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SECTION 1
SUMMARY

The Lunar Ejecta and Meteorites Experiment (LEAM) was deployed on the
moon on 12 December 1972. The objectives of the experiment were to measure
the long-term variations in cosmic dust influx rates and the extent and nature
of the lunar ejecta. While analyzing these characteristics in the data, it
was discovered that a majority of the events could not be associated with hyper-
velocity particle impacts of the type usually identified with cosmic dust, but
could only be correlated with the lunar surface and local sun angle.

The possibility that charged particles could be incident on the sensors
led the Principal Investigator (PI) to request that an analysis of the elec-
tronics be performed to determine if such signals could cause the large pulse
height analysis (PHA) signals. These signals indicate the energy of the hyper-
velocity partié]es in the normal mode of operation.

A qualitative analysis of the PHA circuit showed that an alternative mode
of operation existed if the input signal were composed of pulses with pulse
durations very long compared to the durations for which it was designed, by a
factor of at least 40 to 1. This alternative mode would give large PHA outputs
even though the actual input amplitudes were small. This revelation led to the
examination of the senéor and its response to charged particles to determine

the type of signals that could be expected.
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A qualitative review of the sensor and application of basic electro-
static theory indicated that very slow particles, below the normal experiment
operating range, could produce pulses of the time duration required to excite
the PHA circuit's anomalous response.

A grossly simplified model of the sensor was developed on a computer to
determine the range of particle characteristics to which the sensor would
respond. This range was then compared with known or expected values for lunar
dust particles and practical expectations for charge to mass ratios.

At the same time, the electronics was analyzed using a standard IBM
analysis program, SCEPTRE.

The results of the sensor modeling and circuit analysis showed con-
clusively that charged particles moving at velocities below 1 kilometer per
second would produce PHA responses of the type observed in the lunar data and
in addition could cause double accumulator counts, another of the unusual
events.

This finding was of such importance to the understanding of lunar sur-
face dust transport that it was decided to continue the analysis to obtain
more accurate data on particle mass, charge, and velocity. A theoretical
calibration of the experiment response to charged particles was required to
enable a complete analysis of the lunar data to be performed. In addition,

a practical measurement of the response using the experiment qualification
model was to be attempted to corroborate the analysis. A complete physical

calibration was impractical.
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The analysis was continued on two fronts. A simplified model of the
electronics was developed because the SCEPTRE simulation was cumbersome and
costly to use. In parallel with this, a refined model of the sensor was
developed to remove the limitations of the simple model and provide greater
accuracy.

The sensor film, collector grid, and suppressor grid were divided into
7,360 elements for computational purposes. Using basic electrostatic prin-
ciples, the charge distributions on each plane were calculated for both the
applied potentials and the charged particle. The 7,360 simultaneous equations
that result from the mutual interactions between elements were solved iter-
atively. The program used a large area of computer memory and was slow to
converge to a result. No complete results were obtained from this model
because efforts were made to speed up the convergence and overall running
time to save future costs.

Two other programs, which apply the sensor model results to the elec-
tronics and then analyze the results, were prepared and checked on simulated
data. Program descriptions are given in the Appendix.

The conclusion from the analysis to date is that the LEAM experiment
data contain significant information relative to mechanisms operating at the
lunar surface. To fully understand and appreciate these mechanisms, the
Tunar events recorded by LEAM must be transposed into parameters of particle
mass, velocity, and charge and their respective variations in space and time.
To accomplish this, a calibration of the LEAM in response to charged particles

must be completed.
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This report recommends that the analysis be continued, in conjunction
with work being performed by the Principal Investigator, to provide a com-
prehensive picture of the dust environment at the Tunar surface. The results
would be, in addition to characterization of the particles, that unique events
would be characterized, allowing segmentation of the measurement range, and
event types would be correlated with lunar cycles and temporal effects. Hypo-
theses on dust formation and transport would be refined and opportunities
would be developed for understanding several unexplained phenomena observed
on the lunar surface by astronauts and other experimenters.

A meeting was conducted on 20 July 1976 by the LEAM Principal Investi-
gator with Dr. W. Quaide and M.J. Smith of NASA Headquarters to discuss the
present LEAM program status and the importance of continuing both the analysis
of the experiment response to charged particles and the lunar data analysis.

A summary of the LEAM study status and the proposed tasks for extended

study of the charged particle phenomenon is included herein as Appendix B.
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SECTION 2
INTRODUCTION

The study of the LEAM experiment's response to charged particles was
initiated at the fequest of the Principal Investigator, when it was observed
that data over a 2-year period showed an incidence of signals with outputs
of 6 and 7 PHA counts, far greater than anticipated from data obtained on
previous space flights. Particles of this energy would normally penetrate
the front film and provide signals at the rear film, but this was not ob-
served. There were numerous events which recorded impacts on two film strips
or collector grid strips, or which recorded two accumulator counts for one
event. These events could not be explained by the normal experiment response
to hypervelocity particles. The average event rate of less than 10 particles
per 3-hour period gave an extremely low probability of two particles being
incident on the sensor at precisely the same time. The inhibit circuit, which
was employed to prevent crosstalk between adjacent sensor elements, prevents
noncoincident events from being recorded in the same time frame. This guar-
antees that PHA and accumulator data can be identified with the correct event.
The majority of the events occurred around sunrise and sunset, but thermally
induced signals were ruled out because the onset of the data occurred up to
60 hours before sunrise, when the experiment was thermally stable. Normal
operation of the experiment was verified by the internal calibration signals,

which were generated automatically every 15.5 hours.
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The preliminary analysis was discussed in detail in a Bendix report,
ASTIR/TM66, prepared 1 August 1975. The electronics analysis using SCEPTRE
showed that for long input pulses to the PHA peak detector the diode in the
forward path continued to conduct and maintain the input to the threshold
detector. This, in turn, allowed the PHA counter to continue incrementing.
In addition, if the pulse length and amplitude were above certain levels, a
condition arose which caused double counting of the film accumulator. The
accumulator increments whenever the PHA threshold detector is triggered.
Double triggering was caused by the combination of pulse length, amplitude,
and the circuit time constants. The circuit was designed for pulses of 2
microseconds maximum length, while the pulses giving the effects discussed
above were over 80 microseconds in length.

To determine the type of signal to be expected from the sensor in res-
ponse to charged particles, a very simple model of the sensor was developed
which treated the sensor planes as solid conducting sheets rather than 95%
transparent grids. The model permitted an increased understanding of the
electrostatic prihciples involved and allowed determination, within an order
of magnitude, of the ranges of particle parameters to which the sensor would
respond.

The simple sensor results showed that the electrostatic forces involved
were significant for particles of masses and charges in a range which could
reasonably be expected to be present on the moon. Also, if the velocities
were below 1 kilometer per second (km/sec), signal pulse lengths and amplitudes
could be obtained from the film which would cause the PHA circuit to give the

observed large values and double accumulator counting.
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Thus, the simple sensor and SCEPTRE analysis showed that LEAM could
respond to slowly moving charged particles and give data outputs similar to
those observed on the moon. The simple model could not give accurate values
for the mass and charge ranges measurable by the experiment because of its
gross simplification of the electric fields. Also, it did not include any
modeling of the film strips adjacent to the one being considered, which meant
that multiple events and inhibits were ignored and PHA signal levels were
generally too small.

To alleviate the 1imitations of the simple sensor and to provide an
electronic model which would provide cost-effective results, a refined sen-
sor model and a simple electronics model were developed. The refined sensor
model included a true representation of the grid structures and the inter-

actions between elements.
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SECTION 3
METHOD OF ANALYSIS

3.1 REVIEW OF LEAM OPERATION
3.1.1 Sensor Operation

The sensor (Figure 3-1) normally operates upon impact of a particle
that causes ionization of film material at the impact site. This ionization
is collected at the film and collector grid. The negative potential of the
film attracts the positive jons while the positive potential of the collector
grid attracts the electrons. These actions cause small current flows in the
film and collector grid circuits, which result in a positive voltage pulse to
the film amplifier and a negative voltage pulse to the collector grid ampli-
fier. The film and collector grid areas are divided into l-inch strips, which
allow for identification of the impact site.

A second film and grid assembly is situated behind the first and sep-
arated from it by 5 centimeters. The operation of this rear assembly fis
similar to that of the front assembly. An analysis of impact locations on
the two films provides an indication of the direction of travel of the particle,
while the time taken to traverse the intervening front and rear film space

provides a measure of particle velocity.

3.1.2 Electronics Operation
The typical dual sensor logic is divided into two sections, the first
rank or measurement section, and the rear rank, or buffer section. The meas-

urement section includes identification pulse storage latches, accumulators,
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PHA conversion counters, and TOF conversion counter. The rear rank is a
parallel-in, serial-out shift register, which shifts data, upon demand, to
the ALSEP central station in predetermined telemetry frames. The shift
register is only cleared when new data are to be transferred into it and
after the old data have been transmitted to ALSEP at Teast once. The new
data are transferred from the front rank storage latches to the shift regis-
ter, provided that the current frame is not one in which data are to be
transferred to ALSEP. If the old data have been transferred to ALSEP once,
the new data are retained in the front rank storage latches, thus allowing
data from two events to be retained. Further hits in rapid succession would
be evidenced by accumulator counts only. The time interval during which
rapidly occurring events, which exceed the storage capability, would be lost
varies between 2 milliseconds and 3 seconds, depending upon the position of
the telemetry sequence in ALSEP. Data have not been observed which approach
this event frequency.

The pertinent circuits for this analysis are those associated with
the front film as shown in Figure 3-2, which shows the elements of one typical
film channel. These are the circuits which were previously referred to as
the front rank or measurement section. There are two distinct signal channels
beyond the film amplifier: (1) the film strip identification channel, or film 1D,
and (2) the pulse height analysis, or PHA channel. Each is discussed separ-

ately.
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3.1.2.1 Film Strip ID Channel

The common film amplifier provides the -3-volt film bias and a non-
inverting gain of 3. The output is applied to the first amplifier of the ID
channel, the PHA amplifier, and the analog inhibit inputs of the three other
film channels.

The ID amplifier provides an inverting gain of 5.25 at its normal
input and a gain of 0.49 at each of three noninverting inputs, which receive
analog inhibit signals from the other film amplifiers. These inhibits cause
the output of the ID amplifier to remain at or above 0 Vdc if one of more of
the other films receive a coincident signal which is approximately 10 times
greater than that on film 1. If film 1 has a signal equal to or greater than
the other films, an output is applied to the threshold detector. The thres-
hold detector is designed to apply a logic "1" to the following NAND gate if
the input signal at the film amplifier exceeds 1 millivolt (mV). The NAND
gate sets the following latch circuit, provided that the ID inhibit signal
from the central electronics is also at logic "1", indicating that no other
front film latch is set. The latch circuit provides the signal to the output,
via a buffer, to indicate which film strip has been impacted.

When the ID latch is set, all the ID signals are inhibited for the
four front film strips, which has the effect of negating crosstalk and makes
the ID channels for the front film unresponsive until the measurement cycle

for this hit is completed.
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The OR function of all the film and collector latches and the micro-
phone sample one-shot signal starts a measurement cycle. If a collector latch
only is set during the 1-millisecond (mgec) measurement period, a normal se-
quence occurs, except that the data transfers and clear are inhibited while
the clear latch signal is generated. Thus, a collector signal alone will not
be presented in the data output nor will existing data be changed.

When the system start occurs, a 1-millisecond gate signal is gen-
erated which has three functions:

1. Provide an enable to the front and rear PHA counters.

2. Provide a synthetic rear film signal to complete the time of

f1fght sequence if the normal signal does not occur within 1
millisecond.

3. Prevent a premature measurement completion signal.

The film count accumulator measures PHA signal threshold crossings,
providing that a film ID latch is set. The ID latches are inhibited for any
further hits during a measurement cycle, but the accumulator circuit may give
evidence of Tlater hits. If a second hit occurs within the PHA pulse of the
first, the PHA is augmented, but no direct evidence of the second hit survives.
If the second hit is delayed sufficiently to create an independent PHA pulse,
but Ties still within the 1-msec measurement gate, it will cause further PHA
counting and one additional increment to the film accumulator. If it occurs
more than 1 msec after the first hit, but before transfer of data into the

shift register, it will cause an increment of the accumulator only.
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3.1.2.2 Film Signal Pulse Height Analysis

The signals from the four film amplifiers are summed by the PHA
amplifier which, together with the film amplifier, gives a gain of -10 from
film strip to PHA amplifier output. This output is passed to the Peak Detec-
tor circuit, which is a high-gain amplifier with a closed-Toop gain of +1.0
for negative signals. The detector charges the capacitor C to the peak of the
input signal. When the input signal is removed, the diode in the forward path
prevents discharge of the capacitor C back through the amplifier.

When transistor TX is on, capacitor C discharges with a time con-
stant that is designed to give a 240-microsec decay time. The voltage across
the capacitor is sensed by the PHA threshold detector, which is a high-gain
operational amplifier. When the voltage across capacitor C is more negative
than -10 mV, the detector output is clamped at -0.6 V, the "0" Tevel for the
logic inverter of the following stage. When the voltage is more positive than
-10 mV, a logic "1" (+2.5 V) is presented to the inverter input.

When the voltage oﬁ capacitor C is below threshold, the logic gates
hold transistor TX on, which causes capacitor C to be in a short time con-
stant mode. When threshold is achieved, transistor TX is turned off via the
logic until the next 25-kHz clock pulse sets the flip-flop. When the f1ip-
flop is set, transistor TX turns on (allowing capacitor C to discharge), the
PHA counter is enabled, and the accumulator is incremented. When the capa-
citor discharges to below threshold level, the threshold detector causes the

flip-flop to be reset and the PHA counter to be disabled. The length of the
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pulse from the flip-flop, and thus the length of time the PHA counter is en-
abled, 1is proportional to the peak of the input pulse. Thus, the count re-
corded by the PHA counter is a measure of the pulse height.

The synchronization of the capacitor discharge with the 25-kHz

clock reduces the quantizing error.

3.2  ANALYSIS OF PULSE HEIGHT ANALYSIS (PHA) CIRCUIT

The description of operation given in Section 3.1 applies to the type of
particle for which the experiment was designed. That is, a noncharged, hyper-
velocity particle which would cause a pulse input to the electronics with the

following characteristics:

Amplitude 1 to 200 mV peak

Rise Time 400 nanoseconds (nsec)
Fall Time 1,000 nsec

Width 600 nsec

The experiment was tested and gqualified for this type of input under all con-
ditions of lunar environment, and thus shown to meet the design requirements.
When considering the effects of charged particles upon the sensor, it
was realized that, for slow particles, current pulses of much greater length
than 2 microsec could be obtained. (The sensor dynamics are discussed in
later sections.) The PHA circuit was then analyzed for the effects of long

input pulses.

3-8



BSR 4234

A qualitative review of the peak detector circuit shows that, for a
short pulse, the capacitor C is charged to the peak of the input signal and
the decay time of the charge on the capacitor is proportional to this peak
value. The time constant in this mode is approximately 45 microsec, which
was chosen to give the maximum count of 7 in 240 microsec. (The PHA output
indicates at least 1 whenever a thresho]dlis achieved.) MWhen a long pulse
occurs, the diode in the forward path is held in a conducting state, even
while capacitor C is being discharged in what is normally called the short
time constant mode. The effect of the conducting diode is that the signal
is maintained at the amplifier output. The result at capacitor C is to
effectively increase the time constant by 200 times, thereby maintaining the
signal above threshold for a much longer time. The longest pulse which will
not change the PHA value is theoretically 80 microsec, but the value depends
upon the time relationship between the start of the pulse and the 25-kHz clock
and could be less than 80 microsec.

In addition to the extended count for long pulses, a condition arises
that causes double accumulator counts. If a pulse of sufficient amplitude
and length occurs, the falling edge of the pulse causes the input to the peak
detector to go hard positive, shutting off the diode. The capacitor C now
discharges normally. The time constants ahead of the peak detector are such
that its input returns to a negative value, which causes the diode to conduct
again. If the capacitor C had previously discharged below threshold and the
signal is Targe enough (negative) to exceed threshold again, an extra accum-

ulator count is made and renewed PHA counting occurs.
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The above analysis indicates that negative pulses can also give PHA
thresholds.
The qualitative analysis was followed by a detailed quantitative anal-

ysis of the electronics and by laboratory tests on the experiment prototype.

3.2.1 Circuit Analysis

The circuit analysis was performed on the typical film channel of
Figure 3-2 (from the film input to the input of the PHA threshold detector).
The emphasis was placed on the peak detector portion of the film channel since
this is the circuit which gives rise to extended counting and multiple accum-
ulator counts. The remainder of the circuitry was simulated by passive net-
works and fixed gain terms.

A detailed simulation was performed using the SCEPTRE* computer pro-
gram to give a thorough understanding of the circuit operation under all con-
ditions. This knowledge was then used to develop a simple model of the cir-
cuits because the SCEPTRE program used an excessive amount of computer time
for this component configuration. This long run time would make the task very
expensive for the multiple computations we planned over the ranges of mass,

charge, and velocity applicable to the problem.

3.2.1.1 SCEPTRE Simulation

The simulation program, SCEPTRE, was developed by IBM for the Air
Force Weapons Laboratory at Kirtland Air Force Base, New Mexico. The pro-
gram calculates initial conditions, and transient and steady-state responses

for large networks.

*Bowers, J.C. and Sedore, S.R., "SCEPTRE: A Computer Program for Circuit and
System Analysis," Prentice-Hall, Inc. 1971.
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The film and PHA amplifiers were simulated by a simple gain term
and the transistor TX was assumed to be in the fully conducting state, i.e.,
ON; thus, the flip-flop and logic control of transistor TX were not simulated.
The Tinear transistors were simulated in the nonlinear regions with the best
data available. The peak detector circuit is shown in Figure 3-3.

A typical output from a run is shown in Figure 3-4. The output is
the voltage across capacitor C, shown as positive because of the sign conven-
tion used in the simulation. The output is observed to return negative at
700 microsec, but on this occasion the amplitude was insufficient to cause
further PHA or accumulator counting.

A summary of the data obtained from several simulations is shown
in Table 3-1. Al1 runs were made for 1l-msec duration, which is the measure-
ment sample time. The times quoted are the length of time the output pulse
remained above 9 mV, which is the threshold level at the following detector
circuit. The data show that PHA levels of 7 can be achieved with inputs of
30 mV and the multiple pulses do occur.

The simulation program provides information on all the intermediate
points within the circuit. This information was used to identify critical
components and, thus, enable us to devise a simple model of the circuits.

Computations were made on identical data inputs, using both SCEPTRE

and the simple model to verify the Tatter's validity.
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Input
Amplitude

50-microsec Pulse

50 mV
100
150

100-microsec Pulse
50 mV
100

150

200-microsec Pulse
50 mV
300-microsec Pulse

10 mV
20
30

40

50

BSR 4234

Table 3-1

SCEPTRE Program Results

Output Pulse

Length (microsec)

184
211
234

213
243

260

248

189.9
219.6
235.0

245.6

254.03

Comments

No subsequent pulses - Al1 normal

No subsequent pulse

Returned above 9 mV at 730 microsec
until 890 microsec

Returned above 9 mV at 670 microsec
until 1.01 msec

Returned above 9 mV -at 720 microsec

Returned above 9 mV at == 780
microsec

Returned above 9 mV at =760
microsec

Returned above 9 mV at =746
microsec

A1l longer than normal



BSR 4234

3.2.1.2 Simplified Peak Detector Model

Analyzing the data from the SCEPTRE program identified the impor-
tance of the various components within the peak detector, thus allowing us
to eliminate many of them without affecting the veracity of the result.

The obvious simplifications are to neglect the tran§istor internal
capacitances as they are small and the associated time constants have no
effect on the result. Next, the coupling capacitors in the forward and feed-
back paths are found to have no effect on the length of time the output re-
mains above threshold or on the cause of the double accumulator counts.

When the input signal is negative, the circuit behaves as a simple
amplifier with a gain of 1. When the signal is positive-going, the diode
ceases to conduct, allowing capacitor C to discharge. Once the diode ceases
to conduct, the feedback loop opens and a Targe back bias is applied due to
the high open loop gain. The diode will not conduct again until a forward
bias is applied from the combined effects of the capacitor discharge and
input level. 1In the simplified model, Figure 3-5, the diode is replaced by
a switch, which opens whenever the input increases positively faster than the
rate at which the voltage across R12 increases. The rate of rise of the
voltage across R12 is calculated for the switch-open conditions. (The switch
closes when a forward bias is achieved.)

The input to the peak detector is an emitter follower with a paral-
lel capacitor across its load. The effect of the capacitor is to restrict
the rate at which the emitter can rise towards the +5-volt supply line. Con-

sequently, the input transistor cuts off if this input signal rises positively
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faster than the emitter load can follow. The emitter follower just described
is replaced by a switch whose condition depends upon the direction and rate of
change of the input signal.

The loading of the emitter follower upon the coupling circuit be-
tween the PHA amplifier and the peak detector is small, so the coupling cir-
cuit is treated as an independent element. The signal source VS2 for the
peak detector is then the output of the coupling circuit. Similarly, the film
amplifier loading of the coupling circuit between itself and the film is small,
allowing these components to be treated independently. The signal source VSI
is -10 times the voltage across resistor R32 because the film and PHA ampli-
fiers, together, give an inverting gain of 10.

The simple model, Figure 3-5, is thus comprised of a unity gain
amplifier, two voltage sources, two switches, and 12 passive components. The
model has four possible operating conditions:

1. Switches A and B closed.

2. Switch A opén, switch B closed.

3. Switch A closed, switch B open.

4. Switches A and B open.

The input signal from the film is divided into many elemental ramp
functions with known initial value, slope, and time duration. The response
of the model to such a ramp is calculated (for all four conditions) using
Laplace transform techniques. The correct response to be applied for any
particular ramp element is determined by first deducing the state of switches

A and B at the end of the time interval. For example, if the switches are
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initially closed and a particular ramp input would cause switch B to be open
at the end of this time interval, the true signal values at the various points
in the model are calculated using the condition 3 equations. The time incre-
ments are chosen to be small enough that the errors incurred due to opening
switch B slightly early are negligible.

