360 TV$(I)="QZV3":TV$(2)="PHV3u:TV$(3)~"PZ3Al":TV$(4)="QZ41":TVS(5)="QZ42"

2370 TV$(6)=uS.~.":SL$(3)="AS3Al••••• MILS· . .
.2380 Sl$(4)=u AS3A2 - OUT (MIN. D.V.M.)":SLS(5)=" AS41 •••• ; MILS"
2390 IF T=13 GOT02490
2400 TV$(3)="QZ3A2":SL$(3)=" AS3Al - OUT (MIN. D.V.M.)"
2410 SL$(4)=" AS3A2 ••••• MILS"~ GOTO 2490
2420 M~G$(4)="D5AIA":MA6$(5)="Q5AIB":TV$(I)="QZV5A":TV$(2)="QZ5Al"

2~30 SL$(3)=uASV5A ••••• MILS"
2440 IF T=14 THEN TV$(3)="IR CAM."
2450 GO TO ;;:4';'0
2460 M~G$(4)="MCIR":GOTO2490
2470 MAG$(4)="QSBIA":MAG$(5)="Q5BIB·:TV$(I)="QZ5BI":IF T=16 THEN 2490 .
2480 MAG$(6)="MB5Bl":MA6$(7)="SOl."
2484 RE'1'1
2485 REM TNITI~TF PRE-PUN SHEET PRINTDUT
2486 F.'Efol
2490 PRINTu ":OPEN 4,4,I:CMD 4
2!:.fI0 PRItn~:4."F.'UN rlATE ••.•••••• T1t'lE· •••••• ·~E><:PT... R ••••••••••• ";
2510 F'F.·J1'lT~;4. "PEl;) ItH •••••••••• ":PRINT~;4," .
2520 PPINTn4,u ";E:" MfV ";EEAM$(L);" ";Q;" + ";"CAVE ";CV$(T);
2580 PF.'INTn4," SUGGESTED CYC REF •• ~ ••••••• "
2540 PRINT=~4,··••••••••••••••••••••••••••••••••••• ~ •• ,•••••••••••• ~ ••••• ~ ••••••.~;
2550 P'::·It'fT=~4,"••••••••••••••••••••••• ":PRINT~~4," II

25t=. fI f50:SI.IB 4.3~ (f
2570 PPJNTn4.~MAG":

2580 PRINTn4." AMPS";TAB(26);''SLITS"~PRINTn4,''"
259P MAG1(1)="QSIA":M~G$(2)="gSIB":MA6$(3)="MS•
2E.00 '~L$ (D =" X COlL" POS ••••• MID ••••• •
?610 SLI(2)=" Y CO~L TOP••••• BOT ••••• •

77



J=5 THEN 2780
";CUR;TAE(16);SL$«J+l)/2):60TO 2840
~;CUR;· ";Q;.+ ";SL$(3)

AND T)8 THEN PRINTo4,TAPcI0>;"DEGAUSS M32"
AND T=8 T~EN PRIf'lTc4,TAB(10);"PISCONNECT M82 DEGAUSSING P/S"
THEM PRINTo4,TAB(10);"CONNECT MC P.S. BEHIND RACK Al0"
THEN PRINTc4,TABCI0);"USE STRIPPER FOIL";
OR T=11 OR T=13 THEN 310'"
THEN PRINTc4," CLOSEST TO QZ3A8":GOTO 3220
T~EN PRINTo4." CLOSEST TO QZ3Al"
THEN PPINT~4,lAB(10);"STRIPPER FOIL NEAPEST";
DR T=11 DR T=13 THEN 3140
THFN PPINTc4," QZ3Al MUST BE OUT":GOTO 3220
THEN PF.' Itn~:4," 1)Z3A2 "lU:s:T E:E OUT": f50TO ~3c'2 (I

THEN PRINT~4.TAP(10);"NOTE POLAPITY OF ALL Q4A QUADS·
THEN PRINTc4,TAB(10);"NOTF LOCRTION OF TV AT":
dP. T=11 OR T=13 THEN 31~0

IF :>l= 1
11= X=1
IF :":=2
IF X=:~

IF T='~

IF >0:=3
IF X=3
IF :x:=4
IF T=o;:,
IF W=4
IF :><:=4
IF ., 0:'

1",= .•'

IF :y,'=6
IF T=9

REM .
REM SCALE AND PPINT OUT MAGNET CURPENTS AND NMR FREQUENfV
PEM .,
~OP J=lT011:SS=SGN«-1)AJ)
IF LEFT$(F$,l)=»Y" AND J=6 THEN GOSUB 441D.
CUP= (!:RHO/578. 932988) +I R<T, J)
IF T>2 OR J<6 OR CUR<125 THEN 2680
Bl"lB=BRHO/45
r:UR=8180. 9-1 (107.2+Bl"lB+121 • 65+BMB·"'2-6. 4319+BMBA3+. 1279811+BMBA4
IF T=6 AND J}7 THEN CUR=2+Q+CUP/Z(L)
I~ J<>3 OR T>16 THEN 2720
CUR=-25.69+31.91+CUR-4.5607+CURA2+.6071+CURA3-.03871+CURA4+.0009859+CURAS
I~ (T=15 OR T=16) AND J=3 THEN CUR=-CUR
IF T=19 AND J=7 THEN GOSUB 4370
CUR=.1+(INT(10+CUR+.5»
IF CUR=O AND J<>3 THEN 2840.
IF 8S>0 THEN 2810
IF LEFT$(F$,l)="Y" AND
PRINT~4.· ·;MAG$(~);·

PRINT~4,· ·;MAG$(J);·
150SUP 4350
PR I~Tn4, • --------------..--...-:--~---~. : GOTO 2870
IF LEFT$(F$,l)="Y· AND J=6 THEN 2830
PRINT~4,MA~$(J);· ";CUR:60TO 2840
PRINT~~4,MAG$(J);" ";CUR;~ ";QR;~+···

IF T<>6 DR J<7 THEN 2870
IF ABS':'CUR><286 THEN 2870
PRINTo4,"QUAD CURRENT TOO HI FOP. p/$!!!!!"
NEXT J
IF T<9 OR T>14 THEN 2910
NMR=BRHO/18.779756
PRINT~4." M41 ~MR =";NMR;" MHZ"
PRINT~4,"":PRI~T~4,"":PRINT~4,"TV CAMERAS";TAB(20);·SPECIAL INSTRUCTIONS"
F'IHf'lT~~4," .. 0(=0

REI"1 =~~'=-'=-~~~~~-:-:--:-:-~
REM PRINT OUT SPECIAL MESSAGES
F'EM
FO!" >:'= 1TOE·
I;iOSUF.l 4:3~5 0
IF TV$CX)="" THEN 3230
IF T=18 A~D X=3 THEN 3230
IF X>2 AND (T<9 OR T>14) THEN 3210
I~ X=1 AND (T<8 DR T>14) THEN 3210
IF X=2 AND (T=8 DR T>16) THEN 3PI0
I~ X=2 AND T>10 AND T<15 THEN 3210
IFCW=3 OR X=4) AND LEFT$(~$,l)=~N" THEN 3210
IF X=5 AND T<)9 AND T(>1G AND T(>13 AND T()14 THEN 3210
PRrNT~~4,TV$(X),··•• ~ ••••• ··;

2614
'2E,15
2€,16
2620
2630
2640
2650
2660
2670
2E,80
2690
2700
2710
2720
2730
2740
2750
2760
2770
2780
2790
28M
2810
282.0
283(1
2840
2850
2860
2870
2880

. 2'890
2900
291'"
2~2'"
29;:'4
29;:'5
c'926
29::::0
2940
2';:'.50
2'~60

2970
2';':~ (I

2990
30(11)
:;:010
.3020
30:30
3040
3050
3060
3070
3080
3090
3100
311 (\
31c'o
31:30
3140
315(1
81E,/)
317(1
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ENER'3Y" ;
RES WIDTH=";FWHM;" KHZ FWHM"

DELTA F HARM
C~G ST":PRINT~4~"

PRINTu~.TV$(X)," •••••••• "
r'iE>n ~

IF T=t 5 OP T=16 OR T=18 THEN PRINTt~4, TA1H30H "CONNECT MC P. S. ' BEHIHD"
IF T=15 DR T=16 OR T=18 THEN FRINTU4~TAB(34);"RACK Al0 AND IN ,CAVE 5-
IF E/Q=<6S THEN 3270
PRINTu4,TAB(30);"USE T.C. 14 UNBALANCE­
IFL=50RL=6DRL=70RL=90RL=100RL=180RL=220RL=240RL=25DRL=260RL=12 THEN 3290
60TO :;::300
PRItlT~~4. TAB (30) ; "USE NITROGEN FOR AUX. AF.:C ,SUPPORT GAS·­
FOR J=iTD5:PRINTU4,""~NEXT J:CLOSE 4:60TO 3350
PRINT"":PRINT"CONNECT PET TO PRINTER, THEN TYPE ANY KEV·
6ETS$:IF S$=""THEN 3320
S$=""
I,;OSUB72'O
REM ~..........~~~~~~--=::-::-=::=:-:-:-:-:-=-===:~
REM ~EGIN CALCULATION OF RESONANCE TAPLE
RE"M
PRII'lT"":PRII'lT"TYPE "T" TO TERMII'lATE THE RES. TABLE AT ANY TIME."
OPE'1'l 4,4,1
r,:'S=Q: ES,=E
IF LEFT$(F$,1)="Y" THEN BRHO=TBRHD
R=H+9/A(L):PRINTu4," RESONANCE TABLE FOR";
PRINTu4,E;" MEV ";BEAM$(L);Q;"+ (MASS=";A<L);" AMU) "
REM "
REM CALCULATE AND PRINT OUT RESONANCE WIDTH
REM <341 0-:3420)
F.'EM
FWHM=.1+INTC10000+F+Q/(70+H+E»)
PRINTu4," APPROX ACHIEVAFLE
PRINTu4,"":PRINTu4," F
PI"' J tlT~~4, " ION
L=O
L=L+1:H=1
1;1=0
Q=GHl
IF A(L)=O THEN 4050
U=1-(H+Q/ACL»/R
I3ET 1$
IF T$="1" THEN CLOS:E 4: T$=" ": L=LS: b!=I;lS:,F=FS: E=ES: H=H$':I~OTO 580
If AFSCU».02THEI'l 3990
130T04::: 10
F=H+YZ+(1-(1+F/(A(L)+VM-Q+ME»~-2)A.5

DZ=F-~$:DF=AFS(DZ):DZ=.OOl+INT(10QOOOO+DZ);E=.1+(INT(1O+E+.5»

F=.OO(lOOl+(INT(1000000+F~.5»):IF DF<.,OOOOtTHE~DZ=O

PD=.05:IF CM/QS><2.1THEN DD=.1
IF L}42ANDL<50ANDQ>lTHEN39~O
IFDF}DDTHEN~:990

IF F<10 THEN PPINTU4," ";
F=(INT(100nOOO+F»/1000000
Fl'l=F
PPINT~~4.F;

IF F=TNT(~) THEN PPINTu4~" MHZ";:GDTO 1730
F=t n+~: TF F=HIT <F). :rI-lFI'l pp.INn~4." MHZ";; I,;OTO 3730
F=10+F:IF F=INT(F) THEN PRINT~4," MHZ";:GOTO 3730
F=10+F:IF F=JNTCF) THEN PPINTU4," MHZ";:6DTO 3730
F=10+F:IF F=INTcF) THEN PRINTu4,", MHZ";:GOTO 3780
F=10+F:IF F=INTCF) THE'N PPIHTu4." MI-lZ";:GOTO 3730
F=10+F:IF F=INT(F) THEI'l PRINTu4," ,MHZ";:GOTO 3730
PRItn~:4." 1'1HZ";

362('
3630
364n

3':·6n
3670
8680
3690
3700
3710
8720

3180 IF X=6 THEN PRINTu4," QZ3A2, NOT QZ3A1":60TO 3220
3190 IF ~=6 THEN PRINTu4," QZ3Al. NOT QZ3A2·
3200 ~OTO 3220
3210
3220
3230
3240
3250
3260
3270
3c'80
3290
3300
3:;: 10
:3:320
3:3:30
334(1
3344
334~

3:?,4':'
3350
381;0
3370
3380
3:390
3400
3404
.3405
3406
3407
3410
342('
3430
:3440
:3450
3460
3470
3480
34'~(l

3500
3510
3520
:35:3n
354(.
.3550
8~tf.('

:357(1
8580
:35':;'0
3600
3610
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";:60TO 3870
KHZ ·;:(;OTD 3870

KHZ ";:60TO 3870
KHZ ";:(;OTO 3870

3730 F=FM
3740 PRINTo4~" ,
3750 IF ABSCDZ)<JOO THEN PPINTo4," ";
3760 IF ABSCDZ)<10THEN PRINT#4," ";
3770 IF DZ=(l THEN 3790
3780 TF ABSCDZ) <1, THEN PRINT~~4," .,;.
3790 PRHn;;4~DZ;
3~~0 DZ=CINTCJOOO+DZ»/1000
3810 IIZM=f1Z
3820 IF DZ=INTCDZ) THEN PRINTo4~" KHZ
3830 DZ=16+DZ:IF DZ=INTCDZ) .THEN PRINTo4,·
3840 nZ=10+DZ:IF DZ=INTCDZ) THEN PRINTo4~"

3850 DZ=10+nZ:IF DZ=INTCDZ) THEN PRINTo4,"
3860 PRINT04," KHZ ";
3870 D2=fiZM
3880 PRINTo4,"H=";H;" ";
3890 IF E<JOO THEN PRINTo4~" ,
3900 IF F<10 THEN PRINTo4," -;
3'3J 0 PRINT;;4,E;
3'320 IF E=INT(E) THEN PRINT;;4," ";
3930 PRINT~~4," MEV I';
3940 PRINTo4,BEAM$(L);
3950 FOR I=ITOI2:IF LEN(BEAM$(L»){~15~I)tHENPRINTo4," ";
3960 NEXT I .
3970 IF 0<10 THEN PRINT04,".";
2980 PRINTo4," ";0;"+·3984 REM .._

3985 REM PLACE LIMITS ON HAND 0 FOR RESONRNCE TABLE
3'38':," REM
"39~0 H=H+2:IFH)3 THEN4020

4000 IFG!> 10THEN4040
40·JO (;OTO:::500
4020 H=1:IFQ>10THEN4040
4030 IF Q<2(L) THEN 3480
4040 IF L=42 THEN PRINTo4,""
4050 IF L<56 THEN 3460
4060 CLO:~E4

4070 L=LS:Q=QS:F=FS:E=ES:H=HS
408 n I;; [IT85::: 0
4084 "·1:1'1 _

4085 REM BEGIN CALCULATION OF BEAM ENER(;Y
4 (I:=:'-; "'1:1'1
4090 PPHH"·:P"·HH"BEAr'1 ENER(;\, TO BE CALCULATED FF:Ot1: ":PRINT"
4JOO PRINT· 1 CYCLOTRON RF FREQUENCY·
41JO PRINT". 2 M4J NMR FREQUENCY"
4120 PRINT· 3 BRHO":PRINT"
4130 PRINT"TYPE 1~ 2, DR 3 •.• •
414'" HiPUT ~I

4150 I:;OSUB 7c.'o
4160 ON JGOTO 4170,4220,4260
4170 PRINT"ENTER PF FF.EGtI.lEtK"'y' IN .t'lHZ,·: PRINT­
418(1 INPUT F
4J90 PRINT" ·:PRINT"EN~PGY (MEV)=";
4200 E=(R(L)+VM-Q.ME)+«(1/(J-{F/(H+YZ»~2»A.5-1)

4210 PRINTE:GOTO 53n
4220 PRINT"TYPf NMR FREQUENC~ IN MHZ":PRINT"
4230 INPUT NMP:PPINT"
4240 BPHO=18.779756+~MR

4250 GOTO ':,':10
4?e.'" PF'INT"E:F.·HD=";THF'(7)nF"'O~" I<G-IN .. :PPINT ....
4270 INPUT "DO YOU WISH TO SPECIFY A NEW BRHO(Y/N)·;G$
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4280 IF LEFT$(G$,11="N" THEN 4310
4290 PRINT"n'PE F:RHO IN I<G-IN":PRIHT" ...
4'300 INPUT BRHO
4310 A=A(l)
4320 E=«A.VM-Q.ME)A2+(Q.BRHD/ZZ)~2)A.5-(A+VM-Q+"E)

4330 IF FL=50PFL=3THEN3550 .
4340 PRJNT"ENERGY (MEV) =";E:PRINY" ":60TO 5304344 REM "-- _

4345 REM SUBROUTINE TO DELAY PROGRAM EXECUTION
4346 PEI'1 '
4350 FOR I=1TOI000=NEXT I
4360 RETURN
4364 REI'1 ------.,..-- ~ .,.._----------------
4365 REI'1 SlI:E:F:OUTINE TO CALCULATE E:ETA ANIt I:;A/'1t'1A,. Atm TO SCALE CUF.'RENT IN SPIN
4366 REM PRECESSION MRGNET .
4367 REM
4370 GAMMA=(E+ACL)+VM)/(A(L)+VMl
4380 BETA=$QRC(GAMMRA2-1)/GRMMA A 2)
4390 CUP=BETA+IR(16,7)/.11754912
4400 PETl'RN
4410 TBRHO=BRHO4414 F:EM _- --:
4415 REM SUBROUTINE TO CALCULATE BRHO
4416 PEI'1

. 4420. BPHO=ZZ+ <E+E+2+ <ACL) +VM-QP+ME) +E)A. 5/QR
4480 RETURN .
444(1 Et~D
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A(56)

AA

BEAM ~

BETA

BMB

BRHO

C

CUR

CV ~

DO

OF

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

Precise values for atomic masses as read in by
Master.

Used in line 1170 to convert precise mass A into
nearest integer mass M.

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

a = vIc = velocity of ion/speed of light

BMB = magnetic field in kilo Gauss in the bending
magnet MB. Assumes p = 45" for bending to cave 0
(line 2660) in calculation of currents> 125 Amps.

Magnetic rigidity in kG - in.

Used in lines 1770 and 1810 to enumerate 19 sets of
cave optics.

Current in amps in magnet under consideration.

In the case of magnets which operate in a non~linear

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).

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 optics are identified in lines
220-280.

DO = .05 or 0.1 MHz for heavy and light ions
respecively.

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

See line 3580.

OF = Absolute value of OZ (see OZ).
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DZ

DZM

E

ES

F

F $

FL

FM

FS

FWHM

G $

GAMMA

H

HI

Defined in line 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 OZ.

,
Kinetic energy 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 t 1960 to input "yes/no" answers from
keyboard.

Flag which specifies which of the 6 user options has
been selected: BRHO t FREQUENCY t PRE-RUNt ENERGY t
RES. TABLEt 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.

y = total relativistic energy (line 4370)
rest mass energy

Used only in the calculation of B = vIc

harmonic number.

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

See lines 1850-1870.
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HS

I

IR(19, 11)

J

L

LS

M

MAG Z (11)

ME

NMR

PP

Q

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

General purpose indexing variable.

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

See lines 320-510 and Table 3.

For I (T, J) J ~ 3, currents stored are those
required for a 104 MeV 1604+ beam.

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 mat~ix were scaled from
magnet settings associated with a previous run
having high transmission and/or good beam quality.

General purpose 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. "QS1A".

Electron rest mass = 0.511006

Freq~ency in,MHz from the NMR probe used to measure
the magnetic field of the analyzing magnet (M41).

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

R

S Z

SL Z (6)

SS

T

T Z ~

TBRHO

TC

TT

TV Z (6)

U

VM

Used in line 1980 to input final charge stae of ion
after it emerges'ftom a stripper foil in cave 3.

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

Calculated in line 1230 as the lowest charge state
possible for K= 160 * 1.

Defined in line 3390 as the ratio of HQ/A for the
requested ion.

Also used in IR matrix to index the magnet number.

Dummy variable used in line 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 BRHO

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

Used in lines 2010 and 2030 to split 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 line 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 line 120.
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x
vz

Z (56)

ZZ

Indexing Variable.

IICOX'S constant ll = 48.6160 from MASTER line 120.

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

Proportionality constant in calculating BRHO in
KG-in.

ZZ = 1.3132653 from MASTER line 120.
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APPENDIX A.3: Polynomial Fits

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

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

Table 1

Application y x

Resonance panels DVM setting frequency

Main magnet current BRHO

Switching Magnet (MS) current magnetic fie19

Bending Magnet (MB) current magnetic field
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Table 2 summarizes the coefficients an for each of these applications and the line number in
the program where they are used (MASTER or PRE).