A further complication of the model is that, for large signals, one
or all of the film, PHA, or peak detector amplifiers can saturate. This con-
dition is accounted for using the ramp technique, where the relevant amplifier

output is treated as a ramp with zero slope.

3.2.1.3 Complete Film Channel Model

The remainder of the film channel of Figure 3-2 was modeled to
simulate the correct LEAM response to the sensor signals.

The film and collector grid ID model accounts for the analog inhibit
signals from the three sensor elements, at either the film or collector grid,
respectively, which are not impacted by the particle. A charged particle,
unlike an uncharged meteorite particle, can induce signals in adjacent sensor
elements. This affects the charge/velocity characteristics of the particle
required to achieve threshold, because the inhibit signal from one element
effectively reduces the signal from an adjacent element. 1In addition, the
timing of the element IDs relative to one another and between films and
collector grids is modeled. The inhibit signals prevent multiple film IDs
unless they occur within approximately 0.2 microsec of one another. This

1imitation also applies to the collector grids. When a film or collector
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grid ID is received, the system starts a measurement sequence with the setting
of a bracket one-shot which lasts for 1 msec. If a collector signal starts
the sequence, a film ID must be receijved within this 1-msec period or no data
transfer takes place. A film ID alone can cause the system to operate through
its full measurement sequence.

When a film ID is indicated, the four film signals are summed and
applied to the peak detector model. The output is recorded for PHA count and
accumulator count. The accumulator counts PHA threshold crossings. The PHA
count is limited to 7 in the LEAM, but in the model it is allowed to reach its
full value of 26 if a lTong enough pulse occurs. This is done to obtain more

information about the response.

3.2.2 Laboratory Tests

Measurements were made using the Prototype LEAM Experiment, the experi-
ment test set, a variable pulse width generator, and a storage oscilloscope.
The LEAM center support structure was removed from the outer housing and ther-
mal bag, and the east sensor was removed from the center support structure.
This dismantling was required to allow access to the microphone board upon
which the PHA circuitry resides. The sensor circuitry was now without shield-
ing, which meant that it was very susceptible to noise, making other than
qualitative measurements difficult.

Pulse inputs were injected via the test set calibration adapter box,
with the input pulse amplitude being measured directly on the film input test

point.
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Measurements were made on the A film channels 1 and 2, which gave

identical results as follows:

Input Output
Pulse
Width Pulse
(micro- Amp1litude
seconds) (millivolts)
2 4.5 PHA of 1 registered on test set lamps.
6.5 PHA of 2 registered on test set lamps.

28 At capacitor C: -250 mV peak pulse; rise
time 1 microsec; fall time
to -10 mV, 120 microsec.

At flip-flop output: 4.5-volt logic pulse
120-microsec width.
100 30 First noticeable change at flip-flop output.
300 30 Qutput at flip-flop; logic pulse greater than
200-microsec width, starting at threshold
crossing. Second pulse at 950 microsec from
threshold, greater than 20-microsec width.
Occassional multiple pulses occurred around
950 microsec from threshold.
-100 PHA threshold.
- 28 PHA threshold.
50 * 5 PHA threshold.
200 -1.5 PHA threshold.

In summary, the laboratory tests showed that long pulses give large
PHA counts with the actual value depending upon pulse amplitude and duration.
Multiple pulses can occur, which add to the PHA count if they occur during
the 1-msec sample period, and increment the film hit accumulator, giving the
appearance of multiple film hits. These tests also confirmed that negative

pulses at the film input can give PHA and accumulator outputs.
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3.3 REFINED SENSOR MODEL

A previous report, ASTIR/TM66, detailed the analysis which led to a
simple model of the sensor. This simple model verified that the sensor can
give valid responses to charged particles with certain mass, charge, and
velocity characteristics. The model has severa] limitations which made it
difficult or, in some cases, impossible to accurately predict the response
to certain particle types, and also gave undetermined inaccuracies in the

results.

3.3.1 Simple Model and Its Limitations

The simple model was based on an analysis that considered the grids
and film to be infinite plane conducting sheets. This was modified at the
grids by applying a simple cosine function to the forces on the particle to
allow the force to go to zero in the grid planes.

The Timitations of the simple model were:

1. Solid electrodes were used instead of grids with 95% transpar-
ency. Thus, the grid signals and forces due to induced charges
were overestimated.

2. There was no interaction accounted for between the suppressor/
collector space and the film/collector space. Thus, the film
could not see the particle until it passed the collector grid.

3. Induced charges were calculated by assuming the 1-inch by 4-

inch strips were circles of equivalent area.

3-21



BSR 4234

4. Only one film strip and collector grid strip were considered,
whereas a particle will induce charges in all film strips and
collector grid strips. This prevents considerations of multiple
element events at the film or collector grids and gives inaccurate
values for particle characteristics which can cause PHA thres-
holds.

e The analysis only considered particle positions between the sup-
pressor grid and film, with no account being taken of the forces
on the particle outside the sensor. Thus, all calculations
assume a particle emerging from the suppressor grid, on the
film side, with a certain velocity. The true sensor measurement
range is not calculated, as the suppressor, due to its potential,
will accelerate positive particles and decelerate negative parti-

cles, while the image forces accelerate all particles.

To overcome the limitations of the simple model and thus obtain a more

complete and accurate result, a different approach was utilized to refine the

model.

3.3.2 Refined Model

The sensor is composed of three parallel planes, termed the film, col-
lector grid, and suppressor grid. The film and collector grid planes are each
divided into four 1-in. by 4-in. strips and each strip is composed of four 1-in.
by 1-in. squares. Thus, each plane has 16 1-in. by 1-in. segments. The sup-
pressor grid is formed by one plane divided into a similar set of 16 segments.

One of the 1-in. by 1-in. square sections is shown in Figure 3-6.
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The problem resolves itself into two areas, namely the charges induced
in the sensor and the potential at the particle. The change in the induced
charge as the particle position changes gives a measure of the current into the
sensor electronics, while the difference in potential between successive parti-
cle positions gives a measure of the work done by the particle and, hence,
enables calculation of the velocity profile along the path.

The charges on the sensor elements arise from two sources, the charges
due to the applied potentials and the charges due to the particle. Both distri-
butions are required to determine the potential at the particle, while only the
latter is required to determine the current flow due to particle movements.

The potential at the particle is thus seen to be from two sources, the applied
potential charge and its own induced charge. This latter effect is similar to
the image effects used on the simple model.

The task of modeling the sensor was complicated by several factors.

The major problem was contaihing the model within a size that could be handled
by the computer. The job is equivalent to solving nearly 8,000 simultaneous
equations. It rapidly became obvious that a compromise had to be reached
between accuracy and the number of elements into which the sensor films and
grids could be divided. A secondary problem associated with the number of
elements is that of devising a satisfactory bookkeeping scheme for keeping
track of which element is influencing which. This task also is affected
strongly by programming limitations of array dimension sizes and allowable

DO loop nesting. The final model has 7,360 elements which between them have
over 27 million interactions. Considerable effort was expended in accommo-

dating these interactions within 132,701 influence coefficients. The use of
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this reduced number of coefficients required careful bookkeeping and the
formulation of generalized equations that expressed the relationships of the
elements to the coefficients.

The coefficients could not all be retained in memory at the same time,
so they were calculated and retained on magnetic tape and called upon when
required. The most efficient method for operating the sensor model would be
to have all the coefficients available at once, but as this was not possible,
a compromise of using two sets of coefficients at a time was used to speed up
the iterative process. The two largest coefficients take up 130,000 bytes of
core.

The sensor physical shape precludes its being easily divided into uni-
formly sized elements. Allied to this is the task of calculating the inter-
actions between the various elements. As the configurations and shapes are
not found in standard text books, all the interactions for the potentials pro-
duced at one element by a charge on another were calculated from elementary
electrostatic principles.

The film and grids are divided into 7,360 uniformly charged elements,
which are 0.125 in. on a side. The charge distributions due to the particle
and the applied potentials are calculated separately and superposed.

In either case, the charge on an element is adjusted so that the total
potential, caused by its own charge and that due to all other element charges
and the particle if considered, is equal to to the applied potential. The
charge adjustment is made iteratively by changing the charge on each element
to the newly determined value at each iteration. The applied potentials are

set to zero for calculations of the charge due to the particle.
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The iterations are continued until the changes in charge distribution
at each step are less than a specified value, i.e., the calculation has con-
verged to within an acceptable tolerance of the final value.

A1l calculations and results are in terms of a unit coulomb charge
on the particle. The potential of each element due to all other elements of
the sensor is calculated using a set of stored "influence coefficients."

These coefficients are the values of potential at an element due to a unit
charge at another element. To save computer time, they were calculated once
using first principles of electrostatics and stored for future use. A similar
set of coefficients is calculated for each particle position, but they are
determined in real time for each new particle path.

A computer program was prepared to perform these calculations. Several
options are made available which are selected by input variables or cards.

The basic calculations are: (1) to calculate the charge distributions due to
the applied potentials and store them on tape; these distributions are fixed
and used often; (2) to calculate the charge distribution due to the particle;
and (3) to calculate the potential at the particle due to (a) the applied
potential charge distribution and (b) the particle image charge distribution.
Items 2 and 3 are repeated for each position of the particle. The charges on
each film strip and collector grid strip are summed to give the total charge
on each element at each step. The data relative to a particular particle

path are stored on tape for future use.
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3.4  SYSTEM MODEL
To determine the response of the LEAM to a charged particle, the data
obtained from the sensor model are used as an input to the electronics model.
The sensor model output is the characteristics of a particular path through
the sensor calculated using a particle of unit charge. The system model
uses these data in conjunction with the parameters for the particular parti-
cle in question to derive the actual response to that particle. Thus, the
profile of the current flow in each film and collector grid strip is deter-
mined versus time. The profile is then applied to the electronic model as
discrete ramp inputs for each time interval.
A program was prepared to accomplish this which performs the following
tasks:
1. Reads input cards to determine which of the following options to
perform:
a. Selection of sensor, up, east or west and particle path.
b. Normal or shielded film on east sensor.
c. Positively or negatively charged particles.
d. Preselected or random mass and charge values.
e. Number of particles.
f. Particle velocities.
g. Whether output is to be plotted and, if so, the dimensions
of the axes.

h. How many of the data points to list on output.
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If a plot is desired, the plot program data are generated.

If -random particle characteristics are desired, a random number
generator is employed to derive mass and charge values.

Data relevant to selected particle path read from tape.
Calculates work done on particle between successive steps and
calculates velocity at each step.

Calculates currents in films and collector grids from rate of
change of charge.

Determines if film and collector grid IDs occur.

Calculates input signal to PHA circuit.

If a film ID occurs, the electronics model subroutine is called

to calculate PHA and accumulator response to the signal calculated

in step 8.
Results are listed or plotted as selected by input cards. A1l

results are stored by sensor on tape for future analysis.

Thus, a single particle path can be analyzed for either positively or

and can either plot or list the resulting selection.

negatively charged particles at any number of velocities, charges, and masses.
The stored data for any sensor and any path can then be analyzed by a second

program, which is designed to select the particles by type of event or velocity

can be selected, either singly or in combination, are coincidence, noncoinci-
dence, multiple accumulator, multiple film or collector grid adjacent or non-

adjacent, on any of the sensors or shielded film.
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The orientations of the film and collector grid strips within the
LEAM experiment are identified in Figure 3-7. This information is supplied

so that the analysis data can be readily compared with the Tunar data.
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SECTION 4
RESULTS AND IMPLICATIONS OF ANALYSIS

4.1  RESULTS

An accurate simplified representation of the electronics has been ach-
jeved in a computer model. This model simulates the inhibit circuits in addi-
tion to the PHA thréshold circuit analyzed previously.

When the simplified electronics model was completed, it was checked
out with the simple sensor model. This combined model gave useful results
because it could be used with the random number generator to generate numer-
ous particles with differing mass and charge values and calculate the result-
ing responses very quickly compared with the SCEPTRE program.

The plots resulting from these runs are shown in Figures 4-1, 4-2, and
4-3. The PHA values and double accumulator events appear in bands which
differ in shape, depending upon the velocity of the particles. The separa-
tion of events into those with and without double accumulator counts will
permit a broad classification of the particles observed on the moon.

The intent with the refined sensor model was that at least one particle
path would be calculated and analyzed by the end of the contract period end-
ing on 31 July 1976.

We have achieved the following towards this goal. A program to calcu-
late the influence coefficients for the interactions between the 8512 sensor
elements was prepared, debugged, and 132,701 coefficients committed to

magnetic tape storage. The sensor program that utilizes these coefficients
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has been written, debugged, and operated. The main part of this program is
the iterative loop, which adjusts the element charges to the values needed to

give the required potentials both in the case of the applied potential distri-
bution and the distribution due to a particle. Several problems were encoun-
tered in the implementation of this iterative loop:

1. The most efficient method of implementation involves holding the
132,701 coefficients in core while performing the iterations, but
this takes 530,804 bytes of memory, which is virtually the entire
capability of the computer. Thus, a method was devised which re-

quired repeatedly reading the coefficients from tape in blocks.

2. The calculation of the potential contributions at each element
due to all the other elements is the most time-consuming portion
of the iterative loop. The initial implementation of this part
took almost 30 minutes per iteration to run. Considerable effort
was expended in reducing the running time until we achieved the
present time of approximately 17 minutes, which was done by stream-
1ining each of the 15 subsections of this part and then combining
them where possible. The number of elements was reduced from 8,512
to the present number of 7,360 by considering the tops and under-
sides of the grids as single elements. This potentially impairs
accuracy, but the difference is insignificant in our model. Finally,
the whole part was formulated as a subroutine and compiled using

the FORTRAN H compiler.
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The present prob1em is ensuring rapid convergence of the iterative
loop. When originally formulated, the loop was conditionally stable,
depending upon the magnitude of the changes made in the elemental
charges at each step. When stable, the convergence was extremely
slow because of the small sjze of the changes in charge which were
permissible. Although time consuming, the present program will

provide the required data.

The remaining tasks to achieve the one particle path for one sensor,

once convergence 1is achieved, are:

14

3
4.

To perform one run of the program to determine the charge distri-
bution due to the applied potentials.

To perform 10 runs of the program to determine the distributions
due to the particle. It is assumed that 10 data points will be
sufficient to allow a good interpolation for the intermediate data
points.

To perform interpolation to obtain all other required data.

To run sensor and electronics model program.

4.2 IMPLICATIONS OF ANALYSIS

The analysis as performed to date indicates that nearly all types of

events observed on LEAM can be explained and that classification by event type

will allow more accurate identification of particle mass, charge, and velocity

characteristics.
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The hypotheses explaining the events are described below. When the
model is made fully operational, the hypotheses will be verified.

The coincident film and collector grid events were shown by the simple
model to be obtained by a positive particle, between the collector grid and
film, traveling toward the film.

Noncoincident events can be achieved by a positive particle with a com-
bination of mass, charge, and velocity that provides sufficient signal at the
film but not at the collector grid. The collector grid is less sensitive to
charged particles. Noncoincidence at the collector grid cannot be observed
because the experiment requires a film ID to allow completion of a measure-
ment sequence.

Multiple accumulator events have been observed with the simple model
and are caused by the electronics response to long duration input signals.

Multiple adjacent film events are caused by a positive particle having
a combination of mass, charge, and velocity that give a sufficiently large
signal to achieve threshold on two or more films at once. The same mechanism
would be expected to result in multiple collector grid events, but conceivably
it could give only a single one if the signal level were in the right range.

Multiple nonadjacent film events are of the type where films 1 and 3
recorded an ID threshold but film 2 did not. This phenomenon can be ex-
plained by a negatively charged particle traveling toward the film strip
that does not record an ID threshold, e.g., film 2. It will be remembered
that the film circuit requires a positive current to produce an ID, which,

in the case of a positive particle, was achieved by an induced negative
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charge in the film. This charge was produced by a flow of electrons

to the film, equivalent to a positive conventional current flow into

the amplifier. In the case of a negative particle, a positive induced

charge occurs in the film and, thus, a negative current flows to the ampli-
fier. This current will not produce an ID, as observed by film 2. Consider
now films 1 and 3. If the particle has appropriate charge and velocity
characteristics, it will induce sizable positive charges and, thus, negative
current flows in them also. As the particle approaches the plane of the film,
its influence on films 1 and 3 will decrease, falling eventually to zero at
the film. Note that this is not the case with film 2 whose charge increases
until impact. Thus, the charges at films 1 and 3 reach a peak positive value
somewhere before the film and then decrease to zero at impact. When the
charge starts to fall to zero, there is an electron flow to the film to re-
place the positive charge; this flow is again the positive conventional cur-
rent flow into the amplifier. Therefore, if the magnitudes are correct, suf-
ficient current can flow to produce an ID in films 1 and 3.

Shielded film events are explained by the fact that the thin dielectric
virtually has no effect on the particle induced charge in the film except to
restrict the approach of the particle to it. Thus, the induced signals will
be identical to the unshielded films for particles in similar positions.

The following observed cases in the lunar data are less easy to explain

and require assumptions which cannot yet be proven:
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1. Multiple film, nonadjacent, events with no collector ID.
2. Multiple collector, adjacent and nonadjacent, with single film
1D.

3. Multiple film and multiple collector, both nonadjacent.

Analyzing these cases requires further knowledge of the effects of the particle
on the film when it is in electrode spaces other than the collector grid/film
space. If the particle can truly induce a signal of threshold amplitude in the
film when it is in these areas, then the remaining cases can probably be ex-
plained.

The detailed study of the sensor and electronics has led to a better
overall understanding of the instrument responses and has indicated areas that
affect the LEAM data but which must be left to future analysis.

Our analysis considers only particles traveling perpendicularly to the
film. Obviously, particles are 1ikely to be traveling in all directions.
Particles traveling at the speeds considered here would probably describe
curved paths in the proximity of the sensor elements, and this has not been
considered. The implication is that particles, outside the field of view for
hypervelocity particles, could be electrostatically deflected into the instru-

ment if they have appropriate energy and charge characteristics.

The verification that the LEAM experiment is measuring charged dust
particles as well as hypervelocity cosmic dust particles could lead to an
understanding of phenomena observed by astronauts and other experimenters.
Observations in this category include several instances of solar light scatter-
ing over the terminator regions reported by the Apollo crews in lunar orbit,

4-9



BSR 4234

transient Tlunar events being investigated by experimenters on a worldwide
basis, and indications at the Apollo 17 site that a substantial amount of

Tunar surface material has been added over the past 1 to 2 million years.*

*
Abstracts of Papers Submitted to the Seventh Lunar Science Conference,
March 15-19, 1976.
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SECTION 5
CONCLUSIONS AND RECOMMENDATIONS

There are several conclusions which can be drawn from instrument
analysis alone, without reference to the lunar data.

The sensor definitely responds to charged particles that have certain
ranges of mass, charge, and velocity. The physical dimensions and applied
potentials of the sensor are such that charged particles incident upon it are
affected dynamically and some particle selection takes place. Charged parti-
cles can be attracted into the sensor, thereby increasing its effective field
of view. In theory, negative particles will cause sensor responses.

The electronics does not differentiate between signals from hypervelocity
particles and charged particles, but the circuits are sensitive to pulse shape.
The pulses from hypervelocity particles, for which the experiment was designed,
are well defined, both from theory and gun measurements. They are known to be
of short duration, whereas the sensor analysis has shown that long pulses,
several hundred microseconds in length, can be produced. The electronics
analysis has shown that several characteristic responses to long pulses can
explain certain peculiarities in the LEAM lunar data, namely large PHA counts
and double accumulator counts. Negative pulses will also give PHA thresholds.

When comparisons are made between the analyses and the lunar data, it
can be concluded that different particle types are producing the observed
events. Some of the events are probably due to particles within a small por-
tion of the total response range, while some are certainly produced by negative

particles.
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The overall conclusion is that the combined theoretical analysis of the
electronics and sensor together with the Principal Investigator's analysis of
LEAM Tunar data can provide a comprehensive picture of the dust environment
at the lunar surface. Therefore, it is recommended that the sensor analysis
be completed in order to allow a thorough analysis and understanding of the
LEAM lunar data. The achievements to be expected from further study are:

1. Total ranges of mass, charge, and velocity of particles being

measured by the LEAM instrument.

2. Characterization of particles producing unique events, thus sub-

dividing total measurement range into identifiable segments.

3. Correlation of particle types identified in 1 and 2 with Tunar

cycles and temporal effects.

4. Knowledge gained above will allow refinement of hypotheses on dust

sources and transport.

5. Application of results to analysis of other lunar surface phen-

omena observed by astronauts and other experimenters.

6. Application of results to Pioneer experiment data, allowing addi-

tional information to be obtained on deep space particles.

In accordance with NASA policy, the LEAM experiment data and sdpporting
documentation will be archived to make it available for future use by investi-
gators anywhere in the world. This report and the results of the Qualification
model tests constitute essential supporting documentation invaluable to future
users of the LEAM experiment data. The bulk of the experiment data is incom-

prehensible without a detailed knowledge of its response to charged particles.
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Thus, without this knowledge, the data cannot be applied to investigations
of other lunar surface phenomena. Future users of the data could apply the
results herein to a continued analysis resulting in a comprehensive calibra-
tion of the instrument, which would include particles incident anywhere on
all three sensors.

A more practical and cost-effective approach would be to require the
Principal Investigator and the Bendix Project Engineer for the LEAM experi-
ment to continue the analysis using the extensive knowledge and understanding
which they have acquired over the past three years. The result would be a
set of data and documentation with far greater application to other areas of

scientific research into Tunar phenomena than is presently practicable.
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APPENDIX A
COMPUTER PROGRAM- DESCRIPTIONS

The computer programs required for a complete theoretical analysis of
the LEAM experiment are described in the following sections. Flow charts
and listings are included for information purposes.