Table 2

n an

Resonance Main magnet MS MB
panels Current Current Current

(lines 3060-3070) (lines 3180-3190) (line 2700 PRE) (lin€ 2670 PRE)

0 +3.45445588 x 103 +2.67 x 10-2 -2.569 x 101 3.1809 x 103

1 -2.58812 x 103 +1.0070 +3.191 x 101 -1.0072 x 103

2 +7.88200521 x 102 +2.260 x 10-2 -4.5607 +1.2165 x 102

ex> 3 -1.27762457 x 102 -1.51574 x 10-4 +6.071 x 10-1 -6.4319
ex>

4 +1.20524011 x 101 +5.18654 x 10-T -3.871 x 10-2 1.279811 x 10-1

5 -6.65679489 x 10-1 -9.624233 x 10-10 +9.859 x 10-4

6 +2.00027251 x 10-2 +9.188321 x 10-13

7 -2.52851401 x 10-4 -3.36763141 x 10-16



Table 3 summarizes experimental data used to fit the I vs. B curve of
the bending magnet MB. It is used for currents I > 125 amps where a
bending radius RHO = 45 inches is assumed. (Below this current a linear
approximation is used.)

Table 3

BRHO B I
DATE BEAM (kG-inch) (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
ex>
\0 1804+3/28/79 99 MeV 599.034 13.312 175

11/5/78 111 MeV 1804+ 634.413 14.098 192

3/7 /79 116 MeV 1804+ 648.593 14.413 200.1

3/18/79 122 MeV 1804+ 665.215 14.783 210

11/19/78 105 MeV 12C3+ 672 .211 14.938 212
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Table 4 lists 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
(kG-inch)

o
189.03
221.39
228.47
257.05
288.99
363.72
386.16
407.59
572 .18
600.88
331. 74
381.61
402.33
440.86
459.22
541.19
574.78
598.96
626.05
139.12
170.93
241.27 .
577 .01
620.34
486.62
525.68
522.58
577 .15
552.44
569.58
634.48
665.60
671.50
643.90
673.4

I(RUN)
(Amps)

o
444
520
535
606
681
861
910
977

1638
1830

778
897
962

1063
1129
1450
1646
1829
2014
322
396
561

1659
1996
1221
1399
1367
1641
1524
1605
2125
2474
2515.5
2224
2560

90

I(CALC)
(Amps)

0.03
443.1
519·.5
536.0
602.2
676.5
857.4
915.4
973.2

1630.4
1828.8
778.2
903.4
958.8

1069.5
1127.3
1456.6
1646.7
1814.2
2040.0
319.9
399.3
565.7

1661.0
1988.6
1222.1
1382.1
1368.0
1661.9
1515.5
1614.3
2119.8
2459.5
2532.7
2214.9
2556.9

I(RUN)-I(CALC)
(Amps)

-0.03
0.9
0.5

-1.0
3.8
4.5
3.7

-5.4
3.8
7.6
1.2

-0.2
-6.4
3.2

-6.5
1.7

-6.6
-0.7
14.8

-26.0
2.1

-3.3
-4.7
-2.0
7.4

-1.1
16.9
-1.0

-20.9
8.5

-9.3
5.2

14.5
-17.2

9.1
3.1



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 permit 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-u$ing
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. All trim coil solutions lying on the same line (of
constant Q/A) are now stored under one file name, and all trim coil
solutions are stored on one disk. -

- Programs READ and LREAD perform the analogous funct ions 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 lists of trim coil solutions such as can be found
in Appendix A4d.
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A.4.a.: Listing of WRITE, LWRITE

5 PEM WRITE 07/29/80
10 PRUn" INITIALIZINI:; DISK"
15 It!t'l TP q 7)
20 OPE='t. 15.8.15
30 PP I NT;~ 15, " I 1"
40 130SUB 1000
50 CP$=CHP:I;(1;::)
';:.0 Pf;,'INT"'.I.IPITE TEST FIl.E"
70 INPUT "NAI'1E OF FILE";P$
71 INPUT "IS THE FILE TO CDtHAIN ALL O"S'?; ('.... //'0"; Z$
7c: PL$=";j'1: "+P$
::: 0 [lPE='N 2. E::' 2, PL$+" , s, I.r
'::11.1 1.30SUB 1 I) I) 0
100 FOP 1=1T017
107 IF LEFT$(Z$, P="Y" THEN TR(J)=O:I:;OTO 1:30
110 Pt:" I NT" " : PP I tiT" AI'1PS FOt:': TP I M CO I L ;~"; I
12 0 I/'~PUT TF'':: 1)
1:::: I) PF.· I NT;~c:, STf;,~$ {fF.' (J) ::0 Cf;,:$;
14 I) t·~E:>::T I
145 Pt:" I tH;~2, "ENI'"
150 CLOSE 2
1E.O GOTO 40
1000 INPUTc15.EN$.EM$.ET$,ES$
1010 IF EN$=" 00" THEN f;.·ETUF~N

1 020 Pf;.' I NT" Ef;,:P Or;,' ON II I S~::"

1030 PRINT EI'1$,ET$,ES$
1040 CLOSE 2
1050 END

f;,:EAIIY.
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SPEM LWRITE 08/27/80
10 PRI~T"INITIALIZI~G DISK"
15 DIM TR ('5,"" 17)

20 OPE~ 15.8.15
30 PRr~T~1S,"ll"

41 PPI~T" "IPRINT"THE FUNCTION OF THIS PROGRAM IS TO COpy rtmIVlrlUAL FILES:":
42 PPINT" CONTAINING TRIM COIL SOLUTIONS ON A GIVEN LINE ONTO nNE FILE";
43 PRINT" WHICH HOLDS ALL THE SOLUTIONS FOR THE ENTIRE LINE. IF YOU WISH";
44 PPI'NT" TO CORRECT AN INDIVIDUAL SOLUTIDthrlO SO I~IITH PROGRAM "'I,IP-ITE" At1Ii";
45 PRINT" THEN USE THIS PROGRAM. 'LWRITE', TO INCORPORATE THE CHANGE";
46 PRINT" INTO THE MASTER FILE."
48 I::;OSUB 1000
50 CP$=CHPi (1 :3)
60 PRINT""
.:.-;. p:~=p

70 INPUT "LINE NUMBER (10,20,ETC.) TO BE REWRITTEN";P
71 IF PS=P THEN 105
72 PRINT" "
74 IriPUT "Hm.1 MANY SOLUTIONS ON THIS LINE" HIS
75 PRINT" "IPPINT"I'M PEWRITING, PLEASE BE PATIENT."
76 FOR .J= 1 TO tiS'
78 H.J=.Ol+J:SN=P+HJ
,'3 Sti$=STR:I CSN)
80 IF LEFT$(RIGHT$(SN$,2),1)="." THEN SN$=SNi+"O"
:::1 F:I="O: "+SN$
82 OPEN 2,8,2.F$+",S,R"
84 GC1:HIB 1000
:::6 FOP 1=1 TO 17
88 INPUT~2,TR(.J,I)

'30 RS=ST
'32 130SUB 10'"' 0
94 IF S=64 THEN CLOSE 2:END
96 IF RS(>O THEN PRINT"BAD DISK STATUS IS";RS:CLOSE 2lEND
100 tiEXT I
102 CLOSE 2
104 tlEXT ,J
105 PRINT"PUT IN DISK TO BE USED, THEN TYPE ANY KEY."
106 13ET 1,1$: IF 1,1$="" THEN 106
107 1,1$=""
108 PRiNT~15,"I1M

109 GOSUB 1000
110 P$=STR$(P):PL$="OIt: LINE"+PS
115 OPEN 2,8,2,PL$+",S,W"
120 GOSUB 1000
122 FOR .J=ITONS
124 FOR I=IT017
126 PR I NT::2, STR$ (TR (.J, I) ) CR$;
1:30 NE:KT I
140 NEXT ,J
147 PRINT~2,"ENn"

150 CLOSE 2
155 PRINT""IPRINT"LINE";P;"HAS NOW BEEN REWRITTEN."
160 Goro 48
1boo INPUT~15,EN$,EM$,ET$,ES$

1010 IF EN$="OO" THEN RETURN
1020 PRINT"ERROR ON DISK"
1080 PRINT EM$,ET$,ES$
1040 CLOSE 2
1050 END

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

5 PF.M PEAD 07/29/80
10 PPINT" un TIALIZE DIS¥"
15 DIM TP(18),A$(18)
c: 0 OPEN 15, 8, 15
::: 0 PP UH~~ 15, " I 1 "
10(1 PF.: I NT" READ TEST FILE": 60TO 110
105 PRINT" ":PRINT"REAI' TEST FILE"
110 INPUT "I,I,IHICH FILE";P$
120 PL$="I: "+P$
1::::0 OPEt~ L:~,8,c:,PL$+",S,R"

140 I::;OSUF: 1000
150 1=1
155 PF.' I NT" "
160 INPUT~2,TR(I)

170 F.'S=ST
U:: 0 I;iOSUB 1000
185 IF UH(:!..... 10)=0 THEN PRINT" ";
1'30 PR UH r; " " ; TR (J)

200 IF $=64 THEN ::::00
210 IF RS<>O THEN 400
220 1=1+1
230 IF 1<18 THEN 160
240 CLO:SE 2
250 GOTO 105
::;:: 0 (I CLOSE 2
310 ENI'
400 PP I NT" :F:AII DI SI<' STATUS IS", RS
410 CLOSE 2
420 END
1000 I t~PUT~~ 15, EN$, EM$, ET$, ES$
1010 IF EN$="OO" THEN RETURN
1020 PRINT"ERPOP ON DISK"
10::::0 PRINT EM$,EN$,ET$,ES$
1040 CLOSE 2
1050 END

REAI"y' •
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5 REM LREAD 08/27/80
10 PRINT"INITIALIZING DISK"
15 fIlM TR(50d7)
20 OPEt~ 15,8.15
30 PRINT~15,"ll"

100 PRINT"READ TEST FILE":GOTO 110
lOS PRINT" ":PRINT"READ TEST FILE"
107 PS=P: SS=St.
11 0 INPUT "I•.IH I CH FILE"; P
111 L=ltiT (P)
11:3 L$=STF.'$ (L)
115 SN=INT(100+(P-L)+.S)
117 IF IflT(PS)=INT(P)AND SN(~SS THEN 18S
120 PL$="I: LINE"+L$
1:~:0 OPEN 2,8,i?,PL$+",S,R"
140 GOSUB l'-'OO
142 PRINT" ": PR INT"READING FF.:OM DISK"
145 FOR .J= 1TOSN
l50 FOR I=ITOI7
160 INPUT~2,TR(J,I)

170 RS=ST
1::: 0 GOSUB 1000
181 .t~E::<T I
182 NE:X:T .J
1:34 CLOSE 2
185 PRINT" ":PRItH"TRIM COILS, ItmE~"'; ~~";P:PRItH" "
187 FOR 1=ITOI7
1:=:8 IF .INT(I.;'10)=O THEN PRINT" u;
1'30 PRINTH" ";TR(Sth J)

200 IF $=64 THEN 300
210 IF RS<>O THEN 400 '
220 t.E:X:T I
250 GO TO lOS
:300 CLOSE 2
:~:1 0 Etm
400 PRINT"BAD DISK STATUS IS",RS
410 CLOSE 2
420 END
1000 INPUT~15,EN$,EM$,ET$,ES$

1010 IF EN$="OO" THEN RETURN
1020 PRINT"ERROR ON DISK"
1030 PRINT EM$,EN$,ET$,ES$
1040 CLOSE i?
1050 END

F.:EAIIY.
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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 line number ending in 5 (e.g., index number 105.01, Q/A = .385,
E/A = -20).

Protons

N DX QA EA DEA = (El-EO)/EO
:SDLN~: INDE:O<= Q/A E/A ENERGY RFtI'lGE/EI'IE"RGY

1 10.01 1 7 .76
2 10.02 1 10 .324
:3 10.03 1 15 .175
4 10.04 1 17.5 • 13E.
5 10.05 1 20 .106
E. 10.0E. 1 22.5 .08E,
7 10.07 1 25 .071
8 10.08 1 27.5 .059
9 10.09 1 30 .05

10 10.1 1 32.5 .048
11 10. 11 1 35 .0:37
12 10.12 1 36 .035
13 10.1:3 1 38 .032
14 10.14 1 40 .029
15 10.15 1 42 .02E.
lE. 10. lE. 1 44 .025
17 10.17 1 45 .02:3
18 10.18 1 47 .021
19 10.19 1 49 .02
20 10.2 1 50 .019
21 10.21 . 1 51.5 .018
22 10.22 1 58 .017
2:3 10.2:3 1 54 .016
24 10.24 t 55 .016
25 10.25 1 56 .015
26 10.26 1 57 .014
27 10.27 1 58 .014
28 10.28 1 59 .01:3E.
2'? 10.29 1 60 .013
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•

..

SDLN~: , INDEX~: Q./A E"A ENERGY RANGE/FNFRG'r'

30 20.01 .6667 3.33 .65
:31 20.02 .6667 5 .33
32 20.03 .6667 6.67 .45
33 20.04 .6667 10 .24
:34 20.05 .6667 13.3 .15
:35 20.0Eo .6667 16.7 .103
:36 20.07 .6667 18.3 .087
:37 20.08 .6E.67 20 .075
:38 20.09 .6667 21.6 .064
39 20.1 .6667 23.3 .055
40 2f1.11 .6667 25 .05
41 20.12 .6667 26.7 .042
42 20.13 .6667 28.~: .038
4:;:: 20.14 .6667 30 .034
44 20.15 • 66E,7 31.7 .0:31.
45 20.16 .E,667 33.3 .028
4", 20.17 .6667 35 .025
47 20.18 .6667 36.7 .02:3
48 20.19 .6667 37.7 .022
4'3 20.2 '.6667 39 .02
50 20.21 .6667 40 .02
51 20.22 .6667 41 .019
5':' 20.2:3 .6667 4'~ ,-, .018~ •.;t

5:3 20.24 .6E,E.7 43.3 .017
54 20.25 .6667 44.3 .016
""'" 20.26 .6E,67 45.7 .015.;;)._1

56 20.27 .6667 46.7 .014
57 20.28 .6667 47.7 .014
58 20.29 .6667 48.7 .013
5'3 20.3 .6667 49.3 .013
E,O 20.31 • 6667 50 .012E.
61 20.32 • 66E.7 51 .012
€oc' 20.33 .6667 "",-, • 012-"_II::

E.3 20. :34 • 66E,7 52.7 .011
64 20.35 .6667 53.'3 .011
.S5 20.:36 .6667 54. :3 .01
66 20.37 .6667 55.3 .01
.:'7 20.:38 .6667 5E. .01
68 20.39 .60:.67 !iE.• 7 .01
69 20.4 .6667 57.7 .0094
70 20.41 .6667 58.7 .0091
71 20.42 .6667 59.:3 .009
72 20.43 .6667 60 .009

97



'.
SDLN~; INDEX~; Q/A E/A ENERGy' RANGE/ENERG'y'

73 30.01 .5 2.5 .56
74 :30.02 .5 5 ~,

••!)

75 ::\0.03 .5 7.5 .33
76 30.04 .5 10 .19
77 :;10.05 .5 12.5 .13
78 30.06 .5 15 .096
79 30.07 .5 17.5 .073
80 30.08 .5 18.75 .064
81 30.09 .5 20 .056
82 30.1 .5 21.25 .05
83 :30.11 .5 22.5 .045
84 30.12 .5 23.75 .04
85 :30.13 .5 25 .037
8E. 30.14 .5 26.25 .0:33
E:7 :30.15 .5 27.5 .0306
BO::' :30.16 .5 28.75 .028- ".
89 30.17 .5 30 • 026
90 :30.18 .5 31.25 .024
91 :30.19 .5 :32.5 .0222
92 :30.2 .5 33.75 .022
9:~: :::0.21 .5 35 .018
94 :30.2E' .5 35.75 .015E.
95 :30.2:3 .5 3E·.5 .0132
96 30.24 .5 :::7 .0116
97 :30.25 .5 :37.5 .01
9::: 30.26 .5 :38 .008
":!';l 30.27 .5 38.5 .00tS;?

100 30.28 .5 :38.75 .OOE.
101 :30.29 .5 39 .0052
102 :30.3 .5 39.25 .0044
103 30.31 .5 39.5 .00:36
104 :30.32 .5 :39.75 .0032
105 :30. :3:3 .5 40 .00:3

1708+ (dummy data)

$:DUW INIIF.X~; Q..... A E..... A ENEF.'G·.... RANI;iF /FNEF.'FY'

10';:. 40.01 .471 1 .00001
107 40.02 .471 1 .00001
108 40.0:3 .471 1 .00001
109 40.04 .0471 1 .00001
110 40.05 .471 31 .022
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15N7+ (dummy data)

SDLHn INDEX: Q/A E/A ENERGY RANGE/ENERGY

111 50.01 .467 1 .00001
112 50.02 .467 1 .00001
113 50.03 .467 1 .00001
114 50.04 .467 1 .00001
115 50.05 .467 1 .00001
116 50.06 .467 1 .00001
117 50.07 .467 1 .00001
118 50.08 .467 1 .00001
119 50.09 .467 1 .00001
120 50.1 .467 30.5 .022

13 6+C (dummy data)

:~;Ol.l":l INIIE><= Q/A E/A ENERG~' RANI:;r /ENrRG\'

121 60.01 .462 1 .00001
122 60.02 .462 1 .00001
123 60.0:3 .462 1 .00001
124 €.0.04 .462 1 .00001
1"j~ 60.05 .462 1 .00001",~I

12€. .60.06 .462 1 .00001
127 60.07 .462 1 .00001
128 60.08 .462 1 .00001
129 60.09 .462 1 .00001
130 60.1 .462 29.8 .022

11 85+

SOUi: INIIE:X::1 r,'/A E/A ENERGY f<:ANGF /E'NH'I:; ~.,

1:31 70.01 .455 24.27 .0:35
13;:' 70.02 .45~ 25.9 .0:31
13:3 70.0:? .455 27.45 • 028
134 70.04 .455 28.9 .025
135 70.05 .455 80 .01l:'8
1:3':. 70.06 .455 30.9 .015
137 70.07 .455 31.4 .01:36
138 70.08 .455 31. 8 .0118
13'~ 70.09 .455 32.3 • 01
140 ,

70.1 .455 32.7 .008:?
141 70.11 .455 3:3.1 .0069
142 70.12 .455 33.4 .0058
143 70.13 .455 33.6 .0048
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SOLN:1 INDExn Q/A E/A ENERGY RAI'lGE/FNEPGY

144 75.01 .444 -P7.6 .03
145 75.02 .444 28.9 .025
146 75.03 .444 29.7 .022
147 75.04 .444 30.6 .018
148 75.05 .444 31.1 .015
149 75.06 .444 31.7 .013

SOLN:1 INIIEX:1 Q/A E/A ENERGY RAI'lGE/ENERG'y'

150 80.01 .4:38 11.25 .12
151 80.02 .438 13.125 .092
15;;:' 80.03 .4:38 15 .075
15:3 80.04 .428 16.875 .063
154 80.05 .4:38 18.75 • 0~3
155 80. (16 .4:38 20.31 .046
156 80.07 .438 21. 875 .04
157 80.08 .4:38 23.43 .0:34
158 80.09 .438 25 .0:3
159 80.1 .4:38 26.79 .028:::
lE,O 80.11 .4:38 27.8 .022
161 80.12 .438 28.75 .0188
lE,c' 80.13 .438 ':>'=-'.4 .016;;:'
lE,3 80.14 .4:38 30 .01 :36
164 80.15 .43::: 30.6 .011
165 80.16 .438 31 .0094:3

~;OL~l:1 I t'lItEX:1 G!/A E/A ENERGY RAI'l15E /EI'lEPG'y'

16'::, 85.01 4-'-=0 -24.3 .0:'36• c.."
lE,7 85.0E' .429 25.7 • 0:3

lE,8 85.0:3 .429 26.8 .025
1E,';' 85.04 .429 27.9 .021
170 85.05 .429 28.6 .018
171 85.06 .4c'9 29. :3 .014
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SCLNI~ INDEX;~ Q/A E/A ENERGY RANGE /ENEPG'y'

172 90.01 .417 6.67 .25
17:~ 90.02 .417 9.17 .182
174 90.03 .417 11.25 .107
175 90.04 .417 13.33 .083
176 90.05 .417 15.41 .066·
177 90.06 .417 17.08 .056
178 90.07 .417 18.75 .048
179 90.08 .417 20.4 .041
180 90.09 .417 21.67 .036
181 90.1 .417 22.9 .032
182 90.11 .417 24.33 0·-;'

• .J

183 90.12 .417 25 .024
184 90.13 .417 25.63 .021
185 90.14 .417 26.3 .018
186 90.15 :417 26.8 .015
187 90.1 E. .417 27.25 .013
18E: 90.17 .417 27.7 • Oil·
189 90.18 .417 28.125 .0094

190
191
192
19:3
194
195
196
197
198
199
200

100.01
100. 0;::'
100.03
100.04
100.05
100.0E,
100.07
100.08
100.09
100. 1
100.11

.4

.4

.4

.4

.4

.4

.4

.4

.4

.4

.4

15.5
17
18.5
20
21.25
22.4
2:::.5
24.25
25
25.5
26

.OE.

.051

.044
• O:~E:
.0:3:3

.• 02:
.0215
.018
.014
• OilS
.009

SCLNII INDEXII Q....·A E/A ENERG...·· RANGE/ENE"";:;Y

201 1 05.01 .385 -20 .03:3
202 105.02 .385 20.8 .03
20:3 105.03 • :385 21.5 .025
204 105.04 • :385 22. :3 .021
205 105.05 .385 23.1 .017
20E, 105.06 .385 23.7 • 014
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SDlNn IND,EX~; Q.....A E..... A ENERGY RANGE .....ENEPG'y·

207 11 0.01 .375 10 .104
208 11 0, oe .375 11.56 .083
209 110.03 '.375 13.3 .066
210 11 0.04 .375 14.69 .055
211 11 0.05 .375 16.25 .046
212 110. 06 .375 17.5 .04
21:3 11 0.07 .375 18.75 .033
214 110.08 ."375 19. ':·9 .03
215 11 0.09 .375 20.6 .022
216 11 0.1 .375 21.25 .018
217 110. 11 .375 21.9 .0146
218 11 0.12 .375 22.2 .0128
219 11 0.1:3 .375 22.5 .011
220 11 0.14 .375 22.8 .0094

14N5+, •••

SDLN~; INItE;X:~; Q.....A E..... A ENERGY PAtlGF.....ENF~~G·y'

221 120.01 .:357 14.64 .048
222 120.02 .::::57 15.7 .041
223 120.0:3 .:357 16.79 .035
224 120.04 .357 17.86 O'~'· ,_,

225 120.05 .357 18.6 • 023!:'
226 120.06 .357 19.3 .019
227 120.07 .357 19.6 .0168
228 120.08 .357 20 .014€·
229 120.09 .357 20.4 .012
230 120.1 .357 20.7 • 01

:';'DU'W

2:::1
232

125.01
12!:'.02

.35

.35
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6L.2+ 9Se 3+ 12 4+ ..
1 ~ , C , •• 9

SCLN;~ INDEXn Q...·A E/A ENERGY RANGE/ENERGY

2:33 130.01 .333 1.667 .6
234 130.02 .333 3.3:3 .5
235 130.03 .333 5 .19
236 130.04 .333 5.83" .125
237 130.05 .333 6.67 .25
238 130.06 .333 8.33 .104
2:39 130.07 .333 10 .075
240 130.08 .333 11 .064
241 130.09 .333 12.11 .054
242 130.1 .333 13.3:3 .0445
243 130.11 .333 14.23 .038
244 130.12 .333 15 .033
245 130.13 .3:33 15.58 .03
246 1:30.14 .333 16.25 .02:3
247 130.15 .333 16.6 .02
248 130.16 .333 17.25 .016
249 130.17 .333 17.5 .014
250 130.18 .333 17.8 .012
251 130.19 .333 18.1 .0095
252 130.2 .333 18.3 .008

16
0

5+ ..,...
:S:CLtj;; HHlEX;~ . Q/A E/A ENERG'y' RAN':;E.'·ENEF:G~··

258 140.01 .31:3 11.88 .04:35
254 140.02 .313 12.81 .0:37
255 140.0:3 .313 13.63 .028
256 140.04 .313 14.4 .024
257 140.05 .313 15 .019
258 140.06 • :313 15.3 .0166
259 140.07 .313 15.6 .014
260 140.08 .313 15.9 .0114

7U.2+ 14 4+ '.'
~ N , •••

SDLN;~ INItE>W Q/A E/A ENERGY PANGE/ENERG'y'

261 150.0.1 .286 4.29 .211
262 150.0c· .286 5.71 .09
263 150.03 .286 6.07 .13
2E.4 150.04 • 28E, 7.14 .085
2':.5 150.05 .286 7.86 · on'
;::66 150.06 .286 8.57 .06
c'E.? 150.07 .286 9.28 • 051
2E.8 150.08 .286 10 .04.3
269 150 •.09 • 28E. 10.71 .0:35
270 150.1 .286 11.42 .0:3
271 150.11 .286 11.8 .026
272 150.12 .286 12.1 0~"':1• .c·_,
27:3 1~0.13 .28E, 12.5 .019
274 150.14 .286 12.9 .016
275 150.15 .286 13.1 .014
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12C3+, 1604+ , 20 5+Ne , ...

S:DLN:~ JNDE'X# Q/A E/A ENEPGY RANGE/ENER~Y

276 160.01 .25 1.25 .7
277 160.02 .25 3.125 .34
278 160. O:~ .25 4.375 .125
279 160.04 .25 5 .08 .~

280 160.05 .25 5.625 .055
281 160.06 .25 6.5 .062
282 160.07 .25 6.875 .056
28:3 11;0.08 .25 7.5 .045
284 160.09 .25 8.125 .086
285 i60.1 .25 8.5 .033
286 160.11 .25 8.75 .03
287 160.12 .25 9.06 .026
288 160.13 .25 9.4 .022
289 160.14 .25 9.7 .018
290 160.15 .25 9.8 .016
291 160.16 .25 10 .014
292 160.17 .25 10.2 .012
293 160.18 '.25 10.3 .01

98 2+ 1804+ ,. ••e ,

SDLN:~ I NrIE:X::~ Q/A E/A ENEPG'y' PANGE/ENEPG'y'

c"34 165.01 .2222 -5.5 • 055
295 165.02 .2222 6.22 .042
296 165.03 .2222 6.89 .0:::
297 165.04 .2222 7.22 .025
298 165.05 .2222 7.5 .02
2'39 1€·5.06 .2222 7.72 .017
300 165.07 .2222 7.92 .0138
:301 165.08 .2222 8.06 .0115

14N3+ , •••

SDLtHi INDEX:: G!/A E/A ENEPG'y' PANGf /ENERI;\'

:;)02 170.01 .214 3.21 .145
303 170.02 .214 3.92 .081
.:::04 170.03' .214 4.28 .06
305 170.04 .214 4.714 .045
:30';:. 170.05 .214 5 .0:37
307 170.0E. .214 5.36 .0:32
308 170.07 .214 5.54 .028
30';:' 170.08 .214 5.71 .025
:::10 170.09 .214 5.9:3 .022
:;:111 170. 1 .214 6.4:3 .0:3
:::12 170.11 .214 6.7 .025
8D 170.12 .214 6.93 .0213
:314 170.1:3 .214 7.1 .0176
:315 170.14 .214 7.3 .0151
:::q~. 170.15 .2i4 7.4:3 .0126
317 170.16 .214 7.57 .01
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1082+, 15N3+, 20Ne4+, 40 8+Ar , ..•

SDLNl~ INDEX~: Q..... A E..... A ENERGY RANGE.....ENERGY

318 175.01 .2 -4.625 .036
319 175.02 .2 4.8 .03:;:
320 175.03 .2 5 .03
321 175.04 .2 5.35 .027
3·..·.. 175.05 .2 5.6 .025co:
:323 175.06 .2 5.8 .02
324 175.07 .2 6 .022
325 175.08 .2 6.2 .018
326 175.09 .2 6.4 .014
327 175.1 ... 6.5 .012.0:

328 175.11 .2 6.6 .01

1603+ , 3256+

SDLNl~ INDEX~~ Q/A E/A ENERG'y' RAt~GE/ENERGY

:3;::'9 180.01 .188 .9:38 .9
3:30 180.02 .188 2.34 .175
3:31 180.03 .188 2.81 .107
:3:32 180.04 .188 3.25 .07'::.
:333 180.05 .188 3.44 .05E.
334 180.06 .188 3.75 .045
:335 180.07 .188 4.0E. .0:36
3:36 180.08 .188 4.31 .031
:3:37 180.09 • 18E: 4.5€· .028
3:38 180.1 .188 4.69 .026
:3:39 180.11 .188 4.92 .024
:340 180.12 .188 5.125 .02:::
:341 180.1:3 .188 5. :31 .022
342 180.14 .188 5.5 .021
:343 180.15 .188 5.69 0'"• c
:344 180.16 .188 5.81 .02

6L.1+ 12C2+ , 1803+ , 24 4+
1 , Mg , •••

SOL Nl~ INDF.Xl~ Q/A E/A ENERGY RANI3F. /ENEPG'y'

345 19 O. 01 .167 .6 .• 8
346 190.02 .167 .8:33 .7
:347 190.03 .167 1 .6
348 190.04 .It;:'7 1. 35 .48
:349 190. 05 .167 1.5 .44
:350 190.0E, .167 1.66 .31
351 190.07 .167 2.05 .1E.
352 190.0E: .167 2.5 .076
35:?- 190.09 .lE.7 2.9:33 .045
:354 1'30. 1 .167 .3 .045
355 190.11 :167 3.25 .O:3E:
356 190.12 • 167 :;:.4E. .0:34
:357 190.1:3 .167 3.667 .03
:358 190.14 .167 :?.89 • 028
359 19(1,15 .167 4.1 .027
3':.0 190.1E. .167 4.25 .026
:361 190.17 .167 4.41 (1'-'"• C:;"_I

362 190.18 .167 4.58 .025

105



7L·1+ 14N2+ 28S·4+
1, , 1 , •••

IHDEX~: ENERGY RANGE/ENERGY

363
364

195.01
195.02

.143

.143
-3.21
3.36

.028

.028

1602+ 32S4+ , 40 5+
.. ,. A,r , •••

S:DLN~: I"DEX~: Q/A E/A ENERGY RAI'lGE/EI'lERI;;Y

:3':.5 200.01 .125 .937 .34
366 200.0c' 1'·'" 1.25 .126• C:-_'
:3,':·7 200.0:;:: .125 1.38 .088
368 200.04 .125 1.5E, .OE.
%9 200.05 .125 1.75 .047
:370 200.06 .125 1.875 .041
:;:171 200.07 .125 1.968 • (1:38
372 200.08 .125 2.0E, .035
37:3 200.0';' .125 2.19 .033
874 200.1 .125 2. :31 .031
375 20(1.11 .125 2.44 .0.3
376 200.12 .125 2.5 .029
377 200.13 .125 2.56 .028
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APPENDIX A.4.d.: List of 377 Trim Coil Solutions on the Grid

Protons

10.01 10.02 10.03 10.04 10.05 10.06 10.07

1 0 -750 -500 0 -305 0 -12E,.. 2 0 27 -41 0 -232 0 -374
3 0 -164 -163 0 -128 0 -131
4 0 0 -48 0 -91 0 -';"';"
5 0 (I 0 0 0 0 (I

.;. 0 0 0 0 (I 0 -:32
7 0 0 0 0 0 0 0
:=: 0 40 28 0 0 0 0
9 0 0 0 0 0 0 0

10 0 79 90 0 10E, 0 80
11 0 0 0 0 0 0 0
12 0 289 220 0 205 0 221
13 0 0 0 0 0 0 (I

14 (I -161 356 (I 450 0 458
15 0 205 -643 0 -811 0 -916
1E, 0 -800 0 0 0 0 0
17 0 0 0 0 0 0 0

10.08 10.09 10. 10 10. 11 10.12 10. 13 10. 14

1 0 -512 0 -549 0 0 -:364
2 (I -20::' 0 -185 0 0 -:3E.~,

:;: 0 -2'3::: 0 -347 0 0 -250
4 (I 0 0 0 0 0 -42
~ 0 0 0 0 0 0 0'-'.:. 0 -58 0 -71 0 0 -95
7 0 0 0 0 0 0 0
8 0 0 0 -:3':· 0 0 -53
';. 0 0 0 0 0 0 0

10 0 41 0 3:=: 0 (I 0
11 (I 0 (I (I 0 0 (I

12 0 2:35 (I 185 0 0 18':;'
13 (I 0 0 0 0 0 0
14 0 44:3 (I 492 0 0 29':·
15 0 -1020 0 -11SE· 0 0 -1038
lEo 0 0 0 0 0 (I 0
17 0 0 0 0 0 0 0

10.15 1 (I. 16 10. 17 10.18 10.19 10.20 10.21

(I 0 -339 0 (I -3D 0
c' 0 (I -:3'37 0 0 -4;:'':, (I

.;: 0 (I -2Eo4 0 0 -27E! (I

4 0 0 -54 0 0 -EA 0
5 0 0 0 (I I) 0 I)

E. 0 0 -114 0 (I -1 :~:6 (I

7 0 0 0 (I (I (I (I

8 (I (I -80 0 0 -106 0
':;. 0 0 (I 0 0 (I (I

1 (I 0 0 -25 I) 0 -59 I)

11 0 I) 0 (I 0 0 0
12 0 0 128 (I 0 6::: 0
1:3 0 (I (I 0 0 0 I)

14 0 0 305 (I (I 29';-' 0
15 0 0 -1210 (I 0 -1387 0
lEo 0 0 (I 0 (I I) (I

17 (I (I (I (I (I I) (I
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10.22 10.23 10.24 10.25 10.26 10.27 10.28

1 0 0 -360 0 0 0 (I
2 0 -426 -480 (I 0 0 (I
3 0 -310 -314 (I (I 0 (I ,.
4 0 -71 -80 0 0 0 0
5 0 0 0 0 0 (I 0
E. 0 , -158 -159 0 0 0 0
7 0 0 ' (I 0 0 0 0
8 0 -136 -148 0 0 0 0
'3 0 0 0 0 0 0 0

10 0 -102 -100 0 0 0 0
11 0 0 0 (I (I 0 0
12 0 -15E, 0 0 (I 0 0
13 (I 0 0 (I 0' 0 (I
14 0 528 245 0 0 (I 0
15 0 -1552 -1479 0 0 0 0
lE, 0 0 270 (I (I 0 0
17 (I 0 -353 0 0 0 0

10.2'3

1

4
5
6
7
8
.~

10
11
12
13
14
15
lE,
17

2
-:''-'
4
5
E.

E:
'3

10
11
12
1 '":1

'J

14
15
16
17

-361
-4:::0
-::::14

-7';'
(I

-15';'
o

-179
o

-156
o

-'30
o

269
-1554

.:-.':!'?
'_"_' I

-250

3He2+

20.01 20.02 20.03 20.04

-750 -750 -750 -750
28 0 0 0

-102 -145 -191 -232
0 (I 0 -28
0 0 0 0
0 (I (I 0
0 0 0 0

57 59 57 ,..-,
....Ie:

0 0 0 0
7'~ 100 116 1:35

0 0 (I 0
165 19:3 216 240

0 0 (I 0
12'3 218 2E,2 400
113 0 0 -340

-:397 -:317 -377 0
0 0 0 0

108

20.05

-54:::
-204
-196

-71
o
o
(I

41
o

145
o

244
o

470
-457

(I

o

20.0E,

-:357

-7'~

o
-21

(I

38
(I

1:,:;q
o

244
(I

487
-54:3

o
(I

20.07

(I
(I

o
(I
(I

o
o
o
o
o
(I

(I

o
o
(I

o
o



20.08 20.09 20.10 20.11 20.12 20.13 20.14
)

-477 0 -412 0 -322 0 -213
2 -256 0 -321 0 -373 0 -464
3 -351 0 -365 0 -329 0 -30S
4 0 0 (I 0 0 0 -24
5 0 0 0 0 0 0 0
E· 0 0 -26 0 -62 0 -71
7 0 0 0 0 0 0 0
::: 0 0 0 0 0 0 ";28
9 0 0 0 0 0 0 0

10 146 0 117 0 67 0 ·28
11 0 0 0 0 0 0 0
12 275 0 258 0 244 0 152
1:3 0 0 0 0 0 0 0
14 645 0 637 0 424 0 422
15 -1336 0 -1535 0 -1472 0 -1774
16 0 0 0 (I 0 (I 0
17 0 0 0 0 0 (I 0

20. I!:' 20.16 20.17 20.18 20.19 20.20 20.21

0 -190 0 -240 0 0 -210
2 0 -472 0 -516 0 0 :_~531

:::: 0 -3E'4 0 -402 0 0 -417
4 0 -25 0 -61 0 0 -E·f.:·
C' 0 0 0 0 0 0 0'-'
E. 0 -87 0 -11::: (I 0 -I::::€-
7 0 (I 0 (I (I (I 0,-. (I -54 0 -87 (I 0 -124<:-

'3 0 (I 0 0 0 0 I)

10 0 -28 0 -91 0 (I -1:::0
11 0 0 0 0 0 0 0
12 0 57 0 -147 0 0 -:340
1:3' 0 (I 0 (I 0 0 0
14 0 317 0 41'" 0 0 1- -.1'.:"

15 0 -2000 0 -2000 0 0 -2000
16 0 0 0 -388 0 0 -950
17 0 0 0 0 0 0 0

20.22 20.2:::: 20.24 20.25 20.2E. 20.27 20.2:::

0 0 -IH: 0 0 -157, 0
2 0 (I -5:30 0 0 -5:30 0
:;: 0 0 -4::::2 0 0 -4E.2 0
4 0 0 -E.E. 0 0 -71 0
5 0 0 0 (I 0 (I 0
E. 0 0 -149 0 (I -174 0
7 0 0 0 (I 0 0 (I

E: 0 0 -IE·2 0 0 -21:3 (I

'3 0 0 0 0 0 0 0
10 0 0 -28::: 0 0 -43'=' 0
11 0 (I 0 0 0 0 0
12 0 0 -S9E: 0 (I -884 0
13 0 0 0 0 0 0 0
14 0 0 -155 0 0 -E.7E. 0
15 0 0 -2000 0 0 -2000 (I

1E. 0 (I -158E. 0 0 -2000 (I

17 0 0 0 0 0 0 I)
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20.29 20.30 20.31 20.32 20.33 20.34 20. 3~1

0 0 -193 0 0 (I -153
2 0 0 -676 0 0 0 -750
:3 0 0 -292 0 0 0 -236
4 0 0 I -107 0 0 0 -171
5 0 0 0 0 (I 0 0
E. 0 0 -261 0 0 0 -232
7 0 0 0 0 (I 0 -228
:=: 0 0 -290 0 0 0 -176
9 (I (I 0 0 0 0 -326

10 0 0 -5eo (I 0 0 -394
11 0 0 0 0 0 0 -490
12 0 0 -1263 0 0 0 -1140
1'~' 0 0 (I 0 0 0 -5't~.

14 0 0 ~1221 0 0 0 -2000
15 0 0 -2000 0 (I (I -2000
16 0 0 -2500 0 0 (I -2500
17 0 (I (I 0 0 0 0

20.36 20.37 20.38 20.39 20.40 20.41 20.42

0 0 0 -201 0 0 0
2 0 0 0 -593 0 (I 0
:;: 0 0 0 -320 0 (I 0
4 0 0 0 -224 0 0 0
5 0 0 (I 0 (I (I (I

E. 0 0 (I -303 0 0 0
7 0 (I 0 -314 (I (I 0
:=: 0 (I 0 -240 0 (I 0
.~ (I (I 0 -4::::7 0 (I 0

10 0 0 0 -471 (I 0 0
11 0 0 0 -775 (I 0 (I

12 (I 0 (I -7;::::: (I (I (I

1'~' 0 0 I) -845 (I 0 0'.1

14 0 0 0 -2000 (I 0 (I

15 0 0 I) -2000 0 (I I)

1E. 0 (I 0 -2500 0 0 0
17 (I (I (I 0 (I (I 0

20.43

0
2 0
:3 0
4 0
5 0
E- O
7 0
E: 0
';. 0

10 0
11 0
12 0
1'~' 0"-'
14 0
15 0
16 0
17 (I
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Alpha, deuteron, 6Li 3+, ...