The programs complement each other to achieve the final results. The
numbers given are from the program numbering system for computer data sets,
used by the Bendix Corporation Data Center.

Program P5072CHG computes the path data using subroutines PLEINF and
POTCON. The outputs, which are stored on tape, are utilized by P5072SGF to
determine the experiment response to particular particles. The subroutine
used is LES, which itself uses subroutines COND1, COND2, COND3, and CVOLT.
Finally, the PHA and accumulator count data for the various particles are
analyzed or sorted by P5072INT.

A1l programs were written in FORTRAN IV for the IBM-370 system. The

plotting routines are those used by the Cal Comp plotting system.

A.1 PROGRAM P5072CHG TO DETERMINE SENSOR CHARACTERISTICS TO CHARGED
PARTICLES

A.1.1  Summary
The program calculates
1. Charge distribution on the film, collector grid, and suppressor
grid due to (a) applied potentials and (b) charged particle.
These distributions are calculated separately and the one for

applied potentials is committed to tape for future use. Those
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due to the particle are calculated for particle positions,
which are selected by input card.

2. Total charges on each film and grid strip for each particle posi-
tion. Thus, knowing the particle speed, the current in the film
and collector grid circuits may be determined. (This calculation
is performed in program P5072SGF).

3. Potential at the particle due to both the applied potentials and
the particle image charge. This allows calculation of the work

done on the particle along the path.

The program stores position, potentials, and charges on tape so that all param-

eters for one path are stored for future use.

A.1.2 Description

The calculations center upon determining the charge distributions on
the films, collector grids, and suppressor grid. The distributions on one
grid are affected by the distributions on all other films and grids and vice
versa. Thus, to determine the actual distribution is an iterative process
which adjusts the individual charge distributions until the calculated poten-
tial at any element, grid or film matches the applied potentials. When the
charge distribution due to the particle is determined, the applied potentials
are set to zero.

The films and grids are divided into uniformly charged square elements
of 3.175 x 103 meter on a side. The total number of elements used is 7,360.

The interactions between elements are determined in a subroutine POTCON using
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influence coefficients, which have been previously calculated and stored on
tape. An influence coefficient is the value of potential at one element due
to a unit charge at another element.

The resulting charge distribution is used in two ways. The first sums
the elemental charges on each film and collector grid to give the total charge
on the respective sensor element at that time. This is done in the particle
case only and gives the charge due to the particle at each chosen position
relative to the sensor. The rate of change of charge, caused by particle move-
ment, determines the sensor output current. The second use for the charge
distributions is to calculate the potential at the particle caused by both the
applied potential charge distribution and the distribution due to the particle
itself. The latter gives rise to the method of images used for calculations
involving infinite planes. The change in potential along the path through the
sensor determines the work done on the particle and thus the change in its
energy.

The program has two basic modes of operation:

1. To calculate the charge distribution due to the applied potentials

and commit the values to tape.

2. To calculate the required parameters of potential at the particle

and total charge on each film and collector grid strip, for each

selected particle position.

Other operational options, which are variations and combinations of

the above two modes, are available and will be discussed later.



BSR 4234

A.1.2.1 Mode 1

The mode is selected by guide parameter G1 = 1 on the second input
card, and guide parameter G2 is set to zero. The initial elemental charges
are set to half the values estimated for uniformly charged surfaces at the
potentials of the film, collector grid, and suppressor, and the elemental
potentials are set to zero. Next, the elemental potentials due to all other
charges are calculated using the initial charge values and the influence co-
efficients, which are read from tape. The difference between the potential at
an element and the applied potential is due to the element's own charge and
form factor. The charge, thus calculated, is compared with the original charge
to determine the charge value for the next iteration.

The comparison includes a check to ensure that the calculated value
does not Tie outside the 1imits prescribed on an input card. If it is outside
the 1imits, the elemental values are scaled to give the Timit value for the total
charge. The charge value for the next iteration is determined by taking a frac-
tion of the difference between the calculated and original values and adding
it to the original value. The fraction is selected on the input card, together
with the number of iterations allowed and the maximum percentage difference
desired between successive charge values on any element. The maximum percen-
tage difference determines the accuracy of the resulting distribution.

When the program transfers out of the loop, the calculated charge
distributions are recorded on tape for future use. The transfer occurs when
eifher the iterations allowed are completed or the desired accuracy is

achieved.
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A.1.2.2 Mode 2

This mode is selected by guide parameters Gl and G2 being set to
3.0 and 1.0, respectively.

In this mode, the first step is to calculate the influence co-
efficients between the particle and the elements of the films and grids and
vice versa. These coefficients, designated P--Q, are the values of potential
at an element for a unit charge at the particle and vice versa. The coef-
ficients are calculated for every particle position that is selected by an
input card. Subroutine PLEINF is used in the calculation. The charges on
the films and grids and the potential at the particle are calculated as
follows,

1. The charge distribution due to the particle is calculated
iteratively in an identical manner to that for the applied
potentials, except that the applied potentials are set to
zero and the initial element potentials are set to the values
attributable to the particle (the values of the influence
coefficients, P--Q). The potential contributions at each
element due to all other elements are accumulated with the
P--Q value to give the total potential at each element. This
value is compared with the applied potential (now zero) as
before, and the new elemental charge is determined using the
same factor. The same criteria are applied as in Mode 1 to

determine when sufficient iterations have been performed.
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2. The potential at the particle due to the applied potentials is
computed from the influence coefficients (P--Q) and the charge
distribution stored on tape in Mode 1.

3. The potential at the particle due to the charge it induces in
the films and grids is computed from the influence coefficients
(P--Q) and the charge distribution calculated for the particle
alone.

4. The total charge on each film and collector grid strip is cal-
culated by summing the respective elemental charges for each
strip.

When all the potentials and charges have been computed for a parti-
cular position, the values are committed to tape as part of a data set which
is compiled for each path through the sensor.

The program then reads the next input card for a new particle posi-
tion. At each position, the program automatically alternates between the
loop that reads the applied potential charges from tape and the loop that

iterates to a new charge distribution due to the particle charge.

A.1.2.3 Other Options
Options are selected by input parameters Gl and G2:
1. When G1 = 2.0, the pfogram calculates the potential at points
selected by input cards, in addition to computing and commit-
ting to tape the charge values of Mode 1.
2. When G1 = 3.0, the program calculates the potentials of the

previous option using the charge values recorded on the tape.
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37 When G1 = 5.0, the charge values recorded on tape in Mode 1
are read in and used as the initial values for the first step
of the iteration loop. This allows further refinement of the
charge values without repeating the previous steps.

4. When G2 = 1.0 and G1 = 0.0, the potentials at the particle
due to the particle induced charges and the total film and
collector grid strip charges due to the particle are calculated.
The potential due to the applied potentials is not calculated.
This mode has limited use on its own and, if called for, should
have a dummy card for the JCL card defining FT25F001 to preQent

erroneous data being stored on a data tape.

A.1.2.4 P5072SIC Program to Calculate Influence Coefficients

The program to calculate the influence coefficients P5072SIC is used
once, and the results are stored on magnetic tape. This program calculates
the coefficients from first principles, based on the physical geometry of the
elements. The interactions occur many times due to the repetitive nature of
the physical geometry, but any particular interaction is calculated only once.
Each interaction is referenced by an index number so that the correct coef-
ficient can be recalled from tape in program P5072CHG. This program, P5072SIC,
determines the correct index number for the particular coordinates of the

elements under consideration, then calculates the coefficient using subroutine

INFLCF.
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Al1 coefficients are stored on tape VOL SER NOS T53344 using the
following data set names:

ASD.PO67. CFWW

A CFMSFW
CFTUFW
CFEDGW
CFPFIW
CFFMFM
CFTUFM
CFEDFM
CFISFM
CFTUTU
CFISIS
CFEDED
CFEDIS

| CFEDTU
ASD.PO67. CFTUIS

A JCL card is required for each data set.

A.1.3 Method of Use

Four input cards are required if full use of the program is to be
made, including calculations involving particle position. This applies to
every condition of Gl and G2 except G1 = 1.0 and G2 = 0.0. In this instance,
the fourth card may be omitted.

Card 1 controls the iterative process of determining the charge distri-
butions.

The inputs required, all format code F7.4, are:
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Columns 1-7; FACTOR, which determines the fraction of old and new charge

values which are to be used for the value in the next iteration.

Columns 8-14; PERCEN, specifies the maximum percentage difference between

new and old charge values required before exiting the iteration

loop.

Columns 9-21; CYCLES, specifies the maximum number of iterative cycles

Gl

]

G1

G1

un

G2

G2

I

Note:

allowed before exiting the Toop.
Card 2 defines the guide numbers Gl and G2 (Format, 2F3.1).

0.0 Does nothing with regard to applied potentials.

1.0 Charges due to applied potentials are computed and written to tape.

2.0 Same as Gl = 1.0 and also computes the potential at specified point(s)
from card 4.

3.0 Reads charge distribution due to applied potentials from tape and
computes the potential at specified point(s) from card 4.

5.0 Refines charges due to applied potentials. (From Tape).

0.0 Does nothing with regard to particle.

1.0 Computes charge distribution due to particle. Computes image
potential at position of particle and total charges on grid and
film strips due to particle.

If G1 = 2.0 or 3.0 and/or G2 = 1.0, cards giving XP, YP and ZP must be

present, where XP, YP and ZP are the coordinates of the particle rela-

tive to the center of the film.
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Card 3 defines the maximum and minimum charge values for each sensor plane
during the iteration process. These values 1imit the excursions of
the charge values to prevent divergence. (Format 6E11.4).

Card 4 defines the particle path position, the distance of the particle from
the film and the total number of points (NPTS) to be calculated (par-
ticle positions). ZP is the distance of the particle from the film
in meters. XP and YP are the distances from the center of the film

plane, in meters, as shown below,

AC1 : ACZ T ACE T ALY p
AF1 | ; I
1 | F
| | |
l |
AF2 | | :
| XP
I i . ]
: J'YP |
AF3 | | !
| | '
| [ I
[ | I
AF4 | | I
| | ]

A card of this type is required for every particle position or position
for which potential due to applied potentials is required. (Format
3E11.4, I3). XP and YP must have the same respective values on each

card for each path, i.e., on a particular path only ZP changes.

Tapes are required for storage of the charges due to applied potentials

and for the path data which includes potentials and total charges.
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If the charge distribution due to applied charges is held on tape
and further refinement of the values is desired, i.e., a smaller value of
PERCEN, then G1 should be given the value of 5.0. The existing values will
be read from tape and further iterations performed until the new accuracy is
achieved.

Some WRITE statements, that are not shown on the flow chart which
follows, are included for diagnostic purposes. These print out some of the
terminal point numbers so that the position in the program can be determined
and also the potential and charge of selected elements in each plane are

printed prior to executing terminal points 3508 or 3509.

A.1.4 Flow Charts and Program Listings

A flow chart of the program is given in Figure A-1.

Program listings for P5072CHG, P5072SIC, and subroutines POTCON, PLEINF,
and INFLCF follow on pages A-13 through A-53.
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Figure A-1 P5072CHG Program Calculates Charge Distributions in Films and Grids
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P5072CHG

CARDCSY GIVING YALUES OF Gl & G2 MUST ALMAYS BE FRESENT

/
Gi=8. 8 DOES NOTHIMG WITH REGARD TO AFFLIED FOTENTIALS
Gi=1.® CHARGES [UE TO APFLIED FPOTEMTIALS COMFUTED AMD WRITTEMN TO TAFE
Gl==2 & SAME HS Gi=1. & & ALSO COMPUTES POTEMTIAL AT SFECIFIED FOINTO(S2
G1=Z 8 READS CHARGE DISTRIBUTIONM DUE TO AFFLIED FOTEMTIRLS FROM TAFE AND

COMPUTES FOTENTIAL AT SFECIFIED POIMTOS)

G1=5 & REFIMHES CHAREGES DUE TO AFFLIED POTEWMTIALS, FROM TAFE 2
GZ=8. & DOES MNOTHIMG WITH REGARD TO PARTICLE
Ge=1. 8 COMRUTEZS CHARGE DISTRIBUTION DUE TQ PARTICLE. . COMPUTES IMAGE

FOTEMTIAL AT FOSITIOM OF FARTICLE. COMFUTES TOTAL CHARGES ON
GRID AFD FILM STRIPS DUE TO PARTICLE

HOTE 1# Gil=Z 8 0OR 2 8 ANDCSOR GE=1. @ CARDS GIVIMG HP.YP RHD ZF MUST EBE
FRESEMT

HOTE CARDS GIVING WALUES OF FACTOR. FERCEN AMD CYCLES MUST ALEAYS EE
FRESEMT
IH THE FOLLOWING ARRAYS THE FREFIA G THDRICATES THE TOTAL CHARGE OM AN
ELEMEMT, THE FREFIX F THE TOTAL. POTEWTIAL AT AM ELEMENT DUE TO ALL OTHER
CHARGEZ AMD THE FREFIM F WITH SUFFIX @ THE FPOTEMTIAL AT AN ELEMENT DUE TO
THE CHARRGE OM THE FARTICLE ALOHE. THE P-—-& HUMEBERS ARE ALS0 THE IMFLUEHCE
COEFFICIEMTS FOR THE EFFECT OF THE ELEMENT CHRREGES UFON THE FOTEMTIAL
AT THE PRARTIGLE
LTMERSTON PG

Zaehs by To 80, PTURCE 20 4 4 B0, PEDACE, 20 40 4, 2, 80

DIMEMNSION PIS L :JE G 8
LIME [ CHGOZED, ALECX —JHIN'L 2
DIMERSZION ELARNECED

TP GFMSC, 4, 20 20, PFMZ04, 4. 50 80
COrMMon Pz 2echy dy Fodn, GMOZ: 20 4y 4
COpton GEDRCE, 2 <4 4, 20 80, PED =P
CoTMPIon GTUCE: 20 dy s 2080, PTL e #hy by 2
O GISiB;ﬂ;#.gahJJFI:f’ o da 2a 20

DATA BLAME S S, &8s

THE REOVE 15 ARRAYS EREGUIRE 2553& WORDS <1 E. 182144 EYTES)

Z0ER TO Z5L4 PROVIDE EOUTIMG THEQUGH THE PEOGREAM BLOCES

FERD T AFACTOR, FERCEM, CYCLLES

FIORMAT S 40

HMRITE AAFACTOR, FERCER. CYCLES "

FRACTOR = “,F7. 4. FERCEWM = “:F7. 4, ¢ CYCLES = “,Fv. 42
t&FFthH

MEL GE

FERCER:-
FER G

MREITE &
FORMAT
EEADCS,
FORMAT®
PIETTE:

..4,
st OO [ DN T O
GRS K

oo T SER TRMTH = L BRI 4 S
IFCGE. BT, @ DaLTH
L o 2 B h1 [ TR W [
JUMP: -8

T MU=

TFCGEL BT, 4260 TO 356
TFCGL, LT L 5 AN, GE LT, B 5WE0 TO 356
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BEZ2 READCD, 2562, EMD=32514)2xF, ¥YP. 2P, HFTS
AR FORMATCZELL. 4, 130
WRITECE, 88E2 5P, YP. ZP
gaEz2 FORMATISH. “#5P, YF, ZF = 7, ZCE1L. 4. 3X))
IFCIHUM. GT. 12G0O TO G999
MRITEC(ZSXKP. ¥F. HPTS, BLANK
THUM=THLUM+1
GO TO 5953
Cc COMFUTES POTENTIALS/IMNFL. COEFFS DUE TO FPARTICLE AMDRETURHES TO =5ad
1 WHRITE<E, 88830
X FORMAT (S, “Z584 3
IFCGL. LT, 2 5. OR. LIME. EQ, 13G0 TO 26123 M
IFCIUMP. EGL 4260 TO 2&5E
RERDC S0 GH. GTLL GED. GIS, GFMS
REWMIMND =
JUMF=1
IFCGL, GT. 4060 TO 25685
GO TO zR5a
GOES TO 2E1% ZOROS ALL CHARGES & RETURMS TO X56S OR GOES TO 2658 &
COMEUTES FOTEWNTIAL AT PARTICLE FOSITIOM RETURMHING TO =514
Z0ETS COUMT=@. &
HWREITE e, SEEg s
SaEd FORMAT (DM, 35857
E0Es IFCLINE. ER 1260 TO 2586
Vi=-?. @
Va=24, 8
VE=-Z. 8
GO TO 1538
I0EE Vda=0a
W=, B
WE=E, |
GO T 26d&

o0t

=
oV}
el F

o0

G GOES TG 1%99 & SETS P—- TO ZERG: OR GOES TO 2&Eia & SETS P—— = P—=0G IN BOTH
C CASES RETURHING TO Z5a7
Z0E7 HRITECS. 23850
SEEn FORMAT S, 25877 )

TFCCOUMT: LT, & 5. ANG. LIHE. EC. 4260 TO 4932

GO T ddm3
C GOES TO ITEEATION BLOCE BUT BYPASSES COMPUTATIOM OF FOTEMTIAL
C CONTRIBUTIONS DUE T0 ELEMENTS OHM FIRST PR3 RETURMZ TO i FOR FUFTHFP
C ITERATION uF TO ZRAS WHEN ITEREATTON COMPLETEDR. ALL. CHARGES KOl COMPUTELR
Z5E2 MRITE s, SE650
Saas FORMATC ESH b

=9
IFCGL. GT. 4260 TO 2854
IFaGl GT. 2 5 0OR. LIME, EQ. 45G0 TO =518
SRS HElTEuﬁhuH,GTU.GED,GIS;GFHS
REEMIHD =
TECGL, GT. 2G0T Z5:
IFCGA, LT, L. 5 ANk G2,

<}
LT. & SHGEn TO ZEld

JiUrF=4
EEAE GO TO 2E5E i
G COMFUTES FHTFNTIHL AT PARTICLE: EETUENING TO 2514
E011 TFRCLLIME. EQL @200 To Z515

FrRE:=5L0

LT PAR
B TPAR = 7, B4, 40

1] FHFHHIt
lrunn&.
GO T 2
c IUHI—-HH- IHHI-I-|E-"~- (M rHM FHE GELD STEOF ARD BETUENS T 2512
3 ) A T HF e ML PGS, RCSE, B
T s 4)3#4HJ“MWIQ [ AR
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WRITE<Z25>2F. AFF. PAR.: ACL. ACE, ACE. ACY, AFL, AFZ, AFZ, AFY
2012 IFCLINE. ER. & ANMD. G2 GT. 8. GHl=1

IFCLIME. EGL 4, AMD. GL. GT. 4. Sil=a

IFCLTME. EL 4. AMD. GL. LT, 1. Soi=1

IFLLIME. EGL B AMD. G2, LT, 8. 5oL=8

LINE=L el

IFCEL. GT. 4. SaGl== @

IFCLINE. EQ. 4. AMG. GL, GT. 2. S0G0 7O Z5a4d

G0 TO =582

Al ol )
gl ]

G THIS BELOCK =ETS ALL FOTEMTIAL COMNTRIBUTIONS FROM ELEMEMTS TO ZERO
1933 DO 2867 E=1. 4 :

DO Zeaae L=1.d

DO 2EES M=1. 58

D 2eEd H=1, 2

FFMZCE. s Me Wa=@, 8
IFeM. 5T, *3ﬁu Tu =
L 2EEZE I o
IF.H uT s UP H.GT.E)GU T ZEER
3 I L,n.u;=@.a
Az J=1. &
IF . |'IT 2ME0 TO rl””
FTUCT . Je Ky bos Pl MG
2084 IFCI, GT, 2260 To 2
Pl T Jo ke, B W=
IFCH. GT. &XG0O TO 2amz
FELCY JoBo Lot M=, @
A COMTIHUE
A OHTINLE
B ZOWNT THUE
S COMTIMUIE
T TIUE

T
= o

s

T RETE ALL ELEMENT CHARGESZ TO ZEED

2R TP
TFCLIME. EfL G3G0 To
IF&IHUH_GT.n.f: T 3

SR

BEME CE,
TFCH. 6T,
IF G, GT.

Low M Be=FYLM
rﬁn b

hth‘.ug- RPN E
Pt P N O I A CTA T
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2624 CONTIMUE
2825 COMTIMUE
2iz2e CONTIMUE
2627 COMTIMUE
GO TO Z5a5S
THIS BLOCK SETS FOTL., CONTRIBJTIONS P-— EQUAL TO CORRESFONLIMG F—-—C

on

2edl6 DO 2als K=1.4

DO 217 L=1.4

DO 26ie M=1,58

DO 2615 H=1, 2

FEMECK, Ly M MI=FFMSCE, L P W2 .