30.03 30.04 30.05 30.06 30.07
30.01 30.02

-560 -29.:' -470 -417 -34€·
-750 -750 -290 -33:3

0 0 -166 -404 -249
-4182 -383 -406

-120 -226 -226 -189 283 42 'Jf

-35 -71 ,~l

4 0 0 0 (I 0
0 0

5 0 0 0 0 0
0 0

6 0 0 0 I) 0
.... 0 0 0 0

54 3:~:,
72 68 64

8 65 71 (I 0
0 0 0

9 0 (I
17E. 167 15':- 118

10 96 140 1E.!;) 0 0
0 0 0

11 (I 0
29::: 37€. :327 249

12 191 '::62 291 0 0
0 0

1'-' 0 0 0
640 678 €.45

~ 469 509
14 204 312

-504 -1330 -1658 -2000
15 0 20 -396 0 0

0 0 (I

16 -300 -456 0 0 0
0 0

17 0 0

:30.08 30.0':;' 30.10 30.11 :30.12 30.13 30.14

0 ' , -310 0 -144 0 -100 0
2 0 -;3:35 0 -440 (I -413 0
3 0 -432 0 -348 0 ~'35E, 0
4 0 27 0 26 0 35 0
'" 0 0 0 0 0 0 0~,

6 0 (I (I -:39 0 -31 0
7 0 (I 0 (I 0 0 0
P- o 0 0 0 (I -:3'3 0-'
9 0 0 0 0 0 0 0

10 0 64 0 -40 0 -150 (I

11 0 0 0 0 0 0 0
12 0 179 0 -36 0 -354 0
1'-:' 0 0 0 0 0 0 0,-'

14 0 284 0 90 0 -30:3 0
15 0 -2000 0 -2000 0 -2000 0
16 0 0 0 -724 0 -1527 0
17 0 0 0 0 0 0 0

30.15 30.16 30.17 30.18 30.19 30.20 :::0.21

-79 0 -:3E·4 0 -240 0 0
2 -384 0 -440 0 -244 0 0
3 -375 (I -19:3 0 -40:=: 0 0
4 48 0 -54 0 40 0 0
C' 0 0 81 0 0 0 0~,

6 -46 0 -79 0 -177 0 0
7 0 0 -52 0 0 0 0
8 -92 0 -94 0 -317 ,0 0
9 0 0 -117 0 -176 0 0

10 -344 0 -:3:39 0 -500 0 0
11 0 (I -204 0 -750 0 0
12 -711 0 -1013 0 -=34 0 0
13 0 0 393 0 -1!500 0 0
14 -971 0 -1809 0 -2000 0 (I

15 -2000 0 -2000 0 -2000 0 0
16 -2000 0 -2000, 0 -2000 0 0
17 0 0 2000 0 0 0 0
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30.22 30.23 30.24 30.25 30.26 30.27 3.0.28

1 0 0 0 0 0 0 0
2 0 (I 0 (I (I 0 (I

3 0 (I (I (I 0 (I 0
4 (I 0 (I 0 0 (I 0
5 0 (I 0 0 0 0 0
6 0 (I 0 0 0 0 0
7 0 0 .0 0 0 0 0
8 0 0 0 0 0 0 0
.;. 0 0 0 0 0 0 0

10 0 0 0 0 0 0 0
11 0 0 0 0 0 0 0
12 (I 0 0 0 0 0 0
1·~· 0 0 0 0 0 0 0~.

14 0 0 0 (I 0 0 0
15 0 0 0 0 0 0 0
16 0 0 0 (I 0 0 0
17 0 0 0 0 0 0 0

30.29 30.30 30.31 30.32 :30.3:;:

0 0 0 0 0
2 0 0 0 0 0
:3 0 0 0 0 0
4 0 0 0 0 0
5 0 0 0 0 0
E, 0 0 0 0 0
7 0 0 0 0 0
F' 0 0 0 0 0.'
'3 0 0 0 0 0

10 0 0 0 0 0
11 0 0 0 0 0
12 0 0 0 0 0
1·':0 0 0 0 0 0.•'
14 0 0 0 0 0
15 0 0 0 0 0
lE. 0 0 0 0 0
17 0 0 0 0 0

11 B5+

70.01 70.02 70.03 70.04 70.05 70.0E, 70.07

0 51 1:33 200 0 0 0
2 -:;:72 -406 -424 -316 0 0 0
..:: -::::71 -.;:51 -331 -510 (I 0 I)

4 :::9 79 :34 7E· 0 (I (I.. 0 0 0 0 (I (I (I~,

E. -28 -70 -122 -214 (I (I (I

7 0 0 0 0 0 I) (I

8 -100 -214 -:37'7 -387 0 0 (I

9 0 0 0 -161 0 (I (I

10 -481 -660 -750 -650 0 (I (I

11 0 0 0 -750 0 (I (I

12 -:::7:;: -1442 -2000 -'540 0 (I 0
1:;: 0 0 (I -1268 0 0 0
14 -1600 -2000 -2000 -2000 (I 0 0
15 -2000 -2000 -1610 -2000 0 0 0
lE, -2000 -2000 -2000 -2000 0 0 0
17 0 0 0 2000 0 0 0
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70.08 70.09 70.10 70.11 70.12 70.13

1 (I 0 0 0 0 0
2 0 (I 0 0 0 0
3 (I (I 0 (I 0 (I

4 (I 0 (I (I (I (I
,. 5 0 0 0 0 (I 0

6 0 0 0 0 (I (I

7 0 0 0 0 0 0
8 (I 0 0 0 0 0
9 (I 0 0 0 0 0

10 0 (I 0 0 0 (I

11 (I 0 (I (I (I 0
12 (I (I 0 (I (I (I
1 ~, (I (I (I (I (I (I.;:0

14 (I (I (I 0 (I (I

15 0 0 (I 0 0 0
16 0 (I 0 (I 0 0
17 0 0 0 0 0 0

9B 4+ 1808+e ,

75.01 75.02 75.0:::: 75.04 75.05 75. (IE·

0 0 (I 0 0 0
2 0 0 0 0 0 0
.... (I 0 0 0 0 0.;.
4 0 0 0 0 0 0
5 0 0 0 (I (I (I

6 (I 0 0 (I (I 0
7 (I 0 0 0 (I 0
8 0 0 0 0 (I 0
';t 0 0 (I 0 (I 0

10 0 0 0 0 (I (I

11 (I 0 (I 0 0 (I

12 (I 0 (I 0 0 0
1'~' 0 0 (I 0 0 0

'-'
14 (I (I 0 (I (I (I

15 0 (I (I 0 (I (I

16 0 0 0 0 (I 0
17 0 0 0 (I (I 0

1607+

80.01 80.1)2 80.0:::' 80.04 :::0.05 e:O.OE· 81).07

-515 -402 -:::24 -260 -224 -179 0
2 -184 -257 -29E· -:;:2':· -284 -2';'0 -:;::::':;-
:;: -447 -455 -46E. -472 -517 -524 -357
4 72 E·E: 72 71 111 119 79... 0 0 0 (I 0 (I (I'-'
E. 0 (I 0 0 (I (I 0
7 0 0 (I (I 0 0 0
:?, 81 E.7 52 2E. 0 0 -75
'3 0 0 0 0 0 (I 0

10 17(1 142 97 27 -52 -209 -316
11 (I 0 0 0 0 0 -22
12 3'37 342 211 2":1 -257 -412 -1119
1:3 0 (I 0 0 0 0 706
14 :::94 :371 302 1'-"-' 0 -673 -1650c;.;:.

15 -E.71 -884 -11E·7 -137:::: -2000 ..2000 -2000
It:· -1159 -1420 -157(1 -2000 -2000 -2000 -2000
17 0 0 0 0 (I 0 0
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80.08 80.09 80.10 80.11 80.12 80.13 80.14

0 20 198 0 0 0 C!
2 -291 -299 -303 0 (I (I 0
:3 -319 -300 -503 (I (I 0 0
4 0 -51 99 0 (I (I 0.,.

0 0 0 (I 0 0 0~,

6 -76 -102 -176 (I (I 0 0
7 0 0 (I (I (I 0 (I

8 -8';. -3:32 -330 0 (I 0 0
9 0 (I -15';. 0 0 (I I) i';.

10 -750 -750 -587 0 0 0 0
11 0 0 -632 0 0 0 (I

12 -524 -1088 -756 0 0 0 0
1':' -9E: -628 -888 0 0 0 0'.'

14 -2'000 -2000 -2000 0 0 0 (I

1:, -2000 -2000 -1920 Q 0 (I 0
1';, '-2000 -2000 -2000 0 0 0 0
17 0 0 2000 0 (I 0 (I

80.15 E:0.16

0 0
2 0 0
:;: 0 0
4 0 0
5 0 0
6 0 (I

7 0 0
::: 0 0
9 0 0

10 0 P
11 0 0
le: 0 0
13 0 0
14 0 0
15 0 0
16 0 0
17 0 0

7L·3+ 14N6+
1 ,

tl5.01 E:5.02 85.03 85.04 E:5.,05 85.0';

0 0 0 (I 0 (I

2 (I 0 (I 0 0 (I

3 0 0 0 0 (I (I

4 (I 0 (I 0 (I (I '+..,. 0 (I (I (I 0 (I'.'
E, (I (I 0 (I (I 0
7 0 0 0 0 0 0
8 (I (I 0 (I 0 0
9 0 0 (I 0 0 I)

10 0 0 (I 0 0 I)

11 0 0 (I 0 (I 0
12 0 (I 0 0 (I (I

1:3 0 0 0 (I (I (I

14 0 0 (I (I (I I)

15 (I 0 0 0 (I (I
1';, 0 0 0 0 0 (I

17 (I 0 (I 0 0 (I
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90.01 90.02 90. 03 90.04 90.05 90.06 90. (17

1 -750 -515 -347 -229 -lSl -132 -41
2 40 -178 -282 -341 -30:,9 -274 -321
3 -328 -295 -290 -287 -293 -3E,5 -3::::3
4 0 -36 -49 -54 -54 0 0
5 0 0 0 0 0 0 0
6 0 0 0 0 0 0 0
7 0 0 0 0 0 0 0
8 Q'-' 96 92 85 0:,0 21 00' c;

'=' 0 0 0 0 0 Q'-' 8~.' c:
10 107 101 71 0 -59 -230 -339
11 0 0 0 0 0 0 -43
12 E,n 744 753 784 532 501 2E.7
1-' -:;:7 -76 -19:;: -42':;' -280 -624 -70~:,:;

14 -744 -821 -804 -696 -1020 -900 -1100
15 2000 2000 1911 1575 1306 761 198
16 -1586 -1706 -2000 -200(1 -2000 -2000 -2000
17 0 0 0 0 0 0 0

90.08 ':;'0.09 ':;'0.10 90.11 90.12 90.13 90.14

~:O 71 121 212 0 0 0
2 -:3:30 -3::::5 -::::43 -:;:10 0 0 0
:3 -297 -290 -290 -502 0 0 0
4 0 0 -27 1 O~o 0 (I 0
5 0 0 0 0 0 0 0
E· 0 -27 -101 -170 0 0 (I

7 0 0 0 0 0 0 0
f;' -57 -138 -254 -328 0 0 0.'

9 5:3 4':;' 0 -165 0 0 0
10 -4E.5 -':·3:3 -750 -584 0 (I 0
11 -16:::: -222 -41E. -668 0 0 (I

12 98 -191 -202 -713 0 (I (I

1'":0 -975 -98::: -1374 -96~o (I 0 (I.'
14 l':O~'''' -1535 -1531 -2000 0 0 (I... &;,._;;; ...1

15 -:3:36 -795 -13E,l -1980 0 0 0
16 -2000 -2000 -2000 -2000 0 0 (I

17 0 0 0 2000 0 0 ,0

90.15 90.1E. ':;'0. 17 90.18
0 0 0 0

2 (I 0 0 0.-. 0 0 0 0.':'
4 0 0 0 0
5 0 0 0 0
1£. 0 0 0 0
7 0 0 0 0
8 0 0 0 0

~...,
9 0 0 0 0

10 0 0 0 (I

11 0 0 0 0
12 0 0 0 0
1'":0 0 0 0 0'-'
14 0 0 0 0
15 0 (I (I 0
16 0 0 0 0
17 0 0 (I 0
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10B4+ 20 8+, Ne , •••

100.01 100~02 100.03 100.04 100.05 100.06 100.07

-197 -150 -100 -:39 50 117 0
2 -325 -300 -293 -336 -374 -359 0
:;: -469 -488 -484 -454 -442 -467 0
4 80£, 106 129 111 77 91 0
5 0 0 0 0 0 0 0
6 33 34 33 0 -76 -110 0
7 0 0 0 0 0 0 0
,-, N 0 -60 -197 -:324 -376 0':-
';:' 0 0 0 0 0 (t 0

10 0 -145 -314 -376 -565 -750 0
11 -64 0 0 -592 -75(t -495 0
12 0 -65:3 -1292 -83 1(17 -922 0
1:3 -21';:' 407 1044 -598 -1500 -81E: 0
14 219 -7';:'8 -2000 -2000 -2000 -1980 0
15 -2000 -2000 -2000 -2000 -2000 -2000 0
lE. -1915 -2000 -2000 -2000 -2000 -2000 0
17 0 0 0 (I 0 2000 0

100.0::: 100.09 100.10 100.11

0 0 0 0
2 0 0 0 0
:;: 0 0 0 0
4 0 0 0 0
5 0 0 0 0
0.:. 0 0 0 0
7 0 0 0 0
::: 0 0 0 0
';:' 0 (I 0 0

10 0 0 (I 0
11 0 (I 0 (I

12 (I 0 (I 0
1·:' (I 0 (I 0~,

14 0 0 (I 0
15 0 (I 0 0
16 0 0 0 0
17 0 0 0 0

13C5+

105.01 10S.02 105.03 105.04 105.05 105.00£,

1 0 (I 0 0 0 (I

2 0 0 0 0 0 (I

'':' 0 0 (I 0 (I (I.•'
4 0 0 0 (I 0 0.,

0 0 0 0 0 0._'
6 0 0 0 0 0 0
7 0 0 (I 0 (I 0
8 0 0 0 0 0

,
0

r·'"

9 0 0 0 0 0 0
10 0 0 0 0 0 0
11 0 0 0 0 0 (I

12 0 0 0 0 0 0
1:' 0 0 0 0 0 0._'
14 0 0 0 0 0 0
15 0 0 0 0 0 0
10.:. 0 0 0 (I 0 (I

17 0 0 0 0 0 (I
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1606+, ..•

11 0.01 110.02 11 0.03 11 0.04 110. 05 11 0.06 11 0.07

1 -362 -249 ... 198 -148 -132 64 179
2 -298 -399 -366 -323 -208 '""232 -279
3 -435 -398 -427 '""4E.9 -554 -506 -4E:2
4 60 25 53 93 201 189 146
5 0 0 0 0 0 0 0
6 30 89 71 64 0 0 -66
7 0 0 0 0 0 0 0
8 79 0 0 0 0 -99 -244
9 0 0 0 0 0 0 0

10 167 208 88 -65 -326 -401 -613
11 0 0 0 0 0 -214 -351
12 334 84 -160 -561 -1177 -668 -817
13 0 0 85 342 972 ...229 -643
14 451 685 251 -555 -1889 -2000 -2000
15 -1107 -2000 -2000 -2000 -2000 -367 -1093
16 -1231 -974 -1555 -2000 -2000 -2000 -2000
17 0 0 0 0 0 0 0

11 0.08 11 0.09 11 0.10 110.11 110.12 110.13 110.14

1 .=-.-,1:' 0 0 0 0 (I 0&;..~ ...I

2 -300 0 0 0 (I 0 0
:3 -4'31 (I 0 (I 0 0 0
4 138 (I 0 0 0 0 0
5 (I 0 0 (I (I 0 0
E, -120 (i 0 0 0 0 0
7 0 (I 0 0 (I 0 (I

::: -2':.9 0 0 0 0 (I 0
'3 -158 (I 0 0 0 (I (I

10 -525 0 0 0 0 0 0
11 -E·22 0 0 0 0 0 0
12 -702 0 0 (I (I 0 0
1:3 -82';' 0 0 0 (I (I (I

14 -2000 0 (I 0 0 (I 0
15 -'185E. 0 0 0 0 0 (I

16 -2000 0 0 0 0 0 0
17 2000 0 0 0 0 0 0

14N5+ , •••

120.01 120.02 120.03 120.04 120.05 120.0E, 120.0,

-90 -42 155 205 348 433 463
2 -290 -295 -262 -308 -:39:=: -::::52 -340
'':' -475 -476 -489 -50E, -240 -208 -132'-'
4 141 162 172 150 -77 -131 -176
c- O 0 0 (I 0 0 0,j

E. 62 :34 -42, -111 -lE::3 -2E·8 -30:::
7 0 0 0 0 0 0 0
8 -29 -71 -156 -264 -:;:70 -407 -;:71
9 :31 -124 -129 -lE,S -141 -:~:::::':;' -4'3:::

10 -:319 -lE.7 -371 -52E. -714 -750 ~7~,(I

11 118 -SE·l -506 -646 -750 -750 -750
12 -14:34 -250 -515 -644 -459 -670 -7'42
13 1'-'~'''' -lE.2 -672 -9:::1 -1515 -2000 -2000CC"_I

14 -1884 -2000 -2000 -18E.9 -2000 -2000 -2000
15 -2000 -2000 -8E,4 -2000 -2000 -2000 -2000
16 -2000 -2000 -2000 -2000 -2000 -2000 -2000
17 0 0 0 2000 2000 2000 2000

117



120.08 120.09 120.10

1 562 689 0
2 -393 -448 0
:;: -40 76 0
4 -24:3 -310 0
5 0 0 0
6 -341 -363 0
7 0 0 0
8 -402 -423 0
9 -584 -663 0

10 -750 -750 0
11 -750 -750 0
12 -1083 -1407 0
13 -2000 -2000 0
14 -2000 -2000 0
15 -2000 -2000 0
16 -2000 -2000 0
17 2000 2000 0

20Ne7+

125.01 125.02

526' 683
2 -:345 -46:;:
:3 -.92 76
4 -178 -:323
5 0 0
.; -2';':;: -~:73

( 0 0
e -3':·7 -431
';. -50E, -674

10 -750 -750
11 -750 -750
1'-' -78E. -142:3c
1:3 -2000 -2000
14 -2000 -2000
15 -2000 -2000
lE, -2000 -2000
17 2000 2000

6L·2+ 9B 3+ 12C4+, ..., , e ,

DO.Ol 130.02 130.03 130.04 130.05 1:30. OE· 130.07

-750 -750 -750 -E·';, 1 83 28::: 3':<4
2 -19';' -156 -E.O -122 -67-9 -750 -750
:3 24 -79 -19E· -1';'4 -207 -226 -21S'
4 C -59 ~.-'j -2E. -50 - :;:::~ -6':·- ..;.. -c'-'
c- O 0 0 0 0 (i I)
'-'
6 27 20. 0 0 0 0 ';:7

7 0 0 0 0 0 0 0
8 ':·5 8E, 106 113 115 11:3 81
9 0 0 0 0 0 0 0 "

10 129 176 19:3 198 218 178 104
11 0 0 0 0 0 0 0
12 312 427 485 491 321 186 -46
1:3 0 0 , 0 0 0 0 0
14 65 111 114 ~7 725 740 540
15 82 47 -71 -145 -102'? -1491 -1950
16 0 0 (I (I (I 0 0
17 0 (I (I 0 0 0 0
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130.08 130.09 13'0.10 130.11 130.12 130.13 130.14

1 471 570 -56 113 215 257 382
2 -75(1 -750 -294 ...573 -284 -296 -384
3 -228 -227 -356 -363 -477 -483 -229
4 -52 -35 148 56 161 165 -60
5 0 0 0 0 0 0 0
Eo 49 59 45 0 -67 -82 -160
7 0 0 0 0 0 0 0
8 69 42 -~6 -131 -194 -225 -345
9 0 0 -86 -115 -153 -159 -14:;:

10 21 -110 -200 -311 -415 -476 , -E,85
11 0 0 -288 -4':;'1 -595 -612 -750
12 -287 -659 -80,0 -750 -513 -6:39 -478
13 0 0 468 63 -868 -814 -144:;:
14 71 -198 -1927 -2000 -~OOO -2000 -2000
15 -1184 -1652 -2000 -2000 -1152 -1718 -2000
16 -2000 -2000 -2000 -2000 -2000 -20(1(1 -2000
17 0 0 0 0 0 2000 2000

DO. 15 130. 1E, 130. 17 130. IE: 130. 19 DO.20

437 505 62E: 7H:: 0 0
2 -:=:5':· -360 -409 -419 0 (I

:::: -212 -103 0 74 0 0
4 -';':;: -184 -22E, -2E,E, 0 0
~ 0 0 0 0 0 0'-'
t. -214 -29::: -300 -::::13 (I 0
7 0 0 0 0 0 0
::: -:377 -::::70 -377 -3':;'0 (I 0
'3 -242 -504 -555 -E,14 0 (I

1(1 -750 -750 -750 -750 0 0
11 -750 -750 -750 -750 0 0
1-' -504 -75::: ~9';:;: -1247 0 00:,

1,~, -1871 -2000 -2000 -2000 (I 0'.'

14 -2000 -2000 -2000 -2000 0 0
15 -2000 -2000 -2000 -2000 0 0
16 ':"2000 -2000 -2000 -2000 0 0
17, 2000 2000 2000 2000 0 0

1605+, . ..
140. 01 140. 02 140. 03 140.04 140. 05 140. 06 140. 07

84 139 14 411 45E, 570 715
2 -2:;:'=, -242 -294 -379 -:322 -':::6':· -41 ':'
:3 -4:31 -4'?7 -:367 -21'3 -157 -60 ':,6

4 204 213 1:::::::: -51 -125 -18E: -254
~ 0 0 0 0 0 (I (I'.'
E, 6E: 0 -~:5 -14E: -254 -2E:::: -2':;":;'

'( 0 0 0 0 0 0 0
8 0 0:.' -2:31 -:3:3.;: -:332 -3,:·(1 -:;:7:::-.,t:.

':;. -45 -1:3::: -125 -145 -423 -':,11 -59';:

10 -1':;'4 -:315 -491 -67';! -750 -750 -750
11 -2E,':;' -484 -603 -750 -75(1 -750 -750
12 -3':·':· -474 -591 -49"3 -451 -E~20 -1174
13 -232 ..-618 -775 -14::::5 -2000 -2000 -2000
14 -1904 -2000 -1776 -2000 -2000 -2000 -2000
15 -2'3 -77'8 -1746 -2000 -2000 -2000 -2000
lE, -2000 -2000 -1998 -2000 -20(10 -2000 -2000
17 0 (I 2024 2000 2000 2000 2000
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140.08

1 750
2 -3:35
3 147
4 -317.,.

0'.J

6 -325
7 0
0:;, -39:=:'-'
.~ -6:=:4

10 -750
11 -750
12 -1542
1':' -2000~,

14 -2000
15 -2000
lE, -200(1
17 2000

7L·2+ 14N4+, ...1 , .
150. 01 150. 02 150. 03 150. 04

-701 -447 -:320 -:;:18
2 -11 :=: -2:::9 -:305 -270
:::: -206 -140 -4:31 -46'3
4 -21 -61 75 97

:' 0 0 (I 0
E- O ':",,:. 54 ':.2'-' -'
7 0 0 0 0
,-, 11'3 114 104 94':'
'3 0 0 0 0

10 211 202 1';:'0 122
11 0 0 (I 0
12 541 4:33 :;::~:7 169
D 0 0 0 0
14 :;:(1 137 57:3 255
15 2E.4 -577 -1500 1~,I<~,

- ';'_'C;

lE, -':.27 0 -77:3 -1:=:04
17 0 0 (I 0

150. 05 150. 06

-178 -132
-314 -299
-457 -477

111 1::::5
0 (I

78 91
0 (I

:::5 7:;:
0 0

5:=: -48
0 0

-52 -2~:5

0 0
194 -2':,5

.,..2000 -2000
-1504 -20(10

0 0

150.07

-76
-278
-472

167
o

'37
o

44
o

-21'?
o

-521
o

.,..94E,
.,..2(01)
-2000

o

150. 08 1'50. 0';:' 150. 10 150. 11 150. 12 1~50. 1~, 150. 14,~

-35 22 250 306 451 51:3 t.50
c' -2E,2 -300£ -::::52 -33E- -419 -436 -';::"::
:;: -482 -44';:' -44E -225 -179 -1 11 -7t~

4 204 17(1 lE,:;: -.3:;: -:=:(1 -170 -1 tc.
5 0 0 0 0 0 0 0
E. EoE, 33 0 -5E. -123 -15::;: -251
7 0 0 0 0 0 0 (I
,-, 0 -152 -20!:, -374 -425 -5~1 - ::~'~::'I:'
':;. 0 0 -1 10 0 0 0 -407

10 -461 -61 0 -473 -750 -750 -750 -750
11 I) (I -5':,5 (I -750 -7~5(1 -7':")
12 -778 -1500 -!:17 (I -2000 -5::;'1 -8E··;: -1 O!:,l
1'-' 0 0 -908 -:;::~:2 -1507 -1802 -2000,~

14 -1724 -2000 -1790 -2000 -2000 -200(1 -2000
15 -2000 -2000 -1744 -2000 -2000 -2000 -20(1(1
16 -2000 -2000 -20(1) -191 1 -20(11) -2000 -20(11)

17 0 0 2000 2000 2000 2000 2000
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1
2
3
4
5

8
9

10
11
12
13
14
15
16
17

150.15

717
-396

54
-227

o
-273

o
-355
-5E,(I
-750
-750

-10E,8
-2000
-2000
-2000
-2000

2000

".-

2

4
5

7
e:
'3

10
11
12
1;:
14
15
lE.
17

lE,O. 01 lE,O. 02 160. 03 lE,O. 04

-750 -Eo:::7 -504 -436
-205 -124 -15';' -179

0 -1 E-4 -105 -94
-6E. -46 -151 -155

0 0 (I 0
2::: 25 4'~ 58

0 0 0 (I

7Et 112 11 :=: 117
0 (I 0 (I

151 216 198 16'~

(I 0 (I 0
:;:E.4 50':. 487 :398

0 0 0 0
E:::: 125 -:;I{:;: -4:37
9';- -9:3 992 719

0 0 -2000 -2000
0- 0, 0 0

lE.0.05

-174
-86

-15:;:
o

6e:
o

111
o

118
(I

239
o

-544
350

-2000
,(I

160.0E,

~:~5:3

-€.~7

-256
-28

o
78
o

10';'
o

E;3
o

-240
o

E,~:

-1(180
-1702

o

160.07

61:3
-750
-227'

o
o

9:::
o

o
-E·:::

(I

-604
, " (I

-lE·E,
-lE·4';,
-2000

o

160. 08 160. 09 160. 10 160. 11 160. 12 160. 13 160. 14

E,92 750 750 :32 4:::5 412 .::: .;.::~
2 -750 -750 -750 -:345 -5€:';' -:;::;:2 -222
:::~ -1 e:l -17Eo -163 0 -60 -1 ~,1 -;::2
4 0 0 -:3E· 0 -',4 -',4 -lEE,
S 0 0 0 0 0 0 0
to 101 4':' -20 0 0 -4':< -74'-'
7 0 0 0 0 0 0 0
::: :31 -E:2 -145 -142 -374 -517 -674
':" 0 0 -2(1:3 -147 0 0 0

10 -27E, -5':.5 -274 -393 -750 -7'5(1 -750
11 0 0 -750 -578 0 0 0
12 -9,,1 -134E, -572 -478 -2000 ,..2000 -2000
1':' 0 0 -4':<4 -907 0 -~O7 -1365'-'

14 -E,55 -l~B -2000 -1754 -2000 -2000 -2000
15 -2000 -2000 -2000 -15';;'9 -2000 -2000 -2000
16 -2000 -2000 -2000 -2261 -2000 -2000 -~OOO

17 0 0 0 2400 2000 2000 2000
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160.15 160.16 160.17 160.18

677 750 750 750
2 -422 -449 -350 -277
3 0 77 92 144
4 -193 -25E. -240 -301
5 0 0 0 0
6 -121 -134 -262 -295
7 0 0 0 0
c· -627 -706 -344 -367"'.
9 0 0 -580 -656

10 -750 -750 -750 -750
11 -750 -750 -750 -750
12 -1004 -1:326 -1174 -1467
1:3 -2000 -2000 -2000 -2000
14 -2000 -2000 -2000 -2000
15 -2000 -2000 -2000 -2000
16 -2000 -2000 -2000 -2000
17 2000 2000 2000 21)00

98 2+ 1804+ , •••e ,

lE·5.01 lE·5.02 165.0:::' 165.04 165.05 165.06 165.07

-16':' 750 272 -:::E.7 447 E·13 750
2: -21:"E. -750 -256 -:;:05 -::;:;:::8 -3E:~5 -429
:::: -72 -l·,E· -478 -217 -124 -E.9 E,E·
4 0 :~:7 2:37 0 -112 -148 -235
5 0 0 0 0 0 0 0
6 117 70 22 -27 -44 -11:::: -121
7' 0 I) (I (I (I 0 0
:3 10E. 0 -1:38 -323 -551 -571 -E,74
S 0 (I 0 0 0 0 0

.10 -80 ~435 -E·', 0 -750 -750 -7':·,0 -750
11 0 0 0 0 0 -750 -750
12 .~:;'E,:;: -In', -15:30 -2000 -2000 -778 -1255

. 1;3 0 (I 0 -28'? -1063 -21)00 -~ooo

14 -',9(1 -1157 -200(1 -2000 -2000 -2000 -2000
15 -E.:::4 -1',50 -183:3 .,.2000 -2000 -2000 -2000
lE. -2000 -2000 -1654 -1936 -2000 -2000 -2000
17 0 0 2000 2000 2000 2000 2000

1E,~5. 0:::

750
2 -275
:~~ 0
4 -21 ~5
c- o--'.:. -270
7 0
8 -.40E-
';. -4',5

10 -7:10
11 -750
12 -1454
13 -21)00
14 -2000
15 -2000
lE. -2000
17 2000
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14N3+ , •••

170.01 170.02 170.03 170.04 170.05 170.0E, 170.07

1 -432 -330 -370 -251 ~278 -149 -129
2 -279 -319 -165 -271 -116 -25E. -255
3 -134 -122 -82 -127 -60 -75 -E.:3
4 -53 -46 -145 (I -116 31 40
5 0 0 0 0 0 0 0
6 44 58 85 96 125 119 115
7 0 0 0 0 0 0 0
8 127 127 122 128 112 84 58
'~ 0 0 0 0 0 0 0

10 214 153 110 37 -37 -178 -264
11 0 0 0 0 0 0 0
12 451 336 193 -42 -264 -591 -777
13 0 0 0 0 0 0 ~I

14 13:;: -478 -544 -77:;: -927 -1116 -1229
15 -514 5~::3 131 -21E· -54(1 -1011 -1274
16 0 -2000 -2000 -2000 -2000 -2000 -2000
17 0 0 0 0 0 0 0

170.08 170.09 170.10 170.11 170.12 170.13 170.14

-186 -91 -9E, 361 4:35 E,21 6E:9
2 -';'4 -260 -105 -311 -32'~ -400 -408
? 0 -44 23 -220 -14:3 -72 0'-'
4 -89 :39 -12E: 0 -85 -125 -193
5 0 0 0 0 0 0 0
6 11 :::: 72 30 -27 -:37 -102 -117
7 0 0 0 0 0 0 0
::: 28 -43 -154 -321 -49'~ -520 -625
';. 0 0 0 0 0 0 0

10 -.39:3 -491 -710 -750 -750 -750 -7-;;0
11 0 0 0 0 0 -75(1 -750
12 -800 -1225 -1593 -2000 -2000 -79';' -10::::5
13 0 0 0 -280 -90:3 -1 E:21 -2000
14 -17:38 -1501 -2000 -2000 -2000 -2000 -2000
15 -1084 -1893 -1990 -2000 -2000 -2000 -2000
16 -2~100 -2000 -1578 -1946 -2000 -2000 -2('('0
17 0 0 2000 2000 2000 2000 ZOOO

170.15 170.1E.

750 750
2 -2'36 -28::::
"':' 0 124'-'
4 -174 -274
c- O 0'-'
6 -224 -271
7 0 (I

:3 -375 -345
';. -433 -E.16

10 -750 -750
11 -750 -750
12 -1252 -1328
1'? -2000 -2000'-'
14 -2000 -2000
15 -2000 -2000
16 -2000 -2000
17 2000 2000
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1082+, 15N3+ , 20Ne4+, 40 8+Ar , ...

175.01 175.02 175.03 175.04 175.05 175.06 175.07

-152 -128 -100 -54 0 90 422
2 -257 -256 -259 -270 -205 -250 -323
:3 -78 ,-64 -49 -30 -77 0 -163
4 30 44 53 27 86 0 -54
5 0 0 0 0 0 0 0
6 123 126 116 42 0 0 -28
7 0 0 0 0 (I 0 0
8 97 76 37 -99 -120 -247 -4:38
9 0 0 0 0 0 0 0

10 -146 -234 -351 -620 -603 -750 -7!50
11 0 0 0 0 -234 0 0
12 -524 -732 -982 -1415 -1004 -1879 -2000
1'-' 0 0 0 0 -394 -148 -710,;0

14 -1070 -1213 -1375 -1810 -2000 -2000 -2000
15 -928 -1241 -1619 -2000 -1471 -2000 -2000
lE, -2000 -2000 -2000 -2000 -2000 -1854 -2000
17 0 0 0 0 2000 2000 2000

175. 0::: 175. 09 175. 10 175. 11

613 750 750 750
2 -~:'35 -39:3 -261 -170
:3 -89 40 0 26
4 -97 -184 -165 -212
~ 0 0 0 0'-'
E, -:::'3 -'~5 -214 '-.C-'-.-c..,_'c.

7 0 0 0 0
,~ -47::;: -609 -:3':,5 -:;:8::;:'-'

._ '3 0 0 -429 -516
10 -750 -750 -750 -750
11 -750 -750 -750 -726
12 -709 -10'32 -12E,0 -1583
1'::;: -1755 -2000 -2000 -2000
14 -200(1 -2000 -2000 -2000
1~ -2000 -2000 -2000 -2000
16 -2000 -2000 -2000 -2000
17 2000 2000 2000 2000

1603+ , 32S6+ , . ..
180. 01 180. 02 180. 03 180. 04 180. 05 180. 06 180. 07

-750 -467 -:358 -:3E,1 -282 -288 -154
2 -lE,8 -25::: -302 -160 -253 -120 -255
:3 -5~5 -1:37 -124 -80 -146 -E04 -7E·
4 -5::: -52 -47 -143 0 -117 :~:2

5 0 0 0 0 0 0 0
.:. 27 4'':/ 58 85 8E. 12'5 127'J

7 0 0 0 0 0 0 0
8 89 12'3 1:3:3 121 136 12E, ';'9

':" 0 0 0 0 0 0 0
10 175 225 194 109 87 0 -144
11 0 0 0 0 0 0 0
12 41'3 475 375 180 99 -154 -520
1:3 0 0 0 0 0 0 0
14 '38 155 75 -587 -674 -874 -1075
15 100 -425 -742 2:32 75 -366 -E:'~4

16 I) 0 0 -2000 -2000 -2000 -2000
17 0 0 0 (I 0 0 0
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180.08 180.09 180.10 180.11 180.12 180.13 180.14

1 -113 -83 -213 47 97 199 402
2 -253 -263 -146 -289 -237 -286 -31e
3 -54 -39 20 0 0 128 205
4 51 47 -112 34 0 -109 -126
5 0 0 0 0 0 0 0
6 120 85 61 43 0 0 -';,0
7 0 0 0 0 0 0 0
8 53 -31 -95 -117 -261 -450 -467
9 0 0 0 0 0 0 0

10 -297 -488 -584 -665 -750 -750 -750
11 0 0 0 0 0 0 -750
12 -848 -1236 -1386 -1500 -1932 -2000 -754
1:::: 0 0 0 0 -173 -802 -1828
14 -1284 d515 -1€,68 -2(1(10 -2000 -2(100 -2000
15 -1363 -1941 -2000 -1768 -2000 -2000 -2000
IE, -2000 -2000 -2000 -16';,0 -1904 -2000 -2000
17 0 0 0 200(1 aooo 2000 2000

180.15 180.16

4';'5 0
2 -::::::::4 0
:;: 2€.5 0
4 -220 0
~ 0 0'-'
,:'; -219 0-'
7 0 0
8 -:37', 0
9 -41':, 0

10 -750 0
11 -750 0
1'-' -11 :::5 0Co

1'~' -2000 0'-'
14 -2000 0
15 -2000 0
16 -2000 0
17 2000 0

6L.1+ 12C2+ , 1603+ , 24 6+
1 , ~1g , •••

1';'0.01 1';'0.02 190.03 190.04 190.05 190.0E, 190.07

1 -750 -750 -750 -E,';'7 -613 -519 -:;:';'2

2 -210 -142 -9~5 -122 -179 -22E, -2';'2
:3 (I -83 -127 -164 -153 -141 -127
4 -71 -53 -44 -4:::: -47 -51 -47
~ (I (I 0 0 (I 0 0'-'
Eo 31 27 27 :::: 1 ::::7 4'-' 55Co

7 0 0 0 0 0 0 (I

:=' 81 95 10:::: 119 127 130 130:'-'
I> ':;. 0 (I 0 (I 0 0 (I

10 161 187 199 22::: 2::::4 2:31 214
11 (I 0 0 0 0 (I 0
12 :3:=::3 444 468 52:3 525 495 4:35
1'" 0 0 0 0 0 0 (I

'-'
14 ';"~ 100 94 15~ DC: 159 115
15 :::3 100 80 -108 -150 -313 -5:::5
lE, 0 0 0 0 0 0 0
17 0 0 0 0 0 0 0
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190.08 190.09 190.10 190.11 190.12 190.13 190.14

-291 -193 -186 -137 -99 -:39 50
2 -302 -289 -289 -257 -254 -263 -281
3 -114 -89 -84 -'71 -46 -27 0
4 -33 0 (I 4:3 58 39 44
5 0 0 0 0 (I 0 0
6 76 124 125 141 124 68 56
7 0 (I 0 0 0 0 0
E: 135 139 127 110 47 -62 -102
9 0 0 0 (I 0 0 0

10 148 38 0 -150 -328 -537 -64E,
11 0 0 (I 0 0 0 0
12 227 -14:3 -216 -561 -922 -1315 -14E,5
13 0 0 0 0 0 0 0
14 0 -315 -863 -1106 -1332 -1562 -2000
15 -1149 -1766 -4:37 -1040 -1488 -1997 -1703
16 0 0 -2000 -2000 -2000 -2000 -1682
17 0 0 0 (I 0 0 2000

190. 15 190. 16 190. 17 190. 18

140 312 402 587
2 -242 -:344 -299 -:385
:;: 32 1'-"j 175 :357c·_,

4 0 -77 -145 -:309
,5 0 0 0 0
.:. 0 -58 -172 -26E,
7 0 0 0 0
::: -2E·l -:36':· -:340 -41:;:
'='< 0 0 -31'='< -504

10 -750 -750 -750 -750
11 0 -750 -750 -74E:
12 -11:;"~:3 -50:? -800 -1505
1.~, -1:::5 -15'~:3 -2000 -2000'.'