IFCHM. GT. 72G0 TR 2815

DO 2614 I=1.Z

IFCH. GT. 2. OR, M. GT. 2>G0 TO 2014,

FISCT, KoL M Hx=PISRCI. Ky L M M2
Zedd DO zZElz J=1. 2

IFoM. GT. 2260 TO 2812

FTUWCT, Ja B Lo My M=PTIRC T Je K L Mo M2
ZE12 IFCI. GT. 2360 To 2813

FRCT o B e P Mo =FRhime I, Ja By Lo M M 4

IFeM, GT, 2360 TO 2813

FERCT, Jo EL L, ML HO=FEDRGC T, Jo Es Ly M WD
Za1E COWMTINUE
2814 CONTIMUE
2adlS COMTINUE
2E1E CONTIMHUE
2817V COMTIMUE
2818 CORTIMUE

GO TO Z5a7

THI=Z ELOCE COMPUTES POTEMTIAL AT FPARTICLE

—
|

2E58 SLM=6. &
[a) b
] S bt

L+ FFMSGCE L M MaGEIS R L [ W
IFCH, 5T, Vo) TO 2855
DO FEDd T==a, &
IFCM. GT. 2 0
SLIF =S+
SRS D0 2REE J=1. 2
IFCH, GT. 22G0) T 2E53
SUM=SLA+PTUGC T Jo B Lo o MaseGTINC T, Jo Ky L Fa M2
26852 IFCI. GT. 2 TN 2E5SE
SLIPA=SLIM R FRE T T boe Lo Mo BsGE6 T 00 K L Bl M2
IFCH, GT. 2G0TI 2053
SN =SUMFEDE T Y0 b Les My WoeeGEDRC T Jo B L 1M, MO
F COHTTIHUE ;
COMTIMLUE
COMTIMLUE
S COMTIHUE
D7 CONTIMUE
" COMHT THLUE
L T I e o

S : Tl
Yo Koo b M HasnGIEC T, B s B MWD

15

THIS BLOCE COMPUTES CHRRGES O GRID AMD FILM STRIFS

(5]
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AF4=a. 8
DO 2165 Kl=1.4
LD 2464 M=1, 8
DO 216832 N=1, &
AFA=ARF1+GFMSCKL, 4. M, M)
AFZ=AFZ+5FM=CKEL, 2, M. N>
AFZ=AF Z+GFMS <k L, 2. ML MO
AFd=AF4+GFMS kL, <. M. M2
IFCM. GT. 72G0 TO 248z
IFCM. GT. 2. OF. M. GT. 2260 TO 2161
AFA=AF1+GIS<Z, KL, 1. M. H>
AFZ=AF2+GI5< 3, KL, 20 Ms WY
AFZ=AFZ+GISCE KL = My M2
AFS=AF4+GISC3E, KL, 4, M. N2
ACL=ACL+GISC 2 4. KL, M. M2
ACZ=ACZ+GISCE, 2 KL Mo N>
A=RACEHETES 02 F KLy My M)
ACE=ACA+GEISCZ 4, KL Ms N
2184 IFCH. GT. 22G0 T 2162
AFL=AF1+GETUCE, 4. KL Lo My Wa+GTUCE, 2.4, KL, M. N2
AFZ=AFZ+GTUCZ, L Bl 20 Me MA+GETLIEE, EJ_;PIaH M
AFZ=AFZ+GETICZE, Lo BL. 20 My Ha+GTUCES 20 20 KL Ma M2
AFG=AF4+GTUCZ, 4. KL 4, M N2+GTUCE 209 Bl Mo N2
ACA=ACA+GETLUCE, 4, 4o ELs Mo Ha+GTLICE2, KL, 4. M. M2
ACZ=ACZ+GTUICE 1. 26 s M WNA+GTI 2, 4 PR O O
RCE=ACE+RGTUCE L o Bl My B HGTUCE, 2a Kls 20 P M
ACd=ACG+GETIICZ Lo s Bl M MRGETLCE 20 KL &0 My NY
? ACA=ACL+GMCZ. 1, 1; Plos Mo M3+ GHMOZ, 20 EL: 1, M. N
HL/ H|J+uHC§,1 s M NaG a2, 0 kL, 20 Me M
bl 7 ﬂ'kd Pl WG & KLy 20 My WY
ACeb==H{0 e+ Gl S s ebe B My MO +GHC 2 20 KL e Mo M2
IFCH. GT. 2>»G0 To 213
CA+GEDCZ, 1. 1. EL: M. MY+GEDCZ. 2.
i e A2 Bl My HA+GERCE, R
L o Lo EElLLs My MA+GEED M W
RICe=H ~1+rnt-r1fc_. dads Ko Mo Ma+GEDCZ, 2, }[_ -4 M, M
248% CONTIMLUE
216 CONTINUE
AT COWTINLUE
GoTO = =
4455 CHLL PO ITI“ﬂH

==

r
=
15
(8]

1JHJN)

COMFUTE CHARGE OM EACH ELEMENT DUE TO AFFLIEDR POTEMTIAL ARDFOTEMT IAL
COMTRIBUTIONS FROM ALL OTHER ELEMENTS AME FARTICLE, MOTE THRT IF FRRTICLE
IS PREEZENT THEM ALL AFFLIED FOTEHMTIALS AREE ZERD.

CF )

(0 DN SFFEMS CRL Lo Bl WY el LLESEF-1.2

IFCH. BT TR0 TO 2585

l f_. !.ti

DG =204 T=d E

IFCI, EQ 2ol el

TFCT, REL aheslds

TFCH, GT. & OR. W GT. 2260 TO 2544
Hﬁ(l:+u“—?1;n1‘h.L.H.H)}*ﬂ.?iii?SBE—iﬁ

CHGE T e FHH'I‘+'V~F1ULI o B L M WD 23, 9REZIRZE-1E
ol IFCT, GT. 22G0 TO 251z

CHRCT p=CHGE T 4+ O =PRC T, Jo B Lo Ma N 246, S440147E-13%

IF.H.GT.ﬂJhﬂ TO 54,3
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.,

CHGC I 2=CHGID+CNV-FEDL L, J, Ki Lo Mo M2 @1, 413V1EEE-13
COMNTIMUE

COMT IMUE

COMTIMUE

COMTIMUE

COMTIMNUE

COMTINUE

DO 25z8 I=1,2

SCALECI»=1. @

IFCCHGCI Y. GT. BMAXC T 2 35CALECT »=0MAMCT 3 ACHGE T 2
IFCCHGET >, LT, BPINCT S 2SCALEC I v=BMINCI 3 ACHGCT )
COMTIMUE

2513
2514
2915

2515
2517
2ole

(N
C START WIRES
C

CRIT=6. &
.__l |1

DO SEED
IFCTI. EfL

D0 GEEd

o T T

O SE

DO SEEd Me=d, ¥

L0 SR@E MN=1, 8

TEI-iF*J," CV—PRICT, T KL Ly Ma M @

TEMFI=TEMF1+3CRLECT Y

TEMFZ=TEMPL+FACTOR+GIC I, J, Ko L Mo M2 {d-FARACTOR

TEMF ERCEM+GMG T Jo B Los Mo M2

TEMF EMPAL-GIC T, T, f.. s P M

TEMPZ=AERSCTEMPE

TEMPS=ARSCTEMFG »

IFCTEMPY. GT, TEMPZHCRIT=1. 60

I=1.2
ZaN=Na
Ty &
k=1, ¢
L.=1. -'-1‘

Fid

S148147E-132

GHe T, Tk

s My H3=TEMEZ

SEAE
TR
S

CORNTIMUE
COMT IMLE
CONT THUE
CORT THLE

DEEE
] COMT THILIE
A 8

s
)
=

EME MIEES. STARET GRID ERGES

) Crea

I'I|l...l' 1, L
[ S Iv:l- =
IF‘ . EC

DO B
o
[0
11,
[N
TEMF

W=FED L, Jo Bl

TEMFL=TEMF1+SCALECT 2

TEMFZ=TEMF1L#FRCTOR+GEDRC Ty T Ko L Mo No# A -FRCTOR
FEFPERCEM®GEDC T, T, KL s 1. M2

AL (PN PR o M R

FMe M2 246, 413FIZZ2E-132

u[—,.lu 1. T l., H M= HIH—:
CORTTHUE
VT T L
CORT TR
CAOT VR
SETE ORI LRI
TR I T T T T
i e L L B O W

EE
Sy
b1 [0 B
ST

L T 1 R L W T R
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DO 5617 1=
IFCI. EGL 20 P
IF(I.ED.<>“—V¢

DO SE1E J=d, 2

DO SA1S K=1,4

DO S5E1d L=1. 4

DO 5612 M=1.2

00 SE12 H=1. 3
TEMFA=CW=FTILICT, T, K, L Ma MO
TEMPL=TEMFA+SCARLECT 2
TEMPZ=TEMFL+FACTOR+GTL I,
TENFJ”FE.UEN*DTU(I.J,L;L

TEMF4=TEMPL-GTUCT, J. K, Lo M.

TEMFZEZ=RABSZCTEMFES
TEMF4=REZ CTEMP4 2
IFCTEMPY. GT. TEMPZ2CRIT=1.
GTU T, Jo K Ls Fle H2=TEMFZ

SELE CORTTMNLE

DEALE CORT THLE

Sl COMNT IHUE

: COT THLIE

w COMNTIMUE
SELY COMTITHUE

el B e

Ill

TEMF = (-
TEM = TEHEL:

L M M
R
e TS T
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R, BEZIIARE-1S
Je B L M MWL -FRCTOR

e By
M2

£l

EMD MATH GREILSFILM T & L START IMTERSECTION SOURRES

6. TLIIFISE=1E

oo los Pl Bk ~FRCTOR D

IFVTFHF4 GT TFHF BCRIT=1. B

GIZCT. B L Pl M2=TEMRFZ
S COHTTHUE
COT YL
O T LI
B CACT T
A CUHTIHUE

E EMiy THTERSFCTION SOUIARES

TF'|"'1F':I . |'[— Pk

o b PR W B
3 |

B

TEMP = TEMRLF AT ORA GRS ).,
e S B 1 T S P ) PO

TEFE S FERL
TEME4 TFPIF =08 150k L b b
TEFE G AES L TER

TF b FRE TR R
TECTERPG, G, VM a0 T T

START FILM MATH SRIRRES

A EEE -

Lo Bl M ) = ROCTOR S
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s FORMAT:

BSR 4234

GFM= R, Lo ML H2=TEMF2

COMT IMUE

COMNTIMUE

COMTINUE

CONT IMUE

WREITECS, S1aEs (PISCI, 2, 2. 2, 20, GISCL. 202, 2, 23, I—i =)
FORMATCZCSH, “PIS = 7L E14, 4. 54, 7GTE = 7L, E11. 4/52
MRITE{F-Sj@J)fFTURI Sa R 202280, GTUCT, 20 20 2, 2,80, I=1. 35
FORMAT < TFTU = <, Bl 4 S, TGTU = 7, ELL 4500
HREITECE, 7_12'\' FEDCT. 2, 20 20 2, 820, GEDRGCT, 20 36 20 32820, I=1, 22
FORMAT TRED = CLELL & SE. TGEDC = 7L ELL 94700
MEITECS EACFMC T, 2. 2 20 T E‘.'- GHET, 2, 2032, Fa 80, I=4, 20

: “SELL 4.5 TGH = L ELL 40
AL IPFMSC 2. 2oy A0, GFMS - A"
SEEMS = L Bl 4, S, CGEP

MWRITECE
FORMAT C50

i = B B P

EMD FILM FIRIM SAURRES

COMPUTATION OF HEM CHARGE DISTRIBUTION COMPLETELD

IF CRIT IS WOT ZERD THEW CHAMGE OF CHARGE OM AT LERST OME ELEMEMT
ESCEEREDR SFECIFIED FERCEMTAGES. IF CRIT IS5 ZERO THEW ITERATIOH HAS
FEARCHEDR REQUIRED ACCLURERCY

COUMT=C0UH T+,
TECCOUNT, LT, CYCLES-8. 4. AHD. CRIT. GT. A 5xG0 TO 3502

COMDITIONAL BRETUREM TO STRET OF ITEERTIOH FROCEZS

MHEH ITERATION COMPLETEDR AMDSOE PERMITTEDR WUMEER DOF CHYCLES REACHEDR
COMPUTE POTERTIAL AT RIS
AHD PRETICLE IMAGE CHARGES
GO T Z0Es

COMFUTE POTEMTIAL AT ELEMERTS DUE TO OME COULOME BT FRETICLE

START PARTICLE OM WIRES

-6, BHaFIad

e 63, |"1H‘1]5“?;'i

e il O R N W

FGs T, J. kL I.."H.' ERES AN

1 COMT IRIE
A DONT TR

CoRINT TR

PO T MLE

IR R Y

SO TR

ERD FARTICILE OM WIRES

START FARTTCLE OM GRID ELGES
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DO £B1S5 I=1.2
IFCI. EQ. 22Z2=ZF-0. B857564
DD e61d J=1, 2
DO EELE K=1, 4
DO ERlZ L=1.4
DO ed1d pM=1. 2
DO e@dl@ H=1, 8
IFCT. EQn 23G0 TO 062
A=6. &
B=@ Bazly
AsE, BZ5 ""L*i'-""i-k:'. HeSdai—a, 1114255
el BRSZ1sl 4R QLT REN-6, BEVEZLE-YP
GO TO e@E3
EREES A=, GaELTE5
B=0. &
A=8, B2221+l +60, BAZ1T7VEHN-8. BE7EIZ-KP
Y@, A2z« +a, G2 l4*”"ﬁ 111 3.25-YF
CARI.L FLEIMFOA, 1"; Z+ A B. POTL?
FPEDGCT, Js B Ly M “)"’FUTL
ElCOMNT THUE
COMTIMLUE
2 COMTIMLUE
E CONTIMLE
4 CONTIHUE
D OCONTIMUE

M
i)
=
w

AR
=
N

Ty T @ Ty D
o R e IR o R

A IOy B

ENR» PARTICLE OM GRID EDGES

START PRRTICLE OM MAIM GRIDSFILM T & W

OO0

2=2F-0, ARITAHZS
r”:‘ 15 I 1.2
IFCT, EfL 23E=2F-8, BRa7hed
i o0 o =ZF
[
[0
[t
[0
(RIN}
If— ,

k=1 ‘1-
L=1, ¢

=155 RO W HLl. Fi. t" IHF'
FTUECT, X, B L.J-
P CONT THUE
A CONT IRLUE
CORNT THLUIE
ST Y HLE
CCT T L
CT 1 LE

B EME FRARTICLE OM FIATH GEIDSFIL T & U

[

I START FARTICLE O GRIDSEILEF INTERSECTION SRUARES
Aol S R 1S R Y e

{1 R
TECY., B

bt B e
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IFCT

DO &

DO &

Lo els

DO eazd MN=1, 2

A=@. BEl19as

_E—B BE1205
=0 AZR21+E+0, AZTEASHM-0. 1133525-¥F

Y=g, G221l +0, u T ERDHMH-E, 1138525 -YF

CALLL. PLEINF C. %, 20 A. B POTL.

FISHCT. K. Le M H2=POTL

COHTIMLIE

COHT TRHLE

COMTIMUE

T COMTIMUE

= COMTIMUE

EMD PRRTICLE ON GRIDGFILM IHTERSECTION SQURRES

g ]

STHPT FRETICLE W FILM MAIM SOUARES ELEMEMTS

-y

Pra—

A FEHM -0,

B, A+, P o=,
CALL. PLETMF S, Yo 20 Ay B POTLS
FEMSRK, L M, Ha=POTL

2% CONTTHUE

COMT T HUE

4 O THUE

ZOUONT THUE

& Fll PHETTCLE ON FILEF MAIN SOUERES ELEMEMTS

¥ HiLL FOTEMTIALS T TO CHARGE OR FRARTICLE COMPLETED. HOTE THET PR PEDQ.
o FTLG FTE0 & PRS0 ARE ALSD THE THFLLIE L GOEFFLGIENTS FOE COMELT ING
& FOTERTIRL AT PARTICLE DUF TO CHARGE DIETEIBUTION OM ELFECTROES

GOOTO ZE6
Fhld DOHTIMUE
Foll
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SUEROUTIME
DIMENSION
DIMEMSION
DIMEMSIOMN
DIMEHSION
COMMON
COMMOH
COMMDN
COMTN
COMMOM
ECLIVAILLEMC
21, CFHSFIY

ICFEDGMCL,

STRET INTE

RERDCZRICF

0O dedis LL=
DO 4ad? HH=1.

IMPL=Z+LL+

OO gad4s M=

BSR 4234

FOTCOM

CRHMMC2ETE2, CFMSFHCS194 3, CFTUFNC21ZE4 ), CFEDGHCLRESZ »
CFPFIMCAEITED, CFFMFMC 2035, CFTUFMCSSE4 ), CFEDFM{S9ZEE)
CFISFMCa4a82, CFTUTUCLESSS y, CFISISCanS»: CFEDEDCT4ZED
CFEDISCELIZESy, CREDTUCASSLE Y, CFTUIS 246442

GFM=Cd, 4, & 20, PFMSC4, 4, & 20

F'“"- ‘-_‘.' 4.' 4.0 i 8.—:{3“'\.&; 2.- s ?.- E:)

GEDCZ: 2, 4.4, 2, 80, PEDCZ, 2, 4, 4, 2, B2

GTUCE, Zod, 4 20 80, PTUCE, 20 4, 4, 2,82

GIS(E a4, 2, 20 FPISCE 4,4, 2, 22 .
ECCRTURM A s CRTUTWC L) CRTUFMC L CFRPFIMC L, CRUMCLY, CFISIS
CAN, CFFMFMCL >, CFISFMCL s, CFEDLIS Ly, CREDTUCL 2, CFTUIS L2, @
CFEDFMOL s, CREDED LY S

RSECTION SQUARES OM INTERZECTION SQUARES

IS1%
1.4

ma

4
:]. *

A

DO 9545 Ek=1.4

IMP2=Rsk K+

00 4843 kK=

THEE=THE A+ 3

THDE=T AR
IO 2= I PFL

HD4+
141
A1
e+
THsE= TN+
[0 dadil I1=
TEWFLZ=H 8
[ dedi I=
IFCT. EGL 11
IFL<1. EG.
THxL- &
GO T0 deEs
Tl =1

IFCT+11. BR

IFY T+f1 FL'. jat

AR COMT THUE

FISCT L, KE,

2 I P O L2
2 O Y ML

CONT THLE
GO T HOE
COT THUE
LTI MHUE
AT T RUIE
0T THUE

EMe THTERS

tr

INDE=M-IMPZ

A,

1.4

T

Bz TMOed+
BSCITMDet+2
THEE
I N[‘

=1,

1. =
260 TO 42327
OR. II. B Z0G0 TO 4538

S THDENL 2T EC T B Lo Fle 20+ CF TSYE0 THLE

S ETEC Ly K

Lo B NEED =P DR C T s R Loy ML MM TEPIFCLE

SECTION SRUARES OM ITHTERSECTION SClfmss
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STARRET KIRES OM WIRES

REWIND 2&
RERD L& CFIM
DD 4518 HM=1. 2
0O 4515 LL=1,4

L IHDA=15%L L +MHN

TEMFS=14«LL+HN-8. T
L0 4514 M=, 7
LD 4512 EkE=1, 4
THD2Z =1 kK 4+ M
TEMPE= 14»KL+HM+B.5
HDIﬁiPU 5
A
4 S|
HOLDd=G6, &
TEMFPAT=IHDZ- TEMF’
DO 4512 MH=1. &
ITHDZE=H—-THDL
TEMF7=H-TEMF&
OO 4511 L=1, 4
THDZE=THDZ+1S
IMDG=de+ IABSC IMNDED+L
TEMFY=TEMF7+14
TEMP1=ABSCTEMFT »+8
I”Dr*IHT(1EMFIJ+4
[0 dEds Me=1, 7
TtCoed == TR 2
Ly SiEes =1, 4
THDd = TR+ E
THDESMI=IHES C ITMO 2+ THES
TFHP =THDS+TERMFLY +h
sHBESCTEMFS -6, 2
HIHTCTEMFE
~-IHU?+IHH8

(]
<
=
= E

lll I"'l
=]

L s+ TEMPEZ
ERTEMP2

c : 5 = TENP &1
HHlf o} = HHL(44iFIH-4+iPIW +TER | EMF i+1klﬂ 1€ TEMFEL+TEMFAZSTENP2S

BOCOMTIMUE

0T DL
CONT LHUE

& CONT THLE

o ERG Ll PIFL WD =P,

bl Ll M MM =PI Lo EEL L, MPL W2 +HOLDE
LR Lo M MY =P, 2 ca Lol PP B 2+ HTL L
LR s P MR =F R SR Ll PIFL BRI+ HO et

Lo BEL Ll MM NS +HOLDL
kb

CORT IHLIE
CORT LHLUE
CAOHT THILE
CUT THLE

MIFES O WIRES FINISHED

START FILM PETH SOUARRE O MIRES ARD VITCE YEREZR
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REMIND 16
RERDCLL YCFMEFR
DO 4A5Z1 MH=1.8&
DO 4526 Li=1,4
IMDE=15%L L+HH
DO 4522 MH=1.
DO 4528 KK=1, 4
TEMFi=14+EE+MM+&. 5
DO 4527 JJI=1, 2
TEMPL2=GM 0L, T3, b LLe P MRS
TEMFLd=GHMCE JTT Kk Ll Mt B S
TEMFLZE "'l?l i
TEMP1E=2E, @
i S i S Fl" 2060 TO 4521
TEMFa4==TEMF1
DO 4526 K=1.4
TEMF4=14+TEMF4
DO 45159 M=1, &
TEMFZ2=TEMPD+M
TEMFZ=AESCTEMNFE 2 +6, ¥
e INTCTEMPR S

- = IMDe=
F'H qiads =1,
ITHD R THRE+LS

MSF 1.
=~ TEMPLZE+GFM o Lo s MasTEMPZR

TEHPLc=TkHF1r+hFHM- s o M HaxsTEMFS

FEMSCRES L Mo Ma=FFMSOES L M Ha+TEMFEZ«TEMPLZ+TEMPS+TEMF 14
COMTIMUE
COMTITHUE
COHTIHLE
O TR
GO0 T G453
FEHF1~—TFHFJ

Ti

oo P P ERIFE

EE L oo Lo M PR EN

b L| fl r-l s=iPFRSOR, Le M MAS+TEMPS
THLIE
CORT I HIUE
COMT THUE

#TEMFLE+TEMP S TEPIFL

OO THUE

2 PR

S EES Ll M WRS =PRI TT EEL Ll ML M2+ TEMPAZ
X B Llew MM MM Pl s T2 L Ll PIRL BB+ TEMPLE

Fldo

N THLIE

SE LT LML
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COMT IHUE
COMT IHUE
COMTIMUE
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SRR
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EMD FILM MAIM SEUARES OM WIRES AWD WICE VERSA