14 -2000 -2000 -2000 -2000
15 -2000 -2000 -2000 -2000
lE, -1975 -2000 -2000 -2000
17 2000 2000 2000 2000

7L.1+ 14N2+ , 28$;4+1 . ,

1'3!:1. 01 195. 02

:::c.::3 641
2 -37'~ -:3 Of.
:::: 1E: 1 :3E.:::
4 -1 '=.<';:' -210
c.- O 0._'
.:. -110 -lE";:'
7 0 0
.:. -5E·4 -340'0'

S' 0 -417 "10 -750 -7!';'0
11 -750 -750
12 -74:3 -13:;:2
1.~, -2000 -2000'-'
14 -2000 -2000
15 -2000 -2000
lE, -2000 -2000
17 2000 2000
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1602+, 32S4+, 40 5+Ar , •••

"
200.01 200.02 200.0:3 200.04 200.05 200.0'£. 200.07

1 -598 -427 -316 -317 -1E.5 -192 -87
2 -112 -172 -319 -138 -260 -96 -251-. -114 -89 -118 -E.E; -84 (I -39..:.
4 -137 -144 -35 -122 31 -79 66
5 0 0 0 0 0 0 0
6 54 7·7 79 124 142 161 130
7 0 0 0 0 0 0 0
8 1'-"~ 140 147 141£. 137 95 4;;:':;'-'

9 0 0 0 0 (I (I O·
10 233 198 168 92 -52 -200 -349
11 0 0 0 0 0 0 0
1'-' 5';·8 4:;:7 3:3::: 70 -329 -67E. -97.::c:.
13 0 0 0 0 0 0 0
14 -:340 -420 -4:::5' -':.9':, -'367 -1170 -1-;:5':·
15 1265 770 472 0 -E.57 -1155. -1571£.
16 -2000 -2000 -2000 -2000 -2000 -2000 -2000
17 0 0 0 0 0 0 (I

200. O~: 200.09 200.10 200.11 200.12 20(1.1:3

-2:;: ':.4 :~:32 397 405 581
2 -258 -255 -589 -318 -402 -32:::
.,:. -20 0 241 182 257 325'-'
4 4'-' ':'5 -111 -86 -242 -c:22 ,0;:'

5 0 0 0 0 0 0
6 8:3 78 50 -39 -111 -192
7 0 0 (I 0 0 0
8 -44 -75 -322 -395 -612 -357
9 0 0 0 0 0 -416

10 -513 -615 -750 -750 -750 -750
11 0 (I 0 -750 -750 -750
12 -1275 -141:3 -2000 -615 -982 -125E:
1':' 0 0 0 -1741 -2000 -2000.'
14 -1544 -2000 -2000 -2000 -2000 -2000
15 -Eel37 -1599 -2000 -2000 -2000 -20(1(1
lE. -2000 -1711 -2000 -2000 -2000 -20 (1(1

17 0 2000 2000 2000 2000 2000
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APPENDIX B: Listing of RECORDS

REM _

2 REM THIS IS THE PROGRAM ~RECORDS~

3 REM 09/30/80
.4 REM
100 PRINT"":PRINT""104 F.:EM "-- _
105 REM INITIALIZE AND DIMENSION PROGRAM PARAMETERS
106 REM
110 KM=O:C=O:D=O
120 INPUT"ENTER THE MONTH(S) AND 'r'EAR";MS
130 P$="0I1: "+M$
140 PP$="l: "+M$
150 DIM II$ (120),E (120) ,BS (120),M (120)
160 IIIM (;1(120) ,N$(120) ,C$(120) ,N(120)
170 DIM A$(120) ,H(120) ,A(120)
180 GOTO 2440
184 REM""""""----------­
185 REM LOAD DATA BASE FROM TAPE
186 F.:EM
190 PRINT"PElI.IIND PROGRAM TAPE AND REPLACE WITH":PRINT""
200 PRINT" CURRENT DATA TAPE.":PRINT~":PRINT""

21 0 PR I NT" All VANCE TAPE UNTI L LEADER HAS BEEN": PR INT" "
220 PRINT" FULLY WOUND ONTO TAKE-UP REEL.":PRINT"":PRINT""
230 PRINT"STOPTHE TAPE. ":PRINT"":PRINT""
240 PRINT"WHEN READY PRESS 'RETURN'. ":PRINT"":PRINT""
250 GET G$:IF G$="" THEN 250
260 13i;=" "
27 0 OPE~! 1, 1, 0
280 PRINT"LOADING"
290 FOR K=l TO 120
300 H!PUT~:l,K

::::1 0 HiPun: 1, II$ (I()
32 0 INPUT~:l, E (10
230 INPdTal,M(K)
340 IN~UTal,B$(I()

350 INP0Tal,Q(K)
360 INPUTal,C$(I()
370 INPUTal,NCK)
380 INPUTal,A$CI()
390 INPUTal,N$CK)
400 IF LEFTS(D$(I(),l)="D" THEN 420
410 I<M=f
420 t'iD:T K
4:~:0 K=KM
440 CLOSE 1
450 PRINT""
460 PRINT"REWIND THE DATA TAPE. ":PRINT"":PRINT""
470 PRINT"WHEN READY PRESS 'RETURN'."
480 GET G$:IF G$="" THEN 480
4'::'1) G$=""
500 GO TO 1020
510 PRHll""
514 REt'1 ---------­
515 REM UPDATE THE DATA BASE
516 F.'EM
520 PRINT"ENTER THE FOLLOlo.lING INFORMATION:"
530 ppnn""
540 ~:'=K+1

550 "1=1'
56 I) GOSUE: 58 (I

570 GOTD 500
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574 REM _
575 REM SUBROUTINE TO ENTER DATA FROM KEVBOARD
576 REM
580 PRINT"ENTRY NUMBER"; I
590 PI"'INT""
E,OO IS=I
610 INPUT "DATE";D$(I)
620 INPUT "ENERGY";ECI)
630 INPUT "MASS";M(I)
640 INPUT "ION";BS(I)
650 INPUT "CHARGE STATE";Q(I)
660 INPUT "CAVE";C$(I)
670 INPUT "NUMBER OF SHIFTS";N(I)
680 H(I) =8.1'4 (I)

690 INPUT "AVERAGE INTENSITY";A$(I)
700 INPUT "EXPERIMENTER";N$(I)
710 PRINT"":PRINT""
720 I=IS
730 IF MM=3 THEN 750
74 0 ~::M=~:·

750 RETURN
7E,0 PI":INT ....
764 REMM---------_----­
765 REM MAKE CORRECTIONS TO DATA BASE
766 REM
770 KS=K
780 INPUT"INPUT NUMBER OF ERRONEOUS ENTpY";J
790 K=J
800 PRINT D$(K)~TAP(9);E(K);TAB(15);M(K);TAB(18);B$(K);TAB(22);Q(K):PRINT ....
810 PRINT C$(K);TAB(3);N(I();TAB(6);A$(K);TABC14);N$(I()
:::20 PRItn ....
8:;:0 I=K
840 PRINT"WHEN READY PRESS 'RETURN'.":PRINT""
850 GET G$:IF G$= .... THEN 850
::'E, n 1:;$=""
:::70 GOS·UE: 5;:: 0
;:::::0 K=KS
:::90 GoTo 1020
900 PI":INT""';"04 '":EM _
905 REM STORE UPDATED DATA BASE ON TAPE
906 REM
91 0 PR INT" INSERT DATA TAPE INTO CASSETTE DeCK.": PI? I I'4T" ,"
920 PRINT"REWINII THE DATA TAPE, THEN ERASE ABOUT": PRINT""
930 PRINT" TEN TURNS THEREOF.":PRINT"":PRINT""
940 PRINT"PEWIND TAPE. ":PRINT"":PRINT""
';"5 (I PR ItlT" ADVANCE TAPE lINTI L LEADER HAS BEEN": PR INT" ..
9E,0 PPItH" FULL'y' I.oJOUtm ONTO TAKE-UP REEL. .. :PRINT·..·:PRINT""
970 PRINT"AFTER ONE MORE TURN, STOP THE TAPE ... :PRINT·..·:PRINT" ..
980 PRINT"WHEN READY PRESS 'RETURN'."
990 GET G$:IF G$= .... THEN 990
1000 G$= .....
1010 l:;oTo 2710
1020 PRINT ....1024 REM ==~~~ _
1025 REM OFFER SEVEN PROGRAM OPTIONS
102E, REM
1030 PRINT" SELECT ONE OF THE FOLLOWING OPTIONS: .. :PRINT .. ":PRINT ....
1040 PRINT"l. EXAMINE RECORDS":PRII'4T""
1050 PRINT"2. UPDATE RECORDS":PRINT""
1060 PRINT"3. CORRECT RECORDS":PRINT""
1070 PRINT"4. STOPE RECORDS ON TAPE": PRINT·..·
1080 PRINT"5. ANALYZE RECORDS":PRINT ....
1090 PRINT"6. CHECK PECORDS ENTRY":PRINT""
1100PRINT"7. STORE RECORDS ON DISK":PRINT""
111 0 INPUT MM
1120 ON MM GOTO 1280,510,760,900,3260,3480,3630
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1130 PRINT"":PRINT"":PRINT·"
1134 REM -"'------------­
1135 REM INPUT ANALYSIS PARAMETERS
11:36 REM
1140 IF MM=5 AND NN>l THEN 1170
1150 INPUT"LOWER ENERGY LIMIT";El
1160 INPUT"UPPER ENERG'y' LIMIT";E2
1170 IF MM=5 AND NN>3 THEN 1190
1180 INPUT"MASS";Ml
1190 INPUT"ION";B1S
1200 IF MM=5 AND NN>2 THEN 1280
1210 INPUT"CHARGE STATE";Ql
1220 ':;OTO 1280
12:;:0 PRINT""
1240 INPUT "CAVE";Cl$
1250 GOTO 1280
12':·0 PRINT""
1270 INPUT "EXPERIMENTER";N1S
1280 PR I NT ''''
1284 REM .....,... _
1285 REM GENERATE HARD-COPY PRINTOUT OF DATA BASE
12:=:E, PEM
1290 ~:S'=K

1300 PPINT"CONNECT PET TO PRINTER--":PRINT""
1310 PRINT" THEN PRESS 'RETURN'.":PPINT~"

1320 GET G:f:IF 13$="" THEN 1320
1330 13$=""
1:34 0 Ho:'~'') =8.N o:'K)
1350 SS=.OOOOOOOOI
136P OPEN 4,4,1:CMD 4
1370 IF MM=5 THEN 3060
1380 PRINT~4,"BEAMS SUMMAPY FOP ";M$
1390 PRINT~4,"~:PRINT~4,·~
1400 PRINT~4," DATE ENERGY MASS ION CHG CAVE HRS AVG AMT";
1410 PRINT::4," EXPE":IMENTER":PRINT::4,·"
1420 FOR K=1 TO KS
1430 IF MM=l THEN 1750
14:;:4 REM ------------- _
1435 REM DATA SORT ROUTINE FOR ANALYSIS OPTION
143E. "'EM
1440 IF MM=5 ANDNN>1 THEN 1470
1450 IF EcK)<El THEN 2270
1460 IF E(K»E2 THEN 2270
1470 IF MM=5 AND NN>3 THEN 1490
1480 IF MCK)<>Ml THEN 2270
1490 IF MM=5 AND NN>4 THEN 1580
1500 IF LEFT$(B$(K), 1) (>LEFTS(Bl$,I) THEN 2270
1510 IF LEN(Bl$)=1 THEN 1560
1520 IF LEN(B$(K»<>LEN(Bl$) THEN 2270
1530 IF MID$(FSCK),2,1)<>MID$cB1S,2,1) THEN 2270
1540 IF LENcBl$)=2 THEN 1560
1550 IF MID$(P,$CK),3,1)<>MID$(P,I$,3,1) THEN 2270
1560 IF MM=5 AND NN>2 THEN 1580
1570 IF QcK)<>Ql THEN 2270
1580 IF MM=5 AND NN>5 THEN 1650
1590 IF MM=5 AND NN<5 THEN 1750
1600 IF LEN(C$CK»<>LENcC1S) THEN 2270
1610 IF LEFT$(CS(K),l) ()LEFTS(C1S,1) THEN 2270
1620 IF LEN(Cl$)=1 THEN 1750
1630 IF RIGHT$(C$(K),l)()RIGHTS(Cl$,1) THEN 2270
lE.40 GOTD 1750
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";: GOTO 2220
";:GOTO 2220

";:GOTO 2220

";:60TO 2220
";:GOTO 2220

";:60TO 2220

PRINT~:4," ";
"; C$ (~:') ;
THEt'i PF.' I NT~:4," ";

1650
1660
1670
1680
1690
1700
1710
1720
1730
1740
1750
17'::'0
1770
1780
1790
1800
181'0
1820
1830
1840
1850
1860
1870
1880
1890
1'300
1'310
1'320
19:;:0
1940
1950
19E,0
1970
1'380
1'390
2000
2010
2020
20::::0
2040
2050
2060
2070
2080
2090
2100
2110
2120
E'130
2140
2150
2fE,O
2170
2180
2190
2E'00
2210
2220
2230
2240
2250
22E.0
2270

IF ~lS="."THEN 1740
IF LE~(~$(K»(>LEN(N1S> THEN 2270
IF LEFTS(NS(K), 1> (>LEFTS(N1S, 1> THEN 2270
IF MIDS(N$(K),2,1)(>MIDS(N1S,2,1) THEN 2270
IF LEN(N1S>=2 THEN 1750
IF MID$(NS(K),3,1>(>MID$(N1S,3,1) THE~ 2270
IF LEN(~1S>=3 THEN 1750
IF MIDS(N$CK>,4,1)(>MIDS(N1S,4.1> THEN 2270
60TO 1750
IF PI6HTS(N$CK>,1>(}"." THEN 2270
FOR S=l TO 200:NEXT S'
IF K(100 THEN PRINT~4," ";
IF K<10 THEN PRINT~4," ";
PRINT~4,K;~";D$(K>;" ";
IF E(K>(100 THEN PPINT~4," ,
IFE(K)(10 THEN PRINT~4," ";
PRINT~4.E(k:);

IF E(n =II'iT (E (10) THEN PRINT~~4." ";
PRINT~~4, "MEV";
IF M(K~(100 THEN PRINT#4," ";
IF MCK)<10 THEN PRI~T#4," ";
PRINT~4,M(K>;" ";BS(K>;
IF RIGHTS(B$(K>.l)=">" THEN C=C+1
IF RIGHT$CB$(K),1)="." THE~ D=D+1
IF LENCB$(K»=3 THEN PRINT~4," •
IF LEN(B$CK»=2 THEN PRINT~4," ";
IF LEN(B$(K»=1 THEN PRINT#4." ";
PRINT::4. "+";
IF (tCK)<10 THEN
PRINT::4,1;1(~::); "
I F LEN CC$ (I(» <2
PF.' ItH::4, " ";
H (V) =E:.t~ (X)
IF HCk)<100 THEN PPINTa4." ";
IF H(K)(10 THEN PRINT#4." ";
IF H(V) (1 THEti PRINT~:4," ";
PRINT#4,H(K);" ,
IF LEFTS(A$(K),l)="(" THEN PRI~Ta4," ";A$(¥);:GOTO 2220
A(X') =VAL (Ai; (X) ')

IF A(K)(1 THEN PRINTa4," ";A$(k);:GOTO 2170
IF A(K)(10 THEN PPINT~4," ";A$(K);:GOTO 2120
PF.:UiT::4,AS(V) ;
IF LENCA$(K»=7 THEN 2220
IF LEN(A$(10>=6 THEN PRI~T~:4," ";:GOTO 2220
IF LEN (A$; (K» =5 THEN PRINTa4." '';'lI;;OTO 2220
IFLENCA$CK»=4 THEN PRINTa4." ";:60TO 2220
PRINT#4," ";:60TO 2220
IF LEN(A$(K»=6 THEN 2220
IF LENCA$(K»=5 THEN PRINT#4,"
IF LENCA$(K»=4 THEN PRINT#4,"
IF LEN(A$(K»=3 THEN PRINT#4,"
PF.: I NT~:4, " " ; : 60TO 2220
IF'LENCA$(K»=5 THEN 2220
IF LENcA$(K»=4 THEN PRINT#4,"
IF LEN(A$(K»=3 THEN PRINT#4,"
IF LENCASCK»=2 THEN PRINTa4,"
PPINT#4," ";:60TO 2220
IF RIGHT$(NSc¥),l)="."THEN 2240
PRINT#4," ";H$cK):GOTO 2260
N2=LENcN$CK»:N2=N2-1
PRINT~4," ";LEFTI(NScK),N2>
S'S=SS"+H CK)
HE>::T K
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TOTAL HOUPS:

2280
2290
2300
2310
2320
2~:30

2:::40
2~:50

2~:60

2370
23:::0
2:::90
2400
2410
2420
24:::0
2434
2435
24:36
2440
2450
24E,0
2470
2480
24':'<0
24':'<4
24'~5

2496
2500
2510
2520
2~1:3 (I

2540
2550
25E·1)
2570
2580
2590
25':;'4
2595
2!596
2600
2610
2E,E'1)
2E,:30
2E.40
2':.50
c'6E·0
2670
2':,8 (I

26':'<0
2700

SS= INT (::;:S)
IF MM=5 THEN 3360
PP INT:~4 ..
PP INT::4 ..
IF SS<1000 THEN PRINT~4." .. ;
IF S8<100 THEN PRINT~4." .. ;
IF SS<10 THEN PRINT~4." .. ;
PR I NT::4. SS
PF.'INT~4.""

IF C)(I THEN PRINT~4."":PPINT~4."<ION) ~ POLARIZED BEAM·':PF.'INT~4.""

IF D)O THEN PF.'INT~4."":PRINT~4."ION. = AXIALLY INJECTED BEAM":PRINT~4.""

PR INn~4 ..... : PR INT:~4 ... BEAM INTENS ITIES EXPRESSED IN MICROAMPEPES"
CLOSE 4
::;:l=SS
k=KS
GOTD 1020REM-- .....;. _

REM DETERMINE IF DATA'TAPE HAS BEEN INITIALIZED
F.: EM
PRINT" WILL THIS BE THE FIRST ENTRY FDR .. :PRINT ....
INPUT "THE CURRENT RECORDS PEF.'IOD .. ;Gi:PRINT" .. :PRINT ....
IF LEFT$(G$.l)="Y" THEN. 2500
INPUT"IS DATA ON TAPE OF.' DISK .. ;Q$:PRINT .... :PRINy ....
IF LEFT!: (1;0$. D =" Io" THEN ~:85 0
1;;010 190REM _
REM INITIALIZE DATA TAPE
PEM
PRINT .... :PF.'INT .. REWIND PROGRAM TAPE AND STORE IT ... :PRINT ....
PP I~iT"" : PF.' I ~iT" INSERT I'FlTA TAPE I tno CASSETTE": PR I NT ....
PRINT"DECK AND REWIND IT ... :PRINT ....
PRINT" ADVANCE TAPE UNTIL LEADER HAS BEEN .. :PRINT ....
PRHn"FULLY IAIOI.'ND mHO THE TAKE-UP F.'EEL.": PPUJT·..·
PPINT" ALLOW THE TAPE TO ADVANCE FOR DNE .. :PPINT ....
PP I NT" FULL TUR't"h THEN STOP THE TAPE.": PP HiT" ..
PPINT" WHEN PEADY PRESS ·RETURN· ... :PRINT ....
GET G$:IF G$= .... THEN 2580 .
G$= ....
PEM
REM INITIALIZE DATA BASE
PEM
FOF.: ~::=1 TO 120
D:I· (~:') =" DATE"
E (~:') =0'
MW)=O
E:$ (K) =" E:EAM"
Q (I() =0
C$(K)="CAVE"
t"i (~:') = 0
A$ (1<) ="AMT"
tl$ (~:) =" tlFtME ..
tIE:x:T ~:.
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2704 REM _
2705 REM WRITE DATA ON TAPE
270E, Ft:EM
2710 FS=-1:FD=0:FC=191
2720 OPEN 1,1,1
2730 PRINT"WRITING"
2740 FOR K=l TO 120
2750 PRINT;: 1,1<
2760 PRINT;~l,D$(K)

2770 PRINTnl,ECK)
2780 PRINTnl,MCK)
2790 PRINTnl,E$CK)
2800 PRINTnl,QCK)
2810 PRINTnl,C$CK)
2820 PRINTnl,NcK)
2830 PRINTnl,A$CK)
2840 PRINT~l,N$(K)
2850 Zl$=STR$CK):Z2S=STRS(ECK»:Z3S=STR$CM(K»
2860 Z4$=STRSCQ(K»:ZSS=STRS(N(K»
2870 Ll=LENCZ1$)+LENCZ2f)+LENcZ3$)+LENCZ4$)+LENC!S$)
2880 L2=LENCD$CK»+LENCE$(K»+LENCC$(K»+LENCN$CK»+LENCA$CK»
2890 L=Ll+L2+1 '
2900 FE=INTC(FS+L)/FC)
291D IF FE=FD THEN 2980
2'320 FS=-l
2930 POKE 59411,53
2'340 T=TI
2950 IF CTI-T)<5 THEN 2950
2960 POKE 59411,61
2'370 1:50TO 2990
29::: 0 FS=FS+L
29'30 ND::T 1<
:;:000 CLOSE 1
:301 0 ~:=O

3020 PPItn" "
:;: (';: 0 PI" I~n" FIN I S·HEII--RElt.1 I ND THE DATA TAPE.": PR I NT" " : PR I NT" "
3040 IF MM=4 THEN 1030
:3050 GOTO 4200
:;:054 F.:EM _
3055 REM GENERATE HEADING FOR ANALYSIS PRINTDUT
305':· RE~l

3060 PPINTn4."EEAMS SUMMARY FOR ";M$;
3070 PRINT~:4.": •
3080 IF NN>4 THEN 3200
3090 IF NN>l THEN 3140
3100 PRINTn4.El;
3110 IF El=E2 THEN 3130
3120 PRINTn4,"-";E21
3130 PRINTn4," MEV";
3140 IF NN>3 THEN 3160
3150 PR1NTn4,Ml;" "; .
3160 PRINTn4,El$;
3170 IF NN>2 THEN PRINTn4,"":GOTO 3250
3180 PRINTn4," +";Ql
3190 PRINTn4,"":GOTO 1390
3200 IF NN>5 THEN 3230
3210 PRINTn4,"CAVE "ICl~

3220 PRINTn4,"":GOTO 1390
3230 IF Nl$="+"THEN PRINTn4,"DUTSIDE USERS":GOTO 3250
3240 PRINTn4,N1S
32(50 PPINT~:4,"":GOTO 1:390
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3260 PRINT ....
32EA REM - _
3265 REM OFFER ANALYSIS OPTIONS
326E, ,.:EM
::::270 PR I NT" SELECT ONE OF THE FOLLOW I NG PARAMETERS:": PR INT" .. : PR I NT" ..
:3280 PRINT"1. BEAM (E~ 1'1, ION, (;I) .. :PRINT·..·
3290 PRINT"2. PARTICLE (1'1, ION. GI) .. :P,.:INT ....
3300 PRINT"3. ISOTOPE (1'1, ION)":PRINT""
3310 PRINT"4. ION":PRINT""
3320 PRINT"5. CAVE":PRINT""
3330 PRINT"6. EXPERIMENTER":PRINT""
3340 INPUT NN
3350 ON NN GOTO 1130,1130,1130,1130.1230.1260
3360 PRINT~4,"":PRINT~4.""