START GRIDCFILM MAIM T & U OM WIRES AMD VYICE VERSA

START FLRATE ELGES OM WIEES AMD WICE VERSH

REMIMNEG: 141
READCLZDCFTURR
EEWIMD 42
FERDCLE Y CFEDGH
FEWIHD 1%

Ll 4548 MH=1. &

L0 4547 Ll=1, 4
THDL==1. 5L L+

TEMF L= L&l L+E2mpb-7 0

Gldeds 1. KR Ly PP Bk
O o Lo O P
Ao ERS Ll BT T
P A L I o PO

1. &

4 Wed, 8

TR
TEMPEHE, P23

1
A4
m+d

TEIEE
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TEMPZS=CFEDLGH{ INDE S »

TEMFEE=GEDCL, 1. &, L, M, K2

TEMPZAL=GED<{1, 2. LJL,H,N*

TEMFZ2=GED =, 1, K. L, ML M

TEMPEZ=GED 2, 2. K. Ly Mo NY -

HObd = Huf1+TENP“FvTEnF«u+TFnF3?+TEHP“1+TFMP?3*TENF7*+TENP3QwTEMPJ3
HOD2=HOD2+TEME Z5+ TEMPE L+ TEMR T4 TEMP 2O+ TEMF IS+ TEMP 2 I+ TEMPZ S+ TEMRE2
HODE=HODZ+TEMPZE+TEMPZZ+TEMPET+TEMPEE+TEMFZS+TEMPZE+TEMFZS+TEMPEL
HODG=HOD4+TEMF Z2a+TEMPEZ+TEMPEV 4 TENFEZ+TEMPZS+TEMPZA+TEMPZ2+ TEMFZG
FEMDCAL: Ao o La My Ma=FETCL, 4o K Lo Mo H2+TEMPEZETEMFLE+HTEMF EE#TEMPL4+TEMF
2?ﬂiTFMFl‘+TFHF29+TENqu

FEDG L, 2 o Lo ML Ma=PERCL 2 B L Mo Ha+TEMFEZExTEMFLG4+TEMFETHTEMPLZ+TEMP
53b*TEHF1j+TEHF:9+TENP1t

PEDCE, 4 B Lo Me Ha=PEDRCZ A0 Ko L M ND+TEMPEESTEMPLE+TEMFET+TEMPL24TEMP
4EZE+TEMPLZ+TEMPZ2+TEMFLS

FEDC2, 20 Ke Lo Mo H2=FEDCZ, 20 K L Mo Mo+ TEMPZE+TEMPAS+TEMPZV+TEMFLE+TEMF
SEE*TEMPL4+TEMPZI+TEMFAZ

Lo 45Z9 I=1. 3

IFCI. ERL 2260 T Yada

IFCI. ER Z2G0 TO 7R2ZH

GO TO FPEzEGE
Ir-l[ E& l =T M 1+ Shahe

=)
)
=
&

7D

w2 ] T :
= CETURM IND
L=CFTURI Iur

-—Lﬂl.l' L;};L H M
‘“'L:TL“_I. o bl Lo Mo M

! -TF_I"‘IF"_‘I_2+TEI‘1F‘11-';'11+=TEE'1F".§_‘2+TEPIF'ii*TENF'EE
TEMF J. =TEMP1 G+ TEMPLE+TENF

+TEMFLL+TEMF
TEMFLE=TEMP1E+TEMFZE+TEM +TEMPZL+TEMP

TEMFAF=TEMPA7T+TEMPEE+TEMFEE+TEMPZ1+TEMF2E
FTILE T A ke s PLHa=FTC T Ay By Lo M MO+ TEMPLG+TEMFL Z+TEMPL L+ TEMFL4+ TEMF
2ERFTEMFALS+TEMFZA+TEMPLS
FTUL Y, L.H.HJ“FTUuI,m.h;LJMJH»+1EHFii*lEHF1;+TEH?1B*TEMF14+TEMF
ZEAATEMFLE+TEMFZG+TEMPLS
4532 CONTIMLUE
. ST ITHILE
A CONT T HUE
A S I'HI THILIE

PR I R P 1 It ol U WO
I S 1 O R R o L D o8

Ll P P e Pl

O I S | 1 S o

[T P e B = I o T
Loles PP BIP 3 + TEFIF LS4+ I
Ll UL B 2R T EPIF LS
o B Ll PIFL MM+ TERF L - H O

4545 tnuf]HHF
454 COMTIMHUE
454 7T CONTIMUE
d8dE COMNTTHUE

EHD GEYDCSFILM T & U OM MIRES AMD YICE YWERSA

s O o T Y

EMD FLATE EDGES OM WIRES AMD WICE YERSA

STHRET FLATESFILM IHTERSECTION OM WIRES AND YICEYERSH

A W

REFD CLADCFRF L
Lo A 50T MM, &
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DO 4574 Ll=1,4
TEMF1= 1E*LL+5+HH—?.S

DO 457 MM=1.

DO 4572 KK=1, 4
TEMFZ=144EK+24MH—5. 5
TEMPLA =GR L Lo KR LL MRL HHY
TEMPALZ=GH L 20 KEL Ll MR M
TEMPAZ=GH{ 2, Lo KHL LL, M MO
TEMPL4=GHCR, 20 Kk LLs MM HH
TEMF15=6. @

TEMFL &=
TEMPL 7=,
TEMF.G=0. &

Lo B SoU o

TEMFE=M-TEMFZ

DO A57E k=1, 4

TEMFZE=TEMPZE+14

TEMF4=ABSCTEMFZ2+E. 7
”‘HTETEMFJ?

M=1, &

TEMPS=MH=-TEMFL

L0 4585 L=l

TEMFD=TEMRS+A1E

TEMFe=ARSCTEMFS s -6, =

THE =S THT CTEMPE S
THd= LA+ TS
. ]' 1 -

1
THA+E7 44
I

THE+27 4

FEFTM T HGENL
FEETWCTHDE

Lo Loa Pl W TREMPE
oL P P TERMET
oL P M EMRE

_o b My P TEMPR

PIhtifL Flh
PISﬁI,L.L.N.Hyz
COMT TIHLE

SONT LI

CORT T L

COMT THLIE

CHT THLE

Fided, 4.

Fid e ;
Fid e
Flde
T O
0T T
A LT T RLE
PR Y LE

TSR I 1 [ 'MI-”HI 1. 1 Faka
[T | R 1 e o Y e P
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DO 45285 EE=1, 4

DO 4534 Mi=1. 2
INDA=15+kK+MM

DO 4533 LL=1,4

DO 45582 HH=1. 3
INDEZ=1.5+L 1L +NH

TEMP1ZE=0, &

DO 4581 M=1, &
IMDE=M-THDY.

0O 4558 K=1. 4
IMNDE=THDLE+LS
IMDA=TRES S ITHDE 3 +1

DO 4572 H=1. 5
ITHDS=H-THDE

Do 457 L"l 4

THIG 1r1rJ

IHDEH ’"*IHF‘(IHD 2+ I
TEMPL=CFFMFHME IRDER »#GFMSCR, Ly Mo M3
TEMF1Z=TEMPLZ+TEMFL

TE OCOMNTIHLE
SES CONTIMUE
B COMTINUE

COHTITHUE
FEMSCER, Ll M KN =FFMSCEE. Ll MM, HED+TEMFLE R
COMT THLIE

Lz COTINLE

COMTTHLUE

S5 COMNTIMUE

g Oy % |

5 AL o o o O 3 |

EME FILM MATH SEUARE ON FILKM MATH SOUARARE

START GEIDSFILM FMAIM T & L0 OM FILWM MAIM SRURREE AMDe WICE WERSA

STARET GRID ERGES O FILM MAIM SHJARE ELEMENTS AMD WICE YERSHA

FEETHI 4t
FE L ¢
EEMIMG 46
REANCA T ACFEDRFM
FEEMIMD 4]
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[t B pii=l, &
TEMF L= etk +2MH-7. &
[ 4554 [ty <
hu 4‘.ﬁ Hlml»u

FTUFM

TEMEA
TR

AF SRR L L RN

[ e 1 P R
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TEMP4=CFTUFMI IMDERZ)

TEMPE=CFEDFMCINDESLY

TEMPP=CFEDFMC INDEXZ Y
TEMP1Z=TEMF1Z+TEMFE+GEDCL, 1, K. L M HD+TEMPT*GEDCZ, 1, K. L, M. N>
TEMPLA=TEMF14+TEMPEGEDC L, 2, K L. My M2+TEMPT*GEDCZ: 3 K L Mo M2
PEDRCL, 10 K Lo M, HX=FEDCL, 4, K. L, M H3+TEMPESTEMPLE
PEDCZ, 1. Ko Ly M NX=FEDCZ, 1, K. L My H)+TEMFFP+TEMPLZE
FEDZA, 2, K Ly My H2=FEDCL: 2 E: Ly My HI+TEMPE+#TERNPLS
FEDCZ, 20 L Ls M H3=PEDRCZ, 20 Ku L M. H2+TEMPP+TEMPLS
DO 4522 I=1.ZX

IFCI. ER 2XTEMP4=CFTUFMC IMNDERXE

IFCI. EL ZXTEMP4=CFTUFMC INDERL
TEMPLE=GTUCT, 1. kK, L, M. N>
TEMPAF=0GTUCT: 2 K- Ls M N
TEMFLZ=TEMFP1Z+TEMF4+TEMNP1E
TEMPA14=TEMF14+TEMF4*TEMFL7

PTUCT, Lo Ko Ly Mo N=FTUCT, 1. . Ls M H2+TEMPE4+TENFLE
FTUCT, &0 ks L Me M2 =PTUCT, 25 K. L M H2+TEMPS4+TEMFLS
COMT IMUE

CONTIMUE

DT IHUE

CONTIHUE

COHT IMUE

FEMZCEES LLs MMy MM =FFHSCRE, L MM N>+ TEMPLZ
FFMSCLL, KE. HR P2 =PFMSCLL, K. MM MM 2+ TEMPLS

: CORNTINUE

CONT THUE

COMTIMNUE

e COMT THLUE

EHD GRIDAFILM MAIM T & U ON FILM MAIM SQUARE AWD WICE YERSH
EMD GRID ERGES OM FILM MATH SEUARE ELEMEMTE AHDR YICE VERSA

START INTERZECTION SQUARES O FILM MAIM SQUARE ELEMENTS AND

RFHD'l%'hFT FH

I1FH"'P}‘.LL4PHW-HHF

TeErP=H PR, 7
THIA =TT CTEHEA
Lot A @ a2

iF+1HI'|kH!rJ
IHM|+JHP

P la M MO TERFEZS RS, K L
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ERGISCR K Ly M M2

FISCd, Ko Ly M Ha=FISCL By Lo Mo H2+TEMPZE
FPISCZ KL Ly My He=FISCE Ko Lo M HY+TEMFEE4TEMPLZ
PISCE K. L M: HOa=PISCE, K Lo M MO+ TEMPZASTENMPLZ

CONT IHUE
CONT IMUE _
CONT 1HUE
COMT THUE

2+TEMPL2

PEMZCEES LL, FFe MY =FFMS CRE, Ll MM, NMO+TEMPLZ

COMHT IMLUE
COMTIMUE
COMT THLE
CORTIMUE

EMD INTERSECTION SQUARES O FILM MAIM SQUARES

START FLATESFILM T & L OM FLATESFILM T &

START GRID ERGES OM GRID EDGES

FEMIMEG- 1&
EERADCAZDCFTUTL
FEMIND 13

FEEAD 21 »CFEDED
FEIMIF &1

DO deZe F=1.
TEMF l’ =P+
[ S
fE: [P +1.

-r.-n Ll ]

MRESTEMRZ+1E
IHD':*"I Al LM

TEMFE: ARESCTEMPG a+G, 7
THMEE=INT CTERMFE S

THEa T TR

B B e N

S A R B

P R
o I 1
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TEMPS=GEDYZ: 1, K. Lo My N
TEMPAA=GEL {2 2, K, Ls Ma ND
TEXA=CFEDEDRC ITMDESL)
TERZ=CFEDED S IMDERE
TEXE=CFEDEDR INDEXE
TEX4=CFEDEDR L THDE 4
TEMPFLE=TEMFLZI+TENL+TEMFF+ TEXZ+ TEMPE+TEXE*TEMP S+ TEX 4+ TEMP 16
TEMFZE=TEMFEE+TEAL+TEMPS+TEXZ* TEMFF+TEXE+TEMPLA+ TERI+TEMPS
TEMFEE=TEMFEEZ+TEX L+ TEMFI+TENS+ TEMPAB+TENE# TEMF7+ TEX4#TEMFS
TEMF4E=TEMF4E+TEZL+ TEMP LA+ TES S+ TEMF S+ TE S Z# TEMPE+ TENI+TEMFT
Lo 4628 TI=1, 32
TEMPSZ=@, @
TEMPLd=6, @
DO 4627 I=1. 2
IFCI. ER, I12GO TO 4617
IFCI. EQ % 0OR. II. EQ 2HE0 TO 46418
I1i=2
CGE0TD d4ELs
4517 1I1T=@
GO TO 9819
4E18 IFCI+II. Ef 42TT1I=X
IFCI+IT, EQ. SaT7 I=y
dE1S THMDEMLs THOE+SEE+ ]
TMDEEZ=TNLE+21 26+ 111 .
TEMFSEEZ=TEMFSE+CFTLUTL S YRDESL 2 GTL Do A B Ly My WO+ CFTUTILC INDESZ »#GETUCT
2 2ok Lo My MY
TEMFL4=TEMFLG+CFTUTUL THRDEXS 2+ G T T, s Ko Le M MO +CFTUTU S THDESA d#GTUC T
7J}JVJL ” t*'
4E27 COMTIMUE
FTUCTIL, 4 EEL LLs MM MM =FTLC T Y, 4 KL LLs MM MH 3+ TEMPS®
FTUCTI T, 3 EEL Ll MM, WM =FTUY 1,2 KK LL, MM, G +TEMPL4
y COMT T HUE
A CONTTHUE
3 COMNT ITHUF
CONTIMUE
CONTIRUE
FEL L, 4.

KEC Ly DI, HRD=PED L Lo KK LL M NN+ TEMPA

o Ly MM MM =PEDCL, 20 KK L M, HH O+ TEMPE

L0 KK Lo MM, HHO =PED L Ly MM MM+ TEM
o bR L MM NMH S =PEDCE, 2 kR L MM MM S+ TEMP

% CONTTHUE

COMTTHUE

COMTTHLE

S COMTIMUE

]

EHD FLATESAFILM T & U ON FLATESAFILM T & LU
EWML GREID ELGES OM GRIL EDGES
STHRT EDRGES O INTERSECTION SGURRES HHD WICE YERZR

oo n

I
TEMP L,
TEMP«s
: R 1 P S
. O P T
b r1r1» (R
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TEMPE=TEMF1
DO 4ezE M=1., &
TEMPE=TEMFE&—2
TEMP4=TEMF4-2
TEMPF=TEMFZ
TEMFE=TEMPZ
DO 4672 K=1, 44

- TEMFP7=TEMF 7+
TEMPE=TEMFG+4
DO 4578 L=1.+4
TEMPZ=TEMF&+1a+xL
TEMFLE=TENP4+1540L
TEMFI=RES{TEMPS»—H, =
THOD = IMTCTEMPS -
TEMFLE=ABRSCTEMPLE »—8.
ITHDZ=14+INTCTEMF1E S
DO 4677 M=1. 2
TEMP1A1=TEMFF+M
TEMFL4=TEMFZ+M
TEMPL1=REZC(TEMFLLI+E, 7
TMOZE=THT CTEMPLLY !
TEMFALa=AESC TEMPLA 2 +8,
IND=THT CTEMPLA S
IMDE WL THO A+ Tt
INDE<Z=IMDE<1+754
INDFP_'INDE+IHDE
THDERS=THIERE
IHDEHQLIHFE l+l'€@ -

1t

=J

INDEﬁﬁ“I”E
TEXA=CFEDISC ITHD
TEVﬁ'PFEDI:“IHDF
EXZ=CFEDISC IMDE
TE W=CFEDISY INDE
TERG=CFERISC ITNDE
TERE=CFEDTSC IMDEME
TEXT=CFEDISC INDEST 2
c=CFEL IS THDE S

R L b oM T 4 P O
j_, }i, Lo Ma K

P O ) P
F L H H‘

+TFU?wTGE&3+TE?
S+ TENATHELE+TE?

ST GEELR
o TGEDS

"H_*THP[1+TLf ‘THED

S5 TR LS ; FuhLl+{Erh41uFD°+rE #THEDT+TEE# TGED

FEL L, L B Lo P M sFER L Lo Ko L ML RS TES L+ TEMPLE+ TERZ# TEMP 344+ TERS TEM
HEEﬁ(EJ1,K,LJm,M}spﬁmcz,1Jﬂ,LJMJMﬁ+TEﬁamTEMP12+T531wTEmP34+TExawTEH
anax 2o ¥ s My MO =PEDRCL S0 Ky L My MO+ TERI#TEMPLE+TERS« TEMPE 4+ TENTHTEN
4EEB£HJFJKJL;HJH32PEDu2JEJH;LJMJH}+TEH4$TEHP SHTERE# TEMPZ 4+ TENS+TEM
SR

a7 COMTIRUE
s COMTINUE

COMT TR
T T:J!l

v bl M MM =FIS
N W L o
TR Y 1 O R S

L

s Ll P WM+ TR LSS ~
h Ll MM HHD+ TR TSR
T KRG Ll ML ME D+ TR LSS

FFHJ1’IPMIP
COMT ITHUE
COMTIHLE
CORTLHLIE

A-33


http:lL.Mfo1.NNl=PIS(2,KK,lL.MM

Oafo-

BSR 4234

END EDGES ON INTERSECTION SQUARES AND VICE VERSA
START EDGES OM MAIW GRIDCZFILM T & U AMD WICE YERSA

REWIHMD 22 - -r
READCZZXCFEDTU

DO 4738Z LL=1.4

TEMPA=7, S—1e#l L

DO 4762 HH=1, 2
INDAL==C1 Tl L+MNMH2
TEMF2=TEMF1-a+MH '
DO 4731 MH=1, 2 L
TEMFZE=MM+7. o

TEMFSG=1 S=Z+HM

DO 4FE8 KE=1.+4
TEMPE=TEMFZE—-16

TEMP4=TEMP4—4

[0 4Ess M=, 8

THDZ=THOL+H

TEMPS=TEMFEZ—2+N

(TR T o= T I

INDE=THDZ+15

TEMPS=TEMFS+1&
THDZE=1d+TRESC THDE »
TEMPE=RESCTEMPS ) +6. 7
IHD»—]HT'TFHPP*+’3FE

D 4857 Ml

TEMPF%TEMP2+H

TEMPE:: el

L0 Ge3s E=1.4

'T'EHF. —TFI'1F".-’+.‘J.6

CTEMFT 3=, =
HINT CTEHES)

EELTUC THDE:
=CREDTUC THDE:

ELTLE TR
FEDTLIC THDE!
CFEDTU THDENS

UL T T e BEL Ll T, B
S e PR
_nfllnI] v B s P B

IFCl. B, &3

TEG L L, El

IFCT L E

TEMPAZ o Lo P MO TERTGHGED G Ty &0 B Ly Te M2
TEMPA o s Lo Mo WOFTESLEGEDC T 20 Ko l- fda M
FERCI, 1, I” % r1 [4: » Iy H)+'H- 4'1EHFJ +'H-,' T TEMP L

FEDCY.,

G T

) S SR U P P L o Ml FOHTERDHTEMPLE+TENLETENF LY
1

A-34



4685

425

i

U R s N IR T Y
b T P E 0 0l ] M

LARBBERANDS

b B B e B B TR 1 e 0

(B

oo O0

BSR 4234

TEMPLZ=TEMP1I+TEXZ#GEDCT, 10 Ko Lo My N+ TEXE*GEDC T, 24 Ko L My ND

TEMPAS=TEMPAG+TEXE+GEDC T, L. K. L, Mo MY+TEXZ*#GED T 2. Ki Ls M. N2
FEDCT. 4, Ko Ls Mo M2=PEDCT, 4, Es L Mo H3+TEXZ*TEMPL2+TERE*TEMP L4
PEDCI, 20 Ko Ls My NJ—FED(I;Q;K;LJN MA+TERSHTEMFLZ+TERZ+TENMPLS
GO TO 4854 .

» TEMPAZ=TEMFLI+TEXZ4GEDCI, 1;K;LaHaH\+TEWr*GED(Iaa-K;L»M N>

TEMPLS=TEMP1S+TER7*GEDC I, 1,~,L,M MI+TEAZHGEDCL, 2, Ko Lo M, N2
PEDCIL, 4, K L, M NO=PEDRC T, 4, Ko L M MNY+TEHZ+*TEMPALZ2+TERT+TEMF14
FEDCI, 24 K, L Mo HY=FEDRCT, 2, K L,n,NJ+TEh”*TEMP1*+TF?7*TEHP14
GO TO 4834

IF¢IT, EEL JJGG TO 4656 R

IFCIL. EGL Z2G0 TO 48241 '
TEHFi;zTEHFl3+TEh1quDﬁ1,1,K,L,M,H3+TEH5*GED(I,2,K,L,H,N)
TEMPAS=TEMFIS+TEXNS*GEDCT, 1. K. Lo My HR+TESI#GEDC T, 20 ko La My K2
PEDCI, 4, B L Mo N2=FPEDCT, 4 K L Me H2+TESI+TEMPL2+TEAS+TEMFP14
FERCT, 20 B L Mo HO=PEDCY, 25 Ko Ly Me MA+TERSHTEMPLE+TERI*#TEMP14
Gy T 4894
TEMFLZ=TEMPLE+TERZ*®GEDRC T, 4o Ko Ls My NA+TEMERGED T, 2 K. Ls M, N
TEMFPLS=TEMFALS+TERE+GED (T, A0 K Lo Mo MO+TERZ®GEDC I, 2, k. L, M M2
PEDCT, 4 Ko Ls M M2=PEDC I, 1s ks Ls 1 Ha+TERZ#TEMPLZ+TENE+TEMF L4
FEDCI: 25 Ko s M H2=FEDC T, 20 K. L My Ha+TESE+TEMFLEZ+TERSHTEMFPL 4
GOOTO 4E34
TEMPAZ=TEMFLZ+TERS®GEDC T, Lo Ko Lo M N2+TERS®GEDCT . 20 ko La Ma M2
TEMPLS=TEMFLAG+TEHE®GED T L, Ay KL L M MO+TERS:GEDC T, 2, k. L M W2
FEDCT, 40 B e ML MX=FEDC T, Lo By L Mo HY+TERG*TEMPLZ2+TESS+TEMP14
FEDCT, &0 Ko L M Ha=PEDC T, 20 Ko Ls Mo HO+TESRSHTEMPLE+TEA4+TEMF L4
CORTIMUE

FTUCTT, 4 KRS L MM MED=FTUC DT L, KRS Ly MM, NH2+TEMPLS
PTLUCTT, 2, BR L, M MR =PTLIC T D 20 KR Ll MM BN+ TEMPLS
COMTIMUE )

COWNTIHLUE

COMTIMNUE

CORTIMUE

CORT IMUE

COMTIMUE

COMT IWUE

ZOHT IMUE

COMT IRNULE

EHl: EDGES OM MAIM GRIDCSFILM % & LI AN WICE YERSA

START MAIM GRICCFILM T & 1 O INTERSECTION SOUARES AND VICE VERZHA

REMIHD 2=
FERDC242CFTUIS
DO 4724 Li=d. 4
TEMPL=, D=1l
[BIROE [l 3
ETIF: L+
L LA

TEFHF:
THOL-

T E.I lF (250 l‘k,l FE+1 e
TEMFP=AEBESCTEMFD -8, 3
TROF=144TNT CTEMFT 2+1
TEMPS-AESCTEMNFS =R, &
T Bk THT CTEMPE oL
[y 47 M=l 2
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CINDE=THOAL+M

ITHDd = THDZ+M

DO 4714 K=, 4

INDE=THDE+Z

IHDA=THNDY+Z

THRE=IAESC THDE

ITMDS=THBS ¢ TMEw o

THDS=THDE+ THDT

IHNDAB=INDGS+IHDE

DD 4712 I1I=1.Z3
TEMFLE=EISCT T, KE Ll MMy FHMD
TEMFLZE=&, &

DO 471z I=1,32
IFCI.ER 2 OR. II.EG Z3GD TO 4764
THDdd=F1&

IFCI, EGL TI0IHGAL=6

GO TO 4785

THDAA=1243

IFCTI. ER I3 THDAL=G
JFCI4+TT, EQ 40 THEL=1232
THUGESL = TRDS+ TR
THDESZ= TN A+ T ML
TESL=CFTLUIS THMDESL
TE®: FTUTSC THDEXS
TEMFAZSTEMPLEFTESAAGTUC Y, Lo B Lo My MOFTERZHGETLIC L, 26 Ko Lot N2
FrugT, d, ke koo Pl Wp=PFTUCT 40 B Lo P M2+ TESL+TEMFL S

FTUCT 20 Ko s M MO =PTUCT, 20 Ko Lo M HO+TEXZ*STEMFLE
CORTIMNUE

FIZOTTs R Ll MM MM =R TS0 T Te EES Ll MMy MH 2 +TEMPLE
CONT THUE

COMTIMUE

CORT IHLUE

S o

¢ T T ML

S OCONTIMUE

15 COMTTHUE

COMT IHUE

S COMT THUE

EMD MATH GRTIDCSFILM T & U O INTERSECTION SOUARES AHDR WICE VERSA

FEFEMIRD 2
FETLIRM
B
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SUEROUTIME FLEINFCXH, Y. Z. H: B FOTL >
TEMRZ=nmn+ Y+ 20 s

IFCTEMRZ. GT. 8. 1cE-Z250 TO S&86z
IMAR=159

JHRAR=18

SliM=&

JFCR LT, 8 AE=-20 IMA=1

IFCE. LT, & 4AE-23JIMAx=1

TEMFi=Y+8. S5k

TEMFZE +i, Dok

TEMFS=TEMFZ-8, 1+[*+]1

D0 8@ T=1, IMAX

DO EEEE JT=1. TMAA

TEMFE=TEMF1—&. 1+E+xJ

TEMFF=TEMNFE+TEMFE+TEMP S TEMPS+Z42
= SR T CTEMRE

SUM=SUM+1L R

CONTIMHUE

Al COMTIMUE

FEET TELB O TR TMAR

CTEMPE)

B
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P5072SIC

FROGRAM TO CALCULATE LEAM EXPERIMEMT SEMSOR INFLUEHCE CDEFFICIE&TS

DIMENSION CRUMCSETED, CFMSFMLS15d ), CFTUFNC21364), C CFELGHYS 1RGS2 )
DIMEMSIOHN C QTEW LFFHFHQEQG9?,EFTUFH"934 s CFEDFMESS3E)
DIMEHSIOH : 3 18595, CFISTISCERS), CFEDEDS T3S
DIMENSION 1367, LFE[THultﬁi--,:FTUIﬂ A5

EQLTVALEHCE :IFHHulI,CFH FREL s, CFTUFMCL Y, CREDGMCL . GCFPFINCL Y, CFFHF
EﬂiibJCFTUFHHL,JLFEEFHﬂlf.LFI:FHaib.LFTUTU&i);EFISISEih,CFEDEDQiDJC
IFEDISC L), CFEDTUCL Y, CETUIS A2 s

DO 2EE5 Red o
Ti=6. @
IFCK. NE. 1.3 Td=1
TEMFA=H. 82321+k-6. BR1435
T =] Bkl ~2515 '
P
IFCE, EQL AaMAMIN=7
DO 2EEd =M, 43
ToaTd. p
IFCM. ME. 7aT2=1
R=TEMPL+E, BEEL7 5N
TR = T ML+

umiu~i
TECL. EQL 4 HMAN=S
s MM, 15

TaeTE
IFChL ME, STd=1

YeTEMP 20, t
lr£r1l“~1r4f-¢

Py S

TH i
1FtT4+1 LTA, SaG0 TO ARG
CALL, INMFLGF e BB B AREITE B ARZATE, @, 8, COEFF 2
CFWWE YHDES »=00EFF
GO TO
GG THEE S
CHET T HLIE
CONT THUE
CONTIMUE
CORT T RLIE

T
i
4
=
i

BODOHTIHLE

WIRE O MIEE WITH J=JJ COMPLETED. HNUMEER OF COEFFS = 4878
STRRET MHEAT O WIEE O WIRE WITH J HOT EGUASL TO JJ

Loy 2 i
TEHFIJ
Tl el

HHIP l

B e A i s ekl
kLl ]

v RN+ BT PO
THMES TR 4N
D & 4 L A ¢
| ' RS wh =, GIERERRET
itk T RIaR

PR =1, A-38
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IFCK. E2 LiMiiN=2
DO ZRET M=rhaN. 14
Y=TEMP2+8. BEZ1TS5HM
THDa=THDLE+4 S
DO zeEs 1=1.2
Z=@, BRZS4Sd4 (I -1
THOER=THDY+Z4601+]

CALL IMFLCFCR. ¥ Z. 8. 8, 8, BREL75, 4, @, 8,

CFHMC TNDER »=C0EFF
CONTIHLUE
COMT IMLE
CONT ITHUE
CONTIMUE

COMTIRNLE
WRITECE, 16883
MRITECS, ZR8E 3 COCFMYCT 2, I3, DEFE, 1290
HMEITECLZ ) TR
EMD FILE 12

GazLysS, COEFFY

ALL WIRE OM WIFE IMFLUEMCE COEFFS. EFI-J!.-J;i 2 COMPLETED. TOTAL MUMEER = 98

START HWEXT OH FILM MAIM SAUARE M WIRE CFMCSHY

DO 26845 K=1, 4

TEMPL=6, Bam2lsk-6H, anZazzsn
ITHDL =l d#p ~ZE7 45

FFLN=1

IFCE. ERL LoMiiN=2

L0 2Edd M=, 14

A=TEMPA+E, B850 ¥ 5|
THDE=THIL -+
DO 2E1lE L=1.4
TEMPZ=08, 2321+l -0, @545l
THDZE=THDE+FEDwL
ML L
IFC. ECL A DhrL=2
DO ZEdz M=, 45
Y=TEMRZ+5, GEZLT5N
THCd = M0 +4-'-‘-+H
DO =211 T=1,&

THOE M= T+ 2 5S T+
AL THFLEFCBG Y
CFMSFC THDES »=C0E
CONTIMLE
COMTIHUE
COMTIHLUE
COHT THLE

COHT IMUE

WRITECE, ZlaEn

MRITECS FPECFMSFHGCT 2, T2, 515, 599

WRITECLZY I

EWl FILE 1.2

ALL MATH SRUARE FILM OM WIRES COMPLETEDR. TOTAL

3. GRID 4, FIRST, GRID 2.

MUMBER = 5194

START HEXT O GRID SUFPORT STREUOCTURE, TOF AHD UNDERSIDES AMD EQUIVAHLENT
FILM ELEMENTS. OWN WIFES CFTUFMY 3. CASE J=JJ FIRST

Dl k=0, BTEETS
[ 4
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IFCK. EQL 12MMAX=1
0O zBl9 =1, FMIMAX
¥=TEMFZ+0. G27Z65+M
TEMFS=TEMFd+1
TEMPS=AESCTEMPS ) +8.
INDA=INTCTEMFS2-E72
DO Z2ElE L=1, 4
TEMFS=0. Bz321+xL-8. 85461
IHDE=THDL +7E5%L
HMIM=1
IFCL. ER L OMMIN=S
DO 2817 H=HMIN. 15
Y=TEMFS+E, BRELTS
THDZE= T HDZ A+ 501
DO EFle I=1.4
Z=68. B
IFCI, ER 20Z2=8, BRz29d84d
IFCI. EfL Z2E=0, GR37E2E
IFCL. EQL 42F=R G6Os7 554
THDENM=IHDE+Z0S7%] 7
CHLL. INFLCFOR. Y, 2.8, 8. 5. BEZ175,: 6. AE3175, 6. 881245, COEFF »
CRETUFME IMHE S = 0EFF

Va
4

#H

281& COMTIHUE
2a1v COMTIMUIE
2818 CONTIMUE
2615 COMNTIMUE

2628 COMTTHUE
2823 COWNTIMUE

GRID SUFFORT STRUCTURE. TOF AMD UNMDERSIDES. AMD ERQUIVALENT FILM ELEMEMTS OM
WIRES WITH J=J1, COMFLETELD, CFTUFM: 3 TOTAL HLMEER =18Z82

STHET MEAT OH CFTUFMS  3FOR J NOT EGQLIAL TO JJ

DO 2627 L=1.4

TEMPL =6, a23z1+l -6, Aa5ER225

THDRA=14# +7523

FHIATH=1

IFCL. EQL A 2HMIM=S

DD Zaze H=RIMIR. 1
SETEMRD +3. GEz) 75N
T TN L+H
DU 2825 K

TEMF;

IF kL EGL LopIMAR=
DO 2EEd Med PIHE

TEMF = Tf‘F'IF HE, 2T EET

2+TNT ..TH “"t" 7]
I=1.4

IF« I Fu I
IFEY, Ef,
IFCT, B0 40
THEE ST
CRILL THFLGF S Y !
CETVURR G TRIDE S =l ok FE
CONT T MLIE
COT TR
CONT T MNLEE

Gl B BB T B PORLSTN, B BECEL TN, COEFF
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2625 CONTINUE
2BEE CONTIMUE
2827 CONTINUE

WRITECS, 21882

HMRITECE, ZBR83 CCFTUFMCT 2, T=4, 21364,
MRITECLZ> CFTUFW

END FILE 12

ALL CFTUFMC > COMFLETED. MUMBER IM THIS BLOCKE = 41837&. TOTAL = Z1Z&4

D a0

START HWEAXT OM PLATE ERGES OM WIRES WITH J=JJ. CFEDRGH: >

DO ZREZE KE=4, 4
TEFMF1=@, a2321+k-8, aSd4sl
TEMF2=1d+kK-7. 5
Do Zazz HH~L;¢
TEMFZEZ=TEMFL1-6, B5Z175+MM
TEMF4=TEMFZ=2%M1M
MMAR=2
IFCk, B L aMiA==1
2 2EZEL M=L. MMAE
H=TEMFZ+6, @3254+H
TEMFS=TEMF4+H
TEMPS=RESCTEMFD D +8H, 7
THDA=THT L TEMFS 3724
DO 288 L=1,4
TEMPS=@a, BZ221%_-8, 85481
THEE =T MO+ 7 E5L
M T =il
IFCL. EG, A D2HMIN=&
DO ZE29 MN=HMTIH, :
YoTEMPS+E, @6
T M
1 [
={, nuJH4F4*kT 10
THDEN=THDI+2537+]1
CALL IMFLL dML E B BB BRELTI. 6 BAEATI. B, B, COEFF)
CFEDRGHC THDES »=C0OEFF

o000

g

COMT IMUE
COMTIMLUE
CORTIMNLE
COMT LHLUE

2 CORT IHLE
2EZE CONTIMUE

FLATE EDRGES OM WIRES MITH J=I1J COMPLETED. HUMEER OF COEFFS = 134

STHET MEAT OF FLATE EDRGES OM WMIRES WITH J HOT EGUARL TO JJ. CREDGWCSL95 ORD

DO ZEER L=l 4
TEMF
TEMPE=1 el —2d., |
HF T ==L
4 Sl V-

DD E

e e

L S TR R S P

TEFIF e T FRE=-a B NN
TEMF: TR =24 HH

PR =2

IF R B, L aMeAE=1
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wdr
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Do 26325 k=1, MHAS
Y=TEMPS+E, G254+
TEMFF=TEMFE+M
TEMF7P=42+AESTEMF7)+TEMFZ
INDL=INT{TEMF7 2 "
0 28324 I=1,2
2= BEgSded e CI-1
INDEX=TNDL+2744%]1
CALL IMFLCFCY. Y. 2, 8. 8, 8. 682175, A, 8. 8, 882475, COEFF>
CFEDGH . ITNDEX »=COEFF
CORTINUE .
CONTIMUE
COMTIMHUE
COMTIHUE
COHTIHUE
COMTINUE

MREITELG, = 2
MREITECR, = a2 =2, 1Bagz, 250
HERITECLE LFEDGN

EMD FILE 42

T\.'

ALL FLATE EDGES OW WIRES COMPLETED. TOTAL OF CFEDRGMC ) IS 18B£EE
STRET MEXT OM PLATEAFILM TNTERSECTIOM SGUREES OM HWIRES., CFRFIMC

DO 2add K=, 4

TEMPL=@ 82321 +K-6. 5745
TEMF2=14+E-7. 5
MHAK=2

IFCE, EGL 4 2MMAE=1
DO 2ad45 M=d1, MHAHE
TEMFZ=TEMFI1+6. B27EZ05+M
TEMFP4=TEFFZ+M
Lo ZEekd =4, 7
HETEMPE=-0, 9682417 540mM
TEMFL=TEMF«—2=*1
TEMPLZ=ARSCTEMFS )
L 2eds L=1.4
TEMFE=&, B2zt -t ahhas
TEME owl~8. O
HIMAP=2
IFCL, B L aHMAR=1
LD 2 == MIMAE
TEFFS=TEMPE+A B2 AL
TEMPS= TFHF”+H
[ aE

TFHFJUﬂ44+HF tTFMPlH'+TFMF' )
IHDA=THNTLTEPIPIA =275
[Jll 2aR T=l,4

IFHT.EQ

IFiI.EQ.43ﬁ
THIE#=TF
ERkL }HFLEF'V,¥ ELOE B BEELTE, @ a6 s B BaLS0h, COEFF Y

CFPF I YHDE S =COEFF
COMTITHUE
COHTTHUE
COART Y HLIE
COMT 1 HLIF
COMT TR
T THLIE

COMT T
(O I S Rt W T

A-42
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HRITECE, 20803 (CFPFIMCI Y, I=11, 16575, 129>
WRITECLZ) CFPFINM
EHMD FILE 12

ALL FLATEAFILM IMTERSECTIOMS ON HTREZ COMFLETED, TOTAL OF CFFFIMWC >=1837c

AL EDHTEIBUTIﬁNS TO WIRES HAYE EBEEM COMFLETELD. WUMEER OF COEFFS = 57854

START WEAT QW COWMTRIEBUTIOMS TO FILM MAIM SHARE ELEMEMTS. MOTE THARAT COMTRIEU
TION= FROM WIRES ARE THE SHME AS FILM ELEMEMTS TO MIRES

STHRT OF FILM MRIW SQUARE O FILM MAIMN SQUARE  * CFFMFMC O

OO RO 0

[ 2651 E=1.4
Ti=@. i )
IFCK, HE. 43T1=4
TEMPi=0. az2224+E-0, 85461
ITHDA=15¢E—-12441
MMIN=1
IFCK. EG L2MMIN=2
DO 2658 M=PFMIM, 15 '
Ta=Td
IF<H. HE. 83T2=1
A=TEMFP1L+8, GEE175+M
ITHDZ=THEI -+
DD ZEd4m L=A.4
TE=TZ
IFCl. ME. 12TE=1.
TEMPz=6. @234+l -6, aS5dal
IMDE=Y W2+ 7 S0k
MM IH=1.
IFCL, B A 3HMIM=58
DD 2E48 H=HMIMN. 15
Tad=TZ=
IFCH. HE. 23T4=1
Y=TEMFZ+8, BRZ175+M
THDES=THDE+RS5E+N
IFCT LT, & 5250 TO 2847
TEMPZ=8. BRZ1L75
CARLL INFLCFOH Y, @ 8, TEMPZE: TEMFZ: TEMFZ. TEMPZ, COEFF 2
CEFHFEF T =CL0OEFF
GO TO 2E48
v CFFMFHEC THRES »=@, &
248 COMTIHLIE
2R COHTIMUE
S2RTE COWTTHLIE
SRS COMTIHLE
HWRITEX 5 .
WREITEC SR COFFMEMCT b, T=), 3
WEITECLEY CFFMFM
EWD FILE 42

FILM MATH SRUARE OM FILM MAIM SQUARE COMPLETEDR TOTAL CFFMFME 3 = z&as

STARET HEXT OM GRID SUPPORT STRLUCTURE. TOF AND UHDERSIDES. AMD EQUIVALENT
FILM ELEMEMTS OM FILM MATW SOUARRE  ELEMENTS. CFTUFMC 2

aoaaoaonn

DO 265

Kests 4

TEPIPL+#, G5 7 HES
TEPIE 2+
REGEL M=, 6

s A-43
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bl bl (A
2857 COMT

HREIT
HREIT
WELT
E N

GRIC
FILH

STARRT

BSR 4234

K=TEMPZ-6, 60217 5+MM
TEMPS=TEMF4—2+MM
TEMPS=RESCTEMPS2+@. 7
THDA=INT L TEMFS2-4255
DO 2e%t L=1, 4
TEMFS=6, a2321+l—a,
THDZ2=THEL+ S L,
MM IMN=1
IFCL. EGL
Lo 2E5E
Y=TEMF
IMDZE=
(KW

ASdsl

LaMMIN=E
H=RMIM, 15
THE, BEEL VSN
ITHDE+S5E+M

2EEE I=1. X
£=/. A

IFCY. EGL 207=0, GBS
IFiI.Em. e, A

HEloe
TFHPH—U Mu<l??
CALL IMFLCF
CFTUFMC IMDES

CONTIHUE
COMTIHLIE
CORTIMLE

CORTIMNLIE

T IHLE

THLIE

= 515

=2 TR )

EEdZs TR

FILE 12

-EDEFF

COFTUFMC T2, T=d, 22md, 530
LFT

.-,..._"

SUPFROET STEUCTUREE. TOF AWD UMDERSTIDES
TOTAL

MAIM SEURRE ELEMEMTS COMPLLETEDR

I HEST GREID ELGES OM FILM MAIM

R I I e &

ooy
ol IR

HBEEAZES

AFTMAE==,
Pl P
TEMF LA, G204
FFHPL+H

Du h-“
e RARIY

1H
SECTEMFDa+E, 7

ITHTCTEMPS =258

15 P 5 Fifed
er&”-nw
TEFIFR-, #
U 1 1 T 1
8 A ) 0 G | T e

AT L

CEINTT T LI

vTEMEF TEPIFE,
ll%l}

A-44

s TEMPe: TEMFE,: TEMPS, &,

SRLIRRE

@aloas, COEFF 2

RIRIK
CETUFMC 3 = S3Eg

ELEMENTS, CEFEDFML 2

TEFFE. 8. 6 COEEE

ECGUIVALENT FILM ELEMEMTS

iy
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p=inl ) COMTIMUE
20 COMTIMUE
2062 COMTIMLE
202 COMTIMNLE

HRITECE, 21680

MRITECE: 28885 (CFEDFMCT I, T=11, 52336,'3)
“MRITECLZ> CFEDFM

END FILE 12

GRID ERGES OM FILM MAIM SOUARE ELEMEMTS COMFLETED. TOTAL CFEDFML  >=59Z&
STHRT MEST IMTERSECTION SQURRES OM FILM MAIM SOUARRE ELEMENTS. CFISFRY 3
DO zava E=1, 4

TEMF1=0. G2331+—-0 85528

TEMP2=1c+k-2 5

MMARE=Z

IFCK. EQ. A 2MMAE=1
DO 2REs M=L. MR
TEMFEZ=TEMFL+E, BEPZESM
TEMFd= TFI’IF'U'+P
D 2EEs Fli=d1, )
A=TEMFZ—EL Lll.fl.f.l.?.'ﬂ#-‘f‘lfq
TEMFS=TEMP4-2+MM1
TEMFS=AESCTEMFS2+8. 7
THOA=INT CTEMPZ
D0 Zeev L=l 4