3370 S1=.000000001
3380 FOR K=1 TO KS
3390 H(K)=8.N(K)
3400 S1=INT~S1+H(K»

:341 0 NE>::T K
3420 PRINT~4."SUBTOTAL HOURS=";SS
3430 PRINT~4."":PRINT~4.""

3440 S2=INT(SS.10000/S1)/100
3450 PRINT~4,"PERCENT OF TOTAL=";S2;"%"
:=:4E,0 CLOSE 4
3470 I:;OTO 1020
34::: 0 PR I NT ....3484 REM ~ _
3485 REM DISPLAY MOST RECENT ENTRY ON SCREEN
34:::E, "'EM
3490 PRINT .... :PRINT" ..
3500 V=H1
351 (I PRINT n D$ (~:") nAB (12);E (~:) nAB (18); M(10 nAB (21) JE:$ (10 :PRINT""
3520 PRINT Q(K);TAB(3);C$(K);TAB(6);N(K);TAB(9);A$(K);TAB(18);N$(K)
3530 VM=f:'
3~,4 0 PR HiT""
3550 I:;OTO 10:30
':::554 REM _
3555 REM DISK OPTIONS
::::55E, ,.:EM
3560 PR HiT" VER I FY THAT THE PROPER IIATA DISIC' : PR INT" "
3570 PRINT"IS INSERTED IN DRIVE ~1 AND THAT THE":PRINT""
3580 PRINT"DRIVE DOOR IS CLOSED.":PRINT"":P*INT""
3590 PRINT" WHEN READY PRESS 'RETURN'.":PRINT"":PRINT"­
3600 GET 6$:IF G5="" THEN 3600
3E.10 1:;$= ....

::::';:,20 RETUFti
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3630 PRINT"":PRINT"":GOSUB 3560
3634 REM --
3635 REM STORE DATA BASE ON DISK
3636 REM
3640 OPEN 15,8,15
3650 PRINT~15,"I1"

3660 GOSUB 4120
3670 CR$=CHRS(13)
3680 OPEN 2,8,2,PS+",S,W"
3690 GOSUB 4120
3700 PRINT"WRITING ";M$
3710 GOSUB 4120
3720 PRINTu2,STRS(KM)CRS;
:3730 GOSUB 4120
3740 KM=VAL(STRS(KM»
3750 FOR K=l TO KM
3760 PRINTu2,STRS(K)","DS(K)","STRSCECK»","STRS(M(K»","BS(K)CRS;
3770 GOSUB 4120
3780 PRINT~2,STRS(Q(K»","CS(K)","STRS(N(K»","AS(K)·,"NS(K)CRS;

3790 GOSUB 4120
:3800 NEn K
3810 CLOSE 2
:3~:2 0 CLOSE 15
3830 OPEN 1,8,15:CLOSE
:3840 GOTO 1020
3850 PRINT"":PRINT"":GOSUB 3560
3854 RH1 ---- _
3855 REM READ DATA BASE FROM DISK
:3856 F.:EM
3860 OPEN 15,8,15
3870 PRINT~15,"Il"

3880 GOS:UE: 4120
3890 OPEN 2,8,2,PPS+",S.R"
3';'.00 130SUE: 4120
3910 PRINT"LOADING ";M$
:3920 INPUT::2, KM
39::;: 0 GO SUE: 4050
3940 FOR K=l TO KM
3950 INPUT~2.K~D$(K),E(K),M(K),E:$(K)

39':,0 GOSUE: 4050
3970 INPUT~2,Q(K).C$(K),N(K).A$(K),N$(K)

3980 GDS:UE: 4050
:3';'90 NE:><:T I(
4000 CLOSE 15
4010 CLOSE 2
4020 OPEN 1,8,15:CLOSE 1
40:30 K=KM
4040 GOTO 1020
4044 REM
4045 REM READ DISI( STATUS
404':. F.:EM
40~,0 RS=:~T

4060 GOSUE: 4120
4070 IF RS=64 THEN 4000
4080 IF RS<>O THEN 4100
4090 RETUF.'N
4100 PRINT"BAD DISK STATUS IS";RS
4110 GOTD 41':,0
4114 REM _
4115 REM READ ERROR CHANNEL
4116 REM
4120 INPUT~15,EN$,EM$,ETS,ES$

4130 IF ENS="OO" THEN RETURN
4140 PRINT"ERROR ON DISK":PRINT""
4150 PRINTEMS.ENS,ETSESS
4160 ,CLOSE 2
4170 CLOS:E 15
4180 OPEN 1,.8,15
4190 CLOSE 1
4200 ENII
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APPENDIX C: Listing of CYCREC

4 PEM
5 PEM THIS IS THE PROGPAM 'CYCREC'
6 F'EM 04/17""80
7 F'EM
10 UD=O:MM=O:PQ=O:PP=O
14 F'EM ---------------------
15 PEM INIT I AL I ZE Arm DIMENS I ON PROGRAM PARAMETERS
lE, F'EM
20 DtM ($C6,16),TS(6,16),JMC6),MS(6)
30 I~PUT·ENTEP THE MONTH·;MT
40 IFMTt3 THEN KT=10:GOTO 60
50 ~:T=11

60 1'1$ (1) =·JAN-FEB •
70 M$(2)=·MAR-APR •
80 M$(3)=·MAY-JUNE •
~u M$(4)=·JULY-AUG •
100 r'1$(5)=·SEPT-OCT •
110 M$(6)=·NOV-DEC •
120 PRINT··:INPUT·ENTER THE YEAp·;yS
130 Y$=·'·+RIGHTS(YS,2)
140 FOR P=l TO 6
150 M$CP)=M$CP)+YS
160 NE:>,:T P
170 P=INTccMT+l)/2)
1::HI I S=O
1':"0 11'1=0
200 FOR 1=1 TO 6
21 0 Jr'1 cI) = (I

220 NE:":T I
230 IiS=O
240 DM=O
250 IF 1'11'1=7 AND K>l THEN 2420
260 IF 1'11'1=7 THEN 4110
270 k=O:k$=STP$CK)
280 KM=O
2'? 0 GOTO 4480
300 PRINT··:PRINT··:INPUT· KM=·;K$:K=VALcKS)
:~: 10 GO TO 3'?80
314 F'E~1 -----,- _
315 REM INITIALIZE IiATA TAPE
316 REM
320 PRINT·"
330 PRINT" INSERT AUXILIARY TAPE INTO CASSETTE .. :PRINT....
340 PRINT"DECK AND REWIND IT.·:PRINT .... :PRINT....
350 PRINT" ADVANCE TAPE UNTIL LEADER HAS BEEN":PRINT"~'

360 PRINT"FULLY WOUND ONTO THE TAKE-UP PEEL ... :PPINT .... :PRINT .. "
370 PRINT" ALLOW THE TAPE TO ADVANCE FOR ONE":PRINT""
380 PRINT"MOPE TURN, THEN STOP THE TAPE ... :PRINT" .. :PRINT ....
390 PRINT" WHEN READY PRESS 'RETURN' ... :PRINT ....
400 GET G$:IF G$="" THEN 400
410 G$=.... :PPINT"KM=.. ;KS
420 GOSUB 440
430 GO TO 520434 REM ~

435 REM INITIALIZATION SUBPOUTINE
4:36 REM
440 FOR 1=1 TO 6
450 JM cD =0
460 FOR J=l TO 15
470 C$(I,J)="CODE"
480 T$(I,J)=·TIME"
4'?0 tiE:X:T ,J
500 tiE:><:T I
510 RETURN
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'"'
514
515
516
520
5:30
540
550
560
570
5:30
5';'0
':.00
610
620
';:.:3 0
640
650
':·60
':.70
680
6';'0
700
710
720
7:30
740
750
760
770
774
775
776
780
790
800
:310
820
830
840
844
845
846
:350
860
870
880
8';'0
';'00
';'10
';'20
'330
940
'350
960
'370
980
'390

F.:EM _

REM WRITE DATA BLOCK ON TAPE
F.·EM
FS=-1:FD=0:FC=191
POKE 243, 122:POKE 244,2
OPEN 1, 1, 1, ~:'S

PRINT"WRITING ";KS
FOR 1=1 TO 6
PR INT::l. ~IM (D
FOR .1=1 TO 15
PR INT::l, CS q hI)

PR I NT::1 , TS (' I , .I)
Z$=STRS (.1M (I»
L=LEN(Z$)+LEN(CS(I,J»+LEN(TS(I,J»+l
FE=INT«'FS+L)/FC)
IF FE=FD THEN 710
FS=-l
POI<E 59411,53
T=TI
IF (TI-T)<5 THEN 680
POKE 59411,61
GOTO 720
FS=FS+L
NE:><:T .j

NEXT I
CLOS:E 1
IF MM=7 THEN 3530
D=DS:I=IS

'GOTO 4700F.:E1'I _
REM EXAMINE DATA OPTION
REM
PRINT"":PP=PP+l
DS=D:IS=I
FOR 1=1 TO 6
IF MT<9 AND VAL(KS»5 THEN D=6.(VAL(KS»+I-37:GOTO 840
IF MT>8 AND VAL(KS»5 THEN D=6.(VAL(KS»+I-36:GOTC 840
D=6·(VAL(KS)-1)+I
IF D=O THEN D=31
REM ---:-=- --:- - --::-:=:-.
REM PRINT DATA BLOCK ON SCREEN
REM
PRINTTAB(6.(I-1»;D
PRINTTAB(6.(I-l»;JM(I)
IF JM(I)=O THEN 910
FOR .1=1 TO JM(I)
PRINTTAB(6.(I-l»;CS(I,J);TS(I,J)
NEXT .J
PRINT ....
NEXT I
PRINT .... :PRINT.... .
PRINT"":PRINT"CHECK FOR ENTRY ERROf'lS":PRINT M

..

PRINT" WHEN READY PRESS 'RETURN"o"
GET GS:IF GS= .... THEN 960
13$=""
D=DS:I=IS
GOre 4480
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9':l4 REM _
995 REM UPDATE DATA OPTION
9':l6 REM
1000 PRINT"":PP=PP+l
1010 IF UD>O THEN 1190
1020 OPEN 4,4,l:CMD 4
1024 REM-------------­
1025 REM LIST OF ACTIVITIES AND CODES
102E, F'EM
1030 PRINT~4,·CODE~1=BEAM DEVELOPMENT"
1040 PRINT~4." CODE~2=TUNING"

1050 PRINT~4," CODE~3=DPTICS"

1060 PRINT~4," CDDE#4=ON TARGET"
1070 PRINT~4," CODE~5=SCHEDULED·MAINTENANCE"

1080 PRINT~4," CODE#6=UNSCHEDULED MAINTENANCE"
1090 PRINT~4,~ CODE~7=WAITING FOR EXPERIMENTER"
1100 PRINT~4," CODE~8=OTHER (BEAM OFF)"
1110 PRINT~4," CDDE#9=HOLIDAY/SHUTDOWN"
1120 PRINT~4," CODE~O=NO FURTHER ENTRIES"
1130 CLOSE 4
1140 PRINT" THIS ROUTINE IS TO BE USED TO ENTER":PRINT""
1150 PRINT"ONE DAY'S DATA. UP TO 15 ENTRIES MAY":PRINT""
1160 PRINT"BE MADE EACH DAY.":PRINT"":PRINT""
1170 PRINT" YOU MUST USE CODE #0 FOR THE DAY'S":PRINT""
1180 PRINT"LAST ENTRY WITH 2400 AS ITS TIME.":PRINT"":PRINT""
1190 UD=UD+l .
1200 I=IS
1210 I=I+l:IF 1>6 THEN 1450
1220 IF MT<9 AND VAL(KS»5 THEN D=6.(VAL(KS»+I-37:GOTO 1250
1230 IF MT>8 AND VAL(KS»5 THEN D=6+(VAL(KS»+I-36:GOTO 1250
1240 D=6+(VAL<KS)-1)+I
1250 W=O:IF D=O THEN D=31
1260 IF MM=3 THEN 1300
1270 DS=D:IS=I
1280 (50SUB 1300
1290 13010 44801294 REM _
1295 REM DATA ENTRY SUBROUTINE
1296 REM
1300 PRINT"DATA FOR DAY";D:PRINT""
1310 FOR J=l TO 15
1320 INPUT "ENTER THE TIME";TS(I,J)
1330 INPUT "ENTER THE CODE";CS(I,J)
1340 PRINT""
1:35 0 W=I,J+ 1
1360 IF CS(I,J)="O" THEN 1400
1370 IF W=14 THEN PRINT "THIS WILL BE YOUR LAST ENTRY":PRINT""
1380 IF W=15 THEN 1400
1:390 NEXT J
1400 .JM (I) =I,j
1410 IF MM=3 THEN 1440
1420 D=DS:I=IS
14:30 DM=n: IM=I
1440 RETURN
1450 1=1-1
1460 PRINT"":PRINT" . THE CURRENT DATA BLOCK IS FILLED.":PRINT""
1470 PRINT"DATA SHOULD NOW BE STORED ON TAPE. ":PRINT""
1480 DS=D:IS=I:GOTO 4490
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1484· REM - .;..
1485 REM CORRECT DATA OPTION
14:36 REM
1490 PRINT"":PP=PP+l
1500 DS=D:IS=I
1510 M=O
1520 INPUT "FOR WHICH DAY":D
1530 IF D=31 AND VAl(KS)=6 THEN l=l:GOTO 1570
1540 IF MT<9 AND VAlcKS»5 THEN I=D-(6+cVAl(KS»)+37:GOTO 1570
1550 IF MT>8 AND VAlcKS»5 THEN I=D-(6+(VAlcKS»)+36:GOTO 1570
1560 I=D-c6.cVAlIKS)-1»
1570 IF JM(I)=O THEN PRINT"NO ENTPIES":PRINT"":GOTO 4490
1580 FOR J=l TO JMtI)
1590 PRINTCScI,J):TS(I,J)
1600 NE:X:T .J
1610 PRINT·..·
1620 JM (I) =0: W=O
1630 FOR J=l TO 15
1640C$cI.J)="CODE"
1650 T$cI,J)="TIME"
16':,0 t~E:X:T J
1670 PRINT"WHEN READY PRESS ·RETURN~."

1680 GET G$:IF G$="" THEN 1680
16':;'0 G$=""
1700 130SUB 1310
1710 IF PP=O AND MM=3 THEN PQ=PQ+l:GOT04480
1720 D=DS:I=IS
17:30 GOTO 448017:34 REM _
1735 REM DETERMINE DATA DlOCK TO BE CORRECTED
17:36 REM
1740 PRINT""
1750 INPUT "FOR WHICH DAY":D
1760 IF MT/2=INT(MT/2) THEN 1810
1770 IF D=31 THEN K=6:GOTO 1790
1780 K=INT«cD-l)/6)+1)
1790 PRINT"K=";K:PRINT"":INPUT"KS=";KS
1800 130TO 4110
1810 IF D=31 THEN K=ll:GOTO 1860
1820 IF MT>8 THEN 1850
1830 K=INT«(D+30)/6)+1)
1840 PRINT"K=";K:PRINT"":INPUT"KS=";KS:GOTO 4110
1850 ~=INT«CD+29)/6)+I)

1860 PRINT"K=";K:PRINT"":INPUT"KS=";KS:GOTO 41101864 REM _
1865 REM RECORD DATA BLOCK ON OBJECT TAPE
1866 REM
1870 PRINT" INSERT DATA TAPE INTO CASSETTE":PRINT""
1880 PRINT"DECK WITHOUT REWINDING IT. ":PRINT" ":PRINT""
1890 PRINT" WHEN READY PRESS ~RETURN~.":PRINT""

1900 GET G$:IF GS="" THEN 1900
1910 G$="U
1920 FS=-1:FD=0:FC=191
1930 POKE 243,122:POKE 244,2
1940 OPEN 1,1,1,KS
1950 POKE 59411,53
1960 T=TI
1970 IF (TI-T) <30 THEN 1970
1980 POKE 59411,61
1':;'90 GOTD 550
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1'~'~4 !"'EM
1995 REM STOPE DATA OPTION
1'31'316 !"'EM
2000 PPINT"":IS=I:DS=D:PP=PP+1:IF PQ)O THEN 2030
2010 IF ¥)1 ~ND I=6 THEN 1870
2020 IF I=6 THEN 2050
2030 PRINT" INSERT AUXILIAPY TAPE INTO CASSETTE":PRINT""
2040 PPINT"DEC~ AND REWIND IT.":PRINT"":PRINT"":GOTO 2070
2050 PRINT" INSERT DATA TAPE INTO CASSETTE":PRINT""
2060 PRINT"DECK AND REWIND IT.":PRINJ"":PRINT""
2070 PRINT" ADVANCE TAPE UNTIL LEADER HAS BEEN":PPINT""
2080 PRINT"FULLY WOUND ONTO THE TAKE-UP REEL.":PRINT"":PRINT""
2090 PPINT" ALLOW THE TAPE TO ADVANCE FOR ONE":PRINT""
2100 PRINT"MOPE TURN, THEN STOP THE TRPE.":PRINT"~:PRINT""

2110 PRINT" WHEN READY PRESS 'RETURN'.":PRINT""
2120 GET G$:IF G$="" THEN 2120
2130 G$=""
2140 GOTO 520
2144 REM _
2145 REM ANALYZE DATA OPTION
2146 REM
2150 PRINT"":IS=I:PP=PP+1
2160 PRINT" INSEPT THE CURRENT DATA TAPE IN THE":PRINT""
2170 PRINT"PET CASSETTE DECK AND REWIND IT.":PRINT"":PRINT""
2180 PRINT" ADVANCE TAPE UNTIL LEADER HAS BEEN":PRINT""
2190 PRINT"FULLY WOUND ONTO TAKE-UP REEL.":PRINT"":PRINT""
2200 PRINT" STOP THE TAPE.":PRINT"":PPINT""
2210 PRINT"WHEN PEADY PPESS 'PETURN'.":PRINT"":PPINT""
2220 GET G$:IF G$="" THEN 2220
2230 (;$=""
2240 FOR ¥=1 TO ¥T
2250 GOSUB 440
2260 PRINT"¥="; n PRINT"": INPUT"K$="; ~::$

2270 OPEN 1,I,O,K$
2280 PRINT"LOADING ";K$
2290 FOR 1=1 TO 6
2300 INPUT~I,JMCI)

2310 FOR J=l TO 15
2320 INPUT~l,C$(I,J)

2330 I~PUT~l,T$CI,J)

2340 ~iE:x;T J
2350 t·IE:X:T I
2360 CLOSE 1
2370 PRINT"":IF K>1 THEN 2410
2380 FOR C=1 TO 9
23'30 B(0 =0
2400 NE:X:T C
2410 FOR 1=1 TO 6
2420 IF JM(I)=O THEN 2570
2430 FOR J=1 TO JM(I)-1
2440 E=VAL(TS(I,J»
2450 C1=VAL(C$(I,J»
2460 H=INTcE/I(0)
2470 M=E-I00.H
2480 T1=M+60.H
2490 D=VAL(T$(I,J+l»
2500 C2=VAL(CS(I,J+l»
2510 H=INT(D/I00)
2520 M=D-I00.H
2530 T2=M+60.H
2540 B(Cl)=B(Cl)+T2-T1
2550 BCC1)=ABS(BCC1»
256 0 ~iE:X:T J
2570 ~iEXT I
2580 NEXT K
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" ; : GO TO 2'3':.0 0
"; : (50TO 2':.0'30

"; : GO TO 2'390
": :I:;OTO 2';'190
"; : GOTO 2'3';;' (.
"; :I:50TO 2990
"; : GOTO 2':.090
"; : GOTO 2':.090

II ;

II ;

" ;

PER(Et'T"

5'"5'=.000000001
FOR (=1 TO 9
Bo:'O=BcO/60
:SS=S:S+B(c)
NEi<:T C
·S=SS-B (9)
FO'" (=1 TO 8
BlIC)=IBo:'C)/S).100
NEi<T C
FO'" C=l TO 8
>':=B cO : \'=B 1 (C)
:·:=:':.100: Y='y'+l 00
~=INTIX):Y=INT(Y)

;·,:=;':',·100: 'y'='y'/l 00
B '·0 =:x:: Bl (0 =Y
tiEi<:T C
X=B (9)