TEMFS=/, 2221+l -6. 55588
TEMF ol - 5

HMAN=2

IFCL. EGL A HMAR=1

L0 ZEce H=1. HMAK

TEMFP=TEMFPS+&. GE7Z05+«H

TEMFE=TEMF&+H

DO ZEARS NH=1. 8
Y=TEMF7-0. BEZ1 75NN
TEMFS=TEMF 2N
TEMFS=ABSCTEMPS =0, &
THDE=THDL+5ew THTCTEMFS
DO 2664 1=1, %

2=, A

IFI. Ef. 27 TRZE

IF« I Fi..! FoEd
= 0 s

1FHFIHwU AE
CALL THFL e s TEMPR, TEMFS TERPLE, TEMFLE, COEFF 2
CFISFMC THDES b=L0ERFF
CORT R
COMT THLIE
CORTIMHUE
CORTIRLIE
CORNTIHUE
CONTIMUE
@ CONTIHLUE

o0

MREITE O

WETT : CFTEFMOT 2, 12 Sii, 470

MEITE IFJ-FH

END FILE 12

IMTERSECTION SQUARES O FILM FAIHM ZAOUARES COMFLETEDR. TOTAL CFISFMY r=3403
START MNEST OM PLATEAFILM 7 AML O OM FLATEAFILM T AMD U CFTUTUY 2FOR J=J7

b B e Bl e |
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IFCK, ME. 12T1=1
TEMFP1i=@. Gz321+k-6, 3382
THDA =3+E—-5d8
MHIH=1 .
IFCE, EGL L 2MMIN=2 ¥
DO ZATE P=MMIN. Z
T2=TL
IFCH. HE. 20 TE=1
HN=TEMP1+G, 27 A5+
INDZ=TMHDL+M
DO zavd L=1.49 '
TE=TZ
IFCL. HNE. 4 2T=E=
TEMFZ=6, 92921+ -8, a54e1
THEDZ=T D2+ 65k
P[RR
IFCL. EGL LOMMIM=2
[ Z2a7E N=HMIN, 15

T=Tx=
IFCH, HE. 22Ta=1 2
Y=TEMP2+E. BRZ175+H
THEA=THDZE+Ld w0
L0 2a7: I=1,5

a= H a)

IF:T. E
IFCI. B GoaZs
THFE T+
IFCT4T, LT, 1.
TEMPE=@, @) 965
TEMP=, 6

E TFHF” TEMF4: TEMP< TEMPZ. COEFF 3

GOTO AT
CFTUTUCIHRE = =8, &
COMTIHUE
CORTTHUE
CONTIMUE
CORHT IHUE

Lo Blen il on

- COMTIMLUE
AL J=XT PLATEASFILM T AME U oM PLATESFILM T AME U COMPLETED. HUNMEER = 29135
START HEST O SAME FOR I MOT EGURL TO JI. CFTUTUG >

[ 2EGE

Fatt=l s IR
|FHF1“H it

O il
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=

=
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TEMP @= | EMFD+HY, b ¢ e

TEMP2=TEMF&+M

DO 2872 MH=1.8
Y=TEMF7—-8. 9azZ175+NM

TEMF2=TEMP2-2+MNN

TEMFZ=RES{TEMF33-0, =
INDZ=THND1+58+ IHTCTEMPS
DO 2677 I=1.5
Z=@ A
IFCI. EfL 2aZ=6, gaalhzd
IFCI, EQ. Z2Z=0. aaz34cd
IFCI. BECL 40Z2=R BE3ITHIS
IFCI. EQ. ShE=0, aue 7 oed
IMDEX=IHNDE+Z136+]T

TEMFZ=0. 801365
TEMP1G=5, ABZLITS

CALL. THFLCFOH, Y, 2. TEMPS, TEMFLA, TEMPS, TEMPLE, COEFF 2

CFTUTUC THDER 2=COEFF
COMTIMNUE
CONT IMUE
COMTIMNUE

CONTIHLUE
COMTIMLUE
COMTIMLUE

22 COMTINUE

WRITECG. 206

WRITECS, Z0EAX CCFTUTLCT 2 I=Z2 485

MREITECLZY CFTUTU
EHD» FILE 42

AlLL PLATEAFILM T
JJI HMUMEER TS5 1588

START HEXT OM

DO 2EE3 K=, 4

AMD U OH FLATEASFILM

1,

WITH 2915

T AND U
FOR J=JJ TOTAL CFTUTLIC 2

INTERSECTION SQUARRES OM INTERSECTION SOUARRES.

COMFLETED

Tl=#, &
IFCKE. ME
TEMP =&,

12T1=1
#f kb0, GIRESE

CIMCe =
M T M=,
IFCK. EQ L3MMTIMN=2
L0 2Es M=t TN 2
T2=T1
IFCr ME. 227T2=!
“—TFHF1+H fz Tkl
THE IHTI+H
Lo 2 [
T==Tz
I

ME. 4.3TZ -l

rJTﬂ] If==,
IFK).. B
O ¢ =
Tep=TE
lf ML ME,
WtHP.+n.U. s

lND%LIN bl et
Do Fast

LM ==
CHEHNT N R

=ML+ ] 24T

THRE
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L
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iy
4R
MR
(21
EM

it

o

dn}

= G

(B123

&

[ach

BSR 4234

IFCT4+1. LY. 4. 5»G0 TO
TEMFZ=&. HEl>a5
CALL IMFLCFHE, Y. 2
CFISIS INDER »=COEFF
GO TO zaz5
CRFISISCIMDE S »=61. B
COMNTIMUE
CONTIHUE
CORT I HUE

CONTIHLUE

HT THLIE

ITELE, 21665

ITELE S

T TES CFISI=

v FILE 12

Zacd

Vs

MTERSECTION

TART MEXT OM GRID ERGES ON GRID EDLGES.
2835
Ti=@. &
TECRE. ME. 13T1=1
TEMFL=& 823
THDA =T
M T
IF K. EGL LT M=
DO zZEzd [=MMIM, 2

Ta=Ti
IFCH. HE, 23T

F=d. 4

4k~ BEERL

TE‘H 7':-’ B e e I T 1 = 1o
=T+ 1 ek L

THDE = T M+
IFCT+T. LT 4

1=}

Goe T A
CFEDED S THDE =@
CORT T HLIE
CAOTT T E
C T TRILE
CONT T HLIE
T THLIE

Ty ERGES DR GEITY FLRGES, CFENEDR 0, MITH J=1Jd

FRT MEST OW GRIG ERGES OH GRID ELGES WMITH

SRR

TELIF: = M I 1 e O s A

A-48

SELAREES OMIMTERESECTION SHUARRES

CFERED

BEL

TEMFZX, TEMFZ: TEMPE: TEMFZ, COEFF>

COMPLETED. TOTRL CFISISC

Do 2T EIRST

S|, B, LOEFE

CLMPLETER, NUMEER= 1léa

T EUIAL. T 3T
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FIMAyE=2

IFCL. ER LOMMMAR=!

DO ZEo1 MM=1. MMMAR
TEMPZ=TEMPL-3, B254+MiM
TEMPS==TEMFZ+MHM
DO Z16E N=d, &

X=TEMFZ+E, BAZL7IexM
TEMPS=TEMF4-2+MN
TEMPS=RBZ(TEMFS +@, 7
INDL=IMT(TEMFSX=157a
DO 2692 k=1, 4
TEMPE=E ﬁ¢9¢1#F —6, BEHIEZES
TENPF—lt+L“&
FMARE=2
IF k. ERL LaMMAR=:
DO 2EIE =4, MRS
TEFF7=TEMFS+E, G254+
TEMPE=TEMFZ+M
[0 2827 MH=1, 2
Y=TEMPY -8, BEZE1 754NN
TEMFI=TEMFS—2:%MNH
TEMPR=RESITEMFS -8, =

THEE=THEL+AS5E+THT CTEMPS )
DD 2E2e T=1, 2
£=n. &
IFCI. BEQL 20E=0, BRZ54a4
THOER=TMME #

CALL IMFLCFY 2.8, 3,0, GAZATI, 8. 6, B, AGZ175. COEFF 2
CFEDEDC IMDER »=COEF
COMNTIMLE
COHTIMHUE
COMTIHLIE
COMT IHLE

i CORT THLIE

L CONTTHLE

@iEZ COHET IRLE
WEITE P
I FVCFEREDRG Do, I==2, P458, 520
MEITECIZE? rFELFﬁ
EHI» FILE 12

Ll o] B0 P B T [0

2l

o

ALL ERGES OM ERGES COMPLETED. TOTAL = 1186+E272=F428
STHRET WEXT OM EDGES O INTERSECTION Z0UARES CFERISC O

g O

L e 152 4

O I BTN TS R |

(G B B T e
TFHF.—IFHFIrH [GERST R L

TEP +H
i e

4 '_~:-—L1 il
llllk'r TE =2
TRz e
TMMv) -1
[ 3k
TEFF

A-49
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HNHIMAK=Z
TFCL. EfL L HMPAR=1
DO ZH6A5 Mi=1. HHNMAX
TEMP7P=TEMFS—H. B27FEE5MMN
TEMFS=TEMFa+Mi
DO ZAEd N=1. 3
Y=TEMPT+E, AQELT5wN
TEMFZ=TEMFZ~2+*H
TEMP2=RESCTEMPSY -G, =
IMOE=THD 14 THTCTEMPS Y
[y :uﬁ_ I=1.,4
=@, Buuﬁ.h
IFnI B
IFCI. B
IFCT, ERL 407
ITMDE A= THD 2+ TR I
TEMFZ=E 8813685
CRLLL. IMFLCF .
CFEDISC THOES » =
COMTIHUE
COHT IMUE
COMTIMUE
CONTIMUE
COMTINUE
15 COWNTIRNLE
@@ CONT IMUE
MEITE S, Z16E
WEITE R LCFEDISCI ), I=4, 2136, 870
MRITECLZY CFEDRIS
Efllx FILE 12

e Ty T

ENGES QM IMTERSECTION SRUARES COMPLETED, TOTAL CFEDISC » =Z1zé&
STRRT HEXT OH EDGES oM SUPPORT STRUCTUREASFILM T & U CFEDTUC 3
FoR J=JJ

DER S

L 5

Fi Lo pielfed=a.
A Pi=da MMAE

A TEMPL AR, FEEEw
TEMFZ+

TFHF Gl
(AR R=E TN
AT W=,
IF+L., EH 1'HNIH 25
[\II z Jr-"i.TH.- o B

CALL, THIELGE ¢ v 2, 6 BOLSES, TENER, TEHPS, 8. 0, COEFE
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" CFEDTUY INRER »=COEFF

CONTTHLUE
CONTIHLE
CONTIMNUE
COHTINUE
COWT IHUE

COMTIHUE

EDGES OW SUFPPORT STRUCTUREAFILM T & W FOR J=JJ COMPLETED., NUMEER = 29

START HEST OH SAME FOR J MOT ECGURL TO JIJ. CFEDTUCZSER OM >

B0 ZE22 L=, 4
TEMPL=5 R2929 [ —&. ﬁB:5d
TEMP2=1F*L—-2 3
MR =2
IFC.. EQ. L aMiMAxH=1
D0 Z624 FMes=ds MIAMAS
TEMFZE=TEMP1-8, 827 Za5+MM
TEMP4=TEMFZ+111
DO ZBz8a MH=1. &
A=TEMFZ+8, REE1LT5+M
TEMFS=TEMPd—2%N
TEFFPS=ARSC TEMPS 46,
THDA == JHT-TFHP“”—JE&
0O Zadi2 E=L. 4

TEMPG=E, B2521 k-0, BEER2ZE5

TEMPE=la+k -5 &
iR =2
IFCE. EGL LamiARRH=1
DO FEELE P=1, MMAR

TEMPF=TEMFS+6, G254

TEMFE=TEFF&+M
O ZELy MW=L, 3
Y=TEMF¥—&, 887175
TEMFR=TEMFZ—-2+MNH
TEMFI=ABSCTEMFS
IMDE=THDL+5e+THT
DO =E1s =21,
S=0, BERRATES
IFCT. ERL 2=
IFCI.EQ.?'qu
IF(I.E@.4:

LHIL IMFLPF'
CFERTLC THDE
COMT THLIE
COMTTHUE
T THLIE
CORTIHLUE
COMT THLUE
DO T THLIE

2 COMTYNLE

oY SRCR LY 1Y

HEITE &, 21680

WMRITECE, SR COFEDTICI ), T=2,
WRITECLZ2Y CFEDTU

EMD FILE 12

#HM

- =

CTEMFSS

Gh

W B B 2R
-il'.":CIl':l-F

15542, 2250

ALL ELGEZ 0O SLUFFORT STEUCTHRESFILM T AMND

START NEXWT 0O SUPFORT STRUOCYT
CFTII=C 3

LIEE«F TLM

A-51
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» TEMF=. &,

U COMPLETED, TOTAL CFEDRTUC»=13512

LV M

&, TEMPS, COEFF)

)

IMTERSECTION SEUARES.
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THD L =5k —526
MM I =1,
IFCK. EQ A dMMIN=2
DO 2027 M=MRAIM, 2
H=TEMPL+8. B27TASHN
THRZ=THDL+M
DO EEEE L=l 4
TEMFZ=8, G292+ —5f AE254
TEMFE=16+L -5 5
MRS =2
IF <l EGL A yHMMAN=
DO EZEZS M=, MEHMAE
TEMP4=TEMFZ—@. BEFEES#MM
TEMFG=TEMFZ+MNN
0O =634 H=1. 8
Y=TEMFd+6, GEZ1 75N
TEMPE=TEMPS—5+MN
TEMPE=RESCTEMFE—6, &
THDE=THDE+L A+ TNT C TEMPS
Do ZasE I=1. 4
=0 6
IFCT. EGL Z0@=f R,
IFCI. ERL Z27=0, GBS
IFCT, BERL 40 P=0 A
THOE M= THDE+SL 5+
TEMP 7=/, AG159HS
CALL IMFLCFCA, Yo 2 TEMFT. TEMFT., 8, 83175, TEMF?, COEFF >
CETUTS S THDE y=C0EFF

ZEZ3E CORTIMUE
Rz COMT THLIE
ZRES COMNT IMUE
IAZE COMTIHUE

z027 CONTIMNUE

EAZE COMTIMUE

MEITE &, Z16a

WREITE G ZR0R2 COFTUISCL ), T=4, 244, 415
MREITE LY CFTUIS

EWND FILE 12

Al SLPFORT STRUCTURESFILM T ARD U OM INTERZECTION SHURRES. COMPLETED
TOTAL CETUTSY  a=fdad

AL IMFLUEHCE COEFFICTENTS CALCUMLATEDR. TOTAL HUMEBER=1Z3781

OO0

ZAEEB FORFATCLLIZN BEL&, Zh
=l an

FORMATY @<, “HEM [ATA SET 2
EHI :

A-52
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SUBFROUTINE IMFLCFOS. Y. 2. H: B 50 T COEFF 2
TEMFZ=2%2
TEMFP1=E+x+Y+Y+TEMFZ
JFCTEMPL, GT. &, 16E-Z2G0O TO 16464
IMAF=16
JhiRE=1a
KiA©=1&
SUl=@, &
IFCA. LT, 8, 1E-22 IMAX=1
IFCE. LT. 6. 1E-22JMAR=1
IFCT, LT, 8. 1E-Z ElMAR=1
TEMFE=T
TEMPS=@. A
IFCS, GT. @, 1E-22350 TO 1888
TEMFSE=H, @ .
TEMF2=T
kbR
TEMFPL=Y+d, S5+E—6, w5
TEMPZ=%+&, S5+, So+TEMFE+8. S+TEMF3
OO0 A6RE K=1. KMAE
TEMPA=TEMFZ+8, 1+E+TEMFS
Lo Asas I=1. TFAX
TEMFG=C TEMP4—@, 1+A+12
G0 Aedd J=1. JHMAH
TEMPE=TEMFL—&, L+BE+sd
TEMF7P=TEMFa+TEMPE+TEMP I+ TEMFS+TENFE
A =SORETCTEMRT 2
sTEMFPE+5
=TEMFG=TEMF=
EMPT+TEMFP+TEFIFE+TEMFE+TEMPZ
wTEMPT
Z+TEMPR
TEMPE=CRI+REZ+TEMFTF )AL RLAEZ=TEMNFT
SLM=SUM+ALOGCTEMFE »
1661 CONT IMLUE
1EERE COHT ITHUE
A% COWNTINUE
TEMPE=5
IFCE LT, 8. dE-22TEMFPS=T
COEFF=L{S5UM+E, 2937 FELE » A TEMP S I MRS IMRHESEMP S
GO T LBES
LEGEd TEMFI=SORT S TERFL 2
COEFF=0, 2327 FELGA-TEMPL
16a5 RETLEM
ERH»

=
=
=)
fand
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A.2  PROGRAM P5072SGF TO DETERMINE SENSOR SIGNALS DUE TO CHARGED PARTICLES
AND RESULTING ELECTRONICS RESPONSE

A.2.1  Summary

This program uses the particle path characteristics calculated by
program P5072CHG to generate sensor signals for selected particles and then
determines the response of the electronics to these signals. The particle
parameters of mass and charge are selected either by input card or by a ran-
dom number generator. The output from the electronics model is stored on
tape for future analysis and may be plotted, if desired, by selecting the

proper code on an input card.

A.2.2 Description
A.2.2.1 Determination of Velocity

The starting velocity is one of the parameters supplied by input
card. The new velocity of the particle at the end of each incremental step
is determined from the new particle energy and the particle mass, using the
relationship that energy equals half the product of mass and velocity squared.
The new energy is determined by subtracting from the starting energy the work
done in traversing the step distance. The work done is calculated from the
potentials. Program P5072CHG provides two potentials at each step. One is
the potential due to the applied potentials EPOT(J) and the other is the po-
tential, per unit charge, due to the particle charge CPOT(J). The work done
between two points is equivalent to the product of the potential difference

between the points and the charge. Thus, the work done is determined from
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Q*EPOT(J) + Q*Q*CPOT(J) calculated for the fwo steps, J and (J-1). The time
taken for the step is determined from the average velocity over the step and

its distance.

A.2.2.2 Determination of Grid and Film Currents

The currents are equivalent to the time rate of change of charge.
Program P5072CHG provides the total charge on each film and collector grid
element at each step. The current is found from the difference in charge at
the beginning and end of the step, divided by the time interval, calculated

above.

A.2.2.3 Film and Grid ID Thresholds

The two systems are identical except for signal polarity, so only
the grid ID will be described. The input to the Tinear amplifier after the
input circuit is calculated for each collector grid strip using the ramp
function response equations arrived at by Laplace transform. The input to a
threshold detector is the sum of the amplified signal from the impacted film
plus the factored inputs from the other films applied as analog inhibit sig-
nals.

The time to reach threshold is determined by performing a linear
interpolation between the present and most recent steps. Thresholds at other
collector grids are only permitted if they occur within 0.2 microsec of the
first ID.

The time of the first ID, either film or grid, is used as the start

time for the PHA measurement in the electronics subroutine LES.
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A.2.2.4 PHA Amplifier Signals
The inputs to the four film amplifiers are summed to be used as
inputs for subroutine LES. To save computing time, data points are not ac-

cumulated until the input reaches one-tenth of the input threshold Tlevel.

A.2.2.5 Program Flow

The first input card is read to retrieve the parameters which select
the various options. The number of particles to be analyzed, the velocity of
the particles, the mass and charge, if random numbers are not used, the num-
ber of the input data set for path data, and the number of the output data set
and codes for printout selections are retrieved from this card. The second
card gives plot axes dimension information.

The first step is to define the physical stopping point within the
sensor as either the film or east sensor shield followed by the initialization
and setup of the CalComp plotter. This setup can be bypassed if no plotting
is desired. Next, the particle path data are read in from tape as the potentials
and charges at each particle position, plus a header record which defines the impact
position on the sensor relative to the center and the total number of data poihts.

If random particles are to be selected, the first mass and charge
values are calculated. The random number generator scales the values deve-
loped so that they fall within a range specified by the axes dimension infor-
mation given on the second input card. All random numbers generated are used
to save computing time over the method which uses all numbers for deriving

masses and charges and then rejects those which do not fit the problem. The
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variables are initialized, and the particle position at which measurable sig-
nals can be detected is then determined for use as the starting point for the
remaining calculations. The steps start at 10 meters from the sensor and step
in rapidly until either the signal reaches one-tenth of the threshold of a
collector grid or film circuit or a point 0.4 centimeter from the suppressor
grid is reached. This is done to give a starting point for the potential
measurements and the calculations of work done on the particle, since absolute
potentials are measured relative to infinity or a point of zero potential.

The sensor currents at this position are written out if the selection
code demands them, followed by the calculations of work done and the magnitude
of the remaining particle energy. Providing that the remaining energy is posi-
tive, the new velocity and the time increment are determined, followed by a
calculation of the new film and collector grid currents.

The film and collector grid threshold ID status is then determined
together with the value of the PHA amplifier input signal.

This sequence is continued until all particle positions have been
analyzed or the remaining energ} reaches zero, indicating that the sensor
forces have stopped the particle.

When the sequence is complete and if a film ID has occurred alone,
before a collector ID or less than 1 msec after a collector grid ID, the data
are passed to subroutine LES, which calculates the electronics response.

The results of the electronics analysis, namely the PHA, film and
collector grid ID and accumulator counts, together with the particle charge,
mass, and velocity are stored for future analysis and, if required, the points

are plotted,
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The program then returns to the start to read the next selection.

A.2.2.6  Subroutine LES

Section 3.2.1.2 describes the operation of the simple model of the
electronics. The modeling is accomplished in subroutine LES.

The program uses the data points passed to it by dummy arguments
and similarly returns values for the PHA count and accumulator count.

The output signal from the sensor is a pulse whose length and ampli-
tude are determined from the path characteristics and particle characteristics
in the MAIN program of P5072SGF. The signal is in the form of discrete ampli-
tudes at discrete times. This subroutine treats the signal as a series of ramp
functions by developing straight-Tine equations for the signal between adjacent
values.

The program then evaluates the slope of the ramps to determine the
status of the two switches. The result of this evaluation determines which of
three subroutines will be used to calculate the value of the output signal.

The subroutines called are COND 1, COND 2, and COND 3, which calculate the
responses using predetermined equations that were arrived at by using the
Laplace transform technique. A fourth subroutine, CVOLT, is used to calculate
the voltages across the capacitors at the end of each step, as these are re-

quired as initial conditions for the next ramp function.

A.2.3 Method of Use

A11 references to Job Control Cards (JCL) are for the IBM-370 system.
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Operation of the program requires a minimum of two input cards, plus
one data tape produced by P5072CHG giving particle path data for the path and
sensor to be analyzed. The minimum input allows, on the one path, either:

(1) analysis of one particle with its mass, charge, and velocity selected by
input card, or (2) analysis of any number of randomly selected particles, all

at one selected velocity, up to a maximum of 999 particles. The results will

be printed and optionally plotted. If more than one particle is desired in (1),
different random numbers in (2), or different velocities or different paths

are desired, then additional sets of cards must be added with the new codes

and the appropriate path data sets must be available on tape.

The information required on the cards is as follows:

Card 1

Column Requirements

1-3 A number from 1 to 999, format I3, representing the number of
particles to be generated. If discrete particles are selected,
the value should be 001.

4-6 A number, format I3, which determines the rate at which the
element charge values will be written out, e.g., if the value is 5,
every 5th step will be printed out during analysis.

7-13 A number representing the particle/s initial velocity, Format F7.2.

14-23 Not used.

24-29 An odd number used to start the random number generator, Format

16.
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Card 1 (Cont.)

Column Requirements

30-32 The number of the particle, e.g., 5, for the 5th particle of
the total set of random particles generated for which the charge
data are desired. If zero, all particle data will be selected on
the basis of the number in columns 4 through 6.

33-42 The particle charge, format E10.4. If random numbers are selected,
this value may be blank.

43-52 The particle mass, format E10.4. If random numbers are selected,
this value may be blank.

53-55 A number which if greater than 10 will cause random particles to
be produced and a plot of the results generated. If greater than
1 but less than 10, random particles will be generated. If less

than 1, discrete values must be put in columns 33 through 52.

56-58 The input data set number which matches the JCL card, e.g..
FT12F001.
59-61 The output data set number. 22 and 25 must be used for shielded

film data sets.

Card 2

Card 2 provides information required by the CalComp plotter to set up
the axes and by the random number generator to set up mass and charge values.
The axes charge and mass information is developed as follows, with references

being made to the following figure.
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QRG

QMN
WRG
ng Q, * == =

FR
Q, WFR Log M_ WMN

Consider the charge values: because of the range of values, the logar-
ithm of the charge is plotted on a log scale. The distance along the y-axis 35
given by QCON*log (log Q) where QCON is a constant and Q is the charge.

The random number generator develops numbers between 0 and 1.0. The
value of 0.5 is subtracted to give a range of -0.5 to +0.5, which is then
multiplied by QRG, the desired range of log Q values. We now have the cor-
rect range centered about the origin. The mean value of the desired range,
QMN, in inches from the origin, is added to the generated value to place
the range in the required area. The value obtained (y) is the position aleng

the 1og Q axis, in inches, of the desired log Q.
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1-4

5-8
9-16

17-26

27-30
31-34
35-42
43-52
53-56
57-60
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Therefore, scale value = exp (y/QCON).
To obtain log Q, we now multiply by the scale factor, QFR, then
Q = exp (log Q).

An identical procedure is followed for the mass M.

The values required by Card 2 are:

Requirement

QRG, range in inches of required log Q values on the plot (Format
F4.2).

QMN, mid-point of range in inches from origin (Format F4.2).

QFR, scale factor (value of log Q axis at origin), ignore any
minus sign (Format E8.2).

QCON, axis constant for size of axes to be plotted (Format F10.8},
i.e., axis length for one cycle in inches (CYC) = QCON* 1n 10.

WRG

WMN A1l the same as the equivalent Tog Q definitions, for
log M.

WFR

WCON

AXLEQ length of the log Q-axis in inches (Format F4.2).
AXLEM length of the log M axis in inches (Format F4.2).

If a plot is not required, a card must be submitted but it may

be blank.
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A.2.4 Flow Charts and Program Listings
A flow chart for program P5072SGF is shown in Figure A-2.
Program 1istings are provided fof program P5072SGF and subroutines

LES, COND1, COND2, COND3, and CVOLT on pages A-67 through A-77.
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CHLL GRS YR WA GL L VR R ER, VR

CHEL TR R s Has Bir

TFROVEACEL, LF WIS Sl S|

TR i e v

CELCLDFCTE SRS UMOER CONGTT TN
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SMRE=SHAB-2

CHLL CONDLCYREED VRL, YE2 A B
CALL COMDECWRS WRLE:

CRLL CMOLT ©WRZZ, VRL, YRZ, VRS, VRLZ)
FOMD=%

GO TO =EEE

IFCTMC, ER EDUNT+L2G0 TO 2268
TA=DATAHC L, THC=10
Te=DATACL: THT

VALA=DATACS, THO—1)
VELZ=DATACE. TMC

TG T MO+,

aHLE-YALL

W=Te-T1

_P. GE. 8. 8260 TO 2E78
V:ZGZ—JFJ

VRELLE=VRELZ

WRIZE=VRIEZ

CALL, COMEA OVELEZ, WRLEL, VRIS, VRELBS, VRLLZ)
CHLL COMDZOVREZEE, B T3
RVEL=WRLEL-YREL
RYR2Z-NEZEZ-YREZ

IFC 1. LE. EME2GD TO 2Z6E
SMAE= NHB—i

Gl TH EEVE

G T 1 B I e = ,
CHLL. FHNr. 4 MELED R 2R
CALL COMDZECA, WP R
IFCVELRL. LE. WEZE1Z22 GO TD 2EFE
GoTD 2265

GO To
WRSES
DAL GO
CHELL
IF ¢ WE
Go T =
SIAR=S1H
GO ik
SHAE=SHAE-Z

LULATE YARLUES DMDER COMDITION o

CHLL. TR0,
L I T
CHIL Gt
CRL ChWOLT
AR R
GO TN SEEH
TFCIHCG, EG. EOLINT+LYGD T 2808
Ta:DATHCL: TR~

L’ hHrrV

o TR
e TN

b HF1H1,T}IH..VhJﬂﬂ.”h1J“,
CaEl L O O :
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CARLL COMNDIZCA, VRELZ) :
IFCVRLEL. LE. YR2EZDG0 TO 2568
IFCVREZE2, LE. WREZ120GE0 To 2479
GO TO 2486

2475 SHAB=SHAE+Z
GOTO Z2eE

256860 SHAE=SHAB+1
IFCVRAGL. LE. WRE122G0D TO 2556
GO TO Z32ea

2506 SHAB=SMAE+Z
GO TO zi5a

2508 IFCIFNUM EQL axG0 TO zedld
IFCK. HE. IPHUMMGE0 TO ZEeEx

2e0l IFCTI-0UTIZEEE, 2E8Z, 2662
2EEE T=M[

CHRITECE, Z6
GO TO 2eBS
SEAT J=J4d.
ZeE5 IFCVES. LE. — 1E-813G0 TO 2828
[EL 'aﬁlQJD“SH‘ IVRS
2e1@ FTE=T2
IWRES=2
TPHA=FT2-FPT1
HUM=TFHR. 4B~
HPHA=MNFHA+MLUIM
GO TO =2V5a
Ze2d TIMID=ETIME- 1E-2 .,
IFCTZ2 LT, TIMIDMGEO TO 2756
GO TO (2528, 2483, TVRR
ZEEn TFOTMC, LT, EOUNT-HL G0 TO 2758
PT2=TZ
TFHA=FT2-FT1
MLIM=TEHA, $E-E
MHFHA=MFHA+FLUM
GLI Tlfl ZEEE

BEITZ, VREZ, YRL, VR2. YELZ, YRS SHABR

IFCMAGE, B, SO NFHR:=A.
M G ME G+,
FOE GO TO S EE, SEEe, PumE, B, KON
SEE COMT Y HUE ’
MRETTE C &, E7VEE D MEFHA, HHLC
ZEEE FORMAT O, SCELE & i
188 FORMAT LS, - T
el O R B P w fa
EVEA FORMATC @, 5 “PHA = -JI aoLEHE TACCUMULATOR COUNT = <, I3
~ RETURN

..“vuJH‘a14.J'\F1* Aeee SMESZ L, TVRLZ . 44K, 7
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SUBROUTINE COMDLCYRIZ, VR, YRZ. VRS, VR12)
REVISED 26 SEPT 1975

COMMON WC I, VC1L, Yod4, YOS, YO, TCL, TC2, TCE, TG4, TCS, TCE, YALL, YALZ. X SLP
REAL MRE1Z. MREZ2
IMTEGER YSiAE. WSZAE
YEAA=— 1B REEE .
YREZ=(OVALL-YCI 3 #ERFP(=TCA% X 0+ 5L F+ (1 -EXF{~TCL*X3 2 ATCL
VS B=—d B+VREZZ
YSARB=1
IFCABSCNVSARD. LT. 5, ‘GD TO 28a
YSAR=3TGHCE, B WSAR
YEAAB=VS1RE+L
208 IFCARSCVYSIEY, LT, 5.
YSIBR=SIGNCD, 8, Wa1E:
YS1RE=YS1AEB+2
dEE GO TO CHEE, SRG SHR, SRR, YS1AR
SEE WREls A5VERGETE=Z2w VO Y =WRLL p e TCLHERPF =TCL#M 0 =TL2SERP C=TC2%X s 1—. 257
1804 AFE-24SL P+ FERP C—THaw d=ERP C=TAn 2 =TI EXRF (=T O35
YWRZ=WRIL
IF{VEZR.

EaG0 TO 48aE

w.." =

LT. =5 AYWRE=-5. @
GT. 5 EOYRESS, @

IIHL\ ﬁ/wmm

SELTwRCLER (VYOI ~

P TR
A —~EHF T
SE4ENF (=T
GCy T

P, R ERF =T O 8, BREE-&

g 1 R I
un hl'

—ERPC-TOERR I D AATCR

T R

TO &5E

PG BPED, VERAR
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EEE SUME=1, 4632428824E5+¢ (2, ZE-8+VCE—5, SE-S+VCd EXF{—TCdD
SUMd=2. SEAZZ1402E-B+ CWELA-YMCL ) {TOEHERF C = TCEHE ) =TCHERF C-TC440 3
SUMD=2, SEAZE148RE-ad+MRIZH (EXP C=TCd#H ) — E”Pk"TC NI D
VES=SUMZ+SUM4+E5LIMS 2
GO TO 5648 i
Qa6 COMTIMUE
EETURM
END
SUBROUTINE CONDzZ(VRE, YR ¥YR122

EENVISEDR 26 SEFT 15375 '

COMMON YOI, WE4, WEd, WCS WS, TCL, TC2, TC3, TC4: TCS, TCE: VALL, VALZ. X, SLF
REAL MRELZ. MEZEZ
INTEGER YS2ZHE
VRZ=5% (1 -EXF—TCE3HK) 0+ YRESHERNPC-TCI%R)
IFCVEZ. LT, -5 gOVvRE=-5 A :
IFCVYREZ. GT. T arxVR2=5, H
1568 G0 TO CZEE. ZAd, Zaa, 2680, YSZRE
23R MRES=(VCE sE—8~WOd4g, SE—GERP C=TCH+H ) A8 B3ZE-6-0, DT HOVREZECTOY
AHENF =T D =TOEZRERF O =TCE4H D 0 A4, 22751 e84 aE4+0 Biuﬁélul4*lEhP( =T
2HA—EEPC-TCdR 020
E0TO 266
28R MELZ=OVEZE-NIZAN AW
SUML=CNCE+E, ZE-S-YCd+8, SE-S+YI2A+E, SE-S1+EHP(=-TCH*¥0 /8, 2ZZE-
SUMZ=2, 452E—ZE+MREAZ+w CI-ERP i —TCd# 2
WES=SUML+HSIM
3EE COMTIMUE
EETLIEM
EML
SUEBROUTINE COMNDZE RS, WRLED
COMMOM WOT W04, WO, W0, YO8 TCA, TCE, TOZ, T4, TOE, TS YALL: WALS. ¥ SLP
SUMA=CTCS+ERFP O =T ”“HTL&#ErFI—TFh¢H-)/d LRFL1SZLEZEES
*HHE-\E%Ff-T 4 p CAFRASEAZEES
WG SLIME
L, BE—S-N0dRs, SE-S2sSUME

A

FF1HPH
EMD
SUBROUTTHE CAOLTOWRER, WREL, WEZ WRS WRLZ

FEVISED &4 SERPT 1597 "5

runmnu YL, WO Y4, YOS, YOS, TCL, TC2, TCE, TC4, TCS, TOS, VALL, VAL, %
G I=AL2=4RS

FETLIEH
EHE
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A.3  P5072INT DATA SELECTION PROGRAM
A.3.1  Summary

The sensor and electronics model programs produce sets of data for
particles on particular paths. These data sets include all types of events
in random order for a particular sensor and path. The data selection program
was prepared to allow selection of all particles giving a particular response
or combination of responses. The range of particles obtained can then be cor-
related with the Tunar data for that response or combination of responses,
thereby giving important data for the formation of hypotheses regarding particle
sources and transport theory.

The program selects the responses to be analyzed by referencing a code
inserted on an input card. The output can be selected as either a printed
listing or a CalComp plot.

A.3.2 Description

The type and number of selections are read from a data card. This card
defines the type of event to be selected, the velocity of the particles of in-
terest, whether or not the data are to be plotted, the data set reference number
of the data to be analyzed, and the number of data sets to be recorded per list/
plot.

If a 1ist is desired, the headings are written out; if a plot is re-
quired, a card is read which defines the size of the axes and scales. The data

required by the plotting routine to set up the axes and titles are then produced.
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The data set to be analyzed is read from tape a record at a time, and
each record is analyzed for conformance with the characteristics selected on the
input card and either plotted, listed, or rejected. When all records from that
data set are analyzed, a check is instituted to determine if more than one event
type is to be plotted or 1isted on the one output medium or whether more analyses
are to be performed.

The selections available are as follows.

The variable KIND, of dimension 8, selects the options by setting a 1
in the respective array member corresponding to the item number below:

1. A1l PHA events listed or plotted.

2. Coincident film and collector grid events.

3. Film only events.

4. Multiple accumulator events.

5. Multiple, adjacent, film events.

6. Multiple, adjacent, grid events.

7. Multiple, nonadjacent, film events.

8. Multiple, nonadjacent, grid events.

The desired sensor and the east sensor shielded film are selected by data
set reference number. Particular velocities or all velocities are selected by
the velocity parameter on the input cards. If all velocities are required, VEL
is set to zero. The plotted output symbol is related to IK, which indicates the
selection code. IK is a combination of the codes listed in KIND, i.e., 1 to 8

for single plots or 24, say, for coincident, multiple accumulator events.
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A.3.3 Method of Use

Three input data cards are required if a plot of the data is requested;
if a printed list is requested, the third card must be omitted.

The first card data requirements are:

Column Requirement

1-8 KIND; Place 1 in the positions corresponding to the desired options.

9-15 VEL: the velocity of the desired selections. If all velocities are
required, leave columns blank (Format F7.2).

16 LOP: 1Insert a 1 if a plot is desired, otherwise leave blank.

17-18 IDSR: Input data set reference number (Format I2); from JCL card.

19-22 IK: Code indicating type of selection for titles and plot symbols,
e.g., 1 through 8 for single selections or 24 for coincident multiple
accumulator, etc. (Format I4).

23-24  NDSPP: Number of data sets to be recorded/plotted. If more than one
data set or selection is to be recorded on the same list or plot,
another card identical to card 1 is required with columns 23 and 24

blank.

The second card requires an alpha-numeric title in the first 28 columns.

This title is used in both the plotted and printed outputs.

The third card is identical to card two in program P5072SGF. A data

tape is required which carries the results from program P5072SGF.

The program will repeat for each additional set of cards.
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A.3.4 Flow Charts and Program Listings
A flow chart of the program is shown in Figure A-3 and a program listing

is provided on pages A-83 through A-84.
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P5027 INT

DIMEHSION TITLEC?2: KINDCE)
EEAL M
1a6 READCS, 148, END=5333 2K IHND. VEL., LOF., IDSE. IE. NDSFP
148 FORMATLSIA: FV. 2. 14, T2, 14, 12D
FEADCD, AZA2TITLE
MRITEY S 1ZL2TITLE
126 FORMATC
124, FORMATCZW: THS
MREITEe: ZFRIIDSE, VEL. Th: MLSFP
J=
IFCILOF, EQ BaG0 TO 196
LEFIME PLOT AXES AMD TITLES y
RERDCD, AZA3ARG, GMH, OFF QOO MEG MM WFR. MCOM. ALEGS AXKLEM
138 FORMATCZCZFG. 2. ES. 2. Fl@, 20, 2F4. 22
WREITECS, 18020REG M, BFF QOO WREG MHH, WFR. WCOH. #ELEC. AVLEM
126 FORMATLZEN, 202F4, 2. B2, 2, FA8, 82, 2F4. 20 )
CALL PLOTS uTEUFaiwﬁu u;
CALL PLOTCL. &, 1. &, —
CY =2, ZRZ55«+C0M
DTYW=1CYC
CHLL, iR TS OE. @, &, 8 DH-LN M. =5 BELEM: &, G, MFE. DTV 2
CHO=2, ZR25E+H000N
[T 4=,
tHLL L

L, B, 08 SH-LM G 5, AKLEQ, 6. . GFF. DTV

5

Al & thl!ﬁ S W L e LOHWELOCTTY oMeEY L@ 8 LSy
IF(VtL """ GO TO Lk
GHLE. {224 2528 L 9 YEL. §, B =0
GO0 J'
T GRLL SYH JEang ¢ e e ke O AL 8. B 50
12 CHLL “”HBHL. . I T | DHTH SELECT CODE . @, 8, 268
Y= Ik
CALL MNUMBERC 529, ,999.{.14J¥K,@.Ha—i)
YHE=YRH-E, 25
CALL SYMEOLCH, 5, YRS . 14, TITLE, 8. &, 22
GO TO 266
1260 MRITECS: 148>
1] FﬁFMHTf NWELOCITY A4¥: “CHRREGE: 12K, “MASE". 485, *GRID 107, 7. “F1I
2l Ihe FHE . 85 & RACGT A
SELECT DHIH REGRUIREEDR BY IWHFLUT CODRES
R FFHb'TD:F E R ENEL L G ML TGTOT, IFTOT. HPHH RS (I
L BEL g @G0 70 i
HF WELAGD T
J,Jl,ll T
FEL, 6 Lwll T

!

208 TFOETHMNGGD, F
LECEFTOT. =i
LR e e TOT. l-,'l.',',
TFCIFTOT. EdL
TESYFTOT, B3 (a0
ITFLIFETOT B 1 | B TR T
TECTFTOT, FeL 0060 T 250
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IFCIGTOT. EQ
IFCIGTOT. ER
TFRIGTOT. ER
IFCIGTOT. ER

IFCIGTOT, EQ

GO TO 268
IFCRIMDPD,
IFCIFTOT. EQ
IFCIFTOT. EG
IFCIFTOT. EQ
GO TO zea
TFCRTHDCE S
IFCIGTOT. ER
IFCIGTOT. EQ
TFCIGTOT, Ei
GO TO 26
COMT THUE
IFCLOF. EQ. 8

BSR 4234

CEMG0 TO 2Ea
LTG0 T 2Ed
CL2WG0 TO Zed
L AdNGE0 TD 266
15260 TO 268

EQ. @G0 TO 276a
CEBNGO TO Z2TE
CSAG0 TO 27
SAERGon TO 2T6E

B @G0 TO Z&E@
L SmaGn TO 288
L SOGO TO 258
ClEnGo To 2

AG0 TO Zaa

PREEPARE TCO PLOT FPHA DATA

FHA=MFHA

N AL =HLOGE O

EEN = EL

FRAMND=AL00G
FAMOG:- BA M
I8 AL = ALCE
Jdi=hd=s b L =
FATAD = B CGE
FRAMHDM=FRAMNL:

FLOT FHA DETH

IMTE = Tk
IFCIE, GT, &2
CHLL SYMEDL.
CHLL HUMEEE
GO TO ZER
ST DHETH

WREITE CS, Le@#YEL, T P YETOT. TFTOT., MFHA. NACE

UFE
(T
FR
S\

(Bl

IHTER=&

CRAMNDM, RAMDCL . B4, INTEG. 8. 8, -1

Co98, . 8899, .., 87 PHR. B 8, =13

FORMATC 20, ZOELE 4 S0, Ta, 183, T4, LM, Tk, 26, IED

GO TH 2
FERT R
J=J44,
IFCT. ECL M=

FPRIGD TO 463

FEARDCS, LA ERD=c@a sk THD, YEL. LOF. TDIZR, TK

MEITE & £
G0 T 2EE
FORMAT

TRCLOR. B &
CHILL. S4%'M

ATDSR VEL. Tk

G DRTR SET = I3, 98, VEL =
A LONTTHLIE

CALL FLOTCES. .

GO TO L
CORT THLE
IFCLOF, EGL &
CALL. FPLOTCEA
COERT L RLIE
[ T FEE
[RITEC$
FRE .
COHET THUE
ERD

AU B
o BN, BEED

INSUFFICIENT DHTA CRROE- S
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APPENDIX B

SUMMARY STATUS AND
PROPOSED TASKS
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