X=>C:+100
:"':=INT IY)
:·:=:'>'"100
B (':.0) =:x:REM _

REM GENERATE BIMONTHLY REPORT
REI'!
OPHi 4,4, 1: CMD 4
PRINT~4,"TIME ACCOUNTING FOR ";I'!$CP):PRINT~4,""

PRINT~4," TOTAL HOURS
F'R ItH~:4, ""
FOR C=l TO 8
FOR 2=1 TO 200:NEXT ~

PRINT~:4,(ODE$ «(.);" •••••••
IF BCC)(100 THEN PRINT~4." ,
IF B(C)(10 THEN PRINT~4," ";
F'R I NT~:4, BCC) ;
Go:'C)=B(C):IF G(C)=INT(Go:'C»THEN PRINT~4,"

Go:'C) =1 O.G'O: IF (; (0 =INT (G (0) THEN PI=?INT~:4,"

G(C)=10.GCC):IF G(C)=INT(G(C»THEN PRINT~4,"

GIC)=10.GIC):1F G(C)=INT(GcC»THEN PRINT~4,"

GCC)=l0.Go:'C):IF GIC)=INT(GIC»THEN PI=?INT~4,"

G(C)=IO.GIC):IF G(C)=INT(G(C»THEN PRINT~4,"

G(C)=10+G(C):IF G(C)=INT(G(C»THEN PRINT~4,"

G(C)=10+G(C):IF G(C)=INT(G(C»THEN PRINT~4,"

G(C)=10+G«():IF G(C)=INT(G(C»THEN PRINT~4,"

IF Bl(C)(10 THEN PRINTc4," ":
F'RItH~:4,BI (C)
Nn:T C
PI=? INT~:4, "
PRINT~4," SUBTOTAL·
IF $(1000 THEN PRINTC4," ";
IF $(100 THEN PRINT~4," ";
PRINT~4,S;" HOURS"
PRINTc4,"":PRINT~4,""

PRINT~4,CODES(9);"....... ";
IF B(9)<100 THEN PRINTc4," ";
IF B(9)(10 THEN PRINT~4," ";
PR Itn~:4, B(9) ,
PRINT~:4, "
PRINT~4," TOTAL
IF 8S(1000 THEN PRINTc4," ";
IF $S<100 THEN PRINTC4," ";
PRINT~4,SS;" HOURS"
PRINT~4,"":PRINT~4,""

25'::-0
2600
261 0
2620
26:30
2':40
2E·50
2':·':·0
2670
2E,E!(t
2':,'30
2700
271 0
2720
27.30
2740
2750
2760
2770
27:30
27';"0
27'34
2795
27';"1:'
2:::00
2810
2820
2::::30
2840
2:::50
2:::60
2870
28:=:0
28';'0
2':.000
2':.01 0
2'320
2':.0:30
2':.040
2950
2960
2970
2'380
29'30
:3000
:3 010
:3020
:30:30
:3040
:3050
::::060
:3070
:3080
:30':.00

.> :31 00
:31 10
:3120
:3130
:3140
:3150
:3160
:3170
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3180 TS=B(2)+B'3)+B f 4)+B<7)+B<8):TT=TS-INTCTS)
3190 IF TT>.5 THEN TS=INT<TS)+l:GOTO 3210
3200 TS=INT nS)
:::21 0 PRINT~;4, "TOTAL E>::PEFiII'IENTAL TIME........... ";
3220 IF TS<1000 THEN PFiINT~;4," .. :
3230 IF TSll00 THEN PRINT~4." .;
3240 IF TS<10 THEN P":INT~;4.· .. ;
3250 PFiINT~4,TS;" HOUFiS ,
3260 B1S=B1(2)+Bl<3)+Blc4)+Bl(7)+Bl<S)
3270 PRINT~4,B1S;"%"

32:::0 CLOSE 4
:::290 I=E32'::04 '"'EI'I. _
3295 FiEM STORE ANALYSIS RESULTS ON DISK
:::2'::0':, PEM
3300 PRINT ..
3310 PRINT :PRINT .. DO YOU WANT TO STORE THE ·;M$(P):PRINT ....
3320 INPUT·DATA.ON DISK·;G$
3330 IF LEFT$tGi,l)=·Y" THEN 3620
3340 PRINT .... :PPINT .. REWIND THE DATA TAPE AND STORE IT. ":PRINT .... ,
335 (0 ':iOTO 47703354 PEM - _
3355 PEM CHECK DATA ENTRY OPTION
3356 PEM
3360 PRINT··:PRINT·":PRINT··:PP=PP+l
3370 PRINT·LAST ENTRY WAS FOR DAY";
3380 IF DM>=DS THEN PRINT DM
3390 IF DM>=DS THEN 3410
3400 IF DS>DM THEN PRINT DS
3410 PRINt"":PRINT"":GOTO 4490
::::420 PRINr"
3430 PRINT" INSERT DATA TAPE INTO CASSETTE":PRINT""
3440 PRINTuDECK WITHOUT REWINDING IT.·:PRINT"":PRINT""
3450 I:iOTO 41703454 REM _
3455 REM TRANSFER DATA OPTION
3456 REM
3460 PRINT"":PP=PP+l
3470 PRINT· THIS ROUTINE IS TO BE USED WHEN"rPRINT·"
3480 PRINT"RECORDING DATA FOR PERMANENT STORAGE":PRINT"":PRINT""
3490 FOR K=1 TO KT
3500 I:iOSUB 440
3510 PRINT"K=·;K:PPINT"":INPUT"K$=";KS
3520 GO TO 180
35:=:0 PRINT ....
3540 PRINT"FINISHED·:PRINT""
3550 PRINT"DO NOT REWIND DATA TAPE":PRINT""
3560 PRINT"REMOVE THE TAPE AND STORE IT.":PPINT"":PPINT""
:3570 ~jE:X:T K
3580 K=KS:KS=STR$CK):PRINT""
3590 PRINT" ALL DATA BLOCKS HAVE BEEN S~VED FOR":PRINT""
3600 PRINT·THE CURRENT REPORT PERIOD.":PRINT""
:3610 130TO 4490
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3614 '"'EM _
3615 REM WRITE TO DISK
::;'':,16 REM
3620 PRINT"":PRINT""
3':,30 PRItH" '·.··ERIFY THAT THE PF.:OPEP DATA IIISK":PRINT""
3640 PRINT"IS INSERTED IN DRIVE u1 AND THAT":PRINT""
3650 PRINT"THE DPIVE' DOOR IS CLOSED. ":PPINT"":PPINT""
3660 PRINT" PPESS 'PETURN' WHEN READY":PPINT""
3670 GET 13$: IF G$="" THEN 3670
36:::0 13$=""
36':;'0 P$(1)="1: 1-2 "+'1'$
3700 P$(2)="1: 3-4 "+Y$
3710 P$(3)="1: 5-6 "+'1'$
3720 P$(4)="1: 7-8 "+Y$
3730 P$(5)="1: 9-10 "+'1'$
3740 P$(6)="1: 11-12 "+'/$
3750 PRINT""
3760 OPEN 15~8,15

3~70 PRINTo15~"I1"

3780 130SUB 30:0 10
3790 OPEN 2,8~2,PS(P)+"~S,W"

3800 CR$=CHR$(13)
381 0 GOSUB :3':;'10
3820 PRINT"WRITING ";M$(P)
3830 FOR C=1 TO 9
3840 PR INT::2, STR$ (B «(:) ) CRS;
:3:::50 NE;":T C
38':.0 CLOSE 2
:3870 CLOSE 15
3880 PRINT"":PRINT""
:3890 PRINT"FINISHED--REWIND THE DATA TAPE"
:3900 130TD 4770
:3904 REM
3905 REM CHECK FOR DISK ERRORS
3906 REM
3910 INPUT#15,ENS,EMS,ETS,ESS
:3920 IF ENS=" 00" THEN RETURN
3930 PRINT"ERROR ON DISK":PRINT""
3940 PRINTEMS,ENS,ETSESS
3':;'50 CLOSE 2
3960 CLOSE 15
:3'~70 GOTD 4770
:3980 PRINT""
3'~9 0 PR I NT" REW I ND THE PROGRAf'l TAPE AND REf'lOVE": PIU NT" ..
4000 PRINT"IT FROf'l THE PET CASSETTE DECK.":PRINT"":PRINT""
4010 PRINT" VERIFY THAT THE INTERFACE AND THE":PRINT""
4020 PRINT"TI ASR 700 SWITCHES ARE ON '·PET'."
4030 PRINT"":PRINT""
4040 PRINT"J.,JHEN READY PRESS 'RETURW."
4050 GET GS=IF GS= .... THEN 4050
4060 13$= ....
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4070 P,"~INT""

~080 P~INT" HAVE YOU INITIALIZED THE DATA TAPE .. :PRINT ....
4090 INPUT "FO~ THE CURRENT DATA BLOCK";6$:P~INT"":PRINT""

4100 IF LEFT$(GS,I)="N" THEN 320
4110 PRINT""
4114'"'EM _
4115 REM LOAD DATA BLOCK F~OM TAPE
4116 F'EM
4120 PR INT" INSE'RT THE CUR~ENT rlATA TAPE IN THE"': PIO: I NT" ..
4130 PRINT"PET CASSETTE DECK AND REWIND IT.":PRINT .... :PRINT" ..
4140 PRINT" ADVANCE TAPE UNTIL LEADER HAS BEEN": PRINT·..·
4150 PRINT"FULLY WOUND ONTO TAKE-UP REEL.":PRINT"":PRINT""
4160 PRINT" STOP THE TAPE.":PRINT"":PRINT""
4170 PRINT"WHEN READY PRESS ~RETURN·.":PRINT"":PRINT""
4180 GET G$:IF GS= .... THEN 4180
4190 G$= ....
4200 OPEN 1,I,O,~$

4210 PRINT"LOADING ";KS
4220 FOR 1=1 TO 6
4230 INPUT~I,JM(I)

4240 FOR J=1 TO 15
4250 INPUT~I,C$CI,J)

4260 INPUT~I.T$(I,J)

4270 ~lE;X:T J
4280 IF LEFT$LC$(I.l),I)="C" THEN 4300
4290 I:S:=I: IM=IS
4300 ~lE;X:T I
4310 CLOSE 1
4320 IF PP=O AND MM=3 THEN PRINT"":PRINT"DATA FOR DAY";D:PRINT"":GOTO 1540
4330 IF PP)O THEN 4360
4340 IF IM=6 AND MM=2 THEN PRINT"DATA BLOCK FILLED":PRINT"":GOTO 4770
4350 ON MM GOTO 780,1000,1490,2000,2150,3360,3460
4360 I=IM:IS=I:K=VALCKS)
4370 PRINT"":IF 1<6 AND MM<>7 THEN 4460
4380 PRINT" FINISHED":PRINT"·
4390 IF MM=7 THEN 4410
4400 K=K+l:KM=K:KS=STRS(K):I=O:IM=I:IS=I
4410 PRINT"DO NOT REWIND DATA TAPE":PRINT""
4420 PRINT"REMOVE THE TAPE AND STORE IT.":PRINT"":PRINT""
4430 IF MM=7 AND K=1 THEN 2050 .
4440 IF MM=7 THEN 1870
4450 GOTO :330
4460 PRINT" FINISHED--PEWIND THE DATA TAPE. ":PRINT"":PRINT""
4470 GOTO 44';00
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4474 REM _
4475 REM OFFER OPTIONS MENU
447E. REM
4480 PR ItfT " "
4490 PRINT" SELECT ONE OF THE FOLLOWING OPTIONSI"IPRINT"":PRINT""
4500 PRINT"I. E~AMINE DATA":PRINT""
4510PRINT"2. UPDATE DATA":PRINT""
4520 PRINT"3. CORRECT DATA"IPRINT""
4530 PRINT"4. STORE DATA ON TAPE":PRINT""
4540 PRINT"S.' AtlALYZE DATA": PRINT''''
4550 PRINT"6. CHECK DATA ENTRY":PRINT""
4560 PRINT''7. TRANSFER DATA TO OB.IECT TAPE" IPRINr"
4570 INPUT MM
4580 CODES(I)="BEAM DEVELOPMENT••••••••••• "
4590 CODES (2) ="TUNING••••••••••••••••••••• "
4600 CODES(3)="OPTICS ••••••••••••••••••••• "
4610 CODES (A) =" ON TARGET •••••••••••••••••• ,.
4620 CODES(5)="SCHEDULED MAINTENANCE •••••• "
4630 COIIES (6) ="UNSCHEDULED MAINTENANCE •••• "
4E.40 CODES(7)="I.~AITING FOR EXPERIMENTER ••• "
4650 COIIES (8) ="OTHE... (BEAM OFF) ••••••••••• "
4660 CODES(9)="HOLIDAY/SHUTDOWN••••••••••• "
4670 IF PP>O THEN 4690
4680 ON MM GOTO 300,300,1740,2000,2150,300,3460
4690 ON 1'11'1 GOTO 780,1000,1490,2000,2150,3360,3460
4700 PRIHT""IPRINT""
4710 IF 1<6 THEN 4750
4720 PRINT"FINISHED--"IPRINT""
4730 PRINT"DO NOT REWIND THE DATA TAPE!"IPRINT""
4740 PRINT"REMOVE THE TAPE FROM THE DRIVE AND"IPRINT""IGOTO 4760
4750 PRINT" FINISHED--REWIND THE AUXILIARY TAPE. "IPRINT""
4760 PRINT "MARK THE TAPE 'KM=";KS;"'."
4770 END
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APPENDIX D: Listing of STRAGGLE

10 REM STRAGGLE 12/10/79
::::0 PRINT"

';If) PP HiT" ENEPI3'y' lo:s:S STPAGI3l HiG" : PP I NT" .. : PP I NT ....
100 PR I NT" TH I S PRoI:;RAM CALCULATES I1ELTA E. THE Et-iERI3Y :S:T~'FtGGl I Nt;:; FI!.'Ht'1."
101 PRINT ....
110 PR I NT" ENTER THE FollDI,,1 I NI3 I NFo ABOUT THE FlBSOR:E:ER" : PR I ~n" ..
120 PF'INT"Z=";
130 INPUT Z1
140 PRINT"A=";
150 I NPUT A 1
lE,O PF.'INT"THICI<NESS: (IJG/CM++2) =";
170 HiPUT T
200 PRINT .... :PRINT ....
i.~10 PRINT"FNTER THE FOllol,.JlNI3 INFO APoUT THE BEAM..... :PRItH ....
220 PRItH"Z=";
2:30 INPUT 22
;;;:40 PRHn"A=";
25ft INPUT A2
260 PF.:INT"ENERI3'y' (MEV) =";
270 HiPUT E
2:::0 PRItH ....
400 IT=. 1203+Ft2+Z1/E+106(E/. 0451/A2/Z1)
410 IT=((lT+1)+Z1+T/Al)A.5
420 DE=Z2+1+lT
430 PRINT"DElTA E (FWHM)='"
435 DE=.OOl+rNTcI0ftO+DE)
436 PC=.1+DE/E
437 PC=.OOl+INTtl000+PC)
440 PRINT I1E;:PRINT" KEV";
450 PRINT" (";:PRINTPC;:PRINT" ~...~";:PRINT")"
490 PRINT .... :PRINT .. Do YOU WISH ANOTHER ENERGY (Y/N) 7"
4':;'2 HiPUTA$: IF A$='''y'''THEN260
495 IF Ft$= .... THEN495
500 130To 80

REAI"y' •
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APPENDIX E: Listing of SCATTER

10 REM $CATTER t2/10/79
::::0 PPII'H"
:35 A$= ....
90 PPINT" MULTIPLE :sCATTERINt:; .. :PRINT .... :PRltn ..
1 (I (I PR I NT" TH JS PF?Ot3RAM CAlClIlATES: THETfH 1/2), THE HALF At~GLE AT HALF t·1A::-::."
101 PRINT ....
110 PR I NT" ENTER THE FOllOI." I NG INFO ABOUT THE :S:CATTERER ••• ": PR HiT" ..
120 PRINT''Z='';
1:::: 0 JNPUT Z 1
140 PRJNT"A=";
150 It·iPUT At
160 PF.: I NT" TH JC¥NESS: (,-1I3.,··CI"1••2) ::;";
17 0 I t~PUT ,T
200 PRJNT .... :PRJNT ....
210 PRINT"E'NTER THE FOllOl,JlNG INFO ABOUT THE . BEAM..... :PRINT ....
220 PF.: UiT" Z=";
2:':: n INPUT 22
240 PF.'JNT"A=";
250 INPUT A2
260 PR JNT" Et~ERG'y' (MEV) =";
c?o INPUT E
2:::0 PRINT ....
400 L T=L.Of; {211. '3.T. (21 + 1) / (21"". E.66~,(+Z2A.E.f.,667) .;.··A 1/21:>
410 DT={3.922.10A-8).T.21.(21+1)+Z2A2/Al/EA 2
420 THET2=«(OT.LT)A.5)/1.71
430 PRINT"THETAcl/2)=";
440 PRINTfHFT~;:PRINT"RADIANS:"
490 PR JNT" .. : PR I NT" I'O YOU 1,.1 I SH ANOTHER ENERGY ('y' /1'1) "?"
492' INPUTA$:IF A$="Y" THEN260
495 IF A$z .... THEN495
500 GOTD 80

REAII'y' •
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APPENDIX F: Listing of STRIP

10 REM STRIP 12/10/79
15 PRINT"
20 PRINT"THIS PROGRAM PROVIDES INFO ON THE CHARGE STATE DISTRIBUTION OF 88-JNrI-l

22 P~'INT"(:'l"CLDTRDN BEAMS AFTER PASSING THPU A S:TRIPPE~ FOIL ••• It

24 PPJNT"THE CALCULATIONS ARE NOT VALID FOR BEVATRON EtiERGIES."
c'tS PRJNT"FOF' ENERGIES UP TO 40 MEV/I'lUCLEON THES:E CALCULATIONS: AF:E II'l GENEPAL ";
28 PRINT" AI;;PEEMENT ltlITH UNPliBLISHEII REPORTS FROM GSI AI'lII GAI'lIL FOR FORM";
29 PRII'lT"VAR FOILS. IT IS ASSUMED THAT FOIL IS' THICK ENOUGH TO ESTABLISH";
30 PRINT" AN El;tIJILIBRILIM DISTRIBUTION OF CHARGE STATES .. :PPINT .... :PRINT·..·
99 PPINT"ENTEP '2' OF THE BEAM":GOTO 110
100 PRII'lT"":PPINT"ENTER '2' OF THE NE:X:T BEAM"
110 ItiPUT 2
120 PRII'lT"ENTER MASS OF THE BEAM IN RMU"
DO INPUT A
140 PRINT"ENTER BEAM ENEPGY IN MEV"
150 INPUT E
20n V=cI0A 8).13.9.CE/A)A.5
210 CF=.444+.106134.Z-.00tS874tS.ZA2+2.21524E-4.ZA3-:3.5184E-~.ZA4+2.16656F-8.?A~

220 IF 2>53 THEN €F=1.031
225 VP=V/2.188E8
230 F=C.71.ZA.(527)
240 T=F"'VR
250 QAV=Z.CI-CF.T)
253 QAV=.~1.INTcI00.(QAV+.005»

255 PRINT"THE AVEPAGE EQUILIBRIUM CHARGE STATE IS"
260 PPINT" ";:PRINTQAV
270 IF E<20 THEN GO TO 100
300 SIG=.27.CZ)A.5:FWHM=2.35.SIG
305 FWHM=.1.INTCI0.CFWHM+.(5»
310 PRINT"" .
:::2 n PR JtH" THE NATURAL CHARGE STATE DISTR TBut ION t.1 I I1TH Flo.IHM =" ;
:3::: 0 PR I NTFI>.IHt~
340 IF (QAV+l.2.SIG)<Z THEN 60T0400
350 130TOI00
400 AMP=I.09-.1238.Z+9.1188E-3.Z A 2-3.822924E-4.ZA3+9.142328E-6.ZA 4
410 AMP=AMP-l.2306566E-7.ZA5+8~~6030677E-fO.ZA6-2.474E-12.ZA7

420 ZI=INT(QAV):Z2=Zl+1
430 Pl=AMP.EXPC-C(Zl-QAV)A2)/c2.SIGA2»
440 P2=AMP.EXP(-CCZ2-QAV)A2)/C2.SIGA2»
450 PF'INT""
460 PRJNT" CHARGF PERCENT"
470 PF:ItH" STATE POPULATED"
4:::: n PI" JtjT" "
483 Pl=INTI100.CP1+.0(5»
484 P2=TNTcI00.(P2+.005»
4QO PRINT" ";Zl;" ";PI;"%"
4':l2 PRINT" ";Z2;" ";P2; "%"
':l80 PRINT"":PRII'lT·..·
'::;":lO 130TO 100
99';' :s:TOP

READ'l.
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